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(57) Abrégé/Abstract:

The present invention provides methods for treating onychomycosis. In certain embodiments, the methods comprise comprising
applying a pharmaceutically acceptable formulation containing 10% efinaconazole once a day for a treatment period of at least 36
weeks to the treatment area of an onychomycosis patient (a) without debriding the nail or nail-associated tissue initially or during
the treatment period and/or (b) without removing the formulation from the treatment area during the treatment period. In certain
embodiments, the formulation also comprises, water, cyclomethicone, diisopropyl adipate, alcohol, C12-15 alkyl lactate, butylated
hydroxytoluene, citric acid anhydrous, and disodium edetate.
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(57) Abstract: The present invention provides methods for treating onychomycosis. In certain embodiments, the methods comprise
comprising applying a pharmaceutically acceptable formulation containing 10% etinaconazole once a day for a treatment period of at
least 36 weeks to the treatment area of an onychomycosis patient (a) without debriding the nail or nail-associated tissue initially or
during the treatment period and/or (b) without removing the formulation from the treatment area during the treatment period. In cer-
tain embodiments, the formulation also comprises, water, cyclomethicone, diisopropyl adipate, alcohol, C12-15 alkyl lactate,
butylated hydroxytoluene, citric acid anhydrous, and disodium edetate.



20

25

ANTI-INFECTIVE METHODS, COMPOSITIONS, AND DEVICES

[0001]

FIELD OF THE INVENTION

[0002] The inventions described herein relate to methods, compositions, and devices for

treating onychomycosis and/or inhibiting and/or eradicating microorganisms.

BACKGROUND OF THE INVENTION

[0003] Onychomycosis is a common, chronic, and recurring fungal infection of the toenails
or, less frequently, the fingernails. Onychomycosis is the most common nail disorder in
adults, accounting for about half of all nail disorders, with an estimated prevalence in the
United States of nearly 14%. While not life threatening, the disease should not be considered
purely a cosmetic problem. Significant physical and psychological effects, such as pain and

decreased self-esteem, may occur.

[0004] Current onychomycosis treatment strategies include both oral and topical antifungal
agents (such as itraconazole (Sporanox®) and terbinafine (Lamisil®)), but the successful
management of the disease can be challenging. An oral antifungal currently is the preferred
first line therapy because of its superior efficacy and shorter treatment duration. Ciclopirox
lacquer (approved by the U.S. Food and Drug Administration in 1999 as Penlac® Nail
Lacquer and now available in various generics), has demonstrated modest efficacy in treating
mild to moderate onychomycosis not involving the lunula (Gupta 2005) with reported
complete cure rates of 5.5% to 8.5% (Gupta 2000b). Frequent debridement is required when

using this product.

SUMMARY OF THE INVENTION

[0005] The invention provides new methods of treating onychomycosis and/or killing or

inhibiting microorganisms through administration of efinaconazole formulations. The

CA 2931144 2019-06-04
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methods lack many of the steps that prior onychomycosis therapies required in order to be
effective and include steps for improved administration of efinaconazole formulations

resulting in surprising efficacy rates.

[0006] In one aspect, the invention provides a method of treating onychomycosis
comprising applying a pharmaceutically acceptable formulation comprising about 10% w/w
efinaconazole (e.g., 8-12% efinaconazole, 9-11% w/w efinaconazole, or approximately 10%
w/w efinaconazole) once a day for a treatment period of at least 36 weeks to the treatment
area of an onychomycosis patient (a) without debriding the nail or nail-associated tissue
initially or during the treatment period and/or (b) without removing the formulation from the
treatment area during the treatment period. In a preferred aspect, the method is performed
both (a) without debriding the nail or nail-associated tissue initially or during the treatment
period, and (b) without removing the formulation from the treatment area during the
treatment period. In another preferred aspect, the method is performed both (a) without
dcbriding the nail or nail-associated tissuc initially or during the treatment period, and (b)
without removing the formulation from the treatment arca during the treatment period, and
further (c) without occluding the treatment area. The efinaconazole can be the only active
pharmaceutical ingredient (APT) or the only anti-onychomycosis API used in the method in

one aspect. The method is performed for 48 weeks also or alternatively in several aspects.

[0007] In another aspect, the method also or alternatively includes the step of requiring that
the patient wait at least 10 minutes before administering the formulation if the treatment arca
was previously in contact with water. In another aspect, the method can require a step of
cleaning the treatment area prior to administering the efinaconazole formulation. If a
cleaning step is required, the method can require the patient to wait for at least 10 minutes
before administering the formulation if the cleaning includes wetting the treatment area with

water.

[0008] In one aspect, methods are performed with an efinaconazole formulation comprising
a vehicle that is volatile and/or that rapidly penetrates the nail and a wetting agent. In one
embodiment, the vehicle is an alcohol and the wetting agent is a volatile silicone. In other
embodiments, the formulation also or alternatively comprises an amount of butylated
hydroxytoluene (BHT), and an amount of a salt of cthylenediaminetetraacetic acid (EDTA),

the amounts of BHT and EDTA being sufficient to ensure the composition is (i) colorless
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upon initial manufacturing of the composition and (ii) colorless or pale yellow after storage

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

[0009] The method can include the requirement that the efinaconazole formulation is not
administered in an occlusive or semi-occlusive manner. The method also or alternatively can
include the step of having the user uniformly spread the efinaconazole formulation
throughout the treatment area with an applicator. In certain embodiments, the method
includes administering the efinaconazole formulation from a suitable container that is in fluid
communication with an applicator, loading the applicator, and applying the cfinaconazole
with the applicator. The efinaconazole can be applied in a dropwise fashion, or by spreading

a portion of the formulation in a continuous fashion.

[0010] In another exemplary aspect, the invention provides a method for treating
onychomycosis which method includes (a) providing a container that is suitable for storing an
efinaconazole formulation for pharmaceutical use, the container comprising an applicator that
is capable of dispensing a pharmaceutically effective dose of an efinaconazole solution and
spreading an approximately uniform amount of the efinaconazole formulation to or on a
target area by manual action after loading, (b) loading the applicator with the dose of the
efinaconazole formulation, and (¢) administering the dose of the efinaconazole formulation to
the treatment area of each treated toe by uniform manual spreading. In a particular
exemplary embodiment, the container is a squeeze sensitive container and the applicator is a
flow through applicator which delivers efinaconazole formulation to the target arca when a

user applies sufficient pressure on the container.

[0011] In another exemplary aspect, the invention provides a method for treating
onychomycosis comprising applying a pharmaccutically acceptable 8-15% cfinaconazole
formulation to a treatment arca of an onychomycosis patient once a day for at least 36 weeks
in a manner such that the concentration of efinaconazole in the nail is between 5000 pg and

9000 pg per gram of sample toenail tissue analyzed.

[0012] Still another aspect of the invention is a device for treating fungal infections
comprising (2) a container portion that securely holds a flowable pharmaceutical formulation
of efinaconazole and that can maintain the formulation in a pharmaceutically acceptable state
for extended periods of time at room temperature, (b) a loading portion that is capable of

being loaded with a desired dose of the efinaconazole formulation when a user desires to
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apply a treatment, and (c) means for delivering the dose of the efinaconazole formulation by

manual application evenly across the treatment area of a toe.

[0013] In another aspect of the invention, a method of treating onychomycosis is provided,
the method comprising applying a pharmaceutically acceptable efinaconazole formulation
once a day for a treatment period of at least 36 weeks to the treatment area of an
onychomycosis patient (a) without debriding the nail or nail-associated tissue in the treatment
arca initially or during the treatment period, (b) without removing the formulation from the
treatment arca during the trcatment period, and (c¢) without occluding the treatment arca;
wherein the efinaconazole formulation comprises 8-12% w/w efinaconazole, water,
cyclomethicone, diisopropyl adipate, alcohol, C12-15 alkyl lactate, butylated hydroxytoluene,

citric acid anhydrous, and disodium edetate.

[0014] In another aspect of the invention, a method of treating onychomycosis is provided,
the method comprising applying a pharmaceutically acceptable efinaconazole formulation
once a day for a treatment period of at least 36 weeks to the treatment area of an
onychomycosis patient (a) without debriding the nail or nail-associated tissue in the treatment
area initially or during the treatment period, (b) without removing the formulation from the
treatment area during the treatment period, and (c) without occluding the treatment area;
wherein the efinaconazole formulation comprises 10% w/w efinaconazole, water,
cyclomethicone, diisopropyl adipate, alcohol, C12-15 alkyl lactate, butylated hydroxytoluene,

citric acid anhydrous, and disodium edetate.

[0015] The preceding exemplary aspects are just some of the embodiments of the
invention. Additional features of these embodiments and further aspects of the invention will
be clear from the remainder of the description of the invention provided here. Further aspects

include:

I. A method of treating onychomycosis comprising applying a pharmaceutically
acceptable formulation comprising 10% w/w efinaconazole once a day for a treatment period
of at least 36 weeks to the treatment area of an onychomycosis patient (a) without debriding
the nail or nail-associated tissue initially or during the treatment period and/or (b) without

removing the formulation from the treatment area during the treatment period.
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2. The method of aspect 1, wherein the method is performed (a) without debriding the
nail or nail-associated tissue initially or during the treatment period and (b) without removing

the formulation from the treatment area during the treatment period.

3. The method of aspect 1 or aspect 2, wherein the patient waits at least 10 minutes
before administering the formulation if the treatment area was previously in contact with

water.

4. The method of aspect 1 or aspect 2, wherein the method includes a step of cleaning

the treatment area prior to administering the efinaconazole formulation.

5. The method of aspect 1 or aspect 2, wherein the patient cleans the treatment arca
prior to trecatment and waits for at least 10 minutes before administering the formulation if the

cleaning includes wetting the treatment area with water.

6. The method of any one of aspects 1-5, wherein the efinaconazole is the only active

pharmaceutical ingredient in the formulation.

7. The method of any one of aspects 1-6, wherein the formulation comprises a vehicle

that is volatile and/or that rapidly penetrates the nail and a wetting agent.

8. The method of aspect 7, wherein the vehicle is an alcohol and the wetting agent is a

volatile silicone.

9. The method of aspect 8, wherein the formulation comprises an amount of butylated
hydroxytoluene (BHT), and an amount of a salt of ethylenediaminetetraacetic acid (EDTA),
the amounts of BHT and EDTA being sufficient to ensure the composition is (i) colorless
upon initial manufacturing of the composition and (ii) colorless or pale yellow after storage

for at least three weeks at a temperature of at least about 40 °C.
10. The method of any one of aspects 1-9, wherein the treatment period is 48 weeks.

11. The method of any one of aspects 1-10, wherein the method comprises nail cutting

on a more frequent than typical basis.

12. The method of any one of aspects 1-10, wherein the method comprises cutting nails

once every two weeks or more frequently.

13. The method of any onc of aspects 1-10, wherein the method does not comprise

cutting nails more often than every two weeks.
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14. The method of any one of aspects 1-13, wherein the efinaconazole formulation is

not administered in an occluded or semi-occluded manner.

15. The method of any one of aspects 1-14, wherein the method comprises uniformly

spreading the efinaconazole formulation throughout the treatment area with an applicator.

16. The method of aspect 15, wherein the average amount of efinaconazole delivered to

ecach cm’ of the treatment area is about 0.15 mg/cm” to about 0.45 mg/cm®.

17. The method of any one of aspects 1-16, wherein the method comprises
administering the efinaconazole formulation from a container that is in fluid communication

with an applicator, loading the applicator, and applying the efinaconazole with the applicator.

18. The method of any onc of aspects 1-17, wherein performance of the method in a
patient population results in a mycological cure rate of at least about 40%, a clinical efficacy
rate of at least about 20%, a complete cure rate of at least about 10%, or a combination of any

or all thereof.

19. A method for treating onychomycosis comprising applying a pharmaceutically
acceptable formulation comprising administering 0.5 mg to 4 mg of efinaconazole to the
second toe, third toe, fourth toe, and fifth toe treatment area and administering 1 mg to § mg
of efinaconazole to the treatment area of the hallux (big toe), the administration comprising
manually spreading the efinaconazole with an application device such that the patient does
not cause substantial amounts of efinaconazole to come into contact with non-treated areas of
the skin and evenly spreading the efinaconazole throughout the treatment area by use of the

application device once a day to each treated toe area for a period of at least 36 weeks.

20. The method of any one of aspects 1-19, wherein the efinaconazole formulation is
spread uniformly in the target area such that the average amount of efinaconazole delivered to

ecach cm2 of the treatment area is about 0.15 mg/cm? to about 0.45 mg/cm?.

21. The method of aspect 20, wherein the average concentration of efinaconazole in the

nail in a population of paticnts is about 5500-6000 ng/g after about 14 days of trcatment.

22. The method of any onc of aspects 1-20, wherein the mean plasma Cyay in a
population of at least 15 adult onychomycosis patients receiving the method after 28 days of

treatment is less than 1.9 ng/mL.
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23. A method for treating onychomycosis comprising (a) providing a container that is
suitable for storing an efinaconazole formulation for pharmaceutical use that comprises an
applicator that is capable of dispensing a pharmaceutically effective dose of an efinaconazole
solution and spreading an approximately uniform amount of the efinaconazole formulation to
a target arca by manual action after loading, (b) loading the applicator with the dose of the
cfinaconazole formulation, and (c¢) administering the dose of the cfinaconazole formulation to

the trcatment arca of cach trcated toc by uniform manual spreading.

24, The method of aspect 23, wherein the container is a multiple use container and the
method comprises repeating steps (a)-(c) of the method for each toe area in the treatment arca

once a day for at least 4 weeks.

25. The method of aspect 23 or 24, wherein the method comprises manually loading of

the applicator with a dose of the efinaconazole formulation.

26. The method of aspect 25, wherein the container is a squeeze sensitive container and
the applicator is a flow through applicator which delivers efinaconazole formulation to the

target area when a user applies sufficient pressure on the container.

27. The method of any one of aspects 23-26, wherein the method is performed for at

least 36 weeks.
28. The method of aspect 27, wherein the method is performed for 48 weeks.

29. The method of any one of aspects 23-28, wherein the applicator is selected from the

group consisting of a brush, a pad, a swab, a sponge, or a roller.

30. The method of any one of aspects 23-29, wherein the volume of formulation

contained in the applicator is about 75 to about 150 microliters.

31. The method of any one of aspects 23-30, wherein the patient or healthcare worker
administering the formulation does not contact his or her hands with a substantial amount of

efinaconazole formulation in the performance of the method.

32. A method for treating onychomycosis comprising applying a pharmaceutically
acceptable formulation comprising 0.5 mg to 4 mg of cfinaconazolc to any sccond toe, third
toe, fourth toe, and/or fifth toe in a trecatment arca of an onychomycosis patient and
administering 1 mg to 8 mg of efinaconazole to any hallux (big toe) in the treatment area

once a day for a period of at least 36 wecks.
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33. The method of aspect 32, wherein the method comprises administering 0.8 mg to
3.7 mg of efinaconazole to any second, third, fourth, and/or fifth toe(s) in the treatment area

and 1.6 mg to 7.4 mg efinaconazole to any hallux in the treatment area.

34. The method of aspect 33, wherein the method comprises administering 1.25 mg to
3.25 mg efinaconazole to any second, third, fourth, and/or fifth toe(s) in the treatment arca

and 2.5 mg to 6.5 mg to any hallux in the treatment area.

35. The method of aspect 34, wherein the method comprises administering 1.4 mg to
2.6 mg cfinaconazole to any sccond, third, fourth, and/or fifth toe(s) in the treatment arca and

2.8 mgto 5.2 mg to any hallux in the trcatment arca.
36. The method of any one of aspects 32-35, wherein the treatment period is 48 weeks.

37. The method of any one of aspects 32-36, wherein the efinaconazole formulation is

not administered 1n an occluded or semi-occluded fashion.

38. The method of any one of aspects 32-36, wherein the method does not comprise

debriding the nail or nail-associated tissue prior to or during treatment.

39. The method of any one of aspects 32-36, wherein the method does not comprise the

step of removing the formulation from the treatment area during the course of treatment.

40. The method of any one of aspects 32-39, wherein the method comprises
approximately uniformly administering the efinaconazole formulation to the treatment area

by manual application with an applicator.
41. The method of aspect 40, wherein the applicator is a flow-through brush applicator.

42. A method for treating onychomycosis comprising applying a pharmaceutically
acceptable formulation comprising administering a pharmaceutically acceptable 8-15%
efinaconazole formulation to a treatment area of an onychomycosis patient once a day for at
least 36 weeks in a manner such that the concentration of efinaconazole in the nail is between

5000 ug and 9000 pg per gram of sample toenail tissue analyzed.

43. The method of aspect 42, wherein the average concentration of efinaconazole in the

nail in a population of patients is about 5500-6000 ug/g after about 14 days of treatment.

44. A method of treating onychomycosis comprising applying a pharmacecutically

acceptable formulation comprising 10% cfinaconazolc once a day for a trcatment period at



10

15

20

25

CA 02931144 2016-05-18

WO 2015/077729 PCT/US2014/067184

least 36 weeks to the treatment area of an onychomycosis patient in a treatment regimen that
results in a mean plasma Cp,y in a population of at least 15 adult onychomycosis patients

after 28 days of treatment is less than 1.9 ng/mL.

45. The method of aspect 44, wherein the mean plasma Cy,x in a population of at least

15 adult onychomycosis patients after 28 days of treatment is less than 1.5 ng/mL.

46. The method of aspect 45, wherein the mean plasma Cax in a population of at least

15 adult onychomycosis patients after 28 days of treatment is less than 1 ng/mL.

47. The method of aspect 46, wherein the mean plasma Cax in a population of at least

15 adult onychomycosis patients after 28 days of trcatment is Iess than 0.8 ng/mL.

48. The method of aspect 47, wherein the mean Cpnax in a population of onychomycosis

patients receiving the treatment is between 0.55-0.725 ng/mL.

49. The method of aspect 48, wherein the mean plasma Cy,x in the patient population is
0.67 ng/mL.
50. A method of treating onychomycosis comprising applying a pharmaceutically

acceptable formulation comprising 10% efinaconazole once a day for a treatment period at
least 36 weeks to the treatment area of an onychomycosis patient in a treatment regimen that

in a population of healthy patients results in an efinaconazole plasma half-life of 25-35 hours.

51. The method of aspect 50, wherein the plasma half-life of the efinaconazole in a

patient population treated with the efinaconazole formulation is about 29.9 hours.

52. A method of treating onychomycosis comprising applying a pharmaceutically
acceptable formulation comprising 10% efinaconazole once a day for a treatment period at
least 36 weeks to the treatment area of an onychomycosis patient such that the Cpay after 28

days of treatment is less than 8 ng/mlL.

53. A method of treating onychomycosis comprising applying a pharmaceutically
acceptable formulation comprising 10% efinaconazole once a day for a treatment period at
least 36 weeks to the treatment area of an onychomycosis patient in a treatment regimen that
results in a mean arca under the curve (AUC) in a population of at least 15 adult
onychomycosis paticnts after 28 days of trcatment of between about 5 and about 20 ng *

h/mL.
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54. A device for treating fungal infections comprising (a) a container portion that
securely holds a flowable pharmaceutical formulation of efinaconazole and that can maintain
the formulation in a pharmaceutically acceptable state for extended periods of time at room
temperature and (b) a loading portion that is capable of being loaded with a desired dose of
the efinaconazole formulation when a user desires to apply a treatment, and (¢) means for
delivering the dose of the cfinaconazole formulation by manual application cvenly across the

treatment area of a toe.

55. The device of aspect 54, wherein the formulation is a liquid.

56. The device of aspect 54, wherein the formulation is a gel or a lotion.

57. The device of any onc of aspects 54-56, wherein the delivery means compriscs a
brush.

58. The device of aspect 57, wherein the device is flow-through brush cap that other

than the brush seals or selectively seals the container.

59. The device of any one of aspects 54-57, wherein the delivery means is a flow
through applicator.
60. The device of aspect 59, wherein the container portion is squeezable and the

applicator is loaded by manual application of pressure to the container.

61. The device of any one of aspects 54-60, wherein the device comprises means for

enclosing the delivery means.

62. The device of any one of aspects 54-61, wherein the enclosing means is suitable for

use for at least 4 weeks.

63. The device of aspect 63, wherein the enclosing means is suitable for 48 weeks of
treatment.
64. The device of any one of aspects 54-63, wherein the efinaconazole has a surface

tension that is sufficiently low that the formulation can be uniformly spread to all portions of

a toenail or fingernail treatment area quickly and with minimal manual effort.

65. A pharmaceutical formulation comprising 10% w/w efinaconazole, 13%

cyclomcthicone, 12% diisopropyl adipate, C12-15 alkyl lactate, 1% water, over 50% alcohol,

10
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and sufficient amounts of BHT, citric acid, and a salt of EDTA to maintain the color stability

of the formulation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Figure 1 shows the amount of efinaconazole penctrated through the nail into
receptor phase (cotton ball wetted with saline), exhibited during preclinical studies.

Sampling on days 3, 5,7, 9, 11, 13 and 15.

[0017] Figure 2 shows the cumulative penctration of efinaconazole over 15 days through

the nail, expressed in mg Eq, exhibited in preclinical studies.
[0018] Figure 3 shows the amounts of efinaconazole in different layers of nail on Day 15.

[0019] Figure 4A shows the comparison of efficacy coefficient (flux/MIC) for an
efinaconazole formulation of the invention (DPSI 2313-02) and ciclopirox 8% lacquer over

15 days. Flux = ug eq/cm?*/day; MIC = w/mL.

[0020] Figure 4B shows the comparison of efficacy coefficient (flux/MIC) for an
efinaconazole formulation of the invention (DPSI 2313-02) and ciclopirox 8% lacquer based

on cumulative amount penetrated over 15 days. Flux = ug eq/cm’/day; MIC = w/mL.

[0021] Figure 5 shows the levels of effective treatment—mycological cure and either clear
nail (0% affected area) or 2 3 mm healthy unaffected nail growth—resulting from treatment

of onychomycosis patients with efinaconazole formulations.

[0022] Figure 6A and 6B show the proportion of onychomycosis patients demonstrating
complete cure after treatment with 10% efinaconazole formulations according to the methods

of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] In one aspect, the invention provides a method of treating onychomycosis
comprising applying a pharmaceutically acceptable formulation comprising 7.5-15% w/w
efinaconazole (((2R,3R)-2-(2,4-difluorophenyl)-3-(4-methylenepiperidin-1-yl)-1-(1H-1,2,4-
triazol-1-yl) butan-2-ol)), such as 7.5-12.5% w/w efinaconazole, 8-13% w/w efinaconazole,
8.5%-11.5% w/w efinaconazole, 9-11% w/w efinaconazole, and typically about 10% w/w
efinaconazole (e.g., 10.0% efinaconazole), once a day, for a treatment period of at least 36
weeks (e.g., 38 weceks, 39 weceks, 40 wecks, 42 weceks, 44 weeks, 46 weeks, or 48 weeks), to

the treatment arca of an onychomycosis paticent (a) without debriding the nail or nail-
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associated tissue initially or during the treatment period and/or (b) removing the formulation
from the treatment area during the treatment period. Efinaconazole has been described in a
number of patent documents and publications (see, e.g., U.S. Patent Nos. 5,620,994 and

7,214,5006). For convenience, the chemical structure of efinaconazole is shown below:
f.’.H

(5 N

//\ /”

-

F

Molecular Formula: C;sH,,F>N4,O Molecular Weight: 348.39.

[0024] In some embodiments, it is particularly advantageous to treat for 48 weeks or
longer. The treatment period may be followed by an observation period of 2, 3, or 4 weeks,
or longer. In some embodiments, the invention includes a 48 week treatment regimen and a 4
week observation period. In some embodiments, the period of treatment and observation is
selected such that the complete cure rate in a population of onychomycosis patients treated
for the treatment period once-a-day with the efinaconazole formulation is at least 10% or

higher (such as at least 12%, at least 14%, or higher).

[0025] The treatment area for an individual nail typically includes the nail, the nail folds,
nail bed, hyponychium, and an approximately corresponding arca of the undersurface of the
nail plate. Typically in performance of the method all of these areas are completely covered
with the formulation, which typically is spread in an approximately uniform matter, usually
in a thin layer. Typically the treatment area or target area includes less than all of the nails of
the patient. For example, the target area might include 2, 3, 4, 5, or 6 nails (e.g., 1 or 2 great
nails, and 1-4 small (other) nails). In some cases, however, all the toenails and/or all the
fingernails can be affected by onychomycosis. Moreover, in some embodiments all of the
nails of a hand or foot in which a visibly affected nail is present are treated. In some
embodiments, all of the nails of the feet are treated where there is only one or more visibly
affected nail(s) on a single foot. In a similar but distinct embodiment, all of the nails of a

hand can be treated where there is no visibly affected nails where there is one or more visibly

12



10

15

20

25

30

CA 02931144 2016-05-18

WO 2015/077729 PCT/US2014/067184

affected nails on the other hand and/or all of the nails of a hand may be treated even though

only one or less than all of the nails on that hand are visibly affected by onychomycosis.

[0026] Onychomycosis is a relatively well understood disorder and, accordingly, is not
described in significant detail here. Typically treatment of onychomycosis in the context of
the methods described here includes treatment of tinea unguium. Efinaconazole has been
demonstrated to be effective against a number of disease-causing agents associated with

onychomycosis.

[0027] In certain embodiments, the invention provides a method in which no debriding of
the nail and/or nail-associated tissue occurs as part of the method. Debridement often has
been required in the treatment of onychomycosis, particularly in association with previously
known topical anti-onychomycosis drugs. Methods provided herein do not require such
actions. It also should be understood that many methods provided herein do not require
avulsion (removal) of all or substantially the entire infected nail, which is another practice

that has been employed in treating onychomycosis.

[0028] Debridement in the context of onychomycosis can take many forms and the term is
generally used herein in the manner that those of ordinary skill in the art would use without
any other limitation. Often, debriding in the context of onychomycosis treatments is viewed
ag the process of removing infected tissue or tissue associated (located closely to) infected

tissue or tissue to be treated by administration of the efinaconazole formulation.

[0029] Those of skill the art will appreciate the significant advantages provided by the
methods of the invention, including the absence of requirements for burdensome techniques
such as occlusion and debridement. In general, debridement by mechanically reducing or
otherwise reducing nail thickness to remove onychomycotic or potentially infected material,
usually through repeated application, can be avoided. Thus, for cxample, the invention can
be characterized by not requiring a step of scraping, aggressive clipping, and/or filing the nail
down, all of which are examples of possible mechanical debridement strategies not practiced

in connection with the therapeutic methods provided herein.

[0030] Typically, debridement via clipping of infected nails with frequency that is greater
than ordinary clipping (e.g., clipping about every two weeks or more frequently, every 10
days or more frequently, about every week or more frequently, every 5 days or more

frequently, every 3 days or more frequently, or clipping about every day or every day) is also
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avoided by using the methods of the invention. Debridement by clipping also or alternatively
can mean clipping infected and/or treated nails and/or nail-associated tissues more frequently
than non-infected nails and/or clipping in a more rigorous manner (e.g., in terms of area
clipped, etc.) than is normally performed by the individual being treated or by the average
person in the population. Debridement can also comprise, consist essentially of, or be limited
to the removal of nail tissue by filing and/or by clipping prior to administration and/or repcat
administration of the efinaconazole composition. It should be understood that the invention
provides onychomycosis treatment methods in which some or all of these steps (e.g., single
debridement or repeated debridement by tiling and/or clipping) are excluded from the

efinaconazole formulation treatment regimen.

[0031] Despite the fact that methods of the invention generally do not include aggressive
clipping, it also should be understood that methods of the invention can include the step of
clipping nails at a typical rate, a slightly enhanced rate (e.g., 125% as frequently, 150% as
frequently, or 200% as frequently), or enhanced rate and/or manner, such as clipping at least
about every 3 weeks or at least about every 4 weeks, or even more frequently (e.g., about
every 2 weeks or more frequently, about every week or more frequently, about every 5 days
or more frequently, about every 3 days or more frequently, or about once a day or daily).
Often the patient will be instructed to clip unaffected nails before affected nails, to clean the

nail clipper after each use, and to not share the clipper with any other person in such cases.

[0032] Removal of an anti-onychomycosis formulation (or medicine or medicament) is also
regularly practiced in connection with previously described topical therapies for the
condition. Removal can be by simple mechanical wiping or any other cleaning of the
surface/arca that was contacted with the treatment formulation and/or by contacting the
treated area with a chemical agent that removes the drug. The invention provides methods in
which no form of removal is required as part of the treatment regimen. The formulation is
allowed to stay on the treatment area without any kind of active removal on the part of the
patient or other individual. As a result, efinaconzole will often remain in nail tissue or
surrounding tissue for the majority of the treatment period, including up to the entirety of the

treatment period.

[0033] In some embodiments, the invention provides treatment methods in which neither

debridement nor removal of the formulation used to treat the onychomycosis is required.
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[0034] The efinaconazole formulation is generally applied by a patient or healthcare
professional to a treatment area. A treatment area can include one or more “small” toes (the
second, third, fourth, and/or fifth toes) on one or both feet and/or the hallux (“big toe”’) on
one or both feet. Thus, if the hallux, first toe, and second toe on the right foot of a patient are
exhibiting onychomycosis and the fourth and fifth toe of the left foot are exhibiting
onychomycosis these five toes make up the treatment arca. The more specific trcatment arca
of cach toc is typically made up of the infected toenail and surrounding tissue. In some cases,
the method is used to also or alternatively treat onychomycosis of the fingernails in which
case the specitic treatment area of a finger would include the infected fingernail and
associated surrounding tissue. In such cases the treatment arca would typically be understood
to include both the infected fingers and toes; however in some cases distinctions might be
made between these different treated body parts (e.g., by specifying a hand treatment arca
and a foot treatment area). The same can be true of different infected feet (e.g., it may be
useful to define a left foot treatment area and right foot treatment area), although unless it is
specified the treatment area should be considered to be the entire area of the onychomycosis

patient detectably exhibiting the disease.

[0035] Typically, the methods of the invention will include cleaning the treatment arca
prior to application of the efinaconazole formulation. Cleaning can be by any suitable means
and no special type of cleaning is required. Typically cleaning means removal of dirt and
debris based on visual inspection. Cleaning may be associated with instructions and/or

training provided to the patient for performance of the treatment regimen.

[0036] If the treatment arca has been in contact with water prior to treatment, either due to
the above-mentioned cleaning step or otherwise, a short time period (typically at lcast 10
minutes) should be provided before contacting the treatment area with the efinaconazole
formulation. Thus, the invention provides methods wherein the method comprises the step of
administering the efinaconazole formulation to the skin of a patient that has not been wetted
or wet for at least 10 minutes prior to contact with the formulation. In some embodiments,
the cleaning step comprises washing the treatment area with water prior to treatment and

waiting at least 10 minutes before applying the efinaconazole formulation.

[0037] In some embodiments, the method comprises the administration of one or more
additional therapies as part of the treatment. The additional therapies can include application

of mechanical therapies or administration of additional therapeutic agents (e.g., an additional
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topical agent and/or additional oral agent). In some embodiments, efinaconazole is the only
anti-onychomycosis agent administered to the patient during the treatment period. In some
embodiments, efinaconazole is the only anti-fungal agent administered during the treatment
period. In some embodiments, efinaconazole is the only active pharmaceutical ingredient

administered to the patient during the treatment period or as part of the treatment altogether.

[0038] The efinaconazole formulation can be any suitable formulation for delivering the
cfinaconazole to the treatment arca and treating onychomycosis. In certain emodiments, the
formulation is selected and/or adjusted to provide delivery of a particular amount of
efinaconazole to the patient, the treatment arca, or a subset of the treatment area (e.g., to onc

or more nails in the treatment area).

[0039] In certain embodiments, the formulation comprises (a) a vehicle that is volatile
and/or rapidly penetrates the nail and/or (b) a wetting agent. Typically the formulation will
both comprise a volatile and/or rapidly penetrating vehicle and a wetting agent. The vehicle
can be any suitable vehicle. In some embodiments, the vehicle is an alcohol. In some
embodiments, the wetting agent is a volatile silicone. The formulation typically also includes
a non-volatile solvent in which the efinaconazole is dissolved, suspended, dispersed, or
emulsified (the efinaconazole also can be dissolved, suspended, dispersed, or emulsified in
both the volatile and non-volatile solvent or a mixture thereof). The wetting agent and the
vehicle can be the same ingredient. Such a pharmaceutical composition typically has a
surface tension of 40 dynes/cm or less. In a preferred embodiment, 35 dynes/cm or less, 30
dynes/cm or less, or 25 dynes/cm or less. Typically, the composition is free of film forming
compounds, such as polymers and copolymers of polyvinyl acetate, polyvinylpyrrolidone,
mcthacrylic acid, polyvinyl butyrals, polyvinyl acctals, and cellulose derivatives such as
cellulose acetate phthalate, cellulose acetate butyrate, cellulose acetate propionate, cellulose
nitrate, cellulose sulfate, ethylcellulose, and cellulose acetate. A polymeric film forming
agent typically is only present in the composition if it is present as a type and/or in an amount
below that which will result in the formation of a solid film or lacquer following application

of the composition to the surface of a nail.

[0040] The formulation typically is capable of rapidly penetrating the nail. Penetration in
this context means that the after about 10 minutes following application of a thin layer of the

vehicle onto the surface of a nail, no more than about 85%, such as no more than about 60%,
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more particularly no more than about 55% or no more than about 50% of the applied amount

remains on the nail surface.

[0041] The formulation typically is a solution. The formulation generally is not a lacquer.
The formulation typically also is not an enamel, a varnish, or a polish. The formulation is
typically clear and/or colorless. The formulation generally does not form a film in that it
does not create a solid film layer that is detectable for a significant period of time, such as
after about 4 hours, 6 hours, 8 hours, 12 hours, 18 hours, 24 hours, 30 hours, 36 hours, or 48
hours. Methods also or alternatively can be characterized in that practice of the method does
not result in a layer that is required to be or even can be peeled off or scraped off by manual
action. Examples of formulations useful in the practice of methods provided herein are

provided in U.S. Patent 8,039,494 (*the ‘494 patent™).

[0042] [n some embodiments, the composition comprises efinaconazole, a volatile alcohol,
a volatile silicone, an anti-oxidant, and one or more esters of the formula RCO-OR', wherein
R and R' may be identical or different and each of R and R' represents a linear or branched
chain of an alkyl, alkenyl, alkoxycarbonylalkyl, or alkoxycarbonyloxyalky! radical having
from | to 25 carbon atoms, and wherein the chain of R' is at least 5 carbons, wherein the
volatile silicone is present in the compaosition at a concentration less than 25% w/w, wherein
the composition does not form a solid film when topically applied to the surface of a nail, and

wherein the surface tension of the compaosition is 40 dynes/cm or less.

[0043] In some embodiments, the composition comprises efinaconazole, a volatile alcohol,
a volatile silicone, an anti-oxidant, and one or more esters of the formula RCO-OR’, wherein
R and R" may be identical or different and each of R and R' represents a linear or branched
chain of an alkyl, alkenyl, alkoxycarbonylalkyl, or alkoxycarbonyloxyalkyl radical having
from 1 to 25 carbon atoms, and wherein the chain of R' is at least 5 carbons, wherein the ratio
of alcohol to volatile silicone in the composition % w/w is at least 2:3, wherein the
composition does not form a solid film when topically applied to the surface of a nail and

wherein the surface tension of the composition is 40 dynes/cm or less.

[0044] As used herein, the term "volatile" when referring to the vehicle means that the
vehicle is a compound that evaporates from the surface of the nail when applied. Volatile
vehicles 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.

CA 2931144 2019-06-04



10

15

20

25

CA 02931144 2016-05-18

WO 2015/077729 PCT/US2014/067184

Examples of volatile vehicles include: acetone, 2-amino-2-methyl-1-propanol,
1,2-butanediol, 1, 4-butanediol, 2-butanol, cyclomethicone-4, cyclomethicone-5,
cyclomethicone-6, ethanol, ethyl acetate, n-heptane, isobutanol, isopropyl alcohol,

1-propanol, 2-propanol, and water.

[0045] As used herein, the term "penetrating” when referring to the vehicle means that the
vehicle is a compound that rapidly penetrates into a nail when applied to the surface of the

nail so that, after 10 minutes following the application of a thin layer of the vehicle onto the
surface of a nail, no more than 10% of the applicd amount remains on the nail surface. The

term penetrating thus includes both volatile and non-volatile vehicles.

[0046] Volatile silicones include linear or cyclic polyorganosiloxane compounds of
formula [R;S10OR; ], wherein n = 6 or less and R; and R; are alkyl groups that may be the
same or different, and which compound has a measurable vapor pressure under ambient
conditions. Preferably, » = from 3 to 6, and most preferably n =4 or 5. Preferably R; and R,
=methyl. Examples of cyclic volatile silicones include polydimethylcyclosiloxanes,
generally known as cyclomethicones. Particular examples of cyclic volatile silicones include
cyclopentasiloxane, cyclotetrasiloxane, decylmethylcyclopentasiloxane, and
octylmethylcyclotetrasiloxane. Examples of linear volatile silicones include linear
polysiloxanes. Particular examples of linear volatile silicones include hexamethyldisiloxane,

octamethyltrisiloxane, and dimethicones.

[0047] In some embodiments, the ester is a combination of diisopropyl adipate and C12-15
alkyl lactate. In some embodiments, the ester is a combination of diisopropyl adipate and

myristyl lactate.

[0048] In some embodiments, the alcohol is ethanol. In some embodiments, the volatile
silicone is a cyclic silicone. In some embodiments, the cyclic siliconc is a cyclomethicone.
In some embodiments, the concentration of volatile silicone is less than 20%. In some

embodiments, the concentration of volatile silicone 1s less than 15%.

[0049] In some embodiments, the ratio of alcohol to volatile silicone is at least 1:1. In
some embodiments, the ratio of alcohol to volatile silicone is at least 2:1. In some

embodiments, the ratio of alcohol to volatile silicone is at least 3:1.
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[0050] In some embodiments, the composition comprises efinaconazole, alcohol,
cyclomethicone, diisopropyl adipate, either or both of C12-15 alkyl lactate and isopropyl

myristate, and an antioxidant.

[0051] In some embodiments, the composition comprises the following components in the

following ranges of concentrations % w/w:

a. alcohol - 10% to 80%

b. cyclomethicone - 0.01% to less than 25%

c. diisopropyl adipate plus either or both of C12-15 alkyl lactate and
isopropyl myristate - 5% to 90%

d. antioxidant - 0.001% to 0.50%

e. efinaconazole - 0.0001% to 30%.

[0052] In some embodiments, the composition comprises:

a. alcohol - 50% to 70%,

b. cyclomethicone - 10% to 15%

C. diisopropyl adipate - 8% to 15%

d. either or both of C12-15 alkyl lactate and isopropyl myristate - 8% to 15%
antioxidant - 0.001% to 0.50%

f. efinaconazole - 2% to 15%.

[0053] Asused herein, the term “surface tension” refers to the force required to increase
unit area of a surface of a liquid or of an interface between two liquids or between a liquid
and a gas, generally stated in units of dynes/cm. Surface tensions described herein are
measured by the Du Noily ring method utilizing an EasyDyne tensiometer model K20

marketed by Kriiss USA, Matthews, NC.

[0054] The composition has a surface tension that is sufficiently low so that, when the
composition is applied to the surface of a toenail on a human subject, the composition spreads
into the nail folds and also is wicked into the gap between the nail and the nail bed if such a
gap is present. A gap is generally present in a nail that is suffering from a disorder such as
onychomycosis. Preferably, the surface tension of the composition is 40 dynes/cm or less,
more preferably 35 dynes/cm or less, even more preferably 30 dynes/cm or less, and most

preferably, the surface tension is 25 dynes/cm or less.
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[0055] It is preferred that the composition, when applied to the surface of a nail, does not
form a solid film or lacquer and it is most preferred that the composition is free of polymeric
film forming compounds. Examples of polymeric film forming compounds include polymers
and copolymers of polyvinyl acetate, polyvinylpyrrolidone, methacrylic acid, polyvinyl
butyrals, polyvinyl acetals, and cellulose derivatives such as cellulose acetate phthalate,
cellulose acetate butyrate, cellulose acetate propionate, cellulose nitrate, cellulose sulfate,
cthylcellulose, and cellulose acetate. A polymeric film forming agent may be present in the
composition of this application 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.

[0056] The spreadability of a composition may be defined by a test such as the single slide
spreadability test, which may be performed as follows. One hundred microliters of a test
formulation is applied to a single point on the surface of a clean dry single glass slide. The
area of spread of the formulation on the glass slide is determined at various times following
the application, such as at 1, 2, 4, 6, and 10 minutes. Formulations that are most suitable for
the present method continue to spread on the surface of the slide throughout the first 6
minutes and preferably throughout the first 10 minutes. Preferably, but not necessarily, the

area of coverage of the formulation on the slide after 10 minutes is higher than 11.0 cm’.

[0057] In some embodiments, the composition does not comprise a polymeric film forming

compound.

[0058] In some embodiments, the composition increases in spread on the surface of a clean
dry glass slide throughout the six-minute period immediately following application of the
composition to the surface of the slide. In some embodiments, the spread of the composition
on the surface of the slide encompasses an arca of greater than 11.0 cm within 10 minutes

following application of 100 microliters of the composition to the surface of the slide.

[0059] In some embodiments, the surface tension of the composition is 35 dynes/cm or
less. In some embodiments, the surface tension of the composition is 30 dynes/cm or less. In

some embodiments, the surface tension of the composition is 25 dynes/cm or less.

[0060] The formulation can include any suitable number, type, and combination of
excipients, examples of which are described in the ‘494 patent. In certain embodiments, the

formulation includes an amount of butylated hydroxytoluene (BHT) and an amount of a salt
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of ethylenediaminetetraacetic acid (EDTA), the amounts of BHT and the salt of EDTA being
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 [east about 40 °C.
Often the formulation also will contain citric acid, which may further aid in color
stabilization of the formulation. The amount of these excipients required for color
stabilization can be relatively small, for examp}le, the formulation may include about 0.2%
citric acid or less, such as 0.1% w/w citric acid, anhydrous; 0.0005% or 0.0003% EDTA salt
(such as 0.00025% edetate disodium); and 0.2% or 0.1% BHT. Examples of such
formulations are described in US Provisional Patent Application Number No. 61/886,569
(“the <569 provisional®).

[0061] Compositions of the invention can contain butylated hydroxytoluene (BHT) in an
amount that, in combination with the amount of EDTA in 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 components of the
composition. The compositions can contain, for example, from about 0.01% to about 2%
BHT, from about 0.01% to about 1% BHT, from about 1% to about 2% BHT, from about
0.5% to about 1.5% BHT, or from about 0.75% 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%, 0.50%, 0.55%, 0.60%, 0.65%, 0.70%, 0.75%, 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%,
1.60%, 1.65%, 1.70%, 1.75%, 1.80%, 1.85%, 1.90%, 1.95%, or about 2.00% BHT by weight.

[0062] The compositions can contain a salt of ethylenediaminetetraacetic acid (EDTA).
The salt of ethylenediaminetetraacetic acid can be any suitable salt. Typically the salt will be
one that is acceptable for pharmaceutical formulations and compatible with efinaconazole.
Frequently used salts are the disodium and tetrasodium salts of ethylenediaminetetraacetic
acid. The amount of EDTA 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 (e.g., at least about 40, at least about 50, or
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at least about 60 °C) for periods of at least about 3 weeks (e.g., at least about 4 weeks, at least
about 6 weeks, at least about 8 weeks, at least about 10 weeks, at least about 12 weeks, at
lcast about 4 months, at least about 6 months, or longer). Typically compositions will contain
from about 0.0001% to about 1% EDTA. The amount of EDTA used will vary depending on
factors including the amount of efinaconazole, the amount of BHT, and the nature of the
formulation. For example, in a gel formulation the amount of EDTA used typically will be
higher than the amount used in a solution. Also, the amount of EDTA that is used in a non-
aqueous formulation or low water content formulation can be lower than the amount of
EDTA that is used in a formulation with higher water content. Thus, in one example, the
amount of EDTA in a composition of the invention is between about 0.1% and about 1% by
weight (e.g., about 0.2%-1%, about 0.25-0.75%, about 0.3-0.8%, or about 0.4-0.7%, such as
0.15%, 0.35%, 0.45%, 0.5%, 0.6%, 0.7%, or 0.9%). Such amounts are useful in, e.g., gel
compositions. In other compositions the amount of EDTA is in the range of about 0.004% or
about 0.005% to about 0.2%, such as about 0.175%, about 0.15%, about 0.125%, or about
0.1%. The inventors also have surprisingly found that in certain formulations the amount of
EDTA can be in the range of only about 0.0001% EDTA to about 0.0005% EDTA, such as
from about 0.0001% to about 0.00025% EDTA, from about 0.00025% to about 0.00050%
EDTA, or from about 0.0002% to about 0.0004% EDTA. In particular embodiments, the
compositions contain about 0.00010%, 0.00012%, 0.00014%, 0.00016%, 0.00018%,
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 by weight. In particular embodiments, the amount of EDTA included in
the composition is in 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 0.01% (w/w) to about
2% (w/w) (e.g., 0.02%, 0.04%, 0.05%, 0.07%, 0.08%, 1.0%, 1.2%, 1.4%, 1.5%, 1.7%, or
1.9%).

[0063] In some exemplary embodiments, the amount of EDTA is in the range of about
0.0001% (w/w) to about 0.0005% (w/w) and the amount of BHT is in the range of about
0.01% (w/w) to about 2% (w/w). In some exemplary embodiments, the amount of EDTA is
in the range of about 0.0001% (w/w) to about 0.0003% (w/w) the amount of BHT is in the
range of about 0.05% (w/w) to about 0.15%. In other exemplary embodiments, the amount
of EDTA is in the range of about 0.1% to about 1.0% by weight (e.g., about 0.15% w/w to
about 0.75% w/w), thc amount of BHT is in the range of about 0.01% (w/w) to about 2%
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(w/w) (e.g., about 0.02% or 0.025% to about 1.0% or 1.5% w/w), and the amount of
efinaconazole is the range of about 0.5% (w/w) to about 5% (w/w) (e.g., about 1%, about 2%,
or about 3%). In still other exemplary embodiments, the amount of EDTA is about

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

[0064] The amount of citric acid can be any amount that when combined with the EDTA
and BHT ecither 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 cffects of BHT and EDTA alone. The compositions can contain, for
example, from about 0.01% citric acid to about 1% citric acid by weight. The compositions
can contain from about 0.02% to about 0.5% citric acid, from about 0.05% to about 1.5%
citric acid, from about 0.08% to about 0.8% citric acid, or from about 0.085% to about 0.5%,
0.4%, 0.3%, or 0.1% citric acid. In some embodiments, the compositions contain about
0.05%, 0.06%, 0.07%, 0.08%, 0.09%, 0.10%, 0.12%, 0.15%, 0.17%, 0.20%, 0.25%, 0.30%,
0.35%, 0.40%, 0.45%, 0.50%, 0.55%, 0.60%, 0.65%, 0.70%, 0.75%, 0.80%, 0.85%, 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 in any particular efinaconazole composition given the guidance provided here with

respect to color stability.

[0065] In some embodiments, the composition contains: from about 0.5% to 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% efinaconazole by weight), from about 0.01% to about 2%
BHT by weight (e.g., about 0.2% to about 1.5% BHT by weight), and from about 0.0001% to
about 1.5% EDTA by weight (e.g., about 0.0001% to about 0.0005% EDTA by weight or
about 0.1% to about 1.25% EDTA by weight), and about 0.1% to about 1% citric acid by
weight.

[0066] In some exemplary embodiments, the composition contains: from about 0.5% to
about 15% efinaconazole by weight, from about 0.01% to about 2% BHT by weight, from

about 0.0001% to about 0.0005% EDTA by weight, and from about 0.1% to about 1% citric
acid by weight.

[0067] In some exemplary embodiments, the composition contains from about 0.5% to
about 15% efinaconazole by weight, about 0.1% BHT by weight, and about 0.00025% EDTA

by weight. In some embodiments, the composition further contains about 0.1% citric acid by
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weight. In some exemplary embodiments, the composition contains from about 0.5% to
about 15% efinaconazole by weight, about 0.1% BHT by weight, about 0.00025% EDTA by
weight, and about 0.1% citric acid by weight.

[0068] The above-described excipients can be in any suitable amounts and/or combinations
to provide the features of the composition that are desired (e.g., penetration, spreadability,
color stability, PK characteristics, and/or nail absorption, efc.). Suitable quantities for most
of the excipients described herein and other excipients that can be in the composition are
cxemplified in the ‘894 patent and the ‘569 provisional. Typical excipients in an
efinaconazole formulation include water, cyclomethicone, diisopropyl adipate, alcohol, C12-

15 alkyl lactate, butylated hydroxytoluene, citric acid anhydrous, and disodium edetate.

[0069] In some embodiments, the invention also or alternatively provides a method for
treating onychomycosis comprising applying a pharmaceutically acceptable formulation
comprising 0.35 mg or more (e.g., 0.5 mg, 0.45 mg, or 0.4 mg) to 5 mg or less (e.g., 4 mg,
4.25 mg, 4.5 mg, or 4.75 mg) of efinaconazole to each of any second toe, third toe, fourth toe,
and/or fifth toe(s) to be treated in a treatment area of an onychomycosis patient and
administering 0.7 mg or more (e.g., 1 mg, 0.9 mg, or 0.8 mg) to 10 mg (e.g., 8 mg, 8.5 mg, 9
mg, or 9.5 mg) of efinaconazole to each of any hallux (big toe) to be treated in the treatment
arca once a day for a period of at least 36 weeks. In particular embodiments, the invention
comprises administering between 0.5 mg and 4 mg efinaconazole to the patient in the

treatment.

[0070] In some embodiments, the invention comprises administering 0.8 mg to 3.7 mg of
efinaconazole to any second, third, fourth, and/or fifth toe(s) in the treatment area and 1.6 mg

to 7.4 mg cfinaconazole to any hallux in the treatment areca.

[0071] In somec embodiments, the invention provides an onychomycosis treatment method
that comprises administering 1.25 mg to 3.25 mg cfinaconazole to any second, third, fourth,
and/or fifth toe(s) in the treatment arca and 2.5 mg to 6.5 mg to any hallux in the treatment

arca.

[0072] In some embodiments, the invention provides a treatment method that comprises
administering 1.4 mg to 2.6 mg efinaconazole to any second, third, fourth, and/or fifth toe(s)

in the treatment area and 2.8 mg to 5.2 mg to any hallux in the treatment area.
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[0073] One skill in the art will appreciate that the aspects and embodiments described
herein can be combined with each other in various ways. Thus, for example, the invention
provides a methods for treating onychomycosis by administering such a total dose of
efinaconazole (e.g., about 1.5 mg, such as 1.3-1.7 mg, or about 2 mg, such as 1.7-2.3 mg,to a
small toe, and about double the amount to a big toe), once a day, to an onychomycosis, for a
treatment period of 38 weeks, 40 weceks, 42, weeks, 44 weeks, 46 weeks, 48 weeks, or longer,
wherein the methods do not include any step of debriding the nail and/or periodically
removing the residual efinaconazole formulation from the treated area. In certain
embodiments, the methods of the invention do not include partially occluding or fully
occluding the treatment area to which the efinaconazole is administered. The methods can
include a step of cleaning the area before treatment and/or a step of ensuring that at least 10
minutes has passed between the time the treatment area has been wet with water to when
administration begins. The cleaning involved with the use of efinaconazole according to this

invention generally consists of cleaning practices associated with normal personal hygeine.

[0074] In some embodiments, the methods include administration of an efinaconazole
formulation, typically having a concentration of efinaconazole (w/w) that is about 10% (e.g.,
8-12%, 9-11%, 9.5-10.5%, or 10%), commonly 10%, once a day, for a period of 48 weeks. It
has been found that a 48 week treatment period can provide advantages over other treatment
periods (e.g., a 36 week treatment period), particularly in connection with administration of a

10% efinaconazole formulation.

[0075] Typically, the dose of efinaconazole delivered to each toe is delivered by delivering
a volume of efinaconazole formulation of about 75 to about 150 microliters, such as about
90-140 microliters or about 100-130 microliters. The concentration of efinaconazole is
generally set to deliver the desired dose (a typical concentration is about 10% w/w).
Generally, a relatively set volume, such as a drop from a dropper, is delivered to cach small
nail treated and a double dose (e.g., two drops) is delivered to each hallux treated. In some
cases, there may be delivery of an extra dose to either a small or big toe (or small fingernail
or thumbnail in the case of treating a hand infection) such that the dose is slightly higher than
intended. Accordingly, the dosages described herein can be viewed as approximations with
the understanding that typically a larger amount of the API (and formulation) is delivered to
the patient than is intended. For example, a method can include one, two, or three extra drops

delivered to the patient to account for such errors in administration, particularly where the
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method is used in the treatment of patients over 65 years in age, over 70 years in age, over 75
years in age, over 80 years in age, efc., which is a common patient population for

onychomycosis treatment.

[0076] In some embodiments, the invention provides a method for treating onychomycosis
comprising applying a pharmaceutically acceptable formulation comprising administering
about 2 g to 10 g efinaconazole formulation to a treatment area of a toenail of an
onychomycosis patient in approximately equal daily doses over a period of at least 36 weeks.
In some embodiments, the amount of ¢finaconazole administered to the patient is less than 10
g. The amount of efinaconazole administered to the patient typically will be greater than 2.5
g. Very often the amount of efinaconazole administered to the patient is less than 9 g. Thus,
in certain embodiments, the total amount of efinaconazole administered is between about 2.5
and about 9.5 g, suchas 2.6 or2.7 gto 9 g or 9.25 g. In some embodiments, the method
involves the administration of 3 g to 9 g efinaconazole to the treatment area (target area) over
the treatment period. In some embodiments, the upper end of the range is less than 9 g, such
as about 8 g or less, for example about 7 g (e.g., 7.5 g or 7.2 g), or even less (e.g., about 4 g,
suchas4.5¢g,42¢,4¢,3.8¢g, 3.75 g, 0r3.5g). Insome embodiments, the lower end of the
range is below 2 g, such as 1.5 g, 1.75 g, 1.8 g, 1.85 g, or 1.9 g. In certain embodiments, the
methods include administering about 3 g to about 9 g (e.g., 3.3 gto 8.8 g) over a 48 week

treatment period with a 10% efinaconazole formulation.

[0077] In certain embodiments, the methods of the invention are performed with a patient
that has previously received efinaconazole treatment. In some embodiments, the invention
includes a step of determining if the patient has previously been treated with efinaconazole to
determine if the patient has exhibited any sensitivity to or negative response (e.g., local
inflammation) to efinaconazole treatment prior to initiating treatment. The patient 18
generally instructed to only apply the formulation to the nails and immediately adjacent skin
(nail-associated tissue). The patient can be advised, for example, that the formulation is not
for ophthalmic, oral, or intravaginal use. Typically the patient is counseled about the
potential for irritation in the treatment area arising from administration of the formulation and
is monitored (self-monitored and/or monitored by a healthcare provider such as a doctor,
nurse, etc.) for inflammation during the treatment period to assure that the irritation does not

become excessive.
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[0078] Typically the patient is an adult (e.g., 18 years or older). The patient will often be
advised to avoid cosmetic nail products, nail polishes, and pedicures during the treatment
period. In some embodiments, the patient is 65 years or older. In some embodiments, the
patient is a patient that has one or more risk factors that makes topical treatment of
onychomycosis more medically desirable than oral anti-onychomycosis therapy (e.g., risk of
and/or history of hepatotoxicity or liver sensitivity/injury and/or risk of drug-drug
interactions (DDIs) (e.g., due to undergoing systemic polypharmacy). In some embodiments,
the patient is a male. In some embodiments, the patient is also affected by diabetes and/or
suffers from a compromised immune system as compared to a typical healthy adult. In
certain embodiments, the patient is identified as being at risk of cytochrome inhibition, such
as cytochrome P (CYP) inhibition, for example CYP 450 3A4 inhibition, wherein use of oral

anti-onychomycosis agents can be problematic or undesirable.

[0079] In certain embodiments, the invention also or alternatively provides methods for
treating onychomycosis which include applying a pharmaceutically acceptable formulation
comprising 8-15% efinaconazole to a treatment area of an onychomycosis patient once a day
for at least 36 weeks (e.g., at least 40, 44, or more typically at least 48 weeks) in a manner
such that the concentration of efinaconazole in the nail is between about 5000 pg and about
9000 ug per gram of sample toenail tissue analyzed. In some embodiments, methods of the
invention are practiced so as to result in a concentration of efinaconazole in a sample of
toenail tissue that is between about 5500 pg and about 8500 pg per gram of sample toenail
tissue analyzed. In some embodiments, administration results in a concentration of
cfinaconazole in the nail that is reflected by a concentration of about 5750 ug and about 8000
ug per gram of sample tocnail tissuc analyzed (e.g., about 5800 ug, about 6000 ug, about
6200 ng, about 6500 ug, about 6800 ug, about 7000 pg, about 7200 pg, or about 7500 ug).
These embodiments can be combined with various other embodiments provided herein

(unless otherwise stated or clearly contradicted by context).

[0080] In some embodiments, the rate of efinaconazole penetration into the nail achieved
by performance of methods of the invention can be such that between about 0.02 milligram
equivalents (mg Eq) per gram and about 0.7 mg Eq are measured in the nail after 2 weeks of
daily administration of the efinaconazole formulation. In certain embodiments, the upper end

of the mg Eq range after two weeks of daily administration of the efinaconazole formulation
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is lower than about 0.7 mg Eq/g, such as about 0.6 mg Eq/g, 0.55 mg Eq/g, 0.5 mg Eq/g, or
about 0.45 mg Eq/g (e.g., 0.425 mg Eq/g).

[0081] In some embodiments, the invention provides methods for treating onychomycosis
comprising applying an amount (such as about 0.5 mg to about 4 mg) of efinaconazole to the
second toe, third toe, fourth toe, and fifth toe treatment area and administering approximately
twice that amount (e.g., about 1 mg to about 8 mg) of efinaconazole to the treatment area of
the hallux (great or “big” toc). Application gencrally includes manually spreading the
cfinaconazole with an application device such that the patient docs not cause significant
amounts of efinaconazole to come into contact with non-treated areas (hands). Application
typically includes uniformly spreading the efinaconazole throughout the treatment area by
use of the application device such that the average amount of efinaconazole delivered to each
cm” of the treatment area is about 0.15 mg/cm? to about 0.45 mg/cm? once a day. In some
embodiments, the method comprises administering efinaconazole to an average concentration
of about 0.175 mg/cm? (e.g., about 0.185 mg/cm?) to 0.425 mg/cm? (e.g., 0.410 mg/cm?,
0.412 mg/cm’, 0.413 mg/cm’, 0.416 mg/cm?, 0.418 mg/cm’, 0.42 mg/cm’, or 0.422 mg/cm®).
In some embodiments, the average amount of efinaconazole that is present on the nail upon
loading is about 0.25 mg/cm” (e.g., 0.246 mg/cm? or 0.248 mg/cm®), 0.3 mg/ cm?, or about
0.4 mg/cm” (e.g., 0.038 mg/cm?), or a range that encompasses these averages (e.g., 0.2
mg/cm’ or 0.24 mg/cm’ to 0.45 mg/cm” or 0.4 mg/cm?®). As loading is typically by manual
administration and the treatment area has a large number of different surface types and
shapes, these values should be understood as an approximation of the amount that will be
delivered on average to the surface of a nail arca during treatment by the user attempting to
achicve a uniform distribution of the efinaconazole formulation, per typical instructions

provided in connection with methods described herein.

[0082] The inventive methods typically are employed in a manner to reduce systemic
exposure to efinaconazole, which can be reflected in relatively low pharmacokinetic
measurements. In some embodiments, the mean plasma C,,,x in a population of adult
onychomycosis patients (e.g., at least 10 patients, at least 12 patients, such as 15 patients, or
more patients) after 28 days of once a day treatment with an efinaconazole formulation useful
for treatment of onychomycosis is less than 2 ng/mL, such as less than 1.9 ng/mL, less than
1.75 ng/mL, less than 1.5 ng/mL, less than 1.33 ng/mL, less than 1.25 ng/mL, or less than 1

ng/mL. In one certain embodiments, the method comprises treating onychomycosis with an
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efinaconazole formulation that results in a mean plasma C,,, in a population of at least 15
adult onychomycosis patients after 28 days of once daily treatment that is less than 0.8
ng/mL. In some emodiments, the method is practiced with an efinaconazole formulation that
exhibits a Cmax in a population of onychomycosis patients receiving the treatment once a day
that is between 0.55-0.725 ng/mL after 28 days of treatment. In some embodiments, the
invention comprises applying an efinaconazole formulation that is associated with a mean
plasma Cnax in a patient population of about 0.65 ng/mL, such as 0.67 ng/mL, after a
treatment testing period, such as after 10, 12, 14, 16, 18, 20, 25, or 28 days of treatment.

[0083] The methods of the invention also or alternatively can be characterized by resulting
in an individual Cp,y after 28 days of treatment that is less than about 10 ng/mL, such as less

than about 9 ng/mL, such as less than 8 ng/mL.

[0084] In some embodiments, the invention also or alternatively includes applying an
efinaconazole formulation that results in an efinaconazole plasma half-life of 25-35 hours
when administered for a suitable test period (e.g., 10, 12, 14, 16, 18, 20, 21, 25, 28, 30, or
more days). In some embodiments, the half-life in a patient population treated with the
formulation is about 30 hours. In certain embodiments, the half-life of the efinaconazole in

the patient population is 29.9 hours.

[0085] In some emodiments, the invention provides methods of treating onychomycosis
including application of an efinaconazole formulation (e.g., a 4-14% efinaconazole
formulation, such as a 10% efinaconazole formulation) once a day for a treatment period at
least 36 weeks, typically at least 48 weeks, to the treatment area of an onychomycosis patient
in a treatment regimen that results in a mean area under the curve (AUC) in a population of
adult onychomycosis patients (e.g., at least 10, 12, 15, or more patients) after 28 days of

trcatment of between about 5 and about 20 ng * h/mlL.

[0086] In somec embodiments, the invention includes the use of an administration device to
provide desired distribution of the efinaconazole formulation at the treatment (target) site.
Thus, some embodiments of the invention provide methods for treating onychomycosis
comprising (a) providing a container that is suitable for storing an efinaconazole formulation
for pharmaceutical use that comprises an applicator that is capable of dispensing a
pharmaceutically effective dose of an efinaconazole formulation and spreading an
approximately uniform amount of the efinaconazole formulation to a target area by manual

action after loading (or after filling) (i.e., when loaded), (b) loading the applicator with the
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dose of the efinaconazole formulation, and (¢) administering the dose of the efinaconazole
formulation to the treatment area of each affected or treated toe by uniform manual
spreading. The formulation in such embodiments is a spreadable composition. Accordingly,
the composition is either a liquid or semisolid (e.g., a gel, a cream, an ointment, a lotion, or a

liquid suspension, fluid or other suitable liquid).

[0087] The container can be any container that is suitable for containing the efinaconazole
formulation for intended periods of storage. The container can be made of, for example, a
glass or a plastic material. The materials that make up the container should be gencrally
nonreactive with the components of the efinaconazole formulation and capable of
maintaining the stability of the efinaconazole and excipients of the formulation over the
desired storage period (e.g., for at least 12 months, at least 18 months, at lcast 24 months, at
least 30 months, at least 36 months, or longer), preferably at ambient room temperature (e.g.,
at a temperature of about 20 to about 25 °C, such as under controlled room temperature
conditions of 20-25 °C (e.g., 22 °C)). The container can contain from 2 mL to 30 mL of
efinaconazole formulation, such as about 3 mL, about 4 mL, about 5 mL, about 6 mL, about 8

mL, about 10 mL, about 1 SmL, about 20 mL, or about 25 mL.

[0088] The container typically is in fluid communication with (is connected to or
interconnected with in a manner that at least under some conditions permits flow) or can be
made to be in communication with (i.e., connected to or interconnected with) an applicator
that is used to apply the efinaconazole formulation to the target area of a patient. In some
embodiments, an application device is provided separately. In some embodiments, part of an
application means is integral to the container and part of it is separate (such as where the
container includes a dropper or dropping means and is provided with a separate sponge or
brush). The applicator can be any suitable device or component used to apply an
efinaconazole formulation to the treatment arcas (target areas or target treatment arcas) of a
patient. It will typically be made of materials that are non- reactive with the efinaconazole
formulation. In general, non-reactive materials will not cause significant degradation of the
efinaconazole, or any excipients of the formulation, and/or the binding, imbibition,
absorption or adsorption of the efinaconazole, or any excipients of the formulation. The
applicator will typically be configured to apply the drug product as desired to the target area
according to the typical size and shape/configuration of onychomycosis treatment areas.

Typically, approximately even distribution of the formulation to each nail and nail-associated

30



10

15

20

25

30

CA 02931144 2016-05-18

WO 2015/077729 PCT/US2014/067184

area in a target area/treatment area is desired. As such, an applicator typically will be a
device or component that is or comprises at least a member that is capable of spreading the

formulation, such as a brush.

[0089] The applicator also often will be capable of dispensing a pharmaceutically
acceptable dose when used appropriately. The dose does not necessarily have to be the same
exact dose for each application, but typically the dosage is approximately equivalent and
mcasured (or within an acceptable range) on cach typical application. The applicator
preferably allows the user to exert some control over the amount of material administered to
cach affected nail treatment area since toes and nails vary in size and degree of
onychomycosis involvement. Commonly, the applicator is a component or device that is
capable of being loaded with such a dose of the formulation by the user, either through
absorption of the formulation (under conditions such that it can be released from the
applicator typically when applied to the nail area for treatment) or by other means (e.g., by
entrapment in a dense brush). Typically the volume of the formulation that is applied by the
applicator is enough that one volume is able to evenly spread across an average sized toenail

(with two doses typically being enough to cover a hallux).

[0090] When the applicator is loaded prior to administration, the loading can be performed
by any suitable method. Loading can be, for example, performed by mechanical means, such
as loading by pressure or by wicking that is associated with any kind of suitable means for
exposing the wicking device or means to the efinaconazole formulation stored in the
container (e.g., by the press of a button on the device by a user which opens a port that allows
flow of the formulation to the wicking component). In certain embodiments, the applicator is
loaded manually. For example, the container can be a pressure-reactive (squeczable)
container and loading of the applicator can be accomplished by the user applying pressure to
the device to sufficiently apply pressure to the formulation contained in the container and/or
to open an orifice to permit flow of formulation from within the container to the applicator to
load the applicator. It should be understood that even in embodiments where the applicator is
not loaded, the use of such a manual method for administering the formulation to the
applicator is provided (e.g., the applicator may not actually hold a dose but may be used to
apply the dose to the target area after the dose is directly applied to the target area). In some

embodiments, the applicator is loaded in part by gravity as the user changes the orientation of
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the container/applicator. In some embodiments, the loading of the applicator by wicking may

entail touching the nail or treatment arca to load the applicator.

[0091] Once the dose of formulation is delivered to the nail and nail-associated tissue the
applicator is typically used to also spread the formulation over all of the target areas of the
toe and associated tissue. Commonly, spreading is performed by user manipulation of the

applicator (e.g., brushing with a brush applicator).

[0092] The container can be a single use container or a multiple user container. Single user
containers can provide cnough of the efinaconazole formulation for treatment of a particular
target region, average target region, or maximum target region for a single daily application

of multiple nails or can provide enough of the formulation for treatment of a single toenail.

[0093] The multiple use container typically will contain enough efinaconazole formulation
for repeat use over a treatment period, usually at least about 4 weeks (30 days or about 1
month), at least about 8 weeks (or about 2 months), at least about 12 weeks (or 3 months)
(e.g., at least 16 weeks or about 4 months, about 18 weeks, about 20 weeks, 24 weeks, 26
weeks, 28 weeks, 30 weeks, or about 32 weeks), but more commonly at least about 36 weeks
(e.g., about 40 weeks or longer). In some embodiments, the container holds enough
formulation for at least one 48-week treatment regimen of once a day application to some,
most, or all of the toes of two feet. In some embodiments, the container holds enough
efinaconazole formulation for multiple treatments. In some embodiments, the container
contains about 2 mL to about 8§ mL of the efinaconazole formulation (e.g., about 3 mL, about

4 mL, about 5 mL, about 6 mL, or about 7 mL).

[0094] A number of different applicators can be used to apply the formulation to the target
area. Where the applicator is loaded with a dose prior to administration it typically will be
the case that the applicator is a device capable of being loaded through wetting with the
formulation in a manner that the applicator then holds the formulation until the user applies
the applicator to the target area. In some embodiments, the applicator is a brush that is made
of material that is suitable for holding a dose of efinaconazole formulation in such a manner.
Applicators can be made of any suitable material or materials to administer and, if desired,
hold a dosage of the efinaconazole formulation for administration. Brushes and other
administrator means (applicators) can be made from, for example, plastic(s) such as low
density polyethylene. Such materials can also be used to form a group of flexible plastic

tubes or strips to act as an administrator. Alternatively, an applicator can be made from
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natural or synthetic fibers, or a fabric. Additional materials that can be useful for
incorporation in an applicator include polyester and nylon materials. In some embodiments,
the applicator is a pad that is made of a loadable material. In some embodiments, the
applicator is a swab. Accordingly, the formulation may be rubbed, painted, dabbed, dripped,
sprayed, wiped, spread, rolled (e.g., as with a roller ball applicator) or poured onto the
affected nail and surrounding tissues. Alternatively, a formulation can be delivered by a soak

or other sustained contact method.

[0095] Applicators can be for single use, a few uscs, or frequent repeated use (over one
treatment period or multiple treatment periods). Where applicators are designed for multiple
uses, the device typically includes a cover (e.g., a cap) that can keep the applicator clean and
not exposed to external environmental conditions, and can maintain the formulation potency
during use and control evaporative loss of the formulation components. The cap can be of

any suitable configuration and made of any suitable material, such as a plastic.

[0096] When the applicator is loaded with the efinaconazole formulation or otherwise
contains the efinaconazole formulation, the applicator can hold any suitable volume. A
volume might be sufficient for one treatment of a typical toe or a typical hallux or for a
number of toenails or fingernails. Typically, the applicator is loaded with about 7 ul, such as
about 7.5 ul to about 35 ul, or about 30 ul (e.g., about 8 pl or about 10 ul to about 25 ul or
about 27 ul). In certain embodiments, the volume is in a range of about 15 to about 22.5 ul,

such as 16-20 ul.

[0097] By use of an applicator device according to various aspects of the invention
provided herein a patient and/or healthcare worker administering the formulation does not
contact the formulation with his or her hands in the performance of the method. It is
advantagcous to avoid hand contact with the cfinaconazole formulation to avoid wastc and
inadvertent transfer to undesirable body areas such eyes or mouth. Methods of the invention

can include providing instructions to the patient and/or healthcare provider in this respect.

[0098] In certain embodiments, the device comprises a container in the form of a plastic
squeeze bottle and the applicator is a formulation-loadable brush, typically a flow-through
brush applicator, which is contained by a cap that mates with (seals or at least blocks off) the
container (e.g., through screw-on threading, snap ring or other means). The patient and/or
health care provider is instructed to remove the cap, invert the bottle, and then squeeze to

completely wet the brush. The user (patient and/or healthcare provider) then applies the
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wetted brush onto each nail in the target area to completely wet the nail and surrounding skin.
In some embodiments, the patient is instructed to completely cover the nail, nail folds, nail
bed, hyponychium, and as much of the undersurface of the nail plate. For a great (big)
toenail (hallux), the user is instructed to make two applications or to load the applicator with
approximately double the volume so that about twice the amount of formulation as is
delivered to a non-hallux toe can be delivered to cach treated great toe. Typically, the user is
instructed to make a uniform application of the formulation (e.g., applying consistently and
evenly to all areas of all nails treated). Usually such methods (and other methods of
administering efinaconazole formulations provided herein) include a step of requiring the
patient to wait for a suitable period of time (typically no more than 15 minutes, such as 10
minutes or less) before covering the treated area (e.g., with a sock, shoe, or other covering or

other clothing).

[0099] In a more general sense (i.e., with or without the use of a device for delivering the
efinaconazole formulation), the methods of the invention can be practiced with the inclusion
of a requirement or step of approximately uniform distribution of an efinaconazole
formulation to nails and nail-associated tissue. As administration is typically manually
performed there will be some variation in the amount delivered to any area of the nail or
surrounding skin. In some embodiments, the variation in the amount of efinaconazole
administered to a given area of the nail is no more or less than 33% or no more or less than
25% in any other area or on average delivered to the nail (e.g., no more than 20%, 15%, or
10% or no more than 5% of a deviation from the greatest opposite amount (higher or lower)
or average delivered to the corresponding arca of the nail occurs). Also or alternatively the
mcthod can be characterized by a deviation of no more than 5%, 10%, 15%, 20%, 25%, 30%,
or more of the administered formulation to a nail in the target area (or on average to the target
arca across all treated nails) per a measured unit area (e.g., square centimeter). This standard
can be accomplished by uniform administration in combination with using a formulation that

quickly penetrates the nail, examples of which are described elsewhere herein.

[0100] In arelated aspect, the invention provides devices for storing and typically also
administering efinaconazole formulations that are useful in the practice of methods provided
herein. In some embodiments, the invention provides a device for treating fungal infections
comprising (2) a container portion that securely holds a flowable pharmaceutical formulation

of efinaconazole and that can maintain the formulation in a pharmaceutically acceptable state
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for extended periods of time at room temperature and (b) a loading portion that is capable of
being loaded with a desired dose of the efinaconazole formulation when a user desires to
apply a treatment, and (c¢) means for delivering the dose of the efinaconazole formulation by
manual application evenly across the treatment area of a toe. The invention provides
methods of controlled application in that approximately accurate amounts can delivered to
with a degree of accuracy to a target arca. In this respect, for example, no more than 15%, no
morc than 10%, nor morc than 5%, or no more than 3% of the intended dosage of
efinaconazole formulation is lost to non-target area applications. In some embodiments, the
loading portion and delivery means are one and the same (e.g., where the device includes a
loadable brush that is suitable for delivery of a dose of efinaconazole formulation to target
area(s)). Such a device will typically include a cap or other cover (means for enclosure) for
the delivery means and/or loading portion (e.g., a seal, a cover, or similar device known in
the art of container manufacture). Commonly, the flowable formulation will be a liquid, but
flowing gels, creams, ointments, lotions, and other flowing formulations also can be used. In
some embodiments, the device is a squeezable plastic bottle, as described above, which is
mated to and that can be in fluid communication with, upon application of manual pressure, a
flow through applicator, such as a flow through brush applicator. In certain embodiments,
the brush is capable of being loaded with an approximately set dose of efinaconazole

formulation when wet.

[0101] The methods of the invention can be performed in a manner such that a complete
cure rate (as described in the Experimental Methods section of this document) of at least 12%
when tested in a suitable patient population (e.g., of at least about 50 patients, at least about
75 paticnts, at lcast about 100 paticents, at Icast about 150 paticnts, at Icast about 250 paticnts,
at least about 500 patients, at least about 750 patients, or at least about 1000 patients), such as
at least 14%, or, more particularly, at least 15% is achieved in the population that receives
treatment by the method. In some embodiments, methods of the invention are performed
such that the outcome is a complete cure rate that is at least 5%, such as at least 7%, at least
8%, or at least 9% greater than the complete cure rate obtained with the vehicle alone when

similarly tested in a suitable patient population.

[0102] By referring to performance or practice “in a manner” in this respect (i.e., to achieve
such complete cure rates as described in the preceding paragraph), or in other respects where

such a phrase is used herein in connection with methods that result in a particular outcome, it
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is to be understood that the aspect(s) of the invention being referred to or described require
the selection/employment of appropriate factors/variables in terms of, e.g., formulation,
dosage, duration of treatment, etc., to achieve the specified outcome. Employment of
particular and preferred methods provided herein (e.g., treatment with the formulation known
as IDP-108), in a non-occluded fashion (e.g., without occluding, blocking or covering the nail
with, for example, adhesive tape, bandage, dressing, scalant, etc.), including 10%
cfinaconazole (w/w), for a 48-weck treatment period with a 4 following week evaluation
period (non- treatment period after which evaluation of efficacy was/is made), with no
debridement or removal of the drug required, delivered from a device including a flow
through brush applicator and relatively uniform spreading throughout each nail treated in a
target area by complete covering of the nail, nail folds, nail bed, hyponychium, and as much
of the undersurface of the nail plate) will provide such results, but the inventors also expect
that reasonable variations from such methods can be made by those of ordinary skill in the art
using only routine experimentation with the achievement of similar results given the guidance

provided herein.

[0103] In certain embodiments, methods as described herein are performed such that the
method also or alternatively obtains a mycological cure rate (as described in the Experimental
Methods section of this document) of at least about 40%, such as at least about 45%, or at
least about 50% when tested in a suitable patient population (e.g., of at least about 50
patients, at least about 75 patients, at least about 100 patients, at least about 150 patients, at
least about 250 patients, at least about 500 patients, at least about 750 patients, or at least
about 1000 patients). In some embodiments, the method is performed so as to provide a
mycological curc ratc that is at Icast 25%, such as at Icast 30%, or at lcast 35% better than

vehicle when tested in a similarly suitable patient population.

[0104] In some embodiments, methods of the invention also or alternatively result in a
complete or almost complete cure rate (as described in the Experimental Methods section of
this document) of at least about 15%, such as at least about 20%, such as about 25% or higher
when tested in a suitable patient population (e.g., of at least about 50 patients, at least about
75 patients, at least about 100 patients, at least about 150 patients, at least about 250 patients,
at least about 500 patients, at least about 750 patients, or at least about 1000 patients). In
some embodiments, treatment methods are performed such that the complete or almost

complete cure rate that is at least about 10%, such as at least 12%, or at least 15% better than
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that which is achieved using corresponding vehicle in the patient population or a similarly

suitable patient population.

[0105] In some embodiments, the methods also or alternatively result in a clinical efficacy
rate (as described in the Experimental Methods section of this document) of at least about
20%, such as at least about 25%, or at least about 30% when tested in a suitable patient
population (e.g., of at least about 50 patients, at least about 75 patients, at least about 100
patients, at least about 150 patients, at lcast about 250 patients, at Ieast about 500 paticnts, at
least about 750 patients, or at least about 1000 patients). In some embodiments, the clinical
efficacy rate when tested in a suitable patient population is better by at least about 12% (such
as at least about 15%, or at least about 20%) as compared to the result obtained with a

corresponding vehicle alone when studied in an appropriate patient population.

[0106] In some embodiments, treatment methods using the techniques provided herein are
performed such that the rate of application site dermatitis (such as local irritation) in a
population of patients (e.g., of at least about 50 patients, at least about 75 patients, at least
about 100 patients, at least about 150 patients, at least about 250 patients, at least about 500
patients, at least about 750 patients, or at least about 1000 patients) is about 4% or less or
about 3% or less, such as about 2.5% or less and/or is less than about 3% such as less than
about 2% greater than the application site dermatitis rate seen when administering a
corresponding vehicle to the patient population or a different but also suitable patient

population.

[0107] In some embodiments, the methods also or alternatively are performed such that the
rate of application site vesicle formulation (i.e., blistering in the skin in and around the
treatment arca) also or alternatively is less than about 3%, such as less than about 2%, or only
about 1.5% in a patient population (e.g., of at least about 50 patients, at least about 75
patients, at least about 100 patients, at least about 150 patients, at least about 250 patients, at
least about 500 patients, at least about 750 patients, or at least about 1000 patients).

[0108] In addition to the treatment of onychomycosis, the methods provided herein can be
used for other suitable purposes including the inhibition of fungal lanosterol 14 a-
demethylase and/or ergosterol biosynthesis. For example, the methods can be applied to
inhibit the growth of and/or to eradicate a microorganism, such as a dermatophyte, for
example a dermatophyte of the Tricophyton, Microsporum, and Epidermophyton species

and/or a yeast (e.g., a yeast of the Malassezia species or Candida species). In certain
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embodiments, the methods can be employed to inhibit and/or eradicate microorganisms
selected from Trichophyton mentagrophytes, Trichophyton rubrum, Candida albicans,
Trichophyton tonsurans, Trichophyton verrucosum, Trichophyton schoenleinii,
Epidermophyton floccosum, Scopulariopsis brevicaulis, Acremonium spp., Fusarium spp..

Candida parapsilosis, Candida krusei, Candida tropicalis, and Microsporum canis.

EXAMPLES

[0109]) The following examples further illustrate the invention but, of course, should not be

construed as in any way limiting its scope.

Preclinical Studies

[0110] Efinaconazole drug resistance development was studied in vitro against T.
mentagrophytes, T. rubrum and C. albicans. Serial passage of fungal cultures in the presence
of sub-growth inhibitory concentrations of efinaconazole increased the MIC by up to 4-fold,
suggesting low resistance development potential. The clinical significance of these in vitro

results is unknown.

[0111] Ina2-year dermal carcinogenicity study in mice, IDP-108 showed no evidence of
carcinogenicity at efinaconazole doses of up to 140 mg/kg/day (equivalent to approximately

16 and 248 times the clinical maximum use dose based on mg/m2 and AUC, respectively).

[0112] Efinaconazole was not mutagenic in a bacterial reverse mutation assay and was not
clastogenic in mouse micronucleus and CHL cell chromosomal aberration tests. In a fertility
and early embryonic development study, subcutaneous efinaconazole administration to rats at
doses up to 25 mg/kg/day had no effect on fertility in males or females. Efinaconazole
delayed the estrous cycle in females at 25 mg/kg/day but did not have effects at 5 mg/kg/day

(equivalent to 58 times the clinical maximal use dose based on AUC).

Nail Penetration Study

[0113] Nail penetration studies were performed using efinaconazole formulations and a

ciclopirox formulation.

[0114] For the nail penetration studies permeation cells were assembled according to

standard operating procedure applying the following variables:

A. Cell: Teflon™ one-chamber diffusion cell.
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B. Receptor Fluid: A small cotton ball wetted with 0.1
ml normal saline.
C. Incubation Temperature and Humidity:
Room temperature (20 - 30°C), 30 - 45% RH.
D. Surface Area: One (1) cm in diameter, 0.785 cm®.
E. Formulation: 5%w/w IDP-108 Formulations (see
below)
F. Dose Volume and Frequency: Ten (10) ul/dose, once (9 - 10 AM).
G. Dose Contact Time and Surface Washing:
Each dosc contact time was 24 hrs. Surfacc washing is with cthanol,
soap and water at the next day morning 10 minutes prior to next dose.
H. Sampling Sources: L. Surface washes, inner washes.
2. Cotton ball (supporting bed)
3. Nail content
STUDY DESIGN
A. Treatments
Groups Group ID (A,B,C, or D)
Study Day Surface Dose Changing Nail
Washing Cotton Ball | Sampling
1 X
2 X X
3 X X Y4
4 X X
5 X X Y4
6 X X
7 X X Z
8 X X
9 X X Z
10 X X
11 X X Y4
12 X X
13 X X Z
14 X X
15 X Z Y
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X =once per day (9 ~ 10 AM).

Y = nail samples.

Z = remove and/or replace cotton ball samples.

Sample size (number): Five (5) per group.

B. Dosing procedure:
Chemicals in formulations dosed at 10 pl /cm? initially and thereafter once daily (9 - 10 am)
for 14 days (total of 14 multiple dosing).

C. Surface Washing and Final Cell Washing:

1.

Ten minutes prior to the morning application (excluding the first
application), the dosed arca of the nail plate was washed with cotton
tips in a cycle as follows:

a tip wetted with ethanol, then a tip wetted with ethanol, then a tip
wetted with 50% skin cleansing liquid IVORY soap, then a tip wetted
with distilled water, then a tip wetted with distilled water, then a final

dry tip.
All tips were collected into a single vial.

Test materials were applied in quantities identified in “Experimental
Design” above.

When the whole incubation period finished, after removal of the nail
plate and nail bed, the cell was washed as the same as the surface
washing procedure.

D. Cotton Ball Nail Supporting Bed

The cotton ball was changed and replaced every 48 hours after first dose
application until the end of the dosing/incubation period. The processes were
conducted at the same time of surface washing. All cotton ball samples were
individually collected and radioactivity counted.

Study formulations:

0001- 0001- 0001- 0001-
2313- 2313- 2313- 2313-
Formulation ID 078 080 082 (C) 107
2313- 2313- 2313- 2313-
Batch Number 022 024 026 053
efinaconazole | 5.00% 5.00% 5.00% 5.00%
ethanol | 19.35% 20.00% 59.998% -
triacetin | 15.00% - - -
glycerin | 35.00% 24.998% - -
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0001- 0001- 0001- 0001-

2313- 2313- 2313- 2313-
Formulation 1D 078 080 082 (C) 107
1,3-butylene glycol 25.00% - - -
carbomer 980 0.50% - - -
diisopropanolamine 0.10% - - -
tocopherol 0.05% 0.002% 0.002% 0.05%
propylene glycol - 50.00% - -
cyclomethicone - - 13.00% -
diisopropyl adipate - - 12.00% 8.20%
myristyl lactate - - 10.00% -
isopropyl myristate - - - 5.48%
White Petrolatum - - - 51.27%

Urea | - - - 30.00%

Total 100% 100% 100% 100%
[0115] Certain results of the penetration studies are shown in Figures 1, 2, and 3.

[0116] The results of the comparative studies between efinaconazole 5% formulation C
(DPSI 2313-082) (relating penetration to MIC data) and a ciclopirox lacquer formulation are
shown in Figure 4. As demonstrated from this data, efinaconazole formulations provide a
surprisingly high efficacy coefficient as compared to the standard topical therapy for
treatment of onychomycosis. In some embodiments, the invention provides methods that
result in an efficacy coefficient similar to or better than those demonstrated in this example
(e.g., an efficacy coefficient of at least about 200 ug eq/cm?/day)/ (ug/ml) [MIC], such as at
least about 300 500 pg eq/cm’/day)/ (ug/ml), or even, especially on average, 400 or 500 pg
cq/cm’/day)/ (ug/ml)) (e.g., an average of about 700 pg eq/cm?/day)/ (ug/ml)).

Clinical and Safety Studies

Pilot Clinical Efficacy Study

[0117] A multicenter, randomized, double-blind, vehicle-controlled phase 2 study of a 10%
efinaconazole formulation, IDP-108, in mild to moderate toenail Distal lateral subungual
onychomycosis (DLSO) (n=135) was conducted. Subjects randomized (2:2:2:1 ratio) to
receive IDP-108 (with or without semi-occlusion)(n=36 and n=39, respectively), an
efinaconazole 5% solution (n=38), or vehicle (n=22), once daily for 36 weeks, with one 4-

wecek post treatment follow-up (week 40). Efficacy assessments included complete cure,
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mycologic cure, clinical efficacy, and other assessments of overall treatment effectiveness.

No efficacy variables were designated as primary.

[0118] In addition to 10% w/w efinaconazole, IDP-108 contains 13% cyclomethicone, 12%
diisopropyl adipate, 10% C12-15 alkyl lactate, 1% purified water, and small amounts of citric
acid, anhydrous, edetate disodium, and BHT, as described in the ‘569 provisional, in addition
to small amounts of vitamin E (0.05%), with the remainder of the formulation being made up

of alcohol (alcohol/dehydrated alcohol USP).

[0119] At follow-up, complete cure was numerically higher in all active groups (16%-
26%) compared with vehicle (9%). Mycologic cure rates with IDP-108 10% semi-occlusion,
IDP-108 10%, and efinaconazole 5% were 83%, 87%, and 87%, respectively. Efinaconazole
10% (with or without semi-occlusion) demonstrated significantly greater clinical efficacy and
treatment effectiveness when compared with vehicle (P=0.0088 and 0.0064; 0.0056 and
0.0085, respectively, for both efinaconazole 10% groups). Adverse events were generally
similar among treatment groups and mild. Local-site reactions were restricted to few subjects
and did not differ meaningfully from those produced by vehicle. Methods of treatment were
generally similar to those described above in connection with Study 1 and/or Study 2.
Subjects in the semiocclusion treatment arm also were provided with semi-occlusive
dressings and were instructed to apply the dressings overnight to the target toenail at least 10

minutes after the study drug had been applied.

[0120] The mean area of the target toenail was 40.3%, and the mean number of affected
non-target toenails (including great toenails and other affected toenails) was 4.9. 117
(86.7%) of subjects completed the study. The most frequent reasons for study
discontinuation were being lost to follow-up (n=8, 5.9%), subjcct request (n=3, 2.2%), and
AEs (n=3, 2.2%). The proportion of subjects with mycologic cure and cither an affected
target toenail area of 0% or >3 mm proximal nail growth from baseline in the unaffected
target toenail at follow-up was 61%, 64%, 55%, and 23%, respectively (Figure 5; P=0.0041,
0.0030, and 0.0158 vs. vehicle). All analyses were performed using SAS software (version
9.1.3).

[0121] Overall, efinaconazole 10% solution (with or without semi-occlusion) demonstrated
significantly greater clinical efficacy and significantly greater healthy target toenail growth

with no additional benefits of semi-occlusion. This final surprising result suggests that 10%
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efinaconazole applied once a day can be an optimal concentration in the context of a topical

formulation for onychomycosis treatment.

[0122] Data from this study is illustrated in Figure 5 which shows that treatment with 10%
efinaconazole formulation (IDP-108) resulted in a surprisingly high treatment success
(complete cure) rate as compared to 5% efinaconazole and 10% occluded efinaconazole
formulation treatments particularly after the end of treatment (30 days). Unexpectedly,
administration of efinaconazole 10% solution without semi-occlusion resulted in increased
cfficacy at 24 weeks and at follow up, as compared to administration of cfinaconazole 10%
solution with semi-occlusion. Higher efficacy with semi-occlusion would have been
expected, given that occlusion tends to increase drug flux into target tissues. Methods that do
not require occlusion, in particular, can provide a number of advantages including reduced

systemic exposure to active agents as well as reinforced patient compliance.

[0123] Efinaconazole 5% solution was also effective as compared to vehicle. As such,
various aspects of the invention can be performed with a 5% formulation (or formulation with
an approximately similar amount of efinaconazole, e.g., 3.5-7.5%, such as 4-6%), and a
greater than 10% efinaconazole formulation (e.g., 11%, 12%, 13%, 14%, or 15%
efinaconazole w/w) given the fact that 10% semi-occlusion also resulted in significantly
better results than vehicle, but with about 10% efinaconazole (e.g., about 8-12%, such as
about 8.5-11.5%, such as 9-11% or 9.5-10.5%) being generally preferred for use in the

methods and devices, products, and formulations of the invention provided herein.

Large Scale Clinical Studies

[0124] The safety and efficacy of once daily use of a 10% efinaconazole formulation (IDP-
108) for the treatment of onychomycosis of the toenail were assessed in two identical 52-
week prospective, multi-center, randomized, blinded studies in adult patients 18 years and
older (18 to 70 years of age) with 20% to 50% clinical involvement of the area of the target
big toenail, without dermatophytomas or lunula (matrix) involvement. Patients were not

excluded for concomitant Candida infection.

[0125] The study included men and women of any race and had clinical diagnoses of distal
lateral subungual onychomycosis affecting at least one great toenail (hallux). Subjects must
have had mild to moderate onychomycosis, defined as clinical involvement of 20% to 50% of

the area of the target great toenail, without dermatophytomas or lunula (matrix) involvement.
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The target great toenail must have had an uninfected length greater than or equal to 3 mm, a
thickness no greater than 3 mm, evidence of toenail growth, a positive microscopic
examination with KOH for the hyphae associated with dermatophytes, and a positive
dermatophyte culture or mixed dermatophyte/Candida culture within 42 days prior to the

Baseline Visit (start of treatment).

[0126] The studies compared 48-weeks of treatment with IDP-108 to a corresponding

vehicle solution.

[0127] One application of IDP-108 (10% cfinaconazole solution) was applicd daily at
bedtime to all affected toenails (the treatment area), as determined by the investigator. For
each treated toenail, the study drug solution was applied such that the nail folds, nail bed,
hyponychium, and top and undersurface of the nail plate (where applicable) were completely

covered.

[0128] All statistical processing was performed using SAS software (SAS Institute, Inc.;
Cary, NC). Two-sided hypothesis testing was conducted for all analyses and statistical
inferences were drawn at an alpha level of 0.05. Missing efficacy data were imputed using
the last observation carried forward (LOCF) method; no imputations for missing safety data

were performed.

[0129] All adverse events (AEs) that occurred during the study were recorded and
classified using the Medical Dictionary for Regulatory Activities (version 12.1). Treatment-
emergent adverse events (TEAES) (i.e., events that began after the first application of study
drug) that occurred during the study were summarized by treatment group, the number of
subjects reporting TEAES, system organ class, preferred term, severity, relationship to study
drug, and seriousness. Serious adverse events (SAEs) were also summarized separately. A
Fisher’s exact test was used to compare the incidences of TEAES and treatment-related

TEAESs by treatment group for events occurring with frequencies of 1% or more.

[0130] The primary efficacy endpoint was the “Complete Cure” rate at Week 52 (4-weeks
after completion of therapy), defined as 0% involvement of the target nail (nail is totally clear
of the signs of onychomycosis) in addition to “Mycologic Cure”, defined as both negative

fungal culture and negative KOH test for fungal elements.

[0131] Subjects in the ITT analysis set in the first study (Study 1 or Study One), 656
(75.4%) were randomized to treatment with IDP-108 and 214 (24.6%) were randomized to
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treatment with Vehicle. The mean (SD) arca of the affected toenail (as a percent) was 36.7%

(10.4) and the mean (SD) number of affected non-target toenails was 2.8 (1.7). Subjects in

the IDP-108 and Vehicle groups administered a similar mean number of study drug

applications and used a similar mean amount of study drug. Overall, 90.8% of the subjects in

the IDP-108 group and 92.2% of the subjects in the Vehicle (formulation only) group were

compliant with study drug administration.

[0132]

Tables 1 and 2 below summarize the cfficacy results for Studies 1 and 2.

Table 1. Primary Efficacy Endpoint (Complete Cure) ITT (intent to treat) Subjects

Study 1 Study 2
Active Vehicle Active Vehicle
N=656 N=214 N=580 N=201
Complete 117 7 38 11
Cure 17.8% 3.3% 15.2% 5.5%
[0133] Study 1 consisted of 15 visits, including Screening (up to Day —42), Baseline (Day

0), 12 treatment visits (Weeks 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, and 48 [or Early
Termination]), and one four-week post-treatment follow-up visit (Week 52). Efficacy and
safety assessments were performed throughout the study. Specifically in regard to efficacy,
the growth of the target tocnail was measured at all post-bascline visits. Clinical asscssments
of the target and non-target tocnails were conducted at Bascline, and were repeated at 12-
wecek intervals post-bascline (i.e., Weeks 12, 24, 36, and 48) and prior to cxit (Week 52).
Clippings for samples of the target toenail were collected at Screening, Weeks 12, 24, 36, 48,
and 52 weck follow-up for potassium hydroxide (KOH) examination and mycological culture
by the central mycology laboratory. Finally, subjects whose native language was English
completed the OnyCOE-t™ quality of life questionnaire at Baseline, and at Weeks 24 and 52.
Adverse events (AEs) and assessments of localized skin reactions were recorded at the
Baseline Visit, as well as at every post-baseline study visit through either Week 48 (skin

reactions) or Week 52 (AEs).

[0134] In addition, the following endpoints in Table 2 were also evaluated and include
“Mycologic Cure” (defined as a negative fungal culture and a negative KOH examination of
the target toenail), “Complete or Almost Complete Cure” (defined as an area less than or
equal to 5% of the affected target toenail in addition to a negative fungal culture and a

negative KOH examination of the target toenail sample), “Clinical Efficacy” (defined as an
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affected target toenail area of less than 10%) and “Unaffected New Nail Growth” (defined as
the change from baseline in the healthy [unaffected] target toenail measurement for the target

toenail).

Table 2. Secondary Efficacy Results at Week 52 in Studies 1 and 2 - ITT Subjects

Studies 1 and 2
Active Vehicle
N =1236 N =415
Mycologic Cure 672 (54.4%) 70 (16.9%)
Complete or Almost Complete Cure 309 (25.0%) 30 (7.2%)
Clinical Efficacy 414 (33.5%) 49 (11.8%)
Unaffected new Nail Growth (mm) Me|an
4.3 1.1

[0135] The data described below reflect exposure to IDP-108 in 1227 patients from two
clinical studies (Studies 1 and 2), of which 1161 have been exposed for 6 months and 780
exposed for 48 weeks. Related adverse events reported within the 48 weeks of treatment and
in at least 1% of subjects treated with IDP-108 and those reported in subjects treated with the
vehicle are presented in Table 3. IDP-108 may cause local reactions such as irritation
comprising erythema, itching, burning, and/or stinging in the surrounding skin. In general,
these adverse events were mild, transient, and did not lead to discontinuation from study
participation. In addition IDP-108 may cause other skin reactions such as blisters (vesicles)
in the surrounding skin treated or contacted with the formulation.

Table 3. Drug-Related Adverse Events Reported by at Least 1% of Patients Treated for
up to 48 Weeks

Adverse Event, n (%) Active Vehicle

N = 1227 N =413
Application site dermatitis 26 (2.1%) 1 (0.2%)
Application site vesicles 18 (1.5%) 0 (0.0%)

[0136] In Study 1, overall, 17.8% of the subjects in the IDP-108 group had a Complete
Cure at Week 52 compared with 3.3% of the subjects in the Vehicle group (p<0.001). With
respect the second efficacy measures, the Clinical Efficacy rate at Week 52 was 35.7% in the
IDP-108 group compared with 11.7% in the Vehicle group (p<0.001). 55.2% of the IDP-108
subjects had a Mycologic Cure at Week 52 compared with 16.8% of the Vehicle subjects
(p<0.001). The mean unaffected new toenail growth at Week 52 was 5.0 mm in the IDP-108
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group compared with 1.6 mm in the Vehicle group (p<0.001). Finally, 26.4% of the IDP-108
subjects had a Complete or Almost Complete Cure at Week 52 compared with 7.0% of the
Vehicle subjects (p<0.001). At Week 52 (after a four week post treatment assessment),
greater efficacy was observed for IDP-108 relative to Vehicle in regard to the mean [SD]
change from baseline in the number of affected non-target toenails (0.8 [1.5] versus -0.1
[1.2], respectively); the percentage of subjects with clear nails (21.3% versus 5.6%,
respectively); the percentage of subjects with almost clear nails (35.1% versus 10.7%,
respectively); and the percentage of subjects who achieved Clinical Efficacy (44.8% versus
16.8%, respectively). The mean [SD] target toenail growth was similar in the IDP-108 and
Vehicle groups at Week 52 (22.2 [6.4] mm and 23.2 [7.6] mm, respectively). The complete

cure endpoints over time are shown in Figure 6A and Figure 6B.

[0137] The results of the OnyCOE-t in Study 1 showed improvements in quality of life
among subjects who used IDP-108 for 24 weeks and 52 weeks. The improvements observed
among subjects in the IDP-108 group were maintained throughout the 52-week study
duration and were consistently greater than the improvements observed among subjects in the
Vehicle group. This demonstrates that in another aspect, the invention provides a method for
improving the quality of life of an onychomycosis patient through the practice of methods
described herein (e.g., administration of IDP-108 for 48 weeks, once daily, typically by use

of a brush applicator for uniform distribution of the drug without the need for debridement).

[0138] The percentage of subjects in each treatment group who experienced 1 or more AEs
was generally similar, as was the percentage of subjects in each treatment group who
experienced 1 or more. There were 36 SAEs (2.4% of the total reported events). None of the
SAEs were considered by the investigators to be treatment-related. The AEs reported during
the study were generally mild or moderate in severity (96.1% of the events), not related to the
study drug (93.5% of the events), and resolved with or without sequelae (84.6% of the
events). Overall, 21 subjects (3.2%) in the IDP-108 group compared with 1 subject (0.5%) in
the Vehicle group discontinued the study because of one or more AEs. The most common
AEs that led to study discontinuation were treatment-related and were associated with the
application site. The most commonly reported treatment-related events (i.e., AEs
experienced by 1% or more of the subjects in either study drug group regardless of
seriousness or severity) included application site dermatitis and application site vesicles;

these events were experienced only by subjects in the IDP-108 group and occurred with
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frequencies of 3.4% and 1.8%, respectively. No other treatment-related events occurred at a
frequency of 1% or more. The analysis of localized skin reaction scores indicated that once
daily application of IDP-108 for 48 weeks generally did not result in redness, swelling,
burning, itching, or vesiculation and did not produce localized skin reactions that differed
meaningfully from those produced by the Vehicle. No mean changes in clinical laboratory
parameters over time, no shifts in the percentages of subjects who had normal values at
Screening and abnormal values at subsequent visits, and no individually significant
laboratory results reported as AEs were indicative of a safety signal or indicated a clinically
meaningful difference between IDP-108 and Vehicle. No clinically meaningful changes from

baseline were observed in vital sign measurements or ECG results for either treatment group.

[0139] The conclusion from Study 1 was that IDP-108 was superior to Vehicle in both the
primary and secondary efficacy analyses and showed consistently greater efficacy relative to
Vehicle in each of the descriptive, supportive efficacy assessments. Based on these results,
IDP-108 is effective for the treatment of distal lateral subungual onychomycosis when
applied once daily for 48 weeks. Additionally, IDP-108 was generally safe and well tolerated

among adult subjects with distal lateral subungual onychomycosis.

Overview of Safety Studies

[0140] Overall, safety of topical formulations of efinaconazole, such as IDP-108, was
cvaluated through 7 clinical studics involving 2114 subjects, 1663 (78.7%) of whom were
cxposced to various concentrations/formulations of IDP-108 (original formulation or the to-be-
marketed formulation with efinaconazole concentrations of 1%, 5%, or 10%), and 1495
(70.7%) of whom were exposed specifically to the IDP-108 10% topical efinaconazole
formulation. IDP-108 was well tolerated in all formulations and at each concentration

evaluated in the Phase 1studies.

Pharmacodynamic Studies/Evaluations

[0141] Systemic absorption of efinaconazole in 18 healthy patients with severe
onychomycosis was determined after application of IDP-108 (10% efinaconazole) once daily
for 28 days to patients’ 10 toenails and adjacent skin. Specifically, two single- center, open-

label studies in healthy volunteers and severe onychomycosis patients.

[0142] In healthy patients, efinaconazole 10% solution (IDP-108) was applied topically to

all 10 toenails (0.42 mL total daily dose volume) administered as single and then 7 daily
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doses to 10 healthy volunteers, and once daily for 28 days to 18 severe onychomycosis
patients. The efinaconazole 10% solution (0.42 mL/subject) was applied topically in the
morning, unoccluded (i.e., without occluding, blocking or covering the nail with, for
example, adhesive tape, bandage, dressing, sealant, ezc.), by a trained nurse or study
technician to all 10 toenails as a single dose (day 1), and seven consecutive daily doses (day 4
through day 10). A volume of 90 pL was applicd on cach great tocnail and 30 pL on cach of

the remaining 8 tocnails. There were no study drug applications on days 2 and 3.

[0143] Blood samples were collected at pre-dose, and 1, 2, 4, 6, 8, 10, 12, 16, 24, 28, 32,
36, 48, and 72 hours after dosing on days 1 and 10; and at pre-dose on days 6 and 8. Blood

was processed to plasma and stored frozen until analysis.

[0144] A separate single-center, open-label study to evaluate safety and PK of
efinaconazole and its H3 metabolite in 20 patients with severe toenail onychomycosis also
was conducted. The study enrolled men and women 18-70 years of age who had clinical
diagnoses of stable or exacerbating severe DLSO affecting >80% of the area of both great
toenails. The great toenails had evidence of toenail growth, and at least four toenails other
than the great toenails were also affected by onychomycosis. A positive microscopic
examination with potassium hydroxide (KOH) for the hyphae associated with dermatophytes

was obtained for at least one great toenail at the screening visit.

[0145] Efinaconazole 10% solution (0.42 mL/subject) was applied topically, unoccluded,
once daily in the morning for 28 days to all 10 toenails by a trained nurse or study technician,
including to the toenail folds, toenail bed, hyponychium, and approximately 0.5 cm of skin

around the toenail in all directions to ensure they were completely covered.

[0146] Blood samples were collected at predose and at 1, 2, 4, 6, 8, 10, 12, 16, and 24
hours postdose on days 1, 14, and 28. Blood was processed to plasma and stored frozen until

analysis.

[0147] Plasma concentrations of efinaconazole and its major metabolite H3 were
determined by LC-MS-MS at multiple timepoints. Plasma concentrations of efinaconazole
and H3 were determined using a validated LC-MS-MS method. The assay used 0.1 mL of
plasma and had a lower limit of quantitation of 0.1 ng/mL for both analytes. The
concentration of efinaconazole in plasma was determined at multiple time points over the

course of 24-hour periods on days 1, 14, and 28. Plasma concentrations below the lower
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limit were set to zero for PK analyses. Pharmacokinetic parameters were calculated from
individual plasma concentrations, whenever possible, using noncompartmental analysis in
WinNonlin (Pharsight, Sunnyvale, CA, USA), and included Cy,x (observed peak drug
concentration), Tyax (time at which Cpax occurs), Cpiy (0bserved minimum drug

concentration), ti; (apparent half-life), and AUC (area under the concentration-time curve).

[0148] Both parent drug and metabolite accumulated following repeat dosing, and reached
steady state in plasma by 14 days. Efinaconazole was well tolerated in both studics; no drug-
related adverse events were reported. Efinaconazole mean plasma C,y, on Day 28 was 0.67
ng/mL. The mean plasma concentration versus time profile was generally flat over the
course of treatment. In a separate study of healthy volunteers, the plasma half-life of IDP-

108 (10% efinaconazole) in a single application when applied to all 10 toenails was 29.9

hours.

[0149] Both efinaconazole and H3 were detected in plasma after single and repeated
application in healthy volunteers. The plasma concentrations-time profiles were flat on both
days 1 and 10, showing slow drug absorption without an apparent elimination phase,
characteristic of flip-flop kinetics. The plasma levels of H3 were consistently higher than
those observed for efinaconazole. Additional results of the PK study in healthy volunteers

are summarized in Table 4.

Table 4. Pharmacokinetic Parameters of Efinaconazole and H3 in Healthy Volunteers

Parameter Efinaconazole (mean +/- SD) H3 metabolite (mean +/- SD)
[range] (range)
Day 1 Day 10 Day 1 Day 10
Cinax (ng/mL) 0.38 =0.39 0.54 £0.22 0.44 +£0.36 1.63 +£0.80
[0.12-1.11] [0.25-0.85] [0.15-1.31] [0.46-2.62]
Tinax () 24 [6 -28] 10 [0 — 24] 482 -72] 1[0 - 28]
Cinin (ng/mL) 0.05 [0-0.14] 0.47+0.18 0.17+0.23 [0- | 1.54£0.77
[0.25-0.85] 0.55] [0.39-2.62]
AUC, 4, 2.64 £2.85 9.48 +3.86 5.65+5.30 32.5+14.7[10-
(ng*h/mL) [0.47-7.31] [4.89-15.78] [0.41-12.4] 50]
[0150] On day 1, efinaconazole and H3 were detectable in plasma in at least one time point

in most subjects; plasma concentration range was 0-1.11 and 0-1.31 ng/mL, respectively. On

day 10, efinaconazole and H3 plasma concentration range was 0.25-0.85 and 0.39-2.62

ng/mL, respectively. The average efinaconazole and H3 plasma concentration was 0.37 and
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1.27 ng/mL, respectively. Mean C,,,x were 0.382 ng/mL and 0.436 ng/mL for efinaconazole
and H3 on day 1, and 0.542 ng/mL and 1.628 ng/mL on day 10, respectively. Systemic
efinaconazole and H3 exposure (AUC,4;) was approximately 3.6-fold and 5.8-fold greater on
day 10 than on day 1, respectively. Thus, efinaconazole accumulated after repeat application.
There were no meaningful differences in trough plasma levels (at 24 hours post dose)
between days 8, 10, and 11, suggesting that steady-state was reached for efinaconazole and

H3 by day 8 (5th application).

[0151] Ofthe 19 onychomycosis patients who completed the PK study, onc was excluded
from the PK analyses due to presumed contamination of pre-dose blood/plasma samples. The
plasma concentration-time profiles for efinaconazole and H3 showed that the mean
concentrations generally plateaued with no marked spikes over the course of each PK day.
Efinaconazole concentrations were generally higher than those of H3 on day 1. However, H3
mean concentrations were markedly greater than those of efinaconazole on days 14 and 28.
Both efinaconazole and H3 mean Cn.x increased slightly at each assessment period, reaching
0.67 and 2.36 ng/mL, respectively, on day 28. The mean AUC,q4; for efinaconazole increased
from 1.79 ng * h/mL on day 1, to 12.15 ng * h/mL on day 28, indicating accumulation after
multiple doses. The mean AUC,4, for H3 systemic exposure, as measured by Cpax and
AUC,43, was comparable between days 14 and 28 (Table 5); further, trough and 24 h plasma
levels were similar on both days. Thus, steady state appeared to be reached by day 14 of
dosing. Two weeks after the last dose, efinaconazole and H3 were detected in plasma from
several subjects at mean concentrations of 0.07 and 0.31 ng/mL, respectively, suggesting a
long apparent climination half-life (ti/2).

Table 5. Pharmacokinetic Parameters of Efinaconazole and H3 in Onychomycosis
Patients.

Parameter | Efinaconazole (mean +/- SD) H3 metabolite (mean +/- SD)
[range] [range]
Day 1 Day 14 Day 28 Day 1 Day 14 Day 28
Cinax 0.23£0.18 | 0.62 £ 0.67£0.37|0.09£0.14 | 2.20 £ 2.36 £
(ng/mL) [0.0 - 0.23 [0.18 — [0.00 — 1.72 1.64
0.67] [0.14- 1.47 ] 0.44 ] [0.58 — [0.53 -
0.99] 7.45] 5.55]
Chin (ng/mL) | Not 0.33 + 0.36 £0.20 | Not 1.47 + 1.67 £
calculated | 0.17 [0.11-0.72] | calculated | 1.27 1.17
[0.01- [0.20 - [ 0.29-
0.63] 5.07 ] 4.07 ]
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Toons () 23.92 455 16 23.92 1.00 0.00
[ 6.03- [0.0- [0.0- [23.92-  |[0.0- [0.0-
24.00 ] 24.00] 24.00 ] 24.00 ] 16.00] | 24.00]
AUCy, 1.79+£2.04 | 10.945.90 | 12.15+6.91 | 1.50+1.13 | 40.03+ |45.80 %
(ng*h/mL) | [ 0.30- [ 0.39- [ 1.46- [0.60-3.61 | 34.02 31.85
7.05] 19.54 ] 25.25] ] [7.42- |[8.53—
141.497 | 113.40]

[0152] A majority of the subjects within each active treatment group had undetectable or
low plasma concentrations of IDP-108 (0.000-7.050 ng/mL) and its H3 metabolite (0.000-
5.680 ng/mL) beginning at Week 4 and continuing until the end of the treatment period at
Wecek 36. A majority of the subjccts who had mcasurable IDP-108 and H3 metabolite
concentration levels during the treatment period had levels that were below the limit of
quantification by the 30-day post-treatment follow-up visit. The systemic exposure to IDP-
108 and its H3 metabolite was low and there were no substantive differences in this respect
between subjects in the active treatment groups. Overall, the plasma concentrations of IDP-
108 and of the H3 metabolite of IDP-108 across the active treatment groups were less than or

equal to 7.050 ng/mL and 5.680 ng/mL, respectively, at all time points.

[0153] The H3 metabolite is the only major plasma metabolite. While the plasma
concentration of the H3 metabolite was generally greater than the plasma concentration of
efinaconazole, the concentration was low and no substantial accumulation was observed

following long term exposure (up to 36 weeks of once daily treatment with IDP-108).

[0154] The 2006 Food and Drug Administration Drug Interaction Studies — Study Design,
Data Analysis, and Implications for Dosing and Labeling draft guidance recommends clinical
evaluation for drugs that are CYP inhibitors if the mean steady state Cimax/Ki 1S greater than
0.1. Based on in vitro efinaconazole CYP inhibition data for the most sensitive isoform, i.e.,
CYP2C9 with K; of 91 ng/mL, the steady state Cmax/Ki 15 0.007, significantly below this
threshold value. Given the relatively low exposure levels, and the steady state Cmax/K; ratio
based on in vitro efinaconazole cytochrome P (CYP) inhibition data for the most sensitive
isoform (CYP2C9; mean Cpax = 0.67 ng/mL, K; =91 ng/mL, Cpna/K; = 0.007), there are no

safety concerns associated with the potential for drug-drug interactions.

[0155] Plasma levels of both efinaconazole and its H3 metabolite were negligible after
single and repeat applications of IDP-108 to toenails. Plasma levels of the H3 metabolite

were consistently higher than that of efinaconazole. The absorption of IDP-108 did not
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appear to differ considerably between topical applications to the toenail and topical
applications to back skin. Further, the study results indicated that the systemic bioavailability
of efinaconazole was relatively the same following one and seven applications of IDP-108 to

the skin on the back of healthy volunteers.

[0156] In one study it was noted that, after a single topical application steady-state was
reached for efinaconazole on Day 8 (equating to the fifth topical application) for both toenails

and back skin.

[0157] 1DP-108 had low systemic exposures of efinaconazole and its H3 and H4
metabolites when applied once daily for 28 days to all 10 toenails. By the end of the
treatment period, the mean concentrations of the H3 metabolite were greater than the mean
concentrations of IDP-108; the maximum mean H3 metabolite concentration, however, was
low and less than 2.4 ng/mL on Day 28 along with a barely detectable IDP-108 concentration
at the final assessment period. The H4 metabolite showed no meaningful systemic
availability, with a mean maximum concentration of approximately zero during the final

assessment period.

[0158] The following articles are incorporated by reference herein as providing additional
data, methods, compositions, techniques, and concepts that relate to the inventive methods
described herein: Jarratt er al., Journal of Drugs in Dermatology, 12(9):1010 (September
2013); Tschen et al., Journal of Drugs in Dermatology, 12(2):186 (February 2013); Del
Rosso et al., Journal of Clinical and Aesthetic Dermatology, 6(3): 20 (March 2013);
Bikowski, J., Practical Dermatology, 37 (May 2013); Rich, P., CUTIS, 91:305 (June 2013);
Pollak, R., Podiatry Today, 26(2) (February 2013); Siu et al., Antimicrob. Agents
Chemother., 57(4):1610 (April 2013); Tatsumi et al., Antimicrob. Agents Chemother.,
57(5):2405 (May 2013); Elewski et al., Journal of Drugs in Dermatology, 12(7)(suppl.):s96
(July 2013); Notabartolo, Journal of Dermatology for Physician Assistants, 7(3):13
(Summer 2013); and Tosti A., CUTIS, 92:203-208 (October 2013).

[0159]
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[0160] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following aspects) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values hercin are merely
intended to scrve as a shorthand method of referring individually to cach scparate valuc
falling within the range, unless otherwise indicated herein, and each separate value is

incorporated into the specitfication as if it were individually recited herein.

[0161] All methods described herein can be performed in any suitable order unless

otherwise indicated herein or otherwise clearly contradicted by context.

[0162] The use of any and all examples, or exemplary language (e.g., “such as) provided
herein, is intended merely to better illuminate the invention and does not pose a limitation on
the scope of the invention unless otherwise claimed. No language in the specification should

be construed as indicating any non-claim element as essential to the practice of the invention.

[0163] Any combination of the above-described elements in all possible variations therecof
is encompassed by the invention unless otherwise indicated herein or otherwise clearly

contradicted by context.
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Claims:

1. An efinaconazole formulation for use in the treatment of
onychomycosis,

wherein the efinaconazole formulation is a pharmaceutically acceptable
formulation comprising 10% w/w efinaconazole, water, cyclomethicone, diisopropyl
adipate, alcohol, C12-15 alkyl lactate, butylated hydroxytoluene, citric acid anhydrous, and
disodium edetate,

wherein the amounts of butylated hydroxytoluene and disodium edetate are
sufficient to ensure the formulation is (i) colorless upon initial manufacturing of the
formulation and (ii) colotless or pale yellow after storage for three weeks at a temperature
of about 40 °C,

wherein the efinaconazole formulation is for application once a day for a
treatment period of at least 36 weeks to the treatment area of an onychomycosis patient (a)
without debriding the nail or nail-associated tissue in the treatment area initially or during
the treatment period and/or (b) without removing the formulation from the treatment area
during the treatment period,

wherein the average amount of efinaconazole for each cm? of the treatment
area is about 0.15 mg/cm? to about 0.45 mg/cm?,

and wherein application of the formulation results in a mean plasma Cmax in
a population of at least 15 adult onychomycosis patients after 28 days of once daily

treatment that is less than 0.8 ng/mL.

2. The efinaconazole formulation for the use of claim 1, which use is
(a) without debriding the nail or nail-associated tissue initially or during the treatment
period and (b) without removing the formulation from the treatment area during the

treatment period.
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3. The efinaconazole formulation for the use of claim 1 or claim 2,
which use is without occluding or without partially occluding the nail or nail-associated

tissue.

4, The efinaconazole formulation for the use of any one of claims 1-3,
wherein the patient waits at least 10 minutes before application of the formulation if the

treatment area was previously in contact with water.

5. The efinaconazole formulation for the use of any one of claims 1-3,
wherein the efinaconazole formulation is for application to the treatment area after

cleaning of the treatment area.

6. The efinaconazole formulation for the use of claim 5, wherein, if the
cleaning includes wetting the treatment area with water, the efinaconazole formulation is

for application to the treatment area at least 10 minutes after the cleaning.

7. The efinaconazole formulation for the use of any one of claims 1-6,

wherein the efinaconazole is the only active pharmaceutical ingredient in the formulation.

8. The efinaconazole formulation for the use of any one of claims 1-7,

wherein the treatment period is 48 weeks.

9, The efinaconazole formulation for the use of any one of claims 1-8,

which comprises cutting nails once every two weeks or more frequently.

10.  The efinaconazole formulation for the use of any one of claims 18,

which does not comprise cutting nails more often than every two weeks.

11.  The efinaconazole formulation for the use of any one of claims 1-10,
wherein the efinaconazole formulation is not for application in an occluded or semi-

occluded manner.
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12.  The efinaconazole formulation for the use of any one of claims 1-11,
wherein the efinaconazole formulation is for application uniformly throughout the

treatment area with an applicator.

13. The efinaconazole formulation for the use of any one of claims 1-11,
wherein the efinaconazole formulation is for application from a container that is in fluid

communication with an applicator.

14, The efinaconazole formulation for the use of any one of claims 1-13,
which use in a patient population results in a mycological cure rate of at least about 40%, a
clinical efficacy rate of at least about 20%, a complete cure rate of at least about 10%, or a

combination of any or all thereof.

15. A efinaconazole formulation for use in the treatment of
onychomycosis,

wherein the efinaconazole formulation comprises 10% w/w efinaconazole,
water, cyclomethicone, diisopropyl adipate, alcohol, C12-15 alkyl lactate, butylated
hydroxytoluene, citric acid anhydrous, and disodium edetate,

wherein the amounts of butylated hydroxytoluene and disodium edetate are
sufficient to ensure the formulation is (i) colorless upon initial manufacturing of the
formulation and (ii) colorless or pale yellow after storage for three weeks at a temperature
of about 40 °C,

wherein the efinaconazole formulation is for application once a day for a
treatment period of at least 36 weeks to the treatment area of an onychomycosis patient (a)
without debriding the nail or nail-associated tissue in the treatment area initially or during
the treatment period, (b) without removing the formulation from the treatment area during
the treatment period, and (c) without occluding the treatment area;

wherein the average amount of efinaconazole for each cm? of the treatment

area is about 0.15 mg/cm? to about 0.45 mg/cm?,
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and wherein application of the formulation results in a mean plasma Cmay in
a population of at least 15 adult onychomycosis patients after 28 days of once daily

treatment that is less than 0.8 ng/mL.

16. The efinaconazole formulation for the use of any one of claims 1-15,
wherein the amount of butylated hydroxytoluene in the formulation ranges from 0.05%

(W/w) to 2% (w/w).

17. The efinaconazole formulation for the use of any one of claims 1-16,

wherein the amount of disodium edetate in the formulation ranges from 0.0001% (w/w) to

0.0005% (w/w).

18. The efinaconazole formulation for the use of any one of claims 1-17,
wherein the amount of citric acid in the formulation ranges from 0.02% (w/w) to 0.5%

(w/w).

19.  The efinaconazole formulation for the use of any one of claims 1-15,
wherein the amount of disodium edetate in the formulation ranges from 0.0002% (w/w)
to 0.0004% (w/w), and wherein the amount of butylated hydroxytoluene in the formulation

ranges from 0.01% (w/w) to 1% (w/w).

20. The efinaconazole formulation for the use of claim 19, wherein the

amount of disodium edetate in the formulation is 0.00025% (w/w).

21. The efinaconazole formulation for the use of claim 19 or claim 20,

wherein the amount of butylated hydroxytoluene in the formulation is 0.1% (w/w).

22. The efinaconazole formulation for the use of any one of claims 19-
21, wherein the amount of citric acid in the formulation ranges from 0.02% (w/w) to 0.5%

(wW/w).

23. The efinaconazole formulation for the use of any one of claims 19-

22, wherein the amount of citric acid in the formulation is 0.1% (w/w).
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24, The efinaconazole formulation for the use of any one of claims 1-23,

wherein the amount of water in the formulation is 1% (w/w).

25.  The efinaconazole formulation for the use of any one of claims 1-24,
comprising

over 50% (w/w) ethanol,

13% (w/w) cyclomethicone;

12% (w/w) diisopropyl adipate; and
10% (w/w) Ci2-15 alkyl lactate.

59
CA 2931144 2019-10-10



CA 02931144 2016-05-18

WO 2015/077729 PCT/US2014/067184

116

Fig. 1

Nail Bed Penetration over 15 days mg Eqg

0.500

0.400

@ A (2313-078)
o B (2313-080)

\ ;

0.300

mg Eqg

& T ]W & C{2313-082)
0.200 l x D {2313-053

0.100 3

0.00

e
o - (R
3
e
MW%
.

10 ) 20

-0.100

Days

SUBSTITUTE SHEET (RULE 26)




WO 2015/077729

Fig. 2

CA 02931144 2016-05-18

2

PCT/US2014/067184

6

Cumilative Penetration Through Naill over 15 days {imgEqg)

1.580

Mg Eqtrs, B, Oand O

Test Articles

SUBSTITUTE SHEET (RULE 26)




WO 2015/077729 PCT/US2014/067184

3/6

Fig. 3

my Egfyg of Naill {Different Layers of Nall on Day 158

Borant cantey of nad

Yeniral Cender of nal
O Rest of Nalt {Edges

trig By of nail

Test anticles

SUBSTITUTE SHEET (RULE 26)




CA 02931144 2016-05-18

WO 2015/077729 PCT/US2014/067184

415

Fig. 4 A

Efficgcy Coefficient of BP S 2315082
sampared o Qiclopirax

b lelopaes

S

]
P

Sie s

200

Efficacy Coefficient o Amt Penetrated over 18
SRy s

TO

U

AT

SO

eSS

Ry TodBcesd

e v

TQ3

i)

4

Teaest arficias

Fig. 5

70
& 60
%ﬁf 50 I3 10% with semi-
%3 occlusion
£ 40 10%
@ vehicle
g
EvE

wesk 24 week  F/U 30¢
3G/ET

SUBSTITUTE SHEET (RULE 26)



CA 02931144 2016-05-18

WO 2015/077729 PCT/US2014/067184

5/6

Fig. 6-A

Primary Efficacy Endpoint Complete Cure Weeks
12-52 {LOCF, ITT Subjects Study 1)

20% -
Efinaconazole 18%
g ‘
g (N=656)
215% 1 _g..Veticle 55
E (N=214)
B 10%
2
2 5 "P<0.001
8.
0% Wy £ ; ;
Bassling 12 24 36 48 52

Study Week

SUBSTITUTE SHEET (RULE 26)



CA 02931144 2016-05-18

WO 2015/077729 PCT/US2014/067184

6/6

Fig. 6-B
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