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TREATMENT OF HAIR LOSS DISORDERS WITH DEUTERATED JAK
INHIBITORS

RELATED APPLICATIONS
[1] This application claims the benefit of U.S. Provisional Application Nos.
62/331,827, filed on May 4, 2016, 62/338,869, filed on May 19, 2016, 62/418,774, tiled
on November 7, 2016, 62/419,237, filed on November 8, 2016, 62/434,404, tiled on
December 14, 2016, 62/466,358, filed on March 2, 2017 and 62/492,758, filed on May
1,2017. The entire teachings of the above applications are incorporated herein by

reference.

BACKGROUND OF THE INVENTION

[2] Many current medicines suffer from poor absorption, distribution, metabolism
and/or excretion (ADME) properties that prevent their wider use or limit their use 1n
certain indications. Poor ADME properties are also a major reason for the failure of
drug candidates 1n clinical trials. While formulation technologies and prodrug strategies
can be employed 1n some cases to improve certain ADME properties, these approaches
often fail to address the underlying ADME problems that exist for many drugs and drug
candidates. One such problem 1s rapid metabolism that causes a number of drugs, which
otherwise would be highly effective 1n treating a disease, to be cleared too rapidly from
the body. A possible solution to rapid drug clearance 1s frequent or high dosing to attain
a sufficiently high plasma level of drug. This, however, introduces a number of
potential treatment problems such as poor patient compliance with the dosing regimen,
side effects that become more acute with higher doses, and increased cost of treatment.
A rapidly metabolized drug may also expose patients to undesirable toxic or reactive
metabolites.

[3] Another ADME limitation that affects many medicines 1s the formation of toxic
or biologically reactive metabolites. As a result, some patients recerving the drug may
experience toxicities, or the safe dosing of such drugs may be limited such that patients
recetve a suboptimal amount of the active agent. In certain cases, modifying dosing
intervals or formulation approaches can help to reduce clinical adverse effects, but often
the formation of such undesirable metabolites 1s intrinsic to the metabolism of the

compound.
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[4] In some select cases, a metabolic inhibitor will be co-administered with a drug
that 1s cleared too rapidly. Such 1s the case with the protease inhibitor class of drugs that
are used to treat HIV infection. The FDA recommends that these drugs be co-dosed
with ritonavir, an inhibitor of cytochrome P450 enzyme 3A4 (CYP3A4), the enzyme
typically responsible for their metabolism (see Kempf, D.J. et al., Antimicrobial agents
and chemotherapy, 1997, 41(3): 654-60). Ritonavir, however, causes adverse effects
and adds to the pill burden for HIV patients who must already take a combination of
different drugs. Similarly, the CYP2D6 inhibitor quinidine has been added to
dextromethorphan for the purpose of reducing rapid CYP2D6 metabolism of
dextromethorphan 1n a treatment of pseudobulbar affect. Quinidine, however, has
unwanted side effects that greatly limit 1ts use 1n potential combination therapy (see
Wang, L et al., Clinical Pharmacology and Therapeutics, 1994, 56(6 Pt 1): 659-67; and
FDA label for quinidine at www.accessdata.fda.gov).

[5] In general, combining drugs with cytochrome P450 (CYP) inhibitors 1s not a
satisfactory strategy for decreasing drug clearance. The inhibition of a CYP enzyme’s
activity can affect the metabolism and clearance of other drugs metabolized by that same
enzyme. CYP inhibition can cause other drugs to accumulate 1n the body to toxic levels.
[6] A potentially attractive strategy for improving a drug’s metabolic properties 1s
deutertum modification. In this approach, one attempts to slow the CYP-mediated
metabolism of a drug or to reduce the formation of undesirable metabolites by replacing
one or more hydrogen atoms with deuterium atoms. Deuterium 1s a safe, stable, non-
radioactive 1sotope of hydrogen. Compared to hydrogen, deuterium forms stronger
bonds with carbon. In select cases, the increased bond strength imparted by deuterium
can positively impact the ADME properties of a drug, creating the potential for
improved drug efficacy, safety, and/or tolerability. At the same time, because the size
and shape of deuterium are essentially 1dentical to those of hydrogen, replacement of
hydrogen by deutertum would not be expected to attect the biochemical potency and
selectivity of the drug as compared to the original chemical entity that contains only
hydrogen.

[7] Over the past 35 years, the effects of deuterium substitution on the rate of
metabolism have been reported for a very small percentage of approved drugs (see, e.g.,
Blake, MI et al, J Pharm Sci1, 1975, 64:367-91; Foster, AB, Adv Drug Res, 1985, 14:1-
40 (“Foster”); Kushner, DJ et al, Can J Physiol Pharmacol, 1999, 79-88; Fisher, MB et
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al, Curr Opin Drug Discov Devel, 2006, 9:101-09 (*Fisher”)). The results have been
variable and unpredictable. For some compounds deuteration caused decreased
metabolic clearance in vivo. For others, there was no change 1n metabolism. Still others
demonstrated increased metabolic clearance. The variability in deuterium effects has
also led experts to question or dismiss deuterium modification as a viable drug design
strategy for inhibiting adverse metabolism (see Foster at p. 35 and Fisher at p. 101).

[8] The effects of deuterirum modification on a drug’s metabolic properties are not
predictable even when deuterium atoms are incorporated at known sites of metabolism.
Only by actually preparing and testing a deuterated drug can one determine 1f and how
the rate of metabolism will differ from that of 1ts non-deuterated counterpart. See, for
example, Fukuto et al. (J. Med. Chem., 1991, 34, 2871-76). Many drugs have multiple
sites where metabolism 1s possible. The site(s) where deutertum substitution 1s required
and the extent of deuteration necessary to see an effect on metabolism, 1f any, will be
different for each drug.

[9] Ruxolitinib phosphate, 1s a heteroaryl-substituted pyrrolo[2,3-d]pyrimidines also
known as 3(R)-cyclopentyl-3-[4-(7H-pyrrolo| 2,3-d Jpyrimidin-4-yl)-1H-pyrazol-1-
yl]propanenitrile phosphate and as (R)-3-(4-(7H-pyrrolo[2,3-d |pyrimidin-4-yl)-1H-
pyrazol-1-yl)-3-cyclopentylpropanenitrile phosphate, inhibits Janus Associated Kinases
(JAKs) JAK1 and JAK2. These kinases mediate the signaling of a number of cytokines
and growth factors important for hematopoiesis and immune function. JAK signaling
involves recruitment of STATS (signal transducers and activators of transcription) to
cytokine receptors, activation and subsequent localization of STATs to the nucleus
leading to modulation of gene expression.

[10] Ruxolitinib phosphate 1s currently approved for the treatment of patients with
intermediate or high-risk myelofibrosis, including primary myelofibrosis, post-
polycythemia vera myelofibrosis and post-essential thrombocythemia myelofibrosis.
Ruxolitinib phosphate 1s also currently 1n clinical trials for the treatment of additional
conditions.

[11] Despite the beneficial activities of ruxolitinib, there 1s a continuing need for new

compounds to treat the aforementioned diseases and conditions.
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SUMMARY OF THE INVENTION

[12] It has now been found that deuterated analogs of ruxolitinib (including
Compound (I), also referred to as (R)-3-(4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-
pyrazol-1-yl)-3-(cyclopentyl-2.2.3.3.4,4,5,5-ds)propanenitrile, or D8-ruxolitinib), are
useful for the treatment of hair-loss disorders, including alopecia areata. Compound (I)

1s represented by the following structural formula:

A\
N
N4

Compound (l)

[13] In certain embodiments, Compound (I) 1s administered as a pharmaceutically
acceptable salt, such as the phosphate salt. Compound (I) can be administered 1n doses
1n the range of about 4 mg to about 50 mg per day (or the equivalent weight based on a
salt, such as Compound (I) phosphate salt), administered as a single daily dose or in
divided doses (e.g., twice per day). Based on these discoveries, novel therapies using
Compound (I) or a pharmaceutically acceptable salt thereof, for treating a hair loss
disorder 1n a mammalian subject are disclosed herein.

[14] One aspect of the invention 1s a method for treating hair loss disorders that can
be treated by compounds that modulate the activity of Janus Associated Kinase 1
(JAK1) and/or Janus Associated Kinase 2 (JAK?2). The method comprises administering
to a subject (e.g., a mammalian subject) an effective amount of Compound (I), or a
pharmaceutically acceptable salt thereof (i.e., an equivalent amount of a
pharmaceutically acceptable salt, such as the phosphate salt)), once or twice per day,
wherein the amount of Compound (I), or a pharmaceutically acceptable salt thereof, 1s 1n
the range of about 4 mg/day to about 50 mg/day, for example, about 5 mg/day, about 10
mg/day, about 20 mg/day, about 30 mg/day, about 40 mg/day, or about 50 mg/day. In
certain embodiments, the amount of Compound (I), or a pharmaceutically acceptable salt
thereof, 1s about 4 mg/day, 8 mg/day, 16 mg/day, 32 mg/day or 48 mg/day. In certain
embodiments, the amount of Compound (I), or a pharmaceutically acceptable salt

thereof, 1s 8 mg/day, 16 mg/day, 24 mg/day, or 32 mg/day. In certain embodiments, the
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amount of Compound (I), or a pharmaceutically acceptable salt thereof, 1s 8 mg/day, 16
mg/day, 24 mg/day, or 32 mg/day. In certain embodiments, the amount of Compound
(I), or a pharmaceutically acceptable salt thereof 1s 4 mg, 8mg, 12 mg or 16 mg twice
per day. In certain embodiments, the hair loss disorder 1s alopecia areata. In certain
embodiments, the subject 1s a human. Preferably, Compound (I), or a pharmaceutically
acceptable salt thereof (such as the phosphate salt), 1s administered orally at any of the
foregoing dosages. Preferably, the Compound (I), or a pharmaceutically acceptable salt
thereof, 1s administered orally at any of the foregoing dosages in a pharmaceutical
formulation which 1s a tablet.

[15] In an alternative aspect, the invention provides a method for treating hair loss
disorders, the method comprising topically administering to a subject (e.g., a mammalian
subject) an effective amount of Compound (I), or a pharmaceutically acceptable salt
thereof (1.e., an equivalent amount of a pharmaceutically acceptable salt, such as the
phosphate salt). In certain embodiments, the compound 1s administered 1n a
pharmaceutical composition which 1s formulated for topical administration, such as a
cream, ointment, lotion, foam or the like.

[16] In another aspect, the invention provides a method for inducing hair growth 1n a
subject. The method comprises administering to a mammalian subject an effective
amount of Compound (I), or a pharmaceutically acceptable salt thereof (1.e., an
equivalent amount of a pharmaceutically acceptable salt, such as the phosphate salt),
once or twice per day, wherein the amount of Compound (I), or a pharmaceutically
acceptable salt thereof, 1s 1n the range of about 4 mg/day to about 50 mg/day, for
example, about 5 mg/day, about 10 mg/day, about 20 mg/day, about 30 mg/day, about
40 mg/day, or about 50 mg/day. In certain embodiments, the amount of Compound (1),
or a pharmaceutically acceptable salt thereof, 1s about 4 mg/day, 8 mg/day, 16 mg/day,
32 mg/day or 48 mg/day. In certain embodiments, the amount of Compound (I), or a
pharmaceutically acceptable salt thereof, 1s 8 mg/day, 16 mg/day, 24 mg/day, or 32
mg/day. In certain embodiments, the subject suffers from a hair loss disorder; 1in further
embodiments, the hair loss disorder 1s alopecia areata. In certain embodiments, the
subject 1s a human. In one embodiment, the subject 1s a human 6 years of age or older.
Preferably, Compound (I), or a pharmaceutically acceptable salt thereotf (such as the

phosphate salt), 1s administered orally at any of the foregoing dosages. Preferably, the
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Compound (I), or a pharmaceutically acceptable salt thereof, 1s administered orally at
any of the foregoing dosages in a pharmaceutical formulation which 1s a tablet.

[17] Another aspect of the invention 1s a method for treating autoimmune skin
disorders disorders that can be treated by compounds that modulate the activity of Janus
Associated Kinase 1 (JAK]1) and/or Janus Associated Kinase 2 (JAK?2). The method
comprises administering to a subject (e.g., a mammalian subject) an effective amount of
Compound (I), or a pharmaceutically acceptable salt thereof (1.e., an equivalent amount
of a pharmaceutically acceptable salt, such as the phosphate salt), once or twice per day,
wherein the amount of Compound (I), or a pharmaceutically acceptable salt thereof, 1s 1n
the range of about 4 mg/day to about 50 mg/day, for example, about 5 mg/day, about 10
mg/day, about 20 mg/day, about 30 mg/day, about 40 mg/day, or about 50 mg/day. In
certain embodiments, the amount of Compound (I), or a pharmaceutically acceptable salt
thereof, 1s about 4 mg/day, 8 mg/day, 16 mg/day, 32 mg/day or 48 mg/day. In certain
embodiments, the amount of Compound (I), or a pharmaceutically acceptable salt
thereof, 1s 8 mg/day, 16 mg/day, 24 mg/day, or 32 mg/day. In certain embodiments, the
amount of Compound (I), or a pharmaceutically acceptable salt thereof, 1s 8 mg/day, 16
mg/day, 24 mg/day, or 32 mg/day. In certain embodiments, the amount of Compound
(I), or a pharmaceutically acceptable salt thereof 1s 4 mg, 8mg, 12 mg or 16 mg twice
per day. In certain embodiments, the autoirmmune skin disorder 1s alopecia areata,
vitiligo, atopic dermatitis (ezcema), or psoriasis. In certain embodiments, the subject 1s
a human. Preferably, Compound (I), or a pharmaceutically acceptable salt thereof (such
as the phosphate salt), 1s administered orally at any of the foregoing dosages.
Preferably, the Compound (I), or a pharmaceutically acceptable salt thereof, 1s
administered orally at any of the foregoing dosages in a pharmaceutical formulation
which 1s a tablet.

[18] Another aspect of the invention 1s Compound (I), or a pharmaceutically
acceptable salt thereof (1.e., an equivalent amount of a pharmaceutically acceptable salt,
such as the phosphate salt), for use 1n treating hair loss disorders that can be treated by
compounds that modulate the activity of Janus kinase 1 (JAK1) and/or Janus kinase 2
(JAK2). The compound may be administered at the dosing regimens disclosed herein.
In certain embodiments, the hair loss disorder 1s alopecia areata.

[19] Still another aspect of the invention 1s the use of Compound (I), or a

pharmaceutically acceptable salt thereof (1.e., an equivalent amount of a
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pharmaceutically acceptable salt, such as the phosphate salt), for the manufacture of a
medicament for method for treating hair loss disorders that can be treated by compounds
that modulate the activity of Janus Associated Kinase 1 (JAK1) and/or Janus Associated
Kinase 2 (JAK2). The compound may be administered at the dosing regimens disclosed
herein. In certain embodiments, the hair loss disorder 1s alopecia areata.

[20] Another aspect of the invention 1s a pharmaceutical composition comprising
Compound (I), in the range of about 4 mg to about 50 mg (for example, about 5 mg,
about 10 mg, about 20 mg, about 30 mg, about 40 mg, or about 50 mg), or an equivalent
amount of a pharmaceutically acceptable salt thereof (1.e., an equivalent amount of a
pharmaceutically acceptable salt, such as the phosphate salt), together with a
pharmaceutically acceptable carrier or diluent. In certain embodiments, the amount of
Compound (I), or a pharmaceutically acceptable salt thereof, 1s about 4 mg, 8 mg, 16
mg, 24 mg, 32 mg or 48 mg. In certain embodiments, the amount of Compound (I), or a
pharmaceutically acceptable salt thereof, 1s 4 mg, 8 mg, 12 mg, or 16 mg. In certain

embodiments, the pharmaceutical composition 1s a tablet.

BRIEF DESCRIPTION OF THE DRAWINGS

[21] FIG. 1 shows the design and results from a single ascending dose (SAD) trial 1n
healthy volunteers. FIG. 1A depicts the SAD study design; FIG. 1B is a graph showing
plasma concentration of CTP-543 (Compound (I)) from O — 48 hours after dosing;
FIG.1C 1s a table showing mean PK parameters for CTP-543 (Compound (1)) in the
SAD study.

[22] FIG. 2 shows the design and results from a multiple ascending dose (MAD) trial
1n healthy volunteers. FIG. 2 2A depicts the MAD study design; FIG. 2B 1s a graph
showing plasma concentration of CTP-543 (Compound (I)) from 0 — 24 hours on Day 1
and Day 7 of the MAD study; FIG. 2C 1s a table showing mean PK parameters for CTP-
543 (Compound (I)) in the MAD study.

DETAILED DESCRIPTION OF THE INVENTION

Definitions
[23] The term “treat” means decrease, suppress, attenuate, diminish, arrest, or
stabilize the development or progression of a disease (e.g., a disease or disorder

delineated herein), lessen the severity of the disease or improve the symptoms associated
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with the disease. For example, treatment of a hair loss disorder includes regrowth of
hair, prevention of further hair loss, or diminishing the rate of hair loss.

[24] “Hair loss disorder” means any condition or disorder that results 1in loss of hair
on one or more areas of the body. Hair loss disorders include, without limitation,
androgenetic alopecia, alopecia areata, telogen effluvium, alopecia areata, alopecia
totalis, and alopecia universalis.

[25] The term “mammal”, as used herein, includes humans, as well as non-human
mammals such as cats, dogs, sheep, cattle, pigs, goats, non-human primates (including
monkeys and apes) and the like.

[26] It will be recognized that some variation of natural 1sotopic abundance occurs 1n
a synthesized compound depending upon the origin of chemical materials used 1n the
synthesis. Thus, a preparation of ruxolitinib will inherently contain small amounts of
deuterated 1sotopologues. The concentration of naturally abundant stable hydrogen and
carbon 1sotopes, notwithstanding this variation, 1s small and immaterial as compared to
the degree of stable 1sotopic substitution of compounds of this invention. See, for
instance, Wada, E et al., Seikagaku, 1994, 66:15; Gannes, LZ et al., Comp Biochem
Physiol Mol Integr Physiol, 1998, 119:725.

[27] In Compound (I), any atom not specifically designated as a particular 1sotope 1s
meant to represent any stable 1sotope of that atom. Unless otherwise stated, when a
position 1s designated specifically as “H” or “hydrogen”, the position 1s understood to
have hydrogen at i1ts natural abundance 1sotopic composition. Also unless otherwise
stated, when a position 1s designated specifically as “D” or “deutertum”, the position 1s
understood to have deuterium at an abundance that 1s at least 3000 times greater than the
natural abundance of deuterium, which 1s 0.015% (i.e., at least 45% incorporation of
deuterium).

[28] The term “isotopic enrichment factor” as used herein means the ratio between the
1sotopic abundance and the natural abundance of a specified 1sotope.

[29] In other embodiments, a compound of this invention has an 1sotopic enrichment
factor for each designated deuterium atom of at least 3500 (52.5% deuterium
incorporation at each designated deuterium atom), at least 4000 (60% deuterium
incorporation), at least 4500 (67.5% deuterium incorporation), at least 5000 (75%
deuterium), at least 5500 (82.5% deuterium incorporation), at least 6000 (90%

deuterium incorporation), at least 6333.3 (95% deuterium incorporation), at least 6466.7
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(97% deutertum 1ncorporation), at least 6600 (99% deuterium 1ncorporation), or at least
6633.3 (99.5% deuterium incorporation).

[30] The term “1sotopologue” refers to a species 1n which the chemical structure
differs from Compound (I) only 1n the 1sotopic composition thereof.

[31] The term “compound,” when referring to a compound of this invention, refers to
a collection of molecules having an 1dentical chemical structure, except that there may
be 1sotopic variation among the constituent atoms of the molecules. Thus, 1t will be
clear to those of skill in the art that a compound represented by a particular chemical
structure containing indicated deuterium atoms, will also contain lesser amounts of
1sotopologues having hydrogen atoms at one or more of the designated deuterium
positions 1n that structure. The relative amount of such 1sotopologues in a compound of
this invention will depend upon a number of factors including the 1sotopic purity of
deuterated reagents used to make the compound and the efficiency of incorporation of
deuterium 1n the various synthesis steps used to prepare the compound.

[32] The invention also provides salts of Compound (I). A salt of a compound of this
invention 1s formed between an acid and a basic group of the compound, such as an
amino functional group, or a base and an acidic group of the compound, such as a
carboxyl functional group. According to another embodiment, the compound 1s a
pharmaceutically acceptable acid addition salt, such as a phosphate salt.

[33] The term “pharmaceutically acceptable,” as used herein, refers to a component
that 15, within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and other mammals without undue toxicity, irritation, allergic
response and the like, and are commensurate with a reasonable benefit/risk ratio. A
“pharmaceutically acceptable salt” means any non-toxic salt that, upon administration to
a recipient, 1s capable of providing, either directly or indirectly, a compound of this
invention. A “pharmaceutically acceptable counterion” 1s an 1onic portion of a salt that
1S not toxic when released from the salt upon administration to a recipient.

[34] Acids commonly employed to form pharmaceutically acceptable salts include
inorganic acids such as hydrogen bisulfide, hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulfuric acid and phosphoric acid, as well as organic acids such as para-
toluenesulfonic acid, salicylic acid, tartaric acid, bitartaric acid, ascorbic acid, maleic
acid, besylic acid, fumaric acid, gluconic acid, glucuronic acid, formic acid, glutamic

acid, methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid, lactic acid, oxalic
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acid, para-bromophenylsulfonic acid, carbonic acid, succinic acid, citric acid, benzoic
acid and acetic acid, as well as related inorganic and organic acids. Such
pharmaceutically acceptable salts thus include sulfate, pyrosulfate, bisulfate, sulfite,
bisulfite, phosphate, monohydrogenphosphate, dihydrogenphosphate, metaphosphate,
pyrophosphate, chloride, bromide, 10dide, acetate, propionate, decanoate, caprylate,
acrylate, formate, 1sobutyrate, caprate, heptanoate, propiolate, oxalate, malonate,
succinate, suberate, sebacate, fumarate, maleate, butyne-1,4-dioate, hexyne-l,6-dioate,
benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate,
methoxybenzoate, phthalate, terephthalate, sulfonate, xylene sulfonate, phenylacetate,
phenylpropionate, phenylbutyrate, citrate, lactate, P-hydroxybutyrate, glycolate, maleate,
tartrate, methanesulfonate, propanesulfonate, naphthalene-1-sulfonate, naphthalene-2-
sulfonate, mandelate and other salts. In one embodiment, pharmaceutically acceptable
acid addition salts include those formed with mineral acids such as hydrochloric acid
and hydrobromic acid, and especially those formed with organic acids such as maleic
acid.

[35] The term “stable compounds,” as used herein, refers to compounds which
possess stability sufficient to allow for their manufacture and which maintain the
integrity of the compound for a sufficient period of time to be useful for the purposes
detailed herein (e.g., formulation into therapeutic products, intermediates for use 1n
production of therapeutic compounds, 1solatable or storable intermediate compounds,
treating a disease or condition responsive to therapeutic agents).

[36] “D” and “d” both refer to deuterium. “Stereoisomer” refers to both enantiomers
and diastereomers. “Tert” and “t-” each refer to tertiary. “US” refers to the United
States of America.

[37] “Substituted with deuterium” refers to the replacement of one or more hydrogen
atoms with a corresponding number of deuterium atoms.

[38] In one aspect, the invention provides a method for treating hair loss disorders
that can be treated by compounds that modulate (e.g., inhibit) the activity of a JAK
(JAK1, JAK?2 and/or JAK3). The method comprises administering to a mammalian
subject an effective amount of Compound (I), or a pharmaceutically acceptable salt
thereof (1.e., an equivalent amount of a pharmaceutically acceptable salt, such as the
phosphate salt), once or twice per day, wherein the amount of Compound (I), or a

pharmaceutically acceptable salt thereof, 1s in the range of about 4 mg/day to about 50
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mg/day (such as 4 mg/day to 50 mg/day), for example, about 5 mg/day (such as 3
mg/day), about 10 mg/day (such as 10 mg/day), about 20 mg/day (such as 20 mg/day),
about 30 mg/day (such as 30 mg/day), about 40 mg/day (such as 40 mg/day), or about
50 mg/day (such as 50 mg/day).

[39] In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereof (1.e., an equivalent amount of a pharmaceutically acceptable salt,
such as the phosphate salt) administered 1in the method for treating hair loss disorders, 1s
about 4 mg/day (such as 4 mg/day), about 8 mg/day (such as 8 mg/day), about 16
mg/day (such as 16 mg/day), about 32 mg/day (such as 32 mg/day) or about 48 mg/day
(such as 48 mg/day).

[40] In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereof administered in the method for treating hair loss disorders, 1s
about 8 mg/day (such as 8 mg/day), about 16 mg/day (such as 16 mg/day), about 24
mg/day (such as 24 mg/day), or about 32 mg/day (such as 32 mg/day). In certain
embodiments, the amount of Compound (I), or a pharmaceutically acceptable salt
thereof, 1s about 8 mg/day (such as 8 mg/day), about 12 mg/day (such as 12 mg/day),
about 16 mg/day (such as 16 mg/day) or about 24 mg/day (such as 24 mg/day).

[41] In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereof administered in the method for treating hair loss disorders, 1s 10.6
mg/day of Compound (I) phosphate, e.g., administered as a 5.3 mg dose twice daily. In
certain embodiments, the amount of Compound (I), or a pharmaceutically acceptable salt
thereof, 1s 21.1 mg/day of Compound (I) phosphate, e.g., administered as a 10.5 mg dose
twice daily. In certain embodiments, the amount of Compound (I), or a
pharmaceutically acceptable salt thereof, 1s 31.6 mg/day of Compound (I) phosphate,
e.g., administered as a 15.8 mg dose twice daily. In certain embodiments, the amount of
Compound (I), or a pharmaceutically acceptable salt thereof, 1s 42.2 mg/day of
Compound (I) phosphate, e.g., administered as a 21.1 mg dose twice daily.

[42] In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereof administered in the method for treating hair loss disorders 1s
about 4 mg (such as 4 mg) twice per day. In a specific embodiment, Compound (I) 1s
administered as about 5.3 mg (such as 5.3 mg) of the phosphate salt of Compound (I)
twice per day. In certain embodiments, the amount of Compound (I), or a

pharmaceutically acceptable salt thereof administered in the method for treating hair loss
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disorders 1s about 8 mg (such as 8 mg) twice per day. In a specific embodiment,
Compound (I) 1s administered as about 10.5 mg (such as 10.5 mg) of the phosphate salt
of Compound (I) twice per day.

[43] In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereof administered in the method for treating hair loss disorders 1s
about 12 mg (such as 12 mg) twice per day. In a specific embodiment, Compound (I) 1s
administered as about 15.8 mg (such as 15.8 mg) of the phosphate salt of Compound (I)
twice per day. In certain embodiments, the amount of Compound (I), or a
pharmaceutically acceptable salt thereof administered 1n the method for treating hair loss
disorders 1s about 16 mg (such as 16 mg) twice per day. In a specific embodiment,
Compound (I) 1s administered as about 21.1 mg (such as 21.1 mg) of the phosphate salt
of Compound (I) twice per day. In certain embodiments, the hair loss disorder 1s
alopecia areata. In certain embodiments, the subject 1s a human. In one embodiment,
the subject 1s a human 6 years of age or older. Preferably, Compound (I), or a
pharmaceutically acceptable salt thereof (such as the phosphate salt), 1s administered
orally at any of the dosages described herein. Preferably, the Compound (I), or a
pharmaceutically acceptable salt thereof, 1s administered orally at any of the dosages
described herein in a pharmaceutical formulation which 1s a tablet.

[44] In another aspect, the invention provides a method for inducing hair growth 1n a
subject. The method comprises administering to a mammalian subject an effective
amount of Compound (I), or a pharmaceutically acceptable salt thereof (1.e., an
equivalent amount of a pharmaceutically acceptable salt, such as the phosphate salt),
once or twice per day, wherein the amount of Compound (I), or a pharmaceutically
acceptable salt thereof, 1s 1n the range of about 4 mg/day to about 50 mg/day (such as 4
mg/day to 50 mg/day), for example, about 5 mg/day (such as 5 mg/day), about 10
mg/day (such as 10 mg/day), about 20 mg/day (such as 20 mg/day), about 30 mg/day
(such as 30 mg/day), about 40 mg/day (such as 40 mg/day), or about 50 mg/day (such as
50 mg/day).

[45] In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereof administered in the method for inducing hair growth, 1s about 4
mg/day (such as 4 mg/day), about 8 mg/day (such as 8 mg/day), about 16 mg/day (such
as 16 mg/day), about 32 mg/day (such as 32 mg/day) or about 48 mg/day (such as 48
mg/day).
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[46] In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereof administered in the method for inducing hair growth, 1s about 8
mg/day (such as 8 mg/day), about 16 mg/day (such as 16 mg/day), about 24 mg/day
(such as 24 mg/day), or about 32 mg/day (such as 32 mg/day). In certain embodiments,
the amount of Compound (I), or a pharmaceutically acceptable salt thereof administered
1n the method for inducing hair growth, 1s about 8 mg/day (such as 8 mg/day), about 12
mg/day (such as 12/mg/day), about 16 mg/day (such as 16 mg/day), or about 24 mg/day
(such as 24 mg/day).

[47] In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereof administered in the method for inducing hair growth, 1s 10.6
mg/day of Compound (I) phosphate, e.g., administered as a 5.3 mg dose twice daily. In
certain embodiments, the amount of Compound (I), or a pharmaceutically acceptable salt
thereof, 1s 21.1 mg/day of Compound (I) phosphate, e.g., administered as a 10.5 mg dose
twice daily. In certain embodiments, the amount of Compound (I), or a
pharmaceutically acceptable salt thereof, 1s 31.6 mg/day of Compound (I) phosphate,
e.g., administered as a 15.8 mg dose twice daily. In certain embodiments, the amount of
Compound (I), or a pharmaceutically acceptable salt thereof, 1s 42.2 mg/day of
Compound (I) phosphate, e.g., administered as a 21.1 mg dose twice daily.

[48] In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereof administered in the method for inducing hair growth 1s about 4
mg (such as 4 mg) twice per day. In a specific embodiment, Compound (I) 1s
administered as about 5.3 mg (such as 5.3 mg) of the phosphate salt of Compound (I)
twice per day.

[49] In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereof administered in the method for inducing hair growth 1s about 8
mg (such as 8 mg) twice per day. In a specific embodiment, Compound (I) 1s
administered as about 10.5 mg (such as 10.5 mg) of the phosphate salt of Compound (I)
twice per day.

[S0] In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereof administered in the method for inducing hair growth 1s about 12
mg (such as 12 mg) twice per day. In a specific embodiment, Compound (I) 1s
administered as the about 15.8 mg (such as 15.8 mg) of the phosphate salt of Compound
(I) twice per day.
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[S1] In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereof administered in the method for inducing hair growth 1s about 16
mg (such as 16 mg) twice per day. In a specific embodiment, Compound (I) 1s
administered as the about 21.1 mg (such as 21.1 mg) of the phosphate salt of Compound
(I) twice per day.

[S2] In certain embodiments, the subject suffers from a hair loss disorder; 1n further
embodiments, the hair loss disorder 1s alopecia areata. In certain embodiments, the
subject 1s a human. In one embodiment, the subject 1s a human 6 years of age or older.
Preferably, Compound (I), or a pharmaceutically acceptable salt thereof (such as the
phosphate salt), 1s administered orally at any of the foregoing dosages. Preferably, the
Compound (I), or a pharmaceutically acceptable salt thereof, 1s administered orally at
any of the foregoing dosages in a pharmaceutical formulation which 1s a tablet.

[S3] Hair loss disorders include, without limitation, androgenetic alopecia, alopecia
areata, telogen effluvium, alopecia totalis, and alopecia universalis.

[S4] Alopecia areata 1s an autoiommune disease that results 1n partial or complete loss
of hair on the scalp and body that may affect up to 650,000 Americans at any given time.
The scalp 1s the most commonly affected area, but any hair-bearing site can be affected
alone or together with the scalp. Onset of the disease can occur throughout life and
affects both women and men. Alopecia areata can be associated with serious
psychological consequences, including anxiety and depression. There are currently no
drugs approved by the U.S. Food and Drug Administration (FDA) for the treatment of
alopecia areata.

[S5] In a specific embodiment, the condition 1s alopecia areata in a subject such as a
mammalian (e.g., human) patient in need thereof. In certain embodiments, the alopecia
areata 1s moderate to severe alopecia areata (for example, hair loss over at least 30% of
the scalp, hair loss over at least 40% of the scalp, or hair loss over at least 50% of the
scalp).

[S6] In one embodiment of any aspect, the compound 1s administered orally once a
day. In other embodiments of any aspect, the compound 1s administered orally twice per
day.

[S7] Effective doses will also vary, as recognized by those skilled 1n the art,
depending on the diseases treated, the severity of the disease, the route of administration,

the sex, age and general health condition of the subject, excipient usage, the possibility
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of co-usage with other therapeutic treatments such as use of other agents and the
judgment of the treating physician.

[S8] The administration of Compound (I), or a pharmaceutically acceptable salt
thereof (such as the phosphate salt), can continue for as long as necessary to treat a hair
loss disorder, e.g., for one week, two weeks, one month, two months, three months, four
months, s1x months, one year, two years, five years, ten years, or longer.

[S9] The eftficacy of treatment of hair loss disorders such as alopecia areata can be
measured 1in a variety of ways, some of which are known in the art. For example, the
“severity of alopecia tool”, otherwise known as SALT, 1s a validated assessment scale

— developed by the National Alopecia Areata Foundation working committee — to
evaluate the degree of hair loss. See, e.g., Olsen EA, Hordinsky MK, Price VH, et al.
Alopecia areata investigational assessment guidelines — Part II. ] Am Acad Dermatol
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