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DOSAGE REGIMENS FOR TREATMENT WITH DEUTERATED JAK
INHIBITORS

RELATED APPLICATION

{1} This Application claims the benefit of U.S. Provisional Application No. 63/338,320,
filed on May 04. 2022. The entire teachings of the above application are incorporated

herein by reference.

BACKGROUND OF THE INVENTION

{2} Janus Associated Kinases (JAKs) mediate the signaling of a number of cytokines
and growth factors toportant for hermatopoiesis and iramune function. JAK signaling
involves recruitment of STATs (signal transducers and activators of transcription) to
cytokine receptors, activation and subsequent localization of STATSs to the nacleus leading
to modulation of gene expression.

{31 While certain JAK inhibitors, including ruxolitinub, baricifinib, and upadacitinib,
have been approved for reatment of JAK-related disorders including myelofibrosis,
rheumatoid arthritis, psortatic arthritis, ulcerative colitis, and alopecia areata, improved

treatments for JAK-related disorders are needed.

SUMMARY OF THE INVENTION

{4} It has now been found that deuterated analogs of ruxolitinib (including Compound
(1), also referred to as (R)-3-(4-(TH-pyrrolof2,3-d]pyrimidin-4-yi}- 1 H-pyrazol- 1-y1}-3-
{cyclopentyl-2,2,3,3,4,4.5,5-dg)propanenitrile, or DE-ruxolitinih, or TTP-543), are useful
for the weatment of a disease, disorder or condition mediated alone or in part by Janus
Assoctated Kinases (JAKS), including JAK] and/or JAK2. Compound (1) is represented by

the following structural formula:
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Compound {{}

i5] In certain embodiments, Comopound (1) s adroinistered as a pharmaceutically
acceptable salt, such as the phosphate sali. Compound (I} can be administered in doses in
the range of about § mg to about 32 myg 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 {¢.g., twice per day). Based on these discoveries, novel therapies using Cormgpound
(I} or a pharmaceutically acceptable salt thercof, for a disease, disorder or condition
mediated alone or in part by JAKS in a mammalian sebject are disclosed herein. In other
embodiments, novel therapies using Compound (I} or a pharmaceutically acceptable salt
thereof, for treating diseases or conditions roediated alone, or in part, by Janus Associated
Kinases (JAKs) in 2 manunalian subject are disclosed herein.

{6} In one aspect, 3 method of treating diseases or conditions mediated alone, or in part,
by Janus Associated Kinases {JAKs) in a mammalian (e.g., human) subject is provided.
The method comprises administering to the subject a compound represented by the

following structural formula:

Compound ) \herein cach position designated specifically as deuterium has at
least 95% incorporation of deuterium; or a pharmaceutically acceptable salt thereot;
wherein the coropound, or pharmaceutically acceptable salt thereof, (s administered for (1)
g first period of 8-24 weeks in an arpount in the range of about 8 mg o about 32 yog per

day, followed by (2} a second period of at least § weeks wherein the compound, or
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pharmaceutically acceptable salt thereof, is administered in an amount per day that is 50 to
75 percent of the amount per day administered during the first period, such that the disease
or condifion is treated.

{7} In certain embodiments, the disease or condition rediated alone, or in part, by Janus
Associated Kinases {JAKs) is not a hair loss disorder such as alopecia areata. In certain
embodirents, the disease or condition roediated alone, or in part, by Janus Associated
Kinases (JAKs) is a disease or condition mediated alone, or in part, by Janus Associated
Kinase 1 (JAK1) and/or Janus Associated Kinase 2 (JAKZ). In certain embodiments, the
disease or condition mediated alone, or in part, by JAKI and/or JAKZ is not a hair foss
disorder such as alopecia areata.

{8} In certain embodiments, the disease, disorder or condition mediated alone ov in part
by JAKSs is selected from skin diseases such as proliferative, astoimumine and/or
inflammatory skin disorders, psoriasis, atopic dermatitis, scleroderma, rosacea, skin
cancers, dermatitis, dermatitis herpetiformis, dermatomyositis, vitiligo, hair foss disorders,
contact dermoatitis, xerosis, ichthyosis, bidradenitis suppurativa, urticaria, lichen planus,
prurigo nodularis, vasculitis, cutaneous lupus eryvthematosus (CLE), and chronic idiopathic
pruritus; hyperproliferative disorders or cancers including polycythemia vera, essential
thrombocytopenia, and myclofibrosis; respiratory discases such as asthma, chronic
obstructive pulmonary disease, chronic hing allograft dysfunction, e.g., bronchiolitis
obliterans syndrome, pulmonary fibrosis, cystic fibrosis, rhinitis, bronchiolitis, byssinosis,
pucumoconiosis, bronchiectasis, hypersensitivity pneumonitis, lung cancers, mesothelioma
and sarcoidosis; gastrointestinal discases such as inflaromatory bowel discase, uleerative
colitis, Crohn's disease, retroperitoneal fibrosis, celiac disease and cancers; eve diseases
such as myasthenia gravis, Sjogren's syndrome, conjunctivitis, scleritis, uveilis, dry eye
syndrome, keratitis, irifis; systernic indications such as lupus, multiple sclerosis, rheumatoid
arthritis, type 1 diabetes and complications from diabetes, cancers, ankylosing spondvlitis
and psoriatic arthritis; as well as other astoimmune diseases and indications where
immunosuppression would be desirable, for example, to treat or prevent acute and/or
chronic graft-versus-host disease {e.g., in organ transplantation).

9] In certain embodiments, the disease or condition mediated alone, or in part, by Janus
Assoctated Kinases (JAKS) is not a hair loss disorder, such as alopecia areata. In certain
erbodiments, the disease or condition mediated alone, or in part, by Janus Associated

Kinases (JAKs}) is an autotmmune disease, a skin disorder, allograft rejection, graft versus
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host disease, multiple sclerosis, theumatoid arthritis, juvenile arthritis, type I diabetes,
fapus, inflammatory bowel disease, Crohn’s disease, myasthenia gravis, imnmwunoglobulin
nephropathies, myocarditis, autoinuoune thyvroid disorder, a viral disease, Epstein Barr
Virus (EBV), Hepatitis B, Hepatitis C, HIV, HTLV 1, Varicella-Zoster Virus (VZV),
Human Papilioma Virus (HPV), cancer, a myeloproliferative disorder, an inflanumatory
disease, an inflamunatory disease of the eye, iritis, uveitis, scleritis, conjunctivitis, an
inflammatory disease of the respivatory tract, an inflammatory disease of the upper
respiratory tract, an inflamratory disease of the lower respiratory tract, an inflammatory
wyopathy, myocarditis, ischemia reperfusion or a disorder related to an ischemic event,
anorexia or cachexia resulting from or assoctated with cancer, fatigue resuliing from or
associated with cancer, a bone resorption disease, or mast cell activation syndrome. In
certain embodiments, the autoimimune disease is bullous skin disorder; in certain
embodiments, the bullous skin disorder is pemphigus vulgaris ot bullous pemphigoid (BP).
In certain embodunents, the skin disorder is skin sensitization, skin irvitation, skin rash,
contact dermatitis or allergic contact seusitization or psoriasis. In certain erobodiments, the
myeloproliferative disorder (MPD) is polycythemia vera (PV), essential thrombocythemia
(ET), primary myelofibrosis (PMF), post polycythemia vera myelofibrosis (post PV-MF},
post-essential thromaboeythemia myelofibrosis {(post ET-MF), chronic myelogenous
feakemia (CML), chronic myelomonocytic leukemia (CMMLY), bypereosinophilic
syndrome (HES), or systemic mast cell disease (SM{UD); in certain embodiments, the
disease is primary myelofibrosis (PMF), post-polycythemia vera myelofibrosis {post PV-
M), post-essential thrombocythernia royelofibrosis (post ET-MF), polyeythemia vera
(PV), or essential thrombocythernia (ET); or the disease is primary royelofibrosis (PMF),
post-polycythemia vera myelofibrosis (post PV-MFE), or post-essential thrombocythemia
myelofibrosis (post ET-MF). In certain embodiments, the cancer is a solid tumor,
myeloma, prostate cancer, renal cancer, hepatic cancer, breast cancer, lung cancer, thyroid
cancer, Kapost’s sarcoma, Castleman’s disease, pancreatic cancer, hematological cancer,
tymphoma, leukemia, multiple myeloma, skin cancer, cutancous T-cell bymphoma or
cutancous B-cell lyraphoma. In certain ernbodiments, the bone resorption disease is
osteoporosis, osteoarthritis, bone resorption associated with bormonal imbalance, bone
resorption assoctated with hormonal therapy, bong resorption associated with autoimmeune
discase, or bone resorption associated with cancer, Further exarnples of JAK-associated

diseases include allergic conditions such as asthina, food allergies, eczematous dermatitis,
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contact dermatitis, atopic dermatitis {atopic eczema), and rhinitis. Further examples of
JAK- associated diseases include viral diseases such as Epstein Baw Vitus (EBVY), Hepatitis
B, Hepatitis C, HIV, HTLV 1, Varicella-Zoster Virus (VZV) and Human Papilloma Virus
(HPV). Further exaroples of JAK-associated disease include diseases associated with
cartilage wmover, for example, gouty arthritis, septic or infectipus arthritis, reactive
arthritis, reflex sympathetic dystrophy, algodystrophy, Tietze syndrome, coastal athropathy,
ostecarthritis deformans endemica, Mseleni disease, Handigoda disease, degeneration
resulting from fibromyalgia, systemic lapus erythematosus, scleroderma, or ankylosing
spondylitis. Further examples of JAK-associated disease include congenital cartifage
malformations, including hereditary chrondrolysis, chrondrodysplasias, and
pseudochrondrodysplasias {e.g., microtia, enota, and metaphyseal chrondrodysplasia. In
certain embodiments, the disease or condition mediated alone, or in part, by Janus
Associated Kinases (JAKS) is not a hair loss disorder, such as alopecia areata.

{18]  In certain embodiments, in the fitst period, the corapound, or a pharmaceutically
acceptable salt thereof, is administered at about 12 mg/day. about 16 mg/day, about 24
mgfday, or about 32 myg per day.

{11}  In certain cmbodiments, in the sccond period, the compound, or a pharmaceutically
acceptable salt thereof, is administered at about 6 mg/day, about § mg/day, about 12
mg/day, or about 16 mg per day.

f12]  In certain embodiments, in the first period, the compound, or a pharmaceutically
acceptable salt thercof, is administered at about 24 mg/day, and in the second period, the
compound, or a pharmaceutically acceptable salt thereof, is administered at about 16
mg/day. In certain erobodiments, the about 24 mg/day of the compound or salt is
administered once per day, and the about 16 mg/day of the compound or salt is
administered once per day. In certain embodiments, the about 24 mg/day of the corapound
or salt is administered as about 12 myg twice per day, and the about 16 mg/day of the
compound or salt is administered as about 8 myg twice per day.

f13] In certain embodiments, in the first period, the compound, or a pharmaceutically
acceptable salt thereod, is administered at about 16 mg/day, and in the second period, the
compound, or a pharmaceutically acceptable salt thereof, is administered at about 8 rog/day.
In certain embodiments, the about 16 mg/day of the compound or salt is administered once
per day, and the about 8 mg/day of the compound or salf is administered once per day. In

certain embodiments, the about 16 mg/day of the compound or salt is administered as about

(23



WO 2023/215520 PCT/US2023/021067

% mg twice per day, and the about 8 mg/day of the compound or salt is administered as
about 4 mg twice per day.

[14] In certain embodiments, the compound, or a pharraceutically acceptable salt
thereof, is administered orally.

f15] In certain embodiments, the compound, or a pharmaceutically acceptable salt
thercof, is administered in a pharmaceutical formaulation which is a tablet.

[16]  In certfain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, is administered once per day in the first period. In certain embodiments, the
compound, or a pharmaceutically acceptable salt thereof, is administered twice per day in
the first period.

[17]  In certain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, is administered once per day in the second period. In certain embodiments, the
compound, or a pharmaceutically acceptable salt thereof, is administered twice per day in
the second period.

[18] In certain embodiments, the first period is about 8-24 weeks. In certain
embodiments, the first period is about 12 weeks. In certain embodiments, the first period is
about 16 weeks. In certain embodiments, the first period is about 20 weeks. In certain
erabodiments, the first period is about 24 weeks. In certain emboduments, the second period
is at least 12 weeks. Iu certain embodiments, the second period is at least 24 weeks.

f18]  In certain embodiments, the first period is about 8-12 weeks. In certain
embodiments, the first period is about 8 weeks. In certain embodiments, the first period is
about 12 weeks. In certain embodimpents, the first period is at least § weeks. In certain
embodirents, the second period is at least 8 weeks.

28]  In certain embodiments, in Compound (1), each position designated specifically as
deuteriurn has at least 97% incorporation of deuteriun.

23]  In another aspect, a method of treating diseases or conditions mediated alone, or in
part, by Jamus Associated Kinases (JAKs) in a mammalian (e.g., human) subject is
provided. The method comprises administering to the subject a compound represented by

the following structural forouda:



WO 2023/215520 PCT/US2023/021067

Compound{l)  wherein each position designated specifically as deuterium has at

feast 95% incorporation of deuteriuny or a pharmaceutically acceptable salt thercof;
wherein the coropound, or pharmaceutically acceptable salt thereof, s administered for (1)
a first period of 8-24 weeks in an amount in the range of about 4 mg fo about 50 mg per
day, followed by (2} a second period of at least § weeks wherein the compound, or
pharmaceutically acceptable salt thereof, is administered in an armount per day that is 50 1o
75 percent of the amount per day administered during the fust period, such that the disease
or condition is treated.
i22]  Another aspect of the invention is Compound (1), or a pharmaceutically acceptable
salt thereof (i.c., an equivalent amount of a pharmaceutically acceptable salt, such as the
phosphate salt), for use in treating discases, disorders or conditions ruediated alone, or in
part, by Jamus Associated Kinases (JAKs), 1.e., that can be treated by compounds that
modulate the activity of Janus Associated Kinase T (JAK1) and/or Janus Associated Kinase
2{JAKZ}). The compound may be administered at the dosing regimoens disclosed herein. In
certain embodiments, the disease, disorder or condition mediated alone, or in part, by Janus
Assoctated Kinases (JAKS) is not a hair loss disorder such as alopecia areata. In certain
erbodiments, the disease, disorder or condition mediated alone, or in part, by Janus
Associated Kinases (JAKS) is a disease or condition mediated alone, or in part, by Janus
Associated Kinase 1 (FAK1) and/or Janus Associated Kinase 2 (JAK2). In certain
embodiments, the disease, disorder or condition mediated alone, or in part, by JAK] and/or
JAKZ is not a hair loss disorder such as alopecia arcata. In certain embodiments, the
disease, disorder, or condition is an autoinuoune skin disorder. In certain embodiments, the
disease, disorder, or condition is selected from psoriasis, atopic dermatitis,
dermatomyositis, vitiligo, hidradenitis suppurativa, lichen planus, or prorigo noduolaris.
§23]  Sull another aspect of the invention is the use of Compound (), or a
pharmaceutically acceptable salt thereof (.e., an equivalent amount of a pharmaceutically
acceptable salt, such as the phosphate salt), for the mamufacture of 4 medicament for
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treating disorders, diseases or conditions that can be treated by compounds that modulate
the activity of Janus Assoctated Kinase 1 (JAK1) and/or Janus Associated Kinase 2 (JAKZ).
The comapound may be administered at the dosing regimens disclosed herein. ¥n certain
embodiments, the disease, disorder or condition mediated alone, or in part, by Janus
Associated Kinases {JAKs) is not a hair loss disorder such as alopecia areata. In certain
embodirents, the disease, disorder or condition mediated alone, or in part, by Jamus
Associated Kinases (JAKS) is a disease or condition mediated alove, or 1n part, by Janus
Assoctated Kinase 1 (JAK1} and/or Janus Associated Kinase 2 (JAKZ). In certain
erbodiments, the disease, disorder or condition mediated alone, or in part, by JAK] and/or
FAK2 is not a hair loss disorder such as alopecia arcata.

[24]  Sull another aspect provides a pharroaceutical composition for use in the treatment
of diseases, disorders or conditions mediated alone, or in part, by Janus Assoctated Kinases
{JAKs) as described herein. In certain embodiments, the pharmaceutical composition
comprises 4-50 mg of Compound (1), or a pharmaceutically acceptable salt thereof (ie., an
equivalent amount of a pharmaceutically acceptable salt, such as the phosphate salt),
together with a pharmaceutically acceptable carrier. In certain embodiments, a
pharmaceutical composition comprising 4-50 mg of Compound (1), or a pharmaceutically
acceptable salt thereof, is adroinistered to a human subject for (1) a first period of 8-24
weeks in an amount in the range of about 4 mg to about 50 mg per day, followed by (2) a
second period of at least § weeks wherein the pharmmaceutical composition, is administered
in an amount per day that is 50 to 75 percent of the amount of Compound(d) per day
administered during the first period, such that the disease or condition is treated.

251  Inany of the aspects and embodiments disclosed herein, in certain embodiments, the
disease or condition mediated alope, or in part, by Janus Associated Kinases (JAKs)isnot a

hair loss disorder, such as alopecia arcata.

BRIEF DESCRIPTION OF THE DRAWINGS

{26] FIG. 1 shows the percentage of responders at week 24 of a Phase 2a trial (patients
with > 50% reduction in SALT score relative to baseline}, including placebo, 4 mg BID, 8
mg BID, and 12 rog BID cohorts.

[27] FIG. 2 shows the percentage of responders (patients with > 50% reduction in SALT
score relative to baseline) by visit in the Phase 2a trial, including placebo, 4 mg BID, 8 mg

BID, and 12 mg BID cohorts.
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28] TFIG. 3 shows the percentage of responders (patients with > 75% reduction in SALT
score relative to baseline) by visit in the Phase 2a trial, including placebo, 4 mg BID, 8 mg
BID, and 12 mg BID cohorts.

[28] FIG. 4 shows the percentage of responders (patients with > 0% reduction in SALT
score relative to bascline) by visit in the Phase 2a trial, including placebo, 4 mg BID, 8 mg
BID, and 12 mg BID coborts.

[30] FIG. S shows patient SALT score improvement after 24 weeks of the Phase 2a trial,
including placebo, 4 mg BID, 8 mg BID, and 12 mg BID cohorts.

{31] FIG. 6 shows the relative change in SALT score by visit in the Phase 2a trial,
including placebo, 4 mg BID, 8 rag BID, and 12 mg BID coborts.

[32]  FIG. 7 shows the design of a study for administration of 8 mg BID or 12 mg BID of
Compound (I) (CTP-543) for a first period, followed by a second period of administration
of a lower dose of Compound (I} or placebo.

{33] FIG. 8 shows the patient entry and disposition of subjects in an open-label extension

(OLE) study of Compound (§) (CTP-543).

DETAILED DESCRIPTION OF THE INVENTION

Befinitions

[34] The term “weat” means decrease, suppress, attenuate, diminish, arvest, or stabilize
the development or progression of a disease {e.g., a disease or disorder delingated herein},
tessen the severity of the disease or improve the symptoms associated with the disease. For
example, treatment of & hair loss disorder includes regrowth of hair, prevention of further
hair loss, or diminishing the rate of hair loss.

{35} “Hair loss disorder” means any condition or disorder that results in loss of hair on
one ot mwore arcas of the body. Hair loss disorders inchude, without liroitation, androgenetic
alopecia, alopecia areata, telogen effluvium, alopecia arcata, alopecia totalis, and alopecia
pniversalis.

[36] The efficacy of treatment of hair loss disorders such as alopecia areata can be
measured in a variety of ways, some of which are known in the art. For example, the
“severity of alopecia tool”, otherwise known as SALT, is a validated assessment scale —
developed by the National Alopecia Areata Foundation working committee — to evaluate
the degree of hair loss. See, ¢.g., Olsen EA, Hordinsky MK, Price VH, et al. Alopecia

arcata investigational assessment guidelines — Part L § Am Acad Dermatol 2004: §1: 440
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447 (incorporated herein by reference). The SALT score is calculated for a patient by
weasuring the percentage of hair loss in each of the 4 areas of the scalp and adding the total
to achicve a composite score. Hair regrowth is reflected by a decrease in the SALT score.
For example, no hair on the scalp would have a SALT score of 100 while comaplete hair
regrowth would be a SALT scorc of 0. In certain embodiments, methods of treatment as
described herein can provide a SALT score improvement of at feast 10 points after
treatment (for example, from a SALT score of 100 prior to treatment to a SALT score of 90
after treatment). In further embodiments, methods of treatment as described herein can
provide a SALT score improvement of at feast 20 points, 30 points, 40 points, 50 points, 60
points, 70 points, 80 poiats, 90 points, or 100 points. In certain erobodiments, methods of
treatment as described herein can provide after treatrent at least a 20% improvement from
baseline in the patient’s SALT score, or at least a 30% improvement from baseline in the
patient’s SALT score, or at least a 40% improvement from bascline in the patient’s SALT
score, ot at least a 50% improvement from baseline in the patient’s SALT score, or at least
a 60% tmprovement from baseline in the patient’s SALT score, or at least a 70%
tmprovement from baseline in the patient’s SALT score, or at least a 75% improvement
from baseline in the patient’s SALT score or at least a 80% tmprovement from baseline in
the patient’s SALT score, or af feast a 90% improvement from bascline in the patient’s
SALT score.
£37] The term “diseases, disorders or conditions mediated alone, or in part, by Janus
Associated Kinases (JAKs)” refers to diseases, conditions, or disorders that can be treated
by compounds that modulate the activity of Janus Assoctated Kinase 1 (JAK1) and/or Janus
Assoctated Kinase 2 (JAK2). Such diseases, conditions or disorders inclade, without
limitation, skin diseases such as proliferative, autoimmune and/or inflammatory skin
disorders including psoriasis, atopic dermatitis, scleroderma, rosacea, skin cancers,
dermatitis, dermatitis herpetiformis, dermatomyositis, vitiligo, hair loss disorders, contact
dermatitis, xerosis, ichthyosis, hidradenitis suppurativa, grticaria, lichen planus, prurigo
nodularis, vasculitis, cutaneous lupus erythematosus (CLE), and chronic idiopathic pruritus;
hyperproliferative disorders or cancers including polycythemia vera, essential
thrombocytopenia, and myelofibrosis; respivatory diseases such as asthma, chronie
obstructive pulmonary disease, chronic lung allograft dysfunction, e.g., bronchiolitis
obliterans syndrome, pulmonary fibrosis, cystic fibrosis, thinitis, bronchiolitis, byssinosis,

preumoconiosis, bronchiectasis, hypersensitivity poeuraonitis, lung cancers, mesothelioma
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and sarcoidosis; gastrointestinal diseases such as inflammatory bowel disease, ulcerative
colitis, Crobhn's disease, retroperitoneal fibrosis, celiac disease and cancers; eye diseases
such as myasthenia gravis, Sjogren's syndrome, conjunctivitis, scleritis, uveitis, dry eye
syndrome, keratitis, iritis; systemic indications such as lopus, multiple sclerosis, rheamatoid
arthritis, type [ diabetes and complications from diabetes, cancers, ankylosing spondylitis
and psoriatic arthritis; as well as other autoimmune diseases and indications where
tmmunosuppression would be desirable, for example, to treat or prevent acute andfor
chronic graft-versus-host disease {e.g., in organ transplantation). In certain embodiments, a
disease or condition mediated alone, or in part, by Janus Associated Kinases (JAKs) isnot a
hair loss disorder, such as alopecia arcata.

[{38] In certain embodiments, forther examples of diseases, conditions, or disorders that
can be treated by compounds that modulate the activity of Janus Associated Kinase 1
{(JAK1) and/or Janus Associated Kinase 2 (JAKZ) include an autoimmune disease, a skin
disorder, allograft rejection, graft versus host disease, multiple sclerosis, rheurnatoid
arthritis, juvenile arthritis, type I diabetes, lupus, inflaromatory bowel disease, Crohn’s
disease, myasthenia gravis, immunoglobulin nephropathies, myocarditis, autoimmune
thyroid disorder, a viral discase, Epstein Barr Virus (EBV), Hepatitis B, Hepatitis C, HIV,
HTLV 1, Varicella-Zoster Vius (VZV), Hurpan Papilioma Virus (HPV), cancer, 2
myeloproliferative disorder, an inflammatory disease, an inflaromatory disease of the eve,
irttis, uveitis, scleritis, conjunctivitis, an inflammatory disease of the respiratory tract, an
inflammatory disease of the upper respiratory tract, an inflammatory disease of the lower
respiratory tract, an inflammatory myopathy, rayocarditis, ischemia reperfusion or a
disorder related to an ischemic event, anorexia or cachexia resulting from or associated with
cancer, fatigue resulting from or associated with cancer, a bone resorption disease, or mast
cell activation syndrome. In certain embodipents, the autoimumune discase is bullous skin
disorder; in certain embodiments, the bullous skin disorder 1s permphigus vulgaris or bullous
pemphigoid (BP). In certain embodiments the skin disorder is skin sensitization, skin
trritation, skin rash, contact dermatitis or allergic contact sensitization or psoriasis. In

bEl

certain embodiments, the myeloproliferative disorder (MPD) is polveythenia vera (PV)
essential throroboceythemia (BET), primary mayelofibrosis (PMF), post polyeyvthenua vera
myelofibrosis {post PY-MF), post-essential thrombocythemia myelofibrosis (post ET-MF),
chronic myelogenous leukemia (CML), chronic myelomonocytic leukemia (CMML),

hypereosinophilic syndrome (HES), or systernic mast cell disease (SMUD); in certain
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embodiments, the disease is primary myelofibrosis (PMF), post-polycythemia vera
wyelofibrosis (post PY-MF), post-essential thrombocythemia myelofibrosis (post ET-MF),
polveythemia vera (PV), or essential thrombocythemia (E1); or the disease is primary
myelofibrosis (PMFE), post-polycythemia vera myelofibrosis {post PV-MF), or post-
cssential thrombocythemia myelofibrosis {post ET-MF). In certain embodiments, the
cancer is a solid tumor, myeloma, prostate cancer, renal cancer, hepatic cancer, breast
cancer, lung cancer, thyroid cancer, Kaposi's sarcoma, Castleman’s disease, pancreatic
cancer, hematological cancer, lymphoma, leukemia, multiple myeloma, skin cancer,
cutancous T-cell lymaphoma or cutancous B-cell lyrmphoma. In certain embodiments, the
hone resorption disease s osteoporosis, osteoarthritis, bone resorption associated with
hormonal imbalance, bone resorption associated with bormonal therapy, bone resorption
associated with antotmmune disease, or bone resorption associated with cancer, Further
cxamples of JAK-associated discases include allergic conditions such as asthma, food
allergies, eczematous dermatitis, contact dermatitis, atopic dermatitis (atopic eczerna), and
thinitis. Further examples of JAK- associated diseases include viral diseases such as
Epstein Barr Virus (EBV), Hepatitis B, Hepatitis C, HIV, HTLV 1, Varicella-Zoster Virus
(VZV) and Human Papilloma Viras (HPV). Further examples of JAK-associated disease
include diseases associated with cartilage turnover, for example, gouty arthritis, septic ot
infectious arthritis, reactive arthritis, reflex sympathetic dystrophy, algodystrophy, Tietze
syndrome, coastal athropathy, osteoarthritis deformans endemica, Mseleni disease,
Handigodu discase, degeneration resulting from fibromyalgia, systemic fupus
ervthernatosus, scleroderma, or ankylosing spondylitis. Further exaraples of JAK-
associated disease include congenital cartilage malformations, including bereditary
chrondrolysis, chrondrodysplasias, and pseudochrondrodysplasias {(e.g., microtia, enotia,
and roetaphyseal chrondrodysplasia. In certain embodinents, the discase or condition
mediated alone, or in part, by Janus Associated Kinases (JAKSs) is not a hair loss disorder,
such as alopecia areata.
{381 The term “subject”, 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 lhike.
[43] The term “about”, as used herein, means “approximately,” that is, within an
acceptable error range for the particular value as determined by one of ordinary skill in the

art. For exarople, “about” can mean a range of up to 0% above or below the particular

12



WO 2023/215520 PCT/US2023/021067

value, up to 5% above or below the particular value, or up to 1% above or below the
pacticular value. In addition, when the particular value is a length of time in weeks, the
term “about” can mean up to two weeks more or less, or one week more or fess.

f41] It will be recognized that some variation of natural isotopic abundance occurs in a
synthesized compound depending upon the origin of chemical materials used in the
synthesis. Thus, a preparation of ruxolitinib will inherently contain small amounts of
deuterated 1sotopologues. The concentration of naturally abundant stable hydrogen and
carbon isotopes, notwithstanding this variation, is small and immaterial as compared to the
degree of stable isotopic substitution of compounds of this invention. See, for instance,
Wada, E et al,, Seikagaku, 1994, 6G:15; Gannes, LZ et al.,, Comp Biocchem Physiol Mol
Integr Physiol, 1998, 119:725.

[42] In Compound (I). any atom not specifically designated as a particular isotope is
meant to represent any stable isotope of that atom. Unless otherwise stated, when a
position is designated specifically as “H” or “hydrogen”, the position is understood to have
hydrogen at its natural abundance isotopic composition. However, in certain emnbodiments
where stated, when a position is designated specifically as “H” or “hydrogen”, the position
has at least 0%, at least 90%, at least 95%, at lcast 96%, at lcast 97%, at lecast 98%, or at
feast 99% hydrogen. In some embodiments, where specifically stated, when a position is
designated specifically as “H” or “hydrogen”, the position incorporates <2{0% deuterium,
<10% deutertom, <5% deuterium, <4% deuterium, <3% deuterivm, <2% deuterium, or <1%
deuterium. Also, unless otherwise stated, when a position is designated specifically as “D”
or “deuteriunm’”, the position is vnderstood to have deuterium at an abundance that is at least
3340 tirnes greater than the natural abundance of deaterium, which is 8.015% (i.e., at least
56.1% incorporation of deuterium). The amount of deuterivm incorporation at a
designated position may be measured by analytical methods known to one of ordinary skill
in the art, for example, by proton NMR.

{43] The term “isotopic enrichment factor™ as used herein means the ratio between the
isotopic abundance and the natural abundance of a specified isotope.

f44]  In other embodiments, Compound (1) has an isotopic enrichment factor for each
designated deuterium position (or atom) of at least 3500 (52.5% deuterium incorporation at
each designated deuterium position), at least 4000 (60% deuterium incorporation), at least
4500 (67.5% deuvterium incorporation), at least 5300 (75% deuteriumy), at least 5500 (82.5%

deuteriurn incorporation), at least 6000 (90% deuterium incorporation), at least 6333.3
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(93% deuterium incorporation), at least 6466.7 {97% deuterium incorporation), at least
6600 (99% deuterium incorporation), or at least 6633.3 (99.5% deuterium incorporation).
i45]  In some embodiments, in a compound of this invention, cach designated dewterium
position {or atom) has deuterium incorporation of at least 52.5%. In some embodiments, in
a compound of this invention, cach designated deuterivim position has deuterium
incorporation of at least 60%. In some embodiments, in a compound of this invention, cach
designated deuterium position has deuteriurn incorporation of at feast §7.5%. In some
embodiments, in a compound of this invention, each designated deuterium position has
deuterium incorporation of at least 75%. In some embodiments, in a compound of this
invention, cach designated deuterivm position has deuterium incorporation of at least 80%.
In some embodiments, in a cornpound of this invention, each designated deuteriurg position
has deuterium incorporation of at least 85%. In some embodiments, in a compound of this
invention, cach designated deuterium position has deuterinvm incorporation of at fcast 90%.
In somoe embodiments, in a compound of this invention, each designated deuterium position
has deuoterium incorporation of at least 95%. In some embodiments, in a comapound of this
invention, each designated deuterium position has deuterium incorporaton of at least 97%.
In some embodiments, in a compound of this invention, each designated deuterium position
has deuterium incorporation of af least 98%. In some embodiments, in a conpound of this
invention, each designated deuterium position has deuterium incorporation of at least 99%.
In some embodiments, in a compound of this invention, each designated deuterium position
has deuteriuvm incorporation of at least 99.5%.

f46]  The torm “isotopologue” refers to a molecule in which the chemical structure differs
from the structure shown for Compound (1) only in the isotopic composition thereof.

{471  The term “compound,” when referring to a compound of this invention, refers to a
collection of molecules having an identical chernical struchure, except that there may be
isotopic variation among the constituent atoms of the molecules. Thas, it will be clear to
those of skill in the art that while Compound (D) is represented by a particelar chemical
structure having deuterium atorns at eight designated positions, Compound (1) will contain
molecules having deuterium at each of the eight designated positions, and may also confain
isotopologues having hydrogen atoros at one or more of the designated deuteriurn positions
in that structure. The relative amount of such isotopologues in Compound (I} will depend
upon a nunber of factors including the isotopic purity of deuterated reagents used to make

the corapound and the efficiency of incorporation of deuterium in the various synthesis
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steps used to prepare the compound. In certain embodiments, the relative amount of such
isotopologues in fofe will be less than 49.9% of the compound. In other embodiments, the
relative amount of such isotopologues in roio will be less than 47.5%, less than 40%, less
than 32.5%, less than 25%, less than 17.5%, less than 10%, less than 5%, less than 3%, less
than 1%, or less than (.5% of the compound.

(48] 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 corapound, 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 corapound is a pharmaceutically
acceptable acid addition salt, such as a phosphate salt,

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

(58]  Acids commonly employed to form pharmaceutically acceptable salts include
inorganic acids such as hydrogen bisolfide, hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulfuric acid and phosphoric acid, as well as organic acids such as para-
tofuenesulfonic acid, salicyhic acid, tartaric acid, bitartaric acid, ascorbic acid, maleic acid,
besylic acid, fumaric acid, gluconic acid, glacuronic acid, formic acid, glutamic acid,
methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid, lactic acid, oxalic acid,
para-bromophenylsulfonic acid, carbouic acid, suceinic 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,
monobhydrogenphosphate, dibydrogenphosphate, metaphosphate, pyrophosphate, chloride,
bromide, iodide, acetate, propionate, decanoate, caprylate, acrylate, formate, isobutyrate,
caprate, heptanoate, propiolate, oxalate, malonate, succinate, suberate, sebacate, fumarate,
maleate, butyne-1.4-dioate, hexyne-1,6-dioate, benzoate, chlorobenzoate, methylbenzoate,
dinitrobenzoate, hydroxybenzoate, methoxybenzoate, phthalate, terephthalate, sulfonate,

xylene sulfonate, phenylacetate, phenylpropionate, phenyibutyrate, citrate, lactate, fi-
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hydroxybutyrate, glycolate, maleate, tartrate, methanesulfonate, propanesulfonate,
naphthalene-1-sulfonate, naphthalene-2- sulfonate, mandelate and other salis. Inone
ermbodiment, 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.

{511  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 in production of therapeutic
compounds, isolatable or storable intermediate cornpounds, treating a disease or condition
responsive to therapeutic agents).

[52] “D” and “d” both refer to deuterivum. “Sterecisomer” refers to both enantiomers and
diastereomers. “Tert” and “t-” cach refer to tertiary. “US” refers to the United States of
America.

[33]  “Substitoted with deuteriurn” refers to the replacement of one or more hydrogen
atoms with a corresponding nomber of deuterium atoms.

{534] It has now been found that administration of Compound (1), or an equivalent amount
of a pharmaceutically acceptable salt thereof, can result in bair growth after a first period of
administration. According to this invention, the amount of Compouond (I} or salf thereof to
be administered to a patient or subject can then {after the first period of admintstration) be
reduced for a second period of treatment, while maintaining and/or extending (increasing)
hair growth achieved during the first period. In general, the amount of Compound (I} or
salt thereof that is administered in the second period is sufficient to maintain hair growth
achieved during the fivst period {e.g.. as measured by the severity of alopecia tool (SALT)
score}, e.4., 18 about 50 to 75 percent of the amount per day administered during the first
period (e.g., if 16 mg/day of Compound (I) or salt thereof is administered during the first
period, 8 to 12 mg/day can be administered in the second pertod}. In certain embodiments,
the maintenance dose (the amount per day administered during the second period) is about
33.3% of the amount per day adroinistered during the first period.

Aethods of Treatment

o

[35] Inone aspect, the invention provides a method of treating a hair loss disorder ina
hurnan subject, the method comprising administering to the subject a compound represented

by the following structural formula:
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Compound{l} 14 sharmaceutically acceptable salt thereof; wherein each

position designated specifically as deuterium has at least 90% incorporation of deuteriuny
wherein the coropound, or pharmaceutically acceptable salt thereof, is administered for (1)
a fivst pertod wherein the compound, or pharmaceutically acceptable salt thereof, is
administered in an amount in the range of 8 mg to 32 my per day, followed by (2) a second
period wherein the compound, or pharmaceutically acceptable salf thereof, is administered
in an aroount pexr day that is 5¢ to 75 percent of the amount per day administered during the
first period, such that the hair loss disorder is weated. In certain embodiments, the first
period 1s about 8-24 weeks, e.g., 8 weeks, 12 weeks, 16 weeks, 20 weeks, or 24 weeks. In
certain erbodiments, the second period is at least § weeks, ¢.g., 8 weeks, 12 weeks, 16
weeks, 20 weeks, or 24 wecks {or longer).
[56] In one aspect, the invention provides a method of treating a hair loss disorder in a
human subject, the method comprising administering to the subject a compound represented
by the following structural formula:
NC—, P 5
2 L
N—N 53]

(P oy D
N7 2
L\N’E

Compound () 4 pharmaceutically acceptable salt thercof; wherein cach
position designated specifically as deuterium has at least 95% incorporation of deuterium;
wherein the compound, or pharmaceutically acceptable salt thereof, s administered for (1)
a first period wherein the compound, or pharmaceutically acceptable salt thereot, is
administered in an amount in the range of 8 mg to 32 mg per day, followed by (2} a second

pertod wherein the compound, or pharmaceutically acceptable salt thereof, is administered

s
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in an amount per day that is 50 to 75 percent of the amount per day administered during the
first period, such that the bair loss disorder is weated. In certain embodiments, the first
period is about 8-24 weeks, ¢.g., & weeks, 12 weeks, 16 weeks, 20 weeks, or 24 weeks. In
certain emnbodiments, the second period is at least § weeks, e.g., 8 weeks, 12 weeks, 16
weeks, 20 weeks, or 24 weeks (or longer).

{871  In certain embodiments, the hair loss disorder is treated when there is a >50%
change in the subject’s SALT score at the end of the first period relative to the subject’s
baseline SALT score prior to treatment. In certain embodiments, the hair loss disorder is
treated when the subject’s SALT score is less than or equal to 20 at the end of the second
period. In certain ermbodiments, the hair loss disorder is treated when there is a 250%
change in the subject’s SALT score at the end of the first period relative to the subject’s
baseline SALT score prior to treatment, and the subject’s SALT score is less than or equal
to 20 at the end of the second period.

[38] In certain embodiments, the length of the first period is sufficient to achieve a SALT
score at the end of the first period of less than or equal to 50, less than or equal to 40, less
than or equal to 30, less than or equal to 20, less than or equal to 13, less than or equal to
10, less than or equal to 5, less than or equal to 1, or zero. In certain embodiments, the
fength of the first period is sufficient to achieve a SALT score at the end of the first period
of less than or equal to 20. In certain embodiments, the length of the first period is
sufficient to achieve a SALT score at the end of the first period of less than or equal to 15.
In certain embodiments, the length of the first period is sutficient to achieve a SALT score
at the end of the first period of less than or equal to 10, In certain erobodiments, the length
of the {irst period is sufficient to achieve a SALT score at the end of the first period of less
than or equal to 5. In certain embodiments, the length of the first period is sufficient to
achicve a SALT score at the end of the first period of less than or equal to 1. In certain
ernbodiments, the length of the first period s sufficient to achieve a SALT score at the end
of the first period of zero.

{591 In certain embodiments, the hair loss disorder is alopecia argata.

{661  In certain embodiments, in the fitst period, the corapound, or a pharmaceutically
acceptable salt thereof, is administered at about 8 mg/day, about 12 mg/day, about 16
mg/day, about 24 mg/day, or about 32 mg per day. In certain embodiments, in the first
period, the compound, or a pharmaceutically acceptable salf thereof, is administered at

about 16 mg/day, about 24 rag/day, or about 32 mg/day.
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[61]  In certain embodiments, in the second period, the compound, or a pharmaceutically
acceptable salt thereof, is administered at about 6 mg/day, about § mg/day, about 12
mg/day, about 16 mg per day, about 18 mg/day, about 20 mg/day, or about 24 mg per day.
In certain erpbodiments, in the second period, the compound, or a pharmaceutically
acceptable salt thereof, s administered at about 8 mg/day, about 12 mg/day, or about 16
mg/day. In certain ernbodiments, the maintenance dose (the amount per day administered
during the second period) is about 33.3% of the amount per day administered during the
first pertod. In certain embodiments, the maintenance dose is about 50% of the amount per
day administered during the first period. In certain embodiments, the maintenance dose is
about 66.7% of the amount per day administered during the first period. In certain
ermbodiments, the maintenance dose is about 75% of the amount per day administered
during the first period.

[62] In certain embodiments, in the first period, the compound, or a pharmaceutically
acceptable salt thercof, is administered at about 24 mg/day, and in the second period, the
compound, or a pharmaceuatically acceptable salt thereof, is administered at about 16
mgfday. In certain embodiments, the about 24 mg/day is administered in a single dose (i.e.,
once per day), and the about 16 mg/day is administered in a single dose (i.e., once per day).
in certain ernbodiments, the about 24 mg/day is administered as two doses of about 12 mg
each (i.e., about 12 mg twice per day), and the about 16 mg/day is administered as two
doses of about 8 mg each (Le., about 8 mg twice per day).

{631 In certain embodiments, in the first period, the compound, or a pharmaceutically
acceptable salt thercof, is administered at about 16 mg/day, and in the second period, the
compound, or a pharmaceuatically acceptable salt thereof, is administered at about 8 mg/day.
In certain embodiments, the about 16 mg/day is administered in a single dose (i.e., once per
day), and the about § mg/day is administered in a single dose {(i.e., once per day). Ia certain
ernbodiments, the about 16 mg/day is administered as two doses of about 8 mg each (i.e.,
about 8 mg twice per day), and the about & mg/day is administered as two doses of about 4
myg each (i.e., about 4 mg twice per day).

{64] In certain embodiments, in the fitst period, the corapound, or a pharmaceutically
acceptable salt theveof, is administered at about 24 mg/day. and in the second period, the
compound, or a pharmaceutically acceptable salt thereof, is administered at about 8 mg/day.
in certain embodiments, the about 24 mg/day is administered in a single dose {i.e., once per

day}, and the about § mg/day is administered in a single dose (i.e., once per day). In certain
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embodiments, the about 24 mg/day is administered as two doses of about 12 mg each (ie.,
about 12 mg twice per day), and the about 8 mg/day is administered as two doses of about 4
mg cach (i.€., about 4 mg twice per day).

[65] In certain embodiments, the compound, or a pharmaceutically acceptable salt
thercotf, is administered orally.

[66] In certain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, 1s administered in a pharmaceuntical formulation which is a tablet.

{671  In certain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, is administered once per day (D) in the first period. In certain embodiments, the
compound, or a pharmaceutically acceptable salt thereof, is adroinistered twice per day
(BID) in the first period.

[68] In certain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, is administered once per day (D) in the second period. In certain embodiments,
the compound, or a pharmaceutically acceptable salt thereof, is administered twice per day
(BID) in the second period.

{691  In certain embodiments, the first period is about 8-24 weeks. In certain
ermbodiments, the first period is about 8-12 weeks. In certain embodiments, the first period
is about § weeks. In certain embodiments, the first period is about 10 weeks. In certain
embodiments, the first period is about 12 weeks. In certain embodiments, the first period is
about 16 weeks. In certain embodiments, the first period is about 20 weeks. In certain
embodimenis, the first period is about 24 weeks.

{78]  In certain embodiments, the second period is at least 8 weeks. In certain
embodiments, the second period is at least 12 weeks. In certain embodiments, the second
perind is at feast 24 weeks.

{71]  In certain embodiments, in Compound (1), cach position designated specifically as
deuteriurn has at least 97% incorporation of deuterium.

{72]  In certain embodiments, the amount per day administered in the second period is
about 50% of the amount per day administered in the first period. In certain embodiments,
the amount per day administered in the second period is about 66.7% of the amount per day
administered in the first period. In certain ernbodiments, the aroount per day administered
i1 the second period is about 75% of the amount per day administered in the first period.
£73] It will be understood that reference to a specified amount of Compound (1), or a

pharmaceutically acceptable salt thereof, includes both the stated amount of Compound ()
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as the free base, and an amount of a pharmaceutically acceptable salt of Compound (1)
(such as the phosphate salt} which is equivalent {in moles) to the stated amount of
Corapound (1) as the free base {e.g., 10.5 mg of Compound (f) phosphate salt is equivalent
to & mg of Corapound (I) free base).

{74]  In certain embodiments, the amaount of Compound (I}, or a pharmaceutically
acceptable salt thercof (i.e., an equivalent amount of a pharmaceutically acceptable salt,
such as the phosphate salt) administered in the method for treating hair loss disorders {(e.g.,
i1 the first period or second period), is about 4 mg/day (such as 4 myg/day), 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
mgfday}, or about 32 mg/day (such as 32 mg/day).

[75]  In certain embodiments, the amount of Compound (I}, or a pharmaceutically
acceptable salt thereof (Le., an equivalent amount of a pharmaceutically acceptable salt,
such as the phosphate salf) administered in the method for treating hair loss disorders (e.g.,
in the first period or second period), is about & mg/day (such as 8 mg/day), sbout 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).

{76}  In certain cmbodiments, the amount of Compound (1), or a pharmaceutically
acceptable salt thereof administered in the moethod for treating hair loss disorders {e.g., in
the first period or second period), is about 8 ywog/day {such as § 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 (1), or a pharmaceutically
acceptable salt thereod, is 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).
{77]  In certain embodiments, the amount of Compound (I}, or a2 pharmaceutically
acceptable salt thereof administered in the method for treating hair loss disorders (e.g., in
the first period or second period), is about 8 mg/day {such as § 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
myg/day). In certain embodiments, the amount of Compound (I), or a pharmaceutically
acceptable salt thereod, is about 16 mg/day to about 32 mg/day, e.g., 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
mgfday).

78] In certain embodiments, the amount of Compound (1}, or a pharmaccuticaily

i

acceptable salt thercof administered in the method for treating bair oss disorders (e.g.
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the first period or the second period), 1s 10.6 mg/day of Compound (I) phosphate, e.g.,
administered as a 10.6 mg dose once a day, or 8 5.3 mg dose twice daily. In certain
erbodiments, the arnount of Compound (1), or a pharmaceutically acceptable salt thereof,
is 21.1 mgfday of Compound (1) phosphate, e.g., admuinistered as a 21.1 mg dose once a
day, or a 10.5 mg dose twice daily. In certain embodiments, the amount of Compound (I},
or a pharmaceutically acceptable salt thereof, is 31.6 mg/day of Compound (f) phosphate,
e.g., administered as a 31.6 mg dose once a day, or a 13.8 myg dose twice daily. In certain
embodiments, the amount of Compound (1), or a pharmaceutically acceptable salt thereof,
is 42.2 mg/day of Compound (I) phosphate, e.g., administered as a3 42.2 mg dose once a
day, or a 21.1 rog dose twice daily.
[79]  In certain embodiments, the amount of Compound (I}, or a pharmaceutically
acceptable salt thereof administered in the method for treating hair loss disordess (e.g., in
the first period or the second period) is about 8 mg (such as 8 mg) twice per day. Ina
specific embodiment, Compound (1) is administered as about 10.5 mg (such as 105 mg) of
the phosphate salt of Corapound (I) twice per day.
[8G]  In certain embodiments, the amount of Compound (I}, or a pharmaceutically
acceptable salt thereof, administered in the methed for treating hair loss disorders (e.g., in
the first period or the second period) is about 8 mg (such as 8 mg), e.g., as a single dose
once a day, or twice per day in divided doses. In certain embodiments, the amount of
Compound (I). or a pharmaceutically acceptable salt thereof administered in the method for
treating hair loss disorders {e.g., in the first period or the second period) s about 12 mg
(such as 12 mg} as a single dose once a day, or twice per day in divided doses. i a specific
embodirnent, Compound {I) is administered as about 15.8 mg (such as 15.8 mg) of the
phosphate salt of Compound (I} as a single dose once a day, or twice per day in divided
doses. In certain embodiments, the amount of Compound (1), or a pharmaceutically
acceptable salt thereof administered in the mwethod for treating hair loss disorders (e.g., in
the first pertod or the second period) is about 16 mg {such as 16 mg) as a single dose once a
day, ot twice per day in divided doses. In a specific embodiment, Compound (1) is
administered as about 21.1 mg (such as 21.1 mg) of the phosphate sali of Compound (I) as
a single dose once a day, or twice per day in divided doses. n certain embodiments, the
amount of Compound (I}, or a pharmaceutically acceptable salt thereof administered in the
sethod for treating hair loss disorders {e.g., in the first peried or the second period) is about

24 mg (such as 24 mg) as a single dose once a day, or twice per day in divided doses. In
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certain embodiments, the amount of Compound (1), or a pharmaceutically acceptable salt
thereof administered in the method for treating hair loss disorders (e.g., in the first period}
is about 32 mg (such as 32 mg) once a day, or twice per day in divided doses.

[81] In certain embodiments, the hair oss disorder is alopecia areata. In certain
cmbodiments, the subject is a human. In one embodiment, the subject is a human 6 years of
age or older. In certain emnbodiments, Compound (1), or a pharmaceutically acceptable salt
thereof (such as the phosphate salt), is administered orally at any of the dosages described
herein. In certain embodiments, the Compound (I}, or a pharmaceutically acceptable salt
thereof, is administered orally at any of the dosages described herein in a pharmaceutical
forrqulation which is a tablet.

[82]  In certain embodiments, the amount of Compound (I}, or 4 pharmaceutically
acceptable salt thereof, that is administered in the second period is an amount per day that is
about 50 percent of the amount per day administered during the first period. In certain
embodirnents, the amount of Compound (I}, or a pharmaceutically acceptable salt thereof,
that is adnunistered in the second period is an amount per day that is about 66.7 percent of
the amount per day administered during the first period. In certain embodiments, the
armount of Compound (1), or a pharmaceutically acceptable salt thereof, that is administered
in the second period is an amount per day that is about 75% percent of the amount per day
administered during the first period.

[83] Exemplary amounts of Compound (I} or a pharmaceutically acceptable salt thereof,

to be administered are shown in the Table below:

First Period Second Period
8 mg/day 6 mg/day
8 mg/day 4 ragfday
12 rag/day 8 rog/day
12 mg/day & mgfday
16 mgiday 12 myg/day
§6 mg/day & mg/day
24 mg/day 16 mg/day
24 mg/day 18 meg/day
24 mg/day 12 mg/day
32 mg/day 24 mglday
32 mglday 16 mg/day
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[84] In another aspect, the invention provides a method of treating alopecia areata in a
huraan subject in need thereof, the method comprising:
a) admunistering to the huran subject over a first period an initial dose of a

compound represented by the following structural formula:

or a pharmaceutically acceptable salt thereof,
wherein each position designated specifically as deaterium has at least
95% incorporation of deuterium,
wherein the length of the first period is sufficient to achieve a reduction in
the SALT score of the patient, and
wherein the initial dose is from about 8 to about 32 mg per day, followed
by;

b} administering a maintenance dose of the compound or a pharmaceutically
acceptable salt thereof to the human subject over a second period, wherein the
maintenance dose is from 50% to 75% of the initial dose and, wherein the
maintenance dose is sutficient to maintain hair growth (e.z., a SALT score of
less than or equal to 20).

I85]  In certain embodiments, the length of the first period is sufficient to achieve a
reduction in the SALT score of the patient of at least 10% relative to baseline {for example,
from a SALT score of 100 prior to treatment to a SALT score of 90 after treatmenty In
further embodiments, the length of the first pertod is sufficient to achieve a reduction in the
SALT score of the patient of at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 75%, at least 80%, or at feast 90% relative to baseline. In certain
score of the patient of at least 50% relative to baseline. In certain embodirsents, the length
of the {irst period is sufficient to achieve a reduction in the SALT score of the patient of at
least 75% relative to baseline. In certain embodiments, the length of the first period is
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sufficient to achieve a reduction in the SALT score of the patient of at least 90% relative to

haseline.

[86] In certain embodiments, the tength of the first period is sufficient to achieve a SALT
score at the end of the first period of less than or equal 0 50, less than or cqual to 40, less
than or equal to 30, less than or equal to 20, less than or equal to 15, less than or equal o
14, less than or equal to 3, less than or equal to §, or zevo. In certain embodiments, the
length of the first period is safficient to achieve a SALT score at the end of the first period
of less than or equal to 20. In certain embodiments, the length of the first period is
sufficient to achieve a SALT score at the end of the first period of less than or equal to 15,
In certain ernbodiments, the length of the first period is sufficient to achieve a SALT score
at the end of the first period of less than or equal to 10. In certain embodiments, the length
of the first period is sufficient to achieve a SALT score at the end of the first period of less
than or equal to 5. In cerain ernbodiments, the length of the first period is sufficient to
achieve a SALT score at the end of the first period of less than or equal to 1. In certain
embodiments, the length of the first period is sufficient to achieve a SALT score at the end
of the first period of zero.

{871  In certain embodiments, the maintenance dose is about 25% of the initial dose. In
certain embodiments, the maintenance dose is about 33.3% of the initial dose. In certain
embodiments, the maintenance dose is about 50% of the initial dose. In certain
embodiments, the maintenance dose is about 66.7% of the initial dose. In certain
cmibodiments, the maintenance dose 1s about 75% of the initial dose.

[88] In certain embodiments, the maintenance dose given during the second period is
sufficient to achieve a SALT score at the end of the second period of less than or equal to
50, less than or equal to 40, less than or equal to 30, less than or equal to 20, less than or
equal to 15, less than or equal to 10, less than or equal to 3, less than or equal to 1, or zexo.
In certain embodiments, the maintepance dose given during the second period is sufficient
to achieve a SALT score at the end of the second pertod of less than or equal t0 28, In
certain embodirents, the maintenance dose given during the second period is sufficient to
achieve a SALT score at the end of the second period of less than or equal to 15, In certain
embodiments, the maintenance dose given during the second peried is sufficient to achieve
a SALT score at the end of the second period of less than or equal to 10, In certain

erobodiments, the maintenance dose given during the second period is sufficient to achieve
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a SALT score at the end of the second period of less than or equal to 5. In certain
embodiments, the maintenance dose is sufficient maintain the SALT score achieved in the
first period {e.g. In certain embodiments, the raaintenance dose given during the second
period is sufficient to achieve a <I0-point or <S-point increase in the subject’s SALT score
at the end of the second period relative to the subject’s SALT score at the end of the first

period. In certain ernbodiments, the maintenance dose given during the second period is

sufficient to achieve a <30% increase in the subject’s SALT score at the end of the second
period relative to the subject’s SALT score at the end of the first period. In certain
erbodiments, the maintenance dose given during the second period is sufficient to achicve
a <3-point increase and <30% increase in the subject’s SALT score at the end of the second
period relative to the subject’s SALT score at the end of the first period. In certain
embodiments, the maintenance dose is sufficient to achieve a <4-point increase, a <3-point
increase, a <2-point increase, or a <1-point increase in the subject’s SALT score at the end
of the second period relative to the subject’s SALT score at the end of the first period. In
certain embodirnents, the maintenance dose is sufficient to achieve a <20% increase, a
<15% increase, a <10% increase, or a <53% increase in the subject’s SALT score at the end
of the second period relative to the subject’s SALT score at the end of the first period.

[89]  In another aspect, the invention provides a method of treating a hair loss disorder in
a haman subject, the method comprising admimstering to the subject a compound

represented by the following structural formula:

n B
NC—, N[ D

ol LD

VT
XN
NTOH

Compound (] gherein each position specifically designated as deuterium has at
least 95% incorporation of deuteriur; or a pharmaceutically acceptable salt thereof;
wherein the compound, or pharmaceutically acceptable salt thereof, is first administered for
an induction period to initiate hair growth and then administered for a second period to
further treat the hair disorder, wherein the induction period is at least 8 weeks and no
areater than 24 weeks, the amount of compound, or pharmaceutically acceptable salt
thereof, administered during the indaction period is in the range of 16 mg per day and 32

26



WO 2023/215520 PCT/US2023/021067

mg per day, and following the induction period the amount of compound, or
pharmaceutically acceptable salt thereof, administered is reduced by 50 to 75 percent {e.g.,
50, 66.7 or 75%) for the second period.

(93] In certain embodiments, the first period is from 8 to 24 weeks in fength. In certain
embodiments, the first period is about 12 weeks. In certain embodiments, the first period is
about 16 weeks. In certain ernbodiments, the first period is about 20 weeks. In certain
embodirents, the first period is about 24 weeks.

[91] 1In certain embodiments, the second period is at least 12 weeks in length. In certain
erbodiments, the second period is at least 24 weeks.

[92] Exemplary doses for the first and second periods are described above.

{831 In certain embodiments, wherein the reduction n the baseline SALT score of the
patient in the first period is from about 18% to about 50%. In certain embodiments, the
reduction in the baseline SALT score is from about 20% to about 50%. In certain
embodiments, the reduction in the baseline SALT score of the patient in the first period is
about 50%. In certain embodiments, the reduction in the baseline SALT score is from
about 30% to about 50%. In certain embodiments, the redaction in the baseline SALT
score of the patient in the first period is at least 50%. In certain embodiments, the reduction
in the baseline SALT score 18 from about 50% to about 99%. In certain emnbodiments, the
reduction in the baseline SALT score is from about S0% to about 90%. In certain
embodiments, the reduction in the baseline SALT score is from about 50% to about 75%. In
certain embodiments, the reduction in the baseline SALT scote is from about 75% to about
0%,

[94] In certain embodiments, in the first period, the compound, or a pbarmaceutically
acceptable salt thereof, is administered at about 12 mg/day, about 16 mg/day, about 24
mg/day, or about 32 mg per day.

[95]  In certain embodiments, in the second period, the compound, or a pharmaceatically
acceptable salt thereof, is administered at about 6 mg/day, about 8 mg/day, about 12
myg/day, or about 16 mg per day.

(961  In certain embodiments in the first pertod, the compound, or a pharmaceutically
acceptable salt theveof, is administered at about 24 mg/day, and in the second period, the
compound, or a pharmaceutically acceptable salt thereof, is administered at about 16
mg/day. In certain embodiments, the about 24 mg/day is administered once per day, and

the about 16 mg/day is administered once per day. In certain erobodiments, the about 24
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mg/day is administered as about 12 mg twice per day (divided doses), and the about 16
mg/day is administered as about 8 mg twice per day (divided doses).

[97]  In certain embodiments, in the first period, the compound, or a pharmaceuticatly
acceptable salt thereof, is administered at about 16 mg/day, and in the second period, the
compound, or a pharmaceutically acceptable salt thereof, is administered at about § mg/day.
98] In certain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, 1s adnuinistered orally.

{991 In certain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, is administered in a pharmaceutical formulation which is a tablet. In certain
erobodiments, the compaound, or a pharmaceutically acceptable salt thereof, s adoinistered
in a4 pharmaceutical formulation which is a capsule.

[188] In certain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, is administered once per day in the first period.

{181} In certain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, is administered twice per day in the first period.

{162} In certain embodiments in Compound (I}, each position designated specifically as
deuterium bas at least 97% incorporation of deuterivni

{103} In the methods of the invention, the first and second periods can vary in length
according to factors such as the amount of hair growth induced in the first period (e.g., as
determined by SALT score measured before and after the first period), and the duration of
treatment desired. The first period can be, ¢.g., 8-24 weeks, e.g., 8 weeks, 10 weeks, 12
weeks, 14 weeks, 16 weeks, 18 weeks, 20 weeks, 22 weeks, or 24 weeks. The second
period can be, e.g., 8 weeks, 16 weeks, 24 weeks, 32 weeks, 2 vears, 3 years, 10 years, or
28 years,

{104} In one embodiment, the first period at least 24 weeks (e.g., 24 weeks) and the second
period is at least 24 weeks (e.g., 24 weeks).

{185} In another embodiment, the first period is up to 24 weeks and the second period is at
least 24 weeks {e.g., 24 weeks).

{106} In another aspect, the invention provides a method for inducing hair growth in a
subject. The method comprises administering to a manunalian subject an effective amount
of Compound (), or a pharmaceutically acceptable salt thereof (L.e., an equivalent amount
of a pharmaceutically acceptable salt, such as the phosphate salt), wherein each position

designated specifically as deuterium has at least 95% incorporation of deuteriuny; or a
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pharmaceutically acceptable salt thereof; wherein the compound, or pharmaceutically
acceptable salt thereof, is administered for (1) a first period of 8-24 weeks in an amount in
the range of 8 mg to 32 mg per day, followed by (2 a sccond period of at least § weeks
wherein the compound, or pharmaceutically acceptable salt thereof, is administered in an
amount per day that is 50 to 75 percent {e.g., 50%, 66.7%, 75%) of the amount per day
administered during the first period, such that bair growth s induced in the subject.

(1671 In certain embodiments, the amount of Compound (1), or a pharmaceutically
acceptable salt thereof administered in the method for inducing hair growth, is 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 24 mg/day (such as 24 mg/day), about 32 mg/day (such as 32 mg/day) or
about 48 mg/day (such as 48 mg/day).

[188] In certain embodiments, the amount of Compound (I}, or a pharmaceuticaily
acceptable salt thereof administered in the method for inducing hair growth, is 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).

{1691 In certain embodiments, the amount of Compound (I}, or a pharmaceutically
acceptable salt thereof administered in the method for inducing hair growth, is about 8
mg/day (such as & 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 (1), or a pharmaceutically acceptable salt thereof administered in the
method for inducing hair growth, is about § 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).

{118} In certain embodiments, the amount of Compound (1), or a pharmaceutically
acceptable salt thercof administered in the roethod for inducing hair growth, ts 10.6 mg/day
of Compound (1) phosphate, e.g., administered as a 10.6 mg dose once aday ora 5.3 mg
dose twice daily. In certain embodiments, the amount of Compound (), or a
pharmaceutically acceptable salt thereof, is 21.1 mg/day of Compound (I} phosphate, e.g.,
administered as a 21.1 mg dose once a day or a 10.5 mg dose twice daily. In certain
embodiments, the amount of Compound (1), or a pharmaceutically acceptable salt thereof,
is 31.6 mg/day of Compound (I) phosphate, e.g., administered as a 31.6 myg dose once a day

or a 15.8 mg dose twice daily. In certain embodiments, the arount of Compound (3), or a
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pharmaceutically acceptable salt thereof, is 42.2 mg/day of Compound (I} phosphate, e.g.,
administered as a 42.2 myg dose once a day or a 21.1 g dose twice daily.

{111} In certain embodiments, the amount of Compound (1}, or a pharmaceutically
acceptable salt thereof administered in the method for inducing hair growth {e.g., in the
second period) is about 4 mg (such as 4 myg) twice per day. In a specific embodiment,
Compound (I} is administered as about 5.3 mg (such as 5.3 mg) of the phosphate salt of
Compound (1) twice per day.

f112] In certain embodiments, the amount of Compound (1), or a pharmaceutically
acceptable salt thereof administered in the method for inducing hair growth (e.g., in the first
or second period) is about 8 mg (such as & mg) twice per day. In a specific embodiment,
Compound (D) is administered as about 10.5 mg {such as 10.5 mg) of the phosphate salt of
Compound {I) twice per day.

{113} In certain embodiments, the amount of Compound (I}, or a pharmaceutically
acceptable salt thercof administered in the method for inducing bair growth {e.g., in the first
or second period) is about 12 mg (such as 12 mg) twice per day. In a specific embodiment,
Compound (@) is administered as the about 15.8 mg (such as 15.8 mg) of the phosphate salt
of Compound (1) twice per day.

{114} In certain embodiments, the amount of Compound (1), or 2 pharmaceutically
acceptable salt thereof administered in the mwethod for inducing hair growth {e.g., in the first
period) is about 16 mg {such as 16 mg) twice per day. In a specific embodiment,
Compound (1) is administered as the about 21.1 mg (such as 21.1 mg) of the phosphate salt
of Compound (I} twice per day.

[115] In certain embodiments, the subject suffers from a hair loss disorder; in further
embodiments, the hair loss disorder is alopecia arcata. In certain embodiments, the subject
is a human. In one embodiment, the subject is a human & vears of age or older. Preferably,
Cormpound (I), or a pharroaceutically acceptable salt thereof (such as the phosphate salt), is
administered orally at any of the foregoing dosages. Preferably, the Compound (I}, or a
pharmaceutically acceptable salt thereof, is administered orally at any of the foregoing
dosages in a pharmaceutical formulation which is a tablet or capsule.

{116} Hair loss disorders inchide, without limitation, androgenetic alopecia, alopecia
areata, telogen effluvitm, alopecia totalis, and alopecia universalis.

{117} In a specific embodiment of any of the methods described hercin, the condition is

alopecia areata in a subject such as a manunalian {(e.g., human) patient in need thereof. In
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certain embodiments, the alopecia arcata is moderate to severe alopecia arcata (for example,
hair loss over at feast 30% of the scalp, hair loss over at least 40% of the scalp, hair loss
over at ieast 30% of the scalp, or hair loss over at least 75% of the scalp).

[118] In another aspect, the invention provides a method of treating a disease, disorder or
condition mediated alone or in part by Janus Associated Kinases (JAKs) {e.g., JAK] and/or
JAK?) in a hurnan subject, the method comprising adroinistering to the subject a compound

represented by the following structural formula:

Compound {§)

, or a pharmaceutically acceptable salt thereof;

wherein each position designated specifically as deuterium has at least 95% incorporation
of deuterium;

whercin the coropound, or pharmaceutically acceptable salt thereof, s administered for (1)
a first period of 8-24 weeks in an amount in the range of about 8 myg to about 32 mg per
day, followed by {2} a second period of at least & weeks wherein the compound, or
pharmaceutically acceptable salt thereof, is administered in an amount per day that is 50 10
75 percent of the amount per day administered during the first period, such that the discase,
disorder or condition mediated alone or in part by JAKs is weated.

{119} In certain embodiments, the disease, condition or disorder is not a hair loss disorder.
f128] In certain embodiments, in Compound (1), cach position designated specifically as
deuteriom has at least 97% incorporation of deoterium.

{123} In certain embodiments, the disease, condition or disorder is selected from skin
discases such as proliferative, avtoimmune and/or inflammatory skin disorders, psoriasis,
atopic dermatitis, scleroderroa, rosacea, skin cancers, derroatitis, dermatitis berpetiformus,
dermatomyositis, vitiligo, coutact dermatitis, xerosis, ichthyosis, hidradenitis suppurativa,
urticaria, lichen planus, prurigo nodularis, vasculitis, cataneous tupus erythematosus {CLE),
and chronic idiopathic pruritus; hyperproliferative disorders or cancers including
polyeythemia vera, essential thromobocytopenia, and rayelofibrosis; respivatory discases
such as asthma, chronic obstructive pulmonary disease, chronic lung allograft dysfonction,
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e.g., bronchiolitis obliterans syndrome, pulmonary fibrosis, cystic fibrosis, rhinitis,
bronchiolitis, byssinosis, pneumoconiosis, bronchiectasis, hypersensitivity pneuwmonitis,
lung cancers, mesothelioma and sarcoidosis; gastrointestinal diseases such as inflamatory
bowel disease, ulcerative colitis, Crohn's disease, retroperitoneal fibrosis, celiac disease and
cancers; eye diseases such as myasthenia gravis, Sjogren's syndrome, conjunctivitis,
scleritis, uveitis, dry eve syndrome, Keratitis, tritis; systeniic indications such as hupus,
multiple sclerosis, theurnatoid arthritis, type 1 diabetes and complications from diabetes,
cancers, ankylosing spondylitis and psoriatic arthritis; as well as other autoimmine diseases
and indications where inununosuppression would be desirable, for example, to treat or
prevent acute and/or chwonic graft-versus-host disease (e.g., in organ transplantation).

f1221 In certain embodiments, in the first period, the compound, or a pharmaceutically
acceptable salt thereof, is administered at about 16 mg/day, about 24 mg/day. or about 32
mg per day.

{123} In certain embodiments, in the second period, the compound, or a pharmaceutically
acceptable salt thereof, is administered at about 8 mg/day, about 12 mg/day, or about 16 mg
per day.

{124} In certain embodiments, in the first period, the compound, or a pharmaceutically
acceptable salt thereof, is administered at about 24 mg/day, and in the second period, the
compound, or a pharmaceutically acceptable salt thereof, is administered at about 16
mpg/day.

{125} In certain embodiments, the about 24 mg/day of the compound or salt thercof is
administered once per day, and the about 16 mg/day is adnunistered once per day.

[126] In certain ernbodiments, the about 24 mg/day of the compound or salt thereof is
administered as about 12 mg twice per day, and the about 16 mg/day of the compound or
salt thereof is administered as about 8§ rog twice per day.

[1271 In certain embodiments, in the first period, the compound, or a pharmaceutically
acceptable salt thereof, is administered at about 16 mg/day, and in the second period, the
compound, or a pharmaceutically acceptable salt thereof, is administered at about § mg/day.
{128} In certain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, 1s administered once per day in the first period.

{1291 1In certain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, is administered twice per day in the first period.

{138} In certain embodiments, the first period is about 8-12 weeks.
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f131] In certain embodiments, the fivst period s about 24 weeks.

{132} In certain embodiments, the second period is at least 12 weeks.

{133} In certain embodiments, the second period is at least 24 weeks.

[134] In certain embodiments, the disease, condition or disorder is not alopecia aveata.
{135} In certain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, is administered orally.

{136} In cerfain embodiments, the compound, or a pharmaceutically acceptable salt
thereof, is administered in a pharmaceutical formulation which is a tablet.

{137} . In certain embodiments, the subject is a human. In one embodiment, the subject is
a hurnan 6 years of age or older. In certain embodumnents, Compound (1), or a
pharmaceutically acceptable salt thereof (such as the phosphate salt), is administered orally
at any of the dosages described herein. In certain embodiments, the Compound (), or a
pharmaceutically acceptable salt thereof, is administered orally at any of the dosages
described herein in a pharmaceutical formulation which is a tablet.

[138] In certain embodiments, the amount of Compound (1), or a pharmaceutically
acceptable salt thereof, that is administered in the second period is an amount per day that is
about 50 percent of the amount per day administered during the first peried. In certain
erabodiments, the arnount of Compound (1), or a pharmaceutically acceptable salt thereof,
that is administered in the second period is an amount per day that is about 66.7 percent of
the amount per day administered during the first period. In certain embodiments, the
amount of Compound (I}, or a pharmaceutically acceptable salt thereof, that is administered
in the second pertod is an amount per day that is about 75% percent of the amount per day
administered during the first period.

[13%} Exemplary amounts of Compound (I} or a pharmaceutically acceptable salt thereof,

to be administered are shown in the Table below:

First Period Second Period
§ mg/day 6 mgfday
& mg/day 4 mg/day
12 mgfday 8 mglday
12 mgiday 6 mg/day
16 mg/day 12 mg/day
16 mg/day % mglday
24 mog/day 16 mg/day
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24 mgiday 18 mg/day
24 mg/day 12 mg/day
32 mgl/day 24 mgfday
32 mglday 16 mg/day

{1481 In one embodiment of any aspect, the compound is adroinistered orally once a day.
In other embodiments of any aspect, the compound is administered orally twice per day.
{141} Effective doses will also vary, as recognized by those skilled in the art, depending
on the diseases treated, the severiiy of the disease, the route of adivinistration, the sex, age
and general health condition of the subject, excipient usage, the possibility of co-usage with
other therapeutic treatments such as use of other agents and the judgment of the treating
physician.

{142} The administration of Compound (I), ot a pharmaceutically acceptable salt thereof
{(such as the phosphate salt}, can continmie for as long as necessary to treat a hair loss
disorder, e.g., for ong week, two weeks, one month, two months, three months, four
months, six months, one year, two years, five years, ten years, or longer.

{143} The administration of Compound (1), or a pharmaceutically acceptable salt thereof
(such as the phosphate salt), can continue for as long as necessary to treat a disease,
disorder or condition mediated alone ot in part by Janus Associated Kinases (JAKs), e.g.,
for one week, two weeks, one month, two months, three months, four months, six months,
one year, two vears, five years, ten vears, or longer.

{144} In certain embodiments, reatment is continued for a period of at least 8§ weeks, or at
least 12 weeks, or at least 16 weeks, or at least 20 weeks, or at least 24 weeks, or at least 28
weeks, or at least 32 weeks, or at least 36 weeks, or at least 40 weeks, or at least 44 weeks,
ot at least 48 weeks, or at least 52 weeks.

{145} In certain embodiments, Compound (I), or a pharmaceutically acceptable salt
thereof, is administered in combination with an additional therapeutic agent, Preferably,
the additional therapeutic agent is an agent useful in the treatment of bair loss disorders or
autoimmune conditions, such as inbibitors of JAKT, JAKZ, or JAKS, and/or STATIL. Such
inhibitors include ruxolitinib, tofacitinib, baricitinib, filgotinib, and the like. Other orally
administered additional therapeutic agents include agents used in the treatment of alopecia
arcata, inchuding, for example, oral corticosteroids. In certain embodiments, the additional

therapeutic agent is an agent useful in the treatment of a disease, disorder or condition
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mediated alone or in part by Janus Associated Kinases (JAKS), which is not a hair-loss
disorder.

{146} For pharmaceutical compositions that comprise an additional therapeutic agent, an
effective amount of the additional therapeatic agent is between about 20% and 100% of the
dosage normally utilized in a monotherapy regime using just that agent. Preferably, an
effective amount is between about 70% and 100% of the normal monotherapeutic dose.
The normal monotherapeutic dosages of these additional therapeutic agents are well known
i the art. See, e.g., Wells et al., eds.. Pharmacotherapy Handbook, 2nd Edition, Appleton
and Lange, Stamford, Conn. (2000); PDR Pharmacopoeia, Tarascon Pocket Pharmacopoeia
2000, Deluxe Edition, Tarascon Publishing, Loma Linda, Calif. (2000); the FDA-approved
fabeling information for ruxolitinib and tofacitinib; and chinical trial information for
baricitinib and filgotintb, each of which references are incorporated herein by reference in
their entirety.

{147} Sore of the additional therapeutic agents referenced above may act synergistically
with the compounds of this invention. When this occurs, it will allow the effective dosage
of the additional therapeutic agent and/or Compound (I). or a pharmaceutically acceptable
salt thereof, to be reduced from that required in a monotherapy. This has the advantage of
minimizing foxic side effects of either the additional therapeutic agent or Compound (1), ot
a pharmaceutically acceptable salt thereof, synergistic improvements in efficacy, improved
ease of administration or use and/or reduced overall expense of compound preparation or
formulation.

{148} The torm “co-administered” as used herein means that the additional therapeutic
agent may be administered together with Compound (I) or a pharmaceutically acceptable
salt thereof, as part of a single dosage form (such as a composition of this invention
comprising a corapound of the invention and a second therapeutic agent as described
above) or as separate, multiple dosage forms. Alternatively, the additional agent may be
administered prior to, consecutively with, or following the administration of Compound (1),
or a pharmaceutically acceptable salt thercof. In such combination therapy treatmaent, both
Compound (I3, or a pharmaceutically acceptable salt thereof, and the additional therapeutic
agent(s) are administered by conventional methods. The administration of a composition of
this invention, comprising both Compound (1), or a pharmaceutically acceptable salt
thereof, and an additional therapeutic agent, to a subject does not preclude the separate

administration of that same therapeutic agent, any other additional therapeutic agent or
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Compound (I), or a pharmaceutically acceptable salt thereof, to said subject at another time
during a course of {reatment.

{149} Effective amounts of these additional therapeutic agents are well known fo those
skilled in the art and guidance for dosing may be found in patents and published patent
applications referenced herein, as well as in Wells et al,, eds., Pharmacotherapy Handbook,
2nd Edition, Appleton and Lange, Stamford, Conn. (2000); PDR Pharmacopoeia, Tarascon
Pocket Pharmacopoeia 2000, Deluxe Edition, Tarascon Publishing, Loma Linda, Calif.
(2000}, and other medical texts. However, it is well within the skilled artisan’s purview to
determine the additional therapeutic agent’s optimal effective-amount range.

{158} In oune embodiment of the invention, where an additional therapeutic agent is
administered to 4 subject, the effective amount of Compound (), or a pharmaceutically
acceptable salt thereod, is less than its effective amount would be where the additional
therapeutic agent s not administered. In another embodiment, the effective amount of the
additional therapeutic agent is less than its effective arnount would be where Compound (13,
or a pharmaceutically acceptable salt theveof, is not administered. Tn this way, undesired
side effects associated with high doses of either agent may be minimized. Other potential
advantages {(including without limitation improved dosing regimens andfor reduced drug
cost} will be apparent o those of skill in the art.

[151] In vet another aspect, the invention provides the use of Compound (T}, or a
pharmaceutically acceptable salt thereof (1., an equivalent amount of a pharmaceutically
acceptable salt, such as the phosphate salt), alone or together with one or more of the
above-described additional therapeutic agents in the manufacture of a medicarent, either as
a single composition or as separate dosage forms, for treatmuent or prevention in a subject of
a discase, disorder or symptom set forth above. Another aspect of the invention is
Corapound (1), or a pharmaceutically acceptable salt thereof, for use in the treatment or
prevention in a subject of a disease, disorder or symptom thereof delineated herein.

[152] Another aspect of the invention is a pharmaceutical composition comprising
Compound {I), in the range of about 4 mg to about 50 mg (for example, about 5 mg, about
10 mag, about 20 mg, about 30 mg, about 40 mg, or about 50 mg), or an equivalent aroount
of a pharmaceutically acceptable salt thereof, together with a pharmaceutically acceptable
carrier or diluent. In certain embodiments, the amount of Compound (I}, or a
pharmaceutically acceptable salt thereot, is about 4 mg, & mg, 16 mg, 24 mg, 32 mg or 48

~

mg. In certain cmbodiments, the amount of Compound (1}, or a pharmaceutically acceptable
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salt thereof, is 4 mg. 8 mg, 12 mg, or 16 mg. In certain embodiments, the amount of
Corapound (1), or a pharmaceutically acceptable salt thereof, is 5.3 mg of Compound (1}
phosphate. In certain embodiroents, the amount of Compound (I}, or a pharmaceutically
acceptable salt thereof, is 10.5 or 10.6 mg of Compound (I} phosphate. In certain
cmbodiments, the amount of Compound (I}, or a pharmaceutically acceptable salt thereof,
is 15.8 mg of Corapound (}) phosphate. In certain embodiments, the amount of Compound
(1), or a pharmaceutically acceptable salt thereof, 13 21.1 rag of Compound (1) phosphate. In
certain embodiments, the pharmaceutical composition is a tablet or capsule.

{153} Another aspect of the invention is a unit dose form comprising Compound (), in the
range of about 4 g 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, together with a pharmaceutically acceptable carrier or diluent. In
certain embodiments, the amount of Compound (I), or a pharmaceutically acceptable salt
thereof, is about 4 mg, 8 mg, 16 mg, 24 mg, 32 mg or 48 mg. In certain embodiments, the
amount of Compound (1}, or a pharmaceutically acceptable salt thereof, is 4 mg, § mg, 12
mg, or 16 mg. In certain embodiments, the amount of Compound (I}, or a pharmaceutcally
acceptable salt thereof, is 5.3 mg of Compound (I} phosphate. In certain embodiments, the
amount of Compound (1}, or a pharmaceutically acceptable salt thereof, 15 10.5 or 10.6 mg
of Compound (I} phosphate. In certain embodiments, the amount of Compound (I}, or a
pharmaceutically acceptable salt thereof, is 15.8 mg of Compound (I) phosphate. In certain
cmbodiments, the amount of Compound (I}, or a pharmaceutically acceptable salt thereof,
is 21.1 mg of Coropound (}) phosphate. In certain embodiments, the unit dose form is a
tablet or capsule.

{154} In one embodiment, any atom not designated as deuterium is present at its natural
isotopic abundance in Compound {1}, or a pharmaceutically acceptable salt thercof.

[155] The synthesis of Compound (1), or a pharmaceatically acceptable salt thereof (such
as the phosphate salt) may be readily achieved by the methods described U.S. Patent No.
©,249.149, PCT Patent Publication WO2017/192805, or PCT Patent Publication
WO2020/163653, the teachings of which are incorporated herein by reference, with
appropriate modifications. Additional synthetic roethods are described in PCT Patent
Publication W(O2022/036030. the teachings of which are incorporated herein by reference
in their entirety. For example, U.5. Patent No. 8,249,149 describes the use of a D9-

intermediate 18 to produce a DY-ruvolitinib product; use of the intermediate A

(U]
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in the methods described in U.S. Patent No. 9,249,149 furnishes Compound (1)
Additionally, interoediate B
N—NH

can be used instead of intermediate 14 of U.S. Patent No. 9,249,149 to prepare Compound
{1); rernoval of the amino protecting group can be accomplished with basic cleavage (e.g.,
with sodium hydroxide). Phosphoric acid can be ased to convert Compound (1) (Free base)
to its phosphate salt. Additional metheods of preparing ruxolitinib (i.e., non-deuterated
Corapound (1)) are disclosed in U.S. Patent No. 9,000,161, and can be used, with use of
suitable deuterated veagents, to prepare Compound (.

[156] Such methods can be carried out utilizing corresponding deuterated and optionally,
other isotope-containing reagents and/or intermediates o synthesize the compounds
delineated berein, or jnvoking standard synthetic protocols known in the art for introducing
isotopic atoms o a chemical stracture.

{157} The invention also provides pharmaceutical compositions comprising an effective
amount of Compound (I}, or a pharmaceutically acceptable salt thereof (i.e., an equivalent
arpount of a pharmaceutically acceptable salt, such as the phosphate salt); and a
pharmaceutically acceptable carvier. The carrier(s) are “acceptable” in the sense of being
compatible with the other ingredients of the formulation and, in the case of a
pharmaceutically acceptable carrier, not deleterious to the recipient thercof in an amount
used in the oedicament. In certain embodiments, the pharmaceutical coraposition is
provided as a unit dose form.

[158] The invention provides a pharmacentical composition comprising a
pharmaceutically acceptable carrier or diluent and 4 to 50 mg of a compound represented

by the following structural formula:
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Compound {§}

or a pharmaceutically acceptable salt thereof (1.e., an equivalent
arcount of a pharmaceutically acceptable salt, such as the phosphate salt). For exaraple, the
arpount of Compound (1) is 4 mg, 8 g, 12 mg, 16 mg or 24 mg.

{159} Pharmaceutically acceptable carriers, adjuvants and vehicles that may be used in the
pharmaceutical compositions of this invention include, but are not hmited to, ion
exchangers, alumina, aluminum stearate, lecithin, serum proteins, such as human serumn
albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium sorbate,
partial glyceride mixtares of saturated vegetable fatty acids, water, salts or electrolytes,
such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica, magnesivm trisilicate, polyvinyl pyrrolidone,
celiulose-based substances, polyethylene glycol, sodium carboxymethyliceliulose,
polyacrylates, waxes, polyethylene-polyoxypropylene-block polymers, polyethylene glycol
and wool fat.

(160} If required, the solubility and bioavailability of the compounds of the present
invention in pharmaceutical compositions may be enbanced by methods well-known in the
art. One method includes the use of lipid excipients in the formulation. See “Oral Lipid-
Based Formulations: Enhancing the Bicavatlability of Poorly Water-Soluble Drugs (Drugs
and the Pharmaceutical Sciences),” David 1. Hauss, ed. Informa Healthcare, 2007; and
“Role of Lipid Excipients in Modifying Oral and Parenteral Drag Delivery: Basic
Principles and Biological Examples,” Kishor M. Wasan, ed. Wiley-Interscience, 2006.
{161} Another known method of enhancing bioavailability is the use of an amorphous
form of a compound of this invention optionally formulated with a poloxamer, such as
LUTROL™ and PLURCGNIC™ (BASF Corporation}, or block copolymers of ethylene
oxide and propylene oxide. See United States patent 7.014,866; and United States patent
publications 20060094744 and 20060079502,

[162] The pharmaceutical compositions of the invention include those suitable for oral
administration.  Other formulations may conveniently be presented in unit dosage form,
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e.g., tablets, sustained release capsules, granules, and in liposomes, and may be prepared by
any methods well known in the art of pharmacy. See, for example, Remington: The
Science and Practice of Pharmacy, Lippincott Williams & Wilkins, Baltimore, MD (20th
ed. 2000).

{163} Such preparative methods include the step of bringing into association with the
molecule to be administered ingredients such as the carrier that constifutes one or more
accessory ingredients. In geveral, the compositions are prepared by uniformly and
intimately bringing into association the active ingredients with lquid carriers, liposomes or
finely divided solid carriers, or both, and then, if necessary, shaping the product.

{164} In certain embodiments, the compound is administered orally. Compositions of the
present invention suitable for oral admunistration may be presented as discrete anits such as
capsules, sachets, or tablets each containing a predetermined amount of the active
ingredient; a powder or granules; a solution or a suspension in an agucous liquid or a non-
agueous liquid; an oil-in-water Hquid emulsion; a water-in-oil lquid emulsion; packed in
tiposomes; or as a bolus, ete. Soft gelatin capsules can be useful for containing such
suspensions, which may beneficially increase the rate of compound absorption. Ina
specific erabodiment, the compound is administered orally as a tablet. In another specific
erabodiment, the compound s administered orally in a capsule.

[165] In the case of tablets for oval use, carriers that are commonty used include factose
and corn starch. Lubricating agents, such as magnesium stearate, are also typically added.
For oral administration in a capsule form, useful diluents include lactose and dried
cornstarch. When aqueous suspensions are administered orally, the active ingredient is
combined with emulsifying and suspending agents. If desired, certain sweetening and/or
flavoring and/or coloring agents may be added. In another embodiment, the composition is
in the form of a tablet. In certain ernbodiments, exemplary formulations for the tablet are

54,

disclosed in US. Patent No. 8,7 24, the teachings of which are herein incorporated by
reference.

{166} In a particular embodiment, a tablet formulation contains about 4 mg to about 58 mg
of Compound (1), or an equivalent amount of a pharmaceutically acceptable salt thereof
(such as the phosphate salt), and the following inactive ingredients: colloidal silicon
dioxide, magnesitim stearate, microcrystalline celhilose, and povidone. Wet gramulation
followed by compression provides tablets comprising Compound (1), or a pharmaceutically

acceptable salt thereof, For exaraple, to prepare a 200 myg tablet comprising the equivalent
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of 16 mg of Compound (@), 10.6 wt % of Compound (I} phosphate and 64.44 wt % Avicel
PH-101 microcrystalline cellulose are mixed in a higher shear granulator, and an 8.5% w/w
agueous Kollidon 30 solution (containing Kollidon 30, 2 polyvinyipyrrolidone (povidone);
5 wt % (based on the total formulation weight) is added during mixing to form gramiles.
The granules are tray-dried in an oven at 60210°C and milled using a Quadro Comil US
mill. The granules retained on the comil screen are forced through a #20 mesh sieve using a
stainless steel spatula. The resulting mulled granules are mixed with Avicel PH-200
microcrystatiine cellilose (18.5 wt %), Aerostl 200 colloidal silicon dioxide (8.5 wt %) and
Hyqual magnesiuom stearate (I wt %) in a Turbula mixer to form the final blend. The final
blend is compressed into 200 mg tablets using a Riva Piccola rotary press tooled with
0.4517 x 0.229” D-type modified capsule shape tooling. BEach tablet contains 21.1 mg
Compound (I) {equivalent to 16 mg of Compound (I) free base).

{167} In a particular embodiment, the tablet contains about 184.5 mg or about 1.6 mg of
the phosphate salt of Comnpound (1) (equivalent to 8 mg of Compound (1) free base}.

{168} In a particular emnbodiment, the tablet comprises the following ingredients:

4 myg Tablel
Component Function Wt % Amount per anit
(rog}
Compound (1) Phosphate Active 2.6 5.3%
Microcrystalline Cellulose | Diluent/Binder 90.9 1817
Povidone Binder 5.0 10.0
Collotdal Silicon Dioxide | Glidant 0.5 1.0
Magnesium Stearate Lubricant 1.0 2.0
Purified Water Solvent Removed during processing
Total 100.0 i 2000

*Hyguivalent to 4 mg Compound (1) free base

[169] In another particular embodiment, the tablet comprises the following ingredients:

8 mg Tablet
Component Function Wt % Amount per unit
(g

Compound (1) Phosphate | Active 5.2 10.5%

Microcrystaltiine Difuent/Binder R 1818

Cellulose

Povidone Binder 2.5 5.0

Colloidal Silicon Glidant 0.5 1.0

Dioxide

Magnesiam Stearate Lubricant 1.0 2.0

Purified Water Solvent Removed during processing
Total 1(0.0 | 200.0
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*Equivalent to 8 myg Compound (I} free base

[178] In an alternative particular embodirnent, the tablet comprises the following

ingredients:
8 myg Tablet
Component Function Wt % Amount per unit
{mg)

Compound (1) Phosphate Active 53 10.6%

Microcrystalline Cellulose Diluent/Binder 88.2 176.4

Povidone Binder 5.0 18.0

Collotdal Silicon Dioxide Glidant 0.5 1.0

Magnesium Stearate Lubricant 1.0 2.8

Purified Water Solvent Removed during processing
Total 100.0 ! 200.0

*Equivalent to 8 mg Compound (F) free base
f171} 1In still another particular embodiment, the tablet comprises the following
mngredients:

16 mg Tablet

Component Funection Wt % Amount per unit
(og)
Compound (I) Phosphate Active 10.6 21.1%
Microcrystalline Cellulose Dhluent/Binder £2.9 165.9
Povidone Binder S.0 10.0
Colloidal Silicon Dioxide Glidant 0.5 1.0
Magunesium Stearate Lubricant 1.0 2.0
Purified Water Solvent Removed during processing
Total 160.0 | 200.0

*Equivalent to 16 mg Compound (I) free base

[172}  In another embodiment, a composition of this invention further comprises an
additional therapeutic agent. The additional therapeutic agent may be selected from any
compound or therapeutic agent known to have or that demonstrates advantageous propertics
when administered with a compound having the same mechanism of action as ruxolitinib.
{173} Preferably, the additional therapeutic agent is an agent useful in the treatment of hair
toss disorders or autotomune conditions, including inhibitors of JAKT, JAK?2, or JAK3,
and/or STATE. Such inhibitors inclade ruxolitinib, tofacitinib, baricitnib, filgotinib, and
the hike. Other additional therapeutic agents include oral corticosteroids.

{174} In another embodiment, the invention provides separate dosage forms of Compouvnd
(D, or a pharmaceutically acceptable salt thereof, and one or more of any of the above-

described additional therapeutic agents, wherein Compound (D), or a pharmaceutically
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acceptable salt thereof, and additional therapeutic agent are associated with one another.
The term “associated with one another” as used herein means that the separate dosage
forms are packaged together or otherwise attached to one another such that it is readily
apparent that the separate dosage formos are intended to be sold and administered togethe
{within less than 24 hours of one another, consecutively or simultaneously).

[175} In the pharmaceutical compositions of the invention, Compound (F), or a
pharmaceutically acceptable salt thereof, is present in an effective amount. As used herein,
the term “effective amount” refers to an amount which, when administered in a proper
dosing regimen, is sufficient to treat the target disorder.

{176} The interrelationship of dosages for animals and humans (based on milligrams per
meter squared of body surface) is described in Freiveich et al., Cancer Chemother. Rep,
1966, 50: 219, Body surface area may be approximately determined from height and
weight of the subject. See, e.g., Scientific Tables, Geigy Pharmaceuticals, Ardsley, N.Y .,
1970, 537.

(1771 In one embodirent, an effective amount of Corapound (I) (either as the free base, or
as an equivalent amount of a pharmaceutically acceptable salt, such as the phosphate salt)
can range from about 8 mg to 32 mg per day (such as 8 rag to0 32 mg per day), such as,
about 10 mg/day (such as 10 mg/day), about 20 mg/day (such as 20 mg/day), or about 30
mg/day (such as 30 mg/day). In certain embodiments, the amount is about 8 mg/day (such
as & mg/day). about 12 mg/day {such as 12 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). Inone
embodirnent, a dose of about 8 mg/day (such as 8 mg/day), about 16 og/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) is
administered once a day. In a specific example, a dose of 16 mg/day is administered as two
8 mg tablets of Compound (1) (either as the free base, or as an equivalent amoount of a
pharmaceutically acceptable salt, such as the phosphate salt) admunistered together (i.e., as
a single dose). In another specific example, a dose of 16 mg/day is admimstered as one 16
myg tablet of Compound (I} {cither as the free base, or as an equivalent amount of a
pharmaceutically acceptable salt, such as the phosphate salt). In another embodiment, a
dose of 8 mg/day, 16 mg/day, 24 mg/day, or 32 mg/day is administered in divided doses,
twice a day {e.g., a 16 mg/day dose is administered as § mg twice daily, or a 24 mg/day
does is administered as 12 mg twice daily). In another embodiment, a dose of 8 mg/day, 16

mgfday, 24 mg/day, or 32 mag/day is administered in divided doses, twice a day (e.g., a 32
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mg/day dose is administered as 16 mg of Compound (I) (either as the free base, or as an
equivalent amount of a pharmaceutically acceptable salt, such as the phosphate salt) twice
daily, Le., in separate doses. In one specific embodiment, a dose of 16 mg/day is
administered as 8 mg of Compound (1) (either as the free base, or as an equivalent arpount
of a pharmaceutically acceptable salt, such as the phosphate salt) twice daily, Le., in
separate doses. kt will be understood that reference to an amount of Compound (1), or a
pharmaceutically acceptable salt thereof, inclades an amount of a pharmaceutically
acceptable salt of Compound (I) (such as the phosphate salt) which is equivalent to the
stated amount of Compound (I) as the frec base (e.g., 10.5 mg of Compound (I} phosphate
salt is equivalent to 8 mg of Comapound (1) free base).
{1781 In certain embodiments, an effective arnount of Comopound (I, or a
pharmaceutically acceptable salt thereof is about 4 myg (such as 4 mg) twice perday. Ina
specific embodiment, an effective amount of Compound (1) is administered as about 5.3 mg
(such as 5.3 mg) of the phosphate salt of Compound (I) twice per day. In certain
embodirents, an effective amount of Compound (I}, or a pharmaceutically acceptable salt
thereof is about 8 my (such as 8 mg) twice per day. In a specific embodiment, Compound
() is administered as about 10.5 mg (such as 10.5 mg) of the phosphate salt of Compound
(1) twice per day.
[179] In certain embodiments, an effective amount of Compound (. ora
pharmaceutically acceptable salt thereof is about 12 myg (such as 12 mg) twice per day. Ina
specitic embodiment, effective amount of Compound () is about 15.8 mg (such as 15.8
mg) of the phosphate salt of Coropound (§) twice per day. In cerfain embodiments, an
effective amount of Compound (1), or a2 pharmaceutically acceptable salt thereof is about 16
mg (such as 16 mg) twice per day. In a specific embodiment, the effective amount of
Corapound () is about 21.1 rog (such as 21.1 mg) of the phosphate salt of Compound (1)
twice per day.

Examples
Fxample 1 ~ Human Studies - Phase 2a
{188} A Phase 2a trial was conducted to evaluate the safety and efficacy of Compound (I}
(CTP-543) in subjects with alopecia, with the primary efficacy analysis at week 24, The
Phase 2a trial was a double-blind, randomized, placebo-controlled trial to evaluate the
safety and efficacy of Compound (I} in adult patients with moderate-to-severe alopecia

arcata. Patients were sequentially randomized to receive one of three doses of Compound §
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as the phosphate salt {e.g., 10.5 mg of Compound (I) phosphate salt is equivalent to 8 mg of

£
N

Corpound (1) free base).

The doses of Compound (1) were 4, & (i.e., about 10.5 mg of

Compound (1) phosphate salt), and 12 mg twice daily, and there was also a patient group

receiving placebo. The primary outcome measore utilized the severity of alopecia tool

(SALT) after 24 weeks of dosing.

(181}

Interim top line analysis for the 4 mg, ¥ mg, and 12 mg cohorts is discussed below.

The primary endpoint for the study was a 50% relative reduction in SALT between Week

24 and baseline.

(182}

(twice daily) ot placebo are shown in Table | below:

The demographics of the subjects enrolled in the trial and receiving 4, 8, or 12 mg

Table 1
CTP-343 CTP-543 CTP-543
Placebo
£mg 8 mg 12 mg
Number of Rai}dommed a4 30 ag 17
Patients
Efficacy Population 43 28 38 36
Age: Mean (SD} 38 (14) 36{11) 37 {14) 36 {12
Males, N (%) 15 (34) 827N 12 (32 9 (24)
Females, N (%) 28 (66} 22 (7% 26 (68) 28 (76}
Race: N (%)
White 33 (75) 25(83) 26 {68) 308D
Black or African .
A ~y 7 7 N :-(w
American 734 2 {18 3(®)
Asian 2(4.5) 2 {7y 2(5) 41D
Other 2 (4.5 (3 3(&) 0

The baseline characteristics of the subjects are shown in Table 2 below:
Table 2
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CTP-343 CTP-543 CTP-543
Placebo
4 mg 8 mg 12 mg
Episode Duration: Yr, a1 6 18 25

Mean

SALT score, Mean (SD)

86.8 (18.4)

85.1 (16.4)

87.3 (18.7)

AA Patchy, N (%)

21 (47.7y

16 (53.3)

16 (42.1)

16(43.2)

AA Totalis, N (%) 6 (13.6) 24(6.7) 6 (15.8) 8 (21.6)
AA Universalis, N (%) 17 (38.6) 12 (40.0) 14(36.8) | 10070
AA Ophiasis, N (%) 0 (©) 0 (©) 2(5.3) 3(8.1)
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[183] The most common treatment emergent adverse events by patient (> 10%}) are shown

in Table 3 below:

Table 3
CTP-543 CTP-543 CTP-543
Preferred Term Placeho
4 mg 8 mg 12 mg
Headache 4(9.1%) 5 (17.2%) §0(26.3%) 7 (19.4%)
Nausea 4(9.1%) 4 (13.8%) 4 (10.5%) 1{2.8%)
Acne 2{4.5%) 4(13.8%) 4 (10.5%) 6 (16.7%)
Cough 0 4 {13.8%) 1(2.6%) 2 (5.6%)
Diarrhoea 3{(6.8%) 3 (30.3%) 1(2.6%) 0
Nasopharyngitis 1(2.3%) 3 (180.3%) 3 (7.9%) 9 (25.0%)
Folliculitis 0 3(10.3%) 2{5.3%) 1 (2.8%)
Blood creatine o . ; o e
. . (2.3% 3(10.3%) 2{53% 2.8%
phosphokinase increased 1(2.3%) 3 (10.3%) ©-3%) L2.8%)
Oroharyngeal pain 1(2.3%) 3(10.3%) 2(5.3%) 1(2.8%)
Upper resplratory ract | 5 45 g0, 2069%) | 2(53%) | 7(19.4%)
infection
LDL increase 0 0 4 (10.5%) 0

{184} No serious adverse events were reported. in the preliminary analysis of the placebo,
4 mg, and & mg groups, there were only 3 Grade 3/4 hematology events, distributed equally
across the placebo. 4 mg, and 8 mg groups.

{185} 1In conclusion, the primary efficacy endpoint of the study was met. 58% of paticats
treated with 12 mg BED (twice daily) and 47 % of patients treated with § rog BID (twice
daily} of CTP-543 achieved a > 50% reduction in their overall SALT score compared to
8.6% placebo (p < 0.001). In additon, 42% of patients treated with 12 mg BID (p <0.001)
and 29% of patients treated with & mg BID (p < 0.05) of CTP-543 achieved a > 75%
reduction in their overall SALT score compared to 7% placebo. Further, 36% of patienis
treated with 12 yog BID (p < 0.001) and 16% of patients treated with 8 rog BID (p < 0.05)
of CTP-543 achieved a > 90% reduction in their overall SALT score compared to 2%

4
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placebo. 21% of patients treated with 4 myg BID of CTP-543 achieved a 2 50% reduction in
their overall SALT score compared to 8.6% placebo (not significant). The 12 mg BiD and &
mg BID dose groups were significantly different than the 4 mg BID dose group (p < 0.05).
Significant changes in SALT score were observed starting at 12 weeks for the 12 mgand §
myg cohorts compared to placebo (p < 0.05}.

{186} Treatmoent was generally well-tolerated with no serious adverse events.  The 4 mg
BID dose failed to separate from placebo on all measuares. The 8 mg BID dose and 12 mg
BID doses were significanty different from placebo on all SALT measures at week 24, the
conclusion of the trial. The 12 mg BID dose was numerically superior and generally

produced faster onset and greater effect compared o the 8§ mg BID dose.

Esxample 2 - Open-iabel extension study

{187} In an ongoing opeun-label extension study, subjects who were previously enrolled in
a qualifying clinical study (including the study described in Exarople 1) and received either
a total daily dose of 16 mg of Coropound (I} (CTP-343, phosphate salt), a total daily dose of
24 mg of CTP-543, or placebo, and completed through the 24-week eatment period, were
gligible to curoll in an open-label extension study (OLE) and continue to receive treatment
with CTP-543 phosphate. A total of 152 subjects were envolied in the OLE. In the OLE,
subjects recetved daily treatment with CTP-543 at a dose of 8§ mg BID or 12 mg BID (see
FIG. 8). Dose adjustments were allowed at the investigator’s discretion. One subject
earolled in the OLE, who received a daily dose of 24 mg QD of UTP-543 for approximately
9 months (i.e., the 24-week study pertod and the initial 3 months of the OLE), experienced
hair growth at that dose (SALT score of zero, Le., full regrowth of hair prior to dose
reduction). The subject then had their dose reduced to a daily dose of 8 mg BID of CTP-
543 phosphate. After approximately 7 months in the OLE receiving the lower daily dose of
& mg BID of CTP-543, the subject continued to substantially maintain hair regrowth, with a

SALT score of 7.92.

Example 3 — Phase 2 durability study

[188] A Phase 2 chinical trial is conducted as a two part, double-blind, randomized,
muolticenter study to evaluate the regrowth of hair after treatment with Compound (I) (CTP-
5433, and subsequent durability of that regrowth following dose reduction or drug

discontinuation in adult patients with moderate to severe alopecia arcata. Patients are
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between 18 and 65 years of age and experiencing an episode of hair loss associated with
alopecia areata lasting at least 6 months and not exceeding 10 years. Patients not currently
heing treated for alopecia arcata or with other freatments that might affect hair regrowth or
irnnine response maost have at least 50% hair loss as measured by the Severity of Alopecia
Tool (SALT) at Screening and Baseline. Up to approximately 75% of patients with
complete or near coroplete (SALT 2> 95) hair loss are envolled.

[18%] The study is divided into 2 Parts:

{190} Part A: Period 1 (Treatment Phase) and Period 2 (Dose Modification Fhase)

{191} Part B: Re-Treatment Phase

Part A: Perind 1

[192] Part A, Period 1 is a double-blind Treatment Period where approxiroately 200 or
300 patients are randomized o receive one of two doses of Compound (I} {CTP-543) as the
phosphate salt {e.g., 10.5 mg of Compound (I) phosphate salt is equivalent to 8 mg of
Compound (1) free base) for 24 weeks. The doses are either § rog twice a day (BID) of
Compound (1) (i.e., about 10.5 rog of Compound (1) phosphate salt), or 12 mg BID of
Compound (1) (L.e., about 15.8 mg of Compound (I} phosphate salt). Randomization is
stratified by scalp hair loss into one of the following two categories: 1) Partial scalp hair
foss (SALT 2 50 and < 95); 2) complete or near-coraplete scalp hair loss (SALT > 95).
Patients take the first dose of study drug in the clinic on Day 1 and are instruected to take
study drug daily approximately every 12 hours for the doration of Period 1. Other baseline
assessments for Part A, Period 1 include Patient and Clinician Global fmpression of disease
Severity (CGE-S and PGE-S), and Patient Reported Outcome for Satisfaction (SPRO) and
Hair Quality (QPRO). Blood samples for pharmacokinetic assessment are taken
periodically. Photographs of the scalp are also taken to provide a visual record at the time
of SALT assessment and are performed at additional select visits throughout the study. The
primary efficacy analysis to determine the Responders for each dose group is conducted
when all patients have completed Week 24 from Part A, Period 1. In some embodiments, at
End of Treatment {EOT) for Part A, Period 1, patients having a < 50% change in their
SALT score from Baseline are defined as a non-responder and have the opportunity to
confinue receiving treatrnent in an Open-Label Extension study, or they can complete
treatment at Week 24 and return in 4 weeks for the Post-Treatment Safety Follow-up.

{193} In some embodiments, patients from each dose group having a > 50% change in

their SALT score from Baseline at Week 24 are defined as a responder and enter Part A,
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Period 2.

{194} In some embodiments, at End of Treatment (EOQT) for Part A, Period 1, treatment
success (Responders) are defined as patients from each dose group having a SALT score of
<20 at Week 24. These Responders enter Part A, Period 2 of the study. Patients having a
SALT score > 28 are defined as a Non-Responder and have the opportunity to continue
receiving treatment in the Open-Label Extension study or they complete treatmaent at Week
24 and veturn in 4 weeks for the Post-Treatroent Safety Follow-up.

{195} Part A, Period 1 (Treatment Phase) lasts 24 weeks. Assessment of treatment
response using SALT for efficacy occurs at 4, 8, 12, 16, 20 and 24 weeks.

Part A: Period 2

[196] In Part A, Period 2, patients are re-randomized to receive either a lower dose of
Compound {I) (4 mg BID for patients previously receiving 8§ mg BID or 8§ mg BID for
patients previously receiving 12 mg BID) or placebo. Patients in Part A, Period 2 stay on
the assigned dose for a maximum of 24 weeks or until they meet the criteria for loss of
regrowth maintenance (LOM). The criteria for LOM is a SALT score greater than 20. Any
patient meeting the DOM criteria at any assessment timepoint doring Part A, Period 2 enters
Part B of the study and returns to their original Compound (I) treatment from Part A, Period
148 mg BID or 12 rog BID). Patients not meeting the LOM criteria (i.e., patients having a
SALT score of less than or equal to 20) at the end of 24 weeks have the opportunity to
continue receiving treatment in the Open-Label Extension study at their original Part A,
Period 1 dose, or they can complete treatment at Week 24 and return in 4 weeks for the
Post-Treatment Safety Follow-up. The study design is depicted in FI1G. 7.

[1971 Part A, Period 2 (Dose Modification} lasts ap to 24 weeks or until the patient meets
the criteria for LOM. Assessment of treatment response using SALT for efficacy occurs
monthly untl the criteria for LOM is met or the 24-week period is complete.

PartB

[198] Any patient from Part A, Period 2 meeting the LOM criteria (SALT > 20) enters
into Part B of the study and returns to their original 8 myg BID or 12 mg BID dose from Part
A, Period 1. In some embodiments, patients stay on their assigned doses for 24 weeks
regardiess of whether they meet the criteria for Restoration of Regrowth (ROR) or not. In
sorne embodiments, Patients stay on their assigned dose for 24 weeks or until they meet the
criteria for Restoration of Regrowth (ROR).  In some embodiments, ROR is defined as the

patient’s attainmoent of a SALT score < their original HOT SALT score at the end of Part A,
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Period 1. In some embodiments, ROR is defined as the patient’s attainment of a SALT
score of <20, In some embodiments, any paticnt meeting the ROR criteria at any
assessment fimepoint during Part B exits the study and is eligible to enroll in the Open-
Label Extension study. Assessment of treatment response using SALT for efficacy will
occur monthly untl the criteria for Restoration of Regrowth (ROR) is met or the 24-week
period is conplete. Patients not meeting the ROR criteria bave the opportunity to continue
receiving treatment in the Open-Label Hxtension study, or they can complete treatment at
Week 24 and return in 4 weeks for the Post-Treatment Safety Follow-up.

{199 Without further description, it is believed that one of ordinary skill in the art can,
using the preceding description and the Ulustrative examples, make and utilize the
compounds of the present invention and practice the claimed methods. Tt should be
pnderstood that the foregoing discussion and examples merely present a detailed
description of certain preferred embodiments. {t will be apparent o those of ordinary skill
in the art that various modifications and equivalents can be roade without departing from

the spirit and scope of the invention.
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CLAIMS

What is claimed is:

o

A method of treating a discase, disorder or condition mediated alone or in part by
Janus Associated Kinases (JAKS) in a human subject, the method comprising
admunistering to the subject a compound represented by the following structural
formula:

B
NC—, P P
O

& o

Compound {l} ;4 pharmaceutically acceptable salt thereof;

wherein cach position designated specifically as deuterium has at least 95%
incorporation of deuterium;
wherein the compound, or pharmaceutically acceptable salt thereof, is administered
for (1) a first period of 8-24 weeks in an amount in the range of about 8 mg to about
32 mg per day, followed by (2} a second period of at least 8 weeks wherein the
compound, or pharmaccutically acceptable salt thercof, is administered in an amount
per day that is 50 to 75 percent of the amount per day administered during the first
period, such that the disease, disorder or condition mediated along or in part by JAKS

18 treated.

The method of any one of claim 1, wherein in Compound (I}, each position

designated specifically as deuterium has at least 97% incorporation of deuterium.

The method of claim 1 or clain 2, wherein the disease, condition or disorder is

selected from skin diseases such as proliferative, autoimmune and/or inflammatory

skin disorders, psoriasis, atopic dermatitis, scleroderma, rosacea, skin cancers,

dermatitis, dermatitis herpetiformis, dermatoroyositis, vitiligo, bair loss disorders,

contact dermatitis, xerosis, ichthyosis, hidradenitis suppurativa, urticaria, lchen
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planus, prurigo nodularis, vasculitis, cutaneous lupus ervthematosus (CLE), and
chronic idiopathic pruritus; hyperproliferative disorders or cancers including
polycytheraia vera, essential thromboceytopenia, and myelofibrosis; respiratory
diseases such as asthma, chronic obstructive pulmonary disease, chronic lung
allograft dysfunction, ¢.g., bronchiolitis obliterans syndrome, pulmonary fibrosis,
cystic fibrosis, thinitis, bronchiolitis, byssinosis, prneemoconiosis, bronchiectasis,
hypersensitivity pnearnonitis, lung cancers, mesothelorma and sarcoidosis;
gastrointestinal diseases such as inflammatory bowel disease, ulcerative colitis,
Crohn's disease, retroperitoneal fibrosis, celiac disease and cancers; cye discases such
as myasthenia gravis, Sjogren's syadrorae, conjunctivitis, scleritis, uveitis, dry eye
syndrome, keratitis, iritis; systemic indications such as lupus, multiple sclerosis,
rhewmatoid arthritis, type T diabetes and complications from diabetes, cancers,
ankylosing spondylitis and psoriatic arthritis; as well as other autoimmune diseases
and indications where tmomnosuppression would be desirable, for example, to treat or

prevent acute and/or chronic graft-versus-host disease (e.g., in organ transplantaton).

4. The method of any one of claims 1-3, wherein, in the first period, the compound, or a
pharmaceutically acceptable salt thereof, is admoinistered at about 16 mg/day, about 24

mg/day, or about 32 mg per day.

5. The method of any one of claims 1-4, wherein, in the second period, the compound,
or & pharmaceutically acceptable salt thereof, is administered at about 8 mg/day,

about 12 mg/day, or about 16 mg per day.

6. The method of any one of claims 1-5, wherein in the first period, the compound, or a
pharmaceutically acceptable salt thereof, is administered at about 24 mg/day, and in
the second period, the compound, or a pharmaceutically acceptable salt thereof, is

administered at about 16 mg/day.

7. The method of claim 6, wherein the about 24 mg/day of the compound or salt thereof

is administered once per day, and the about 16 mg/day is administered once per day.

8. The method of claim 6, wherein the about 24 mg/day of the compound or salt thereof
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11.

12.

13.

14.

16

17.

18.

is administered as about 12 mg twice per day, and the about 16 mg/day of the

compound or salt thereof is administered as about 8 mg twice per day.

The method of any one of claims 1-3, wherein in the first period, the compound, or a
pharmaceutically acceptable salt thereof, is administered at about 16 mg/day, and in
the second period, the corapound, or a pbarmaceutically acceptable salt thereof, is

administered at about 8 rmag/day.

The method of any one of claims 1-6 or 9, wherein the compound, or a

pharmaceutically acceptable salt thereof, is administered once per day in the first

period.

The method of any one of clairas 1-6 or 9, wherein the compound, or a

pharmaceuntically acceptable salt thereof, is administered twice per day in the first

period.

The method of any one of claims 1-11, wherein the first period is about 8-12 weeks.

The method of any one of claims 1-11, wherein the first period is about 24 weeks.

The method of any one of claims 1-13, wherein the second period is at least 12 wecks.

The method of any one of claiios 1-14, wherein the second period is at least 24 weeks.
The method of any one of clairos 1-15, wherein the disease, condition or disorder is not
a hair loss disorder.

The method of any one of clatios 1-16, wherein the disease, condition or disorder is

not alopecia areata.

The method of any one of claims 1-17, wherein the discase, condition or disorder is

sefected from skin diseases such as proliferative, autoimmune and/or inflammatory
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20.

skin disorders, psoriasis, atopic dermatitis, scleroderma, rosacea, skin cancers,
dermatitis, dermatitis herpetiformis, dermatoryositis, vitiligo, contact dermatitis,
xerosis, ichthyosis, hidradenitis suppurativa, urticaria, lichen planus, prurigo
nodularis, vasculitis, cutaneous lupus erythematosos (CLE), and chronic idiopathic
pruritus; hyperproliferative disorders or cancers including polycythemia vera,
essential thrombocytopenia, and myelofibrosis; respiratory discases such as asthma,
chronic obstructive pulmonary disease, chronic lung allograft dysfuncuon, e.g.,
bronchiolitis obliterans syndrome, pulmonary fibrosis, cystic fibrosis, rhinitis,
bronchiolitis, byssinosis, pneumoconiosis, bronchigctasis, hypersensitivity
preumonitis, lung cancers, mesothchioma and sarcoidosis; gastrointestinal diseases
such as inflasymatory bowel disease, ulcerative colitis, Crobn's disease,
retroperitoneal fibrosis, celiac disease and cancers; eye diseases such as myasthenia
gravis, Sjogren's syndrome, conjunctivitis, scleritis, uveitis, dry eye syndrome,
keratitis, iritis; systenic indications such as lupus, multiple sclerosis, rheumatoid
arthritis, type [ diabetes and complications from diabetes, cancers, ankylosing
spondylitis and psoriatic arthritis; as well as other autoimmune diseases and
indications where immunosuppression would be desirable, for example, to treat or

prevent acute and/or chronic graft-versus-host disease (e.g., in organ transplantation).

The method of any one of claims 1-18, wherein the compound, or a pharmaceutically

acceptable salt thereof, is administered orally.

The method of any one of Claims 1-19, wherein the coropound, or a pharmaceutically
acceptable salt thereof, is administered in a pharmaceutical formulation which is ¢

tablet.

(943
<



