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DEUTETRABENAZINE FOR THE TREATMENT OF DY SKINESIA IN CEREBRAL PALSY

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Nos. 62/779,232, filed
December 13, 2018, and 62/801,450, filed February 5, 2019, the entireties of which are

incorporated by reference herein.

TECHNICAL FIELD

[0001] The disclosure is directed to methods of treating dyskinesia in cerebral palsy in

human patients, including pediatric patients using deutetrabenazine and its active metabolites.

BACKGROUND

[0002] Deutetrabenazine ((RR,SS)-1,3,4.6,7,11b-hexahydro-9,10-di(methoxy-d3)-3-(2-
methylpropyl)-2H-benzo[a]quinolizin-2-one) is a vesicular monoamine transporter type 2
(VMAT?2). The biologically active metabolites formed from deutetrabenazine
(alpha-dihydrotetrabenazine [0-HTBZ] and beta-dihydrotetrabenazine [-HTBZ]) are potent
inhibitors of VMAT2 binding, with inhibition constant values of 3.8 and 22 nM, respectively.
Deutetrabenazine exhibits an increased half-life of its active metabolites, relative to tetrabenazine
(e.g, U.S. Patent No. 8,524,733).

[0003] Deutetrabenazine is approved by the U.S. Food and Drug Administration under
the tradename AUSTEDO® for the treatment of chorea associated with Huntington’s disease
(HD) and for the treatment of tardive dyskinesia (TD) in adults. Pharmaceutical compositions
comprising deutetrabenazine are disclosed in U.S. Patent No. 9,233,959. U.S. Published
Application No. 2016/0287574 discloses deutetrabenazine for the treatment of abnormal
involuntary movement disorders.

[0004] Cerebral palsy (CP) is a nonprogressive disturbance of brain function that
usually occurs in the developing fetal or infant brain (age <2 years). CP is the most common and
costly form of chronic motor disability in children, with a prevalence of 2 to 4 per 1,000 live
births in the United States (US), and the condition is more common in boys than in girls.
Although there have been no general studies of life expectancy in people with CP, most children
affected by CP live between 30 and 70 years, depending on the severity of the condition. In
general, a child with a mild case of CP usually lives longer than a child with mobility and
intellectual limitations. In the US, there are about 764,000 children and adults with CP,

including about 500,000 children under the age of 18 years. Prematurity is the most common
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cause of CP, but other causes include stroke, hypoxic ischemic injury, infection, or brain
malformation.

[0005] Complications of CP may include eye movement abnormalities, communication
problems, swallowing difficulty, poor weight gain, social isolation, hip dysplasia and dislocation,
scoliosis, osteopenia and fractures, and pain. A variety of movement disorders are associated
with CP, including spasticity, dyskinesia (dystonia, chorea, athetosis, and even ballismus), and
ataxia. Many patients with CP present with mixed types of movement disorders.

[0006] Dyskinesia is believed to result from an insult of nonprogressive nature in the
basal ganglia of the brain. Dyskinesia in cerebral palsy (DCP) is a hyperkinetic movement
disorder characterized by abnormal involuntary movements of the dystonic and choreiform types
in approximately 6% to 15% of patients with CP. DCP is a rare disease, and based on the above
prevalence numbers of CP in the US, one could assume that approximately 30,000 to 75,000
children <18 years of age and 16,000 to 40,000 adults have DCP.

[0007] There are currently no approved treatments for DCP, which is a serious disease
with an unmet medical need. Current treatment options (off-label use) to treat dystonia and
chorea include tetrabenazine, dopaminergic, or gamma-aminobutyric acidergic interventions, but
these show high variability in response. Botulinum neurotoxin A is also in clinical use for the
treatment of spasticity and dystonia and is considered modestly effective in selected patients, but
it does not meet the full treatment need. Naxibimols, a non-smoked cannabis derivative, was
approved to treat spasticity associated with multiple sclerosis in the United Kingdom in 2010 and
is being investigated to treat spasticity in CP. Currently, there are very few agents with novel
mechanisms of action in development for movement disorders in CP. Dalfampridine, a small-
molecule potassium channel blocker thought to restore conduction in central demyelinated
axons, is approved for use in multiple sclerosis but has failed to demonstrate functional
improvement in patients with CP.

[0008] Thus, a need exists for effective treatments for DCP.

SUMMARY

[0009] The present disclosure is directed to methods of treating dyskinesia in cerebral
palsy in a human patient comprising administering to the patient a therapeutically effective

amount of a compound having the Formula (I) or Formula (II) or a combination thereof:
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or pharmaceutically acceptable salt thereof, wherein each position represented as D has

deuterium enrichment of no less than about 10%.

[0010] The present disclosure also is directed to methods of treating dyskinesia in
cerebral palsy in a human patient, comprising administering an daily amount of deutetrabenazine
of about 6 mg/day to about 48 mg/day, in one or two doses, to the patient, wherein the patient’s
abnormal involuntary movements associated with dyskinesia in cerebral palsy are reduced
relative to the patient’s abnormal involuntary movements associated with dyskinesia in cerebral

palsy at baseline.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0011] The present subject matter may be understood more readily by reference to the
following detailed description which forms a part of this disclosure. It is to be understood that
this invention is not limited to the specific methods, conditions or parameters described and/or
shown herein, and that the terminology used herein is for the purpose of describing particular
embodiments by way of example only and is not intended to be limiting of the claimed
invention.

[0012] Unless otherwise defined herein, scientific and technical terms used in
connection with the present application shall have the meanings that are commonly understood
by those of ordinary skill in the art. Further, unless otherwise required by context, singular terms
shall include pluralities and plural terms shall include the singular.

[0013] As employed above and throughout the disclosure, the following terms and
abbreviations, unless otherwise indicated, shall be understood to have the following meanings.

[0014] In the present disclosure the singular forms “a”, “an”, and “the” include the
plural reference, and reference to a particular numerical value includes at least that particular
value, unless the context clearly indicates otherwise. Thus, for example, a reference to “a
compound” is a reference to one or more of such compounds and equivalents thereof known to
those skilled in the art, and so forth. The term “plurality”, as used herein, means more than one.

When a range of values is expressed, another embodiment includes from the one particular
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and/or to the other particular value. Similarly, when values are expressed as approximations, by
use of the antecedent “about,” it is understood that the particular value forms another
embodiment. All ranges are inclusive and combinable.

2% ¢

[0015] As used herein, the terms “composition”, “composition of compounds”,
“compound”, “drug”, “pharmacologically active agent”, “active agent”, “therapeutic”, “therapy”,
“treatment”, or “medicament” are used interchangeably herein to refer to a compound or
compounds or composition of matter which, when administered to a subject (human or animal)
induces a desired pharmacological and/or physiologic effect by local and/or systemic action.

[0016] As used herein, the terms “treatment” or “therapy” (as well as different forms
thereof) include preventative (e.g., prophylactic), curative, or palliative treatment. As used
herein, the term “treating” includes alleviating or reducing at least one adverse or negative effect
or symptom of a condition, disease or disorder. This condition, disease or disorder refers to
DCP.

[0017] The term “administering” means either directly administering a compound or
composition of the present invention, or administering a prodrug, derivative or analog which will
form an equivalent amount of the active compound or substance within the body.

[0018] The terms “subject”, “individual”, and “patient” are used interchangeably
herein, and refer to a human, to whom treatment, including prophylactic treatment, with the
pharmaceutical composition according to the present invention, is provided.

[0019] “Pharmaceutically acceptable” refers to those compounds, materials,
compositions, and/or dosage forms which are, within the scope of sound medical judgment,
suitable for contact with the tissues of human beings without excessive toxicity, irritation,
allergic response, or other problem complications commensurate with a reasonable benefit/risk
ratio.

[0020] Within the present invention, the disclosed compounds may be prepared in the
form of pharmaceutically acceptable salts. “Pharmaceutically acceptable salts™ refer to
derivatives of the disclosed compounds wherein the parent compound is modified by making
acid or base salts thereof. Examples of pharmaceutically acceptable salts include, but are not
limited to, mineral or organic acid salts of basic residues such as amines; alkali or organic salts
of acidic residues such as carboxylic acids; and the like. The pharmaceutically acceptable salts
include the conventional non-toxic salts or the quaternary ammonium salts of the parent
compound formed, for example, from non-toxic inorganic or organic acids. For example, such
conventional non-toxic salts include those derived from inorganic acids such as hydrochloric,

hydrobromic, sulfuric, sulfamic, phosphoric, nitric and the like; and the salts prepared from
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organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric,
ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, sulfanilic, 2-
acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, isethionic,
and the like. These pharmaceutically acceptable salts are prepared by methods known in the art,
e.g., by dissolving the free amine bases with an excess of the acid in aqueous alcohol, or
neutralizing a free carboxylic acid with an alkali metal base such as a hydroxide, or with an
amine.

[0021] The terms “point™ and “score” are used interchangeably herein, and refer to the
measure of a certain rating scale.

[0022] In some aspects, the present disclosure is directed to methods of treating DCP in
a human patient comprising administering to the patient a therapeutically effective amount of a

compound of Formula (I) or Formula (I) or a combination thereof:
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or pharmaceutically acceptable salt thereof, wherein each position represented as D has
deuterium enrichment of no less than about 10%.

[0023] In some embodiments the method comprised administration of the compound of
Formula (I). The compound of Formula (I), which has the chemical name 1,3,4,6,7,11b-
hexahydro-9,10-di(methoxy-d3)-3-(2-methylpropyl)-2H-benzo| a]quinolizin-2-one, has two
stereogenic carbon atoms, which give rise to four stereo isomers of the compound of Formula

): 1A, IB, IC, ID:
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[0024] A racemic mixture of the (R.R) and (S,S) stereoisomers (i.e., a mixture of IA
and IB) is referred to as deutetrabenazine. In some embodiments the method comprises
administration of the racemic mixture of the (R,R) and (S,S) stereoisomers (i.e., a mixture of [A
and IB) referred to as deutetrabenazine.

[0025] As used herein, the compound of Formula (I) refers to compounds of Formulae
1A, IB, IC, or ID, as well as mixtures of compounds of Formulae IA, IB, IC, or ID in any
proportion.

[0026] In some embodiments, the compound of Formula (I) refers to deutetrabenazine.

[0027] In some embodiments the method comprises administration of the compound of
Formula (IT). The compound of Formula (IT), which has the chemical name 3-isobutyl-9,10-
bis(methoxy-d3)-1,3.4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-2-ol, has three
stereogenic carbon atoms, which give rise to eight stereoisomers of the compound of Formula

(I): A, 1IB, IIC, IID, IIE, IIF, IIG, IIH:
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[0028] As used herein, the compound of Formula (IT) refers to compounds of Formulae
ITA, IIB, IIC, 1ID, IIE, IIF, IIG, ITH as well as mixtures of compounds of Formula ITA, T1IB, TIC,
IID, IIE, ITF, 1IG, or ITH in any proportion.

[0029] Deutetrabenazine is metabolically reduced to deuterated alpha-
dihydrotetrabenazine (a-HTBZ) (i.e., IIA and IIF) and deuterated beta-dihydrotetrabenazine ([3-
HTBZ) (i.e., IIB and IIE).

[0030] In some aspects, the method of the disclosure comprises administering a
compound of Formula (I) or Formula (II) or a combination thereof, or a pharmaceutically
acceptable salt thereof, wherein each position represented as D has deuterium enrichment of no
less than about 10%. As used herein, deuterium enrichment refers to the percentage of hydrogen
atoms at a given position that are the deuterium isotope (i.e., >H) rather than either the 'H and/or

3H isotopes. For example, a deuterium enrichment of 10% means that 10% of the hydrogen
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atoms at a given position are deuterium, and 90% of the hydrogen atoms at that position are the
'H and/or *H isotopes. Methods of determining the hydrogen isotope content are known to those
of skill the art and include mass spectroscopy and NMR.

[0031] In some embodiments of the methods of the disclosure, each position in
Formula (I) or Formula (IT) represented as D has deuterium enrichment of no less than about
10%.

[0032] In other embodiments of the methods of the disclosure, each position in
Formula (I) or Formula (IT) represented as D has deuterium enrichment of no less than about
20%.

[0033] In other embodiments of the methods of the disclosure, each position in
Formula (I) or Formula (IT) represented as D has deuterium enrichment of no less than about
50%.

[0034] In other embodiments of the methods of the disclosure, each position in
Formula (I) or Formula (IT) represented as D has deuterium enrichment of no less than about
70%.

[0035] In other embodiments of the methods of the disclosure, each position in
Formula (I) or Formula (IT) represented as D has deuterium enrichment of no less than about
80%.

[0036] In other embodiments of the methods of the disclosure, each position in
Formula (I) or Formula (IT) represented as D has deuterium enrichment of no less than about
90%.

[0037] In other embodiments of the methods of the disclosure, each position in
Formula (I) or Formula (IT) represented as D has deuterium enrichment of no less than about
98%.

[0038] In some aspects, in the methods of the disclosure, administration of Formula (I)
results in a substantially increased maximum tolerated dose, decreased toxicity, an increased
half-life (t 12), or lowered maximum plasma concentration (Cmax) of the minimum efficacious
dose (MED), or a combination thereof, as compared to an equally efficacious dose of the
corresponding non-deuterated compound.

[0039] As used herein, the corresponding non-deuterated compound of Formula (I)

refers to a compound having the structure
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[0040] The corresponding non-deuterated compound of Formula (I1) refers to a

compound having the structure
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[0041] As used herein, with respect to the compound of Formula (I), an equally
efficacious dose of the corresponding non-deuterated compound refers to a dose of the
corresponding non-deuterated compound that produces the same improvement in the patient’s
dyskinesia in cerebral palsy as a specific dose of the compound of Formula (I). With respect to
the compound of Formula (II), an equally efficacious dose of the corresponding non-deuterated
compound refers to a dose of the corresponding non-deuterated compound that produces the
same improvement in the patient’s dyskinesia in cerebral palsy as a specific dose of the
compound of Formula (II).

[0042] In some aspects, administration of the compound of Formula (1), (II), or
combination thereof results in a substantially increased maximum tolerated dose as compared to
administration of an equally efficacious dose of the corresponding non-deuterated compound.

[0043] In other aspects, administration of the compound of Formula (I), (IT), or
combination thereof results in a lower toxicity as compared to administration of an equally
efficacious dose of the corresponding non-deuterated compound.

[0044] In other aspects, administration of the compound of Formula (I), (IT), or
combination thereof results in an increased half-life (t12) of the compound of Formula (I) or (II),
as compared to an equally efficacious dose of the corresponding non-deuterated compound.

[0045] In other aspects, administration of the compound of Formula (I), (IT), or
combination thereof results in a lowered Cmax of the MED as compared to administration an

equally efficacious dose of the corresponding non-deuterated compound.
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[0046] In some aspects, the methods of the disclosure are directed to treating
dyskinesia in cerebral palsy (DCP) in a human patient. “Dyskinesia in cerebral palsy” refers to a
hyperkinetic movement disorder characterized by abnormal involuntary movements of the
dystonic and/or choreiform types. Dystonic abnormal involuntary movements result from
involuntary muscle spasms. Choreiform types of abnormal involuntary movements include
chorea, athetosis, and ballism/ballismus.

[0047] In some embodiments of the methods of the disclosure, the abnormal
involuntary movements associated with DCP are of dystonic type.

[0048] In other embodiments of the methods of the disclosure, the abnormal
involuntary movements associated with DCP are of choreiform type.

[0049] In other embodiments of the methods of the disclosure, the abnormal
involuntary movements associated with DCP are of dystonic type and choreiform type.

[0050] Inyet other embodiments of the methods of the disclosure, the abnormal
involuntary movements associated with DCP are of dystonic type or choreiform type.

[0051] In some aspects, the methods of the disclosure are performed on a human
patient. In some embodiments of the methods of the disclosure, the human patient is a pediatric
patient. As used herein, a “pediatric patient” refers to a patient who is 18 years of age or
younger. In some embodiments of the methods of the disclosure, the human patient is an adult
patient. As used herein, an “adult patient” refers to a patient who is older than 18 years of age.

[0052] In some embodiments of the methods of the disclosure, the patient is between 6
and 18 years of age.

[0053] In other embodiments of the methods of the disclosure, the patient is between 6
to < 12 years of age.

[0054] In other embodiments of the methods of the disclosure, the patient is between 12
and 18 years of age.

[0055] Inyet other embodiments of the methods of the disclosure, the patient is
younger than 6 years of age.

[0056] In some aspects of the methods of the disclosure the patent is about 1, 2, 3, 4, 5,
6,7,8,9,10,11,12, 13, 14, 15,16, 17 or about 18 years old. In some aspects of the methods of
the disclosure, the patient is about 1, 2, 3, 4, are about 5, years old. In some aspects of the
methods of the disclosure, the patient is about 6, 7, 8, 9, 10, or about 11years old. In some
aspects of the methods of the disclosure the patient is about 12, 13, 14, 15, 16, 17 or about 18

years of age.
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[0057] In some aspects, in the methods of the disclosure the patient is further
administered an additional therapeutic agent. As used herein, an additional therapeutic agent
refers to an agent other than the compound of Formula (I) and/or Formula (II) that is
administered to treat an aspect of the patient’s cerebral palsy, such as, for example, eye
movement abnormalities, communication problems, swallowing difficulty, poor weight gain,
social isolation, hip dysplasia and dislocation, scoliosis, osteopenia and fractures, pain, and
movement disorders. Exemplary additional therapeutic agents include anticholinergics (e.g.,
benztropine mesylate, carbidopa-levodopa, glycopyrrolate, procyclidine hydrochloride, and
trihexyphenidyl hydrochloride), anticonvulsants (e.g., gabapentin, lamotrigine, oxcarbazepine,
topiramate, and zonisamide), antidepressants (e.g., citalopram, escitalopram, fluoxetine,
paroxetine, and sertraline), antispastic (e.g., botulinum toxin, diazepam, dantrolene,
cyclobenzadrine, intrathecal baclofen, and tizanidine), and anti-inflammatories (e.g., aspirin,
corticosteroids, nonsteroidal anti-inflammatory drugs (NSAIDs), and steroids).In some
embodiments of the method the administration of the additional therapeutic agent in concomitant
with, prior to, or following the administration of the compound of Formula (I), Formula (II) or a
combination thereof.

[0058] In some aspects, the disclosure is directed to methods of treating dyskinesia in
cerebral palsy in a human patient, comprising administering to the patient a daily amount of a
compound of Formula (I) of about 6 mg/day to about 48 mg/day, in one or two doses.

[0059] In some aspects of the methods of the disclosure, the patient is administered a
daily amount of deutetrabenazine of about 6 mg/day to about 48 mg/day, in one or two doses.

[0060] As used herein, the terms “daily amount™ or “daily dose™ can be used
interchangeably and refer to the dose to be administered per day shown to be optimal for
example, by dose titration or other method determined by, for example, the attending physician.
The period of time just prior to initiation of deutetrabenazine therapy is referred to as the
“baseline”. The patient’s condition just prior to initiation of deutetrabenazine therapy can be
referred to as the patient’s baseline condition. The daily amount or daily dose is administered to
the patient in one or two doses, further described herein below.

[0061] In some embodiments, the daily amount of deutetrabenazine is 6 mg/day to 48

mg/day. In some embodiments, the daily amount of deutetrabenazine is 6 mg/day.
[0062] In some embodiments, the daily amount of deutetrabenazine is 12 mg/day.
[ | In some embodiments, the daily amount of deutetrabenazine is 18 mg/day.
[0064] In some embodiments, the daily amount of deutetrabenazine is 24 mg/day.
[0065]

In some embodiments, the daily amount of deutetrabenazine is 30 mg/day.
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[0066] In some embodiments, the daily amount of deutetrabenazine is 36 mg/day.
[0067] In some embodiments, the daily amount of deutetrabenazine is 42 mg/day.
[0068] In some embodiments, the daily amount of deutetrabenazine is 48 mg/day.

[0069] In some aspects of the methods of the disclosure, the daily amount can be
administered in one or two doses. In some embodiments the daily amount is administered in a
single dose. In other embodiments, the daily amount is administered in two doses.

[0070] When the daily dose is administered in two doses, the two doses can be equal
amounts, or can be different amounts. In some embodiments, each of the two doses are of an
equal amount.

[0071] When the daily amount is administered in two doses, the two doses can be equal
amounts, or can be different amounts. In some embodiments, each of the two doses of the daily
amount are equal doses.

[0072] When the daily amount is administered in two doses, an intervening time period
separates the dose administrations. In some embodiments, the second dose is administered about
8 to 10 hours after the first dose. In other embodiments, the second dose is administered about 8
hours after the first dose. In other embodiments, the second dose is administered about 10 hours
after the first dose.

[0073] In some embodiments, a titration regimen is used to determine an initial daily
dose of the compound of Formula (I). In some embodiments, a titration regimen is used to
determine an initial daily dose of the compound of Formula (II) or a combination of Formula ()
and Formula (I). In some embodiments, the initial daily dose is different from the maintenance
daily dose.

[0074] In some embodiments, the administration comprises:

a) administering to the subject an initial daily amount of deutetrabenazine of at least about 6 mg
per day;

b) determining after about one week the degree of control of abnormal involuntary movement
associated with DCP achieved with the initial daily amount and the tolerability of the initial daily
amount;

¢) increasing the daily amount of the deutetrabenazine upward by 6 mg/day or more to a
subsequent daily amount if the degree of control of abnormal involuntary movement associated
with DCP is inadequate and the initial daily amount is tolerable;

d) optionally, repeating steps b) and c) until the degree of control of abnormal involuntary
movement associated with DCP is adequate and the daily amount of the deutetrabenazine is

tolerable; and
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e) if any subsequent amount is not tolerated, decreasing the daily amount downward by 6 mg/day
or more to a subsequent daily amount.

[0075] In some aspects, the treating results in maintaining the patient’s abnormal
involuntary movements associated with DCP, relative to the patient’s abnormal involuntary
movements associated with DCP at baseline. As used in this context, “maintaining the patient’s
abnormal involuntary movements” means that the patient’s abnormal involuntary movements
associated with DCP do not change relative to baseline. Thus, the patient’s abnormal
involuntary movements associated with DCP remain stabilized, they do not improve but do not
worsen. Such treatment represents a clinical benefit to patients with a history of worsening
abnormal involuntary movements associated with DCP.

[0076] In some aspects of the methods of the disclosure, the treatment with a
compound of Formula (I) and/or a compound of Formula (II) results in a reduction in the
patient’s abnormal involuntary movements associated with DCP, relative to the patient’s
abnormal involuntary movements associated with DCP at baseline. In some aspects of the
methods of the disclosure, the treatment with a compound of Formula (I) results in a reduction in
the patient’s abnormal involuntary movements associated with DCP, relative to the patient’s
abnormal involuntary movements associated with DCP at baseline. In some aspects of the
methods of the disclosure, the treatment with deutetrabenazine results in a reduction in the
patient’s abnormal involuntary movements associated with DCP, relative to the patient’s
abnormal involuntary movements associated with DCP at baseline.

[0077] In some aspects of the methods of the disclosure, the treatment with a
compound of Formula (II) results in a reduction in the patient’s abnormal involuntary
movements associated with DCP, relative to the patient’s abnormal involuntary movements
associated with DCP at baseline. In some aspects of the methods of the disclosure, the treatment
with deuterated a-HTBZ or deuterated B-HTBZ results in a reduction in the patient’s abnormal
involuntary movements associated with DCP, relative to the patient’s abnormal involuntary
movements associated with DCP at baseline.

[0078] In some aspects, the patient’s abnormal involuntary movements associated with
DCP are measured using a clinical assessment instrument, such as, for example, at least one of
the rating scales: a) the MD-CRS part II; b) the MD-CRS part I; ¢) the CaGI-I; and d) the CGI-I.
One such clinical instrument is the Movement Disorder-Childhood Rating Scale Index
(MD-CRS). See, e.g., Battini R, et al. Responsiveness of the MD-Childhood Rating Scale in
dyskinetic cerebral palsy patients undergoing anticholinergic treatment. Eur J Paediatr Neurol

2014;18(6):698-703; Battini R, et al. Movement Disorder-Childhood Rating Scale: reliability
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and validity. Pediatr Neurol 2008;39(4):259-65, the entireties of which are incorporated by
reference herein.

[0079] The MD-CRS has 2 parts, part I and part II, where the higher the score is
indicative of a worsened condition.

[0080] The MD-CRS part I evaluates the impact of DCP on the activities of the patient
and provides a general assessment of the movement disorder on motor function (7 items),
oral/verbal function (3 items), self-care (3 items), and attention/alertness (2 items) on a scale of 0
(present) to 4 (absent). The total score of MD-CRS part I (0 to 60) can be normalized to a 0 to 1
range referred to as “Index I”.

[0081] MD-CRS part Il is a specific motor assessment of severity of the movement
disorder, in this case, involuntary movements associated with DCP. MD-CRS part I evaluates
the severity of the movement disorder in a scale of 0 to 4 in each of 7 body regions in which
dyskinesia can be seen in patients with CP. The maximum possible total score on the MD-CRS
part II is therefore 28. The total score of MD-CRS part II (0 to 28) can be normalizedtoa 0 to 1
range referred to as “Index II”". In the MD-CRS part I, a score of O refers to absence of a
movement disorder and a score of 4 refers to a situation where movement disorder is present
during all of the tasks for the region examined and/or involves 3 or more of the other regions,
making completion impossible. The 7 body regions evaluated with the MD-CRS part II are (1)
eye and periorbital region, (ii) face, (iii) tongue and perioral region, (iv) neck, (v) trunk, (vi)
upper limb, and (vii) lower limb. The MD-CRS does not differentiate between dyskinesia in
cerebral palsy of the dystonic type or choreiform type, and the worst dyskinesia in any of the
regions observed during the assessment session is taken as the score for each affected body
region.

[0082] Another assessment instrument is the Caregiver Global Impression of
Improvement Scale (CaGI-I). The CaGI-I is single item questionnaire to assess the caregiver’s
impression of improvement in dyskinesia in cerebral palsy symptoms after initiating therapy.
The scale is a caregiver-reported outcome that aims to evaluate all aspects of the patient's health
and determine whether there has been an overall improvement in dyskinesia symptoms. The
caregiver ratings are 1=very much improved (since the initiation of treatment); 2=much
improved; 3=minimally improved; 4=no change from baseline (symptoms remain essentially
unchanged); 5=minimally worse; 6=much worse; or 7=very much worse (since the initiation of
treatment).

[0083] Another assessment instrument is the Clinical Global Impression of

Improvement (CGI-I), a clinician reported outcome that uses a 7-point scale that allows the

-14 -



WO 2020/123900 PCT/US2019/066150

clinician to compare the patient’s condition since initiation of treatment to the baseline condition
as follows: 1=very much improved since the initiation of treatment (nearly all better; good level
of functioning; minimal symptoms; represents a very substantial change); 2=much improved
(notably better with significant reduction of symptoms; increase in the level of functioning but
some symptoms remain); 3=minimally improved (slightly better with little or no clinically
meaningful reduction of symptoms; represents very little change in basic clinical status, level of
care, or functional capacity); 4=no change from baseline (symptoms remain essentially
unchanged); S=minimally worse (slightly worse but may not be clinically meaningful; may
represent very little change in basic clinical status or functional capacity); 6=much worse
(clinically significant increase in symptoms and diminished functioning); 7=very much worse
since the initiation of treatment (severe exacerbation of symptoms and loss of functioning). See,
e.g., Busner J, Targum SD. The Clinical Global Impressions Scale: Applying a Research Tool in
Clinical Practice. Psychiatry (Edgmont) 2007;4(7):28-37 the entirety of which is incorporated by
reference herein..

[0084] Another assessment instrument is the Clinical Global Impression of Severity
(CGI-S), which uses a 7-point Likert scale to assess dyskinesia severity as follows (with anchor
points for choosing the most appropriate severity level caused by DCP): 1=normal (not at all ill,
symptoms of disorder not present past 7 days); 2=borderline (subtle or suspected pathology);
3=mild (clearly established symptoms with minimal, if any, distress or difficulty in social and/or
occupational function); 4=moderate (overt symptoms causing noticeable, but modest, functional
impairment or distress; symptom level may warrant medication); S=marked (intrusive symptoms
that distinctly impair social/occupational function or cause intrusive levels of distress); 6=severe
(disruptive symptoms, behavior and function are frequently influenced by symptoms, may
require assistance from others); 7=extreme (symptoms drastically interferes in many life
functions; may be hospitalized).

[0085] Another assessment instrument is the Pediatric Evaluation Disability Inventory-
Computer Adapted Test (PEDI-CAT), which is a clinical assessment for children and youth.

The PEDI-CAT comprises a comprehensive item bank of 276 functional activities acquired
throughout infancy, childhood, and young adulthood. See, e.g., Dumas HM, Fragala-Pinkham
MA. Concurrent Validity and Reliability of the Pediatric Evaluation of Disability Inventory-
Computer Adaptive Test Mobility Domain. Pediatric Physical Therapy 2012;24:171-76, the
entirety of which is incorporated by reference herein.

[0086] Another assessment instrument is the Pediatric Quality of Life Inventory
(PedsQL), which is a health-related quality-of-life instrument that consists of a well-validated
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generic core measure and some condition and disease-specific modules (Varni, JW, et al. The
PedsQL™ in pediatric cerebral palsy: Reliability, validity, and sensitivity of the Generic Core
Scales and Cerebral Palsy Module. Developmental Medicine and Child Neurology 2006;48:442-
49), the entirety of which is incorporated by reference herein. The 35-item PedsQL 3.0 CP
module encompasses 7 scales: (1) Daily Activities (9 items); (2) School Activities (4 items); (3)
Movement and Balance (5 items); (4) Pain and Hurt (4 items); (5) Fatigue (4 items); (6) Eating
Activities (5 items); and (7) Speech and Communication (4 items). The instructions ask how
much of a problem each item has been during the past 1 month. A 5-point response scale is
utilized across child self-report and parent proxy report as follows: O=never a problem; 1=almost
never a problem; 2=sometimes a problem; 3=often a problem; 4=almost always a problem.

[0087] Another assessment instrument is the Patient Global Impression of
Improvement (PGI-I), which is a single item questionnaire to assess the patient’s impression of
improvement in dyskinesia symptoms after initiating the disclosed therapy. PGI-I is a patient-
reported outcome that aims to evaluate all aspects of a patient's health and determine whether or
not there has been an overall improvement in dyskinesia symptoms. The patient has to select the
1 response from the visual response options (“emojis™) that gives the most accurate description
of his/her state of health and overall status: 1=much improved (since the initiation of treatment);
2=somewhat improved; 3=no change; 4=somewhat worse; 5=much worse (since the initiation of
treatment).

[0088] Another assessment instrument is the Unified Huntington’s Disease Rating
Scale-Total Motor Score (UHDRS-TMS), comprises 15 items and assesses eye movements,
speech, alternating hand movements, dystonia, chorea, and gait. The UHDRS-TMS is calculated
as the sum of the 31 motor assessments, each of which ranges between 0 to 4 points. The total
minimum score is 0 (absent) and the maximum score is 124 (worst). The Unified Huntington’s
Disease Rating Scale-Total Maximal Chorea (UHDRS-TMC) is part of the UHDRS-TMS
assessment and assesses the severity of chorea in the face, mouth, trunk, and the 4 extremities.
The minimum score is 0 (absent) and the maximum score is 28 (marked/prolonged). The
Unified Huntington’s Disease Rating Scale-Total Maximal Dystonia (UHDRS-TMD) is part of
the UHDRS-TMS assessment and assesses the severity of dystonia in the trunk and the
4 extremities. The minimum score is O (absent) and the maximum score is 20
(marked/prolonged) See, e.g., Huntington Study Group. Unified Huntington's Disease Rating
Scale: reliability and consistency. Huntington Study Group. Mov Disord 1996;11(2):136-42, the

entirety of which is incorporated by reference herein.
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[0089] Another assessment instrument is the Canadian Occupational Performance
Measure (COPM). The COPM has been designed to assess patient outcomes in the areas of self-
care, productivity and leisure. Using a semi-structured interview, the COPM is a 5-step process
which measures individual, patient-identified problem areas in daily function. Two scores, for
performance and satisfaction with performance, are obtained. Law M, et al. The Canadian
occupational performance measure: an outcome measure for occupational therapy. Can J Occup
Ther 1990 Apr;57(2):82-7, the entirety of which is incorporated by reference herein.

[0090] In some aspects, the safety of the treatment is measured by the Columbia-
Suicide Severity Rating Scale (C-SSRS), which measures the frequency and severity of suicidal
ideation or behavior. See, e.g., Posner K, et al. The Columbia—Suicide Severity Rating Scale:
Initial Validity and Internal Consistency Findings From Three Multisite Studies With
Adolescents and Adults. American Journal of Psychiatry 2011;168(12):1266-77, the entirety of
which is incorporated by reference herein.

[0091] In some embodiments of the methods of the disclosure, the patient’s abnormal
involuntary movements associated with DCP are measured by at least one clinical assessment
instrument For example, in some aspects of the methods of the disclosure, the patient’s abnormal
involuntary movements associated with DCP are measured by at least one of
e  Movement Disorder-Childhood Rating Scale Index (MD-CRS);

o  Caregiver Global Impression of Improvement Scale (CaGI-I);

e  C(linical Global Impression of Improvement (CGI-I);

e Clinical Global Impression of Severity (CGI-S);

o  Pediatric Evaluation Disability Inventory-Computer Adapted Test (PEDI-CAT);
o Pediatric Quality of Life Inventory (PedsQL);

o  Patient Global Impression of Improvement (PGI-I);

o Unified Huntington’s Disease Rating Scale-Total Motor Score (UHDRS-TMS);

o  Columbia-Suicide Severity Rating Scale (C-SSRS)
o Canadian Occupational Performance Measure (COPM).

[0092] In some embodiments of the methods of the disclosure, the patient’s abnormal
involuntary movements associated with DCP are measured by at least one of: a) the MD-CRS
part IT; b) the MD-CRS part I; ¢) the CaGI-I; and d) the CGI-I.

[0093] In some embodiments, the reduction in abnormal involuntary movements
associated with DCP is demonstrated by at least one of:

a) a reduction in the MD-CRS part II total score from baseline to week 15;

b) a reduction in the MD-CRS part I total score from baseline to week 15;
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¢) a reduction in the CaGI-I score from baseline to week 15; and
d) areduction in the CGI-I score from baseline to week 15.

[0094] In some embodiments of the methods of the disclosure, the patient’s abnormal
involuntary movements associated with DCP are measured by a change from baseline to week
15 in the MD-CRS part II score.

[0095] In some embodiments of the methods of the disclosure, the patient has a total
score of >8 on the MD-CRS part II items at baseline.

[0096] In some embodiments of the methods of the disclosure, the patient has a total
score of >10 on the MD-CRS part Il items at baseline.

[0097] In some embodiments of the methods of the disclosure, the patient has a total
score of >12 on the MD-CRS part Il items at baseline.

[0098] In some embodiments of the methods of the disclosure, the patient has a total
score of >14 on the MD-CRS part I items at baseline.

[0099] In some embodiments of the methods of the disclosure, the patient has a total
score of >16 on the MD-CRS part Il items at baseline.

[00100] In some embodiments of the methods of the disclosure, the patient has a total
score of >18 on the MD-CRS part Il items at baseline.

[00101] In some embodiments of the methods of the disclosure, the patient has a total
score of >20 on the MD-CRS part Il items at baseline.

[00102] In some embodiments of the methods of the disclosure, the patient’s abnormal
involuntary movements associated with DCP are measured by a change from baseline to week
15 in the MD-CRS part I score.

[00103] In some embodiments of the methods of the disclosure, the patient’s MD-CRS
part I total score is reduced by about 1-8 points relative to baseline. In some embodiments of the
methods of the disclosure, the patient’s MD-CRS part [ total score is reduced by about 2-4 points
relative to baseline. In some embodiments, the patient’s MD-CRS part I total score is reduced
by at least 1 point relative to baseline. In some embodiments, the patient’s MD-CRS part I total
score is reduced by at least 2 points relative to baseline. In some embodiments, the patient’s
MD-CRS part I total score is reduced by at least 3 points relative to baseline. In some
embodiments, the patient’s MD-CRS part I total score is reduced by at least 4 points relative to
baseline. In some embodiments, the patient’s MD-CRS part I total score is reduced by at least 5
points relative to baseline. In some embodiments, the patient’s MD-CRS part I total score is

reduced by at least 6 points relative to baseline. In some embodiments, the patient’s MD-CRS
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part I total score is reduced by at least 7 points relative to baseline. In some embodiments, the
patient’s MD-CRS part I total score is reduced by at least 8 points relative to baseline. In some
embodiments of the methods of the disclosure, the reductions in the MD-CRS part I total score
disclosed herein are observed at 15 weeks from start of treatment. In some embodiments of the
methods of the disclosure, the reduction in the MD-CRS part I total score disclosed herein is
observed for at least 15 weeks from start of treatment

[00104] In some embodiments of the methods of the disclosure, the patient’s abnormal
involuntary movements are measured by a change from baseline to week 15 in the CaGI-I rating
Scale.

[00105] In some embodiments of the methods of the disclosure, the patient’s CaGI-1
score is reduced by about 0.2-0.8 points relative to baseline. In some embodiments of the
methods of the disclosure, the patient’s CaGI-I score is reduced by about 0.5-0.7 points relative
to baseline. In some embodiments of the methods of the disclosure, the patient’s CaGI-I score is
reduced by at least 0.2 points relative to baseline. In some embodiments of the methods of the
disclosure, the patient’s CaGI-I score is reduced by at least 0.3 points relative to baseline. In
some embodiments of the methods of the disclosure, the patient’s CaGI-I score is reduced by at
least 0.4 points relative to baseline. In some embodiments of the methods of the disclosure, the
patient’s CaGI-I score is reduced by at least 0.5 points relative to baseline. In some
embodiments of the methods of the disclosure, the patient’s CaGI-I score is reduced by at least
0.6 points relative to baseline. In some embodiments of the methods of the disclosure, the
patient’s CaGI-I score is reduced by at least 0.7 points relative to baseline. In some embodiments
of the methods of the disclosure, the reductions in the CaGlI-I score disclosed herein are observed
at 15 weeks from start of treatment. In some embodiments of the methods of the disclosure, the
reduction in the CaGI-I score disclosed herein is observed for at least 15 weeks from start of
treatment.

[00106] In some embodiments of the methods of the disclosure, the patient’s abnormal
involuntary movements are measured by a change from baseline to week 15 in the CGI-I rating
Scale.

[00107] In some embodiments of the methods of the disclosure, the patient’s CGI-1
score is reduced by about 0.2-0.8 points relative to baseline. In some embodiments of the
methods of the disclosure, the patient’s CGI-I score is reduced by about 0.5-0.7 points relative to
baseline. In some embodiments of the methods of the disclosure, the patient’s CGI-I score is
reduced by at least 0.2 points relative to baseline. In some embodiments of the methods of the

disclosure, the patient’s CGI-I score is reduced by at least 0.3 points relative to baseline. In
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some embodiments of the methods of the disclosure, the patient’s CGI-I score is reduced by at
least 0.4 points relative to baseline. In some embodiments of the methods of the disclosure, the
patient’s CGI-I score is reduced by at least 0.5 points relative to baseline. In some embodiments
of the methods of the disclosure, the patient’s CGI-I score is reduced by at least 0.6 points
relative to baseline. In some embodiments of the methods of the disclosure, the patient’s CGI-1
score is reduced 