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POLYMER DEPOT COMPOSITIONS FOR SUSTAINED RELEASE DELIVERY OF
VMATZ INHIBITORS

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of {J.3. Provisional Patent Application No.
63233659 filed on August 16, 2021, the disclosure of which is incorporated hersin by
refersnce in ifs entirety,

BACKGROUND OF THE APPLICATION

1. FIELD OF THE APPLICATION

{0002] The present application provides for a bicdegradable polymer depot
composiion which is stable and effective as a sustained release delivery system for
the reversible human vesicular menoamine transporter type 2 (VMATZ2) inhibitors.
The composition of the present application comprises a) & VMATZ2 inhibitor,
including but not limited to, (3R, 11bR)tstrabenazine [{(+3-TBZ, (3R, 11bR)-
1,3,4,86,7, 11 b-hexahydro-8, 10-dimethoxy-3-{2-methyipropyt-2H-benzofajguinolizin-
2-onel, {ZR, 3R, 11bR}-dihydrotetrabenazine [{(+)}-{a)-DHTBZ, (2R, 3R, 11bR}-3~
isohutyl-8, 10-dimethoxy-1,3,4.8.7. 1 1b-hexahydro-2H-pyrido[2, 1-alisoguinolin-2-of)],
{28, 3R, 11bR)-dihydrotetrabenazine [(+}+{§)-DHTBZ, (28, 3R, 11bR}-3-isobutyl-
8, 10-dimethoxy-1,3.4,6.7 11b-hexahydro-2H-pyridof2, 1-alisoguinolin-2-o)}, 8
deuterated derivative thereof, a pharmacsutically acceptable salt thereof, an active
metabolite thereof, or a prodrug thereof, &) one or more bicdegradable,
bipcompatible, polymeric carriers; ¢} one or more pharmaceutically acceptable and
hivcompatible sobvents; and d) one or mors nptional pharmaceutically acceptable
excipients aliowing the achievemaent of oplimizing drug delivery. The present
application also provides a method of manufacturing and the use In treating
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hyperkinetic disgases and disorders, such as tardive dyskinesia, by administration
of such composition to human or a wanm-blooded animal in nesd thereof.

2. DESCRIPTION OF THE RELATED ART

{0003] Tardive dyskinesia (TD) Is a hyperkinetic movement disorder resulting in
involurdary, repetifive body movements which are not related to other disorders
provoking the aforementioned involuntary movements, for example, Parkinson's
disease or tic disorders. Instead, TD is a neurological disorder most commonly
caused by long-term uss of dopaming blocking agents such as antipsychotic drugs
{also known as neuroleptics or dopamine receptor antagonists). First generation
neuroleptics {typical neurcleptics, for example haloperidal and chiorpromazine) are
very likely to cause TD; while newer neuroleplics (atypical neuroleptics, for example
aripiprazole and paliperidone), on the othar hand, can do the same but o 8 lesser
axtent.
{00G04] Prior arts suggest continuous exposure o neurojeptics can cause
upreguiation/supersensitiveness of dopamine receptor, which then induces
hyperkinetic movement disorder. Vesicudar monoaming fransporter-2 (VMAT2) s a
membrane protein that ransports monpaming, such as dopamineg, from presynaptic
into synaptic vesicles. Many hyperkinetic movement disorders, namely TD, Tourette
syndroms, and Huntington’s disease can be reduced through depleting presynaptic
dopamine by VMAT2 inhibitors. Tetrabenazine (TBZ, brand name XENAZINE®),
known as cis-rac—1,3,4,8,7 1 1b-hexahydro-8,10-dimethoxy-3-{2-methyipropyii-2H-
benzo[a]quinolizin-2-one, is a potent and reversible irthibitor for human VMAT2 Ki~
100nM, XENAZINE® Drug Approval Package, NDA 021884, However, while TBZ is
oraity administered as racemic midures, it is rapidly metabalized {majorly in the Hver
by carbonyl reductase) inta four sterecisomeric metabolifes: R, R, R-DHTBZ {{+}-a},
8, R R-DHTBZ {{(+»8). 8, 8, S-DHTBZ {{-)}-a). and R, 8, S-DHTBZ {{-)-§) {DHTBZ,
dihydrotetrabenazine, 8, 10-dimethoxy-3-(@-methylpropyh)-2,3,4,6,7, 1 1h-hexahydro-
1H-benzofajguinolizin-2-al} (Skor H. et e, Drugs R D. 2017 Sep; 17{3):449-458}.
However, each metabolite shows varied affinity to rat VMATZ2: Kiis 4.2, 8.7, 250,
and 690 nM, respectively corresponding fo R, R, R-DHTBZ {{(*}-a), S, R, R-DHTBZ
{{+)-B}, B. 8, S-DHTBZ {{-}-n}, and R, 8, B-DHTBZ ((-)-B) (Grigoriadis sf al., Journal
of Pharmacology and Experimental Therapeutics June 2017, 361 (3} 454-481). In
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addition, §, 8, §-DHTBZ {({-}-o) and R, &, S-DHTEZ {{-)}-8) have high off-target
binding affinity to dopamine D2 and serotonin 5-HT7 receptors {180/71 nM and
53/5.8 nM for {{~}a} and ((-)-B), respectively), which results in severe side effects of
T8Z administration (i.e. insomnia, emor, rigid muscle, problems with balance st}
{Harriott ef al., Progress in Medicinal Chemistry Volume 57, 2018, Pages 87-111}.
Moreover, due to the variable CYP 2D6-mediated metabolism of TBZ, the
maintenance dose of TBZ varies from one individual {o another, therefore, CYP 2D6
inducers ar inhibitors should also be avoided for subjects taking TBZ, What's sven
maore significant and potentially inconvenient is that metabelism variation between
patients makes dose titration unavoidable for conventionally availahle TBZ
medications. Furthermaore, the side effects related fo TBZ such as sedation,
depression, akathisia and Parkinsonism and therapeutic varighility have impeded its
application potential.

{0005] In 2017, two new medications were approved o treat TD: Valbenazine (VBZ)
{INGREZZA®, Neurocring Blosciences, Ing., single 40 mg or 80 mg capsule per
day) and deutetrabenazine (AUSTEDO®, Teva, 8 mg, 8 mg, or 12 my tablet, twice
datly). Unlike TBZ, deutelrabenazine and VBZ have pharmacokinetic sdvantages
which enabie less frequent dosing for beter tolerability. VBZ, L-Valing, (2R, 3R,
11bRI-1, 3, 4, 6, 7, 11b-hexahydro-8, 10-dimethoxy-3-(2-methyipropyl)-2H-
benzolujguinolizin-2-yl ester, is an ester of (+3-{a)}-DHTRZ with the amino acid L-
valine. By solsly infroducing (+)-{q)-DHTBZ without {he presence of the other side
effect inducing stereoisomeric metabolites, such as ()3-(0)-DHTBZ and -}-(B)
DHTBZ, VBZ is considered much more tolerable and safer than TBZ, On the other
hand, in the case of AUSTEDGS, deuterated derivative of TBZ increases the hali-
fife of deutetrabenazine which benefits for the reduced dosing frequency.

{0008} Although the success of INGREZZA® and AUSTEDO® improve TD
freatment in oral dosage forms, both products still require dally dosing, which is not
ideal from improving patient adhsrencs point of visw. Poor compliance remains the
mast critical challenge in the freatment of any chronic llness. Schizophrenia, for
example, is often associated with cognitive dysfunction, lack of motivation,
deprassion, and demoratization. While the infroduction of antipsychotics can he
backdated to the 1850s, poor adherence 1o oral dosage forms has always been a
crucial issue. Relapse is a continual risk in schizophrenia patients and represents
ong of the major public health problems associated with such iiness. The use of
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ong-acting injectables (LAlS) alleviates the hurden of frequent administration which
helps avoid poor/partial adherence. While there are already many LAl medicines
faunched on the market for trsating bacterial infections, pain management, prostats
cancer, diabetes, and cerlain schizophrenia smploying various formulative
technologies, such as ATRIGEL®, SABER® and FluidCrystal® etc., a successiud
LAY drug product ory hyperkinetic movement disorders hasn't been developed yet.
Whille patients faking antipsychotic drugs receive the benefits from LA
antipsychotics, they still have to take daily pills {INGREZZA® or AUSTEDOR} once
involuntary movement is developed. This surely is still troublesome from patient
adherence point of view. Therefore, there is definitely unmet medical need for a
stable and safer LAl medication for the treagtment of involuntary movement disorder
with significantly reduced dosing frequency and improved patient compliance.

SUMMARY OF THE APPLICATION

[0007] The prasent application provides polymer depot compositions comprising of
a) & VMATZ inhibitor, including but not imited {o, tetrabenazine (T8}, (3R, 11bR)-
tetrabenazine [{(+)}-TBZ, (3R, 11bR)-1,3,4,8,7,11b-hexahydro-8, 10-dimethoxy-3-(2-
methyipropyl}-2H-benzolalguindizin-2-one}, (2R, 3R, 11bR)-dihydrotetrabenazine
{(+3-(0)-DHTBZ, (2R, 3R, 11bR}-3-isobhutyl-8, 10-dimethoxy-1,3,4,8,7, 11b-
hexahydro-2H-pyridof2, t-alisoquinalin-2-0f}], (28, 3R, 11bR)-dihydrotetrabenazine
(F-BFOHTEE, (28, 3R, 11bR}-3-isohuiyl-9,10-dimethoxy-1,3,4,8.7, 11b-
hexahydro-2H-pyridol2, 1-alisequinolin-2-ol}], a deuterated derivative thereof, a
pharmaceutically acceptable salt thereof, an active metabalite thereof, or a prodrug
thereof, b} one or more hicdegradable, blocompatible, polymeric carriers; ¢) one of
more pharmaceutically acceptable and biocompatible solvents; and d) one or more
optional pharmaceutically acceptabie excipients allowing the schievement of
optimal drug delivery for intsnded uses.

{0008] The present application relates to a long-acting injectable delivery system of
{(+}-TBZ, {(+}-{a)-DHTBZ, (+)(B)-DHTBZ, deuteraled derivative thersof, a
pharmacsutically acceptable salt thereof, an active metabolite thereof, or a prodrug
thereof, which have high VMATZ receptor binding affinity (<10 nMj}, but low off-
target binding to such as dopaming, serotonin, and adrenergic receptors (>1000
n).



WO 2023/023026 PCT/US2022/040425

[0008] Appropriately, the present application provides a stable, biodegradable
composition that is effective as an in situ forming depot allowing prolonged,
controlled releass of (+3-TBZ, (+-{a}-DHTBZ, {(+)}-(B)-DHTBZ, 3 dauterated
darvative thersof, a pharmacsutically acceptable salt thereof, an active metabolite
thereof, or a prodrug thereol. The present polymer depot compositions can be g
viscous fluid, a solulion, & gel, an emulsion, a suspension, or a4 semisolid dispersion
that is preserved iy a readily pre-filled syringe for subcutansous or inframuscular
injection. The polymer depot compositions can also be stabilized and preserved in
twao separated syringes, i.e., one syringe containg the active pharmaceutical
ingredient and the other syringe contains the delivery vehicle. Affer adequate mixing
of the two syringes, the final mixture can be a viscous fluid, a solution, a gel, an
emulsion, a suspension, or & semisolid dispersion for subcutaneocus or
intramuscular injection.

{0010] Specifically, the prasent application is capable of forming a sustained
release implant/depot upon administration to a Hving subject at the injection site.
Prefarably, the inventive compositions are competent for maintaining long-term
plasma concentration of (+3-TBZ | (+Ha)-DHTBZ, (+-{B)-DHTBZ and active
metabolites above therapsutic level preferably for 1 fo 2 wesks, more preferably for
2 1o 4 weeks, and most preferably for 1 to 3 months with minimum variation in
plasma concentration and narrow peak-to-trough (P/T) ratio, which can imit
potential off-farget effect {resulted from the (-} stereoisomers of TBZ and DHTBZ)
s0 as to ultimately provide an improved safsty profile 1o solve the unmet medical
need of currently available drug preducts on the market,

BRIEF DESCRIFTION OF THE FIGURES

{0011] FIG. 1. Sustained release of {(+)-TBZ polymer depot compositions {a} and
{(+}-{a)}-DHTBZ polymer depot compositions (b). As described in Table 2, particle
D{50) values for small (S) and large (L) were 10-35 um and 100-130 um,
respectively.

{00121 FIG. 2. Effect of polymer/NMP ratio on sustained release of (+)-TBZ polymer
depot compositions {8) and {+)-{a}-DHTBZ polymer depot compositions (b). Particle
{50} values for small {8) and large {L) were 10-35 ym and 100-130 um,
raspectively.
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[0013] FIG. 3. Effect of hydrophobic solvent additive on sustained release of (+3-{a}-
DHTBZ polymer depot compositions. Particle D(50} value for large (L) was 100-130
M.

{0014] FIG. 4. Effect of drug loading% on susiained rélease of (+)-TBZ polymer
depot compositions (g and b) and (+)-{0}-DHTBZ polymer depot compositions {¢).
Particle D(50) values for small {3), madium (M), and large (L) were 10-35 pm, 50-80
um, and 100-130 gm, respectively.

[0015] FIG. 5. Effect of APt particle size on sustained release of 3. and b, {(+}-TBZ
polymer depot compositions {a and b) and (+}-{q}-DHTBZ polymer depot
compositions {¢). Particle D{5Q) values for small (8}, medium (M), and largs (L)
were 10-35 ym, 50-80 um, and 100-130 pm, respectively.

{0016] FiG. 6. Effect of y-irradiation {a} and {.22um filiration (b} on sustained
release of (+)-{a}-DHTBZ polymer depot compositions. Particle D{50} values for
smalt (3) and large (L) were 10-35 pm and 100-130 ym, respectively.

{00171 FI5. 7. Animal PK study and PK simulations: Release of (+)-TBZ and {+)-{a}-
DHTBZ fram injectable (+3-TBZ polymer depot compositions folfowing SC
administration in rats and release of (+)-{(a)-DHTBZ from TBZ or VBZ aqueous
suspensions following oral gavage in rats. Pardicle D(50) values for small {8) and
farge (L} were 10-35 pm and 100-130 um, respectively.

{0018] FIG. 8. Animal PK study: Release of (+)»TBZ and {(+}-{0)}-DHTBZ from
injectable (+)-TBZ polymer depot compuositions following SC administration in rats
and release of {(+-(a)-DHTBZ from TBZ or VBZ aqgusous suspensions following oral
gavage in rats. Paricle D{5Q) values for medium (M) was 50-80 um.

[0019] FIG. 2. Animal PK study: Release of (+)-TBZ and {(+)-{¢}-DHTBZ from
injectable (+}-TBZ-PLGA 88-12 polymer depot compositions following SC
administration in rats and release of (+}TBZ and (+)}-{c}-DHTBZ from TBZ oy VBZ
aqueous suspensions following oral gavage in rats, Pardicle D50} values for large
{L} was 100-130 um.

{00201 FIG. 10. Animal FK study and PK simudations: Release of {(+)-{a}-DHTBEZ
from injectable {+)-{a}-DHTBZ polymer depot compositions following SC
administration in rats and release of (+)-TBZ and {(+:{a}-DHTBZ From TBZ or VBZ
agueous suspensions following oral gavage in rats. Particle D{50) values for small
{8} and farge (L) were 10-35 pm and 100-130 pm, respectively.
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{00211 FIG. 11, Animal PK study and PK simulations: Release of {(+3-{(a}-DHTBZ
from injectable {+)-(a-OHTBZ polymer depot compaositions following SC
administration in rats and release of (+)}-TBZ and {(+3{)}-DHTBZ from TBZ or VBZ
agueous suspensions following oral gavage in rats. Particle D(50) values for small
{S} and large (L} werg 10-35 pm and 100-130 um, respectively.

DETAILED DESCRIPTION OF THE APPLICATION

[0022] It must be noted that as used herein and in the appended claims, the singular
forms “a,” “an,” and “the” and similar referents are to be construed to cover both the
singular and the plural, untess otherwise indicated herain or clearly contradicted by
context.

{0023] As used herain, in the context of the presant application, all numbers
disclosed hergin are approxirmations, whether or not the words "about” or
"approximately” are used. Esch numerical number means a range of the numerical
value +10% of the numerical value unless otherwise indicated. For example, “about
100 mb” or “100 mb” includes any values between 80 and 110 mi.

{0024] As used herein, the term “gbout” or "approximately” preceding a numerical
value or a series of numerical values means £10% of the numerical value unless
otherwise indicated. For example, “approximately 100 mg” means 80 to 110 mag.
{0025] Uniess otherwise indicated, the term “at least” praceding a series of elements
is 1o be understond to refer to svery slement in the series. Those skilled in the art
will recognize or be able 1o asceriain using no more than routine experimentation,
many equivalents o the specific embodiments of the application described herein.
Such squivalents are intended 1o be encompassed by the application.

{0028] Throughout this specification and the caims which follow, uniess the context
requires otherwise, the word “camprise”, and variations such as “comprises” and
"comprising”, will be understood 10 imply the inclusion of a stated integer orstep or
group of integers or steps but not the exclusion of any other integser or step or group
of integer or step. When used herein the term "comprising” can be substituted with
the term “containing” or “including” or sometimes when used herein with the ferm
“having”,

{00271 When used herein “consisting of’ excludes any element, step, or ingredient
not specified in the claim slement. When used herein, “consisting essentially of
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does not exclude materials or steps that do not materially affect the basic and novel
characteristics of the claim. Any of the aforementioned terms of “comprising”,
“‘containing”, “including”, and “having”, whenever used herain in the context of an
aspect or embodiment of the application can be replaced with the term “consisting
of” of “consisting essentially of” to vary scopes of the disclosure.

{0028] As used heraln, the conjunctive term “and/or” betwesen miulliple recited
elements is understood as encompassing both individual and combined options. For
instance, where two glements are conjoingd by “and/or”, a first option refers to the
applicability of the first slement without the second, A second option refars to the
applicability of the second slament without the first. A third option refers to the
applicability of the first and second slements {ogether. Any one of these options is
understood to fall within the meaning, and therefore satisfy the requirement of the
terms “and/or” as used herein. Concurrent applicability of more than one of the
aplions is also understood to fall within the meaning, and therefore satisfy the
requirement of the term “andior”

[00G28] The tenm “subject” gs used herein refers to any individual or patient to which
the subject methods are performed. Generally, the subjedt is human, although as
will be gppreciated by those in the art, the subject may be an animal. The lerms
“subject” and "patient” are used interchangeably. In some embodiments, the subject
is a mammal. In some embodiments, the subject is a8 human. In some
embodiments, the subject is an animal, such as a mouss, rat, rabbit, dog, monkey,
ar a laboratory test animal, stc.

[0030] The present application relates 1o a polvmenc, bicdegradable, biocampatible
long-acting injectable drug delivery system suitable for in-situ formation of a depot
or an implant to deliver pharmacsutically active ingredients in a controlled and
sustained manner. The preferred polymer depot composttion of the present
application is & combination of a) a VMATZ inhibitor, including but not fimited to,
{3R, T1bR-strabenazine [(+)-TBZ, (3R, 11bR})-1,3,4,86,7 11b-hexahydro-9,10-
dimethoxy-3-(2-methyipropyi-2H-benzofalquinolizin-2-onel, (2R, 3R, 11bR}-
dihydrotetrabenazine {(+}-(@)-DHTBZ, (IR, 3R, 11bR}-3-isobutyl-8, 10-dimethoxy-
1.3.4,6 7, 11b-hexahydro-2H-pyridof2. 1-alisoguinolin-2-oD), (28, 3R, 11bR)-
dihydrotetrabenazine [{+-{B}-DHTBZ, {28, 3R, 11bR)-3-ischutyl-9,10-dimethoxy-
1,3,4,8,7, T1b-héxahydro-2H-pyrido[2, 1-ajiscquinclin-2-ol)], 2 dewterated derivative
thereof, a pharmaceutically acceptable salt thereof, an active metabolite thereof, or
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a prodrug thereof; b) one or more biodegradable, biocompatible, polymers; <) one
or more phamaceutically acceptable and biccompatible solvents; and dyone or
more optional pharmaceutically acceptable excipients allowing the achievement of
optimizing drug delivery.

{0031] As used herein, the term of TBZ is defined as tetrabenazine, {(3)-TBZ or
1,3,4,6,7, 11b-hexahydro-8 10-dimethoxy-3-{2-methoxylrpopryl-2H-
henzo{a)quincline-2-one). It is g reversible inhibitor of vesicular monoamine
transporter 2 (VMAT-2).

{0032] As used herein, the term of {+)-TBZ i3 defined as (+)}-tetrabenazine,

(3R, 11hR}-TBZ, or (3R, 11bR)-tetrabenazine.

{0033] As used hersin, the term of (-}-TBZ is defined as ()-etrabenazine,

(3R, 11bS)HTBZ, or (3R, 11b5)tetrabenazing.

{0034] As used herein, the term of VBZ is defined as valbenazine or L-Valine,
{(2R.3R,11bR}-1.3.4,8,7,11b-hexahydro-8,10-dimethoxy-3-{2-methylpropyl)-2H-
henzofalquinolizin-2-yi ester.

[0G35] As used herein, the term of {£)-dB-TBZ is defined as deutetrabenazine, or
racemic deutefrabenazine. Deutetrsbenazing is a hexahydro-
dimethoxybenzogquinolizine derivative and has the following chemical name: {RR,
S81-1, §, 4, 8,7, 11b-hexahydro-9, 10-di{meathoty-d3}-3-{Z-methylpropy 2H-
benzofalquinolizin-2-one. Deutetrabenazing is a racemic mixture containing RR-
deutetrabenazine ({(+}-d6-TBZ) and SS-deutelrabenazine {({-)-d6-TBZ}.

{0038] As used herein, the term of (+)-d6-TBZ) is defined as RR-deutetrabenazine
and the term of (~)}-d8-TBZ is defined as S§S-deutetrabenazine.

{00371 As used herein, the term of {(+)-{t)-DHTBZ is defined as [+]-a-
dihydrotetrabenazine, one of the metabalites of tetrabenazine.

{0038] As used herein, the term of (+)-{B)-DHTBZ is defined as [+}-p-
dihydrotetrabenazine, one of the metabolites of tetrabenazine.

{0039] As used herein, the tarm of {-}{(a)-DHTBZ is defined as [-]-o-
dihydrotetrabenazine, one of the metabolites of tetrabenazine.

[0040] As used herein, the term of (3-(B-DHTBZ is defined as [-}-p-
dihydrotetrabenazine, ane of the metabalites of tetrabenazine.

{0041] As used herein, the term of {+}-d8-(a)-DHTBZ is defined as (+)-dé-aipha-
dihydrotetrgbenazing, ons of the metabolites of deutelrabenazing,
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[0042] As used herein, the term of (-)}-d6-{a)-DHTBZ is defined as {-}-d8-aipha-
dihydrotetrabenazine, one of the metabolites of deutetrabenazine.

[0043] As ysed herein, the term of {(+)-d6-(B)-DHTBZ is defined as (+)-dé-bsta-
dihydrotetrabenazine, one of the metabolites of deuletrabenazine.

{0044] As used herein, the term of {-3-d6-(B-DHTELZ is defined as {-}-d6-bela-
dihydrotetrabenazine, one of the metabalites of deutetrabenazine.

{0045] The present polymer depot compositions can be g viscous fluid, a solution, a
gel, an emulsion, a suspsnsion, or 3 semisolid dispersion that is preserved in a pre-
filled syringe and ready for subculaneous or intramuscular injection.

{0046] The polymer depot compositions ¢an also be stabilized and filled in two
separated syringes. In ons syringe (A), dry powders of (+-TBZ, (+}-{a)-DHTBZ, {+)-
{{)-DHTBZ, a deuterated derivative thereof, a pharmaceutically acceptable salt
thereof, an active metaboliie thereof, or a prodrug theraof, is pre-illed, while the
other syrings (B} is filled with a delivery vehicls that comprises one or more
hiodegradable, biocompatible polymers, 8 biocompatible prganic solvent and
pharmaceutical exciplent(s}. Prior to injection, syringes A and B are cormected via a
connector, followed by mixing the components thoroughly in tums of pushing the
two syringe plungers back-and-forth for a sufficient number of times. Preferably,
syringes A and B are male-female Luer-lock syringes that can be easily connecied
directly to sach other and discormected. More praferably, syringes A and B are
polymsr syringes that are suitable for terminal stegilization, including but not imited
to E-beam, X-ray and gamma-irradiation. The final mixture for injection can be a
viscous liquid, a solution, a gel, an emulsion, a suspension, or a semisalid
dispersion, which is stable and ready for injection preferably within about 30
minutes and more preferably within about 1-2 howrs.

{0047] The polymer depot compositions can be atdministrated via sald syringes or
devices thereof to a living subject subcutanecusly, intramuscularly, infraperitoneally,
or intradermally and form a depot or an implant in-situ at the injection sits. As socon
as the polymer depot composition comes in contact with an agueous medium or
body fuid, the biocompatible organic solvent(s) dissipates from the polymer depot
composition, leaving the biodegradable, biocompatible, polymeric carrisrfo form a
depot, or to precipitate and form g solid matnix which encapsiudates the
pharmaceutically active ingredients including but not limited to TBZ, (+)-TBZ, (+)-
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{)-DHTRZ, (+-{B)DHTBZ, a deuterated derivative thersof, a pharmacsutically
acceptable salt thereof, an active metabolite thereof, or a prodrug thereof,

{0048] As used herein, the term “VMATZ" is the abbreviation of vesicular
moneamine transport ype 2. VMATZ2 inhibitors are agents that cause a deplstion of
neuroaclive peplides, such as dopaming in nerve terminals and are used 1o reat
chorea due 1o neurodegensrative diseases {such as Huntington's dissase) or
dyskinesia due to neurcleptic medications (tardive dyskinesia, TD) As of 2022,
thrae VIMATZ inhibitor drug products have bacome available in the United States for
the management of dyskinasia syndromes, each with 8 somewhat different
spectrum of approved indications: tetrabenazine {XENAZINE® and genercs: 2008},
deutetrabenazine (AUSTEDOE®: 2017) and valbenazine (NGREZZA®: 2017).
VYMATZ inhibitors have not been associated with serum enzyme elevations during
therapy of linked {o instances of clinically apparent liver injury, but they have had
timited ganeral clinical use.

{0048] As used herein, 8 VMAT2 inhibitor includes, but is not limited to,
tetrabenazine (TBZ), dihydrotetrabenazineg (DHTBZ), deutetrabenazine (d6-TBZ},
and deuterated dihydrotetrabenazine {d6-DHTBZ), (OR, 11bR)-efrabenazing [{(+)-
T8Z, (3R, 11bR 1,34 .87, 11b-hexahydro-9, 10-dimethoxy-3-{2-methylpropyl }-2H-
banzofalquinolizin-2-onel, (2R, 3R, 11bR)-dihydrotetrabenazing [{+-{o)-DHTBL,
(2R, 3R, 11bR}-3-isobutyl-¢ 10-dimsthoxy-1,3,4,8,7 11b-hexahydro-2H-pyridof2 1~
glisoquinolin-2-0f}}, (28, 3R, 11bR}-dihydrotetrabenazine [(+)}{ByDHTBZ, (25, 3R,
T1bR}-3-isobutyt-8, 10-dimethoxy-1,3,4,6,7, 1 1b-hexahydro-2H-pyride(2, 1-
alisoquinolin-2-ol}], a deuterated derivative thereof, a phamaceutically acceptable
salt thereof, an active metabolite thereof, or & prodrug thersof.

[0050] Tetrabenazine, 8 hexahydro-dimethoxy-benzoguingizine derivative, acts
primarily as a reversible high-affinity inhibitor of mone-amine uptake into granular
veasicles of presynaptic nsurons by binding selectively to VMAT2, [Kenney C,
Jankavic J. Telrabenazing in the treatment of hyperkinetic movement disorders. Exp
Rev Neurcther. 2006, 8{1):7-17]. Both tetrabenazine (TBZ) and its active metabolite
diydrotetrgbenazines (DHTBZ) are potent inhibitors of VMATZ.

{0051] Tetrabenazine is rapidly and exiensively metabolized by first-pass

metabolic reduction of the 2-keto group, generating four isomers of
dihydrotetrabenazings (DHTBZ), which include (2R, 3R, 11bR-DHTBZ,
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(28,38, 110S-OHTRE, (23,3R 11bR}-DHTBZ, and (2R, 35, 11068)-DHTRZ. The four
TBZ metabolites are likely the major pharmacologically active substances in vivo.
The primary pharmacologivsl action of TBZ and its active metabolites is to deplete
the levels of monoamines {&.9. dopaming, serotonin, and norepinephring) within the
central nervous system by inhibiting the human VMAT2 [0, Scherman, B. Gasnier,
F. Jaudon, JF. Henry, Mol Fharmacol. 33 {1988) 72-77; A, Plefscher, A. Brossi,
K.F. Gey, inl. Rev. Neurobiol 4 {1882} 275-306; A.P. Vartak, JR. Nickell, 4
Chagkutip, L.P. Dwoskin, P.A. Crooks, J. Med. Cheim, 52 (2008} 7878-7883). This
transporter is predominantly expressed in the brain, which transiocates
monoamines from cytoplasm into synaptic vesicles, where they are both stored and
protected from metabolism prior {o their synaptic release. Multiple fines of svidence
indicate that the binding of TBZ metabolites to VMATZ2 is stereospecific M
Kitbourn, L. Lee, T.V. Borght, .M. Jewelt, K. Frey, Eur. J. Pharmacol. 278 (1895}
248e2823 M.R. Kitbourn, L.C. Lee, M.J. Heeg, D.M. Jewett, Chirality 9 {1987)
5Qe62; M.R. Kithourn, L.C. Lee, DM, Jewstt, RA. Koeppe, KA. Frey, J Cereb.
Blood Flow Mefab, 15 {1985} §650]. Tetrabenazine enantiomers and all eight
stergoisomers of dihydrotetrabenazine were synthesized and evaluated as VMATZ2
inhibitors [Zhangyu Yao, Xueying Wel Xiaoming Wu, Jonathan L. Kalz, Theresa
Kopajtic, Nige! H. Greig, and Hongbin Sun, European Joumal of Medicinal
Chemistry 46 {2011) 1841-1848]. Among the TBZ enantiomers and eight DHTBZ
isomers, {(+3-TBZ, (+)-{u)-DHTBZ and (+}{B)}-DHTBZ demonstrated relatively high
rat VIMATZ binding affinity of 4.47, 3.98, and 13.4 nM, respectively.
{0052] As used herein, the VMATZ inhibitor is (3R, 1ibR}-tetrabenazine, or (3R,
11bR)-1,3,4,8,7, 11b-hexahydro-8, 10-dimethaxy-3-(2-methyipropyli-2H-
benzofalquinolizin-2-one, or (+)-TBZ.
{0053] As used hersin, the VMATZ inhibitor is referred o (2R, 3R, 11bR)>8,10-
dimethoxy-3-(2-methyipropyl)-2 3.4,8,7, 1 1b-hexahydro-1H-benzolalquinolizin-2-of,
of (2R, IR, 11bR)-dihydrotetrabenazine, or (+)-u-3-isobutyl-2, 10-dimethoxy-
1,3,4,8,7,11h-hexahydro-2H-pyridei2, 1 -alisoquinolin-2-al, or (+}-alpha-
dihydrotetrabenazing, or (+3{)-HTBZ, or {+-(Q-DTBZ, or (+-{0)-DHTBZ. These
abbrevistions are used interchangeably herein. “(+}¢-DHTBZ is one of the active
metabalites of tetrabenazine.
{0054] As used herein, the VMATZ inhibitor is (28,3R,11bR)+1,2.4,8,7, 11b-
Hexahydro-8, 10-dimethoxy-3-(2-methylpropyl}-2H-benzofalquinclizin-2-ol, or (28,
12
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3R, 11bR)-dihydrotetrabenazing, of (+)-{B)-3-izsobutyl-8, 10-dimethoxy-1,3.4,8.7, 11b-
hexahydro-2H-pyrido]2, 1-aksoquinolin-2-ol, or (+}-beta-dihydrotetrabenazine, or {+)-
{(BI-HTBZ, or (+»-(B)DTBZ, or (+}{B}-DHTBZ. These abhreviations are ussd
interchangeably herein. “{(+)-{§)}-DHTBZ” is one of the aclive metabuolites of
tetrabenazine.

{0055] As used hersln, deutelrabenazine is an isolopic isomer of tetrabenazine in
which six hydrogen atoms have baen replaced by deuterium atoms. The
incorporation of deuterium slows the rate of drug metabolism and prolongs drug
half-life, allowing less frequent dosing {Coppen EM, Roos RA, "Current
Pharmacologival Approaches to Reduce Chorea in Huntington's Diseass”. Drugs.
77 {2017}; 28-48], Deutstrabenazine is exiensively metabolized by the liver into
active metabolites including deuterated alpha-dihydrotetrabenazine {alpha-DHTBZ}
and deuterated beta-dihydrotetrabenazine (beta-DHTRZ).

{0058] The preferred VMAT2 inthibitor has low off-target binding affinity. More
preferably, the VMATZ inhibitor is (+)}-TBZ, {(+)-{0)-DHTBZ, (+)-{B-DHTEZ, 2
deuterated derivative thereof, g pharmaceutically acceptable sall thereof, an active
metabolite thereof, or g prodrug thereof. The deuterated derivatives includs
deuterated TBZ, deuterated (+)-TBZ, deuterated (+)-{)}-DHTBZ, deuterated (+}-(B}-
DHTBZ, and the like.

{00571 In a preferred embodiment, the VMAT2 inhibitor is (+)-TBZ. (+)-TBZ is
optically purifisd from racemic TBZ where the other stergoisomer {-)}-TBZ is
removed. Racemic TBZ can be rapidly metabolized to its four reduced form {(+)-{a)-
DHTBZ, (-Ha}DHTBZ, (+)-{8)-DHTBZ and (-}-(§)}-DHTBZ in vive. Among those, {-)-
{a)-DHTBZ and {-}-(B)-DHTBZ are Hikely to be responsible for the cause of serious
side effects due {o high alterative binding to dopamine D2s and serotonin §-HT
recaptars. In this particular embaodiment, using optically pure (+3-TBZ as the only
pharmaceutically active ingredient would significantly lower the risk of severs side
affscts generated from off-target binding, which provides a much preferred and
safer drug product.

{0058 In another preferred embodiment, VMATZ inhibitor is (+)}-{(0)-DHTBZ o {(+}-
(BDHTBZ. Both (x)-(a)}DHTBZ and {(+-R)-DHTBZ are the reduced forms of {(+}-
T8Z. (+)-{-DHTBZ and {(+)-(B)-DHTBZ can he generated from {(+)-TBZ in viva
majorly in the liver by carbony! reductase or, can also be easily synthesized by a

person of ordinary skill in the art. Instead of the parent compound, a single active
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metabolite can further guarantes minimal metabolism variation hetwsen patients
{especially for patients with CYP 2D6 polymorphism) that can generate additional
complications while receiving VMAT2 inhibitors.

{Q059] The polymer depot composition of the present application s produced by
combining & VMATZ inhibitor including (+)-TBZ, {(+)-{}-DHTBZ, (+)}-{B)-DHTBZ, a
deuterated derivative thereof, a phamaceutically acceptabis salt thereof, an active
metabolite thereof, or a prodrug thereof with a solution of a solid, bicdegradabls,
hiccompatible polymer disselved in one or more pharmaceutically acceptable and
biocompatible solvents. The polymer depot compesition can be administered by a
syringe and a needle to a patient in need of raatment. Any suifable biodegradahle
polymer can be employed, provided that the bicdegradable polymer is at least
substantiafly insoluble in body fluid,

{0060] The application is based in part on the discovery that incorporation of a
VMATZ inhibitor in a viscous depot vehidle produces a formulation that has low
initial burst release, minimal lag time, and near zere-order release in vive. Fora
depot formulation, this release profile is surprising because the evidence in the art s
that a low burst, near zero-order release i3 virtlually impossible to altain unless
special steps are taken, such as coatings for drugs and microencapsulation.

{0081] The polymer depot composition according to embodiments of the application
can be prepared as injectables. The administration route may include a
gsubcutaneous, intramuscudar, intramyocardial, adventitial, intratumoral, or
intracerebral. Multiple or repeated injections may be administered to g subjestto
maintain therapeutic effect or to the subjedt that requires further administration of
the drug for any reason. The polymer depot composition serves as an implanted
sustained release drug delivery system after injection into the subject. Such
controlled release can be over a period of one week, more than one week, one
month, or more than one month. Preferably, the controfled release is over at leasta
petiod of one week, more preferably over a period of at least one month,

{0062] In certain embodiments of the application, the viscous depot vehicls includes
a biocompatible polymer, 1.e., a polymer that wouid not cause irtiiation or necrosis in
the fissues of the subjects. The hiocompatible polymers of the application may be
biosrodible, {8, gradually decompose, dissolve, hydrolyze andfor erode in situ.
Examples of biosrodible polymers include, but are not limited to, polylactides,
potyglycolides, polycaprolaciones, polyanhydrides, polyamines, polyurethanes,
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polyesteramides, polyorthossters, polydioxanones, polyacetals, polyketals,
polycarbonates, polyorthocarbonates, polyphosphazenes, poly{malic acid),
poly{amino acids), polyvinyipyrrolidone, polysthylens glveol, polyhydroxycelivioss,
polysaccharides, chitin, chitosan, and copalymers, terpolymers and mbdures
thereof. The polymer is dissolved in & pharmaceutically acceptable solvent and is
typically present in the solution in an amount ranging from about 510 80% by
weight, preferably from about 20 to T0%, often moare preferably from about 30 to
§5% by weight,

{0063] In one embodiment, the biocompatible polymer is a polylactide. A polylactide
polymer is a polymer based on lactic acid. The term “lactic acid” as used herein
includes the isomers L-lactic acid, D-lactic acid, DL-lactic acid, L.-lactide, D-lactids,
and Di-factide. Polylactide, also known as poly{lactic acid) or polyviactic acid
{abbreviation PLA]}, is a thermoplastic polyester with backbone formula (C:HaQain
or [C{CHHC{=00-In, formally obtained by condensation of tactic acid
C{CH:YOHMCQOH by removing water (H:20). I can also be prepared by ring-
opering polymerization of lactide [~C{CHHCE=00-k, the cyclic dimer of the basic
repeating unit. Polylactide contains an asymmetric g-carbon which is typically
described as the D or L form in classical stereochemical ferms and somstimes as R
and & form, respectively. The snantiomeric forms of the polymer PLA are poly D-
factic acid (PDLA) and poly L-lactic goid (PLLAY. The term “polylactide” as used
herein includes poly(L-lactic acid), poly(D-lactic acid), poly{DL-lactic acid), poly{L-
lactide), poly(D-lactide), and poly{DL-lactide).

[0084] In ancther embodiment of the application, the biccompatitle polymeris a
poly(lactide-co-glycolide), 8 copolymer based on lactic acid and givealic acid. PLGA
or PLG is generally an acronym for poly(D, Ldactide-co-glycolide) or poly(D L-actic-
co-glycolic acid) where D~ and L~ lactic acid forms are in equal ratio. The term
*glycolic acid” as used herein includes glycolide. PLGA is synthesized by ring-
opening co-polymerization of two diffsrent monomaers, the oyclic dimers {1.4-
dioxane-2,5-diones) of glycolic acid and lactic acid. Polymers can be synthesized as
either random ar block copolymers thereby imparting additional polymer properties.
Common catalysts used in the preparation of this polymer includs tin{il) 2-
sthythexanoate, tin{ll) alkoxides, or aluminum isopropoxide. During polymerization,
successive monomeric uniis (of glyeolic or lactic acid) are linked together in PLGA
by ester linkages, thus vielding a linsar, aliphatic polyester as a product [Asfele, C.
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E. & Sabliov, C. M. (2006). "Synthesis and characterization of PLEA nanoparticles”,
Journal of Biomaterials Science, Polymer Editfont. 17 (3} 247-289].

{0085] PLGA is a linear copolymer that can be prepared at different ratios between
its constifuent monomaers, kactic {LA) and glycotic acid {GA). Depending on the ratio
of Iactide to glycolide used for the polymetization, different forms of PLGA can be
oblained: these are usuglly identified i regard to the monomers' ratio used (e,
PLGA 75:25 identifies a copolymer consisted of 75% lactic acid and 25% glyoolic
acid). The crystallinity of PLGAs vary from fully amorphous o fully crystalline
depending on block structure and molar ratic. PLGAS typically show a glass
transition temperature in the range of 40-60 “C. RLGA can be dissolved by a wide
range of solvents, depending on composition.

{0066] The poly(D L-lactide-co-glycolide) and ploy{D L-Lactde) used herein
can be purchased from varicus suppliers such as Evonik and Ashland. The naming
of various polymers was first published in presentation slide 28 by John Middiaton
of Lakeshore Biomatedals in 2007 (see reference “Tadloring of Polyflactide-co-
glycolide) to Control Froperties” at: htlps:#mafiadoc. comflailoring-ofpolylactide-co-
glycolide-to-control- 5830888041 723dd0e 280246856 himl). In 2018, Evonik published
“RESOMER® product brochure” including the “Resomer™ Select naming” as shown
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[0067] PLGA or PLA degrades by hydrolysis of its ester linkages in the presence of
water. It has been shown that the time required for degradation of PLGA is related
to the monomers' ratio in the PLGA the higher the content of giveolide units, the
shorter the fime required for degradation as compared 1o predominantly laclide
materials, PLA. In addition, polymers that are end-capped with esters {as opposed
to the free carboxylic acid) demonstrate longer degradation haif-lives [Samadi N.;
Abbadessa, A.; Di Stefano, A.; van Nostrum, C. F.; Vermonden, T.; Rahimian, S.;
Teunissen, £. A, van Stesnbergen, b. J.; Amidi, M. & Hennink, W. E. (2013}, "The
effect of lauryl capping graup on protein release and degradalion of poly{D. L-laclic-
co-glvealic acid) particles”. Journal of Controlled Releass. 172 (2); 436-443]. This
flexibilily in degradation has made it convenient for fabrication of many medical
devices, such as, grafis, sutures, implants, prosthetic devices, surgical sealant
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fitms, micro and nanopadicles [Pavot, V,; Berthel, M, Resseguier, J; Legaz, S,
Handké, N Gilbert, SC; Paul, §; Verrier, B (December 2014). “Polylactic acid} and
polyfiactic-co-glycalic acid) particles as versatile carrier platforms for vaccine
delivery”. Nanomedicine {Lond ). 8 (17} 270318

{0068] in certain embodiments of the application, the PLGA polymers miay have a
factic-acid to glycolic-acid monomer ratio of from about 100;0 to 50.50, preferably
about 85:15 {7525 to 95:5), about 75:25 (65:35 {0 85:15), about 65:35 (5545 to
75:25), and about 50:50 (40:60 to §0:40). The PLGA polymer has g weight average
molecular weight (Mw) ranging from about 1,000 o about 120,000, preferably from
about 5,000 to about 40,000, as determined by gel pemeation chromatography
{GPC). Further preferably, the PLGA polymer s gynthesized with 8 monoalcahol
such as ethanot or dodecanol to oktain @ FLGA polymer having one ester teyminal
functionat group and one hydroxyl end group. The PLGA polymer can also be
synthesized with a diof such as propylene-1,3-diol, 1,4-butangdiol, 1,5-pentanediol,
1,6-hexanedicl, 1,10-decanediol fo abtain & PLGA polymer having one hydroxyl
group at each end of the polymer. The PLGA polymer can also be made {0 have
oneg of two carboxyl terminal groups. Preferably, the PLGA polymer is practically
insoluble in aqueous medium or in body fluid, yet is readily soluble or miscible in
biocompatible organic solvents o form & solution, or a viscous fluid,

{0068] In still another embodiment, the desired biodegradable, biccompatible,
polymaeric carrier is, but notlimited, to poly lactic-co-glycolic acid {(PLGA} and poly
lactic acid {PLA). Both PLGA and PLA are insoluble in water, but have certain
solubility in biocompatible solvents or a combination of sclvents, Once disselved in
such biocompatible solvents or a combination thereof, viscous delivery vehicles can
be formed. The delivery vehicles san subsequently be formulated with
pharmaceutically active ingredients to form the polymer depat compasitions of the
application. As soor as the polymer depot compaosition comes in contact with an
aqueous madium or body 8uid, the biocompatible organic solvernts dissipate from
the polymer depot composition, lsaving the biodegradable, bivcompatible polymer
to form a get depot, or ta precipitate and form a solid matrix which encapsulates the
VMATZ inhibitors such as (+}»TBZ, (+-{o}DHTBZ, (+)}-{B)}-DHTBZ, a deuterated
detivative thereof, a pharmacsutically acceptable salf thereof, an active metabolile
thereof, or a prodrug thereof, which is then released in a controlled and sustained
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manner for a duration of at least ong week and mors preferably of a least one
month.

{0070] In one smbodiment, the RLGA polymers are supplied by Evonik Industries.
Some of the examples of Resomer polymers are shown in the Table bedow.

Product Number Product Description

Resomer® R202H  Polv(D L-actide) acid terminated, My 10,000-18,000

Resomar®R 203 H  Poly{D Lactide) acid femmingted, My, 18,000-24 000

Resomer™ | 208 § Foly(L-lactide), ester terminated

Resomer® R 202 8 Foly(D L-lactide), ester terminated, M., 10.000-18,000
Rasomer®R 2038 Poly{D Liactige), ester terminatad, M. 18,000-28,000

i Poly({D L-Lactide-co-Glycoide), lactidegiycolide 50:50, ester
terminated, M., 7,000-17,000

Resomer® RG 502

Poly{D Llactide-co-glyontide), lactide:glycalide 50:50, acid
terminated, M, 7.000-17 000

Resomer® RG 503

Resomer™ RG 502 H

ferminated, M. 24,000-38,000

Faly(D Ldactide-co-glyentide), acid terminateid, factideglyeolide
S50:80, M, 24,000-38,000

Resomer® RG 503 H

Poly(D Liactide-co-glyveolide), lactide glycolide 50:50, estar
terminated, M 38,000-54 000

Paly( D L-actide-co-glyootide), acid terminated, laclideglyeolide
S0:50, M, 38,000-54,000

Poly(D L-lactide-co-glyoolide), tactide:glycolide 50:5Q, ester
terminated, M 54.000-60 300

Poly(D,L-actide-co-glycolide), lactide:glyeolide 85:35, acid
ferminated, M., 24,000-38,000

Rasomer™ RG 804

Resomer® RG 504 H

Resomer™ RG 50§

Resomer® RE 653 H

Paly{ld Liactide-co-glyootide]}, ackt terminated, factidenglycolide
75:28, My 4,000-15,000

Resomer®RE 786 &

Resomer®™ RG 752 H

7825, My, 76,000-115,000

Poly(l L-iactide-co-glyeotide}, ester tenminated, lactideglycolide
85:18, M, 160,000-240,000

Resomer® X 2086 &8 poly{dioxanone}

Resomer® RG 858 S
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{0071] The phamaceutically acceptable and biccompatible solvents in the present
application are water soluble, miscible to disparsible or at least showing partial
solubility in water, As used herein, the &rms "soluble” and “miscible” are meant to
be used interchangsably. When combined with biodegradable, hydrophobic
poiymers, the solvents can readily solvale the said polymers, resulling in delivery
vehicles with desired viscosity. The delivery vehicles can be further formulated with
pharmaceutically active ingredients to form the polymer depot compaositions of the
application o achieve controlled and sustained drug delivery. Examples of the
pharmaceutically accepiable and biocompatible solvents include, but are not limited
to, ethanol (E1OH), 1-Methyl-2-pyrrolidons or N-methyl-2-pyrrolidone (NMP), benzy
benzoate (BB}, benzyl alcohol (BA), dimethy sulfoxide (DMSO), tetraglycol {or
glycoturol), dimethylacetamide (DMAC), triacetin {TA), low molecular weight
poiyethyiens glyeol (e, PEG 300 and PEG 400), polysthylene glycol esters, methyl
acetate, sthyl cetats, ethyl oleate, glveerol, esters of caprylic and/or capric acids
with glycerol or alkylene glycols, and the combination thereof,

[0072] In one preferred embodiment, the pharmaceutically acoeptable and
bincompatible solvent is N-Methyl-2-pyrrolidone (NMP).

{0073] According to the present application, the polymer depot composition
comprises one biodegradable, biocompatible polymer and one pharmaceutically
acceptable solvent to form the delivery vehicle. Preferably, the bindegradable,
hivcompatible polymer is substantially water-nsoluble, which precipitates or forms a
water-insoluble depot or implant after injection. In a preferred embodiment, PLGA
as defined herein is used to prolong the release of VMAT2 inhibitors such as (+)
TBZ, (+)-(a)-DHTBZ, (+)-(B)-DHTBZ, a deuterated derivative thereof, a
pharmaceutically acceptable salt thereof, an active meatabolite thereof, or a prodrug
therecf. in one embodiment, the polymer depaot compasition comprising 30%({+}-
TBZ suspended i a polymer solution of RGBO2/NMP at 45/585 wiw ratio
demonstraied about 40% cumulative release of (+)-TBZ over 3 waeks in vitro, while
the polymer depot compaosition comprising 30%(+)-TBZ suspended in a polymer
soliion of RGEDI/NMP at 35/65 wiw ratic showed just aver 20% accumulated
releass of (+3-TBZ over 3 weeks in vitro, Furthermore, release duration could be
further prolonged by using PLA to replace PLGA. In ancther embodiment, the
pulymer depot composition comprising 30%(+-TBZ suspended in a polymer
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solution of PLA/NMP at 80/40 wiw ratio demonstrated less than 20% accumulated
drug release over 3 weeks in vitro.

{0074] According to the present application, the confrolied and sustained delivery of
{+}-{u)-DHTBZ can also be achieved. In one embodiment, the polymer depot
compasition comprising 30%{+)<{a)}-DHTBZ suspended in a polymer solution of
RGS502/NMP at 85/35 wiw ratio showed drug release in a sustained manner with
about 70% accumulated release over 3 weeks. In another embodiment, the polymer
depat composition comprising 30%{+-(a)-DHTBZ suspended in a polymer solution
of RGE0I/NMP at 45/55 wiw ratio displayed less than 40% accumulated release
over 3weeks in vitro. In all these embodiments, the polymer depot compositions are
capable of forming a depotimplant at the injection site upon administration to a
fiving subject. The inventive compositions are competent for maintaining plasma
concentrations of (+»-TBZ, (+)-{(q)-DHTBZ and (+)-(B)-DHTBZ at or above
therapeutic level preferably for 1 to 2 weeks, more preferably Tor 2 {o 4 weeks, and
maost preferably for 1 10 3 months with minimum variation in plasma concéntration
and narrow peak to trough (P/T) ratio.

{0075] According o the present application, the sustained releases profile of VMATZ
inhibitor is adjustable. Factors impacting release profiles of VMATZ inhibitors
include, but not limited to, type of the bivdegradable polymers, end funclion groups
of the biodegradable polymers {ester terminated or carboxylic acid terminated or
hydroxyl terminated), polymer molscutar weight (Mw) and Mw distribution, type of
the biocompatible solvents of the combination thereof, ratio of bicdegradable
polymer o biocompatible salvent, type of the VMATR inhibitor ((+)-TBZ or {(+)-
DHTBZ), drug Ibading, as well a8 particle size of the VMAT2 inhibitors. In some
smbodiments, various types of biodegradable polymers including but not limited to
Dl dactide/givectide copolymer at about 50:50 ratio, DL-{actide/glycolide copalymer
{PLGA) at gbout 50:50 ratio with acid {erminal, DL-lactide/glycolide copolymer at
ahout 75:25 ratio, DL-lactide/glycolide copolymer at about 75:28 ratio with acid
terminal, DLdactide/glyeolide copolymer at about 88112 ratio, and poly (DL-actids)
{PLA} were selected to make polymer solution vehicles in NMP. The sustained
release compositions were obiained by controlling formulation parameters including,
but not limited to, a ratio of the biodegradable polymer 1o biocompatible solvent,
type of bensficial pharmaceutivally acceplable excipients, type of the VMATZ2
inhibitors, drug loading, as well as particle size of the VMATZ inhihitors.
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{0076} The ratio of polymey 1o biocompatible solvent could he one of critical factars
affecting release profiles of in-situ forming depot drug delivery systems. However, it
was found that the correlation between initial burst release of VMATZ inhibitors and
pulymer/solvent fatio is not straightforward. In one embodiment, (+)-(a)-DHTBZ
showed reduced initial release rom PLGA/NMP in situ forming depot as polymer
content increased. When (+)-(«)-DHTBZ drug loading is fixed at 30%, changing the
ratio of RGS02/NMP from 85/35 fo 30/70 wiw resulted in about 4% and about 18%
initial drug releass, respectivsly: while changing the ratic of RGEOIMNMP from 50/50
to 45/85 wiw resulled in about 8% and about 8% inifial drug release, respectively.
Surprisingly, in another smbodiment, the pelymer to biotompatible solvent ratio in
the in situ forming drug delivery system showed no impact on initial release of (+)-
T8Z. When drug bading is fixed at 20%, changing the ratio of RGSDZ/MNMP from
4555 10 35/68 wiw resulted in the same level of initial drug release of about 10%. In
addition, while drug loading is fixed at 30%, changing the ratio of RGE0INMP from
35/65, 2575, and 15/85 wiw resulted in the same level of inifial drug release of
about 4%, These resuls are ynexpected since in general, reduced polymer to
bincompatible solvent ratio would lead o a higher initial burst due 1o reducsd
viscosity of the polymer solution.
{0077] Biocompatible solvent or a combination of biccompatibie solvents can have a
major influence on long-acting sustained drug defivery. Wang st al. developed a
sustained releass system composed of hydrophilic solvent-induced PLGA based in
sifu forming systems. They investigated the faclors affecting drug release including
the effect of biocompatible solvent{s). The initial release was reduced 3.7-8.0 times
and the plasma level were significantly prolonged from 4 days to 10-15 days as the
hydrophilic NMP was replaced by the hydrophobic co-solvent composed of Q0%
benzyl benzcate (BB) and 10% co-solvent (benzyi alcchol, tiacetin, or NMP) {Wang
et al, REC Adv., 2017, 7, 5348-83861). In a completely opposite way, we found
replacement of NMP by a small portion of BB actually resulted in similar initial
release, followed by a faster accumulated release. In one embodiment, 40% {(+3(a)-
DHTEZ was mixed with RGHU2/BB/NMP (65/5/30} to form a depot composition and
tested for in vitro release. The resulls showed subsiantially faster relsase when only
5% {wiw} of the NMP in the polymer solution was substifuted with BB (14-day
releass increased from about 50% to about 70%). In another embodiment, 50% (+)-
{)-DHTBZ was mixed with RG503H/BBNMP at 80/5/45 wiw ratic to form a
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polymer depot composition and {ested for in vitro releass. The resulls also
demonstrated accelerated release after replacing 5% (wiw) of NMP in the polymer
solution vehicle by BB (14-day relsase increase from about 20% {o about 30%). In
addition, a similar trend was found when using (+3-TBZ as the therapeutic agent. In
one embodiment, 50% {+}-TBZ was mixed with a palymer solution vehicle
composed of RGS03/NMP at 45/55 wiw ratio o form a polymer depot composition
and tested for in vitro releass. While the initial release was the same, the resulls
showed faster overall release when only 5% (wiw) of the NMP in the polymer
solution was substituted by BB (21-day release increased from about 20% 1o about
30%). These findings were unexpected o what the prior arts in the related fisld
have revealed. Furthermore, such method we demonsirated here in the present
application provides an advantage on the controlling overall release profile of
VYMATZ inhibitors without affecting the initial release, which is quite challenging to
achieve most of the time when developing a sustaingd-release, in situ forming depot
drug delivery systent,

[0078] In cartain embodiments, high drug loading {DL%) is desired for less potent
drugs in long-acting sustained delivery systems as i is key to maintain the injection
volume within a reasonable range. Howsver, DL% can also alter the release profile.
Higher drug loading is usually accompanied with increased burst release in the
ATRIGEL® or its related drug delivery systems. Gang and his team developed an in
situ forming gel based on PLA matrix depot for sustained release of lvermectin.
They found the release rate of lvermectin was positively corelated fo its DL%.
Cumulative release was increased 2.4-2 9 and 3.1-3.7 times as lvermedctin loading
was increased from 1% to 2% and 1% to 4%, respectively (Geng et al, Infernational
Jourpad of Biclogical Macromolecules Vol 85, April 2018, 871-278). The prior art
seams to imply such a simple positive correlation between DL% and drug release,
but in one embodiment we unexpectediy found that the effect of DL% on {(+)-TBZ
and (+-{¢-DHTBZ relsase was far more complicated. For example, in formudations
composed of (+)}-TBZ suspended in a polymer solution vehicle composed of
RGROINNMP at 35/65 wiw ratio at various DL%, while the cumulative release
increased with escalating DL% . the initial release was almost identical at about 3%
for drug leading at 20, 30, and 50%. However, for the same formulation composition
but reduced drug lvading at 5%, signficantly higher initial burst release {over 10%)
was found even with larger AP| particles. In another embodiment, the initial release
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was almost identical at about 3-5% for drug loadings at 50, 80, and 70% in
formulations composed of {+)-TBZ suspended in a polymer solution vehicle
composed of RGT52HNMP at 50/50 wiw ratio. On the other hand, for (+)-{a}-
DHTBZ, the DL% affects the releass profile even mors differently, For example,
white the initial burst release did not change with varying DL%, the overall releass
rate was accelerated from 15% to 25% when the DL% was increased in the polymer
solution vehicle composed of RGEOIMNMP at 50/50 wiw ratio. Whereas, the release
profite was almost identical for formulations composed of the same polymeric
vehicle at both 30 and 40% drug loading. What is more exceplional, varying the
DL% worked completely opposite to carboxylic acid-terminated RGS503H in
combination with {(+)-{c)-DHTBZ. The release of (+)}-(a)}-DHTEBZ was indesd slower
with increasing DL% in the RG503H formulations, These findings once again, re-
emphasized that the effect of drug loading on release profiles of VMATZ2 inhibitor
cantiot be managed by simply mimicking or reproducing formulations in other
related prior arts disclosed sisewhere.

system for VMATZ inhibitor, a person of ordinary skill in the art cannot simply rely
on the known information disclosed in other prior arts to achisve the desired release
profile.

{0080} Generally speaking, particle size can alter the release profile in suspension
formulations (Drug Des. Devel Ther. 2013, 7: 1027-1033.}, Dissolution rate is
positively correlated to the surface area of the particles in a suspension formulation.
While specific surface area inpreases with decreasing particle size of the drug, so
does the drug dissolution rate. A substantial difference in dissolution rate can exist
according to the varigtion on parficle size and the relative swface area, especially
during the initial period of the dissolution. In the present application, we tallored AP
particle size 83 an effective approach on tuning for desirable release profiles for
VMATZ inhibitors. Surprisingly, the impact of AP particle size on diug releass was
far more complicated and could not be siynply applied from one type of VMATZ
inhibitor {o another. in one embodiment, small {(+}-TBZ particles (D50 ~50 ym}
demonstrated higher initial release and faster accumuiated release, compared to
targe (+)-TBZ particles (D50, ~100 um) from the formulations composed of
RGBOZINMP at 80/40 wiw ratio with 50% drug loading and RGS03/NMP at 35/65
wiw ratio with 30% drug loading. On the other hand, if replacing the regular, ester-
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terminated polymer by carboxylic acid-terminated polymers, the sffect of {(+)}-TBZ
particle size on release disappeared {30% drug loading in a polymer solution
vehicle composad of RGEOIH/NMP at 35/65 wiw ratio}. In another embodiment,
smaller {+)-TBZ particles also resulted in limited effect on in vilro relegse from a
paolymer solution composed of RG7HIHNMP at §5/45 wiw ratio, regardiess if the
DL% was 80 or 70%. Therefore, the results we discovered from carboxylic acid-
terminated PLGA polymers were unique. Carboxylic acid-terminated PLGA
polymers have been utilzed in some approved drug products for T-month delivery
{i.e. PERSERIS®, PLGH 8020) due {o its faster polymer degradation, compared to
regular, ester-terminated PLGA polymers. Taking advantage of carboxylic acid-
terminated PLGA polymers in eliminating AP! padicle size variation on the release
profile is novel and hasn't been disclosed in other prior arts, Furthenmore, since
batch-to-batch AP particle size variagtion can be a hurdle from a product
development point of view, what we disclosed in the present application can be of
great merit on producing consistent drug products with a reproducible release
profile,

{0081} According 1o the present application, we also enabled terminal sterilization
processes for sustained release formulations compossed of biodegradable,
pulymeric vehicles and VMATZ inhibitor. Gamma-irradiation is one of the most
widely adopted terminal sterilization process for injectable drug products and
medical devices. However, it is well known that polymer properties, such as polymer
molecular weight (Mw), can be substantially changed afler exposure to gamma-ray,
while the change on polymer Mw can significantly alter drug release profile.
Shapourgan and co-workers investigated the effect of gamma-irradiation on the
release profile of leuprolide acetate from PLGA-based in situ forming system. A
decreased glass transmission temperature {Ty) of FLGA fram 43 4 1o 38.1°C after
gamma-irradiation at 8 kGy was observed. PLGA Mw was also reduced by more or
less 18% post gamma-iradiation. Furthermore, post gamma-irradiated PLGA
matrices showsd higher porosity than the non-irradiated PLGA matiices. These
impacts together, led to faster release of lsuprolide acetate from gamma-irradiated
PLGA in sity forming depot, compared o the non-irradiated PLGA matrices
{Shapourgan et al., Curr Drug Deliv, 2077, 14(8); 1170-1177}. in one embodiment,
gamma sterilization (25-40 kGy) was investigated for some viscous (+)}-{0)-DHTBZ
polymer suspensions. Unexpectedly, while accelerated release was found from
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post-irradiated formulations composing of (+)-(al-DHTRE suspendsd in a polymsy
solution vehicle composed of RGSO/NMP at 50/50 wiw ratio with 40% drug loading
and (+3-{)-DHTBZ suspendad in & polymer solution vehicle composed of
RGBO3HNME at 50/50 wiw ratio with 50% drug loading, the release profiles for (+)-
{2)-DHTBZ suspended in & polymer solution vehicle composed of RGHDZHNMP at
80/40 whw ratio with 40% drug loading almost did not change after the gamma
irradiation process.

{0082] Furthermore, altsrnative approachss, such as filtration through 0.22 pm filter
could be another option for terminal sterilization for low viscosity, polymer-based, in
situ forming depot drug delivery systems. However, in order to provide long-term
release in a sustained manner, PLGA or PLA-hased formulations generally are
viscous solutions or suspensions, which makes filtration very challenging. In one
embodiment, 8 {(+-{0)-DHTBZ polymer depot formulstion made of RGS02/NMP at
40/60 wiw ratio was prepared with 23% drug loading. Filtration of such vehicle
thraugh a 0.22 um disc filter was sasy and straightforward. In vitro release profile of
the formulations made of filtered and non-filtered polymer solution vehicle was
identical, which demonstrated the feasibility of using 0.22 um filtration a3 the
terminal sterilization process for those formulations composed of less viscous
puotymer solution vehicles. In the prasent application, we demonsirated that sither
0.22 um fittration or garmma frradiation at 25-40 kGy could be an optional terminal
sterilization process for the proposed VMATZ inhibitor polymer suspensions.

{0083] The present application further provides methods of preparing and using
such polymer depot compositions. In one embodiment, g method of preparing such
compositions comprising of (3)3-TBZ, (+1-{)-DHTBEZ, (+)}-(B}-DHTBZ, a deuterated
derivative thereof, g pharmaceutically acceptable salf thersof, an active metabolite
thereof, or a prodrug thereof, one or more biccompatible organic solvents, and one
or more pharmaceutically acceptable polymeric, water-insoluble carriers. Preferably,
the pharmaceutically accepiabls polymeric, water-insoluble carrier i dissolved, or
mixed with the biocompatible organic solvents {o form the delivery vehicle first,

followed by dissolving or suspending (+)}-TBZ, (+{a}-DHTBZ, (+-{B)-DHTBZ, 2
deuterated derivative thereol, a pharmaceutically acceptable salt thereof, an active
metabolite thereof, ar g prodrug thereof in the delivery vehicle, The present
inventive polymer depat composition can be a viscpus fluid, semi-solid, or uniform
suspensions ready for injection ina pre-filled syringe. The preferred composition
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can also be 3 homogeneous, viscous fuid, semi-solid, or uniform suspensions after
adequate mixing prior o injection. Such composilions are physio-chemically stable
prior 1o and during the preparation process. Preferably, such compositions are
stable during manufacturing, sterilization, storage, and subsequent administration fo
a fiving subject. The polymaer depot composition is preferably 1o be administrated via
syringss or similar devices thereof to a living subject suboutaneocusly,
intramuscularly, intrapsritoneally, or intradermally and form an in-situ forming depot
or implant. Preferably, the polymer depot composition of the present application has
an initial release in vivo no more than 30% within 24 hours, more preferably no
more than 20% within 24 hours, most preferably, no more than 10% within 24
hours, With the desired componsnts, the polymer depot composition can
sustainably deliver the pharmaceutical active ingredient above the therapeutic fevel
preferably for 1 to 2 weeks, more preferably for 210 4 weeks, and most preferably
for 1-t0 3 months with minimurt variation i plasma concentration and narrow BT
ratio (preferably from 1-10 and more preferably from 1-4, and still more preferably
from 1 o 2}, which can surely help limit potential side effects so as o provide an
improved safety profile for patients. The polymer depot compositions are
biccompatible and degrade in a living subject g&nd can be absorbed by the body
gfter drug delivery is done.

EXAMPLES

{0084] The following examples demonsirate the compaositions and methads of the
present applicatian. The following examples should not be considered as limitations,
but should merely teach the skill in the ant how to make the effective sustained
releasse injectable polymer depot compositions.

{0085] HPLC Anslytical Method

A calibration curve was obtained through the HPLD method below fo quartify the
concentration of (+)-TBZ and/or {(+)-DHTBZ in a sample with unknown AR content,
MATERIALS

Reagents

-Mil-Q water, resistivity greater than 18.0 MQ-cm, or gquivalent.

~Ammonium acelate, ACS grade or equivalent
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-Sadium hydroxide, ACS grade or squivalent

~Methanol (MeOH), HPLC grads

~lsopropyt alcohal (IPA), HPLG grade
-N-Msthyl-2-pyreolidone (NMP), HPLC grade
Reference Standards

{(+}-TBZ APl with the defined potency

INSTRUMENTS AND PARAMETERS

HPLC

Shimadzu HPLD System:

Binary Pump: Mode! LG-20AT

Degasser; Mode! DGU-20A3R

Autosampler: Model SIL-30A HT

Cotumn Oven: Enshine, Super CQO-150 {non-Shimadazu)
Detector: Model SPD-20A

Paramsters

Column: XBridge C18 Column, 5 ym 4.6 x 150 mm
Mobile Phasze A: 10 mM ammonium acelate, pHE8 £ 0.1
B: MsOH

isocratic mode: A/B = 30/70

Flow rate: 1 mL/min

Column temp: 40°C
injection vol. 2 ul
Detection: 214 nm

Run time: 8 min

SAMPLE PREPARATION
Mobile Phase A

PCT/US2022/040425

Dissalve about 0.77 g of ammonium acetate in 1000 mbL water, adjust pHic 6.8+ 0.1
with 01N sodiunm hydroxide aqueocus solution. Filter through 0.22 pm PTFE

membrane filter and degas before use.
Sample Solfvent:

isopropyi alcohol

Standard Solution

Accurately weigh 20 £ 1 mg of (+)}-TBZ Reference Standard into a 20 mbL volumetric

flask, add 10 mb of sample solvent to dissolve i, dilute to the volume with sample
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solvent and mix well, Dilute this solution with sample solvent o obtain standard
solutions at 2, 5, 10, 50, 100, 200, and 500 pg/imt.

Sample Solution

-For {(+}-TBZ AP} samples (0.1 mgiml of TBE):

Accurately weigh 10 mg of APl sample into 2 10 mbL volumetric flask, add 5 ml of
sample solvent to dissoive i, dilute to the volume with sample solvent and mix weill,
Pipstte 1 mL of above solution into 8 10 mbL volumetric flask, dilute with sample
solvent {o volums, and mix well,

~For (+3-TBZ drug product samples (0.1 mg/mb of TBZY:

Accurgtely weigh 40 mg of drug product (PLGA or PLA-confaining formulation,
assuming drug foading is 50%, wiw) sample into a 20 mL volumetric flask, add 15 mlL
of NMP to dissolva it, dilute o the volume with NMP and mix well. Take 1 mb of the
sample solution prepared above, added into a 10 mb volumetric flask, add 5 mbL of
PAto dilute i, dilute to the volume with IPA and mix wall. Vortex the solution followed
by centrifugation at 12000 rpm for 3 minutes to aggregate the precipitate. The
supernatant is then fillered through a 0.22 pm PTFE filter {discard the initfal 2 mL)
and transferred to an HPLC vial for injection.

{0086] GPC Analytical Method
Polymer MW was analyzed via gel permeation chromatography (GPC, also called
size exclusion chromatography, SEQG) as one key parameter for polymer selection on
formulation development in this application.
MATERIALS
Reagenis
~Tetrahydrofuran (THF), stabilized, HPLC grade.
-N-maethyl-2-pyrrolidone (NMP), pharma grade or ACS reagent.
GPQC standards
-GPC calibration kits: Pekitr1l ReadyCal-Kit {polysiyrene), Mp: 268 — 86,000 Da arg
purchased from PSS-Polymer Standards Service USA Inc. Molecular weight
information from the official document of ReadyCal-Ki, PSS-pskitrii are listed in
Table 1 below. Each vial of standards contains four polystyrene standards with
different Mp.

Table 1 Molecular weight information of Pskitril ReadyCal-Kit
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INSTRUMENTS AND PARAMETERS

GFRC system

~Shimadzu Nexera HPLC system composed of Degasser, model DGU-20A 5R,
Binary pump, model LC-30AD, R detector, modet RID-10A, Autasampier, mods! SiL-
30AC, Column oven, modeal CTQ-20AC

-Sofiware: LabSolutions

GPC column

~Two Agilent ResiPore (#1113-6300) 300 x 7.5 mm, 3 pm particle size columns in

garigs.

GFC condition

-Mobile Phase/Sampis buffer: THF (stabilized).
-Flow rate: 1 mi/min.

~Cotumn temp: 40°C.

-Injection volume: 50 pl.

-Runt fime; 30 minutes.

~Reflective Index Detector:

~Palarity: positive

~Temperature: 40°C

-Response: 1.5 sec

-Sample concentration: 2 mg {polymerymL in THF.
SAMPLE PREPARATION
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Standard preparation

Prepare motecular weight standards (polystyrene) following the official instructions for
PSS-pskitrtl ReadyCal-Kit. Add 1 mbL of THF into each vial to make the standard
solutions {3 individuat 8TD vials to cover Mp 2668-68000 Dalton) with conceniration of
2.25 mg/ml for each standard. All standards are dissolved over 2 hr,

Note: Polystyrene standards and calibration curve shall be freshly prepared every
time.

Sample preparation

For pure PLGA or PLA samples, weigh 10 mg of sample in a 1.5 mL Eppendorf tube.
Add Umlb of THF to dissolve polymer via an orbital shaker over 2 hr {room
femperature). Centrifuge the dissolved polymer/THE sample at 14000 rpm for 2
minutes, take 100 b of the supernatant for dilution fo make the final 2 mg/mL
sample for GPC analysis {100 pL of the supernatant + 400 pb of THF).

For formulation samples, weigh a sufficient amount of formulation {corresponds to 10
myg of polymery in 2 1.5 ml. Eppendorf tube. For example, for a 50% drug loading
formulation with 50/50 PLGA to NMP ratic, 40 mg of the fornmulation shall be
weighed. Centrifuge the dissolved formulation/THF sample at 14000 rpm for 2
minutes, take 100 pl of the supsrnatant for dilution o make the final 2 mg/ml
sample for GPC analysis {100 pl of the supernatant + 400 pl. of THF),

{0087] In Vitro Release of (+)-TBZ and {(+}-{a}-DHTBZ from Injectable Suspensions
[0088] In witro release was performed under sink condition for {(+)-TBZ and {+)-{g)-
DHTRZ suspension formulations. Valume of the release medium could be adjusted
according to the depot size and drug loading {%) of the formulation. In bne
smbodiment, 35 mg of a 30% drug loading formulation was injected into 400 mi pH
7.4 phosphate buffer saline with 0.2% (vwv) Tween 30 at 37°C. After solvent
digsipation, an in-situ forming implant would form in the release medium. At
predetermined fime points, 0.8 mlb of the releass medium was withdrawn for HPLC
analysis 1o calculate drug concentration in the release medium. The accumulated
amount of drug released was calculated at predetermined time points to obtain the

accumulated release profile.

{0089] Size Reduction of (+)}-TBZ and {+}-{a)}-DHTBZ Particles via Jet Milling
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{0090} Up to & grams of raw (+)-TBZ or (+)-{u}-DHTBZ powders were weighed and
fed into the jat mill {(Micromacinazione, Switzerland) at a rate of about 1 gram per 80
seconds. The feeding pressure and grinding pressure was tunable, dependsnton
the desired particle size to be collected. After milling (+)-TBZ or {(+)-{u}-DHTBZ
particies were collected, sealed, and preservad undsr the desired siorage condition.
in order to acquire large AP particles (i.e. particles with D(50} above 100 um) with
narrow size distribution, jet milled AP powders could also be further filtered
through 25 pum filter using 0.5% wiw Twaen 80 aqueous solufion as the dispersant,
followed by oven drying. Particle size was then measured by Malvern Mastersizer
3000 (Malvern Analytical Lid, United Kingdom).

{0091} Particle Size Analysis of {(+}TBZ and {(+}{a-DHTEZ Parlicles

{0002] Particle size and size distribution of jet milled AP particles were analyzed
using Malvem Mastersizer 3000 using deionized waler as the dispersing medium.
Paricle size distribution was measured and recorded. Table 2 categorized the three
main particle size range in D(5Q) of the pharmaceutical active ingredient used in the
following examples. This size categorized system would be adopted throughout the
present application if not further described.

Table 2 Particle Size Range of (+}-TBZ and {(+}{u}-DHTBZ Particles

Particle type D{50)
Small {8} 108-35 um

Medium {M} 50-80 pm
Large fL} 100-130 pm

{0093] Polymer Malecular Weight Measurement

{0094] About 5-10 myg samples from gach formulation was added inte a 1.5 miL
centrifuge tube and completely dissolved in 0.8 pl of THF. The solution was
vartexed using a vortex shaker installed with a plate shaker until completely
dissobred. Each sampile was then centrifuged at 12,000 rpm Tor 2 minutes. The
supernatant was collected and analyzed by GPC 1o determine the weighf averags
molecular weight (Mw) and polydispersity index {PDI) of the polymer. Mw and POI

32



WO 2023/023026 PCT/US2022/040425

of a polymer wers oblained by comparing with the polystyrens standards (Pskitetl
ReadyCal-Kit} with a Mp range from 266 to 86,000 Da. Table 3 summarized the Mw
information of some the PLGA and PLA polymers being tested in the present
application. Furthermore, polymer Mw change after gamma irradiation (25-40 kKGy)
was also measured and listed in Table 3.

Table 3 Molecular Weight of Biodegradable Polymers

Type of Polypmer Flw f ! fobve Change®
AR treadistion

Recomer RG5DZ 14046 1.7

fesomer RGS03 32203 1.7

Resomer RGSU3H-TW 20654 1.7

Resomer RGSN3H-US 37548 1.8

PLGA 88-12 21342 1.7

FLA 15508 1.3

irradiated® Resomer RG502 12338 1.8 -17.8
irradiated® Resomer RGS03-TW 26384 1.& -18.3
irradiated™ Resomer RGS03H-TW 22275 1.8 -27.4
iradiated® Resomer PLGA 88-12 16283 1.8 -21.3

About up to 30% drop in polymer Mw was found for PLGA 5050 and 8812 after
gamma irradiation at 25-40 kGy.

{0085] Preparation of (+}-TBZ and {+)-(0)}-DHTBZ Polymer Depot Compositions
{0086] {(+)-TBZ and {+)-(m)-DHTBZ suspensions were prepared by filling weighed
amount of API particles with desired paricle size into a sultable luerdock male
syringe. A homogeneous polymer solution vehicle was prepared by mixing the
weighed amount of polymer and biccompatible solveni(s) using a proper mixing
device, L.e. g planetary mixer. Once prepared, a weighed amount of the polymer
solution vehicle was filled into a suitable female, lwer-lock syringe. Prior to injection,
the male and female syringes were connecied togsthsyr, followed by back-and-forth
mixing via the two plungers for up to 100 times {0 oblain uniform, mitky or slightly
vellowish suspensions. Mare preferably, the mixing was 75 times, and still more
preferably, the mixing was 50 times. The final mixiure for injection can be a viscous
liquid, a gel, an emulsion, a suspension, or a semisolid dispersion, which is siable
and ready for injection for preferably 30 minutes and more preferably stable and
ready for injection within 1-2 hours without sedimentation and aggregation. Once
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the suspensions were ready, the female syringe was detached and a desired luer-
fock needie was screwed onto the male syringe for injection. Preferably, a needle
for injection was a 16-gauge needie, more preferably, an 18-gauge o 18-gauge
naedie, and most preferably, a 20-gauge or smaller size needle.

{0097 Example 1. Formulation Uniiformity

{0098] Formudation unifarmity is ctucial in developing any type of injectable dosage
form. it ensures homogenous distribution of API in a drug product which enables
consistent dosing every tims. For pre-filled injectable dosage forms, it is also
important to oblain congistent DL% with minimal variation among baiches. in ong
embodiment, (+»TBZ-palymer suspensions were prepared by a planetary mixer
(MAZERUSTAR KK series Planetary Mixer, Kurabo industries Lid., Osaka, Japan)
and then manually filled into 1 mb polypropylens (PP} syrings {Terumo, Japan) as
pre-filled syringes that were ready for injection. Formulation uniformity was
determined by examining the DL% of the formulations from three independently
prepared batches with exactly the same compositions. DL% was measured by
sampting the predetermined amount of formulation at the randomiy selected section
within the pre-filled syringes. Table 4 summarized the DLY% results from three
different RESOMER formulations. With less than 2% STD across different baiches,
if strongly indicates good formutation uniformity and minimal preparation variation
which together deliver a promising potential for developing pre-filled (+)-TBZ-
polymer formulations.

Table 4 Uniformity of (+3»TBZ-Palymer Depot Compositions

Formulation 1% Batch 2 Bach 3Batch  Awg i STD
30% (+)-TRE {S}-RGSO3I/NMP 35/65 29.9% 33.5% 30.7% 3141 19%
30% {+}-TBZ {S}-RGHO3H/NMP 35/65 27.9% iB.2% 28.2% BILO2%
30% (+)-TBZ {3}-RGBO2/NMP 45755 30.4% 29.1% 30.4% 30.0+0.8%

§ represends for (+3TBZ pariicle size with US{ ranging from 1H-38pm.
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{0099] In ancther embodiment, formulation uniformity of dual-syringe mixing was
also demonsirated. A weighed amount of (+)-TBZ was filled in a suitable male, luer-
tock PP syrings (for example, 1.2mL male PP syringe from Qosing, USA), while 8
known amount of polymer solution vehicle was fifled in a suitable female, luerlock
PP syringe (for example, 1.2ml female PP syringe from Qasing, USA). The two
syringss were then connected and mixed back-and-forth for 100 cycles fo oblain the
final suspension formulation that was ready for injaction. Uniformity was determined
hy meastting the DL% at fop, middle, and botfom section of a mixed syringe
containing the final suspension. In addition, the physical stability of the suspension
formulation was also investigated by again, measwring the DL% attop, middle, and
bottom section of the syringe after 2 hours post dual syringe mixing. Table 5
sumrmarizes the DL% analysis right after dual-syfinge mixing and 2 hours post
mixing. Both initial and 2-hr post mixing demonstrated minimal DL% difference
across the entire length of the syringe {top, middle and bottom), indicating uniform
mixing by dual syringes and good physical stability with no sedimeniation within 2
hours after mixing, regardiess to AP particle size.

Table 5 Uniformity of Dual-Byringe Mixed Polymer Depot Compositions

DL%: Di%: DL%: Avg £ STD
Formulation
Top  Middle  Bottom

initial 24.5 25.1 7.9 2584 1.8%

{+1-TBZ {5}-RG503/NMP 35/65
2-hrafter 24.1 25.8 27.0 2561 1.5%
triitial 23.2 25,7 288 259+ 2.8%

{+}-TBZ {L}-RGR03/NMP 40/50
2-hr after 259 266 255 26010.6%

S angd L reprasent for (+)-TRE particle sizs with D50 ranging from 10-35 and 100-130um, respectively.

{a0100] in stilf another embodiment, {(+{u)-DHTBZ suspensions formutation
uniformity after dual-syrings mixing was also demonsirated. A weighed amount of
{+}-{a}-OHTEZ was filed in a suitable mals, luerJock PP syringe (for example,
1.2mbL male PP syringe from Qosina, USA), while a known amount of polymer
solution vehicle was filled in a suitable femals, luer-lock PP syrings (for example,
1.2ml female PP syringe from Qosinag, USA). The two syringes were then

|95
()1



WO 2023/023026 PCT/US2022/040425

connected and mixed back-and-forth for 100 times 1o obtain the final suspension
formulation that was ready for injection. Uniformity was determined by measuring
the formulation DL% at top, and botftom section of the syringe, as well as the
injected portion via a 19G nesdle (Terumo, Japan). Table 8 summarizes the DL%
analysis right after dual-syringe mixing. The DL% results demonstrated minimal
difference across the syringe (top and bottom), as well as the injected portion
throtgh a 196G needie, indicating untform mixing by dual syringes and good
formulation injectability. In addition, {+}-{a)-DHTBZ parlicle size did not affect
formulation uniformity after dual-syringe mixing. Good formulation uniformity after
dual-syringe mixing was achieved, regardiess small or large (+)-{(a)-DHTBZ particles
were tested in the formulations {Table 8).

Table 8 Unitormity of Dual-Syringe Mixed {(+)-{0)-DHTBZ Polymer Depot

Compositions
Formulation Compasition Theo. DLY%: DL BL%: Injected via
DL% Top Bottom 19G needle
40%{+ -{a)-DHTBZ {L-RGS03/NMP 45/55 400 405 397 335
40%{+)-{a}-DHTBZ {L-RGSO3/NMP 50/50 400 39.8 402 a0.1
40%{+}-{a)-DHTBZ (S)}-RGS03/NMP 50/50 4001 397 3® 394
40%{+}-{a)}-DHTBZ {L-RGS03/NMP 50/50 396 386 395 372

& and L represent for {+3-TEZ particle size with D50 ranging fram 10-35 and 100-1300m, reapactively.

{0G101] Example 2. Sustained Release of (+}-TBZ and {+}-{a)-DHTBZ from
Polymeric Formulations

{00102} In one smbodiment, al 30% drug leading with small {(+)-TBZ particles
{D{50); 10-35 um), a formulation composed of RG502 and NMP at 45/55 wiw ratio
showed sustained release with about 12 .58% inittal burst, followed by about 30% and
45% in vitro release at 1 and 3-week (Figure 1a), respectively. in another
embodiment, we enabled the methods of suppressing burst release of VMATZ
inhibitors by using varied combinations of RGS03 and NMEF, At the same 30% drug
joading with small {(+}-TBZ particles, formulations coamposed of RG503 and NMP at

35/85 wiw ratio demonstrated slower in vitro release, with <58% burst release at first
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24h and only about 20% release after S-week (Figure 1a). In still another
smbodimeant, we demonstrated that initial burst could stilf be kept below 4% when
drug lnading was raised up fo 50% while 3-week release was still less than 30%
{fformulation composed of 50%(+})-TBZ (8)-RGBO3/NMP at 35/85 wiw ratio, Figure
4al. In another example, we demonstrated that release profiles were the same at
drug loading between 20 or 30% for formulations composed of RGEOINMP at
35/65 wiw ratio (Figure 183, which was also unexpected since a 10% drug loading
incresse in a PLGA in situ forming depot drug delivery system would generally
result in higher initial burst and faster overall release. Such enabling of increased
drug loading without altering rsleass profile is beneficial to develop g formulation
with redusced injection volume,

{001631 On the other hand, PLA IS a polymer made up of more hydrophobic
factic acid units, which requires longer time to degrade and typically is used for
long-term sustained release injectables (4-6 months, in general), compared o poly
{glycolic acid) (PGA) {Blasi ef al, Journal of Pharmacsutical Investigation, 2018 (49)
pyg. 337-346). The same is true for PLGA polymers. Generally speaking, PLGA
polymers with higher {actide content {more hydrophobic) would require longer time
o degrade. Therefore, in still some other embodiments, polymer solution vehicles
composed of PLA, or PLGA 88/12 with NMP were adopted 1o prepare (+3-TBZ
suspeansions. In comparing PLA and PLGA (RG502) with comparable molacular
weight {about 15000 Da), longer lasting PLA indeed displayed slowsr in vitro
release profile (Figure 1a). PLGA 88-12/NMP 80/40 formulations at 30% drug
ivading demanstrated even slower in vitro release, with only about 15% 3-week
release. Thus, in the present application, we enabled tunable polymer-based
delivery systems that demonstrated varied duration for the delivery of (+1-TBZ with
fow or no initial burst.

{00104] in the present gpplication, we also enabled sustained delivery of {(+)-
{a)-DHTBZ from fornwilations composed of bicdegradable, poltymeric vehicles. In
one example {(Figure 1b), a formulation composed of 40%(+3-(a)}-DHTBZ (L)-
RGHQZHNMP at 60/40 wiw ratio demonstrated drug release in a sustained manner
with <5% initial burst relegse and about 80% accumulated relegse over a period of
3 weeks. On the other hand, we demonstrated tunable release profiles using (+)-
{a)}-DHTBZ as the active pharmaceutical ingredient (AP in polymer depot
compositions with fow initial burst release, yet high drug loading. In one example, a
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formulation cormposed of S0%(+)-(c)-DHTBZ (L)-RGBOSHNMP at 50/50 wiw ratio
displayved only about 40% accumulated release over 4 weaks in vitro {Figure 1b).

{00108} Example 3. Effect of Polymer/Solvent Ratic on Release of (+)-TBZ and
{(+}-{a)-OHTBZ

{60106] it is well-acknowledged that the content of polymer (%) usedina
formulation would have a notable impact on drug release. Generally speaking, the
higher the content of polymer (%), the slower drug release. The polymer solution
becomes more viscous as the content of polymer (%) increases, which leads o a
lower burst and slower drug release. In addition, the higher content of the polymer,
the longer ime # requires for AP {o diffuse ouf of the depot matrix, which also leads
to a slower drug release. it is demonsirated herein that in vitro release of (+)-TBZ
and {(+1<{a}-DHTBZ from polymer formulations can be tallored by adjusting the
polymear to solvent ratio. Understanding how influential changing polymer/solvem
ratio on release can be very important not only in the fing-tuning for subsequent
formulatior development, but also in identifying the tolerability of production
variation. To sxplore candidates for long-acting, sustained delivery of VMATZ
inhibitors preferably for 1-month, and more preferably for 2-month duration,
RGBOINMP and RG02/NMP formudations were further investigated. Figure 2a
shows the effect of polymer/NMP ratio on in vitro release of (+)3-TBZ. Unexpectedly,
polymer/NMP ratio has limited or no effect on initial burst release of (+)-TBZ, with
<5% and about 10% release for RGS0OI/MNMP {30% drug loading) and RG502/NMP
{20% drug loading) formuiation, respectively (Figure 2a). This was quite unique
since lower polymer concentration (%} would generally result in higher initial burst in
PLGA in-situ forming depot dosage forms. in this case, for RGEO3INMP
formulations at 30% drug leading, whether polymer®% was 35%, or 25%, or 15%, no
initial burst was found, However, at 30% drug loading, faster oversll release was
ohserved when RGE03% decragsed from 35% wiw 10 15% wiw in the polymer
solution vehicles (Figure 2a). The same trend was also observed in fommulations at
20% drug loading with the small AP particles using RGB02 with 45/55 and 35/65
wiw polymer!/NMP ratio. Notably, the influence of polymer/NMP ratio was not
significant for the first few days and this allows one {o adjust overall drug releass
without altering initial burst release, which is typically regarded as the key to
determine a suitabls in vivo peak 1o trough {(P/T} for controlled drug delivery. Still
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worth noting, at 30% drug loading the release profiles of RGSOINMP at 35/65 and
25{75 whw ratic are considerably similar. This particular finding may merit the
manufacturing process and downstream product devsiopment, since & wider
polymet/NMP range can be accepted for the desired releasse profile.

{00197} On the pther hand, 1o examine whether this characteristic release profile
affectad by adjusting the polymer/solvert ratio can be reproduced with another
VMATZ inhibitor, we conducted the same release studies with (+3-{a)-DHTBZ which
was just a reduced form of (+}-TBZ that share very much similar chemical structures
{Figure 20} Unlke {(+)-TBZ whose initial burst was almost not affected by
polymerisolvent ratio, for (+3-{a)}-DHTBZ PLGA polymer suspensions, lower content
of polymar (%) resulted in not only overall faster release bt also higher initigl burst
in both cases of RGS0ONMP and RGBASMNMP polymer solution vehicles {(30% drug
foading). With such a small structural difference, these two VMATZ inhibitors still
demonstrated significantly different patterns of releass profiles in correspondence 1o
their refative polymer¥ in the formulations. it is obviously tather difficult for a person
having ordinary skilf in the art to predict release characteristics simply by following
prior arts. Futthermore, formutations composed of lower content of polymer (%) that
showed higher burst release can be utilized as the "hoost” dose in-a regimen 1o bring
up plasma (+)}-(0)-DHTBZ level at the early stage fo assure VMATR inhibitor in the
therapeutic range.

{00108} Exampie 4, Effect of Hydrophobic Solvents on in vilro Release
0010} in situ forming depot drug delivery system has become a prevailing
approach for parenteral applications owing to the advantages of:
biodegradable/biocompatible, high drug loading, better patient compliance, and
reduced administration fregquency. However, |t is extremely challenging to achisve
zero-order release profile In long-term delivery systems, typically due fo the issue of
initial burst, caused by fast dissipation of hydrophilic solvent inte body fluid. One
potential appreach to avoid initial burst is 0 introduce hydrophobic solvent{s} into
the PLGA polymer solution vehicls o slow-down solvent diffusion so as to prolong
drug release. BB, BA, and triacstin are some of the commaonly available,
biocompatibie, hydrophobic solvents that have been failored with NMP {o controt
drug release in ATRIGEL® drug delivery systems and the like. Surprisingly, we
found BB was able to alter the release of {+}<{a}-DHTBZ in an opposite manner as
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one skill in the art would expect (Figure 3). In one embodiment, a formulation
composed of 40%{+)-{a)-DHTBZ {L)}-RGS0/BE/MNMP at 65/5/30 ratio demonstrated
substantially faster releass when only 5% {w/w} of the NMP in the polymer solution
vehicle was substituted with BB (14-day release increased from about 50% to about
70%:;}. in anpther embodiment, a formulation composed of 50%{+1-{a}-DHTBZ (L)-
RGS0O3H/MBRNMP at 50/5/45 ratio also demonstrated accelerated relegse after
replacing 5% (wiw) of NMP in the polymer solution vehicle by BB {14-day release
incresse from about 20% to ahout 30%). We alzo found replacement of NMP by this
small portion of BB only ted to faster accumulated release but aciually did not affect
the initial release, which was also unexpesied since typically infroducing BB would
increase polymer salution viscosity and help reducs the initial burst. These findings
were exceptional to what the prior arts in the related fiekd have revesled.
Furthermore, such method used herein provides an advantage on controlling overall
release profile of VMATZ inhibitors without affecting inilial release which can
potentially belp keep low plasma P/T ratio in a living sublect. This is very difficult to
achieve when developing a sustained-release, in situ forming depot drug delivery
system.

{00110 Example 5. Effect of Drug Loading on in vitro Release

{00111} Drug loading (DL%:) in an in-situ forming, injectable sustained release
depotfimplant formulation is highly critical for that it determines dosing volume and
how long the therapeutic effect can last. Typically, the fower the injection volums,
the hetter the patient compliance, since with reduced injection time required, the
less pain & patient would suffer. Because the formulation composed of 30%{+)-TBZ
{S-RGEDUNMP at 35/85 wiw ratio demonstrated slow and sustained in vitro
release, we further extplored the DL% effect on the drug release profile fram this
identical polymer solution vehicle. Tallored release profiles of (+)-TBZ are abiained
by adjusting the DL% in & vehicle composed of RGSVINMP at 35/85 ratio. In one
embodiment, increasing the DLY% fo 50% resulted in significantly faster release of
{+}-TBZ, compared {o the formulalion compaoased of the same vehicle but at 30%
drug loading (Figure 43). Unexpscledly, the initial burst was not affecited by the
increased DLY% from 20 to 50%, but only the release rate afterward. This would
provide a beneficial wuning approach for developing fong-term sustained release in-
situ forming depot/implant formulations, due to the fact that under certain
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circumstances, a faster overall release profile without high initial burst is preferred to
avoid large ptasma level fluctuation (smaller plasma tevel PIT ratio).

{00112} To understand whether DL% affects release in a similar way on other
biodegradabis polymers, we further investigated formulations composed of (+)-TBZ
{L3-RGHOIHNMP at 35/65 wiw ratic with vanied DL% and faund the {deniical frend.
Whille initial burst remained the same, increasing DL 1o 30% provided faster in vitro
release profile than 30% drug loading (Figure 43). Such a trend remained frue
regardiess of whether small or large AP particles ware fested. These results further
strengthen the approach of using DL% as a tool to adjust release profile while
effectively avoiding slevated initial burst.

{00113} More surprisingly, in anothsr embodiment, we demonstrated that both
intial release and overall release profile were not noticeably affected by increasing
DL9% from 50% to 80% and to 70% in formulations composed of (+3-TBZ (M)-
RGTEZHNMP at 50/50 wiw ratio (Figure 4b). This would bensfit formulation design
in a different way, which snables the development of sustained release VMAT2
inhibitor in-situ forming depot with reduced dosing volume, while maintaining a low
initial burst and a similar release profile while the DL% is raised from 50% fo 80% or
70%.

{00114} in another embodiment, the DL% effect of {(+)-(0)-DHTBZ on release
profile was investigated in palymer solution or suspension formulations. Similar o
what were found from (+3-TBZ, the DL% affected (+3-(0)-DHTBZ releass on the
initial hurst and the overall release rate differently. While the initial burst release
anly changed slightly with varying the DL%, the overall release rate was faster when
{(+}-{a)-DHTBZ loading was increased from 30% 1o 45% in the vehicle composed of
RGB03/NMP at S0/50 whw ratio. Mowsver, it was unique that releass profiles wers
exceptionally almost identical at 30 and 40% drug loading {Figure 4¢). This was
guite advantageous as it s common to develop sustained-release drug products in
varied dose strengths, and a good dose proportionality could be achisved without
increased initial burst for the formulations with increased dose strength. What is
mare unexpected, varying the DLY% warked completely appuosite to carboxylic acid-
terminated RG503H and (+)-{a)-DHTRBZ. The release of (+{)-DHTBZ was indesd
slower with increasing DL% in the RGE03H formudations (Figure 4¢). Such findings
once agap, re-amphasize that the effect of drug loading on release profiies of

41



WO 2023/023026 PCT/US2022/040425

VMATZ inhibitors cannot be reproduced by simply mimicking or reproducing
formulations i1 other related prior arts disclosed slsawhers.

{00115} Example & Effect of (+)-TBZ and {(+)-{a)-DHTBZ Particle Size on
Redease from Folymeric Formulation
{60116} Typically speaking, particle size shall alter release profile In suspension
formulations (Drug Des. Devel Ther. 2013, 7 1027-1033). Dissolution rale is
positively correlative to surface area of the particlss in 8 suspension formulation.
While specific surface area increases with decreasing particle size of the AP
particles, so does the drug dissolution rate. A substantial difference in dissolution
rate can exist according to the variation on pariicle size and the relative surface
area, sspecially during the initial peried of the dissolution study. Figure Sa
demonstrated the adjustment of {(+}-TBZ release in RESOMER/NMP polymer
solution formulation using (+)-TBZ with different particle sizes. For both polymer
solution vehicles composed of RGSOIINMP at 35/65 wiw ratic and RGEIZ/INMP at
80/40 wiw ratio, large AP particles (D{50}; 100-130 um) indeed displayed slower in
vitro release than small panicles did, regardiess of DL% was at 30 or 50%.
{00117} However, unexpectedly, we found that such particle size effect on (+)-
TBZ release may be specific only in combination with certain types of polymer
solution vehicles. As demonstrated in Figure 5a, drug release from suspension
formulations consist of {+)-TBZ particle and RGEOIH/NMP solution was
unaxpectedly not affected by AP particle sizes. In a similar manner, particle size of
{+)-TBZ showed limited effect on release from polymaer solution vehicles composed
of RGTEZHINMP at 55/45 wiw ratio, regardiess DL% was at 60% or 70% (Figure
5by. This was even more surprising because PERSERIS® {a commercially available
product composed of risperidone suspended in PLGA polymer with the same
carboxylic acidic termins! function group, PLGH 8020) revealed that there is a trend
of increased relegses rats with decreassd AP particls size (PERSERIS® FDA
Product Quality Review). Such unique finding in the present application suggested
that sustained release of (+}-TBZ from polymaric formulation cannot be easily
achieved by simple mimicking formulations disclosed in the related prior arts.
{00118} in another approach, polymer solution-based suspensions camposed
of {+-{0)}-DHTBZ as APl were also baing investigated for long-term, sustained
release of VMATZ inhibitors for the treatment of TD. In one embodiment, a
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formulation composed of RGEOI/MNMP at 50/50 wiw ratio and small (")-{a3-DHTBZ
particles at 40% drug loading demonstrated overall faster in vitro release, compared
to the formulation composed of farge (+-(u}-DHTBZ particles bul exactly identical
polymer solution vehicle {Figure 5S¢}, Such tendency remaineéd frué among polymer
solutions composed of RGBOI/NMP at various solvent ratios {i.e. 50/50 and 45/55,
Figure 5¢). 15 wordh to note that similar {0 a lack of size effect of (+3-TBZ on
release from RGE03H (acid terminated RG503), the particle size of (+)-{u)}-DHTBZ
indeed also showed no impact on relsase rate from the same carboxylic acid-
terminated polymer solution vehicle. It is clear that there is discrepancy in how AP
particle size can influence drug release in differerit polymer solufion vehicles. While
AP parlicie size did demonstrate s sffect on drug release profile in some of the
padymer solution-based formulations, the velsase profile chviousty did not echo with
APl particle size variation in cenain types of polymer solution vehicles, for example
RG503H or RG752H. Once again, such unigue findings in the present application
suggested that sustained release of VMATZ inhibitors from a polymeric formulation
cannot be achieved by simply mimicking or reproducing formulations in other
related prior arls disclosed elsewhers.

{00101 Example 7. Effect of Terminal Sterilizelion on in vilro {(+3-{Q)}-DHTBZ
Release

{00102} Gamma irradiation is an effective terminal sterilization method for
injectable products aswell as medical devices in that i can be performed typically
under ambient conditions and is of high energy penetration capability {change of
packaging is generally not required). However, for sustained-release,
biodegradabile, polymer solution vehicle-hased formudation, gamma irradiation may
be a big hurdle due to the fact that paymer degradation can accur during such
sterilization process, or, polymer stability may be vulnerable post-gamma irradiation.
Furthermore, it is generally acknowledged that polymer Mw can lead to different
vehicle viscosity, varied degradation rate, and solidification speed upon contact with
the aqueous medium, which certainly would cause a dramatic impact on the release
profile of g formulation. It is generally believed that higher Mw polymers would
generally solidify faster than the lower Mw polymers, thus results in decreased initial
burst (Eliaz ot al., Joumnal of Biomedical Malerials Research, 50 (3}, 2000). in
addition, for formulations comprised of PLGA polymer/NMP with 50/80 lactide to
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glycolide ratio, the one made of smaller Mw PLGA polymer (RG 502H) formed an
inplant with higher porosity and larger pores, compared to the one made of larger
fMw polymer, RG 504H, thus demonstrated increassd initial burst {(Asaneh et al.,
Journal of Pharmaceutical Sciences, 98 (1), 2009). On the other hand, initial release
can aiso be affected by vehicle viscosity; for example, a formulation composed of
polymer with smaller Mw is less viscous than that composad of polymer with largey
Mw, which would, on the contrary, cause faster solvent dissipation and resultingin a
higher initial burst. I a more complicated manner, Mw difference is indicafive of
different polymer chain length which would also determine the time required for the
polymers 1o degrade and thus change the drug release rate. Allin all, polymer Mw
are recognized 1o have significant impact on sustained drug release. One would,
therefore, expect any cause that can make polymer Mw varied would change drug
release results. In one embodiment, we thus evaluated the impact of gamma
sterilization on RG 503H polymer. Polymer was first gamma irradiated at ghout 35
kGy then made into (+)-TBZ-RGEO3HMNMP formulation. Surprisingly, although
polymer Mw dropped nearly 30% from 30,852 to 22,275 (MW, Table 3) after gamma
irradiation at 35 kGy, we did not find changes on in vitro release profile of the
formudation composed of 30%+}TBZ (3)-RGEOSHNMP at 35/85 wiw ratio (Figure
Ba) up to 28 days. This consistent release profile, independent of Mw change,
unsxpectedly, appeared that gamma irradiation can be a potential terminal
sterilization method for such a formulation. On the other hand, in another
embodiment, gamma sterilization (25-30 kGy) was ihvested for some viscous (+)-
{c)-DHTBZ polymer suspengions. Unexpsciedly, while accelerated release was
found from post-irradiation formulations cammiposed of 40%(+-(c)-DHTBZ (L)~
RGSO3/NMP at 80750 wiw ratio and composed of S0%{+-{(c)-DHTRE (L)-
RGB0ZHMNMP at 80/50 whw ratio, the release profiles for a formulation compaosed of
G0%(+(o)-DHTRZ (L)-RGSO2H/NMP at 80/40 wiw ratio aimost did not change
after the gamma irradiation (Figurs 8a).
{00103} Altemative stedlization approaches that are not detrimental to polymer
are aiso highly sought after. For example, filtration through 0.22um filter couid be
another option for terminal sterifization. Nonstheless, in order 1o provide long-term
release in a sustained mannet, PLGA or PLA-based formulations generally come in
as viscous solutions or suspensions, which make filtration very problematic. In eng
embodiment, {(+{a}-DHTBZ polymer suspensions made of RGE02/NMP at 40/80
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wiw ratio was prepared at 23% drug loading. Filtration of such vehicle through a
0.22um disc filter was sasy and straightforward. In vitro release profile of the
formulations made of filtered and non-filtered polymer solution vehicles wers
identical (Figure 6b}, which demonstrated the feasibility of using 0.22um fifration as
the ferminal sterilization process for those lass viscaus polymer solutions-based
formulations.

{00104} in the present gpplication, we demonstrated that either 0.22um filtration
or gamma irradiation could be applied as tsrminal sterifization process for the
propased polymer depot compositions containing VMATZ2 inhibitors for TD
treatment.

{00104% Example 8. PK of Subcutangous Administrated {(+)-TBZ-RGOMNMP
35/65 Suspensions in Rats
{00108] in one example, a PK study of formulations composed of (+)-TBZ-
RGS03NMP at 35/85 wiw patymer ratio was condusted with Sprague Dawley (SD)
rats, These formulations were selected for their sustained in vitro releases without
tigh initial burst as demonstrated in the sarlier examples in the present application.
Polymer solution or suspension formulations containing (+)-TBZ were prepared as
previously described. in one embodiment, formulations composed of 30%(+)-TBZ
{L)-RGEO3MNMP at 35/65 wiw ralio and 20%(+)-TBZ (S)3-RG503/NMP at 35/85 wiw
ratio were subcutaneousily administrated to SD rats (N=3) at a dose level of 60
mg/kg, while others recsived TBZ or VBZ solution at a dose level of 10 mg/kg via
aral gavage (N=3) as references. The animals that received formulations containing
{+}-TBZ were dosed on Day 1, followed by bload sampling et 2, 6, 12, 24 hours and
4,7, 14, 21, 28, 35 42, 49, 58 days post-dasing. For the animals that received
oralty given TBZ or VBZ suspensians, blood sampling was performed at 2, 8, 12,
24, and 48 hours post-tdosing. For each animal, both plasms (+}-(t}-DHTBZ and
{(+}-TBZ concentrations were measured vig LO-MS. PK resulls were evaluated by
the sum of plasma (+)-{Q)-DHTBZ and {(+3-TBZ level together. Furthermors, PK
simutation for monthly repeated dosing of the two (+)-TBZ-RESOMER suspensions
as well as the daily repeated dosing of TBZ or VBZ were obtained and presented as
Figure 7. The lower large diagram of Figure 7 demonsirated that both (+)-TBZ-
polymer suspensions were able fo successfully provide sustained release of VMAT2
inhibitars {({(+}-{)-DHTBZ and (+}-TBZ) for one month, with small /T ratio. In
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addition, throughout the PK study, plasma levels of VMATZ2 inhibitors released from
the polymeric formulations fall in between a window of 10-200 ng/mibL, which isin the
range of plasma level given by the oral dosage form of VBZ. More significantly, the
present application enabled the polymer depot compositions which can provide
sustained release of VMATZ inhibitors with significantly less plasma level
fluctuation, comparing to other commercially available drug products. XENAZINER
{TBZ, racemic mixtures of {+} and {-)-TBZ) is designed o be given three times a day
for the treatment of TD, whils Ingrezzs (VBZ) is prescribed for once daily
administration. PK simulation of thrice-a-day repeated dosing of TBZ and once-a-
day repeated dosing of VBZ were comparad side-by-side with PK simulations of
monthly repeated dosing of formulations composed of 30%(+1-TBZ (L)-RGAO3/NMP
at 35/65 wiw ratio and 20%(+)TBZ (S)-RGSOINMP at 35/65 wiw ratio (Top, small
diagram of Figure 7). While daily delivery of TBZ or VBZ [for VBZ group, plasma
tevel only demonstrated as (+)-{0)-DHTBZ] showed obviously large plasma
fluctuation of the VMATZ inhibitors, both (+)-TBZ-polymer depot compositions
presentad in this application undoubtedly posed great potential 0 be used as
sustained release medications requiring much lower dosing frequency, yst are able
to continuously deliver VMATZ inhibitors within effective therapeutic ranges, which
shall significantly reduce side effects that accompany the currently available
treatment of XENAZINE®.

{00104} Exampie 8. PK of Subcutaneous Administrated {(+3-TBZ-RGT7EZHNME
85/35 and (+)}-TBZ-RGS03/NMP Polymer Depot Compositions in Rats
{O0108) After demonstrating the feasibility of using polymer solution vehicles
compaosed of RGEG3 for 1-month delivery of VMATZ inhibitors, we further explored
on extending dosing duration by two approaches; 1. replacing RG503 with other
PLGA polymers, but of higher lactids to glycolide ratio; and 2. Using the sams
RGS503 polymer, yot with raised polymsr fo NMP ratio. Furthermars, to avold large
injection volume, we also investigated formulations with higher DL% (>40%} to
achieve the same low P/T ratio, sustained delivery of VMATZ2 inhibitor via polymer
solution formulations. In one embodiment, formulations comprised of 50%{+}-TBZ
{M)-RGTEIHNMP at 65/35 whw ratio, 50%{(+)-TBZ (M}-RGE0INMF at 55/45 wiw
ratio and 50%{+)}TBZ {(M}-RGE0S/NMP at 45/58 wiw ratio were praepared in the
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same method as previgusly described. In-situ forming implants at dose level of 50
ma/kg were subcutaneously administrated to 8D rats (N=3}, followed by blood
sampling 81 2, 8, 12, 24 hours and 4, 7, 14, 21, 28, 35, 42, 49 56 | and 80 days
post-dosing. As references, TBZ and VBZ suspensions at dose level of 10 mg/kg
were given fo S rats via oral gavage, followsd by blood sampling at 2, 8, 12, 24
and 48 hours (N=3). PK results are shown in Figure 8 as a double-axes chart. The
salid axes corraspond to plasma {(+)-TBZ and {+)-{u}-DHTBZ level over time for the
animals received orally given TBZ or VBZ [for VBZ group, plasma level only
demonstrated as (+)-(a}-DHTBZ] suspensions, while the dashed axes correspond to
plasma {(+}-TBZ and {(+)-{0)-DHTBZ levels over time for the animals that received
subcutansoustly injected polymer solution formulations. Encouragingly, while large
plasma level fluctuation was observed for animals that received TBZ or VBZ
suspensions orally, significantly less VMATR2 inhibitors plasma level fluctuation was
found for the animals that recelved formulations comprised of 50%(+-TBZ (M)~
RG752H/NMP at 85/35 wiw ratio, 50%{+}-TBZ (M)-RGEO3INMP af 55/45 wiw ratia
and 50%(+}-TBZ (M)-RGE03NMP at 45/55 wiw ratic. What we demonstrated in this
application was of valuable advantages for TD treatment, since dose titration may
be unnscessary for such long-termed, subcwlaneously delivered dosage forms with
stich small plasma P/T ratio, provided that plasma level of VMATZ can be
maintained and held in the desired range. Moreover, the duration of two
formulations comprised of 80%(+}TBZ (M}-RGO03/NMP at 55/45 wiw ratio and
50%(+)-TBZ (M)-RG50INMP at 45/55 wiw ratio were able to maintain {+)-TBZ and
{+}-{c)-DHTBZ plasma level in rats {(which was within the therapeutic window for
rats administrated with VBZ via oral route) for at least one and a half months. More
sncouragingly, the formulation compossd of 80%{+)}-TBZ (M)-RG7S2HMNMP at
B5/35 wiw ratio successfully enabded sven longer duration. Rat plasma level of {(+)-
TBZ and {(+}-{a)-DHTBZ together was above 10 ng/mb over 60-day PK study, which
FT ratio was less than 2 (Figure 8). Last but not laast, with raised DL% 1o 50% wiw,
injection volume could be significantly reduced, comparad to DL% at 30% or less.
Neverthaless, such finding was unigue since in this application we enabled high
drug loading polymer formulations without initial burst release. A long-term,
sustained release formulation with a smaller injection volume would most definitely
gnhance patient compliance.
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{00108] Example 10. PK of Subsutaneously Administrated (+)-TBZ-PLGA 88-
12/NMP formudations in Rats

001073 PLA is a polymest made up of smalt laclic acid units, which takes longer
fime o degrade, compared fo PGA. Afler demonstraling the feasibility of using
palymer solution vehicles composed of PLGA at 50/50 ratio for 1-month delivery of
VMATZ inhibitors, we further explored to extend delivery duration by replacing
PLGA 50/50 with other PLGA polymaers having higher lactide {o glycolide ratios. In
ong embodiment, a formulation comprised of 40%{+)}-TBZ (.} was prepared in the
same method as previously described, bul using PLGA 88-12/NMP at 60/40 wiw
ratio as the polymer solution vehicle. In-gitu forming implants at dose level of 80
mg/kg was subcutaneously administrated to SD rafs (N=3}, followsd by blood
sampling at 2, 6, 12, 24 hours and 4, 7, 14, 21, 28, 35, 42, 43, 58 days post-dosing.
As referencas, TBZ and VBZ suspensions at dose level of 10 mg/kg were givento
3D rats vig oral gavage, followed by blood sampling at 2, 8, 12, 24 and 48 howrs
{N=3). PK results are shown in Figure 9 as a double-axes chart. The solid axes
correspond o plasma (+)3-TBZ and (+}-{a)-DHTBZ level over time for the animals
that received orally given TBZ or VBZ ffor VBZ group, plasma level only
demonsirated as (+)}-{a}-DHTBZ] suspensions, while the dashed axes correspornid to
plasma {+}-TBZ and {(+)-{a)-DHTRZ levels over time for the animals that received
subcutaneously injected 40% (+}-TBZ-PLGA 88-12/NMP 50/40Q suspensions.
Surprisingly, while a large plasma level fluctuation was observed for animals that
received TBZ or VBZ suspensions orally, significantly less VMATZ inhibitors plasma
level fiuctuation was found for the animals that received 40%{+)-TBZ {L)}-FLGA 88-
12/NMP 60/40 suspension, This is of considerable advantage for TD treatment,
since dose titration may be unnecessary for such long-termed, subcutaneously
delivered dosage forms with small plasma P/T ratio, provided that the plasma level
of VMATZ can be maintained and held in the desired range. Furthermore, the
duration of 40%(+)-TBZ (L}-PLGA B8B8-12/NMP 80/40 suspension wers able 1o
release {(+)-TBZ and {(+)-alpha-DHTRZ for at least 2 months.

{00106} Example 11. PK of Subcutaneously Administrated {(+)}-{a}-DHTBZ-

PLGA 50-50/NMP Formulations in Rals

{00107} in vivo animat studies were conducted with SD rats using formulations

composed of 40%{(+-{a)-DHTBZ (L}-RGS02H/NMP at 80/40 wiw ratic, 50%(+3(a)-
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DHTBZ (L-RGBOIH/NMP at 5050 wiw ratio, and S0%(+)-(o)}-DHTBZ (8)-
RGSO3NMP at 50/50 wiw ratio. All suspensions were selected for their sustained in
vitro refease without high initial burst as demonstrated in the earlisr examples in this
application. {+}-{a)}-DHTBZ polymer depot compositions were prepared as
previously described. in ane embaodiment, formulations composed of. 40%{(+}-(Q)-
DHTBZ {L)RGEO2HANMP at 60/40 wiw ratio, 50%(+)-(0)}-DHTBZ (L}-RGS03H/NMPR
at 50/50 wiw ratio, and 50%(+-(a)-DHTBZ {S)-RGEOIH/NMP at S0/50 wiw ratio
were subcutaneously administrated to S0 rats (N=3) at a dose level of 50 mgrkg,
while others received TBZ or VBZ suspensions at a dose lavel of 10 mg/kg via oral
gavage {N=3} as references, The animals received {+)}-{o)DHTBZ-polymer
suspensions were dosed an Day 1, followed by blood sampling at 2, 8, 12, 24 hours
and 4, 7, 14, 21, 28, 35, 42, 48, 56 days post-dosing. For the animals that received
orally given TBZ or VBZ suspensions, blood sampling was performed at 2, 8, 12,
24, and 48 hours post-dosing. For each animal, plasma (+ H{u)-DHTBZ
concentrations were measured via LC-MS fo evaluate the 35-Day PK profiles.
Furthermare, PK simulation for bi-weekly repeated dosing of the {(+)-{(a}-DHTBZ-
RESOMER suspensions as well 33 the daily repeated dosing of TBZ or VBZ wers
obtained and presented as Figure 10. The lower large diagram of Figure 10
demonstrated that all {+)-{a)-DHTBZ-polymer suspensions were able to successfully
provide sustained relegse of VMATZ inhibitors for 2 weeks, with a low P/T ratio. In
addition, throughout the PK study, plasma levels of VMATZ inhibitors released from
the polymeric formudations fall in between a window of 10-200 ng/mb, which is in the
range of the plasma levels given by the oral dosage form of VBZ. More significantly,
the present application enabled the polymer depnt compositions which can provide
sustained release of VMATZ inhibitors with significantly less plasma level
fluctuation, compared {0 ather cammercially avaiable drug products. XENAZINE®
{T8Z, racemic mixtures of {(+) and {-}-TBZ} is designed o given three times a day
for the treatment of tardive dyskinesia (TD), while Ingrezza (VBZ) is prascribed for
once dally administration. P simulation of thrice-s-day repeated dosing of TBZ and
once-a-day repeated dosing of VBZ were comparsd side-by-side with PK
simuiations of bi-weekly repeated dosing of formulations composed of 40%[+){g)-
DHTBZ (L}-RGH02HMNMP af 80/40 wiw ratio, 50%{+)-(a)-DHTBZ {(L)-RGSOSH/NMP
at 50/50 wiw ratio, and 50%(+}-{a)-DHTBZ {S)}-RG503H/NMP at 50/50 wiw ratio
{Top, small diagram of Figure 10). While dailly delivery of TBZ or VBZ showed a
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large plasma fuctuation of the VMAT2 inhibitors, all {(+)-{a)-DHTBZ-polymer solution
formulations enabled a substantially smaller PIT ratio of VMATZ inhibitors. Notably,
consistent with what was found in the in vitro studies, {(+}-{a)-DHTBZ particle size
indeed showsed no effect un the in vivo rat PK profile. This finding was
gdvantageous for that AP particle size range might not need to be set in a narrow
range, which would be beneficial from product development point of view, All and
all, the (+}-{a)-DHTRZ formulations preseated in this application undoubtedly posed
great potential 1o be used as sustained release medications reguiring much lower
dosing frequency, yet are able to continuously deliver VMAT2 inhibitors within
effective therapautic rangss, which shall significantly reduce sids-effects
accompany with currently available treatment of XENAZINE®.

{00104} Exampie 12. PK of Subcutaneously Administrated (+3-(a)}-DHTBZ-PLGA
SOB0/NMP Formulations in Rats

{00105} In vive animal studies were conducted with 8D rats using formulations
composed of 40%(+}-{a)-DHTBZ (L}-RG 5303/NMP at 50/50 wiw ratio, 40%{+{a)-
DHTBZ (S1-RG 503/NMP at 50/50 wiw ratio, 40%{+)-(0}-DHTBZ {L)-RG 502HMNNMP
at 8040 wiw ralio, 50%{(+)-(a)}-DHTBZ (L)-RG S03H/NMP at whw BO/50 ratio, and
50%(+-Q)-DHTRZ (8)-RE S03H/NMP at 50/50 wiw ratio. All suspensions were
selectad for thelr sustained in vitro release without high initial burst as demonstrated
in the earlier examples in this spplication. {(+3(a)-DHTBZ polymer depot
compositions were prepared as previously described. All five formulations described
above were subcutaneously administrated {0 SD rats (N=3) at a dose level of 50
markg, while others received TBZ or VBZ suspensions at a dose level of 10 mu/kg
vig oral gavage (N=3) as refersnces. The animals received (+3-{a)}-DHTBZ-polymer
suspensions were dosed on Day 1, followed by blood sampling at 2, 8, 12, 24 hours
and 4, 7, 14, 21, 28, 35, 42, 48, 56 days post-dosing. For the animals that received
TBZ or VBZ suspensions orally, blood sampling was performed at 2, 8, 12, 24, and
48 hours pust-dosing. For each animal, plasma (+)-(0)-DHTBZ concentrations were
measured via LO-MS to evaluate the 35-Day PK profiles. Furthermore, PK
simulation for bi-weekly repeated dosing of the (+u-DHTBZ-RESOMER
suspensions as well as the dailly repeated dosing of TBZ or VBZ were oblained and
presented as Figure 11. The lower large diagram of Figure 11 demonsirated that all
{(+}{a)-DHTRZ-polymer suspensions were able to successfully provide fow BT
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ratios, yet sustained release of VMATZ inhibitors over 2 weeks. In addition,
thraughout the PK study, plasma levels of VMATZ2 inhibitors released from the
polymeric formulations fall in between a window of 10-200 ng/ml, whichisin the
range of the plasma level given by the oral dosage form of VBZ. More significantly,
the preseni application again, enabled the polymer depat compuositions which can
provide sustained release of VMATZ Inhibitors with significantly less plasma levsl
fluctuation, comparing to other commercially available drug products. PK simulation
of thrice-a-day repeated dosing of TBZ and ohoe-a-day repeated dosing of VBZ
were compared side-by-side with PK simulations of bi-weekly repeated dosing of
formulations composed of 40%(+)-(q)-DHTBZ (L}-RG 503/NMP at 50/50 wiw ratio,
40%{+}-(a}-DHTBZ (8)-RG 503/NMP at 80/50 wiw ratio, 40%(+)-{c)-DHTBZ (L)-RG
5Q2HNMEP at 60/40 wiw ratic, 50%(+1-aDHTBZ {(L)}-RG 503HMMP at wiw 50/50
ratio, and 50%(+)-{Q}-DHTBZ (5)-RG HO3HNMP at 50/50 wiw ratic {Top, small
diggram of Figurg 11). While daily delivery of TBZ or VBZ showed 3 large plasma
fluctuation of the VMATZ2 inhibitors, all (+)-{0)-DHTBZ-polymer solution formulations
enabled significantly reduced P/T ratio of VMATZ inhibitors. Notably, the {(+)}(ak
DHTBZ formulations presentad in this application undoubtedly posed great potential
to be used as susiained release medications réquiring much lowser dosing
frequency, yet arte able to continuously deliver VMATZ inhibitors within effective
therapeutic ranges, which shall significantly reduce side-effects accompany with
currently available treatment of XENAZINE®.
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CLAIME

What is claimed is:

. An injectabie polymer depot compaosition comprising: a) 8 VMATR inhibitor, &

deuterated dertvative thereof, a pharmaceutically acceptable salt thereof, an
active metabolite thereof, or a prodrug thereof, b} a bicdegradable polymer
selected from the group consisting of & homopolymer polylactide or polylatic acid
{PLA), a copolymer poly (lactic acid-co-glycolic acid) or poly {(lactide-co-
alycolide) (PLGA), and 3 combination thereof, wherein the PLGA has a monomer
ratio of lactide glycatide {or lactic acid.glycolic acid) between 50:50 and 99:1
inclusive; and ¢} a pharmaceutically accepiable organic solvent selected from the
group consisting of N-methyl-2-pyrrolidone, 2-pyrrolidone, NN-
dimethylformamide, dimethyl sulfoxide, benzyl alcohol, benzyl benzoate, and
combinations theveof.

. The injectable polymer depot composition of clalm ¥, wherein the VMATZ2

ithibitor is (+3-TBZ.

. The injectable polymer depot composition of claim 1, whersin the VMATZ2

inhibitor is {(+}-(n)-DHTBZ.

The injectable polyvmer depot composition of claim 1, wherein the pharmaceutically
acceptable organic solvent is Nemethyl-2-pyrrofidons,

The injectable polymer depot composition of claim 1, wherein the amount of
VYMATZ inhibitor ranges from 5 to 70% by weight in the polymer depot composition.
The injectable polymer depot composition of claim 1 comprising 10% to 80% by
weight of the biodegradable polymer.

. The injectable polymer depot composition of claim 1, wherein the bicdegradable

polymer has a monomaer ratio of {actic acid to glycolic acid of shout 100:0, 85:5,
0010, 85:15, 80:20, 75:25, 70:30, 65:35, 60:40, 5545, or 50:50.

The injectable polymer depot compaesition of claim 1, wherein the blodegradable
polymer comprises a group selected from the group consisting of ester terminal
funictional groups, carboxylic acid terminal functional groups, hydroxyl groups, and
combinations thersaf,
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8. The injectable polymer depot composition of daim 1, wherein the biodegradable
polymer has an sverage weight molscular weight (Mw) of between 5000 to
120,000,

10. The injectable polymer depot composition of claim 1 comprising 10% {o 80% by
weight of the pharmaceutically acceptable organic solvent based on the total
amournt of the biodegradable polymer and the pharmaceutically acceptable organic
solvent,

11. The injectable polymer depot composition of claim 1 further comprising an additive
selected from the group consisting of stabilizing agents, antioxidants, buffering
agents, release modifying agents, and combinations thersof.

12. The injectable polymer depot composition of claim 1, wherein the VMAT2 inhibitor
has a particle size distribution characterized by D(50) in a range from about 2 pm
o about 300 um.

13, The injectable polymer depotl composition of claim 1, wherein the VAMT2 inhibitor
i uniformiy dispersed in the composition and is filled in a syrings for subcutaneous
or intramuscular injection,

14 A method of msking the injectable polymer depot composition of claim 1,
comprising: prefilling the VAMTZ inhibitor, the deuterated derivative, the salt, the
active metabolite, or the prodrug thereof in a syringe A, homogensousty mixing the
biodegradable polymer and the pharmaceutically acceptable organic solvent {o
form a homogeneous mixture, and prefilling the homogensous mixture in a syrings
B; thoroughly mixing components in the syringss A and B {o form the polymer depot
composition.

15 A method of treating hyperkinetic movement disorder comprising administering a
patient in need thereof the compuosition of claim 1 via injection; forming an in situ
sustained release implantidepot upon administering t© the patient, graduslly
releasing the VMATR inhibitor, the deuterated derivative thereof, the
pharmacsutically gcceptable salt thereof, the active metabolite thereof, or the
prodruyg thereof to the patient for at least one week.

16. The method of claim 15 comprising, afler the administering, providing sustainad
release of the VMATZ inhibifor, the deuterated derivative thereof, the
pharmaceutically acceptable salt thereof, the active metaholife thereof, or the
prodrug thereof with a plasma leve! peakftrough (F/T) ratio between 1 o 10.
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17.The methad of claim 15, wherein release of the VMATZ inhibitor, the deuterated
derivative thereof, the pharmaceutically acceptable sall thersof, the active
metabolite thersof, or the prodrug thereof from the in situ sustained relsase
implant/depot is no mote than 30% of total VMATZ2 inhibitor loading 24 hours after
the administration.

18. The method of claim 15 wherein the hyperkinetic movemsnt disorder s selected
from the group consisting of tardive dyskinesia {TD}, chorea associated with
Huntington's diseass (HD), framors, dystonia, tcs, myocionus, stereotypies,
restless fegs syndrome, and various other disorders with abnormal involuntary

movements.
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