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PHARMACEUTICAL COMPOSITIONS AND METHODS RELATED TOOTIC THERAPELTIC
AGENTS
This apphcation clawns prionty to U.S. Provisional Patent Apphcation Senal No. 62/739,933, filed Ociober 2, 2018;
which is meorporated herein by reference m it entirety.
BACKGROUND

1081 Stem cells exhubit an extraordinary ability to generate multiple cell types m the body. Besides embryonic stem
cells, tissue specific stem cells serve a cntical role durng development as well as i homeostasis and injury repair m the
adult. Stem cells renew themselves through proliferation as well as generate tissue specific cell types through
differentiation. The characteristics of different stem cells vary from tissue to tissue, and are determined by thew
minnsic genetic and epigenetic status. However, the balance between self-renewal and differentiation of different stem
cells are all strmgently controlled. Uncontrolled self-renewal may lead to overgrowth of stem cells and possibly tumor
formation, while uncontrolled differentiation may exhaust the stem cell pool, leading o an impaired ability to sustain
tissue homeostasis. Thus, stern cells continuously sense therr environment and approprately respond with
proliferation, differentiation or apoptosis. It would be destrable to dnive regeneration by controfling the timing and
extent of stern cell proliferation and differentiation. Controlling the proliferation with small molecules that are cleared
over time would allow for control of the trming and extent of stern cell proliferation and differentiation. Remarkably,
tissuie stem cells from different tissues share a himited number of signaling pathways for the regulation of their self-
renewal and differentiation, albeit in a very context dependent roanner. Some of these pathways are the Wnt and
(GSK3-f pathways.
002] LS s expressed across a diverse range of tissues and has been identified as a biomarker of adult stero cells n
a vartety of tissues such as the gut epithelia (Barker et al. 2007), kidney, hair folhicle, and stomach (Barker et af, 2010;
Haegebarth & Clevers, 2009). For exaraple, #t was first published m 2011, that maromalian wner ear haw cells are
derived from LGRS cells (Chai et al, 2011, Shietal. 2012} Lor5 is a known component of the Wnit/B-catenin
pathway, which has been shown to play major roles m differentiation, proliferation, and nducing stem cell
characteristics (Barker et al. 2007),
(003}  Permanent damage to the hair cells of the mner ear results i sensonmeural heanng loss, leading to
commurmcation difficulties in a large percentage of the population. Hair cells are the receptor cells that transduce the
acoustic stimulus. Regeneration of damaged hair cells would provide an avenue for the treatment of a condition that
currently has no therapies other than prosthetic devices. Although hair cells do not regenerate in the mammahan
cochlea, new hair cells in lower vertebrates are generated from epithehal cells, called supporting celis, that surround
hair cells.
[804] Thus, there remams aneed for novel pharmaceutical compoisitions o protect auditory cells before injury and
preserve/promote the function of existing cells after mjury. There remains a need for for novel pharmaceutical

compaisiions 1o regenerate cochlear supportimg cells or hair cells afler injury.
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005]  Inaddition o the above reasons for the need of novel pharmaceutical compositions to regenerate cochlea
supporting cells or hair cells after injury, there remaims a need to be able o provide the novel pharmaceutical
compositions m a manmer to efficiently facilitate their intended use. For example, manufactunng and stoning the
pharmaceutical compositions until required poses many challenges, such as those relatimg to stability of the
pharmaceutically active ingredients. For example, pel formulations may pose particular challenges i relation to

stability and a dry composition might not be readily reconstituted to form a gel formudation.,

SUMMARY
{0606 In some aspects, the present disclosure provides a lyophilized pharmaceutical composition compuasing a
gething agent
(607} In some aspects, the present disclosure provides a gel pharmaceutical conposition, for example a

thermoreversible gel, comprismg one or more otic therapeutic agents,

j008] In some aspects, the lyophilized pharmaceutical composttions disclosed heremn are reconstituted to form
the gel pharmaceutical coraposttion, for exampile a thermoreversible gel, disclosed herein

1809  Insome aspects, the present disclosure provides, inter afia, alvophilized pharmaceutical composition
comprising one or more ofic therapeutic agents and a gelling agent.

1018]  Tn some aspects, the present disclosure provides a vophilized pharmaceutical composition comprising about
50 to about 500 mg of poloxamer and about 50 to about 500 mg of a cormpound of forrauda (1), for exanple valproic
acid or a pharmaceutically acceptable salt thereof

[011] Insome aspects, the present disclosure provides a pharmaceutical composHion comprsing one oF more otic
therapeutic agents and a gelling agent. For example, a pharmaceutical composition may comprise punified poloxamer
and an mereased concentration of valproic acid or a pharmaceutically acceptable salt thereof while mamtaining sutable
getling characteristics. Tn a further example, a pharmaceutical composition may comprse an increased concentration of
valproic actd or a pharmaceutically acceptable salt thereof and CHIR99021 or a pharmaceutically acceptable salt
thereof, wherem the moreased concentration of valproic acid or a phanmaceutically acceptable salt thereof mcreases the
tevel of CHIR99021 or a pharmaceutically acceptable salt thereof n the wmer ear.

1012} In some aspects, the present disclosure provides comprising a gelling agent and a compound of formula

{Ix

o R?.a RQb RBa REb R"i 1a R'i 16
/ / /
e R

Formula (i)

or a pharmaceutically acceptable salt thereof

2



CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235
(613} In some aspects, the present disclosure provides a pharmaceutical composition comprising a gelling

agent, valproic acid or a pharmaceutically acceptable salt thereof at a concentration of greater than about 70 mg/mil, and
one or more otic therapeutic agents.

[814]  Tn some aspects, the present disclosure provides a composition that 15 surtable for mitratympanic injection.
[015] In some aspects, the present disclosure provides a pharmaceutical composition conprising a poloxamer,
wherein at least 85% by wt.% of the poloxamer has an average molecular weight of greater than about 7250 Da, and
valproic actd or a pharmaceutically acceptable salt thereof 1s present at a concentration of greater than 70 mg/mi.

(616} In some aspects, the present disclosure provides a pharmaceutical composiion comprising a poloxamer,
wherein less than 20% by wt %% of the poloxamer has an average molecular werght less about 7250 Da, and valproic
acid or a pharmaceutically acceptable salt thereof at a concentration of greater than 70 mg/ml.

1617} In some aspects, the present disclosure provides a method for prepanng a pharmaceutical composition
compnsing the steps of (a) having an aqueous solution comprising a gelling agent; and (b} adding asolution of one or
more otic therapeutic agents or a pharmaceutically acceptable salt thereof,

1018} In some aspects, the present disclosure provides a lyophilized pharmaceutical composition comprising a

getling agent and one or more otic therapeutic agents, wherein the composition does not contain an additional bulking

agent.
1619} In some aspects, the present disclosure provides a lvophilized pharmaceutical compostiion comprising a

poloxamer and one or more ofic agents, wherein the composttion does niot contam an antioxidant

10264 In some aspects, the present disclosure provides a method of tyophilizing a pharmaceutical conmposition.
1621] In some aspects, the present disclosure provides a method of reconstituting a tyophilized pharmaceutical
COMpOSIon.

(622} In some aspects, the present disclosure provides a reconstituted pharmaceutical composition.

1623]  Insome embodiments, the one or more otic therapeutic agents are one or more heaning loss treatment agents.
1024]  Insome embodiments, the one or more otic therapeutic agents are modulators of one or more biological
pathways and biological targets associated with heaning loss.

0251  In some embodiments, the one or more ofic therapeutic agents are haw cell regeneration agents and/or
otoprotective agents.

[026]  Insome embodiments, the one or more otic therapeutic agents are selected from the group consisting of the
agents described m Tables 1-13, and pharmaceutical salts thereof.

027} Insome embodiments the one or more otic therapeutic agents are CHIR99021 or a pharmaceutical
acceptable salt thereof], and valproic acid or a pharmaceutical acceptable salt thereof.

1628}  In some embodiments, the composition comprises CHIR99021 or a pharmaceutically acceptable salt thereof]
valproic acid or a pharmaceutically acceptable salt thereof, and a gelling agent.

[028]  Insome embodiments, the pharmaceutically acceptable salt of valproic acid s a sodwm salt {e.g., sodium

valproate).
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[038]  Insome embodiments, the gelling agent is a thermoreversible gelling agent (e g, a poloxamer).
[031] Insome embodiments, the poloxamer is Poloxamer 407.
(032} In some embodiments, the poloxamer is a purified poloxamer (e g, purtfied Poloxamer 407},

1033] Insome aspects, the present disclosure provides a method of treating heaning loss, comprising administering
10 a subject in need thereof a pharmaceutically acceptable amount of a reconstituted solution, wheremn the reconstituted
solution is prepared by a reconstitution process using the lyophilized pharmaceutical composition of any one of the
preceding claims.
[834] Tn some aspects, the present disclosure provides a pharmaceutical composition, cormpnsing;

1) CHIR99021 or a pharmaceutically acceptable salt thereof being present at a concentration rangmg from
0.025 mg/ml to about 25 mg/mal;

1} valproie acid or a pharmaceutically acceptable salt thereof being present at a concentration rangmg from 0.5
mygy/mi to about 500 mg/mi;

1) poloxamer 407 bemg present at a concentration rangmg from 1 wit¥s to about 25 wi%e; and

1) dimethyl sulfoxide (DMSO) being present at a concentration below 7.5 wi%e,
[035]  Insome aspects, the present disclosure provides a pharmaceutical composttion, comprising;

1} CHIR99021 or a pharmaceutically acceptable salt thereof being present at a conceniration ranging from
0.025 mg/ml to about 25 mg/mi;

11} valproic acid or a pharmaceutically acceptable salt thereof being present at a concentration ranging from |
mg/mi 1o about 500 mg/mi;

1) poloxamer 407 being present at a concentration rangmg from 1 wit%e to about 25 wi¥; and

1v) dimethyl sulfoxide (DMSO) being present at a concentration below 7.5 wi%s.
1036] In some aspects, the present disclosiure provides a pharmaceutical composition, comprsmg;

1) CHIR99021 or a pharmaceutically acceptable salt thereof being present at a concentration rangmg from
0.025 mg/ml to about 25 mg/mal;

11} valproic acid or a pharmaceutically accepiable salt thereofbeing present at a concentration ranging from 0.5
mg/mi to about 500 mg/mi;

1) poloxamer 407 bemg present at a concentration ranging from 1 wi%s 1o about 25 wie; and

1) dimethyl sulfoxide (DMSO) being present at a concentration below 7.5 wi%e,
1837]  Insome aspects, the present disclosure provides a method of processimg the pharmaceutical composition of
the present disclosure to form a lyophilized pharmaceutical conposition.
[838] Tn some aspects, the present disclosure provides a lyophilized pharmaceutical composition bemng prepared by
tyophiiizing the pharmaceutical composition of the present disclosure.
[039]  Insome aspects, the present disclosure provides a lyophilized pharmaceutical composition being prepared by

the method of the present disclosure.
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048]  Insome aspects, the present disclosure provides a reconstituted solution bemng prepared by adding a diluent to
the lyophilized pharmaceutical composition of the present disclosure.

[041] Insome aspects, the present disclosure provides a reconstituted solution being prepared by adding a diluent to
alyophilized pharmaceutical composition which 1s prepared by Iyophilizing the pharmaceutical composttion of the
present disclosure.

1842] Insome aspects, the present disclosure provides a reconstituted solution bemg prepared by adding a diluent to
a lyophilized pharmaceutical composition which 15 prepared by the method of the present disclosuire.

[843] Tn some aspects, the present disclosure provides a reconstriuted solution being prepared by adding a diluent to
a lyophilized pharmaceutical compostiion, comprising one or mote otic therapeutic agents and a gelling agent.

[044]  Insome aspects, the present disclosure provides a method of facilttating the generation of a issue and/or acell,
compnsing delivermg a pharmaceutically effective amount of the lvophilized pharmaceutical composttion, the
pharmacewtical composition, or the reconstituted solution of the present disclosure to the tissue and/or the cell.

[845]  In some aspects, the present disclosure provides a method of treating a subject who has, or s at nisk of
developing, a disease associated with absence or alack of a tissue and/or a cell, comprising admimistering to the subject
a pharmaceutically effective amount of the lvophilized pharmaceutical composition, the pharmaceutical composition,
or the reconstituted sohution of the present disclosure.

[846] In some aspects, the present disclosure provides a method of increasing a population of vestibular cells na
vestibular tissue, corprising delivenng a pharmaceutically effective amount of the lyophilized pharmaceutical
composition, the pharmaceutical composition, or the reconstituted solution of the present disclosure.

1847] Insome aspects, the present disclosure provides a method of treating a subject who has, or1s af nisk of
developing a vestibular condition, comprising admimstening to the subject a pharmaceutically effective amount of the
tyophilized pharmaceutical composition of the lyophilized pharmaceutical composition, the pharmaceutical
composition, of the reconstituted solution of the present disclosure.

048]  Insome aspects, the present disclosure provides a method of mcreasing a population of cochlear cellsm a
cochlear tissue, comprising delivenng a pharmaceutically effective amount of the lyophuhized pharmaceutical
composition, the pharmaceutical composition, or the reconstituted solution of the present disclosure,

[849]  In some aspects, the present disclosure provides a method of treating a subject who has, or i at nisk of
developing a cochlear condition, comprising admimstering to the subject a pharmaceutically effective amount of the
lyophilized pharmaceutical composition, the pharmaceutical composition, or the reconstituted solution of the present
disclosure.

053]  In some aspects, the present disclosure provides a method of increasing a population of cells found i the
Organ of Cort, comprising delivering a pharmaceutically effective amount of the lyophilized pharmaceutical

composition, the pharmaceutical composition, or the reconstituted solution of the present disclosure to the population.

[0}
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[051]  Insome aspects, the present disclosure provides a method of mereasing a population of hair cells found m the
Organ of Cort, compnsing delivermg a pharmaceutically effective amount of the lyophilized pharmaceutical
composition, the pharmaceutical composition, or the reconstituted solution of the present disclosure 1o the population.
1052}  In some aspects, the present disclosure provides a method of mcreasing a population of inner hair cells found
m the Organ of Corti, comprising delivening a pharmaceutically effective amount of the lyophilized pharmaceutical
composttion, the pharmaceutical composition, or the reconstituted solution of the present disclosure o the population.
053]  Insome aspects, the present disclosure provides a method of mereasing a poputation of outer hair cells found
w the Organ of Corti, corprising delivering a pharmaceutically effective amount of the lyophilized pharmaceutical
composition, the pharmaceutical composition, or the reconstituiied sohution of the present disclosure to the population.
1054]  Insome aspects, the present disclosure provides a method of increasing a population of newronal cells found in
the Organ of Corti, compnising deliverng a pharmaceutically effective amount of the lyophilized pharmaceutical
composition, the pharmaceutical composition, or the reconstituted solution of the present disclosure 1o the population.
[055]  In some aspects, the present disclosure provides a method of treating a subject who hags, or s at nisk of
developing a hearing condition, compnising adnunstering to the subject a pharmaceutically effective amount of the
lyophilized pharmaceutical composition, the phammaceutical coraposition, or the reconstitited solution of the present
disclosure.

[856] Tn some aspects, the present disclosure provides the tyophulized pharmaceutical coroposttion, the
pharmaceutical composition, or the reconstituted solution of the present disclosure, for use m faciitating the generation
of atissue and/or a cell.

1857]  Insome aspects, the present disclosure provides the lyophilized pharmaceutical composition, the
pharmacewtical composition, or the reconstituted solution of the present disclosure, for use m in treating a subject who
has, or1s at nisk of developmg, a disease associated with absence or alack of a tissue and/or a cell

1658  In some aspecis, the present disclosiie provides the byophilized pharmaceutical composition, the
pharmaceutical composttion, or the reconstituted solution of the present disclosure, for use n increasing a population of
vestibular cells in a vestibular tissue.

859  Tn some aspects, the present disclosure provides the tyophilized pharmaceutical coroposttion, the
pharmaceutical composition, or the reconstituted solution of the present disclosure, for use m treating a subject who
has, or 1s at risk of developing a vesttbular condrtion.

1868] Insome aspects, the present disclosure provides the lyophilized pharmaceutical composition, the
pharmaceuical composition, or the reconstituted solution of the present disclosure, for use mn mereasing a population of
cochlear cells in a cochlear fissue.

1668] Insome aspecis, the present disclosuie provides the byophilized pharmaceutical composition, the
pharmaceutical compostion, or the reconstituted solution of the present disclosure, for use m treating a subject who

has, oris at nsk of developing a cochlear condition.
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1062}  Insome aspects, the present disclosure provides the lyophilized pharmaceutical composition, the
pharmaceutical composition, or the reconstiuiied sohution of the present disclosure, for use m mereasing a population of
cells found in the Organ of Corti.

1863] In some aspects, the present disclosure provides the byophilized pharmaceutical coraposttion, the
pharmaceutical composttion, or the reconstituted solution of the present disclosure, for use in mcreasing a population of
har cells found in the Crgan of Cortr,

1864] Insome aspects, the present disclosure provides the lyvophilized pharmaceutical composition, the
pharmaceutical composition, or the reconstituted solution of the present disclosure, for use in mereasing a population of
mmner hair cells found m the Crgan of Corti,

1065]  In some aspects, the present disclosure provides the lyophilized pharmaceutical composition, the
pharmacertical composttion, or the reconstituted sohution of the present disclosure, for use m mereasing a population of
outer hair cells found n the Organ of Cortr.

[866] In some aspects, the present disclosure provides the byophilized pharmaceutical coroposttion, the
pharmaceutical composttion, or the reconstituted solution of the present disclosure, for use in mcreasing a population of
neuronal cells found m the Organ of Corti.

1867] Insome aspects, the present disclosure provides the lyophilized pharmaceutical composition, the
pharmaceutical composition, or the reconstituted sotution of the present disclosure, for use m treating a subject who
has, or 15 at nisk of developimg a heanng condition.

1068]  In some aspects, the present disclosure provides for the use of the lyophilized pharmaceutical composition, the
pharmaceutical composttion, or the reconstituted sohution of the present disclosure, m the manufacture of a
medicament for facilttating the generation of a tissue and/or acell.

[1869]  In some aspects, the present disclosure provides for the use of the lvophihzed pharmaceutical composition, the
pharmaceutical composition, or the reconstituted solution of the present disclosure, i the mamufacture of a
medicament for in treating a subject who has, or s at nsk of developing, a disease associated with absence or alack of
a tissue and/or a cell

[878]  In some aspects, the present disclosure provides for the use of the Iyophilized pharmaceutical composition, the
pharmaceutical composition, or the reconstituted solution of the present disclosure, m the manufacture of a
medicament for mcreasing a population of vestibular cells in a vestibular tissue.

1878  Insome aspects, the present disclosure provides for the use of the lyophihized pharmaceutical composition, the
pharmacewtical composition, or the reconstituted solution of the present disclosure, i the manufacture of a
medicament for treating a subject who has, or 15 at risk of developing a vestibular condition.

1672] Insome aspecis, the present disclostie provides for the use of the lyophilized pharmaceutical composition, the
pharmaceutical composttion, or the reconstituted solution of the present disclosure, 1o the manufachure of a

medicament for ncreasing a population of cochlear cells n a cochlear tissue.
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19731 Insome aspects, the present disclosure provides for the use of the lvophilized pharmaceutical composition, the
pharmaceutical composition, or the reconstiuiied sohution of the present disclosure, i the manufacture of &
medicament for treating a subject who has, or s at risk of developing a cochlear condition.

1874] In some aspects, the present disclosure provides for the use of the lvophihzed pharmaceutical composition, the
pharmaceutical composition, or the reconstituted solution of the present disclosure, in the manufacture of a
medicament for mcreasing a poputation of cells found m the Organ of Cortr.

18758] Insome aspects, the present disclosure provides for the use of the lyophihized pharmaceutical composition, the
pharmaceutical composition, or the reconstituted solution of the present disclosure, in the manufacture of a
medicament for mereasing a population of hair cells found in the Organ of Cortr,

[1976]  Insome aspects, the present disclosure provides for the use of the lvophilized pharmaceutical composition, the
pharmaceutical composttion, or the reconstituted sohution of the present disclosure, m the manufacture of a
medicament for mcreasing a population of inner hair cells found in the Organ of Com.

18771  Insome aspects, the present disclosure provides for the use of the lvophihzed pharmaceutical composttion, the
pharmaceutical composttion, or the reconstituted solution of the present disclosure, i the manufacture of a
medicament for mcreasing a population of outer hatr cells found m the Organ of Corti.

1878] Insome aspects, the present disclosure provides for the use of the lyophihized pharmaceutical composition, the
pharmaceutical composition, or the reconstituted solution of the present disclosure, in the manufacture of a
medicament for mereasing a population of newronal cells found m the Organ of Corti,

1078]  Insome aspects, the present disclosure provides for the use of the lyophilized pharmaceutical composition, the
pharmaceutical composttion, or the reconstituted sohution of the present disclosure, m the manufacture of a
medicament for treating a subject who has, or1s at risk of developing a hearing condition.

1083]  Unless otherwise defined, all techmical and scientific terms used herein have the same meaning as commonly
understood by one of ordnary skall in the art to wihich this disclosure belongs. In the specification, the singular forms
also include the plural unless the context clearly dictates otherwise. Although methods and matenals similar or
equivalent to those described herein can be used in the practice or testing of the present disclosure, suitable methods
and materials are descriibed below. Al publications, patent applications, patents and other references roentioned heremn
are meorporated by reference for all purposes. The references cited herem are not adimitted to be prior art to the
claimed mvention. In the case of conflict, the present specification, ncluding detinitions, will control. Tn addition, the
materials, methods and examples are ilustrative only and are not intended to be inuting, In the case of conthct
between the chermcal structures and names of the compounds disclosed herein, the chermical structures will control.
[081]  Other features and advantages of the disclosure will be apparent fiom the following detailed description and
clamms.

[082] Figure 1: Shows an analysis of auditory bramstem responses (ABR) for the treatment 1n a noise-damage
model for nduced hearmg loss. Treatment with CHIR99021 + VPA leads o heanmg improverment in an in vivo noise

damage model. (A) Image of mjection procedure to transtynpanically inject poloxamer into the middle ear of mice.
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(B) Amimals designated to control and treated groups had elevated thresholds at 24hrs and Swks after notse exposure
compared to pre-exposure baseline. Control =37 ammals, treated n=47 ammals. (C) At Swks after mjection, treated
arumals had sigrficantly lower heanng thresholds relative to control arimals for 4 of the 5 frequencies tested. (D) The
distnbution of mdividual bearing recovenies was analyzed. Values represent the change i dB needed to ehatan ABR
response, with posttive values representing further threshold mereases (further heanng loss) and negative values
representing threshold decreases (improved hearng). The fraction of ammals with a given ABR change from 24hr to
Swks are shown for each frequency tested. The treated group had a higher mcidence of ammals with heanng
wmprovement and the greatest mdividual recovenes. Values are presented as means = SE; * = p<Q.05, ** =p<0.01,
ok = <) 001, #H%= pc.0001.

1083} Figure 2 shows an analysis of hair cell count for treatruent i a notse-damage model for mduced hearing
loss. (A) Low ruagnification view of a healthy 1solated cochlear section showing corplete rows of mner hawr cells
{(IHCs) and outer hair cells (OHCs). (B) High magnification view of the region hughlighted n a) showmng intact IHCs
and OHCs m mud frequency regions. (C) Cochleae of vehicle mjected ammals show widespread hair cefl loss
throughout the cochlea (apex and mud region shown). (D) High magnification view of the region highlighted in (C)
showing substantial absence of hair cells m mud frequency regions, where a single THC can be seen in the field of view
{sohd arrow). (E) Cochleae of CV (CHIR99021 and NaVPA) treated animals show a greater overall population of hair
cells compared to vehicle treated animals (apex and mud region shown). (F) High magnification view of the region
highlighted in (E) showing a complete row of THCs (solid arrow) and a population of OHCs (open arow). (G CV
treated cochlea (blue) show significantly more total hair cells, IHCs, and OHCs relative to vehucle treated cochleae
{grey). (H) The number of hair cells depicted as the percentage relative to an undamaged healthy cochlea. CV treated
cochlea (blue) show significantly higher percentage of total hair cells, THCs, and OHCs relative to velucle treated
cochleas (grey). Scale bars, 100um low magmafication, 20pum hugh magnification. Values are presented as box-whisker

plots; n=7 animals per gioup, * = p<0.05, ** =p<Q.01.

[084] Figure 3. Amimal model data: sigmificant improverment i thresholds seen at 20kHz and 28 3kHz.
[085] Figure 4. Amimal model data: sigmificant improvement m thresholds seen at all frequencies.

(086} Figure § Animal model data: significant improvement in thresholds seen at all frequencies.

1087} Figure 6: NaVPA loganthmic mean concentrations,

j088] Figure 7. CHIR99021 loganthmic mean concentrations.

[089] Figwre 8 Lyophilized test composition without use of an appropriate lyophihzation cycle.

(099 Figure 9 Lyophilized test composition manufactured using the developed lyophilization cycle.
[091] Figure 10. Test composition time course stability,

1692} Figure 11. Solutions of the test composition after ime, T

1693} Figure 12. Reconstifited NaVPA and CHIR99021 assay levels wathun refnigerated syninges.
1094} Figwre 13: The chiomatogram P407 Lot GNACI7521C before (red trace) and after punfication (blue
trace)



CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235
1095 Figure 14: High molecular weight (HWM) impunities correspond to a very small percentage by weight

Where present, high molecular weight impurities are observed as a small shoulder eluting before the desired MW

peak. The chromatogram tllustrates the HMW content for two lots of unpurified P407.

[696] Figure 15; A zoomed m portion of Figure 12,

10971 Figure 16: Molecular weight calibration curve for PEG standards analyzed by SEC.

{098} Figure 17 Cumudative molecudar weight distnbution.

1099} Figure 18: A typical CAD chromatogram for a blank HoO imection compared to a 1% PA07 sample.

(0100} Figure 19; RPLC-CAD chromatogram of P407 with wopunties are divided ito “zones” m the
chromatogram.

0101} Figure 20: Ivophilized test composition A (entry 2, Table 35).

0162} Figure 21 lvophilized test composition B {entry 3, Table 35),

[0103] Figure 22 Ivophilized test composition C (entry 4, Table 35).

[0104] Figure 23 lvophilized test composttion D (entry 5, Table 35).

[0105] Figure 24 tvophilized test composition E {entry 6, Table 35).

0106} Figure 25: reconstituted compositions A (A1), B (B-1). C(C-1), D (F-1}, and E (G-1) from Table 35.
(0167} Figare 26: Aldehyde content in liquud placebo before and affer lvophilization.

DETAILED DESCRIPTION
[0168] In some aspects, the present disclosure provides, inter alia, alvophihzed pharmaceutical composition
compnising one of more otic therapeutic agents (e.g, CHIR99021 and sodium valproate) and a gelling agent{e.g,
Poloxamer 407).
18109]  In some aspects, the present disclosuie provides a lyophilized pharmaceutical composition comprising one or
more otic therapeutic agents (e.g, CHIR99021 or a phanmaceutically acceptable salt thereof and sodium valproate ora
pharmaceutically acceptable salt thereof) and a gelling agent (e g, apoloxamer).
0110} In some aspects, the present disclosure provides a lyophilized pharmaceutical composttion comprising one or
more oic therapeutic agents (e.g, 1.Y2090314 or a pharmaceutically acceptable salt thereof and sodium valproate or a
pharmaceutically acceptable salt thereof) and a gelling agent (e g, a poloxamer).
0111} Insome aspects, the present disclosure provides a lyophilized pharmaceutical composition comprising a
gething agent (2.2, a poloxamer) and a compouind of formada (1) (e.g., an HDAC inhibitor, such as valproic acid ora
pharmacentically acceptable salt thereot),
[8112] In some aspecis, the present disclosure provides a pharmaceutical composition compusing one or more ofic
therapeutic agents (e g, CHIR99021 or a pharmaceutically acceptable salt thereof, and valproic acid or a
pharmaceutically acceptable salt thereof), wherem the mcreased concentration of one of the one or more otic
therapeutic agents {(e.g., valproic acid or a pharmaceutically acceptable salt thereof), increases the level of the other one

or more ofic therapeutic agents (e.g, CHIR99021 or a phanmaceutically acceptable salt thereof) in the wner ear.

10
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0113} In some aspects, the present disclosure provides a pharmaceutical composition conmprising a gelling agent
{e.g, apoloxamer) at a certamn purity and one or more otic therapeutic agents (e.g,, valproic acid or a pharmaceutically
acceptable salt thereof) at a certam concentration.

[8114] Tn some aspects, the present disclosure provides a yophilized pharmaceutical composiion comprising one or
more otic therapeutic agents (e.g, CHIR99021 or a pharmaceutically acceptable salt thereof and valproic acid or a
pharmaceutically acceptable salt thereof) and a gelling agent (e g, poloxamer), where the composition does not
compnse an additional bulking agent.

[0115] In some aspects, the present disclosure provides a lvophilized pharmaceutical compostiion corprising one or
more olic therapeutic agents (e.g, CHIR99021 or a pharmaceutically acceptable salt thereof and valproic acid or a
pharmaceutically acceptable salt thereof) and a gelling agent (e g poloxamer), where the composition does not
compnse an antioxidant,

[0116] In some aspects, the present disclosure provides a method of preparing the pharmaceutical composition of the
present disclosure.

0117} Insome aspects, the present disclosure provides a method for preparing a pharmaceuncal composition
comprising the steps of: (a) having a solution compasing a gelling agent (e g a poloxamer) and one or more otic
therapeutic agents (e.g, valproic acid or a pharmaceutically acceptable salt thereof); and (b) adding a solution of one or
more otic therapeutic agents (e.g. CHIR9021 or a pharmaceutically acceptable salt thereof),

[8118] Tn some aspects, the present disclosiure provides a method for Iyophilizing a pharmaceutical composition.
(0119}  In some aspects, the present disclosure provides a pharmaceutical composition (e.2,, a pre-lyophilized
pharmaceutical composiion} comprismg one or more ofic therapeutic agents (e.g., CHIR99021 and sodium valproate)
and a gelling (e.g., Poloxamer 407 and other polyethylene oxide-polypropylene oxide block copolymers, mcluding
triblock polymers) or other thenmoreveraible (also called “hermosetting” gelling agents) such as polylactic aad (PLA)
— polyethylene oxide block copolymers (including PEO-PLA-PEQO tnblock copolymers),

0120}  In some aspects, the present disclosure provides a method of processimg the pharmaceutical composition of
the present disclosure to form a lyophilized pharmaceutical composition (e.g., the pharmacentical composition of the
present disclosure).

8121} In some aspecis, the present disclosure provides a reconstituted solution comprising one or more otic
therapeutic agents (e g, CHIR99021 and sodium valproate) and a gelling (e g, Poloxamer 407),

[0122] Insome aspects, the present disclosure provides a lyophilized pharmaceutical composttion comprising
Poloxamer 407, CHIR99021 or a pharmaceutically acceptable salt thereof and valproic acid or a pharmaceutically
acceptable salt thereot (e g, sodium valproate).

18123} In some aspects, the present disclosure provides a lyophilized pharmaceutical composttion compnising
Poloxarner 407, CHIR99021 or a pharmaceutically acceptable salt thereof and 2-hexyl-5-pentynoic acid ora

pharmaceutically acceptable salt thereof (e g. sodivm 2-hexyl-S-pentynoic acd),

i1
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[0124] In some aspects, the present disclosure provides a lyophilized pharmaceutical composition comprising
Poloxamer 407, CHIR99021 or a pharmaceutically acceptable salt thereof and lnoleic acid or a pharmaceutically
acceptable salt thereof (e g. sodiuim hineolate).

[8125] In some aspecis, the present disclosure provides a lyophilized pharmaceutical composition corprising
Poloxamer 407, LY20903 14 or a pharmaceutically acceptable salt thereof and valproic acid or a pharmaceutically
acceptable salt thereof (e.g. sodium valproate).

[0126] In some aspects, the present disclosure provides a lyophihized pharmaceutical composition comprising
Poloxamer 407, AZD1080 or a pharmaceutically acceptable salt thereot and valproic acid or a pharmaceutically
acceptable salt thereof (e g. sodium valproate).

0127} In some aspects, the present disclosure provides a lyophilized pharmaceutical composition comprising
Poloxamer 407, GSK3 XX or a phammaceutically acceptable salt thereof and valprowe acid or a pharmaceutically
acceptable salt thereof (e g. sodium valproate).

[6128] In some aspects, the present disclosure provides a lvophilized pharmaceutical composttion compnsing
Poloxamer 407, Compound 1-7 or a pharmaceutically acceptable salt thereof and valproic acid or a pharmaceutically
acceptable salt thereof (e.g. sodium valproate).

0129} In some aspects, the present disclosure provides a lyophilized pharmaceutical conposition comprising
Poloxamer 407, Conpound I-1 or a pharmaceutically acceptable salt thereof and valproie acid or a pharmaceutically
acceptable salt thereof (e g, sodium valproate).

[0136] In some aspects, the present disclosure provides a lyophilized pharmaceutical composition comprising
Poloxamer 407, Cormpound |-3 or a pharmaceutically acceptable salt thereof and valproic acid or a pharmmaceutically
acceptable salt thereof (e g. sodimim valproate).

8131] Tn some aspects, the present disclosure provides a lyophilized pharmaceutical composiion comprising
Poloxamer 407 and valprotc acid or a pharmaceutically acceptable salt thereof (e.g. sodium valproate).

0132} In some aspects, the present disclosure provides a pharmaceutical composition surtable for imtratympanic
injection comprising Poloxamer 407, valproic acid or a pharmiaceutically acceptable salt thereof (e g sodium
valproate) at a concentration of at least about 120 mg/ral, and CHIR99021 or a pharmaceutically acceptable salt
thereof

10133} In some aspects, the present disclosure provides a pharmaceutical conposition conmprising at least 85 wi% %
Poloxamer 407 having an average molecular weight greater than abowt 7250, and valproic acid or a pharmaceutically
acceptable salt thereof (e g. sodium valproate) at a concentration of greater than 120 mg/ml, and CHIR99021 ora
pharmaceutically acceptable salt thereof,

10134} In some aspects, the present disclosure provides a lyophilized pharmaceutical composition comprising
Poloxarer 407, valproie acid or a pharmaceuncally acceptable salt thereof (e.g. sodium valproate), and CHIR99021 or

apharmaceutically acceptable salt thereof, wherem m the composiion does not comprise an additional bulking agent.

12
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(9135} In some aspects, the present disclosure provides a lyophilized pharmaceutical composition compusing
Poloxamer 407, valproic acid or a pharmaceutically acceptable salt thereof (e.g. sodium valproate), and CHIR99021 or
a pharmaceutically acceptable salt thereof, wherein m the composition does not comprise an antioxadant.

(8136} In some aspects, the present disclosure provides a method for prepanng a pharmaceutical composition
conprising the steps of. (&) having an aqueous solution comprising Poloxamer 407 and valproic acid or a
pharmaceutically acceptable salt thereof (e.g. sodium valproate), and (b} adding a solution compnising DMSO and
CHIR99021 or a pharmaceutically acceptable salt thereof

(0137} In some aspexcts, the present disclosure provides a method for lvophilizing a pharmaceutical composition
comprising Poloxamer 407, valproic acid or a pharmacentically acceptable salt thereof (e.g. sodium valproate), and
CHIR99021 or a pharmaceutically acceptable salt thereof, wherem the method compnises:

(5138} {a) providing the pharmaceutical composition; (b} yophiliang the compostion by: (1) reducing the
termperature i the lyophilizer to -45 °C at a rate of 0.5 °C per manute, and then holding 1t at -45 °C for 3 hours; (it)
applying a vacuum of 80 mTor; (i) mcreasing the temperature t0 -30 °C (at a rate of 0.5 °C per momute) and holding it
at-30 °C for 15 hours under a vacuum of 80 mTorr; (iv) increasing the temperature to 15 °C (at arate of 0.5 °C per
nurte ), andfor (v) holding the temperature at 15 °C for 20 hours under a vacutn of 80 mTorr, and (¢) obtanung a
tyophilized pharmaceutical composition.

(0139} In some aspexcts, the present disclosure provides a method for lvophilizing a pharmaceutical composition
comprising Poloxamer 407, valprore acid or a pharmaceutically acceptable salt thereof (e.g. sodium valproate), and
CHIR99021 or a pharmaceutically acceptable salt thereof, wheremn the method comprises:

{1401 {a) providing the pharmaceutical composition; (b} yophiliang the compostion by: (1) reducing the
temperature in the lyophilizer to about -45 °C at a rate of about 0.5 °C per minute, and then holding it at about -45 °C
for about 3 howrs; (1) applying a vacuum of about 80 mTorr; () mereasing the temperature to about -30 °C (at arate
of about 0.5 °C per nunute and holding 1t at about -30 °C for about 15 hours under a vacuum of about 80 miTorr; (iv)
mcreasing the temperature 1o about 15 °C {at a rate of about 0.5 °C per minute); and/or (v) holding the temperature at
about 15 °C for about 20 hours under a vacuum of about 80 mTorr, and (¢) obtaming a lyophilized pharmaceutical
COMPOSItION,

8141} Improved Reconstitution Time

(0142} A way to provide a pharmaceutical composttion is in a dey or non-hydrated form, e g as a tablet, smce this
typrcally renders the phammaceutically active ingredient{(s) m the coraposition stable for a useful time peniod that may
elapse between the composition being manufactured and to when compostiion is administered. The pharmaceunically
active ingredient(s) 1s usually stable m the dry composition at varying conditions (temperature, hummdity etc.) over the
time penod that it may be subjected to.

[0143] However, for a pharmaceutical coroposition that is adrinistered as a solution or a gel, the tume between
manufactimg to adrmistration poses significant challenges because the pharmaceutically active mgredient(s) nthe

composition may be not be stable in solution for extended periods of time, and start to degrade, thus creating a
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degradation problem. The mventors addressed this degradation problem by lyophilizing the pharmaceutical
composttion to improve stability, for example for a usefid time period between manufactuning and adnunistration.
(0144} The degradation problem can be further exacerbated when the components of the composttion are slow to
dissolve mto the solution (1.e. have poor solubility ). For example, with the extended time peniod time taken to dissolve
the components in the solution, degradation can occur. In addition, components can precipitate out of the solution over
penods of trme. Lyophihization of the composition does not necessanly solve the degradation problem m this scenano
where the component(s) also has poor solubility becavse the composition has two instences, one when the composttion
15 being manufactured and another when the composition 15 being reconstituted, where the composition 1s i the form
of asolution for an extended period of time, which can lead to degradation of the components. While the long period
of time 1o manufacture the composition may be acceptable since this can be done 1 a controlled environment, the long
penod of time taken to reconstitute the lyophilized pharmaceutical composition 1s not always practical smee this
typically would occur immedhately before the composition is admumistered m an environment that may vary and
canmot be controlled, e.g. m amedical environment. Accordingly, there remams a need to be able to manufacture a
yophilized composition that 1s stable and reconstitutes on an acceptable time scale.

(0145} The present disclosure offers a solution to the problerm descabed above. Swrprisingly, ithas been discovered
that a lvophilized composition comprising a gelling agent and a salt of an organic acid reconstitutes (1.e. dissolves o
solution) more quickly than the fime taken to dissolve its constituent parts prior to lyophilization. This means that the
composition can be manufactured, fyophilized to produce a stable composttion, stored, and then reconstituted quickly
prior to admumustration. It has also been shown that the components of the lyvophilized composition are stable for
extended perods of time, unlike the composttion m solution form. Thuss, the present disclosure provides compositions
with improved reconstitution time, for example relative to 1S constituent parts prior o vophilization. In one
embodiment the present disclosure provides compositions with improved reconstitution time relative o 1S constituent
parts without byophilization (for example as non-lyophihized powders, crystals or other forms).

[0146] The solution to the problenm wall be lustrated by a non-hnuting exanple. For example, a lyophilized
composition compnising a poloxamer and valproic acid or a pharmaceutically acceptable salt thereof can be
reconstituted about three times faster than a lyophulized poloxamer alone or powdered poloxamer (1e. non-lyophilized
poloxarmer). This result is unexpected and enables the fast reconstitution of pharmaceutical composttions. The fast
reconsttution time is especially useful where if 15 not practical to erther freshly prepare the composttion, or to wait for
long penods time for the corposition 1o reconstitute e.g. because this would fead to the degradation of components of
the composifion.

(8147} Increased permeation of otic therapeutic agents

10148} Delivery of a pharmaceutical composition to the imner ear, i particular the cochiea, often relies on diffission
and/or penmeation of the pharmaceutical cornposttion mto the cochlea (and n particular into the Organ of Cortr),

Increasmg permeation nto the cochlea and/or the Organ of Corti 1s therefore desirable, and 1t1s also desirable to avord
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decomposition of the corposttion, prior to this pomt, and/or the ofic therapeutic agent(s) precipitating out of solution
prior o delitvery 1 the cochlea or Orgen of Cortl.

(0149} Accordingly, there is a need for pharmaceutical composttions i which the otic agent(s) diffuse and/or
permeate mito the cochlea (and Organ of Cortr) more effectively.

[0150] The present mvention offers a solution to the problem described above. Surpnisingly, 1t has been discoverad
that a pharmaceutical composition comprising high concentrations of an orgamic acid as defined herein by Fornuda (T),
for example valproic acid, or a pharmacevitically acceptable salt thereof, mcreases the levels of otic therapenitic agent(s)
i the cochlea.

18151} The solution to the problem will be Hlustrated by a non-imiting example. For example, a pharmaceutical
composition comprising CH99021 or a pharmaceutically acceptable salt thereof and an increased amount of valproic
acid or a pharmaceutically acceptable salt thereof, e.g greater than 100 mg/mL, leads to anon-linear ncrease m the
levels of CH99021 found in the cochlea after admunistration. For example, a ~50% increase in the amount of valproic
acid or a pharmaceutically acceptable salt thereof m the composition can result i far more than a 50% merease of
CHIR99021 in the cochlea. The mcrease of CHIR99021 in the cochlea can be in region of 4-14 fold. Additionally, the
mcreased concentration of valproic acid or a pharmaceutically acceptable salt thereof i the composition can increase
the concentration of valproic acid or a pharmaceutically acceptable salt thereof in cochlea by at least an order of
magnitude. This result 1s unexpected and enables the oproved delivery of a pharmmaceutically active agent(s) to apart
of the ear that 1s difficult to target and difficult to access.

(0152} Puntfied Poloxamer

[0183]  In some mstances, the present invention deseribes a pharmaceutical composttion m the form of a sotution,
which comprises a poloxamer. The poloxamer, when dissolved i the composition at a certain concentration, may
wmipart vanous properties to the composttion, such as a certam viscostly and/or a certan gelation temperature. In some
mstances, the present invention requires a pharmaceutical composition with a viscosity to form an immobile gel when
heated to sbout body temperature,

0154} The mclusion of a further component(s) at particular concentration(s) i the composttion may perturb the
composition’s viscosity and/or gelation in a marmer such that the ability to form an immobile gel when heated to about
body temperature 18 dnmished {(for example where the gel is a thermoreversible gel). Therefore, there may be an
upper himit of the concentration{s) of the further component(s), e ¢ therapeutic component(s), that can be tolerated by
the composition while retaming physical properties that are sutable for use. Accordingly, there 1s aneed to provide a
pharmaceutical composition with an increased amount of a further component(s), e.g. therapeutic component(s), while
maintaining gelling charactenistics m order to manufacture pharmaceutical compositions.

18185] The present mvention offers a solution to the problem described above. Surpnisingly, 1t has been discoverad
that punfying a poloxamer prior to manufacture of a pharmaceutical composition enables an mereased concentration
of the other component(s} o be tolerated while mamtaining the composttion’s gelling charactenstics. For example, the

composition compnsing purified poloxamer can tolerate increased concentrations of 1onic components, such as salts of
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organic acids. The increased concentration of component(s) allowed by purifying the poloxamer can allow mcreased
concentrations of therapeutic components 1o be achieved without adversely affecting other properties of the
composition. The purfied poloxamer can be prepared or characterized by any of the methods and/or measures set out
herem, n any combmation, mcluding those disclosed i the numbered embodiments and exarples.

[0156] The solution to the problem will be ilustrated by a non-hmiting example. For example, a pharmaceutical
composttion compnsing Poloxamer 407 will have a certam gelation ternperature. In some mstances, the composition
desirably forms a gel at about body temperature. However, other components in the composition can perturb the
temperature that the coraposition forms a gel. For a particular composition comprising Poloxarmer 407, where
Poloxamer 407 has not been purntfied, a concentration of about 80 mg/mL of sodium valproate can be achieved. At
concentrations higher than 80 mg/mL, the gelation temperature may be perturbed and the composition’s desirable
charactenistics, such as gelation temperatue, dinunish, Unexpectedly, for a pharmaceutical corposition cormprising
purtfied Poloxamer 407, a concentration of greater than about 80 mg/mL of sodivim valproate can be achieved, while
the desirable gelation temperature 18 mamtamed.

01587}  As gel composttions are often not suitable for storage or distnibution, the gel composifions may be lyophilized
as set out herem. Those lyophilized compositions will therefore have higher concentrations of further component(s),
such as therapeutic components, than would otherwise be possible (e.g. with unpunfied poloxamer) while retaming
favorable gel properties when reconstituted. For example, where the gel contains a given amount of water, the
tyophiized composition made from that gel provides anumber of benefits. For example, such a lyophihized
composition can be reconstitited, for example with the same or similar given amount of water, to provide the
compostions discddosed heremn that retam their gel properties despite the mereased levels of further component(s).
[0158] Therefore, one aspect of the present invention is a composifion comprising a poloxamer having an increased
amount of VPA, or pharmaceutically acceptable salt thereof, as disclosed herern. In such embodiments, one approach
to achieve the increased level of VPA, or pharmaceutically acceptable salts thereof, 15 to purify the poloxamer as
disclosed heretn. In these aspects the composition may, for example, be lyophilized or reconstituted with water,
0159} No additional butking agent

(0160} An additional bulking agent, such as a polysacchanide, 1s typically added fo a pharmaceutical composition
prior 1o lyophilization m order to help control the morphology of the tyophilized composiion. The additional bulking
agent, such as a polysacchande, can be added to a composition before it is lvophilized to impart improved
charactensuics to the lvophihized product. For example, the charactenistics may be the improved mormphology of the
Iyophilized product, m the form of a cake. It 1s also advantageous if the tvophilized cake is porous, has a large volume,
and/or 1s a flutfy cake. Balanced with the need to provide a suitable lyophilized pharmaceutical composiion, there isa
nead o provide a pharmacentical composttion with nnimal components since the composttions are administered (o

subjects in need thereof.
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(0161} The present mvention offers a solution to the problem described above. Surprisingly, 1t has been discovered
that a lvophilized composition of the present invention can be successfully Ivophilized even when the composition
does not comprise an additional bulking agent.

8162} No antoxadant

(0163} Many pharmaceutical conpositions comprise an antioxidant to mcrease the stability of the composition over
an extended period of trme. Typrcally, an antioxidant 1s required where the composition contans, or degrades over
time to produce, a reactive species that may react further with other components, thereby affecting the stability the
composition. A species in a composition that contans an aldehyde functional group can be a reactive species, for
example reacting through undesired redox pathways, which may cause degradation of the other components. Hence,
the mclusion of an antioxadant may increase stability of the composition by whibiting the redox pathways. Balanced
with the need to provide a stable pharmaceutical composttion, there 1s a need to provide a pharmaceutical composition
with mamimal components since the compositions are admmistered 0 subjects in need thereof

[8164] The present mvention offers a solution to the problem described above. Surpnismgly, 1t has been discovered
that a lyophilized composition of the present disclosure, that comprises a poloxamer, is stable when the composition
does not comprise an antioxidant even though the poloxamer conponent can degrade 1o produce aldehydes.

[0165] The solution to the problem will be ilfustrated by a non-limiting example. For example, compositions of the
present disclosure compuse a poloxamer, which may degrade to produce aldehydes. Unexpectedly, when lyophihaing
compositions of the present disclosure, 1t was found that Ivophihization removed substantially all of the aldehydes from
the composition and/or resulted in a composition that does not produce further aldehydes once lyophilized. This result
means that an antioxadant not required 1n the composition.

08166} Order of addition of mgredients

8167] A pharmaceutical composition that 1s suitable for administration as a solution or a gel typically comprises an
aqueous component, such as water. This poses a problem for many pharmaceutically accepiable agents smce they can
bhe spanngly soluble in agueous solutions. Furthenmore, the actives can take extended periods of tie to dissolve,
precipitate out of solution andvor be unstable i solution. Accordingly, there remeans a need o provide further methods
of making a pharmaceutical composition as an aqueous solution in less time while maintaiimg the integrnty of'the
COTPONENS.

[0168] The present disclosure offers a solution to the problem described above. Swrprisingly, ithas been discovered
that adding a pharmaceutically acceptable active(s) i the form of a concentrated sohution of a polar aprotic solvent to
an aqueous component results in a pharmaceutical composttion where the pharmaceutically acceptable agent(s) has
been solubihized m the aqueous solution. Crucially, the time taken to form the composition 1s reduced m companson to
altemative orders of addition, and the time that any potentially unstable components are i solution is minimmized.
(0169} The solution to the problen wall be lustrated by a non-hnuting example. For example, CHIR99021 may
extubit low solubikty 1 aqueous solutions and manufactuning 15 especially problematic where large quantities of an

aqueous solution and long durations of time are required to dissolve CHIR99021 or its salis. However, pre-dissolving
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CHIR99021 m apolar aprotic solvent and adding that solution to the aqueous component of the composition
successfully solvates CHIR99021 m an aqueous system. This result is unexpected since it occurs on a relatively short
timescale, does not lead to precipitation of CHIR99021, 1s amenable to scale up, and is reproductble. This result is
usefdl smee 1t allows the formation of previously maccessible compositions.

(0170} Lyophilization method

9171} Lyophilizing a pharmaceutical composition to produce an acceptable form of the lvophihized product, such as
a porous cake, may be challenging. Many factors affect the outcome of the method, and the factors are amenable to a
wide range of vanation. For example, temperature, rate of temperature change, pressure, and duration at vanous
termperatures and/or pressures all require careful consideraion. Thus, obtaming a suitable yophitized product froma
method 1s no small endeavor and there remains a need to provide more lyophitization methods.

0172 The present disclosure offers a solution to the problem descrbed above. Surpnisingly, 1t has been discovered
that a particular method gives a suitable lvophilized composition in the form of a lyophilized cake. For exanple, the
tyophilization method of the present disclosure 1s particularly advantageous because it 18 requires nuld condiions,
achievable on commercial tyophilizers, which results m a lyophilized product with good charactenistics, e g the

product cake is porous.

Otic Therapeutic Agents

18173] Asusedheremn, the term “otic therapeutic agent” refers to an agent capable of treating or preventing a disease
associated with the ear (e.g, Meniere's disease, heanng loss, a disease of the vesitubular system, vertigo, ear
mflanmation, or ear mfection) or a condibion associated with (e.g, resulting into or resulting from) the disease.

[0174] In some embodiments, the otic therapeutic agent is a hearing loss treatment agent.

8175} As used herem, the term “hearmg loss treatment agent”” refers to an agent capable for treating or preventing
hearing loss or a condition associated with {e.g., causing or developing mto or resulting from) hearing loss.

0176} In some embodiments, the one or more otic therapeutic agents are one or more heaning loss treatment agents,
01771 In some embodiments, the one or more otic therapeutic agents (e.g., heaning loss treatment agents) are
modulators of one or more biological pathways and/or biological targets associated with heanng loss. Each of'the
modulators may independently be an agonist (e.g, activator) or antagomst (e g, mhibitor) of one or more biological
pathways and/or biological targets. In some embodiments, one or more of the modulators are agents that mcrease or
activate the activity of one or more biclogical pathways and/or biclogical targets. In some embodiments, one or more
of the modlators are agents that decrease or elimunate the activity of one or more biological pathways and/or
biological targets.

18178} In some embodiments, the one or more ofic therapeutic agents (e.g, hearing loss ireatment agents) are selected
from the group consisting of Wit pathway agonists, histone deacetylase (HDAC) mhibitors, Dkk 1 ihibitors, Axin
mhibitors, SFRP1 mhibitors, bone morphogenetic protein (BMP) inbubitors, beta-caterin agonists, CychinD1

activators, REST corepressor 1 {CoREST) mhibitors, NOTCH agonists, TGF-beta mhibitors, cAMP response element
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hinding protemn (CREB) activators, cyclin-dependent kinase (CDK) activators, CDK intubitors, PI3K-AKT activators,
PEBEK-AKT mhibitors, PTEN inhibitors, ATOH1 agonists, ATOHT antagonists, POU4E3 agonists, POU4F3
antagonists, GFI1 agonists, GFH antagorists, ERK/MAPK agonists, FERK/MAPK antagonists, FGF agonists, FGF
antagonists, y-ammobutytic acids (GABAs), voltage-gated Na+ chanmel antagonists, mositol, PKC agonists, PKC
antagonists, FOXO mhibitors, FOXO agonsts, Kv3 channel antagonists, p27Kipl mhibitors, IL-153, N-Methyl-D-
aspartate (NMIDA) receptor antagonists, NADPH quinone oxidoreductase 1, gamima secretase intubitors, gamma
secretase activators, NK 1 receptor antagonist, NK 1 receptor agonist, AMPA receptor agomst, AMPA receptor
antagonist, Toll-Like Receptor (TLR) agonist, Toll-Like Receptor (TLR) antagonist, histamine H4 receptor agorust,
H4 receptor antagomist, S-HT3 receptor agonst, 5-HT'3 receptor antagomst, Octd activators, Sox2 activators, Sox17
mducers, KIf4 inducers, cMye activators, Sonic Hedgehog agomsts, Sorue Hedgehog antagonists, Epidermal Growth
Factor (EGF), Insulin Like Growth Factor (IGF), vaseular endothehal growth factor (VEGF), endothelial mtnc oxide
synthase (eNOS), prostaglandin E (PGE), Bramn-denved neurotrophic factor (BDINF), SMAD mhibitors, Sali4
wmducers, Gatad mducers, Gatab mducers, proteasome mbubitors, retinoie acid receptor agomsts, mMTOR mhibstors,
mTOR activators, Ascorbic acid, 2-phospho-l-ascorbic acd, KIDM mbabitors, TTNPR, newrotrophin 3, DNA-
modifying enzymes, LSD-1 mhabitors, Nicotmormde, Surtun, Histone methy! transferase mhibtiors, Histone
demethylase mhibitors, Histone Lysine Methyliransferase hibitors, DNMT mhibitors, p33 mhubitors, p21 mbubitors,
AMPE activators, Hippo activators, Hippo inhibitors, Y AP/T AZ whibitors, Mstl/2 whibitors, CK1 activators, CK 1
whibstors, Noggm, R-spondin 1, BET activators, St activators, Sirtl mbwbitors, Sit2 activators, Sirt2 whibitors, Sir3
activators, Sirt3 mhibitors, IMID3 mnbubitors, DMNT inhabiiors, Stat3 mhibitors, LS mhibitors, active
prostaglanding, cAMP activators, Oxadative phosphoryiation uncouplers, argimine methyltransferase mhibstors, ALK4A
nhibitors, Peroxisome proliferator-activated receptor gamma activators, EGFR mhibitors, SHH mhubitors, Vi
activators, DOTIL mhubitors, Thyroid hormones, E box-dependent transcriptional activators, and protein degradation
mhibitors,

0179} In some embodiments, the one or more otic therapeutic agents (e.g., heanng loss treatment agents) are hawr cell
regeneration agents and/or otoprotective agents.

(0180} In some embodiments, the one or more ofic therapeutic agents (e.g., hearing loss treatment agents) are selected

from the group consisting of the agents descobed m Tables 1-13, and pharmaceutical salts thereof.

Table 1
AZD1080 Sodivm p-ammnosalicylate GP-HL1
GSK XXXH Oxyphenbutazone QP-HL-3
LY2090314 Deoxycholic actd SENS-111
DMH1 Metoprine R-azasetron besylate
Sodium Butyrate Dasatinib SPI-10058
Sodium Phenylbutyrate Terreic Acid Alphalipoic acid
Vo-ohpic PGEZ Ancrod
SF1670 dmPGE2 Zorusande
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Rapanmycin GWa662 2-phospho-t-ascorbic acd
AICAR BMI-284 Vitanun C
Foxy-5 Chioroquine Octd
EPZ004777 YH249 Som2
SGC944 Carbamazepine Ki4
Anandamide Lamotrigine cMyc
Simvastatin Portion of Jag-1 residue 188-04 BFR44
Pravastatin N-methythemeanthidine chlonde | EGF
Amano-bisphosphonates Tubastatin A g}a;gfmed neurotrophic factor
A-83-01 Trichostatin A rosiglitazone
616452 Panobinostat BEX 01294
SB431542 MS-275 S-azacytidine
KMU-MP-1 Apiadin Reversine
WAY-262611 Febuxostat Purmorphamine
Purpurogalin Phenyl butyrate SAG
Exifone MiR-182-5p Hh-Agl.S
Gallic acid AUTL LDE225
RG108 AUT3 SMER28
WAY 316606 AUTO0063 PG
HLY78 AM-101 Metformin
Lycorine QA2 SIP
D 4476 AM-111 1-AA
PF-4800567 LY3056480 UMI17116
{R)-roscovitine DzlNep 16-dimethy!
PE-G70464 PD0O325901 Forskolin
PE-3006739 PS48 (JS11
TAOL Fructose 2 BIO
{(R)-DRF0S3 6-hisphosphonate Cyclopamine
TGO03 M-12 Neuvropathiazol
IC261 Casin Plunipotin
{(S-CR8 LY294002 Y-27632
Riluzole Dorsomorphin SKL2001
YM298198 LDN1193189 AS1842856
INF16259685 Quercetinn Neurotrophin 3
INJ10198409 Peptide P13 ASR351
LY 456236 EPL-743 SI403
Flinanzme Vincerimone TC-E 5002
DAPT EPI-589 Tranylcypronune
LY411575 Sodium Thiosuifate SUL6F
MDIL 28170 RO4929097 (GSK2879552
SC1 Concanavalin A GSK-LSD1
SUS402 Ciprofloxacin CBB1007
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Selumetimb (AZ1D6244) Dexamethasone 3TFA
Methotrexate Betamethasone SP-2509
Pynmethamine ORC-13661 Noggin
Trmetrexate Betahistine R-spondin 1
Molatrexed HPMN-O7 Valproic acid
Raltitrexed NHPN-1010
&-Mercaptopurine Gacychdine
Retinoic acid BDNF
TINPB N-acetylcystene
Azathioprine PF-04958242

Table 2
DZNep ASB351
SC-1 TC-E 5002
{CBB1003 DNP
SP-2509 P48
ASBIS] SC-1
TC-E 5002 1.Y-364947
NSC 636839 KMU-MP-1
AZIDS438 TBS005738
Prostaglandin B2 Ethacndme
Forskolin Metformun
DNP SGL0946
RS(C133 HPZ004777
LY-364947 OAC2
AMI-S Robotimkin
AMI-1 KMIU-MP-1
Compound B4 (TGFb-RD) Metfornun
PS48 SGC0%46
S-aza-2-deoxycytidine EPZO04777
Rosigltazone OAC2
A-83-01 Robotinikin
TTNPB Cyclopamne
{2-Methyl-4-{ {4-methy]-2-{4-<{nfluoromethy phenyl I-5-thiazolvl  methylthio ) phenoxy } -acetic acid
Gefitinb 33,5 Triodo-L-thyronine
Cyclopamine IBSO0R738
Calaitriol Fthacndine
Prostaglandin E2 CAY10591
Compound B4 (TGFb-RT) SRT1720
AMI-1 CAY10602
AMI-S BEX-527
Forskolin AGK2
AZDS5438 Tenovin-6
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S-aza-2-deoxyoytidne Strtinol
R8C133 (+)-JO1
DZNep GSK-J4
Table 3
Compound Target
CHIR-98023 GSK-38
CHIR-99021 GSK-3B
CHIR-99030 {GSK-38

Hymenialdisine GSK-3B
debromohyvmeraldisine GSK-3B
dibromoccantherelline (Sk-38
Mendianine A (k38
alsterpaadione OSR-35
cazapaullone GR350
Alowsine A GSK-30
NSC 893868 GSK-38
{1 H-Pyracolo] 3 4-blguinoxalin-3~-amine} o
Indirubin-3 -oxune
{Indirubin-3"-monoxime; 3-]1.3-Dihydro- vy
3ghvdroxyvimine)- 24 —«‘iﬁd@i 2vlidenel- GSK-3)
1 3-dihvdro-2H-indol-2-one}

A TOFP0TZ2

{1-{7-Methoxvguinohin-d-v1}-3-{6~ GSK-36
{nfluoromethviipvndin-2-viurea}
LRO3 GSK-30
LRG3-mis GSK-3P
FRRYAN GSK-3B
NPOGL H GSK-3B
HMEK-32 OSk~30
Manzaomne A GER-3)
Paliunn GSK-30
Tricantin SK-30
M-12

3-{4-Fluorophenyiethylammo - 1 -snethyl- GSK-3P
4-{2-methy - H-indol-3-v{}- 1 H-pvrrole- o

2 S5-dione)
NPO3ITI2 GSK-31
NPGOLH GSK-31
NPO31LES GSK-30
VP 251 (SK-30
VP2.54 GSK-30
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VP 316

GSK-36

VP 3.35

GSk-31

HLYTY
{$-Ethel-3,6-Dabvdro-3methyl-
{1, 31dioxolold, 5+ iphenanthndine, 4-
Ethyl-S-mathyl-3 6-dihvdro-
H 3 dioxolo]4. 8~ iphenanthniding)

Axan

WAY-202611
{{1-{4-{Naphthalen-2-vDpyrimidin-2-
vpipenidin-d~v imethanamine)}

Prckkopf-1 {DEKK D

BHQRS0

DEK1

NCIRe42

DREL

zallooyanine dyss

DRKE1

Compounds 3-8
{(Moore et o, JMed Chem., 2009,
321053

secreted frizsled-related protein 1 (3FRP-
1

WAY-316606

5ERP-1

Table 4

Compound

Target

AUl
{Cao et al. | Soiensific Reports,
4:4965)

204

SMADISR

AlT7
{Cao et al., Sofennific Reports,
4:49635%

2014

SMADISE

Table &

Compound

Target

Certvasiatin
{Baveol: Lipobav)

plikipl

Alsterpaulione 2-cvanoethyl

p27kipi

S3103

peikipi
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Table &
Compound Tareet
Compound A (See FIG 7) Atohl
Compound B (See FIG. 73 Atphl
Compound € (See FIG. 7y Atohl
l-Azakenpaullone Atchl
{Pvrdof3". 272 3lazepinel4,5-blindol~
&{SH~one, 9-bromoe~7 12-dihvdro-)
2-{N}-beneyi elliplicene Atohl
Table7
Compound Target
Delia/Serrate/Lap-2 pepude Notch receptor
Table 8
Compound Target
Yormostat _— v a
{rEINN; suberanilohvdroxamic acid; suberoviandide ,,Him{q‘,\d‘m:’;, {HE A CL, ‘
T - 3, and 8} and HDAC class 1
hydroxanue acul;, SAHA e han m
{suberovitanilidethydrosamic acid abbreviated}, N- (e HDACA, 3, 7, and &
2 AR YATC AT R R S A Lo ogxSo3 88 LI < ALY ) Eﬁ" (‘#;ﬁ'{d EE}}

Hydroxv-A -phenviecianediamide; Zolinza™)

HDAC class F{HDACH, 2,

Trichostgtin A i’ .
3. and ) and HDAC class H
CTSA: (25 45 6RYT-(d-(Dimethylaminoyphenyl)-n- | o 204 #) and HDAC class 1l
s - AT e P T {Ifg: HOACH 5. 7 and 9
bvdroxy -4, 6-dunethyvi-7-ox0-2 4-heptadisnamide) ‘ PR ‘
’ Hb: 6 and 103

glinostat e o
(PXD101: Beleodag) HDAC
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Valproie aoid . -
; ¢ HDAC

{(VPA: sodim valproate, Sodium 2-propy Ipentanocate)

FK 228
{Depsipeptide; FR 90122¥; Romidepsin: Cvclo{(27)-

Z-amino-2-butenovi-Lvaly 35 483 -hydroxy -7~

HDAC cass F{HDACH, 2,
3, and 8), HDACY, and

mercapio-4-heptenovi-D-valvl-Deovstemyl], cvelic (3- HDACG
3} disulfide}
Soditm butvrate HDAC

{ Buganoic acid sodium salt, Nai))

LMK 233
{(N-[Te-(Hy drosvamino 6-oxohexyijoxy 13,5~
dimethvibenzanude)

HDACY and HDACS

Nenpiaid
{N-Hydroxy-1.3-dioxo~ 1 H-benzf delizoqunoline-
203 H-hexananide)

HDAC

M 344
{4-{Diethviamine}-N-{ 7-{hvdroxy amimoe}-7-
oxohepiviibensamide}

HDAC

SRHA
(NN -Dibydroxvoctanediamide; suberic
bishyvdroxamate)

HBACY and HBACS

CRHA . o tvx
fm-carboxyoinnanuc acid bishvdroxamude) HDACT and HDAC3
HMBA

{hexamethyviene bisacetamide).

HDAC
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Tubacin
{N-{4-[{ 28 4R 88)-4-{{{4, 5-Driphenyi-2- HOACS
oxazolyhithiolmethyl |-6-[d-{thvdroxymethyDphenyi}- o
1 3~dioxan-2-vlipheny -V “hyvdroxyvoclancdianude}
Sodiom 4-phenvibutyrate
{4-PB; sodium pheylbubyrate;, 4-Phenyibutyric acd, HDAC

seditgn salt, d-phenvibutvate)

M 1388

{3~} 54{3-{3-Fluorophenvii-3-oxopropen-1-vi)}- 1~ HDAC g:}ass i'&; ﬁfii}&{ﬁ’ 7 |
methy - L -pvrrol-2v1-N-hv drosy -2-propenamide) 7, and 9)
Compound 9 HDAC class Ha (HDACH, 3,
{Mat o gl JAMed Chem., 2005; 48:3344) 7, and 9}
Compound 24 HDAC class fla (HDAC4, 5,
{Mad et ol Jded Chem,, 2005 48:3344) 7. and ¥

TC-H 106
(NI-€2-Aminopheny-N7-(4-
methyipbenvhheptanediamide; Pimelic

HDAC class THHDACL, 2,

3, and 8)
Prphenviamide 106}
Pyroxamide ey A
{N-Hy droooy-N -3-pyridinvioctanediamide) HDRACH
NCH 51
{PTACH, 2-Methvipropanethioie acd 5 7-oxo-7-{{4~ HDAC
phem L-2-thiazobyDaminotheptvl] esten)
NOH 31 HDAL
PO 34051
{(N-Hy droxy-1-{{4-methoxyphenyDimethyv - 1 -indole- HDACS
Secarboxamide)
thiophene benzamide HDACT and HDAC2

KD 3170
{(S-{ 2 S-{ -] 3 Drimathviaminopropoxy |
phenviisulfonvllammoe-3-pyndinyii-2-
oxoethyHethanethioo acid ester)

HDAC class 1 (HDACT, 2.

Jand Xy and HDAC class

{(Ha HDACY 8.7 and &
Hb: 6 gnd 1)

TCS HDBACS 20b

{2-Methyipropansthiow aoid-8-{{f3)-6-{{{1,1~

dimethy i&ﬁ‘mu }ﬁm‘hemfi} amno-7-ox0-7- HIALS
(revelo]3.3. 1 P dee- Lvlaminodheptvl] ester)
{3-Nitroso-8-gumnolinel} HDAC
NSCo8603 HDAC

26




CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235
NSCBR6371 HDAC
NSC305819 HDAC
CFa9d
{N-acetvidingline; Aceividinaling; 4- HDAC class |

{ Aceiviamune-N-(2-mmnophenvibenzanude)

LA;Q@ 24'

HDAC olass §

LBHSR9

{panchmosiat; Farvdak) pan-HDAL
Ms27o HDAC!-3

{(SNDX-275. entinostat)

MOGCDOEIN3
{ mocetinostal)

HDACTE and 1

UF 010 it A ron
{4-Bromoe-N-butvibenzohyvdraride} HDACI-S
Copdod HDACL-3
Romidepsin HUACT and HDAC2
RS-27.275 HBAC
Nalbly .
{n-buivrate} HDAC
frapoxin HDAC
Amcidin
{Cvclol{28)-2-Amino-S~oxodecanovi-1-methoxy-L~ HDAC
tryptophyi-Leisoleuey SR »2-pipenidimecarbonyi}
depudesin HDAC
EX 527
{6-Chiore-2.3, 4, 9-tetrahvdro- | H-carbazole-1- SIRTH
garboxamide)
AGK 2
{2-Cvano-3-[]3-(2, S-dichloropheny D-2-furanvi}-A-5- SIRT2
quinohnyvi-2-propenanude}
AK.7
{N-{Z-Bromopheny)-3-thexahydro-1H-qzepin-1- SIRT2
vhsulfonvlibenzanude)
SuBesi?
{2-{{4 6-Dumethy - 2-pyromudimy Dthtol-NV-{ 51~ S1RT2

naphthalenyimethv-2-thiszolvlacetamide)

Salermide
{(N-[3-11(2-Hvdroxy -1-naphthalenvl}
methvienclaminephenvlw-metivibenzeneacetanude)

SIRTH and SIRTZ

Splitomicin
{1,2-Dhhydro-38 -naphthol2, 1 -Hlovran-3-one}

sur2p {veast form of SIRT)
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Table 9

Componnd Target

MGI3Z
{Z-LLL-al, Z-Lew-Lep-Leun-CHO, M-
{{Phenvimethoxy Yearbonyi}-L-lency BN-{{18)- 1~
formyl-3-methvibuivii-L-leucinamide)

proteasome

M{262

(Z-Leu-Leu-Leu-BIOH)2) proteasome

MGHS

(Z-1Leu-Leu-Nya-CHO) proteasome
7-Low-Leu-Pho-CHO N
[r olggsome

{(Z-LLE-CHOY

N-Acetvi-encyi-leucyl-norleucingl

{Ac-Leaw-Leu-Nie-CHO) proleasome

Neacetvl-leucy-leucyl-methional

. e woleasoms
{Ac-Lew-Leu-Met-CHO) - :

N-benzyloxycarbonyl-isolewcyb-y-t-butyl-glutamyl-
almvi-leucinal proteasome
{£-He-GhOiBu-Ala-Lep-CHOQY

N-benzyvloxvearbonvi-eucyHMeucyi-leucinal

. ! I rofessoms
(7-Leu-Leu-LeuCHO. proteasom

N-benzvloxyearbonyHeueyi-lenovi-yrosyl o-kato
aldehvde proteaseme
{(Z-Levw-Leu-Tvr-C OUHOS

N-berpevloxy carbory Meooy Heucevi-phenvialangl

(Z-Leu-Leu-Phe-CHO) proteasome
N-benzyvloxyearbonyi-leuevi-leuovHeuwey] boronic
acid proteasome
{Z£-Lev-Len-Lew-BOHR)
Bortezonmb

. ) : | roteasome
{PS-341; Velcade: Neomib: Bortecad) P )

Lactacystin
(2R IS ARFI-Hydrony-2-[018 ohvdroxy -2~
methyipropyvil-d-methvl-3-oxo-2-pyrrolidinecarboxy -
Neacety-L-ovsiane thioester)

proteasome

Dhsulfiram

. , IOISAsCME
{ Antabuse and Aniabus) ;

Epigaitlocatechin-3-gallate

A i g TSRS
{Epigallocatechin gallate, BGUG) P
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Salinosporamide &

profegsome

Carfilzomub
{Kvprolisy

profeasnime

SROXONHCR

profgasoms

xazomib
{(Ninlaro, MLN223%)

profeasoms

ixazomub ciirate
{MLNODTOR}

proteasoms

P&-341 rotsaseme
YLX1S06 N
(b-AP15) protfeasoms
glasto~-Lactacvstin beta Lactone ]
¢ proteasome
Cliotoxin
{Aspergilling (3R 5a8.65,100/)-2.3 3¢, 6-Tetrahy dro-6- NN
hydroxy-3-Chy droxymethe D-2-methvi- 10H4-3, 10 proteasome
epidithiopvrazine{ ! 2-alindole-1 4-dione}
AM 114
{3,3-Bis-{benavlidene~-d-boronic acidl~-1- profegsome

metty ipiperidin-d~-one)

PRI
{N-I{Phenvimethoxycarbonyl b Letsoleuoy -
ghutgmyi-fert-butyl ester-N- (18 1 -formyl-3-
methy tbunvl-L-alanmanude)

proiRaseme

Qprozomib

{ONX 0917 proteasome
Dielanvomuh
proteasome

(CEP-18770)

BigG22 Huwel (B3 gbiguitn izase}
BI&AZG Huowel (E3 ubnquitin lizase)
Table 10
Compound Target
MLN4G20 4
{Pevonedistat) Akl
APL-2
{Triciribine; NSC 154020, TUN; 1.5-Dihwvdro-3~
methy - 1-B-Dribofuranosyl-1,4,5.6.8- Ak

pentaazagcenaphthivien-3-amine; Alt/protein kinase B
sigmnaling inhibuor-2)

AP
4-Anuno-3,8-dihvdro-S-oxo-8-f-D-nibofuranosyl-
4-An 5, 8-dihydro-5-oxo-8-f-D-nbofuranosyl

pendo]2 3~dpyvrimidine~6-carboxamude}

Akt
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GER. 690693
{4-{2~(4-Amno- 1,2 3-oxadiarol-3-v - Loathy - 7-{ (35} Akt
3-piperidinvimethoxy - 1 Hmidarold, 3-clpyndm-4- o
vil-Z-methvl-3-butvn-2-0l)
13-DEBC hvdrochlionde
(104" (N N-Diethvlaminoybutv -2~ Akt
chlorophenoxazine hvdrochloride)
¥FPAIZ4
{Dichloro (2732~ {4-ox0-d H~ 1 -benzopyvran-3- .
T Akt
yviimethviene]
hvdraanecarbothicanide copper complex)
SCa6
{28 6832 H6-Ris{d Akt
pynidin imethylenelevelohexanons)
LY 294002 hydrochloride
{2-{4-Morpholiny1}-B-phenyl-48-1-benzopyran-t-one PI3K
hvdrochlonde)
WOrmanun PI3K
B3 PIZK
Quercetm

{2-(3 4-Dibvdrosyphenyiy3, 8 T-hvdrosy-4 5.1~
benzopyran-d-one}

PI3K and PEC

FHT 427

{$-Dodecvi-A-1,3 d-thiadiazol-2-vi- Akt and PDK
henzenesul fonamide)
GSK 2334470
{{35.61)-1-{6-3-Amno- LH-indazol-6-vI)-2- PDK 1
{methvlanmoyd-pyrmidinyl-N-cvclchexyl-6- *
methvl-3-pipendinecarboxamide}
Fisetin
{2-(3,4-Ixnhvdroxyphenyi}3, 7-dihvdroxy -4 1- PIIK, Akt
benzopy ran-4-one}
OXL 03012
{2-Amno-N-{4-{ 5-(Z~phenanthreny{}-3- Akt and PDR1
{iriflucromethy D-1#H-pyrazol-1-vlphenvHacstanude)
PIT 1
{(N-H3-Chlore-2-hy droxy -S-mtrophenyl} Akt
arinehioxemethvlthenzanuds)
Table 11
Compeund Target
ACIO2 CRER

{o-Huoro-9-methvi-B-carboline;, 6FOMBC

30
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PCT/US2019/054235

Compound

Target

LY411573

(LEN-4115373; Compound 3; benzeneacetamude; N-
{lsp2-{i( 55;-{3,;’ dibwy dro-3-methyi-6-0x0-3H-~

dibenz{b.djazepin-T-vljammol- 1 -methy - 2-oxnethyi}-
3, 3-diftpore-g-hvroxy (b)) K2-H{285)-2-(3,5-

Diftuorophenyvly-2-hydroxyethanovH-N1 i{’}"%}«-s-
methvl-G-ox0-0,7-dihvdro-SH-dibenzol b dlazepin-7-
vii-L-alanmamide)

y-rooretase

L-685458
({384 reri-Rutoxy carbonyiamino -6-phenvi-{(4 K}~
hydroxy {28-benzyihexanoviy-L-dsuov-L-
phenvidaninamide; LY-685438; GSI-X)

y-sgcreiase

DBZ
{Débem‘ﬁmpms‘ YO-01027 GEI-XX, deshydroxy LY -
411375, N-[(18)-2-[{{75)-6,7-Dihy dro-S-methy -6-0x.0-
’»Hndsbemi dlazepin-T-vHamunol--methyl-2
oxoethvil- }Q:\-'é;ﬁumcbenm‘aeacemm&@;

Y-selregtass

MREAGH
{N-{cis-4-{ {4~ ChiorophenyDeulfonvil-4-{2 3~
diffuorophenyDovelohexyli-1,1,1-
‘mfiams;)meihanequi*mmmie}

y-secreiase

MRE-003

y-georetass

ME-OT52

y-secreldase
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Compound W
({CW 3, 3-Bis{d~-nitrophenoxy thenzoic acid)
{Okochi et al., J 8ol Chem., 2006, 281:7840; Ford et
al.,.f Newrosed Meth,, 2008, 168:465-474)

y~segretase

Compound B
{GRI-XXD
{Olsauskas-Ruprves et al., Onco Tavgens Ther, 2013,
G943}

Y-8

cystase

7
4]
Fl

BRS 2289948
{d-chioro-N-(2.3-dillucrophenyD-N-{{1 R} {4-Hucro-3-
{3-( 1 H-mmdazol-1- v-seorstase
vhpropyliphenylethylhenzenssulfonamide
b drochlonde)

BMS-433796
{8 2-((3-2-03 S-diflucrophenyi)-2-

et e , . r-sooretase
hvdroxyacetanidop-N-((§ Z-3-methy l-d-oxo-4, 5~ f TR
dihydro-3&-benzoldlf 1 2ldiazepin-S~v Dpropanamide)
3T .
INUT3 y-secratase

Flurbiprofen
bi{{/-Flurbiprofen; tarenfluebil; Flurtzan: (R}-2- YSECIEIase
Fluoro~g-methvii 1 1 '-biphenvii~d-acetic acid)

JLEZ, JLE4, JLKG, K7

. . : " y-gecrelase
{7-Amino-4-chloro-3-methoxy-1H-2-benzopyran} ¢

Begacestat
{GS1-953; S-Chiore-N-{{1.53-3,3 3-tnifluore-1-
{hvdroxymethvD-2-(tnflucromethylipropvi}-2-
thiophenasulfonmmde}

y-secretase

DEKIGOT y-secretase
PEO3084 14 y-seoreiase
Table 13
Compound Target

TINRP
(RO 13-7410, arotinoid acid. AGN 191183) RAR

ATRA RAR

.08 RA RAR

D271
{&-(d-Methoxy-3-tricyelof3. 3.1 1 3 Fidec-1-viphenyD)-2- BAR
naphthalenscarboxviic acid)




CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235
336 RAR
{304 RAK
437
{6-3-{ L-adamanty I-4-hydroXyphenyl}-2 naphthanoic acid) RAR
{ef{d-Hydroxy-3-tnevelof3. 3 1. 13 7idec-Tviphenyi}-2- s
naphithalenecarbosyviic acids
CDooG
{{Ey-d={ I -hydroXy-1-{5.6,7 8-tetrahvdro-5,5,8 & tetramethyl- RAR
Z-naphthvi-Z-propenyiibenzoic acid)
CS30 (4-(6- Hydroxy-Tetricvclof3. 3. 1 13.7dec-1-vk2- .
naphthalenvhibeneoic acid)
{2019
(&-(3+{ I-methvicycloheXy-4-methoXyphenvi -2 naphthanocic RAR
acid}
{2247 RAR
{2081 RAR
CD2314 RAR
C32325
{A-{EYR2-(3~( L ~adamantyD-d-hy droXy phenyl)- 1 RAR
propenyiibendon acid)
{12425 RAR
{2303 RAR
(2663 RAR
BMS-270394 {enantiomer of BMS-189561)
(3-Fluoro-4-{R}-2-hydroxy-2-{5 3 R R-teiramethy -5 6.7 8- RAR
tetrabyy dro-naphthalen-2-v-acotvianumnol-benzoie acd)
BMS~189961
{3-Fluore-4-{ 2-hy droxy-2-(3.3, 8 $-etramethy1-3,6,7 8- BAR
tetrabvdro-naphthalen-2-v-acetviammol-benznic acid)
6-{3-{adamantan-1-vi}-4-(prop-2- RAR
vivloxy iphenviinaphthalene-2-carboxvhic acid o
S-{{E}r3-ux0-3-(5,5,8 8-tetrahydronaphthalene-2- RAR
vipropenyiithiophene-2-carboxvlic acid o
Palovarotene
{4{{1E)-2-15,0,7. 8- Tetrahvdro-3 3 8 B-tetramethyvi-3-{ 1 H~ RAR
pyrazol-bvimethvD-2-naphthalenyi-ethenvil-benzoic aad; .
Re6T CLM-001, RGO6ETY
{HA-38
{4-{{E13-03 5-D-tert-butv-pheny D-3-ox0-propenvii-benzoic RAR
acid}
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Dogosabexgenoie aoid
{DHA; 4272102132, 162.192-4.7.10,13,16,19-
Diocosahexaenoic acd)

RXE

{3254
{3-{d-Hydrony-3-03,6,7 S-tetrahvdro-3,3,3, 8, B-pentamethyvi-2-
naphthaleny Dphenyl-2-propenoic aad)

RXK

B ois-RA

HAR

3-¢ix-retinge acid
{Accutane; isotretinoin, 13-cis-Retinoie acid)

RXE

LG 100734
{28,486 3-Methy1-7-(3,6,7, S-tetrabvv dro-3,3 8,8~
tetramethyl-3-propoxy-3-naphthalenyi}-2,4,6-octatrienoe
acid)

RXR

SE 11237
{BMS 649 4-{2-{5,6,7 §-Tetrabydro-3 5 8 8-tetramethyl-2-
naphthalenyD-1.3-dioxolan-2~v-benzoic acid)

RXK

Fluorobexarotene
(Z~-Fluoro~4-{ 1-(3-.6.7 R~toiralyy dro-3,5, 3.8 R-pentamethy -2~

naphthalenvDethenviibenzoic acid)

LGDIG6Y
{4-1 1-(3,3,3 8 R-pentamethyi-3,6,7, 8-tetrahv dro-2-
naphthy Dethenvijbenzoic acid)

LGI00268
{6-{1-(3,5,5,8 E-pentarnethyl-5.6,7 8-tetrahy dronaphthalen-2-
vhicyclopropylimeotinie acid)

RAR

LGIO0754
(2B 4E 623 3-Methy-7-(3,6,7 S-tetraby dro-3,3,8,8-
tetramethyvi-3-proposy-2-naphthaleny3-2 4, 6-Cotatrienoic
acid}

RXR

Compounds I~11
{Wapner et al | S 8ed Chem, 2009, 52:5950)

HX 630
{4-{7.8.9, 10-Tetrahvdro- 7.7, 10,10
tetramethythenzofdinaphiho{ 2.3~ L 4lthtazepin-12-v1-
benwoic acid)

HX 640

RAR

HX 600

RAR
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T£335 RXR
Adapalene
(6-(4-Methoxy-3-tricyclo{3.3.1. §”}d¢¢~ -viphenvi}2~ RXR
naphthalene msbn\x he actd, 6-[3<{1-Adamantv}-4- o
methoxyphenvi]-G amphi%am;_ acid; { D271 Differing
Bexarotens

{(4-11-05,6.7 R-Tetraby dro~3,5,5 8 S-peniamethv -2~
ngphthatenvilethenviibenvoic m,nig LGD-1068: SR-11247;
targretin, TRG)

Retinoic aad BXR
{ATRA; Tretinony, Vitamin A acid; all-srars-Retinoic aad) o
4-{N-methanssulfony-N-(3,3, 8 S-tetramethyl-3,6,7.8-

RXR

RXR
tetrabvdro-2-naphthy E}am;m} benzoic acid
f Nogtthy I-M-(3-t50propoxy -4- -
isopropy lpheny Danuno bicotinic acid (NE&31F)
G-I N-ethy-N-{3-1sobutoxy -4-isopropy Ipheny Dassno hncotine .
4 T A RXR
acid (NE-31B
PAGZY RXER
AGN 194204 RXR
UNX-{113-B2 BXR
UARB30 BAR
IR X 4204 RAR
Ham Crel REGENERATION AGENTS
(0181} The one or more otic therapeutic agents in any embodiment disclosed could be one or more of the
tollowing hair cell regeneration agents.
[8182] A har cell regeneration agent 1s an agent that promotes regeneration of hair cells. A single agent may be

used as a hair cell regeneration agent or a combination of agents may provide the hair cell regenerative function. Thus,
i sore ermbodiments, the hair cell regeneration agent s asingle agent. In other embodirments the hair cell
regeneration agent is a combimation of agents. In certam such embodiments, the combination of agents may be
compounded together m a single composition. In other embodiments, the combination of agents may be provided o a
patient separately.
(0183} Ahar cell regeneration agent may prormote regeneration of hair cells by stmulating transdifferentiation
of supporting cells within the sensory epithehium of cochlea into replacement hair cells. Altematively, or additionally, a
hair cell regeneration agent may activate a proliferative response in the sensory eprthelium of the cochlea, thereby
providing anew population of cells that can subsequently differentiate into supporting cells.
[0184] In some embodiments, the hatr cell regeneration agent stimwilates proliferation of cochlear supporting
cells m which probiferation 1s sinndated expresses Lgr5 (Leucme-nch repeat-contaiming G-protein coupled receptor 5},

However the hatr cell regeneration agent may also stimulate proliferation of supporting cells with hittle or no Lgr5
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expression. In sorme embodiments, the hair cell regeneration agent produces an expanded population of cochlea cells.
In some embodiments, the expanded cells are enriched for Lar5 expression (1e. a greater percentage of the expanded
cell population express LorS compared to the starting cell population).

[0185] Ler5 1s amember of GPCR class A receptor protems that 15 expressed across a diverse range of fissues
such as in the muscle, placenta, spinal cord and bramn, and particularly as a biomarker of adult stem cells in certam
tissues. LgrS+ stem cells are the precursors for sensory har cells that are present in the cochlea. Increasmg the
population of Ler5+ cochlear cells 1s therefore beneficial because 1t mcreases the popudation of precursor cells which
may differentiate into sensory hair cells.

16186} In some embodiments, the hair cell regeneration agent is a Wit agonust and an epigenetic modulator.
Any Wit agonist and epigenetic modulator descnibed heremn may be used.

(51871 In some embodiments, the hawr cell regeneration agent1s a Wit agomist and two o moore epigenetic
modulator. Any Wnt agonist and epigenetic modulator descrbed herein may be used.

[0188] T some embodiments, the hair cell regeneration agentis a Wnt agonst alone. A Wit agorust may be
used alone i line with any of the treatments disclosed herem that relate to Wit agonists and/or epigenetic modulators
n which both the Wnt agomist and epigenetic modulator are admimistered to the patient. In these embodiments, the
epigenetic modulator is not mcluded. Any Wint agomist deseribed herein may be used. In certain such embodiments,
the hair cell regeneration agents 1s a GSK3 whibitor. Any GSK3 wnlubitor descnibed heren may be used.

[6189] T some embodiments, the hair cell regeneration agent 1s gamma secretase mhibttor. Suttable garma
secretase inhibitors are described in WO 2018007331 AL, WO 2018111926 AZ;, WO 2018065340 A1, WO
2018060300 AL, WO 2018011164 AT, W 2018087018 A1, WO 2018001918 AL, WO 2018118791 A2, WO
2018118782 A2 and WO 2014045156 Al, each of which 1s incorporated by reference. Any gamma secretase
whibstor described heremn may be used

16190} In some embodiments, the hair cell regeneration agent s an Atoht activator. Surtable Atohl activators
are described m US 20160030445 A1, WO 2018172997 A1, WO 2016022776 A2, WO 2014145205 A2 and WO
2009100438 AZ, each of whch is meorporated by reference.

(0191} In some embodiments, the hair cell regeneration agent 1s a Notch mhibitor. Suitable Notch inbabitors are
described m WO2017007702-A1; W(2016056999-A1; WO2014039781 A1, WO2014047369A1;

WOR014047372 A1, WO2014047390A1;, WO2014047391 A1, WO2014047397 A1, WOZ014047392A1;
WOR014047370AT1, WOR2014047374AT, WOR2013093885A1; W(OR2013178321 Al and WO2Z013016081 A1, each
of which 1s mncorporated by reference.

(0192} In some enmbodiments, the hair cell regeneration agent 1s a Wit agonist and a Notch whibitor. Any Wnt
agomist and Notch mhibitor may be used as described heremn. In certain such embodiments the Wit agonistis a GSK3

mhibitor. Any GSK3 mhibitor described herein may be used.
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(9193} In some embodiments, the hair cell regeneration agent 1s a Wit agonist and a garoma secretase mhibitor,

Any Wnt agonist and gamma secretase mhibitor may be used as described herein. In certain such embodiments, the
Wit agomst s a GSK inhibitor. Any GSK3 mhibitor described herein may be used.
WNT AGONISTS

[0194] The one or more otic therapeitic agents in any embodiment disclosed could be one or more of the
following WNT agorists.

(0195} Provided in one aspect is a Wit agonist and/or an epigenetic modudator for use i treating sensonnensal
heanng loss i a human patient, wheremn saxd Wt agomist and said epigenetic modulator are adourustered to a human
patient. Also provided 1s a method of treating sensorineural hearmg loss in a human patient comprising adimmistering
1o the patient a Wnt agonist and an epigenetic modulator. A Wit agonist and/or an epigenetic modulator may be used
for treating a patient as descnbed elsewhere herem.

(8196} A Wnt agonist refers to an agent that increases the expression, levels, and/or activity of a Wit gene,
protem, or signaling pathway {e.g, TCF/LEF, Frizaled receptor fanuly, Witl, Lefl, Aoan2, B-catenin ) a cell, for
example, a cochlear cell. A Wnt agomist mcludes a GSK3 mhibitor, such as a GSK3-0 or a GSK3-f mhibitor. In
some embodiments the Wit agonist 1s a GSK mhubitor that whibits both GSK3-0 and GSK3-4.

(0197} The TCF/LEF famly 1s a group of transcription factors that bind to DNA through a high mobidity group
domam, and which are mvolved wn the Wnit signaling pathway where they recruit the coactivator f~caterin to enhancer
elements of targeted genes. Frizzded 15 a fanily of G protem-coupled receptor proteins that serves as receptors m the
Wt sienaling pathway. Frizzled receptors inhubit intracellular B-caterun degradation and activate TCF/LEF-mediated
transcophon.

[8198] In some embodiments, the Wnt agonist increases Wit signaling in a cochlear cell by about or at least
about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, or 500% or more (or atleastabout 1.1, 1.2, 1.3, 1.4, 1.5, 1.6,
17,18,1.9,2,3,4,5,6,7,8,9, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500, 1000-fold or more) relative o a
control, for example relative to abaseline level of activity.

(0199} In some embodiments, the Wnt agomist increases TCF/LEF-mediated transcription in a cochlear cell, for
example, by about or at least about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, or 500°%6 or more (or at least
about 11,12, 13,14,1.5,16,17 18 19,2.3,4,5,6,7,8 9,10, 15, 20,30, 40, 50, 60, 70, 80, 90, 100, 200, 500,
1000-fold or more) relative to a control, for example relative to a baseline level of activity.

{62001 In some ermbodiments, the Wit agomst binds and activates a Frizzled receptor family member, for
example, by about or at least abowt 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, or 500°%6 or more (or at feast
about 1.1,12.13,14,15,16,1.7.18.19.2.3.4,5.6,7. 8.9, 10, 15, 20,30, 40, 50, 60, 70, 80, 90, 100, 200, 500,
1000-fold or more} relative to a control, for exanple relative to a baseline level of activity.

[0201] In some embodiments, the Wit agonist inhibits GSK3 for example, by about or atleast about10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 200, 300, 400, or 500%% ormore {or atleastabout 1.1,12,13,14,1.5,16,17,18, 1.9, 2,
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3,4,5,6,7,8,9 10, 15,20,30,40, 50, 60, 70, 80, 90, 100, 200, 500, 1000-fold or more) relative to a control, for

example relative 1o a baseline level of activity.

[0202)

In some embodiments, the Wit agonist preferentially uprepulates Jag-1, Deltex-1 or Hif-1 more than the

Wit agorist upregulates Hes or Hey. In some embodiments, the Wit agonist increagses the expression of Jag-1,

Deltex-1 and/or Hif-1 1074, 25%, 50%, 75%0, 100%, 125%, 150%, 175%, 200%, 250% or more than it increases the

expression or activity of Hes and Hey.

{0203} Exemplary agents having aciivity as a Wit agonist are provided 1 Table 14 and 15 below, mcluding

pharmaceutically-acceptable salts thereof.

Table 14

. GSR-3 GRR-3 Lgrs+ Peritymph Foromil, Cone,
Agent CaS afpha beta Assay Cong, Iniraymp

CHIR99021 252917-06-9 4.4 nM 6.6nM 26 uM 2-6uM 4mM
AZD 1080 612487-72-6 6.9 nM 31nM 1-5 uM 1-5uM 1-5 mM
GSK XXX 1195901-31-5 23oM | 20oM | 02-1uM 0.2-1 uM 0.2-1 mM
LY2090314 603288-22-8 2. oM 09aM | 520nM 5-20 nM 5-20uM

Table 18

Class Agent CAS

ARFGAP] 81l 944328-88-5
ARFGAP] WASP-1, ZINCO0087877 352328-82-6
Axin Cpdl 1357473-75-6
Axin Cpd2 1228659479
Axin HLY78 854847-61-3
Axmn SKL2001 S09089-13-0
beta-catenin DCA 56-47-3
Disrupts the Axin

Complex Compound 2 1360540-82-4
Drsrupts the Axin

Complex Compound 71 1622428-71-3
Disrupts the Axan

Complex ISX 9 832113-62-3
DEE ] mhibitor WAY-262611 1123231-07-1
MEK Radicicol 12772-57-3
MEK Selumetimb (AZD6244) 606143-52-6
PP2A Q1 331061-62-8

sFRP-1 miubiior

{(Dimethylaminojpropyl-2-ethyl-5-
{phenvisulfonylbenzenesulfonamide

915754-83-0

SFRP-1 mhubitor Cyelosporine A (CsA) 59865-13-3
sFRP-1 mhibitor Cyclosponne analogs




CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235
SFRP-1 inhibitor PSC833 (Valspodar) 121584-18-7
SFRP-1 inhibitor WAY 316606 915759-45-4

WO 2016029021 A1,
Target Undetermuned | Dhketones WO 2012024404 Al
Target Undetermined | Diketones 1622429-56-4
Tarpet Undetermmmed | Diketones 1360540-88-0
Target Undetermined | Diketones 1360540-89-1
Target Undetermned | Diketones 1622429-79-1
Target Undetermined | Dikelones 1622429-75-7
Target Undetermuned | Dhiketones 1622429-74-6
Target Undetermmmed | Diketones 1622430-76-5
Taroet Undetermined | Diketones 1622430-31-2
Tarpet Undetermmmed | Diketones 1622430-52-7
Target Undetermined | Diketones 1622429-67-7
Target Undetermined | Dikelones 1622429-65-5
Target Undetermined | Diketones 1622429-69-9
van-Gogh-like receptor
protems (Vangl) Compound 109 1314885-81-3
Wit Ligand Wit-1 Protemn
Wit Ligand Wnt-10a Protein
Wit Ligand Wit-10b/12 Protem
Wit Ligand Wnt-11 Protein
Wt Ligand Wnit-16 Protein
Wit Ligand Wit-2/Tp (Int--related protem) Protein
Wit Ligand Wint-2b/13 Protein
Wit Ligand Wit-3/Int-4 Protein
Wit Ligand Wit-3a Protem
Wit Fagand Wit-4 Protein
Wt Ligand Wnt-Sa Protein
Wit Ligand Wiit-5b Proten
Wit Ligand Wit-6 Proten
Wit Ligand Wiit-7a Protein
Wit Ligand Wiit-7b Proten
Wit Ligand Wit-8a/8d Protein
Wit Ligand Writ-8b Protein
Wit Ligand Wnit-9a/14 Protein
Wit Ligand Wit-9b/14b/15 Protemn
Wit Related Protem Normin Protein
Wit Related Protem R-Spondin 1/2/3/4 Protein
Wit-3a/Dkk-1 BMIL-284 853220-52-7
Wit-3a/Dkk-1 Compound 1 1084833-94-2
Wit-3a/Dkk-1 Compound 25 1084834-05-8
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CREB knockdown 666-13 1433226-70-4
Isonicotinammdes Compound 29 1772823-37-6
Isonicotmamudes Compound 33 772823-64-9
Isorucotnanudes Compound 39 772824-10-8
Malewmude 135 264217-24-5
Malemmide Tivantib 005854-02-6
Oreanometallic Compound (R)-DW12 1047684-07-0
1498285-39-4
Oroanometallic Compound 3 1498285-48-5
1291104512
Organometalhic Compound tambda-0O81 1292843-11-8
Oxadiazoles Compound 144 1374671-04-3
Oxadiazoles Compound 15b 1374671-66-5
Oxadiazoles Compound 27 1820758-44-8
Oxmdole AZIII080 612487726
Pyrazole AT 7519 844447-38-2
Pyrazole Compound 4a 1627557-91-8
Pyrazole Compound 4t 1627558-104
Pyrazole Compound 4z 1627558-16-0
Pyrazole GSK-3b X1 1195901-31-3
Pyrazolopyndazines Compound 18 405223-20-3
Pyrazolopyndazmes Compound 19 405223-71-4
Pyrazolopyndines Compound 14 583038-63-5
Pyrazolopyndines Compound 23 583038-76-0
Pyrazolopynidines Pyrazolopyndine 34 583039-27-4
Pyrazolo-
tetrahydroquinobnone | BRD1172 1597438-86-2
Pyrazolo-
tetrahydroguinohnone | BRDIGS2 1597438-93-1
Pyrazolo-
tetrahvdroquinolinone | BRD4003 chiral 1597439-60-5
Pyrazolo-
tetrshydrogquinolnone | BRD4003 chural 1597439-59.2
Pyrazolo-
tetrahvdrogunobnone | Compound 11 15897439-12-7
Pyrazolo-
tetrahydroquinohnone | Compound 16 1597440-17-9
Pyrazolo-
tetrahydroguinohnone | Compound 8 1597439014
Pyrazolo-
tetrahydroquinohnone | Compound 9 1597439-02-5
Trazolpynnidine Compound 90 91322-11-1
Toazolpynnudine Compound 92 1043429-30-6
Urea AR-A014418 487021-52-3

40



CA 03114113 2021-03-24

PCT/US2019/054235

WO 2020/072601
Aad Bikimin 18801 1-69-0
Aad Valproie Aad, Sodum Salt 99.66-1
Aloisines Aloisine A 496864-16-5
Alosines Aloisme B 496864-14-3
Alosines TWS11S 1507095-58-0
Aminopyrimiding CHIR98014 (CT98014) 252935947
Aminopyrinudine CHIRS8023 (CT98023) 252504-84-0
Ammopynnuding CHIR98024 ((CT93024) 556813-39-9
Ammopvrimiding CHIRS9021 (CT99021) 252917-06-9
Aminopyrimiding CT20026 403808-63-9
Ammopyrunidinyt CoP604AT4 164658-13-3
Armmopyrimidinyl (GSK-3B Inhibitor XVIIT 1139875-74-3
Azandolylmaleimide | Compound 29 436866-61-4
Azamdolvimalenmde | Compound 46 682807-74-5
Bisndolvimaleimide | Bismdolvimalenyude X HCI 131848-97-0
Bisindolvimaleimide Compound 5a 436866-54-5
Bisindolvimaleimide | Enzastaunn (LY317615) 170364-57-5
Bismdolylmaleimide GF109203x 176504-36-2
Bisindolvlmaleimide Ro318220 125314-64-9
Dihydropyndine ML320 1597438-84-0
Flavone Flavopindol 146426-40-6
Furanosesquiterpenes | Palmunin 254901-27-4
Furanosesquiterpenes | Tricantin R353885-55-9
Furopyrimidine Compound 100 744255-194
Halomethylketones Compound 17 62073-659-2
Halomethylketones GSK-3B Inhibitor VI 62673-69-2
Halomethylketones GSK-3f Inhibitor VI 99-73-0)
Hymenidin Hymenidin 107019-95-4
Indirubins 5-lodo-mdirubm-3"-monoxime 331467-03-9
Indirubins 6-Bromomdirubin-3-acetoxime 667463-85-6
Indirubing (GSK-3 Inhibitor EX 667463-62-9
Indirubins (SK-3 Inhibitor X 740841-15-0
Indirubins Indirubin 79-41-4
Indirubing Indirubin-3"~monoxime 160807-49-8
Indirubins Indirubin-3-~sulforic acid sodium salt 331467-05-1
Inotganic atom Berylhum
Inoreanic atom Lithium Chlonde
Inorganic atom Tungstate
Inorganic gtom Zme
Isomndolone Stawrosponne 62996-74-1
Isonicotmanmudes Compound 29 772823-37-6
Isomcotmamides Compound 33 772823-64-9
Isomcotmamdes Compound 39 1772824-10-8
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Maleimde 3F8 159109-11-2
Maleumde 603281-31-8 603281-31-8
Maletmude BIP-135 941575-71-9
Malemude Compound 34 396091-16-0
Malemmude CPZIR7 125314-13-8
Maleiude (GSK-3 mhibitor 1 603272-51-1
Maletmide GSK-38 Inhibitor X1 26604-39-5
Maleumde 13 264217-24-3
Malewmude IM-12 1129669-05-1
Malemmide Isogranulatimuide 244148-46-7
Malemmide KT 5720 108068-98-0
Malemmude L.Y20003 14 603288-22-8
Maleirmde SB-216763 280744-05-4
Maleimde SB-415286 (SB-41528) 264218-23-7
Maleumde TCS 21311 1260181-14-3
Malemmide Tivantmb 905854-02-6
Manzamines Manzamine A 104196-68-1
Miscellaneous AZID28S8 (AR2]) 486424-20-8
Miscellaneous CID 755673 521937-07-5
Miscellansous Dibromocantharelline 101481-34-9
Miscellaneous TCS 2002 1005201-24-0
Organometallic {(RRu}HB1229
Organometallic {(RRu}-NP549
Organometallic Compound (R)-DW12 1047684-07-0
1498285-39-4,
Oroanometallic Compound 3 1498285-48-5
1291104-51-2,
Organometallic Compound lambda-0OS1 1292843-11-8
Organometalhic DW12 861251-33-4
Oreanometailic HB12 800384-87-6
Oreanometallic MNP309 037810-13-4
Oxachazol Compound 14d 1374671-64-3
Oxachazol Compound 15b 1374671-66-5
Oncadiazol Compound 20x 1005201-80-8
Oxadiazol (GSK-3 Inhibitor I 478482-75-6
Oxadiazol GSK3 Inhibitor, 2 1377154012
Oxadiazol TCA324 1257256-44-2
Oxindole AZDI080 612487-72-6
Oxindole SU9s16 7T7050-84-1
Patent CN1013411388
Patent CN 1319968 C
Patent CP-70949
Pateni CT118637
Patent BEP 1739087 Al
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Patent EP 1961748 A2
Patent FP 2765188 Al
Pateni GI179186X
Patent GW784752X
Patent GW784775X
Patent TS 20070088080 Al
Patent US 20100292205 Al
Patent US 7514445 B2
Patent S 3071391 B2
Patent USB20721682
Patent US 8686042 B2
Patent US&771754 B2
Patent WO 2001085685 Al
Patent WO 2003037891 Al
Patent WO 2006018633 Al
Pateni WO 2007102770 Al
Patent WO 2008077138 Al
Patent WO 2007106537 A2
Patent WO 2009017453 Al
Patent WO 2010075551 Al
Patent WO 2010104205 Al
Patent WO 2011089416 Al
Patent W 2013124413 Al
Patent WO 2014003098 Al
Patent WO 2014013255 Al
Patent WO 2014050779 Al
Patent WO 2014059383 Al
Patent WO 2014083132 Al
Pateni WO2006100490A1/EP 1863904 Al
Patent WO2009017455 Al
Paulione Cmpd 17b 408532-42-3
Paudlone Kenpaullone 142273-20-9
Paullones Alsterpauiione 237430-03-4
Pautlones Alsterpaiione CN Fthyl 852529-97-0
Paullones Azakenpaullone 676596-65-9
Paullones Cazpaullone 914088-64-5
Peptide FRATHtde
Peptide L803
Peptides L803-mis
Publication 705701
Publication 708244
Publication 709125
Publication ART79
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Publication AZ13282107 No Structure
Publication AZ13282107
Publication CEP-16805 No Structure
Publication CG-301338 No Structure
Publication CT73911
Publication LY2064827
Publication NP-103 No Structure
Publication SAR 502250 No Structure
Publication SAR. 502250 (Sanofi) 1073653-58-3
Publication XD-4241 No Structure
Pyrazole AT 7519 844442-38-2
Pyrazole Compound 4a 1627557-91-8
Pyrazole Compound 4t 1627558-10-4
Pyrazole Compound 4z 1627558-16-0
Pyrazole (GSK-3 Inhibior XXH 1195901-31-3
Pyrazolone (GSK-3beta Inhubitor XXVI 871843-09-3
Pyrazolopynidazines Compound 18 405223-20-3
Pyrazolopyndazines Compound 19 405223-71-4
Pyrazmolopyndine Pyrazolopyndine 138 405221-39-8
Pyrazolopyndine Pyrazolopyndine 34 583039274
Pyrazolopynding Pyrazolopyndineg 9 923029-74-7
Pyrazolopyndines Compound 14 583038-63-5
Pyrazolopyridines Compound 14 583038-63-5
Pyrazolopynidines Compound 23 583038-76-0
Pyrazologumoxaline NSC 693868 {Compound 1) 40254-950-8
Pyrazoloquinoxaling NSC 693868 (Compound 1) 40254-90-8
Pyndinong Compound 150 282042-18-5
Pyrrolopyndinyt Compound 12 2025388-10-5
Pyirolopyndinyl Compound 27 2025388-25-2
Pyrroloazepine Hymenialdisine 82005-12-7
Quinazolin GSK-3 Inbibitor X1 404828-08-6
Quinolinecarb VP07 331963-23-6
Cumoline 1132813-46-7
(unoline 1132812-98-6
(Juinohne 950727-66-5
Chanoline 950727-04-5
Quinoline 1132812-98-6
Thiadiazolidindiones GSK-36 Inhibitor 1 327036-89-5
Thiadiazolidmdiones | NPO31112 {Tideglusib) 865854-05-3
Thiadiazolidindiones | NPO31115 1400575-57-6
Triazolpyrimidine Compound 90 91322-11-1
Triazolpyrimiding Compound 52 1043429-30-6
Urea GSK-3B Inh. VIH AR-A(014418 487021-52-3
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10204} In some embodiments, an agent having activity as a Wot agomst 1s a GSK3 wndubnior. Preferably, the

(GSK3 wnhibitor 1s AZD10R0, GSK3 inhibrtor XXXH, CHIR99021 or LY2090314. In a preferred embodiment, the
Wit agomst 1s CHIR99021. In other preferred embodiments, the Wit agomst and/or GSK3 inhubitor 15 a substituted
3-Imudazof1,2-ajpyridin-3-vi-4-(1,2,3 d-tetrahy dro-{ 1 41diazepino-{6,7,1-hi findol-7-yDpymrole-2, 5-dione. (Formula A )

H
4 Osgr M0
_____ F
/ \N ‘_;\'\E """ =
= A RN
\x ) i A /
o { N N
A 7oHNR - NN
- O/"\/_,\ O \\\/ ~ \
NN NS
o i
L )
N &
AZD 1080 GSK3 XXl CHIR 99021 LY 2090314

[0205] The Wit agonist can be any selected from WO 2018/125746, whach 1s hereby incorporated by reference.
I some embodiments, the Wnt agonist can be the compound as defined in daim 1 of WO 2018/125746. In some
embodiments, the Wt agonist can be the comapound as defined n claim 12 ot WO 2018/125746.

(06266} Exemplary substituted 3-Imidazof1,2-alpyridin-3-yi-4-(1,2 3 4-tetraby dro-{ 1 4 diazepino-{6,7, 1 i findol-
T-ybpyrrole-2,S-diones include: 3<umidazol1,2-ajpyndin-3-y1)-4-2-(pipenidine- 1 -carbonyt -9-{tnfluoromethyl -

1,2,3 4-tetrahy dro-{ 1 djdiazepinol6,7, 1 -hijindol-7-1 - T H-pyriole-2,5-dione;, 7-{4-<(imudazol 1, 2-ajpyndin-3-y1)-2,5-
dioxo-2, 5-dibydro-1H-pyrol-3-y1)-2-{pipendme-1-carbony}-1,2, 3 d-tetrahy dro-{ 1 41diazepino{6, 7 1-hufindole-S-
carbortrile; 3<G-ethynyl-2-(pipenidine~-carbony!-1,2,.3 4-tetrahydro-{ L didiazepmol6,7, 1 -hi findol-7-v1 -4~
{imidazof1,2-ajpyndin-3-y1 - 1H-pyrrole-2, 5-diong; 3 F-amino-2-{piperidine-1-carbonyi}-1,2,3 4-tetrahy dio-

{1, 4ldiazepino]6,7,1-hifindol-7-y1-4-(trmdazol 1 Z-ajpyndin-3-y1)-1H-pyrole-2 S-dione; 1-(9-fluoro-7-4-

(imdazof 1, 2-ajpynidin-3-y1}-2, S-dioxo-2,5-dihydro-1H-pyrrol-3-y1)-1,2,3 4-tetraby dro-{ 1 4 jdiazepino6,7,1-hijindole-
2-carbonylypiperidine~4-carbaldehyde; 3-(9-luoro-2-{4-(hydroxymethylpipendine-1-carbonyi)- 1,23 4-tetrahydro-
[Ldldiazepmol6,7,1-hi fndol- 7y -4-<mmdazo] 1, 2-alpyndn-3-)-1H-pyrrole-2, 5~dione; 3-2-(4,4-diflucropipenidine-
1-carbonyl-9-fluoro-1,2,3 d-tetrahydro-{ 1 41diazepinol6, 7 1-hijindol-7-y1-4-(imudazof 1 2-ajpyndin-3-yi}- 1H-pyrrole-
2,5~dione; 3+2-(8-oxa-3-azabicyclo]3.2. Hoctane-3-carbonyl }F9-uoro-1,2,3 4-tetrahy dro-f | 4Jdiazepmol6,7,1-
hiJindol-7-v14<imidazo] 1, 2-ajpyndin-3-v1 -1 H-pyrrole-2, 5-dione; 3-(benzoldjisoxazol-3-y13-4-(9-fluoro-2-
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{pipendme-1-carbonyl»-1,2,3 d~tetrahydro-[ 1,4]diazepmol6,7, 1-hifindol-7-y1)- IH-pyrrole-2, S-dione; N+{7~(4-
{(imidazof 1, 2-afpyndin-3-y 12, 5-dioxo-2, S-dihydro-1H-pyrol-3-y -2 {pipendine-1-carbonyi)}-1,2,3 d-tetrahy dro-
[1,41diazepino]6,7,1-hijindol-9-vhacetanude; 3-9-(diffuoromethy!)-2-{pipernidine-1-carbonyl-1,2.3 4-tetrahy dro-

{1 41diazepino]6,7, - findol-7-91-4-(mdazol 1, Z-ajpyndin-3-y1-1Hpyrole-2 S-done; 342-(3,3-diftuoropipendme-
1-carbonyl-S-fluore-1,2,3 4-tetrahydro-{ 1 4]diazepmo(6,7,1-h jindol-7-y1)-4-(imudazof 1, 2-ajpyndn-3-yi}- 1H-pyrrole-
2,5-chone; 3-(2< (1R AR -2 S-chazabicyclof2 2. 1 Theptane-2-carbony H-9-fuoro-1,2,3 4-tetrahy dio-{ 1 4jdiazepinof6,7,1 -
e findol-7-y1y-4-(mudazo{ 1, 2-ajpyridin-3-y1}-1H-pyrole-2, S-dione; 2+8-oxa-3-azabicyclo]3.2. 1 joctane-3-carbonyl -
7+ 4-(wmdazo{1,2-alpyndin-3-yi)-2 S-dioxo-2,5-dihydro~- T H-pyrrol-3-yi 1,23 4-tetrahydro-[1 4]diazepinof6.7, 1-

hi Jindole-9-carbonitrile; 23 3-diftuoropipertdine-1-carbonyl-7-{4-(imidazof 1, 2-ajpyridin-3-y1}-2, 5-dioxo-2,5-
dihydro-1 H-pyool-3-y1)-1,2,3 d-tetrahydro-{ 1 4]diazepino6, 7, -hiindole-9-carbonitnle; 2~(4,4-dittuoropipendine-1-
carbony])-7-{(4-(mmdazo{  Z-ajpyndin-3-y{}-2, S-dioxo-2, S-dihy dro~- TH-pyool-341)-1,2,3 4-tetrahy dro-
[1,4ldiazepinof6,7, 1-hijindole-9-carbonutrle; 3-(2-(4 4-difluoropipenidine- 1 -carbonyl -9-{tnfluoromethyiy1,2 3.4
tetrahydro-{ 1,4 Jdiazepino(6,7, 1 -hijmdol-7-yD-4-mmdazof 1, 2-ajpyndin-3-y- TH-pymole-2,5-dione; 3-(2-(8-oxa-3-
azabicyclof3.2. 1 joctane-3-carbonyl-9-{trifluoromethyi}-1,2,3 4-tetrahydro-{ 1 4]diazepino{6,7,1-hi indol-7-y1 -4~
(inudazof 1 2-ajpyndn-3-y1)-1H-pymole-2, 5-dione; 3-(2~4~ammomethylypiperidine-1-carbonyl - 9-fluoro-1,2.3 4-
tetrahydro-{ 1,4 [diazepino]6,7, 1-hijindol-7-vh-4-(imudazof 1, 2-ajpyridin-3-yi)-1H-pyrrole-2, 5-diong; 3-(2-(4-
(hydroxymethyDpipendine-1-catbonyh-9-(influoromethyl}-1,2,3 d~tetrahydro-{1,4Jdiazepmol6,7, - findol-7-v1 4~
{(dazof 1 2-alpyrnidin-3-v1 - 1Hpyoole-2, 5-done;, 244-(hydroxymethyDpipenidine-1-carbonyl - 7-{(4-(imadazo{1,2-
alpyndin-3-y1)-2,5-dioxo-2, 5-dihydro- 1 H-pymrol-3-y1)-1,2,3 d-tetrghy dro-{ 1 4ldiazepino]6,7, 1 findole-S-carbonitrile;
3-{0-luoro-2+(3,3,4,4.5,5-hexafluoropipendime-T-carbonyi - 1,2,3 d-tetrahydro-f 14 Jdiazepmol6,7, 1-hjindol-7-y1 -4~
{(imidazof1, 2-ajpyndin-3-v1)-1H-pymrole-2 5-dione; 3(9-fluoro-2-(3 3,5, S-tetraflucropipendine-1 carbonyl)-1,2.3,4-
tetrahydro-{ 1,4 Jdiazepino]6,7, 1 -hijindol-7-yD-4~nudazof 1, 2-alpyndin-3-y1-tH-pyrole-2,5-dione; 3-(9-fluoro-2-
(2,2,6,6-tetraftuoromorpholme-4-carbonyl-1.2,3 4-tetrahydro-{ 1 4]diazepino{6,7,1-hi findol-7-y 1 -4-(immdazof 1,2~
ajpyndin-3-y1)-1H-pymole-2 S-dione; 3+(2-(4 4-diftuoro-3-hydroxypipernidine-1-carbonyl }-9-fluoro-1,2, 3 4-tetrahydro-
[ didiazepino]6,7,1-hi Jindol-7-vI-4-(imdazo] 1, 2-ajpyndin-3-v1}-1H-pyirole-2 S-dione; 3-(2-(4-

{difluorothydroxy ymethyDpipendme-1~carbonyl-9-fluoro-1,2.3 A-tetrahy dro-{ 1 AJdhazepino]6,7, 1 -hi findol- 71 -4~
{(idazof 1 2-alpyridin-3-v1 - 1Hpyoole-2, 5-dione; 3+2-(6,6-difluoro-1,4-oxazepane-4-carbonyl-9-fluoro-1,2,3 4-
tetrahydro-{ 1,4 diazepino{6,7,1-htlindol-7-yh-4-(inudazof 1, 2-alpyridin-3-vi}- 1 H-pyrrole-2, 5-dione; 3-

{{1,2 Alnazolof4,3-alpyridin-3-vH-4-(S-fluoro-2< pipendme-1 ~carbonyi}-1,2.3 d-tetrahydro-{ 1 4 ldiazepino|6,7,1-

hi findol-7-v1)-1H-pyrrole-2 5-dione; 3-(9-fluoro-2-{pipendine-1-catbonyl-d10}-1,2,3 4-tetrahy dro-

{1, 4ldiazepino]6,7,1 -hifindol-7-v1-4-(rmdazol 1 Z-ajpyndm-3-y1)-1 Hpyrole-2, S-dione; 3-9-fluoro-2~pipendine-1-
carbonyl}-1,2.3 4-tetrahydro-{ 1 4Jdiazepino{6,7,1 -h findol-7-41-33 4 4-d4)-4-(imdazo] 1, Z-alpyndin-3-y1-1 Hpyirole-
2,5-one; 3+9-fluoro~2-(4+2,2, 2-tnfluoro~-1-hydroxyethylpiperidine-1-carbony 11,2 3 4-tetrahy dro-
[Ldldiazepmol6,7,1-hi findol-7T-vD-4-Gmmdazo] 1, 2-ajpynidm-3-v)- 1 H-pyrrole-2, 5-dione; 3-(9-fluoro-2<4-
{(methylammo )methybipipendine-1-carbonyl)-1,2.3 4-tetrahydro-{ 1 4jdiazepmnof6,7, 1-hijindol-7-y1)-4-(imidazof 1, 2-
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alpyndin-3-yl)-1H-pyrole-2,S-dione; 3-(2-(4-{dimethylaminoymethypipendine- 1 -carbonyl)-9-fluoro-1,2.3 4-
tetrahydro-{ 1,4 [diazepino]6,7, 1-hifindol-7-y-4-(imudazof 1, 2-ajpyndin-3-y1)-HH-pyrrole-2, 5-dione; 3~(2-(4-
armnopiperidine-1-carbonyl}-9-fluoro-1,2,.3 4-tetrahy dro-{ 1 4ldiazepinof6, 7,1 -hifindol-7-v1-4-(imudazo 1, 2-ajpynidin-
3-yD-1Hpyrrole-2,S-dione; 3+ 0-Hluoro-2-{4-(methylammo )pipendme-1-carbonyt}-1,2,3 d-tetrabhydro-

[1 4idiazepino]6,7,1-hi findol-7-yD-4-(imudazol 1 2-ajpynidin-3-y1}-1H-pyrrole-2, 5-dione; 342-(4-

{dinethylammo jpipendine- 1 ~carbonyl -S-fluoro-1,2,3 A-tetrabydro-{ 1, 4]diazepine(6, 7, 1 - jindol- 7-y1)-4-

{(imidazof 1, 2-ajpyndin-3-y1 - 1H-pyrrole-2, 5-cione; 9-fluoro-7-{4d-(imdazof 1, 2-ajpyndin-3-y1}-2, 5-doxo-2, 5-cihy dro-
iHpymol-3-vh-N-{pipendin-d-vlmethyl)-3 4-dihydro-{ 1 4jdiazepino]6,7, 1 hifmdole-2(1H)-carboxamde; 9-fluoro-7-
{4-<{mmdazof 1, 2-ajpyndin-3-y1}-2 S-dioxo-2, 5-dihydro- 1 H-pyrol-3-y1)-Nemethy --N-{pipendin-4-yimethyl)-3 4-
dihydro-[1 4jdiazepmol6,7,1-hijndole-2( 1H carboxanude; 9-fluoro-7-(4-(imudazof 1 2-ajpyndin-3-y1)-2,5-dioxo-2,5-
dihydro~TH-pyool-3-yU-N-methy-N-{ T-methyipipendin-4-yDimethyl)-3 4-dibiy dro-{ 1 4ldiazepimol6,7, -l jindole-
2(1Hrcarboxamude; 3-(9-fluoro-2-{(1R 4R}-5-methyl-2, S-diazabicyclo[2. 2. 1heptane-2-carbonyl - 1,2,3 4-tetrahydro-
{1 4ldiazepino]6,7, - findol-7-91-4-(mdazol 1, Z-ajpyndin-3-y1)- 1 H-pyrole-2 S-dione; 34 9-Huoro-2+2-methyl-2,8-
diazaspirof4. Sidecane-8-carbonyl -1,2,3 d-tetrahydeo-{ 1 4ldiazepino]6,7, 1-hifindol-7-vi-4-(imudazof 1, Z-apyndin-3-
yh-1H-pyrrole-2, S-dione; 3+9-fluoro-2+(8-methyl-2,8-diazaspiro[4. Sjdecane-2-carbonyl)-1,2,3 4-tetrahydro-

[1 didiazepinol6,7, 1 -hi jindol-7-vI4-(imdazo] 1 2-ajpyndn-3-vi}-1H-pyrrole-2, 5-dione; 3-(mudazo{ 2-ajpyridin-3-
yhrd-(2+2,2,6,6-tetrafluoromorpholine-4-carbonyl-9~{tnfluoromethyt)y-1,2.3 d-tetrahydro-[ | 4]diazepmof6,7,1-
hifindol- 71 THpyrole-2,5-dione; 3-(2+6,6-difluoro-1 4-oxazepane-4-carbony] FO-(inflooromethyi)-1,2.3 4~
tetrahydro-{ 1,4 ]diazepino{6,7,1-hi findol-7-yh-4-{inudazo| 1, 2-ajpyndin-3-yi- 1 H-pyrrole-2, S-dione; 2-(4-
{dinethylammo jpipendine-1~-carbonyl - 7-(4~(mmdazof 1 Z-ajpynidin-3-y13-2,S-dioxo-2,5-dihy dro- 1 H-pyrrol-3-1)-
1,2,3 4-tetrahy dro-{ 1 4}diazepinof6,7, 1-hi indole-9-carbomtrile; S-cyano-7-(4-(imidazof 1 2-ajpyndin-3-y1)-2, S-dioxo-
2,5~-dihydro-IH-pyrrol-3-vD-Nemethy -NS(Emethylpipendin-d-ylimethyt)-3 4-dihy dro-{ L d diazepinof6,7,1 -
hiindole-2( 1H -carboxanmde; 7-(4-(imidazn{1, 2-ajpvridin-3-y1)}-2, 5-dioxo-2, 5-dihy dro-1 Hepvreol-3-y1 -2-(B-methyl-
2,8-hazaspirol4. Sdecane-2-carbonyl)-1,2 3 d-tetrahydro-{ 1 4Jdiazepino[6, 7, 1-hiindole-9~carbonitnle; 3-(8,9-
diftuoro-2<pipenidine-1-carbonyl}-1,2,3 4-tetrahvdeo-{ 14 jdiazepino]6,7, 1-hi jindol-7-y1-4-(imudazof 1, 2-ajpyndin-3-
yh-1H-pyrole-2,5-dione; or 3-(9-fluoro-2-{pipendme-1-carbonyl }-1,2.3 d-tetrahydro-{ 1 4 Jdiazepino[6,7, 1-hjindol-7-
yir4-(mdazof 1 2-ajpyndm-3-y1 -1 H-pyrrole-2, 5~dione (1.Y20900314).

102407} Preferably, the substituted 3-Imudazo[1 2-ajpyndn-3-vi-4-(1.2.3 4-tetrahydro-{ 1 4}diazepino-{6,7,1-
hafindol-7-yDpyrrole-2,5-dione 18; 3<imudazol 1, 2-ajpyndin-3-v1)-4-2-(pipendme- I -carbonyD-O-{tnfluoromethy)-
1,2,3 4-tetrahy dro-{ 1 4}diazepino[6,7, 1-hi jindol-7-v1 -1 H-pymrole-2, 5-dione; 7-(4-(inudazof 1, 2-ajpyridin-3-y1-2,5-
dioxo-2,5-dihydro-1H-pyrrol-3-y-2-{pipendine-1-carbonyi}-1,2,3 4-tetrahy dro-{ 1 4}diazepimof6,7,1-hi findole-9-
carbonitrile; 3-(9-ethynyl-2-(pipendine-1-carbonyl}-1,2.3 4-tetrahydro-{1 4]diazepino[6,7, 1 - findol-7-y1}-4-
(imudazof 1 2Z-ajpyndn-3-v1)-1H-pyrole-2, 5-dione; 3-(9-fluoro-2-(4-(hydroxymethyhpipendme-1-carbony)-1,2,3 4
tetrahydro~{ 1,4 [diazepino]6,7,1 i jindol- 71 -4-(imadazo| 1, 2-ajpyndin-3-yi}-1H-pyrrole-2, S-dione; 3-2-(4,4-
diffuoropiperidine-1-carbonyi}9-fluoro-1,2, 3 4-tetrahydro-{ 1 4 |diazepinol6, 7, 1-hiindol-7-vh-4-(imudazof 1,2~
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alpyndin-3~-yl)-1H-pyrole-2, S-dione; 3+2-8-oxa-3~azabicyclof3 2. Hoctane-3-carbony])-9-fluoro-1,2,3 d~tetrahydro-
[ didiazepmol6,7, 1-hi Jndol-7-vi-4-(imdazo] 1 2-ajpynidn-3-v1}-1H-pyrrole-2, 5-dione; 3<(9-(diftuoromethyl)-2-
{pipendine-1-catbonyl-1,2,3 4-tetrahydro-[ 1 4]diazepino[6,7,1-h findol-7-y -4-(mudazo{ 1 2-alpyridin-3-y1 - 1H-
pyrrole-2,5-dione; 323 3-difluoropipendine-1 -carbonyl-9-4luoro-1,2,3 4-tetrahydro-f 1, 4jdiazepmol6,7, 1 - Jindol-
7-yh-4-{umudazo[ 1, Z-ajpyndin-3-vi - 1H-pyrrole-2, S-dione; 2-(4 4-diffuoropipendine-1-carbonyl - 7-(4-(inudazol 1, 2-
alpyndin-3-y)-2,5-dioxo-2,5-dihy dro- IH-pyrrol-3-v11-1,2,3 4-tetrahy dro-{ 1 4 Jdiazepino(6,7, 1 -hifindole-9-carbomtnle;
342+ 8-oxa-3-azabicyclof3 2. Hoctane-3-carbonyl }-S-{trifluoromethyl}-1,2,3 d-tetrahy dro-{ 1 4 diazepinof6,7,1-
hifindol-7-v1-4-(mudazol 1, 2-ajpyridin-3-v-1H-pyrole-2, 5-dione; 3-2-(4-(hydroxymethyl jpipendine-1-carbonyl-9-
{trfluoromethvi-1,2.3 4-tetrahydro-{ 1 4]Jdiazepino{6,7,1-hi findol-7-yH-4-(mmdazo{ 1, 2-ajpyndin-3-vi}- 1 H-pyrole-2,5-
dione; 3-(9-Hluoro-2-(3,3,4,4,5,5-hexafluoropipendine- L -carbonyl 1,2, 3 4-tetrahydro-{ | 4ldiazepmo[6,7,1 -hi findol-7-
yh-4-(imidazof 1, 2-ajpyndin-3-y-THpyrole-2,5-dione; 34{9-fluoro-2-(3,3,5, S-etraftvoropipendine- T -carbonyl)-
1,2,3 4-tetrahy dro-{ 1 4}diazepino[6,7, 1-hi findol-7-v1 y-4-(midazof 1, 2-ajpynidin-3-y1)- 1 H-pymole-2, 5-dione;, 3+(9-
Huoro-2-(2,2,6 6-tetrafluoromorpholine-d-carbony)-1,2,3 4-tetrahy dro-| 1 dldiazepmol6,7,1-h Jindol-7-y11-4-
(inudazof 1, 2-ajpyndmn-3-v1-1H-pyrole-2, 5-dione; 3+2-(4 4-diftuoro-3-hy droxypipendne-1-catbonyl-9-fluoro-
1,23 d~tetrahydro-{ 1 Aldiazepmol6,7, -hijindol-7-vD4~(imidazol 1 2-ajpyndin-3-y1)-1 H-pymole-2 S-dione; 3«24~
{difluoro(hydroxy ymethyl piperidine-1-carbony -9-fluoro-1,2 3 4-tetrahy dro-{ 1 4]diazepino}6,7, T-ht findol-7-y1)-4-

{imidazof1 2-alpyndin-3-y1 - 1H-pyoole-2, 5~-dione; 342+6,6-difluoro-1 4-oxazepane-4-carbonyl)-9-fluoro-1,2,3 4-
tetrahydro-{ 1,4 Jdiazepino]6,7, 1 -hijindol-7-yD-4~nmdazof 1, 2-alpyndin-3-y1-tH-pymrole-2,5-dione; 3-(9-fluoro-2-
{pipendine-1-carbonyl-d10}-1,2,3 4-tetrahydro-{ 1 41diazepino[6,7, 1 -hi findol- 7y -4-(imudazo{ 1 2-alpynidin-3-y1 - 1H-
pyriole-2,5-dione; 3-{(9-fluoro-2-pipendine-1-carbonyl}-1,2,3 d-tetrahydro-{ 1,4 ]diazepino]6,7, 1 -hijindol-7+1-3,3 4 4-
dd-4-(rmdazof 1, 2-alpynidin-3-yh-1H-pyrrole-2, 5-dione; 3-(9-fluoro-2-(4-(2,2, 2-mfluoro-1-hydroxyethypipenidine-
1~carbonyli}-1,2.3 d-tetrahydro-{ 1,4 [diazepino]6,7, 1 -hi indob- 7y -d-(ivadazo| 1, 2-ajpyndin-3-yh- 1 H-pyrrole-2,5-
dione; 3-(2-(4-({ dimethvlaminoymethy Dpipendine-1 -carbony! -9-fluore-1,2, 3 4-teteaby dro-{ 1 4ldiazepimo[6,7,1-
hifindol-7-y1}-d~(wmdazol 1, Z-ajpyndin-3-y1)-1 H-pyrole-2 S-dione; 3« 2-(4-(chmethylaromo)pipendine-1-carbony] -9~
fluoro-1,2.3 d-tetrahydro-{ 1 4 diazepino{6,7, 1 findolb- 7-y-4-(imudazo] 1, 2-alpynidin-3-yH-1H-pyrrole-2, 5-dione; 9-
fluoro~7-{(4-(imadazof 1, 2-ajpyndin-3-v1}-2, 5-dioxo-2, S-dihydro- 1 H-pymol-3-v1)-Nemethyl-N~(-methylpipendin-4-
vhimethyl)-3 4-dihydro-] 14 diazepino]6,7,1-h indole-2{ TH -carboxamide; 3-(rmmdazol 1, 2-ajpynidn-3-y)-4-2-
(2,2,6,6-tetrafluoromorpholine-4-carbony ! -9-(trifluoromethyl }-1,2,3 4-tetrahy dro-{ 1 4jdiazepinof6,7, 1-hijindol-7-y1}-
THpyrole-2,5-dione, 3+246,6-dfluoro-1 4-oxazepane-4-carbonyl-O-{tnfluoromethyt)-1,2,3 4-tetrahydio-
[1,4ldiazepinof6,7, 1 -hi jindol-7-vi-4-(umdazol 1 2-ajpyndm-3-y1}-1H-pyrrole-2, S-dione; 3-(8 9-diffuoro-2-{pipendine-
i~carbonyt-1,2,3 4-tetrahydro-{ 1,4 Jdiazepino[6,7,1 -hifindol-7-yh-d-(imudazof 1, 2-alpyndin-3-yi-1 Hpyrole-2,5-
dione; or 3+9-fluoro-2-(piperidine-1-carbonyt-1,2,3 4-tetrahy dio-{ 1 4 |diazepmof6,7,1-hifindol-7-y -4« mmdazo{ 1,2~
alpyndin-3~-yl)-1H-pyrole-2, S-dione. (1L Y2090314),
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(0208} Most preferably, the substituted 3-Tmidazof 1, 2-ajpyndin-3-yvi-4~(1,2, 3 d-tetrahydro-{ 1 4]diazepmo-{6,7.1-
ha findol-7-yDpyrrole-2, S-dione ts 3+(S-fluoro-2-<pipendime-1-carbonyl)-1,2.3 4-tetrahydro-{ 1,4 [diazepinof6,7,1 -

hi findol-7-v1-4-(mmudazol 1, 2-ajpyridin-3-y1)-1H-pyrrole-2, 5-dione, (L Y2000314).

[6209] The structures of the substituted 3-Tnudazo[ 1, 2-ajpyrnidin-3-v1-4+1,2 3 d-tetrahydro-{ 1 4jdiazepino-{6,7,1 -

hifindol-7-ylipyrrole-2,5-diones are shown below m Table 16,

Table 16
Compound I-1 - 3-{imidazol1,2-alpyridin-3-yi}-4-(2-{piperidine-1-
\\\/ z: carbonyl)-9-{trifluoromethwl}-1,2,3 d-tetrahydro-
\M {} J Q {1 4ldiazepino{s, 7, 1-hilindol-7-y}- 1H-pyrrole-2,5-dione
5; )
b,
Compound I-2 ou Y o 7-{4-{imidazol1,2-alpwridin-3-yi}-2,5-dioxo-2,5-dihydro-
\“:’::\f CN 1H-pyrrol-3-yi-2-{giperidine-1-carbonyl}-1,2,3,4-
C\ N {7 \“;/ tetrahydro-[1,4]dizzepinol6, 7, 1-hilindole-9-carbonitrile
AR
N?r‘“()
o
Compound I-3 o Q\/O 3-{G-ethynyl-2-{piperidine-1-carbonyl}-1,2,34-
%\/ F i tetrahydro-[1,4]dizzepine[6,7, 1-hilindol-7-yi}-4-
F’\Nﬁ{ 7 \\' {imidazol1,2-alpyridin-3y}-1H-pyrrole-2 5-dione
R\/—(;\ ) £ ¢
N l\ \
N
\E?ffoD
o
Compound I-4 o Z}\ o 3HG-amino-2-{piperidine-1-carbonv)-1,2,3,4-
_f \{NHZ tetrahydro-[1,4]diazepine[6,7, L-hilindolh-7-y)-4-
=N = oo )
I N ) {imidazo[1,2-ajpyridin-3yl}-1H-pyrrole-2 5-dione
&\ I\ :‘:‘ /F' ,ﬁ\\'}\f}
/
N0
g
Compound I-5 Oy ] 1-{B-fluoro-7-{4-(imidazo[1,2-a]pyridin-3-yl)-2,5-dioxo-
C A 2, 5-dihydro-TH-pyrrol-3-4)-1,2,3 d-tetrahydro-
' \, ’\/NE/\\ F [1,4]diazepinnib, 7, 1-hilindole-2-carbonylipiperidine-4-
N carhaldehyde
Ny
O)" "N _ \\ '
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Compound 1-6 3-{S-fuoro-2-{4-{hydroxymethylipiperidine-1-
\ F o carbonyii-1,2,3,4-4etrahydro-{1,d]diazepino6,7,1-
‘<\ | é\/'kv hilindol-7-+-d-{imidazo{1,2-a] pyridin-3-+)-1H-pyrrole-
2,5-dione
(O
Compound I-7 O:Yﬁ o 3-{2-{4,4-difluoropiperidine-1-carbonyl}-S-fluoro-
- o i 1,23 4-tetrahydro-{1 dldiazepinei6, 7,1-hilindol-7-yi)-4-
== N \\\ firnidaz W NPT I Ly
&\/ 3 ZNK\ ( {imidazo[1,2-alpyridin-3-i}- 1H-pyrrole-2 S-dione
b TN
A
4
Compound I-8 oo N 3-{2-(8-oxa-3-azabicyclo[3.2. Loctane-3-carbonyl}-9-
. ﬁf_:fo . fluore-1,2,3 4-tetrahydro-{1,4]diazepine[s, 7, 1-hifindol-
('\: - o Zf“ﬁ\ = 7-yiid-imidazol 1, 2-alpyridin-3-vi)l- 1H-pyrrole-2,5-
M‘*N/ P dione
A
/
N
)
SN
Compound -9 0w N ) 3-{benzo[djisoxazol-3-yil-4-{8-flucro-2-{piperidine-1-
. \‘\Lf“’ - carbonyl)-1,2,3,4-tetrahydro-{ 1, 4ldiazepinalb,7,1-
< %r N hilindok-7-yl-1H-pyrrole-2, 5-dione
S way
o N ~~>
\,——N' /"”\

Compound I-10

N-{7-{4-{imidazof1,2-alpyridin-3-vi}-2, 5-dioxo-2,5-
ditwdro-1H-pyrrol-3-i)-2-{piperidine-1-carbonyl)-
1.2,3 44etrahwydro-{1,4ldiazepine[6,7, 1-hilindol-9-
vijacetamide

N S
{8 i \
NS
6]
Compound I-11 o H\F:_ 3-{5-{diflucromethyl)-2-{piperidine-1-carboryi}-1,2,3.4-
= CHF; tetrahydro-[1,4]diazepine]6,7, 1-hilindol-7-y-4-
('r\/k } ,/ \\ Y {imidazo[1,2-alpyridin-3-vl}-1H-pyrrole-2 5-dione
[ N
) N,
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Compound I-12

3-(2-(3,3-dfluoropiperidine-1-carbonyi)-9-fluoro-
1,2,3 4tetrahydro-{1 4ldiazepinol, 7, L-hilindol- 7-yi)-4-
{imidazol1,2-alpyridin-3-v}-1H-pyrrole-2, 5-dione

~ . .- - ] N_._ O
Compound I-13 K« /\\L\ It
/ ;\j _{i\nq:
s
H f 7
P, AY
i—iN%: \N~ Now S
VR
H

3-{2-{{1R 4R)-2 5-dizzabicycdo[2.2. 1 [heptane-2-
carbonyt}-9-fluoro-1,2,3 4-tetrahydro-

{1 4ldiazepino6, 7, 1-hijindol 7-vi}-4-{imidazo(1,2-
alpyridin-3-yii-1H-pyrrole-2 5-dione

Compound I-14

2-{&-oxa-3-azabicydo(3.2. 1loctane-3-carborsd)-7-{4-
{imidazo[1,2-alpyridir-3-v}-2,5-dioxo-2,5-dihydro-1H-
pyrrob-3-i)-1,2, 3 4-tetrahydro-{1, 4ldiazepine[6,7,1-
hilindole-9-carbonitrile

Compound I-15

2-{3 3-ditucropiperidine-L-carbonyl}- 74{4-(imidazof1,2-
alpyridin-3-yi)-2,5-dioxe- 2, 5-dihydro-TH-pyrol-3-vli-
1,2,3 4-tetrahydro-{ 1 4ldiazepinoib, 7, 1-hilindole-9-
carbonitrile

Compound I-16

2-{4 4-diffucropiperidine-1-carbony}- 7-{4-{imidazof1,2-
alpyridin-3-y1)-2,5-dioxe-2,5-dihydro-H-pyrrol-3-vl)-
1.2,3 4tetrahydrod 1, 4ldiazepinolb, 7, 1-hilindole-9-
carbonitrile

Compound I-17

3-{2-{4 A-difluoropiperidine-1-carbonyi}-9-
{rifluoromethyi}-1,2,3 d4etrahydro-

[1 4ldiazepinol6,7, 1-hilindol-7-v)-d-{imidazol1,2-
alpyridin-3-yli-1H-pyrrole-2, 5-dione
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3-(2-{8-oxa-3-azabicyclo[3.2. 1loctane-3-carbony)-9-
{trifluoromethyi}-1,2,3 4-tetrahydro-
[1.4ldimzepinol6,7, 1-hilindol-7-v)-4-{imidazall,2-
alpyridin-3-yi}-1H-pyrole-2 5-dione

Compound I-18

Compound I-19 E}é‘*\\ y 3-{2-{4-{aminomethyilpiperidine-1-carbonyl}-9-fuoro-
’K{’N/\/\'\JH %,2,)3,4~tetrahydroﬂ,d}dsazepmag@,?,1~’ha!snfi@i—?’_yﬁ)w’lw
. {imidazo[1,2-alpyridin-3-vi)-1H-pyrrole-2 5-dione

HoN N
O

3-{2-{4-{hydroxymethylipiperdine-1-carbonyi}-9-
{rifluoromethyi}-1,2,3, 4-tetrahydro-
11 AldiazepinolG, 7, 1-hilindol- 7-4-{imidazol1,2-
alpyridin-3-yi}-1H-pyrole-2 5-dione

Compound 1120

2-{4-thydroxymethyllpiperidine-1-carbony)-7-(4-
{imidazo[1,2-alpyridir-3-vi}-2,5-dioxo-2,5-dihydro-1H-
pyrrob-3-41-1,2, 3 4-tetrahydro-T1, 4idiazepino[6,7,1-
hilindole-9-carbonitrile

Compound 1-21

3-{8-fluorc-2-(3,3,4,4,5,5-hexaflucrogiperidine-1-
carbonyi}-1,2,3 d-tetrahydro-1,4]diazepinol6,7,1-
hilindol-7-yl}-4-{imidazol1,2-ajpyridin-3-i}- 1H-pyrrole-
2,5-dione

Compound 1-22
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3-{Gfuoro-2-(3,3,5 5tetrafluoropiperidine-1-
carbonyil-1,2,3 4-tetrahydro-{ 1, 4]diazepino(6,7,1-
hilindol-7-+1-4-(imidazol1,2-alpyridin-3-i}-1H-pyrrole-
2,5-dione

Compound 1-23

1Compound 1-24 3-{3-fluoro-2-{2,2,6,6-tetraflucromorpholine-4-
carbonyi}-1,2,3 d-tetrahydro-1,4]diazepinol6,7,1-
hilindol-7-yl}-4-{imidazol1,2-ajpyridin-3-i}- 1H-pyrrole-

2,5-dione

Compound I-25 3-{2-{4,4-difluoro-3-hydroxypiperidine-1-carbonyl}-9-
fluoro-1,2,3 4-tetrahydro-{1 4ldiazepino(6, 7, Lhilindoh
7-yiid-imidazol1,2-alpyridin-3-i}-1H-pyrrole-2,5-

dicne

3-{Z-{4-({diffluorothydroxyimethylipiperidine-1-
carbonyi}-S-fluorc-1,2,3 4-tetrahydro-
[1,4ldiazepinol6,7,1-hilindol-7-vi-4-(imidazol1,2-
alpyridir-3-yi)-1H-pyrrole-2, 5-dione

Compound 1-26
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Compound 1-27

3-(2-6 6-difiuoro-1, 4-oxazepans-d-carbonyl}-9-fluoro-
1,2,3 4tetrahydro-{ 1 4ldiazepinol, 7, L-hilindol- 7-yi)-4-
{imidazol1,2-alpyridin-3-v}-1H-pyrrole-2,5-dione

Compound 1-28

3-{{1,2 dltriazolol4, 3-alpyidin-3-vi}-4-{9-fluoro-2-
{piperidine-1-carbonyi}-1,2,3 4-tetrahydro-
11 AldiazepinolG,7, 1-hilindol- 7- 1H-pyrrole-2,5-dione

Compound 1-29

3{9-fuoro-2-{piperidine-1-carbony-d10}-1,2. 3 4-
tetrahydro-[1,4]diazepino(6,7, 1-hilindolh-7-)-4-
{imidazo[1,2-alpyridin-3-i}-1H-pyrrole-2, 5-dione

Compound 1-30

3-{G-fluoro-2-{piperidine-1-carborwi}-1,2,3.4-
tetrahydro-[1,4]diazeping]6,7, -hilindol-744-3,3 4 4-
dai-4-{iridazoll, 2-alpyridin-3-yi}l-1H-pyrrole-2,5-dione

Compound I-31

3-{9-fuoro-2-{4-42,2, 24rifluoro-1-
hydroxyethyiipiperidine-Icarbonyi)-1,2,3,4-
tetrahydro-[1,4]dizzepine[6,7, 1-hilindol-7-yi}-4-
{imidazo[1,2-a}pyridin-3-i}- 1H-pyrrole-2 S-dione

54




CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235

3-{fiuoro-2-{4-{{methylaminolmeathylipiperidine-1-
carbonyi}-1,2,3 4-tetrahydro-{ 1, 4]diazepine(6,7,1-
hilindol-7-+1-4-(imidazol1,2-alpyridin-3-i}-1H-pyrrole-
2,5-dione

Compound 1-32

3-{2-{4-{{dimethyviaminoimeathyilpiperidine-1-
carbonyi}-S-fluoro-1,2,3,4-tetrahydro-

[ 1 4ldiazepinofG,7 1-hilindol- 7i-4-{imidazol1,2-
alpyridin-3-yi}-1H-pyrole-2 5-dione

Compound 1-33

3-{2-{4-aminopiperidine-1-carbonyl-9-fluom-1,2,3 4-
tetrahydro-[1,4]diazepine]6,7, 1-hilindol-7-y-4-
{imidazol1,2-alpyridin-3-vi}-1H-pyrrole-2, 5-dione

Compound 1-34

3-{8-fluorc-2-{4-{methviaminejpiperidine-1-carbonyl}-
1.2,3 44etrahydro-{1,4ldiazepinol6, 7, 1-hilindol-7-yij-4-
{imidazol1,2-alpyridin-3-vi}-1H-pyrrole-2, 5-dione

Compound 1-35

3-{2-{4-{dimethvlaminc)piperidine-1-<arbonyl)-9-
fluore-1,2,3 d-tetrahydro-1,4]diazepinol6,7, 1-hilindol-
7-yli-d-{imidazol1,2-alpyridin-3+i}-1H-pyrrole-2,5-
diane

Compound I-36
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Sfluoro-7-{4-{imidazoll, 2-alpyridin-3-yi}-2, 5-dioxo-2,5-
dihydro-1H-pyrrol-3--N-{piperidind-vimethy}-3 4-
dihydro-{1 4ldiazeping(6, 7, 1-hilindole-2{1H)-
carboxamide

Compound 1-37

Sfluoro-7-{4-{imidazoll, 2-a]pyridin-3-yi}-2, 5-dioxo-2,5-
dihydro-1H-pyrrol-3-yf-N-methyl-N-{piperidin-4-
vimethwil-3,4-dihydro-{1,4]diazepine(6, 7, 1-hilindole-
2{1H}-carboxamide

Compound 1-38

Sfluoro-7-{4-{imidazoll, 2-a]pyridin-3-yi}-2, 5-dioxo-2,5-
ditwdro-1H-pyrol-3-yi-N-methy-N-{1-
methipiperidin-d-yhimethyll-3,4-dihydro-

{1 4ldiazepinol6,7, 1-hilindole-2{1 H}-carboxamide

Compound 1-39

Compound 140 3-{8-fuoro-2-{{1R,4R}-5-methyl-2,5-
dizzabicydol2 .2 1jheptane-2-carboryl)-1,2,3,4-
tetrahydro-[1,4]diazepinoel6,7, L-hilindol-7-41i-4-
{imidazol1,2-alpyridin-3-/}-1H-pyrrole-2,5-dione

Compound 141 3-{3-fucro-2-{2-methyi-2 8-diazaspiro[4.5]decane-8-

carbonyi}-1,2,3 d-tetrahydro-1,4]diazepinol6,7,1-
hilindol-7-yl}-4-{imidazol1,2-ajpyridin-3-i}- 1H-pyrrole-
2,5-dione
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3-{3-fluoro-2-{8-methwl-2 8-diazaspiro4.5]decane-2-
carbonyi}-1,2,3 4-tetrahydro-{ 1, 4]diazepine(6,7,1-
hilindol-7-+1-4-(imidazol1,2-alpyridin-3-i}-1H-pyrrole-
2,5-dione

Compound 1-42

3-{imidazoll,2-alpyridin-3-vi}-4-4{2-(2,2.6,6
tetraffuoromorpholine-<d-carbonyll-8-{triflucromethyl)-
1,23 4tetrahydro-{1 dldiazeping (6,7, 1-hifindol-7-vi)-
1H-pyrrole-2,5-dione

Compound 1-43

3-(2-6 6-diffuoro-1,4-oxazepans-4-carbonvi}-3-
{trifluoromethyi}-1,2,3 4-tetrahydro-

11 AldiazepinolG, 7, 1-hilindol- 7-4-{imidazol1,2-
alpyridin-3-yi}-1H-pyrole-2 5-dione

Compound 1-44

2HA-{dimethylamino)piperidine-1-carbonyll-74{4-
{imidazol1,2-alpyridin-3-v}-2,5-dioxo-2,5-dihydro-1H-
pyrrob-3-41-1,2, 3 4-tetrahydro-T1, 4idiazepino[6,7,1-
hilindole-9-carbonitrile

Compound 1-45

9-cyano-7-{4-{imidazo[1,2-alpyrdin-3-yi}-2, 5-dioxo-2,5-
ditwdro-1H-pyrol-3-yi-N-methy-N-{{1-
methipiperidin-d-yhimethyll-3,4-dihydro-
[1.4]dimzepinol6,7, 1-hilindole-2{1H}-carboxamide

Compound 146
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Compound 1-47 H 7-{4-{imidazo[1,2-ajpyridin-3-yi}-2,5-dioxo-2,5-dihydro-
1H-pyrrob-3-1}-2-{8-methyi-2 8-diazaspirol4.5]decane-

N
Oas _:;F;O N ]
— e 2-carbonyll-1,2,3 d-tetrahydro-1,41diazepino(6,7,1-
N
AL

hilindole-9-carbonitrile
K/ an
A
S LN

e

3-{8,S-difluoro-2-{piperidine-I-carbonyi)-1,2,3.4-
tetrahydro-[1,4]diazepine(6,7, 1-hilindol-7-}-4-
{imidazol1,2-alpyridin-3-v}-1H-pyrrole-2,5-dione

Compound 148

=0
N
(;7/

16210} In other embodiments, the Wnt agonist and/or GSK3 mhibitor are as described m WO 2018/125746, US
20180214458 and USSN 62/608,663 the contents of which are each incorporated by reference in their entireties for all

PUIPOSES.

EPIGENETICMODULATORS

(0211} The one or more otic therapettic agenis in any embodiment disclosed could be one or more of the
following epigenetic modulators,

(09212} Epigenetic modulators included epigenetic modifiers, mediators and modulators. Epigenetic modifiers
are genes whose products modify the epigenome directly through DNA methylation, the post-translational
modification of chromatin or the alteration of the structure of chromatin. The epigenetic mediators, are ofien the target
of epigenetic modification, although they are rarely mutated themselves. The epigenetic mediators largely overap
with the genes mvolved in stem cell reprogramming and therr role in cancer followed divectly from the discovery of
their reprogramming role. Eptgenatic mediators are those genes whose products are the targets of the epigenetic
modifiers. Epigenetic modulators are the genes lying upstream of the modifiers and mediators in signaling and
metabolic pathways

(0213} In some embodiments, an agent having activity as an epigenetic modulator 1s an HDAC whibitor, a LSD-
1 inkubitor, an EZHZ whibiior, a DOT 1L inhibitor, and a KDM intubttor,

HDAC INHIBITORS

[0214] The one or more otic therapeutic agents in any embodiment disclosed could be one or more of the
following HDAC mhibitors.
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[0215] Histone deacetylases (HDAC) are a class of enzymes that remove acetyl groups (O=C-CHs) roman &-
N-acety! lysine amino acid on ahustone, allowing the histones to wrap the DNA more tightly. This is mmportant
because DNA s wrapped around histones, and DINA expression 1s regulated by acetylation and de-acetylation.

0216} HDACs are classified m four classes depending on sequence homology to the yeast ongmal enzymes and
domaimn organization. The HDAC classes mclude HDACI HDAC HA HDAC B, HDAC IH and HDAC TV,

02171 Hastone deacetylase (HDAC) mbubitors (HDAC, HDIs) are chennical compounds that mbibat hastone
deacetylases.

(0218} Thus, “HDAC inlubitor” refers to an agent capable of the decreasing the expression or enzymatic activity
of HDAC. For example treatment with an HDAC mhibitor results m a decrease in histone deacetylation of a target
genem a cell.

(9219} In certan embodiments, the HDAC mbubttor decreases the expression or enzymatic activity of HDAC by
atleast 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100%6 relative to a control, for example relative to a baseline level of
achivity.

10226] In certain embodiments, the HDAC mhubitor decreases histone deacetylation of a target gene by at least 5,
10, 20, 30, 40, 50, 60, 70, 80, 90, or 100% relative to a control, for exarouple relative 1o a basehine level of activity.

0223} In some embodiments, the HDAC mhibitor increases expression or activity of a target gene by at least 5,

10,20, 30, 40, 50, 60, 70, 80, 90, or 100% relative to a control, for exampile relaive to abaseline level of activity.

(6222} In some embodiments, the HDAC inhubitor decreases expression or enzymatic activity of HDAC by at
leastabou 11,12, 13,14 15 16,17, 18 19,2, 3,4, 5,6,7 8 9,10, 15,20, 30,40, 50,60, 70, 80, 90, 100, 200,

500, 1000-fold or more relative 10 a control, for exarple relative to abaseline level of activity.

(08223} In some embodiments, the HDAC inhibitor decreases histone deacetylation of a tarpet gene by at least
about 1.1,12.13.14.15.16.17,18.19,2.3.4.5.6,7,8.9, 10, 15,20, 30,40, 50, 60, 70, 80,90, 100, 200, 500,

1000-fold or more relative to a conirol, for example relative to a baseline level of activity.

{6224} In some embodiments, the HDAC mhibitor increases expression or activity of a target gene by at least
about 1.1,12,13,14, 15,16, 17.18,19,2,3.4,5,6,7,8,9, 10, 15,20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500,

1000-fold or more relative 1o a control, for example relative 1o a baseline level of activity.

Table 4
Chemo- | Mechanism Class HDAC bgrS+ | Perlymph | Formulatio
Agent CAS type HBAC Inhib seis;ﬁ:w Potenc | Assay {ong n Conc

Sodium 1069-66- 358 100 100uM-4 100 mM -
Valproate 5 Acid 1238 Casst o | WM MM 4000 mM

i

2-hexyl-4- o 100
. 96017- . 100uM-4 100 mvi-
pentyraom 56.3 Acid 12,38 Class| 12ubdd | ubM-4 M 4000 mM

acid vl
Na Acid 1,2,3.8 Classt | 9-16uM 100 100 ubt - 100 mM -

5%



CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235
phenyibutyr | 1716-12- >{lass ubi-4 4 mM 4000 mivi

ate 7 fib mivi
| In vanous embodiments, the treatments disclosed herem mclude use an HDAC mhibitor.  Exemplary
HDAC inhibitors are provided in Table 17.
Table 17
Class Ageni CAS
Albphatic Acid Butyrate 107-92-6
Alphatic Acd Phenyl butyrate 1821-12-1
Alphatic Aad Valproic Acd 99-66-1
Albphatic Aad Ester | AN-9 122110-53-6
Arne 932718-22-4 032718224
Benzanuide 45C-202 1186222-89-8
Benzamde BME-210 537034-17-6
Benzammde Chidamide 743438-44-0
Benzamide Entinostat (MS-275) 209783-80-2
Benzarmde HDAC Inhibitor TV 537034-154
Benzamide Mocetinostat (MGCD0103) 26169-73-9
Benzanude NKL 72 537034-15+4
Benzamide RGFPIOY 1215493-56-3
Benzamde RGFPI36 1215493972
Benzamde REGEPI66 1357389-11-7
Benzamude Tacedmaline 112522642
Benzanide TC-H 106, HDAC Inhibitor VH | 937039-45-7
Cychic peptide Apicidin 183506-66-3
Cyelic peptide Dihydrochlamydocin 52574-64-8
Cyelic peptide HC Toxin 83209-65-8
Cyclic peptide Romidepsin 128517-07-7
Cychc Peptide Thailandepsin A 1269219-30-8
Cyelic peptide Trapoxin A 133155-89-2
Epoxide {(—}Depudecin 139508-73-9
Epoxide Parthenohde 20554-84-1
Hydroxamate (SHHDAC-42 0335881-37-1

4-(dimethylammo}-N-{6~
(hydroxyamimo6-oxchexyt}-

Hydroxamate benzamde 193551-00-7
Hydroxamate 4-10do-SAHA 1219807-87-0
Hydroxamate 45C-201 (Resmunostat} 864814-88-0
Hydroxamate ACY1215 1316214-52-4
Hydroxamate APHA Compound 8 676599-90-9
Hydroxamate BRDG757 1423058-85-3
Hydroxamate Bufexamac 2438-72-4
Hydroxamate Butyrylhydroxanuc acid 4312-91-8
Hydroxamate CAY10603 1045792-66-2
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Hydroxamate CBHA 174664-65-4
Hydroxamate CG200745 036221-33-9
Hydroxamate CHR-3996 1256448-47-1
Hydroxamate CUDC-101 1012054-59-9
Hydroxamate Droxmostat QOBT3-43-5
Hydroxamate HDAC Inhabitor H 174664-65-4
Hydroxamate HDAC Inhubutor VI 926908-04-5
Hydroxamate HDAC Inhibitor XXIV 854779-95-6
Hydroxamate HDACS Inhibitor 11 1450618-49-1
Hydroxamate HDACN-1 1239610-44-6
Hydroxamate HNHA 326908-04-5
Hydroxamate HPORB 1429651-50-2
Hydroxamate ITH2357 497833-27-9
Hydroxamate TTF2357 (Givinostat) 497833-275

Hydroxamate LAQ-824 591207-53-3
Hydroxarmate LBH-589 (panobuostat) 404950-80-7
Hydroxamate LMEK235 1418033-25-6
Hydroxamate M 344 251456-60-7
Hydroxamate M 1568 852475-26-4
Hydroxamate Nexturastat A 1403783-31-2
Hydroxamate NSC 57457 6953-61-3
Hydroxamate Oxarnflatin 151720-43-3
Hydroxamate PCI-24781 (Abexinostat) 783355-60-2
Hydroxamate PCI-34051 050762-95-5
Hydroxamate PDX-101 (belnostat) 866323-14-0
Hydroxamate Pyroxarmde 382180-17-8
Hydroxamate SAHA (Zolnza, vormostat) 149647-78-9
Hydroxamate SB939 (Pracinostat) 029016-96-6
Hydroxamate SBHA 38937-66-5
Hydroxamate Scriptad 287383-59-9
Hydroxamate Tefinostat (CHR-2845) 914382-60-8
Hydroxamate Trchostatin A (TSA) 58880-19-6
Hydroxamate Tubacin 537049-40-4
Hydroxamate Tubastatin A 1252003-15-8
Hydroxamate TAHA 106132-78-9
Ketone Compound 43 §91259-76-0
Ketone - a-

ketoarides 436150-82-2 36150-82-2
Ketone - CF3 Conpound 27 946499-86-1
Ketone~ CF3 Compound 6e 946500-31-8
Ketone - CF3 Compound 6H 946500-39-6
Non classical Tasquinimod 254964-60-8
Non classical TMP269 1314890-29-3
Polyketide Ragjadone A 163564-92-9
Silylalcohol 1587636-32-5 1587636-32-8
Sulphonanude 1587636-33-0 1587636-33-6
Sulphonamude 329967-25-1 329967-25-1
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Sulphonyl Urea 960130-17-0 960130-17-0
Thioester HDAC Inhibitor XXH 848334-66-5
Thioester KDA170 940943-37-3
Thioester PTACH 848354-66-5
Thioester TCSHDAC6 20b 956154-63-5
Thioketone SIRT1/2 Inhibitor VI 143034-06-4
Thiol 1368806-08-1 1368806-68-1
Thiol 1428536-05-3 1428536-03-3
Thiol 827036760 827036-76-0
Thiol 828920-13-4 828920-13-4
Thiol 908860-21-9 908860-21-9
Tropones 14116738954 1411673-954
Tropones 46189-88-2 46189-88-2

[8225] In some embodiments the HDAC inhibitor 1s a class I HDAC mhibitor. In these embodiments, the class 1

HDAC mhubitor may be a short cham carboxybcaad  In apreferred embodiment, the HDAC mbubitor 1s valproie
actd (VPA), 2-hexyl-4-pentynoic acid, or Na phenylbutyrate. More preferably, the HDAC inhibitor 15 valprowe acid
{(VPA). Tn certaw such embodiments, the HDAC mhubitor is sodum valproate.

(0226} As used herein the terms “valproic acid” and “VPA” are used mterchangably to refer i the same

compound. Moreover, as used heren the terros “valproic acd” and “VPA” also refer any pharmaceutically acceptable

salts thereof,

1.SD1 INHIBITORS

(02271 The one or more otic therapeutic agents in any embodiment disclosed heren could be one or more of the
followmng LSD1 nhibitors,

[6228] LSD1 mediated H3K4 demethylation can result in a repressive chromatin environment that silences gene

expression. L8P has been shown o play a role in development m vanious contexts. LSDI can mteract with
plunipotency factors m huroan embryvonic stem cells and 1s vmportant for decommussioning eshancers o stem cell
differentiation. Beyvond embryonic settings, LSD1 is also crtical for hematopoetic differentiation. LS is
overexpressed in multiple cancer types and recent studies supgest inhibition of LS reactivates the all-trans retinoic
acid receptor pathway m acute myeloid leukemia {AML). These studies implicate LSD1 as akey regulator of the
epigenome that modulates gene expression through post-ranstational modification of histones and through tts presence
1 transcrptionsl cormplexes,

10229} Thus, a “LSDT mhabitor” refers to an agent capable of decreasing the expression or enzymatic activity of
LSD1. For examaple a LS mhubitor results m a decrease in H3K4 demethylation of a target gene na cell, for
nstance, mn a cochlear cell or a vestibular. cell

(0230 In certam embodiments, a LSD1 mhubitor decreases the expression or enzymatic activity of LSD1T by at
least 3, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100% relative to a control, for example relative to a basehne level of

activity.
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[0231] In certamn embodiments, a LSDnhubitor decreases H3K4 demethylation by at least 5, 10, 20, 30, 40, 50,
60, 70, 80, 90, or 100% relative to a control, for example relative to a baseline level of activity.

(08232} In some mstances, a LSD1 mhibitor decreases H3K4 demethylation by at least about 1.1, 1.2, 1.3, 1.4,
1516,17,18,19.2.3,4.5,6,7.8,9 10,15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500, or 1000-fold or miore
relative to a control, for example relative to a baseline level of activity.

(9233} In some wstances, a LSD] mhubitor modulates (e, mcreases or decreases) expression or activity of a
target gene by at least 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100% relative 0 a control, for example relative o a
baseline level of activity.

16234} In some mstances, a LSO mhibitor modulates (1.e., mcreases or decreases) expression or enzymatic
activity of LSD by atleastabout 1.1, 1.2, 1.3,14,1.5. 1.6, 1.7, 18, 19,2,3,4.5.6.7,8,9, 10, 15, 20, 30, 40, 50, 60,
70, 80, 90, 100, 200, 500, 1000-fold or more relative to a control, for example relative to a baseline level of activity.
[8235] In some mstances the LSD1 mhibitor is reversible. In other mstances the LSD1 mbubitor is irreversible.
18236} Exemplary agents having activity as a LSD1 inhibitor are provided m Table 18 below, mcluding

pharmaceutically-acceptable salis thereof.
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{0237] In some embodiments, an agent having activity as a LSD1 inhubitor 15 GSK-2879552, GSK-LSD1,
Osimertinib { AZDS291), Phevelzme sultate, Tranyleypronune (TCP), ORY-1001, Sechidemstat (SP-2577),
Vaftdemstat (ORY-2001), CC-90011, IMG-7289 or, INCB0O39872. Preferably, the LSD1 inhibitor 1s GSK-
2879552, GSK-LSDI, Phenelzine sulfate or Tranylcypromine (TCP).

/\\H o

O
\“l/_/_\‘w' lk H
o YO A\ YO G v

Tranylcypromine (TCP)
(35K-2879552 GSK-LSD1

o /o
S NHy R
| A /O/ NH
P \V/\N,NHQ 2 N Y o
H >~ U L,
~
Phenelzine sulfate ORY-1001

Csimertinib {(AZD9281)

NN
tH T
P

Seclidemstat (SP-2577) Vafidemstat (ORY-2001)

C% A \QN s ®

{0238] More preferably, the LSDI inhibitor is GSK-2879552, GSK-LSD-1, or Tranyleypromine (TCP).

FLHE Iy oRs
{0239] The one or more otic therapeutic agents mn any embodiment disclosed hereiry could be one or more of

the following EZH2 mbabitors.

105240} Erhancer of zeste homolog 2 (EZH?2) 1s a lustone-lysine N-methyltransferase enzyme encoded by an
EZH2 gene, that participates in histone methylation and, ultimately, transcoptional repression. EZHZ catalyzes the
addition of methyl groups to histone H3 at lvaine 27, by using the cofactor S-adenosyl-L-methionine. Methylation
activity of EZH2 facilitates heterochromatin formation thereby silences gene fimction. Remodeling of
chromosomal heterochromatin by EZH2 15 also required duning cell ratosts.

i06241] EZH2 15 the functional enzymatic component of the Polycomb Repressive Complex 2 (PRC2),
which 13 responsible for healthy embrvonic development through the epigenetic mamtenance of genes responsible
for regulating development and differentiation. EZH2 is responsible for the methylation activity of PRC2, and the
complex also contamns protemns required for optimal function (FED, SUZ12, JARID2, AEBPZ, RbAp46/48, and
PCL).

{5242] EZH2 mbabttors are chenical compounds that whibit astone-ysine N-methylransferase enzyme
encoded by EZH2 gene
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{0243) Thus, “EZH2 mhibitor” refers o an agent capable of the decreasing the expression or enzymatic
activity of EZH2. For example, an EZH2 inhibitor resuls in a decrease i histone methylation of atarget genema
cell

[0244] In certain embodiments, the EZH?2 mhibitor decreases the expression or enzymatic activity of EZHZ
by atleast 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100% relative to a control, for example relative to a basehne level
of activity.

[5245] In certam embodiments, the EZH2 wnlubitor decreases histone methylation of a target gene by at least
5, 10,20, 30,40, 50,60, 70, 80, 90, or 100% relative to a control, for example relative to a baseline level of activity.
[0246] In some embodunents, the EZH2 miubitor increases expression or activity of a target gene by at least
5,10,20,30, 40, 50, 60, 70, 80, 90, or 100% relative to a control, for example relative 1o a baseline level of activity .
10247] In some embodiments, the EZH2 mhubitor decreases expression or enzymatic actvity of EZH2 by at
leastabout 1.1,1.2,13,14,15,1.6,17,1.8 1.9.2,3,4,5,6,7, 8,9, 10, 15,20, 30,40, 50, 60, 70, 80, 90, 100, 200,
500, 1000-fold or more relative to a control, for example relative 1o a baseline level of achvity.

[0248] In some embodiments, the BZH2 mbibitor decreases histone methylation of a target gene by at least
about11,12,13,141516, 17,18 19,2.3,4,5,6,7,8,9, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500,
1000-fold or more relative to a control, for example relative to a baseline level of activity.

{0249] In some embodiments, the EZH2 inhubitor increases expression or activity of a target gene by at least
about 11,1213, 141516 17.18,1.9,2.3,4.5.6,7.8.9,10, 15,20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500,
1000-fold or more relative 1o a control, for example relative to a baseline level of activity,

16250] Exemplary EZH2 ihibitors are provided in Table 19,
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{0251} In some embodiments the EZH2 mhibitor 1s PF-06821497, CPI-120, Valemetostat, Tazemetostat or
Ell
DOTIL INSEBITORS

{0252) The one or more ofic therapeutic agents mn any embodiment disclosed could be one or more of the
following DOT1L whibitors.

j6253] BOT1-hike (Disruptor of telomeric slencing 1-like), hustone H3K79 methyliransterase (S.
cerevisiae), also known as DOTIL, 18 a protem found n humans, as well as other eukaryotes. The methylation of
histone H3 lysine 79 (H3K.79) by DOTIL which is a conserved epigenetic mark in many eukaryofic epigenomes,
mereases progressively along the aging process.

{6254] DOTIL mbibitors are chemical compounds that inhubits histone H3K79 methyltransferase .

15255] Thus, “DOTIL inhibitor” refers to an agent capable of the decreasing the expression or enzymatic
actvity of DOTTL. For example, an EZH2 mhabitor results i a decrease n histone methylation of a target gene m
acell

[6256] In certam embodiments, the DOTIL mhubitor decreases the expression or enzymatic activity of
DOTIL by atleast 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100% relative to a control, for example relative o a
baseline level of activity.

{0257} In ceriain embodiments, the DOT1L mhibitor decreases hustone methylation of a target gene by at
feast 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100% relative 10 a control, for exarnple relative 1o a basebine level of
achvity.

10258] In some embodiments, the DOTTL inhibitor increases expression or activity of a target gene by at
feast 5, 10, 20, 30, 40, 50, 60, 70, 30, 90, or 100% relative o a control, for example relative to a basehne level of
activity.

[06259] In some embodiments, the DOT 1L whibitor decreases expression or enzymatic aciivity of DOTIL
by atleastabout 1.1,12,13,14,15,16,17,18,19,2,3,4 5,6,7,8 9,10, 15, 20, 30,40, 50,60, 70,80, 90,
100, 200, 500, 1000-fold or more relative to a control, for exanple relative o a baseline level of activity.

i0260] In some embodiments, the DOT L inhubitor decreases histone methylation of a target gene by at least
about 11,1213, 141516 17.18,1.9,2.3,4.5.6,7.8.9,10, 15,20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500,

1000-fold or more relative 1 a control, for example relative to a basehne level of activity.

10261] In some embodiments, the DOTTL inhibitor increases expression or activity of a target gene by at
leastabout 11,12, 13,14, 15, 16,1.7,1.8 1.9,2,3,4.5,6,7,8,9, 10, 15,20, 30, 40, 50, 60, 70, 80, 90, 100, 200,
500, 1000-fold or more relative to a control, for example relative 1o a basehine level of achvity.

[08262] Exemplary DOT L mnhabitors are provided m Table 20,
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Table 20
pli ., | Lgrs Formudatt | Husn
. oF o ift + | Peribm | on Cone a b | Hhowan
Agent Cas S Cheno-type (if Assa | ph Cone | Indratyp Vivo | Dosage
8 v in Cong
1| e ) l{}-;{}O
EPZ0047 | 133846 | 03 Adenosine o 4511 0.6-45 0.1-45 01- | mgm2
77 6-77-5 | oM ’ , uM mM 450M | perday
M| M .
IV
Total
plasm | 5490
aCss | mgm2
800- | perday
PIOMEOS | 138008 | 0.08 . &7 0110 | orlo | 10 by
tat (EPZ- 2878 | nM Adenosine 0 oM oM ng/ml. | cophnuo
5676) ' M (142~ | wslV,
294 | Potential
adMy | for SC
(1-10 | dosing
uM)
. 0| i1
SGC0946 ;?}-2/ 21531 Adenosine ::/{ 2’5\:{ 06-5uM | 065 mM ?li; ;;gg;;

142825

410 | M Adenosine
085 3 .
CNSAH 19" f ,736 rjf‘v 0 Adenosine
Compoun | 164526 | 29 i
d10 | 6994 |y | Adenose
Compoun | 194020 | G4 L
d13 | 6712 | pyy | ATinopynmidine
Compoun | 208351 | < g
a7 2505 | M pyrrolopyrmudine
Compoun | 194022 | 14
ds | 4849 | aM Acelylene
EP70026 | 1381764 13 Adenosine
96 0-94-6 | nM AaeToEne
EPZ0044 | 138031 | 4 Adenosi
50 5.07.8 | oM Adenosme
70-92- | 600 .
SAH ¥ 9092 iiz Adenosineg
SYC-522 | 138176 | 076 Adenosine G
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1-52- nM U
M
20
< 144050 | 1.1 . . 0
SYC-687 0.043 | nM MNew-Rabose n
M
144051 2
0-03-1, | 1.1 , ) 0
144050 | oM Adenosme

9-94-3

Peptides
Compoun -
428 Peptides
Compoun | 167558 | 83 . L
46 341 | uM tnazolothiadiazol
Compoun pyrimidylammoquin
d8H oline
136372 1 15 o
pytrmidine

9790 | uM

{0263] In some embodiments the DOT1L mhibrtor 1s EPZ004777, Pinometostat or SGL0946.
KDM INIEBITORS

{6264] The one or more otic therapeuiic agents i any embodiment disclosed coudd be one or more of the
following KDM inhibitors,
{0265] About 30 JayC domam-contaming proteins have been wdentified as lysine demethylases in the human

genome. Based on histone lysine sites and demethylation states, the JoyC domam-containing protem famuly is
divided mio six subfamities KDM2, KDM3, KDM4, KDMS, KDM6 and PHF. The JoyC domam-contaiming
proteins belong to the Fe(ll) and 2-oxoglutarate (2-OG -dependent dioxygenases, which demethylate a vanety of
targets, mchuding histones (H3K4, H3KS, H3K27, H3K36 as well as HIK26) and non-hustone proteins. Unlike
the LSD famuly, the JimyC-domam-containing histone demethylases (JHDMs) are able 1o erase all three kinds of
histone lysine-methyviation states since the JHDMs do not require protonated nittogen for demethylation.

{0266] The KDM2Z {(also named FBXL ) subfamily mcludes two members: KDM2A and KDMZB. KDM4
gene fanuly, first identified m siheo, consists of six mermbers, ncluding KDM4A, KDM4B, KDM4C, KDM4D,
KDMAE and KDM4F, The KIDMS subfanuly contains four enzymes: KDMSA, KDMSB, KDMSC and
KDMSD, which specifically renmove methyl marks from H3K4me2/3. In the human genome, the KDM6
subfamily 15 compnsed of KDMEA, KIDMOB and UTY, which share a well-conserved JiyC histone catalytic
domain,

{52671 KM inhibitors are chemical compounds that mhibiis lysine demethylases.
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{0268] Thus, “KIDM mhibitor” refers to an agent capable of the decreasing the expression of enzymatic
activity of KDM. For example, an KDM mhibitor results m a decrease m histone demethylation of a target gene m
acell

{0269] In certain embodiments, the KIDM mhibitor decreases the expression or enzymatic activity of KDM
by atleast 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100% relative to a control, for example relative to a basehne level
of activity.

[05270] In certam embodiments, the KDM mhibitor decreases hustone demethylation of a target gene by at
feast 5, 16, 20, 30, 40, 50, 60, 70, 80, 90, or 100% relative o a control, for example relative to a basehine level of
activity.

{0271 In some embodiments, the KDM mbhibrtor increases expression or aciivity of a target gene by at feast
5,10,20,30, 40, 50,60, 70, 80, 90, or 100% relative 1o a control, for example relative 1o a baseline level of activity.
{0272] In some embodiments, the KDM inbubitor decreases expression or enzymatic activity of KDM by at
leastabout 11,12,13,14,15,1.6,1.7,1.8.19,2,3,4,5,6,7,8. 9, 10, 15,20, 30,40, 50, 60, 70, 80, 90, 100, 200,
500, 1000-fold or more relative 1o a control, for example relative to a basehne level of activity.

{0273} In some embodiments, the KDM mbibitor decreases histone demethylation of a target gene by at
leastabout 11,12, 13,14, 15, 16,1.7,1.8 1.9,2,3,4.5,6,7,8,9, 10, 15,20, 30, 40, 50, 60, 70, 80, 90, 100, 200,
500, 1000-fold or more relative to a control, for example relative 1o a basehine level of achvity.

{0274] In some embodiments, the KIDM mhibitor increases expression or activity of a target gene by at least
about 11,1213, 14, 151.6,17 18,19,2,3,4.5,6,7,8,9, 10,15, 20, 30,40, 50, 60, 70, 80, 90, 100, 200, 500,
1000-fold or more relative to a control, for example relative to a baseline level of activity. Exemplary KDM

mhibitors are provide i Table 21,
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[05275] In some ersbodiments the KDM wibibitor 1s AS 8351 or TC-E 5002
TAZ ACTIVATORS

{0276} The one or more otic therapeutic agents mn any embodiment disclosed hereiry could be one or more of
the followmg TAZ activators.

16277} TAZ motif (also called WWTR1) a transcriptional coactivator with a PDZ-binding was identified as a
14-3-3-binding protem. Tt1s sinlar to Yes-associated protem 1 {YAPT) m its molecudar structure, which consists of
an N~terminal TEAD binding domain, one or two WW domains, and a transcriptional activation domam.

[0278] TAZ 1s phosphorylated at four sites by large tumor suppressor kinase T {LATST) and LATSZ, which
are core kinases of the Hippo pathway. Phosphorylated TAZ s trapped by 14-3-3, is recrusted from the nucleus to
the cytoplasm, and undergoes protem degradanon. In this way, the Hippo pathway negatively regulates TAZ,
{0279] In addion to the Hippo pathway, TAZ 1s regulated by cell junchion protemns such as Z0-1, 7Z0-2, and
angiomotin, Recent studies have revealed that TAZ 1s under the control of the actin cvtoskeleton and the mechanical
stretch. Moreover, Wit signaling stabilizes. Conversely, cytoplasmic TAZ binds ~catenin and Dishevelled (DVL)
and inhibits -catenin nuclear localization and DVE phosphorylation to negatively regulate the Wit pathway .

[03280] TAZ activators are chermical cormpounds that stabilize and increase unphosphorylated TAZ levels.
{0281} Thus, “TAZ activator” refers 10 an agent capable of the increasing the stability or activity of TAZ. For
example, an TAZ, activator results in a decrease n TAZ phosphorylation and/or TAZ protein degradation .

{06282] In certain embodiments, the TAZ activator increases the stability or activity of TAZ by atleast 5, 10,
20, 30,40, 50, 60, 70, 80, 90, or 100% relative to a control, for example relative to a baseline level of activity.

{0283] In certan embodiments, the TAZ activator moreases the expression of a target gene by at least 5, 10,
20,30,40, 50, 60, 70, 80, 90, or 100%% relative 10 a control, for example relative to a baseline level of activity.

[0284] In some embodiments, the TAZ activator increases the stability or activity of TAZ, by at least about
11,12,13,14.15,1.6,17.18,19,2.3.4.5,6,7.8.9, 10,15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500, 1000-
fold or more relative to a control, for example relative 1o a baseline level of activity.

{0285] In some emboduments, mcreases the expression of atarget gene by atleastabout 1.1, 1.2, 13,14, 1.5,
16,17,18.1.9,2.3.4,5,6,7,8.9,10, 15,20, 30, 40, 50, 60,70, 80, 90, 100, 200, 500, 1000-fold or more relative
0 a control, for example relative to a basehne level of activity.

{0286] Exemplary TAZ Activators are provide m Table 22,
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{32871 In some ermbodiments the TAZ activator 1s IBS008738, TM-2565%9 or TT10.

{0288] In some embodiments the agenis are a gamma- secretase inhibitor, a Taz activator, a Notch mbnbitor, or
an ErbB3/HERS mhibitor,
GAMMA SECRETASE INHIBITORS

105289] The one or nore otic therapenitic agents i any embodiment disclosed herein could be one or more of
the following garma secretase nhibtors.

{0290] (Gamma secretase 1S an intermnal protease that cleaves within the membrane-spanning domain of its
substrate protemns, including amyloid precursor protemn (APP) and Notch,

[0291]

processed by B-secretase (BACET) and generates a 12 kDa C-termimal stub of APP (C99); second, C99 15 cleaved

Sequential cleavages of the APP by B- and y-secretases generates AR, First, APP is proteolytically

by y-secretase to vield two mgjor species of AR ending at residue 40 (APAC) or 42 {AB42).

(0292

(Gamma secretase mhibitors may target y-secretase and reduce AP production.

[6293] Exemplary gamma secretase inhibttors are provided m Table 23
Table 23
A Chemo- .
Agent CAS type Litceficone Human Dosage
Semagacestat LY | 425386 A;nide ARS8, AP0, and ABAZ with IC30=12.0, 60mg-140mg
30139 60-3 12.1, 109aM,
TE169~ | S 2 ers AP4Z, APAG (EC30=124, 14. 0 and 530-mg
Begzcestat/ GSL9S3 Q)lé uip}mm Lowers AR4 3A{3‘.4 {t ( 50=124, 14.8nM 10 and 50-mg
275 nude meells
Avagacestat/ BMS- | 114669 | Sulphona IC50=027 and 0.30 nM for APA2 and 25t0125mg
708163 9-66-2 nude AP0,
EVP-962 16,50, 100 or 200 ;g
Cremgacestal 1y s 1 AmIde | oy e 1M in most of the tumor oel]
LY 3039478 2.21 »/i o e - ' 23mg-100mg
(JSMD194) ‘ -
71905- ol
MK-3372 4 ';i? Aad SH-SYSY cells with an IC30 value of 5 oM
NiC3-15 3002000 mg
30463 g e
NGP 555 i@;“j%‘ HC“;‘;W} ¢ 100M 100 rag, 200 mg, or 400 mg
37 5
Nirogacestat PF 120054 { Amide (IC30 values are 1.2 and 62 aM in whole 150 me
(3084014 3-63-3 cell and cell-free assays s
. 158772 1 Amide N
PE-06648671 7318 300mg
47975~ ide 20mg, 30 mg, 45 mg, SGmg
RO4929007 847925 Arnide Omg, 30 mg, 45 mg, 90 mg
G1-1 orldimg
- 140106 | Amde
MS-O0507
BMS-505024 6790
BMS-932481 126387 | Heloroove 1050 2 6.6 1o reduce AP42
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1-36-8 e
BMS-986133 1C503.3 oM to roduce AP42
, - 250315- | Selphowa | Indubite APAD and AB4A2 tnwvitro (JC307 4
? / - . )
BMS 29989 45-6 tide and 7.9 aM
191498 | Hetoroove | 1050 of 7TnM and 17 nM o reduce AB42
BPN-13606 9-49-3 e and AB40 cells
33716~ Acid i
Carprofen 49.7 7ouM
T4R69- Acid
CHFS022 77-0
SO T4I269- Acid reduces APA2 and AP40 seoretion, IC303.6,
CHES074 $3-8 184 M
Compoud E 2(;? jjﬁ Amide
Corapound W 173350- Acid neurcnal calture (IC50 113, 200 nM for iotal
335 AR, AB42
208255- | Aoude | neuronal cultuse (CS0 115, 200 nM for total
DAPT 80-3 AR, AB42
- 209984- | Amide
DBZ 36.5
o 870843- | Unsabur
E-2012 0.8 anide
EVPA O350 reduction of AP40 and APA2 624 pM
) and 0.14 pM,
EVP.R O350 reduction of AP40 and APA2 624 pM
S and 0,14 M,
EVP- 144781 Acid
(015962 1-26-8
Flusiz: 31543- Acid
urian 409
. . 443989~ 1 Sulpbona
G51-136 01-3 vude
Indomethacin 53-86-1 Acid 25-50uM
iy 62252~ | Aniline "
JLE 6 26.0 30uM
INJ- 114659 Acid
§-02
40418677 4-87-7 0.18-02M,
Y630 otide
685458 | 22632 Pepiide 48 67 1M
98-5
. 200084~ 1 Amude
LY 411375 $7.6
Deshvdroxy LY- | 209984- | Amide
411578 56-3
88191~ | Amide
MDIL 28170 34-8
777721 8 e )
MRK 560 677772 | Suiphona 0,65 nM
84-8 tude
MWi67
NMK-T-057
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Acd
Suldimac sulfide 2004- 34uM
674
NOTCH INHIBITORS
{6294] The one or more otic therapeuiic agents i any embodiment disclosed coudd be one or more of the
foliowing Notch whibitors.,
{06295] Exemplary Notch whibitors are provided m Table 24
Table 24
Agent CAS
JHAMB 1958071-88-9
BMS-871 15894631-85-9
EDD3 25279-156
FEIN-4G719 1576239-16-1
FLIO6 313967-28-9
MRE-] 310456656
JLK6 62252-26-0
TAPE-L 171235-71-5
Natural Producis
Honoldol

epigallocatechin-3-gallaie (EGCG)

3,5-bis(2 4-difluomberwy tidene 4-piperidone
(DIFD

CUFCHTIN

3.3 diindolybuethane (OIVD

wegveratol
Antibodies
MEDIO639
ErBB3HERS INHIBITORS
{0296] The one or more ofic therapeutic agents mn any embodiment disclosed could be one or more of the

following ErbB3/HERS nhibitors.
{02971 Exemplary ErbB3/HER3 mhibitors are provided n Table 25.
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{3299] In some erbodiments the ErbB3/HERS whibitors 1s WS3 or WS6.
{0300] Insome embodiments, at least one heaning loss treatment agent 1s CHIR99021:

NZ “ (CHIR99021),
or a pharmaceutical acceptable salt thereof.
{0301] Pharmaceutically acceptable salts mclude, for example salts formed by reacting any of the weakly basic
active agents described herem, such as CHIR99021, with a pharmaceutically acceptable acidknown mthe art. A
non-imiting hist of suitable acid salts include hy drochlonde, hydrobromude, citrate, malate, mesylate, phosphate,
tartrate, hvdrochionde, tosylate, glucuronate, ethanesultonate, fumarate, sulfate, napthalene-2-sulfonate, ascorbate,
oxalate, napthalene-1,5-disulfonate, malonate, amanosalicylate, benzenesulfonate, isethionate, genistate, 1-hydroxy-
Z-napthoate, dichloroacetate, cyclamate, and ethane-1,2-disulfonate.
[0302] In some embodiments, the composttion of the present disclosure may compnise a compound of
formula () or a pharmaceutically acceptable salt thereof. In some embodiments, the compound of formula (I) may
also be an otic therapeutic agent. In some embodirents, wheren the compound of formuda (1) 15 an otic therapeutic
agent, 1t may be included in compositions of the present disclosure that comprise one or more otic therapeutic agents.
In some erabodiments, the compound of formula (1) may also be ahearing loss treatroent agent. In some
embodiments, the compound of formuda (I} may be an HDAC mbubitor. In some embodiments, the compound of
formuda (1) or a phanmaceutically acceptable salt thereof'1s mcluded mn lvophihized pharmaceutical conpositions of
the present disclosure. In some embodiments, the compound of formula (1) or a pharmaceutically acceptable salt
thereof 1s mcluded n reconstituted pharmaceutical compositions of the present disclosure.
{8303] A compounds of formuda (D), or a pharmaceutically acceptable sdt has the following structure:

o R2a R.'Zb RSa R?:b Rﬁa Rﬁb

HO e X bz ne R
Formula ()
wheretr
Rlis selected from H, alkyl, atkoxy, halo, cycloalkyl, alkenyl, alkvnyl, carbocyelyl, and aryl;
R*1s independently selected fron H, alky!, alkoxy, halo, cycloalkyl, alkenyl, alkynyl, carbocycelyl, and aryl:

39



CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235

R% is mdependently selected from H, alkyl, alkoxy, halo, cycloalkyl, alkenyl, alkynyl, carbocyelyl, and arvl;

{_{8&
8k
R R o

ﬁ{\\/Rab
X 15 selected from },{\'g e , and E - % , Or 18 ot present;

R*is independently selected from H, alkyl, aikoxy halo, cycloalkyl, alkenyl, alkynyl, carbocyclyl, and aryl;
R™*is mdependently selected from H, alkyl, alkoxy, halo, eycloalkyl, alkenyl, alkynyl, carbocyclyl, and anyl;
R is selected from H, alkyl, atkoxy, halo, cycloalkyl, alkenyl, alkynyl, carbocyelyl, and aryl:

R™1s independently selected fron H, alky!, alkoxy, halo, cycloalkyl, alkenyl, alkynyl, carbocyelyl, and ayl:
R™ is independently selected from H, alkyl, alkoxy, halo, cycloalkyl, alkenyl, alkynyl, carbocyclyl, and aryl;

\
Y 18 selected from b& ,and , OF 15 1ot present;

R% s sefected from H, alkyt, alkoxy, halo, ¢y do&ikvi alkenvl, alkynyl, carbocyelyl, and aryl;

R® is selected from H, alkyl, alkoxy, halo, cycloalkyl, alkenyl, alkynyl, carbocyclyl, and aryl;

each R is independently selected from H, alkyl, alkoxy, halo, cycloalkyl, alkenyl, alkynyl, carbocyclyl, and
aryk,
R¥is independently selected from H, alkyl, alkoxy, halo, cycloalkyl, alkenyl, alkvnyl, carbooyclyl, and aryl;
R¥is mdependently selected from H, alkyl, alkoxy, halo, eycloalkyl, alkenyl, alkynyl, carbocyclyl, and anyl;

R10a [10a

1 ua
R'%2 R0 N{ >{l‘\p 2100
Z.1s selected from R1% , and % % , OT 1SNt present;

R s independently selected ﬁ“um H, alkyl, alkoxy halo, cvcloalkyl, alkenyl, alkynyl, carbocyclvl, and

aryk;

R'® is independently selected from H, alkyl, alkoxy, halo, eycloalkyl, alkenyl, alkynyl, catbocyelyl, and

aryl;

Rj ats selected from H, alkyl, alkoxy, halo, cycloalkyl, alkenyl, alkynyl, carbocyclvl, and aryl;
% s selected from H, alkyl, alkoxy, halo, cycloalkyl, alkenyl, atkynyl, carbocyclyl, and aryl;
nfisselected rom 0, 1,2, 3,4. 5,6, 7, and §;

1 is selected from €, 1,2, 3, and 4;

o’ is selected from 0, 1, and 2;
n%is selected from 0, 1, and 2; and;
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isselected om0, 1, 2,3, 4, 5, and 6.

10304} In some embodiments, R} is H. In some embodiments, R’ is alkyl. In some embodiments, R! is alkoxy.
1nn some embodiments, R is halo. In some embodiments, R’ is cycloalkyl. In some embodiments, R is alkenyl. In
some embodiments, R is atkynyl. In some embodiments, R! is carbocyclyl. In some embodiments, R is aryl.

{8305] In some embodiments, R? is H. In sore embodiments, R is alkyl. In some embodiments, R* ig
alkoxy. In some ermbodiments, R is halo. In some embodiments, R* is eycloalkyl. In some embodiments, R i
alkenyl. In some embodinients, R% is alkynyl. In some embodiments, R% is carbocyclyl. In some embodiments, R#
is aryl. In some embodiments, R? is H. In some embodiments, R% is alkyt. In some embodiments, R? is alkoxy. In

some embodiments, R” is halo. In some embodiments, R” is cycloalkyl. In some embodiments, R is alkenyl. In

some embodiments, R? is alkynyl. In some embodiments, R is carbocyelyl. In some embodiments, R% is aryl.
10306] In some embodiments, R* is H. In some embodiments, R™ is alkyl. In some embodiments, R is

alkoxy. I some embodiments, R 15 halo. In some ermbodiments, R® is ¢ycloalkyl In some embodirents, R¥ 15
alkenyl. Tn some embodirents, R* is alkynyl. In some embodiments, R* is carbocyclyl. In some embodiments, R*
is aryl. In some embodiments, R® is H. In some embodiments, R is alkyl. In some embodiments, R® is alkoxy. In
some embodiments, R™ is halo. In some embodiments, R is cycloalkyl. In some embodinients, R is alkenyl. In
some embodiments, R is alkyny!. In some embodiments, R™ is carbocyelyl. In some embodiments, R is aryl.
{0307] In some embodiments, R is H. In some embodiments, R* is alkyl. In some embodiments, R* is alkoxy.
In some embodiments, R? is halo. In some embodiments, R* 1s cycloalkyl. In some embodiments, RY is alkeryl. In
some embodiments, R? is atkynyl. In sorme embodiments, R* is carbocyelyl.

{0308] Tt somie embodirments, RY s aryl,

{0309] In some embodiments, R™ is H. In some embodiments, R™ is alkyl. In sonie embodiments, R™ is
alkoxy. In some embodiments, R™ is halo. In some embodiments, R™ is cycloalkyl. In some embodiments, R¥ is

alkenyl. In some embodiments, R¥ is alkynyl. In some embodiments, R is carbocyelyl. In some embodiments, R®

is aryl.
[0319] In some embodiments, R® is H. In some embodiments, R® is alkyl. In some embodiments, RY s

alkoxy. In some embodiments, R™ is halo. In some embodiments, R® is cycloalkyl. In some embodiments, R is

alkenyl. In some embodiments, R is alkynyl. In some embodiments, R is carbocyclyl. In sonie embodiments, R

15 aryl.

j0311] In some embodiments, R® is H. In sore embodiments, R is alkyl. In some embodiments, R ig

alkoxy. In some embodiments, R® is halo. In some embodiments, R® s cycloalkyl. In some embodiments, R% is

alkenyl. In some embodiments, R% is alkyuyl. In sorse embodiments, R® is carbocyelyl. In some embodiments, R®
5 2 pe - b = - b

is aryl.

0312} In some embodiments, R® is H. In some embodiments, R® is alkyl. In some embodiments, R% is

alkoxy. In some embodiments, R® is halo. In some embodiments, R® is oycloalkyl. In some embodiments, R% 15

alkenyl. Tn some erabodiments, R® is alkynyl Tn some embodiments, RY is carbocycivl. In some embodiments, R®
o 9 o y o« o

is aryl.
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{6313] In some ernbodiments, R is H. In some ernbodiments, R’ is alkyl. Tn sore embodiments, R is alkoxy.

In some embodiments, R is halo. In some embodiments, R’ is cycloalkyl. In some embodiments, R is alkenyl. In
some embodiments, R is atkynyl. In sonme embodiments, R is carbocyclyl. In some entbodiments, R is aryl.

R&’a
Raa RSb
/ NN
{0314] In some embodiments, X s . In some embodiments, X 1S R¥® in some
Rﬁa
\ Rgb
embodiments, X is . In some embodiments, X is g - % . In some embodiments, X is not
present,
Rga
R RO :
\ % A
[0315] In some embodiments, Y 13 . In some embodiments, Y is R%  In some
Rga
\\ Rgb
.,
embodiments, Y is . In some embodiments, Y is . In some embodiments, Y is not
present,
{0316] In some embodiments, R® is H. In some embodiments, R¥ is alkyl. In some embodiments, R¥ is

alkoxy. In some embodiments, R is halo. In some embodiments, R is cycloalkyl. In some embodiments, R% is
Y ) Y

alkenyl. In some embodiments, R% is alkynyl In some embodiments, R¥ is carbocyelvl In some embodiments, R®
Yy 2 o o o o

is arvi,
0317] In some embodiments, R® is H. In some embodiments, R® is alkyl. In some embodiments, R® s

alkoxy. In some embodiments, R™ is halo. In some embodiments, R® is cycloalkyl. In some entbodiments, R® is

alkenyl. In some embodiments, R™ is alkynyl. In some embodiments, R® is carbocyclyl. In some embodiments, R®

15 aryl.
[0318] T some enbodiments, R™ is H. n some embodiments, R™ is alkyl. In some embodiments, R™ is

alkoxy. In some embodinents, R* is halo. In some embodiments, R® is cycloalkyl. In some embodiments, R* is
alkenyl. In some embodiments, R* is alkynyl. In some embodiments, R® is carbocyclyl. In some embodiments, R
is aryl.

{0319] In some embodiments, R is H. In some embodiments, R® is alkyl. In some embodiments, R® is

alkoxy. In some ervbodiments, R™ is halo. In some ermbodiments, R® is cycloalkyl In some embodiments, R is
o b > o o
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alkenyl. Tn soroe embodiments, R is alkynyl In some embodiments, R is carbocyclvl. In some embodiments, R
3 v Yy

1s aryl.
R?Oa
RH}a\ R10b |
s
{0326] In some embodiments, Z is . In some embodiments, Z 18
R‘:Qa
. \\ 100

embodiments, 7. 1s . In some embodiments, Z is é % . In some embodiments, 7 is not

present,

{0321} T some embodiments, R1% is H. In some ermbodiments, R™ is alkyl. In some embodiments, R™% ig

alkoxy. In some ervhodiments, R is halo, Tn some embodiments, R'®1s cycloalkyl In some ervbodiments, R™% s
3 s <y

alkenyl. In some embodiments, R is alkynyl. In some embodiments, R'™ is carbocyelyl. In some embodiments,

R s aryl.

0322] In some embodiments, R'® is H. In some embodiments, R'® is alkyl. In some embodiments, R™® is

alkoxy. In some embodiments, R'™ is halo. In some erbodiments, R® is eycloalkyl. Tn some erbodiments, R'® is

alkenyl. Tn some embodiments, R* is alkynyl. In some embodiments, R*™ is carbocyelyl. In some embodiments,
Py 9 o Py £ " 5

RI® s aryt.

10323 In some embodiments, R is H. In some embodiments, R is alkyl. In some embodinments, R i

alkoxy. In some embodiments, R'® is halo. In some embodiments, RV 1s cycloalkyl. In some embodiments, R s

XY : 3 Y

alkenyl In some embodiments, R' 15 atkynyl. In some embodiments, R' is carbocyclyl. In some embodiments,
Y ) Yivy , )

R 50 aryl.

[0324] Tn some embodiments, R'Y is H. Tn some embodiments, R1? is alkyl. Tn some embodiments, R'™ ig

alkoxy. In some erobodiments, R is balo. Tn some enbodiments, R'™ is eycloalkyl. In some embodiments, R'™ is
3 , Y <y

alkenyl. In some embodiments, R is alkynyl. In some embodiments, R is carbocyelyl. In some embodiments,
3 ) 5 Yy

R%Wisaryl.

{0325] In some embodiments, n is . In some embodiments, 0 is 1. In some embodiments, n® 18 2. In some

emboduments, 18 3. In soroe embodiments, 0715 4. In some embodiments, 1?18 S, In some embodiments, nfis 6. In

sorne embodiments, n*is 7. In some embodiments, n*is 8.

{0326} In some embodiments, n is 0. In some ermbodiments, o° is 1. In some embodiments, 1° 1s 2. In some

embodiments, n° is 3. In some embodiments, n®is 4.

{63271 In some embodiments, 1°1s 0. In some embodiments, n° is 1. In some embodiments, 15 2.
{0328] In some embodiments, n is 0. In some embodiments, n is 1. In some embodiments, nis 2.
[0329] In some embodiments, v 1s 0. In some embodiments, n®1s 1. In some embodiments, %15 2. In some

embodiments, 17 15 3. In some embodiments, v°is 4. Insome embodiments, 1818 5. In sorne embodiments, n° 18 6.
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{0330] In some embodiments, R is Me. In some embodiments, R* is Me. In some embodimerts, R is Me.
in some embodiments, R* is Me. In some embodiments, R® is Me. In some embodiments, R* is Me. In some
embodiments, R? is Me. In some embodiments, R? is Me In some embodiments, R® is Me. In some
embodiments, R® is Me. In some embodiments, R is Me. In some embodiments, R is Me. In some embodiments,
R®is Me. In some embodiments, R is Me. In some embodiments, R is Me, In some erbodiments, R'®is Me. In

some embodiments, R'®

1s Me. Tn some embodiments, R is Me. In sorme ervbodiments, R 1s Me.

[0331] Tn some embodiments, R! is F. In some enbodiments, R® is F. Tn some enbodiments, R® isF. In
some embodiments, R* is F. In some embodimenis, R is F. In some embodiments, R* is F. In some embodiments,
R¥®isF. In some embodiments, RY is F. In some embodiments, R% is F. In some embodiments, R® is F. In some
embodiments, R is F. In some embodiments, R% is F. In some embodiments, R® is F. In some embodiments, R¥ is
F. In some embodiments, R® is F. In some embodiments, R is F. In some embodiments, R'® is F. In some
embodiments, R"? s F. In some embodinents, R'™® i F.

[0332] In some embodiments, R is alkyl. In some embodimernts, R® is alkyl. In some embodiments, R” is
alkyl. In some embodintents, R* is alkyl. In some embodiments, R*® is alkyl. In some embodiments, R* is alkyl. In
some embodiments, R¥ is alkyl. In some embodiments, R™ is alkyl. In some embodiments, R® is alkyl. In some
embodiments, R® is alkyl. In some embodiments, R is alkyl. In some embodiments, R® is alkyl In some
ermbodiments, R® is alkyl. In some embodiments, R™ is alkyl In some embodiments, R” is alkyl. In some
ervbodiments, R'™® is alkyl. Tn some embodiments, R'™ is alkyl. Tn some embodiments, R™™ is alkyl In some
embodiments, RM is atkyl.

[8333] In some embodiments, alkyl 1s methyl. In some embodiments, alkyl 15 ethyl. Tn some embodiments,
alkyl 18 nepropyl. In some embodiments, alkyl s iso-propyl. In some embodiments, alkyl 1s n-butyl In some
embodiments, alky! 1s sec-butyl. In some embodiments, alkyl is 1so-butyl. In some embodiments, alkyl is tert-butyl.
{0334] In some embodiments, alkoxy 15 methoxy. In some embodiments, alkoxy is ethoxy. In some
embodiments, alkoxy 1s n-propoxy. In sore embodiments, alkoxy 13 1so-propoxy. In some embodiments, alkoxy 15
n-butoxy. In some embodiments, alkoxy s sec-butoxy. In some embodiments, alkoxy 15 iso-butoxy. In some
embodiments, alkoxy 1s tert-butoxy.

10335] In some embodiments, halo 15 F. In some embodiments, halo 15 Cl. In some embodiments, halo s Br.
in some embodiments, halois 1

{0336] In some embodiments, cycloalkyl s oyclopropyl. In some embodiments, cycloalkyl 1s eyclobutyl Tn
some embodiments, cycloalkyl 1s cyclopentyl. In some embodiments, cycloalkyl 1s cyclohexyl.

[0337] In some embodiments, aryl is phenyl. In sorme embodiments, aryl 1s tolyl. Tn some embodiments, ary
s xylyl

10338] In some embodiments, one of R!, R R® R* R® R} R® R® R® R® R7 R% R® R% R® R
R'® R and R'™® is further substituted with methyl. In some embodiments, one of R\, R% R™ R*® R RY RY
R® R R® R R® R® R™ R? RI® R® R and RY, is further substituted with ethyl. To some embodiments,
oneof R, R? R® R® R RY R® R® R% R® R7 R¥ R® R% R™ RI® R™ R and RY, is further substituted
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with n-propyl. In some embodiments, one of RL R R® R R® R R® R¥ R® R® R7, R% R® R%™ R® RI®
RI® RY and RY® is further substituted with iso-propyl. In some embodiments, one of R, R R® R® R® R R™
RY RS R® R7 R® R® R% R® R®E R® RYA and R'™ is further substituted with n-butyl.

10339} In some embodiments, one of R, R% R® R® R® R R® R® R® R® R7 R% R® R% R RM*
R'® R and R is further substituted with sec-butyl. In some embodiments, one of R, R% R R® R® R R™
R® R® R® R’ R® R® R® R* R'® R R gnd R'™, is further substituted with iso-buiyl. Tn some
embodiments, one of R, R2 R® R2 R® R R® R R% R® R7 R® R¥® R R%® R® RI® Rl and RI® g
further substituted with tert-butyl.

{0340 In some embodiments, one of R!, R R® R* R® R} R® R® R® R® R7 R% R® R% R® R
R'® RM" and R' is further substituted with methoxy. In some embodiments, one of RL, R? R R™ R® R* RY,
R® R® R® R R R® R® R R R R and RY s further substifited with ethoxy. In some
embodiments, one of R', R*, R®, R® R® RY, R¥ R™ R* R® R’, R¥ R® R™ R® R™ R'® R and R'™, i3
further substituted with n-propoxy. In some embodiments, one of R, R% R® R® R® RY R® R R% R® R7 R®
R® R% R® RIG RI® R and R is further substituted with iso-propoxy. In some embodiments, one of RY, R
R® R¥ R R R® RY, R® R R\ R® R®, R™ RY, R R R'™ and R'™ is further substifuted with n-butoxy.
in some embodiments, one of R, R*, R®, R*® R® RY, R R™, R% R® R’ R* R™ R™ R™ R'* R'® R and
R is firther substituted with sec-butoxy. Tn some ervbodiments, one of R|, R R?, R® R® RY R® RY R® RY,
R, R% R® R® R® RI% RI® RH2 and RMP is firther substituted with iso-butoxy. In some embodiments, one of
RLR® R® R¥ R® R, R* RY, R R® R R¥ R® R*® R® R"™ R'™ R'™ and R"™ is further substituted with
tert-butoxy .

10341} In some embodiments, one of R!, R R® R* R® R} R® R® R® R® R7 R% R® R% R® R
R'® RY and R'®is further substituted with F. In some embodiments, one of RL, R? R® R® R R* R® RY R®
R® R7 RM R¥® R% R RIG RI® Rk and R i further substituted with C1 In some embodiments, one of R,
R® R® 2 R® R* R® R® R® R® R7 R® R® R% R% R RI® RIS and RY is fiarther substituted with Br. In
sorne embodiments, one of R, R2 R® R*% R® R R® R® R® R® R7 R% R® R R* RI% RI® RS and RIP
1s further substituted with L

10342 In some embodiments, one of R, R®2 R® R® R® R R® R® R® R® R7 R% R® R% R® Ri%
RI® RU2 and R is further substituted with oycloalkyl. In some evbodiments, one of R, R R® R® R® R R
R® R® R% R7 R®R® R™ RP R® RI® RIB and R is futher substituted with alkenyl. In some embodiments,
oneof R, R%2 R® R R® R R¥® R® R® R® R7 R% R® R™® R® RI% RI® R and RUP is further substituted
with alkynyl. In some embodiments, one of R, R% R% R¥ R® RY R® R™ R® R® R’ R¥ R® R™ R™ R*®
RI® R and R' is further substituted with carbocyclyl. In some embodiments, one of RY, R R™ R R® RY
R® R® R% R® R R R® R% RP R'® RI® R and RMP 15 fusther substituted with aryl

{0343] In some embodiments, the compound of fornuda (1) 1s valproic acid or a pharmaceutically acceptable

sali thereof,
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{0344] In some embodiments, the compound of formula (1) 15 Z-{prop-2-yn-1-vhroctanoic acid or a
pharmaceutically acceptable salt thereof.

{0345] In some embodiments, the compound of formula () 18 linoleic acid or a pharmaceutically acceptable
salt thereof

{03406] In some embodiments, the compound of formuda (1) 1s phenylbutync acid or a pharmaceutically
acceptable salt thereof.

0347] Insome embodiments, at least one hearing loss treatrnent agent 1s valproic acid:

O
HO

{valproic acid),
or a pharmaceitical acceptable salt thereof (e g, sodium valproate). A non-limiting list of other surtable valproate
salts mchudes potassium valproate, lithium valproate, ete. A further non-imuting hist of other suitable of valproate
salts includes sodium valproate, valproate senmisodium, magnesium divalproate (magnesiuim valproate), calcium
divalproate {calcium valproate). Valproie acid is also referred to as VPA. Sodium valproate s also referred to as
NaVPA
{0348] Jo some embodiments, at least one hearmg loss treatment agent 8 CHIR99021 or a pharmaceutical
acceptable salt thereof, and at least one hearing loss treatment agent is valproic acid or a pharmaceutical acceptable
salt thereof (e g, sodium valproate).
{0349] Insome embodiments, the one or more otic therapeutic agents (e.g, hearmg loss treatment agents) are
CHIR99021 or a pharmaceutical acceptable salt thereof, and valproic acid or a pharmaceutical acceptable salt
thereot(e.g, sodium valproate).
{0350] Insome embodiments, the pharmaceutically acceptable salt of valproic acid is a sodnum valproate.
[0351] Insome embodiments, the one or more otic therapeutic agents (e.g, hearing loss treatioent agents) are
CHIR99021 and sodium valproate.
{0352] Insome embodiments the at least one otic therapeutic agent1s LY 2090314 or a pharmaceutically
acceptable salt thereof
{0353] Insome embodiments, at least one hearing loss treatment agent 1s L.Y20903 14 or a pharmaceutical
acceptable salt thereof.
{0354] Insome embodiments, at least one heaning loss treatment agent 1s LY20903 14 or a pharmaceutical
acceptable salt thereof] and at least one heanng loss treatment agent 1s valproie acid or a pharmaceutical acceptable

salt thersof (e g, sodium valproate).
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In some embodiments, the one or more otic therapeutic agents {e.g, hearing loss treatment agents) are L.Y2090314
and sodium valproate.

Gelling Agents

{0355]  Asused beremny, the term “gelling agent” refers to an agent capable of inparting a gel-hike or thickenng
quality to the pharmaceutical composition or reconstituted solution of the present disclosure upon bemg subjected to
agellmg condition (e.g , a particular terperature or temperature range, the presence of an 1on, a pH value or range, or
a concentration of gelling agent that causes the gelling agent to undergoing a change or transition from low viscosity
to hagh viscosity, or the reverse). In some embodiments, the gelling condition is a particular teroperature (e.g, about
26°C, about 27 °C, about 28 °C, about 29 °C, about 30 °C, about 31 °C, about 32 °C, about 33 °C, about 34 °C, abowt
35°C, about 36 °C, abowut 37 °C, about 38 °C, about 39 °C, or about 40 °C). In some embodiments, the gelling
condition 1s a particular temperature range (e.g, about 26 °C or higher, about 27 °C or tugher, about 28 °C or hugher,
about 29 °C or higher, about 36 °C or higher, about 31 °C or higher, about 32 °C or higher, about 33 °C or higher,
about 34 °C or lngher, about 35 °C or higher, about 36 °C or lugher, about 37 °C or higher, about 38 °C or hugher,
about 39 °C or higher, or about 40 °C or higher). In some embodiments, the gelling agent provides a viscostty of
between about 1,000 and 10,000,000 centipoise, between about 3,000 and 5,000,000 centipoise, or between about
100,000 and 4,000,000 centipoise, o the pharmaceutical composition of reconstiuiied sohution of the present
disclosure. Tn some embodunents, the gelling agent provides a viscosity of between about 50,000 and 2,000,000
centipoise to the pharmaceutical composition or reconstituted solution of the present disclosure.

[03586] Insome embodiments, prior o gelling (e g, at ambient temperature (e g, between about 20 °C and about
26°C)), the gelling agent provides a viscosity of less than about 100,000 centipoise, less than about 50,000
centipoise, 20,000 centipoise, less than about 10,000 centipoise, less than about 8 000 centipoise, less than about
7,000 centiporse, fess than about 6,000 centipose, less than about 5,000 centiporse, less than about 4,000 centipoise,
less than about 3,000 centipoise, less than about 2,000 centipoise, or less than about 1,000 centipoise to the
pharmaceutical composition or reconstituted solution of the present disclosure,

{03571 Insome embodiments, upon gelling (e g, at the temperature of a human body (e.g,, between abowt 35 °C o
about 39 °C, between about 36 °C to about 38 °C, or at about 37 °C)), the gelling agent provides a viscosity of greater
than abowt 1,000 centipoise, greater than about 5,000 centipose, greater than about 10,000 centipotse, greater than
about 20,000 centipoise, greater than about 50,000 centipoise, greater than about 60,000 centipoise, greater than
about 70,000 centipose, greater than about 30,000 centipotse, greater than about 90,000 centipoise, or greater than
about 100,000 centipoise.

{0358] In some embodiments, upon gelling (e.g, at the temperature of a human body {e.g,, between about 36 °C o
about 39 °C, or at about 37 °C)), the viscosity of the pharmaceutical composition or reconstituted solution of the

present disclosure, as measured 10 units of centipoise, being about 2 fold or greater, about 5 fold or greater, about 10
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fold or greater, about 20 fold or greater, gbout SO fold or greater, about 60 fold or greater, about 7 fold or greater,
about 80 fold or greater, about 90 fold or greater, about 100 fold or greater as compared to the viscosity of the
phanmaceutical composition or reconstituted solution prior to gelling (e.g, at ambient temperature (e.g., at about 25
‘Ch.

{0359]  Itis understood that the gelling condition (e g, gelling termperature) of the pharmaceutical composttion or
reconstituted sohution of the present disclosure may be measured with a varntety of techniques i the art. Tnsome
embodiment, the gelling temperature 1s determined using a commercaially available rheomoeter having a paraliel
plate geometry (e.g, with plate distance ranging rom 0.5 mm 0 1.0 rom). In some embodiments, the analysis s
performed over a continuous temperare range {e.g., 15 °C o 40 °C) at a constant rate {e.g, 2 to 3 *C/munjand a
deformation frequency of 0.74 Hz to 1 Hz The gelation temperature 15 deternuined at the temperature whereby the
shear storage modulus {37} and the shear loss modulus (G are equal.

{0360] In some embodiments, the gelling agent comprises acacia, alginic acid, bentorute, poly({acrylic acid)
(Carbomer), carboxymethy! celludose, ethyleellulose, gelatin, hydroxyethyl celhlose, hydroxyvpropyl celludose,
magnesium aluninum sihicate (Veegum), methylcellulose, poloxamer, hyaluronic acid sodium, polylacticelycohic
acid sodiumy, chitosan, polyvinyi alcohol, sodium algmate, tragacanth, xanthan gum, or any combimaton thereof. In
some embodiment, the gelling agent comprises poloxamer. In some embodiments, the gefling agent conmprises
hyaluromc acid. Tn some embodiments, the gelling agent 1s hyaluronic acid. In some ervbodiments the hyaluronic
has a MW average of between 7.0 x 10”5 Daltons and 8.5 10" Daltons. In some embodiments the hyaluronic has
a MW average of 8 23 x 105 Daltons. In some embodiments, the hyaluronic acid 1s HAIM provided by Lifecore
Bio. Insome embodiments the hyaluronic acid 1 2 0.5-3% aq. solution. In some emboduments the hyaluronic acid
s a 1-3% aq solution. In some embodiments, the hyaluronic acid has an average MW of 8 23 x 10°5 Daltons and 1s
prepared as a 1-3% ag, sobution.

{0361] Insome embodiments, the gelling agent comprises acacia. In some embodiments, the gelling agent
comprises alginic acid. In some embodiments, the gelling agent conprises bentonite. In some embodiments, the
gelling agent comprises poly(acryvlic acid) (Carbomer). In some embodiments, the gelling agent comprises
carboxymethy! cellulose. Tn some embodiments, the gelling agent compuses ethyicellulose. In some embodiments,
the gelling agent comprises gelatin. In some embodiments, the gelling agent comprises hydroxyethy! cellulose. In
some embodiments, the gelling agent compnises hydroxypropyl cellulose. In some embodiments, the gelling agent
comprises magnesturn aluninum sihicate (Veegum). In some embodiments, the gelling agent comprises
methylceliulose. In some embodiments, the gelling agent compnises poloxamer. In some embodiments, the gelling
agent comprises hyaluronic acid sodivim. In some embodiments, the gelling agent comprises hyaluronic acid In
some embodiments, the gelling agent comprises polylacticglycolic acid sodium. In some embodiments, the gelling

agent comprses chitosan. In some embodiments, the gelling agent comprises polyvinyl alcohol. Tn some
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embodiments, the gelling agent comprises sodium algmate. In some erbodiments, the gelling agent comprises
tragacanth. In some embodiments, the gelling agent comprises xanthan gum. In some embodiments, the gelling
agent comprises a cellulosic denvative (e.g, carboxymethylcellulose sodium, powdered cellulose, hydroxymethyl
celtutose, hydroxypropyl celiulose, hydroxypropyt methyicellulose, andior methylcelludose).

10362] Insome embodiments, the gelling agent is a thermoreversible gelling agent.

0363] As used herem, the term “thermoreversible” refers to a capability of bemng reversible by the apphcation
ofheat. The “thermoreversible gelling agent” refers to an agent capable of reversibly imparting a gel-like or
thackening quality 1o the phanmaceutical composition or reconstituted solution of the present disclosure upon
application of heat

{0364] Insome embodiments, the thermoreversible gelling agent compnises a poloxamer.

{0365] In some ermbodiments, poloxamer forms a thermoreversible gel. For example, with the apphication of
heat to a solution of a poloxamer, the viscosity of the solution increases. The viscosity of the solution can increase to
the extent that the solution forms a gel. In some embodiments, the solution of poloxamer forms a gel at about body
terperature (37 °C). In some embodiments, the solution of poloxamer forms an immobile gel at about body
teroperature, In preferred such embodiments, the solution of poloxamer 1s a conposition compnising further
components, such as one or more otic therapeutic agents and/or valproic acid or a pharmaceutically accepiable salt
thereof.

{0366] In certam embodiments it can be useful for a thermoreversible gelling agent disclosed herein to be a gel
when at body temperature but a hquid when below body terperature. For example, it may be aliquid in order for it
o be myected mto the ear (for exarmple the nuddle ear). Thermoreversible gelling agents are known n the art, for
example those polymers that reversibly mnpart a gel-like or thickemng quality upon apphication of heat disclosed n
Shalaby et al. Water-Sotuble Polymers, ACS Symposium Senes, Amencan Cheical Societry, 1991 (Chapter 33).
Those include those polymers that have those properties are also disclosed in Molyneair, P. "Water-Soluble
Polyrers: Properties and Behavior”, CRC Press, Vol. 1, p.58, Vol. 11, p.86, New York, 1982; Prasad, KN, Luong,
TT., Flotence, AT, Panis, |, Vaution, C., Seiller, M. and Pusieux, F., J. Colloid Interface Sci, 69, 225(1979), A V.
Kabanov et al. / Joumal of Controlled Release 82 (2002) 189-212; Peppas and Khare, Advanced Drug Delivery
Reviews, 11 (1993} 1-35, US6316011B1; US 4474751, US4478822, 1186346272 and US4188373. Any
thermoreversible gelling agent disclosed in these references, and 1n particular those that are a gel when at body
ternperature but a hquid when below body temperature, can be used as a gelling agent in all aspects and options
disclosed heremn.

{08367] Itis undersood that the gelling agent (e g, the thermoreversible gelling agent) may also be a bulking agent
of the pharmaceutical composition or reconstituted solution of the present disclosure. In some embodiments, a

poloxamer (e.g, poloxamer 407) 15 the gelling agent and/or the bullang agent of the pharmaceutical composition or
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reconstituted solution of the present disclosure. Poloxomers are a general class of corameraially available and
pharmaceutically acceptable tiblock copolymers of polyethviene oxide-polypropylene oxide-polyethylene oxide
which exhabit relatively low viscosity at low temperatures (e.g, room termpature or below) but much hugh
viscostties at elevated teroperatures {e.g., body temperatures of approximately 37°C) whereby composttions
contaimng such thermoreversible gelling agents effectively solidify in place. Other thermoreversible gelling agents

such as polyethylene oxide - polylactic acd- polyethylene oxade polymers are also suitable in vanous embodiments

of the present mvention.
{0368] Poloxamers are a general class of commercially available tnblock copolymers that in certain

embodiments can be used as the gelling agent. More specifically, such poloxamers can conprise a central
hydrophobic cham of polyoxypropylene (poly(propyiene oxide) or PPO) flanked by two hydrophilic chains of

polyoxyethylene (poly{ethylene oxade} or PEG). This forms an A-B-A siructue, shown below:

&  wherea=2-130and b=15-70.
{0369] In some embodiments, ais 10-120. In some ermbodiments, a1s 20120, In some embodiments, ats
30-120. In some embodiments, ais 40-120. In some embodiments, a1s 50120, In some embodiments, a 15 60—
120, In some embodinments, a1s 70-120. In some embodiments, ais 80-120 In some embodiments, ais 90-120.In
some embodiments, ais 100-120. In some embodiments, ais 110-120. In some embodiments, 215 10-110. In
some embodiments, a1s 20110, In some embodiments, as 30-110. In some embodiments, 215 40-110. In some
embodiments, a1s 50-110. In some embodiments, 215 60-110. In some embodiments, ais 70-110. In some
embodiments, a is 80-110. In some embodiments, a1s 90-110. In some embodiments, a1s 100-110. In some
embodiments, a1s 10-100. In some embodiments, ais 20-100, Tn some embodiments, ais 36-100. In some
embodiments, a 15 40-100. In some embodiments, .15 50-100. In some embodiments, a1s 60-100. In some
embodiments, ais 70-100. In some embodiments, 215 80-100. In some embodiments, a1s 90-100. In some
embodiments, a1s 95-105. In some embodiments, 21595115, In some embodiments, ais 85105, In some
embodiments, a1s 85115, In some embodiments, b1s 25-70. In some embodiments, b1s35-70. In some
embodiments, bis 45-70. In some embodiments, b is 55-70. In some embodiments, b 1s 60-70. In some
embodiments, bis 65-70. In some embodiments, b is 56 +/- 10°%%, and each a1 101 +/- 10%, In some
embodiments, bis 61+~ 15%, and each a1s 101 /- 10%. In some embodiments, bis 70 +/- 20%, and each ais 101
+-20%. In sore embodiments, b is 56 +- 1096, and each a1s 100 +- 10%. In some embodiments, bis 61 +- 1%,
and each ais 100 +/- 1094, In some embodirnents, b is 70 +/- 20%, and sach a1s 100 +/- 10%
{0370] In certain embodiments, Poloxamers are also known by the tradenames of: Synperonics, Pluronics, and

Kolliphor. For the genenic term poloxamer, these copolymers are cornmonly named with the letter P (for
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poloxamer) tollowed by three digits: the first two digits multtiphed by 100 give the approximate molecular mass of
the polyoxypropylene core, and the last digit multiphied by 10 gives the percentags polyoxyethylene content (e.g.
P407 = poloxamer with a polyoxypropylene molecular mass of 4000 g/mol and a 7056 polyoxyethylene content).
For the Pluromic and Syoperonic tradenames, coding of these copolymers starts with a letter to define its physical
form at room temperature (L = hquid, P =paste, F = flake (solid)} followed by two or three digits. The first digit (two
digits n a three-cigrt number) w the numerncal designation, muttiphed by 300, mdicates the approximate molecular
weight of the hydrophobe; and the last digit x 10 gives the percentage polyoxyethylene content (e.g, 161 indicates a
polvoxypropylene molecular mass of 1800 g/mol and a 10% polyoxyethylene content). In the example given,
poloxamer 181 (P181) = Pluronic L61 and Synperonic PE/L 61

[0371] For Poloxamer 407 (P407), the approxumate lengths of the two PEG blocks 15 about 100 repeat units
while the approximate length of the propylene glycol block 1s about 56-67 repeat units (where about 1s +- 10%),
P407 1s also known by the BASF trade name Pluronic F127 or by the Croda trade name Synperonic PE/F 127,
{0372] Poloxamers can also be composed of a central hydrophilic cham of polyoxyethylene (poly(ethylene
oxide) or PEG) flanked by two hydrophobic chams of polyoxypropylene (poly{propylens oxide}). This forms an
analogous B-A-B structure. Other PPO-PEG block copolymers exist, such as those that coraprise four PPO-PEO
chains, which extend outward from an ammne-terminated central chain (e.g N-CHo-CHo-N), and m certam
embodiments the disclosed composiions can comprise one or more of such four block polymers. (etther m addiion
to or mstead of the poloxamers otherwise disclosed hereir).

{0373] Insome embodiments, the poloxamer (e.g,, poloxamer 407) 1s the gelling agent and the bulking agent of the
pharmaceutical composttion or reconstituted solution of the present disclosure. Tn some embodiments, the presence
of the poloxamer (e.g., poloxamer 407} n the pharmaceutical conmposition (e.g,, the lyophilized pharmaceutical
cornposition) alleviates the need for any other excipient (e g, additional bulking agent}. Such alleviation may
provide one or more advantages 1o the pharmaceutical conmposition (e.g,., enhanced stability and/or reduced
reconstitution time).

{0374) In some embodiments, the pharmaceutical composition of the present disclosure does not comprise an
additional bulking agent.

{8375] In some embodiments, the lyophilized pharmaceutical composition of the present disclosure does not
conprise an additional bulking agent.

{0376] In some ermbodiments, the reconstituted lyophilized pharmaceutical composition of the present
disclosure does not comprise an additional bulking agent.

{08377] Several parameters may be used to characterize the poloxamers that feature in the compositions of the

present disclosure, such as the percentage PEO n the polymer and/or average molecular weight andior levels of
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punty. Tt will be appreciated that these parameters may be combinable and any number of different parameters may
be used to described the poloxamer.

{0378] In some embodiments, the poloxamer is purtfied. In some embodiments, the poloxamer 15 not purified
In sore embodiments, the poloxamer (e g, Poloxarser 407) has an average molecular weight of about 725 KDaor
greater, about 9 kDa or greater, about 9.2 kDa or greater, about 9.4 kDDa or greater, about 9.6 kiDa or greater, about
9.8 kDaor greater, about 10 kDa or greater, about 10.2 kDa or greater, about 10.4 kDa or greater, about 10.6 kDaor
ereater, about 10.8 kDa or greater, about 11 kDDa or greater, about 11.2 kDa or greater, about 11.4 kDa or greater,
about 11.6 kDa or greater, about 11.8 kDa or greater, about 12 kDa or greater, or about 12.1 kDa or greater In some
embodiments, the poloxamer comprises at least 30% polyethylene oxade by molecudar mass. In some embodiments,
the poloxamer conprises af least 55% polvethylene oxide by molecular mass. In some embodiments, the poloxamer
compnses at least 60% polyethylene oxide by molecular mass. In some embodiments, the poloxamer comprises at
feast 65% polyethvlene oxade by molecular mass. In some embodiments, the poloxamer comprises at least 66%
polvethylene oxide by molecudar roass. In some embodiments, the poloxamer comprises at least 67% polyethylene
oxide by molecular mass. In some embodiments, the poloxamer comprises at least 68% polyethylene oxide by
molecular mass. In some embodiments, the poloxamer compuses at least 699 polyethylene oxade by molecular
mass. In some embodiments, the poloxamer compnises at least 709 polyethylene oxide by molecular mass. In some
embodiments, the poloxamer comprises 60-80% polyethylene oxide by molecular mass. In some embodiments, the
poloxamer comprises 65-75% polyethylene oxide by molecidar mass.

{0379] In sorme embodiments, the poloxamer has an average molecular weight of about 7250 to about 17350
Daltons. In some embodiments, the poloxamer has an average molecular weight of about 3000 to about 17000
Daltons. In some embodiments, the poloxamer has an average molecular weight of about 8000 to about 16000
Daltons. In some embodiments, the poloxamer has an average molecular weight of about 9000 to about 16000
Dalions. In some embodiments, the poloxamer has an average molecular weight of about 9000 to about 15000
Daltons. In some emboduments, the poloxarmer has an average molecular weight of about 9800 to about 14600
Daltons. In some embodiments, the poloxamer has an average molecular weight of about 16000 o about 14000
Daltons. In some embodiments, the poloxamer has an average molecular weight of about 10500 1o about 14000
Dalions. In some embodiments, the poloxamer has an average molecular weight of about 10500 to about 13500
Daltons. In some embodiments, the poloxamer has an average molecular weight of about 11000 to about 14000
Daltons. In some embodiments, the poloxamer has an average molecular weight of about 11000 to about 13500
Daltons. In some embodiments, the poloxamer has an average molecular weight of about 11500 to about 14000
Daltons. In some embodiments, the poloxamer has an average molecular weight of about 11500 1o about 13000
Dalions. In some embodiments, the poloxamer has an average molecular weight of about 12000 to about 14000

Daltons. In some embodiments, the poloxamer has an average molecular weight of about 12000 to about 13000
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Daltons. In some embodiments, the poloxamer has an average molecular weight of about 10500 to about 12500
Daltons. In some embodiments, the poloxamer has an average molecular weight of about 16500 to about 11500
Daltons. In some embodiments, the poloxamer has an average molecular weight of about 11500 1o about 12300
Daltons.

10380] In some embodiments, at least 85% by wi. of the poloxamer has an average molecular weight of about
7250 1o about 17350 Da. In some embodiments, at least 86% by weight of the poloxamer has an average molecudar
weight of about 7250 to about 17350 Da. In some embodiments, at least 87% by weight of the poloxamer has an
average molecular weight of about 7250 to about 17350 Da. In some embodiments, at least 88%6 by weight of the
poloxamer has an average molecular weight of about 7250 to about 17350 Da. In some embodiments, at least 89%
by weight of the poloxamer has an average molecular weight of about 7250 to about 17330 Da. In some
embodiments, at least 90% by weight of the poloxamer has an average molecular weight of abowt 7250 to about
17350 Da In some embodiments, at least 91% by weight of the poloxamer has an average molecular weight of
about 7250 to about 17350 Da. In some embodiments, at least 92% by weight of the poloxamer has an average
molecular weight of about 7256 to about 17350 Da. In some embodiments, at least 8696 by weight of the poloxamer
has an average molecular weight of greater than about 7250 Da. In some embodirents, at least 8796 by weight of
the poloxamer has an average molecular weight of greater than about 7250 Da. In some embodiments, at least 88%
by weight of the poloxarer has an average molecular weight of greater than about 7250 Da. In some emibodiments,
at least 89% by weight of the poloxamer has an average molecular weight of greater than about 7230 Da. In some
embodiments, at least 90% by weight of the poloxamer has an average molecular weight of greater than about 7250
Da In sorne embodiments, at least 91% by weight of the poloxamer has an average molecular weight of greater than
about 7250 Da. Related to the embodiments in this paragraph, the poloxamer may have the following properties. In
some embodiments, the poloxamer has a peak molecular weight of about 12,000 to about 12,500 Da. In some
embodiments, the poloxamer has a number average molecular weight of about 11,500 to about 12,000 Da. In some
embodiments, the poloxamer has a weight average molecular weight of about 11,750 to about 12,250 Da. Insome
embodiments, the poloxamer has a polydispersity index of about 1.02.

{0381] In some embodiments, less than 19% by weight of the poloxamer has an average molecular weight
fess about 7250 Da. In some embodiments, less than 18% by weight of the poloxamier has an average molecular
weight less about 7250 Da. In some embodiments, less than 17%%6 by weight of the poloxamer has an average
molecular weight less about 7250 Da. In some embodiments, less than 16% by weight of the poloxamer has an
average molecular weight less about 7250 Da. In some embodiments, less than 15% by weight of the poloxamer has
an average molecular weight less about 7250 Da. In some embodiments, less than 14% by weight of the poloxamer
has an average molecular weight less about 7250 Da. In some embodiments, less than 13% by weight of the

poloxamer has an average molecular weight less about 7250 Da. In some embodiments, less than 12% by weight of
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the poloxarer has an average molecular weight less about 7250 Da. Tn some embodiments, less than 11%by
weight of the poloxamer has an average molecidar weight less about 7250 Da. In some embodiments, less than 10%
by weight of the poloxamer has an average molecular weight less about 7250 Da In sore embodiments, less than
%% by weight of the poloxamer has an average molecular weight less about 7250 Da. Related to the embodiments
m this paragraph, the poloxamer may have the following properties. In some embodiments, the poloxamer has a
peak molecular weight of about 5,000 to about 5,500 Da. In some embodiments, the poloxamer has a namber
average mwolecular weight of about 5,000 to about 5,500 Da. In some embodiments, the poloxamer has a weight
average molecular weight of about 5,000 to about 5,500 Da. In some embodiments, the poloxamerhas a
polydispersity index of about 1.02.

{3382] In some embodiments, the entire poloxamer distibution has a number average molecular weight of
about 10,800 to about 11,200 Da. In some embodiments, the poloxamer distibution has a weight average molecular
weight of about 11,500 to about 11,700 Da. In some embodiments, the poloxamer distnbution is from 0 to about
16,600 Da. In sorme embodiments, the poloxamer has a polydispersity index of about less than 1.07.

{0383] In some embodiments, the poloxamer is selected from the group consisting of Poloxamer 101, Poloxamer
105, Poloxamer 108, Poloxamer 122, Poloxamer 123, Poloxamer 124, Poloxamer 181, Poloxamer 182, Poloxamer
183, Poloxamer 184, Poloxamer 185, Poloxamer 188, Poloxamer 212, Poloxamer 215, Poloxamer 217, Poloxamer
231, Poloxamer 234, Poloxamer 235, Poloxamer 237, Poloxamer 238, Poloxamer 282, Poloxamer 284, Poloxamer
288, Poloxamer 331, Poloxamer 333, Poloxamer 334, Poloxamer 335, Poloxamer 338, Poloxamer 401, Poloxamer
402, Poloxamer 403, and Poloxamer 407,

{0384] Insome embodiments, the poloxamer is Poloxamer 188 or Poloxamer 407.

{0385] In some embodiments, the poloxamer is Poloxarmer 407,

{0386] In some embodiments, the poloxamer comprises Poloxamer 407 In some embodiments, the
Poloxamer 407 1 at least 10% by weight of the poloxamer. In some embodiments, the Poloxamer 407 is at least
20% by weight of the poloxamer. To some ervbodiments, the Poloxamer 407 s at least 30% by weight of the
poloxamer. In some embodiments, the Poloxamer 407 15 at least 40% by weight of the poloxamer. In some
embodiments, the Poloxamer 407 1s at least S0% by weight of the poloxamer. In some embodiments, the Poloxamer
407 15 at least 60% by weight of the poloxamer. In some embodiments, the Poloxamer 407 15 at least 70% by weight
of the poloxamer. In some embodiments, the Poloxamer 407 1s at least 75% by weight of the poloxamer. In some
embodiments, the Poloxamer 407 15 at least 80% by weight of the poloxamer. Tn some embodirments, the Poloxamer
407 15 at least 90% by weight of the poloxamer. In some embodiments, the poloxamer is Poloxamer 407,

{8387] In some embodiments, the poloxamer 15 puntied Poloxamer 407,

{0388] In some embodiments, the poloxamer is a punified poloxamer (e g, purified Poloxamer 407). Insuch

embodiments, the solubility of the otic agent(s) may be usetillly mcreased.
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[0389] Insome embodiments, the purtfied poloxamer (e g, punfied Poloxamer 407 has an average molecular
weight of about 9 kDa or greater, about 9.2 kDDa or greater, about 9.4 kDa or greater, about 9.6 kDa or greater, about
9.8 kDa or greater, about 10 kDa or greater, about 10.2 kDa or greater, about 10.4 kDaor greater, about 10.6 kDaor
greater, about 10.8 kDa or greater, about 11 kDa or greater, about 11.2 kDaor greater, about 11.4 kDa or greater,
about 11.6 kDa or greater, about 11.8 kDa or greater, about 12 kDDa or greater, or about 12.1 kDa or greater.
{0390] Insome embodiments, the purified poloxamer (e g, puntfied Poloxamer 407) has areduced level of
polymer chams with molecular weight below 9 kDa as compared 1o the unpurified poloxamer (e g, unpunfied
Poloxamer 407). In some embodiments, the polyrer chams with molecular weight below 7250 Da may be
regarded as impurifies.
[0391] Insome embodiments, the purified poloxarmer (e g, purtfied Poloxamer 407) has about 99% or less, gbout
98%% or less, about 95% or less, about 90% or less, about 80% or less, gbowut 70% or less, about 60% or less, about
50%% or less, about 40%% or less, about 30% or less, about 20% or less, or about 10% or less of polymer chains with
moleaudar weight below 9 kDa as compared to the unpunfied poloxamer (e g, unpurified Poloxamer 407).
10392} Insome embodiments, the purtfied poloxamer (e g, purtfied Poloxamer 407) contains less than about 15%
by weight of polymer having a molecular weight below about 9 kDa (e.g,, PEO homopolymer or PEO-PPO
copolymer), for example less than about 15%, less than about 14%, less than about 13%, less than about 12%, less
than about 11%, less than about 10%, less than about 5%, less than about 4%, less than about 3%, less than ahout
2%, tess than about 196, less than about 0.9%, less than about 0.8%, less than about 0.7%, less than about 0.6%, less
than about 0.5%, less than about 0.4%, less than about 0.3%, less than about 0.2%, or less than about 0.1%, (by
weight) of polymer with a molecular weight below about 9 kDa, mclusive of all ranges between any of these values.
{0393} In some embodiments, the purtfied poloxamer (e g, punfied Poloxamer 407) is prepared by higud-higuid
extraction or size exclusion chromatography.
10394] General gudelnes on punfying polymers are available, e. g, in US Patent No. 6,977,045, Fakhart ef o/
(Helvon 3:e00390 (2017)), and PCT Apphcation Publication No. W(O/2017/108457, each of whuch 1s wcorporated
herein by reference. The hquued-liquid extraction procedure mvolves the fractionation of the poloxamer (e g,
Poloxamer 407) between two aqueous phases contaming with different salt concentration. In some emboduments,
one or more mpunihes preferentially partition mto the agueous phase with high salt concentration, and the purtfied
poloxamer (e.g,, Poloxamer 407) remains in the aqueous phase with low salt concentration. The size exclusion
chromatography provides separation based on hydrodynamic racius. The fractions contaiming purtfied poloxamer
{e.g, Poloxamer 407) with the destred molecular weight range are collected.
{8395] In some embodiments, about 10% or more, about 20% or more, about 30% or more, about 40% or more,

about 50% or more, about 60% or more, about 70%6 or more, about 80% or more, about 90%% or more, about 95%
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or more, about 98% or more, or about 99% or more of the one or more impurities having molecular weights below 9
kDa are removed from the poloxamer (e 2., Poloxamer 407) duning the punification.

{8396] o some emboduments, about 10%6 or more, about 20% or more, about 30% or more, about 40% or more,
about 50% or miore, dbout 60%% or more, about 70% or miors, abowut 80% or more, about 90% or more, about 95%
or more, about 98% or more, or about 99% or more of the one or more diblock copolymers (e g, PEG-PPO), single
block polymers {eg., PEO), and/or aldehydes are removed fiom the poloxamer (e.g,, Poloxamer 407) duning the
purtfication.

{8397] In some embodiments, about 10% by weight or more, about 20% by weight or more, about 3096 by weight
or more, about 40% by weight or more, about 50% by weight or more, abowt 60% by weight or more, about 70%
by weight or more, about 80% by weight or more, about 90% by weight or more, about 95% by weight or more,
about 98% by weight or more, or about 99% by weight or more of the one or more diblock copolymers (e.g, PEO-
PPO), single block polymers (homopolymers) (e g, PEO), and/or aldehydes are removed from the poloxamer (e g,

Poloxamer 407) during the purtfication.

Other Aspects of the Lyophilized Pharmaceutical Compositions

{0398] In some embodiments, the lyophilized pharmaceutical composition s in the form of a lyophilized cake.
{08399] In some embodiments, tyophulization of the phammaceutical coraposttion of the present disclosure moay
substantially remove all volatile components from the composition. For example, water may be substantially
removed by Iyophilization. For example, DMSO may be substantially removed by lyophilization. In some
embodiments, the lyophilized composition s substantially free from water andlor BMSO. Tn some embodiments,
the lyophilized composition contains less than about 5% by weight of water and/or DMSO. In some embodiments,
the lyophilized composition contams less than about 4% by weight of water and/or DMSO. In some embodiments,
the lyophilized composition contans less than about 3% by weight of water andior DMSO . In some embodiments,
the Iyophilized composttion contains less than about 2% by weight of water and/or DMSO. Tn some embodiments,
the lyophitized composition contains less than about 1% by weight of water and/or DMSO.

{8400] In some embodiments, the Iyvophilized pharmaceutical composttion has a higher stability to oxygen and/or
hght as compared to a comparable pharmaceutical composition comprising one or more solvents.

{0401 In general, where a composition with a property is compared 10 a composition with or without a feature 1o
demonstrate that property, the comparative composition 1s an otherwise wdentical compostion. This applies
throughout the disclosure. For example, the paragraph above can be read as: the lyophilized pharmaceutical
composition has a higher stability o oxygen and/or hight, as compared 1o an otherwise wdentical pharmaceutical

Composiiion CoOMpPrising one or more solvents.
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{0402] In some embodiments, the tyophalized corposttion corprises at least about 1% by weight of
CHIR99021 or a pharmaceutically acceptable salt thereof In some embodiments, the lyophilized composition
conprises about 1% by weight to about 2%% by weight of CHIRI9021. In some embodiments, the lyophilized
composition comprises at keast about 30% by weight of valproic acid or a pharmaceutically acceptable salt thereof
In some ervbodiments, the lyophilized composttion comprises at least about 40% by weight of valproic acid or a
pharmaceutically acceptable salt thereof. In some embodiments, the tyophilized composition comprises about 30%
by weight to about 50% by weight of valproic acid or a pharmaceutically acceptable salt thereof In some
embodiments, the lyophilized composition comprises at feast about 50% by weight of poloxamer. In some
embodiments, the lyophilized composition comprises at least about 60% by weight of poloxamer. In some
embodiments, the tyophilized composition comprises about 50% by weight to about 70% by weight of poloxamer.
In some embodiments, the lyophilized composition comprises about 1.5% to about 2% by weight of CHIR99021,
about 42.5% by weight to about 47.5% by weight of sodium valproate, and the remaning percentage 1s Poloxamer
407

{0403] In some embodiments, the level of an impurity present in the lvophihized pharmaceutical composttion is
fess than about 10000 parts per mithion (pprm), less than about 1000 ppro, less than about 100 ppm, less than about
10 ppm, less than about 1 ppim, or less than about 0.1 ppm.

{8404] TIn some embodiments, the total level of all the mpuntties present m the lyophilized pharmaceutical
conposition is less than about 10000 parts per nulhion (ppm), less than about 1000 ppmy, less than about 100 ppim,
less than about 10 ppm, less than about | ppin, or less than about 0.1 ppm.

{0405] In some embodiments, the impurity 1s a residual solvent. In some embodiments, the impunity is selected
from the group consisting of | -acetate-2-formate-1,2-propanediol, acetic acid, formic acid, formaldehyde,
acetaldehyde, and propionaldehyde.

{0406] In some embodiments, the level of polyethylene oxade presented in the lyophilized pharmaceutical
compostion 1s below about 3 %, below about 2 %o, below about T %, below about 0.5 %, or below about 0.1 %, as
measured by high-performance hiquid chromatography (HPLC).

84071 In some embodiments, the total level of one or more impurities with cLog P of about 1 or less presented
the lyophilized pharmaceutical composition s from about 30 % to about 35 %, from about 25 Y% to about 29 %,
from about 20 Y% to abowt 25 Y, from gbout 15 % to about 19 %, from about 10 %o abowut 14 %, from about 5 % to
about 9 %o, or from about 0 %6 to about 4 %6, as measured by high-performance hquid chromatography (HPLC),
{0408] In some embodiments, the total level of one or more impunities having a boiling point of about 220 °C or
fess presented n the Ivophilized pharmaceutical composttion is from about 35 % to dbout 40 %, from about 30 %10
about 34 %6, fiom about 25 %6 to about 29 %, from about 20 %6 to about 235 Yo, from about 15 %% 10 about 19 %, from
about 10 % to about 14 %6, from about 5 %6 to about 9 Yo, or from about 0 % to about 4 %%, as measured by high-
performance higud chromatography (HPLC),
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{3409 In some embodiments, the yophilized pharmaceutical composition compuises purified poloxamer (e g,
purified Poloxamer 407), and wherein the level of the one or more otic therapeutic agents (e.g, hearing loss
treatment agents) presented i the lvophihized pharmaceutical composition is about 1.5 fold or higher, about 1.8 fold
ot ligher, about 2 fold or lugher, about 2.5 fold or bugher, about 3 fold or hugher, about S fold or higher, or about 10
fold or higher as compared to a comparable lyophilized pharmaceutical composition without punified poloxamer
{e.g, puntied Poloxamer 407). In sore embodiments, the comparable vophilized pharmiaceutical composition
compnses unpunfied poloxamer (e g, unpurified Poloxamer 407).

{8410] In some embodiments, the Ivophilized pharmaceutical composition comprises punfied poloxamer (e g,
purified Poloxamer 407), and wherein the dissolved concentration of the one or more otic therapeutic agents (e g,
heanng loss treatrment agents) presented in the lyophilized pharmaceutical composition 1s about 1.5 fold or hugher,
about 1.8 fold or higher, about 2 fold or higher, about 2.5 fold or lugher, about 3 fold or hugher, about 5 fold or
higher, or about 10 fold or higher as compared to an otherwise identical Iyvophilized pharmaceutical composition
without puntfied poloxamer (e.g, pusified Poloxamer 407). In some embodiments, the otherwise tdentical
Iyophilized pharmaceutical composition comprises unpurified poloxamer (e.g,, unpurnified Poloxamer 407).

[3411] Insome embodiments, the lyophilized pharmaceutical composition compuises purified poloxamer (e.g,
purified Poloxamer 407), and wherein the lyophilized pharmaceutical composition has lower batch-to-baich
variability of one or more gelation properties (e g, gelation temperature, viscosity, and/or stability ) as compared o a
comparable yophihized pharmaceutical composttion without punified poloxamer (e g, punfied Poloxamer 407). In
some embodiments, the comparable tyophilized pharmaceutical coraposition comprises unpuntied poloxamer (e.g,
uripurified Poloxamer 407),

{0412] In some embodiments, the lyophilized pharmaceutical conposition conprises purified poloxamer (e g,
purified Poloxamer 407), and wherem the lyophilized pharmaceutical composition has a lower gelation temperature,
a narrower temperature range for gelation, and/or a higher viscosity as conmpared to a comparable lyophilized
pharmaceutical composition without purified poloxarmer {e.g, punfied Poloxamer 407). Tn sorme embodiments, the
comparable lyophitized pharmaceutical composition compnises unpuritied poloxamer (e g, unpurified Poloxamer
407),

8413] In some embodiments, the Ivophilized pharmaceutical composttion compnises purfied poloxamer (e g,
punitied Poloxamer 407), and wheren the lyophilized pharmaceutical composttion has a reduced degradation rate as
compared 1o a comparable lvophilized pharmiaceutical composition without purified poloxamer (e.g, purtfied
Poloxamer 407). In some embodiments, the comparable lyophilized phanmaceutical composition comprises
unpurtfied poloxamer (e g, unpurified Poloxamer 407).

{0414] In some embodiments, the lyophilized pharmaceuntical composttion comprises one or more of a bulking

agent (e.g, purtfied Poloxamer 407); a stabiliang agent; a torucity-adjusting agent; and a soothing agent.
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[0415] Insome embodiments, the lyophilized pharmaceutical composition is prepared by Ivophilizing the
pharmacentical composition of the present disclosure.

{8416] In some embodiments, the Ivophilized pharmaceutical composttion 1s prepared by the method of the
present disclosure.

{0417} Insome embodiments, the lyophilized pharmaceutical composition is surtable for preparing a reconstituted
solution by a reconstitution process.

{0418} In some embodiments, the reconstitution process is less than about 1 hour. In some embodiments, the
reconstitution process 18 less than about 30 manutes.

{0419] In some embodiments, the reconstifuted solution is suitable for mjection (e g, intratympanic injection).
{0420] In some embodiments, the reconstituted solution mamtams one or more theometric properties of a pre-
lyophihized solution which 1s used for prepanng the lvophilized pharmaceutical composition.

{0421} In some embodiments, the reconstituted solution has a reduced degradation rate as compared to a
reconsiituted solution prepared from a comparable lyophilized pharmaceutical composition without punfied
poloxamer (e.g,, purified Poloxamer 407). In some embodiments, the comparable lyophilized pharmaceutical
composition comprises unpurtfied poloxamer (e g, unpunitied Poloxamer 407). In some embodiments, the
reconstituted solution maintans one or more rheometric properties of a pre-lvophitized solution which 1s used for
preparing the lyophilized pharmaceutical composition, when the reconstituted solution is prepared at the same solids

conient as the pre-lyophihized solution.

Other Aspects of the Pharmaceutical Compositions

{0422] Insome embodiments, the pharmaceutical composttion is a pre-lyophilized pharmaceutical composition.
[6423] In some embodiments, the pharmaceutical composttion may be formed by reconstituting the
lyophitized compositions disclosed heremn, for example to form an aqueous compostiion, for example a
themoreversible gel. Tt wall be appreciated that components of the composition will have a certaim concentration
when the composition s aqueous (e.g, prior to vophilization) which will change when the composition is
tyophilized since, for example, water 1s removed. However, for ease, it may be convenient to refer to the
components of the lyophilized form by reference to thewr concentration when agueous smce this may be how the
conpostiion 1s initially produced. Reconstitution of the lyophilized composition may substantially restore a
component’s concentration to that in the composttion priot to yophilization.

{0424] In some embodiments, the composttion comprises a gelling agent and a compound of formula (1) (as

descrtbed above and m the nunbered embodiments),
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{0425] In some embodiments, the pharmaceutical composition comprses a gelling agent, valproic acid ora

pharmaceutically acceptable salt thereof at a concentration of greater than about 70 mg/mi, and one or more otic

therapeutic agents.
[8426] In some embodiments, the pharmaceutical compostiion comprising a poloxamer, wheremn at least 85%

by weight of the poloxamer has an average molecular weight of greater than about 7250 Da, and valproicacid ora
pharmaceutically acceptable salt thereof at greater than 70 mg/mL.

{0427} In some embodiuments, the pharmaceutical composition comprises a poloxamer, wherein less than
20% by wt % of the poloxamer has an average molecular weight less about 7250 Da, and valprowc acidora
pharmaceutically acceptable salt thereof at greater than 70 mg/mL.

{0428] In some embodiments, the composition 18 suttable for miratympanic imjection.

{0429] In some ermbodiments, the gelling agent 15 a poloxamer (as desceribed above and in the mumbered
embodiments). In some embodiments, the poloxamer comprises puritied poloxamer. In some embodiments, the
poloxarmer comprises purtfied poloxamer the poloxamer is puritied poloxamer. In some embodiments, the
poloxamer s defined as above (as defined above and i the numbered embodiments). In some embodiments, the
compositions comprises one or more otic therapeutic agents (as defined above and m the numbered embodiments),
In other embodiments, the composition gelling agent comprises a hyahwonie acid. In other embodiments, the

composttion gelling agent corprises a celfulosic denvative.

{0436] In some ermbodiments, the one or more otic therapeutic agents inchude a GSK3 mhibitor,
{0431] In some embodiments, the one or more otic therapeutic agents inchude an HDAC mhihitor,
{0432] In some embodiments, the one or more otic therapeutic agents are selected from the tables above

10433} In some embodiments, the one or more otic therapeutic agents include CHIR99021 ora
pharmaceutically acceptable salt thereof. In some embodirments, the concentration of CHIR99021 ora
pharmacentically acceptable salt thereof'is less than abowt 10 mg/mL. In some embodiments, the concentration of
CHIR99021 or a pharmaceutically acceptable salt thereof'1s less than about 7.5 mg/mL. In some embodiments, the
concentration of CHIR99021 or a pharmaceutically acceptable salt thereof is about 3 to about 7 mg/ml. In some
embodiments, the concentration of CHIR99021 or a pharmaceutically acceptable salt thereof is about 4 to about 6
mg/mL. In some embodiments, the concentration of CHIR99021 or a pharmaceutically acceptable salt thereof is
about 1 to about 5 mg/mL. In some embodiments, the concentration of CHIR99021 or a pharmaceutically
acceptable salt thereofss about 2 o about 4 mg/mL. In some embodiments the one or more ofic therapeutic agents
are one or more hearing loss treatment agents.

{0434] In some emboduvents, the one or more ofic therapeutic agents mclude valprowe acd or a
pharmaceutically acceptable salt thereof In some embodiments, the one or more ofic therapeutic agents include
valproic actd or a pharmaceutically acceptable salt thereof and CHIR99021 or a pharmaceutically acceptable salt

thereof
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[0435] In sorne embodiments, the composition comprises a compound of forrauta (1) {as descabed above and
m the numbered embodiments). In some embodiments, the compound of formulda (1) and/or the one or more ofic
therapeutic agents are valproic acid or a pharmaceuically acceptable salt thereof.
10436) In some embodiments, the pharmaceutically acceptable salt of valproic acid is sodium valproate. In
some embodiments, the concentration of valproic acid or a pharmaceutically acceptable salt thereof 1s greater than
about 100 mg/ml. In some embodiments, the concentration of valprowe acid or a pharmaceutically acceptable salt
thereot'is about 100 to about 500 mg/mL. In some embodiments, the concentration of valproic acidora
pharmaceutically acceptable salt thereof'1s about 100 to about 350 mg/mb. In some embodiments, the concentration
of valproic acid or a pharmaceutically acceptable salt thereof 1s about 110 1o about 160 myg/ml. In some
embodiments, the concentration of valproic acid or a pharmaceutically acceptable salt thereof s about 130 to about
140 mg/mi. In some embodiments, the concentration of valproic acid or a pharmaceutically acceptable salt thereof'ss
about 125 to about 145 mg/ml. Tn some ermbodiments, the concentration of valproie acid or a pharmmaceutically
acceptable salt thereof 1s about 128 to about 138 mg/mil. In some embodiments, the concentration of valproic acid or
apharmaceuically acceptable salt thereof'is about 133 mg/ml.
{04371 However, i other embodiments, the compound of formuda (T) and/or the one or more otic therapeutic
agents is not valproic acid or a pharmaceutically acceptable salt thereof. In some embodiments, the compound of
formula (I) andlor the one or more otic therapeutic agents mchudes 2-{prop-2-yn-I-yh-octancic acd or a
pharmaceutically acceptable salt thereof In some embodiments, the compound of formula (1) and/or the one or
more ofic therapeutic agents ncludes phenyibutynic acid or a pharmaceutically acceptable salt thereof In some
embodiments, the compound of formuda (1) and/or the one or more otic therapeutic agents inchudes hnoleic acidor a
pharmaceutically acceptable salt thereof,
{0438] In other embodiments, the one or more otic therapertic agents can be different. In other embodiments,
the one or more otic therapeutic agents do not mclude CHIR99021 or a pharmaceutically acceptable salt thereof In
some embodiments the one or more otic therapeutic agents nchudes 1.Y20903 14 or a pharmaceutically acceptable
salt thereof. In some embodiments the one or more otic therapeutic agents includes AZD 1080 or a pharmaceutically
acceptable salt thereof. In some embodiments the one or more otic therapeutic agents ncludes GSK3 XX ora
pharmaceutically acceptable salt thereof. In some embodiments the one or more olic therapeitic agents mcludes
Compound I-7 or a pharmaceutically acceptable salt thereof. In some embodiments the one or more otic therapeutic
agents mcludes Compound I-1 or a pharmaceutically acceptable salt thereof
{0439] As described above, the composition may comprise a poloxamer. While the poloxamer may vary
(PEO content, punty, molecular weight range), the poloxamer may comprise the following weight percentage of the
composiion. In some embodiments, the concentration of poloxamer s about 2% to about 50% w/v. In some
embodiments, the concentration of poloxamer 1s about 2% 1o about 409 w/v. In some embodiments, the
concentration of poloxamer 18 abowt 2% fo about 30% w/v. In some embodiments, the concentration of poloxamer
111
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is about 2% 1o about 20% w/v. In some embodunents, the concentration of poloxamer 1s about 10% t0 about 20%
w/v. In some embodiments, the concentration of poloxamer is about 12.5% to abowt 17.5% w/v. In some
embodiments, the concentration of poloxamer 15 about 13 % to about 17.5% wiv. In some embodiments, the
concentration of poloxamer 1s about 13 Yo to about 17% w/v. In some embodiments, the concentration of poloxamer
1s about 13.5 % to about 17% w/v. In some embodiments, the concentration of poloxamer 1s about 13.5 %6 to about
16.5% wiv. In some embodiments, the concentration of poloxamer s about 14% to about 16.5% w/v. In some
embodiments, the concentration of poloxamer is about 14% to about 16% w/v. In some embodiments, the
concentration of poloxamer 1s about 15% to about 17 5% wiv.
{0440) In some embodiments, the disclosure relates 10 a method for preparing a pharmaceutical composition
(for exarnple the compositions descnbed above or by the numbered embodiments) compnising the steps of! ()
having an aqueous solution comprising a gelling agent; and (b} adding a solution of one or more otic therapeutic
agents or a pharmaceutically acceptable salt thereof
0441] In some embodiments, the agqueous solution further comprises valproic acid or a pharmaceutically
acceptable salt thereof 1o the first soluton. In some embodiments, the one or more ofic therapeutic agents is
CHIRS9021 or a pharmaceutically acceptable salt thereof. In some embodiments, the one or more otic therapeutic
agents 1s LY2090314 or a pharmaceutically acceptable salt thereof. In some embodiments, m step (b), the solution
comprises a polar aprotic solvent. In some embodiments, m step (b}, the polar aprotic solvent comprises DMSO. In
some embodiments, i step (b), the polar aprotic solvent 15 DMSO. In some embodunents, i step (b), the polar
gprotic solvent comprises dimethylformamude. In some embodiments, m step (b), the polar aprotic solvent
comprises dimethylacetanude. In some embodiments, 1n step (b), the polar aprotic solvent comprises N-methyl-2-
pyrrolidone. The method of any preceding embodiment, wherein the gelling agent comprises a poloxamer.
[8442] In some embodiments, the pharmaceutical composttion 1s surtable for preparng the tyophilized
pharmaceutical composition of the present disclosure (e.g,, by a lyophilization process disclosed herein).
0443] Insome embodiments, the pre-lyophilized pharmaceutical composition cormprises:

1) CHIR99021 or a pharmaceutically acceptable salt thereof being present at a concentration ranging from
0.02S5 mg/rl to about 25 mg/ml;

it} valproic acid or a pharmaceutically acceptable salt thereot bemng present at a concentration ranging from
0.5 rog/mi to about 500 mg/ml;

1t poloxamer 407 baing present at a concentration rangmg from 1 wi% to about 25 wi%, and

1v) dimethyi sulfoxide (DMSO) being present at a concentration below 7.5 wi%s.
[8444] In some embodiments, the pre-dyophilized pharmaceutical composition comprises:

1) CHIR99021 or a pharmaceutically acceptable salt thereof being present at a concentration ranging from
0.025 mg/mi to about 25 mg/ml;



CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235

1} valproic acid or a pharmaceutically acceptable salt thereot being present at a concentration ranging from
0.5 mg/mt to about 500 mg/m;

i) poloxarer 407 bemng present at a concentration rangmg from 1 wi%s 1o about 25 wi%e, and

1w} dimethyl sulfoxide (DMSO) bemng present at a concentration below 25 wi%.
{0445}  In some embodiments, the pharmaceutically acceptable salt of valproic acid is a sodium salt (e g, sodium
valproate).
{0446] In some embodiments, the pre-lyophilized pharmaceutical composition described in “Other Aspects of
the Pharmaceutical Compositions” (or any embodiments described above), the pharmaceutically acceptable salt of
valproic acid is a sodium salt (e.g, sodium valproate).
[0447]  Any mdvidual coroponent of a composition may be present at a given concentration. Concentration can
have the units of percent weight per volume (w/v) wiich can also be expressed as g/ml.
{0448] In some embodiments, the concentration of CHIR99021 or the pharmaceunically acceptable salt thereof in
the pre-vophilized pharmiaceutical composition ranges from about 0.05 mg/ml o about 5 mg/ml, from abowt 0.25
mg/mi to about 2.5 mg/mi, from about 0.5 mg/mi to about 1.75 mg/mi, or from about 1.45 mg/nil to about 1.65
mg/ml. In some embodiments, the concentration of CHIR99021 or the phanmaceutically acceptable salt thereof'is
about 1.55 mg/mi.
{8449] In some embodiments, the concentration of valproic acid or the pharmaceutically acceptable salt thereofin
the pre-tyophilized pharmaceutical composition ranges from about 2.5 meg/ml to about 200 mg/ml, from about 5
mg/mi to about 100 mg/ml, from about 15 mg/ml to about S0 mg/ml, or from about 43 mg/al to about 46 mg/ml.
In some embodiments, the concentration of valprote acd or the pharmaceutically acceptable salt thereof'1s abouwt
44.5 mg/ml.
[8450] In some embodiments, the concentration of poloxamer 407 in the pre-yophilized pharmaceutical
conposiiion ranges from about 2.5 wi% to about 12.5 wi%, from about 5 wi%s 1o about 11 wi¥, from about 6 wi%%
10 about 10 wi¥e, or from about 7 wi% to about 8.5 wi%. In some embodirents, the concentration of poloxamer
407 18 about 8 wi%.
{8451] In some embodiments, the concentration of DMSO in the pre-tyoptulized pharmaceutical corposition
ranges from about 0.5 wiSo to about 5 wi%, from about T wit%6 to about 4 wis, from about 1.5 wi®sto abow 3.5
wi¥e, or from about 2 wit6 0 about 3 wi. In some embodiments, the concentration of DMSO 1s about 2.5 wi%a.
{04582] Insome embodiments, the concentration of DMSO in the composition 1s about less than S wi%s, as
described above. However, in other embodiments, 1t will be appreciated that the concentration of DMSO may be
less than about 25 wit%e. In some embodiments, the concentration of DMSO 1s about less than 25 wi%s, Insome
embodiments, the concentration of DMSO 1s about less than 20 wi%, In some embodiments, the concentration of

DMSO s about less than 15 wi%%. In some embodiments, the concentration of DMSO 1s about less than 10 wt%%,
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In some embodiments, the concentration of DMSO 15 about less than 5 wi%s. In some emboduments, wheremn the
concentration of DMSO 1s about 25 to about 15 wi%e. In some embodiments, wherein the concentration of DMSO
is abou 20 1o about 10 wi%s. In some embodiments, wherein the concentration of DMSO 1s abouwt 15 1o about 5
wi%e. In some embodiments, wherein the concentration of DMSO is about 10 1o about 5 wi%.
[8453] In some embodiments, the weight ratio between CHIRS902T or the pharmaceutically acceptable salt
thereof and valproic acid or the pharmaceutically acceptable salt thereof n the pre-lyophitized pharmaceuncal
compostiion ranges from about 125 to abowt 1:10, from about 1:10 to abowt 1:50, from about 1:20 to about 1:35,
from about 1:25 o about 1:31, or from about 1:27 to about 1:29. One skifled in the art wall understand that the
weight ratio of CHIR99012 and valproic acid (or phammaceutically acceptable salts thereof) will be substantially
unchanged m the lyophilized and reconstituted pharmaceutical composition.
[3454] In some embodiments, the weight ratio between poloxamer 407 and the DMSO 1n the pre-tyophilized
pharmacentical composition ranges from about 1:5 to about 401, from about 1.2 to about 151, fromabowt 11 o
about 8:1, from about 2:1 1o about 4:1, or from about 2.5:1 to about 3.5:1. In some embodiments, the weight ratio
between poloxamer 407 and the DMSO 15 abowt 3: 1.
{0455]  In some embodiments, the weight ratio between CHIR99021 and poloxamer 407 i the pre-tyophilized
pharmaceutical composttion is about 0.02:1; the weight ratio between CHIR99021 and the DMSO 13 about 0.06:1;
the weaght ratio between valproic acid sodium selt and poloxamer 407 is about 0.54:1; and/or the weight ratio
between valprotc acd sodium salt and the DMSO s about 3.2:1.
{0456] In some embodiments, the concentration of CHIRS9021 or the pharmaceutically acceptable salt thereof in
the pre-lyophilized pharmaceutical composttion ranges from about 145 mg/mi 1o about 1.65 mg/ml; the
concentration of valproic acid or the pharmaceutically acceptable salt thereof ranges from about 43 mg/mi to about
46 mg/ml; the concentration of poloxamer 407 ranges from about 7 wi%s 1o about 8.5 wi%; and the concentration of
DMS0 ranges from about 2 wite to about 3 wi%.
{0457} In some embodiments, the concentration of CHIR99021 or the pharmaceutically acceptable salt thereof in
the pre-lyophilized pharmaceutical composttion is about 1.55 mg/mal; the concentration of valproic acid or the
pharmaceutically acceptable salt thereof'1s about 44.5 mg/mi; the concentration of poloxamer 407 1s about 8 wi%s;
and the concentration of DMSO 15 about 2.5 wite
{0458] In some embodiments, the pre-lyophilized pharmaceutical composition comprises:

1) CHIR99021 or a pharmaceutically acceptable salt thereof being present at a concentration ranging from
0.025 mg/mi to about 25 mg/ml;

1) valproic acid or a pharmaceutically acceptable salt thereof being present at a concentration ranging from
1 mg/ml to about 300 mg/ml;

i1} poloxamer 407 bemng present at a conceniration ranging from 1 wi%s to about 25 wi%e; and

w) dimethyl sulfoxide (DMSO) being present at a concentration below 7.5 wi%e,
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{3459 In some embodiments, the pharmaceutically acceptable salt of valproic acid 1s a sodium salt (e g, sodium
valproate).

{8460] o some embodiments, the concentration of CHIR99021 or the pharmaceutically acceptable salt in the pre-
tyophilized phammaceutical composition thereof ranges from about 0.05 mg/mil to about 10 mg/ml, from about 025
mg/mi to about 2.5 mg/mi, from about 0.5 mg/mi to about 1.75 mg/md, from about 0.85 mg/ml to about 1.15 mg/ml.
In some embodiments, the concentration of CHIR99021 or the pharmaceutically acceptable salt thereof is about
1.05 mg/ml.

{8461] In some embodiments, the concentration of valproic acid or the pharmaceutically acceptable salt thereofin
the pre-tyophilized pharmaceutical composition ranges from about 2.5 meg/ml to about 200 mg/ml, from about 5
mg/mi to about 100 mg/ml, from about 15 mg/mi 1o about SO mg/ml, from about 28 mg/ml 1o about 31 mg/ml. Tn
some embodiments, the concentration of valproic acid or the pharmaceutically acceptable salt thereofts about 25.5
mg/ml.

[8462] In some embodiments, the concentration of poloxamer 407 in the pre-dyophilized pharmaceutical
conpostiion ranges from about 2.5 wi% to about 12.5 wi%e, from about 5 wi%s 1o about 11 wi%, from about 11
wi%o to about 10 wi%e, from about 7 wi% to about 8.5 wi%e. In some ervhodiments, the concentration of poloxamer
407 18 about 7.5 wi%e.

{8463] In some embodiments, the concentration of DMSO in the pre-tyoptulized pharmaceutical corposition
ranges from about 0.5 wit%o to about 5 wi%, from about T wit%6 to about 4 wi%s, fromabout 1.5 wi% to about 3.5
wi%e, from about 2 wi%e to about 3 wi%s. In some emnbodiments, the concentration of DMSQO 1s about 2.5 wit%.
{0464] Insome embodiments, the weight ratio between CHIR99021 or the pharmaceutically acceptable salt
thereof and valproic acid or the pharmaceutically acceptable salt thereof i the pre-lyophitized pharmaceutical
composttion ranges from about 1:5 to about 1:10, from sbout 1:10 to about 1:50, from abowut 1:20 to about 1.35,
from about 1:25 o about 1:31, or from about 1:27 10 about 1:29. One skilled in the art will understand that the
weight ratio of CHIR99012 and valproic acid (or pharmaceutically acceptable salts thereof) wall be substantially
unchanged in the fyophilized and reconstituted pharmaceutical composttion.

{8465] In some embodiments, the weight ratio between poloxamer 407 and the DMSO w1 the pre-lyophilized
pharmaceutical composition ranges from about 1.5 to about 40:1, from about 1:2 to about 15:1, from about L1 to
about 8:1, from about 2:1 to about 4:1, from about 2.5:1 to about 3.5:1. In some embodiments, the weight ratio
between poloxamer 407 and the DMSO s about 3:1.

{0466] In some embodiments, the weight ratio between CHIR99021 and poloxamer 407 m the pre-lyophilized
pharmaceutical composition is about 0.016:1; the weight ratio between the CHIR99021 and the DMSO 1s about
0.06:1; the weight ratio between valproic acid sodium salt and poloxamer 407 is about 0.42:1; andior the weight ratio
between valproic acid sodiuro salt and the DMSO s about 1.5:1
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[0467] Insome embodiments, the concentration of CHIR99021 or the pharrnaceutically acceptable salt thereof
ranges from about 0.95 mg/mi o about 1.15 mg/ml i the pre-lyophihized pharmaceutical composition; the
concentration of valproie acid or the pharmaceutically acceptable salt thereof ranges from about 28 mg/mil fo about
31 mg/ml; the concentration of poloxamer 407 ranges from about 7 wi%s to about 8.5 wite; and the concentration of
DMSO ranges from about 2 wi%s 1o about 3 wite.
0468] Insome embodiments, the concentration of CHIR99021 or the pharmaceutically acceptable salt thereof
the pre-lyophilized pharmaceutical composition is about 1.05 mg/mil; the concentration of valproic acid or the
pharmaceutically acceptable salt thereot'ss about 29.5 mg/mi; the concentration of poloxamer 407 1s about 7.5 wit,
and the concentration of DMSO 15 about 2.5 wi%.
[3469]  In some embodiments, the pre-tyophilized pharmaceutical coraposttion coraprises:

1) CHIRS9021 or a phanmaceutically acceptable salt thereof bemng present at a concentration ranging from
0.025 mg/mi to about 25 mg/ml;

1) valprowe acid or a pharmaceutically acceptable salt thereof bemng present at a concentration ranging from
0.5 mg/mi to about 500 mg/ml;

1) poloxamer 407 being present at a concentration ranging from 1 wi% to about 25 wi%s; and

1v) dimethyi sultoxide (DMSO) bemng present at a concentration below 7.5 wi%e.
{8470] o some embodiments, the pharmaceutically accepiable salt of valproic acid is a sodium salt (e.g, sodium
valproate).
{3471] Insome embodiments, the concentration of CHIR99021 or the pharmaceutically acceptable salt thereof in
the pre-lyophilized pharmaceutical composttion ranges from about 0.05 mg/mt to about 5 g/, from about 0.25
mg/mi to about 2.5 mg/mi, from about 0.5 myg/mi to about 1.75 me/ml, or from about 0.6 mg/mi to about 0.75
mg/ml. In some embodiments, the concentration of CHIR99021 or the pharmaceutically acceptable salt thereof
ranges is about 0.7 mg/ml.
0472] Insome embodiments, the concentration of valproic acid or the pharmaceutically acceptable salt thereofn
the pre-lyophilized pharmaceutical composttion ranges from about 2.5 mg/ml to about 200 mg/ml, from about 5
mg/mi to about 100 mg/ml, from about 15 mg/mal to about 30 mg/ml, or from about 18 mg/ml 1o about 21 mg/ml.
In some erbodiments, the concentration of valprowe acid or the pharmaceutically acceptable salt thereof1s about
195 mg/ml.
0473] Insome embodiments, the concentration of poloxamer 407 1n the pre-tyophilized pharmaceutical
composition ranges from about 2.5 wi%s to about 12.5 wi%e, from about S wi%% to about 11 wi%, from abowt 6 wi%s
to about 10 wi%%, or from about 7 wi% to about 8.3 wi%s. In some erbodiments, the concentration of poloxamer
407 15 about 7.5 wi¥e.
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[{3474] Insome embodiments, the concentration of DMSQO in the pre-lvophilized pharmaceutical composttion
ranges from about 0.5 wi%e to about 5 wi%s, from about T wit% 10 about 4 wiSo, from about 1.5 wio to about 3.5
wit%, or from about 2 wite to about 3 wi%s. In some embodiments, the concentration of DMSO 18 about 5 wits,
[8475] In some embodiments, the weight ratio between CHIRS9021T or the pharmaceutically acceptable salt
thereof and valproic acid or the pharmaceutically acceptable salt thereof n the pre-lyophitized pharmaceuncal
compostiion ranges from about 125 to abowt 1:10, from about 1:10 to abowt 1:50, from about 1:20 to about 1:35,
from about 1:25 to about 1:31, or from about 1:27 to about 1:29. One skilled in the art wall understand that the
weight ratio of CHIR99012 and valproic acid (or phammaceutically acceptable salts thereof) will be substantially
unchanged m the lyophilized and reconstituted pharmaceutical composition.

{8476] Insome embodiments, the weight ratio between poloxamer 407 and the DMSO i the pre-tyoplulized
pharmaceutical composttion ranges from about 15 to about 401, from about 1.2 to about 151, iom abowt 11 to
about 8:1, from about 2:1 w0 about 4:1, from about 2.5:1 to about 3.5:1.

{84771 In some embodiments, the weight ratio between poloxamer 407 and the DMSO m the pre-dyophilized
pharmaceutical composition 1s about 3:1; the weight ratio between the CHIR99021 and poloxamer 407 1s about
0.013:1; the weight ratio between CHIR99021 and the DMSO 1s about 0.06:1; the weight ratio between valproie
acid sodium salt and poloxamer 407 is abowt 0.23:1; and/or the weight ratio between valproic acd sodnum sali and
the DMSO 1s about 1.8:1.

{0478] In some embodiments, the concentration of CHIRS9021 or the pharmaceutically acceptable salt thereof in
the pre-lyophilized pharmaceutical composttion ranges from about 0.6 mg/ml to about 0.75 mg/ml; the
concentration of valproic acid or the pharmaceutically acceptable salt thereof ranges from about 18 mg/ml to about
21 mg/mi; the concentration of poloxamer 407 ranges from about 7 wi%s 1o about 8.5 wi%; and the concentration of
DMS0 ranges from about 2 wi%e to about 3 wi%.

{0479] In some embodiments, the concentration of CHIR99021 or the pharmaceutically acceptable salt thereof in
the pre-lyophilized pharmaceutical composttion is about 0.7 mg/ml; the concentration of valproic acid or the
pharmaceutically acceptable salt thereof'is about 19.5 mg/mi; the concentration of poloxarmer 407 is about 7.5 wi%,
and the concentration of DMSO 15 about 2.5 wite

[8480] In some embodiments, the predvophilized pharmaceutical composttion comprises one or more of water or
abuffenng agent; a bullang agent; a stabihizing agent(e.g , puntied Poloxamer 407); a tonucity-adjusting agent; and a

soothang agent.

Methods of Preparing Lyophilized Pharmaceutical Compositions
{0481] In some aspects, the present disclosure provides a method of prepening a lyophilized pharmaceutical

conpostiion of the present disclosure.
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[3482] Insome aspects, the present disclosure provides a method of processing the pharmaceutical composition of
the present disclosure to form a lyophilized pharmaceutical composition (e.g., the pharmaceutical composition of the
present disclosure).

{8483] In embodiments, the method mvolves a lyophilization process.

{0484] In emboduments, the disclosure relates to a method of lyophilizing a pharmaceutical composition as
descrbed by the pharmaceutical composttion above and the numbered embodiments, wherem the method
compnses: (a) providing a pharmaceutical composition; (b} lyophilizing the composttion by: (1) reducing the
temperature in the lyophilizer to -45 °C at arate of 0.5 °C per minute, and then holding it at -4S °C for 3 hours; (1)
applving a vacuum of 80 mTor, (i) increasing the temperature (0 -30 °C (at arate of 0.5 °C per minute) and
holding it at -30 °C for 15 hours under a vacuum of 80 mT o, (iv) increasing the temperature to 15 °C (atarate of
0.5 °C per nunute); and/or (v holding the teroperature at 15 °C for 20 hows under a vacuum of 80 mTorr; and (d}
obtaining a lvophtlized pharmaceutical composttion. In some embodiments, the conmposition 1s subjected to a
temperature of at least -S0 °C prior to lyophilization. In some embodiments, the method can be vaned by any one or
more of the numbered embodiments below.

{3485] In embodirments, the disclosure relates to a method of yophilizing a pharmaceutical coraposition as
described by the pharmaceuiical composition above and the numbered embodiments, wherein the method
comprises: (a) providing a pharmaceutical composition; {b) lyophilizing the composition by: (1) reducing the
temperature i the lyophiizer to about 45 °C at arate of about 0.5 °C per minute, and then holding it at abowt 45 °C
for about 3 hours; () applying a vacuum of about 80 mTorr; (1) increasing the temperature to about ~30 °C (at arate
of about 0.5 °C per mmute) and bolding 1t at about -30 °C for about 15 hows under a vacuum of about 30 mTor,
(v} increasing the temperature 10 about 15 °C (at a rate of about 0.5 °C per munute); and/or (v} holding the
temperature at about 15 °C for about 20 hours ender a vacuum of about 80 mTor; and (d) obtamnmg a lvophilized
pharmaceutical composition. In some embodiments, the composition 1s subjected to a temperature of at least about -
50 °C prior to lyophilization. In some embodiments, the method can be vanied by any one or more of the nurmbered
embodiments below.

[8486] In some embodiments, the pharmaceutical composttion is stenlized prior o the lyophalization process. In
some embodiments, the pharmaceutical composttion is sterthzed through filtration (e g, a stenle filtration) using a
filter, for example a microporous membrane,

0487] Insome embodiments, the filter comprises anylon, polycarbonate, celiulose acetate, poly vinyhidene
fluoride (PVDF), polyvtetrafluoroethylene (PTFE), polvethersulfone (PES), or any combimation thereof.

[0488] In some embodiments, the filter is a polyethersulfone (PES) membrane filter or a polytetrafluoroethylene
(PTFE)} membrane filter. In some embodiments, the filter has a pore size of about 0.01 pm, about 0.02 ym, about
0.05 um, about 0.08 pmy, about 0.1 pm, about 0.2 pm, about 0.3 um, about 0.4 um, about 0.5 um, or about 1 um
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[3489] In some embodiments, one or more of rucroorganisms (e.g, bacteria, mold, or yeast) and particles are
substantially removed from the pharmaceutical composttion by the filtration.
{8490] In some embodiments, the method compnises the steps of

1) cooling the pharmaceutical composttion at a first temperature befow 0 °C for a first period of time;

1t} removing one or more solvents from the resulting mixture of step (i} at a second termperature below 0 °C,
and at a reduced pressure below 760 Torr, for a second penod of time.
{0491} In some embodiments, the method comprises one or more steps selected from:

0Oa) dispensing the pharmaceutical conposition in astenle vial;

ia) cooling the pharmaceutical composition at a rate ranging from about 0.1 °C per minute to about 5 °C per
nunute 1o the first temperature ranging trom about -20 °C to about -80 °C;

ib) holding the pharmaceutical composition at the first temperature for the fisst period of tme ranging fiom
about 1 hour o about © hours;

1a} subjecting the pharmaceutical composttion to the reduced pressure ranging from about T o Tomr to 1000
nilorr and warming the pharmaceutical composttion at a rate rangmg from about 0.1 °C per nunute to about 5 °C
per minute to the second temperature ranging from about ~-10 °C 10 -50 °C;

1tb) holding the pharmacevsical composition at the second temperature and under the reduced pressure or
the second period of time ranging from about 10 hours to about 30 hours;

ina) filling the stertle vial with nitrogen; and

1ib) capping and cimping the sterle vial.
0492] Insome embodiments, the pharmaceutical composition comprises the one or more otic therapeutic agents
{e.g, hearmng loss treatment agents) and the poloxamer. In some embodiments, the pharmaceitical composition
comprises the one or more otic therapeutic agents (e.g, heanng loss treatment agents) and poloxamer 407, In some
embodiments, the pharmaceutical composition comprises the one or more otic therapentic agents (e g, hearing loss
treatment agents) and purtfied poloxamer 407,
{0493] In some embodiments, the pharmaceutical composition comprises CHIRS9021, valproic acid sodium salt,
the poloxamer, DMSO, and water. Tn some emboduments, the pharmaceutical coraposition coraprises CHIR99021,
valproic acid sodium salt, poloxamer 407, DMSO, and water. In some embodiments, the pharmaceutical
composttion comprises CHIR99021, valproic acid sodium salt, purified poloxamer 407, DMSO, and water
{0494] In some embodiments, the method comprises one or more steps selected from:

0a) dispensing the pharmaceutical conposition in a stenle vial;

1a) coohing the pharmaceutical composition at a rate of about 0.5 °C per romute to the fisst temperature of
about -45 °C;
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1b) holding the pharmaceutical composition at the first temperature for the first period of tine of about 3
hours;

1a) subjecting the pharmaceutical composition 1o the reduced pressure of about 80 mTorr to 1000 mTorr
and warning the pharmaceutical composition at arate of about 0.5 °C per minute to the second ternperature of about
-30°C;

b} holding the pharmacertical composition at the second temperature and under the reduced pressure for
the second period of time ranging from about 10 hours to about 15 hours;

1ic) warming the pharmaceutical composttion at a rate of about 0.5 °C per nunute 1o 20 °C;

itd) holdmg the pharmaceutical composition at 20 °C and under the reduced pressure for 20 hours,

wia) filling the stertle vial with mtrogen; and

b} capping and crimping the stenle vial,

Other Aspects of the Reconstituted Solutions

{0495] In some embodiments, the reconstifuted solution is prepared by adding a diluent to the lyophilized
pharmaceutical composition of the present disclosure.

{0496] In some embodiments, the discloswre relates to a method for reconstituting a lyophilized
pharmaceutical composttion {as deseribed above or 1n the numbered embodiments), the method comprsing; ()
providing the lyophiized pharmaceutical composition of any preceding embodiment; (b} reconstituting the
lyophilized pharmaceutical composition with a pharmaceutically acceptable diluent; and (¢) obtaming a reconstituted
pharmaceutical composttion.

10497] In some embodiments, reconstituting the lyophilized pharmaceutical conmposition comprises dissolving
the lyophilized phammaceutical composition in the pharmaceutically acceptable diluent. In some embodiments,
dissolving the Iyophilized pharmaceutical composition i the pharmaceutically acceptable diluent takes less than
about 1 howr. In some embodiments, dissolving the vophihized pharmaceutical composttion in the pharmaceutically
acceptable diluent takes less than about 45 manutes. In some embodiments, dissolving the lyophilized
pharmaceutical composition in the pharmaceutically acceptable diluent takes less than about 30 minutes. In some
embodiments, dissolving the Iyvophilized pharmaceutical composition m the pharmaceutically acceptable diluent
takes less than about 15 munutes. In some embodiments, dissolving the tvophilized pharmacentical composition in
the pharmaceutically acceptable diluent takes less than about 10 munutes.

{0498] In some embodiments, a reconstituted phammaceutical composition can be obtained by the method for
reconstituting a lvophilized pharmaceutical composttion.

[0499] In some embodiments, a reconstiuted phammaceutical compostion conprises the  tyophilized
conposition of the present disclosure and a diluent.

{0500] In some embodiments, the composition reconstitutes m less about 1 hour. In some embodiments, the
composition reconstitutes in less than about 45 minutes. In some embodiments, the composition reconstitutes i less
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than about 30 manutes. In some embodiments, the composttion reconstitutes m less than about 15 romutes. In some
embodiments, the composition reconstitutes in less than about 10 minutes.

{0501] Insome embodiments, the lyophilized pharmaceutical composition is prepared by tyvophilizing the
pharmaceutical composttion of the present disclosure.

{0502] Insome embodiments, the lyophilized pharmaceutical conposition 1s prepared by the method of the
present disclosure.

{0503]  In some embodiments, the Ivophilized pharmaceutical composttion comprises one or more oiic therapentic
agents {e.g , hearing loss treatment agenis) and a gelling agent

{0304] Insome embodiments, the diluent comprises water and dimethy! sulfoxide (DMSO).

{0505] In some embodiments, the concentration of DMSO i the diluent ranges from about 196 w/w to about
15% wiw, from about 2% wiw o about 12% wiw, from about 3% w/w 1o dbout 10% wiw, friom abowt 4% wiw to
about 9% wiw, from about 5% wiw to about 8% wiw, from about 5.5%6 wiw to about 7.5% wiw, from about 5.8%
wiw to about 7% wiw, from about 6% wiw to dbout 6.8% wiw, or from gbout 6.2% wiw to dbout 6.6% wiw. Int
some embodiments, the concentration of DMISO m the diluent 1s abowt 6.4% wiw. In some embodiments, the
dituent 1s 6.4 wiw% DMSO in water.

[0506] Tn some embodiments, the amount of the diluent added dunng the reconstitution ranges from about 1 ulL to
about 6 pl, from about 2 ul to about 5 pl, from about 2.5 ul to about 4.5 pl, from about 2.8 ub. o about 4 pi,
from about 3 ul to about 3.8 ul, or from about 3.2 pl to about 3.6 gl per mg of the lyophilized pharmaceutical
composition. fn some embodiments, the amount of the diluent added during the reconstitution 1s about 3 4 ul per
mg of the lvophilized pharmeceutical coraposition.

{0507]  In some embodiments, the amount of the diluent added durning the reconstifution 15 about 20 grams, about
30 grams, about 40 grams, about 50 grams, about 60 grams, about 70 graros, about 80 grams, about 90 grams, about
100 grams, about 120 grams, about 150 grams, about 200 grams, about 300 grams, about 500 grams, about 800
grams, or about 1000 grams.

[0508] In some embodiments, the amount of the diluent added dunng the reconstitution 13 abowt 0. 1mil — about
1.5ml., abowt 0.3 mL —about 1.3 mL, about 0.5 mL —about 1.1 mU or about 0.7 mL —about 0.9 ml.. Insome
embodiments, the amount of the diluent added durng the reconstitution is about .85mlL.

{0309] In some embodiments, the diluent 1s sparged with mitrogen for about 10 seconds o about 30 munutes, from
about 20 seconds to about 20 mmutes, from about 30 seconds, to gbout 10 nwutes, from about 40 seconds to abowt
5 muanutes, from about 30 seconds to about 3 mimutes, or fiom about 1 minute o about 2 minutes prior to bemng
added 10 the lvophilized pharmaceutical composition.

{0316]  Insome embodiments, the diluent 1s sterle filtered (e g, using a PES 0.2 um filter andlor a 10 il syninge)

prior to being added to the lvophihzed pharmaceutical composition.
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0511 Insome embodiments, upon addition, the mixture of the lyophihized pharmaceutical coroposition and the
diluent is held at termperature lower than ambient temperature for a period time, thereby forming the reconstituted
solution. Tn vanous embodiments, the reconstifution process 18 conducted without any agitation of the nuxture of the
fyophilized pharmmaceutical composition and the diluent (e g, shaking, somcation, or vortexing). n some
embodiments, the reconstitution process comprises gently rotating the container (e g, the vial) to mix the lyophilized
pharmaceutical composttion and the dihuent, and/or gently tappimg the contamer {e.g., the vialj until the lyophalized
pharmaceutical composition and the dituent form a homogeneous solution.

{0512] In some embodiments, the mpdure of the lyophilized pharmaceutical composition and the dituentis held at
atemperature ranging from about - 10 °C to about 20 °C, from about -5 °C to abowt 15 °C, from about 0 °C to about
10°C, from about | °C to about 9°C, or from about 2 °C o about § °C. In some emboduments, the mixture of the
lyophilized pharmaceutical composition and the diluent is held at a temperature ranging from abowut 5-8 °C.

[0513] In some embodiments, the mixture of the lyophilized pharmaceutical composition and the dituent is
held for a period of time (e g, reconstitution time) being about 6 howrs or less, about 3 hours or less, about 2 howrs or
fess, about 1 hours or less, about 50 minutes or less, about 40 nunutes or less, about 30 nunutes or less, about 20
nurutes or less, or about 10 minutes or less. In certain erobodiments, the mixture of the vophihized pharmaceutical

compostion and the diluent 1s held for 20 minutes.

{0514] In some embodiments, the reconstitution process coraprises addition of the diluent to the lvophilized
pharmaceutical composition and storing the vial at 2-8 °C. In some embodiments, the reconstitution process
conprises addition of the dituent to the Iyophilized pharmacetical composition and storing the vial at 2-8 °C and
gently tapping the contamer {e.g., the vial) until the lyophilized pharmaceutical composition and the diluent forma
homogeneous solution. In some embodiments, the reconstitution process conprises addition of the difuent o the
lyophilized phammaceutical composttion and storing the vial at 2-8 °C and gently tapping the container (e.g ., the vial)
untif the lyophuhized pharmaceutical composition and the difuent form a homogeneous solution without sonication or
vortexing (for example in order to avoid poloxamer degradation or drug preciptation). In some emboduments, the
reconstition process comprises addition of about 0.85 ol of diluent to the Iyophilized pharmaceutical composition
and stonng the vial at 2-8 °C and gently tapping the contamer {e.g , the vial) until the lyophilized pharmaceutical
composition and the diluent form a homogeneous solution without sontcation or vortexing, In some embodiments,
the reconstitiion process comprises addition of about 0.85 mbL of diluent o the Iyophilized pharmaceutical
composition and storing the vial at 2-8 °C and gently tapping the container {e.g,, the vial) until the lyvophilized
pharmacentical composition and the diluent form a homogeneous solution without sonication or vortexing where
the diluent 18 6.4 ww% DMSO mwater. In some embodiments any of the reconsistution processes can be used o
measure improved reconsiitution time, for example the improvements discussed heren e.g. relative to non-

lyophilized sohd forms. In certain embodiments, the improvement m reconstitution time disclosed herem 1s
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specifically measured using a reconstitution process i which about 0.85 mil of diluent 1s added 1o the lyophilized
pharmaceutical composition, the viad 15 stored at 2-8 °C and gently tapped untif the lyophitized pharmaceutical
composition and the diduent form a homogeneous solution without somcation or vortexing, where the diluent is 6.4
wine DMBO i water. Improvements coudd be observed afler a fixed reconstituiion time, e.g. 20 mmutes,

{0515}  In some embodiments, the reconstifuted solution is a clear solution at ambient temperature (e.g,, between 20
°Cand26°C).

{0516] In some embodiments, the reconstituted solution 1s suitable for mjection at ambient temperature (e g,
between 20 °C and 26 °C).

10517} Insome embodiments, the reconstituted sohition has a gelation temperature being higher than ambient
teroperature (e.g, between 20 °C and 26 °C; preferably 25 °C) and beng lower than the temperature of human body
{e.g, between 36 °C and 39 °C; preferably 37°C).

{0518] In some embodiments, the reconstituted solution has a gelation temperature range of about 2 °C or about 3
°C.

{0519] In some embodiment, the reconstituted solution is stable upon storage of at a temperature ranging from
gbout -10 °C to about 20 °C, from about -5 °C to about 15 °C, from abowt 0°C to about 10 °C, rom abouwt 1 °C o
about 9 °C, or from about 2 °C to about 8 °C.

{0520] In some embodiment, the reconstituted solution 1s stored for about 10 ramutes or longer, about 20 mmutes
ot longer, about 30 munutes or longer, about 40 minutes or longer, about 50 munutes or fonger, about 1 hour or
longer, about 2 hours or longer, about 3 hours or longer, about 4 hours or longer, about 5 hours or longer, or about 6
hours or longer prior o use.

{0521] Insome embodiment, about 0.1% or less, about 0.09% or less, about 6.08% or less, about 0.07% or less,
about 0.06% or less, about 0.05% or less, about 0.04% or less, about 0.03% or less, about 0.02% or less, or about
0.01% or less of one or more otic therapeutic agents (e.g,, CHIR99021 and/or sodium valproate) degrades duning the
storage.

{0822] Insome embodiments, the reconstituted solution has a pH value ranging from about 4 to about 13, from
about 5 1o gbout 12, from sbowt 6 to about 1, from about 6.5 to abowt 10.5, or fiom about 7 o about 10,

[0523] In some embodiments, the reconstifuted solution 18 suitable for imjection at ambient temperature (e g,
between 20 °C and 26 °C) through a needle (e ¢, a needle having an inner diameter of about 3 81 mm or less, about
3.43 mun or less, about 3.00 nwn or less, about 2.69 mm or less, about 2.39 rom or less, about 2.16 mmoor less, abow
1.80 mm or less, about 160 mm or less, about 1.37 mm or less, about 1.19 mm or less, about 1.07 mm or less, about
0.84 mmor less, about 0.69 mmoor less, about 0.60 mm or less, about .51 num or less, about .41 mm orless, about

0.34 mim or less, about 0.31 mum or less, or about 0.26 mm or less),

[
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[0524] Insome embodiments, the reconstituted solution 1s formulated for injection m a volume of about 1 ml or
fess, about 900 ul or less, about 800 il or fess, about 700 wd or less, about 600 pl or less, about 500w or less, about
400 il or less, about 300 ul or less, about 200 ul or less, or about 100 or fess.
[05258] In some embodiments, the reconstituted solution comprises:

1) CHIR99021 or a pharmaceutically acceptable salt thereof being present at a concentration ranging from
0.05 mg/ml to about 50 mg/mi;

1) valproic acid or a pharmaceutically acceptable salt thereof being present at a concentration ranging from
1 mg/ml to about 1000 mg/mt;

i1} poloxamer 407 bemng present at a conceniration ranging from 2 wi¥s to about 50 wi%e; and

w) dimethyl sulfoxide (DMSO) being present at a concentration below 15 wi%%.
0826] Insome embodiments, the pharmaceutically acceptable salt of valprote acid s a sodiumn salt. In some
embodiments, the pharmaceutically acceptable salt of valproic acid is sodium valproate.
[0527] Insome embodiments, the concentration of CHIR99021 or the pharmaceutically acceptable salt thereof in
the reconstituited solution ranges from about 0.1 me/mi to about 10 mg/mi, from about 0.5 mg/mi to about 5 mg/ml,
from about | mg/ml to about 3.5 mg/ml, or friom about 2.9 mg/mi 1o about 3.3 mg/ml. In some embodiments, the
concentration of CHIR99021 or the pharmaceutically acceptable salt thereofis about 3.1 mg/ml.
{0528] In some embodiments, the concentration of valproic acid or the pharmaceutically acceptable salt thereofin
the reconstifiied sohstion ranges from about 5 mg/mi to about 400 mg/mi, from about 10 mg/ml to abowut 200
mg/mi, from about 30 mg/mi to about 100 me/mi, or from about 86 me/mi to about 92 mg/ml. In some
embodiments, the concentration of valproic acid or the pharmaceutically acceptable salt thereof1s about 89 mg/ml.
{0529] In some embodiments, the concentration of poloxamer 407 i the reconstituted solution ranges from about
S wi%e to gbout 25 wi%s, from about 10 wi%s 1o abowt 22 wite, from about 12 w6 1o about 20 wits, or from about
14wt to about 17 wi%6. In some embodiments, the concentration of poloxamer 407 is about 16 wit%.
0530] Insome embodiments, the concentration of DMSO 1 the reconstituted solution ranges from about T wi%e
to about 10 wi%e, from about 2 wi%e to about 8 wite, from about 3 wi¥a to about 7 wi%e, or from about 4 wite to
about 6 wi%. In some embodiments, the concentration of DMSO s about S wibe.
[0531] In some embodiments, the weight ratio between CHIRS9021T or the pharmaceutically acceptable salt
thereof and valproic acid or the pharmaceutically acceptable salt thereof in the reconstituted solution ranges from
gbout 1S o about 1:10, from about 1:10 10 abowt 1:50, from about 1.20 10 about 1:38, fromabout 1:25 10 about
1:31, or from about 1:27 to about 1.29.
{0532] In some embodiments, the weight ratio between poloxamer 407 and the DMSO ranges i the reconstitited
sohution from about 1:5 0 about 401, from abowt 1:2 o about 15:1, fromabout 1:1 to abowt 8.1, fiom abowt 2:1
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about 4.1, or from about 2.5:1 to about 3.5:1. In some embodiments, the weight ratio between poloxamer 407 and
the DMISO 1s about 3.1
{0533] In some embodiments, the weight ratio between CHIR99021 and poloxamer 407 in the reconstituted
sohution 1s about 0.02:1; the weight ratio between CHIR99021 and the DMSO s about 0.06:1; the weight ratio
between valproic actd sodium salt and poloxamer 407 1s about 0.54:1; and/or the weight ratio between valproic acid
sodium salt and the DMSQO s about 3.2:1.
{0534] In some embodiments, the concentration of CHIR99021 or the pharmaceuncally acceptable salt thereof in
the reconstituted solution ranges from about 2.9 mg/mil o about 3.3 mg/ml; the concentration of valproic acid or the
pharmaceutically acceptable salt thereof ranges from about 86 mg/mi to about 92 mg/ml; the concentration of
poloxamer 407 ranges from about 14 wi% to about 17 wt%; and the concentration of DMSO ranges from about 4
wi% to about 6 wi¥s,
{0535] In some embodiments, the concentration of CHIR99021 or the pharmaceutically acceptable salt thereof in
the reconstitited sohion ranges from about 3.2 mg/mil to about 3.3 mg/mi; the concentration of valprote acid or the
pharmaceutically acceptable salt thereof ranges from about 87 mg/ml 1o about 90 mg/ml; the concentration of
poloxamer 407 ranges from about 14 wi% to about 16 wt%; and the concentration of DMSO ranges from about 4
wi%% to about 5 wi%s,
{0536] In some embodiments, the concentration of CHIR99021 or the pharmaceunically acceptable salt thereof in
the reconstifiied sohstion 1s about 3.1 myg/mi; the concentration of valproic acid or the pharmacentically acceplable
salt thereof 1s about 89 mg/ml; the concentration of poloxamer 407 is about 16 wit%; and the concentration of
DMSO s about S wido,
{0537] In some embodiments, the reconstituted solution comprises:

1) CHIR99021 or a pharmaceutically acceptable salt thereof being present at a concentration ranging from
0.05 mg/ml to about 50 mg/mi;

1} valproic acid or a pharmaceutically acceptable salt thereof being present at a concentration ranging from
1 mg/ml to about 1000 mg/mi;

i) poloxarmer 407 bemng present at a concentration rangmg from 2 wi%s 1o about S0 wi%e; and

1w} dimethyl sulfoxide (DMSO) beng present at a concentration below 15 wi%.
{0538] In some embodiments, the pharmaceutically acceptable salt of valproic acid 1s a sodium salt. In some
embodiments, the pharmaceutically acceptable salt of valproic aad 1s sodum valproate.
{0539] In some embodiments, the concentration of CHIR99021 or the pharmaceunically acceptable salt thereof in
the reconstituted solution ranges from about 0.1 mg/mil o about 10 mg/mi, from about 0.5 mg/mi to about 5 mg/m,
from about T mg/mil to about 3.5 mg/ml, from about 1.9 mg/mi to about 2.3 mg/mi. In some embodiments, the

concentration of CHIR99021 or the pharmaceutically acceptable salt thereofis about 2.1 mg/ml.
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[0540] In some embodiments, the concentration of valproic acid or the pharmaceutically acceptable salt thereofin
the reconstituted solution ranges from about S mg/ml 1o about 400 mg/ml, from about 10 mg/ml o about 200
mg/mi, from about 30 mg/al to about 100 mg/l, from about 56 mg/ml to about 62 mg/ml. In some embodiments,
the concentration of valproic acid or the pharmaceutically acceptable salt thereof s about 59 mg/mi.

{0541] In some embodiments, the concentration of poloxamer 407 in the reconstituted solution ranges from about
5 wi¥s to gbout 25 wite, from abowut 10 wiSo fo about 22 wi%s, from about 12 wite 1o about 20 wits, fromabout 14
wioto about 17 wi%. In some embodiments, the concentration of poloxamer 407 is about 15 wi%e.

{0542] In some embodiments, the concentration of DMSO in the reconstituted solution ranges from about T wi%
10 about 10 wi%s, from about 2 wiS%s o about 8 wie, from about 3 wiSs o about 7 wie, from about 4 wi%s to about
6 wi%. In some embodiments, the concentration of DMSQO s dbout 5 wids.

{0343] Insome embodiments, the weight ratio between CHIR99021 or the pharmaceutically acceptable salt
thereof and valproic acid or the pharmaceutically acceptable salt thereof n the reconstituted solution ranges from
about 1.5 o gbout 110, fiom abowt 11100 about 1:50, from abowt 1:20 to about 1:35, from abowt 1:25 1o abowut
1:31, or from about 1:27 to about 1:29.

[0544] In some embodiments, the weight ratio between poloxamer 407 and the DMSO 1n the reconstituted
solution ranges from about 1:5 to about 40:1, from about 1:2 to abowt 15:1, from about 1.1 to about 8:1, from about
Z1 toabout 41, fromabout 2.5:1 to about 3.5:1. In some ervbodiments, the weight ratio between poloxamer 407
and the DMSG s about 3:1.

[0545]  In some embodiments, the weight ratio between CHIR99021 and poloxamer 407 in the reconstituted
solution 1s about 0.016:1; the weight ratio between the CHIR99021 and the DMSO 1s about 0.06:1; the weight ratio
between valprotc acid sodium salt and poloxamer 407 1s about 0.42:1; and/or the weight ratio between valproic acid
sodium salt and the DMSO s about 1.5:1

{0546] In some embodiments, the concentration of CHIR99021 or the pharmaceutically acceptable salt thereof in
the reconstituted solution ranges from about 1.9 mg/mi to about 2.3 mg/ml; the concentration of valproic acid or the
pharmaceufically acceptable salt thereof ranges from about 56 mg/ml to about 62 mg/mil; the concentration of
poloxamer 407 ranges from about 14 wi%s to about 17 wi%%, and the concentration of DMSO ranges from about 4
wi¥s to about 6 wite,

{0547} In some embodiments, the concentration of CHIR99021 or the pharmaceutically acceptable salt thereof in
the reconstituted solution 1s about 2.1 mg/mi; the concentration of valproie acd or the pharmaceutically acceptable
salt thereof is about 59 mg/mi; the concentration of poloxamer 407 1s about 15 wi%s; and the concentration of
DMSO s about 5 wits,

{0548] In some embodiments, the reconstifuted solution comprises:
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1) CHIR99021 or a pharmaceutically acceptable salt thereot bemng present at a concentration ranging from
0.05 mg/ml to about 50 mg/mi;

1) valproe acid or a pharmaceutically acceptable salt thereof being present at a concentration ranging from
1 mg/ml to about 1000 mg/mi;

11} poloxamer 407 being present at a concentration ranging from 2 wi%s to about 50 wi%e; and

1) dimethyl sulfoxide (DMSO) bemg present at a concentraion below 15 wi%,
{0549] In some embodiments, the pharmaceutically accepiable salt of valproic acid is a sodium salt (e.g | sodium
valproate),
{0550] In some embodiments, the concentration of CHIRS9021 or the pharmaceutically acceptable salt thereof in
the reconstituted solution ranges from about 0.1 mg/ml to about 10 mg/mi, from about 0.5 mg/ml to about 5 mg/ml,
from about 1 mg/mi to about 3.5 mg/md, or from about 1.2 mg/mi to about 1.5 mg/ml. In some embodiments, the
concentration of CHIR99021 or the pharmaceutically acceptable salt thereof ranges is about 1.4 mg/ml.
[0551] In some embodiments, the concentration of valproic acid or the pharmaceutically acceptable salt thereofn
the reconstitiied sohution ranges from about § meg/ml to about 400 mg/ml, from about 10 mg/mi to about 200
mg/mi, from about 30 mg/mi to about 100 my/mi, or from about 36 me/mi to about 42 mg/ml. In some
embodiments, the concentration of valproic acid or the pharmaceutically acceptable salt thereof is about 39 mg/ml.
{0552] In some embodiments, the concentration of poloxamer 407 i the reconstituted solution ranges from about
5 wi%e o about 25 wit, from about 10 wi¥s to aboui 22 wi%e, from about 12 wit to about 20 wite, of from about
14 w10 about 17 wi%. In some embodiments, the concentration of poloxamer 407 1s about 15 wi%.
{0383] Insome embodiments, the concentration of DMSO m the reconstituted solution ranges from about T wi%
1o about 10 wi%s, from about 2 wi%e 1o about 8 wi%e, from about 3 wi%a to about 7 wi%s, or from about 4 wite to
about 6 wi%s. In some ernbodiments, the concentration of DMSO s gbout 5 wi%.
{0554] In some embodiments, the weight ratio between CHIR99021 or the pharmaceutically acceptable salt
thereof and valproic acid or the pharmaceutically acceptable salt thereof m the reconstituted solution ranges from
about 1:5 1o about 1:10, from about 1:10 to about 1:50, from about 1:20 1 about 1:35, from about 1:25 10 about
131, or from gbout 127 to about 1:29.
[0555]  In some embodiments, the weight ratio between poloxamer 407 and the DMSO i the reconstituted
solution ranges from about 1:5 to about 40: 1, from about 1.2 to about 15:1, from about 1:1 1o about &:1, from about
2o dhoutd: ], fom dbowt 2.5 1 toabowt 3.5:1.
{0586] In some embodiments, the weight ratio between poloxamer 407 and the DMSO 11 the reconstituted
solution 18 about 3. 1; the weight ratio between the CHIR99021 and poloxamer 407 1s about 0.013:1; the weight ratio
between CHIR99021 and the DMSG is about 0.06:1; the weight ratio between valproic acid sodium salt and
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poloxamer 407 is about 0.23:1; and/or the weight ratio between valproic acid sodium salt and the DMSO s sbout
1.8:1

{0587] In some embodiments, the concentration of CHIR99021 or the pharmaceunically acceptable salt thereof in
the reconstitited sohon ranges from about 1.2 mg/mil to abowut 1.5 mg/mi; the concentration of valprote acid or the
pharmaceutically acceptable salt thereof ranges from about 36 myg/mi to about 42 mg/mil; the concentration of
poloxamer 407 ranges from about 14 wi% 1o about 17 wi%, and the concentration of DMSO ranges from about 4
wit%e to about 6 Wi,

[0558] In some embodiments, the concentration of CHIR99021 or the pharmaceunically acceptable salt thereof in
the reconstifiied sohstion 1s about 1.4 mg/mi; the concentration of valproic acid or the pharmacentically acceplable
salt thereof 1s about 39 mg/ml; the concentration of poloxamer 407 is about 15 wit%; and the concentration of
DMSO s about S wido,

{0559] In some embodiments, the reconstituted solution comprises, mn addition to the active agents, one or more of
water or a butfering agent; a bulking agent (e.g, purtfied Poloxamer 407), a stabilizing agent; a tonicity-adjusting
agent; and a soothing agent.

{0560] Insome embodiments, the reconstituted soluion corprises, in addition to the active agents, purtfied
poloxamer (e.g,, purtfied Poloxamer 407), and wherein the reconstituted solution has a higher stability to oxygen
and/or light as compared to a comparable reconstituted solution without (e g, puntfied Poloxamer 407). In some
embodiments, the comparable reconstituted solution comprises unpuritied Poloxamer (e.g., unpurified Poloxamer
407,

0561] Insome embodiments, the level of an impurity present in the reconstituted solution 1s less than about 10000
parts per mitlion (ppm), less than about 1000 ppm, less than about 100 ppm, less than about 10 ppim, less than about
1 pprn, or less than about 0.1 ppm.

{0562] In some embodiments, the tmpurity 1s selected from the group consisting of 1-acetate-2-formate-1,2-
propanediol, acetic acid, formmc acid, formaldehyde, acetaldehyde, and propionaldebvde.

{0563] Insome embodiments, the level of polvethylene oxide present i the reconstituted sohition is below about 3
Y%, below about 2 %6, below about 1 %o, below about 0.5 %4, or below about 0.1 %, as measured by hugh-
performance hqued chromatography (HPLC),

{0564] In some embodiments, the total level of one or more impurities with cLog P of about 1 or less present in the
reconstifuted solution 1s from about 30 % o about 35 %%, from dbowt 25 Y% to abowt 29 %4, from about 20 %% to about
25 %%, from about 15 % to about 19 %, from about 10 9% 10 about 14 %%, fiom about 5 % 10 about @ %, or from about
0% 1o about 4 %, as measured by hugh~-performance liquid chromatography (HPLC).

{0565] In some embodiments, the total level of one or more impurities having a boiling pomnt of about 220 °C or

Jess present m the reconstituted sotution 1s from about 35 % to about 40 %o, from about 30 % to about 34 %, fiom
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gbout 25 %6 1o about 29 %, from about 20 % to about 25 %%, from about 15 Yo 1o about 19 %%, from sbowt 10% 10
about 14 %4, from about 5 Y to about 9 %, or from about 0 % to about 4 %6, as measured by high-performance iquid
chromatography (HPLC).

[0566] In some embodiments, the reconstituted sohution comprises purtfied poloxamer (e.g, purtfied Poloxamer
407), and wheremn the level of the one or more otic therapeutic agents (e g , hearing loss treatment agents) present in
the reconstituted solution 1s about 1.5 fold or hugher, about 1.8 fold or hugher, about 2 fold or lugher, about 2.5 fold or
higher, about 3 fold or higher, about S fold or higher, or about 10 fold or higher as compared to a comparable
reconstitited solution without punfied poloxamer (e g, puntied Poloxamer 407). In some embodiments, the
comparable reconstituted solution comprises unpurified poloxamer (e g, unpurified Poloxamer 407},

[3567] Insome embodiments, the reconstituted solution comprises punfied poloxamer (e.g, punfied Poloxamer
407), and wherem the reconstituted solution has lower batch-to-batch vanability of one or more gelation properties
{e.g, gelation temperature, viscosity, and/or stability ) as compared to a comparable reconstituted solution without
purtfied poloxamer (e g, purified Poloxamer 407). In some embodiments, the comparable reconstiuted sohution
comprises unpurtfied poloxamer (e g, unpurified Poloxamer 407).

[0568] Insome embodiments, the reconstituted solution cormaprises punfied poloxamer (e.g, punfied Poloxamer
407), and wherem the reconstituted solution has a lower gelation temperature, a narrower gelation temperature range,
amore sustamed release of the hearing loss treatment agent, and/or a igher viscosity as corpared to a reconstituted
sohution without purified poloxamer (e g, purified Poloxamer 407). In some embodiments, the comparable
reconstituted solution comprises unpurified poloxamer (e.g, unpurified Poloxamer 407).

{0369] Insome embodiments, the reconstituted solution comprises punfied poloxamer (e.g, purified Poloxamer
407), and wherem the reconstituted solution has a lower gelation temperature than the gelation temperature of an
otherwise identical composition with unpurified poloxarer rather than purified poloxamer, wherem the teroperature
is aboux 1 °C lower, about 2 °C lower, about 3 °C lower, about 4 °C lower, about 5 °C lower, about 6 °C lower, about
7 °C lower, about 8 °C lower, about © °C lower, about 10 °C lower, about 11 °C lower, about 12 °C lower, or showt
13 °C lower than the gelation temperature of an otherwise identical reconsttuted solution with wnpunfied poloxamer
{e.g., unpuntied Poloxamer 407) rather than punfied poloxamer as desciibed herein. - In other embodiments, the
reconstituted solution comprises puritied poloxamer {e.g, purified Poloxamer 407), and where the reconstituted
sohution has a narrower gelation temperature range compared o the gelation temperature range of an otherwise
wdentical corposition with unpurified poloxamer rather than punfied poloxamer. The gelation temperature range 1s
the range of temperatures over which the formulation transiions from being a fluid to being a gel. Composition with
unpurified poloxamer generally transition from a thud to a gel over arange of about 10 °C, whereas otherwise
dentical compositions with punfied poloxamer (e g, puitfied Poloxamer 407) transition from a fluid to agel over a

range of about 2 °C 1o about 3 °C.
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0570] Insome embodiments, the reconstituted solution cormaprises punfied poloxamer (e g, punfied Poloxamer
407), and wherem the reconstituted solution has a reduced degradation rate as compared 1 a comparable
reconstitiited solution without punfied poloxamer (e.g, puntied Poloxamer 407). In some embodiments, the
comparable reconstituted solution compunses unpunified poloxamer {e.g., unpurtfied Poloxamer 407},

{0571 Insome embodiments, the reconstifuted solution 15 suutable for myection (e.g., intratympanic mjection).
{0372] Insome embodiments, the reconstituted solution mamtams one or more theometnic propertiesof a
pharmacewtical composition which is used for prepanng the Ivophilized pharmaceutical composition.

{8573] In some embodiments, the reconstituted solution has a reduced degradation rate as compared to a
reconsiituted solution prepared from a comparable fyophilized pharmagceutical composition without purified
poloxamer (e.g, purified Poloxamer 407). In some ervhodiments, the comparable lyophilized phanmaceutical
compostiion comprises unpurtiied poloxamer (e.g, unpunified Poloxamer 407),

{0574] In some embodiments, the reconstituted solution comprises one or more of water or a buffering agent; a

bulking agent {e.g, purified Poloxamer 407, a siabilizing agent; a tonicity-adjusting agent; and a soothing agent.

Other Components

{0875] In some embodiments, the pharmaceutical composition or reconstituted solution of the present disclosure
comprises water,

{0576] In some embodiments, the pharmaceutical composition or reconstituted solution of the present disclosure
comprises a buffering agent. The buffer controls the pH of the reconstituted solution to a range of from about 4 to
about 13, fiom about 5 o about 12, from about 6 0 abowt 11, from about 6.5 to gbout 10.3, or fiom about 7 10 about
10.

0577] Examples of the buffering agent melude, but are not lmmted to, atrate buffening agents, acetate buffering
agents, phosphate buffering agents, ammonium chlonde, calcium carbonate, calcium chlonde, calcium ciirate,
calcium glubtonate, calcium gluceptate, calcium ghuconate, d-ghuconic acid, calcium glycerophosphate, calorum
lactate, calcium lactobionate, propanoic acid, calcium levalinate, pentanoic acd, dibasic calcium phosphate,
phosphoric acid, tmbasic calcium phosphate, calcium hydroxade phosphate, potassiunm acetate, potassium chlonde,
potassturn gluconate, potassium mixtures, dibasic potassium phosphate, monobasic potassiurmn phosphate, potassium
phosphate mixtures, sodium acetate, sodium bicarbonate, sodium chlonde, sodium atrate, sodium lactate, dibasic
sodium phosphate, monobasic sodium phosphate, sodium phosphate mixtures, tromethanime, ammo-sutfonate
buffers (e.g, HEPES), magnesium hydroxide, alunminum hydroxide, algmic acid, pyrogen-free water, isotonic
saline, Ringer's solution, ethyl aleohol, and/or combinations thereof Lubncating agents may be selected fromthe

non-himiting group consisting of magnesium stearate, calciuum stearate, stearic acid, silica, tale, malt, glveenvl
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behenate, hydrogenated vegetable oils, polyethylene glycol, sodium benzoate, sodium acetate, sodium chlonde,
levcine, magnesium lauy! sulfate, sodium lauryi sulfate, and combinations thereof.

[0578] In some embodiments, the buffenng agent compnises phosphate buffered saline, TRIS, tos acetate, tns HCl-
63, sodium citrate, histidine, arginime, sodivm phosphate, tis base-65, hydroxyethwl starch, or any combmation
thereof.

0579] As discussed above, apoloxamer can be used i certam embodiments as a gelling agent. An aldehyde
is a compound containng a functional group with the structure —CHO, consisting of a carbon double-bonded to
oxygen with the carbon atoro also bonded to a hydrogen atom. Aldehydes, mcluding tormaldehyde, acetaldehvde,
and propionaldehyde, are potential impuinities and degradation products of poloxamers and may be formedeg.
when the poloxamer 1s present n a gel. Lyophulization beneficially removes aldehydes present m the test
composttion. Lyophilized compositions disclosed heremn can also be more stable than the gel form, for example in

relation to the levels of aldehyde present over time.

{0580] In some embodiments, tyophilization removes aldehydes from the composttions of the present
disclosure.
{3581] In some embodiments, preservatives such as antioxidants are not required in the vophilized

compostions of the present disclosure, for exanple because of the low levels of aldehydes present.

[0582] In some embodiments of the lyophilized pharmaceutical coraposition, the concentration of aldehydes 1s
fess than about 1, about 2, about 3, about 4, about 5 or about 10 ppm {pg/e). In some embodiments of the lyophihized
pharmaceutical composition, the concentration of aldehydes 15 less than about 10 ppm (ug/g). In some embodiments
of the lyophihized pharmaceutical composition, the concentration of aldehydes 1s less than about 5 ppm (ug/s). In
some embodiments of the lyophilized pharmaceutical composition, the concentration of aldehvdes is less than about
4ppm (ug/g) In some embodiments of the lyophihzed pharmaceatical composition, the concentration of aldehydes
is less than about 3 ppm {ug/e). In some embodiments of the lyophilized pharmaceutical composiion, the
concentration of aldehydes 1s less than about 2 ppm (jg/g). In sorme embodiments of the lyophilized pharmaceutical
composition, the concentration of aldehydes 15 less then about 1 ppm (Lg/g).

[0583] In some embodiments, the aldehydes are volatile aldehydes.

j0584] In some embodiments, the aldehydes comprise molecules where each individual molecule has a
nmolecuar weight of less than 300 Da. In some embodiments, the aldehydes comprise molecules where each
mdividual roolecule has a molecudar weight of less than 200 Da In some embodiments, the aldebyvdes comprse
molecules where each individual molecule has a molecular weight of less than 106 Da.

[0585] In some embodunents, the aldehvdes conmpnise formaldehyde, acetaldehyde, and/or propronaldehyde.
{0586] Some examples of antioxidants mclude, but are not hnwted to, RRR-Alpha-Tocopherol, d-Alpha
tocopherol; d-alpha tocopheryl acetate; di-alpha tocophervl acetate; d-alpha tocopheryl acd sucemate; di-alpha
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tocopheryl acid succinate; beta tocopherol; delta tocopherol; gamima tocopherol; tocopherols excipient, Ascorbic
Aad, Ascorbyl palmitate; ervthotbic acid, sodium ascorbate; sodium erythorbate, butylated hydroxyichuene;
Butylated Hydroxyanisole; Anhydrous citric acid; fumance acid; malic acid; sodium aitrate; dihydrate; tartanic acid;
Citne Aad Monohydrate, Edetic Acid; Dipotassum edetate; disodium edetate; edetate calcium disodium; sodium
edetate; tnsodium edetate; propy! gallate; Methuoning; Monothioglycerol; Pentetic Acid; Potassium Metabisulphite;
Potassium bisulfite; sodem metabisulfite; Propiome Acid; Calcium propionate; sodium propionate; Dodecyl gallate;
ethyl gallate; octyl gallate; Sodium Formaldehyde Sulfoxylate; Anhydrous Sodium Sulphite; Sodium Thiosulphate;
Sulfur Dioxade; Vitamin E Polyethylene Glycol Succinate.

{0387] In some embodiments, the pharmaceutical composition of the present disclosure does not comprise an
antioxidant,

{0388] In some ermbodiments, the tyophilized pharmaceutical composition of the present disclosure does not
comprise an antioxidant.

{0589] In some embodiments, the reconstiuted lyophilized pharmaceutical composition of the present

disclosure does not comprnise an antioxidant.
{3590] In some embodiments, the pharmaceutical composition of the present disclosure does not coraprise an

antioxidant and has a concentration of aldehydes which 1s less than about 1, about 2, about 3, about 4, about 5 or

about 10 ppm (ug/g) .
{0591] In some embodiments, the lyophilized pharmaceutical compostiion of the present disclosure does not

conprise an antioxidant and has a concentration of aldehydes which 1s less than about 1, about 2, about 3, about 4,
about 5 or about 10 ppm {ugly) .

[0592] In some embodiments, the reconstituted phanmaceutical composttion of the present disclosure does not
compuse an antioxidant and has a concentration of aldehydes which 1s less than about 1, about 2, about 3, about 4,
about 5 or about 10 ppm{ug/e).

[0593] Insome embodiments, the the pharmaceutical corposition or reconstituted solution of the present
disclosure comprises a bulking agent

{0594] In some embodiments, the bulking agent comprises poloxamer (e.g., poloxamer 407), mannitol, sucrose,
maltose, trehalose, dextrose, sorbitol, ghucose, raffinose, glyone, hustidine, polyvmylpyrolidone (e.g.,
polyvinvipymrolidone K12 or polyvinyipyrohdone K17), lactose, or any combmation thereof.

{0395]  In some embodiments, the poloxamer {e.g, poloxamer 407} 1s the gelling agent and/or the bulking agent.
In some embodiments, the poloxamer (2 g, poloxamer 407} 1s the gelling agent and the bulking agent.

[0596] In some embodiments, where the composition compnses a gelling agent (such as poloxamer, e g

Poloxamer 407), the composition does not comprise an additional bulkang agent (such as mannitol, sucrose, maltose,
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trehalose, dextrose, sorhitol, glucose, raffinose, glveine, hastidine, polyvinylpyrohidone (e.g, polyvinylpyrohdone
K12 or polvvinylpyirohidone K17), lactose, or any combination thereof).

{0597] A bulking agent can positively enhance the lyophilization process, leading to an improved
dned/tyophalized product m terms of appearance and charactenistics.

{0598] However, a solution of poloxamer 407 can be lyophilized in the absence of a bulking agentto forma
porous cake of substantial volume (e.g see Figure 9) and not a flat sheet of died mass {e.g, see Figure 10}, The same
effect was noted when a molecule such as sodium valproate (INaVPA ) was added to poloxamer 407 solution. A
polymerc Ivophilized cake mass produced n this way {e.g. see Step 7 of Exarnple 10) reconstrtuted well and
retaned the rheologrcal properties similar to the pre-lyophulized solution.

{3599] In some embodiments, the pharmaceutical composition of the present disclosure does not comprise
bulking agent m addition 1o the gelling agent.

{0600] In some embodiments, the lyophilized pharmaceutical composition of the present disclosure does not
compuse a bulking agent in addition to the gelling agent.

{0601] In some embodiments, the reconstituted lyophilized pharmaceutical composition of the present
disclosure does not compuse a bulking agent m addiion 1o the gelling agent.

{0602] Insome embodiments, the pharmaceutical composition or reconstituted solution of the present disclosure
comprises a stabilizing agent. In some embodiments, the stabihzing agent comprises Polyethylene Glycol,
saccharides, ascorbic acid, acetylcysiene, bisulfite, metabisulfite, monothioglyercol, mositol, oleic acid, or any
combination thereof

{0603] Insome embodiments, the stabiliaing agent comprises a aryoprotectant. In some embodiments, the
cryoprotectant s a polyol (e.g., adiol or a triol such as propylene glveol (1.e,, 1, 2Z-propanediol), 1,3-propanediol,
glveerol, (+/-}-2-methyi-2 4-pentanediol, 1,6-hexenediol, 1,2-butanediol, 2,3-butanediol, ethylene glycol, or
diethylene glycol), a nondetergent sulfobetaine (e.g, NDSB-201 (3-(1-pyndino)-1-propane sulfonate), an osmolyie
(e.g, L-proline or trimethylarme N-oxide dibydrate), a polymer (e g, polvethylene glycol 200 (PEG 200), PEG
400, PEG 600, PEG 1000, PEG 3350, PEG 4000, PEG 8000, PEG 10000, PEG 20000, polyefhylene glycol
monomethyl ether 550 (oPEG 550), mPEG 600, mPEG 2000, mPEG 3350, mPEG 4000, mPEG 5000,
polyvinylpyrrolidone (e g, polyvinylpyrrohidone K 15), pentacrythintol proposylate, or polypropylene glycol P 400),
an organic solvent (e g, dimethy! sulfoxide (DMSO) or ethanol), a sugar (e g, D<{-+}-sucrose, D-sorbitol, trehalose,
D-(+}raltose monchydrate, meso-erythitol, xyhitol, myo-mositol, D-(+raffinose pentahydrate, D-(+)-trehalose
dihydrate, or D-{+}-glucose monchydrate), or a salt (e.g,, lithtum acetate, lithuum chloride, lithium formate, hthium
nitrate, hthoum sulfate, magnesium acetate, sodium chlonde, sodium tormate, sodivm malonate, sodium ratrate,

sodium sulfate, or any hydrate thereof) or any combnation thereof.
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[0604] In some embodiments, the stabilizing agent comprises asalt. In some embodiment, the salt s selected from
the grovp consisting of lithium salts (e g, hithium acetate, ithium chlonde, lithium formate, lithium nitrate, ithiom
sulfate, or any hydrate thereof), magnesium salts {e.g, roagnesium acetate or a hydrate thereof), and sodium salis
(e.g., sodium chionde, sodium formate, soduim malonate, sodium nitrate, soduim sulfate, or any hydrate thereof).
For another example, the formulation comprises one or more sodium salts. For vet another exanple, the
forrmudation comprises sodium chionde.

{0605]  In some embodiment, the stabilizing agent compnses a surfactant. In some embodiments, the surfactant
comprises one or more amonic surfactants {e.g, Z-acrylamido-2-methylpropane subforic acid, anmonium lauryl
sutfate, ammonium perfluorononanoate, docusate, disodium cocoamphodiacetate, magnesium lavreth sulfate,
perfluorobutanesutfonic acid, perfluorononanoic acid, perfluorcoctanesulfonic acd, perfluorooctanoic acid,
potassium lauryl sulfate, sodiur alkyl sulfate, sodium dodecyl sulfate, sodium dodecytbenzenesulfonate, sodium
laurate, sodium laureth sulfate, sodium lawroyl sarcosinate, sodium myreth sulfate, sodium
nonanoyloxybenzenesulfonate, sodiarm pareth sulfate, sodum stearate, or sulfolipid), one or more cationic
surfactants (e g, behentnimontum chlonde, benzalkonum chlonde, benzethomum chlonde, benzododecinium
bromide, bromdox, carbethopendecmiur bronude, cetalkomurm chlonde, cetimonium bronude, cetrimonium
chlonde, cetylpyrndinium chlonde, didecyldimethylammonium chionde, dimethyldioctadecylammonium bromide,
dimethyldioctadecylammonium chlonde, domiphen bromude, lauryt methyl gluceth-10 hydroxypropyl dimomium
chloride, octenidine dihydrochloride, olaflur, n-oleyl-1, 3-propensdiamine, pahutoxin, stearalkomum chioride,
tetramethylammonium hydroxide, or thonzonium bromide), one or more zwattenionic surfactants (e.g,
cocarmdopropy! betaine, cocamidopropyl hy droxysultaine, dipalmitoylphosphatidyicholine, egg lecithun,
hydroxysultame, lecithin, myristamine oxide, peptitergents, or sodium lauroamphoacetate), and/or one or more non-
wonic surfactants (e g, alkyl polyelycoside, cetomacrogol 1000, cetostearyl alcobol, cetyl aleohol, cocamude dea,
cocarmide mea, decyl glucoside, decyl polyglucose, glycerol monostearate, igepal ¢a-630, 1soceteth-20, lauryl
glucoside, maltosides, monolaurin, mycosubtilin, namow-range ethoxylate, nonidet p-40, nonoxynol-9, nonoxynols,
np-40, octaethylene glycol monododecyl ether, n-octyt beta-d-thioghucopyranoside, octyl glucoside, oley! alcohol,
peg-10 sunflower glycendes, pentacthylene glycol monododecyl ether, polidocanol, a-tocophery] polyethylene
glyeol sucomate (TPGS), poloxamer (e.g, poloxamer 407), polyethoxylated tallow amine, polyglycerol
polyricinoleate, polysorbate (2 g, polysorbate 20, polysorbate 40, polysorbate 60, or polysotbate 80), sorbitan,
sorbitan monolaurate, sorbitan monostearate, sorbitan tnistearate, stearyl alcohol, surfactin, toton x-100},

{0606] In some embodiments, the the pharmaceutical composition or reconstituted solution of the present
disclosure comprises a tonicity-adjusting agent.

10607]  In some embodiments, the tomcity-adjusting agent comprises Na('l, dextrose, dextran, ficoll, gelatin,

marmitol, sucrose, glycine, glyeerol, or any combination thereof
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[0608] In some embodiments, the the pharmaceutical corposition or reconstituted solution of the present
disclosure comprises a soothing agent. In some embodiments, the soothing agent compnises hdocaine

{8609] In additon to these components, the pharmaceutical composition or reconstituted solution of the present
disclosure may mchude any substance useful i pharmaceutical compositions. In some ermbodiments, the
pharmaceutical conposition or reconstituted solution of the present disclosure may mclude one or more
pharmaceutically acceptable excipients or accessory ingredients such as, but not limuted to, one or more solvents,
dispersion media, diluents, dispersion aids, suspension aids, granulating aids, disintegrants, fillers, ghidants, hiquid
vehicles, binders, surface active agents, 1sotonic agents, thickening or erulsifying agents, buffering agents,
fubricating agents, oils, preservatives, and other species. Excipients such as waxes, butters, colorng agents, coating
agents, flavorings, and perfurning agents may also be mcluded. Pharnmaceutically acceptable exciprents are well
krown in the art (see for exarnple Remington’s The Science and Praciice of Pharmacy, 217 Bdition, A R, Gennaro,
Lippincott, Williams & Wilkins, Baltimore, MD, 2006).

{0610] Examples of dikients may mchude, but are not limited to, calcium carbonate, sodium carbonate, calcium
phosphate, dicalcium phosphate, calcium sultate, calcium hydrogen phosphate, sodium phosphate lactose, sucrose,
cellulose, microcrystalline cellulose, kaokm, manmitol, sorbiol, mositol, sodium chlonde, dry starch, comstarch,
powdered sugar, and/or combinations thereof. Granulating and dispersing agents may be selected from the non-
houting hist consisting of potato starch, com starch, tapioca starch, sodiuro starch glycolate, clays, algimic acid, guar
gum, ciirus pulp, agar, bentonite, cellulose and wood products, natural sponge, cation-exchange resins, calcium
carbonate, sthcates, sodium carbonate, cross-linked polv(vinylpyrrolidone) (crospovidone), sodiurm carboxymethyl
starch (sodium starch glycolate), carboxymethyl cellulose, cross-inked sodiam carboxymethyl celfulose
{croscarmellose), methyleeliulose, pregelatimized starch (starch 1500), microcrystalline starch, water insoluble starch,
calcium carboxymethyl cellulose, magnestum alunwmuam sithicate (VEEGUM®), sodiarn lauryl sulfate, quaternary
ammonium compounds, and/or combinations thereof.

[0611] Surface active agents and/or emulsifiers may mclude, but are not limited fo, natural emulsifiers (e.g, acacia,
agar, algmic acid, sodium alginate, tragacanth, chondrox, cholesterol, xanthan, pectin, gelatin, egg yolk, casem, wool
fat, cholesterol, wax, and lecithin), colloidal clays (e. g, bentonite [aluminum siheate] and VEEGUM® [magnesium
aluminum sihicate]), Jong chain amno acd denvatives, high molecular weight aleohols (e.g, stearyl alcohol, cetyl
alcohol, oleyl alcohol, triacetim monostearate, ethylene glycol distearate, glyceryl monostearate, and propylene glycol
monostearate, pobyvinyd aloohol), carbormers (e g, carboxy polymethylene, polyacryhic acd, acryhic aad polymer,
and carboxyvinyl polymer), carrageenan, cellulosic denvatives (e g, carboxymethyleeliulose sodium, powdered
cellulose, hydroxyrethy] cellulose, hydroxypropyt cellulose, hydroxypropyl methyleeliulose, methylcellulose),
sorbitan faity acid esters {e.g., polyoxyethylene sorbitan monolaurate | TWEEN®20], polyoxyethylene sorbitan

Mo

[TWEEN® 60}, polyoxyethylene sorbitan monooleate [TWEEN®R(], sorbitan monopalmitate [SPAN®40],
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sorbitan ronostearate [SPAN®G0], sorbitan tristearate [SPAN®GS], glyceryl monooleate, sorbitan monooleate
[SPAN®SO]), polyoxyethylene esters (e g, polyoxyethylene monostearate [MYRI® 45], polyoxyethylene
hydrogenated castor oil, polyethoxylated castor oil, polvoxymethylene stearate, and SOLUTOL®), sucrose fatty
acid esters, polyethylene glycol fatty acid esters (e.g, CREMOPHOR®), polyoxyethylene ethers, {e.g,
polyoxyethylene lauryl ether [BRU® 30}, poly{(vinyl-pyrrolidone), diethylene glyeol monolaurate, tnethanolamine
oleate, sodium oleate, potassiur oleate, ethyt oleate, oleic acid, ethyl lavrate, sodium lauryl sulfate, PLURONIC®F
68, POLOXAMER® 188, cetrimonium bromude, cetylpyridiniuim chlonde, benzalkonium chloride, docusate
sodivrm, and/or combinations thereof

{0612] A binding acent may be starch (e g, comstarch and starch paste); gelatin; sugars (e.g., sucrose, glucose,
dextrose, dextrin, molasses, lactose, lactiiol, manmutol); natural and synthetic gums {e.g, acacia, sodium alginate,
extract of Trish moss, panwar gum, ghatt gum, mucilage of wapol husks, carboxymethylcelhulose, methylcelldose,
ethylcellulose, hydroxyethvicellulose, hydroxypropyl cellulose, hydroxypropyl methylcellulose, microcrystalline
cellulose, cellulose acetate, poly{vinyl-pyrohdone), magnesium aluminum stheate (VEEGUM®), and larch
arabogalactan); alginates; polyethylene oxide; polyethylene glycol; morganic calerum salts; sihicic acid;
polymethacrylates; waxes; water; alcohol; and combinations thereof, or any other suitable binding agent

{0613] Exanples of preservatives may mclude, but are not imited to, antioxidants, chelating agents, antimicrobial
preservanves, antifungal preservatives, alcohol preservatives, acidic preservatives, andior other preservatives.
Examples of antioxidants include, but are not limited to, alpha tocopherol, ascorbic acid, ascorbyl palmitate,
butylated hydroxyanmisole, butylated hydroxytoluene, monothioglycerol, potassium metabisulfite, propionic acid,
propyl gallate, sodium ascorbate, sodium bisulfite, sodium metabisulfite, and/or sodnm sulfite. Examples of
chelating agents mclude ethylenedianunetetraacetic acid (EDTA), citric acid monohydrate, disodium edetate,
dipotasstum edetate, edetic acid, fumanc acid, malic acd, phosphoric agd, sodum edetate, tartanc acd, andlor
tnisodiim edetate. Examples of antimicrobial preservatives include, but are not imited to, benzalkonium chlonde,
benzethorium chlonde, benzy] aloohol, bronopol, cetrimide, cetylpyndiuum chlonde, chlorhexadine, chlorobutanol,
chlorocresol, chioroxylenol, cresol, ethyl alcohol, glycern, hexetiding, imidurea, phenol, phenoxyethanol,
phenylethyl alcohol, phenyvimercuric mitrate, propylene glycol, and/or thimerosal. Examples of antifungal
preservatives mclude, but are not limated to, butyl paraben, methyl paraben, ethyl paraben, propy] paraben, benzoic
acid, hydroxybenzoic acid, potassium benzoate, potassium sorbate, sodiim benzoate, sodium propionate, and/or
sorbic acid. Examples of alcohol preservatives mcude, but are not imated to, ethanol, polyethylene glycol, benayl
alcohol, phenol, phenolic compounds, bisphenol, chlorobutanol, hvdroxybenzoate, and/or phenylethy! alcohol.
Examples of acidic preservatives mclude, but are not limuted to, vitarnin A, vitamin C, vitamin E, beta~carotene,
citric acid, acetic acd, dehydroascorbic acid, ascorbic acid, sorbic and, and/or phytic acid. Other preservatives

include, but are not imuted 1o, tocopherol, ocopherol acetate, deteroxime mesylate, cetrinude, butylated
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hydroxyarusole (BHA), butylated hydroxytoluene (BHT), ethylenedianne, sodium lawryl sulfate (SLS), sodium
fawryt ether sulfate (SLES), sodium bisulfite, sodium metabisulfite, potassiom sudfite, potassium metabisulfite,
GLYDANT PLUS®, PHENONIP®, methviparaben, GERMALL® 115, GERMABEN®I, NEOLONE™,
KATHON™ asndior EUXYL®.

{0614] Examples of buffening agents include, but are not himited to, citrate buffenng agents, acetate buffering
agents, phosphate buffering agents, ammonium chlonde, calcium carbonate, calcium chlonde, caloum atrate,
calcium glubionate, calcium gluceptate, calaum gluconate, d-gluconic acid, calaum glycerophosphate, calcium
tactate, catcium lactobionate, propanoic acid, calcium levulinate, pentanoic acid, dibasic calcium phosphate,
phosphoric acid, mbastc calcium phosphate, calenum hydroxide phosphate, potassium acetate, potassiuim chloride,
potassium gluconate, potassium muxtures, dibasic potassium phosphate, monobasic potassium phosphate, potassium
phosphate mixtures, sodium acetate, sodium bicarbonate, sodium chlonde, sodium atrate, sodium lactate, dibasic
sodium phosphate, monobasic sodium phosphate, sodium phosphate mixtures, tromethamine, ammo-sulfonate
buffers (e.g, HEPES), magnesium hydroxade, alumunum hydroxide, algimic acid, pyrogen-free water, 1sotonic
saline, Ringer's solution, ethyl alcohol, and/or combinations thereof  Lubnicating apents may be selected from the
non-liniting group consisting of magnesium stearate, calcium stearate, steanic acid, silica, tale, malt, glveeryt
behenate, hydrogenated vegetable oils, polyethviene glycol, sodium benzoate, sodium acetate, sodnum chionde,
leucine, magnesium lauy! sultate, sodium lauryl sulfate, and combnations thereof

{0615] Examples of oils include, but are not limited to, almond, apricot kemel, avocado, babassu, bergamot, black
current seed, borage, cade, camonnle, canola, caraway, camauba, castor, cinnamon, cocoa buter, coconut, cod hiver,
coffes, com, cotton seed, emu, eucalypius, evening prirorose, fish, flaxseed, geramol, gourd, grape seed, hazel nut,
hyssop, sopropy! mynistate, jojoba, kukut nut, lavandin, lavender, lemon, litsea cubeba, macaderma nut, mallow,
mango seed, meadowfoam seed, mink, mitmeg, olive, orange, orange roughy, palim, palm kemel, peach kermel,
peantit, poppy seed, pumpkin seed, rapeseed, nice bran, rosemary, saftlower, sandalwood, sasquana, savoury, sea
buckthom, sesame, shea butter, sthcone, soybean, sunflower, tea tree, thuste, tsubaks, vetiver, walnut, and wheat
germ oils as well as butyl stearate, caprylic tnglycende, capric triglycende, cyclomethicone, diethyl sebacate,

dimethicone 360, simethicone, 1sopropy! mynstate, mineral oil, octyldodecanol, oleyl alcohol, silicone oil, and/or

{0616] As used herem, the term "pharmaceutically acceptable salt” takes its normal meaning m the art. In certain
embodiments 1t refers 1o those salts which are, within the scope of sound medical judgment, satable for usem
contact with the tissues of subjects without undue toxacity, uritation, allergic response and the like, and are
commensurate with a reasonable benefit/nisk ratio. Pharmaceutically acceptable salts are well known m the art. For
example, Berge et al. describes pharmaceutically acceptable salts in detal in J. Pharmaceutical Sciences (1977) 66:1-

19 Pharmaceutically acceptable salts of the compounds provided herem include those denved from suitable
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morganic and organic acids and bases. Examples of pharmaceutically acceptable, nontorac acid addition salts are
salts of an amino group formed with morganic acids such as hydrochlonic acid, hydrobronuic acid, phosphoric acid,
sutfune acid and perchlonc aad or with organic acids such as acetic acd, oxalic acid, maleic acd, tartanic acid, citne
acid, succinic acid or matomic acid or by using other methods used i the art such as on exchange. Other
pharmaceutically acceptable salts mclude adipate, alginate, ascorbate, aspartate, benzenesulfonate, besylate,
benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, afrate, cvclopentangpropionate, digluconate,
dodecylsulfate, ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate, gluconate, henusulfate,
heptanoate, hexanoate, hydroiodide, 2-hyvdroxy-ethanesulfonate, lactobionate, lactate, laurate, lawryl sulfate, malate,
maleate, malonate, methanesulfonate, Z-naphihalenesulfonate, nicotinate, mitrate, oleate, oxalate, palmitate, pamoate,
pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, prvalate, propionate, stearate, succinate, sulfate, tartrate,
thiocyanate, ptoluenesulfonate, undecanoate, valerate salts, and the like. In some embodiments, orgamc acids from
which salts can be denived include, for example, acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid,
lactic acid, tnfluoracetic acd, maleic acid, malonic aad, succinie ackd, furnaric aad, tartanc aad, atne agd, benzoic
acid, cinnamic acid, mandelic acid, methanesultonic acid, ethanesultomc acid, p-toluenesulforic acid, salicyhic acid,
and the like.

{0617] The salts can be prepared m situ during the 1solation and pusification of the disclosed compounds, or
separately, such as by reacting the fiee base or fiee acid of a parent compound with a suitable base or acid,
respectively. Pharmaceutically acceptable salts denved from appropriate bases include alkali metal and alkadine carth
metal. Representative alkali or alkaline earth metal salts mclude sodium, lithiumy, potassium, calcium, magnesium,
won, Zne, copper, manganese, aluminum, and the like. Further pharmaceutically acceptable salts mchude, when
appropriate, potassium, sodium, calcium, and magnesium salts.

[0618] "Alkyl" refers to astraight or branched hydrocarbon cham radical consisting solely of carbon and hydrogen
atoms, contaning no unsaturation, having from one 1o ten carbon atoms (e g, Crao alky!). Whenever tt appears
herein, a numencal range such as "1 to 10" refers 1o each mteger m the given tange; e.g, "1 10 10 carbon atons”
means that the atkyl group can consist of 1 carbon atom, 2 carbon atoms, 3 carbon atomns, etc, up to and inchuding
10 carbon atoros, atthough the present defimition also covers the occurrence of the term "alkyl" where no numencal
range 15 designated. In some embodiments, “alkyl” can be a Cis alky] group. In some embodiments, alkyl groups
have 11010, 110 8, 1 t0 6, 0or 1 t0 3 carbon atoms. Representative saturated straight cham alkyls include, but are not
hrmted to, ~-methyl, ~ethyl, -o-propyl, w-butyl, -npentyl, and -nvhexyl; while saturated branched alkyvls melade, bt
are not limited to, -isopropyl, ~sec-butvl, ~-isobutyl, -tert-butyl, -isopentyl, Z-methylbutyl, 3-methyibutyl, 2-
methylpentyl, 3-methylpentyl, d-methvlpenty], Z-methythexyl, 3-methvihexyl, 4-methylhexyl, S-methythexyl, 2,3-
dimethylbutyl, and the like. The alkyl is attached to the parent molecule by a single bond. Unless stated otherwise m

the specification, an alkyl group 1s optionally substitited by one or more of substituents which mdependently
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mclude: alkyl, alkenyl, alkynyl, alkoxy, cycloatkyl, aryl, orhalo. In a non-limuating embodiment, a substituted alkyl
can be selected from fluoromethyl, difluoromethyl, tnfluoromethy, 2-fluoroethyl, 3-fluotopropyl, hydroxymethyl,
Z-hydroxyethyl, 3-hydroxypropyl, benzyl, and phenethyl

0619] "Alkenyl" refers to astraight or branched hydrocarbon cham radical group consisting solely of carbon and
hydrogen atoms, contaiing at least one double bond, and having from two 1o ten carbon atoms (1.e., Crao alkenyt).
Whenever it appears herein, anumencal range such as "2 to 107 refers to each integer m the given range; e.g, "2 10
10 carbon atoms" means that the alkenyl group can consist of 2 carbon atoms, 3 carbon atoms, etc., up 1o and
mcluding 10 carbon atoms. In certam embodiments, an atkenyl comprises two 1o eight carbon atoms. In other
embodiments, an alkeny! comprises two 0 six carbon atoms (e.g., Crs alkenyl). The alkenyl 1s attached to the parent
molecular structure by a single bond, for exaraple, ethenyl (e, vingl), prop-1-enyl (ie., allyl), but- T-enyl, pent-1-
enyl, penta-1,4-dienyl, and the like. The one or more carbon-carbon double bonds can be mtemal (such asmn 2-
butenyl) or termmal (such as in 1-butenyl). Examples of Ca4 alkenyl groups include ethenyl (C), T-propenyl {(C3), 2-
propenyl (Cs), 1-butenyt {Ca), 2-butenyl (Ca), 2-methylprop-2-enyt {Ca), butadieny] (Cy) and the like. Examples of
Cas alkenyl groups nclude the aforementioned Co4 alkenyl groups as well as penteny! (Cs), pentadienyl (Cs),
hexenyl (Ce), 2,3~dunethyl-Z-butenyl (Co) and the hike. Additional examples of alkenyl include heptenyl (Cr),
octenyt {(Cs), octatrieny! (Ce) and the like. Unless stated otherwise in the specification, an alkeny! group can be
optionally substituted by one or more substituents which mdependently mclude: alkyl, alkenvl, atkynyl, alkoxy,
cycloalkyl, aryl, or halo.

0620] " Alkynyl" refers to a straight or branched hy drocarbon chain radical group consisting solely of carbon and
hydrogen atoms, contaming at least one tuple bond, having from two 1o ten carbon atoros (e, Co-o alkynyd),
‘Whenever it appears herein, a numerical range such as "2 1 10" refers to each integer in the given range; ez, "2 10
10 carbon atorns” means that the alkynyl group can consist of 2 carbon atoms, 3 carbon atoms, efe., up to and
mcluding 10 carbon atoms. In certam embodiments, an alkynyl comprises two o eight carbon atoms. In other
embodiments, an alkynyl has two to six carbon ators (e.g., Cas alkynyl). The alkynyl is attached 1o the parent
molecular structure by a single bond, for exanple, ethynyl, propynyvl, butynyl, pentviyl, 3-methyl-d-pentenyl,
hexyrwl, and the like. Unless stated otherwise m the specification, an alkyoy] group can be optionally substituted by
one or more substituents which mdependently nchude: alkyl, alkenyd, alkynyd, alkoxy, cycloatkyl, aryl, and halo.
10621] "Alkoxy" refers to the group -O-alkyl, mcluding from 1 10 10 carbon atoms of a straight, branched,
saturated cychic configuration and combinations thereof, attached to the parent molecular structure through an
oxygen. Examples include methoxy, ethoxy, propoxy, 1sopropoxy, butoxy, t-butoxy, pentoxy, cyclopropyloxy,
cyclohexyloxy and the like. "Lower alkoxy" refers to alkoxy groups contaming one to six carbons. In some

embodiments, C14 alkoxy 1s an atkoxy group winch encompasses both straight and branched chain alkyls of from 1
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10 4 carbon atorns. Unless stated otherwise m the specification, an alkoxy group can be optionally substituted by one
or more substituents which independently mclude: alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, andhalo.

[0622] Ayl refers to aradical with 6o 14 nng atoms {e.g., Ceus aromatic or Ce.14 aryl) which has at Jeast one
ring having a corpugated pr electron system which 1s carbocychic (e g, phenyl, fluorenyl, and naphthyl). In some
embodiments, the arvl 1s a Coo aryl group. For example, bivalent radicals formed from substitited benzene
dentvatives and having the free valences at ning atomis are named as substituted phenylene radicals. Tn other
embodiments, bivalent radicals derived from untvalent polyeyche hydrocarbon radicals whose names end m"-v1" by
removal of one hydrogen atom from the carbon atom with the free valence are named by adding "-idene” t© the
name of the corresponding univalent radical, e g, anaphthyl group with two pomis of attachment is termed
naphthyhidene. Whenever 1t appears herem, a nurnerical tange such as "6 10 14 arvl” refers to each miteger m the
givenrange; e.g, "6t 14 nng atoms” means that the aryl group can consist of 6 ning atoms, 7 ning atoms, efc., up o
and including 14 nng atoms. The term meludes monocyclic or fised-nng polycychic (e, nngs which share adjacent
patrs of ring atoms) groups. Polyeychic aryl groups mehude bicydles, tnoycles, tetracycles, and the hike. In a multi-ning
group, only one ring 1s required to be aromatic, so groups such as mdanyl are enconpassed by the aryl definition.
Non-traiting examples of aryl groups imclude phenyl, phenalenyl, naphthalenyl, tetrahydronaphthyl, phenanthrenyl,
anthracenyl, fluorenyl, indolyl, indanyi, and the like. Unless stated otherwise in the specification, an aryl moiety can
be optionally substituted by one or more substituents which independently include: alkvl, alkenyi, alkynyi, alkoxy,
cycloalkyl, aryl, and halo. When “ary?” 15 “tolyl” this term includes any of o-tolyl, m-tolyl, and p-tolvl groups. In
other words, “tolyl” mcludes any of the three 1somenc wuvalent aromatic radicals denved from toluene. When
“aryl” 18 “xylyl” ths term includes the umvalent radicals, of formula {CHs pCeHa~ denved from the three isomers of
xylene: ortho-, meta- and para- {di-methyl benzene).

0623] "Cycloalkyl” and "carbocyclyl” each refer to a monocychic or polycychic radical that contams only carbon
and hydrogen, and can be saturated or partially unsaturated. Partially unsaturated cycloalkyl groups can be termed
"cycloalkenyl" if the carbocycle contains atleast one double bond, or "eycloalkynyl” if the carbocycle contains at
feast one triple bond. Cycloatkyl groups mclude groups having from 3 to 13 ning atoms (1.e., Caa cycloalkyl),
Whenever it appears heremn, anumencal range such as "3 1o 10" refers to each mteger inthe given range; e.g, "3 1o
13 carbon atomns” means that the cycloalkyl group can consist of 3 carbon ators, 4 carbon atorns, 5 carbon atoms,
etc., up to and mchuding 13 carbon atoms. The term "cycloalky!” also ncludes bindged and spiro-fused cyclic
struchures contammg no heteroatorns. The teom also inchudes monocyclic or fuseding polyoydlic (e, rings which
share adjacent pairs of ning atoms) groups. Polycychic aryl groups mclude bicycles, tricycles, tetracycles, and the like.
In some emabodiments, “cycloalky!” can be a Css cycloalkyl radical. In some emvbodiments, “cycloalkyl” canbe a
Css eycloalkyl radical. Hustrative examples of cycloalkyl groups inchude, but are not himited to the following
moteties: Cae carbooyclyl groups melude, without limatation, cyclopropyl (Cs), cyclobutyl (Ca), cyclopentyt (Cs),
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cyclopentenyt {Cs), cyclohexyl (Ce), cyclohexenyl (C), cvclohexadienyl (Ce) and the hke. Exanmples of Cso
carbocyclyl groups mclude norbomy] (C7). Examples of Cas carbocyelyl groups include the aforementioned Cs-
carbocyclyl groups as well as cycloheptyl(Cr), cydloheptadienyl (Cr), cycloheptatnenyl (Cr), cyclooctyl (Cs),
bicyclof2. 2.1 heptanyl, bicyclo[2.2. 2Joctanyl, and the like. Examples of Csas carbocycdyl groups include the
atorementioned Cas carbocyclyl groups as well as octahy dro-1H indenyl, decahydronaphthalenyl, spirof4. 5decanyt
and the hike. Unless stated otherwise m the specification, a cycloalkyl group can be optionally substituted by one or
more substituents which independently include: alkyl, atkenyl, allkymyl, alkoxy, cycloalkyl, aryl, and halo. The terms
“eycloatkenyl” and "cycloatkynyl” mirror the above description of "cycloalkyl" wherein the prefix "alk” 1s replaced
with "alken" or "alkyn'” respectively, and the parent "alkenvl” or "alkynyl" terms are as described herein. For
example, a cycloalkeny! group can have 3 10 13 ning atoms, such as 5 1o 8 ning atoms. In some embodiments, a
cycloatkynyt group can have 5o 13 ong atoms

{0624] Asused herein, a "covalent bond” or "direct bond” refers o a single bond joining two groups.

[0625] "Halo", "halide", or, altematively, "halogen™ means fluoro, chioro, bromio or wdo. The terms "haloatkyl,”
"haloalkenyl," "haloalkynyl" and "haloalkoxy" include alkyl, alkenyl, alkynyl and alkoxy structures that are
substituted with one or more halo groups or with combinations thereof. For example, the terms "fluoroalky!” and
"fluoroatkoxy" mchude haloalkyl and haloalkoxy groups, respectively, m which the halo is fluonne, such as, but not
houted to, tifluoromethyl, difluoromethyl, 2.2 2-tnfluoroethyl, 1-fluoromethyl-2-fluoroethyl, and the ke, Each of
the alkvl, alkenyl, alkynyl and alkoxy groups are as defined herein and can be optionally further substituted as

defined horem.

Methods of Use

[0626] In certam ermbodiments, the present disclosure relates to mduemg, promoting, or enhancing the growth,
proliferation or regeneration of inner ear tissue, particularly mner ear supporting cells and hair cells by using the
composttion disclosed heremn. Some embodiments relate 1o methods for controlled proliferation of stem cells
comprnising an mial phase of inducing stemness while inhibiting differentiation and a subsequent phase of
ditferentiation of the stem cells into tissue cells.

{0627] When cochlear supporting cell or vestibular supporting cell populations are treated with a hair cell
regeneration agent i accordance to the methods of the disclosure, whether the population is 1n vivo or 1n vitro, the
treated supporting cells exhubit stern-like behavior m that the treated supporting cells have the capacity to proliferate
and differentiate and, more spectfically, differentiate into cochlear hair cells or vestibular hair cells. In some
mstances, an agent mduces and maintains the supporting cells to produce daughter stern cells that can divide for
many generations and maintam the ability to have a high proportion of the resufting cells differentiate mito hair cells.

In certam embodiments, the proliterating stem cells express stem cell marker(s) selected from one or more of LgrS,
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Sox2, Opemt, Phex, lm28, Lgr6, cychin DI, Msx1, Myb, Kit, Gdnf3, 7ac3, Dppa3, Dppad, Dppa$, Nanog, Fsab,
Rexl, Damt3a, Dnmi3b, Dnmt31 Ut Tadl, Ocd, KIf, Paxt, Six2, Zicl, ZicZ, Ox2, Bl CDXZ, STATS,
Smadl, Smad?, smad2/3, smadd, smad$, and smad7.  Preferably, the proliferating stem cells express stem cell
marker(s) selected from one or more of Lgr3, the

{0628] In some embodiments, the methods may be used to maintain, or even transiently increase stenmess (ie.,
selfaenewal) of a pre-existing supporting cell population pror to sigraficant hair cell formation. In some
embodiments, the pre-exasting supporting cell population compnises mner pillar cells, outer pillar cells, mner
phalangeal cells, Detter cells, Hensen cells, Boeticher cells, and/or Claudius cells. Morphological analyses with
mmunostamning (including cell counts) and lineage tracing across a Representative Microscopy Samples may be
used to confirm expansion of one or more of these cell-types. In some embodiments, the pre-existing supporting
cells comprise LorS+ cells. Morphologzcal analyses with immunostaming {including cell counts) and gPCR. and
RNA hybnidization may be used to confirm LorS upregulation amongst the cell population.

[0629] Advantageously, methods deseribed herem can achieve these godls without the use of genetic mampulation.
Germ-hine manmipulation used m many acadenic studies is not a therapeutically desirable approach to treating
heanng loss. In general, the therapy preferably mvolves the administration of a small molecule, peptide, antibody, or
other non-nuclerc acid molecule or nucleic acd delivery vector unaccompanied by gene therapy. In certain
embodiments, the therapy nwvolves the admmistration of a small organic molecule. In some mstances, hearing
protection of restoration is achieved thiough the use of a (non-genetic) therapeutic that 15 injected 1n the muddle ear
and diffuses into the cochlea,

{0630] The cochlea relies heavily on all present cell types, and the organization of these cells 1s voportant to therr
function. Supporting cells play an important role tn neurotransmtter cycling and cochlear mechanics. Thus,
mamtaming a rosetie patterning within the organ of Corti may be important for function. Cochlear mechamcs of the
bastlar membrane activate hair cell transduction. Due to the high sensitivity of cochlear mechanics, 1t1s also desirable
10 avord masses of cells. In all, mamtaining proper distribution and relation of hair cells and supporting cells along
the bastlar membrane, even after proliferation, 15 likely a desired feature for hearing as supporting cefl function and
proper mechanics is necessary for normal hearing,

{0631] In some embodiments the heaning loss treated by using a composition as disclosed herem is senorineviral
heanng loss or hidden hearing loss.

{0632] Sensorneural hearing loss accounts for approsimately 90% of hearing loss and it often anses from damage
or loss of hair cells in the cochlea. There are numerous causes of hair cell damage and loss, and the agents and
treatments described herem may be used in the context of sensorineural hearing loss ansing from any cause of hair
cell damage or loss. For example, hair cells may be damage and loss may be mduced by noise exposure, leading to

nowse-induced sensorneural heanng loss. Thus, in some ervbodiments sensormeural beanng loss 15 noise-induced
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sensorineural hearing loss. Nowse-induced sensonineural hearing loss can be a result of chronic noise exposure or
acute notse exposure. Ototoxic drugs, for example cisplatin and its analogs, ammoglycoside antibiotics, salicylate
and its analogs, or loop diuretics, can also cause sensornewral heanng loss. In some embodiments sensotneural
hearng loss 15 drug-nduced sensotneural hearing loss. Infection may damage cochlear hair cells, and may be a
cause of sudden sensorineural hearing loss. In some embodiments sensormeural heanng loss 1s sudden
sensormeural heanng loss (SSNHL). Sudden sensorineural hearing can also be idiopathic. Hair cells can also be
lost or damaged over time as part of the ageing process in humans. In some embodiments, sensorneural hearng

loss 1s age-related sensormeural hearing loss (also known as presbycusts),

[0633] Insome aspects, the present disclosure provides a method of facilitating the regeneration of a fissue and/or a
cell, comprsmg deliverying apharmaceutically effective amount of the pharmaceutical composition or the
reconstitiited solution of the present disclosure o the tissue and/or the cell.

[0634] In some aspects, the present disclosure provides a method of freating a subject who has, or s at nsk of
developing, a disease assocated with absence or a lack of a tissue and/or a cell, conprising admimistering to the
subject a pharmaceutically effective amount of the pharmaceutical corposiion or the reconstituted solution of the
present disclosure.

{8635] In some aspects, the present disclosure provides a method of mereasing a population of vestibular cells na
vestibular tissue, comprising deliverying a pharmaceutically effective amount of the pharmaceutical composition or
the reconstifirted solution of the present disclosure to the population.

{0636] Insome aspects, the present disclosure provides a method of treating a subject who has, or is at nisk of
developmng a vestibular condition, compuising adninistenng to the subject a pharmaceutically effective amount of
the pharmaceutical composition or the reconstituted solution of the present disclosure.

{0637] Insome aspects, the present disclosure provides a method of mcreasing a population of cochlear cellsin a
cochlear tissue, comprising deliverying a pharmaceutically effective amount of the pharmaceutical composttion or
the reconstituted solution of the present disclosure to the population.

[0638] o some aspects, the present disclosure provides a roethod of treating a subject who has, oris at sk of
developing a cochiear condition, corprising admmistering to the subyect a pharmaceutically effective amount of the
pharmaceutical composition or the reconstituted solution of the present disclosure.

{063%9] Insome aspects, the present disclosure provides a method of increasing a popudation of cells found mn the
Organ of Corts, compnising deliverying a pharmaceutically effective amount of the pharmaceutical coraposttion or

the reconstituted solution of the present disclosure 1o the population.



CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235

[0640] In some aspects, the present disclosure provides a method of mereasing a population of hair cells found m
the Organ of Corty, comprising deliverying a pharmaceutically effective amount of the pharmaceutical composition
or the reconstituted solution of the present disclosure to the population.

[0641] In some aspects, the present disclosure provides a method of mereasing a population of inner haw cells
found in the Organ of Corti, comprising deliverying a pharmaceutically effective amount of the pharmaceutical
composttion or the reconstituted solution of the present disclosure to the population.

{0642] Insome aspects, the present disclosure provides a method of mereasing a population of outer hair cells
found in the Organ of Corti, conmpnising deliverving a pharmaceutically effective amount of the phanmaceutical
composition of the reconstituted solution of the present disclosure to the population.

[0643] Insome aspects, the present disclosure provides a method of mereasing a population of neuronal cells found
n the Organ of Corti, compnising deliverymg a pharmaceutically effective amount of the pharmaceutical
composttion or the reconstituted solution of the present disclosure to the population.

[0644] Tn some aspects, the present disclosure provides a ethod of freating a subject who has, or s at nsk of
developing a hearing condition, comprising administering to the subject a pharmaceutically effective amount of the
pharmaceutical composition or the reconstituted solution of the present disclosure.

{0645] In some aspects, the present disclosure provides the pharmacentical composition or the reconstitited
sotution of the present disclosure for use m tacltating the generation of a tissue and/or a cell.

{0646] In some aspects, the present disclosure provides the pharmaceutical composition or the reconstituted
sofution of the present disclosure for use m treating a subject who has, or 1s at risk of developing, a disease associated
with absence or alack of a tissue and/or a cell.

{0647 In some aspects, the present disclosure provides the pharmaceutical composition or the reconstituted
sobution of the present disclosure for use mincreasing a population of vestibular cells m a vestibudar tissue,

{0648] In some aspects, the present disclosure provides the pharmaceutical composition or the reconstituted
sofution of the present disclosure for use m treating a subject who has, or 1s at nisk of developing a vestbular
condition.

{8649] In some aspects, the present disclosure provides the phammaceutical composition or the reconstituted
sohution of the present disclosure for use mincreasing a population of cochlear cells in a cochlear tissue.

{0650]  In some aspects, the present disclosure provides the pharmaceutical composition or the reconstituted
solution of the present disclosure for use i treating a subject who has, or 1s at risk of developing a cochlear condition.
{0651] In some aspects, the present disclosure provides the pharmaceutical composition or the reconstituted
solution of the present disclosure for use mncreasing a population of cells tound in the Organ of Cort,

{0652] Insome aspects, the present disclosure provides the pharmaceutical composition or the reconstituted

sofution of the present disclosure for use m increasing a population of hair cells found wn the Organ of Corti.
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[0653] Insome aspects, the present disclosure provides the pharmaceutical composttion or the reconstituted
sotution of the present disclosure for use in increasing a population of mner hair cells found i the Organ of Corti.
{0654] In some aspects, the present disclosure provides the phammaceutical composition or the reconstituted
sohution of the present disclosure for use mingreasing a population of outer har cells found m the Organ of Cortu
{0655]  In some aspects, the present disclosure provides the pharmaceutical composition or the reconstituted
solution of the present disclosure for use m increasmg a population of newronal cells found n the Crgan of Cortl.
{0656] In some aspects, the present disclosure provides the pharmaceutical composttion or the reconstifuted
sotution of the present disclosure for use m treatmg a subject who has, or 18 at sk of developing a heanng condition.
{06587] In some aspects, the present disclosure provides for use of the pharmaceutical composition or the
reconstituted solution of the present disclosure i the manufacture of a medicament for facibitating the generation of a
tissue and/or a cell.

{0658] In some aspects, the present disclosure provides for use of the pharmaceutical composition or the
reconsittuted solution of the present disclosure in the manufacture of a medicament for m treating a subject who has,
or s at risk of developing, a disease associated with absence or a lack of a fissue and/or acell.

[0659]  In some aspects, the present disclosure provides for use of the pharmaceutical coraposition or the
reconstituted sohution of the present disclosure m the manufacture of a medicament for increasing a population of
vestibular cells m a vestibular tissue.

{0660] In some aspects, the present disclosure provides for use of the pharmaceutical composition or the
reconstituted solution of the present disclosure w the moanufacture of a medicament for treating a subject who has, or
is at nisk of developmng a vestibular condition.

{0661] Insome aspects, the present disclosure provides for use of the pharmaceutical composition or the
reconsittuted solution of the present disclosure in the manufacture of a medicarent for mereasing a population of
cochlear cells in a cochlear tissue.

[0662] Insome aspects, the present disclosure provides for use of the pharmaceutical coraposition or the
reconstituted sohution of the present disclosure m the manutacture of a medicament for treating a subject who has, or
15 at nisk of developing a cochlear condition.

[0663] In some aspects, the present disclosure provides for use of the pharmaceutical composition or the
reconstituted solution of the present disclosure i the manufacture of a medicament for increasing a population of
cells found in the Organ of Cortr.

{0664] In some aspects, the present disclosure provides for use of the pharmaceutical composition or the
reconsirtuted solution of the present disclosure m the manufacture of a medicament for ncreasing a population of

hair cells found m the Organ of Corti.
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[0665] Insome aspects, the present disclosure provides for use of the pharmaceutical coraposition or the
reconstituted sohution of the present disclosure m the manufacture of a medicament for increasing a population of
mner hair cells found w the Organ of Cortr,

[0666] In some aspects, the present disclosure provides for use of the pharmaceutical composition or the
reconstituted solution of the present disclosure i the manufacture of a medicament for increasing a population of
outer hair cells found m the Organ of Corti.

{0667] Insome aspects, the present disclosure provides for use of the pharmacewtical composition or the
reconsittuted solution of the present disclosure m the manufacture of a medicament for ncreasing a population of
nevironal cells found in the Organ of Cort.

[0668] Use of the lyophilized pharmaceutical coraposition or the reconstituted solution of the present disclosure n
the manufacture of a medicament for treating a subject who has, or 1s at nsk of developing a heanng condition.
{0669] In some embodiments, the pharmaceutical composition or reconstituted solution of the present disclosure i
delivered extratympanically (ie., onto the eardrum).

10670] In some embodiments, the pharmaceutical composition or reconstituted solution of the present disclosure i
delivered mtratyrapanically (Le, mto the nuddie ear).

{0671 Insome embodiments, the pharmaceutical composition or reconstituted solution of the present disclosure is
delivered continuously.

{0672] In some embodiments, the pharmaceutical composition or reconstituted solution of the present disclosure 15
delivered as a bolus myection.

0673] Insome embodiments, about about 1 mil or less, about 900 il or less, about 800 ul or less, about 700 pi or
less, about 600 ul or less, about 500 pl or less, about 400 wl or less, about 300 pl or less, about 200 ul or less, or about
100 or less of the pharmaceutical composition or reconstituted solution 1s injected.

{0674] In some embodiments, the pharmaceutical composition or reconstituted solution of the present disclosure
may be administered at dosage levels sufficient to deliver from about 0.0001 mg/kg to about 10 mg/kg, from about
0.001 mg/kg to about 10 mg/kg, from about 6.005 mg/ke to about 10 mg/kg, from about 0.01 mg/ke to about 10
mgrke, from about 0.05 mgkg to about 10 mg/ke, from about 0.1 mg/kg to about 10 mg/ke, from about 1 mgkgto
about 10 mg/kg, fiom about 2 mg/kg to about 10 mg/ke, from sbout S mg’kg to about 10 mg/kg, from abowt $.0001
mg/kg 10 about S me/ke, from about 0.001 me/ke to about 5 mg/ke, from about 0.005 mg/ke to about 5 merkg
from about 0.01 mg/kg to about 5 mg/kg, from about 0.05 mg'kg to dbout S mg/kg, from about 0.1 mgkg to dbout S
my/ke, from about 1 mg/kg to about 5 my/ke, from about 2 mg/ke to about 5 merkg, from about 0.0001 mg/kg to
about 2.5 mgr/ke, from about 0.001 mg’ke to about 2.5 mg'kg, from about 0.005 mg/ke to about 2.5 mg/kg, from
about 0.01 me/kg o about 2.5 mekg, from about 0.05 mg/ke to abowut 2.5 mg/ke, from about 0.1 me/kg to abowt 2.5
mg'kg, from about | mg/ke to about 2.5 mg'kg, from about 2 mg/ke to about 2.5 mgrkg, from about 0.0001 mgke
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10 about 1 mg/kg, from about 0001 mg/kg to about 1 mg'kg, from about 0.003 mg'kg to about 1 mg/kg, from about
0.01 mg/kg to about 1 mg/kg, fiom about 0.05 mg/kg to about 1 mg/ke, from about 0.1 mg/kg to about 1 mgkg,
from about 0.0001 mg/kg to about 0.25 mgrkg, from about 0.001 mgrkg to about 0.25 mgkg, from about 0.005
mg/kg to about 0.25 mgke, from about 0.01 mg/kg to about 0.25 mg/kg, from about 0.05 mgkg to about 0.25
mg'kg, or from about 6.1 me/kg 1o about 0.25 mg/ke of a therapeutic and/or prophylactic (e.g, anmBNA)n a
given dose, where a dose of T mg/ke (mpk) provides 1 mg of a therapeutic and/or prophylactic per 1 kg of subyject
body weight. In some emboduments, a dose of about 0.001 mg/kg to about 10 mg/kg of a therapeutic and/or
prophylactic (e.g., mRINA) of a LINP may be adounstered. Tn some embodiments, a dose of about 0.005 mg/kg to
about 2.5 mg/kg of a therapeutic andior prophylactic may be admmstered. In some embodiments, a dose of about
0.1 mg/kg to about | mg/kg may be adnwstered. Tn some embodiments, a dose of about 0.05 mg/kg to about 0.25
mg/kg may be admimstered. A dose may be adminsstered one or more times per day, 10 the same or a different
amount, 1o obtain a desired level of mRINA expression and/or therapeutic, diagnostic, prophylactic, or imaging
effect. The desired dosage may be delivered, for example, three times a day, two times a day, once a day, every
other day, every third day, every week, every two weeks, every three weeks, or every four weeks. In some
embodiments, the desired dosage may be delivered using multiple admimistrations (e.g, two, three, four, five, six,
seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, or more admmmstrations). In some embodiments, a single
dose may be administered, for example, prior to or after a surgical procedure or in the mstance of an acute disease,
disorder, or condition.

0675] Insome embodiments, the administration of the pharmaceutical composition or reconstituted solution
results in a plasma concentration for the one or more ofic therapeutic agents {e.g., CHIR99021 and sodium
valproate) having a maxinum plasma concentration at at time ranging from 10 mimutes to about 3 hours, from about

20 munwrtes 10 abow 2 hours, or form about 30 munies to about 1 hour,

Definitions

{0676] Asrtclessuchas“a,” “an,” and “the” may mean one or more than one unless ndicated to the contrary or
otherwise evident from the context. Claims or descriptions that mclude “or’” between one or more members of a
group are considered satisfied if one, more than one, or all of the group members are present i, emoployed m, or
otherwise relevant 1o a given product or process unless indicated to the contrary or otherwise evident from the
context. The disclosuwre mcludes embodiments i which exactly one member of the group 1s present m, employed
i, or otherwise relevant to a given product or process. The disclosure includes embodiments in which more than
one, or all, of the group members are present in, emploved i, or otherwise relevant to a given product or process.
10677) Asused herem, the terms “approximately” and “about,” as applied to one or more values of mierest, refer o

a vatue that 1s smilar to a stated reference value. In some embodiments, the term “approximately” or “about” refers
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10 a range of values that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%%, 13%, 129, 11%, 10%, %%, 8%,
%%, 6%, 5%, 4%, 3%, 2%, 1%, or less in etther direction (greater than or less than) of the stated reference value
unless otherwise stated or otherwise evident from the context (except where such nuraber would exceed 100% of a
possible value). In some ermbodiments, the term “approximately” or “about” refers to -+~ 10% of the recited value.
In some embodiments, when used i the context of an amount of a given compound in a hipid component of a LNP,
“about’” may mean +- 1% of the recited value.

{0678] As used herem, the expressions “one ormore of A, B, or C” “one or more A, B, or C” “one or more of A,

PERAS

B,and C,” “oneormore A, B, and C,” “selected fiom the group consisting of A, B, and C”, “selected fiom A B,
and 7, and the like are used interchangeably and all reter to a selection from a group consisting of A, B, and/or C,
1.€.,, one or more As, one or more Bs, one or more Cs, or any combmation thereof, unless indicated otherwise.

0679] As used herem, the term “butking agent” refers to an agent that adds bulk 1o a pharmaceutical composition
and/or modifies one or more the properties of the pharmaceutical composttion (e g, the appearance of the cake, the
porosity, drug stability, and/or the reconstitution time).

{0680] As used herem, the term “comprising” is intended to be open and permits but does not require the mclusion
of additional elements or steps. When the term “compusing” 15 used herein, the terms “consisting essentially of” and
“consisting of” are thus also encompassed and disclosed. Throughout the description, where compositions are
described as having, including, or corprising specific components, 1t 1s conteraplated that compositions also consist
essentially of, or consist of, the recited components. Similarly, where methods or processes are described as having,
ncluding, or compnising specific process steps, the processes also consist essentially of, or consist of, the recited
processing steps. Further, 1t should be understood that the order of steps or order for performng certam actons is
mmmatenal so long as the mvention remains operable. Moreover, two or more steps or actions can be conducted
simudtaneously.

{0681] As used herem, the term “comparable pharmaceutical composttion” refers to a pharmaceutical composition
with comparable parameters, as of'the pharmaceutical composition bemg compared (e.g, the one or more otic
therapeutic agents {e.g., heanng loss treatment agents) and gelling agents therain, and/or the concentration of the one
or more otic therapeutic agents (e.g,, hearing loss treatment agents) and gelling agents). In some embodiments, the
“comparable pharmaceutical composttion” comprises a poloxamer {e.g, Poloxamer 407) with lower purtty as
conpared 1o pharmaceutical conposition being compared. In some embodiments, the “comparable pharmaceutical
composttion”” does not comprise a purtfied poloxamer (e g, punfied Poloxarser 407). In some embodiments, the
“comparable pharmaceutical composition” cormprise a unpurified poloxamer (e g, unpunfied Poloxamer 407).
[0682] Asused heremn, the term “comparable reconstituted solution” refers to a reconstituted solution with
comparable parameters as of the reconstituted solution being compared {e.g,, the one or more otic therapeutic agents

(e.g., hearmg loss treatiment agents) and gelling agents theremn, and/or the concentration of the one or more otic
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therapeutic agents {e.g., hearing loss treatment agenis) and gelling agents). In some embodiments, the “comparable
reconstituted solution” comprises a poloxamer {e.g , Poloxamer 407) with lower purity as compared o reconstituted
sotution bemg compared. In some embodiments, the “corparable reconstituted solution” does not comprise a
purified poloxamer (e.g , purtfied Poloxamer 407). In some embodiments, the “comparable reconstituted solution”
conprise a unpurified poloxamer (e.g., unpurtfied Poloxamer 407),

0683] Insome embodiments, the “comparable reconstituted solution” 1s pepared from a pharmaceutical
cormposition comprising a poloxamer (e g, Poloxamer 407) with lower purity as compared to pharmaceutical
composition used for prepanng the reconstituted solution being compared. In some embodiments, the “comparable
reconstituted solution” ts pepared from a pharmacentical composition not comprising a puified poloxamer (e.g,
puntied Poloxamer 407). In some embodiments, the “comparable reconstituted solution” 1s pepared froma
pharmaceutical composition comprnising a unpurified poloxamer (e g, unpurified Poloxamer 407).

{0684] Asused herein, the term “impunty” refers to a compound that is undersirable for the pharmaceutical
compostion. Tn some mebodiments, the impurntty 15 selected from solvents, T-acetate-2-formate-1,2-propanediol,
acetic acid, formic acid, formaldehyde, acetaldehyde, propionaldehyde, low MW poloxamers, and degradants from
CHIR99021 and valproic acid.

{0685] Asused herein, the term “soothing agent” refers to an agent capable of mutigating the discomfort from
administration of the tormulation to patients.

{0686] Asused herem, the term “stabihzing agent” refers to an agent capable of mamntaining the one or more
desirable properties of the pharmaceutical composttion (e.g,, teduced suspetabihity 1o degradation by heat, hight, or
air).

{0687] Asused herein, the term “unpurified poloxamer” refers to a poloxamer not being purified (e.g, by the
process disclosed berem). Tn some embodiments, the unpunfied poloxamer (e g, unpurified Poloxamer 407 has an
average molecular weight of about 12 kDa or lower, about 11 kDa or lower, about 10 kDa or lower, about 9kDaor
lower, about 8 kDa or lower, or about 7 kDa or lower. In some emabodiments, the unpunfied poloxamer (e.g,
unpurified Poloxamer 407) 18 not punfied by any hquud-ligud extraction or size exclusion chromatography.

{0688] As used heremn, the term ““purnified poloxamer” may m some emboduments refer 1o poloxamer that is at
feast 85% by weight poloxamer that has a molecular weight of at least 7250 Da. Punfied poloxamer can m some
embodiments be prepared by following the method of: A Fakhan, M Corcoran, A Schwarz, Thermogelling
Properties of Pusified Poloxamer 407, Heliyon (2017), 3(8), 00390, Many further options for how the punified
poloxamer can be defined are set out herein, ncluding in the numbered clauses and embodiments.

[0689] Tt1sto be understood that the present disclosure provides methods for preparing any of the pharmaceutical

conmpositions and reconstituted solutions described herein. The present disclosure also provides detaifed methods for
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preparing varnious pharmaceutical compositions and reconstituted solutions following the procedures described n the
Examples.

[0690] Ttisto be understood that, throughout the description, where compositions are described as having,
mcluding, or comprising specific components, it 1s contemplated that compositions also consist essentially of) or
consist of, the recited components. Similarly, where methods or processes are deseribed as having, mcluding, or
comprising spectfic process steps, the processes also consist essentially of, or consist of, the recited processing steps.
Further, 1t should be undersiood that the order of steps or order for performing certain actions is immaterial so long as
the mvention remams operable. Moreover, two or more steps or actions can be conducted simultaneously.

{0691] Itis to be understood that, unless otherwise stated, any description of a method of treatment mncludes use of
the compounds o provide such treatment or prophylaxis as 1s described herein, as well as use of the compounds to
prepare a medicament to treat or prevent such condiion. The treatment mcludes treatment of human or non-human
amimals mcluding rodents and other disease models.

[0692] Asused herem, the term “stenle” refers fo solutions, products, equipment, or glass ware that are treated and /
or handled to be free from bacteria or other hiving microorganisms.

[0693] As used herem, the term “subject” 1s interchangeable with the term “subject n need thereof”, both of which
refer to a subject having a disease or having an increased nisk of developing the disease. A “subject” mcludes a
mantmal. The mammal can be e.g., a human or appropriate non-huran maromal, such as pnmate, mouse, rat, dog,
cat, cow, horse, goat, camel, sheep or apig. The subject can also be a bird or fowl. In one embodiment, the
maromal is ahuman. A subject m need thereof can be one who has been previously diagnosed or identified as
having an imprinting cisorder. A subject in need thereof can also be one who has (e.g, 1s suffering from) an
mmprinting disorder. Altematively, a subject i need thereof can be one who has an increased risk of developing such
disorder relative to the popudation at large (1.2, a subject who 15 predisposed to developing such disorder relative to
the population at large). A subject in need thereof can have a refractory or resistant tapninting disorder (i.e, an
mprnting disorder that doesn't respond or hasn’t vet responded to treatment). The subject may be resistant at start of
treatment or may become resistant during treatment. In some embodiments, the subject in need thereof received and
farled all known effective therapies for an imprnting disorder. In some embodiments, the subject in need thereof
recerved at least one prior therapy. In a preferred embodiment, the subject has an mmpanting disorder.

[8694] As used heremn, the term “sterlization” refers o process for ensunng the removal of undesired
contanunation including bacteria, mold and veast and particles using e.g , a 0. 2-mucron filter. Filter matenals used m
the stentlization of iquads inchude, but are not himited to, nylon, polycarbonate, cellulose acetate, polyvinyhidene
fluoride (PVDF), and polyethersulfone (PES).
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[0695]  Asused herem, the teom “tonicity” refers to a measured level of effective osmolanity. Tn some
embodiments, the torcity refers to a measured level of the effective osmotic pressure gradient, as defined by the
water potential of two solutions separated by a semupertoeable membrane,

[0696] As used herem, the term “tonicity-adjusting agent” refers to an agent capable of changing the tonucity of the
pharmaceutical composition or solution o a destred level

0697] As used herem, the term “treating” or “treat’” descnibes the management and care of a patient for the purpose
of combating a disease, condition, or disorder and mcludes the admmistration of a compound of the present
disclosure, or a pharmaceutically acceptable salt, polymorph or solvate thereof, 1o alleviate the symptoms or
conplications of a disease, conditton or disorder, or to ehminate the disease, condition or disorder. The term “treat”
can also include treatment of a cell i visro or an ammal model.

0698] Histobe understood that a cormpound of the present discloswre, or a pharmaceutically acceptable salt,
polymorph or solvate thereof, can or may also be used to prevent a relevent disease, condition or disorder, or used to
wlentify surtable candidates for such purposes.

10699] As used heremn, the term “preventing,” “prevent.” or “protecting agamst”” describes reducing or eliminating
the onset of the symptoms or complications of such disease, condition or disorder.

{0700] Itisto be understood that one skilled in the art may refer to general reference texts for detatled descriptions
of known techniques discussed herein or equavalent techmques. These texts mclude Ausubel er af, Crrvent
FProtocols inMolecular Biology, John Wilsy and Sons, Inc. (2005); Sambrook ez ol , Molecutar Cloning, A
Laboratory Mavual (37 edition), Cold Spring Harbor Press, Cold Spring Harbor, New York (2000); Coligan ef al,
Current Protocols in Imwumology, John Wiley & Sons, NY . Bnnaer o, Current Protocols in Pharmacology, John
Wiley & Sons, N.Y.. Fingl ef al., The Pharmacological Basis of Therapeutics (1975), Remington's Pharmaceutical
Sciences, Mack Publishing Co., Easton, PA, 18% edition (1990), These texts can, of course, also be referred o in
making or using an aspect of the disclosure.

[0701]  As used herem, the term “phamaceutical composition” 1s a formulation containing one or raore ofic
therapeutic agents {e.g., hearing loss treatment agents) of the present disclosure in a form suitable for adminsstration
to asubject. Inone ermbodiment, the pharmaceutical composition 15 n bulk or in unit dosage form. The umt dosage
form 1s any of a variety of forms, mcluding, for exarnple, a capsule, an [V bag, a tablet, asmgle pump on an aerosol
mhaler ora vial. The quantity of active ingredient (e.g, a formulation of the disclosed compound or salt, hydrate,
solvate or isomer thereof) m a unit dose of composition 1s an effective amount and 1s vaned according to the
particular treatment mvolved. One skalled in the art will appreciate that it 1s sometimes necessary to make routine
vanations 10 the dosage depending on the age and condition of the patient. The dosage will also depend on the route
of administration. A variety of rouies are contenplated, including oral, pulmonary, rectal, parenteral, transdermal,

subcutaneous, intravenous, mfranuscular, mtraperttoneal, mhalational, buccal, sublingual, intrapleural, mtrathecal,
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miranasal, and the like. Dosage forms for the topical or transdermal administration of a compound of thas disclosure
mnchade powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and inhalants. Inone
embodiment, the active compound is nuxed under stenle conditions with a pharmaceutically acceptable camer, and
with any preservatives, buffers, or propellants that are required.

10702)  As used herem, the term “pharmaceutically acceptable” refers to those compounds, anions, cations,
matenials, compositions, carmers, and/or dosage forms which are, within the scope of sound medical judoment,
surtable for use m contact with the issues of human beings and ammals without excessive toxacity, imitation, allergic
response, or other problem or comphication, commensurate with a reasonable benefitnsk ratio.

10703]  As used herem, the term “pharmaceutically acceptable excipient” means an excipient that 1s useful m
preparing a pharmaceutical composition that 1s generally safe, non-toxic and neither biologrcally nor otherwise
undesable, and inchudes exciprent that 1s acceptable for vetermary use as well as human pharmaceutical use. A
“pharmaceutically acceptable excipient” as used in the specification and claims includes both one and more than one
such exciprent.

{0704] Ttis 1o be understood that a pharmaceutical composition of the disclosure is formulated to be conpatible
with its intended route of administration. Examples of routes of adnwnistration include parenteral, e.g, infravenous,
mitradermal, subcutaneous, oral (e.g, inhalation), transdermal (topical), and transmucosal administration. Solutions
or suspensions used for parenteral, mtradermal, or subcutaneous apphcation can mclude the following components:
astenife diluent such as water tor injection, saline solution, fixed oils, polyethylene glycols, elycerine, propylene
glyeol or other synthetic solvents; antibactenal agents such as benzyl alcohol or methvl parabens; antioxidants such
as ascorbic acid or sodium bisulfite; chelating agents such as ethylenedianmnetetraacetic acd; buffers such as
acetates, ciirates or phosphates, and agents for the adjustment of tonicity such as sodium chionde or dextrose. The
pH can be adjusted with acids or bases, such as hydrochlone acid or sodium hydroxide. The parenteral preparation
can be enclosed m ampoules, disposable syringes or multiple dose vials made of glass or plastic.

0705] Histo be understood that a compound or phammaceutical coraposition of the disclosure can be admimstered
o asubject in many of the well-known methods currently used for chemotherapeutic treatment. For example, a
compound of the disclosure may be mgected o the blood stream or body cavities or taken orally or apphed through
the skin with patches. The dose chosen should be sufficient to constitute effective treatment but not so high as to
cause unacceptable side effects. The state of the disease condition (€. g, imprinting disorders, and the like) and the
health of the patient should preferably be closely monttored during and for a reasonable period after treatment
{0706] As used herem, the term “therapeutically effective amount”, refers to an amount of a pharmaceutical agent
to treat, ameliorate, or prevent an identified disease or condition, or to exbabit a detectable therapeutic or mhibitory
effect. The effect can be detected by any assay method known in the art. The precise effective amount for a subject

will depend upon the subject’s body weight, size, and health; the nature and extent of the condition; and the
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therapeutic or combination of therapeutics selected for admumstration. Therapeutically effective amounts for a given
situation can be determined by routine expenimentation that is within the skill and judement of the chinician. Ina
preferred aspect, the disease or condifion to be treated is an impunting disorder.

8707] Ttis to be understood that, for any compound, the therapeutically effective arount can be estimated mitally
etther m cell culture assays, e.g, of neoplastic cells, or n ammal models, usually rats, mice, rabbits, dogs, or pigs.
The aramal model may also be used to determing the appropriate concentration range and route of admnistration.
Such information can then be used to determne usetul doses and routes for administration 1n humans.
Therapeutic/prophylactc efficacy and toxicity may be deterromed by standard pharmaceutical procedures m cell
cultures or expertmental anmmals, e.g, EDsw (the dose therapeutically effective in 50% of the population) and LD
{the dose lethal to 50% of the population). The dose raio between toxic and therapeutic effects 1s the therapeutic
mdex, and 1t can be expressed as the ratio, LD/BEDs0. Pharmaceutical compositions that exiubit large therapeutic
mdices are preterred. The dosage may vary within this range depending upon the dosage form employed, sensitivity
of the patient, and the route of admunistration.

10708] Dosage and adnuristration are adjusted to provide sufficient levels of the active agent(s) or to mantain the
desired effect. Factors which may be taken into account mclude the severity of the disease state, general health of the
subject, age, weight, and gender of the subject, diet, time and frequency of admmstration, drug combination(s),
reaction senstivities, and tolerance/response to therapy. Loung-acting pharmaceutical conpositions may be
administerad every 3 fo 4 days, every week, or once every two weeks depending on half-life and clearance rate of
the particular formulation.

{0709] The pharmaceutical corpositions containing active compounds of the present disclosure may be
manutactured in a manner that is generally known, .2, by means of conventional mixing, dissolving, granulating,
dragee-makmg, levigating, emulsifying, encapsulating, entrappmg, or lyophilizing processes. Pharmaceutical
conposiiions may be formulated in a conventional manner using one or more pharmaceutically acceptable cammiers
conprising excipients and/or auxihanes that facilitate processing of the active compounds mio preparations that can
be used pharmaceutically. Of course, the appropriate formulation 18 dependent upon the route of administration
chosen.

0710] General gudelines for the formudation and manufacture of pharmaceutical compositions and agents are
available, for example, in Remington’s The Science and Practice of Pharmacy, 21% Edition, A. R. Gennaro,
Lippimcott, Willarns & Wilkms, Baltimore, MD, 2006, Conventional excpients and accessory ingredients may be
used in any pharmaceutical composition.

{0711] In some embodiments, the pharmaceutical composition or reconstituted solution of the present disclosure 15
refrigerated or frozen for storage and/or shipment (e.g, being stored at a temperature of 4 °C orlower, such as a

terperature between about -150 °C and about 0 °C or between about -80 °C and about -20 °C (e.g., about -5 °C, -10
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°C,~15°C, 26 °C, 25 °C, -30°C, 40 °C, -50°C, 60 °C, ~70 °C, -80 °C, 90 °C, -130°C or -150°C}. Insome
erbodiments, the present disclosure also refates to a method of mereasing stability of the pharmaceutical
conpostiion or reconstituted solution and by storing the pharmaceutical composition or reconstituted solution at a
temperature of 4 “C or lower, such as a temperature between about -150 °C and about 0 °C or between about -80 °C
and about -20 °C, e.g, about -5 °C, -10°C, 15 °C, 20 °C, -25 °C, 30 °C, 40 °C, -50 °C, -60 °C, ~70°C, 80 °C, -
90°C, -130°C or -150 °C),

{0712] Pharmaceutical composttions suitable for mjectable use mclude stenle aqueous solutions {(where water
sotuble) or dispersions and sterile powders for the externporaneous preparation of stenle mjectable solutions or
dispersion. For miravenous adnunistration, suitable camers include physiological saline, bacteriostatic water,
Cremophor EL™ (BASF, Parsippany, N.J.) or phosphate buffered saline (PBS). In all cases, the composition nmust
be stertle and should be thud fo the extent that easy synngeability exists. Tt must be stable under the conditions of
manuthchure and storage and muust be preserved agamst the contammating action of microorganisms such as bactenia
and fungr. The carrer can be a solvent or dispersion medium contaning, for example, water, ethanol, polyol (for
example, glycerol, propylene glycol, and hquud polvethylene glycol, and the hike), and suatable muxtures thereof. The
proper fluidity can be maintained, for exanple, by the use of a coating such as lecithin, by the mamntenance of the
required particle size 1 the case of dispersion and by the use of surfactants. Prevention of the action of
microorganisms can be achieved by vanous antibacterial and antifimgal agents, for example, parabens,
chlorobutanol, phenol, ascorbic acid, fhamerosal, and the ke, Tn many cases, 1t will be preferable to include 1sotorc
agents, for exanple, sugars, polyalcohols such as mannitol and sorbitol, and sodium chioride m the composition.
Prolonged absorption of the myectable compositions can be brought about by mcluding m the corposition an agent
which delays absoiption, for example, shmmmum monostearate and gelatm,

{0713] Stenle myectable solutions can be prepared by mcorporating the active compound in the required amount in
an appropriate solvent with one or a combination of mgredients enurnerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by mcorporating the active compound mio a sterile vehicle that
contams a basic dispersion medium and the required other ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile mjectable solutions, methods of preparation are vacuum drying and
freeze~-drying that yields a powder of the active ingredhent plus any additional desired ingredient from a previously
stenite-filtered solution thereof.

{0714] Oral compositions generally mclude an nert diduent or an edible pharmaceutically acceptable carner. They
can be enclosed m gelatin capsules or compressed into tablets. For the purpose of oral therapeutic admnstration, the
active compound can be incorporated with excipients and used in the form of tablets, troches, or capsules. Oral
compositions can also be prepared using a flud camer for use as a mouthwash, wheremn the compound i the thad

carner is applied orally and swished and expectorated or swallowed. Pharmaceutically compatible binding agents,
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and/or adjuvant matenals can be mcluded as part of the composition. The tablets, pills, capsules, troches and the bike
can contain any of the following ingredients, or compounds of a similar nature: a binder such as mucrocrystalling
cellulose, gum tragacanth or gelating an excipient such as starch or lactose, a disintegrating agent such as alguic acid,
Primogel, or com starch; a hubricant such as magnesium stearate or Sterotes; a ghidant such as collodal aheon
dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate,
or orange flavonng,

{0715] For administration by mhalation, the compounds are delivered m the form of an asrosol spray from
pressured contamer or dispenser, which contains a suttable propellant, e.g, a gas such as carbon diovade, ora
nebulizer,

0716] Systernic admmistration can also be by transmucosal or transdermal means. For transmucosal or
transdermal admiisiration, penetrants appropriate to the baer to be perreated are used m the formulation. Such
penetrants are generally known in the art, and include, for exanple, for transmucosal admmistration, detergents, bile
salts, and fusidic aad denvatives. Transmucosal adrmistration can be accomphshed through the use of nasal sprays
or patches, thin filis, tablets t© be used for buccal or sublingual application or supposttories. For transdermal
adnunistration, the active compounds are formulated into omtments, salves, creams, gels, patches or microneedle
delivery systems as generally known m the art.

{8717] The active compounds can be prepared with pharmaceutically acceptable camers that wall protect the
compound agamst rapid elimination from the body, such as a controlied refease formutation, including implants and
nucroencapsulated delivery systerns. Biodegradable, biocorpatble polvmers can be used, such as ethylene vinyt
acetate, polvanhydnides, polvglyeolic acid, collagen, polyorthoesters, polylacticglycolic acid and polylactic acid.
Methods for preparation of such formulations will be apparent to those skilled i the art. The matenials can also be
obtamed commeraally from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including
hposomes targeted 1o infected cells with monoclonal antibodies 10 viral antigens) can also be used as
pharmaceutically acceptable camiers. These can be prepared according to methods known to those skilled i the art,
for example, as descnibed n US. Pat No. 4,522,811,

{0718] [Itis especially advantageous to formulate oral or parenteral compositions i dosage vt foom for ease of
administration and uraformity of dosage. Dosage unit form as used heremn refers to physically discrete units suited as
unitary dosages for the subject o be treated; each it containing a predetermined quantity of active compound
calculated to produce the destred therapeutic effect m association with the required pharmaceutical camer. The
specification for the dosage unit forms of the disclosure are dictated by and directly dependent on the unique
charactenistics of the active compound and the particular therapeutic effect to be achieved.

{0719] In therapeutic applications, the dosages of the pharmacentical compositions used in accordance with the

disclosure vary depending on the agent, the age, weight, and chmcal condition of the recipient patient, and the
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expenence and judgment of the climcian or practitioner administering the therapy, among other factors affecting the
selected dosage. Generally, the dose should be sufficient (o result in slowing, and preferably regressing, the
synmptons of the tmprinting disorder and also preferably causing complete regression of the imprinting disorder.
Dosages can range from about 0.01 mgrkg per day to about 5000 mg/kg per day. Tn preferred aspects, dosages can
range from about 1 mg/ke per day to about 1000 mg/kg per day. In an aspect, the dose will be in the range of about
0.1 mg/day %0 about 50 g/day; about 0.1 mg/day to about 25 g/day; about 0.1 mg/day to about 10 g/day; about 0.1
mg 1o about 3 g/day; or about 0.1 mg to about 1 g/day, n single, divided, or continuous doses {(which dose may be
adjusted for the patient’s weight in kg, body surface area in n’, and age in years). An effective amount of a
pharmaceutical agent is that which provides an objectively identifiable improvement as noted by the chnician or
other qualified observer. Tmprovement i survival and growth indicates regression. As used herern, the term “dosage
effective manner” refers to amount of an active compound to produce the desired biclogical effect in asubject or
cell.

8720] Itis to be understood that the pharmaceutical compositions can be incladed m a contamer, pack, or
dispenser together with mstructions for admunistration.

0721 Histo be undersiood that, for the corpounds of the present disclosure bemgeapable of firther forming salts,
all of these forms are also contemplated within the scope of the claimed disclosure.

{0722] As used herein, the term “phanmaceutically acceptable salts” refer to denvatives of the compounds of the
present disclosure wherein the parent compound 1s modified by making acid or base salts thereof. Examples of
pharmaceutically acceptable salts mclude, but are not hnuted to, muneral or organic acid salts of basic residues such
as amines, atkah or orgamc salts of acidic residues such as carboxylic acids, and the like. The pharmaceutically
acceptable salts include the conventional non-toxic salts or the quatemary ammonium salts of the parent compound
formed, for example, from non-toxic inorganic or organic acids. For example, such conventional non-toxc salts
mclude, but are not limited to, those denved from morganic and organic acids selected from Z-acetoxybenzoic, 2-
hydioxyethane sulfomc, acetic, ascorbic, benzene sulfonic, benzoic, bicarbonic, carbonic, citric, edetic, ethane
disulfonic, 1,2-ethane sulfomc, fumarie, glucoheptomc, gluconie, glutamic, glycolic, glycollyarsanilic,
hexylresorcinic, hydrabamic, hydrobromue, hydrochlone, hydrotodic, hydroxymaleic, hydroxynaphthoie, iseftuonie,
factic, factobonie, lauryt sulfonic, malese, malic, mandehic, methane sulfonc, napsylic, mne, oxahic, pamoic,
pantothenic, phenylacetic, phosphoric, polygalacturonic, propionic, salicylic, steanc, subacetic, succmnic, sulfamic,
suffanhe, sulfune, tannic, tartane, wluene sulfonic, and the commonly occurning anmine acids, e, glyvoine, alanine,
phenylalanine, arginine, etc.

{8723] Other examples of pharmaceutically acceptable salts melude hexanoic acid, cyclopentane propionic acid,
pyruvic acid, malonic acid, 3-(4-hydroxybenzoy! fhenzote acid, cinnamic acd, 4-chlorobenzenesutfonic acid, 2-

naphthalenesutfonic acid, 4-toluenesulfonic acd, camphorsulforuc acid, 4-methylbicyclo~[2.2 2}-oct-2-ene-1-
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carboxyhic acid, 3-phenylpropionic acid, mmethylacetic acid, tertiary butylacetic acid, muconic acid, and the like.
The present disclosure also encompasses salis formed when an acidic proton present in the parent compound either
15 replaced by a moetal ion, e g, an alkal metal 1on, an alkaline earth 1on, or an alummum ion; or coordinates with an
orgaric base such as ethanolanune, diethanolamine, tnethanolarmine, tromethame, N-methylglucanme, and the
like. In the salt form, 1t is understood that the ratio of the compound to the cation or amon of the salt can be 1:1, or
any raon otherthan 11, eg, 3:1, 21, 1.2, 0r 13

{0724] It1sto be understood that all references to pharmaceutically acceptable salts include solvent addition forms
(solvates) or crystal forms (polymorphs) as defined herem, of the same salt.

10725] Itis to be understood that the compounds of the present disclosure can also be prepared as esters, for
example, pharmaceutically acceptable esters. For exarmple, a carboxyhe acid function group ina conpound can be
converted to 1ts corresponding ester, .2, amethyl, ethyl or other ester. Also, an alcohol group m a compownd canbe
converted to its corresponding ester, e.g., acetate, propionate or other ester.

8726] In certam erbodiments, 1113 1o be understood that the compounds of the present disclosure can be aprodrug
(that may mclude an ester) of any compound disclosed herem.

0727] In certain embodumnents, 1115 to be undersiood that the compounds of the present disclosure can also be
prepared as co-crystals with other compounds.

{0728] The compounds, or pharmaceutically acceptable salis thereof, are adiministered orally, nasally,
transdermally, pulmonary, mhalationally, buccally, sublingually, mtrapentoneally, subcutaneously, intramuscularty,
miravenously, rectally, mirapleurally, intrathecally and parenterally. Tn one embodiment, the compound is
admunistered orally. One skalled i the art will recogruze the advantages of certan routes of admmstration.

{0729] The dosage regimen utilizing the compounds 1s sefected i accordance with a vanety of factors meluding
type, species, age, weight, sex and medical condition of the patient; the severity of the condition to be treated; the
route of adnunistration; the renal and hepanc function of the patient; and the particular compound or salt thereof
employed. An ordmanly skilled physician or veteninarian can readily deternune and prescribe the effective amount
of the drug required to prevent, counter, or arrest the progress of the condition.

{0730] Techniques for formulation and administration of the disclosed compounds of the disclosure can be found
in Remiington: the Science and Practice of Pharmacy, 19" edition, Mack Publishing Co., Easton, PA (1995, Inan
embodiment, the compounds described herem, and the pharmaceutically acceptable salts thereof, are used n
pharmaceutical preparations in combmation with a pharmaceutically acceptable camer or difuent. Sustable
pharmaceutically acceptable carmers mchude mert sohid fillers or diluents and sterile aqueous or organic solutions,
The compounds will be present in such pharmaceutical compositions i amounts sutficient to provide the desired

dosage amount m the range described herem.



DEMANDE OU BREVET VOLUMINEUX
LA PRESENTE PARTIE DE CETTE DEMANDE OU CE BREVET COMPREND
PLUS D’UN TOME.

CECI EST LE TOME 1 DE 2
CONTENANT LESPAGES 1 A 157

NOTE : Pour les tomes additionels, veuillez contacter le Bureau canadien des brevets

JUMBO APPLICATIONS/PATENTS

THIS SECTION OF THE APPLICATION/PATENT CONTAINS MORE THAN ONE
VOLUME

THIS IS VOLUME 1 OF 2
CONTAININGPAGES 1 TO 157

NOTE: For additional volumes, please contact the Canadian Patent Office

NOM DU FICHIER / FILE NAME :

NOTE POUR LE TOME / VOLUME NOTE:




CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235
CLAINMS:
1. Alyophilized pharmaceutical composition comprising a poloxamer and valproic acid or a pharmaceutically

acceptable salt thereof

2. A pharmaceutical composition compusing a poloxarer, valproic acid or a pharmaceutically acceptable salt
thereof at a concentration of greater than about 100 mg/ml, and CHIR99021 or a pharmaceutically
acceptable salt thereof.

3. Amethod for preparing a pharmaceutical composition cormprising the steps of!

{a) having an aqueous solution comprising a poloxamer and valproic acid or a pharmaceutically acceptable
salt thereof) and
(b} adding a solution of CHIR99021 or a pharmaceutically acceptable salt thereof.

4. The method of claim 3, wherein the CHIR99021 or a pharmaceutically acceptable sali thereof 1s dissolved m
asotution comprsing dimethy! sulfoxde (DMSO).

3. A composition of claims 1 or 2, or the method of claims 3 or 4, wherein the composition 1s suitable for

ntratympanic gjection.

6. The composttion or method of any preceding claim, wherein m the composition the concentration of valproic

acid or a pharmaceutically acceptable salt thereof'1s greater than about 100 mg/mL.

~3

The composition or method of any preceding clamm, wherein in the conposition the concentration of valprowe

acid or a pharmaceutically acceptable salt thereof s about 100 to about 500 mg/mk.

8 The composttion or method of any preceding claim, wherein in the composition the concentration of valproie

acidd or a pharmaceutically acceptable salt thereof 1s about 100 to about 350 mg/ml..

9. The composttion or method of any preceding claim, wherein in the composition the concentration of valproic
acid or a pharmaceutically acceptable salt thereof s about 125 1o about 140 mg/mL.

10, The composition or method of any preceding claim, wherem in the composition the concentration of valproic

acid or a pharmaceutically acceptable salt thereof s about 133 mg/ml.

11, The composition or method of any preceding clamms, wherein in the composition the concentration of

valproic acid or a pharmaceutically acceptable salt thereof1s about 130 mg/mb.

305



CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235

12, The composttion or method of any preceding claim, wherein in the composttion the poloxameris a

thermoreversible gel.

13, The composition or method of any preceding claim, wherem m the composition the poloxamer 1s a gel at

about body temperature.

14, The composition or method of any preceding claim, wherein i the composition the poloxamer is an
mmmobile gel at about body termperature.

15, The composition of clairos 13 or 14, wheren body temperature 18 37 °C.
2 o

16, The composition or method of any preceding claim, wherein in the composition the poloxamer coraprises at

least 60% polyethylene oxide by molecular mass.

17.  The composiion or method of any preceding claim, wherein in the compostiion the poloxamer comprises:

where ¢ 15 about 80 1o about 120, and b 15 dbout S0 o abowt 70,

18 The composition or method of any preceding claim, wherein i the composition the poloxamer has a nurnber
average molecular weight of about 10,800 to about 11,200 Da,

19, The composition or method of any preceding claim, wheremn in the composition the poloxamer has a weight

average molecular weight of about 11,500 to about 11,700 Da

20, The composition or method of any preceding clamm, wherein in the conposition the poloxamer has a
polydispersity index of about 1.02 to about 1.08.

21 The composttion or method of any preceding clamm, wherein in the composition the poloxamer ranges from
about 7,250 w0 about 16,600 Da

22 The composttion or method of any preceding claim, wherein i the composition at least 85% by weight of the

poloxamer has an average molecular weight of greater than about 7250 Da,
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The composttion or method of any preceding claim, wherem 1n the composition at least 87% by weight of the

poloxamer has an average molecular weight of greater than about 7250 Da,

The composttion or method of any preceding claim, wherem in the composition at Jeast 90% by weight of the

poloxamer has an average molecular weight of greater than about 7250 Da,

The composition or method of any of claims 22-24, wheren in the composition the poloxamer has a peak
molecular weight of about 12,000 to about 12,500 Da.

The composition or method of any of claims 22-25, wherein in the composition the poloxamer has a number
average molecular weight of about 11,500 to about 12,000 Da.

The composition or method of any of claims 22-26, wheremn i the composttion the poloxamer has a weight
average molecular weight of about 11,750 10 about 12,250 Da.

The composttion or method of any of claims 22-27, wheremn i the composttion the poloxamer has a

polvdispersity mdex of about 1.02.

The composttion or method of any preceding claim, wherem in the composition less than 20% by weight of

the poloxamer has an average molecular weight less about 7,250 Da.

The composttion or method of any preceding claim, wheremn in the composition less than 15% by weight of

the poloxamer has an average molecular weight less about 7250 Da.

The composttion or method of any preceding clamm, wherein n the composition less than 10% by weight of

the poloxamer has an average molecular weight less about 7250 Da.

The composttion or method of any of claims 29-31, wheremn 1 the composttion the poloxamer distnbution
has a peak molecular weight of about 5,000 to about 5,506 Da.

The composition or method of any of claims 29-32, wherein i the composttion the poloxamer distnbution

has a number average molecular weight of about 5,000 to abowt 5,500 Da.

The composition or method of any of claims 29-33, wheren in the composition the poloxamer has a weight
average molecular weight of about 5,000 o about 5,500 Da

(99
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The composttion or method of any of claims 29-34, wheretn i the composttion the poloxamer has a
polydispersity mdex of about 1.02.

The compostiion or method of any preceding claim, wheremn in the compostiion the concentration of

poloxamer 1s about 10% to about 20% wiv.

The composition or method of any preceding claim, wheremn in the composition the concentration of
poloxamer is about 12.5% to about 17.5% wiv.

The composttion or method of any preceding claim, wherein in the composition the concentration of

poloxamer s about 14.5% to about 16.5% wiv.

The composttion or method of any preceding claim, wherein 1 the composition the concentration of

poloxamer is about 15.5% wiv.

The composttion or method of any preceding claim, wherein m the composition the average molecular

weight 15 the weight average molecular weight,

The composition or method of any preceding clamm, wherein in the conposition the average molecular

weight 15 the nurnber average molecular weight.

The composttion or method of any preceding clamm, wherein m the composition the average nwlecudar
weight is the peak molecular weight.

The composttion or method of any preceding claim, wherein m the composition the poloxamer cormprises

Poloxamer 407.

The compostiion or method of any preceding claim, wheremn in the compostiion Poloxamer 407 15 at least

50% by waight of the poloxamer.

The composition or method of any preceding clamm, wherein in the conmposition Poloxarmer 407 1s at least

75% by weight of the poloxamer.

The composttion or method of any preceding clamm, wherein i the composition the poloxamer 15 Poloxamer
407,

[y}
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The composttion or method of any preceding claim, wherein m the cormposition the poloxamer is purified

poloxamer.

The composition or method of any preceding claim, wheremn mn the compostiion the pharmaceutically

acceptable salt of valproie acid 1s sodium valproate.

The composition or method of any preceding clam, wherein the composition further conmprise one or more

otic therapeutic agents.

The composttion or method of any preceding clamm, wherein i the composition the concentration of the one

of moore ofic agents s less than about 7.5 mg/mlL.

The composition of any preceding clamm, wheren the one or more ofic therapeutic agents mcludes
CHIR99021 or a pharmaceutically acceptable salt thereof

The compostiion or method of any preceding claim, wheremn in the compostiion the concentration of

CHIR99021 or a pharmaceutically acceptable salt thereof 1s less than about 7.5 mg/molL.

The composition or method of any preceding claim, wheremn in the composition the concentration of
CHIR99021 or a pharmaceutically acceptable salt thereofis about 3 to about 7 mg/rlL.

The composttion or method of any preceding claim, wherein in the composition the concentration of
CHIR99021 or a pharmaceutically acceptable salt thereof'is abowt 4 1o about 6 mg/mi..

The composttion or method of any preceding claim, wherein 1 the composition the concentration of
CHIR99021 or a pharmaceutically acceptable salt thereofis about 5.1 mg/mlL..

The compostiion or method of any preceding claim, wheremn in the compostiion the concentration of
CHIR99021 or a pharmaceutically acceptable salt thereof'1s about 1 to about S mg/mlL.

The composition or method of any preceding claim, wheremn in the composition the concentration of
CHIR99021 or a pharmaceutically acceptable salt thereofis about 2 1o about 4 mg/mb.

The composttion or method of any preceding claim, wherein in the composition the concentration of

CHIR99021 or a pharmaceutically acceptable salt thereof1s about 3.1 mg/mL.

(9]
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The composttion or method of any preceding claim, wherein m the composition the CHIRS921 ora
pharmaceutically acceptable salt thereof1s CHIR99021.

60, The composttion or method of any of claims 1-50, wherein in the composition the one or more ofic

therapeutic agents mcludes L.Y2090314 or a pharmaceutically acceptable salt thereof,

61, The composition or method of any of clans 1-50, wherem 1n the composition the one or more otic

therapeutic agents includes GSK3 XX or a pharmaceutically acceptable salt thereof.

C\
£

The composttion or method of any of claims 1-50, wherein i the composition the one or more otic

therapeutic agents includes Compound I-7 or a pharmaceutically acceptable salt thereof.

63, The composttion or method of any preceding claim, wherein the composition frther comprises dimethyl
sulfopdde (DMSO),

64, The compostbion or method of any preceding claim, wherein m the composition the concentration of DIMSO

1s less than about 25% by weight.

65, The composition or method of any preceding clamm, wherein m the composition the composition s a

Ivophilized composition.

66.  The composition or method of any preceding clamm, wherein the composition conprises about 100 to about

200 myg of poloxamer.

O\
~J

The composttion or method of any preceding clamm, wherein the composition comprises about 100 to about

200 mg of sodium valproate.

68 The vophilized composition of any preceding clasm, wherem the composition compnises about 0.01 to about
2%%6 by werght CHIR99021.

69.  The lyophilized composition of any preceding claim, wherein the composition comprises about 30 to about

50% by weight sodnmm valproate.

70.  The lyophilized composition of any preceding claim, wherein the composition comprises about 50 to about

70% by weight poloxamer 407,

[y}
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71, The lvophilized composition of any preceding clasm, wherem the composition compnises about 0.01 to about
2% by werght CHIR99021, about 425 to about 47 5% by weight sodium valproate, and the remaining
percent by weight 1s Poloxamer 407,

~J
N2

The lyophilized composition of any preceding claim, wherem the poloxamer 1s punfied poloxamer.

73.  The composition or method of any preceding claim, wherein the composttion the composition does not
comprise an additional bulking agent.

74 The composttion or method of any precedmg clamm, wherein in the composition the composition does not

comprise an antioxidant

75, The lvophilized pharmaceutical composttion of any preceding claim, wherein the concentration of aldehydes

is less than about 5 ppm.

76, 'The lyophitized composition of any preceding claim, wheremn the aldehydes are volatile aldehydes.

The lyophilized composition of any preceding claim, wherem the aldebydes are selected from the group of

formaldehyde, acetaldehyde, and/or propionaldehyde.

78, Amethod for lyophilizing a pharmacewtical composition, wherein the method comprises:
{a} providing a pharmaceutical compositiorn,
{b} lyophilizing the composttion by
(1) reducing the temperature m the lyophilizer to 45 °C at arate of 0.5 °C per munute, and then
holding it at 45 °C for 3 hours;
(1) applying a vacuum of 80 mTorr;
(uy  ncreasmg the temperature to -30 °C (at arate of 0.5 °C per minute) and holding it at -30 °C for 15
hours under a vacuum of 80 mTorr,
(v}  moreasmg the temperature to 15 °C {at arate of 0.5 °C per minute), andior
(v) holding the temperature at 15 °C for 20 bours under a vacuum of 80 mTorr, and

{c) obtaming a lvophilized pharmaceutical composttion.

79, The method of claim 78, wherein the pharmaceutical composttion of step (&) 1s a composttion of any

preceding clam.



&0,

&4,

&5,

88.

CA 03114113 2021-03-24

WO 2020/072601 PCT/US2019/054235

A reconstituted pharmaceutical composition comprising a lyophilized pharmaceutical composition of any

preceding claim and a diluent.
The compostiion of claim 80, wherein the lyophilized pharmacevitical composition 1s dissolved in the diluent.
A method of treating a subject who has, or 18 af nisk of developmg a heaning condition, comprising

admimistenng to the subject a pharmaceutically effective amount of the pharmaceutical, lyophilized or

reconstituted composition of any preceding claim.

The method of claim 82, wherem the hearing condition 1s sensorineural hearing loss.

A pharmaceutical, Iyophihized or reconstituted compostiion of any preceding clasm for use m therapy.

The phamaceutical, lvophilized or reconstriuted composttion of any preceding claim, for use i freating a

subject who has, or 1s at nsk of developing a hearing condition.

The composttion for use according o claim 85, wherem the hearing condition 18 sensorineural hearing loss.

Use of the pharmaceutical, yophibized or reconstituted composition of any preceding clam, i the

manufaciure of a medicament for treating a subject who has, oris at nsk of developing a heanmg condition.

The use of claim 87, wherein the hearing condition s sensonnewral heanng loss.
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