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delivering a corticosteroid to the ear. In some embodiments, the target portion of the ear is the
middle ear or auris media. In some embodiments, the target portion of the ear is the inner ear, or
25  auris interna. In other embodiments, the target portion of the ear is both the auris media and the auris
interna. In some embodiments, the controlled release formulations further comprise a rapid or
immediate release component for delivering a corticosteroid to the targeted auris structure. All
formulations comprise excipients that are auris-acceptable.
[0004] Also disclosed herein are methods, compositions and devices for the treatment of otic
30  disorders by administration of controlled release formulations comprising a corticosteroid. In some
embodiments the otic disorder is Meniere’s disease, Meniere’s syndrome, or sensorineural hearing
loss. In additional embodiments, the otic disorder is an autoimmune inner ear disorder (AIED). Also
disclosed herein is the local delivery of controlled release steroid compositions and formulations to
suppress or ameliorate auditory and vestibular impairment as a result of AIED, which may be
35  provoked by other autoimmune conditions, including Ankylosing Spondylitis, Systemic Lupus

Erythematosis (SLE), Sjogren’s Syndrome, Cogan’s disease, ulcerative colitis, Wegener’s
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about 250 to about 320 mOsn/L at the target site of action (e.g., the inner ear and/or the perilymph

and/or the endolymph). In certain embodiments, the formulations described herein provide a

30  perilymph-suitable osmolality within about 150 to about 500 mOsm/kg, about 200 to about 400
mOsm/kg or about 250 to about 320 mOsm/kg at the target site of action (e.g., the inner ear and/or
the perilymph and/or the endolymph). Similarly, the pH of the perilymph is about 7.2-7.4, and the
pH of the present formulations is formulated (e.g., with the use of buffers) to provide a perilymph-
suitable pH of about 5.5 to about 9.0, about 6.0 to about 8.0 or about 7.0 to about 7.6. In certain

35  embodiments, the pH of the formulations is within about 6.0 to about 7.6. In certain instances, the

pH of the endolymph is about 7.2-7.9, and the pH of the present formulations is formulated (e.g.,



enbodi ments, the pH of the formulations is within about 6.0 to about 7.6.
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[0011] In another aspect, the composition is administered so that the composition is in contact with
30  the round window membrane. In one aspect the composition is administered by intratympanic
injection.
[0012] Provided herein are pharmaceutical compositions or devices for use in the treatment of an
otic disease or condition formulated to provide a therapeutically effective amount of dexamethasone,
methylprednisolone, or prednisolone, the pharmaceutical compositions or devices comprising
35  substantially low degradation products of dexamethasone, methylprednisolone, or prednisolone, the
pharmaceutical compositions or devices further comprising two or more characteristics selected

from:
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(iii) multiparticulate dexamethasone, methylprednisolone, or prednisolone.

20 [0014] In some embodiments, a pharmaceutical composition or device described
herein comprises:
(i) between about 0.1% to about 10% by weight of dexamethasone,
methylprednisolone, or prednisolone, or pharmaceutically acceptable
_ prodrug or salt thereof; _
25 (ii) between about 16% to about 21% by weight of a polyoxyethylene-
polyoxypropylene triblock copolymer of general formula E106 P70 E106;
(iii) multiparticulate dexamethasone, methylprednisolone, or prednisolone; and
(iv) a gelation temperature between about 19 °C to about 42 °C.
[0015] In some embodiments a pharmaceutical composition or device described above
30 provides a practical osmolarity between about 150 and 500 mOsm/L. In some
embodiments a pharmaceutical composition or device described above provides a
practical osmolarity between about 200 and 400 mOsm/L. In some embodiments a
pharmaceutical composition or device described above provides a practical osmolarity
between about 250 and 320 mOsm/L.
35 [0016] In some embodiments, the dexamethasone, methylprednisolone, or prednisolone
is released from the pharmaceutical formulation or device described above for a period

of at least 3 days. In some embodiments, the dexamethasone, methylprednisolone, or
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phar maceutlf¥8] conmpds PepREmindingRngs, & ehaywaceptigsb gomposition or device described above

has a pH between about 5.5 to about 8.0. In some embodiments, a pharmaceutical

composition or device described above has a pH between about 6.0 to about 8.0. In
25 some embodiments, a pharmaceutical composition or device described above has a pH
between about 6.0 to about 7.6.

[0020] In some embodiments, a pharmaceutical composition or device described above
contains less than 100 colony forming units (cfu) of microbiological agents per gram of
formulation. In some embodiments, a pharmaceutical composition or device described

30 above contains less than 50 colony forming units (cfu) of microbiological agents per
gram of formulation. In some embodiments, a pharmaceutical composition or device
described above contains less than 10 colony forming units (cfu) of microbiological
agents per gram of formulation.

[0021] In some embodiments, a pharmaceutical composition or device described above

35 contains less than 5 endotoxin units (EU) per kg of body weight of a subject. In some
embodiments, a pharmaceutical composition or device described above contains less

than 4 endotoxin units (EU) per kg of body weight of a subject.
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above contains |ess than 50 colony formng units (cfu) of m crobiol ogical
agents per gramof fornulation. In sone enbodi nents, a pharmaceuti cal
conposi t w0 2009/3e92ice descri bed above contains | ess t hamCTQSe@o0306é or m ng
units (cfu) of mcrobiological agents per gramof fornulation. [0021] In

some enbodpe@Nts, a RRGHEBEEHihEM a ﬁtﬁﬂﬁéb’ihtﬁda%n%sﬁ&%r%vfé@&&&ﬁ&ﬁ%@J&OVe
contains |less than 5 endotoxin units (EU) ht of a

subject. In sor?éo‘é%acmelﬁﬁm@mpqam%éam%a‘ftwewwl 1t9| Gr‘P ehoua‘é?vﬁceln

descri bed aboveomeehBbdifieht®s phdriadtuficat BSREobR otdbvice désehbedRBbveBondeshody
wei ght of a subject.[0022] In sonme enbodi ments anghar maceuti cal conposition

or device descrEcltion EpBsatu Rapyeraabent Jevsen aheuk Wnbde abqut &7 et Meeeabout

bet ween about IlghvBinlefts @pAstnadeti®ff cotposiaRr 88hQUcSRBESaRvOPRABCLUL | cal
conposition or device described above provides a 8e| ation tenperature

bet ween about HElaieRITMRETAME betyvese abept herygen abpugl® Ciig akaykd0 Grbodi nent s a

phar maceut[p@23| CONPGA isbrhOEmBYdiH&Nd, %p*ﬁ%%ﬁ&édﬁ@zﬁ cBRPOsRIdATPYERRSs #n ARisat | ON
t enper ature between about between about 0C to about 30 OC. [0023] In

sone enbodi menta&sertahle thmmprekeraibleigsh fn @Wﬁa‘é’f’@%ﬂtsdhe PRIVexyethylgney
auri saccept abl g onGﬁWy?éﬁ@Erﬂil&ﬂk%oﬂ(ﬁ%merh@b@@éﬁadﬁm%ﬂ/m&nuﬁa% (e, the
a

poléfxyethylenepolyoxyp | ene tribl ock copol i s biodegra [ e and/ or
bi o i i nat ed (cepfgjymertlh%hr@aﬁﬂ {rema thg bodg py ﬁPWéﬁ%ﬁﬁafl?leﬁO?%é etﬁo&ymw%p in

bi odegr adat i on i @6RSthe fe@es@bpthe%de%ﬂﬁin&e%ﬁﬁoﬂuﬁeh@ dhpHaRBacehthB] doRpBSitieH ort he
like). In some embodi nents, har maceuti cal conposition or device

descri bed her eldﬁ"lf"iliktsﬁ'é?edéﬁfﬁﬁ‘r C%!“WF@%&H‘H@?W@VQIH seppemdBenthdnt s, a

pharmaceut i cal henRe&ittbd1RPmPssititd\or A6vicEdRSdribb® Herbig TitHar EdMigriiaa geRdREbSES @
penetration enhancer._ In sone enbodi nents, a pharnmaceuti cal corrp05| tion or

devi ce descri b&ahanssrelnomg P’F‘H@r‘mé’é?ﬁﬁrﬂhé@?c%l‘tlf’ﬁlcel@é?ﬁ“m o5 geige depaiibed e

enbpdi ments,  a HeRRA! ARRGEbinsddes & INRAINE b8t %scﬂ&Vénﬁﬁdﬁ%%ré hRenitehan
further conprises a _dye. [0024] I n sone enbodi nents, phar maceut i cal

conposi ti on or CA@PPLEONNE devigasisaeribed B?rﬁmffﬂ?bteﬁ%qm%?ﬁm‘?@es a drug delivery

devi ce seljggupd fronhgone&ambsiAds, 8 PhdrRB8&utieal BoHFdsitidn B ddviReRERAbIOHRrGEVI CE,
awck, anin situ formng sp on% mat eri al or conbinations thereof. [0025]
tve

In sone embodi rfaHies Co%PfﬁﬁSa"r drus deltvienAevice pilesisdtiTogh? predigend ainge sPMBedi

herein is a phasERGHtibEddviceOIWRR! dnl iR BinPlorBiBY sSoRgyValeRhlnbr thabidfwaet hasone,
net hyl pr edni sol one, or predni sol one, or pharnaceutically acceptable salt

t het®of, has Ilt}i‘ﬁr?‘éd or no system c release, systemc toxicity, poor PK

characteri mzlsfs Or 16 95HM GRfddaRsts, BeheRheeulithl 5&??)5@189@#1&%@U55095e41ﬁ?em

phar maceuti cal conpositions or devices describ herei n, the dexanet hasone,
met hyl pr edni solibheharmgacepticaliAmpepiipon devicy whersinths dexamethiasphee base, a free

acid, a salt, andMydstedifbolddb, R pFafiRblBA, bPphatBRE@RbHY dddefisYIEsalt thereof, has

limited or no systemic release, systemic toxicity, poor PK characteristics, or

25 combinations thereof. In some embodiments of the pharmaceutical compositions or
devices described herein, the dexamethasone, methylprednisolone, or prednisolone is in
the form of a free base, a free acid, a salt, a prodrug, or a combination thereof. In some
embodiments of the pharmaceutical compositions or devices described herein, the
dexamethasone, methylprednisolone, or prednisolone is administered in the form of a

30 phosphate or ester prodrug. In some embodiments of the pharmaceutical compositions
or devices described herein, the steroid is dexamethasone phosphate or dexamethasone
acetate. In some embodiments pharmaceutical compositions or devices described herein
comprise dexamethasone, methylprednisolone, prednisolone, or pharmaceutically
acceptable salt thereof, prodrug or combination thereof as an immediate release agent.

35 [0026] In some embodiments, pharmaceutical compositions or devices described herein
are pharmaceutical compositions or devices wherein the dexamethasone,

methylprednisolone, or prednisolone comprises multiparticulates. In some



enbodi ments of the pharnmaceutical conpositions or devices described herein,
t he dexanet hasone, nethyl predni sol one, or prednisolone is admnistered in

t he for mwD 2009t30phat e or ester prodrug. |In sone enbodiPOEMIS2000/0030he
pharmaceutical conpositions or devices described herein, the steroid is

dexanmet hasone PAMBRARKR, HarBR¥@ERL JOAPONEoR L EA®s ddsBriledRerefidR@di Ment s
phar maceuti cal conpositions or devices described herein conprise

dexamet hasone, RPEEPAFEYSICRIFAMBONItNTS or davicehVhgiein the degamethaseneaceut i cal | y

accept abl e sal tmdihape@fisoldte 08 PrdinRbl08OR REsBRal1P ih thd BB nAGoRFed paARs At €
rel ease agent. [0026] In sone enbodi nents, pharmaceutical conpositions or

[ : s, pharn :
devi ces descri HBdoReFmBPadimsnés ofithe phareaseytical copppsiinss of davicepdesgrakel dgiitpher ei n

t he glexanmet hasqRedexBRtRYoRE B ENILE RrRE mih-deXBHaSHe PBRIGOMPr | Ses
mul tiparticul ates. I n soneenbodi nents, pharmaceutical conpositions or

devi ces dd@®l bed hep&pme sirkedimentrabampcetical eUPRISEPRS Prlsviess dgwtiPedlersifer ei n

t he dexanet hasqfher BBthp1ysk B 88liHichal tREEpeuRE aRhe ARG BRSO dirSen®S #RREIRbdaY | N
the formof mcronized particles. In sone enbodi nents of the pharnaceuti cal

conposi ti ons ortheerFPieagentds 8 NafleATRese siodulaton @ chenothammeutioent 3collageha form

of m cr o- dexamglahA0NEouleVYAGAterférBR 24 hntl-MhiGSHIR 28EHR QI aHBNbR, 2 RRATABSLUL | cal
corrE05| tions or devices described herein further conprise an additi onal
t hetBpeuti c ageesthetif aggina patelel artinstor Sactor patagamist e gioRTOteckHEY aPBTiE PHdagent i s

a Na/ K ATPase npgahatitMibitod ab RETVEALS @ééﬁt‘;'!éivﬁsog(_gﬁsm ant#xoki®t APH@NiraPagent, an
gamma-gl obulin, an interferon, an anti-mcrobial agent, an antibiotic, a
local acting arf@deHt§ aeealyannti-ENR pgank papsoprepsin eeeptormqdulstor dpsthestsnitet , an

ot oprotectant, @cBpidshtantide FEnSONIPPASQnisNRARSIARE, latRdpARRE h TRE chhwaiadent , a
vasopressin antagonist, an anti-viral agent, an anti-enetic agent, an
anti- TNF agent ,sn&meighibitarsa Ik nhibipiop £ feFecsptor pedaior @k agtbapoptotic

cyc{ppphosphanm dgent] IMBIRPRHRRINE AR ride, B GA Ahivit8SconlpBldl) AP @Shidasd, TNF
converting enzyme i nhibitor, an | KK inhi'bitor %ésgg%%anate recept or

modul ator, an Astexisansplol beta mgdwetorseERR b3 gpiae -1 megigterpriolidikec- j un

i nhi bi t or comqwmrsbx@wqaﬁmﬁ@dmeﬁsi k@i modllatdes, AGIOM ABElAEE Of S,
ERR- bet a antagoni st, | G-1 nodulators, Toll-like receptors, KCNQ channel

nodul at ors, nePEPIaYens thesll at ors, ATOH nodul ators or conbi nati ons

thereof. [6088] | N JAIEMESEUHAGIN, SharRRRLABE E3MdosiibnC R ABASsldeRABedHerddVi CES
descri bed herein are pharnmaceutical conpositions or devices wherein the pH

of ¥he phar mac iR PreENaceyirplronpPYtons or dexiges whersinghs rib afthe phagnagguiiral o about

7.6. [0029] I n 3opB:isrRRAENBNE SetRbed dbButd BoB&ER Y. Cal conposi tions or
devi ces described herein, the ratio of a pol yoxyethyl ene-pol yox%qp‘r%b%)él ene
S

triblock d¥B8lyner dnsgeaerkadimershfithe phegeropitigalcopgositpns of fvicee gent
i's from about 4{ieinl tHeQat@f ¥ atpoRodyettylens POE o SPRNIHE BibTock LoR It Gk gAY agent
i s carboxymethyl cellul ose, hydroxypropyl cellul ose
formula E106 P70 E106 to a thickening agent is from about 40:1 to about 5:1. In some
25 embodiments, the thickening agent is carboxymethyl cellulose, hydroxypropyl cellulose
or hydroxypropyl methylcellulose.
[0030] In some embodiments, the otic disease or condition is Meniere’s disease,
sudden sensorineural hearing loss, noise induced hearing loss, age related hearing loss,
auto immune ear disease or tinnitus.
30 {0031] Also provided herein is a method of treating an otic disease or condition
comprising administering to an individual in need thereof an intratympanic composition
or device comprising a therapeutically effective amount of dexamethasone,
methylprednisolone, or prednisolone, the composition or device comprising
substantially low degradation products of dexamethasone, methylprednisolone, or
35 prednisolone, the composition or device further comprising two or more characteristics

selected from:



or hydroxypropyl mnethylcellul ose. [0030] In sone enbodinents, the otic

di sease or condition is Meniere's di sease, sudden sensorineural hearing

| oss, noiwe 2nevdseed hearing | oss, age rel ated hearing | @es3juSaudmo3ohsrune ear
di sease or tinnitus. [0031] Al so provided herein is a method of treating an
otic disease or CQnpltvEAMbERTIY% & MBGutAdI BY Wiight 0P Gexafe@Bsonfdi Vi dual in need
thereof an intratynpanjc conposition or device conprising a therapeutically
effective amount of BEIPRSENsRIeNceor pRedntpglops. o PhasmpcsHically accsptable Progrugive, t he
conposition or devi GgiteRpMeE Si Ng substantlally | ow degradati on products of
dexanet hasone, neth¥Fpredn|solone :ﬁrednlsolone t he conposition or

devi ce further cofip 'é‘ieﬁ‘@al{%l%torﬁ%’bt Palyateightiof e pelzoxyethylenesd from (i)
bet ween about 0. 1% t;;aly%kw yl&éotmomogmmafof%&m&hﬁm% P70 E106;

met hyl pr edni sol one, predni sol one, or pharmaceutically acceptable prodrug

or salt thereof: () *)terﬂ%‘f"ﬁ’ébﬁ Sal‘?B@?re‘i@%“?‘ﬁ)d%ﬁPet‘Zi%aB9mv§eﬁ e pbYIt

pol yoxyet hyl enepohmaswaﬁmwlﬁaeextaﬁkms%g R YrYdROIAE, @ BRARIRbI0ALT rml a El 06
P70 EI 06; (iii) sterile wa buffered to prOV|de a pH between

about 5.5 and abo(® agd@““’(*?@)’”ﬁﬁﬂn’%heﬁ’éﬁepiaw 8 € gehayrdEiasone,

met hyl predni sol ongi) 1eds @8k S0 |cOIBRY foring InBECRD bORIFSHIEES HEishRE ween
about 19 0C to abgﬁ% 52 SC (Vlf Iéés thgn about SO(Eoloﬁ% fo%nﬁgg units

(cfth of nlcrobloIoglcgﬁnaﬁ‘ﬂP§”ﬁ@Pﬂﬁﬁan1of formul ation, and (vii) less

than about 5 endofisieds ti dbduf FbAdoRRUn 6kt eight ¥ aSHE)E&CT -
[0032] In sone eng%glnents OP theone{%odégﬁgscrl ed ﬁ%rg?% ¥ HQ

dexamet had®¥2l et hylP sresiemiesiments of she methersidsssriberbherain, thy @é%‘é‘%}h#SP’éﬁﬂ t he

conposi tion or Hemiseddiedlond, &%Eédﬁgolgﬁe @Treléaﬁélsﬁ‘oxﬁﬂfé%&%poslltfbn&f?H@w@erf@péﬂ ment s
of the methods described herein, the dexanethasone, hyl pr edni sol one, or

pr edni sol one i Peried s least 193K Ph@nt?cﬁﬁﬁ’eélmeptéﬁf@ie H&Q\?ﬁ%@wr&eﬂaﬂrﬁ@r%d of at
| eagd 5 days. Idaxms&ﬁbﬁ%m?mdﬁlsaané Bepra®idRAte isderskl h@g tﬁ@éo%fpesm&he

dexamnet hasone, neth rednj sol one predni sol one is rel eased omthe
conposi tion or oaéw of pperigd 98 ati leagt eaya+In perae smbagimepsof themetbads dessBbed ment s

of the nethod deae iHeExARMASonel ﬁ\@th?l ﬁﬁ%lm&rﬁmﬁ%mytsr}ae&ea ﬁ@lanm;e or
0

predni sol one is essentlall in the rmof mcronized particles. [0033] In

sone enbodi nentcema?mtqﬁ@rﬁ@t%%saa%@éﬁf Bidershi} davm, Insprae eghesiments ofthe s

admi ni stered aGRRRR deltfibEPsidde, thd WQNIethRoRD HRGPRAAIsBRE, 8r Sredrlisfori®S hods
descri bed herein, the otic di sease or condition is Meniere' s di sease,

sud¥en sensor i rrewsraally i the fforsp ofguisronized pastislefduced hearing | oss, age rel at ed
hearing | qeg33] aut 0 INGAECRFIdiAbnSEFIRe Méthods described herein, the composition is

administered across the round window. In some embodiments of the methods described
herein, the otic disease or condition is Meniere’s disease, sudden sensorineural hearing
loss, noise induced hearing loss, age related hearing loss, auto immune ear disease or

25 tinnitus.

BRIEF DESCRIPTION OF FIGURES
[0034] Figure 1. illustrates in vitro release profile of Dexamethasone vs. varying

concentrations of Poloxamer 407.

30 [0035] Figure 2 illustrates the relationship between the mean dissolution time (MDT)
of a formulation and the P407 concentration.
[0036] Figure 3. illustrates release profiles of various steroidal formulations containing
17% P407.
[0037] Figure 4. illustrates the correlation between mean dissolution time (MDT) and
35 apparent viscosity of formulation
[0038] Figure S illustrates the effect of concentration on the viscosity of aqueous

solutions of Blanose refined CMC



tinnitus. BRI EF DESCRI PTION OF FI GURES [0034] Figure 1. illustrates in
vitro rel ease profil e of Dexanethasone vs. varying concentrations of

Pol oxanmerwoQé09/30235] Figure 2 illustrates the rel ati on®birwsh@vinesses t he
mean dissolution time (MDT) of a fornulation and the P407 concentrati on.

[0036] Fiqeg39)3. il |kighredifSstars 8RS BeR0PEdrc&iralbn Mifthe PlSosRY 6ff ALtk
formul ati ons cont ai ni ngﬁ%?% P407. [0037] Figure 4. illustrates the

correlation betsﬁk’éﬂns_rﬁf }éﬂcgl_sol ution time (MDT) and apparent viscosity of
fornul ati qoodoP038] Hiighte® iftustrael! e, ltﬁféiﬁﬁ%g@ﬁl&ﬁﬁgeﬁquQ@SlﬁEﬁtaB@xt' on on the

viscosity of aqueous solutions of Blanose refined 0039] Figure 6
illustrates thenEtymRanicgficeiPicentrati on on the viscosity of aqueous

sol u i ons [gd41jet hoc @igmfsfkﬁ&su%iegu{e%el%mﬁnkdﬁsﬁ Fife @Surbd¥@r B8hulh@d dbdaribdee

guinea pig ear up.to days after intratynpanic injection. [0041] Figure 8
illustrates thd®&# elinination tine course for fornulations described

herei n [ 0Qdodk) Fi gur erjureldlitedh@b 8% rélbRe pRERASEIORNAAINS désefibddderti ati ons
descri bed herein DETAI LED DESCRI PTI ON THE | NVENTI ON [ 0043] Provi ded

herein are controlled rel ease corticosteroid conpositions and formul ati ons
to treat diseases of the ear, including Meniere's disease and sensi neur al

hearing | oss. [0044] AETAW.£DDENCRIPTION OF THEINVENRION | abl e for the
treatment of otic disorders such as ADED, however, system ¢ routes via

oral® int A%3hous orPreYidsddierrinaie sontroled weleasgqorticgsteraidicotrpeRitinps evd del i ver

these ther apeuttbnagiRhs © trefddeith 6f HE b, iA6lHiAE Mehtd OdiscdRYand k@BinBurdl
potential inequality in drug concentration with higher circulating | evels

in the serum &NEINEr Ievels in the target auris nedia and auris interna

organ stryggqdy es. AsA gew @sidpdutic bRidhdtY ark avGIabla Fa WY tfeafthentlbft@ic AlsBrdeRGUEH €d t O
overcone this inequality in order to deliver sufficient, therapeutically

ef fective quant® e hoyeyiiesystamisirontss via pRal, Apfppvenogor iafanysaylar igptggare
adnmisni strati on ciB¥ntlyNeéEB A6liveh thebd thethpdiBOshetls. S)¥eifdArGg hdhfihBirdtioBSmagnd
adverse side effects as a.result of the high serumanounts required to
ef fect uate suf FFeferRotnElAncayality iRedrye seneentgtiony i highgrcgculating eygis n the

toxicities may sahufafl6wEr 18veldin (iRIbksbt afis hbdif hndXueis kil oraiihtREREESAI 19 Of
the therapeutic %ﬂents, form ng toxi c net abolites that effectively erase

any benefit at &Rty lags h drteareregyradiie pygseome; this inequality in order to

deliver sufficient, therapeutically effective quantities to the inner ear. In addition,

20 systemic drug administration may increase the likelihood of systemic toxicities and
adverse side effects as a result of the high serum amounts required to effectuate
sufficient local delivery to the target site. Systemic toxicities may also occur as a result
of liver breakdown and processing of the therapeutic agents, forming toxic metabolites
that effectively erase any benefit attained from the administered therapeutic.

25 [0045] To overcome the toxic and attendant side effects of systemic delivery, disclosed
herein are methods and compositions and devices for local delivery of therapeutic
agents to targeted auris structures. Access to, for example, the vestibular and cochlear
apparatus will occur through the auris media including round window membrane, the
oval window/stapes footplate, the annular ligament and through the otic

30 capsule/temporal bone.

[0046] Accordingly, provided herein are controlled release corticosteroid formulations
and compositions to locally treat targeted auris structures, thereby avoiding side effects
as a result of systemic administration of the corticosteroid formulations and
compositions . The locally applied corticosteroid formulations and compositions and

35 devices are compatible with the targeted auris structures, and administered either
directly to the desired targeted auris structure, e.g. the cochlear region, the tympanic

cavity or the external ear, or administered to a structure in direct communication with

9



[ 0045] To overcone the toxic and attendant side effects of systemc
delivery, disclosed herein are nmethods and conpositions and devices for

| ocal delwoeng/hozther apeutic agents to targeted auri s PCTOS2AMWAB306AACCESS
to, for exanple, the vestibular and cochl ear apparatus will occur through

the auris nedi %réa@%fﬁh@h{ﬁ% ihRHAdnVLaE %t%ﬂﬁﬁ@é&%ﬂ{eb&nﬁ%@hddw REAKLRE, aRres
footplate, the annular [igament and through the otic capsul e/terrporal bone.

[ 0046] Accor di rigist feqsﬁtwwe@ﬂeaﬁ eF e gval mandowrperehranse By spesHisallgreetitgrdk er oi d

formul ations ange &Pﬂéﬁﬁé ta&&'?s% sidR effBG@ds! a\&eéu!t%@"sysﬁe%ﬁ&ﬁ&a%ﬁerﬁldfe' aoidkd. uct ures,
t hereby avoidin }3 side effects as a resul system c admi nistrati on of the

corti cost eroi d Yewepsralinsastudicg hevsshoen Ehiebmeﬁt offhawing dpng|tern expRureRf dru

cort4 costeroi d i e PetiRidpR38 th3REcHTAMTRP SlaldpRN\PitARprARY bfsal eﬁﬁam@&debl e
with the targeted auri's structures, and adm ni stered either dlrectly to the

desired tar get dwamiglpss véiep thethgrapeutis sgentrin giververnelsipleosensions: Thise bY ynpani ¢

cavity or the exbafiRgh csiolledfelcabéiboRticaétgbRToimRlAiof bf tipdkifion b tebaf Afe!
comuni cation Withareas of the auris interna, including but not limted to

the round wi ndclisordsrp sonstant, meriable;aae/ar exsended sonece b eqrticosieraid isRYidsd4® wi ndow

nenbrane. By saﬁ&inﬁfvﬁﬁhllafpwe&lgﬁ&feﬂgg B5maH ul@d@r&a%aucﬁlg A BMIEnShele
effects as a result systemi c treatnent are avol d Mor eover, clinical

stutf es have s H@Wbﬂt‘tﬁé’f Heavwentt Agsprdingly. 9ue srhnginet ﬁw@szq&é@a@@ ipto RIPYIEE 2 0 t he

perilynph of thgmaRgidhemt eddBles 8018480 BticBstérBRIO¥ER cadcd T ﬁle}ap&ifnwryacy of
sudden hearing | oss when the therapeutic agent is given on nmultiple

occasi ons. Thussffegtiveslpssicifnangt vrialp or eomptan Tatey walkves te spNFonERypugrelease

formul ation or JremEReRhitlcRPadeRt. il Kle Ribb&inihts AhE&rBoosRror@McREd he¥edd 48D e
and/ or extended source of corticosteroid is provided to the individual or

pati ent suf f er idguT#eRd aypngimedigiedslears formplation prrgmppsitien: F ¢bati ng t he

variabi lity of df8aid Ri!the ORI MA/AP WY PaRRHIGHRP SeiBR ke fintfisieRgds herein is
to provide a fornulation that enables at | east one corticosteroid to be

rel eased in t hetgpaes releatel formpatiop relgesed sithes caattinprusly gyarighly ion sy apubsetiléonst ant

rates such as tghnQBSH Rriants tetebf ‘I&PMﬁl dtlee %ﬁﬁ@dﬁfzm& Q@rn@&stér&a%mﬁ[hﬁoﬁlﬁe nt. In
some enbodi ments, the corticosteroids di sclosed herein are adm ni stered as

an i mredi ate r ed@iigerrdaThotingn ignediateislerisand sustined relessniormaatnsdreifesads, t he

steroid and/ or AfRasmidBY, 3h@bLANER b Pultdife REHHA oS {£1aRd (1RPeok ﬁ@?él@ds@{%d
rel ease formul ation, released either continuously, variably or in a

pul 2at i | e manneptionsily dependgnt en envapagsntal |°ﬁpl§t810iqgwei ¢oaditiang, fucxspple the

corticosteroi d &RiVonicicAlirdnteA@id) k.3 Glo8® rélsasdQstimd ohn S03EE  HnSon). el ease and
sustai ned rel ease fornulation, released either continuously, variably or in

a pul sat i [@04Fhnner , Isadditen, leplized frestment of thedargatecapsie siructuspplsoaffgrilythe

dependent on enyi BEB}E@&ISEJ mﬁésu@h‘ﬂx%fa%&ﬂ'a@é}hs GRRMink 12088 wiPhodR PR PR Res, t he
external ionic environment (see, e.Qg. os(r% rel ease system  Johnson &

Johnson) . [ 004PPo1 yptagdpyisysiemic 6‘?!%35? anspritoxaciyisnes: Becapsseof therleatied auri s
stracture al so @bfiteds tHeRBrticosteroid formulations and compositions and devices, as well as the

biological blood barrier present in the auris interna, the risk of adverse effects will be
reduced as a result of treatment with previously characterized toxic or ineffective
corticosteroids. Accordingly, also contemplated within the scope of the embodiments
herein is the use of corticosteroids in the treatment of otic disorders that have been

30 previously rejected by practitioners because of adverse effects or ineffectiveness of the
corticosteroid.

[0048] Also included within the embodiments disclosed herein is the use of additional
auris-compatible agents in combination with the corticosteroid formulations and
compositions and devices disclosed herein. When used, such agents assist in the

35 treatment of hearing or equilibrium loss or dysfunction as a result of an autoimmune
disorder, including vertigo, tinnitus, hearing loss, balance disorders, infections, or

combinations thereof. Accordingly, agents that ameliorate or reduce the effects of
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use of previously undesired therapeutic agents, including agents with poor
pK profiles, poor uptake, |low system c release and/or toxicity issues.
Because oWoth@/13ox2al i zed targeting of the corticosteroi @crasmmwadioens and
conpositions and devices, as well as the biological blood barrier present
in the auris infeRiddainditle hedrils 10K, AMES S6or&drf, @atGioWd, Mﬂaﬁﬁquﬂfme@gals@ér a
result of treatment with previously characterized toxic or ineffective
corti cost er oi dscombitonsithgeaf arelsoontsmplated fbetredhingambingtien wighibe of t he
enbodi ment s her@itioltsrolds, iHOEdiRE aftOTNF ggb%ts,em-a&ﬁlc@gérﬁs?pﬁe&&a{ep%e&ﬁcof otic
di sorders that have been previously rejected by practitioners because of
adverse ef f ect sagﬁ?ts’i%‘#dﬁrﬁﬁyﬂ?‘é%éé@x‘@mte%“@gﬁ%r? s treatiend withgolagenal so
inclaided Wit hi npabdag Bodand] iRAtSnd ek ORCEbnRBIRIVIuL Syslehghis 1051 KA t i onal
auris-conpati bl e agents in conbination with the corticosteroid fornulations
and conposi t i orffedbriic aesptse autibinties plrécdel-2pibyating facipn anfaggaisty, nigigonidg guthase

assi st in the tingsidreid @hbiRasdsiger&dr equi l i brium |l oss or dysfunction as a
result of an autoi mmune disorder, including vertigo, tinnitus, hearing

| oss, bal 400481 di sor derdditipm theauriacceptable soisilprsteleprcortirantensid fompulesions ng| v,

agents that amghi@ainntdHescAEHAARit e BlolRIBA B tAE MEJet €48 Pogidnl T MelikBvidid@d | NY
| oss, bal ance di sorders, infections nt ory. response or conbi nations

“ders, ini I nflanmatory . Ci
thetbof are al %% Mrluding the waertear. Bad the ddividpaligpspd,is pddivionglly primigistered an

corti costeroi d(gal.dosd Ytlchiic6iGersit InsdME eRBRI M Ents, Al dral ATRL IFCoRBERrSid is
chenot her apeuti c agents,,|nclud|ngﬁcytoxan,_azathlaprlne or net hot rexat e;
ifi

treatment with ASBINHEERPrigrAnAtmigisBRiAnof theantispeantehie contiahedusivase cent ral
nervous syst emReRBitSroid fOmRllatR6! dndSheANRSSrRRIobLis #PerRl Sff odeHthdpePiol 6Btime

pl atel et-activating factor antagonists, nitric oxide synthase inhibitors
and conbi nat i ori8at iifeiabpcceptaRla 9ntioHedserfats oricoptrraidigrmuation depipviele
conty ol | ed-r el eQAaenfiQ1Y, thOSThEIRE 8 doRIdaMERId i9 AdmifidRrdd RAhSRMiSis@RDG bk bed
herein are provided to the target ear region of the individual in need,

i ncl udi ng t he ithwnS@aqeptaamm%éleﬂfﬁiW? gratgosterpidh oEgulptions and thenghe pral,dose
adm ni stered ans @patd 8@8fer e feBbd bR MhhfaurisAc&pEBleBRAMARM;Se t he oral
dose of corticosteroid is admnistered prior to admnistration of the

auri s- accept ablerticayierPid fraplation dspravidet Altemativelyothg ofab desgioheortigpstertidiist hen
the oral dose i@midf&e@shdbimRyhtidn 6t tREukSEcRtablt BBt reldd&

auri s-acceptable control ]l ed-rel ease corticosteroid fornulation is provided.
Al t# nativel y, Prisowsrald fersadation hagheen nditeds tddhensheer dnseisésnserd@favay

admi ni strati on (R pdrld8 oPlihé BmPHE QRlARLSIBRNhPbI BT eIERL BRHcsfRil FirRal 8601 d
formul ation, and then the oral dose is tapered off over the period of tine
that the auris-50€¥Ftdhbl e control |l ed-rel ease corticosteroid fornulation is

provi ded. [ggdopr nat i Vgladditiéd)eheQRbRicod@SR PRAmmOEibARSESRids bSfoRRMThtHns ber ed
after adm nistration of the auris-acceptable controlled-rel ease

corti cost er oi d de¥iFFRPdrded hersineliodaduderriries aduvapiisuhaspresseing ¥pdbitieag | s
tapgred of f OV&fetting or emulsifying agents, solution promoters, salts for regulating the osmotic

pressure, and/or buffers. Such carriers, adjuvants, and other excipients will be
compatible with the environment in the targeted auris structure(s). Accordingly,
specifically contemplated are carriers, adjuvants and excipients that lack ototoxicity or
are minimally ototoxic in order to allow effective treatment of the otic disorders

30 . contemplated herein with minimal side effects in the targeted regions or areas. To
prevent ototoxicity, corticosteroid pharmaceutical compositions or formulations or
devices disclosed herein are optionally targeted to distinct regions of the targeted auris
structures, including but not limited to the tympanic cavity, vestibular bony and
membranous labyrinths, cochlear bony and membranous labyrinths and other

35 anatomical or physiological structures located within the auris interna.
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the period of time that the auris-acceptable controlled-rel ease
corticosteroid fornulation is provided. [0050] In addition, the

corti costwoand/pbarmaceut i cal conpositions or fornul ati @en3/use00deUVicESs

i ncluded herein also include carriers, adjuvants, such as preserving,

st abi | i gbA%in D@inttigcad Or enul si fying agents, solution pronoters, salts for
regul ati ng{ the osnotic pressure, and/or buffers. Such carriers, adjuvants,
and ot her 8933 pi ent sTHE P Furiyenepritt e withyesnecttne fappationrempositipngie
targeted auris jgire@iedts@b&d herdt Gl vihg ndpR&isfehf @diMert REedBh Ae@driar €
carriers, adjuvants and excipients that l'ack ototoxicity or are mninmally
ototoxic in ordBfdiz @r middsFaprand thejapes npeanat (ARipper 6or) phibe sitiect bringpirepsdsBY

contenpl at ed hefglhdlpihitefidailyBdcesthle” &f fse€heteih Tefchf0 b AaBhEh@Ih ONS OF
areas. To prevent ototoxicity, corticosteroid pharmaceutical conpositions

or formul at i onscapier gedijusis Which does 2atpbrreatsithe biplagiea) ertafityior propertigredfdhe t o

di stinct regi ongmpbulddnf rdf@eaRke the dttid Hedid (ob fliddESr) and el Gitebtt (0P Rher
limted to the tynpanic cavity, vestibular bo nmbranous | abyri nt hs,

) ] : ar ny and nme
cochl ear bony &t #SibTetHYEE of WBSAUPstiA Lo (R awisIRedaler Bifdiesar) and the
physi ol ogi cal shfiyihethe@r A&t Mithdthiterddl  AHfidiferedicBnNAdi¢aEd dithout
Definitions [0051] The term "auris-acceptable” with respect to a
forMul ation, coApYRa tdstirable biakegicatipiasts or iderarting infededgterious papasg@dth ey Phhg no
persi stent det rhd@mpdherd fakd cotpobiien AWHich iMBEbMaih@. M ddl e ear) and the
auris interna (or inner ear) of the subject bei n&treat ed. By

"auri s- phdfteut i cahyyredbeeips appligration el lesseingfiths symprasmseaf @ pagicylargticer j al |

such as a carriddeafR distiridRPLondiMdh &) a8iaRSIrAKn FRpegidtIer AR oRId¥rogi cal
activity or properties of the conpound in reference to the auris nedia (or

ni ddl e ear) andhprRaceHiicpleompesitiongelersito ppyflsereassiof sevarily, dedayria pateh sloMipgor i s
redyced in toxidriptdgrdsQod, R stRHEhiRg SEMkRioh AhefHeHfirRafRt or tBffbriCladiitgios
interna (or inner ear), i.e., the material is admnistered to an i ndividual
wi t hout causi ndrasierdhat BsftabEedioogpeagiated vith admipistrationef theicpmpoynd og

del et eri ous man@ghodMiddy any of the conponents of the conmposition in which
it is contained. |0052] As used herein, anelioration or |essening of the

synpt oms d9938] par t i cuhatioxilente” ¥ swkrbarpacaicalbr acerptablafatipxidnty ynd include,
admi ni stration 6f exampRY butAkttdhydFHIVRMAE (BHIT)D SRR ERUbhie Asc BT RAE) ol

refers to any decrease of severity, delay in onset, slow ng of progression,

or %hortening d‘f*et‘ihﬁ“éﬁtf’ériﬂtoméﬁfﬁle}{“ GrepiRsHEAdimspts taaHprddants enhange chemycab

transient that s:bilfy Whérbrq8led Anfbxi@nBed AlARedMolcBueiatthadibibkit @ffedd ot he
conpound or conposition. [0053] "Antioxidants" are_auris-pharmaceutically

accept abl e ant i6%3if hefapeutigagenth dcinding agets batarrsed ingempingtievith eox yt ol uene
(BHT), sodi um agaRbiebRls d86RHMEEinaci d, sodi um et abi sulfite and

tocopherol. In certain enbodi ments, antioxidants enhance chem cal
[0054] “Auris interna” refers to the inner ear, including the cochlea and the vestibular
25 labyrinth, and the round window that connects the cochlea with the middle ear.

[0055] “Auris-bioavailability” or “Auris-interna bioavailability” or “Auris-media
bioavailability” or “Auris-externa bioavailability” refers to the percentage of the
administered dose of compounds disclosed herein that becomes available in the targeted
auris structure of the animal or human being studied.

30 [0056] “Auris media” refers to the middle ear, including the tympanic cavity, auditory
ossicles and oval window, which connects the middle ear with the inner ear.

[0057] “Auris externa” refers to the outer ear, including the pinna, the auditory canal,

and the tympanic membrane, which connects the outer ear with the middle ear.

[0058] “Blood plasma concentration” refers to the concentration of compounds
35 provided herein in the plasma component of blood of a subject.
[0059] “Carrier materials” are excipients that are compatible with corticosteroid(s), the

targeted auris structure(s) and the release profile properties of the auris-acceptable
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stability where required. Antioxidants are also used to counteract the
ototoxic effects of certain therapeutic agents, including agents that are
used i n cwohwovaspea with the corticosteroids disclosed Rreraisno09jo@dbel]
"Auris interna" refers to the inner ear, including the cochlea and the

vestibul ar | ab}ﬂhhx%abeut@ﬂ%&ﬁ@atfoﬁy 'Sdcmaﬂ%@‘ﬁiaﬁehalfs upcmeeacg Ditdes, GRpddRE W th
the mddle ear. [0055] "Auris-bioavailabilit or "Auris-interna

bi oavai | abi | i t \2Eewss dispytgeratiopagenss, flling gegntsaifartagts, sglubiliagrs,stabidizerar na
bi oavai | abi | i t \ubrdcahtS Wetti debifs, RAGGE) hi8e Be. t AsgthainicaltREIBFAPaEbIOT

conpounds di scl osed her e n that becomes available in the tar get ed aur| S
structure of t HRTEhARTAE, Inpluds Rutses pRy limktgditospraciporshb . ool ﬁlfii‘1§1‘r?é’él| a" refers

to the mddl e egdxide métt&qlgnge&btesﬁaéteoamlﬁmmvaté YoaltddtSlirinOg1Ycpins, hdg@ssian d
oval wi ndow, whi ch connects the ear with the inner ear. [0057]

"Auris exter na'silicaedioyviny! Rm@hemeé?V%tholtSW&ltﬁtPﬁﬂerPhet@ﬁ sesum £a5€inatEdi t or v

canal, and the sby [emih GalfsdHBli@asd, phbipBatidyRAGSE! dfubRchRIHdEtriGddiunM th the
m ddl e ear. [0058] "Bl ood plasma concentfation" refers to the concent ration

of conpounds prAboTPhae, diataspinm phosphate el ulase and RBHRSA ForBYLSalss FHERIHIOdRIE ybj ect .

[0059] "Carri ersedRlyPhétdlat, cafaBecB¥t ndh6RYcerilid) Algl@eRdS pRPaLtined stbchiand
corticosteroi d(s) t he targeted auris structure(s) and the rel ease profile

proﬁbrtl es of theliksuris- accept abl epharnmaceuti cal formul ati ons. Such carrier

mat eri al s [pgwe) Ude, erHd-termPidNGGH Srefcpd s REGHILA Gordy H§thatdir§t!1s@& ROdiRid B agents,
filling agents surfactants, solubiljzers, sta izers, lubricants, wetting

agents, dil uenterticasigroidpaior fojdsliveryand whighhare f‘?r%{’ﬁl&}t’ted"éﬂhlt§e BEHTAEVB e carri er
material s” incl sHiQure@Yt are not limted to, acacia, gelatin, colloidal
silicon di OXI de, calcium gl ycerophosphate, calciumlactate, maltodextrin,

gl yceri ne,00dnesi umDispeisinggents; oA nyiseasity mpdukling agepiSpre matgralsthel o |

cholgesterol estghiol tiRQFRUBCAY %xﬁaée%enys&m &%&)E\br@td thRUEIOERAd mediaci d,
phosphati dyl chol i ne, sodium chl orid trical ci um phosphat e, di potassium

phosphat e,  cel IExp@Riss affiffesion %Flb@@r%@metﬁg&a&ms gl&'g‘s? But apsciiof Hmiedtar oy |

lactyl ate, carn3gRemaspoldMaeXHisaslytdder éih@'@b%?g(bd’@(} 19618y 18drtdlAg R PYPar Ch,
and the |ike. %068 Tﬁ%%erm yLentW refers to ch gm?gg}ll'%npoﬁgs t hat

are used to di |°etnglefq1?éIYcka?\ytl %@9@%«?@ #1d; thy capRohydipteshased dispersipg pecmissreh
conpatible w t R tftaleexhﬁbgetﬁeby@y{obﬁ cehidibet wge(@c HFO61 |and RiPEREY Si NG

agents," and/or "viscosity | ati ng '‘are naterials that control

t he2di f f usi on M@OHWéH’SFWVCWO%Ch@ %d&M@@P%r@MCtWJW(F doMel 2Btk di a.

Exanpl es of di ffiPMC‘P@O@Iﬁ?'chﬂbB%‘r@éﬂ%ﬁéHlﬁBﬁ‘és%ﬂﬁgtﬁﬂﬁ?fc%lldl&%' ude but are not
limted to hydrophilic pollyrrers el ectrolytes, Tween(r) 60 or 80, PEG
uio

pol yvi nyl pyr r olergREtipisgPuloss, hydspeprapy pelkiiessrydroxmprapdpabylesivlossngd t he
car bohydr at e- basaiath ﬁﬂﬁé@bflﬁylﬂ&ﬁﬁlo‘éllﬁb‘&@caate stearate (HPMCAS), noncrystalline

cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl alcohol (PVA),

25 vinyl pyrrolidone/vinyl acetate copolymer (S630), 4-(1,1,3,3-tetramethylbutyl)-phenol
polymer with ethylene oxide and formaldehyde (also known as tyloxapol), poloxamers
(e.g., Pluronic F127, Pluronics F68®, F88®, and F108®, which are block copolymers
of ethylene oxide and propylene oxide); and poloxamines (e.g., Tetronic 908®, also
known as Poloxamine 908®, which is a tetrafunctional block copolymer derived from

30 sequential addition of propylene oxide and ethylene oxide to ethylenediamine (BASF
Corporation, Parsippany, N.J.)), polyvinylpyrrolidone K12, polyvinylpyrrolidone K17,
polyvinylpyrrolidone K25, or polyvinylpyrrolidone K30, polyvinylpyrrolidone/vinyl
acetate copolymer (S-630), polyethylene glycol, e.g., the polyethylene glycol has a
molecular weight of about 300 to about 6000, or about 3350 to about 4000, or about

35 7000 to about 5400, sodium carboxymethylcellulose, methylcellulose, polysorbate-80,
sodium alginate, gums, such as, e.g., gum tragacanth and gum acacia, guar gum,

xanthans, including xanthan gum, sugars, cellulosics, such as, e.g., sodium
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as, for exanple, hydroxypropyl celluloses (e.g., HPC, HPC-SL, and HPC-L),
hydr oxypropyl nethylcellul oses (e.g., HPMC KI 00, HPMC K4M HPMC KI 5M and
HPMC KI OOV, 20@ziskaxiy et hyl cel | ul ose sodi um net hyl cel | ulPETA;S2009/003066

hydr oxyet hyl cel | ul ose, hydroxypropyl cel | ul ose, hydroxypropyl net hyl cel | ul ose
pht hal ate, hydrQsRyRaNy1eeklbxe, aRtyiedgiBseasoatat &rwx%aﬁyl%eliuwy%@)smbate-

noncrystal line cellul ose, mag nesi Um al um num silicate, triethanol am ne,

pol yvi nyl al cort® SW§IWWMYWFYIW¢ srsbitanymanplausstce pelydhylstadypambitan S630) |
4- (1, 1, 3, 3-t etheHiblubyd, Beiddne; RRRARYs wﬂﬁralc\sh&fope}\mgﬁﬁ%s Qnit6iansed

fornaldehyde (also known as t | oxap of pol oxamers g Pluroni c F127,
Pl ur oni cs” F68( roPmbirgignsyherenh Mlelafrﬁ iuch@hffélﬁloawtart xlkselélé |ajerdjodeyped

et hyd ene oxi de gagpisia X%e%ﬁ%ﬁtﬁngﬁ}ls e a@e}h%@m ﬁﬁﬁoécﬁnﬂdysp&ﬁ&{s%ac
908(r), also known as oxam ne § which is a tetrafunctional block

copol yner der i vélemubifyise disertipey ofémcﬁomceﬁerends piselpspd dersingxs davEstaYlet hyl ene

oxi de to ethyl %Séyh&mw&xoﬁl%%ﬁosgﬁit f@fohﬁ’éﬁ (cdD AR, 'pﬁ@%ﬁ%dywthlm)l&mnes (c8-

pol yvi nyl pyrrolidone Kl pol yvin F rrolidone vi nyl pyrrol i done
K25, or pol yvi rf;}ﬁ)p)?]i“?séll“it’éb‘rﬂéy"&@é? %/ys %waﬁwmﬁpémddbﬂ@m QN SRRSO 8V

copol yner (S- 63fadural BROYRA: i%p&rcglﬁabﬁwggs&sgy,,chsleﬁerapdnn E%bgr}ﬁ yritarcol has a
0

nol ecul ar wei ght of about t o about 6000, or about 33 about 4000,
or Hbout RWIto abolirusahserptiaydir rhsemtioy >€9ﬁﬁﬁttﬂ§}16cp§rqefﬂ°6§@vemem of the

et hyl cel | ul 0sortRedt¥eRHREA tRQocaf A sHELAddHiR RtBion, By Way of BdthpSonl ti »  JUM
tragacant h and gun1aca0|a uar 8yn] xant hans, |nclud|ng xant han gum

sugars, cel | ul d8yndgvindqyemembrangofthe ingesear, ARLARSX § BRTiRR/theapynd) vyadow
met hyl cel | ul 0s@penftRsHes! ks QRCHBOBERIW) Yit6 Belabli OB RmaRR inhis P8P &t R rur@&OThexOhsU M

al gi nate, polyethoxyl ated sorbitan nonol aurate, polyethoxyl ated sorbitan

monol aur at e, pogP-aYRRIstratigny GRihe dike, 35 p3pdiherRsin, aE MISHRItO pSgIpass adminiskpion

chi fposans and Q@melcaaicbga&d& Rﬁfﬁ&gl ;J?Eﬁ’tsidd%ezﬁfeﬁdeﬂ% theRSe &eéulnaheé%%&rs
triethyl cellulose are also be usedp E(Ee)ersmg agent s. Cptlon

di spersi ng ageﬁ{lsvhwééhelﬂorticﬁstfrpﬁégwéamw%r bysthe pame gy ditéeaent rutg Afsi f yi ng

di spersi ons of dh@isRtibh &Qs R HhEs: Hirsehtesrd herein are di nyri stoyl
phosphatid chol i ne, phosphati dyl chaolines (c8-cl 8)

|
phosphat i d9863} hano! afhereas Efﬁe-"“&‘i‘gl)‘ounb k%s‘&?ﬁféf’?"élﬁllygﬁfg%‘é’te@@“‘ét 3s gsed) |

nat ural phosphaleieshy kef6hoh kitcibAQMoBRIDT e coftitYsterBial bR addiRiSRRRA thad Wbuld
gl ycerol fromeggs or soy, chol esterol and isopropyl nyrlstate [ 0062]

"Drify absorpti Bexpseted fylis it spme gxggnbpre or grorqef the yawtanser thesissaeer of t he

corti cost er oi d(ceaditiBeidiBrdarra aAtdr éR6npH, (R refult 3¢ Aok 3tr&tRnioPthe cBiic¥@foiaf
exanpl e only, the round wi ndow menbrane of the inner ear, and across a

barrier (the rd8FRts Sipciersshhereints ression and/ofalenation @f e signs. SYTRRIBME. 106 CAISES s

interna or i NN AZED. Kok EXUMPI, 88 “effddfvd SRt T6Ah@ SR Sde§ RlthOdmouRll ofithte | 1 ke,
as used herein, are meant to enconpass adm nistration of the

corti cost er oi d€oRtisostereidnigrludipgp if%wvlatlathﬁf diclospdheasipesguirest tp REAVid§e t r eat nent
regismens in WhigeredsB 8r &R8HokA0S 1Edi QlaSiSsyRh SmBANIHBhLSINBE A vENe §illEe FRRRETIRY

different route of
term “therapeutically effective amount” includes, for example, a prophylactically
effective amount. An “effective amount” of a corticosteroid composition disclosed
herein is an amount effective to achieve a desired pharmacologic effect or therapeutic
improvement without undue adverse side effects. It is understood that “an effective

30 amount” or “a therapeutically effective amount” varies, in some embodiments, from

subject to subject, due to variation in metabolism of the compound administered, age,
weight, general condition of the subject, the condition being treated, the severity of the
condition being treated, and the judgment of the prescribing physician. It is also
understood that “an effective amount” in an extended-release dosing format may differ

35 from “an effective amount” in an immediate-release dosing format based upon

pharmacokinetic and pharmacodynamic considerations.
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adm nistration or at the same or different tinme. [0063] The terns
"effective anount” or "therapeutically effective anount,"” as used herein,
refer to wo0d%i3g92¢nt anount of the corticosteroids bei rgTadrmiosloes ed t hat
woul d be expected to relieve to sone extent one or nore of the synptons of

the diseaggdaj conditeQfmRetiHande” 8% Hanckgr r&es@mynqncréég@mr;ﬁéluhgaueﬁ of
adm nistration of the corticosteroid agents disclosed herein i s reduction

and/ or al | evi atsitBer th pateney ef ationof pesingd effest ofthe eaticasteroid, ppa dimipution gfp| e,

an "effective aa.'if?'xaldi‘dierse sﬁhptbfﬁ@tbﬁu%? 'éﬁdhchs W 8iBzell §a1£ et ﬁ%@h&é&ueﬁf uﬁohe
corticosteroid, including a formul ation as disclosed herein required to

provi de a decr @ég@umatla%ﬁ the,thsrapestic jagend lus deregard i @#ﬁnwath%effe%ﬁfdh%

advey se side efdoRbsieroilid 8istiBledheleHEfRREM eRhéiMe GefeRD GbAMPIOTACredsOs! UdeS,
for exanmple, a pr ophyl actically effective amount. An "effective amount” of

a corti cost er oiRIClEREBEST 11 RVENGY eicdusation. theefdichof athes thempertivaserts batargwsed o

achi eve a desi riggombl4oR SRR Cortfdobi8foldsAisclobi@MRREN WinG chHIREIRY. SfERAVe W T hout
undue adverse side effects. It is understood that "an effective anount"” or

"a therapeuti cAmoynte}a&Eqd hpreim Aefems to anamquatof cpiicewerads vh BUFTRPIERSUNE 1 om

subj ect to subjggd, thQ@@ade&an@tB'eﬁﬁdn@é‘thh Rerof bAkBIneSiR:@peutiP genPoPOUNd
adm ni stered, age, eneral condition of the subject, the condition

bei Hy treated, CPH@O%%W Hnt coired; YEeWoWHFR 156 Ifepatigntt Fecuniselicgive f?fﬁbls

j udgment of th%spcvﬁfs&bkrm AL &itG laAdeoutde of he AlseRe LH?Q%J&BP&MB@ ‘an
effective amount” in an extended-tel ease dosing format may differ from "an

ef fective ampurPreviqus theppy the patispis-healthosiates a9d s¢spepse m%@ussa%the jsigment

phar macoki net i q,fﬁ{éqreg,k}%rmggq,ynam c considerations.[0064] The terns
"enhance" or "enhanci ng refers to an increase or prolongation of either
t he pot end9065} dur atThshersx ighibiag rincludes preyenting, stoyang oF teversiag eoi d, or a

di mgwtion of %Vel@ﬂﬂ&f@@ao%ﬁ&ﬁ%@rf&t& AlE)) oPRIvhiRE A% c&ﬁﬁtibntlﬂét i's
consequent upon adm ni stration of herapeutl c agent. Thus, in regard to

enhanci ng the é’lafl%flec@*S‘tﬁtH@t@é‘rnﬁn&ost eroi ds disclosed herein, the term

" enhanci ngpogepf ers telibifs abit dnli YartiBleloP fhRARSurOT arl LRHAD Gmo Wer in potency
or duration the effect of other therapeutic agents that” are used in

conbi nat i 490671 t h t hePhappredynaeies| rgtersdp theifessass Whish dptgrmingthe biologic

"enhanci ng- ef f edbie 0B relativR o i @InRBERIOR of &lﬁ% &l the 4Qirad iR VR the'
corticosteroids, or other therapeutic agent, that is adequate to enhance

t he2®f f ect of éﬁé?t%?mlﬁﬁ'éﬁl%éutl c agent or corticosteroids in a desired

system VWggkgpsed i npRarRRbdiGittics 30RMM the MAREWhER déiimitdthS atthdfnei Add depend
on the severity and course of the disease, disorder or condition, previous

t herapy, the patdiienance ¢fdhg apRropriale e@ncawt%g%h&@thq)dqsw sermgt@mth%d t he

j udgnent of thqaégtg@gdn@gmmgl cian. [0065] The term "inhibiting" includes
preventin oW ng, reversing the devel opnment of a condition, for
exanpl e, @E@l or a&@ﬁ’r‘?@bﬂé"‘d{c agPplications eAmPPEAoTS gotaining the corticosteroids

25 described herein are administered to a patient susceptible to or otherwise at risk of a
particular disease, disorder or condition, for example, Meniere’s disease, or patients that
are suffering from diseases associated with AIED, including by way of example only,
Ankylosing spondylitis, Systemic Lupus Erythematosus (SLE), Sj6gren’s Syndrome,
Cogan’s disease, ulcerative colitis, Wegener’s granulomatosis, inflammatory bowel

30 disease, rheumatoid arthritis, scleroderma and Behget’s disease. Such an amount is
defined to be a “prophylactically effective amount or dose.” In this use, the precise
amounts also depend on the patient's state of health, weight, and the like.

[0070] As used herein, a “pharmaceutical device” includes any composition described
herein that, upon adminstration to an ear, provides a reservoir for extended release of an

35 active agent described herein.

[0071] A “prodrug” refers to the corticosteroid that is converted into the parent drug in

vivo. In certain embodiments, a prodrug is enzymatically metabolized by one or more
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patient necessitating treatnent. [0066] The terns "kit" and "article of
manuf acture"” are used as synonyns. [0067] "Pharnmacodynam cs" refers to the
fact ors wwochosdsvern ne the bi ol ogi c response observed Pelratseae/003meé he
concentration of drug at the desired site within the targeted auris

structure. [0068dps oFpraédins aithd 8loldzially, ph&fdcduficdily@r fRfbaR AN UG B 8F M ne
the attai nment and mai nt enance of the appropriate concentration of drug at

the desired si tte smnerpd. tiR@radipqpradrug: A rharmacriically astive egypng iy modified
prophyl actic appth hmadth@idive EARIARA WilPBSreSABaRE MpsHin B 18RIl dua@stt B QledS
described herein are admnistered to a patient susceptible to or otherw se
at risk of a paftiogimeah thrirsdnusis denignse tealtepihe sstlplis wbility of theantpere,
Menigre' s di seag@ractefistiodbf £44hS td Madk sideRith babkibly, br @MItEd iR SRRacRERAG! at ed
wi th AIED, including by way of exanple onl] Ankyl osi ng. spondylitis,
Systeni ¢ Lupus %mpﬁm?&%gg-@mwndspwdé hereiny i dprpEMbEIHENtS, aredi sease,

ul cerative col idelifatiME B0 Ritatle fodfgt.omat osi s, inflammatory bowel disease,
rheumatoid arthritis, scleroderma and Behcet's disease. Such an anmount is

defined tdO®Rla " pr oRepndwindewmepbame? isithe aembransip hymans shas coversthe hi s use,

the precise amygnkgacdosReA\@RE RibvA asttheciRalal RiHdow, Bhdts RfunbL 8l follnd Wei ght ,
and the |like. [0070] As used herein, a "pharnmaceutical device" includes any

conpbsi ti on destipieydintumanps, therbicknesyrfround tyindovy membyang is aayt dhpicreR ovi des a

reservoir h@rs) ext endediubel88S RS toalrifsdckptibleeiHourBSaeH Redack@r ei n. [0071]
A "prodrug" refers to the corticosteroid that is converted into the parent

drug in vivo. I'HeBYpiiectBtislsaienaixl saprdais, wdimyarl wHagrativerppte,
net abol i zed by QABseUstePDEIRPERBSIARE, sPAiRmIRERSatd, Vithia FTEGQ Hirfdthy1doetamide,
phar maceut i cal a&eutl cally active formof the conpound. To produce

|y or thera
a prodrug, a prﬁﬂ?&a/mk e N-hydrpixsthydnyslidrge, robyialpyralidoagge h t hat t he

act yye conpounchydkdxlprbsymeganenabein foByl\cyMedex s Nitishb2hlo@anoll N one
enbodi ment, the prodrug is designed to alter the netabolic stability or the
transport char deaperpykalebsl, gholestegelybile splis, pelygthyeneeglyopk 2001600 glyqofuplei t v, or

to alter other ghatuffiRédyRht g8 cal andlddRERY1iRSorBide Bndthe!fike. CONPoOUNds provi ded
herein, in some enbodi nents, are derivatized into suitable prodrugs. [0072]

"Round wi 8% nenbr arveabilizerst reéersriopomaawnds puch ahaRysRnfipkidatiop gegnis, PYETS enest r ae

cochl ea (al so kj@Whrésrvhikes Ghd B liRE thid AAEQDMpafifIB {5th FiRGnYRSdaRdPor g 1 ound
wi ndow). In humans, the thickness of round w ndow nenbrane is about 70

m ctbn. [0073] targefedpirisistestre. Stakiligess ingJudg iyt e aetdinited b egerls thsdbibde aych as

triacetin, triejripyligmpiovaite codpdiibhlitpbfcPienBivithla GaRAMK, 8t £delSaFisiRh,aur yl
sul fate, sodium caprate, sucrose esters, alkylglucgosides, sodium doccusate,
vitamn E TPGS,m‘a? %W&é%?ré‘rﬁlﬁé })ottle, (2) improve the stability of a component of the

composition, or (3) improve formulation stability.
[0075] “Steady state,” as used herein, is when the amount of drug administered to the
25 targeted auris structure is equal to the amount of drug eliminated within one dosing
interval resulting in a plateau or constant levels of drug exposure within the targeted
structure.

[0076] As used herein, the term “subject” is used to mean an animal, preferably a

mammal, including a human or non-human. The terms patient and subject may be used
30 interchangeably.

[0077] “Surfactants” refers to compounds that are auris-acceptable, such as sodium
lauryl sulfate, sodium docusate, Tween® 60 or 80, triacetin, vitamin E TPGS, sorbitan
monooleate, polyoxyethylene sorbitan monooleate, polysorbates, polaxomers, bile salts,
glyceryl monostearate, copolymers of ethylene oxide and propylene oxide, e.g.,

35 Pluronic® (BASF), and the like. Some other surfactants include polyoxyethylene fatty
acid glycerides and vegetable oils, e.g., polyoxyethylene (60) hydrogenated castor oil;
and polyoxyethylene alkylethers and alkylphenyl ethers, e.g., octoxynol 10, octoxynol
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N- et hyl pyrrol i done, N hydroxyethyl pyrrolidone, polyvinylpyrrolidone,

hydr oxypr opyl met hyl cel |l ul ose, hydroxypropyl cycl odextrins, ethanol,

n- but anolwois@peqyl al cohol, chol esterol, bile salts, palrystévgloesves gl ycol
200- 600, glycofurol, transcutol, propylene glycol, and di methyl isosorbide
and the like. [Wﬂ%me%ﬁ@@dﬂﬂeﬁt@ rsﬁrfad’tﬁi@i’r@mt:l‘ﬂd&ﬂ%ﬂ%ﬂ%pt@bﬁ@&l sRBiliyof for

anti oxi dati on agents buffers, acids, preservatives and the |ike that are
conpatlble\Mttpt%éw@ﬁﬁ?ronnent of the targeted auris structure.

St abi | i zergoignc! ude Hétterdts@trBAY “trbdling et “4RaRBRIMaS ubddderet, kdclude aRvyatiah, (1)
i nprove the coqgatlblllt of ex0|p|ents with a container, or a delivery
[

system i ncl udiaRaing o grehigyatingra disegse-ps sonddision symptops, prewspingeadditionalt ani | ity of
a cogiponent of dhgroRRNHBRSoktiAE or HEveniilg thERARMGink HelBbRE daQses oF %lwtdxﬁsy

[0075] "Steady state, ' as used herein, is when the anpbunt of dru

adni ni st er ed tdnltlh'émsettegé?@aOéemdgwgterajmﬁﬁt@gﬁ%e@qstapmt%oméda?ﬁﬁaﬂt of drug

el imnated W t hoRdiR&Ee réifé’éﬂn@@heldﬁeﬁsre\b%ox{dﬁﬁ)kl'éahﬁﬁg fePredsidH &Ttlféadiseﬁie dgronst ant
| evel s of drug exposure with he targg o structure, [0076] As used
é c

herein, the ter®ndiigbidicying Pgortﬁéféal case &iseassiopeqnditiop .t SIOAPPY ths el |

|nclud|ng a huﬁﬁﬂlQﬁm@@ﬂm%&@ﬁ@or&hﬂnbﬁ%ﬂ§ﬂBﬁbhﬁmﬁwﬁBQma%Pﬂﬁﬁ@mﬁﬁMbbe used
i nterchangeably. [0077] "Surfactants"” refers to conpounds that are

aur 1%- accept ABptomyfthe Bar sodi um | auryl sulfate, sodi um docusate, Tween(r)

60 or 80, deropcet i n, AyinbaiidthE lillEEERion SR ﬁlaaute@émglts@éxeemﬂgbmewﬂh@yl ene
sorbi tan nonool eate, pol ysorbates, pol axoners, bile salts, yceryl

nonost ear at e, cftﬁwayﬁércgn’mseétomhﬁ@ﬁ@a Gerigle) &ﬁd“ﬂ)‘F%bW’éHé’“ﬁW“(Pé‘d“@Yg

Pl uroni c(r) ( BARGlus) #adhd SiRwhrd ERingRROnL R tyspin{AGdmbhise, AIBCkAOHR as the
pol yoxyet hyl ene fatty aci d gléperl es and v%%etable oils

pol yoxyet hyl en&2{ oy Tharinfe Whichéf thadeshy pyt of h%tmerﬁ%wdwéf\ﬁwléﬁéthe

al kyd et her s andjgldfeMead) ¥blleRis RO, waRedand dﬁ@&%ﬂ%wal@the@ﬁ&ﬂ%*%hﬂ@husl n
sone embodi ments, surfactants are included to enhance physi ca stablllty or

for other purpdBelinctioneftie ovieeearanpart is josqlieot and dikegt soph Wayies topvagdstifent , " as

used herei n, IQ§ﬁ¢gﬁkﬁ%&ﬁﬁ@éﬂd&ﬂ%nﬁa@gkmng or anelloratlng a dlsease or
condition ﬁ{ﬂgt reventing additijonal nPtonB aneliorating
8L under

preventi nd? Reimiddlggardnan %ﬁtlzeo@trg&v &3lled theypanic Gay mm&et he

di sease or condihpb mEnktane. Xhé KRiphme nichBrade Wb RREVNSs tE edr BRI iSL@RE OF
condition, relieving the disease or condition, cau5|nqpﬁegre55|on of the

di s¥ase or condmmhsﬁle that penatptes dheextcmall parifiom thapiddle o3y Thrauddleens digs Hithin

condition, or stORRbHA B, BN RIS in iEspHicIBEGFeRhr meﬁ(latd&gy &kicRey
prophylactlcalgg and/ or therapeutlcallih Anat oy of the Ear 79] As shown
Ef €

Ballye|thrdncysipad igsepese auélt?rbi@ss&%sarﬁlar#% tﬂgﬁthern%m he

ligaments, which form a bridge across the space of the tympanic cavity. The malleus,

in the illustr

which is attached to the tympanic membrane at one end, is linked to the incus at its

25 anterior end, which in turn is linked to the stapes. The stapes is attached to the oval
window, one of two windows located within the tympanic cavity. A fibrous tissue layer,
known as the annular ligament connects the stapes to the oval window. Sound waves
from the outer ear first cause the tympanic membrane to vibrate. The vibration is
transmitted across to the cochlea through the auditory ossicles and oval window, which

30 transfers the motion to the fluids in the auris interna. Thus, the auditory ossicles are
arranged to provide a mechanical linkage between the tympanic membrane and the oval
window of the fluid-filled auris interna, where sound is transformed and transduced to
the auris interna for further processing. Stiffness, rigidity or loss of movement of the
auditory ossicles, tympanic membrane or oval window leads to hearing loss, e.g.

35 otosclerosis, or rigidity of the stapes bone.

[0081] The tympanic cavity also connects to the throat via the eustachian tube. The

eustachian tube provides the ability to equalize the pressure between the outside air and
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organ and is conposed of the pinna (auricle), the auditory canal (external
auditory neatus) and the outward facing portion of the tynpanic nenbrane,
al so knowwoasowiige2ear drum The pinna, which is the fl eghy/ysasm/oafoss he
external ear that is visible on the side of the head, collects sound waves

and directs theam el dr thety aHirb@idywisddwala cohipdtent IfiR fuH8 GhdrR bR fvhiches out er
ear, in part, is to callect. and direct sound waves towards the tynpanic

menbrane and t HsOACEREFiBleggfhin tPG)Q’BWPmTﬁ%Vi% ?R?P*‘jein@é}*e fashlg obhe ayrisiiftggacavi t y,
cal l ed the tynppRirsurddavihddtv isReMr&arbyl 0end WABAR hemBRIE Wik condlfs bpthTRaNI C
menbrane, al so known as the ear drum is a thin nmenbrane that separates the

external ear fri8YRTY AR CHP@E#) o MEgeus layee apjiniermediats or fibreus lgyqrigng ap fterpdlnpor al

bones and i ncl ugdgabrihd WhizhtOhmusBACLIitBBy Witk B8 cShlcaPARE STHeAMEHIWARIOW,
ossicles): the malleus, the incus and the stapes. The auditory ossicles are

li nked t oget herthrpigre; handifectsqmaripisationy iHthe airthinfersp viddhe teryt@embans pace of

the tynpanpes2gavi ty. Mienddg!ih eiéovalil edunt WiklowadedBEkrdofndch, 1&/ BPRBkthpes
nenbrane at one end, is |linked to the incus at its anterior end, which in
turn is |inked toge trapsmits gipxement framdhe tympanie mempraps ithe oval yindgy e mgysidow,

one of two W ndgierdlapsindt & 20k§ Mietnd MEd, i MBAY Win8&W [thote chrdctiP ORI Wihdswie
| ayer, known as the annular |igament connects the stapes to_the qval

wi ndbw.  Sound viaseRrane) gRorrrwopdipgly peshpd pytard avay, feam the soghaap BWE T nbr ane t o

vibrate. The ViQéRidefibrite bhiRNGilidw 8lbvAGh@SmehtQf NIBR W Hhe dodhlth OMEih t he
audi tory ossicles and oval w ndow, which transfers the notign to the fluids

in the auris i ek iptum g goveney of thgicoehispr thaey hajrsellsypllowing hsgagsienslsdP 8¢i de a
mechani cal | i nkageduo&t. $BARest Bfi A ABAR réund Wi Berftiahd 1BR1s @/ Rdarit REOW of the

fluid-filled auris interna, where sound is transforned and transduced to

the auris interis§useet thejeckehability elmayemgnt initherqophieas fluid; Recept sudigs beves s of

nmovegrent of t heogidel §:0impl B fe@RnichlFRRLSs FRE e 3R Md Windd6a whivhbgpWsdseads
to hearing | oss otoscl erosis, or idity of the stapes bone. [0081]

€. g. : reg / ! DONE
The tynpanic cdbsrgma) cogductiempathwaythropglathe gya) gtindpiwand Reovides prplfiedAnRv be
The eust achi an jhiahg deR¥irdesntdpe ability to equalize the pressure between
the outside air andthe m ddle ear cavity. The round w ndow, a conponent of
the auris [P3&rna bu’t\“%‘?fycf’r‘lgqal;“%@&tl%@é%@l%én\RFP‘I'ﬁSr’fmF‘Pi‘é- Therdfyadfilledc avi t v,

opens into the £6¢Hh&m, of inh&iad bbdsiits oTHWs Mdjor Idhohsti theWobrl@MahShgover ed by
round w ndow nmenbrane, which consjists of three layers: an external or

nucdlUs | ayer, affstitilas APROFAES: Eheppuris inierar e 1ocatpd in pagtivithimthe QEsEPYOr bA¥br ane,

whi ch comuni cagRsinfl, kfimidcite\Wbrtidd of PRsRE I tBAtembbril bne d@e EIRMNMEhN OGN
therefore, has direct communication with the auris interna via the internal
menbr ane. [ 008ZPPNBYBitdkR e PibRlancs Aaf constitsiab thedhrss srepdwirahler capaletnddbmect ed,

i.e. as the stapasmulROmEe thfR&H-difcullPYAER Afe driafiidrOiftiveXFBRA e RIIRANE t O
the oval wi ndow to nove inward against the auris interna fluid, the round

wi ndow (nore c dpqvgglppty)f theispdialong e three orthogonal planes in space can be detected by the
25 movement of the fluid and subsequent signal processing by the sensory organs of the

semi-circular canals, called the crista ampullaris. The crista ampullaris contains hair
cells and supporting cells, and is covered by a dome-shaped gelatinous mass called the
cupula. The hairs of the hair cells are embedded in the cupula. The semi-circular canals
detect dynamic equilibrium, the equilibrium of rotational or angular movements.

30 [0084] When the head tumns rapidly, the semicircular canals move with the head, but
endolymph fluid located in the membranous semi-circular canals tends to remain
stationary. The endolymph fluid pushes against the cupula, which tilts to one side. As
the cupula tilts, it bends some of the hairs on the hair cells of the crista ampullaris,
which triggers a sensory impulse. Because each semicircular canal is located in a

35 different plane, the corresponding crista ampullaris of each semi-circular canal responds
differently to the same movement of the head. This creates a mosaic of impulses that are

transmitted to the central nervous system on the vestibular branch of the
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menbrane) is correspondingly pushed out and away fromthe cochl ear fl uid.
Thi s novenent of the round wi ndow al |l ows novenent of fluid within the
cochl ea, wbi2ody/13e@ds in turn to novenent of the cochl earcirnisesodhedoss cel | s,
all ow ng hearing signals to be transduced. Stiffness and rigidity in round

wi ndow nenbr aneyek@aiRodtfeal S, MHe LRS! rﬁ%ﬁy%te&fln&aﬂﬁe& AeknRfmARhlhd y Of
novenment in the cochlear fluid. Recent studies have focused on inplanting

nmechani cal t r ari8iateeths 2pRIPRIIatGTESHOBYFA i MPIRGBV2lafss Of irpRpEaRceda the [§entibr mal
conductive pat hwadbu$ §sRHAE HelRErebliRin, Whitt HWdRMRE tHeIseNsk dESa1APhdf dofifivinmut
into the cochl ear chanber, }0083] Audi tory signal transduction takes place
in the aurlP®85)nt er nalhemsgibples the eentabpprigi afdhe ayne intema a9y cPRABS ear |

consy sts of t Won&MifdrecetBRBBLHE Dair LOR 16 GdekRah statmﬂeqmﬁm\fﬁ,sarltmoaﬁwn of
apparatus. The auris interna is |located in part within the osseous or bony

| abyrinth, an ithehged an@V%wreVélty@Stab%@&&@m Riays péole @hpvthg headdhmotignleshe

skul | . The VeStdrl%Uvﬁarg P Redigh URe. Hﬁehﬁﬁbﬁh&ﬁﬁa@ﬁnﬂﬁ%ﬁﬁ%tﬁﬁl@ 1%%8&&&1’&) of the
three sem -circular canals and the vestibule. "The three sem -circul ar

canal s are ar r dWg&ef-liks sHpetyss, t“%P%@ﬁa@th%ﬁcﬂﬁﬁaﬁwcﬁﬁv@ﬂﬁﬁwlﬁm%%e head
al ong the threepplthaaanaliedl3nesla whiSPa e&p &ﬁmlél%r%h{%ﬁérﬁgobé(atfche nmovement
of the fluid and subsequent signal proceSS| ng ig t he sensoréporgans of the
semQcircul ar cqRdipEuUm e|r@aulﬁﬁ@méfﬁ<§ﬁ%mawﬁaw%l i ehichypre empeddediingpul | ari s
contains hair Cg%lahﬁo@mssscdm&mtﬂgcﬁﬁiab fhat @REks tHR ntRYIB GEild ¥f égd@fe- shaped
gel ati nous mass cal | ed cupula. The hairs of the halr cells are enbedded
in the cupul a. cﬂ?@naé‘éﬁﬁlleél‘ﬁ“ﬂﬁsa‘?reé@h%dgd prothe syrfagy plthe geleieps Yt um t he

equi | i bri ypgegsf rot atwadethe ﬁéadaﬁg%aﬁngrw@srmtﬁehhg%éatr Whenotdee Raada.t ur ns
rapidly, the semcircular canals nove wth the head, but endo rrph fluid

| ocated in t he Wherthabrsd silts dba selatipeysimass andrpielithsitilts garrespondingly, rsders& i onary.

Thejgendol ynph fdohie df e BiiRSonABEhaRSdelld SRhEMAHA ThiMBESIhd dctibSinftiRted BGigadIde. As
the cupula tilts, it bends sonme of the hairs on the hair cells of the

crista anpul | arimgu Iseyeitesrepiral ggripes %{Sts@n\slaﬁlytr?whwp%tée VG@@&@Mheﬁ
sem circul ar capglbuloRodhReph@et, Which ithiubd Rla§Okotel ARilsed mh&%?f@ﬁa@ AeisE16s
crista anpullaris of each sem -circular canal responds d erently to the
sane novenent Jf MeéaimbalanceThis creates a nosaic of inpulses that are
transmtted to the central nervous systemon the vestibular branch of
thevestibul ocochl ear nerve. The central nervous systeminterprets this
i nformation and i ni the appropriate responses to naintain balance. O
i nportance in the ¢en gr vous syst emdusrdrite cerebel | um whi ch nedi at es
[ The vestibule is the central
chanor eceot ors bearing hair
pA (r)\drlw of . L.he head
evehead i s
abgrl nth in the

portion of the aurj sy erna and contains
-8 jc equilibri

noti onl ess or novi
vestibule is divide

cochlea

eustachian tube

20
[0087] The cochlea is the portion of the auris interna related to hearing. The cochlea is
a tapered tube-like structure which is coiled into a shape resembling a snail. The inside

of the cochlea is divided into three regions, which is further defined by the position of
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two sac-like structures, the utricle and the saccule. Each structure in
turn contains a small structure called a nacula, which is responsible for
mai nt enarwe 2069/1svai ¢ equi l i brium The macul a consi sts eCTAS@O0Y306@I r
cells, which are enbedded in a gelatinous nmass (simlar to the cupula) that

covers the macuh@vestbhddrigenMrareahd ineMaGiRf RemBhfe. ThepdBoh Mot ieRestivalae
enbedded on the surface of the gelatinous |ayer. 086] When the head is in

: ati| [
an upright posim§ianeifbeseala westipudl, which pyerds Jioarihe ok windey ta thewpe Pithfe head

tilts, the gel %Emmamﬁinaﬁs@nﬁﬁﬂl i Sintabdots ﬁkﬁl!id RHAA Petafifinyandd@gidhng sone
of the hairs on the hair cells of the macula. This bending action injitiates
a signal i npul sedig copsnte Bog hagilar membrang defines thscaliyampani reges. ¥hisp sxte

vestg bul ar br angdin @ apdxeor iRSotilet 18 SRCGBIRBWindSW RS ald¥ Yofildink Perilinph. MAL AY'S

notor inpulses to the appropriate nuscles to maintain balance. [0087] The

cochl ea is t he Y33l Pismbesne coptaing thousands obstifbiihesy, #hich sradupllydpsrerge R ochl ea

is a tapered tUuRfn ihek&ind Wintolwtb enc¥pbL bt thécdeRich. Athe IfiBER oBths BARReAteSENDI i Ng a
snail. The inside of the cochlea is divided into three reql ons, which is
S

d
further defi ned B§Pranseitseismbepetizpiehby svad ilp betyeentbeirelavestibnt aphbe peeld | ar

rre_nbr ane. The R%ﬁdr@f&tl@m\él@leérhﬁct\/@ﬁfbh Brds A5 a BBYHAIsANA theSapbh6f thE &dchley aki b!J| i,
whi ch extends fromthe oval.L wi ndow tao the ,agex_OJc t he cochl ea_and cont ai ns

per 19 ynph f1 ui ¢ockisnr dusiseniaing sndalvareh &id: whiss issimailas e egaebrospipal fuid andds um
content. The bagdliapota®idyi.ane defines the scala tynpani region, which
extends fromthe apex of the cochlea to the round wi ndow and al so contai ns
peri | ynph.10888E basi |t opgamiof SARL heensrrorganderdisaring. silowtedop thebaglag | whi ch

gradual I'y i ncr aassbrid ah@ Babdis up PR M6 tHeQYEHleaiid OMkelonzah BE CaRiR¥n@ins hiie
cochlea. The fibers of the basenent nenbrane vibrate when activated b

sound. In bet weels tichdavg haireprpisetiqns tatiextend f‘é’&h‘lhauff?‘?ﬁb’éﬂﬁfe’fi%d?%@“ééghl ear

ducts whi ch endglafifioud serfRe 85llc8 At tadtoridl treMBRNe. Klthbhigh GRCRIIERve AbkomOChl ear
duct contai ns endol ynph which is simlar to cerebrospinal fluid and

fluid, i ch I b
is high in potdegiahsurerrisd by sensory mgays figsrs Bt form therachlean dnch ofthan f or
hearing, is | oGatiaslicesthidiendtas(clagial AEVOVANE and extends upward into the
cochl ear duct. The organ of Corti_contains hair cells, which have hairlike

proj ect i od8%hat extasfiscrissinthe it Windew. alyarkngwa as the glliptsy ¥Widewa gel at i nous

surface cal |l ed coRgubRateOwitRihe RPENt8 RBay OLEWOMBD tHABYibrafeSidnSthB &Mgpalie axons,
the%/%are surrounded by sensory nerve fibers that formthe cochlear branch

of the vesti bul®EgEHceYibratiops Eanslerradiohe st windopincreasgspassuramsige theyssed,

the oval W ndowui@fiB& deb¥dvidthelpBElyRiph bt dcaid vestibTOMNCPRPaN I vIAdHESE thht h t he
stapes to relay sound waves that vibrate fromthe tynpani c nenbrane.

Vi brations trarfé¢sss thegoung windowgpembraneda s¥pand &y 1espopss. bhecoaesried iygrdie t he

fluid-filled cqogdkifgotthaotdd&idIBHdukidRd edafkiSCat tRe N6BE] Widbw ABGA f@r thy Tpani ,

which in turn o ] )
movement of fluid within the cochlea without a change of intra-cochlear pressure.

25 However, as vibrations travel through the perilymph in the scala vestibuli, they create
corresponding oscillations in the vestibular membrane. These corresponding oscillations
travel through the endolymph of the cochlear duct, and transfer to the basilar membrane.
When the basilar membrane oscillates, or moves up and down, the organ of Corti moves
along with it. The hair cell receptors in the Organ of Corti then move against the

30 tectorial membrane, causing a mechanical deformation in the tectorial membrane. This
mechanical deformation initiates the nerve impulse which travels via the
vestibulocochlear nerve to the central nervous system, mechanically transmitting the
sound wave received into signals that are subsequently processed by the central nervous
system.

35 Diseases

[0090] Otic disorders, including auris interna, auris media and auris externa disorders,

produce symptoms which include but are not limited to hearing loss, nystagmus,
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causes the round wi ndow nenbrane to expand in response. The concerted

i nward pressing of the oval w ndow outward expansion of the round w ndow

al | ows f owotzb@/sew2enent of fluid within the cochl ea w t Routusacoolesvge of

i ntra-cochl ear pressure. However, as vibrations travel through the
perilymph in thenieafimithe SiflaiMation, sWeling lifRERNnEAE EG2PRBAI THBsdfifrddradhhPns i n
the vesti bul ar nmenbrane. These correspondi ng oscillations travel through

t he endol ynph dRve man@usas<ieh apkectionnigiury. Apflamamatiop, tymers gadadveise FsPR@ane.
Wien the basi | ab dRBYBYF ARG cASHiLllagdnsS SeRfal BRMESOr HBarRAB AndlOVEuilibREmOr gan of
Corti noves along with it. The hair cell_ receptors in the O gan of Corti
then nove agai i@Paifpent peiRflypmationfaneatabutediognsgtodnmpne disordeapndidfor mat i on

in the tectori alyoiRdkdanLed ilfMmmiBiSapbasd! mUat onbRihaR thdbtld Aogfer fshe nerve
i mpul se which travels via the vestibulocochlear nerve to the central

nervous syst emMerierRadiseatr| 1y opg epRadiment.the eticalisoriehiy segineurablecaringless Mt o

signal s that argeghbsBALEMd oicRlisBrRER Ao mElREntep Birdfkasd AN SInDHEL €M
Di seases [0090] &tic disorders, including auris interna, auris nmedia and

auris externa cibefipeps thegtip diserdersy Menisress dipasen I feher gmbpdiments dherle | i ni t ed
to hearing | ossyisofies isadeise’Y Syrldrdid, vistiBilht édronti] JostRR L rQfb, REMELY IiYs

i nfection and congestion. These di sorders may have many causes, ‘such as

i nf ¥ktion, i nj updropsiheapavaesteinfeetipnn syphilisdnisetiner due-indussdrinner €35 dgmagis or

ot her chem cal ARG fervORNRFAheatiBh kRS 6k eta@eaﬁm%is@%s%g@gy&&cmswgr

i npai rment or inflammation may be attributed to an aut 0i mmune di sorder
and/ or a cyt okitFeERqrRAngitser joiRY dissasst ory response. In one enbodi nent, the

otic disorgei)is MeniRidesse B3RS nerdi) iRNRIcE RGN ERAed bEIBR aRittGtedusigg der i's
sensi neural hearing | oss. In one enbodi nent t he otic disorder is autoi mune
i nner ear di seddesterpidmbyrmapsutigy] compessipnpesteribedtheredt i ¢ di sorder is Meniere's
di sease. I n priherpgehedi nents the otic disorder is Meniere's syndrone,
vesti bul ar neuronitis, postural vertigo, Ransay Hunt's S

Stu | > , %}ndrome ﬁ(ﬁf;erpes
zoster infl@%2 on), SignieE s Diseaseds oy iopatdicsqudition edctensrdiby sudden ataskeof

audi tory nerve JeH{EB! susdd @A Vdsitih@ St hiyPIt $HCES Dk ¥i6urd @hé fhay RIRRIE REAARAIS,.
otosclerosis, or tenporonandi bular joint disease. [0091] }I"he di sease
present ed her eiBioSresstvE hepsige {959 ianisisaad A sewgation|of pressues ip thepemscersipapics he

st er oi d phar maGrAditasd thfRBPORE tTihe Reusd 8B RehibRe dARAR i unkibvh BtSs probdBlyS ease
[0092] Meniere's Disease s an idiopathic condition characterized by sudden
att#cks of ver trFlgEd tapmimbalange@f (noes qar Aid hameostasiy. ingluding gy ingregs§ iv4. hour s,

and may subsi degr&fudiidrla¥iecrBdsO H ResbBoeBhAR Gar fR&E, tinnitus and a
sensation of pressure in the ears acconpani es the disease througlh time. The
(4

cause of NRBEre' s dfussiend erocedugasithasipvehgen ysed forrglisyp pymmptoms include

destruction of vestibular and/or cochlear function to relieve vertigo symptoms. These

procedures aim to either reduce fluid pressure in the inner ear and/or to destroy inner ear
25 balance function. An endolymphatic shunt procedure, which relieves fluid pressure, may

be placed in the inner ear to relieve symptoms of vestibular dysfunction. Other

treatments include gentamicin application, which when injected into the eardrum

destroys sensory hair cell function, thereby eradicating inner ear balance function.

Severing of the vestibular nerve may also be employed, which while preserving hearing,
30 may control vertigo.

[0094] A standard of care for Meniere’s Disease requires an individual to follow a low
salt diet. In certain instances, the low salt diet is supplemented with administration of an
antibiotic. In certain instances, the low salt diet is supplemented with administration of
gentamycin. In certain instances, the low salt diet is supplemented with administration

35 of an oral steroid. In certain instances, the low salt diet is supplemented with
administration of oral prednisone (25-50 mg PO/IM/PR q4-6h).

21



related to an inbal ance of inner ear fluid homeostasis, including an
increase in production or a decrease in reabsorption of inner ear fluid.

[ 0093] Suwoize@/13pr2ecedures that have been used to reliePeTAR@EPYONR66 Ncl ude
the destruction of vestibular and/or cochlear function to relieve vertigo

synpt ons. [6¥$€ Pr OCRAHE &% oPéiBIdinds hlsanehmwlebémgltreht&rfeﬁﬁféﬁlerersrm&aeel nner
ear and/or to destroy inner ear balance function. An end nphati ¢ shunt

procedure, whi ciing@staadasd of qarg Rresspied abave, is instradiseatndsing theﬁoeqsféle#ﬁﬂeqseear to

relieve synpt ongRbstMeritduRitheptahls ftmelalioR anOhBRbds deS@HbER Réréin AGhotEe
gentam cin application, which when injected into the eardrum destroys

sensory hair ce¥loffembedimsnts, %H%F%Woé?%}gdﬁﬁeﬂ&rlhﬁﬂ’é‘i‘e abisepg|usiAga f uncti on.

Seveying of thevest 'obéﬂr@ﬁre%fe&%bdﬂé}’blﬁlw%e @eﬁm oy @fesphtivelio Wh!
preserV| ng hearing, may control verti go. 00964 A standard of care for
qa

Meni ere' s Di sedtaimeal s m%%adawatieﬁam @aa?nt%“% ORI FFoKAufis-geesptable n

certain i nst ancggnuldtdes AdinGRdds dggcaged&r&uppl enented with adm ni stration of
an antibiotic hi certain instances, the |low salt diet is supplenented with

adni ni st rdP9%h of gdAeemsembpdiments, slephanical of dpagingdevicenare p3s ta BORIQTOBt | s

suppl ement ed W shR e H1ihBarie! BH1dne8 006 thed Buly dldordedr o b£hntple, BREAGRC ResbitBEANCES,
the low salt diet 1s supplemented wiith adm nistration of oral prednisone

(25150 ng PO | NPpgng@MBR deviersgsy sprifietly ceeﬁmﬂﬁte%wwlt#‘eﬁmeo tgherati ent who

i's being treat eghbb@imeMaNVRr&n &e@lmﬁey@éﬂ'lﬁaﬁpl@tﬁﬁéﬂﬁfl\ﬂRP&evfc@@%r&faﬁﬁﬂ@t ed
above, is instead treated usi ng the controll ed-rel ease corticosteroid

auri s- accept abl% eyadyating MenisracDiscase PRoSseiRD, eRdsubseRigt featmasnt Withgtheanot her set

of enbodi ment s,pharmPauties forthiPatibss Jng'dl&gd héreat@ﬂoflﬁtunmawdqryes fodileagse usi ng
a standard of care present ed above, but is refractory or unresponsive

to such treat neles ?@mh%seeéxpsm@aﬂléaarﬁel%gortt%ples%foraﬁ‘e&l%nwaea%e

cor{y costeroid &ﬁlght&ﬂ@&ﬁ%&lﬁ&k&JeO{cErHés@ﬁlbe!am%reﬂﬂﬁxd@bvhﬁdﬁy ﬁl@c&ﬁﬁlbﬂ%g her ein.
[0096] In sonme enbodi ments, nechani cal i mgi hg devices are used

moni tor or sur \}%‘ygl{‘&%evllféé?‘?sﬁ’@bedﬁ‘é’feéhééCBP%?W%’F“’%‘F% sadalleamdwrat%vsed

exanpl e, magnetijh eorhiaRRANGH MRE A& o) Blarma@viic &rﬁﬁo@ltl%ﬁ? SdeJvch Akdchibed
contenplated within the scope of the enbodinents, wherein the MRl _devices

(for exanple, 3Jerésogvapgte @é???%%‘é’?“t&ﬁ%g S50t erdobympbatig hydronshy fopmlation

Di sease progr esehé@tio b tRBEHIE Rhd/br BahpERAE effdctifentROr BRPhERGEMECA Al
formul ations di scl osed herein. Gadolini um based dyes, i.odine-base dyes,

bar?im based dyfe@natiopy{devicex dn the gti diseasessigscaihed %Pse’a %,rMaeeewdtSHasahy
auri sconpat i MegierMAFolnkon or device described herein and/or with any
mechani cal or imagi ng devjces described herein. In certain embodi nents,

gadol i ni utP®R7lir at e iNMeniered SyrdreRaiivhich 41WYWWWW86M%{W s disease, is
pharmaceuti cal aAPRESista seEbnhiry dEUEES 16 aﬁﬂ{ek B@&s@?&y@ésé\ eleOthS¥AA 4iddaSe 6H Sease
(6]

severity (e.qg. S si ze .of endol ynphati ¢ _hydro rrul ation
er ear inflammation due to syphillis mfectlon Memere s syndrome, thus, are

25 secondary effects to various process that interfere with normal production or resporption
of endolymph, including endocrine abnormalities, electrolyte imbalance, autoimmune
dysfuntion, medications, infections (e.g. parasitic infections) or hyperlipidemia.
Treatment of patients afflicted with Meniere’s Syndrome is similar to Meniere’s
Disease.

30 Sensorineural Hearing Loss

[0098]) Sensorineural hearing loss occurs when the components of the inner ear or

accompanying neural components are affected, and may contain a neural, i.e. when the
auditory nerve or auditory nerve pathways in the brain are affected, or sensory
component. Sensory hearing loss may be hereditary, or it may be caused by acoustic

35 trauma (e.g., very loud noises), a viral infection, drug-induced or Meniere’s disease.
Neural hearing loss may occur as a result of brain tumors, infections, or various brain

and nerve disorders, such as stroke. Some hereditary diseases, such as Refsum’s disease

22



penetration into the inner ear, and/or therapeutic effectiveness of the
phar maceuti cal formul ations/devices in the otic di seases described herein
(e.qg., Mawoerw/sytisease). Meniere 's Syndrome [0097] MeoTarsedms/o&6er one,
whi ch displays simlar synptons as Meniere's disease, is attributed as a
secondary af f | i@ihQfie bQuARALBLEF B#hrﬁ:ﬁ&ﬁﬁtt?é&&?%ﬁay afsoQausk RUER dkofliciease or
inner ear inflammation due to syphillis 1nfection. Meniere's syndrone,
thus, are secoriffsetinedraringlesst dudigry rems RatersBaY brdamagedddy demyelimating nor nal
pr oducti on or rESRQE R, Rﬁbﬁﬂfm@iﬁﬁ&}hﬁﬂ%? deinPEliddh S @s BRI e mal i ti es,
electrolyte i nhbal ance,  aut oi rmune untion, medications, |nfect|ons (e.q.
parasi tic infedeiepss) trgnsvergR B ¢litisi ]a@ﬂ‘i adiseppe progesstivomulfacilent s af f 1 i ct ed
Wit hs Meniere’s 1y dp§th§|(m1hﬁﬁ Bhite MrioRleCctRordt 2BARMatoRPRSRleclifeig al
Hearing Loss [0098 ensor i neural hearing | oss occurs when theé conponents
of the inner eaobpeurapatiorsdayi-MGeepheralaswepiht s are affected, and may
contain ap@efal . | .Fhe iMiGRcd S&udddidbAhels, BP SehSoreuBtidh iy %séqgéc\ﬂ% msdaways
inthe brain are affected, or sensory conponent. Sensor earing | oss may
be hereditary, lor5pg0 ingiyidyals.cand mey bp gauseddystiiakorbagtamal u(f%/ctlgns egeympp ud

noi ses), a Vir gheakiaf @R, clﬁ’élééﬂ)dxn&kﬁ}ﬁé%algﬁnl\!‘?@'pﬁﬁ@oﬁmfycﬁcﬁé%noﬁ\ﬁ%ﬁk
hearing | oss may occur as a result of brain tunors, infections, or various
bralh and ner ver ghysisabiatusy toghemnersasargask b somg saschap salise spbedfieasfisés, such
as Refsum s di sgasgl def Redd o"rﬂafy%@&ﬁ%h FAbidath @hatet:aRaRE dufsfibd YradlifiOral MAY
al so cause neural disorders affecting hearing | 0ss. Auditory nerve pathways
may be dammged cByicaEer)Ep mmswgbeét%@%@s gegsorigeyyal hearingdgsshinsoms Lasgimysrgisal
denyel i nating djeRa%RnMhdYPehdidd@ryrul tiple sclerosis), transverse nyelitis,
Devic's di sease, progressive nultifocal |eukoencephal opathy, Quillain-Barre

syndrone, [0H08hi ¢ i nitedpmmlasiops andmpeihodn deserked heteipriaclpdsghe WiSatmend ofint i - MAG
per pneral neur Qpafddiral hAARPoss! DR IdMe! H@Ra&G: B sddet GRsidaREI MR SThe 105,
sensorineural hearing |oss, occurs in about 1 in 5000 |nd|V|duaIs and may
be caused by vumﬁmdlwﬁldmab@ﬁpﬁmﬁwww@%mgéosg Fon$¥hs., cureakiressment nf | uenza,

chi ckenpox, cytpERGah@y¥deatieh &%P&'ai dt&oﬁrZ wedk GeitneM 4 TRABP BELC0R Y § da)@ r
physical injury to the innef ear I n sonme cases, no cause can be

identified. Ti ﬁmer)wt%@er@xm@bas%%@%&w msthydreredaiselprred@-62.3hi ch

subsi des gradughdsny). &% RdteSRirdih HRH K& o SraBbtrofis %%%Eéo@ﬁgd Wethlh8&lred side
sensorineural hearing |oss. In some cases, surglca i ntervention may be

nec¥ssary. [ 00FH}ts Fkadversneenisi Aneerdingly, the @@sfeﬁﬂ%wnﬁé?séﬁﬂ??dlhﬂ@mde

the treatment ofpideRShRQIIR sRBfl ka@?&ahie@%lmgn&’thet F&EHIRhe infikr egudden
sensi neural hearing loss, including idiopathic sudden sensineural hearing

| 0ss. For SSHL areexpedert totrq}sg]éph%gwﬁcantly less side effects than oral/systemic steroid use. In
one embodiment, the ISSHL is characterized by unilateral sensorineural hearing loss

with an onset over a period of less than 72 hours, where the HL is defined as being > 30
25 dB in at least 3 contiguous test frequencies.

[00101] A standard of care for Idiopathic Sudden Sensorineural Hearing Loss (ISSHL)
is treatment with high dose oral steroid. In certain instances, an individual is treated
with high dose oral steroid for about two weeks. In certain instances, an individual is
treated with high dose oral steroid for about two weeks followed by a tapering off of the

30 oral steroid for about seven to about ten days. In certain instances, the oral steroid is
dexamethasone (4-10 mg/ml). In certain instances, the oral steroid is methyl-
prednisolone (40-62.5 mg/ml).

[00102] In one set of embodiments, a patient who is being treated for ISSHL using a
standard of care presented above, is instead treated using the controlled-release

35 corticosteroid auris-acceptable formulations and methods described herein. In another
set of embodiments, a patient who is being treated for ISSHL using a standard of care

presented above, but who is refractory or unresponsive to such treatment, is instead
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options include a high dose oral steroid 2 week treatnent (4-7 day course +
7-10 days taper) with either dexanmethasone (4-10 ng/m), or

met hyl - preodno®olzene (40-62.5 ng/m ). As noted herein, hipghusemesombe or al
steroids are associated with undesired side effects and adverse events.
Accordingly, thgaRBLOREHe 80Hrol10d-Faiaad dDsERREAUHE AL DEhIE Fitmulilbishndl €
directed to sustained rel ease, |ocalized delivery of the steroids to the
inner ear are &%§3nds describedihsrsint in significantly less side effects than
oral / syst em gsimlRkAFrntEXCEBivONBisgTodi ment, the | SSHL is characterized by
uni l ateral sensorineural hearing |loss with an onset over a period of |ess
than 72 hd¥83] wher d152HBe loss 13y #ex oosuifren pigkanged exparass loud ngises, syehtas 3

contg guous t estiofd REME AGvG Squib Bkt 8L hadhirthARRARRLs! & oftRf mintinGfagddhi ¢
Sudden Sensorineural Hearin 0ss (ISSHL) is treatnment wth high dose oral
steroid. In cer‘loéfF%ﬂTP?\éﬁtaﬁﬁ%g’és, ocgprsiapessult ofidestrucion ofdair sell wcentorhinghe wage or al
steroid for abouf ThidBeBEHSs is dheh GEdoRiptnitd 'S ARGES PerdBintdl dhihdlihedrin 1 €at ed
wi th high dose oral steroid for about two vieeks followed by a tapering off
of the oral stdesitPiieBdiagnesed: seven to about ten days. In certain

i nstances jod108) or al AL Here$s G tATEIN B0 fof ndife T hearlnd 168! sERird)
i nstances, the oral steroid is nethylprednisolone (40-62.5 ng/m"). [00102]

In Bhe set of &rspEERFEsiFSns havp heqnexperimsntally dpvelopgd, incdugingdreptment WL usi ng a

standard of Cariﬁ'suﬁﬁ-ﬁﬁ@?{)% BAVEAGES) M teAdokb). 88LBh YSH0Y§28:5%5-981).
controll ed-rel ease cor d auris-acceptable fornulations and net hods

i costeroi
descri bed he?@?@@“%%.another set of embodinents, a patient who is being
treated fqgo1085SHL USOByQRsiSIRRERFIhtQS hetMBloR! 6361 LEH pAPIBmMAYLnENAG! S
refractory or unresponsive to Such treatnent, |s.|nsFeadtreate using the
cont rol | ed- r el @58 BSETulSS flegensration afithe ragcptop calls inthe spiral prgen offsort iitheet hods

desgy i bed her eiigher ERahhATLabRS haf ERILEXEDIRY YEa MRS ih ARLRABe: JFRELE Rbert 0SS
may al so occur.fron1prolong§d exposure to | oud noi ses, such as |oud nusic,
ar

ou
heavy equi pment™ B veRibHperehlpar nenieptsarrdisas adoms pf flexilility of Hebasilgnmambasein
noi ses. The heqjd daehlb Therl 5trentBSnd 18 Wh buffordRthdnbsne AtheUanBgd 4s G 8l
receptors in the inner ear. This hearing loss is often acconpani ed by
tinnitus. Per mRABISEDYESHFER]EX¢essiTRAMiSeng | oss i s often di agnosed. [00104]

Al t hough t hepgol Basced bt k- Difndgt €at nent for noi se-induced hearing |oss,
several treatnment regi mens have been experinental |y devel oped, including

tredt ment [P i nsulliamage Remdpepgdrnistation pf drugs, @eludipg cergain antibigttics, diuttics
Neurotol . (200 g%fhad{kic38idhnd RE&eRYHe} abptrid, AR ik NBSRWELRI S saliBYlates)

age-rel ated hearing | 0ss, occurs as a Part_qf normal agi ng, and occurs as a
result of deger?@fpianmehidesdetoriosaionof the @hiissiniernatorgan spybg hastengd By of Cor t |

in the impaired kidney function, which results in decreased clearance of the affecting drugs
and their metabolites. The drugs may affect both hearing and equilibrium, but likely
25 affects hearing to a greater extent.
[00107] For example, neomycin, kanamycin and amikacin have a greater effect on

hearing than on balance. The antibiotics viomycin, gentamicin and tobramycin affect
both hearing and equilibrium. Streptomycin, another commonly administered antibiotic,
induces vertigo more than loss of hearing, and can lead to Dandy’s syndrome, where

30 walking in the dark becomes difficult and induces a sensation of the environment
moving with each step. Aspirin, when taken in very high doses, may also lead to
temporary hearing loss and tinnitus, a condition where sound is perceived in the absence
of external sound. Similarly, quinine, ethacrynic acid and furosemide can result in
temporary or permanent hearing loss.

35 Autoimmune Inner Ear Disease

[00108] Autoimmune inner ear disease (AIED) is one of the few reversible causes of

sensorineural hearing loss. It is a rare disorder appearing in both adults and children that
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inner ear. Other causes may also be attributed to a decrease in a nunber of
nerve fibers in the vestibul ocochl ear nerve, as well as a |oss of

fl exi bi |l iwg 2069/t324basi | ar nmenbrane in the cochl ea. ThePeTits2ax0036¢ | y no
known cure for permanent hearing danage as a result of presbycusis or

eXCesSi Ve NOi SefielliBvedsIbitedall diyiGbarea bt thefRELaldYekd8]ar RRABRAS of the Burdshe
adm ni stration of drugs, including certain antibiotics, diuretics (e.g

et hacryni c aci dn'§Fd Iumany s AED 96sHs WRhous systeRtGRUIQIEIES) BHERRAES BUl(UP 1§

sal i cyl ates) angedtddepatidniCdidsdaer F4 £5ysRbAL AtimRfunt NRe@WukRad Nt €rna organ
may be hastened by inpaired kidney function, which results in decreased

h
cl earance of t Haflammateryibayelpitrgse, Bspmatpidiapthits intle st al {307 Hegdngrmy

affect both heafiffgitiad e EsHhithérd Rpatidhts Wil rhbhdiRbiv aRhARC InSCINEHl NGO, O 2
greater extent. EOOlO? For exanpl e, neonycin, kananycin and am kaci n have

a greater effecd(Di3reaMh Anotesing seendyhitis fydemivhupushirythematres [REBnyci n,

gentam ci n and ;eReRIYHEIdRn, T8Edn’ PAldsd)BiRErh M BRGs, MdbdR EladMomatosis and
Streptonycin, another commonly adm ni stered antibiotic, induces vertigo
nore than | oss sleradema Behoetan¢iscastn 2 mulisysiem disprds: also someneBidas wher e wal ki ng

in the dark becQa®sestbdiid grotiémea Tert RAYHE Sviderte Rt F6ddHR1RY all&igie VA EangTENL
nmovi ng with each step. Aspirin, when taken in very high doses, nay al so

| eal? t o t enpor dPyeoRblsiriand vesthWaraytpimmynitst byt there BeFIeativag agrsement 8pierts i s

perceived in thepeRsROmahOfeti6loEfbMBL a0 clakicAtRh!s¥henfdUbMAIED ha8bBaCT YNi C
acid and furosemde can result 1n terggﬁrary or permanent hearing | oss.

: L .
Aut oi mune | nnelevetepedfiiaais and Kejthdeyg(200Antoimmmac ngesar dissasditease (AIED) is

one of the few@@W@J%g%l@g%@;amN&g@g@@jynggrlg_lg,zj)eari ng loss. It is a
rare di sorder appearing 1n both adults and children thatoften involves a

bi | at er al 8190l banckedmentthrericgsteraid relisyes HARDyymtares: Oi admimistratgonafy j s

intgyna. In manye %%roﬁiﬁ&lrﬁ)&ﬁyf@ M&A?%foﬁﬁ/@)%@&) AUled REMEE Synpt ons,
but up to one-third of patients also suffer froma {s\/é%temc aut oi nmune
il ness, such dBPIOYFMEHHERWE-{P1B aNbiPeerhaudismetric FrsulttaMsdiation efithé ti s (Murdin,

L. et al (2007)cortidedérbiadiditfobéusihtdugh eitle cErAETMRMbIA RecBRdS BFthiheMAdcbrticoid
rheumatoid arthritis, in din Rheumatol, 27(5):637-640), Ankyl osing

spondylitis, SyS$¥B®re Lupus Erythematosus (SLE), Sjogren's Syndrone,

Cogan' s di sease, m{;gg,;,@;(jrygis&gg,isti s, Wegener's granul omatosis and

scl erodernma. Behcet's disease, a nultisystemdi sease, also commonly has
aud?ovest iR}  pr odnBsmmatyryedisordess of dhacapiprlydaand argpot figed fodPtisaredi, | er gi es

as a cause for dﬁqgQ;Ltaﬁa,_n%a@id{@s?hmwisa{yﬁagmgigm&&mba@u;ta&rg%fEugta%mraﬁesent Iy
no agreenment as to its inportance in the aetiology of the disease, A

cl assifi cati on s3pHetts Fdyrigthiiponthe like Sitigmpeip 6g¥E (high inpladegaentxelitish| ey,
(2002) Aut oi MMyA&Ld (TN, BfHis HEBLARE effilsibn (OME) and chronic otitis media as examples,

is a condition affecting both adults and children. OM susceptibility is multifactorial and
25 complex, including environmental, microbial and host factors. In some instances,
increases in cytokine production, including inflammatory cytokines, e.g., interleukins
and TNF, have been observed in the effluent media of individuals afflicted with OM.
Treatment with antiinflammatory steroids relieves the symptoms of inflammatory
disorders of the ear (e.g., otitis media, eustachian tube catarrh or the like). In some
30 instances, bacterial infection accounts for inflammatory disorders (e.g, OM). In some
instances, dministration of an antibiotic in combination with an antiinflamatory
corticosteroid relieves the symptoms of OM.
Pharmaceutical Agents
[00111] Provided herein are pharmaceutical compositions or formulations or devices
35 comprising steroids that ameliorate or lessen otic disorders, including Meniere’s
disease, sensineural hearing loss, and/or inflammatory disorders and their attendant

symptoms, which include but are not limited to hearing loss, nystagmus, vertigo,
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O or hi nol aryngol ogy Head and Neck Surgery. 91, 18-32). [00109] Treatnent
with corticosteroid relieves AIED synptons. Oral adm nistration of the
corti costwoan@/peedni sone (60 ng/day for four (4) weekspcshsamd/onmeked

i nprovenent in pure-tone and speech audionetric results. Mediation of the

corticosteroid ainftes; infReeiation, sWEIOHE infdtiol @Rd @diagéshs@%t@rd@doﬁhefseaemtiﬁags or
m neral ocorticojd receptors. Inflapmatory disorders [00110] Inflammatory

di sorders of t HelEDgr M%trﬁaélssﬁ%amad/fg Wﬁtwégardfts Regve cqusesARd SHEIPIOS ¢ j s

externa, mast oitHittakeSrespBtdived Sho Phainitigiitical agEiSdigddtedRerbi Pt lotfeat ar r h or
Eustachi an sal pingitis, Labyri nth|t|s or the like. Qxitis media,( , Which

i ncl udes acut e RFRTRACEtclREEnts. Apppecific emppdimpntsiithe sjgroids %‘FF%FEFQ)“FP“(‘@VE) and

chronic otitis iA@GdiAg AScRYMIMRSids hfdl rAineraNbriidoiBrorkf Aay batficdaidid adul ts and
children. OM S“SC%%' ility is It|factor| al and conpl ex, i ncl udi ng

envi r onnment al 6% herpin Sincludipg freg agid, dieg base, rf“‘§6t?€h‘?1f§§ttdﬁ%‘g§g’ Of A eases in

cyt oki ne pr oduCaohmmaud)mwgha@ntpaﬁt@mmmaﬁ%tcaktcﬂ%mp@m%ns of ddvided €UKI NS
and TNF, have been_observed in the eff]uent nedia i ndi viduals afflicted

with OM Treat rfisiiribgs pereiBnEprtisesteIpidhwbich amat %F‘d@c‘%“éldtsé\?é@ hersin @ B of

inflammat ory di$oasdei for@te dnttBioRBon dréordlicatiét bflotis dI¥BIEeR arcdipieadindidédibe
catarrh or the like). I n _sone instances, bacterial i nf ection accounts for

i nf {%mmat ory dl%‘SPﬂgﬁdﬁémﬁmedwpeqfnheseﬁﬂ’é’ imeats @rrseded dni ni stration of an

anti bi oti qoem2ronbi NebieeverVPhainadButRAltapbrié t/memhwesbeap;rréwag B6Rh tb veel | eves
the synptons of OM. Pharmaceutical Agents [00111] Provided herein are

phar maceut i cal ‘@HREEY FrensHestyr g sysrBicor lagakized arpliceingin SthFP &% oi ds

that anel i or at y@bms, ESSRAMSIE ki orthh 36 E@eGbolitédTbraitd RferRPAtR PRocessHigS RARRY
sensi neural hearjng, | oss, and/or inflamuatory djsorders and their attendant

synpt oms, whi cPfithcirugsia PRTCular resfss tisswetior Sgtems, through high leyels needsdiongnus,

veris go, tinni t Ushield¥ftiedyRhrloGgh the Wabilitytd be rdMasidlthidlglidYstemdAfMlah OB QL i C
di sorders, including Al ED or niere's d| sease and/or inflamatory

di sorders, havdlOueiseeor gk ghargairistifs aenatiuldp somermhodunepts hegsin. fgr example,

phar maceuti cal sageifests Of EkhRGRMARSHELD: sediuRtdid@lion RREHACEOM thGRlenBBENt S. I N
speci fic enbodi nents, the steroids are corticosteroids, I ncl udi ng

gl ucocor ti cost erBreddvedirart failiesin suscentibleatients, BYrggensigay muscle ‘Y‘E?&S%‘tsér”éﬂsﬂle

descri bed her eidfrophy)6tetiporteisf teRRndétéle, fep@CulbRSBeerdtive 8sophspdiOthinnSi! Jf
prodrug, or any conbination therof) is conpatible with the pharnmaceuti cal

conpbsi tions orthgR CWaANYRSIERTIOBI TRAF WPunéB?*thP&c?gtl\@tl%?rasvettraochFaé% not

speci fical ly dipgsgdhemgraltidorders, Bushingdd SRdRME, defSEdikrol inlchifiraiyalabaeat i on or
eradi cation of otic disor ders are expressly included and intended wthin

the scope of t Hursetisgh gatarass £l JFURR Mieight gain, increased appetite, and nausea.

Pharmaceutical agents (e.g., corticosteroids) which have limited or no systemic release,
systemic toxicity, poor pK characteristics or combinations thereof are explicitly

25 contemplated within the scope of the embodiments disclosed herein.

[00113] The corticosteroid formulations disclosed herein are optionally targeted directly
to otic structures where treatment is needed; for example, one embodiment
contemplated is the direct application of the corticosteroid formulations disclosed herein
onto the round window membrane or the crista fenestrae cochlea of the auris interna,

30 allowing direct access and treatment of the auris interna, or inner ear components. In
other embodiments, the corticosteroid formulation disclosed herein is applied directly to
the oval window. In yet other embodiments, direct access is obtained through
microinjection directly into the auris interna, for example, through cochlear
microperfusion. Such embodiments also optionally comprise a drug delivery device,

35 wherein the drug delivery device delivers the corticosteroid formulations through use of
a needle and syringe, a pump, a microinjection device, an in situ forming spongy

material or any combination thereof. In still other embodiments, application of the
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[00112] Moreover, pharnmaceutical agents which have been previously shown to
be toxic, harnful or non-effective during system c or |ocalized application
i n ot her wogaw/syettens, for exanple through toxic metabelCiritssokooimee after
hepatic processing, toxicity of the drug in particular organs, tissues or
systens, througRrifth@broldry@indatidaeatkeled tAHE h@ikendlid thagh pielchiz@ogR t he
inability to be rel eased through system c pathways aqr t?r,oug_h ﬁoor gK
char act eri st i cdntralynapapcapembrane and applcaiRsAL rerieestgiid drpulatign digseHRiA RS si de
effects of dexamunt hediasLudnied Affieted SAGIME the Wall Ak tyRYARS VIR oMRdREry
retention, congestive heart failure i n_sﬁgsce tible patients, hyperiension,

muscl e weaknes LsSifles By doweseyihs corirostemirbioguilations diselgsed hssin arecongat toc

ul cey, ul cerat it&taRERBAMN théda sthudtufd) aflwll not Belosdion exabipled RO difR3hiodN,
i mpai red wound heal i ng, convul si ons, ver_tlwgé) headache, psychol ogi cal

di sorders, CusHfakagestheopahiths sustackian fibe @r pierst mPANIE MCMBFBR, ~ di abet es,

hi rsut i epiticestbrvidieA iti-IiHladMAN0Ry StéFYight gain, increased appetite, and
nausea. Pharmaceutical agents (e.g., corticosteroids),. V\@i ch have |imted or
no syst enil@0Hd] ease, Therorticasteronds atechargeterizsd by procgalofoficpidrand glugcogicoid

conbi nati ons tfh@fe@t@,fdeﬁénﬁir@%mtli&ﬂhh}nyac@l@%j Sft¢ ade8d Mihdrilbdbriido@isafeope of the
enbodi nents di scl osed herein. [00113]  The cortit}glo_s,t roid formnul atjons

di sH osed her eiShaastenssg by Hieysinilarity igeldogterpne and their infuegies en eleciiplyte lexels wher e

treatment is negd@dier bAinceXBRIPIR ocdHitdiRNRUCH hyMBE EndogatioasEhcicetlichid cbiisoldi I ect
application of the corticosteroid formulations disclosed herein onto the
round wi ndow meRBFmetabplisoy andare agtisinflammatopyRy RIGVER{iRgL Release Y nt er na,

al | owi ng di r ectagafepsiSesah dedrécAFbBRIMhinGhlobdiicAd/ il dSglhdAt&idHAd addivity. TRET  ear
conponents. In other enbodi nents, the corticosteroid fornulation disclosed

herein is appl i"®@tifiRokaeY gndagtiyinert sgvral MmiGlureroficeids pirsPowMBdls HRlfit s,

di rect access igglogbt ai ned through mcroinjection directly into the auris
interna, for exanple, through cochlear mcroperfysion Such enbodi nents

al so optionally conpr|i seSfréifug F@Mcmoaievﬂe@,ralweéweﬁdr the drug delivery
devi ce delivers the clortica d_PHERAYl atli onsPAEYugh luse of a needl e and
syringe, a punp, a milcr of?ifiedti op devilce, an in &9¥u for|ni ng spongy
material or any conbiNaplaRsddaeT EOT. N SUIT Orfdig; enbqdi ments,
application of thecorfticosteroid formilation is targeted to the auris nedia
t hrough piercing of ther¢dnisplangnpani cl-frenbriane & 3appl icati on of
corticosteroid forml IO EErTy t3 the aurt 5 ggedTa gtructures affected,
including the walls of _the tynpahic cavity lor auditory gssicles. By doing
so, the corti cost eroi|dbdtamsthdsertei pns d#scl osled h8083%h arg confined to the
targeted auris nedi a structure—@and izt ; r exanpl e, through
di ffusi on or | eakage tmagﬁ:qdot%ﬁe eust achi an tubg'oor pi erlced tynpanic
menbrane. Corti cost erjoiptsihyldehe - | nf | d82mat orly St €106ids [ Q0114] The

r | r | r har ant o1 o o Ihay oy oo an | r | |
corticosteroids are Cfafgetertzeg—by shonet ar—eeﬁ'HTI—(Fﬁ'l—d—v d gl ucocorticoid

[00115] Systemic glucocorticoid treatment is the current therapy in use for autoimmune

hearing loss. Typical treatment duration lasts for months and the side effects from
systemic therapy can be substantial. For dexamethasone the side effects include: sodium

20 retention, excessive water retention, congestive heart failure in susceptible patients,
hypertension, muscle weakness, muscle atrophy, osteoporosis, tendon rupture, peptic
ulcer, ulcerative esophagitis, thinning of the skin, cutaneous reaction, impaired wound
healing, convulsions, vertigo, headache, psychological disorders, Cushing’s syndrome,
delayed growth in children, diabetes, hirsutism, cataracts, glaucoma, weight gain,

25 increased appetite, and nausea. One advantage of the use of a formulation described
herein is the greatly reduced systemic exposure to anti-inflammatory glucocorticoid
steroids.

[00116] Prednisolone is a corticosteroid drug with predominantly glucocorticoid and
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effects, depending on the pharmacol ogy of the agent. M neral ocorticoids are
characterized by their simlarity to al dosterone and their influence on

el ectrol ywe 2@viBbe4and wat er bal ance. The gl ucocorti coi e#sT/tsaal/0ax6é he
endogenous gl ucocorticoid Cortisol, control netabolismand are

anti -infl ammt qwnlgxerm)@afﬁé&dmv&yﬁ%g %uwls%fegthe {%ﬁ&%ﬂ&égeﬂ sess a

degree of both m neral ocorticoid and glucocorticoid activity e relative
pot ency and actSoutisel Itds ansastivg mptakglitg oforally agminigered priedmsans. %srxemsth@ﬂme isn the

tabl e bel ow. [ O0QbkRbstSpst &g @nﬁlgme&safcbidvaem ft‘ﬁ@éd%%ﬂttzs'ﬁ)thﬁéé ok

therapy in use for autoi mune hearing | oss. pical treatnent duration

| asts for nont Hf cadpgengys cerfispd I&Xﬁr@etﬁlésom m@ynlmpha@ is ppigpsolegphigsphate
subsf anti al . FQiteflgrane bhasamemhddte.  en&d fof feSnhifilat@ifermaRdb/or 1 et enti on,

excessive water retentiron, congestive heart failure 1n susceptible

pati ents, hyperdessssthasonanhesnhatevpenehlearsperilymph fluidhas besmpublished dpoetabils
t endon rupture,of@%mrﬁa@ogaipma,(ze%ear@&w% 6HOPARM e i MR Of the skin,

cut aneous reaction, |npa|re wound heal 1 ng convul si ons, vertlgo, headache,

psychol ogi cal caluseperipaid dlewhiqh@a%b@y ﬁ@n@wtereddéalbybudmgqcm, fnhialatiethiof ayaen,

di abetes, hir SQBﬁlmreﬁlﬁto?-Bﬁiﬁe%t a0 Re aééﬁ)'ngilatls HRAbidpoleRCingRged appetite,
and nausea. One ‘advantage of the use of a fornulation descrl béd herein is

thelQreat!y redﬂi@é&@@?Eﬁiaéet@x‘ﬁﬁ)‘gW@l‘tob’laﬁ?rﬁmﬁm%?ﬂﬁil@@?%mIgﬂQJcocorft| coi d
steroids. [001%0LoRIAARNS AlpPiforaft asocxefewe&aﬁés%a&qetggoug iY4 {dy p&@ﬂom nantly

gl ucocorticoid andl ow m neral ocorticoid activity. has about 4-5 tines
the potency of ehifaeryderididrugdrlobetasplis ¢ very gotgpt caétcpsﬁgowg{sqblmt@m@l of orally

admi ni stered prggniSRRe It@@mmmﬁl%ﬁy aRiu R {ds6QRLAERIeCarid it h

gl ucocorticoid activity. It has about O tines the potency of endogenous
Cortisol . Dexarddyl&Bneropgtiesum phosphate is a water sol ubl e phosphate ester
progy ug offeigrp et Nas Qe emBbIIRINARE dcBbe ﬁlﬁfmﬁ:@@t aéf lhgéhle&%tfﬁ{e%&ﬁﬁ 3 Of

dexanethasone pho hate I n cochlear peril been published (Liu
et al, J . of ksgeia pHayedrisploe 4y mo@%e@yo%@t@@)actlwpl@mcmcelne is a
synthetic gl UCQEQE&lé&Qfﬁe@Jdﬁglaﬂm &éacma hBRENs AdAnBh IRt Sl afii| V. DY

|nject|0n i nhalation, or as a toplca creamor ol ntnent. Triantinol one

acetonide is a embpémﬁetttémctlaﬁaha@@acwmqahmeﬁ@nmféhmm@tmﬂpmb%hwm1s
pivolyl ester QlxdmdidiEdcPabPRseansh itlhal SR UAERE RASRAG Rhppate, also

referred to as becl onetasone, is a very potent (I:; ucocorticold dru

O o¥et asol is ansredient ghthe farmylgtion @%m@ﬁbﬁ@musb@ qmethasgrieclalanpdditienaht i ons. | t
has anti-i nfl angRb@nt, aiefaupfe%s:maeeuuxa%&ﬁ@ﬁ b Rl f&f&mﬁl&%&ﬂ’@é@ﬁ&@ﬂ% ating
properties. [00117] In one enbodi nent, the active pharmaceutl ca redi ent
of the fornul atr@methaspae. |Iberaa4¢etr<@alrﬁmb9dma Heselivrpharmageyiisaltingredientbbdi ment

the active phaniBeahodldescribed herein is triamcinolone. In an additional embodiment, the

active pharmaceutical ingredient of the formulation described herein is triamcinolone
25 acetonide. In an additional embodiment, the active pharmaceutical ingredient of the
formulation described herein is clobetasol.

[00118] In an additional embodiment, the active pharmaceutical ingredient of the
formulation described herein is a phosphate prodrug of a glucocorticoid steroid. In an
additional embodiment, the active pharmaceutical ingredient of the formulation

30 described herein is an ester prodrug of a glucocorticoid steroid. In some embodiments,
the active pharmaceutical ingredient of the formulations described herein is selected
from 21-acetoxypregnenolone, alclometasone, algestone, amcinonide, beclomethasone,
betamethasone, budesonide, chloroprednisone, clobetasol, clobetasone, clocortolone,
cloprednol, corticosterone, cortisone, cortivazol, deflazacort, desonide, desoximetasone,

35 dexamethasone, diflorasone, diflucortolone, difluprednate, enoxolone, fluazacort,
flucloronide, flumethasone, flunisolide, fluocinolone acetonide, fluocinonide, fluocortin

butyl, fluocortolone, fluorometholone, fluperolone acetate, fluprednidene acetate,
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i ngredient of the formnul ati on described herein is dexanmet hasone. |n anot her
enbodi nent the active pharnaceutical ingredient of the formulation

descri bedwber@/139928 dexanet hasone phosphate. In an addi Pconskooemissds ment ,
the active pharmaceutical ingredient of the formulation described herein is

becl onet hasone. flipfedaidoldals] inhiaaddhol RIEDMRCABAYS propibSatd BrindEorl AbIERGHUE, I cal
i ngredient of the formnulation described herein is betanmethasone. In an

addi ti onal enbd®@iobetato! Propionateshalpmetasenenbrdeniedong peetatiy hpORAmYF: t he
fornul ation desgiidesdsdiR! BicPretifol lefabstiiFe, BRLipreEone! MedPsofél Phdpteani@bnecnbodi ment ,

the active pharnaceutlcai i ngredi ent of the fornulation described herein is

trianmci nol one dBERhpredpisolans, memelatone fuspnkt. PRANIEHASIEG Predpisarbaienredpisolone,
phargraceuti cal grofis8dngDi-dRihylaftnd-Qei, plelQfbI6RS6dilR9HodpRAtE ipfednfione,

cl obetasol. [00118] In an additjional enbodi nent, the active pharnmaceuti cal
i ngredi ent of tHednH@h RpdAYlidshe, GEsEelPIse Hixerartel; thiamsinglopg, GWOE"“SP%‘?'H‘&’ of a
gl ucocorti coi d t§4REiRGIEne BeRetaildé deliraheMBlon& RdXackidHRIY or PG hAE I g or ester
pharmaceutical ingredient of the fornulation described herein is an ester
prodrug of a glRiRBeHibeicelhi d steroid. In some enbodi nents, the active

phar maceuti cal ingredient of the fornulations described herein is selected
from 21- acet oxypregnenol one, al cl onetasone, al gestone, anti noni de,

becl onet hasone, bet anet hasone, budesonideLﬁgﬁﬂoroprednisone, cl obet asol ,

cl obet asone, cl ocorta o] cloprednolg cPribedst erone, cortigong
cortivazol, deflaza
di f1 orasone, df'f

fiucl oroni de, Alungthasone, flug
quocinonide ¢cortin but ;@ ;
acetate, flaiprédnidene acet@teT|dpredni sol one, fla nol i de,
fluticasone prﬁg%gmg%g formoggrt al .0 %&%Q?nide, hal phet asol propi onate,
hal onet asone, ha opred%ne acetate, ﬁyd ocortamate, hydrocorti sone,

| ot eprednol et abonate, mazi predone, nedrysone, nepredni sone, ﬁ

met hyl pr edni sol one, Eptasone f uroat e, 5 papanet hasone, pre e,
pr edni sol one, predni one 25-di et hyl amyo- acet at e,
phosphat e, preHAxsode 'Yt edni val , Gsgehyd'Pdene, ri
trianci nol one
trianci nol ong
dexanet hasagfe~@exenet hasone p&T bet anet haso etini sol one predni sone
becl onet hasone di propi onate trianti nol one trianti nol one acet oni de

cl obet asol pr orﬁ"ﬂﬁ?ﬁ%e [00119] | n SBARBErbodi nent s PPREYPARTHIPBNs

descri bed herein have a concentration of active pharnmaceutical ingredient
bet ween about 0.01%to about 20% between about

desoni de,

”?%ne, dif9

DX| et asone, deﬁ%net
"aue, enoxol one,
, fluocinol ong

predn|sptong sodi um
A Prfocortol,

triamcinolone
10 triamcinolone acetonide clobetasol propionate
[00119] In some embodiments, the formulations described herein have a concentration

of active pharmaceutical ingredient between about 0.01% to about 20%, between about
0.01% to about 10%, between about 0.01% to about 8%, between about 0.05 to 6%,

15 between about 0.1 to 5%, between about 0.2 to about 3%, or between about 0.1 to about
2% of the active ingeredient, or pharmaceutically acceptable prodrug or salt thereof, by
weight of the formulation. In some embodiments, the formulations described herein
have a concentration of active pharmaceutical ingredient, between about 0.1 to about 70
mg/mL, between about 0.5 mg/mL to about 70 mg/mL, between about 0.5 mg/mL to
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0.01% to about 10% between about 0.01%to about 8% between about 0.05 to
6% between about 0.1 to 5% between about 0.2 to about 3% or between
about 0. IwbDao@biee242% of t he active ingeredient, or phaPoaasee0oedobsy
acceptabl e prodrug or salt thereof, by weight of the fornulation. In sone

enbodi ments, t Reefi3H 'Iﬂé/xﬁt ' HHWeeﬁ‘ 866t b BQﬁ’g/BErt@thuh@/ﬁg/%LC 8ace&H Juahtd IQﬂg &f
active pharnmaceuti cal mEre ient, between about 0.1 to about 70

bet ween about @bsutiffmgmE.dersnebont I mgtapbous &9 wewrl, keigieen thost ?’tﬁiabout

50 g/ L, bet wegHur2bHHmP; b'it\ﬁ@ﬁ%outt@ an&ﬁutnﬁ)’ mLD&tBMRERn 3BT 1nD to
about 70 ng/nlL, between about 1{;? out 50 ng/ bet ween about 1 ng/nL

and about 20 nongfl tpakaNemekno gt the aﬁ\gverﬁgeﬁtoorabwcemcw/aﬁtept aBle P en

about 1 nog/ L tgsadastbs, By PBILAE of B féhR1864.1 ve agent, or pharmaceutically
accept abl e (ﬁgOdr ug or sa?,t t herof, by volune of the fornulation. [00120] In

sone enbod? t He sprap erabosiments thedermpiasiens drssrided hereindrtier eqspRTisE 88 an

antibiotic and aﬁﬁlﬁoﬁ@&fd%e usBfuf AQhd trQahdTR b anQftic AReRL bEcdAiFiBAAGcABedcONdi i ON
descri bed herein. Antibiotics include and are not limted to am kacin,

gent ani ci n, karhsrite iAmtibindesigdieds and ateinphlirgitsd to amikagin.caspiamicin, keymysipei n,
par ononyci n, g%&ﬂw%nnua@rsgwﬁyam t&&hﬁf&i‘r{ B&fomo P&a @l@rl penem

i m penem cilastatin, neropenem cefadroxi cefazo cefa otin,
cef Wl exi n, cef JETRYCiD Aragaaiedi Srtapenems doRiPEneH, ITRensmy sHastatip JRGIPRSRF e

cefixine, cefdiBfaliroxit 818 6alo&E CORRKBZAARI0r (R faRlaRAdI& RefokiBlh RRERNAITE,
ceftazidime, ceftibuten, ceftizoxime, ceftriaxone, cefepine, ceftobiprole,

tei copl anin, v&RREHIBE e %@F,tq%fdgweffﬁltorem a?ﬁOPW@ﬁ?eFfﬁtaxmer FePRdomARS: N,

erythronycin, repdAdineiblten, tcemzsﬁﬂ@mmne cefepitde! QAMGibidle, BA@plahMONY Ci N,
aztreonam anoxicillin, anpicillin, azlocillin, carbenicillin, cloxacillin,

di cl oxaci | 1in, ENGeEYsRagthiomycingamtiomypmndirithmycin, pryHwromygin rexithppmycin,

oxagy I 1in, pen'tﬁ)‘léahddi‘nycﬂl' RETHAGhYdir, Bpectihdn@c, h2tRBnand @fbkic MG, Bmpfe@lid, St1 N,
pol ynmyxin B, ci prof | oXaci n, enoxacin, gatifloxacin, |evofloxacin,

| onef | oxaci n, rieRFiflingsasbsnicillin slaxagiiling digloxasillip,fhicioxacillipgneAqsilin meticillis eni de,

pront osi | 5U| fxﬁﬁ:ﬁf@'@xﬁ’&lim%&éhfcﬁ!ﬁ?tpme?agilﬁl t1§#£1f1ﬁﬂb£@1t¥dc[ﬂjeohsﬁhl|pBE@Ay§E1! me,
sul f si oxazol e, trinethoprim deneclocycline, doxy c%‘ﬁl ne, m.nocycline,

oxt et racycl i ne,CIRFAMXAEHPPHEN, gatlonsirh Mvalioxagin lemsfiomen IE‘EiPﬂO’@F‘inndanym n,

l'inconycin, et hapRuhah, ofibRR{H e dRacih, YifeHide, Bohdsil, lsiERE& @M KO FambBRBleaZ | d,
linezolid, netronidazole, nupirocin, ni trof urantoin pl at ensi nycin,

pyr¥zi nam de, quimedﬁﬁu}fr«%P&Wowfﬁ@Wﬁle tripre\epiiR, demegtogneling doxysyeling4 69 A
(Al con Resear ciinochbline3&38mciding, qad@%&ara@dg,he&m&ﬂ&m& pheaitd], edaipahi ons

thereof. General Methods of Sterilization [00121] Provi ded herein are otic
conposi tions  t Hiagomye. cthambwol fosfoaysanfusidicacy Balidonedianieidolierzalich ei n.

e 0 BB, BB ACATR i pdshaial o on of 2

quinuspristin/dalfopristin, rifampin, tinidazole, AL-15469A (Alcon Research), AL-

25 38905 (Alcon Research) or the like and combinations thereof.

General Methods of Sterilization
[00121] Provided herein are otic compositions that ameliorate or lessen otic disorders

described herein. Further provided herein are methods comprising the administration of
said otic compositions. In some embodiments, the compositions or devices are

30 sterilized. Included within the embodiments disclosed herein are means and processes
for sterilization of a pharmaceutical composition or device disclosed herein for use in
humans. The goal is to provide a safe pharmaceutical product, relatively free of
infection causing micro-organisms. The U. S. Food and Drug Administration has
provided regulatory guidance in the publication “Guidance for Industry: Sterile Drug

35 Products Produced by Aseptic Processing” available at:
http://www.fda.gov/cder/guidance/5882fnl.htm, which is incorporated herein by

reference in its entirety.

30



sterilized. Included within the enbodi nents discl osed herein are neans and
processes for sterilization of a pharnaceutical conposition or device

di scl osedwbenr@®i/13992er use in humans. The goal is to proviPde/s2e0/083066
pharmaceutical product, relatively free of infection causing

M cr o- or gg0e1RAF - TheAéhse@herEﬁoﬂerﬁﬁQtldﬁrrhl&nMﬁﬂoBéﬁhdfeaftd 8RirH@Sr riewd ded
regul atory gui dance in the bl'i cation "Gui dance for | ndustry: Sterile Drug

Products Pr oducdBrogigapsmphegar PP’(‘?éf'é’é i aRjoduglefi PRclisging ARy suitable method
http://vww. f da. Sebeder Jt&ﬁizﬁi@d?ﬁff/oﬁﬁgtgm eompmlnmhgﬁsea SAvall§é RethadsSdr der ei n

by reference inits entirety.[00122] used herein, sterilization neans a
process used t dnefEi¥atioget Bvcr?%mmﬁwv%?ﬁam@hm%@ the appbratioaRf in a

prodyict or packagtM@heafiidthal dhdnBdie oPBiniaslraaiabd. dbsdtned dbodinhnislié ZpbbRn of
obj ects and confp05| tions is used. Avail able methods for the inactivation of
m cr oor gani ss IPHE BEEaratign;of 4 etig;herapsutic ferpulagon ERPrEpg SIRiEns heof extreme

heat, |ethal cheridalon to 9§teﬂi9z'§ﬁf&1 b BdelRidd flofh R RerBiTRRA! SRR | S a
process for the preparation of an otic therapeutic fornulation conprising

subj ecti ng t he stailitiion: prdiationsteilizationior filtatippypernilizetiy Themehpd psed dependie at

sterilization, 1&?@1%9@& thé h&ttielolf 2Rlde@Bes or BRpaditidio 5& ikrilided AbdtARGOF
filtration sterl i zation. The nethod used depends | argely Eon the nature

of the device dlesEBHARSIE Mapnmedodioisteafization ar g“B@t‘%W"é’éFr d%g Rempington's of
many met hods ofrhetseichdd aha PrRAcAStPhainie) dHhs]Q&%ﬁtI_% pidkdtt OWilfRe & WiBhns, The

Sci ence and Practice of Pharmacy publis ed b incott, WIlians &

W kins, and i saniiFFdB?oﬁQPr’%IF‘%WWr‘?néF é’l‘téﬁ‘?f‘éec\t/\}"tth‘sls‘é%‘iféﬁ?“?ro this subject
matter. Stg,t,&rahj,,;g}ay&@n by Heat [00123] Many nethods are avail able for
sterilization by the application of extrene heat. One nethod is through the

use of a d94133hi ed SMammethedsereAyailablefor sierdizatiqnhydhe appication aflexiems et a

tenperature of @e hd@@silis éh;’éugmel@e alem@aed @eaﬁpm(aeﬁvetm@mmbﬁsa shtral@
sterilized. The transfer of heat is either to the m croorgani sm

in the case of SAMEHP LEPeragrpef atleapt12] 7 dp a“BWe‘? WdiOP‘é%‘tql%Pbd‘??t%Sten 1zed.

i croor gani sm bheR@AEF hbd B dMbrdiEtlyAD t1RAHBRIIEaHiS Uih iR tabDora oﬁjre&rtb bt zed.
This nethod is vmdeldi/ practiced as it allows flexibility, safety a

econony i n t he stridzgd pringiresty forthe wicgoorganiupby) hepfing the bylk gf @rarqPF%‘éﬁ‘?lBﬁ*Pq s a
nmet hod whi ch i §o s &ekiltzed Kithd méthéd i@ Vi hradiRedsid: ARWE PERHLAG¥ARYRAAL | on at
el evated tenperatures. This_process takes place in an apparatus suitable
for2heati ng HEPATOMPLR thegtenlicstioB PESASsm free air to tenperatures of at

| east 13044@Q4P0C f orpdyhearSieflikdtior &ld RO WRESS usdido kil thiRFIESAkME &1 Of at

| east 230-250 OC for the deP yrogenation process. Water to reconstitute
concentrat ed oPeHobEPEPSensHAR pplqvaied tperafuses. g‘?‘éPFOF?Si%eWa%?d’E@tI ave. In

sorme enbodi Mentapparktiesubtb1o¥r AkdtRB msmltér&eﬂm%r@hﬁmmw t8 EenfPefab?dy Aed

phar maceuti cal agents g % corticosteroid }
at least 130 80 °C for the sterilization process and to temperatures of at least 230-250

25 °C for the depyrogenation process. Water to reconstitute concentrated or powdered
formulations is also sterilized by autoclave. In some embodiments, the formulations
described herein comprise micronized pharmaceutical agents (e.g., corticosteroids, (e.g.,
micro-dexamethasone)) that are sterilized by dry heating, e.g., heating for about 7 - 11
hours at internal powder temperatures of 130-140 °C, or for 1-2 hours at interrnal
30 tempearatures of 150-180 °C.
Chemical Sterilization
[00125] Chemical sterilization methods are an alternative for products that do not
withstand the extremes of heat sterilization. In this method, a variety of gases and
vapors with germicidal properties, such as ethylene oxide, chlorine dioxide,
35 formaldehyde or ozone are used as the anti-apoptotic agents. The germicidal activity of

ethylene oxide, for example, arises from its ability to serve as a reactive alkylating
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m cr o- dexamet hasone)) that are sterilized by dry heating, e.g., heating for
about 7 - 11 hours at internal powder tenperatures of 130-140 0C, or for

1- 2 hour swetodmiseranal tenpearatures of 150-1 80 0C. ChewriramsbkooSioesoss i zati on
[ 00125] Chemical sterilization nethods are an alternative for products that

do not wi t hst angehtem@xhé f6MEatkdn f16cks 2ii8fek tHeZhlyleAB oxilldlvdpBisio Bk Wfbct @
variety of gases and vagors with germcidal properties, such as ethyl ene

oxi de, chl ori neogigiRyithehe POfur [ARANALZ% ozone are used as the

anti - apRpdigfdnSi@gRRk» The germ cidal activity of ethylene oxide, for

exanple, arises fromits ability to serve as a reactive al kyl ati ngaggn
make

Thus, the [80%26] | i zat PRsrdyaniras oL radistion sterdlization ig theyabidityeto sterilies many JyRes

direct contact pibdudtstiomHestuiehralfioRdr sthédainh@et he Radiich doiinodlyeérhployedt i on
[00126] One advantage of radiation sterilization ig,the ability to

sterilize many it Ygeidptionpralgmpdvely. eppue radiation 8@@@ad%ﬂﬁ°awe orhe FEMERLRE nage.
The radiation ceImPot anERhAN R AISWHRE Be idlle HeHRALOK othdr§pRckubMPbey, gamma

radi ati on froma 60Co source. The penetrating ability of gamm radi ation

all ows its use ipfludipgsolittiops. compasitions #id heterRpeRrostimetures B“e%geanfeﬂlaheﬁf%&

sol utions, COMA%4diaRiDs adedrdReihe iREEIRAYSgdMntd 1AiBGon WiELiBREAICI dal effects
of irradiation arise fromthe interaction of ganma_ radjiation with

bi ofbgi cal macrBafETRlERuES. W@@ﬂ?@%@%fﬁ%ﬁé?e&teégndcﬁﬁ%ﬁr@‘éep $peci es and

free radicals. gSaulsesedmicdl ibiich, sh8P&trbARABgentHERAndSrofCIRkimdpIsIReE, S and
cross-1inking processes result in the loss of normal function for these

bi ol ogi cal macrETHYIIR thgless of mesmakfyntiop Aerithesebiglogiclimpastpiplecalen Wee al so
optional |y st erfolnhdfdndi@dstitbel Bbrini dé AGH HhibMiMy sfekilitddaking Beth @bZadbn.Fi | tration
sterilization is a nethod used to renove but not destroy m croorgani Sns
from sof #s. Menbrane filters are used to filter heat-sensitive

sol wions.jofiegh fil t@hGtGH ﬁeﬁlﬂhtlibn 1§E eihgd udt IPRAI0sBut 6l es®sys of m xed
cellulosic esters (MCE), go yvi nyl | dene fluoride ( PVF al. so known as PVDF),

or pol yt et r af | UBFISTEAYSEHEoRSqiRtigns MMembrapefiltess are gfeéé% filter hgatrsgnstivém 0. 1 t o

0.22 mm Sol ut igRsiosf SYARiRHSrERa adn! rﬂo‘ﬁ{og&n%u@ﬁ&yrﬂ&ﬁ boRAkd Yelfuldsic@5ed usi ng
different filter nenbranes. For exa PVF and PTEE nenbranes are well

suited to filtdMGR), rabyinvlidensdlugrds & iﬂﬁ%lmgéméié8¥D§b|°m>?lasﬁ§afaw@emylepér ed
through PVF or (MpeymaREaRee sides !mtngﬁlgfmpd AlWS2A0E R%dohedt aribgr use on

many scal es rangl ng fromthe single point-of-use disposable filter attached
to 2 syringe uphamectesipeire pptionglpafiltered ysingdifferent fillerangmpbranes Hoa exampiang

plants. The nerﬂvfam ﬁﬁbﬁﬁén%rﬂe?m%%[l'sh&eé@&'ﬁﬁ’éfu@l&é%ﬁic%&‘%er% wﬁﬂ%&u%ﬂs

sterilization. Validation of nmenbrane filtration systens 1s perforned
fol | owi ng st andalutipnser fltesedtbrough PYF er M&Fdn@@hrwp ilter apparatus are available

for use on many scales ranging from the single point-of-use disposable filter attached to

(

a syringe up to commercial scale filters for use in manufacturing plants. The membrane
25 filters are sterilized by autoclave or chemical sterilization. Validation of membrane
filtration systems is performed following standardized protocols (Microbiological
Evaluation of Filters for Sterilizing Liquids, Vol 4, No. 3. Washington, D.C: Health
Industry Manufacturers Association, 1981) and involve challenging the membrane filter
with a known quantity (ca. 10”cm?) of unusually small microorganisms, such as
30 Brevundimonas diminuta (ATCC 19146).
[00128] Pharmaceutical compositions are optionally sterilized by passing through
membrane filters. Formulations comprising nanoparticles (U.S. Pat No. 6,139,870) or
multilamellar vesicles (Richard et al., International Journal of Pharmaceutics (2006),
312(1-2):144-50) are amenable to sterilization by filtration through 0.22 um filters
35 without destroying their organized structure.
[00129] In some embodiments, the methods disclosed herein comprise sterilizing the

formulation (or components thereof) by means of filtration sterilization. In another
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Eval uation of Filters for Sterilizing Liquids, Vol 4, No. 3. Washi ngton,
D.C. Health Industry Manufacturers Association, 1981) and involve

chal | engiwgQ 200ve13p@@abr ane filter with a known quantity (@eaT/ub20M9o0Rs6 of
unusual |y small m croorgani sns, such as Brevundi nonas di m nuta (ATCC
19146) . [00128]eniBaamERe@e Bﬁrﬁadccébgdmictthe@é}%u@ e Bbinfibh ¥orfprREd 4 paAtdle DY
passi ng through nenbrane filters. Fornul ations conpri sing nanopart I cles
(U.S. Pat No. evhesan te@prtigle formuiation ieuitable fop lthensterization I

I nternational JogoBenPdaidiaiciBfoftilhtch oRBRK) paridiéd dr16ss thahd60 RR)in @i&@ of
amenabl e to steriljzation by filtration through 0.22 nmfilters without
destroyi ng t heilesséhag2QP sedn sige, of legy tan [ Wowpigsizeningpotherembadimentihgaurishe

met hpds di scl O%E%pﬁ%[&bﬂmﬁﬁﬁﬂrcbﬁ i & prti¢I& fdtthulabién &zﬁéremlt&tsk&mq(&fme
conponents thereof) by neans of |tration sterilization.

anot her embodi natsfticle e W@ya@e@@%}% ob the PrecEp e ERPRaE %@éwm fenetheat i on

conprises a pardnolgheM¥8E SirR-decbPtabR thintllRioh QbR b paHitIS fetHiulafB @hdrein
filtration sterilization., In a further enbodi nent said particle formulation

conprises part it geriliy of the parti¢la formplationis epsyreg;bydow ggmperaie steral fitgHom AR i n

size, of |ess t'@aRncteRAbHdTmeR, Wtempérﬂu@@%t&eﬁnr@{mqﬁémtout & temperature
auri sacceptabl e formul ation conprises a particle formilation wherein the

stelM ity of tHHstysspPiapd &0 |%bé‘ﬁ’§ﬁ? @ and3P $t betiveen § andi 103G beswesn 1098d B9 ecur sor
conmponent sol utdcOPshetdtn20@hd1$y eccembodi nent the auris-acceptabl e fornulation
conprises a particle formulation wherein the sterility of the partlcl e

for mul at i 4905381 ensurl@neshericpRodimepids apipeess §ardhe nrepargtih pEan ayFs-2¢5§Ptable ur t her

enmbodi nent, | O%ahﬁl%ﬁﬁilé{fo% c§ffn%ﬁdu|1§ filtbrirdgl 1S 2 aqaeods%oﬁa&{ éo%fiuﬁhg th@parficle
terrperature between 0 and tween 0 and 20 0 between 0 and 10 0C,

bet ween 10 and forouationgt lowéﬁmﬁurzahra\*@ Wr@zat[%éiitSOi‘YOPh‘hélﬁéfl}i’éFe“?nbod| ment

is g process fablutibe aRd ?e@@ﬁsﬁﬁ't@@th@%aﬁ@le%ﬂu&h@ﬁ %Hgﬁgiegva@@?hbﬁbe
fornul ation conmprisin |tering the agueous sol ution containing the

particle fornul a&mﬁragm I foresiphofimegtsea formplatien desaibed herpinas papfaciurede

| yophi I'i zi ng t hg a3h@Ehdidh i @kl 9 foMdlaliGrQRBldidght REcréhifedRadivel Cl e
formulation with sterile water prior. to admnistration, In sone

embodi ment s, a MhawRAGeusicaldpererient A pagle gk formulption s Agpaed b wepticallamixiRgrensi on

in a single viaterf@fdKabs SMutioR WithisihRUnitARiZ 5498 ingR-AicAC(igY €
phar maceutical ingredient. Asingle vial formulation is prepared by

asefhtical |y mi dergnehasensy Mdérﬁymgﬁ@rfowlﬂtqnéﬁswlﬁ Rhagmageutical ﬁﬁnmﬁaﬁ ¥ed

active ingredi aBfne eRbSHimeE %R HRAinARY orhRNSHA BéskgkdthRRid fKnul ation to
sterile pharmaceutical containers, In sonme enbodi ments, a single vial

containing a f GHIRGIAeN i Feserperderl befarehisnensing.ad/r admigisiaionn i s resuspended
before di gp@3gj ng arlg/sﬁhrmfféd:'fﬂbeﬂlﬁehﬁt fi18Rion[ 8853 ANing BroeRfRieds fatecafti¥R QI dTENT S,

filtration and/or filli procedures are carried out at about 50C bel ow t he
gel tenperaturé (’“\téeq: }’CIBW the gebieppraturo sald at3 foraglatinaydepribgdhbergip apd with
25 viscosity below a theoretical value of 100cP to allow for filtration in a reasonable time

using a peristaltic pump.

[00132] In another embodiment the auris-acceptable otic therapeutic agent formulation
comprises a nanoparticle formulation wherein the nanoparticle formulation is suitable
for filtration sterilization. In a further embodiment the nanoparticle formulation

30 comprises nanoparticles of less than 300 nm in size, of less than 200 nm in size, or of
less than 100 nm in size. In another embodiment the auris-acceptable formulation
comprises a microsphere formulation wherein the sterility of the microsphere is ensured
by sterile filtration of the precursor organic solution and aqueous solutions. In another
embodiment the auris-acceptable formulation comprises a thermoreversible gel

35 formulation wherein the sterility of the gel formulation is ensured by low temperature
sterile filtration. In a further embodiment, the low temperature sterile filtration occurs at

a temperature between 0 and 30 °C, or between 0 and 20 °C, or between 0 and 10 °C, or

33



viscosity below a theoretical value of IOCcP to allow for filtration in a
reasonable tinme using a peristaltic punp. [00132] hi another enbodi nent the
auri s- acoxptapBooti c t herapeuti c agent fornul ati on conpCIrAS2008/003066
nanoparticle fornulation wherein the nanoparticle fornulation is suitable

for filtration wfvdehhbamf2oow, of Ebt@eé(nlibtah@ﬁo W%&E‘e%m%h%n&ﬁ%éés&fo@
formul ati on conpri ses nanopartlc es of less than 300 nmin size, of |ess

than 200 nm i n t8¢ prepargsionef ap wyis-acesRivbleghermpseygisible gl formplatiosCABPHiENS 0di nent

the auris- aCCG%@hh%thfsQ?ﬁEdh@édhﬁi&n@&Rﬂﬁﬁlgﬁﬁtl@erxﬁb&(r&%ﬂé%&ﬁcoﬁ@%@&s&ft N
wherein the sterili the m crosphere is ensur %sterlleflltratlon

of the precur sd?mﬁf‘rrgaﬁlﬂém%@ terdizationdiltes deophidiziag therstesitrssolutign, #qdt her

embogdi ment  t he BuhitfofHpaRPihaRlReeRITRILR FIrRNaGH Wi 68 ValePFridrR6 ever si bl e
gel formulation wherein the sterility of the gel fornulation is ensured by

| ow t enper at ur edBiEatientj | tration. In a further embodiment, the |ow

t enper at Ur@OI%E]e“ | e thickhdiRbhoduiA&RY iR a@ﬁve@néré‘dl&% &t Hfs?ol@%td{\@ﬁﬂtagleand 30 0C,
or betvveen 0 and 20 0OC, or between 0 and OC, orbetween 10 and 20 0C, or

bet ween 20 and vshicls¢e. g|8rbll£ﬁ¢6taﬁéﬁte@lmsémfﬂy (eg- by hrableatrgert.dpliratis, gamma

preparation of BMatfal.i B-s8me ERIAsaht Et‘%’iwl?&ﬁ‘e\dﬁﬁt% IR sferiliSdd depdritelyah h @R
conprising: filtering the agqueous sol ution containing the thernnrever5|ble

gel %onponent s stite: |1 aPeipparces.theactite Berghicas atesierilized e p syspensiangy as a
l'yophi I'i zi ng t hengitifshdpensi. Uthk naiRREleNcHRARSE k! Ahidgl éolﬂﬁ‘)oﬁ e@t\’iﬁr sible

gel formulation with sterile water prior to adm nistration. 0133] In
certain enbodi rAgHt formplagonshare ylerilized iy sepprete st&?éyalsglgable\;@fdhqdr{ea flgption) e

vehicle (e.g. anBefFRbhicH6F 2doblel Wiked of BRYiIGS! e (W BlutiB¥s thﬁ%}e treatment,

filtration, gammua radiatjion). In sonme instances, the active r edi ents are
sterilized sepafearasly sierilizedgreshen mixgd asepticallyio nronddemingd aurtsrf tiopeln

i ngrsedi ents ar ok &fstahécd etﬁe ﬁﬁal%s?ﬁ@%&% 19 Ber®IrmB& 1t ik toPlaeRhistPHisRENS1 ON.
The remai ning excipi ents’ (e conponent's present in auris

fornul ations) dpendatiepidpscrbed herfim separate step by a suitable method (e.g.

filtrationog@ngy or i rm@&h@&bﬁﬁhe@fcoﬁve%ﬁ&iaﬁﬁuwdﬁe%ﬁoﬁs of st&ﬂ&itﬂ;‘n‘%@ksheatt he two
solutions that are se(parate sterilized are then nm xed aseptlcally to

provide a fi naltreatnent(eieo i 2ntocaye). pammp redianen, Sifeasien) leaddo frreygrsiblgs ept i c

mxing is perf Qfe%%glatioﬁ%?pcﬁflrhéﬁc dothpBRRsE 8! RIhdRBHiRE, géllﬁlgbffﬂﬂ{x&ia&@awéescr' bed
herein. [00134] I'n some Instances, conventional |y uUsed nethods of

stefd | ization (Pelygper coBRaneRty)ARt/on e apte ggent infheformyleten. lnsome %’r‘ﬁﬁ .
irradiation, figdif;alioRatad KA forthulabibEYFERLAEIREHE AEAbIAL (9% rpME“ ¢

conponent s (e g., thernosettin gel I 1'ng or mnucoadhesi ve po
conponent s) andnesbraries) ispetippesi gefmhe formulation comprisies thixgtropip nols'mns thaygelances,

sterilization cafunngé]thggf lcSss oPEIMligh i on by filtration through nmenbranes
(e.g., 0.2 MM ne an (% 'S not dposmble if the formulation conprises
€

t hi xot r opil@0138) yner sAqchudingdje provided herein are methods for sterilization of auris formulations

25 that prevent degradation of polymeric components (e.g., thermosetting and/or gelling
and/or mucoadhesive polymer components) and/or the active agent during the process
of sterilization. In some embodiments, degradation of the active agent (e.g., any
therapeutic otic agent described herein) is reduced or eliminated through the use of
specific pH ranges for buffer components and specific proportions of gelling agents in

30 the formulations. In some embodiments, the choice of an appropriate gellling agent
and/or thermosetting polymer allows for sterilization of formulations described herein
by filtration. In some embodiments, the use of an appropriate thermosetting polymer
and an appropriate copolymer (e.g., a gellling agent) in combination with a specific pH
range for the formulation allows for high temperature sterilization of formulations

35 described with substantially no degradation of the therapeutic agent or the polymeric
excipients. An advantage of the methods of sterilization provided herein is that, in

certain instances, the formulations are subjected to terminal sterilization via autoclaving
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during the process of filtration. [00135] Accordingly, provided herein are
nmet hods for sterilization of auris formulations that prevent degradation of
pol ymer i cwoanparsentts (e.g., thernosetting and/ or gel | i ng@Canbtam/003066

nmucoadhesi ve pol ymer conponents) and/or the active agent during the process

of sterilizati afitholian§ 88 oL1kL Q&livEBENS andA Gk @pidits B/ po yhﬁﬁé‘@&ﬂéﬁ’cﬁeﬁgent
(e.g., any therapeutic atic agent described herein) is reduced or

el i ni nat ed t hr Sl¥gRe theaterilizatign stepand; ar rendared syhgjantiallp freqRfmuignobessudiShent s and
speci fic proporgydyess. of gelling agents in the fornulations. In sone

enbodi nents, the choice of an appropriate gellling agent and/or

t her nos¥4 94878y mer all ows for sterilization of formulations described

herej n by [dei36y at i OrerovidedRgin SERAH JBEtable dobPodlEshs@f dévices RRAF ARdliotdtEor
t hernosetting polymer and an appropriate copol yner . 9., ellling agent)

! . / (e.g., a
in conbi nat i on el dsgrtersdescrbps heapigduraer arevadaddictrin Aie msthody 4sRESF®r  hi gh
tenperature st ehd Adnfimibtr42ion Of sal PstEoARDbMMSHhs A8 $6hé Ebdvhdns, BelReMpetitichk by no
degradation of the therapeutic agent or the polyneric ex0|‘o| ents.
€

| X ( An
advant age of t HEVifExFEOHEstagtially fef of Migfqopinismy, i qeriebiettaility jexels prgpasedy

certain i nst ancfspplidaBle s@ahdiddsahdt @BSneah@apeitias h&dpthBle b BnpRkitiSAser i | 1 zat i on
vi a autocl avi ngwi t hout any loss of the active agent and/or excipients

andtbr  pol ymer i'BeledingRi atlumited te Hpitedntatey Fharmacopgia Gheptarep! 14 bt ot Feender ed

substantial |y fdx@@plefactiptabRRESiIANEVN inBMdLBEMS0 Mohy RRMEBRInRTA]) PO 36]
Provi ded herein are_auris-acceptable conmposjtions or devices that
anmel i orate or |¥Rehfognylation dhopiddu parezsm plfgrpdptionnabopt 10018} pes gt ¥fed

herein are net hegsulARATUbbS 500 chuliRr ddM JTifsumtibeer BbutSBdE cflpeLera@HPOSi ti ons.
In sonme enbodi nents, the conpositions or devices are substantially free of

ni cr oor gani s ms. fompulation Jp seme erabqdimens, pesgptplle sterlity leavely fos forapiiationsigrlude

stapdards that 16gfiango thARBAS A 8 biwnRG IaPHaRKE0 Eituind, Q88 & 1 DONSH/mL
including but not |imted to United States Pharnacopeia ChaPters < 1111> et

seq. For exanplmcrohiebagsptapineaddition, aceepipblestraility lpyrly ipgludedhosrclusion @bl ony

formng units (spécifiedRBfectidrable HicthBibmlcatagenis. Biytor efhnfpld) spRifiedr am of
formul ati on, about 100 cfu per gram of fornul ation, about 500 cfu per gram

of formul ati on %Biectiansble migropiologigalngentsjinglude put prsmef fimitedsn Esqhsrichipeol (E.

enbodi ments, acgEptAbloRelRisp! PidulidmdRY SdrSgihddh gf.% &da) Sfdfor otiel Yrdafitess than
10 cfu/m., less that 50 cfu/m., less than 500 cfu/nL or | ess than 1000

cf UL mi crobi dMiceg@hiesnts| n addition, acceptable sterility Ievels include

the excl ugpeas7pf spesiidiitper 0O hnitdcQpabledtibtHerpbitR g8t FHnuRsN sTonfheday Of
exanpl e, specifjed objectionable mcrobiological agents include but are not
limted to EscHBPpgn Serdidy pssyrpncepggram ingep £ Wih g‘ﬁ‘.t‘?d Patet harpreepeia

aer ugi nosa (P. @Rplesi<a0se23a8d €71>0ANRY csmbiltiof thelsteri Y addurA06 flatity
control, quality assurance and validation process is the method of sterility testing.

25 Sterility testing, by way of example only, is performed by two methods. The first is
direct inoculation wherein a sample of the composition to be tested is added to growth
medium and incubated for a period of time up to 21 days. Turbidity of the growth
medium indicates contamination. Drawbacks to this method include the small sampling
size of bulk materials which reduces sensitivity, and detection of microorganism growth

30 based on a visual observation. An alternative method is membrane filtration sterility
testing. In this method, a volume of product is passed through a small membrane filter
paper. The filter paper is then placed into media to promote the growth of
microorganisms. This method has the advantage of greater sensitivity as the entire bulk
product is sampled. The commercially available Millipore Steritest sterility testing

35 system is optionally used for determinations by membrane filtration sterility testing. For
the filtration testing of creams or ointments Steritest filter system No. TLHVSL210 are

used. For the filtration testing of emulsions or viscous products Steritest filter system
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[00137] Sterility of the auris-acceptable otic therapeutic agent
formulation is confirmed through a sterility assurance programin

accor dancwownadisinut ed St at es Pharnacopei a Chapters <61PCTAB2009mm06671>. A
key conponent of the sterility assurance quality control, quality assurance

and validation Neonmmmd&ermmgmire ﬁiearpdrmexﬁm&ﬁ,h&éagng oHLpe- ﬁhédty _
testing, by way of exanple _only, per f or med two nmethods. The first is

di rect inocul at ?yﬁ'ﬁgW’?é%’r‘sﬁﬁ]ée@&?ﬁW é‘oo?TIfIﬁﬁY%’&r?ﬁ%)%ﬁe@|F(9ﬁﬂleé'ﬂ%*§1°fléﬁ§tlwfl s
added to growt hm@i@ﬂéﬂdi‘ﬁﬁ@rﬁ@d hRABRLQYr fian RerhlEl BRE ?éterhNa;eTthm@aré days.
Turbidity of the growth mediumindicates contam nation. Drawbacks to this
met hod i ncl ude 55 ESrthefiltsation tosting ofjsolublspopderk inpmpenlenrrsvighh Seritept fdigt e s

sensitivity, angsedeties iTRAIK21010f TPRATAN16 Bt h based on a visual
observation. An alternative nmethod is nenbrane filtration sterility

testing. 180138 s net Reting for Forqlimad Splmanglin jaeludes theaise aldagtpsebuihs 1&°®ﬁ‘§¢l

menbrane fil teratgap@rs °C Fe4ti2 Hotfs, iB@Jb%ﬁoﬂéM&@Bnl&Br%ﬁ@grEMB Qe firasha
pronote the grovvth of mcroor?anlsms his nethod has th eagvantaeo

greater sensi tiRuEsyanilorithguise gf Renpapart %ecb‘l‘fédTFé‘tmg for the Agfpasion Oﬁ'ﬁé‘e@@w cially
avail able M1 Iﬁaﬁ@es%a&;sbb?ﬁkcsd ﬁUHtécb’St&t@@FHaﬂ&c%%!éﬁ €Mk <8P hRg | y used
for determnatlonsg%/ menbr ane ltration steril testing. For the
fild®ation testfHEeRies gsiagprogsdurss fﬁrmfsedsmwmé@f MiqreqrggnissRsst em No.
TLHVSL21 Og oBoysed. FQerthilembbdikbmt 'a.%ifc&rﬁ%ﬁéd}gleﬁge {6l RioR BscRbed He RGPS
products Steritest filter systenNo, AREM210 or TDAREMR10 are used. For
the filtration ?@éﬁ%oﬁfﬁoﬁf’]@w forming ugiss (GFLBdlessitianiabeu {50 £olppyeformipg paith, No.
TTHASY210 are ug@dhanf@butid0@ofohy forlngQRitd, %§feksﬁgarpjboﬁ@0%610ﬁl' fSlnSREMRESE as an
aerosol or foam Steritest filter system No. 10 are used. For the
filtration testPifipbit ageatspsT Erapshdsmylatipn. %ﬁf@@m@b@ﬁmmw the Sftlfeﬁomﬁl@é}tmsfl | ter
sysgem No. _TTHARRGrb@hatein REHBRMGG) @12 4sRas wilDAL BRI EERh8G: 60 herfympp

and Sal nonel l a includes the use of l|actose broths incubated at 30 - 35 OC
for 24-#p4%GMSs, incubation in MacConkey and/or EMB agars for 18-24 hours,

and/or thq 00‘154@, of RapgaRed ltlerélﬁgx'elé'ﬁb cdiBSdsitiafs X anteErafi@h Gl Qe Bsorfers
aerugi nosa includes the use of 6agar Uni ted States Pharnmacopei a Chapter

<62> further erffBibad Bycinurtharprpyi ye msthodpeamprisiag thetadeinistteele

ni cr oor gani sis. sa]dfid 3hpdsttions th e SRR RS coﬁ%eeufsﬁpsmuc&daré el ease
formul ati on described herein has |ess than about 60 colony formng units

(CF8), 1ess thaioupbially See %fép@m%%maﬁ@nmﬂ pspect pgths s&enhwtlawe@esm theol ony

formng units, Rholdssby-HralluckPdesth RQiIRRE S bicloBfedhiSls theleipred “r‘rb&rcp’?' al
agents per gramof formylation hji certain enbodi ments, the otTc fomul ations
descri bed her ei Thearesessf denyaessaation reraovies pyregang framithe %aﬁ’@leeﬁﬂegﬁflﬁpﬁ? and/ or

the perilynph. e%a&@iﬁ%b&io{o%ﬁ&@ich'ﬁkﬁvé AEFhnRE fsPorRE. ArixhiGp R OFRPSI L1 Ons
that anmeliorate or |essen otic disorders described herein. Further provi ded

herein are net HBLOEBihe ipenglysareharida(tF S molgeplsfousd in the cell wall of gram-

25 negative bacteria. While sterilization procedures such as autoclaving or treatment with

ethylene oxide kill the bacteria, the LPS residue induces a proinflammatory immune
response, such as septic shock. Because the molecular size of endotoxins can vary
widely, the presence of endotoxins is expressed in “endotoxin units” (EU). One EU is
equivalent to 100 picograms of E. coli LPS. Humans can develop a response to as little
30 as 5 EU/kg of body weight. The sterility is expressed in any units as recognized in the
art. In certain embodiments, otic compositions described herein contain lower endotoxin
levels (e.g. <4 EU/kg of body weight of a subject) when compared to conventionally
acceptable endotoxin levels (e.g., 5 EU/kg of body weight of a subject). In some
embodiments, the auris-acceptable otic therapeutic agent formulation has less than about
35 5 EU/kg of body weight of a subject. In other embodiments, the auris-acceptable otic
therapeutic agent formulation has less than about 4 EU/kg of body weight of a subject.

In additional embodiments, the auris-acceptable otic therapeutic agent formulation has
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said otic conpositions hi some enbodi mrents, the conpositions or devices are
substantially free of endotoxins. An additional aspect of the sterilization
process hsoubwvm&nmval of by-products fromthe killing @eCTrSesooonipani sns
(hereinafter, "Product"). The process of depyrogenation renbves pyrogens

fromthe sanpl gessihQ86RS EU/E% &nay %igﬁtsof(%rsuﬁéé?tIﬁ%ﬂ&lﬁorﬁhéxﬁﬁbdﬁrﬁ@f'@91 an
i nmune response. An exanp an endotoxin i's the popol ysacchari de (LPS)

nol ecul e found quﬁS'P%Pté'éP ptigprapeytic ggeahﬁérgalﬁlq@aw@% tém @bouv%ﬁvéﬂz of body
sterilization prQardes &bjetich as autoclaving or treatnment with ethylene
oxide kill the bacteria, the LPS residue induces a proinflammtory inmune
response, [Q0dAl as sdpspme embrdimenty the pyas-pqseptalle eliq therepastis ageat foaRelaiaRi ns

can yary W del yor db$1& R RIEMELatlut 5396%%%T&ﬁulaﬁo@&?étﬁé%%@oh&en@Q@l@&xﬁi&t n
units" (EU). One EU is egilvalent to I00 picograns o . coli LPS. Humans
can devel op a ragpiisetic hegpepticragpnd f@F@US‘“EBJMégCSéFhaB@Wt%% of The

sterility is e@fnﬁﬁa?ﬁ)q m'&d&iﬂb{na‘f'&hﬁ&hrﬁénsr %%lﬁé Z&thblﬁe Bt*f@thé’n%ﬁeuu& Boefr t ain
enmbodi nent s, otlc conp03|t|ons descri bed herein contain | ower endotoxin

level s (e.g. < fammjtien hagtlessdhnp ahentgiU/kg obfosmstiont In same smberipertadhe o
conventional |y aﬁﬁﬁ@&%ﬁ%l@ o6NEHOLARNED ag BV Rhfulb§onthas less thidl ud EORGProRLaht of

a subject). In sone enbodinents, the auris-acceptable otic therapeutic
ageMt for mul at i18Athenembodirentsy the aumvincemtabin gtieghaapentinrgendPEmtation has lestj ect .

I n ot her enmbodifRthsut 1tﬁt¢/k§wdd§ctaﬁ%ﬁmhéxﬁll &nﬁﬂ&xﬁexki‘@fe%ﬁﬁﬂ&dc@ptﬁ%’@ﬁc
formul ati on has | ess than about 4 EU kg of body wei ght of subject. In

addi ti onal enbdbﬁraﬁshfﬂ%age@qfema{ht10§hatk9&spshaaltﬂbeut&t2 EUkkg @‘roalp@tuh semggent
formul ati on hash#8gintehR@NneRRtstacplablekdic ?Hen@@ﬁhé APt $oHnuBlioA hUbs @fh -abbl?

addi ti onal enbodi nents, the auris-acceptable otic therapeutic agent

formul ation has B@&/esf priter Biedvgt Ipotheyertpodimenisdle usisgrgepigblestie thspapeytic
[00i#1] In SO”"ag@xﬂ’@&ﬂiu[EﬁHﬁ Ras 1&@%&!&5&&4%@9%@?%{&1%@ ESlaaRaMt | ¢ agent
formul ati on or device | ess than about kg of fornulation. In other
enbodi nent s, t fEbadirestachepirissicesptsblecotic ierappatistagent soyamlatipn hanless thap gbo s
l'ess than about3 FU/EYE ksl Q& Préficimal s’btrrle%bohlﬂleﬁt@%é h&ﬂf’alcce%&*alé%lﬁﬁ{&a%euﬁéqe

auri s-acceptable ofic therapeutic agent formul ation has | ess than about 3

EU kg of for nulagent &prmu] aﬁ%bﬁéﬁﬂéﬁ%@ ?Hb A EL/mg phunit griPsodyete Banths| e ot c
therapeuti ¢ agepbodiffehd] B hid3- a@@e%ta'bmc H{é@éae&mg&m ForaakiOn ﬁ)a(sqg's"ﬁ{an abdlt Ot her

enbodi nent s, the auri s- accegta | e otic therapeutic agent formnulation has
| es® t han about? BU/mug ffgnihos Bduct. Ingdgitienal P@mmmémaﬁ@mcfreptemotw

auri s- accept abligerfelitc 4R BRRIHHA hAORR hInbEM! 3t /R o asit beSSadcPam caloayt 0.2
EU kg Product. In sonme enbodi nents, the auris-acceptable otic therapeutic
agent formul at SBROHESNIS YIS compepitioys descubedberginfoniai fromabant biabOUt I n' ot her

enbodi nment s, tfmmwf%raﬁﬁasﬁ qlbb&tamel@oohﬁ%af) iétdoﬁlpm dERfipd REdiPn has
| ess t han about 4 EU of unit or Product ditional enbodi ments, the

auri s- accept ablcentain fES’n% Herabierbeet SHJEML of &rﬁaﬂlaﬁt’% dromhabeu Tioabeui ArEUmbut

25 of formulation, or from about 4 to about 5 EU/mL of formulation.

[00142] In certain embodiments, otic compositions or devices described herein contain
lower endotoxin levels (e.g. < 0.5 EU/mL of formulation) when compared to
conventionally acceptable endotoxin levels (e.g., 0.5 EU/mL of formulation). In some
embodiments, the auris-acceptable otic therapeutic agent formulation or device has less

30 than about 0.5 EU/mL of formulation. In other embodiments, the auris-acceptable otic
therapeutic agent formulation has less than about 0.4 EU/mL of formulation. In
additional embodiments, the auris-acceptable otic therapeutic agent formulation has less
than about 0.2 EU/mL of formulation.

[00143] Pyrogen detection, by way of example only, is performed by several methods.

35 Suitable tests for sterility include tests described in United States Pharmacopoeia (USP)
<71> Sterility Tests (23rd edition, 1995). The rabbit pyrogen test and the Limulus

amebocyte lysate test are both specified in the United States Pharmacopeia Chapters
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3 EUW g of unit or Product. In sone enbodi nents, the auris-acceptable otic
t herapeutic agent formulation has | ess than about 5 EUWng of unit or

Product . Wo 200918992¢vbodi nents, the auris-acceptabl e oti eCrluseepooiobe agent
formul ation has | ess than about 4 EU ng of unit or Product. In additional

enbodi nents, ”k%sﬁldﬁd 5rﬁ9Qﬁ§Pﬁ?ILIF1QtBlgloglbﬁrﬁpc?%'e@nﬁgc?@tﬁteg PhAth & ?e@n has
| ess t han about ng%@k@unlt or ProdlUct. In certain enbodi nen otic
A

conposi ti ons de%%li"?%’@ flp, MBNt295 h Altermativeryrrgen assays apv e devgloped of

formul ation. | nyeQr u%@ﬁ &e%@&ké&ﬁ(rﬁmn%&b&n@%@f%&fo%Eelﬂl‘ﬁ%ﬂi Liifasld ther ei n
contain from about to about” 5 rimul ation, fromabout 3 to about

5 EU nL of f or rAvRky iconirol applications haysheervdevelopgd g hayemempgstrated theahilinatoi on .

[00142] In certfied: srdpReiciFEilsimpRE iHat &Qgpé%%dtth@ﬁﬁblfé%;r%\('t&?&dqgéﬁfﬂuhﬁd
herein contain | ower endotoxin Feve | s formul ati on)

when conpar ed taebesytedpitategas (Taktakst alpi. %rél Eharemeenti (9902\A8159888)-dnan 0. 5

EU L of formul alitigf) embsliROTERE FRRMEBHbR otit MferdpditSipaf ¢aRlufRbR isOL | C
t herapeutic agent fornulation or device has |ess than about 0.5 EU nL of

fornul ation. Lisubigsiée depiiogenatipmtln a fyrther %hqum%é@mf%l“efobﬂ? appfastaisofit i ¢
agent formul at 'tH@aﬁ@-ﬁcéeﬁéﬁle%h@ﬂmﬁB&ch aBertt fdridhitlioPEortpis bRl B2 -forhdhlation

addi tional enbodi nments, the auris-acceptable otic therapeutic agent
forHul ati on hadolRysegeniisy) I prsigin qubpdimgnis the formglatipnsdesesibed hygna®] Pyr ogen

detection, by v@ysitia@x@ddlreyR8ins, is performed by several nethods.
Suitable tests for sterility include tests described in United States

Phar nacpﬁqgu@rg&k%a)osﬁ&;n@terl lity Tests (23rd edition, 1995). The rabbit
pyrogen test and the Linulus amebocyte |ysate test are both speC|f|ed in

the United0®ddk es PHATYYHEEBRING PEASHEN eyackEyy’ means thepswolatityms 3 fogmulpgion
Bi ol ogi cal Testgat ishhéstied behcRliAk a% Lhw FBRARE hliiéxcﬁ}?éh‘t’seé?&éﬁ? the gBBRK VI | | €,

MD, 1995). Alternative pyrogen assays have been devel oped based upon the
monbtyt e act i vAnY/Shihe hickening ageatng. P@FYP#WW%‘@WPIYP?’W@%OPWM WBP™ery qual ity

control appli cabiveRindRIQIRBS ordRY Bl PRIt R YROIHRTRRS tdrahftod he ability
to detect pyrogenici t% in sanples that have passed the rabbit pyr ogen test

and the Linul uge ip is|mepsyred byoany spitable methed; e@l,aﬁyezqwnh cPRBIoacol .

(1990), 43:578- Iﬁéﬁodakaes%ﬂbea%wg%al aleMOﬂPm 195818 68Ul 35 RCHEBLADI e otic
t herapeutic agent fornulation is subject to dep ro%fgatlon In a further

enbodi ment , t hdnsneeseths prastical panalariy phreamnesiten hprsings pesuEcE b ot i ¢

t hejapeut i ¢ ageaborfpadssiit astna&ﬁet@wpr {apes &fsﬁ;eldaﬁeisa%n bRMAY) BitlafbwS RF
pyrogenicity. In certain enbodi nents, ]izl ormul ati ons descri bed herein are

substantially fdetsamipptionnf isosmolapy Oéﬁﬁoqnp%tqn@hhlg@mp&mrys [oomes] As used

herein, "practiigddncQsimbAredsire dFrRRTon H@hSAMBIE Fdr WteRhindioh OF i bahbi@ityt hat
i's neasured by including the active agent and all exci pi ents except F he
gel I'i ng of a formulation comprising a gelling agent (e.g., a thermoreversible polymer) at a

highter temperature wherein the gelling agent is in the form of a gel. The practical

25 osmolality of an otic formulation described herein is from about 100 mOsm/kg to about
1000 mOsm/kg, from about 200 mOsm/kg to about 800 mOsm/kg, from about 250
mOsm/kg to about 500 mOsm/kg, or from about 250 mOsm/kg to about 320 mOsm/kg ,
or from about 250 mOsm/kg to about 350 mOsm/kg or from about 280 mOsm/kg to
about 320 mOsm/kg. In some embodiments, the formulations described herein have a

30 practical osmolarity of about 100 mOsm/L to about 1000 mOsm/L, about 200 mOsm/L
to about 800 mOsm/L, about 250 mOsm/L to about 500 mOsny/L, about 250 mOsm/L to
about 350 mOsm/L, about 250 mOsm/L to about 320 mOsm/L, or about 280 mOsm/L
to about 320 mOsm/L.

[00145] In some embodiments, the osmolarity at a target site of action (e.g., the

35 perilymph) is about the same as the delivered osmolarity (i.e., osmolarity of materials

that cross or penetrate the round window membrane) of any formulation described

herein. In some embodiments, the formulations described herein have a delieverable
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and/ or the thickening agent (e.g., polyoxyethyl ene-pol yooxypropyl ene
copol yners, carboxynethylcellulose or the like). The practical osnolarity
of a for mubavisorsoakescri bed herein is nmeasured by any suipCahiseonambivee, e.g.,

a freezing point depression nethod as described in Viegas et. al., Int. J.
Pharm, 1998, 1ffoladifiorbct 150mBRRR. tb%ﬁ&lﬁ@@@&OsMeaW@%d ﬁékm&sta%&ﬁl ty of
a conp05|t|on descri bed herein is neasured vapor pressure osnonetry

(e.g., vapor pro8&savhabpese mosnileiorbayt 3t5ﬂ§tosﬁﬂ Meut280 m@Psmdy t6i3R9¢t on of

the osmolarity 3b nfOsaPNBPHobI B0 st 9 Sout HBREOGRVHr €S. | n sonme instances,
vapor pressure depression nethod allows for determ nation of the osnDIarlty

of a for miflffbn conpriimeptian geeset ighagdabmpl ispotasiumplaedditie e si bl e

pol ygrer) at a hinghiaph kR mﬁg@&ﬁéﬁtrxﬁ&r& bosithaf Bflgbd AFind 968, Theé mhafh cafiéh form
of a gel. The practlcal osnol al it an otic formulation descrlbed her ei n

i s from about PR BRPREYIBh bﬁﬁe&vml@cmrtmﬁaws the ispic&pHRLSItIOP S sn kg

to about 800 NendéNrksh addpRAlyRpAYE %@h@%&ﬂ%&n&&lﬁmﬂ& 3PEhiAIS T KetainO”
from about 250 n sn?lg g% gﬂ%utgu() sni k froﬁ1abéut 250 nfgh1kg

to about 350 n@%‘ﬁ“‘ﬁ@s mycﬁlﬁleﬂﬁna@@enmczwnﬁmwkgf pmb@upemmmég@ In

some enbodi menti§ss of Rrih® awatb 3hdn@Bsin #R3GhAURESh &@i&tr&h@ﬁ%ﬁl i#hpRIs&CAlbrg@tic
osnolarity of about 100 mOsm L to about 1000 nmOsm L, about 200 mOsm L to

abol® 800" mOsmheir C%}B‘o{&‘tso%GmﬁE%‘WF@S’ta&OQBMOWIQ%W@ degs sot digram thaos i L t o

about 350 nOsMbpic Sibﬁié& o24R0 pEPHIPH. It nlRtHod At T I MplsitiO diddicel haSfd NMOsnl L
to about 320 mOsnm L. [00145] In sonme enbodi nents, the osnolarity at a

target site of Mae#nigRicpalagee that Hehe sme ay ppfvpstansially thgsarpees thaprsilysaph fe

del i vered osnolsghi kMbddimeénts, a%ﬂp&s%idntdyscra&edrﬂa&%{ acek fotldidpt HeQSric PAlarREBLL M at e
t he round w ndow nenbr ane) é formul ati on_descri bed herein. In sone

embodi ment's, t Hee ?"é?lbﬁﬁlPErtIP é?fge ereladimeis) 2 FIPRASHioR dipeloged herein has an ionic

del {sever abl eosrgjaald théf iOthe ?at.?&lﬁs oil-glﬁastmm khels@ma BOML e&ﬂ M sbmeabout 250
mOsm L to about 500 nOsni L, about 250 mL to about mOsm L, about 280

nosniL to abouten@?@mm,rﬁn@ﬂsufor%@ﬂtm é@@'lh?éﬁ?ﬁe@ i fpraplated toazrewmnw [ 00146]

The nain cati O%aﬁﬁ@estﬁzﬁtls dofphi®le GRE nknRb Abids aea&lymh M&Q% gR). t he
endol ynph has_a hi gh concentration of positive I¥ ch arg@ t_Ioamno aC|ds The
&

mai n cati d?Plr!?lesent Hﬁ epdrdypRly ndyrameribanpbdayqmpt fhat ige rths physiglegieal t he
i oni c conposit Ipmmooh hﬁleeeadayﬁsﬁmﬁhs%qﬁ g IrYBRR 708 kil fRrily%h has a pH

el ectrochem cal inpul ses_of hair cel I'n certain instancés, any change in

t he2d oni ¢ bal afetgesf akoye7-dndeh Yhpir sav pE@f the praEma €adalyraph i about 4 e

hearing due to ghangedsthitnldlgmpPRAb&GE 7On of el ectrochemi cal inpul ses al ong
otic hair cells. 1n some enbodi ments, a conposition disclosed herein does

not di srupf0it®le i onile serag apkadimagnts, the pReafIcompesitionescahed hengip iaded, a
conposi tion di SEGE()@)eﬁlseQ?E3hﬂ?erm5an%ﬂddlﬁﬂﬁlﬁcolﬂ$aﬁlﬂGEHtr£}%E of $Hol'es &I RS Or

substantially thé same as the peril ynph.
specific embodiments, the pH of a composmon described herein is adjusted to a

25 perilymph-suitable pH range of about 5.5 to about 9.0. In some embodiments, the pH of
a composition described herein is adjusted to a perilymph-suitable range of about 5.5 to
about 8.0, about 6 to about 8.0 or about 6.6 to about 8.0. In some embodiments, the pH
of a composition described herein is adjusted to a perilymph-suitable pH range of about
7.0-17.6.

30 [00149] In some embodiments, useful formulations also include one or more pH
adjusting agents or buffering agents. Suitable pH adjusting agents or buffers include, but
are not limited to acetate, bicarbonate, ammonium chloride, citrate, phosphate,
pharmaceutically acceptable salts thereof and combinations or mixtures thereof.

[00150] In one embodiment, when one or more buffers are utilized in the formulations

35 of the present disclosure, they are combined, e.g., with a pharmaceutically acceptable

vehicle and are present in the final formulation, e.g., in an amount ranging from about

0.1% to about 20%, from about 0.5% to about 10%. In certain embodiments of the
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sonme enbodi nents, a conposition disclosed herein does not disrupt the ionic
bal ance of the endol ynph. I n sone enbodi nents, a conposition disclosed
her ei n hawoanowiem2e bal ance that is the sane as or substamitisadoopoioke same
as the endol ynph. In sone enbodi nents, an otic fornul ati on described herein

is fornul ated tedhtQdcHSurdNhd ARbnt SBhARER LGN i gePIIRALARING aliah Ambiier ear
fluids (e.g., endol y% and/ or peril 00147] The endol ynph and the
t

ynmph). [0 .

perilynph have siclpibptithepH pthe pejdermuation dogsmosintorfetsieith the ppdys naugdd.  The
endol ynph has aupklin@afsemef about 7.2-7.9; the perilynph has a pH range of
about 7.2 - 7.4. The in situ pH of the proximl endolynph is about 7.4
whil e the [BUSEF di stlBenesmbAdjgs dikeninegelsy uepd tq gepiligsjcompowdphecanssdiynent s,
the pH of a cor@aRpiovided nttRs aab1O&H iBRME MSalts dREHIva teBuffcfedbolutibys (WhRh@fso @
buffer) to an endol ynph-conpati bl e pH range of about 5.5 to 9.0. In

speci fi ¢ embodi%®Ato¥ide pHeopirpl of maingeaansslate pilized asdifuepts in the pwiipclpding fptyst ed
to a peri | yﬁphm%ﬂliﬁ@élit@afi;hbipﬁﬁ@ﬁuﬁfére@ﬁ% soution! O abQUt_ 9.0. In sone

enbodi ments, the pH a conposition described herein is adjusted to a

of > & .
peri | ynph184hSehb! e rlasgfae erbodipents. gnseel frramiation deseribed hergin bgs @ pHAlGuUt 8. 0 or
about 6.6 to ah@bs for QeriliAtiSOE:, SV RARLIE M Septic AxiRFloPleaPir&ANRP FAd/GrON

descri bed herein is adjusted to a Peril h-sui tabl e pH range of about 7.0
1

- 71%. [00149] atecleying (eEpsaming Steglizatienk af 2 £ fermpiatippyihont degradationefdhone or

nore pH adj ust ighgmBe&iits agént R f REbidPorABERIIPmerSHdhRIG tRi bR dh bRt 0 agents
or buffers include, but are not limted to acetate, bicarbonate, ammoni um

chloride, citrdfdice prbelptintnd/or drerpdnsien of the atiq secaiced/st tp el Pobmes d¢iigr eof and
combi nati ons orgdpii%diish8fe butek pAfis ddsPRdPBImdiRaif PE o RIS BAHon inMREN-ONE OF
nore buffers are utilized in the fornulations of the present disclosure,
they are conbi fatge darigg the gopess of yerdlizadrndaei bighISrReEtEp FUBFEVR@Ni cl e and are
present i ned1Bs) f i nalmkucmel ibo@ihen®; fhy gel BrmillatARRRFbERRMSIA Basla f2MKabout
0.1%to about 20% from about 0.5%to about 10% In certain enbodi nents of
thepresent di scl8¥ufsterpinal derdipiondr spirteatraiRmLAd e pHotlRdng of a gel

fornul ations argmafat@AWiRbut HeEhddti8A b thh Bhditalitida Ezelifle.of, @bMbRArbig ordRES NoOt
interfere with the body's natural buffering system | (%151]‘ I n one

enbodi ment, di IPGBFREE RFEisng hegsle Hor Famplsop oriFetocese ivlyieem(e they can
provide a nore ®@Eallidn 8Nkt bROARAL and PR HeSetHobyhtr UBhd dﬁt&}&fvfn?{tﬁgbmr‘ﬂﬁ! ions
(whi ch al so can provide pH control or maintenance) are utilized as diluents
in the art, indetigiodo mamainRil of thaforanlation in (b8 prige &t drpedFapesiiiene
sol ution. [0015%1yabpm?mwf@m;se@aép%ndiﬁg%tﬁsbﬁé Hids&d i dasastidaes herein
has a pH that allows tor sterilization (e.g, by filtration or aseptic

m Xi ng or heat SPHeHRBE 8 PEx olRIGdeerssaypstenpprature dicrqases|at PPEPNIIRSNt | on) )

of a gel fornulgbsendand SV PBEeHTaAa! ds Atnpefanirl Bicreases at approximately 0.003/°C,
autoclaving at 250°F (121°C) results in a significant downward pH shift (i.e. more

25 acidic) in the TRIS buffer whereas a relatively much less upward pH shift in the PBS
buffer and therefore much increased hydrolysis and/or degradation of an otic agent in
TRIS than in PBS. Degradation of an otic agent is reduced by the use of an appropriate
combination of a buffer and polymeric additives (e.g. P407, CMC) as described herein.

[00154] In some embodiments, a formulation pH of between about 5.0 and about 9.0,

30 between about 5.5 and about 8.5, between about 6.0 and about 7.6, between about 7 and
about 7.8, between about 7.0 and about 7.6, between about 7.2 and 7.6, or between
about 7.2 and about 7.4 is suitable for sterilization (e.g, by filtration or aseptic mixing or
heat treatment and/or autoclaving (e.g., terminal sterilization)) of auris formulations
described herein. In specific embodiments a formulation pH of about 6.0, about 6.5,

35 about 7.0, about 7.1, about 7.2, about 7.3, about 7.4, about 7.5, or about 7.6 is suitable
for sterilization (e.g, by filtration or aseptic mixing or heat treatment and/or autoclaving

(e.g., terminal sterilization)) of any composition descibed herein.
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pharmaceutical agent (e.g., steroid) or the polynmers conprising the gel. In
order to reduce hydrol ysis and/or degradation of the otic agent and/or the
gel pol yrnwo 2dawvi3ppast erili zation, the buffer pH is desi goeastaomeions ai n pH
of the fornulation in the 7-8 range during the process of sterilization

(e.g., higbotisenper atmkEmabthBsdimdits) e folnfiltioRd hdv@a?ﬁ%idéécﬁb&lfﬂéfb‘iﬂ ARNtS, any
gel formulation described herein has _a pH that allows for term pal

sterilization (iBelgdeaghickening agentde- &sean‘twoa%?r@ﬁn%q&%emm%@ by tvay ofpqn-

formul ation w tihiguhg Q@%M@Eélﬂ[bs@faas&&@mﬂ&ﬁﬁg’@g%&t&eh&ﬁbd RG6AIIN 66 -
corticosteroid) or the p mers conprising the g For exanpl e, _in order

to reduce hydr dnsacss; Qﬁéﬁ@%mﬂ%fg’rs&m Rolyfer (¢- ’Gt‘hlék“éﬁ’éﬁge‘ﬁ)rﬂi’fi@rp}{ He gel

pol ygrer during @Hﬁl@ﬁioﬁ\éb B&critied heRi, EIRSwsbt $tilidRRn @R & CorhillafiBh dds@ritedpH of the
formulation in the 7-8 range at el evat ed tenperatures. Any appropriate

buffer i s used lﬁ@abwah%ar&rﬁubqﬁ@ﬂak4ee»ra§§é>ﬁt°fﬂl§é>ac?&Pntﬁ@/%}erﬁs Y& on. In sonme

i nstances, si ncc%mg&eengfmm& ARRLRASE tn RtclRHBEIRh! Be taR6bEASES at
appr oxi rrately 0.03/0C and pKa of PBS increases as terrperature i_ncreases at

appr oxi mat el y Chomgrevesibinposkrnethg thitkeping agent infoymylation tha hasi pil as

significant dovyayaibeld RirkisNs houl 40: £.abOBBS: 184bo F0) 1, bbbut D91, HBbw 20uf At Wher eas
a relatively nmuch | ess up war d pH shift in the PBS buffer and therefore nuch

i ncleased hydr dIS)/lsf}bgu%lqd/’QSrab%érlaﬁ%‘thﬁtﬁplﬁ’fm5?%135% grpbodiyass, p ppstatged apd{ar, j n

PBS. Degradati Qﬂteﬁ&edarele&telf&nﬁﬂaﬁeﬁ déserited ReeBtolpritdla cU&SmQtﬁonaﬂ 61]8%&!?“ ate
conbi nation of a buffer and polyperic additives (e.g CI?/C

descri bed her ei497 (leronis X1 27)qnd sirpoxymsteicaitess (CM HPWF‘%PfﬂW“ 'lof’bcb’ét ween

about 5.0 and a3autbcdt $:1,kRebwesn, akatdo: 5a50u@|1'511348@w10& cabfR EVERIkoaROUt 6. 0
and about 7.6, between about 7 and about 7.8, bet ween about 7.0 and about

7.6, between atsBipedimentshgamoynt OB‘PCIB@f%TéW eobmer | any fornulasion despribed; g

sui tabl e for stiRfdid 1%%@61& @('5%(&0& 158%, aleult M%tdbeﬁt 2B, FERPLI%, bR, 4 heat
treatment and/or autocla mnal sterilizat] on)) of auris

fornul ati ons de8eyti4 B‘éopfﬁeert@@hwelelgt oéﬁasém Happ opresirtodimentsy the pREPSRE pH of
about 6.0, abouﬁerﬁoﬁ:ﬁer@i@w#) g?negm ) PdHnulatidn dABBE héred is MUM‘VZ a%outqgwt
|

7.4, about 7.5, or about s suitable for sterilization

filtration or REeHLPE. showt Hye.abowdate ?t?oéh’c%ﬁf’o‘éﬁﬁ"ﬁ’oﬁ‘boétﬁlo/bIaé‘?}}% A’(e g.,

term nal sterilabg@tBaNiBouPt498 BYateRiM30sbilthORtall @ Sighitthd BRiiNiohO@Lemt | n sone
enbodi nents, the formul ati ons have a pH as described herein, and include a

t hi ®eni ng agerfmbeeimgntshe syt pithickeninecdery (agemeglling agRntain, any forpaiptign

nonlimting exaRRkiBed Rer&if sl dBb@R 996, ABSR %L Aouk A%, rwa&ﬂ@m% G!?éh@ tdihQrtighesei n.
In sone instances, the addition of a secondary polyner a thlckenlng

agent) and a pHhoforpdatian BB cmbodiseris.thramayer o thickeping %\(fb% a gelling

sterilization Qe ﬁl%ﬁ'ﬂ:ln%{lllaﬁ’éh A8 & el H&&nh@z{b%htm ﬂ%lélb@httl"/@%o\ﬁllﬁ% %Bdta|
degradation of the otic agent _and/or_th mer co%nents in

formul ati on hi oRROW R3¢ PRk S, akoHk3- ?"étqbﬁu %0, b0W &y Pé@@“é?%loéthﬁé‘?tﬂxarrer
to g thickeni nGyea@e bt the ordufa@édiul ati on that has a pH as

[00156] In some embodiments, the pharmaceutical formulations described herein are
stable with respect to pH over a period of any of at least about 1 day, at least about 2
days, at least about 3 days, at least about 4 days, at least about 5 days, at least about 6
days, at least about 1 week, at least about 2 weeks, at least about 3 weeks, at least about
30 4 weeks, at least about 5 weeks, at least about 6 weeks, at least about 7 weeks, at least
about 8 weeks, at least about 1 month, at least about 2 months, at least about 3 months,
at least about 4 months, at least about 5 months, or at least about 6 months. In other
embodiments, the formulations described herein are stable with respect to pH over a
period of at least about 1 week. Also described herein are formulations that are stable
35 with respect to pH over a period of at least about 1 month.

Tonicity Agents
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descri bed herein, is about 40:1, about 35:1, about 30:1, about 25:1, about
20: 1, about 15:1 about 10:1,or about 5:1. For exanple, in certain

enbodi nerwe,20@/seetai ned and/ or extended rel ease fornul aciras2adescisbed
herein conprises a conbi nation of pol oxaner 407 (pluronic F127) and

car boxynmetyppslsge! | ul %%er(egl/[ale ér{aosm{pathh@a BEhéi‘QElH&lalﬁQ than t&%ﬁtyn?pﬁ Iﬂor about

30: 1, about 25:1, about 20:1, abou 0?1 or about . In sone

embodi ment s, t KEAENEUR GI@PIWEPW@PE?PHI@ ab‘b‘F ?‘??emoﬁlﬁ/karﬁzof"ﬂ?m“at i on
described her eigariiympRlAQi4n M8 4boud 584 OB 18670 Bl endBlimalaOUL 30%
about 35% or about EO@bof the total wei he fornmulation. In sone
embodi ment s,  t ReNGRASALS &F added torthed lﬂméhﬁawyhﬁﬁmpﬁlﬁﬁvmﬁﬁ?%ﬁPat|on
descy i bed her eigioyige ARRMcalidolaBBUthn dadborAlRtdh of B6ut PRAHOSsHkKYa0 ARAUL 18%
about 19% about 20% about 21% "about 22% about 23% about 24% or about
25% of the t ot d00GwOgikepfromghout 3PGmOstmikgro abput &9 raOunkediamerhost 2X0he anmpunt

of thickening ageal/g & Mout Séoﬂﬁiskd/l@o@ﬂ@xﬁtaﬁou'tQsoarﬂéés&@;g%l&&h!ﬁ@xﬁ@s‘iﬁkg bed
herein is about 1% about 5% about 10% or about 15% of the total weight

of the fornul ator §em fHputI8RmQsmiertp het 320 mPembgolnsome pmbedingEnithsy agent

(e.g., a gellingmagfihd déséhtﬁ:ﬂ)ﬁexfefﬁrm @gﬂa&f&aﬂ%&ﬁfahgﬂq ab&lt §bOmosmAbRuUt 0. 5%
about 1% about 1. 50/8 about 2% about 5% about 3% about 3.5% about 4%

abolft 4.5% or 2hedPOGHOs/Ly, pout ZRMOsHILGRRb 8QGmOsBLaaboyt 23 mOsmAats6] | n

sone enbodi MentageytisHe meRAVITREEH t25@ﬁ‘1bsxfnm t'E%@Jt '39@&03&&0 b&g dS@ﬁUs‘ﬂnﬂ far €
stable with respect toCFH over a period ny of | east about 1 day, at

| east about 2 @ag 32@mOsedser aby 5031%\/%t°%’9“q389§309&%ut 4 days, at |east
about 5 day@sspt | eadkoddHbodindRY the dfiver®RSIsnBRANL of iny B Hulafibn dB@fded abOUL

2 weeks, at |east about 3 weeks, at |east about 4 weeks, at |east about 5
weeks, at | easthersivigdesigng s isotenic wiih the sasagied oticyirugtare (ag- ¢ndalymphhout 8

Wee{(ﬁ1 at | eastpeARRI odtheBRENN sﬁ&mﬁ@&ﬁﬂodﬁx@éﬁ%t adis BRp&Rtions Hesk SR theRRPHE 3
nont hs, at | east about 4 nonths | east about 5 nmonths, or at | east about

6 months. In ot ﬁ@rulaéw@mmtasdehm@ Resbmphaitehleosmokasity 3 ke tRigelcsits ofr o

stable with re%l?ﬁ‘&{oftaﬁoxﬂbk@%%'ho& 3@6&10%91/19(0sﬁ‘1%1ah@%¥5b&b@55 tohbdR8%e Al so
described herein are fornmulations that are stable with respect to pH over a

period of at | &Rs/kgHe?) fnﬁﬁwfqﬁablmhw&?wgg@m 32000@s7L (pynqiditephabout he

endol ynph has @76&&&%&9@%@4&&@ ?Qﬁ‘ anbﬁceﬁbbdlmemb thf&lhv&mgpl e, the
endol ynph has an osnol al i whil e the perilynph

t
has2%n osnol al |°§‘}401@flt}’éﬂ§@e}caﬁ‘2'9’i th?[f@‘?"r‘i‘qlﬁmﬂ?@)e the Oglé?lt‘%‘vﬁs’@ﬁlﬁb‘dloﬁﬁﬁt s,
tonicity agent $o@hifarRf Me meﬁéa%fganﬁ@l&ﬁﬁlbmg%éﬁ{ (el28 IhdpBb R dsibR g8N amount
as to provide a ractlca osmolal ity of an otic formuiation of about 100
nOsm kg to abowelyrsod) inadingtedy forwmla@me o of PPERTIR salicoaerstrati@e e gy
sm kg, from abQyficeRRfioN’es n?étk@uﬁr?or@@@lﬂn sl of 6B (Hel6 tonfity fap O RO endR)

nOsm kg to about 350 nmCs dg
the formulations en olymph-compatlble and/or perilymph-compatible (i.e. isotonic with

25 the endolymph and/or perilymph) upon delivery at the target site . The osmolarity of a
formulation comprising a thermoreversible gel polymer is an unreliable measure due to
the association of varying amounts of water with the monomeric units of the polymer.
The practical osmolarity of a formulation (i.e., osmolarity in the absence of a gelling or
thickening agent (e.g. a thermoreversible gel polymer)) is a reliable measure and is

30 measured by any suitable method (e.g., freezing point depression method, vapor
depression method). In some instances, the formulations described herein provide a
deliverable osmolarity (e.g., at a target site (e.g., perilymph)) that causes minimal
disturbance to the environment of the inner ear and causes minimum discomfort (e.g.,
vertigo and/or nausea) to a mammal upon administration.

35 [00159] In some embodiments, any formulation described herein is isotonic with the
perilymph and/or endolymph. Isotonic formulations are provided by the addition of a

tonicity agent. Suitable tonicity agents include, but are not limited to any
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or from about 280 nOsm kg to about 320 mOsnm kg. I n some enbodi nents, the
formul ati ons descri bed herein have a practical osnolality of about 100
nOsni L t ovekzoar13¢200 nOsnif L, about 200 mOsniL to about @00/usEmiolioé@bout
250 nOsnf L to about 500 mOsm L, about 250 nOsnmL to about 350 nGsm L, about
280 MOSNT L 10 3lpihacARaR Bk et sudbioul o7 B dombiatiod or s FRRONGR L.

[00158] I n sone enbodi nents, the deliverabl'e osmplality of any forrrul ation
descri bed her eia$ §% n‘efégm@ﬁéudqx&w%glwwww f‘?{blfﬂesofil&lmg-‘é'%o@ée’@flii gther

structure (e.d.elecBBgRkyNPh, perilynph or the like). In specific

enbodi nents, auris compositions described herein are formulated to provide
a del i ver 400388} i | ynpisedil prrssompesifienisandlydg oae ogmere salisden amquat AviEdtP on of
abouy 250 to ahpil o3BQalfFRnthe cb:a ?&moﬁllﬁtgﬂn Qéceﬁmmangé@u&psaﬁbwhd&%&emm kg
H20) ; and preferably about 270 about 320 mOsmi L (osnolality of about
270 to about 32BViRRsPHiwE nassiym of pmmeEiumications ARb e eRdst @tratﬁ,wécoaf@rq, berpl e
osnol al i ty/ osmngighhté, iéarbidarel QAR tﬁiogmaa o(rlblsame &:ﬁkﬁmos%[fml@idng wcRagol al ity
of the fornulation in the absence of I 1 or_thickening agents (e.qg.,

t her mor ever si blsedige chipside, petassiym chl 0%@1‘1’ W% igsplfate sadipmdisulfile ande use of
appropri ate saljinsnaeilifati ons (e.g., concentration of pot assi um or sodi um
salts) or the use of tonicity agents Wmch renders the fornul ations

end¥ ynph-18U&hht i bl dnaprag embesiments, therformppaiiops ¢aseribed bereinjhayg ppkl andfpr h t he

endol ynph and/ q;radﬁeéllow@m)y a¥' BBriskR| HeM@, ¥ndhavt B Sodcekt@bn &f Jcﬁve The _
osnol ality of formul ati on conprising a thernoreversible gel polyner is an

unreliable rreasnhlﬁ@adﬁlélcﬂldngf%e 1 Setyesrnatontnl WYL apd abaup 0 kM by oytdtraM wi t h
the nononel i c %htaﬁou‘?flodﬁ]ﬁ B&W&Fz{bout-rd‘ﬁmﬂlf é’rfdta!bﬁllo@ | dvhehYb&t 08 mm

formulation (i.e., osnol ty inth sence o |ng or thickening
agent (e.g. a tandebawt &QnM| Iblsemgembcp@nmﬁl)e)fomlﬁlonedqsameé hereiadavea pldd i s
meagured by any,,gi} {Daaggl Jﬁ%{om’@ dsQteSribed ﬁe‘?&&,'aﬁﬂh&l@'a%n ARIRSSE %R hod,
vapor depre55|on nme some | nstances formul ati ons descri bed
herein provide P@Wﬁ“ﬁ@?lamfedl% hetvagr abput( Gl gabouhilo"é beiwerntabgytiOd  gboyt |

perii | ymph) )t nalgof aneeen Bbot 3L bR 70R BRERA fhohl161 BY bARRENIkoRo. he | nner

ear and causes m ni mum di sconfort (e. vertigo an d/ or nausea) to a manmal

upon adni ni st r &%.datwep0@rs0].2 -aben phont &1 —abgut R¥Hroftheactivh descri bed
herein is isot qpidediin gyegtsghmme' M%ti%ﬂ%@?m@&ﬂ%dmaﬂs tﬂe%’ﬁrRﬁ{tﬁns

fornmul ati ons are provi Ion o tonicit nt. Suitable
t om&ki ty agent slepamibedbreein b&i‘te agntbandéyr practigal eﬂnqlwtmwmmm @91101 angd|baye a

accept abl e su Iy er 7
bt hot 1 m ¢ oqepeshalon®® oG prafl AL Affedlio (B o DI BBL TSI D,
and ot her el ecthe@vsyne@ut[em PutLEen&imLa‘mtwgen@b@mdsnngtM@g/nde one or
nore salts in %M%t[%%%b%uﬁd 56@&9411%&&%&/&&8969&9% tion

into an acceptab e range salts 1 nc
mg/mL, between about 1 mg/mL to about 5 mg/mL, or between about 0.5 mg/mL to

25 about 5 mg/mL of the active agent by volume of the formulation.

Particle size

[00162] Size reduction is used to increase surface area and/or modulate formulation
dissolution properties. It is also used to maintain a consistent average particle size
distribution (PSD) (e.g., micrometer-sized particles, nanometer-sized particles or the

30 like) for any formulation described herein. In some embodiments, any formulation
described herein comprises mulitparticulates, i.e., a plurality of particle sizes (e.g.,
micronized particles, nano-sized particles, non-sized particles, colloidal particles); i.e,
the formulation is a multiparticulate formulation. In some embodiments, any
formulation described herein comprises one or more multiparticulate (e.g., micronized)

35 therapeutic agents. Micronization is a process of reducing the average diameter of
particles of a solid material. Micronized particles are from about micrometer-sized in

diameter to about nanometer —sized in diameter. In some embodiments, the average
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havi ng sodi um potassi um or ammoni um cations and chloride, citrate,
ascorbate, borate, phosphate, bicarbonate, sulfate, thiosulfate or
bi sul fit ewvantb@ons992gui t abl e salts include sodi um chl ori deCTASL@IDDINGG
chloride, sodiumthiosulfate, sodiumbisulfite and amoni um sul fate.

[00161] I n soneyignhadis 'ﬂﬁrﬂ%ﬁs inta"RicERlZA% bHal i ORSm 9656 b '59@1%0%5@('5@0 hﬁlvﬁl a pH

and/or practical osnplality as described herein, and have a concentration
of active phar n@e@mbe@memﬁghwem@ digmetseefpatistny in a misenized selisbiafrom0 m\|

bet ween about “P%t mv
bet wen about O. mvl angob out W I%?gun%gg%ongm%%?orc%ﬁguons
descri bed herelmmfcmmzedsqﬂtd 1aﬁdr/ncab0tpt2anmm@bbutd90rphaln doyne@mbddisentsibel her ei n,

and have a concentrat.i on of har rrac ut.i ca i ent between about
o A o S0 e SR led o T Fiid b Al abot ST apout

7b5% bet wegn alboie gmﬂodimﬁﬂ/s,ab&ftt)ﬂéﬂ% éltoﬂ&@i?ﬂzedﬁsoﬂ;d corﬁ;%sebﬁirﬁﬂ@ﬁze@laﬂlégs 0.2 - )
about 3% et ween .a t.0.1 - ou of. the t] | hge . ent vvelgt
of the fornul a}tl\ﬁ'ﬂhabo\‘ %ﬁ‘ﬁ‘s’e‘ﬁgﬁg}(flnﬁé?ﬂté% “’c“ﬁ%nsfaé‘gfﬁﬂie%tqttpﬂ’ré B%@Q MuEreRs- fer e n
have a pH and/ Cb’]{onﬁreﬁmbdlﬁﬁhts,ﬁﬁmbafbirbicv.ﬂeﬁesqegq hﬁd@@d%éa%ﬂicres) cgradmbge«?ma o

concentration of, ac rmaceuti c ent . bet ween about - about
70 mgy/ nL, bet wetB™a Gf“e‘g%a and M‘n?%fe#@?erﬂ%dh%éﬁwsﬁw any fgrmulation, 1 50
mg/ o, between debaibed Aertig/cohpaedioaliomiuladion aghmmngb@hmane (b gnmrm_ to

about 10 ng/nL, between about /nmL to about 5 ng/nL, ar. bet bout 0.5
70/ M to about TSI REOHEOL T Ve HRERES L TDUR RS SRS TRE PR RE Pon

Particle size [@gl&R}onfedpcoktadsteloiduie eﬁcte&@&nmnﬂm@ﬁ@gﬁaa@w@mc@zm ea
and/ or nodul ate f(ﬁrm,l ation dissol uil on properties. It is also used to

mai ntain a consie8YE WithoHS APy pfuesing 91988 Ingi z¢ distribution (PSD) (e.g.,

m cr onet er[e6i6apd parmsexhemstaﬂ@smbmmmnzﬁ@ foduldtioh @sscAbed Hegeinh isk@batb@r any
formul ati on descri bed herein

odi nent.s, formul ati on
destt i bed her ei WHEGEEP §§gat?ﬂﬁq°f°§‘éﬁeg§?:‘ﬂf £41gRo-partigle) a“gx’ﬁﬁ HP%{PﬁpﬁVeﬁFd/ﬁ%ﬁt icle
sizes (e.g., ml(?;ibﬁb’hhal pattiplaratil ez r&ﬁi&ﬁorﬁﬂeé’lﬁﬁhuﬁﬁmﬁlhﬁé 8§ wah 6NexapRy

particles, CO||OJ rticles); i.e he for t s amultiparticulate
f or nul ati on. Fge Ar-attritign milme (st [HJ ‘i‘i’lﬁé’i’:‘h’r"%ﬁo"r‘f@?"éﬁ“ﬁl

conpri ses one wonmeoiw}vaummtgh@wsaiuehc(n&)ggmzatiash%&@ldzﬁﬁ@ arldne k@Reskical
agents. Mcr onlrﬁ,&il on ocess of reducig grthe avera}1)g$1 di.anet er of
particles of a ?réiSt faélPP SOTRR 1DSTAPReS ATIS'ST e Sizedbymechppiginpast fe-g-

M CpONet er - Si z ey Hafndd AAIR] Bdll xhﬂl aaB/REbin RANG M sEihe nStak®E, pafticths aFMRIRH vial N sone
cpodronte, 1 e ated ATELeL oL 3L L e I MELSbESe SR o o
particles in a soinee@BoHMENS Qirxlndlah&)sfdlé@ﬁbﬁhibb&m doniPAist BrytaiiHE pa#flesdid/ok N SOMe
enbodi ment s, qgot%\lgl%rp%%?:legIII?'rsTc?I}leeémbod E%I;St o%lnﬁgtlonr; described herein comprise
amorphous particles and/or anisotropic particles. In some embodiments, formulations
25 described herein comprise therapeutic agent particles wherein the therapeutic agent is a
free base, or a salt, or a prodrug of a therapeutic agent, or any combination thereof.
[00164] In some embodiments, a formulation described herein comprises one or more
corticosteroids wherein the cortiocsteroid comprises nanoparticulates. In some
embodiments, a formulation described herein comprises corticosteroid beads (e.g.,
30 dexamethasone beads) that are optionally coated with controlled release excipients. In
some embodiments, a formulation described herein comprises a corticsteroid that is
granulated and/or reduced in size and coated with controlled release excipients; the
granulated coated corticosteroid particulates are then optionally micronized and/or
formulated in any of the compositions described herein.
35 [00165] In some instances, a combination of a corticosteroid as a free acid or free base
and a salt of the corticosteroid is used to prepare pulsed release otic agent formulations

using the procedures described herein. In some formulations, a combination of a
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a mcronized solid is fromabout 2 mmto about 100 nm In sone enbodi nents,
the average dianeter of particles in a mcronized solid is fromabout 3mm
t o about WO 200%v13p924sone enbodi nents, a particul ate m cr @Qirasdoesobiode
conprises particle sizes of less than about 5 microns, |less than about 20
nicrons and/ or hRehidlasHiskRudid L&/oPsdr R ﬁ)drdgﬁh&éﬁi?axﬁ@?cgdml& (elghe use of
particul ates (e.g., mcronized particles) of corticosteroid | ows for

ext ended and/ orna§9i§’f%ﬁ 163 liposInesaBuCTRsPheresd 151584 (o PEpasPYlsed we}eeﬁ %lﬁygent

fornul ation desghfthnd 84if dhyGREER@E destRbed h%&mt%ta%}c Q PREddskiesse
non-mul tiparticulate (e.g, nonmcronized) corticosteroid. In some

i nstances, for niP&e F%ﬂ?@e&@rhyéph’Pﬂ’@mﬁﬂP £q 205 of theyAelivered dosg of thecprispyaei

cortg costeroi d @kg niiremkaitbofi@irid, ke A¥dHol) GEe AIRRBH oMhbiug tRiderneedl e
wi t hout any pl Ug%l ng .or clogging. [00163] I'n sone instances, any particle

in any fornul atPEHPHEGY epscasierad, drep §lc§l%§?@é@dﬁéﬂtl°€ peodpug, tﬁefeo%w%lb‘é‘ﬁ ed

m croni zed par tdl&bﬁyclﬂaé)@n{éaé’lﬁ-fa&hﬁl (@%:qfowxaﬁeﬂmoﬁhﬁﬁ t@Qéi{(@di 6, | 1 posonal
particle. Particle size reduction t

ues i ncl ude exanple
grinding, nilli¥gp&EG-hydsegenaied ¢astor oh Cﬁﬁql‘fepﬁ@kf }‘Téﬁethalt%l?%@%dmwr the like
mlling), coacedytdpfiihg fufePensERRAMMYGH LA ady;g&e@&rea&uﬁﬁedhﬁfmgem zation,
spray drying and/or supercritical fluid cry s% I'i zati on. In sone instances,
par 19 cl es 99466k 7 ed IpyPseeiataphodimentspgy@pris- @O@atlblsﬁrﬁgmem deprried heggiy | i | |
and/ or pin ml|@hmpridd oﬁ@&ana)resrhae&%&pmaﬁgcb&ic@l ef&@%esg &Rfbidd) am‘éoﬂfe@fener gy
(e.g., by spiral jet mlls, loop jet mlls, and/g |'ui di zed bed je
mils). In sonsughupked H%ﬁ%afrmrﬂweétnhemcm@rag%aowses W%Qﬂ%ﬁlip%@des
crystalline pardohted fsg. ANEH Y extcn@id @RhSE BAS flcfdrBRd philiciSO BEa SSRQAHHIRNT S,
formul ati ons described herein conpr.i se anor phous particles and/ or
ani sot ropi ¢ parth§reqfe & soms of sprb cabpdisicrts i Bicroanged phampcsHEcaeeEeat GBPESIRG T ei n
compy i se ther aQﬁlu;ohfze@g&n&edoedatédq{u&%n%@%ﬂaest 58 doiBiaRGHhbeo 085G risksa 2
free base, or a salt, or a prodru erapeutlc agent, or any
conbi nat i on t hePEisSPsterpYds 8 fee Pﬁdsaofrﬁé @it Siltn PROdIUE &1 aryraembinetiemthersefe A bed

herei n conpri segtRemPsdifBiis a%ﬁ&rla@&ﬁ&ﬁk@inﬂ&sxt%%&hﬁe&ﬁh’?eﬁ@&xﬁﬁr@@ét eroid
conpri ses nanoparticul ates. In some embodinents, a fornul ation described

herei n conpri s&sxapsthasenss methyiperdpisalare rarqgmsolgasasaninmaBabpreyelsssihn cerain ar e

optional |y coategfbolitiehts COpHabRAck@5bal DnfRSBorEEENYe8 AlrSin chRpIRIBeaRAdIAENT S,
a formul ati on described herein conprises a corticsteroid that is granul ated

andfbr reduced 1 Hedpmrofapicrondaxametipsene ROYIF-ol | ed rel ease exci pi ents; the

granul ate oma ed COrHeinfSl B Rlaths RAG/b Bt RS cHibosteRRM RRYHHONRLY are
m croni ze /or formulated in any of the conpositions described herein.

[00165] In sowéiellY%?da‘ﬁeéngastreﬁmﬂ Fr&t rBeF <31 by means 9f apy tyee of matgx inghdinge aci d

or free base andid@ hﬁaihror F’él nfaftfee§ Oflsb@ SnBddnéhtd, ShelR@fpdrcuPi&Rad/S: Pul sed
rel ease otic agent fornulations using the procedures described herein. In

sone formul at i drsronizedenrifosigtaidsdegribethersin areAelivesssite pr ayissiraitere (agid/ or sal t
or gy odrug thergf darfmeRAabeshyRopd droha@dx {n8luling solid, liquid or gel matrices via

intratympanic injection.

Pharmaceutical Formulations
[00168] Provided herein are pharmaceutical compositions or devices that include at least

one corticosteroid and a pharmaceutically acceptable diluent(s), excipient(s), or

30 carrier(s). In some embodiments, the pharmaceutical compositions include other
medicinal or pharmaceutical agents, carriers, adjuvants, such as preserving, stabilizing,
wetting or emulsifying agents, solution promoters, salts for regulating the osmotic
pressure, and/or buffers. In other embodiments, the pharmaceutical compositions also
contain other therapeutic substances.

35 [00169] In some embodiments, the compositions or devices described herein include a
dye to help enhance the visualization of the gel when applied. In some embodiments,

dyes that are compatible with the auris-acceptable compositions or devices described
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nanoparticles, |iposonmes, mcrospheres) is used to prepare pul sed rel ease
otic agent fornulations using any procedure described herein.

Al t er nt aiwel2g09/39pul sed rel ease profile is achi eved by ®olraiseéovmizvgs up t o
20% of the delivered dose of the corticosteroid (e.g., mcronized

corti cost eroi d, hehdiRicRIE B blub '(@f @m%fﬂfe t&alvvelgﬁ opinoarctt&xﬁum'bﬁp
rrultlpartlculate corticosteroid ree al cohal, free acid or salt or prodrug

thereof) with tMethulere blve (o 1 8efiths tord weightof 48 ptigosmylatio), Isqspifanddvele - (407,
338, 188), t Weelr% oBfe tdedl weddht gf%mh?ﬁ%ﬁlﬁd&%%@ﬁeﬁﬁqu@@% Q159 (Lﬁthectgﬁpl vents

i ke N-nethyl-2-Pyrrqolidone or the |ike and preparing gu sed rel ease

f or nul ati ons us‘f"’ﬁéthﬁV‘ Hicdemeanigtiony aadier ipdagyaincegresn (-804 B8y Vieh Qberci fi ¢

enbogli nent s, arabnﬁ\wnlc@escegpmwlr&imlsmdoakagmrﬂ&@%m&@ﬁ HISE @Y A1HOEPr | ses
one or nmore mcronized pharnmaceutical agents (e.g., steroids I n sone of

such embodi rrenthD&QbH‘ieérW&?&?‘?h@?%&?ﬁ?ﬁc@“@ﬁ%ﬁ? Yf’érﬁ?)grglﬁgre?ﬁe@r oni zed

particles, coatigdhic&asate, rMédafhiRNARXS BRERIDYIALIR TR QAd/dr dYes thaitirg €d
particles, or a conbination thereof. In some of such enbodinents, a

m croni zed phar¥isiaktebledmponimstion Wishpen- @V%geﬁmmieﬁwuswcm MRL GAEt ed

m croni zed par tdcgdsEBET %nsaormen@mogﬂmm%m&m &%B&lﬁ@ﬁas@ d6&! bdrmAst er oi d
as a free acid, a free base, a salt, rodr ug ny conbi nation thereof.

In &ertain enbd@ssdelyesor the lﬁwa%ﬁwte@a ate@cfﬁ%% Wt*ti‘éﬁy %F@sfeﬁi“ﬁ@ﬂmh‘é?célp?fi

conpri ses dexanRidiaSIRe dyd¥Rhdd ¥icRbAPMbIOW RN ShyTormRI1 AR 08 AdridRities d&chbdar oni zed
powder. In certain enbodiments, a pharmaceutical conposition described

herei n conpri sd€reinys fistehndhniema-Alfrichiatalog ypdes dyssdwhich isdashadeddstsinedyponder .

[00167] The nulitfeRatd fof scRURSIoan) Or M cronl zed corticosteroids described
herein are delivered to an auris structure inner ear) by neans of
any type dPOLRL i x i RIaTRRGeWtsR famppffla‘m%rdswcwscrrm@hpre@gs admpjnigigreg by

enbpgi ment s, t hecafihg thic Rehpdsitidn 3t 8SvicNA cHtachvih BHRIcESE f&Riak Ol @k fRind
descri bed hereln are delivered to an auris structure (e.g., inner ear) by

means of any typ8aIgY thedympanis SR ARSHYmBHYG Bembraps, the ayHs media prtbe pEls vi a
i ntratynpani c idqjegfat i on. Pharmaceutical Formulations [00168] Provided
herein are bharmaceutical conpositions or devices that include at |east one

corticost dPW7dl and dnpAasnseifie Gopedimest of Hesptistncertehls ¢cpatplledyrelegseci pi ent (),

or carrier(s). dbRicsREBidPYRRAMLARIBSForntultRioR Rk TRRE Hrkindthe EATRARKIA RNS | ncl ude
other medicinal or pharmaceutical agents, carriers, adj uvants, such as

pre¥erving, st é’ﬁ‘i"f‘ﬁleﬁillﬁg gelygatey gl§o &5 eré‘iﬁl\}P Bereiniap crugig asreriable sel formsiatioRs ot er s,

salts for regul-gldiggietrifc@pitbleige! PRHANSIINS “AREnRbiatidEdpBibR gel forRiIREIns,”
enbodi nents, the pharmaceutical conpositions also contain other ther apeutic

subst ances. [ 0069 eXlapastsheptablfptsformpiadonst naursaehBaPeintnms” orvagaiang es
descri bed her eitRerbdTCAN 8€th&components of the gel formulation must be compatible with the

targeted auris structure. Further, the gel formulations provide controlled release of the
25 corticosteroid to the desired site within the targeted auris structure; in some
embodiments, the gel formulation also has an immediate or rapid release component for
delivery of the corticosteroid to the desired target site. In other embodiments, the gel
formulation has a sustained release component for delivery of the corticosteroid. In
some embodiments, the gel formulation comprises a multiparticulate (e.g., micronized)
30 corticosteroid. In some embodiments, the auris gel formulations are biodegradeable. In
other embodiments, the auris gel formulations include a mucoadhesive excipient to
allow adhesion to the external mucous layer of the round window membrane. In yet
other embodiments, the auris gel formulations include a penetration enhancer excipient;
in further embodiments, the auris gel formulation contains a viscosity enhancing agent
35 sufficient to provide a viscosity of between about 500 and 1,000,000 centipoise,
between about 750 and 1,000,000 centipoise; between about 1000 and 1,000,000
centipoise; between about 1000 and 400,000 centipoise; between about 2000 and
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dye to hel p enhance the visualization of the gel when applied. In sone
enbodi nents, dyes that are conpatible with the auris-acceptable

conposi t iwoxer13gedi ces descri bedherein i nclude Evans blPa@/usSe0g/003066 5% of
the total weight of an otic fornulation), Methylene blue (e.g., 1%of the

total wei ght of10m0Qtiriphiss; W&ﬂ%hmdo@%&tdm&hﬁbﬂmséebeamn%%momdt ot al
wei ght of an otic orrrulp 5% of the total

t .
wei ght of an ot?S@OPGFIPﬁPPgF’:‘ggﬁCCH alm} 6900|aﬁ@8%§%9ﬁeﬁ@pcgﬁee@rbeweg aboup 80RY/ vi al ) .

Q her common dygg, 15@0@cenFE&§ rﬁ%ﬂ@emﬁd&&&nﬁﬁﬂxe%unf Q&gn\lxﬁﬂa{l&i"éoﬁtaul: [R&C yel | ow
6, FD&C blue 1, FD&C bl ue FD& reen 3, f [ uor escence dyes

Fl uorescein i so‘tl?WﬂB’W&H%ﬁc@g aE?RS gl to pIowids apjsgesty OfW‘EF@WPO‘FISBQP% and/ or
dyessthat are vdnaqadooggdpjz ibdls€onj unction w th non-invasive imaging
t echni ques such as scans, PET scans or the |ike. Gadoli ni um based

MR dyes, [P®dZhe- bas]é‘ fe%sor Ptsrativiperabadimspissths purisge! forpelations agg capable of

contenpl at ed f OfeingS@miMidt&teBY otehiCth RIAY vEHdbR Inddbrsle! rzh?xhﬁ‘dnib infebdar dyes
that are conpatible with any fornulation or conposition describ her ei n

are listed in tinethsr grkedinents, ths auss gal fymulatiens Wﬂﬁﬁeéﬁnpanah@r:&a@e

herein by refergRg&y bothe Skt felisifd QRHIER) throh@PdnfQlvid M YosRARIRE Rbikios @hd
cogg(gm tion or device described herein is adm nistered by |ocating the

compbsi ti on or Yegicakmanipulatinnintetor pear therpnd yindawyorthe erista fgpesesqorideac t he

round wi ndow, th&. AneRANes, he\ublivgel fMeulaoPR BhAicdRRARYANR and B&dRUVh&eEdi a
or the auris externa. [00 711 In one specific enbodi nent of the

auri s- accept ablthe psaleivinpegd thapughde tygpanicmembiang dndpmidedfathe pree af the

formul ati ons deggdd Wiaow6f &isth feredPaccRERIEAOBAL Bl ifSmBlp¥hIR MR a gel
matrlx also referred to herein as "auris acceptable gel formulations,

"auris interna- -depesitpd ampranegidhe foypdivindew oRsrista fegepragce ?eafpé@é‘éﬁ‘?%bl e gel

forpul ations, " tdaiidnPoetidihmndGtictiNorRiCIdfther bRbHM RS, Sauris aU“ s gel
formul ations” or varijations thereof. Al of the conponents mg t he gel

formul ation nusPrmdationsirsepriied vig migrocatbethess iplantpdantethe Refienicand ieyet Fur t her
the gel fornul atjiRREmBSRNERS tHe FHduBhibRhré SdreiaRRreafvid funGAdelice Bsb @F Riad tO

the desired site within the targeted auris structure; in sone enbodi nents,

the gel fornul dh¢ W%W@éowa%e“&hfﬁqerﬁ?éﬂﬂ firhersymbogneatsy i auriseeet RPIAEGTS f or

delivery of theregplit# At B8Rt rbthdWiRdFHembibdnd @k 9 &licrSinfeltiod dtviRL. flﬁrjyet
enbodi nents, the gel fornulation has a sustained rel ease conponent

del Pvery of t hethdpFmpetimerts. drepuris gelSofrulabiniotr ARpied in thpympanic f-%yrtm}pat. on

conprises a MulgnRambbdikibat,ehd i€ gel BinkARBhIHE hp Jme& bh BRIYRAlcdnenttarR0 e
enbodi nents, the auris gel fornulations are bi odegradeable. |n other

enbodi ment s,  t HB sapther grbodimsnin fhaeirses! forreylafines arcrpplisdamiosirinthe redionent t o
al | ow adhesi on daguit he external mucous | ayer of the round w ndow nmenbr ane.

In yet other enbodinents, the auris gel fornulations include a penetration
enhancer d9047 a] ent : In further specific embodiments, any pharmaceutical composition or device

25 described herein comprises a multiparticulate corticosteroid in a liquid matrix (e.g., a
liquid composition for intratympanic injection, or otic drops). In certain embodiments,
any pharmaceutical composition described herein comprises a multiparticulate
corticosteroid in a solid matrix.

Controlled Release Formulations

30 [00174] In general, controlled release drug formulations impart control over the release
of drug with respect to site of release and time of release within the body. As discussed
herein, controlled release refers to immediate release, delayed release, sustained release,
extended release, variable release, pulsatile release and bi-modal release. Many
advantages are offered by controlled release. First, controlled release of a

35 pharmaceutical agent allows less frequent dosing and thus minimizes repeated
treatment. Second, controlled release treatment results in more efficient drug utilization

and less of the compound remains as a residue. Third, controlled release offers the
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in further enbodinents, the auris gel fornulation contains a viscosity
enhanci ng agent sufficient to provide a viscosity of between about 500 and
1, 000, OOOWoentwpm28e, bet ween about 750 and 1, 000, 000 cenmTiysermap3obet ween
about 1000 and 1,000, 000 centi poise; between about 1000 and 400, 000

centi pol se; bEtﬁU@s%lh@Q@lgcal?zgg’gmg'aglm%h%g@a&ﬁl@ﬁt'oﬁgH@l@er%%%ﬁfoﬂgﬁwﬁmﬁooo

and 50, 000 centi poi sé; between t 000 centi poi se; between

about 5000 and 2 thegtoofdissasepPhillrthesy C%@?U@é‘éﬂeﬁbeffﬁm §BoePahwity & opnister
centipoi se. |n 308 80RRYr MR SiffeleRCir@dd! Ladh HﬁngfaQ[rﬁE}Hefi‘élleéQE‘px%ﬁlU ailtes a
vi scosity enhanci ng agent sufficient to provide a viscosity of between
about 50, 0000 drlgase thispame dueakdifieisa rates of fopdiffopnt dyratigns, Repes ofp sidglfat i ve
embogi ments, thesadLhe gel formul ations are capable of being admnistered
on or near the round w ndow nembrane via intratynpanic injection. In other

enbodi ment(8017fhe aurAssogiigly: ernaspest Phite crbadinents discdased bieip i teprayidsr t he

round wi ndow Orcoﬁtpcﬁleg Eél&’s@ccfr@&@t%%oﬁ@&inﬁ%@&bﬁﬁl% céﬁl{a&ﬂﬂﬁ of BeVicE f¥f e @
post - auricul ar incision and surgical manipulation into or near the round

wi ndow or the dreprineat ¢fapioinmune disprdareand/on prdlammatorediprders: dihg contipledur i s gel

formul ation is gpak hﬁﬁct‘b'fﬁue%%&b&@t?ox@&@d/&%%&tm%&fdﬁ}r Bedift8 diieBladeiein
inserted through the tynpanic menbrane and guided to the area of the round

wi now or cri stiainirafed 2 Yuifheefagenth dncldimedutygt Lipitedin eXeipisAs, ageRts Phen
deposited on or,fighls tﬁetl%rera‘é%gibl@f&d&\é’upﬂhe GirlsShiemb BPQRLIRE strRaft.eae for

| ocal i zed treatment of autoi mune otic disorders. In other enbodinents, the
auris gel foAHIs-AcrableGesapplied via mcrocathethers inplanted into the
patient, gpsi7ep Yet delf, kot inREPQekampLSicliRe hB\Q:rHEUA &fined i VafiSusAgHis o t er ed
via a punp device onto or near the round wi ndow nenbrane. In still further
enbodi ment s,  t IF8amBRIF tae YeitediStatenRharmasarociydefings grls agsenisobid syrtams qopgstingund

W nglow menbr angf¥itier SusPersioR Mh&Gp &@mgl?ﬁio%%mc bRri¥Rl orQhl3e bre8iib AdidXRR S, the
auris gel fornulations are applied in the tynpanic cavity. In sone

enbodi nent s, t Hetemgatateghy a ilewﬁﬁﬁed% mélﬁée h?l@glaplrﬂw Bt ¥ie-Rhe systapah siagle-
membrane. | n stjhhde g@Ié%‘ﬁ&st%mgldn@xﬂ&éomél%leﬁ‘dfstrﬁm&@|uni‘f&hﬁf}ldh?6dg9&§ aﬁ’i&ﬁd
applied onto or in the auditory canal. @[i 73] In further specif

embodi ment s, any SysharaRee hat aa PPReERbRAREITISH OB bearr e disBeradbed herel n
conprises a nuldd-RAdidcaids aﬁoethgﬁadla %ﬁfe%gle%hhge gRlslatePirdrddBidnd ynftRd- . @
l'iquid conposition for intratynpanic injection, or otic drcig In certain
enb¥i ment s, aryecprmplesice(Rg: ’ﬁ{boé’ﬁﬁﬁbﬁfpﬂnéwﬁ’éé@é% (@ ciragasasth) [BemP i ses a
MUl ti parti cul ateydidehs QR SHalk s Re plelafly gaksﬁsxbu&aﬁ arsebé fdadalRpase

Formul ati ons [00174] In general, controlled release drug fornul ations
inpart control aspbels andeoils T vearRlaase gelisangistate metwoseiemall disgetepanicles el ease and

time of rqb@ase W t Ridls daRQ1sHBE Yiassiedds BE&HSBRIFbphobic or hydrophilic. In certain
embodiments, the base of a hydrophobic gel consists of a liquid paraffin with

25 polyethylene or fatty oils gelled with colloidal silica, or aluminum or zinc soaps. In
contrast, the base of hydrophobic gels usually consists of water, glycerol, or propylene
glycol gelled with a suitable gelling agent (e.g., tragacanth, starch, cellulose derivatives,
carboxyvinylpolymers, and magnesium-aluminum silicates). In certain embodiments,
the rheology of the compositions or devices disclosed herein is pseudo plastic, plastic,

30 thixotropic, or dilatant.

[00178] In one embodiment the enhanced viscosity auris-acceptable formulation
described herein is not a liquid at room temperature. In certain embodiments, the
enhanced viscosity formulation is characterized by a phase transition between room
temperture and body temperature (including an individual with a serious fever, e.g., up

35 to about 42 °C). In some embodiments, the phase transition occurs at 1 °C below body
temperature, at 2 °C below body temperature, at 3 °C below body temperture, at 4 °C
below body temperature, at 6 °C below body temperature, at 8 °C below body

48



herein, controlled release refers to i medi ate rel ease, del ayed rel ease,
sustai ned rel ease, extended rel ease, variable release, pulsatile rel ease
and bi - mosial2oeizeese. Many advant ages are of fered by comCraish@donmbease.
First, controlled rel ease of a pharnaceutical agent allows |ess frequent

dosi ng and thusteﬂbé}htmezﬁsdt'i@ﬂ?%lg\g dei bpEHre, %?gaﬁ@em&aﬂﬁerngl e hz[s@l ease
treatnent results in nore efficient gqﬁyuhzauon and ess (0]

conpound r emai fgngi§oyoGeEsakRhout I Cr‘?flo‘Y: tenpesaiurect abpsib 207G belew bOdY

thepossi bi lity efpdtarlor 2eMostr28@cdR]dwisd té%&be@nﬁgeﬁ%ﬂémﬁ’é erfbodfhdniethy devi ce
or formul ati on at the site of disease. Still further, controlled rel ease

of fers the oppdictatian tenrergtusgichiesl) of @forrahlaﬂcrr\adeefer@éd hegeindy abepir29 °G; atost Eht

drugs, each hawidig a,outryocmem@érﬁﬁﬁ&n&af;ﬁénlsemegaaﬁ& té:ﬁﬂ;e?ﬁﬁx% (th® stame drug at
different rates or for different durations, means a single dosage

unit. [00175] /feem}lﬁmglﬁgﬁnbwr%ﬁééw@?m %6&%9@%@9@% her ei n

is to provide 3adﬁﬁ)rﬁ§tfa951|1 61%&%&%%& QEskHsHeRiPt Qbéﬂt'f)b«%r t%ﬁém%&ws or
conp05|t|on or device for the treatnent of autol nmune di sorders and/ or

i nfl amat ory diiBljbieyegtigoppwciatsa titd|integymrapis adminisirgtien ofstic formulagiggsosi t i ons
and/ or for nul athQRgedandidthe Q&Hﬁtﬁﬁ&f@b@}%‘eﬂ &8huRaE Ble BodyBteln PR@&LF&QLathQJlQth a

vari ety of agents, including but not I|n1?ed to excipien agents ofr
mat & i al s that Bdixidecssn apicaltpoindiyideal; ncludias ali!ulﬂidb"lquﬁ]t‘élﬂh%lfeﬁ?r (B ter420t i C

structure. AuriegyArCoRkalbsdifiets thOhARlcetsRhBoonpoiBds b deviceh 8Lt ALkt O as
jellies, have beéen defined in various ways. For exanple, the United States
Phar macopoei a drdines ligeiisat 4hous gapmstsmperatiesand g adenistered pipr gboubraomer
suspensi ons MadgmpRatile, BHRidg Ir AREOGH Ml RRTH&S §ih S, f&ae&%pler‘%{yoc ol ecul es
|nterpenetrated by a liquid. Gels include a single-phase or a two- phase
system Al8917g] ephas@lsg@qrs ewrropsk of pelyowpERylcac ardrobypsyalyienedomm st ri but ed

uni fornly t hr oyghipidievarsibleQdisdvHeR i bpbrated 1RO @&Jeoﬁmiun'aﬁ’s @H&@g&%&%@ar Ies
exi st between the di spersed macronol ecules and th

si ngl e- phase geheabilits ty¢hapeefeqm fheélﬁwéquieﬁhecgehﬁm @trf@mfémeégloe@to@ody

carborer) or frgmdatdiRtefdd Qi’ﬁyw&&uélful f&rﬁlﬁﬁﬁ&%ﬁﬁﬁ hre abﬁ‘he'il%ﬁw%ﬁ?é?éﬁ BBt s,
si ngl e- phase gels are %gnera aqueous, but will also be nade using

al cohol s and oiStrycturp(gy- &ﬁ&g@dgté?esmtgélr%qt%t’haé? tfﬁlsﬁétl W(ﬂeke”éﬁn@ﬁﬁﬁpobﬂ@ér ete

particles. [001ffdenfRlon aA@ed Qi if iRS8iutib£d as bei ng hydrophobic or
hydrophilic. |In certain embodinments, the base of a hydrophobic gel consists

of #0 |i quil®0188} af Pelaxagper Hob@Fy]éZﬂM?IaéﬁélO@F sprAgctant eampesedef palyoxgethiyleae| | 0| dal
silica, or al urgoRdRyhb ﬂén@%oﬁn@ﬁn?e? dtﬁbrgele&m&; mclhhceld%a@fss%iadbydwgh

gel s usual ly consists of wat er’, ycerol, or propylene glycol gelled mnth a
suitabl e gel i regrdshdas (B-H08grade). m@mmlhtwrwép@lﬁxan@ea reiftaleindhe prownss/es,

car boxyvi nyl pol ¥agas alkaitdaBARAI-MTPRN msalemnﬁie}cﬁmfaeﬁbable gelyegrehsfleae-

embodi ments, the rheol ogy of the compositions or dévices discloséd herein
i s pseudo p| astHobyoxyirepsiqng triblock copolymer of general formula E106 P70 E106, with an

25 average molar mass of 13,000. The polymer can be further purified by suitable methods
that will enhance gelation properties of the polymer. It contains approximately 70%
ethylene oxide, which accounts for its hydrophilicity. It is one of the series of

poloxamer ABA block copolymers, whose members share the chemical formula shown

below.
hydrophilic hydrophilic
f__'% f—_%
H‘(O-CHZ-CHZ O-(IJH—CHZ O—CHZ—CHz}OH
a CHgj b
\%,_J
30 hydrophobic

[00181] PF-127 is of particular interest since concentrated solutions (>20% w/w) of the

copolymer are transformed from low viscosity transparent solutions to solid gels on
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thi xotropic, or dilatant. [00178] In one enbodi nent the enhanced viscosity
auri s-acceptable fornul ati on described herein is not a liquid at room

t emrper at Wwe.200v3gent ai n enbodi ments, the enhanced vi sco®Cryust@omodoas i on i s
characterized by a phase transition between roomtenperture and body

tenperature (i ngehtugh tBQOMeinB&ht\ﬂed‘Fﬁlls H\énblﬁe@onsﬁéﬂeﬁh@ shEp¥4 QS thafwBbn pldéBd nO
about 42 0C). In sone enbodi nents, F[')n hase transition occurs at 1 0C

bel ow body t enp@rEstith thepody, @egwwaﬁ%vllk@ﬁﬁéﬁgmwbd stgyctuze gd el ow body
tenperture, at dsiiGedRlaw &ep&lymrﬁl@n@&atwn@v hast g&dg&uaﬁkﬁgvcm&lw fodnper at ure,

at 8 0C bel ow bodyt enperature, or at bel ow body tenperature. In sone

embodi ment s, t Hexipifuag is, therrferei “é’ﬁ“é‘?fﬁ‘lﬂ &"Odtmeéb‘éhfio dmyg delivesy Bsiemedy

tenper at urige18af alPM aidfhaliée BRJoAMhDO N thEHB 1@4&5@; PEGALPEY YHiock> 0C bel ow
body tenperature. In specific_enbodi nents, gelation tenperature (Tgel)

of a formul ati cePAHEREY( %’@ﬂeﬁbﬂ‘{éﬂﬁe(1§9abﬁ§f869@ {Peng eiploitCoptoloRelegse (2098t 30
0C. In certain @n3edznRBiSetalt A8y. Qﬁhgbbmr; ﬁémero@i)uszm me’rﬂe lyrfer

fornul ati on described herein is about 35°C, or about C. 1n one

enbodi ment, adrfXRibis soAepldshamor et ¥ oRerBiraangh a‘af@séﬁ.vﬁydo h@“éf‘%él‘t/wabout

body tenper at ur esdiﬁg&&hebmF&hb@ae%ﬁedV%ﬁacg@e dg1§&mee- ﬁ%ﬁgra%tuhthle pLEGAL ynpani ¢
adm nistration of otic formulations. {ncluded Within the definition of body

t enffer at ure i s CRYYBEpnges fpwraheyrlel grbept RRA) Theyesulimewprlawners gre salyble in

unheal thy i ndi W#itahd fIrRGl &h@tmmlquﬁmﬂédﬁm{npwa&re Butl f6ES hidihel & body 0C) .
In some enbodi nents, the pharnmaceuti cal r’%om tions or devices described

herein are IlquIHEerWeaﬁGWFW@HV@%@Pgﬁ@ GEEGteblgeksorplymsr isd at or

about room temmwmmmpe@uwenﬂaﬁfacmlw%m&ﬁ deeigl Tigchsteamgh as, for

exanpl e, vertigo. [00179] Polyners conposSed of xypr opyl ene and
pol yoxyet hyl enéopges¢iehe %Aé(?@‘ﬂ&mﬁl‘éngép§°1ﬁﬂ?§-ngf3¥fécﬁ° @Fé@ apchisd Oqueous

sol g i ons. ThesgwRPERING hBay BolefRardit wabbaebb@nge fromthe liquid state
to the gel state at tenpertures close body tenperture, therefore

al | owi ng U831 1 BeGelRds p gadename of Mﬁ@%ﬁ%hcwowdtfw dlags gRlpwdnQlenuias

structure(s). ThgeH: ividtegraddtd lﬁoél&oﬁ&!ymér% asﬁnmaér@e théxﬂﬁﬁgaatgﬂ propefigPgNdent
on the polyner concentration _an ngredients in the solution. [00180]

Pol oxaner 407 (@erribedin U.8. Bat. Nos; %?ﬁ4c,57§u§q H’;?(?ﬂ%ﬁtzo&@%@%‘é@z%? 588. It also

pol yoxyet hyl engRahdeo¥pRéambe Qlyﬁféﬂé)hﬁ(x hrSiers AsBBEedRPhRURFRY S. ot} ude 188
(F-68 grade), 237 (F-87 ﬁﬂade 338 g% “grade). i)ueous SOI%aUtIOI’lS of

pol ¥xamers are aQPI&’E}P@l P65 NofeO ?%Qé‘ﬁcéww 788%%‘5310/%;\]49@81 The bigegeragablg drugns .

PF-127 is a corsmefepeaﬁarxesa,amlgg@&m ﬁé%ﬁ&ﬁk%&%&%&’%ﬂﬁ@&%&é& triblock
copol ynmer of general fornula E106 P70 06, with an average nol ar nass of

13, 000. The pol%hsEsin thsA-blecks arerplatively hydropbebip gndempripg kiodgradakle peliestersj | |
enhance gel ati QRpolyERBEdsteDS, Mfi tH B bRk elatiVdly RIS HiRSnBRIhE"BE el y 70%

et hyl ene oxide, which accounts for its hydrophilicity. It is one of the
series of 'polyethylene glycol (PEG), said copolymers having a hydrophobic content of between
25 50.1 to 83% by weight and a hydrophilic content of between 17 to 49.9% by weight, and
an overall block copolymer molecular weight of between 2000 and 8000 Daltons. The
drug carriers exhibit water solubility at temperatures below normal mammalian body
temperatures and undergo reversible thermal gelation to then exist as a gel at
temperatures equal to physiological mammalian body temperatures. The biodegradable,
30 hydrophobic A polymer block comprises a polyester or poly(ortho ester), in which the
polyester is synthesized from monomers selected from the group consisting of D,L-
lactide, D-lactide, L-lactide, D,L-lactic acid, D-lactic acid, L-lactic acid, glycolide,
glycolic acid, e-caprolactone, e-hydroxyhexanoic acid, y-butyrolactone, y-
hydroxybutyric acid, 6-valerolactone, 8-hydroxyvaleric acid, hydroxybutyric acids,
35 malic acid, and copolymers thereof and having an average molecular weight of between

about 600 and 3000 Daltons. The hydrophilic B-block segment is preferably

50



pol oxamer ABA bl ock copol yners, whose nenbers share the chem cal formula
shown bel ow. hydrophilic hydrophilic HAO-CH 2-CH 2} (O CH CH 20 CH CH2J- CH
a CH3 b awbydovsbehi c [ 00181] PF-127 is of particul ar i RCENS2099)306€
concentrated solutions (>20% w w) of the copolyner are transforned from| ow

viscosity tr an%ﬁy@ﬁgtsné aldd ) HaOm? @h bbrae 1 RURLRELRDf bewarbout 500

tenperature. Thi enonenon, therefore, suggests that when placed in
contact with tHedB Jaliops gel preparation will forma sem -solid structure

and a sustggeed ' abgass 8RB adzbIUAAREHTRNE polEircks RuMACARES (SOVMRIthi 21 ng

capacity, lowtoxicity and is, therefore, considered a good nedium for drug

del i very syst erfdrix F@‘WI‘BQ‘}CS{ Tie-h Andéerthse diselose e‘?’r&)o‘ﬁl%rﬁateniﬂ‘és PRt ATHel is a

PEGPLGA- PEG t 14 d3kaek cpghyeia4(1380m4d s@b@lm Nﬁkféhﬁth& $9Q71k bicd8Gad6R- 2;
Jeong etal, J Control . Rel ease (2000), 63: 63; Jeong etal, Adv. Drug

Del i very Rev. (tbamoplastispolysstesydis Eﬁﬁ‘}‘ﬁ@?"l’ ﬁtrﬁnﬂ‘lwrs%iamggﬁ ohwiakle or over
a concentrati O%I&Eg%mwmé&wayﬁctwﬁa&%cﬁﬁ ?awywcuda@%n@lyegh&a t he

properties desired, the lacti de/g ycolid ratio in the PLGA copol yner
ranges from abdglycapralagionesisopelymers t@COfH@W@@E‘ISt‘hCFF@f BHRRRAPEHALHPRS S0l ubl e

in water and fQﬁé’fEcﬁf 1h’s6iRe Sulch\WnBEdimeRty! itk s%itaﬂl@@iﬁhég?dﬂﬁﬁé %e%@lash@bol%&[dm a
hydrogel at body temperature. A commercially available PEG PLGA-P

tri B ock copol y%POIYlé‘:tNEmbRGﬁ%59‘1&?@'%%@5@6?‘8@%’ thereefy Pifger

I ngel heim  Thi $oRBingfidntherkst. LURP @RBSHiREN AhEefeds KRB W¥Rhopsti® Bol9Eter is
pol y(DL-1acti de co-gl colide) and is 10% w w of PEG and has_a nol ecul ar

wei ght of about’ é@@ely@b@fséq-cq%lwlxdﬁbhawgacwba@étﬁra%ﬂ@foum PERER In

I ncor porated f Qbod 36m2AS3 t&5bohO WObES A onBLIASY; andhR 8 SVRsiRBhdtedalaPC K
copol ynmers having reverse thermal gelation properties as described in U S

Pat. Nos. 6, 004vesghtof ghoyt 23094 ¢o ahoudd00§7Alternatiyely, ingnothggmbpdimentsthej ne| udes

bi ogegr adabl e ppdds &ab% HeHdpdcgol/esteds 350958 abmdzﬁaméda% &51;59,) wigdoand
application Ser. 09/ 906, 041, 09/559, 799 and 10/ §

bi odegr adabl e &a&?@xsct&m@lrgr%nﬁrpr@@g inghaut 4Pt Hrto phaat 59 Bk % pf tbF ock

copol ymers or mghxhbsitsh; arm{a@% avev%e&r%uéaulfah\em@ntmfmﬂ%@ tb @batk b¥,600/ In
hydr ophobi ¢ and conpri se bi odegradabl e pol yesters ar iﬁék‘rthoester)s and
Y

the B-bl ocks arfarthespraliepative W@W% the teamlab@ﬁ‘&s|°§8w@el Hagtidgieo-gl ycol

(PEG), said COR@lcsi®) areR@NigdRxlySHRRYOBE &tcf 8Petllh bt wegs s10- 1 to 83%
by wei ght and %Whygﬁpﬁl |cr gon%{gﬁt of k]bet ween%? t%%g 9% by wei ght, and

an ¥veral | bl o@@lyg@ﬂ@tvﬁ«eﬁolymp@@ﬁﬂﬂap ofartisrr elyeolisccifupvisaaokingT 86bo
Dal tons. The drjehifRhydr&y? afikdatitdkyl gheiipRIRifQLpRId JolmRtizdtRARERILWIRS bel ow

nor mal manmal i an body

lactide or glycolide monomers with water, lactic acid, or glycolic acid provides
polymers with the same terminal groups. However, ring-opening of the cyclic
monomers with a monofunctional alcohol such as methanol, ethanol, or 1-dodecanol

25 provides a polymer with one hydroxyl group and one ester terminal groups. Ring-
opening polymerization of the cyclic monomers with a diol such as 1,6-hexanediol or
polyethylene glycol provides a polymer with only hydroxyl terminal groups.

[00185] Since the polymer systems of thermoreversible gels dissolve more completely at

reduced temperatures, methods of solubilization include adding the required amount of

30 polymer to the amount of water to be used at reduced tempertures. Generally after
wetting the polymer by shaking, the mixture is capped and placed in a cold chamber or
in a thermostatic container at about 0-10 °C in order to dissolve the polymer. The
mixture is stirred or shaken to bring about a more rapid dissolution of the
thermoreversible gel polymer. The corticosteroid and various additives such as buffers,

35 salts, and preservatives are subsequently added and dissolved. In some instances the
corticosteroid and/or other pharmaceutically active agent is suspended if it is insoluble

in water. The pH is modulated by the addition of appropriate buffering agents. round
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tenperatures and undergo reversible thernmal gelation to then exist as a gel
at tenperatures equal to physiol ogical mammal i an body tenperatures. The

bi odegr adaibl2eqy/139tnophobi ¢ A pol yner bl ock conpri ses a [pOJES310003966
poly(ortho ester), in which the polyester is synthesized from nononers

sel ected from tRdew aleRbRAL fusdddA&iveichiladibrifits a@@optﬁnilg%ip%d tbal actide,
D L-lactic acid, D-lactic acid, L-lactic acid, ycol i de, ycolic acid,

e- capr ol act one, th@“mﬁ‘d F@W%WW%&F‘@ OfQQ‘E‘Gt“SPP ?‘Bt?féne TQUCOH‘}IHF‘éS?(ybut yric

acid, d-val erol agdonfes, s&hﬁé’dér%ﬁb\l’@b@#l* €o tR6 béhpRidh EVRHEyY Elal; AR@isds, malic
acid, and copolyners thereof and havi gsan aver age nol ecul ar wei ght of

bet ween about iTesh 4P0Ph 7¢33ris EL hlegpdisth ¢t whigh ip fnsemporateq rli‘élﬁtn b¥s

preferabl ypol yabhtydnedor fln@atbiobl?§> having an average nol ecul ar wei ght of
bet ween about 500 and 2200 Dal tons. [00184] Additional bi odegradabl e

t her mopl ad#9186ho| yesihope embediment araurizzatceptyble phasprqsuticabgel frpilations which

Laboratories, |d¥no} rediligé BE uscvI98 adlied ¢1s838Y entin@ng ag eﬂt Shich gePRERRALINGS -
5,324,519; 4,938,763; 5,702, 716; 5, 744, 153; and gs 194 wherein the

sui tabl e bi odeg‘P%fH%ﬂS‘Fté at Igst oRs A eutiselinAseqpeable bélffari mr@saw%aae

t her nopl asti ¢ peiiRion cgmaﬂmdéeaﬁl KRkticostblofitng alﬂhﬁﬂﬁ&ruﬁék?@a@ce?}ﬁﬁlre Wagtaht i C
polgfsters i ncl ude polylactl es polégpycolldes pol ycapr ol act ones,

copH ymer s t hera@gther qughodimephihep allyzceepiable eéslﬁﬁpmtcwﬁslsmsélﬂlé&f I'n
some such embodigamnts, the suitable biodegradabl e thernoplastic polyester
is a polylactide, a oI ygl ycol i de, a copol yner. thereof, a terpolyner

t her eof , ~ dPOLSTEonbi nBothshembRiimaets. ufqﬁulaﬁléw%ﬁtﬁs@e.ah%ﬁﬁcwm% Bheperegiticghbl e
t her mopl asti ¢ pehyesions alkSinediSShelR mbedBH L@ﬁstnhgsge% ogbﬂffé?{n'gqgéntmw ng a

carboxy term nal group; is present in about wt. %to about 40 wt ., % of

t he conposi ti orProagfprafadolymph ocresfanhsrirbla if Sme adustivg agentsr hpties o

aboyy 45, 000. Ahdigde)Bitia¥eSloY limitBd @&@étmerb@maasle mom&@aﬂm&d&%@dabl e
t her nopl astic poI yester is 75/ 25 pol -l acti de- co- I'ycol i de) without a

car boxy t er mi naRhodphaigph ap%acalft@%mcwma %thwo%ﬁnd copbigatigns O MBHUGE . % of
the conposi ti OnherddtOSRAPHARBNSY SR s IR Kfielsaire NBILAALN O afbiRWieqdiredd0 tO

about 24,000. In further or alternative enbodi nents, the term nal groups of

the pol y(DL- | acPaipfeingbtpfyhesompeyition betwsenadH ¢fyphews 3yand abot Hangre or ester

dependi ng upon &ﬁb@dﬂ&hh@meém@wmd it%tab&ﬂ7§°91ﬂd/ﬁ9&%8t%@rténﬁﬂdﬁfen{ﬁ%t' c or
gl ycolic acid provides m nal hydroxyl and carboxyl

grotfps. Ring- od&h?frﬁgo‘ﬁ&l%%rgz’aﬁ@ (§n(’ 810 ?he7 Tyt e ]%té% PRReERRodigIept HibFRe

nononers W th Wk ef motedutie aftGitlizedih e f¥&Rlldtond6H the REQRW HQFosBR! MERLs W th
the sane term nal groups. However, ring-opening of the cyclic nononmers with

a nonof unct i ondCMRMERF- YithaPhaamassiticalipaccentathayrbicle ad ate presqudm HSIfingk ovi des
a polymer with a6 QX Yin af hRibent 33 FRnEsHo8Y 0. 1% kdTAbdad 2005, HéRSabout

Ri ngopeni ng pol ynmerization of the cyclic monomers with a diol such as
1, 6- hexanedi ol % to about 10%. In certain embodiments of the present disclosure, the amount of
25 buffer included in the gel formulations are an amount such that the pH of the gel
formulation does not interfere with the auris media or auris interna’s natural buffering
system, or does not interfere with the natural pH of the endolymph or perilymph:
depending on where in the cochlea the corticosteroid formulation is targeted. In some
embodiments, from about 10 uM to about 200 mM concentration of a buffer is present
30 in the gel formulation. In certain embodiments, from about a 20 mM to about a 100 mM
concentration of a buffer is present. In one embodiment is a buffer such as acetate or
citrate at slightly acidic pH. In one embodiment the buffer is a sodium acetate buffer
having a pH of about 4.5 to about 6.5. In one embodiment the buffer is a sodium citrate
buffer having a pH of about 5.0 to about 8.0, or about 5.5 to about 7.0.
35 [00188] In an alternative embodiment, the buffer used is
tris(hydroxymethyl)aminomethane, bicarbonate, carbonate or phosphate at slightly basic

pH. In one embodiment, the buffer is a sodium bicarbonate buffer having a pH of about
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pol yet hyl ene gl ycol provides a polynmer with only hydroxyl term nal groups.
[ 00185] Since the polynmer systens of thernoreversible gels dissolve nore
conpl et elwoavowBazaed t enper at ures, net hods of sol ubi | i rariuseocnaeioaee

addi ng the required anount of polyner to the amount of water to be used at

reduced tenper tgls @sabofeed)S oahont A tSabowed.d. IH Shdiie RO dAB: tRVbuBaA aREdiwh he
m xture i s capped andfﬁlace in a cold chanber or in a thernostatic

container at abdigsPhate aelebpﬁerdaawesapH@P%%WéoMetw yner. The mixture is

stirred org osmren t OARB U%n%%enﬁar@’@&ﬁroﬂ@@!e@aw ol dtohO8 dbictd@mprising
t her noreversi b Oﬁil@él The corticosteroid and various additivesS such
&

as buffers, sal? "som"é’ﬁtﬂr rsetityeshancime agams Syiiehle Vigcositienbanging ageats ol ved
hi some i nstancaguddy ﬁ@raﬂeﬁaﬁm@sﬁgdgeﬁﬁ@/agémp;nh@ﬁsgahﬁilg@@&ytlh e6ad |y active
ep

agent is suspended jf is_insoluble in water i's nodul ated by the

addi tion of appPRIsfimerk hrrrnacrhysegibnioslainndiRrT s irchdrp bufie. Imsthsadhesi ve

characteristi CSen%oﬁm%Esl 8 @hHa¥cddRRbJ i Fornfuldioh RRIVATY EMARIABIRaGE! DY
i ncorporation of round wi ndow nmenbrané nucoadhesi ve carboners, such a

Car bopol (r) 934ceniable tier Spdiwichiaside pnather temigjly agensy are M%alphwmdwb h
(2006), 7(3), Ponibiy, ifERERSHP26, both of which is incorporated herein by
reference for such dlsclosure) [00186] I n one enbodi nent are

aur it$- accdfiNl e pha]?hﬂééﬂﬁ?xélépleg’@ly’%PW%?WW@Wth@u@equi re the

use of an adde%y&oigﬂspﬁyn&@lr@nﬁlbgwhﬁeg&&%thyﬁégmo&g+ol§@
ta

1ORES
|ncorporate at |l east one pharmaceutical l acce er. I n one aspect

is a gel for rrul%fhoéﬂnﬁbﬂﬁfﬂil‘g‘?ﬁ?@%wl@’éF‘IFP%SSP‘@P’&CHO@MW&S%% spdiet i cal |y

accept abl e buf ft%}urdnateamtemgcoam tag e&b&ngaﬂlms%e&%&wa@fscept abl e
excipient or carrier is a gellin lalgent [00187] In other enbodi nents,

useful corti costryedndde; E“t&@é@ HmBedtoearintese arpia) 2gen ARG ons al so

i nchgide one or rﬁgaes@{ﬂsﬁewssaaﬁg @%@ §ode bwirﬁt@rmmm%mt BenfcRitBr ovi de an
endol ynph or sui tab Sui t abl e {B)H adj usti naﬁﬁgents or buffers
i ncl ude, but b e, e B el AEhannralslon ARecry s el e M Pule,
citrate, phosph@tdonid) Bﬁflﬂ'@%ﬁi&rﬁaﬂx}hé&e@&ﬁ%&ha&bﬁdﬁ@h&ﬁro&@ ?ﬁr@&fartfﬁngelatm

conbi nations or_m xtures thereof. Such pH adj ust i rzg agents and buffers are
included in an %ﬂﬁ’cm’r%‘éfﬁuﬁbéeqt@"tﬁdﬁtﬂsalSﬁcrﬁﬁa weltedsutriagpywitph sesbitdbet ween a
pH of about 5 apdephAte sfrchi WhPGaBRRRELERAL o@atcphhx@l? gﬁﬁﬁﬂ ?e?é&!ﬁ& 5> to

about 7.5, and in yet another embodi nent at a 5, 6, 6.7,

6.8206.9, 7.0, Xpnthumpum, gym fagapanth, ethybcellujose ﬁ@Y@WGHYWhPCHuWﬁéﬁﬁtYh@et@fl nor e
buffers are utideiizigg, in@thSrf&llﬂcxl%eer;l«ﬁ&iy@{B?l QfubfenfhSS el indStLariyse. they

are conbi ned, phar meceut’i cal |y acceptabl e vehicle and are

e.
present in the lﬁ’ﬁ??élyprf’@fl ﬁﬂl"éﬂSFdleoéYd@OXyeﬁ‘hl magthagiRiR OryRAyEHY i Pesttabout
0.1% to about %Q%geﬁﬁeoﬁa@&%tpr&by@&t:&b&taw&eﬁ@%m,h RenePmhRicngyipiadi ment s of

the present disclosure, the anmount
copolymer (PVM/MA) poly(methoxyethyl methacrylate), poly(methoxyethoxyethyl

25 methacrylate), hydroxypropyl cellulose, hydroxypropylmethyl-cellulose (HPMC),
sodium carboxymethyl-cellulose (CMC), silicon dioxide, polyvinylpyrrolidone (PVP:
povidone), Splenda® (dextrose, maltodextrin and sucralose) or combinations thereof. In
specific embodiments, the viscosity-enhancing excipient is a combination of MCC and
CMC. In another embodiment, the viscosity-enhancing agent is a combination of

30 carboxymethylated chitosan, or chitin, and alginate. The combination of chitin and
alginate with the corticosteroids disclosed herein acts as a controlled release
formulation, restricting the diffusion of the corticosteroids from the formulation.
Moreover, the combination of carboxymethylated chitosan and alginate is optionally
used to assist in increasing the permeability of the corticosteroids through the round

35 window membrane.

[00191] In some embodiments is an enhanced viscosity formulation, comprising from

about 0.1 mM and about 100 mM of a corticosteroid, a pharmaceutically acceptable

53



buffer included in the gel fornulations are an anmount such that the pH of
the gel fornulation does not interfere with the auris nedia or auris

i nterna' wonatwumed24buf feri ng system or does not i nterf ece/usead/ovives nat ur al
pH of the endol ynph or perilynph: depending on where in the cochlea the

corticosteroi d iQbiiylatdtOhdivardr %&g&&fén th@c&le&@faﬁmmhmgmty Jg&% geout 10
mM to about 200 mM concentration o is present in th

fornul ation. | nvaebegsuiEsiseidp reoids a ephaelﬁ?da\eifafltYafowlaﬂwethaﬁtfm VI%FOTOO m

concentration fongathodf {d@Ito kou | GHGIOLCP. hrbeﬁaﬁeﬁmqaﬁ?me Jigodtytteqel such as
acetate or citrate at slightly acidic gb(?ﬂo ne enbodi ment the buffer is a

sodi um acet at e @gfefrgfgeﬁgm Fbguizl 0Bt oy <k, @Otlfol‘)QtﬁBm ahguts1 040 £Pgphout

embogi ment the ézoufcﬁ%auoﬁt ﬁSO@Qﬁ'a‘BBﬁtQOb(ﬁﬁf{%abbﬁtfﬁ@O R Ybhdg2600RH tofbsabQuso 5. 0
to about 8.0, or about 5. to about 7. In an alternative

enbodi nent, t heePpiiores, 0Q9§é’d° pRouf P9, QQW@I P‘Eﬁ%‘if h%? 18 AP AR G018, about

bi car bonate, carsippap e HoulPERVOBLE. Bttt tittdinen®ahén fdved MoRNscous
enmbodi ment, the buffer is a sodi um bi carbonate buffer havi ng a pH

of
about6.5 to abdﬁ‘td“BnE degjred e biocompgtipls gghromprises@t lePSﬁa‘%fh’b%%rat@%ﬁ@H?‘Frent t he

buffer is a sodisym.pBRsMYat $o%iaPRA Gbdt b5%! at latiaBEut A0R! ht@éasddBsl750, Br t O
about 9.0. [00189] Also described herein are control|ed rel ease

for Hul ati ons oreVeredileagisabeyBrs Wispgy #eight ?fth‘b"é’t“éftoﬁﬂﬂ’iﬂ“daﬁhmamv PenegiTated

enhanci ng agentsam 1&4& tﬂ?etﬂl&oﬁipﬁt@lﬂ@érﬁﬁn&ﬂ RRBSHP GorAdRAbS cdnipfristi@ 1R a¥GY Of
exanpl e only, ents and suspending agents. |n one enbodinent, the

enhanced Vi sco 5fy‘y atflS‘PS out 135 atilsas abrut 45%cat {rdet 2Bows §FYoet leatabgptifsie, at

enbodi ment s, t NgasesHaaNBes! aViess Aut ¥5%,0k [Badtabdu? 0% o¢ hilEiRBatdut38s SakGELY Ccal |y
accept abl e buffer. Sodium chloride or other tonici ty agents are optionally

used to adj ust W%‘Ef@‘?comfosﬁé‘é@ssary [00190] By way of exanple only, the

aur iss- accqpi@B] © ¥ aRhib¥diaeR] thé NsdddiEoMNEED YorRuRAYAs prathdd Kkepdih WeOse,
hydr oxyet hyl cel | ul ose, pol yvi nyl pyrrolidone, carboxymet hyl cellul ose,

pol yvinyl al c oHesasuredby A redaBTdrsertier iF o5 gxample in sogictivP NSRS TRV~ Ot her

vi scosity enhaﬁﬂ'd?%&ﬂ%@vﬁ@éﬂ?@éﬂahhﬁd%é QpthIQCPEMG%@s@d t'll)UJalcﬁla&ttliélCt ure
include, but are not limted to, acaci aﬁ; um arabi c), agar, alum num

magnesi um si | i carestyebgiegs) forlationglescsiy lgtleaﬁhslt @nboe%&e% Rrogkfield

bentoni te, carhgiRile afd@upPEQBRRRT is @3¢ RALulat BRIRSsity &€ tHe WL IFS nulation
m crocrystalline cellulose (MCC), ceratonia, chitin, carboxynethyl ated

chi#bsan, chondiesrsibedyastsin.ds some erabadimentss the vipepsify rangesariered (iSFRID §6ar gum

hectorite, | actRfureEMT6RS RmpERIEQBEYthéd dhbolBidRis! AL viséRftPlahSls refBRORY, Mai ze
starch, wheat starch, rice starch, potato starch, gelatin, sterculia gum

xant hum gum gUiTe 3g BeasHred at badyyempeaatig (68 eat the FygTaes brdy kpenerafire 082 | ul ose,
ethyl met hyl celdemti93@manet hyl cel lul ose, hydroxyethyl cellul ose,

hydr oxyet h Ineth | “cel | ul ose, hydroxypropyl cellul ose, poLX(hydroxyethyI
net hacr yl 49093] 4 Xy p(}py@eetpralfqdﬁne%é]éq Q}}qnnaceutlcally acceptable enhanced visCosity auris-

25 accepta_ble formulation comprises at least one corticosteroid and at least one gelling
agent. Suitable gelling agents for use in preparation of the gel formulation include, but
are not limited to, celluloses, cellulose derivatives, cellulose ethers (e.g.,
carboxymethylcellulose, ethylcellulose, hydroxyethylcellulose, hydroxymethylcellulose,
hydroxypropylmethylcellulose, hydroxypropylcellulose, methylcellulose), guar gum,

30 xanthan gum, locust bean gum, alginates (e.g., alginic acid), silicates, starch, tragacanth,
carboxyvinyl polymers, carrageenan, paraffin, petrolatum and any combinations or
mixtures thereof. In some other embodiments, hydroxypropylmethylcellulose
(Methocel®) is utilized as the gelling agent. In certain embodiments, the viscosity
enhancing agents described herein are also utilized as the gelling agent for the gel

35 formulations presented herein.

[00194] In some embodiments, other gel formulations are useful depending upon the

particular corticosteroid, other pharmaceutical agent or excipients/additives used, and as
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pol ygel i ne, povi done, propyl ene carbonate, nethyl vinyl ether/nmaleic
anhydri de copol yner (PVM MA), pol y(net hoxyet hyl nethacryl ate),

pol y( nmet hweyetdicagzet hyl mnet hacryl ate), hydroxypropyl celpCuuss®9/003066

hydr oxypr opyl net hyl - cel  ul ose (HPMC), sodi.um carboxynet hyl -cel | ul ose (CMO),

silicon di oxi deycipgb ¥rsiadeRYd fal WithaNge {opeor tROpredanBsclosaie! RsrdRdple, other

(dextrose, maltodextrin and sucralose) or conbinations thereof. In specific
embodi ment s, t emmerEllyravyilableehyreripgased 85l ebrerin-deriyed sompovats milﬂtﬁater%cc and

CMC. I n anot heror gpamlieBgHs, mtatli*i@esvh)?tﬁég%lst é&rd%g%[bﬁd BOwaDA Helatifis AdGRYHDI Nati on

of carboxynethylated chjtosan, or_ chitin i nate. The conbj nation of
chitin and al gidsavaive: elgingtse aé@)ﬁlg}”&?é’@@d@?]dsan&l%?ﬂ BERY REYend sythdicas a

contgol | ed rel Q@'&%gél%ﬂrlﬂ'cﬁ&geﬂaen\fe@%&rﬁﬂ)&ﬁlﬂsﬂﬂe hiDexpditbd 1P @Bef@fin tHee
corticosteroids fromthe formnul ati on. ver, the conbinati on of

car boxynet hyl atceicesereiddamnulatignsdeseripsd B“F’é‘ I@ﬁﬂns FaPediments quiisrcsetatls
i ncreasing the g@rmﬂ@ buit bk n@i mhm tsculgm&@ﬁ,td% 1smce1q@bn¢arrec 'PﬁHéEi'odM ndow

menbrane. [00191] In sone enbodinments 1s anced viscosity ornulatlon

conpri sing frof-&b&lyedgm® W’%Hv%ﬁ@d@‘l‘@@e%‘b‘gelz@(mqn&éé?@?‘?ﬂI}f’: icpl,

phar maceut i cal |A&hﬁ%§x€ﬂ‘e@§>'@b¥ﬂa§ﬁ@ﬁﬂ ké&%ﬁmHﬁﬂ&ke ngidhrLabSda%Ted o, the
concentration of the viscosit ent in the water be| ng sufficient to

proW de a enhard®@e ¥exk ghrerp geéfr ydsegelf SisszApericap Pladugty dngPallaym about

100 to about 108x9@MH REr® biRrikqlidtabdh £IORIYER ESrthel HB8bOGIHR&RS biode P@idamlae gel
is in the range from about 100 to about 50,000 cP, about 100 cP to about

1,000 cP, aboutbiesompatbls grlsalsoerressnirompounds gissen BrRyrispeqepiable rmulstions cp,

about 2000 cP tgscRR&IMUNdefBPedRrei@bout 4, 000 cP to about 50,000 cP, about
10, 000 cP to about 500, 000 cP, about 15,000 cP to_ about 1,000, 000 cP. In
ot her enbd®%ehts, WR&sMmaforayationsdevelaped fos administration tp & maaupal.and farh

bi 0ppNPat i bl & GBhnp6HURE ks MS1atk fbramian ARRIIstr AR therauﬂlseﬁsépmﬂtv@%& cdBffseat
a e

| east about 55% at | east about 65% at | east about 70% ast about

75% or even atsubsiantipllyallpfithegtrighsof ths coppagitiognip ofer embediments, Bisstdtoi d. I n

hi ghly concent r.a¢ehvRaePdoBiprisdsAE mALIP&BB@IsH] & 2851 90% e théics /9§§1t‘idﬁby
formul ati on conprises at |east about 25% at |east about 35% at | east

about 45% at |veaght Thisgs fesiyges when ajsubstantiallyipn-fhud,or spbstantially vaﬁmﬁt 75% at

| east about 85%mafiatiof &SleeddOMta R84 @mbadimbRa%kendRRty 183 % sBus rmrsﬁg%r wei ght
of the corticostergid. [00192] In sone enbodiments, the viscosity of the

gel 26 or nul at i orieoTpfleid gHtisseeceriabls phagpasenticaker! umplotions preflesired. escri bed. For

exanple, in so%c@ﬁpadﬂa@nbmo@@fthé@\»{num&l%og@ﬁs‘es Rl ﬁaseaaéusmaey %lgﬁndt a
Cone Spindle CPE-40 is used to calculate the viscosity of the

fornul ati on dedeast Pewf 49t ¥ weightrpt drastabolt B GdyEsighs, or svamra lspyt aE‘P"éI 8?°§|@F ndl e
and cup) Vi SCOMRYAEy i S Selho bamfAh e UARIsRrhBAuY LSGORIiiDhede iheBeir
in.

formul ati on describ one enbodi nents, the viscosity ranges
referred to hercentgmplated to fall w1th1n the scope of this disclosure, and in some alternative
25 embodiments, even more fluid (and consequently less viscous) auris-acceptable gel
compositions are formulated, such as for example, those in which the gel or matrix
component of the mixture comprises not more than about 50% by weight, not more than
about 40% by weight, not more than about 30% by weight, or even those than comprise
not more than about 15% or about 20% by weight of the composition.
30 Round window membrane Mucoadhesives
[00196]  Also contemplated within the scope of the embodiments is the addition of a round
window membrane mucoadhesive with the corticosteroid formulations and
compositions and devices disclosed herein. The term ‘mucoadhesion’ is used for
materials that bind to the mucin layer of a biological membrane, such as the external
35 membrane of the 3-layered round window membrane. To serve as round window
membrane mucoadhesive polymers, the polymers possess some general physiochemical

features such as predominantly anionic hydrophilicity with numerous hydrogen bond
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measured at roomtenperature. In other enbodinents, the viscosity ranges
referred to herein are neasured at body tenperature (e.g., at the average
body tenpEoabawsIeii a heal thy human). [00193] I n one emnpouiuseen/0030ke
pharmaceutically accept abl e enhanced viscosity aurisacceptable fornulation

conprises at | eghing @@uﬁspEﬁuasra%mgceIpebpaﬂjdfoatve&ﬁ@%ﬁlcmau&@m kils 20 sRBRES or
Sui tabl e gelllng agents or use in preparation of the gel fornul ation

i ncl ude, but ar®ffidsnt ﬂ?’ﬁ%‘i"%‘@doP‘Hletrétélthedp‘t%‘é%etweré‘l | ul ose derivatives,

cel lul ose [go1%8] S RSukH win@&W BRIBARE MksRAhésiNeQBents @hihyrd Rl With @&Suris-
hydroxyethylcellulose hydr oxymet hyl cel | ul ose,

hydr oxypr opy| netcrgptable fPﬁP‘B%‘@nS H’;?H‘PB)P}‘WBB?}II%WNH gicleast prarsaipblee| | ul ose),

guars gum xant haiieHyip yrxbﬁ&db%%o@ﬂﬁf‘ ) a RAteL MR I8bTe, b8t Water-iBddBibl, EibRws,d) |
silicates, starch, tragacant car xyV| nyl pol rrers car ra@geenan

paraffin, pet rdiresinkedfarbony-funstenaheqlymsisa gios }(e8n sone
ot her enbodi e Nt bopd Sl DPPPY. R QRBHIEE RGNS é@gldeulamoﬁlmoﬁs@%!ef fa)hydiophilé i | 1 zed

as the gelling a ent In certain enbodi nent's he viscosity enhancing
agents descri be®Diafchariie ghe, mplioslexiring 3 yes-lipked alignyje gwm g, &yéﬁ{'d*ﬂ?ﬁfs‘?lﬁe gel

formul ations pr@%&%e@mw @hy- 50[}@@1%4]%& B S PR BRD QA PTRG Sselcfel BomARe

formul ati ons are useful  depen upon the particular corticosteroi %’h ot her

phattraceut i cal %@é’rﬂonﬂ?tmék’é F‘BP’@H%‘E?’%F@I silipepationidseand cdgye ong@ixdyye Hieeof. The

considered to frahdd whnldw ﬂleﬁlbﬁnsﬁﬁ&%dﬂésnkmgen@rs %ﬁal] LsQliR8thiinatiol wi®aapl e,
ot her comrerci al |l y-avai | abl e gl yceri n-based g % ycerin-derived
§e

conpounds, conjgaPeEPalF viErsEE ncrRees geipicnt, r?&t‘srefié (PG Eiedniempipn

pol ymers, as WejfkheomPdiddn With B ehub bl laydd @dret 8tid dRsponeétt Oh BAL Ssh-lirdifidlg
al gi nat e- based gels, and even various native and synthetic hydrogel and

hydr ogel - der i veiaupfpBmueoadhesivapeens praliodextinengior aa gletpieignms Wen used,

cor {4 cost eroi d thoroid a;dd@n%eﬁme InRR6adABS @ dRaradtBr ﬁ@%dqmctb &h@on is at
auri s-accept abl e gel s include, but are not limted g{l na hydr ogel s
i

SAFO- Gel ( ConvaTetel theyis suSeigh to felives an eifsetifsramopyt qﬂymceg@p geidgmposition

(ConvaTec), Nu-tgebr dxamplOiB §RBos& 14 AR B8 RAndR HHi6® Imenidnk BTN Rristd Bestrac
Carrasyn(r) (V) Acemannan Hydrogel (Carrington Laboratories, Inc., Irving,

Tex.): gl yceri rfogiieae ifcpn apqupt ﬁ?‘cﬁ"é@ dhe I{“ﬁﬂ/ﬁ"é Qembiane. @R thoreaferdeliver fhse . |

Dal | as, Tex.) aRghpksitiddth t&taﬂ'e&k&a&a}m@ﬁeﬂg& $aP Bs&AMmplel oyl tHetvB&ibular
enbodi nents, bi odegr adabl e bi ocg{&gatl bl e ?’

s al so represent conpounds
predent in aur i8R eashleanstructprss QFWH%‘C’HPSQWCG%}EP Hﬂdmlﬂgfé‘gq@ ei n.

[00195] I n somanfcasdheldidre@nsclalRy slonfdithefcing8 Ot iflefRLibP6Y thdcpdatpR! . and
for conpositions formul ated for hunman administration, the auris-acceptable

gel conprises SYitsamposallaygr iciudie huppot ligtitgah fo measyng chanasddi residance ¢ ot her

enbodi nent s, t hgeidnitHRCTNE RRIpEsiGEH in G HBEINSSindPresBMte df B nif204thesHAY0 OF
about 99% of the conposition by weight. This is desirous when a

substantial |y rdfPePMyid, or substantially viscous
25 [00198] In one non-limiting example, the round window membrane mucoadhesive agent is

maltodextrin. Maltodextrin is a carbohydrate produced by the hydrolysis of starch that is
optionally derived from corn, potato, wheat or other plant products. Maltodextrin is
optionally used either alone or in combination with other round window membrane
mucoadhesive agents to impart mucoadhesive characteristics on the compositions

30 disclosed herein. In one embodiment, a combination of maltodextrin and a carbopol
polymer are used to increase the round window membrane mucoadhesive characteristics
of the compositions or devices disclosed herein.

[00199] In another embodiment, the round window membrane mucoadhesive agent is an

alkyl-glycoside and/or a saccharide alkyl ester. As used herein, an “alkyl-glycoside”

35 means a compound comprising any hydrophilic saccharide (e.g. sucrose, maltose, or
glucose) linked to a hydrophobic alkyl. In some embodiments, the round window

membrane mucoadhesive agent is an alkyl-glycoside wherein the alkyl-glycoside
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formul ation is needed. In a further enbodi nent, when slightly | ess viscous,

or slightly nore fluid auris-acceptabl e pharmaceutical gel fornulations are
desi red, wheotwwseoapati bl e gel portion of the fornul ati @eoTasaEi0s3s6 at

| east about 50% by wei ght, at |east about 60% by wei ght, at |east about 70%

by weight, or e¢gprigds als@@s linkedes'h h28Hebic AR @Y., WRalkpt cofpribing aksuepesind. Al |

i nternedi ate |ntegters within these ranges are contenplated to fall within
the scope of t HP8UPSBPERHUPES) brith amadeslmlfegcmma%@%e @rrpdamas fipkagecifen

nore fluid (andigpnsiegsnhibdthéremRagé] SRS linkdBE, la$hidssee RhigRk & ARlosidic
conposi tions are formilated, such as for exanple, those in Ich the gel or

matri x conponerinkege # fhioghicetidic inkagpyindiopa mi"?tSiF linkaee InRerme ‘éEB'Eﬁi‘l‘m?}E%}lfy

wei ght, not norguddiARdEPRiinbrARYmBYoaWRisEB igenh Rta HERYIE hEfIAN RBEAURong 1 %cRYI-
wei ght, or even those than conprise not nore than_ about 15/o or about 20% by

wei ght of the coRfRs¥rdodeeyl-Rgederl-wistaderyheridsed- Redecahdipirdecyl-otos] Al so

cont enpl at ed widchidéryt @%r%@-ﬂﬁlt@sﬁdé h@(yanmqlmsams nofiyll, REcyR @i detyl) dodecsl- r ound
wi ndow nmenbr ane nucoadhesjve with orticosteroid formul ations and

conposi tions andrigfex d@%addi’gfﬂe@é‘@"&yheheéi‘dﬁcy Theptederyir 2pd esaderd & 818-Drs used
for materials tdnabsié; mgx}n.ohépl@q Blsk?l- Moy, &ecyd, uﬁ’de@ylold@gécgplma&gbr ane, such

as the external nenbrane of -l ayered round, w ndow nenbrane. To serve

as FMound wi ndowFtrRdep é’ﬁ%ta‘ifﬁ@oé‘ﬂ%ﬁ}'e hentadseyly and qotadecyd p oFd-R-Spesds s sone
general physi ogleyl, Gajtylf, @B @leSHS RidRsy1 ) hRrieR dean sl y-136infskie; h tff’tyl' or

hydrophilicity with nunerous hydrogen bondform ng groups, suitable surface
property for waCPihghitnieosh-Hog sopyranpsids; alkyl thioguczases; alky] mplfaisiosides; long

flexibility to Jasnatiptiecdbeidaadnialomiidtose BARERLIRRHREL; Wervd@sgeNbr ane
nmucoadhesi ve agents that are used wi th the aurisacceptabl e fornul ations

i ncl ude, but arPelappese P ispmaliaming linked pyapgmide, inkage (@nalkybehpin and BRI YaEI¥ES done

pol ygrer (PVP); @lmmmeab% Brea bdlinél\@il@limﬁ NS dubih ali I{ah@Ezﬁb&nc acid
cross-1inked carboxy functional pol lymar a crosslink edppo y acrylic acid)

(e.g. Carbopol (Y§ide27picrossBamings Aty |1ongeshain gliphat QUGHHLIPHEY : a
hydrophilic po!oy&@e@&segrmﬂogutmem@é u@@tﬁeféémuadm@n&rmsmwﬁﬁﬂw%émﬁee gum
gel, a water-dispersible polycarboxyl ated viny 0I¥ at least two

particul ate coﬁ‘b‘t‘iﬁ%qli‘{ﬁ%"%@le’étd% el Ehicetide ﬁ’f“’d‘ﬂﬁ‘ glwqﬁgieesrmequsam um

di oxi de, silicQAcrdieO@uétRe, orldorhbidtionMWerédbf KhrddWy @ diyetigiefinkabh€o 404Rd Wi ndow
menbr ane nucoadhesi ve agent is o& tionally used in conbination with an

aur#%- accept abl82iprE¢-48 Farhon sepeies: ﬂ@n%lxéFCQﬁl -efiRdecyly anddetppdegybspsrasigde; ncr ease

the interacti omofjl-,db&1-CasMROA! 4ndearadbdy glubRideL@3Bhyll, A¥SI-, degBlar@t i C
conponent. In one non-limting exanple, the nucoadhesi ve agent is

mal t odextrin adeifadeeyhmaligsidien dn some gmbodiments, tbe sound prandop IpRmBiI¢dow menbr ane
nucoadhesi ve chaicasdhedivd dgRaTié Arhlk-gly26si@ORRASH tHeQlkyl Slysdsidd id evel that is

sufficient to deliver an effective appunt of the corticosteroid conposition
dodecylmaltoside, tridecylmaltoside, and tetradecylmaltoside. In some embodiments,

25 the auris acceptable penetration enhancer is a surfactant comprising an alkyl-glycoside
wherein the alkyl glycoside is tetradecyl- B-D-maltodise. In some embodiments, the
round window membrane mucoadhesive agent is an alkyl-glycoside wherein the alkyl-
glycoside is a disaccharide with at least one glucose. In some embodiments, the auris
acceptable penetration enhancer is a surfactant comprising a-D-glucopyranosyl-f-

30 glycopyranoside, n-Dodecyl-4-O-u- D-glucopyranosyl-p-glycopyranoside, and/or n-
tetradecyl-4-O-a- D-glucopyranosyl-B-glycopyranoside. In some embodiments, the
round window membrane mucoadhesive agent is an alkyl-glycoside wherein the alkyl-
glycoside has a critical miscelle concentration (CMC) of less than about 1mM in pure
water or in aqueous solutions. In some embodiments, the round window membrane

35 mucoadhesive agent is an alkyl-glycoside wherein an oxygen atom within the alkyl-

glycoside is substituted with a sulfur atom. In some embodiments, the round window

membrane mucoadhesive agent is an alkyl-glycoside wherein the alkylglycoside is the B
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to, for exanple, the nucosal |ayer of round wi ndow nenbrane or the crista
fenestrae cochleae in an anount that coats the nucosal nenbrane, and

t her eaf t ewoedwn3e924t he conposition to the affected area®CTiuseéoaddsvgs by way
of exanple only, the vestibular and/or cochlear structures of the auris

interna. One nembRer. iPdonh®baithRIGhe Huhd Grln%B&' mmﬁbé@%gbrﬂ@ ailes

m)nltorlng changes in the interaction of the conposition with a nucosal
| ayer, incl udi ngtycpvide ‘?’b‘?ﬁ“ﬁlgﬁap‘dl%a%‘@ﬁ?Wr’é?fagi‘?g"e@%@?r/eﬁﬁ%e%/é’ or

retention tine @b, bhe, Q’PM% boANgd. 1,1 V50403 00198, AR pnesence of the
nmucoadhesi ve exci pi ent fnone non-limting exanpl e, the round

wi ndow rrenbréﬂé‘svﬁféﬁﬁemé&wﬂed?fg@h?“il Othax|Stehilizing Formulatiansdextrin i s a

car bphydr gbe200] 0dur£shebi¥ic bMBodiHEHtOthY Sirfks-#EeptbR! eRmlldiRhs AfrRRYAIPBFhprkes
derived fromcorn, potato, wheat or other plant products. Maltodextrin is
optional |y usech @Flopgstin Cypledextrinsre syt fligosasehagiflesropteinine & duid wi ndow
menbr ane nucoadgbyiandidaiitss re?é?reh'?&’é’sr&-cmgﬁﬂﬂ%&%fod‘éﬂﬂﬁ %‘Eg%&éléée'xﬁ& on the
conposi tions disclosed herein. In one enbodi ment,” a comb tion of

mal t odextri n arréspactivalypOpdodepising hasve adwéron@édext@flqrmhlda@élamqqewateumh}ﬁ ndow
menbr ane nucoa I Ahfes Vi ces

di scl osed here:jir%8§ hg&’rogllfb%f I'n a%ﬂo@hgﬁr:ﬁ)gﬁgb ‘t'ab,ﬁ Sgﬁsgﬂﬁ‘é&ﬁv&eﬂﬁow menbr ane
mucHhdhesi ve ag}é’ﬁtoph@lwpra¢q§>®lf0@l3w@§¢uéf§ 0&%%@@ hydrophelri¢ ehvitabky| ester.
ps used her el ncyBBacdhdqylrod ma%w@ommsAamﬁa{mwpao&afm{s' o418 cAble

hydr ophilic saccharl e.g. sucrose, maltose ucose
hydr ophobi ¢ al kflother mmo@w@& trsrRations Wigh m@iﬁﬁdewlﬁ@momﬁlﬁﬁ thee

mucoadhesi ve agghlophshidh TodEHERAH ISP GFE BJE}Q fi

al kyl - gl ycosi de orrpr(?osles vg;’g%gr )?fl nkead tto achyg(;I (%ﬁmgs OfﬁacP (e.g an
al kyl conpri si rgywab!ramosaumb onbdlydre&1 graulbcm caxtyohrslpxthiy, @myémﬂegrcbupn hage an
o L BB AT B O RSPt o P85t ol P B e 20
t hi ogl ycosi dic gmupkagebe razdeavltleanyroéa dmnﬂadrnf(&g@ntsltmf(ﬁmmﬂmgmwymm s, the

round wi ndow ne . MIc.o dhe5| a i S a. hex octyl -
nonyl -, decyl - <¥° ﬁﬁd‘w@ygﬂgﬁé’&‘fd‘ng}yﬁo&gﬁy] eﬁ’e‘%gestullf%ag%y%d pent adecyl
hexadecyl -, hepshﬂ‘ﬁ&leﬂéthers @ndwmséléwlmyé stArctued ofiP-ycrvabiitas hbahe hexyl -
heptyl -, octyl-, nonyl - dec | - undeCéI -, dodecyl- , tridecyl- |,

t et radecyl peﬁtyé’d’éWPpyl‘ﬁT adecyl , and octadecyl a- or

b- Dgl ucosi de hexyl -, heptyl ro oct yl -, nonyl -, decyl-, undecyl-, dodecyl -
tridecyl- , tetradecyl pent ecyl -, hexadecyl -, heptadecyl-, and oct adecyl
a- or b-D- sucrosi hﬂ@ I -, octyl -, dodecyl-, tridecyl-, and
tetradecyl - b- Dthl o o@ - or octyl 1-thio-a- or b-D

gl ucopyr anosi de; hlosucros@ mal totriosides; |ong chain

al i phatic car bonl am des oR rose b-am no-al kyl ethers; derivatives

of pal atinose oy’ rral tam ne |inke @ an am dg d nkage to an al kyl chain
OR

R = CH,CH(OH)CH,

%R hydroxypropyl B-cyclodextrin
. R OR
O OR R o) OO o
0%4%/

RO
20 OR

[00201]  In some embodiments, the use of cyclodextrins in the pharmaceutical compositions
described herein improves the solubility of the drug. Inclusion compounds are involved
in many cases of enhanced solubility; however other interactions between cyclodextrins
and insoluble compounds also improves solubility. Hydroxypropyl-B-cyclodextrin

25 (HPBCD) is commercially available as a pyrogen free product. It is a nonhygroscopic
white powder that readily dissolves in water. HPBCD is thermally stable and does not

degrade at neutral pH. Thus, cyclodextrins improve the solubility of a therapeutic agent
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of isomaltam ne |inked by urea to an al kyl chain; long chain aliphatic
carboni c acid ureides of sucrose b-am no- al kyl ethers and |ong chain

al i phat i cwoanorspe4aci d am des of sucrose b- am no- al kylpCetusess/00done sonme
enbodi nents, the round w ndow nmenbrane nucoadhesi ve agent is an

al kyl -glycosid Qn%%ﬁésﬂﬁnhf f(ﬁ'lnlﬁ}éltlofg l%@&%in@@ fn%oﬂ@ lextng&fr‘merﬁy %§8§&xtrﬁiL He0SE€,

or a conbination thereof |inked ycosid |naeto an al chai n

of 9-16 car bon ia¢lbdad te icggase th‘bw}/‘lblhty agtély Puns-mw@w conaﬁaerp@s
sucrosi de; nonYlmulgRmy bescrislQdRfetl. n &G hBbdiRERS %lyclgllé*ﬁ'ﬁﬁ L fgiqiRndeneny! -

decyl -, dodecyl- and tetradecyl maltoside). |In sofe di ments, the round
wi ndow menbr anéoﬁﬁ@lﬁédﬂ@@?V@I%Qﬂf'mlt%thaf?r@}lléwnsgiﬁﬁ@b@ hféﬁlwner ein the al kyl

gl ycosi de b@zo‘ipde@&' 9)&411?7' orfly, )6 fH?ll deAVAIEs foPtM i ?\che%p dgﬁgﬁ,%sl de.

In sone errbodl rrents s acdcept abl e penetration en anc
sur f act ant corrmyplsdﬂ@rary-cmlkqutrgi, Mﬂ&yhﬂ}eyo@dnxtnh,dlydiokmbrogﬂyc oside is

micoadnedi ve agehEiP e SaH Aeae ot AR RoT e R b e s

di sacchari de V\ndybloaéxnhxeast one glucose. In some errbodl ments, the auris

accept abl tration enh ncer sur.fact.an r| sin

a-D-gl ucoﬁoy@%sy&h%cmﬁ?ﬁ}' g h%%ycg’éle"tﬂn Bsd e Fc Sﬁ“’“ﬁ%@l”ﬂf‘é@ﬁ?r anosyl -

b- gloycopyr anosi cﬂ@los@dﬁl@b&ﬂﬁ vaties hdfo@dﬁﬁg/ﬂo-the%@lacheﬁgl ptﬁpd@tjé’sa;b}ﬁﬁydcokmetw

b- gl ycopyr anosi de. enbodi ment s he round w ndow rrena%

nucoadhesi ve ad’é?ﬁertfeg Sé‘%rggff’?ﬁr 9%‘@?88%?"666 {ag?rhcqnﬁgergtpqgﬁ @F*&@ has a
critical m sceldsscaadednithatht@peniciy)active dgestSortalvaln ogrodiiig thehdof, Br With thewat er
or in aqueous solutio i he round wi ndow menbr ane

ons. . | n sone enbodi nents,
micoadhesi ve ad&MeE° g?lth%fle%wl-eﬁﬁs%nglg CYEPRHOP TS A CERAA BB RS n ¢ he
al kyl gl ycosi de doficeattitivhior din@sht of &ytlodesiih hised uﬁidhﬁi\daﬂcﬂ wihke @npositiomnhg, the
rou w ndow ne dhesi ye a S an alk | ycosi de wherejn the
al kgﬁdgl ycosi de rfr%hcfdﬁglsglgwg??ﬁrrem ‘ﬁ\@ Berg gﬁéi%f”?ﬁ?ﬁfl% P?’fa’ntge Wl‘?’rﬂ%ﬁ\f
nmenbrane nucoadiyeisdexerira@edded tosinardaselsélybitig of ﬂ&%dﬁo%&@fd@h&’oﬁ f@ction as a

al kyl gl ycosi de ¢ s 90% .91% 92 3% 40/ 95 6% .97% 8% 99%
50 100 86 20t SP Rl Seicee Priipicst Aot the Ao olalgps deriogd Bre &S SIABLER PSLhE o

O her Stabili znﬂgprﬁmrpnﬂsj éthpns ab@&zaﬁﬂgsldesoﬁban&%ﬂl c enbodi nent, the

auri s-acc e for ns ter nati vel r| S cl.od xt ri
el outost AL " O a0 Bk S AR S U PR Pl ormt sghs ghsclotel
gl umopyr anose Uieisincludd, Edrlergnfle, fasy idsyfattpseotiols| ﬂcotb}splbﬁé exhaxfafty Boid Or

g-cycl odextrin resp ctlvel clo trins.hav hydr o h|||c exi r|or
whi ch enhances St rée;r%ﬁ‘hfogmﬁ‘i/%ﬁ%v&ﬁf’gfa ?%‘?Si’ By iRyl oprre bq%
cavity. In an @qlwﬁysetmyipb@nﬁi?mwohbbédﬁyﬂfd&ﬁlbblﬁs Ryl $phobiS pollymes/v@bistied- ecul es

often enter the h%ﬁﬁ F obic c Vlt otf C cI xtrln o.forminglusion
conpounds. Addi¥PTANEE ymﬁrﬁcaln ?H’é’s fimepfs. FUALNAEHESS of
nonbondi ng i nt efaabiligssaraalsh used) Rdulties eﬁﬂi&ﬁm&i’t@ tHEQ:hodeﬂSﬂaBﬁﬁzéthanges the

25 hydrophobicity of the formulation (e.g., oleic acid, waxes), or improves the mixing of

various components in the formulation (e.g., ethanol), controls the moisture level in the
formula (e.g., PVP or polyvinyl pyrrolidone), controls the mobility of the phase
(substances with melting points higher than room temperature such as long chain fatty
acids, alcohols, esters, ethers, amides etc. or mixturés thereof; waxes), and/or improves
30 the compatibility of the formula with encapsulating materials (e.g., oleic acid or wax).
In another embodiment some of these stabilizers are used as solvents/co-solvents (e.g.,
ethanol). In other embodiments, stabilizers are present in sufficient amounts to inhibit
the degradation of the corticosteroid. Examples of such stabilizing agents, include, but
are not limited to: (a) about 0.5% to about 2% w/v glycerol, (b) about 0.1% to about 1%
35 w/v methionine, (c) about 0.1% to about 2% w/v monothioglycerol, (d) about 1 mM to
about 10 mM EDTA, (e) about 0.01% to about 2% w/v ascorbic acid, (f) 0.003% to
about 0.02% w/v polysorbate 80, (g) 0.001% to about 0.05% w/v. polysorbate 20, (h)
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hydr ophobi ¢ cavity. Cyclodextrins have three free hydroxyl groups for each
gl ucopyranose unit, or 18 hydroxyl groups on a-cyclodextrin, 2 1 hydroxyl
groups orwb-20eyhodextrin, and 24 hydroxyl groups on g- ®gtlusdenionione One or
nore of these hydroxyl groups can be reacted with any of a nunber of

reagents to forgmgifink Qi)mepay]ﬁr@)eiemrmsuﬁml(ﬁﬂ@»étoawn&em YeatdsMESolysullat el Ng

hydr oxypropyl ethers, sulfonates, and sul foal kyl et hers. Shown below is the
structure of b-XREE heRIERQIfs, th‘?iﬁalﬁfﬁéat%FW?b%WF‘“mﬁméﬁ’é‘F’dHé‘)@tr| n (HPbCD).
dextri n [ 00201bmbihaiéti¥®nepdspodi ments, the use of cyclodextrins in the

phar maceuti cal conpositions descri bed herein i ngr oves the solubility of the

drug. | ncllf®08h conpidifénalysgivl eprtigasierpid gy bledarmpyatigpsiacludene or

sol upi l'ity; howgdtehntRhdedgalis LIAARES BREhAES Mﬁﬁlﬁty%f@dr@dﬁﬁé?did f$maRGbns B0l ubl e
conmpounds al so inproves sol ubility. Hydr oxypropyl - b-cycl odextrin (HPbCD) IS

commerci al |y aveducus|the rais °§p19§%@e’@rﬁg e Thy Bticrgereationjaddifve,ssingted dercadhi ¢

white powder t Rgbn iR @ekuteYof HeSORAMESs th WhitB RS cortldBR&HIds Fof H@mpRI | Y st abl e and
does not degrade at neutral pH Thus, cyclodextrins |nprove the solubility

of a therapeut .ceﬂas@%ﬁpidﬁnfabqéeﬁwsteﬁ OF SragPHf PEtIRTMYRtions BRdSERYPE i n sone

enbodi ment s, CVglARa%hd iHBfmadktfess RGLvEILgi fieRni MGl@3%LatloRadENdtBidd ty of the
auri s-acceptable corticosteroids within the fornul atigons descri bhed herein.

I'n B her enbodiff@mtation uyderaninglyppiylization apddsqopssitution, el anti-aegresdtipnd r el ease
exci pents Wit hiaadii& ihNideLbyplhPorexaasie bhif eded) ghiidiniulQARBAE, sBypIN@Hinf

exanpl e only, cyclodextrin derivatives for use include a-cyclodextrin, b-
cycl odextrin, gwé‘@él}caaéﬁlwmﬁor RGBSy BAIhPPLYBloelAly Befssoratss; PW%WE%pyI g-

cyclodextrin, sidlyemlRbe %lg@dlﬁh&di&i&hﬂsl AkylsidchatlRs sachea alkgPgyddsids, angu! f obut yl
et her b- cyclo xtrl n. 0203] The concentration of the cycl odextrin used

in the conposi tSP'Ef?féa“éﬁﬂd met hods di scl osed herein varies according to the

phygd ochenpgzob) pr Op%théﬁﬁefupﬂaﬁﬁﬁlﬁﬁﬁk bﬂﬁinhlﬂiy ﬂElQMrfe'o?ﬁmre%uﬁ?-a&feﬁtﬁ% or
adverse events, fornmul ation considerations, or other factors associ at ed

with the ther ap@tiexidagts|ty enhapseshengicalabiliy where sgquired. Spitable angjoxidasiggludey

with the pr Operbfylv@§ o@fexa%d[@dnlﬁ&%o?dl@é&& mebhibdife, SEIRL HidsuPhle and¥d&iuml N
certain circunstances, the concentration or anount of cyclodextrin used in

accordance wit ant%ulfaﬁﬂ%gﬁlq suehedimnt) apiRxiisnts atk sslertsd Bamivestal ichelating agents y |

dependi ng on thﬁoﬂ%ﬁ hp U&Qﬂm&@tﬁe@é@ﬁéﬁl&ta@fhzﬁ%@ké}ﬁ@x”' ns needed to
increase solubility e corticosterold and/or function as a controll ed

rel¥ase el¥?¥flent i rﬁt’élrﬂ}h%flseﬁﬁéo%?%‘tﬂnaﬂcb‘ﬁé ORFT ANqrp BHisrREseptaRle; surfagianisct ed
using the pringh Bhtasce pRYAEAPEBilityd? forldRRE Phrpées. 4884V Rbntefueh&lantd 00204]

O her stabilizers that are useful in the auris-acceptable formulations
di scl osed her eilfflpdschyl ges not lipiteddgppatyoxysthyleng fafty agid 81¥°§f1f1'§ﬁ agfl ¥egstaple oils,

al cohol s, 1 ong e @olyokpiHyYen@¢60Y hydrogenated castor oil; and polyoxyethylene alkylethers and
alkylphenyl ethers, e.g., octoxynol 10, octoxynol 40.

25 [00208] In some embodiments, the auris-acceptable pharmaceutical formulations
described herein are stable with respect to compound degradation over a period of any
of at least about 1 day, at least about 2 days, at least about 3 days, at least about 4 days,
at least about 5 days, at least about 6 days, at least about 1 week, at least about 2 weeks,
at least about 3 weeks, at least about 4 weeks, at least about 5 weeks, at least about 6

30 weeks, at least about 7 weeks, at least about 8 weeks, at least about 3 months, at least
about 4 months, at least about 5 months, or at least about 6 months. In other
embodiments, the formulations described herein are stable with respect to compound
degradation over a period of at least about 1 week. Also described herein are
formulations that are stable with respect to compound degradation over a period of at

35 least about 1 month.

[00209] In other embodiments, an additional surfactant (co-surfactant) and/or buffering

agent is combined with one or more of the pharmaceutically acceptable vehicles
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esters, long chain ethers, hydrophilic derivatives of fatty acids,

pol yvi nyl pyrrolidones, polyvinyl ethers, polyvinyl alcohols, hydrocarbons,
hydr ophobwo 2p@/oens, noi st ureabsor bi ng pol yners, and ceabiusatmwon®es her eof .
In sonme enbodi nents, am de anal ogues of stabilizers are also used. In

further enbodi rme&@uslgcte@crﬁ)@@ﬁ@ran%s alat db Macﬁﬂ%@/‘%%ﬁtﬁ?in?!&é’n m@mahﬁltﬁa of

the formul ati on .g., oleic acid, waxes), or |E§ oves m xi ng o

vari ous conponeﬁﬁ"l“c # ap Qetima il fonstalility (Ritgble cespyrRaNty includas bt nP‘he
noi sture |evel [ikitdds: &) aatial #d(s§netic IPYPhiRE adeftk VeV, ét rﬁﬁbspmsﬁ;;l@é bctpagtol

controls the nobility of the phase (substances Wi ting points higher
t han room t enpettdrehelestaldnttinacid estrgs and devivatizesitherent Qi§°manlééw&°§antse‘§hlé}|‘ s,

ethegs, ani des igtiGde fOf exdinpiclpSioyBByIEAT fatty AXGD) este@m&gﬁadfaw&v@e%t&dﬂe
conpatibility of the fornmula wth encapsul ati ng materi al &g oI el c acid

or wax). |n andSha®) eplgeicthylene subigandatin agidestesst(asy lewgthalre@e
sol vent s/ co- sol }&dbfate@TEeen 503, fisa@e@ethyleae @zoblgarblmbl%b&@mté gﬁéeﬂ'@bj ' Zers are

present in sufficient anmounts to i nhib gra dation of the
corticosteroid. P%@éﬁh@%“%@@&@ﬁ%@%ﬂ‘ﬂ“ﬁ ﬂ'grveﬁ’g Mragd otharTwesas, spibitatar e not
limted to: (a)esho &1@;&;0 HolHidE@teQlriacd il icRe A%6diO
about 1% w' v meetshl o%llsl(r:1e(D ; e% /1;9% o0 about ef( oaC @ ﬁ'g%gtzleoeg%l)yl/cero

(d) '%bout 1y t§hBIERROL fetommhole @?@@%FGPOIO’M%"P@ SQmﬂ!ﬂxawasw/ v_ ascor bi ¢

acid, (f) 0.0034dxemafe Wbl &k ¥ashh | Ma@mﬁ%% 89, ChethopRor®Rifsot 0 about
0. 05%w/v pol aﬁ)rbate gbt)y@x%ﬁ The, e, (jf%lrextran sul f at e,

nine, (i) heparin,
(k) cycl odextr |C|:f§mp}€°I)“"26eq%’iC6’§ ‘Pf"&% S:SeH}OP]a‘treE&hHldd’cﬂFFéhWa?IiSnO| ds, (m

di val ent cat i OngIfSeednAS, ARAREPHAHE @DY); PECGIycoyl L) 168 B dlchARPEGRET €Of .
[ 00205] Additional usef ul’ﬂg%rtl?costgrg)l a(t;gr}llcglryaccgéat abl er formul ati ons

i ncl ude one or Ssew! saprylats/sepraty &abd &ﬁo%d’@ﬁ"? %lé%erlltfafé'ﬁh%@a?t(hﬁh@f?‘f y of
cor {4 costeroid }flﬂﬁmaizlommyazrﬁgy&gn Mraw@erueﬁ@mfm?rﬁcﬁs ?Iy@&glrrﬁ&i%t i on.

The anti-aggregation ad depends upon the nature of the

condi tions to VHfat{lebrafily 104468 Bﬁﬁr%ﬁyce%im@ﬁaéwa@aéblﬂtz186§§brpmpcllene
anti bodies are %9@%@& aFi®8i-1BP50 Ssters @ﬁcthaab BroBﬁEﬁ@’él?cl%l aﬁl%t@m V18R gk

agitation and thernal stress .f 08U|re a ferent an gr eg a 1 on addltlve

than a for nul atPBafFfIRREoPAY 1 oaamrbylfaaﬁlraaﬁat%m@arw@emmd@m Jagry] sulfatss u|

anti-aggregati %b@sd@lh}tlkﬂegﬁ,cera%uﬁﬁmléa& B4nP EorbiAdtBhEorMkiires WRRL: c)
guani di ni um chl'oride,” sinple am no acids such as glycine or argﬂnl ne,

sug#ts, pol yal cBigsics! W%lé?lb‘?ﬁ b argyot m?%ms@&qwgarb@qyy@tlwp esegl ycol

and dextrans, abkiin cifteRAdthI& uloss! oIS s@fokyécqueyasayldmmggﬁate faghants.
[ 00206] Ocher useful formulations optio i ncl ude one or nore

auri s- accept ablRelYgnYstydeng spifases; sd éﬁhﬁ%&“@ﬁén‘i’é‘é@w ftearafe, AP equi r ed.

Sui tabl e anti oxh@aBteilelsAlfs] 4Hd@ny B¥mbiBMNioRE oreXiRARs @hePddifYand @5 ERbRik Surfetatlss
met hi oni ne, sodi um thiosul fate and sodi um nmetabisulfite. In one enbodi ment ,

anti oxi dant s arséchsas|ceyitanethylammeniug) bremideand fyrddjmgthylbenzyl-ammonium
25 chloride.

[00210] In a further embodiment, when one or more co-surfactants are utilized in the
auris-acceptable formulations of the present disclosure, they are combined, e.g., with a
pharmaceutically acceptable vehicle and is present in the final formulation, €.g., in an
amount ranging from about 0.1% to about 20%, from about 0.5% to about 10%.

30 [00211] In one embodiment, diluents are also used to stabilize the corticosteroid or other
pharmaceutical compounds because they provide a more stable environment. Salts
dissolved in buffered solutions (which also can provide pH control or maintenance) are
utilized as diluents, including, but not limited to a phosphate buffered saline solution. In
other embodiments, the gel formulation is isotonic with the endolymph or the

35 perilymph: depending on the portion of the cochlea that the corticosteroid formulation is
targeted. Isotonic formulations are provided by the addition of a tonicity agent. Suitable

tonicity agents include, but are not limited to any pharmaceutically acceptable sugar,
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t hi ol contai ni ng conpounds and ot her general stabilizing agents. [00207]
Still other useful conpositions include one or nore auris-acceptable
sur f act anwe 20@/Bpdrzance physical stability or for other parpss@9/00386ét abl e
noni oni ¢ surfactants include, but are not limted to, polyoxyethylene fatty

acid glyceri desRBdanyRefbARSHs OF hx%ctur‘é‘s memo@glcumsatdtyhan@d &Qt@}trétxqﬁcpgenat ed
castor oil; and pol yoxyet hyl ene al kyl et hers and kyl phenyl ethers, e.g

oct oxynol 10, oseélaszwht?rlda e QY of tonje ltsesﬁét%wﬁaarqﬂéﬁwwttra@ structure of the

auri s-accept ablﬁa&%gdmgqyﬁlﬁﬂonf@,rd@géhgédmdescr| bed herein are stable
W th respect to conpound degradati on over a period of any of at |east about

1 day, at [PEHZL abou¥seiul ity campositions algpgludgong0y suorgsalty pppamenpfut 4 days,
at least about BofR¥% b olsaaatltg%bmétco&p&amm@tant tblabapt fol meeek, at

| east about 2 weeks, at |'east about 3 weeks, at | east about 4 weeks, at

| east about 5 \RSEWEIPhgr theendalymphy Suchsalipiagiude thpselhayiag sodsmPORSHRBRE  at
| east about 8 vggkshiunRtatioR@&d BREHE, cﬁra@%cbﬁate%orﬁt@%ﬁ& tpﬁ&@‘ﬁcaf‘ooﬂﬁgt hs, at

| east about 5 nonths, or at | east about 6 nont hs. her enbodi nents, the
formul ati ons de¥dtes basqlu%te@r Riswlfige apion| suitaple s3lty @élﬁé‘?:t"dtuﬁl eeersisurppssium

degradation Ov%lo%dp%dl&&ltl%su%té KR RAMKE add WRBEniudssigedescri bed herein
are formulations that are stable with respect to conpound degradati on over

a pHtiod dP02B] | eastIngeBeembodimenth theaguveyertahle enl farmulatiprsdliseiosedhergn

addi tional sur faghaiVely(GrAd&iHEAaRG Camthihs é%ﬁhvé%%% én@gucﬁl&ﬁﬂtgrdvﬁhmleed
wi th one or nore of the pharnaceuti caI accept abl e vehi cl esprevi ously

descri bed her eiatisaccepiale PWWF%W Bstin %GP@PC@MSF%?‘WﬁW&éﬁ?S des¢riedi ns

the product at 1RRiPRELIRbuddit A lim$e@ ) ehiolc ackl bbAPAK, pAyabkitrRatRAsS
include, but are not linited to: a) natural and synthetic |1pophilic

agents, e.g., PHOSPRGMAHTEREY cUPRIVES: Bpblized ghigripndipuide srsturiplsiugh aci d esters

andyger i vat | Ve SndritB aR@fhionttsal) Ak ARk 6f G fdréoitytng theMikbCh 1 ncl ude for
exanpl e, poI%{oxyet hyl ene fatty al cohol esters, sorbitan fatty acid esters

( Spans), 8y et hyln@fwthen prbadiment the prescavativeist byrway(of expmplegnly.#ey et hyl ene

(20) sorbitan nRAARkGRI 8e &J\eﬁanl tﬁetms%tep%te%mlﬁaﬁs pré¢thted ﬁeﬂeint Bbne
nonost earate ( Tween 60 yoxyet hi/l ene sorbi tan nonaol aurate (Tvveen

20) and ot her Tibedigen Gtetft’lmtﬁtlegtr@ uges zgwrys@é\fasve weh avhy way of example pulyn

gl ycerol triacehdiy phabdn2bciuntBisuliR! $6afudythRBQ e, xsceetbate Gikopltapdicohol ,
cetostearyl al cohol, stearyl al cohol, polysorbate 80, pol oxaners,

pol Fxani nes, pdhifnsiopal PRFIbsA bengxl sobgl, phf‘@@tethml apdethers. Ig anotigyt smBOHBIERy )
RH40, O enph or ue@éeth@pﬂaftemrs a2 Lonc&AtaHRIETAb& 0.05%) to astctn b bbdut 8A9RBOT S,

sul fosucci nates, alk sul phat es (SLS); PEG gl ycer fatty acid esters such
as PEG 8 gl ycerdhputd r}ta bodument, 4 askispyeparot: zwgpg/wetﬁm

capryl at e/ capr %@hﬂtﬂv@ftaarokyédﬁﬁcemoaaatﬁ)somaﬁ%t%?e fH ¥ fefhdftentbBdiiRh© the
(Celucire 444/ 14{ PEG 6 gl yceryl nono ol eate (Labrafil M 1944 CS), PEG 6

gl yceryl |inol &ti&Prrepamsd b mxing Yaiom methylparsbeny ydsoreyethylcellulose and sodium
25 acetate. In a further embodiment, the mixture is sterilized by autoclaving at 120 °C for

about 20 minutes, and tested for pH, methylparaben concentration and viscosity before
mixing with the appropriate amount of the corticosteroid disclosed herein.
[00215] Suitable auris-acceptable water soluble preservatives which are employed in the
drug delivery vehicle include sodium bisulfite, sodium thiosulfate, ascorbate,
30 chorobutanol, thimerosal, parabens, benzyl alcohol, Butylated hydroxytoluene (BHT),
phenylethanol and others. These agents are present, generally, in amounts of about
0.001% to about 5% by weight and, preferably, in the amount of about 0.01 to about 2%
by weight. In some embodiments, auris-compatible formulations described herein are
free of preservatives.
35 Round window membrane Penetration Enhancers
[00216] In another embodiment, the formulation further comprises one or more round

window membrane penetration enhancers. Penetration across the round window
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gl ycol nmono- and di-fatty acid esters, such as propyl ene glycol |aurate,
propyl ene glycol caprylate/caprate; Brij(r) 700, ascorbyl-6-palmtate,

st earyl amvoepossisgizam | auryl sul fate, pol yoxet hyl enegl ycecwolus2009/003066
triiricinoleate, and any conbinations or m xtures thereof; c) anionic
surfactants i n%éﬁﬁfanel?yénh%c%d B?%help'réﬂaﬁc@@f fofnd &fHd6W WBmbrane penetration

car boxynet hyl cel | ul ose, sodi um carboxynet hyl cel | ul ose, sodi um

sul f osucci nat e, entangers- ﬁoun@wg}dgmrgﬁr@rmwénetrgpmnhy&py@;@)@pwpleqngtlgsl}hqtat es,
sodi um lauryl  sitlifiidfe frandpbit OF SRR AMrBEsuBliERES Foss BRUGTR HAvAMEAbEne. DI | €
salts, and any conbinations or mxtures thereof; and d) cationic
surfactants sudipuadwindey|membagne [PyReiRsHEMPRARCSTS GFA gTeuped Agpording to chemical

| auryl di met hyl Renpde: GRTRZAN BofbRAE hitenoniBe JsQ&h As@o@xmw&mmfﬁm&ﬂment
when one or nore co-surfactants are utilized | he auri s-acceptabl e
formul ati ons oflaurse pebvesathylaic B 1ceylipther, lapreth- %ﬁ@l% ﬁ?ﬂeﬁiééiﬂfa@; gloctyw th a

phar maceut i cal lg¥qia6GRIRssARiite/ S&&&ﬂﬁtb?ﬁge-9§aupﬁ%ﬁﬁp§lm£9
formul ation, e.g., in an anount raylng rom abou 1%to about 20% from

about 0.5%to aweylphenguolygibyleng (NBPQRepelysoskatanend the dike, fanstien agreund so used

to stabilize t%nmﬁmleﬁ%ﬁ@ﬁ&b@atﬁﬁ eaEdrs. @h@%.ﬂﬁ‘%ﬁféﬁ h%hl_ uﬁkq&ebecause
they provide a nore stable environnent. Salts dissolved in fered

sol Wi ons (whi epdignglgoxyghelgge.codive trpabeletes sndiven tapmriy drafasidaty, Safhémml lized
as diluents, |i cH&ihﬂﬂoquH&te R thd llk’@)tﬁ@'yéc@dsaan@ti&%ﬁ@és‘%su@h'ﬁéﬁ&‘égmém i ne
solution. In other embodi ments, the gel” fornulation is isotonic with the
endol ynph or t lsaprkig 3cid; mome- and dizelarariden frufin acito pevichalinss, epmlie adids ea t hat

the corticost eraeyléariuaﬁéguioahﬁxp batestadl B2 UIRE), cﬂeﬁ%gsgeﬁtsf(afcﬂyé BbTANG RN €
provi ded by the addi tion of P

onicity gﬁs wtaletommtg) agents
i ncl ude, but areeidpglicylates atné@ql&ehﬁ\}lfmﬁ eheastdimethylpuliexidedDMI®. sugar , sal t

or gny conbi natd'eéyi'xﬁetﬁ ls{ﬁf&‘a&d{{ £1§ tﬁé]ﬁ(e?%d alebtolt (8Rh a?&had%?ﬁsob}omﬁo?d to
dextrose and sodi'um chl ori d he anbunt of tonicity agents will depend on

the target strugbcamob pmpa@qdyl m&w&@etsp@wctwwmtww @Smblfé%%rl bed
herein. [00212],45&fiMM edn@f¥efsi tY conpositions al so include one or nore salts
i n an anount reqU|red to bring osnolality of the conposition into an

accept aRoundrvindew memhraee Permepbledipespmene endol ynph.  Such sal ts incl ude
those havigig;50di Hifbsdnds aﬁmslal BAAE1e SNEPAILIR &iHidyRi o éﬁ@&bsﬁlme%e Qicostbrollt €
ascor bate, borate, phosphate, bicarbonate, sulfate, thiosulfate or

bi s fite ani odermulationsesicempesitionsRhesnhgkipiduiatsrs &eﬁﬂbféismsedp@mp%

chl oride, sodi wpghinl R nbiiiByer SARIAIRiRN S8k bF &ﬁra?;ﬂaq a&ﬁ@&‘&ﬂn@cﬁb SdphiathEthe
[00213] In sone enbodi nents,” the auris-acceptab formul ati ons

di scl osed her eilipiddpyess: ﬁamwren,wr@rrblalem|aat%lﬁa|qf§hemvlaiaugr ystselewreltsiths t o

prevent m cr obigglm 0508 dholeddydr FiesAbbrhio FRREABIE 1iPYEREY, Wathis4ESoff OF use
in the enhanced viscosity formul ati ons described herein include, but are

not limted toabe28il800mn dThepsjinosoragsihgve maryadyanagsees oHicesieroids eoofhers
quagst ernary ConRRESics badhk LArA&S 1Y SeivitfiodéBY inflf; bIHE‘JgFaH%lé'n%n-té&tC&das

non-antigenic. Liposomes are formed in various sizes and with varying compositions

and surface properties. Additionally, they are able to entrap a wide variety of agents and
release the agent at the site of liposome collapse.
[00218] Suitable phospholipids for use in auris-acceptable liposomes here are, for example,

30 phosphatidyl cholines, ethanolamines and serines, sphingomyelins, cardiolipins,

plasmalogens, phosphatidic acids and cerebrosides, in particular those which are soluble

together with the corticosteroids herein in non-toxic, pharmaceutically acceptable

organic solvents. Preferred phospholipids are, for example, phosphatidyl choline,

phosphatidyl ethanolmine, phosphatidyl serine, phosphatidyl inositol, lysophosphatidyl
35 choline, phosphatidyl glycerol and the like, and mixtures thereof especially lecithin, e.g.

soya lecithin. The amount of phospholipid used in the present formulation range from
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merfen and thionmersal, mxtures of the foregoing and the like. [00214] In a
further enbodinent, the preservative is, by way of exanple only, an

anti m cr owDabosgears, wit hin the auris-acceptabl e fornul acrarssoonenent ed
herein. In one enbodi nent, the fornulation includes a preservative such as

by way of exa”mbgutqaltélaboﬁ?id%( |prd¥eh iy %m 200t 1970 BlostdFob b in DRI is about
t hi osul fate, ascorbate, chorobutano t hi merosal , parabens, benzyl al cohol,

phenyl et hanol &%%-ot hers. |n anot her enbodi ment, the mnet hyI paraben is at a

concent r atjpiopf @R,@Plea&Meg Hla?-QQHﬁpléyeg%vﬁpa%bgus@ 3 Holity Al 10

further enbodl ment is prepared by m xing water, nethy Earaben
hydr oxyet hyl ce|qhena@§1éstlamf thglinosemes; Exagples of puch agl PYqﬁé?chéiﬁ%mawe gxanplge gel

is pyepared by ggix gg?,ramxﬁr phoSEHahYiL BaA ab&?heraysiro@s&aﬁ hblegbiothpficaingle

sodi um acetate. I'n urt her enbodi nent he m xture is sterilized b
aut ocl avi ng at ang@nglin exsactsFheemenntef Kpenbuic additive wed maes Bem @ to 8%,

met hyl par aben GROGEHY TR L5 tAH aXd RORRchr iDEERE &G SRy WhE Hat{b Rethe .
appropriate amount of the corticosteroid disclosed herein, 00215%tSUI tabl e

aur i s- accept ablamopgitod livephilisadditixe txthe yraeuny eiphasphelipid Fasgesfmp oyt 1°'4te he drug
delivery vehi clgoktncloue irsRietidd B tya'sylhtfmtoeSal& Oﬁmm Q?iﬁhflétaédn@é&ﬁrﬂkkat e,

chor obut anol , thinerosal, parabens, benzy at ed

hydtbxyt ol uene CEIdTteroidfas gihet nharmeceytical cetnﬁe%is arrwg@b)yg%@r?pyuaﬁ@nm@% nt,
general ly, in appuysLs ﬁimﬁ&ﬂl-iéalg Q&%%%l%%rg%@é‘d&lvéf(%%}veﬂ\@hﬂﬂhls% said

preferably, in the armunt of about bout wei . I'n sone
enbodi nent s, adﬁgfgdléfé?rﬁa@lsﬂll"@“FW%P‘&PMWSH@%’}VFb‘@cFOFFé‘P@FfﬁldaﬁO@P#eF@é of

preservatives. yRpyado Wishg %me%ﬁmﬁns’&@pswb@etéu% FRDABE B RohEOTHEdo1Veht

anot her enbodi ment, the fornul ati on further conprises one or nore round

wi ndow menbr andYyien eerRischdimstipkisnseibide apbisaagiveo] @hycabrdastrabpdrofustmd

wi ngpwrenbr ane a'lc%h&%ﬁz@ﬁ@ﬂn@g/ly&h %th@xr) el of 2B8R E tc\l‘&l%q% MA@ Rvent
penetration enhancers.” Round W ndow nenbrane penetration enhancers are

cheni cal ent it is¥semiihe ratig ef the prewnt of dimsthlisosespide tptherrmput ef teadymokiangrces

across the rounghpyhyedom MRIEBLANE | 1n Bﬁﬂaﬂar‘ﬂoﬂ%\%tmraﬁ&ﬁ 1PENSldREABLy is
enhancers are grouped accordin hem cal structure. Surfactants, both

i oni c and non- iabeHtd:2. Thepmepst ¢ G‘FWCPlalﬂﬂwa@lﬂW@tlms@mYﬁwﬁamﬁéf)é()%,

pol yoxyet hyl en%g&l&ﬁ&x}onﬁé {belrs% Arﬁtﬂra’éﬂam%s B%Hﬁytéi?mmﬁ%oaﬁt%f di octyl
sodi um sul f osuccli nat e, %et I'ene-9-1 auryl ether (PLE), Tween(r) 80,

non3A phenoxy poldjeethyl }Sé-ﬁ’éleNPi 1 cqgenogision thus Bageliom 8 10%da patigilen ffom as

round wi ndow ”%ﬂ@ﬁ%dl%é?&&ﬁl?is‘a?ﬁm Weys. Bile salts (such as sodium
gl ycochol ate, sodj um deoxycho sodi'um t aur ochol ate, sodi um

t aur odi hyd9(8f2&ls| d Rheterra forpans mpenat P@S&wahfwﬁﬁrere&rfdommeﬁ Reaprising: t v

acids and deri “aliiph&phéIfHeE Inp@pimw ARfivaCind ordafiR sdiberfts. #hé EbrtiCRIRyid ABFbe
di -glycerides, lauric acids, acylcholines, caprylic acids,
dissolved in the orgamc component, or other means to maintain full act1v1ty of the

25 agent. The amount of corticosteroid in the final formulation may range from 0.1 to
5.0%. In addition, other ingredients such as anti-oxidants may be added to the organic
component. Examples include tocopherol, butylated hydroxyanisole, butylated
hydroxytoluene, ascorbyl palmitate, ascorbyl oleate and the like.

[00221] In other embodiments, the auris-acceptable formulations, including gel

30 formulations and viscosity-enhanced formulations, further include excipients, other
medicinal or pharmaceutical agents, carriers, adjuvants, such as preserving, stabilizing,
wetting or emulsifying agents, solution promoters, salts, solubilizers, an antifoaming
agent, an antioxidant, a dispersing agent, a wetting agent, a surfactant, and combinations
thereof.

35 [00222] Suitable carriers for use in an auris-acceptable formulation described herein

include, but are not limited to, any pharmaceutically acceptable solvent compatible with
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acylcarnitines, sodiumcaprates and the like), chelating agents (such as

EDTA, citric acid, salicylates and the |ike), sulfoxides (such as dinethyl
sul f oxi dewQDRMBABY92decyl| net hyl sul foxi de and the |ike), a&od/tskeolaiose (such
as et hanol, isopropanol, glycerol, propanediol and the like) also function

as round wi ndovmaafgafeaammmahfeaé ¢1@§io@@iaa1rbﬁeﬁ&meﬁ’@nﬂ@lhweﬂﬂ@mahﬁ@me
Per neabl e Li posones 00217£ posones or lipid particles may al so be

enpl oyed to endipsembipaiopg aEQW?W%%E?@V&WﬁW?HFﬁﬂﬁﬁ?ﬂ&ﬁéS@V“Eonp05|t|ons

Phosphol i goei3f hat  am&ode Bhbidideris) St ekcipient InAGHE QARREHH Murhhi)
nul tilayer vesicles with arfas of entrapped aqueous nedi a separating the

lipid layers. Stisthanglaming celyl syl fatepispeiearate grlvgthppfatedgastoneil @orasyt 10, ayer

vei sgl es resul taetdxhindl DEsoiRE Ry Dt fafe, Siti@h estér@gsefbuu@ﬁbﬁémate Gemmn | Y
refered to as |iposones, wth sizes of about 10-1000 nm These | i posones

have many advarPelijelatgsofiian mopenaliitatey sorbitansponostessptss soehitan sesguipleatfent

carriers. They safsRabirRlca Smbita trhishkdte, sGrbRAABIrAE Bl Hitan BlRAte LsBrbiten and
non- antlgenlc Li posones, are formed i n various. sizes and Wit h varying

conposi tions arRainifpfe, sorbitasy steaeale, serbitandieleats. sorhitansesquirisgstearate, spIbEaR o ent r ap

a W de variety sefquagantes satbithnt8iRB8E rale)) RocRBI8 Pharihcdulital SdefraBlt sdlis RIRPQRIIE
col | apse. [00218] Sujtable phospholipids for use in auris-acceptable

| i psomes her e 2 gombiggtions orpixBiresthggedfhat i dyl chol i nes, et hanol ani nes and

serines, Mzapowelm@&er 66 ddiBetY) RS arrie} RSFBlySEBAS ,Pogia&wta@etrb dbiord¢i ds and
cerebr05| uﬁ(partlcul r those _which are sol uble together with the

corticost er 0| dSupfastanty PLisproHestesk P EIYS%PFé‘?SH’é%féUP|t}€é1r?5§nté’és6@5‘ifaﬁ}clé‘d6rbg‘hn| c

sol vents. Pref ard & 1infved R polyspibae 20 Hﬁ)lysf)ﬁbﬁte% apaswssrbada 80 S;félya&ﬂbﬁ'ﬂé gochol i ne,
phosphat i dyl ethanolnlne phogghatl serine, hatld |n05|tol

| ysophosphat i dyif Efbi® Ard any|cq ﬁ%??ﬁ?F“ﬁVVE%wﬁFoa pdimenihq i xt ur es

t heygof especi adoly,éoﬂbaelsokydamz&ta@thesmandcaﬁicmwd&c waeéamwnt of phosphol i pi d
used in the resent formul atjon range fromabout ?b t o, about Sg%% preferably

fr om aboutl%35} o abdaeneemhodimentvaierrselubly ehycerinsbassd apris Agorptapls

Li pophi |'i ¢ addiidcy&s omnldieneimizey Bdh mt@g@pp&lrmaae@nm@ehfvmys,emal vely
the characteristics of the |ipagsones. | es of such additives include by

way of exanpl e SGFPyse & {eastope %ﬁﬁlﬂ)éter% m%m #deagicabgut & 156 8pthe Pgter-soluble

chol esterol, chiy@sh esmioulEsi ﬁé&@%@&h@exﬂﬂ&ﬁnﬁéﬂ@kﬂe'})eﬁ%ﬁtﬁ fRortibiergigRunt of
I|po hilic add|t|ve used rangg fromO0.5 to 8% preferab g from1l.5 to 4%

and?d n parti culVaFieq ketwess gpous °9@€r‘i‘€?‘5lgw’ betyigen 2 ?‘}té‘y‘b%ndta it §0%uRVesn

l'i pophi | i ¢ addidbbia 0¥nt ABouR BBHRE ndte m&wéag{tbpmmﬁ@mﬁ&otal prarRRQulical 1 8 tO
about 1:12 and in particular is about 10. Said phOSphO|IpId | i pophilic

addi tive and t Hermuptiopdgsems etphpdarﬁeptb#r?&moaﬂwfﬁt&cceﬁlppwﬁs Dfdunds are
enpl oyed in conhdmpehiicNy Wdhk cartidovterbiabrenul bR [sPR&pRKH IS fich ¥ wag @fph abl e

organic solve ntsulstg{)i;[ c?orsggvgulﬁ rl])e g{)tgligcll 1\{1ean§ gxlvgn unit dose of the compound. Factors such
25 as solubility, bioavailability, biological half-life, route of administration, product shelf
life, as well as other pharmacological considerations are contemplated herein.

[00226] If desired, the auris-acceptable pharmaceutical gels also contain co-solvents, and
buffering agents. Suitable auris-acceptable water soluble buffering agents are alkali or
alkaline earth metal carbonates, phosphates, bicarbonates, citrates, borates, acetates,

30 succinates and the like, such as sodium phosphate, citrate, borate, acetate, bicarbonate, -
carbonate and tromethamine (TRIS). These agents are present in amounts sufficient to
maintain the pH of the system at 7.4+0.2 and preferably, 7.4. As such, the buffering
agent is as much as 5% on a weight basis of the total composition.

[00227])  Cosolvents are used to enhance corticosteroid solubility, however, some

35 corticosteroids or other pharmaceutical compounds are insoluble. These are often

suspended in the polymer vehicle with the aid of suitable suspending or viscosity

enhancing agents.
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I ngredi ents. Said sol vent systemnot only nust dissolve the corticosteroid
conpletely, but it also has to allow the fornulation of stable single

bi | ayer edwbizp@gienezs. The sol vent system conpri ses di net irgiritsesmonbiode and
tetraglycol (glycofurol, tetrahydrofurfuryl alcohol polyethylene glycol

ether) in [gep28fount Mbredt®Womd phatnAbtital 3 piedts) dAddnts o ChrvieRlarsposdnBay t he
rati o of the anmount. of dinet hxl I sosaorbide to the amount of tetraglycol

range from aboutotoxiq- Fopexpgmlp denzalkonipm shloride, g common greseribiye: 19 ottoxis aaf out

1:2.5 and pref ahg@blode gofenBiIBUtarmhfulif intRRucbdRMB theQlestibalaf 80do¥RIRAr strifctire® If | nal
conposition thus vary from5 to 20% in particular from5 to 15% and

preferably is dpprb¥ingarantieliedsgleasseorticosiamid Hrmyatags 1is dxisehieBveid of n t he

fina conpositimbineis ApprPRatt ERPichts, Ailddor kitriBdkd leSseh 8F elfnkifdik Fotérial %0 and
preferably is approximtely 5% [00220Q] The term "organi c conponent” as

used her ei naf t iOtPEE gprapangnts from theformyation; ortp decsesssithp ABSHHN 6f $4shd,

| i pophi |'i ¢ addidxtipRats AiRles Srdatrferss OpM&RNIS, a cbhfolfealé1E:0 8drBESRictbidBy be
di ssolved in the organic _conponent, or other neans to maintain full

activity of thed®° fon inglpdesptRrAtectie agety, Sechap antipxiants, alnha lippigafid,
formul ation rrawan@mgeosfcrx@m@orlmh@héat%to lcBuriéhelt bbtemtial BlohRic dFfts Bl @R S such

as antioxidants nmay be added tq_the organi c conpanent. Exanples. include

t ocbherol , butdalren therse ehapstifiic beepeuhia ekt B E*HpIgRts SlreNt A FaTiess cor byl
pal m t aMRdePsTaYesttlenP! €at e and the like. [00221] In other enbodi nents, the
auris-acceptabl e fornul ations, including gel fornulations and

vi scosi t y- enRariaeMethadsapd,Sehedules ¢ ¢t her i ncl ude exci pients, ot her

medi ci nal [gu22phar Masbd dehiversd A thSinn&rdh¥ ha@t SeenddintARESsyseHidAlIR$ia oral,
preserving, stabilizing, wetting or enulsifying agents, solution pronoters,
salts, sol ubi | iB%EAvEnous Ar ingemysgulas roytes dlamteverasysiamis adRyingstrtion for gatbplagies ng

agery, a wetti ngcaP@aRd inné etihérestamE likelihbo dtEAk kHStidsRBd Bderse 51d0222]
Suitable carriers for use in an auris-acceptable formnul ation descri bed
@Hﬁoxbm

| d
herei n i ncl ude,cigett ang<geatis noppradutive glis Bethishchigh velsefdsiadr e

sol vent conpat ifhhf iMtHeREMM dnd caredspshddisly 15wel 14dd 448 Bousid ANSInALEs. cal
environnent. | n other enbodinents, the base is a conbination of a

phar maceutl?®23M y acdBityBParicsipiestipn of therappiticageriisthe tphompe pf injecting e

enbodi ments, otth&@lipeaicigentRhivid kHAGY Sk Ic HERrENY ififo@RY MiddfeWAB6AM er ear. In
di et hanol am ne cet sul fate, isostearate, polyethoxylated castor oil,

| s . .
nontyl 10, octoai9%6@119?1%83fwlp%wwscgmdr%ﬁ%r} arg gdrgingsigreddiregthsonta Bepi t an

nonol aurate, s@slidiviRdoWwReRb@Ad Aa tramiyhdadid ilBHeR ah BhdtAér@mbs@fdeht &
nonost earate, sorbitan sesquioleate, sorbitan trjioleate, sorbitan

tristearate, s&PBicPsgoMguTsReEePtalls formulations dexcabeddisrein 1rgAdpinistargdango the

sorbitan stear abghd vifdd¥ madibdhoVie anbn-traRfyRiphdio afReAHi i flef@rahe, sorbitan
sesqui stearate, sorbitan tri-isostearate), |ecithin pharnaceutical

) ) |
accept abl e sal t24difippal ggbodiments, HiefPrarlation dessribed hersin is dmpisteaest onto the

25 round window membrane via a surgical approach to the round window membrane
comprising modification of the crista fenestrae cochleae.

[00231] In one embodiment the delivery system is a syringe and needle apparatus that is
capable of piercing the tympanic membrane and directly accessing the round window
membrane or crista fenestrae cochleae of the auris interna. In some embodiments, the

30 needle on the syringe is wider than a 18 gauge needle. In another embodiment, the
needle gauge is from 18 gauge to 31 gauge. In a further embodiment, the needle gauge
is from 25 gauge to 30 gauge. Depending upon the thickness or viscosity of the
corticosteroid compositions or formulations, the gauge level of the syringe or
hypodermic needle may be varied accordingly.

35 [00232] In another embodiment, the needle is a hypodermic needle used for instant
delivery of the gel formulation. The hypodermic needle may be a single use needle or a

disposable needle. In some embodiments, a syringe may be used for delivery of the
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[00224] In other enbodinents, the carrier is a polysorbate. Pol ysorbates
are nonionic surfactants of sorbitan esters. Polysorbates useful in the
present dwvech@zsee4i ncl ude, but are not limted to pol yporhmse@9dd3o66

pol ysorbat e 40, pol ysorbate 60, polysorbate 80 (Tween 80) and any

conbi nati ons orphaﬂxﬁabwtﬁalmeép%ie gel-easfeglectrh@dste?dme&mmﬁ% Zﬁ&itﬂéﬁ@z{sbat e 80 is
utilized as the phar maceuti c acceptabl e carrier In one

embodi nent, watdcloses W%ngryeégq m&%@a a press-Gt Guerd pt tél‘B?tém AR

viscosity for MALd, BléhelttibbiiaRe:, tH2 syiicheRd £RAOE MR yRhed RAMERELUL | Cal
del i very vehicles conprise at |east one corti costeroi d cont ai ni ng _at | east

about 0. 1% of teHbodiEieat: thesyringeds Briaf plastic st feyd aneHhgr embpdimepfythe
enbogdi nent s, t NgpRREARRYAGR 194 su;gzé hieGOStdR! R huitier ¥AbdEReREMVBRE Fh3His 1%

and about 95% bet ween about 5% and about 80% between about 10% and about
60% or nore of ePRYlefibgre st@ﬂh%ﬁéi Iaryst %ﬁlﬂbﬁéﬂtbsélmemprharswgbww pggurs through

fornul ation. | nSe@BlaeaPHoRALMbodiént Qﬁ@é&%g@éonipﬁ@es%%ﬁmgl(% dbogach

therapeutically useful corticosteroid fornmulation is prepared in such a way
that a suitabl evhserimthe el fpimultion it sterrd befors usmin ofhersmbodimentsdhesysings he

conpound. Fact QompSstsh cndsiell u?m&getbxsay Rhaa ad c%mcbgt&r&d ;Jnhl%eaineﬁly
hal f-1ife, route of admnistra roduct shel f . as well as other

phatimacol ogi caIac%ﬁ?lecﬁél’%ﬁsi?‘b?%np&?‘éwwtdéﬁlﬁfeéthéff“h‘éP@Teﬁ be{(’(ﬁ)‘EEB’]l“th desired,
the auri s- acceRbaARhRniNAIIWRISUhixGR! withed @u@&é&&ﬁi&@i&uﬁ%&@kﬁl@ﬂl&r and

buffering agents. Suitable auris-acceptable water soluble buffering agents
are alkali or Atheapmprdiments, thesyringe may qoniaurqther expipieih srbidizers seReriivat es,

citrates, boratagsnts, QBN RA coRbRbtidhBh&8ofaNslabiltR dr blBrwisdiedblyAdore @i UM
phosphate citrate, borate, acetate, bicarbonate, carbonate and

tronet hami ne ( FRItiGystermidos athsrtimaacsyticalsompards contaipe thereins uf f i ci ent t o
mei i ai N to@3pH of tihgomy shSdMirAdnts/ tléqyang%@empﬁeéeeﬁ%ﬁcal Zyrﬂxge%dﬁwﬁéaemt he

buffering agent is as much as 5% on a wel ght basi s of

conposi tion. [ GEPRy iwewrgeetalizsd in %@&h@n@mﬁw %rrtp |S@Ffs‘tt Jﬁa?}.oae

sol ubi lity, howg¥8énenB& e &&@Iab&eﬁbercemd&te&d%&h@ﬁmﬂmhnm%s&ne;al conpounds
are insoluble. These are often suspended in the polyner vehicle with the

ai d of suitabl embaodipenethsgydneehpeaps quypaemﬁaﬁameﬁ@mé)g@w forguizingof sy eover,

some phar rraceutcbﬁ@&neeeg%eferiﬁjaonoqmtyﬁietaan%ecﬁ@&rdueg fu@he ehgntially
ot ot oxi c. For exa benzal koni um chl ori de, a common preservative, is

ot ot%xi ¢ and tmbgglmeetspb% deliverIsysfetn SPTRRTEReS MpltipletsyidRass cach syripee ¢fghe

vestibul ar or GRHMNIEringts ddfifalik BFleast Bnd QbipBhet bitfe Fel StRulabh Gfdh iRt 8RR
corticosteroid formulation, it is advised to avoid or conbine the

appropriate excPpPEnsis PESrINiXEHPEOTP IegHeR eris mixed Sehseqsnide Iuectinn dae e

potential ot ot Qytifer CAPRIRMEN] the §yrAB dIR1AQT KBMiREI R ise A ledsPorideEdcRREE t he
anount of such excipients, diluents or carriers. Optionally, a cont rol | ed

rel ease corti codEimbihg akleIshencteseatoin AEPTHE an BATHEStSTIbF 9 ehargesridcallyuch as
antjoxi dants, aboBableiREECo@Ftisbosity enhancing agent, such as a gelling agent or a

combination thereof. Commercially available injection devices are optionally employed
in their simplest form as ready-to-use plastic syringes with a syringe barrel, needle
assembly with a needle, plunger with a plunger rod, and holding flange, to perform an
intratympanic injection. ‘

30 [00234] In some embodiments, the delivery device is an apparatus designed for
administration of therapeutic agents to the middle and/or inner ear. By way of example
only: GYRUS Medical Gmbh offers micro-otoscopes for visualization of and drug
delivery to the round window niche; Arenberg has described a medical treatment device
to deliver fluids to inner ear structures in U.S. Patent Nos. 5,421,818; 5,474,529; and

35 5,476,446, each of which is incorporated by reference herein for such disclosure. U.S.
Patent Application No. 08/874,208, which is incorporated herein by reference for such

disclosure, describes a surgical method for implanting a fluid transfer conduit to deliver
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calicum fosfomycin or iron chelators, to counteract potential ototoxic
effects that may arise fromthe use of specific therapeutic agents or
exci pi entwp 2dod/13e92s or carriers. Mdes of Treatment Doscmgiskéwlazdse and
Schedul es [00229] Drugs delivered to the inner ear have been adm nistered

system cal |y Viigerfeilio agefts iGHAE ASeaP U § THatATMSSithiitn FuBlida6Sn 2009VR8 18,
system ¢ adm nistration for pathologies |ocal to the inner ear increases

the |ikel i hood ichsiy incampprataddiereiry by referenpgifon sipb disglogire) durhyer deseribesad cr eat es
a non- product i v@n@inad bidPsthirabr Hf g%lé%én{ﬂi%ﬁs@hfop inrBtyhPHAL ﬁuiafsarg%mg a8l €

found in the serumand correspondingly |l ower |evels are found the inner
ear. [00230] | ringdigapepfmrPlcation: ection of therapeutic agents is the

t echini que [ad235] @6l foRdulBtidi AERABH Hebeif RN o RS b Adhnih R@atlol TRAYE Car REPT ane
into the mddle and/or inner ear. In one enbodi nent, the fornul ati ons

descri bed her ejanpkgableseimpthpds of disect instibationgr prifusiop REthe SMAEARFHIRMIMSBYbr ane

via transtynpanfyps it Sfhlifibns bécARRAHIRE KERQE IEftgicdl PRc&RIds kAR 6y d
auri s-acceptabl e fornul ati ons descri bed herein are adm nistered onto the
round wi ndow netayrodaen-limging exapples serkicospmniltbyEpHP OB HMRtCIfstoMner ear. I n

addi ti onal enbagipBRRiothy, idaBlylphi sadduRforslesiGhd i@d herein is adm ni stered
onto the round wi ndow nenbrane via a surgical approach to the round w ndow

mentt ane dOMEA] si RBe susigaEsepteble sAMBPsitiqye otformylationg perdainige the semicesigoid[ 00231]

In one enbodi MeRinpbif(sBECMBIDheRYSire RrhiisRredlbl fEshyRRGL AR LRr-PBRRY at US
that is capable OF pi ercing the ti{rrpanl c nmenbrane and directly accessing
1

t he round wi nddigatmems: Rikeraeutiq applicatiops, BcpHisosiEoil camposiions pre adyinistered

interna. |n song,gaciifBd SiffeiREroa 8 h@oRimink 8iseHE, BRRtidSorWideder, ihan a 18
gauge needl e. In another enbodi ment, the needl e gauge is from 18 gauge to 3

1 gauge. |n a fapoupispificipgbigickisnr at ledsepatially arey hrgemplonssof thedliegssuge to 30

gauge. Dependi ngsotRPBr dogitibh | AKRBERTHRE W IFSARS LidwilldepdAl of Melskredivy £id0i d
conposi tions or fornulations, the gauge |evel of the syringe or ‘hypodernic
needl e may be Fariseef the dissass digpider qreopdivgn, prsviguviherapy: Siegtientbhealth sl needl e

i s a hypoder m Gnig&HRe RIS, abd Bt flAEmER loF R katlly phigeigte! formul ati on.
The hypoderm c needl e may be a single use needle or a disposable needle. In

some enbodf¥8nAk s, Insthe gase hereinghe patientssegndition dpss netdmproys, uppreihr degteiceut i cal |y

accept abl e gel -HRggdn HealhfRhE6H AhEQRR BRI oRPORAS hlal BB adAmMistaiC! 0sed
herein wherein the sgk@ge has a press-fit (Luer) or tw st-on (Luer-Iock)

fit3 ng. I n oneheomisa ts, for preexdendedpariof of Hmeyindderipg fhroughqut thgduration efot her

enbodi ment, t henSphikRBAitk f FEL fo RhelRrAS b EhePlisGERARS orliiVBE sBRASHESS the
enbodi ment, the hypodermic syringe is a single use syringe. 1n a further

enbodi ment, t hayfmisgisedse phepaditigncapabl e of being sterilized. In yet a
further enp@dsents tht bRe Vhérlein thegHibMrs PtsWoss itdpfiedipon the doctor’s discretion

the administration of the corticosteroid compounds may be given continuously;

25 alternatively, the dose of drug being administered may be temporarily reduced or
temporarily suspended for a certain length of time (i.e., a “drug holiday”). The length of
the drug holiday varies between 2 days and 1 year, including by way of example only, 2
days, 3 days, 4 days, 5 days, 6 days, 7 days, 10 days, 12 days, 15 days, 20 days, 28 days,
35 days, 50 days, 70 days, 100 days, 120 days, 150 days, 180 days, 200 days, 250 days,

30 280 days, 300 days, 320 days, 350 days, and 365 days. The dose reduction during a drug
holiday may be from 10%-100%, including by way of example only 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
and 100%.

[00239] Once improvement of the patient's autoimmune conditions has occurred, a

35 maintenance corticosteroid dose is administered if necessary. Subsequently, the dosage

or the frequency of administration, or both, is optionally reduced, as a function of the

symptoms, to a level at which the improved disease, disorder or condition is retained. In
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an autocl ave. In another enbodinent, the syringe conprises a cylindrical
syringe body wherein the gel fornulation is stored before use. In other
enbodi menwe,20aB9Lyr i nge conprises a cylindrical syringechasgoostesoes n t he
corticosteroid pharmaceutically acceptable gel -based conpositions as

di scl osed her eidgdi eﬁ&s&mﬁ@h@gﬁ&h& refifre Wereditt P RYRRER ehhyon%lt&ﬁy&sifs%oﬂn xi ng
with a suitable pharmaceutically acceptable buffer. In other enbodi nents,

t he syringe naymtﬁﬁW@FHCBQ%@W“E%blplents stabilizers, suspending agents,

di | uent's ggo2301c OMphd\RhduBNoft BRIcEBAEroldns vl brtetfordlio aichaﬁwn&au shipbdry store
the corticosteroid or other pharmaceutical conpounds contajned therein.

[00233] | n sonscpsngingupeintagtorsispeh ashq pagiiculap RYPRVBS diseasg CPRifiqnaRA sy r i nge

body wher ei n t ReyeBBdYcdoflifgABRR faFROTaLihBRtah ks Em&a%hlegmemmgte 4.5 able
to store at | east one conponent of the auris- accept abl e corti coster ol d gel

fornul ation. | Ahespeeifie sraticasteridibavamadminipteredythe fpyte of admigggtration, the

conpar t ment al i zgdiRace c%héh%ﬁbéusgtrémew A& taBdet HRELERTPARRANN thY duBfectd?
|nject|on into the auris nedia or auris interna. |In other enbodi nents, the

del i very syst erhpat&ﬁ»agft@@gd Aaigsrersh dowgyer.gees employed £y adulidwman tr?ﬁ@emll i ple

syringes_cont aigficay bk AR oABEoRAMPANAR horiiaradlod, pf BB alisofy gich that
each conponent 1 s pre- m xed prior to injection or 1S m xed subsequent to

inj¥ction. In adMipisiaten. M%Fﬁ%ﬁ*ﬂse lstﬂﬁ%ge’é‘??}f‘lwecﬁ%?:?’oaéél&“%rd@ﬁ conpri se

at | east one r gaRIN@értd RSk SkHush@r @&erh@lﬁﬁﬁpeﬁﬂ@oftﬁﬁ@%ygﬂ dppfOPARE in¥@FalaN
corticosteroid, or a pharmaceutically acceptable buffer, or a viscosity

enhanci ng (00248 | §’LP@H1€ﬁ@bad‘ﬁ’émﬁlthfgmﬁﬂb?@“%‘ﬁtraé‘oemwaéﬁoquféPeéB‘? and the

Commer ci al |y avghse@lhCadnihi®edioh B ddRYdnt BemathBorDdicbARadididenpl oyed in their
sinpl est form as ready-to-use E)l astic syringes with a syringe barrel,
(3

needl e BRayegpekingtics pf Gonfralled Relegpe Foramulations 5 pl unger rod, and hol di ng
flanpge, tqog2asf orm %oh@érﬁl%dﬁﬁ@?@@h&fohﬁﬂl&ﬁinb %cloie@@&%ﬂx]adhﬂo&dl’l%r@ﬁﬂ%@ﬁﬁ nents,
t he delivery devi ce is an appar at us desi gned for admi nistration of

t her apeut i ¢ agdpmediets release pf FcRogicastemowst frqm the forauatiopyor withings miglterngd) e onl y:
GYRUS Medi cal Giphh SR, dPivahtr 1 ARGREQS within 1$insiH@kd, dA%itaR 30 e, & ug
delivery to the round w ndow ni che; Arenber has described a nedi cal

treat ment devi GuthingoGueinptespr yithjp §9 HF’B‘t‘?Snﬁé’i‘heéﬁm odimenty, gthsgapepticplls.  pat ent

Nos. 5, 421, 818 efrectfté 4meds of @:rl@hsﬁorf%ém%és@em@a&me@%dmhe fotmbaGed por ated by
reference here| n for such disclosure. U S. Patent gml cation No.

08/#74, 208, whileedistelynenyidir reriner Eithingymingies OB A flGminyiesnorvighip S ur e,

describes a sunghgal ofRitlRd0 trdfutds"BY vifid SOmehufes 8F Fithih 80 SfiMftesCAN@HAL t O

del i vertherapeutic agents to the inner ear. U S. Patent Application

Publ i cati on 20¢mbodigrys the famulation somprasss Ahausishameeaficallyaceeptablegste f or

such di-scl osur germfuiHtibh gFoviERGHINRARt AR ATRE AQehsOdeCoRRMNErSldOAdAMdhalTEdi Cat i on

di spenser for intratynpanic fluid sanpling and nedi canent applicati.on.
embodimients of the formulation may also include an agent that enhances the viscosity

25 of the formulations included herein.
| [00243] In other or further embodiments, the formulation provides an extended release

formulation of at least one corticosteroid. In certain embodiments, diffusion of at least
one corticosteroid from the formulation occurs for a time period exceeding 5 minutes, or
15 minutes, or 30 minutes, or 1 hour, or 4 hours, or 6 hours, or 12 hours, or 18 hours, or

30 1 day, or 2 days, or 3 days, or 4 days, or 5 days, or 6 days, or 7 days, or 10 days, or 12
days, or 14 days, or 18 days, or 21 days, or 25 days, or 30 days, or 45 days, or 2 months
or 3 months or 4 months or 5 months or 6 months or 9 months or 1 year. In other
embodiments, a therapeutically effective amount of at least one corticosteroid is
released from the formulation for a time period exceeding 5 minutes, or 15 minutes, or

35 30 minutes, or 1 hour, or 4 hours, or 6 hours, or 12 hours, or 18 hours, or 1 day, or 2

days, or 3 days, or 4 days, or 5 days, or 6 days, or 7 days, or 10 days, or 12 days, or 14
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[ 00235] The formnul ati ons descri bed herein, and nodes of adm nistration
thereof, are also applicable to nethods of direct instillation or perfusion
of the i nweno@asdwaenpartments. Thus, the fornul ati ons destnish@d/ob®sei n ar e
useful in surgical procedures including, by way of non-limting exanples,

cochl eostony, |y b ¥ B9E,QRY1 d%a,sarqisqﬁyst, M0, da$d, BPLL@SE, VY moRf Ok ¥ Mokt i C
saccul otony or the like. [00236] The auris-acceptable conpositions or

fornul ati ons cohfaRmthsgr § menths et ¢ Bwathee] oRBIIJUsaL s) descri bed herein are

adm ni st enggd4lipr pPr aRbiHeAGhbIRiAGY, He fERRIABE Plovided bRRAN R iatd RRlchdtamnapeut i ¢
applications, the corticosteroid conpositions are adm nistered to a patient

al ready suf f er i3agxerdsehrelppse fRrgplstiome! agiceriseteroid Ja gpt othss ewpodimedts-ds | in an

anount suf fi ci @pimullfio UbRaifd a @5:h AR oA 4:1 adtioYord - Bfatio 7@ 191206, 0B 13f t he
di sease, disorder or condition, Amounts effective for this use will depend

on the severitrand @irse gt er i 4 &atigeor af Khpde ot a1 Loate:©f 8h:20®@tvi ous
therapy, the pafifRtdisic RE&LS MhatkRhid ralBsbe FRHRARASEA. InQ AuRBer¢mBe&EmertiRe t he
judgnment of the treating physician, [00237] In the case wherein the

patient's condifPreatieneroviist an wpnesiate relepts Pt o fiest agtipestoraid grdanyextended ¢ he

admi ni strati on rgtask Ba §R6id GREORERICbr GHIPREAPS T BYenb &n f&l BiHRE Shsdd@ents,
chronically, that is, for an_extended period of tine, |nclud|n? t hy oughout

t hellur ati on ofthg feemyatiqngmgvides jap framediate pelase g extepdedgrlsase fgmuBimeiat se
control or |imigast iR coMiOBkREM, M at REst BAS theBbeusic Biche BB entbRBikichisOfle
[00238] In the case wherein the patient's status does |inprove, upon the

doctor's di scr EPmsyation groxiiss ﬁf)g?’ﬁa{?tiooﬂr of-5d FEoc o §: L e et i 1P Rt adts nay

be given conti Rausy nitio, 3t § BSRALJ, ¥€4 V-7 rdtidErdOS B fafio, @F HY: 138atig orelM20irgioer ed
may be tenporarily reduced or tenporarily susge,nded for a certain | ength of

time (i.e., a dregedivrrdeayeind srivadeddrigish muEHersH afrH orTieesrrad iies
betyeen 2 days séélﬂdihei/agéﬁticalgé}ﬁ,'fégie&i}/e@y way of exanple only, 2 days, 3
days, 4 daéf’ 5 days, d%¥s, 7 days, 10 days, 12 days, 15 .days, 20 days,
28 days, 140245ls, 5dnaapesificambedipent the forgulation provjdesAtherapegticaliy glectivgy day s,
200 days, 250 dasnt of80leslt¥so corBsteidiisat th3Zfle SN aseIAth AavBallyddbydBhicdays.
The dose reduction during a drug hol.i da)t/ may be from 10% 100% . 1 ncl udi ng by

way of exanpl e SEPAsyre1 yoan agditionad gmbodsment thefogmulation praywdes a Bwgapeispllis 5o, 600
65% 70% 75% cB0%4ve3RYuntD0%01eAPShe RBAROsEIBWat 10 GitAFdiSnevithEeanaraRt of

the patient's autoi nmune conditions has qccurred, a maintenance
cor? cost er oi d dastablp sysieamis FiPosuss-dp other srhodimentsy the Eyrmulatioppiovides & he dosage

or the frequengiergfeu@I Birscik @b o4t 18IRe corficdRdi@ahd MteloedideREwitRS a
function of the synptons o a level at which the inproved disease,

. y t .
di sorder or contfigqran detectalle deterdable JypiemiceIPUENbodi nents, patients require

inte [ mi t t qod24bF eat Merte combRatic T ihAEdh AGéaSe, UBIYLdABIKask BEVE &BGBedElease
synpt ons.

corticosteroid compositions or formulations may be combined with other

25 pharmaceutical agents, as well as the excipients, diluents, stabilizers, tonicity agents and
other components disclosed herein. As such, depending upon the corticosteroid used,
the thickness or viscosity desired, or the mode of delivery chosen, altemative aspects of
the embodiments disclosed herein are combined with the immediate release, delayed
release and/or extended release embodiments accordingly.

30 [00247] In certain embodiments, the pharmacokinetics of the corticosteroid formulations
described herein are determined by injecting the formulation on or near the round
window membrane of a test animal (including by way of example, a guinea pig or a
chinchilla). At a determined period of time (e.g., 6 hours, 12 hours, 1 day, 2 days, 3
days, 4 days, 5 days, 6 days, and 7 days for testing the pharmacokinetics of a

35 formulation over a 1 week period), the test animal is euthanized and a 5 mL sample of
the perilymph fluid is tested. The inner ear removed and tested for the presence of the

corticosteroid. As needed, the level of corticosteroid is measured in other organs. In
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[ 00240] The anpunt of corticosteroid that will correspond to such an anount
w Il vary dependi ng upon factors such as the particular conpound, disease
condi t i orwerndoyi3s2geverity, according to the particul ar PCTIS2008100396€S
surroundi ng the case, including, e.g., the specific corticosteroid being

adm ni stered, t{RitHoAUhSsyRfer@igVelbBihe dbrtiBd terdill & Aaab@EATHIWEhdEANE] b bRBA bei ng
treated, the target area being treated, and the subject or_ host being

treated. |n gendiile framihe st anigylshor %W&h"%{}w formiiation impsdstent wi | |

typically be i ndahgy ErRMHa& R of theQdst 2HmADIs BRionaliiestbst ration, preferably 1-15
ng per administration. The desired dose is presente |n a single dose or as

di vi ded dd9@8hdni ni Alte@patiyely #nirRetsagbRIOyidedas Frmaved fram g test @m’d’éaﬂ% €t i ne)

or a§ appropri ahigrdiidh 6f e kéricdsRPnd i méaburs® R Qe BiRtrStivd, BRini vided inddlel
adm nistration is a particular corticosteroid and the subsequent

admi ni strati on % adpyrderiadrw membraneisiparyidsd apdihe mugationyoithe copleasteraiddki net i cs
of Controll ed Rateasg Fornul ati ons [00242] In one enbodi nent, the

formul ati ons di scl osed herein additionally provides an i mredi ate rel ease of
an cor t Kitgyréieles of MpmpfpetHee f ornul ation, or within 1 ninute, or within 5

m nutes, opodof hi N 1PhddidWsR als® rdM(feE'kl'ﬂs fééﬁ)rewﬁuﬁgﬁeatﬁfg orhhBlidRat 3@ thE Nut es,
orvmthln 60 mnutes or within 90 m nutes n ot her enbodi nents, a

t hef@peut i cal | ySYepiomsof 9 dissate Qndisesslerip a mamaal. SHeh kilseenesally il spRIpise ag| eased

fromthe forml@thRoof HOEHi@ksRtdd cd?ﬁrol‘l‘éd—rlaleﬂsejeoﬂib&ﬁ&is oPdevived fikdlosed M nut es,
or wwthin 10 m nutes, or within 15 mnutes, or within 30 m nutes, or W|th|n

60 m nutes or WKL ANdmsEIcHoRsfer uing thekif Jihg disclatig Heatoatemplates shese af i on

conprises an alddeSr RIBA JTRERSHIcBRbM REEARE2EERe 8&hpdsiond) ifthe RAnITE@YEEF Ng
i mmedi ate rel ease of at | east one cortjcosteroid. Additional enbodi nents of

the formul at i orfefigRments oritreatings abating, Jefuising 95 ameliorpting s sy of adlisersy: of
t he 4 or mul at i ongsfufédadadifdleeins miRRR4Rkh hila RItET thahad, WshiREEHDRBENT S,

the formul ati on provi des an extended rel ease formul ati on of at |east one
corti cost er oi d.orRhiigdPt EVRloRIRS AYINRETRREIsUAST usi on of at | east one

corticost q0@256] f r om fhRemé embatiRtit® kit GeMiSa Ee@ﬁerapz{ckdgé d}%ht&ﬂeﬁli&@sedl ng 5
m nutes, or 15 m nutes, or 30 mnutes or 1 hour, or 4 hours, or hour s,

or 12 hours, orcompangealizedio receiue pne g moreggytainers such ag xipls, tubgs, dd%fy%ke or 5

days, or 6 dayseacl@éf tHe étﬁ)’a‘fner(@f mélelﬂébﬁ% of @He s@?ar&i@-)ﬂ%me&E tolt udeis a ntholi8 days,
or 2 1 days, or_ 25_days 0 days, or 45 days, or nont hs or 3 nonths or

4 ndhths or 5 risseribed g?rela W?lﬁgormmgs %WfiﬁéorcﬁxarmplﬁégﬁlewVhalmsmes and

enbodi nents, a ghanapenbhedninsdidlch@Ctht YohtanmYat f@e@from@aatiet) 8Ematerials
corticosteroid is released fromthe fornulation for a tine period exceedi ng

5 m nutes, or 193%%&5%8@?%%11030 m nutes, or 1 hour, or 4 hours, or 6 hours,

or 12 hOUF[ﬁozsﬂl 18 hpud Sticl@fof %naﬂﬂ}{em&&)r&qdia%&em%ném%&ﬂé 'inaf’erid@ys or 5
days, or 6 days, or 7 days or 10 days, or days, ﬁm or 18 days,

or 2 1 days, P%@g&&ygater&ﬂs opUsgARRAC a@aa%?ysuncelrpr%d%ﬁf SOFFSIUEDNL h
25 herein. See, e.g., U.S. Patent Nos. 5,323,907, 5,052,558 and 5,033,252. Examples of

pharmaceutical packaging materials include, but are not limited to, blister packs, bottles,
tubes, inhalers, pumps, bags, vials, containers, syringes, bottles, and any packaging
material suitable for a selected formulation and intended mode of administration and
treatment. A wide array of corticosteroid formulations compositions provided herein are

30 contemplated as are a variety of treatments for any disease, disorder, or condition that
would benefit by controlled release administration of a corticosteroid to the inner ear.

[00252] In some embodiments, a kit includes one or more additional containers, each

with one or more of various materials (such as reagents, optionally in concentrated
form, and/or devices) desirable from a commercial and user standpoint for use of a

35 formulation described herein. Non-limiting examples of such materials include, but not
limited to, buffers, diluents, filters, needles, syringes; carrier, package, container, vial

and/or tube labels listing contents and/or
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or 4 nonths or 5 nonths or 6 nonths or 9 nonths or 1 year. [00244] In other
enbodi nents, the fornul ati on provides both an i nmedi ate rel ease and an

ext ended wel2e@sB9920r mul ati on of an corticosteroid. |n yeCTatShe9/003066

enbodi nents, the fornulation contains a 0.25:1 ratio, or a 0.5:1 ratio, or
a l:1ratio, or a 1:2 ratio, or a 1:3, or a 1:4 ratio, or a 1:5 ratio, or a
1:7 ratio, or a 1:10 ratio, or a 1. 15 ratio, or a 1:20 ratio of inmmediate
rel ease and extended rel ease for muEXAMBEES | n a further enbodi nent the

f or nul aEké?_ﬂ%l@[ ovidpentidiof aMRAhGE R sk ERFSexdfneadoht Bémf@itibh 6P568E01 d and an
extended rel ease of a second corticosteroid or other fherapeutic agent. In
yet other enbodinents,| the nersdifnéti on pr SHaHEy (Bg'giofmedi ate rel ease and
extended rel ease formjl ati on of at |east ong, ;,gfatijngosteroi d, and at | east
one therapeutic agent.| ln sone enbodinmepts, the formilation provides a
0.25: 1 ratio, or a 0.|5: Dexam¢thasopy a [1:1 rat30 or a {1:2 ratio, or a 1:3,
or a l:4 ratio, or a IT5 1A ~Ofc@ 1|7 ratioygor a 110 ratio, or a 1: 15
ratio, or a 1:20 ratiq_of | mm il ate rellease and extended rel ease
formulations of a firgt cort HPdE eroi d fand secld®dd t her apeuti c agent,
respectively. [00245] tmsREGE ¢ enbod 3 ul ati on provides a
therapeutically effectlive anount of at || east one corticpsteroid at the site
of di sease wi th essent|iTRIBHObugd0.eM)c| exposds8®0 I n anf additi onal

enbodi nent the fornul atHer—provides—a—therapeut+eatty—€ffecti ve anount of
at |l east one corticosteroid at the site of disease with essentially no

det ect abl 406283} em ¢ &xPpgdatck of gah fatiaktioeadneitingh 0%, of Degarficdiasoiieds propared

provi des a ther,apeuti cal ef tive t at. |l egst i costeroid
B “he s te of DruiehEe) ¥ gbl Fiblergs MRS S opdhins 3R o R RO byiRE ¢
exposure. [00246]1 MimdciembmpatdnGraroimixeduadtr agintioredbweatght adet@ivatisurel ease

and/ or extended rel] ease rticosteroid os{tions or formyl atjons nay be
Conbi ned w th- eREI e v HEr e Rls AT HE). Rt Blitlode: o
di | uents, st abi(l10G&z@&mg), nethylparabyn @@ ei) andatditmhbicaIRIS GIC) buffat(s.1 d)CI8o gpid

heregin. As such,,.d di,ng_.upon_ .t he cortic roi.d.used, th hi ckness or
Vi sgdosi ty desi rag(clffaglrg%hggt %#OWE%WWG??V&(S?{@%‘?{?U%1?8‘?%3’?&' CRUBUEIY of

t he enbodi nent snaitsiatdistalv Feraempatuee aithsened wit h t he | medi at e rel ease,
del ayed rel ease and/ or extended rel ease enbodi nents accordingly. [00247] In
certain enbodi nents, the pharmacokinetics of the corticosteroid

f or nul aExampée 2eBrpabech dfaMudoaditesivel dhemmvrdvetitiy/GélPrainisologe Forenufatibiod at i on
on or ngar t he round wi ndow nmenbrane of a test animal (including by way of
exanpl ee~&a guinea pig or a chinchilla). At a determ ned period of tine
(e.g., 6 hours, 12 hours, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days,

and 7 days for testing the pigeadiemcoki ndqt i €mantity émg/gofruljati on over a 1 week
period), the test animal is euthanized [and %ngul%onﬁanpl e of
Prednisolone 30
methylparaben 1.0
HPMC 10.0
Carbopol 934P 2.0
Poloxamer 407 180.0
TRIS HCI buffer (0.1 M) 787.0
15
[00254] A 10-g batch of mucoadhesive, gel formulation containing 2.0% of
Prednisolone is prepared by suspending 2.0 mg of Carbopol 934P and 1.80 g of
Poloxamer 407 (BASF Corp.) in 5.00 g of TRIS HCI buffer (0.1 M) and the components
are mixed under agitation overnight at 4 °C to ensure complete dissolution. The
20 Prednisolone, hydroxypropylmethylcellulose (100.0 mg), methylparaben (10 mg) and

additional TRIS HCl buffer (0.1 M) (2.87 g) are added and further stirring allowed until
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the perilynph fluid is tested. The inner ear renoved and tested for the
presence of the corticosteroid. As needed, the |level of corticosteroid is
measur ed WO 200939929r gans. | naddition, the systemn c | evelPCofUS2I19/003066
corticosteroid is measured by wi thdrawing a bl ood sanple fromthe test

ani mal . I n or debmpRtedf{sERAMNE oblpdCThe iRt MM ihQbel PRI TeiRAteNg, the
hearing of the test animal is optionally tested. [00248] Alternatively, an
inner ear is pr‘@Vl‘bFéd (as removed froma test aninmal) and the nmigration of
the corticosteroid is nmeasured. As yet another alternative, an in vitro
nodel of a round WI ndow rrenbrane is prow ded and the m grat i on of the
corti coExamnlg eparatien of a Cyclodextrinee BermoEeNersih 2.5gDexamethasn
di s¢§ ospgrg,updhg,gom&y&des Kits for prevent| ng, treati ng or ameliorati ng the
synptons of a disease or disorder in a mammal Such kits generally will
conprise one or nore gf thelngmdiangost erjoi Quediy (BYEEH-rlel ease conpositions
or devices disclosed herein, and instructiopgpmfiRfiodySi N9 the kit. The

di scl osure al so contenplates the use off one or noré of {the corticosteroid
control | ed-rel ease corrposi5%‘élﬁ§0111ﬁ¢nthe manuf 86dQre of |nedi canents for
treating, abating, reduCTTy, ] 2B TorEtTg Tty synptons of a di sease,
dysfunction, or disorder in a mamml ., sluch as a human tlhat has, is

suspect ed of havi ng, qr atPolaxeiner4)7 deviel opi ndg8&® i nner| ear disorder.

[ 00250] In sone enbodirﬁgwmjlde—a—mﬂ,—p‘ackage, or contai ner
that is conpartnentalilzé 0 _receive c?ne or _ndré contaijners such as vials,
tubes, and the |ike, each of the containers) including one of the separate
el ements t used net ho here| Sud t nt.ai ner

i ncl ude, Roztg glxarrpl e]Lh ESlorfag, 4%\32%3 §fb i |l?lsgu3 enﬁ%dnl&w?eeﬁ@g?a@eghgrl (ﬁ'qol\?%er
enmbodi rrent s t hed derb@apoens aearrmxécburmedagmamn ca/emagiit att4° (oo ermtrecdnailae such as
gl ass or plasti 002 es of gLure, prov reln
contain packagldﬁsgsolhan ?&J?ycpo%sgn%s&utlonandfner grlis aﬁcﬁ:g % 8k§
phataraceut i cal afipwetllwatis camdeta Hssphproasemsaded] éhemmturSmnamtaglcd bd:lb\SrooBat ent
Nos. 5, 323, 907t 5 gtzlsuz 5 and 5,033, 252. Exanpl es of pharnaceuti cal

packagi ng mat er ?a‘?es |en 055 but are not limted to, blister packs,

bottl es, tubes, inhalers, punps, bags, vials, containers, syringes,

P(rjlitelngs% and @pﬁr gaclﬁ%gofa% rrptgerl al suitable Jdgr - el eclteeeclrSl rdyl ation and

corti coBé:emtlﬂscﬁleanhmnonnsDe\ﬁamom ti ons pI’OVI ded here| n are contenpl ated

as are a variety of treatrepts afty—e-Sease—-di gar, or condition that
woul d benefit by controlledt"igé 5:5 e adnfi ni &Y ( ‘B% f d corticosteroid to

the inner ear. [00252] I n sonme enbodi mgnt s, foamklaﬁion) ncl udes one or nore
addi tional container sz—%t "1 oRe—eFH—PFe 5,00 Jaf ous| materials (such as
reagents, optionally in coffcent 3%y
methylparaben 1.0
Poloxamer 407 180.0
Carbopol 934P 2.0
TRIS HCI buffer (0.1 M) 317.0
15
[00256] The Carbopol 934P and Poloxamer 407 (BASF Corp.) is suspended in the TRIS
HCI buffer (0.1 M) and the components are mixed under agitation overnight at 4 °C to
ensure complete dissolution. The cyclodextrin solution and methylparaben is added and
further stirring allowed until complete dissolution is observed. The mixture is
20 maintained below room temperture until use.

Example 5 — Preparation of a Thermoreversible Gel Dexamethasone Formulation or Device

comprising micronized Dexamethasone powder
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form and/or devices) desirable froma comercial and user standpoint for
use of a formulation described herein. Non-limting exanples of such

mat er i al swonedwudeg24but not limted to, buffers, dil uent ®CTfliskeoensiosneedl es,
syringes; carrier, package, container, vial and/or tube | abels listing
contents and/ or EXAMPLES [EXafigdr&icnt - F @ﬁhkqﬂlggofa Ther mor eversi bl e Gel
Dexanet hasone Formul ati gn or vice [ D02 ch of gel formulation
cont ai ni ng 2. 0% of Dexaret hasone is p epar spe"ldi ng 1.80 g of

Pol oxamer 407 (BASF Cor g )DdxBmand®nd pf THI bzd—bj puffer (0.1 M and the
conponents are m xed under_agitation overnight at 4 OC to ensure conplete
di ssol uti on. Dexanet hasg¢ne (ZBETO ng) hydr&(@ﬂéropyl met hyl cel | ul ose (100.0
ng), nethyl paraben (10 NO)pELBHEIATPal—TRiggHC—Dbujfer (0.1 M (2.89 9g)
is added and further stirring allowedluntil conplete fissolution is
observed. The mixture ig PBgibuffar @ddMbel ow ro@rﬁ tenperture until use.

Exanpl e 2 - Preparati on of—a—Mrcoadhestve—Thernoreversi bl e Gel

Predni sol one Formul ati on or Device [00254] A 10-g batch of nucoadhesi ve,
gel fornmul[80256h cont AilfrigrbgtcR o086l dbrmitagiomesudining2.0% g megramied by suspendi ng
2.0 ng of Carb I 1.:8% 9 AXATRL 4 in 5.00 g
of TRIS HO buf 8‘ ?%asfn%)qgg he cor?@gsr?e)ritt ?%gsr“eg'K &Eia%’tspgﬁ‘s’?"é@ tation
overnight at 4 Si:@ntlﬁc £h3umeg d@nqhheﬁpeomhatsmiombbasnmoﬁhB'thteU&P gibshene,

hydr Xypr opyl gse (100, [ a 10
add| i onal TRIm§ I‘—?ﬁlgﬁtﬂi %(o Sgﬁcgmglférg%ﬂ}]é?&g%ﬁg@ ch %1‘(" %Vﬁ(g‘ryqstl rring
al | owed unti | cdhid disterithi fdecddUR]i wateriasd tlinrwzedeuHih@torﬂ K with eM Na@Hl Theai ned
bel ow roomte [SRar Ab ..
Cvcl odextrin- ggoﬁl ay{loﬁuﬁ%gyﬁgec}rﬂrg?de@?rﬁs Ipog gﬁcr a{ﬁRPﬁ Borfeco 8 A ati on
or Device [002%]Jmm®tdl>plmqameof BHT) \(zaBAﬁﬁﬂ«Iﬁnirlptp)thq chilked $BEndledon whitthe TRI S
HC buffer the co are,m xed un a ation over n| ght
at 4 0Cto ensurgngqng %gqtlo?wa%%seol uttl o e%oxamerYanF IP'?%L%’OPOI?l i &Ry
met ky| par aben |sser¢dﬁﬂm1hchmd1gfadr3ntIePVBF!Or2aumgtmﬂdaymgéfum (MillipongCep @ and
i ssol utLon L s BRSaLYE YT NET KLy (niR) Abd el LRar R ture
Mucoadhesi ve. 'Rimc cﬂoseéwemstduﬂeeblﬁdlmﬂbev(sambﬂs@bmme)lﬁod aﬁmlaetmseaied)\mtlDea/inﬁe
[ 00256] The Car I oxaner ASF S ended in
the TR S 10 bUPrE peymbley PO e e RE St dmbbesahe SRRl o SmBHSRERT 20 on
overni ght at 4 nk@edmsepfsue elemodﬁpylegmathds'm tltewmﬂs.w&helomylmhthck&xﬂerbuﬂylsol ution
SPSS%FL?.VLﬁaTZ‘ V@%ﬁe(%f%lg)l ki” heed Shleh Wi 9 Bl RY&Gs Wlitie) COmRLeLe

dry heat sterilized (Fisher SC1ent1ﬁc Isotemp oven) for 7 hours at 140°C. Before

administration for the experiments described herein, 1 mL of the cold poloxamer
solution was delivered to a vial containing 20 mg of sterile micronized dexamethasone
using a 21G needle (Becton Dickinson) attached to a 1 mL sterile syringe (Becton

20 Dickinson), suspension mixed well by shaking to ensure homogeneity of the suspension.
The suspension was then withdrawn with the 21G syinge and the needle was switched
to a 27 G needle for administration.

Example 6 — Preparation of a Thermoreversible Gel micronized Prednisone Formulation or Device

comprising a penetration enhancer

Ingredient Quantity (mg/g of
formulation)
Prednisone 20.0
methylparaben 1.0
Dodecyl maltoside (A3) 1.0
HPMC 10.0
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mai nt ai ned bel ow roomtenperture until use. Exanple 5 - Preparation of a
Ther noreversi bl e Gel Dexanet hasone Fornul ati on or Device conpri sing
m cr oni zewloDReovzwse2hasone powder [ 00257] A 10-g bat ch of gelr/usesoyiobzeé on
containing 2.0% of m croni zed Dexanet hasone, 13.8 ng of sodi um phosphate
di basi ¢ di hydrate USP [(Fi Spygdxamet &0 1 11C-) T 3g8don0 of psodi um phosphat e
nmonobasi ¢ nonohydrate |[USP (Fisher Scientific ) + 74 ng pof sodium chloride
USP (Fisher Scientifid JRISECIgrEedPdd it h 8.78400f stefile filtered DI
wat er and the pH was aj usred To 7. 4 Wth IMNaOA—The buffer solution was
chilled down and 1.6 %; pol oxanmer 407 (BASF Corg ,_contai ning _
appr oxi rrat[@‘?%ﬁslloo p %badrpfgﬁ§or§pkanm¢mm $0%nd mierphizesprefdSosoisut i on
whi | e m xi ng, d. The
g WSBEndihe< 280 £ Bf Pdioier E%‘@S@% S fraaske

pol oxamer was st Ie i ter ed ustng a 33mnm P e syringe
filter (MIIi pdquéfe(I@rlpM) angkible ehamopenteafe mixed underggitation eveghightst ¢ "Glte

ot ubpbr o euSRe Brhiiel® Bl QRAPednitol® MBS hetiblebuidsy | | ©
(Ki bl e). 20 nufle4.0 migk mstiyinatrberid rmes) land desiscy] Sppdtesida () ered mrdaddisipnaldRIp| aced
in separate cl 3R e y{oqq\qng@t@%w 184 arddHErtiek ?t}rﬁgé’@\lh%eﬁluﬂéﬁgmme{eh sterile

butyl rubber stoppers and crinped sea seal s
(Kinbl e), vial slisselutionis pbigeved. Breanikiurezie maniinsddelogooemténijesutesotitysp oven)
for 7 hours at 1400C. Before administration for the experinments described
herein, 1nlL of the coI d pol oxarrer sol ut| on was deI | vered to a vi al
cont®i nExampasiEffse sgradation progdy auinelave pmer 4970FA2% needl e

(Bect ond%&&%ggéhﬁﬁa@mg)g B bhifker St eri e syrl nge (Bect on Di ckinson),
suspensi on N xe naki n 0 ensure honogeneity of the suspension.
The susped89258] wad %Q?éﬁolmlqlmfra Roilexament07p3% dexamfasenshospbate aSH)ds was
switched to a r n of a
Ther nor ever si bﬁ%ep@reﬁ%%@is?ool%@g 3%1‘{%% n%i%agg?@i?gﬁr%ﬁgg?ﬁ é&?geﬂéc%fmrl si ng
a penetration eatiamebeipbaeddpsipaniydipupdiier Ifenée), 1 5% hue af sadiuephospliats ng

2. 0% of m croni pen oxarrer
4071/52 BASF Cor p. %ﬁﬁﬁ&%@%g&&%ﬁ {fer Bcfchitf buf‘#y‘{o&J TTON ”‘95°gi @ﬁ)e hefd gents

are m xed undervity%%g Pﬁﬁﬁﬁrﬁ‘?«/@m@bﬁl waier. Ih@@htti@nmbé dewnpl @Fechﬂlgisol ution.
Predni sone (20 , v,
met hyl par aben ?Ki o ”gﬁ‘@égﬁg%wm‘%% ng angﬁn%él ti or%a TRI'S HC
buffer (0.1 M splznls igho thescoddispdutionrydhile mntlhze smlxtmengfuahumeﬂlumthle
conpl et e di ssol bel ow room

mp poidx@her i c&%f&éﬁ}gﬂfmghﬁﬂé ﬁ‘ltlrgr?hlé §olﬂ§>'n’?§ xﬁ%ﬁﬁn@d

tenperture unti’l use. fect of pH on degradation products for
aut #cl aved002p0) pol thenetoxangy M/ 226/deramethasonesnhosphateoPPa icPBOHBH)of 53. PBS

B ELfS Fe3 rh a£ 20 (2 gg}a)ﬁké Llpﬁlﬁuétq%ﬂrbﬁﬂatgfy 3@111}3 %t 10 LR TR A a%d%t‘iﬁé%tﬁ‘ﬂ%p ne
the addition of 1 M HCL
{00261] 17% poloxamer 407/ 2% dexamethasone phosphate (DSP) in PBS pH of 8.0.
Take an aliquot (approximately 30mL) of the above stock solution and adjust the pH to
25 8.0 by the addition of 1 M NaOH.
[00262] A PBS buffer (pH 7.3) is prepared by dissolving 805.5 mg of sodium chloride

(Fisher Scientific), 606 mg of sodium phosphate dibasic anhydrous (Fisher Scientific),

247 mg of sodium phosphate monobasic anhydrous (Fisher Scientific), then QS to 200g
with sterile filtered DI water.

30 [00263] A 2% solution of dexamethasone phosphate (DSP) in PBS pH 7.3 is prepared by
dissolving 206 mg of dexamethasone phosphate (DSP) in the PBS buffer and QSto 10 g
with PBS buffer.

[00264] One mL samples are individually placed in 3mL screw cap glass vials (with rubber
lining) and closed tightly. The vials are placed in a Market Forge-sterilmatic autoclave

35 (settings, slow liquids) and sterilized at 250°F for 15 minutes. After the autoclave the
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prepared by dissolving 351.4 ng of sodiumchloride (Fisher Scientific),

302. 1 ng of sodi um phosphate di basi c anhydrous (Fisher

Sci ent

ific),

122. 1

ng of sodwormghicshat e nonobasi ¢ anhydrous (Fi sher Sci emCirfsejosmamide®. 062 g

dexanet hasone phosphate (DSP) with 79.3 g of sterile filtered D

on is cocghﬁglesi%ﬂte cBoll ¥ n G} dohEmp@itele ab@tHan pracedt iR 88k
PECTRUM CHEM CALS)

sol uti
pol oxa

mer 407NF

1S sprin

kl ed

into the co

wat er .

%&at@ﬁ hof

whil e m xi ng. 'Isﬁ’é‘P]ﬁF e hpmogegized, by piingihg xlsyrhileicoldhe pol oxaner is

conpl et el yoshie8FO! WpPearahlde
2% dexanet

pol oxa

mer 407/

asone

phosphat e (

The

d sol ution

1 T a 7 %
(S b Rk T b QORRB

al i quot (appr 0X@”RSB3PBYpipye @Pwﬁﬁéls%ﬁ?ftéms@}&!}g YW arne S&H]e@ﬁc‘PEth'éoan to 5.3
by the additi onypfe tﬂé\éalﬂges cmgl&ﬁg},m&a{aa@eldq;sam% Shhé bf &i¥eoftaxrmEON@s ONe

phosph

ate (DSP) in

PBS

Take an ali quot (apprOX|nateI

30l

of

the above st ocKOKIPRET ceﬁtam sa@p{%tpr%crmtaw W25 oglypbegrved ithide st 3PHL M
[00262] AyfBBS buffer (pH 7.3) is prepared by dissolving 805.5 ng of

Na OH.

sodi um chl ori de (Fisher Scientific),

606 ng_ of sodi um phosphat e di basic
bk 44RE)

anhydr ous [08266her HBLCanslysis is performed yeing pn Agidfnt F09kawppes;vat
anhydrous (Fis %%@&@50{4 &}nmgdnﬁﬁh)% 93&@@%&&&@1@@5&&& fdrhihpsred DI
wat er. [00263] % sol uti on of dexanethasone hate (DSP) in PBS pH 7.3

is

ca

cl osed tight | y.sample apd dissolved avith) 1
aut ocl ave (set tshigies bethi@Wulobigthgl Shs ﬁ{}gys%-@aliérltﬂaﬁgdo/at 2500F for 15 m nutes.

After the autoclave thesanp

and t hefale 4c Olssryed piopprgies afterr autqglavingsamples captainipgdryapiethagensso
V\ﬁdsﬁh,ﬁghglsp)[ 00265] Appearance (e.dg.

Ls ohserved and recorde

hé\pgraranesy)

vi al$s
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di scol
cont ai
conta
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wth a
acet on

0. 059
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with 1,

20

25

t1on)

| es
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SAIRIBRL 3F €

ber

Br epar ed by (WRSEBFYPHElODBYE cotaipiag dRetoREA. rﬁ aﬁﬁ'@k’ﬁﬁ&f b mpatss- The t he
PBS buffer and e p&ukd Re@ rivotded fiBRe Ribid tlow. [ féélareq{lﬁte%%

individually placed in 3nL screw
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e
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f er -acetonit
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0056 .
ire cont al 1

b 1 ecor ded

i ng
in

PBS, pH=7.3

Ak

ared

acetonitri
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1
I

Fotgd—b
e wat er

nlxture Pur

tak ldg 30miL

£
Ul

ity of the

npte

and _diSST

h

vl ved

17% 407/2%DSP
PBS, pH=8.0

Clear
Solution/Gel

92

4.9

1.18

Purity before autoclaving was 99+% for all samples.

Example 8 - Effect of autoclaving on the release profile and viscosity of a 17% poloxamer 407NF/
2% dexamethasone phosphate (DSP)in PBS.

[00267]

An aliquot of the sample from example 6 (autoclaved and not autoclaved) is

evaluated for release profile and viscosity measurement to evaluate the impact of heat

sterilization on the properties of the gel.

[00268]

Dissolution is performed at 37°C in snapwells (6.5 mm diameter polycarbonate

membrane with a pore size of 0.4 pm). 0.2 mL of gel is placed into snapwell and left to

harden, then 0.5 mL is placed into reservoir and shaken using a Labline orbit shaker at

70 rpm. Samples are taken every hour (0.1 mL withdrawn and replace with warm

buffer). Samples are analyzed for poloxamer concentration by UV at 624 nm using the

cobalt thiocyanate method, against an external calibration standard curve. In brief, 20pL
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sanpl es before autoclaving was al ways greater than 99% Table 1. Observed
properties after autoclaving sanpl es containi ng dexanet hasone sodi um
phosphat ewOR&8R®)13R2i ty before autocl aving was 99+% f or aCir/tsamploemss Exanpl e
8 - Effect of autoclaving on the release profile and viscosity of a 17%

pol oxarmer 407NFéfﬂ?é’/@aHfs?&&}fTEﬁ%aW%mS&%tsﬁM 5k kiffodykivate JoRlRR 4ha An al i quot

of the sanple from exanp (autocl'aved and not autoclaved) is eval uated
for rel ease pr cfbsorbanssmeqsued et 63y nmppging e Eyalytion O RVisatpectidpbotpmpistt  of
heat sterilizatifQanRscidigndr operties of the gel. [00268] Dissolution is
performed at 370C in snapwells (6.5 nm di anet er pol ycarbonate nenbrane with
a pore si 28001 0. Ahergleasqy dexgmethpsonggthosphatg ﬂa%%)dsg o thedirmemneyerReprPef t to
har den, then 0.é7ugﬂoni s placed into reservoir and shaken using a Labline
orbit shaker at 70 rpm Sanples are taken every hour (0.1 nL wthdrawn and
replace with warm buffer). Sanpl es_%.rzek@znglbyzed for pol oxaner concentration
by UV at 624 nmusing the cobalt tRBkocyanate nethod, agai nst an external
calibration standard curve. In brief 2QnmLof the.s le is mxed wit

180 of n TERREBMAIR; S oJarmeleaiednr Oc bR IBSDi B EE RSSOkt ar 625
nm using a ioigeht, OB allblBase\onétant SNBELth QA AR didlendidi&s HomEE irélftkd fol thy .
[00269] The rel eased dexanet 3s0 etaghos hate (DSP) .is fjtt?g to the _
Kor smeyer - Pefi5sputiog mgehagysm and bis the axiy infgyeep Ferizing the infal burst releasgr ot ¢
agemd r Iel eas adclahistn wikrdin n@élﬁraﬁﬁ&ﬁzds\éﬁl’efblsilop E@itl@)ﬁ:&ﬁﬂe@_aﬁbtlﬁlT&fm@ﬁii) c agelnt, Ié
Is a rel ease ,constant q e nth or nis i.mensi onl es unber, rel ate
Lo the dt sofStargim e D G g of it peied of i ReBte PEREHECRSIR o1 ng
the initial HémSdirik BIf6rasseadt dhaded Hinthdietabmiinbieedf hdladuis bed is£aisulaed By:0Si on
controll ed nmechanism The nean dissolution,time (MDT) is the sum of
different periods of tinme the dru I_e%’t'ilé”s stay in the matrix before

rel ease, divided by the total nunber of nwliecul es and is cal cul ated by: MT
=-n- | 0] .Viscosity neasurenents are for .usin rookfield
vi sconet er[h - N#ﬁsowyf’??agm@@%arip ’Wﬁ? 'ém&eé’l"%‘l‘gg‘?“ﬁﬁ%%?gef gﬁ&@ﬁ@ér rate
of 53 1 s 1), withid OPEA1 ¥pihdle totaed £10.08apls @dhes rhte 6PEB BE V) ®uipped with a waict
(tenperature ranped from 15-340C at. 1.6 C/ nmin). el .i fin as . .the

nf 1Bt on poi ARG fePvtatitG S Gty Bibed Fim s ULk AP GBS due to
t he sol -gel tr angiisidefined as the inflection point of the curve where the increase in viscosity occurs

due to the sol-gel transition.

Table 2. Effect of autoclaving on the release profile and viscosity of a 17% poloxamer 407NF/
20 2% dexamethasone sodium phosphate (DSP) in PBS.

MDT (hr) Tgel (°C) Max Viscosity* (Pas)
Non-autoclaved 3.2 25 403
Autoclaved 32 26 341

*Maximum apparent viscosity in the gel state (up to 37°C) at a shear rate of 0.31 s
The results show little effect on viscosity and release profile after autoclaving a 17%
poloxamer 407NF/ 2% dexamethasone sodium phosphate (DSP) in PBS.

Example 9 Effect of addition of a secondary polymer on the degradation products and viscosity of a
25 formulation containing 2% dexamethasone phosphate (DSP) and 17% poloxamer 407NF after heat

sterilization (autoclaving).
[00271] Solution A. A solution of pH 7.0 comprising sodium carboxymethylcellulose
(CMCO) in PBS buffer is prepared by dissolving 178.35 mg of sodium chloride (Fisher
Scientific), 300.5 mg of sodium phosphate dibasic anhydrous (Fisher Scientific), 126.6
30 mg of sodium phosphate monobasic anhydrous (Fisher Scientific) dissolved with 78.4
of sterile filtered DI water, then 1 g of Blanose 7M65 CMC (Hercules, viscosity of
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Table 2. Effect of autoclaving on the release profile and viscosity of a
17% pol oxamer 407NF/ 2% dexanet hasone sodi um phosphate (DSP) in PBS.

*Maxi mumwspparerpIvi scosity in the gel state (up to 37Cpcatusaomsioessé r at e of
0.31 s~ The results show little effect on viscosity and rel ease profile

af ter autocl avi 180ép G SRITE intd hé NafferddtudlEx aMRcRES A &iodiudbh pRgsphat e
(DSP) in PBS. Exanple 9 Effect of addition of a secondary polymer on the
degr adati on prdéﬁéql%tlo&ﬁﬂthﬁ?%@@ldtoy’nof a formulation containing 2%

dexanet hasgagr2phospdalin 6ESITY 030 Zu{gs ?aﬂameré@mﬁ%fdmmbﬁat
sterilization autoclavmg [00 olution A. A solution _of pH 7

conpri si ng sodi eemeth ’t‘lﬁyﬂh@&hla I(BSB) ip EBS)bufter ipmadebs oaking @“ﬁ‘rge]pfar ed by
di sspl ving 178. &téomorpf\ 1S9k UANI6 Rk hén &ﬁltﬁéﬁeaadéga@sﬂﬁlgt)r@exam&%oée ng of

sodi um phosphat e di basi ¢ anhgdr ous (Fisher Scientific), ng of sodium

phosphat e monobReiuEr RiRFRMAEER P)(@u%‘ﬁﬁ‘é’rbYS@P‘E‘ﬁt }-f4ecof pakozs;@mr\ﬂemmpﬁcw 4 of

sterile filter e@he%ca\n%t@gpmﬁdee thtd tha cOld sBLBRPS Bl MR Mg Cike thidfi&id fiGther
Vi scosMy of 545CcP @ 2% is sprinkled into the buffeéer solution and heat ed
to aid dissol utm’éﬁdmﬁﬂélf}%?é"%oéi‘f{}?rI%J?Pm@etﬁlﬁéﬁs‘&‘ﬁgl ed down. [00272] A

sol ution qborbi 7. GwedRDbS the Q&vézm’aﬂl@lswmeﬁl a%%l\ﬂév&/eaggﬁszvﬁmct%ﬁm@@sone
sodi um phosphate (DSP) in PBS buffer is nade é% cool i ng down 8.
T

sol fion A in dinigg aphelpsed dehilyt dbe pakimplasrd in p %B?rﬂastzosnaﬁg achlgve
dexanet hasone s@diinb) AP ERNAY 8nd $03iTzed &l Js00e@r DYmiButes Ner hutédvifd thpo! oxamer

407NF (Spectrum Chem cal s ) is sprinkled into the cold solution while
mi xi ng. The ni XPBPE it Efttepeohdpwmnioreem trmperatus pndthen planed iurvisieerator Biepl et el y

di ssol ved. [ 00Z{8ble [¥Rorlgebed tyemRRRWMile a)ifls 48 chlhaced in a 3nL screw cap
gl ass vi aI wi th rubber |1 ning) and closed tightly. The vial is placed in a

Mar ket Forl§®278t or Nofagdiritation eFcdisgoloration tves ?iﬁgwe%qlmﬂwtpﬂm}ﬂ&ﬁ@nslm Blized

at PHO0F for 25,eMoRttdes desddfibe&dlin BYAROE 8V LAY a8 95 R @ ddtion pRfdhctd Queag0l  down
to roomtenperature and then placed in refrlgerator The sanmple is

honogeni zed by haﬁdsabﬁwﬁmr%eﬂ@%@le\nr@dugtsw detricted, lfeealzerf&pnmmweaéistﬁblﬁém on or
di scol oration Vﬁﬁ)cgbﬁl rved after autoclaving. HPLC analysis is perforned as
descri bed in Exa Less than 1% of degradati on products due to

hydr ol yi s 8927§}3xa ﬁ%%’@?és%?lﬁﬁ%‘f’%reﬁﬁf pedes@tped n Bxamplen/e Thgrepyltait i on

was stable to aybwed tﬁ%lt'aﬂﬁ;cla{ngggzcﬁﬁttlybﬁ“&%)&Mvﬂ?&ﬁ&%@tﬁ@@élsor‘%ﬁer?gcper formed as
described in Exanple 7. The results showed that autocl avi had little

ef fett on the VFEREYIHey Lets overall ympuritiss wens ebsegeed in pairamsr eqniainigss over al |

impurities V\Brefoﬂxhﬁﬁfoﬁﬁébdghaﬁ%ﬁfééﬂﬁfolfé 1829 PSP §opmRYl at i ons cormar ed to
t he contral sarrple 2% DSP in PBS). [00276] Dissolution testing wa

per f or med 98278k s c Pisselytipnewting wigr performythes degasibrd i cxprapled- dhe results showed a
MDT of 11.9 hr compared to a MDT of 3.2 hr for a formulation containing no CMC.

The addition of CMC or a secondary polymer introduces a diffusional barrier that
25 reduces the rate of release of the dexamethasone (i.e., increases MDT).

Example 10 Effect of buffer type on the degradation products for formulations containin

poloxamer 407NF after heat sterilization (autoclaving).
[00277] A TRIS buffer is made by dissolving 377.8 mg of sodium chloride (Fisher
Scientific), and 602.9 mg of Tromethamine (Sigma Chemical Co.) then QS to 100g with
30 sterile filtered DI water, pH is adjusted to 7.4 with 1M HCl.
[00278] Stock solution containing 25% Poloxamer 407 solution in TRIS buffer:
[00279]  Weigh 45 g of TRIS buffer, chill in an ice chilled bath then sprinkle into the buffer,
while mixing, 15 g of poloxamer 407 NF (Spectrum Chemicals). The mixture is further

mixed until all the poloxamer is completely dissolved. Stock solution (pH 7.3)

35 containing 25% Poloxamer 407 solution in PBS buffer:
[00280]  Dissolve 704mg of sodium chloride (Fisher Scientific), 601.2 mg of sodium
phosphate dibasic anhydrous (Fisher Scientific), 242.7 mg of sodium phosphate
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MDT of 11.9 hr conpared to a MDT of 3.2 hr for a formnulati on containing no
CMC. The addition of CMC or a secondary polyner introduces a diffusional
barri er tWwetoeedsres the rate of rel ease of the dexamnet raFarseo0dioomee

i ncreases MDT). Exanple 10 Effect of buffer type on the degradation
products for fqpsfebatd &H%G&r(i?ﬁhé?'sﬁﬂn WRT8H.4 Q?Hgnﬁftﬁt%fed IiBiE%Jater The
sterilization (autoclavin [00277] A TRI' S buf i s made ydlssolwng
377.8 ny of sodPUﬁP%HICB‘PlF%éD"(IPP%é‘%e chilled frgier bath andéh?}l B 2f golggpngr 40

Tronet ham ne (gsm@mnmxms) i§ 5iRRk(EDidtOthk S5M s¥iuidh whilf thixthef Thd ered D
water, pHis adjusted to 7.4 with IMHCO. [00278] Stock sol ution containing

25% Pol oxaner 4’@?“15“01F Girthermixgd wotil Sheppiarammer is oTRRAgPly viéssejiedimdg cpr TRI S
buffer, chill itRAnafcil Seutfdhl wds @eraliad. Mrnk REbbeaRel Ft! this SMRontvi nibdr&d at 7v80i | €
m Xi ng, 15@& pol oxanmer 407 NF (Spectrum Chem cals). The mixture is
further mil988Tlint A sengs|of foraulssprsasmprerared wightie abovp jtogk sadioped. St ock
solution (pH 7. ﬁemﬁaﬁas@h&sﬂwp&é%qﬁq ANTRIon 2 DERdiHaQIhe USPRES flebthsnh :

[ 00280] Dissolve 704ng of sodium chloride (Fisher Scientific), 601 .2 ng of
sodi um phosphatcemicpla ¥ete wethipaplberperimeyher Scientific), 242.7 mg of sodium
phosphat egMZQE]aS' Oné Fté@ar@'ﬁl&h@dall??la@&ith3hﬁ)sc&ivtdap G %alg(vﬂih bkl | e

filtered ter. The solution is coo down in an 1ce chil wat er bath

and!® hen 50g ofhnﬁtsméaqwﬁ tightiyr Thespategneplaces-mmMenket Forgs- sseﬁlﬂrpmag@diam o the

col d sol ution vk, dbwil ﬁds)m@steﬂu&teuaﬁzsosls forn4 Bfutddl XRE th\iukdclavii@ the
pol oxamer is conpl et el i ssaolved and a clear translucid solution was

obt ai ned. The PrmPsE HE Mdldorepl down & rogmiemrsiatyis s hewindiareplaggd inthe [ 00281] A
series of forwkﬁgemﬁmmrﬁxmam&mthﬁxogéa@zealk&\aﬁl gfock solutions.

Dexamnet hasone zlghate (DSP) and m croni zed Dexarret hasone USP from
spectrum ¢ e aBalysiviq prdermad ps daeriherl ipstegplero GR8 stpbilierfnl. sanpl es

ar epd ndi vi dual Ifymmlﬁggpmlm§gﬁdpgggyyfé;@,@c%g§§d vials (wth rubber |ining)
and closed tightly. The vials are placed in a Market Forge-sterilnmatic

aut oc| abable 3 ffﬁf—hgf buffep fypejog thejdgeradntionof dexamethasone anglgpamethaspme i nyt es.
After t sﬁgtggﬂhﬂ&fgﬁﬁlﬁml es are left to cool down to room

t enper ure. The vial are nI aced_in the refri gerataor and mxed while cold
t o honppEle® t he sanpl"ﬁé?eamw’]% DSEC %Reysis is [perRBk ofed| %RRESET i bed
in example 6. The stahility of farnulatijogRr=127R S angl4 PBS buffggrs is
conparpd Tahle 3 Ffflect of buffler typel on the degriadation o
dexanet HADSRERIRd dexaméllenisbfe phoddhatle conf4i ni ng foP®8l at | on-9700284]
Viscosjty measurenent§ pigligiRer f Qrmed as| described ijn exanple|7. [0028%]
The results showthat lin order td reducel hydrolysis during autoclaving| the
buf f er| 2/e&$L/ERISmai nt gi Yellawpshl & n |t hetl7- 8 rangéSat ellevatZd t epper®iiures.
| ncreased drug hydrol ysljrgcim& obgerved in TRIS buffer than in|PBS (Table
3). Cceurence of other
4% DSP/TRIS Yellowish & 58 36 2.4 0.23
Precipitate
16%P407/2DSP/TRIS | Precipitate 54 41 0.79 0.62
18%P407/2DSP/TRIS | Precipitate 52 45 1.21 0.51
20%P407/2DSP/TRIS | Precipitate 55 43 0.86 0.49
18%P407/2DEX/TRIS | Suspension - 99 0.22 0.55
2% DEX/TRIS Suspension - 99 - 0.28
2% DSP/PBS Yellowish & 85.6 9.8 2.09 -
Precipitate
16%P407/2DSP/PBS | Clear solution 78 17.5 1.86 -
18%P407/2DSP/PBS | Clear solution 81.2 16.2 1.14 -
20%P407/2DSP/PBS | Clear solution 81.5 16.1 1.04 -
18%P407/2DEX/PBS | Suspension - 97 1.06 0.45
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degradati on products are reduced by the use of the polyneric additives
(e.g. P407) described in this application. A decrease in degradation
product s we 20igBp2ed fromthe formul ati on contai ni ng 20%Cpalsecoamasoce 07
conpared to the one with no pol oxaner 407 (Table 7). [00286] The

for mul B34, @Ex/PRIT al N N5 IFGRRUEd M CT oNnj Zed glgxanmethasqrg hafl gr eat er
stability upon autoclaving, thanitheir solution counterparts Exanplel11:
Pul sed rel ease otic formul ations [ 00287] A conbination of dexamet hasone and

dexanet hag 6’61%4]500“\%@%9‘&?‘&%%@&&@&95%} &f&&k@asoées&: 'e'ig}ﬂ dl‘ée} to prepare a

pul sed rel ease for ion usin procedur es escrl herein. 20% of

the del i vdP®8Fk dEberepiltsgeorathat mas@n@ qe@lcs bydrplysib desingiatoglatingothobuieamer
sol ution of exggpcls%%a}éﬁaﬁﬁ‘ blin @k 9- sqfa%g%%@ie%&i't&ﬁﬁe% thie8 Sncrd4361 &gl Ni ng 80%

of the deliver e dexanet hasone is e mxture and the final
forrful ation is Wd@bﬁﬁws gbierigd amTRISrtuélerthpnindBSdTaje 8). Haqcuienpce JfoteB3]

Pul sed rel ease {.onmH.AblANG &@qgﬂxhéd@ahgeé%m%@%@gc iRk GRApagnaccor di ng
to the procedures ang exanp fes scri’bed herein are tested using
procedur es desclesoibe indhie PDPIIF@ilqaetAedqqi‘eﬁ@ ipy deaedation pradustsis ehserved fromthap| e

12: Preparati Orfoﬂiul&oﬁZo@tB%%é%olo&%é% P&B?Jéi BIRIE dn¥ 33 n! UﬁxhrﬂerPBS

[ 00289] A Stock solution of Evans Bl ue in PBS buffer I's prepared
by di ssol vi ng 308 (Tapleoh). Evans Bl ue (Signa Chem caI Co) with 1nL of PBS

buf fer  ( ouseX aMpherofiati g@&%&lmé\s et SR EARA el gRAEPO! Oxamer
407 solutlon I'n PBS buffer from exa Is used in this study. An
appropri ate anﬁ@htht)olﬁpogsptoplgwagdh@th@r ofyion coukerpasisut i on from exanple 8 to

pr epar epf 01t 12 pLiSreeIRNiL firRdiagddsPSP (Table 4). Table 4 Stock solution
containit nge Z25% Pol oxamer 407 solutton in PBS buffer fromexanple 9 was used

for this d9Q&Jl [ 0629mbingtien ﬁ@emqﬂwmlaa@ Aexamethasong) spsianm plosphata@BPhi gs i n
the mddle ear fy,Bf P@FG‘AE&%Q ?ﬁﬂﬁmfe%e%m‘ljat&ﬂﬁmﬂghk bfobeddfes

formul ations to gel upon conta location of the gel Is identified

af t & dosing ard@soatbe@?rml}p% @ﬂh@elldesblﬁgoseleﬁ derpinethasone Feplybiliged ina 17%
sterilization %Bl&%%@ﬁﬁ&n Malfn 'é"ﬂiiuﬁhh@élﬁ o%éti‘ Fy’tﬂﬂe%hé“?ﬁé re%auunngO%

vi sual i zati on e [00292] 17/%p oxamer407 hosphate butfer. pH
7.3 : Dissol ve of0sidglivsra @rmthﬁpm i @t@n@weéheﬂleswemanﬂ ﬂ@)ﬁnalﬁllzn%w@f

sodi um phosphat;g 'ﬁ% a6t (%ﬁ%ﬁ%aﬁ?e MeRidelrhsbgr Scientific), 251.1nmg of

sodi um phos hate nobaS| nohydrate USP (Fi sher Scientifc)and an
appr opr i atl@288punPulegd ralﬂaSDMaﬁlhnSr@SleSlgg d¢xamethpopeareiprapated gecordingtper . The

sol gfion is cogl&fodaus bt ABmpleSa&biidel S MPhRT ardRLBd AL frbkBurdé 139 of

pol oxaner

described herein to determine pulse release profiles.
Example 12: Preparation of a 17% poloxamer 407/2% DSP/78 ppm Evans blue in PBS
[00289] A Stock solution of Evans Blue (5.9mg/mL) in PBS buffer is prepared by dissolving
5.9 mg of Evans Blue (Sigma Chemical Co) with 1 mL of PBS buffer (from example
25 61).
[00290] A Stock solution containing 25% Poloxamer 407 solution in PBS buffer from

example 8 is used in this study. An appropriate amount of DSP is added to the stock
solution from example 8 to prepare formulations comprising 2% DSP (Table 4).
Table 4 Stock solution containing 25% Poloxamer 407 solution in PBS buffer from example 9 was

30  used for this study.

Sample ID 25% P407in PBS DSP (mg) PBS Buffer (g) Evans Blue
(® Solution (uL)
17%P407/2DSP/EB 13.6 405.6 6 265
20%P407/2DSP/EB 16.019 407 3.62 265
25%P407/2DSP/EB 19.63 407 - 265
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407NF (Spectrum chem cals) is sprinkled into the cold solution while

m xi ng. The mxture is further mxed until the poloxanmer is conpletely

di ssol vedweandova3ed2ear transl ucid sol uti on was obt ai ned. PCmasped0t3066i s
solution was 7.3. [00293] 17% pol oxaner407/ 2%OSP/ 59ppm Evans blue in
phosphat e [peddipr : Thakisvve ‘Mimﬁlatl@:fs atéw&,séd?%gaglle@ lgmrtﬂ%dd%%aﬂ%%méeau&bosphat e
buffer solution, and add Zp&t vans bl ue Al drich

chemi cal Co) sofestrivsshherein hﬁﬁﬁ"tlﬁ’r"f f‘?@t‘)‘*ﬁ@‘ﬁ‘}s to gohypen EBP&WE‘P‘%(W? locaipref |
phosphat e buf f ethe gel i id&milfie@ afle? QosiiParfat 3R AP lQHgde (Fisher Scientific),

334.5 of sodi_ um phosphat e di basi c d| h drate USP F| sher Sci entlflc)
125 9 gg%gﬁmg'wunuu FON t " i e

Sci enti fiyec) and 2. 01 g of dexanet hasone SOdI um phosphate USP ( Spectrum
Chemcal s) with 70.5 g of sterlle flltered DI 1,00295] The sol ution
i s cool ed %R i nli%polexamerd(7,2% I esphate 3: 1Yssetve J89m% aher

407NF ( Spect r ungoghieiBhtoRids zplth%r scﬁéﬂulﬁlsj eqiz in ToPsthﬁn sﬂm&cﬂllbﬂsic@@h))mdté Bsp
m xi ng. The m xture is ?é‘ﬁt er mxed until the pol oxaner is co Iete y

di ssol ved and dFishgae s1od ditee ledimahosriiats pronpbasty moprbydsate HEP (ishst

solution was 7.ShientifilaRbdn a%?%pﬁ&é EHSUTR b4 DSPMAEST 8. D BRI AlGePDURate
phos hate buffer: Take two of the 25% pol oxamer40// 2% DSP/ |n phosphat e

buf f&r sol uti onlBesaluteRys Eo‘ﬂf_d dpwnngn Q’Cr‘fﬁ‘}lﬁiwﬁ%ﬁi’éh dilen 34 1GEA1 polefamen
chemi cal Co) S OJ0INF @SpectiurP Bz nileH1d) 8 sprine@Ad th&tAg soldtidilwife nfigh U@t i on into

a 2 nL glass vial (Weaton serum Ias? vial) and seal with 13 mm butyl str

(ki nbl e st opper8yKtulgy fEthepgixgA pptilth ‘ﬁﬁ?‘ﬁﬂﬁ‘F’é’é’éﬁsoweﬂ‘?é‘d\?lcgﬂa% are

placed in a Wrtk&ﬁlu&@&(ﬂﬁhoitvﬁislobﬁﬁfeﬂCTMIDGﬂtEl‘é@OI(lﬁ&I&ASWQﬁ sl ow |'i quids) and
sterilized at 2500F for 25mnut es After the aut ocI avi ng the sanpl es are

left to cdB¥29%dbwnliZ pRm Fvar inphosphs 512K on. The

vials are pl acadoilL (thﬁe 84 f)élemm/ @%d)sm/ momhdeeuﬁelsdluh@n Haegeniize the
sanpl es. Sanpl e di scol oration or( gre | tation after autoclaving i s

recorded. [00298P JIPpgmitapshlue dgichehemical Gaktolytigaep FBS

6. Tabl e 5.[oédolpct 289, anﬁteawmmqnsmh@pmbhw baffer: Did¥bivas30418g Gﬁﬂhﬁinni ng
dexanet hasone sodr umPphos hate w.th a out visualization d [ 00299]

Vi scosity measmenidshsy 1?5’é‘be??fb§l“‘§§f€F@§E?P%@aﬁfhE%§%§rP&YémPe%ﬁihe results

showed t hat aut(peha\suagnﬁd;rlrm loahd SMSdiaRARbiphAtE %oaowsewnoﬂbtﬁat@@ép mstet fect
on degradatlonrégroducts and viscosity of the fornulations. [0030 Mean

di s&bi ution ti MEPHEDEE Negobdexypathdsprragding nbesphate USP, SPﬁ%Y%‘thhﬁ’@mP’ﬁe

anmount of dexarmtﬂmpgefmmk@é@r@&elased by W @245 nm) for the 25%
pol oxamer 407 fornul ati ons was neasured tQ be 5.6 hr and for the 17%

pol oxaner B¥PSk or it tlytioR istoslid dove inpe ige hilfd water bath and then 25.1g of
poloxamer 407NF (Spectrum chemicals) is sprinkled into the cold solution while

mixing. The mixture is further mixed until the poloxamer is completely dissolved and a
25 clear translucid solution is obtained. The pH of this solution was 7.3.
[00296] 25% poloxamer407/ 2% DSP/ S9ppm Evans blue in phosphate buffer: Take
two mL of the 25% poloxamer407/ 2% DSP/ in phosphate buffer solution and add 2 mL
of a 5.9 mg/mL Evans blue (Sigma-Aldrich chemical Co) solution in PBS buffer.
[00297] Place 2 mL of formulation into a 2 mL glass vial (Wheaton serum glass vial) and

30 seal with 13 mm butyl str (kimble stoppers) and crimp with a 13 mm aluminum seal.
The vials are placed in a Market Forge-sterilmatic autoclave (settings, slow liquids) and
sterilized at 250°F for 25 minutes. After the autoclaving the samples are left to cool
down to room temperature and then placed in refrigeration. The vials are placed in the
refrigerator and mixed while cold to homogenize the samples. Sample discoloration or

35 precipitation after autoclaving is recorded.

[00298]  HPLC analysis is performed as described in Example 6.

81



Exanple 14: In vito conparison of relase profile. [00301] Dissolution is
performed at 370C in snapwells (6.5 mm di aneter pol ycarbonate nmenbrane with
a pore siwe2009/1399%24mm), 0.2 nlL of a gel fornul ation desecirhsdodsoi®dse i s

pl aced into snapwell and left to harden, then 0.5 nL buffer is placed into
reser VWibIaBdEﬁ&aKﬁihtb@&ﬁﬂg én ih%%hﬂﬁoﬂ%hhﬁlaﬁ&?s'@htaﬁhng QexaRitthaSeHEdb@itna ! €

t aken every hour 1 w thdrawn and replace with warm buffer). Sanples
are anaPWEhatFWthdéﬂmﬁh‘é‘WWt ration by UV at 245nm agai nst an

ext er NBga %At IPT at 1 0N BYZRWALH alu%\@sp PITOLO& C CONCENRRT o 119, RRal ofzed at

624 nm using the cobalt thiocyanate netlhod. Rel ativije rankordgr of nean
di ssolption time (MDT)Q8% a function ofl BREGY28s deft kfhi ned. |A-14 near

rel ati pspp4p70ETWeen [ig f or mul [at iganss rean qipgsol ut) on grme (VDT gend 1 he
P407 cphncentration indicates that dexanethasone is el eased due to the
er osi onl BAPA0R&EVEe yrref L. del (pol jox&Feér) |and rdt7 via |[di ff%8ion.| A 89-1i near
rel atipgghi p i ndicates rel ease |of dexarethasone via.a conbi ngtion of
di ffusjon and/or polyper gel degradatign. [00302] Alternativegly, sanples
are anai%%fé‘tﬂﬂu& ng t hed-fet hod desdPi%ed by Li6.OXi n- Yu pa@ér [ Act a0.10

OO0 —O0]

Phar gl pca RPE8 4322485203 andsRank=or derggf THam ¢gsofyti on
time (Ivgldﬂyas ah‘%unct gg of 0/6341107‘{;i6'394determqned [ 0303? Figyre 1.

illustfBlues in vitro fel ease priofil e off Dexanethasone formul dtions with
varyi ng—concentrations of —Potoxamer—407—Frgure 2 rttustrates the near l y

i nearrelationship (1:1 correlation) between the fornulations' nean

di ssol uti d0029Phre VMEEs)ty amedsuréraenR40d parfomuedasrdgsaribed inErample Jullheresulgi cat e

t haty dexanet ha t gel

( pol oxarrer) ancsf8 dtg?tgggagfﬁglfogﬁﬁla nscg'l?'gﬁ%@g%ﬁn&a\% er%gélg(rg}géég?{slon of

gel ati on terrperdagradaéiopmﬁﬁzt}arﬂwsoeilfyedﬁhedbnmtmmrrer 188 and dexanet hasone
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eval uat ed lg\nﬁitoﬁpt he puélg%%{{ésggﬂlném pu a |a¥dé%{:nf8tuﬁéag a??jgﬁ uﬁ;l%%lerature

[ 00305] A 25% I%mogmf‘écxad@ﬁlammossbdtejtde@mdlbu%@wfrﬁ@rfor(thc 2¥oexanpl e 9)
and the PBS sol y | I 0 SF is
used. Table 6 P %é""%?%t‘ﬁoggm“?‘ﬁﬁ% ‘?esgn %%lﬁfd;t?ﬁ)lgr? 6Ph? %g’gqn%? 11%8 %:100 (f)g]gﬁér 188
[ 00BD6] Mean dlfsmoilambn@hvweldmebt(h%hhod descri be |n exarrpl e 7) for the 20%
pol oxamer 407/ 10% pol oxaner 188 was neasured to be 2.2hr and for the 20%
pol oxaner 407/ 5% pol oxarrer 188 shovved to be 2.6 hr. Viscosity is

det er m Bedhpls %@ efile. n exanpl e 7. Aut oclaving had no

ot o Z& ?§%§+lét r%%e@%tﬁfé“%ﬂ%’%fp%t@?fﬁ YR EbRBBAE o
estimate t he gehenbrowr mémwmailwctf Ocf pr)l 9.2/nHG8f angekfonmebtmérf describéd B@einRd 27 and
0- 195% F68) .

placed into snapwell and left to harden, then 0.5 mL buffer is placed into reservoir and

shaken using a Labline orbit shaker at 70 rpm. Samples are taken every hour (0.1 mL

withdrawn and replace with warm buffer). Samples are analyzed for dexamethasone

concentration by UV at 245nm against an external calibration standard curve. Pluronic
concentration is analyzed at 624 nm using the cobalt thiocyanate method. Relative rank-

20 order of mean dissolution time (MDT) as a function of %P407 is determined. A linear
relationship between the formulations mean dissolution time (MDT) and the P407
concentration indicates that dexamethasone is released due to the erosion of the polymer
gel (poloxamer) and not via diffusion. A non-linear relationship indicates release of
dexamethasone via a combination of diffusion and/or polymer gel degradation.

25 [00302] Alternatively, samples are analyzed using the method described by Li Xin-Yu paper
[Acta Pharmaceutica Sinica 2008,43(2):208-203] and Rank-order of mean dissolution
time (MDT) as a function of %P407 is determined.

[00303]) Figure 1. illustrates in vitro release profile of Dexamethasone formulations with

varying concentrations of. Poloxamer 407. Figure 2 illustrates the nearly linear
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-1.8 (9%127) + 1.3 (9%68) +53 [00308] An equation is fitted to the data
obt ai ned and can be utilized to estimate the Mean Di ssolution Tine (hr)

based on wbeogelsad2don t enperature of F127/F68 m xtures @eCOUS09/0289%6 F127
and 0-10% F68), using results obtained in exanple 12 and 14. + 8 Exanple

16: Det er m nat i @nidHship ¢IP85RlIAH0R) beARER tﬁ%mﬁlﬁfdnk Endah ldlsS @b AN I@ASP] The
vi scosity at Iowtegﬁeratures i s measured | p guide the tenperature

range at whi ch anfghedtifif ponsertiafion. aﬂl?)WS‘H@éﬁ%cafedh@@é%ﬁ‘nq@s?@d%@@aieﬁé‘“e to

possibility of tﬁé&ggbrﬂ&”tfl rgéﬁ@&le%ﬁe\l)ﬁa%w&m&@nare performed using
a Brookfield visconeter -11+P with a CPE-40 spindle rotated at 1, 5 and
10 rpm (shear rate of 7.5, 37 5 and 75 s 1), equipped with a water jacket ed

tenper agyy glccf)f:'ﬁr{ero@&h%m&&@ﬁbﬁfaﬁgﬁfeﬁlgéﬁfﬁp@d from10- 25C at 1.6 C/nin).
[0031 1 e ]ge of a s determ ned as a function of
i ncr easi nd0®MWAL enheeffeshofdiolazamer 18§ apd dexamethpsens enpide gFlﬁUOPg}empffrWeém@J%
pluroni c formlalhQy o'f?ol%ﬁxhémb?ﬂmﬁwau&ﬁgseevalugte@%ﬁt?{q}%tﬂu&oéammﬁ[@é?ﬁl

Vi scosity of potentlal formul ations at manufacturing / filtration
conditions. ' VhadesgeletipniemraRteg at a shear rate of 37.5 s [00312] The

results s @(mgpat ASA58] Pd16xahiel hdﬁs&a&@olqamf ﬁ@@S'b%?fth([@n%mde%%ﬁl'el@?%dlﬁé BBY can
be carried out at about 19C anple 17: Determ nation of manhufacturing

conl ti ons [ 003ejionsfrom ?’iaﬂ’@}e e d‘ﬁe%fPOéPxil?%llﬁﬁw fiomaRadbisiusedranuf act ur ed
to eval mh@6tybs'pammf@Qmmep%Jtalhinl;gq;omﬂmepm/ﬁdn&aﬁm I&e placebo is

manuf actured by placing 6 liters of water in a 3 gallon SS pressure
vessel, and Ief'g to coo! down |p t he refrl gerator overnight. The foll ow ng
mor ni ng t he'gLARK Was Taken oul (Walgpa07IRE! A Paloxamir 1SR PROBAE (189 of
sodi um chl ¢ride, 29.6 g of sodi Um phosphate di basic dehydrate and [L0 g of
sodi um phogphat e nonobasi ¢ ernorydISak“éW@)ad led dA®) di sSol vet®wi t h| an

over head m>i§¢r PLAIDIPIBR @ 1720 TPy 3 gl T Mpur 1 g4er, gnce; 3453 buffer is
di ssol ved of‘ution )enperature 8C, RT 180Q) 1. 36kg of po)l oxaner| 407 NF
(spectrum ¢ Hé%Pé@ﬂl/H)%m&sl oW y prl nk#Q@&? i nt o t he5Wuff er| sol.iflS6on jn a 15
m nut e int et SHE e tenpenatur € R 18C;thenm—spggrh;rSs ] ncreased
to 2430 rpm 139??%7?wa}r?1§§di ti onal oney 1(]).58’ m Xi nq,bson% Xin sp(ze 2i S reduced
to 1062 rprnl@%@ﬂ@ﬂ/ﬂﬁﬁ’lm&ssol uti on) 3.88314] The tﬁ)ﬁperatureOQﬁSOt he roomis
mai nt ai ned d/ ,ﬁ Pl 8ICLC{III tHre Lvi gl atute T34 C S IULO el ow
19C. The te °?é¥? W ° %g t he sol ytion |bg mai n{ ai neadat bel ow i(g! to 3
hour s of theO%iErnM/i%Pma of the manufatowuring] w tissut tHhe nGGGIOto
chill/cool Hhe

t
T

[00306] Mean dissolution time (method describe in example 7) for the 20% poloxamer 407/
15 10% poloxamer 188 was measured to be 2.2hr and for the 20% poloxamer 407/ 5%
poloxamer 188 showed to be 2.6 hr. Viscosity is determined using procedure described
in example 7. Autoclaving had no effect on the viscosity or Tgel of formulations
containing poloxamer 188.
[00307]  An equation is fitted to the data obtained and can be utilized to estimate the gelation
20 temperature of F127/F68 mixtures (for 17-20% F127 and 0-10% F68).
Teer= -1.8 (%F127) + 1.3 (%F68) +53
[00308] An equation is fitted to the data obtained and can be utilized to estimate the Mean
Dissolution Time (hr) based on the gelation temperature of F127/F68 mixtures (for 17-
25% F127 and 0-10% F68), using results obtained in example 12 and 14.
25 MDT = -0.2 (Tg) + 8
Example 16: Determination of temperature range for sterile filtration
[00309] The viscosity at low temperatures is measured to help guide the temperature range

at which the sterile filtration needs to occur to reduce the possibility of clogging.
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container. [00315] Three different Sartoscale (Sartorius Stedinm filters
wth a surface area of 17.3 cnR are evaluated at 20 psi and 14C of

sol uti onIwoSawwBpne 2, 0.2mm 5445307HS- FF (PES), fl ow rarasedooh@svhé m n 2)
Sartobran P, 0.2nm 5235307HS-FF (cel |l ul ose ester), flowrate of 12nm./mn 3)

Sar t opor e [@o3fb] . Visdoy HARIEMdnes FE pérfIERed udidpiBroskfReldPVischbidter RVDY-10216]
Sartopore 2 filter 5441 307HA-SS | s used, filtration iis carried oqt at the

sol ution t enper%ifita €PEED srindle ptated 3y 1pharddQrpm(ehear rate péSsi7et 30de/SSabsul e

(Sartorius Stedigipp Mth @w&HﬁE@&&:dQérﬁ&r@ire Corllbd it @mRraire S from 156pSi .
Flow rate is neasured at approximately 100 ni/mn at 16psi, with no change

in flowrate Wrﬁlcea‘tlh%q/ erature is maintained in the 6.5-14C range.

Decrsasi nqoey1¢F S UMge 86l of 16796 Riirdic PATRSdAdrHiRd af a G MckQRngauses a
decrease in flowrate due to an increase.in the viscosity of the solution.

Di scol orati on &Pn?eﬁeatsoawﬁmlwemsThewprteeﬁeea%ﬁhfqrﬁd%eura%é%e atiqnyis) e 8.
Predicted filtrgthsnedtby:ne for a 17%pol oxamer 407 placebo at a solution
tenperature range of 6.5-14C using Sartopore 2, 0.2mmfilters at a pressure
of 16 psi of pressure. [00EaTY W@e&%ﬁ%%?nt ITgel and UV/Vis absorption are
checkedrmt 9r @isédsity Lﬁ;dt&ﬂlaﬁﬁﬁhﬂﬁ{doﬁﬁat BasifftuAng MilMation B&difichsar € obt ai ned
by a Evolution 160 /Vis (Thermp Scientific). A peak in the range of
25013300 nmis attributed to BHT stabilizer present in the raw materi al

(pol oxpner). [003I8] The above ADp2eRSBistRit@@p) cabl e Tpr manufacture of 17%
P407 fprmul ations, andlincludes tenperature analysis of the room
condi t | ¥#@RIe A t enper at lir e 58€ baleweeh oC| r educe®°€ost  of Eeraraigre@a00ch
cont ai %céggrl ngmanufgact ugiag(r%llﬁcso e T NSt e gs, a | pCRetedtygspntai nef i s

used t urther control the tenperatur¢ of the solutioh to ease
manuf acﬂ%i’%ﬁé’oﬁ&r ns Ex%ﬁriﬂ@lﬁcl nyitro Réldhse of | dexamt8-h¥sone from
an aut 5 J Bl' T Z§ FOR319T 179 amer @071t 1976
dexanet E’a@%@?ﬁ/nb% puf fblgrg@@%?go of sog?)ju&ni?chl or|de (Fi sZeCr
Sci ent i TVisgositymeas8td atinsheafrafEoddes hém ne (Sigma Chemical Co.) is dissolved
in 39.3g ri Bl;lftgﬁ | I M HA .
4.9 g of 3{2,%3531(30\,]51?%% dl{sg%(ﬁ’g}hg Sﬁ%@%ﬁfmg (Mtluﬁé ‘%g%&rb%crl\ IIZ%ré’ %Q%rret hasone
USP ( Spect rum Seiredbitfat ejout $9°€uspended and di spersed well. 2 nL of the
formulation is transferred into a 2 nL glass vial (Weaton serum gl ass
vi al) and seald W|th 13 rrmbutyl styrene (kinbl e stoppers) and crinped with
1Rete d manafiact] diidns n a Mar ket Forge-sterilmatic
aut ocl ave I ngs, I g' al ¢ 25 m nut es.
After the (Ej?%]tcl ag?lglﬁ‘lfr%&islggy #;}4@11@?%&?{5 I%Aggﬁ own ?‘%mrgtoeot%terrper ature.
The vial ‘is pl awdfapmnngiﬁlmaetbrr ¢apéitiann Thepldcald isauannfrctuecddyipthcing Giblitergohi ze
the sample. Samy.6:dii5eoLANAldsPeRlreRESE! Rlatat oo lolRin AULGRLGNLNT 1S

recor ded.

overnight. The following morning the tank was taken out (water temperature 5°C, RT

20 18°C) and 48g of sodium chloride, 29.6 g of sodium phosphate dibasic dehydrate and 10
g of sodium phosphate monobasic monohydrate is added and dissolved with an
overhead mixer (IKA RW20 @ 1720 rpm). Half hour later, once the buffer is dissolved
(solution temperature 8°C, RT 18°C), 1.36kg of poloxamer 407 NF (spectrum
chemicals) is slowly sprinkled into the buffer solution in a 15 minute interval (solution

25 temperature 12°C, RT 18°C), then speed is increased to 2430 rpm. After an additional
one hour mixing, mixing speed is reduced to 1062 rpm (complete dissolution).

[00314] The temperature of the room is maintained below 25°C to retain the temperature of
the solution at below 19°C. The temperature of the solution is maintained at below 19°C
up to 3 hours of the initiation of the manufacturing, without the need to chill/cool the

30 container.
[060315] Three different Sartoscale (Sartorius Stedim) filters with a surface area of 17.3 cm?

are evaluated at 20 psi and 14°C of solution
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[00320] Dissolution is perforned at 370C in snapwells (6.5 nmm di aneter
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Rer  ¥iscesity; Tecband BYA ingpserptienalf checkiddshme filbratomheygluation. hydr at e

hylcefturose (T

(Fi gher Sci ent igyiGic U“)els@ec% ar Uity B?Q%@Qﬁh@n [NePAsd @hermo Scientific).
A peak in the range of 250-300 nm is attributed to BHT stabilizer present in the raw
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25

30

material (po
[00318]

loxamer).

The above process is applicable for manufacture of 17% P407 formulations, and

includes temperature analysis of the room conditions. A temperature of about 19°C

reduces cost of cooling the container during manufacturing. In some instances, a

jacketed container is used to further control the temperature of the solution to ease

manufacturing concerns.

Example 18 In vitro Release of dexamethasone from an autoclaved micronized sample

[00319]

17% poloxamer 407/1.5% dexamethasone in TRIS buffer: 250.8 mg of sodium

chloride (Fisher Scientific), and 302.4mg of Tromethamine (Sigma Chemical Co.) is

dissolved in 39.3g of sterile filtered DI water, pH is adjusted to 7.4 with IM HC1.4.9 g

of the above solution is used and 75.5 mg of micronized dexamethasone USP (Spectrum

Scientific) is suspended and dispersed well. 2 mL of the formulation is transferred into a

2 mL glass vial (Wheaton serum glass vial) and seald with 13 mm butyl styrene (kimble

stoppers) and crimped with a 13 mm aluminum seal. The vial is placed in a Market

85

V)
ng of sodi um



nonohydrate (Fisher Scientific) in 78.7g of sterile filtered DI water.
0.502 g of Blanose 7Mb5 CMC (Hercul es, viscosity of 545CcP @2% 1is

spri nkl edwpnve/B3he4buf f er sol uti on and heated to ease s®CULSIVY/08WbEti on i S
t hen cool ed down and 17.06 g pol oxanmer 407NF (Spectrum Chemicals ) is
sprinkl ed into ghg-&alifhakOdutdcl 8 (38hink € sidviiqis) AAd diéihiRalaPXRPE. for 49 7NF/ 1%
CMC/ 2% DSP sol ution in PBS buffer is nmade adding/dissolving 201 ny of DSP
to 9.8 g of thenapsyAlispthgepigriavinghe sroming liﬁmwlwoltqe@nmsmowe@mp@t

di ssol ved. The ya1iffladediibths Rdfiigerabr dnd mixed wilild@sid4d h&fzo@eﬁeé@%@%?};c 407/ 2%
DSP/ 0. 5% CMC (Bl anpse 7H9): A sodi um car boxynet hy| cel |'ul ose ( ) solution
(pH 7.3) in PSagwlediscojosation appreipitation after oy %"‘H@g pageoiely of sodi um
chlogide ([po20pr Bhdsolntidd ik porforméd at@°©fn s’ﬁ%éﬂﬂ@@%ﬂl%&eﬂio@%ﬁﬂb%ﬂé hydrat e

(Fi sher SCI entifi c) 107 nmg of sodi um phosphat e nonobas
monohydr at e( Fi SAEROIERE Wit 2 Bare §izg of Orum Oc?fmls%sql is@laced m@rS@anmﬂ apdidito t hen

0.502 g of Bl anpaRn,ihéh %L(Fﬂglﬁiﬂe?fs pla‘ébdsﬁiﬂﬁthvoi}fané@%Pus@gla/ﬁabhﬁe orbit
sprinkled to the buffer solution and heated to ease solution, solution is

then cool ed dovifekendt 7PrPosSagnbe agiak cvan hrwr [0 yele vithdrewmand replpeed withg
sprinkl ed into yhe By shigPédntdifhe YIPEES 40 enafed EASBIA] BARFR{o ARLRE/ | %0
CMC/ 2% DSP solution in PBS buffer is nmade addi ng/di ssolving 203 ng of DSP
to ¥ 8 of the dlssrecthasersseiyhilityRpmnlssiarrpnglyesd for dreameshaspre cappgptration By

di ssol ved. The Wapiz;shlwagalﬁ@layat%au e'am?m&n stdd@atd Slrvd/ITHE Pslédsy rabdBgS Ur ement s
are perforned as descrl bed in exanp Di ssolution is perfor med as

descri bed in exsmppEd ?OOtf@é‘gE’G‘}at‘Pi‘ngH?"é’Sad hergin. MPT simeds ¢alrlatedifpetagh i on
bet ween nean d|s§§1gﬂeut| on tinme (MDT) and apparent viscosity of fornulation.
The rel ease rate I s npdul ated by the |ncorg70rat| on of a secondary pol ymer.

The sel ectlP®1bs Selubiljzation obdrramgthasone indhs bito Beloxpmer exstearsis Fvabetsiidr i s
faciditated by h&Surtp@héontdnaich dfidkfanicifisdie &Sths a@eﬁmasd%eeatﬁ%ﬂg e 5 and

Figure 6 for commonly avail abl e water sol ubl e pol ymers,. 0-Dry
sterilization omahe&?t&&@&a%f%é@aﬁwwm@?em pdorf ceatiifpge 34 5& ams of

m croni zed dexaBRbRASRRLNPOMGTiralictPRGhd éﬁP%thImt KNRSErd B\FUV ak Qlﬂxﬁﬁa%a O 2

glass vials and sealed with a 13mm but str _rubber stop and
pl aced in the Gpsxtemeal ‘éﬁhPlfaB?féﬁ?nd@@erWaFtﬁ“é%-”fIB‘FS“?t@S_LTIq%ﬁHr%ﬁleﬁ[ chygrzaqs HPLC
anal ysi s was_pegdradrestninsiiogs @Rafild €95 PA20G86 Y BR8SbeMdtMinRiHattid C18(2)
3mm 100A, 250x4, 6_nmm col umm) usi n% a 30-95 of solvent B ( solvent A 35%
met #anol : 35% weebbilito, TRIR buife apdif e P4OLWIWioRt B 70% et hanol : 30% acet at e
buffer phhidd. Dedh@Risohd soPiBilidy in TRAS buFACIA 179, PIPPoRRIMeNt B) for 11
mnutes, for a total run of 22 mnutes. Sanples were dissolved in ethanol
and anal yzed. Dry-heat sterilization of mcronized dexanet hasone at a

tenper p§iffle O UPp T0 I38UC dI d Nnot af T §CTpdxdmbthidofe &dnééntration in supernatant

(ng/mL)
17%P407/1.5%DEX/TRIS 580
2%DEX in TRIS buffer (from example 4) 86
2%DEX in TRIS buffer autoclaved (from 153

example 4)

Example 19 Release rate or MDT and viscosity of formulation containing sodium carboxymethyl
25 cellulose.

[00322]} 17% poloxamer 407/2% DSP/1% CMC (Hercules Blanose 7M): A sodium
carboxymethylcellulose (CMC) solution (pH 7.0) in PBS buffer is prepared by
dissolving 205.6 mg of sodium chloride (Fisher Scientific), 372.1 mg of sodium
phosphate dibasic dihydrate (Fisher Scientific), 106.2 mg of sodium phosphate

30 monobasic monohydrate (Fisher Scientific) in 78.1g of sterile filtered DI water. 1 g of
Blanose 7M CMC (Hercules, viscosity of 533cP @ 2%) is sprinkled into the buffer
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di stribution of the m cronized dexanet hasone. HPLC anal ysis indi cated 99%
purity of the dry-heat sterilized mcroni zed dexanet hasone. Exanple 2 1 -
Appl i cat iwo 2069/398Bahanced Vi scosity Corticosteroid ForneCatisesnonioes t he
round wi ndow nenbrane [00329] A fornulation according to Exanple 1 is

prepared and | oadeidn it Keafed B eaSé dd1ERA] soffiof isafich Yl A8ESari 7aRhed to a
15-gauge luer |ock disposable needle. Lidocaine is topically applied to the

tynpani ¢ membr X OINE (Bpectrymp Ghemisals r)réﬁf@“{‘lﬂe‘hlmodw @l EPA‘I“’PZ%ZWIS ninto

the mddl e ear gawigt X forligtidh@RpAsihg P7% poBdKarkte do 0t @vtNMCLoPBSP i PSS r ound
wi ndow nenbrane, and the anti-inflanmmtory corticosteroid fornulation

appl i ed di r ect |Bpfishis gadp adding/dissolyingf9n mesidexameth a%%?ég?ﬁth‘e apeveyi vo
testyng of I ntratwisRani milifd @ hmfheq%x&%ﬁah&fesg % QisEaNcal TIRIDH &F this

gui nea pig. [00330] ‘A cohort of 2 1 guinea pi gs es River, femal es
wei ghi ng 200- 30eH¥oRES 9 nt r at ynpani cal |y i nj ect ed vvi th 20-120 nL of a 2%

DSP for nul[g§320D. 7 9lsdtoxbmizh 7529, 8S®0)5%5 EvC tﬁ]aﬁ&@7ﬂlﬂ5ﬁ%soﬁhﬂx ear up to 5
days after int ratyrrpanl C %lm ection. | ncrea5| n | n ecti on vol unme increased

gel retention fPoRHpehylselHloze(QMEksolnsiop 132 Bis prepared BY ect i on
vol ume of 120 rdisssh@ped7 ﬁlg'd?‘é‘&ﬁurﬂ@llﬂoﬁ&’é @nhercsalen{l@%@%]mfbﬁem%tpheéph&e
guinea pigs (Charles R ver. females hi ng. 200

i nt t%t ynpani calqllgﬁsicrﬁ‘f}léiéfa&)a: W?rﬁc%“ﬁﬁ) Y ‘Pffséﬁhéﬁtph gte pIOpolasicy| at i ons

descri bed her e'xﬂonoﬁﬁﬂ&t@'(ﬂ‘lkﬁég saeﬁtfﬁcﬁléﬁslg of 5teSie rﬁﬁsregm k. F03 hwsidesegel
elimnation time course for ormnul ati on, elimnation time

course of a 6% DEP @Mprﬂ#’&tﬂie% I’Y‘S\‘K%FétyPéé‘!S@FP @ %ﬁbﬁs h’@&‘l‘?ddp@éléﬂ Ruffeoielutione

(MDT) ) than thqeg hedtedtbRaselsMfiod, §8108dnat tHeR Sodt@itiodin A ¥7.0O élomammatl ons
of DSP (0, 0.6, and 2%respect|velé .. Furthermre, when the P40

concentration SReCHHR hsmisglsp i P’&P@g%lﬁé‘ﬂmf%é“B%nBSng%ﬂMl ation (6%

DextP(*)), a fap%lc&amaedomtn% ORIC/PA DERSoRARSEIVPESS bufi®r 8 RRWD addingrdi @8 A.
Thus the injection volune and the concentration of a corticosteroid in a

formul ation des@f Mg hdrieP§ enfdvabeyesplutiondid srnngentd the Ieh is semelgeber s for

preclinical andigbived. 78t pEbbhiedlutibh iswes obseved that intratynpanic
formul ati ons. Wi th_hi ghconcentrations of DSP have a rel ease profile that is

di fferent PR i nd74RAIgFameEE 49752 PSR- Siis CG (Blangse FHP): Aos9dwit r at i on of
DSP. Exanpl e Z?tarbokﬁné(h))l&llﬁ%%&('@i@@) sroﬁit@a&m ksﬁﬁtmssouh@ﬂ@%?ebméa gphort of 21

gui nea pigs (Charles R ver, ghi ng

i nt %t ynpani canI§?°l|Vngéé? é&‘gvﬂfts‘?fi‘% ChlE“‘flﬂ(‘fdsbPrtﬁ%ﬁ‘iPEc) g ?QfPﬁ’HPlat i on
buffered at 28QkE¥NhkAibadié dihpdh@isig sdiemfch,q 0% m%%f .ﬁﬂgmﬁﬁfa@ﬁomaw ght

of the fornulation, Aninals were_dosed on da ows the rel ease
profile for t hénonohydrate(Flsher Scientific) in 78.6g of sterile ﬁltered Iwater then 0.502 g of
Blanose 7H9 CMC (Hercules, viscosity of 5600cP @ 1%) is sprinkled to the buffer
solution and heated to ease solution, solution is then cooled down and 17.03 g
25 poloxamer 407NF (Spectrum Chemicals ) is sprinkled into the cold solution while
mixing. A 17% poloxamer 407NF/1% CMC/2% DSP solution in PBS buffer is made
adding/dissolving 203 mg of DSP to 9.8 of the above solution, and mixing until the DSP
is completely dissolved. The pH of this solution is 7.3.
[00325]  Viscosity measurements are performed as described in example 7. Dissolution is
30 performed as described in example 7.
[00326] Figure 4. illustrates the correlation between mean dissolution time (MDT) and
apparent viscosity of formulation. The release rate is modulated by the incorporation of
a secondary polymer. The selection of the grade and concentration of a secondary
polymer is facilitated by the use of graphs like the ones shown below in Figure 5 and

35 Figure 6 for commonly available water soluble polymers.

Example 20 — Dry sterilization of micro-dexamethasone powder
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formul ations that were tested base on analysis of the perilynph. In the

1. 5% Dexanet hasone regi nen, the exposure levels at day 7-10 are about 10%
of the Cw® 20%139R4mean resi dence tine of about 3.5 day®CTius2a00m03066%
Dexanet hasone regi nen, the exposure |evels were naintained for at |east 10

days at | qugh9) Si M| rﬁmlg%nstufgltrar)mtmx&ttahtoeagt@dé ESpRctAlm HRXDb3RY)th a

proj ected nean residence tinme of over 18 days 24- Eval uatron of

Corti cost eroi d W& fledintogral glasyialpppdyealpd wrsth a I%‘H’é‘lb“%ﬁtﬁ Bibbersaprit eri al s
I nduction of | nRuARe Jgﬁﬁ @eeaan[tﬂméﬁhfff&ahee@e@nnes a1 9RBdrs | Nsti tutes of

Heal t h- Sw ss mce( an Sprague- Daw ey, Inc | ndi anapolis, Inc.)

wei ghi ng 003281 24 ¢ BRI arsa@trls vreémérreeri Pﬁ*b%t‘n hel%abv&ﬁreﬁulpmeéwﬂhrﬂa‘ewl c

Bi omgarine Supply @) 3umVest A 250444 mintohit) 08EL34-05 DIBRRRAE sdithi £re¢ sal i ne
(PBS) (pH 6.4), dial i/zed aseptically fggr nst” PBS and centrifuged tw ce. The
precipitate (adaeeangbnye Kety30% aertaie by dolvent B amathprglet0fpepetate buffer
subcut aneousl y ﬂ}ﬂ4)té?§‘dlé?@€lkérﬁlfn? ke @afa’t‘iébs(’@so?veﬁm%}lhsﬁﬁdu?e@ fbfla fola@HAGSS
conpl ete adjuvant). The aninmal's are given a booster (0. KLH in Freund's

i nconpl et e adj AAdpiputes nyrmples W erejiselvedinegianglaag analyge rDrthrr stgrilizayignRf H i n 5

m PBS (pH 6. 4)miRhRb8iex@mbingdoRO R -G edpdrathi@ S f hifHU8eT alheopaf‘etat ﬁ?tfclé:ﬁiésm e.
The cochlea is approached using an operating m croscope and steril

t ecthi que. A pclistaintion of the migienzgdsisxqnacthpsens. HRAE analyeis indjcgted P?%rpeatymt o the
bullae to all o%g@?qlleyt|S§Hﬁ£édqﬁgfogge@aexgﬂahggggmnt ory of the cochl ear basal
turn, stapedr al ar ery, and round w ndow nj che The stapedr al artery IS
caut er | Examplgdl vAppligalion of a kinbg 5 GOSHE 12 thewoundych| ear
capsul ewhlag\orﬂeh@,rasl@ala tyrrpanr of t he Iateral basal turn KLH or PBS
control 1s sTowy injected using a Hamilton syringe coupled with a plastic
tube to al338k i crdfirpelatien aqcording toEramrinbisprgragd Andloadyrintediml The hol e
is peal ed W th iRBRI-%BNaR b rRIged a{ida@&‘ehlt&ms E{Jﬂée ﬁfé?ﬁy’éfédlfsﬁdéhtﬂe h&dfeema&?a%e Only
one cochl ea per animal is treated with Treat ment [ 00334] KLH and
control nice arletostsrltse@pbrftfettmwem'erﬁmx andp spplldgeisioy pgdgp allow

Corticosteroid vts%mahat tnmhetmﬁt%aétpta%} nemlt@dlm;ne Féﬁé@rﬁ&t;h@e%%a ths applied
to the round wi ndow nenbrane of one group ani ma Control fornul ation

cont ai ni ng nodéXEeYiRdYHFEmbEne gpd the gnti- wﬂewem@ecwcﬁte&rbfonwétm applied

dexanet hasone aRdc5aMd @ rdufll WK Ahshrafee reapplied three days after the
initial appI i cati on The animals are sacrificed after t he sevent h day of
tre?ﬁ AXamphea) v i vavoLe sting of, Intratympand _q,‘_,_ 'l o,_q,_o ‘o. OrmRyla Y Ed e

hear i ngp_khreshol d for the auditory brai nstemresponse threshold (ABR) to

[00330] A cohort of 21 guinea pigs (Charles River, females weighing 200-300g) was
intratympanically injected with 20-120 gL of a 2% DSP formulation. Figure 7 shows
the gel fate in the guinea pig ear up to 5 days after intratympanic injection. Increasing

25 injection volume increased gel retention for injection volumes up to 90 uL.. However,
an injection volume of 120 UL showed a lower gel retention.

[00331] A cohort of 21 guinea pigs (Charles River, females weighing 200-300g) was
intratympanically injected with 50 uL of different P407-DSP formulations described
herein, containing 0 to 6% DSP. Figures 8A and 8B show the gel elimination time

30 course for each formulation. The gel elimination time course of a 6% DSP formulation
was faster (lower mean dissolution time (MDT)) than those of the other formulations
containing lower concenrtations of DSP (0, 0.6, and 2% respectively). Furthermore,
when the P407 concentration was increased from 17% to 19% for the 6% DSP
formulation (6% Dex-P(*)), a faster gel elimination was observed, as shown in Figure

35 8A. Thus the injection volume and the concentration of a corticosteroid in a
formulation described herein are tested to determine optimal parameters for preclinical

and clinical studies. It was obseved that intratympanic formulations with high
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click stimuli for each ear of each animal is initially nmeasured and 1 week
after the experinental procedure. The aninmals are placed in a single-walled
acoust i c woanty/i3hadustri al Acoustics Co, Bronx, NY, USApcComsactmeioneg pad.
Subdermal el ectrodes (Astro-Med, Inc. Grass Instrunent Division, West

Varwi ck, R, UShcatBhtfonk aﬁesp ﬁ&be%treme Msid tﬁé‘t i éi?f%ﬂeﬂtefoﬁﬁ ﬁl%{yeﬂeam the

mast oi d (reference) and t l eg (ground). dick stimul

mllisecond) ar H@Bﬁmyﬂhgma@@emmne%mwered to a Beyer DT 48 200 Chm

speaker flEﬁaﬁlﬂle\mu’ln%ﬂo%ﬁ{en&affa%se'IHnE-ﬁ)Js pl acenent in the external auditory
meatus. The recorded ABR 1I's anp and digitized by a battgﬁ% oper at ed
preanpl i fil8933Zhd i npheohog OézTgell@éﬂ’mEhﬁﬂhémFé%Yﬁ’ioﬁe’@@]F%‘é’elM P WeS syst em
thats provi des Wﬁﬁd&ncﬁ_ﬂiﬁ éa{ekoflthtS'@% /i;Tlilhfb%lcff ?f%%lﬁ?lon%ﬁ"eég & agi ng
functions (Tucker vis Tec no ogy, I nesvi || Successively
decr easi ng anpl3%Pudsmisgiand | containinggrBs tart- % dpxﬁns‘ﬂ@B)ngtbewlghbofithe ani mal , and
the recorded st I a I ed
Threshold 1 dery Hudons SRR R A 3y 43 ITMERAOT RS Rleod ol TR

visi bly detect afemllm@epthhts\eeremteéb@sb@auan@}ywrémqnenbmpe rethp di¥se.

H stochemi cal ghgl¥shsohOR3: Ltﬁ'e #vels t7ﬁ%'£{%omwsé’ﬁﬁé Elged Vvia

intracardi ac perfusion of ear|n| dvvarms nef approxi mat el y
40 M peri odat eﬂlt%mﬁ@rpweaf:@trlmpﬁl@hyw dayso Inghed- é%rﬁﬁxareﬁwemf fegimten, the

concentration) deh3atd ¥ ﬂr@ﬁa&m&’u&%ﬁ f&rea'ir%g% ABANPRVAL GirdiHTTE B} %%eyth{n? moved

and decalcified wth buffered 5% ethyl enediam™ne tetra-acetate for
14 days (40C). thgleegls stee@tldeyﬂme@tammect@cbm\rraﬂldebm@ee efravei Hdaysed
sequentially in increasing concentrations (50% 75% 100% of opti mal
cutting terrper ature (OCT corrpound (T| ssue- Tek M les Inc., Elkhart, IN),
snap- f r Bxample 2470Evaination aiiCor i Fermnl4tiopsoid ap AlRPWAnimalMddel t o t he

nodi ol us. Se ct ed for hemat oxyI in and eosin (H&E) staining
andb?m'runohl geg@ﬁg&ﬁggaegﬁg ysis. [00337] The severity of inflammation is
assessed acchdu¢tiog of nmune Resnense of cellular infiltration of the scala

tympani, gpgsaap unbigsal HG08 aﬁo%amlgme;mﬁaﬁlbs&ggm t g{l\a.n;%?g% of 0

indicates no I nflammation, and a score of 5 I ndicates cochl ear
turns had severRawley, frict, fagianepolist In ) weighina 26 toy24cgeare ysedKeyhpleding®t -

Eval uati on of Etﬁlﬂﬁ] t

Model | nduct i onq{cei%l& fl\}lég?‘g ‘L} g‘%}"ilé)is]%ghrt%@we uﬁetégkgﬁ%ha}ﬁs wei ght 400

to 800 g with rnbpwhﬁteﬁuﬁefp(esaélaﬁ Bséﬁldéﬁﬂ)ildwédefbgsemcegbw}nsal?ﬁﬂ (uyhpanomet ry
d f t

are used for Q‘éﬁﬁru%t&?'{géﬁé‘{ gh%%glg&m@ obHRE 1&1@69441&51\:9?]&1%5%1% a&f 2

hours before inocu I noculumtrom il ow ng o
eust achi an tubéubcmeeqnslwmrhetbwk fotheteylpeamO Emgremuisifidae Fenndis eorapletd- hi og

phase ( gont ai Ni v ARP TR hIRLIE b An B85 (5.9 iF % Hkrksnd¢ Ghldpids P! aced
adjuvant, and then injected ten weeks later with 0.1 mg KLH in 5 ul PBS (pH 6.4)
25 through a microhole drilled through the cochlear capsule. The cochlea is approached

using an operating microscope and sterile technique. A postauricular incision is made,
and a hole is drilled into the bullae to allow good visualization of the promontory of the
cochlear basal turn, stapedial artery, and round window niche. The stapedial artery is
cauterized and removed, and a 25 pm hole is drilled through the cochlear capsule into
30 the scala tympani of the lateral basal turn. KLH or PBS control is slowly injected using
a Hamilton syringe coupled with a plastic tube to a glass micropipette filled with the
antigen or control. The hole is sealed with bone wax after injection, and excess fluid is
removed. Only one cochlea per animal is treated with KLH.
Treatment
35 [00334] KLH and control mice are sorted into two groups (n = 10 in each group).
Corticosteroid formulation of Example 1 containing dexamethasone is applied to the

round window membrane of one group of animals. Control formulation containing no

89



into both m ddle ear hypotynpanic bullae of the chinhillas. Control mce
are inoculated with one milliliter sterile PBS. Treatnent [00339]

S. pneunorwaeoiaiceahat ed and control mce are sorted i ntecrus2goooss (n = 10
in each group). The prednisolone fornulation of Exanple 2 is applied to the

val I's of the tysmafihasemis bypifel t(Pt'B@ s&B&i—'@oﬁH Tﬂ@ﬂé@n@thasgﬁgﬁr{d@ontfr&r mul ation
contai ni ng no prednisolone I's to the second grou The predni sol one

ap
and control forﬁmm&etmﬁgrea?a@pk@égrﬁp Heg aftprrtheingis)applieatien. Theanimslsara|

application. Th@cafledBhs i @vamflidy Jreesmalet er the seventh day of treatment.
Anal ysi s of Results§L00340] Auri s rredl a ear fluid (MEF) is sanpled at 1, 2,

6, 12, 24, 48vahgispbReyltss after pneunpccal inocualtion. Quantitative NEF

cul tyures are perf gramgpmRonBReRsH00d agar, with the quantitation threshold
set at 50 CFU nm . Inflanmatory cefgl s are quantitated with a hermcgtorret er,

and di ff erl@0335hl  cel Theceamng thicshald foe tegpditnny bainstemyrpsganse shreshald{ABR) tEx anpl e
26 - AIED Qi ni g@k sthnh1ffod edbh el RadRENHRE NASANEMERLM b | QB 2@34d] Ten

adult patients who_have previously responded t'o system c dexanet hasone
t herapy, but cuPPeinmel pipgedu. Jbemimalyars nlared Iasinplevellrdagoustickodiyent s are

sel ected. The dexRWBLIKRRANRs COLBIRL wr@spt)loﬁ aqlatmfg%ansha&én% dMeubaanpl e 1
is administered to each patient's round w ndow nmemnbrane hrough pi ercing of

t hel® ynpani ¢ meldistrentyted, Ine£rassi lagrumsnt %Wlstqﬁewéﬁk’éﬁ’é'!qka%bﬁ’é%édereﬂmem ation

is performed 7 tﬁ@yéteagécaoe &1@&roaé)l {k HasBRRIEG AL Ind BORind B! groaﬁd) Zo@d 3
weeks of treatnent, 8 Hear'i ng eval uati ons consi st ng e tone
QMCED&/&S

audi ometry (25048086 Hzrylhamn@ﬁ@e@nlw@sﬁrﬁ@teé@pﬁgelm@éw4 290 sts in

French are admi ghmbRbes rfied Gk bn BAkh&Rum fxﬁﬁseeﬁgnﬂ if ufeae&{ehﬁﬂamsrybﬂéahlsbef ore
the application of the dexanmethasone fornulation and at 2, 37and 4 weeks

post-initial trEstreoried ABRinamplibicd anddigifized by & Ratiery- m%?ﬁmemn%@eiw an

Acoystic_Tr aumsnpRuseTidEEDMS PRARo18816 A@R?&bﬂhﬁg skasiﬂ@ﬂa't Bx%vfaf:s PRyl ity
[00343] Twel ve rl an Sprague-Dawl ey m ce wei %arllg g are used.
C

Basel i ne audi td‘fog}tr?}roérhwtl@muﬁ Ee95HED apdBRIaging @ﬁ@l@k@r %‘G%E?Céeplo%e nm ce

are anest heti Z@aﬁé@dﬂlg)ﬁloﬁgg) TRbce3Qvdl BitBsing éltﬁ:&r&hﬂﬂ%&r&%@d fnongs of 6
kHz at a | oudness of 120 dB. Treat ment [ 00344] The control "grou n=10) are

adni ni st er ed saﬂ‘qpﬁé)tflﬁﬁfl% ﬁg“h‘ét?ﬁ%‘ﬁ?‘l:“ﬁ%dﬁ*ﬂ' vty pfe%VPfﬁéfrdt(afgléD
g ]p =10) are adm fippyed atrRhs8 R RBAQNE 1RSI WVAIHRAvdeR tHtaddR §itnd %m@lyrrg/ kg

20 detectable response and a clearly identifiable response.
Histochemical analysis

[00336] Animals are anesthsized and sacrificed via intracardiac perfusion of heparinized
warm saline followed by approximately 40 ml periodate-lysine-paraformaldehyde (4%
paraformaldehyde final concentration) fixative. Right-side temproal bones are

25 immediately removed and decalcified with buffered 5% ethylenediamine tetra-acetate
(pH 7.2) for 14 days (4°C). After decalcification, temporal bones are immersed
sequentially in increasing concentrations (50%, 75%, 100%) of optimal cutting
temperature (OCT) compound (Tissue-Tek, Miles Inc., Elkhart, IN), snap-frozen (-70
°C), and cryostat-sectioned (4 m) parallel to the modiolus. Sections are collected for

30 hematoxylin and eosin (H&E) staining and immunohistochemical analysis.

[00337] The severity of inflammation is assessed according to the amount of cellular
infiltration of the scala tympani, and an unbiased score is given to each cochlea. A score
of 0 indicates no inflammation, and a score of 5 indicates that all cochlear turns had
severe infiltration of inflammatory cells.

35
Example 25 - Evaluation of Corticosteroid Formulations in an Otitis Media Animal Model
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body wei ght) follow ng acoustic trauma. El ectrophysiologic Testing [00345]
The hearing threshold for the auditory brainstemresponse threshold (ABR)
to click woiznai39f2er each ear of each aninmal is initial PgTrESaganexde@nd 1
week after the experinmental procedure. The aninals are placed in a

si ngl e- wal | ethdaemuasdricsitibpelf (1 ndustrial Acoustics Co, Bronx, NY, USA) on a

heating p bder mal el ectrodes. (Astro-Med, Inc. Gass |nstrunent

D1 vi 51 on: B Vi v Bl Pl i hiler weigh AP 8008 VRO e PERe et | ve

el ectrode), theascatainell By blosdoBy BMCEMpardfidiry BR 3t ¥r 1h8& studied Unilachiba 6K
stimuli (0.1 mllisecond) are conputer_ generated and delivered to a Beyer
DT 48, 200 Chm YEuptien ismerfpmpd g hpurs Refareinaaylation (oArevspt the weatemfopn ¢ he
ext eg nal audi t oflgwifiadt @S the Ei@achRE AEEOnABRiliter FRei3ld HRumbaddingintat 8d by a
battery-operated preanplifier and input to a Tucker- Davi s Technaol ogi es ABR
recordi ng syst eff PHAE (BRERESEPOBIMRETO sl fommieg unitg 4CEV) inlered dredlyr di ng,
and averagi ng fidfdothamiddle EataypbtyHp¥iiiS bul R BNME SIMhill52CHRFT hlidetire Mboulddd) -
Successi vely decreasing. anplitude stinuli are presented in 5-dB steps to
the animal, and"fhrerulidigarilediBdl usl ocked activity is averaged (n=512)
and di spl ayedyreabtmeshol d is defined as the stinmulus |evel between the

record w t% visibly detectable response and a clearly identifiable
respbnse. | | e 28> Preymop{ag focylated pud eontrplmice ane soregiptoite groHpEing W in

Di sease Pati enteactSirdtly). T prédnissRnt &R8dRlion SFEERIMpIFBY Y aptie® &l thy Ralfof k¥ S
study will be to assess. tﬁng safety and efficacy of dexanethasone conpared
with that of pl"¥ERHIE EMILHEInegrowpiof grimpls frentrs! PARCOPRINNIHIer ' s Di sease

afflicted pati gitdnisofdhélRyppleitgthe[sedad gloug e pYédhisolbfe hdRBMASSE fotmulations
mul ti centre, doubl e- lf,l qllgg Eandom sed, .placebocontrolled, three-arm study

conparing JBOOAFAERPYS y§ aftef the itial gppieation, he ampls gre sasxisedadicrihicel y

2501subj ect s WisklenBifda9f @bdt@ehti N this study, and randomised ( 1:1) to 1 of
3 treatnment groups based on a random sation sequence prepared by sponsor.

Each group plypisebReuIt8 00 ny dexanet hasone delivered in a

t her nor evgoes4oj e gel Aurimdaidar BLidEMBFRIsRASHPAAC 2 15,04MH Aldi70 houRaRigase of
dexanet hasone is controlled rel ease and occurs over 30 days. Route of

Adrmi ni st rat i on RRFYROSR inqeppitien, Quantitative MK eyliyres pre nesfpymedion sherp biged agare

[00348] Visual wifahe RliGSthte WS sdt @ SURCIRWER. ThilSnbSYEelld de filanhialedS
| oudness as perceived at the %nﬁnt of the nmeasurenment at 2 hrs after

dosthg (or at P DIHOFYPIRES ftesgatial gelbeyaeraga perfosped with Watehhs i vel v,
audionmetry is ug@ng N the healthy ear to match the tone of the tinnitus in
the affected ear. Secondary Qutconme Measures [00349] VAS to neasure

tinnit U tlé: 6— gtE% &ﬁr?igalafrl]igls?igl)r(ll g%karrllaelflﬁa%oxl: r(])?mlﬁlélt?olnormt ry &

[00341] Ten adult patients who have previously responded to systemic dexamethasone

therapy, but currently have discontinued therapy due to adverse events are selected. The
25 dexamethasone thermoreversible gel formulation of Example 1 is administered to each
patient’s round window membrane through piercing of the tympanic membrane.
Reapplication of the dexamethasone gel formulation is performed 7 days after the initial
application, and again at 2 and 3 weeks of treatment.
[00342] Hearing evaluations consisting of pure tone audiometry (250-8000 Hz) and
30 speech testing using dissyllabic word lists in French are administered to each patient.
Testing is carried out both before the application of the dexamethasone formulation and

at 1, 2, 3 and 4 weeks post-initial treatment.

Example 27 — Evaluation of Prednisolone in an Acoustic Trauma Mouse Model
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Psychoacoustic assessnent. Sleep & Tinnitus questionnaires. Safety,
tolerability and pharmacoki netics of drug. [ Tine Frane: perceived at the
nonent ofwoheowmsaxur enment at 2 hrs after dosing (or at a&oy/uskévenoiosere poi nt
vs. pre-dose baseline). Inclusion Criteria [00350] Patients may be incl uded
I T theymeeRls M Abhidide followng criteria: Mle or fermal e subjects

di agnosed with a tinnitus. Subjects willing to restrict al cohol intake.
VWonen of chi fduelioniohQrateseit i al who abstain fromintercourse OR agree to

bi rth cesdfrwelv¥eiaRmMm RIDaGy HRE Ri POtEI § Ak usdEX BhitihOfditbiyt eri a
[ 00351] RinD};;ttsi}e‘r’;lte; may bgegraeg%cl tjldeaJ | f theiggrgreet anéy o%lsthe foll ow nllyt

crit er Breinstepyrespapse(ARR) #hA-Hmbzis measuredn g gice agg geathetized 204 3BesKS ?qsép c

leved ofiifité YorRihudlS Blu@ 36 DR 6 kHSWPI REdneWd df200@paudi ogram deficit and wi th
normal hearing. Subjects that do not respond to the |idocai ne infusion

test or showlZamgnhe variability in preinfusion values. Existence of any

sur gi cafgo944] TReédnerbl OB nt1 0 RreMalfitlstBied Blink AR iR BouMit Radnkte THK Oof the
dr ug. ubj ects with atic inpairment or hi storz. 0}1; | i ver dysfunction.
gr

he a
Subj ect $XPRIMARLERP (pﬁwgmmmstershw@éﬁ%msamw@e Aqmple hedbmekg ef C or

hepat i t bsdyBreighBUBil&Fihg adtubtlt tapar mal | aboratory, ECG or physi cal
exam nation findings. Subjects who are not euthyroid. Subjects with a

hi stbry of héfsaterhysidlagiailaiingr enal , neurol ogic, cerebrovascul ar, metabolic
or pul NY084s| THE R@ASEthresPFR MeSaukiicty bavRiehAdsRnsBtReHoH ABR)MS alck iR
Subjects with a history of seizure disorders. Subjects with history of
cancer . for siabjearaf gach anihal ivipiiply peaspref npgy | Brekofivethe srneapgytal massduret Khe

POSIi ti VEnih@k afdipiBed 5 AHP-RAlled aBhudtiObdbtiOIndibial AuQica 0YSBrofk, NEARIIIACE .
Subj ect s, who have taken psychotropic drugs or antlngr essants within

speci fi dBeaipgpad Puhdeanal clgeiindentAshMed, InsodweipsnmengDivisiong BestVarwigk,
gr apef r fi, tUIAY wef) in¥dved b th@yéﬁ@?%ti@@elédﬁ%@é)ftﬁé Fadbil r@rehe'réﬁ%é) SN EERd leg Subj ects
who have recently used an investigational drug or recently %ar tici fat ed in
a tri al (ground). Click stimuli (0.1 millisecond) are computer generated and delivered to a Beyer DT 48,
200 Ohm speaker fitted with an ear speculum for placement in the external auditory meatus. The
recorded ABR is amplified and digitized by a battery-operated preamplifier and input to a Tucker-
Davis Technologies ABR recording system that provides computer control of the stimulus,
20  recording, and averaging functions (Tucker Davis Technology, Gainesville, FL, USA). Successively
decreasing amplitude stimuli are presented in 5-dB steps to the animal, and the recorded stimulus-
locked activity is averaged (n=512) and displayed. Threshold is defined as the stimulus level

between the record with no visibly detectable response and a clearly identifiable response.

25  Example 28 — Clinical Trials of Dexamethasone in Meniere’s Disease Patients
Study Objective
[00346] The primary objective of this study will be to assess the safety and efficacy of
dexamethasone compared with that of placebo in ameliorating tinnitus symptoms in Meniere’s
Disease afflicted patients.

30  Study Design
[00347] This will be a phase 3, multicentre, double-blind, randomised, placebo-
controlled, three-arm study comparing JB004/A to placebo in the treatment of tinnitus.
Approximately 250 subjects will be enrolled in this study, and randomised (1:1) to 1 of 3 treatment
groups based on a randomisation sequence prepared by sponsor. Each group will receive 300 mg

35  dexamethasone delivered in a thermoreversible gel, or controlled release placebo formulation.
Release of dexamethasone is controlled release and occurs over 30 days. Route of Administration

will be intratympanic injection.
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Wnmen who have a positive pregnancy test. Female subjects who intend to
get pregnant or nale subjects who intend to father a child within the next
4 weeks fwbDl2o0vm3go2he | ast study drug adm ni stration i nPCHAIS2€090Y3066

Subj ects, who have donated a unit of blood or nore within the previous

mont h oip,he, bit-sadvtBuAonate bl ood within one nonth of conpleting the
st udy. Exatr‘rﬁl e 29 - Evaluation of a Dexanet hasone Formation in an
c

Endol ymp¥¥d Hy dr op¥ispdiAmnalog Feales (VAS) sbmpashigahqyhargedn Hanifus laydeass aso

det er m BecdilEy £ Helnfdhe O thd DEaHEHRNEE DARAAC AR b bt BRRLEH L] Exarrp' e
1. Materials and Methods [00353] Thirty-five Hartley guinea pigs wf a
posi ti veosebaselipe)sAkeangtivly savdiomestry i ysed mishehealtinoeag togpatchyhe ghne pf the tianifusal s,
whi ch SglEatstdaat rol s (normal ear group), are fed for 5 weeks with

nei ther operation nor treatnment, and the remaining 30 serve as experinental
ani mal sSecandary Pyespmerdsaswresani mal s recei ved el ectro-cauterization of the
endol ympfpaidic Sac (LeRseS mBlsure A lp%gz,lﬁgirm%h andidt9 ke Tord ARG g Takeda
et al., Equilib. Res. ?1993 9: 139-143). Four weeks” after surgery, "these
ani mal sPgfchoagpystiglasjessmen. $lperate Tinbupanestionnares| Sefals itdderablitirasgi ¢ ears,

vehi f:l epﬁmo‘ftﬁe@%%’f AR B Frand pg@ém hé%&?&'n% 5% ﬁgasmég{eﬁ)&!t § nfsHrer

consi sting of 10 anlnafs each. The group of noninfusion hydropic ears

r ec&9 vedefing (pedpprptherdipeaeint vy prefese bassliedlut eri zati on of the endol ynphati c
sac. | nplhgicchs, of vehicle-treated hydropic ears and dexanet hasone -

treated hydropic ears, the |iposomal fornmulation is applied to the round

wi ndow H98#flane. Entéenitaady berincdyded ifithey meet any ftheofpllewiag edtepaisi ti on, al |
ani mal syare g U felaad : f the changes of the endol ynphatic
space. All a%?aqrra soar esx{bgel[c%s uﬁﬁ‘?’%w 33]&“51?1'% freely noving in individual
cages i m a gSilects widlmgthrestuighaeghot inkper i od, except during experi nent al

proceduges. 0354]. .To.assess, th h es.to.the en hat.i.c space, all
Rl s are Mok St eRuRIRE R T B0 SRR st aRoBTE R YEBF Riutu SRRE o1

under deep aiasiidnes nen-thildBegpiag potedtahl i nj ecti on of pentobarbital, and
fixatioE IS . eérf.or.rred with 10%formalin. The left tenporal bones are

r emoved i ’%’o "% ed in 10% formalin solution for 10 days or nore.

Ther eaf {08851]t hey ®uttenchangl teickéladtdwi they Mmbet atiy efthofollawiictitesied d for 12 days
anddehydrated in.a radf:d.et.hanol series. They are enbedded in paraffin and
celloid’n. THES téeﬁg?ré’éfsﬁﬁll%‘ﬂ%‘mére cut horizontally into 6 nmsections. The
sechy ons ar esatjadt W pudhblogid Vel sPaMtibt) orB&r&eish.N and observed under a |ight
m croscope. gjantit_ative‘assessnent of changes of the endol ynphatic space

i s per f br medSaied Mith g ardiograma dpfisitand with degariFakeda et al ., Hearing Res.

(2003) ¢82: 9811’03' &ks that do not respond to the lidocaine infusion test or show a large variability in pre-

infusion values.

. Existence of any surgical or medical condition which might interfere with the PK of the
25  drug.
. Subjects with hepatic impairment or a history of liver dysfunction.
. Subjects with renal impairment.
] Subjects positive for HIV, hepatitis C or hepatitis B.
J Subjects with abnormal laboratory, ECG or physical examination findings.
30 e Subjects who are not euthyroid.
° Subjects with a history of hepatic, cardiac, renal, neurologic, cerebrovascular, metabolic or

pulmonary disease.

U Subjects who have had a myocardial infarction.
. Subjects with a history of seizure disorders.

35 e Subjects with history of cancer.
. Subjects with a history of drug or other allergy.
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Exanpl e 30- Eval uati on of Intratvnpani c Dexanet hasone on |di opathi c Sudden
Sensorineural Hearing Loss (ISSHL) Study Objective [00355] The primary

obj ect i vewof20a9ni3zg92gt udy wi Il be to assess the safety anecefifSc@aoy3oed or al
steroid treatnent, or intratynpanic (IT) steroid treatnent. Primry Qutcone

Measur egrent s sLif030kiFH Ed? dh3RBe AFSrATRidey S Yub@htide WOUsH oREpesHEhde. ON_as

equal | y wei ght éd endpoi nts; For Speech scrimnation Scoring, a 50-word
monosyl ¢ abl eSeyjertewhahave tasen payphotippid dn@s enantidenresgant@ithispegified timgent i n PTA
or overgAll or SOME of the frequencies where the deficiencies are greater

t han 30 , and/or a 20% or greater inprovenent in the WDS; In addition to
absol ut ® chaMgdisatianar decdstyffi(e.g lerapefpie ot grepefruit guiced whichlisknowalto garfegs with al so
be dget e{i‘r,g'r eL00357] Conmpl ete Recovery - recovery to within 5% points of
t he contralateral speech discrimnation score, or within 5 dB of the

cont r al at er aBulipdefs wisst hadry rddesiygieed D0i8&Bligatibnag dmiglok rdsently pattictpated int a wial.

doubl e- bl i nd,,, randaom.zed lacebo-con% roll ed, parallel group study
conpari hg i ntYoRY ﬂﬁaﬁeﬁ({%ﬁ%f’ﬁﬁ%’ﬁ% %% placebo in the treatnent of | SSHL.
App ; oxi emat e:c FendA1O sifbjdejsetoSnténd to ggtepreg;ﬁﬁxldramd slﬂléjuftk whe intkehd to ftedr & elitdiom zed (
1:1) to 1 of 3 treat roups, bas on random zati on, sequence. a.

Subj ect ¥R ﬂé"’(ﬁ’fﬁ‘p“eﬁve% ?‘Ttllog'é‘@éﬁ?/l@“&"%’ dﬂ\géaﬁfné%ﬁgo’t m?fh ¥y/ day predni sone
forigld days Sedjésetio Byvedlofabd yunkCoffBibod ioFindté viitHin the pelfrfoRs tiohthlor %o f ur t her
steroid is iven) b. Subjects in oup, I.1 will receive |IT dexanet hasone
sodi um ‘6%@811%"%6@101"1%' ne gipngiy of gomplgting the stydy- qexanet hasone /i of

vehi cl e adm ni stered nonthly up to a maxi nrum of 3 injections) and oral

pr edni sgne (1 1 ny/ kg/ day_predni sone for 14 days followed by a daily 10 ny
di mi nut 6-2% Evaluation pf 3 Dexame na gidglypphatic Rydeops dumal , - oy
11 w l}ongcei ve a placebo IT injections ( 1 injection of 0.3-0.5 nL of
vehi cl e adm ni.stered _nonthly up to a maxi num 3 injections) and oral

pr ethhi sond%382k i ng Athedeessde & userhigsigtermuag the § ‘cé%ys%féﬂé“rf%ﬁ?get?ﬁﬂ?ﬁi se: a.
Pure Tone Aver agen{lRd ptépared a Exakilple 1.4, 6 & 8 kHz).i . Two PTA val ues would
t hen be determ ned: a |ow frequency value (500 Hz - 2kHz) and a high

f r equenMpteyiplyandMethgds ;) . Stapedial Reflex c. Tynpanonetry & tone

decay [00353] Thirty-five Hartley guinea pigs with a positive Preyer’s reflex and weighing

about 300 g are used. Five animals, which serve as controls (normal ear group), are fed

20 for 5 weeks with neither operation nor treatment, and the remaining 30 serve as
experimental animals. All experimental animals received electro-cauterization of the
endolymphatic sac (Lee et al., Acta Otolaryngol. (1992) 112:658-666; Takeda et al.,
Equilib. Res. (1993) 9:139-143). Four weeks after surgery, these animals are divided
into three groups of non-infusion hydropic ears, vehicle-treated hydropic ears and

25 dexamethasone-treated hydropic ears, consisting of 10 animals each. The group of non-
infusion hydropic ears receive no treatment except for electro-cauterization of the
endolymphatic sac. In the groups of vehicle-treated hydropic ears and dexamethasone -
treated hydropic ears, the liposomal formulation is applied to the round window
membrane. One week after administration of the composition, all animals are sacrificed

30 for assessment of the changes of the endolymphatic space. All animals are left
undisturbed and freely moving in individual cages in a quiet room throughout the
period, except during experimental procedures.

[00354] To assess the changes to the endolymphatic space, all animals are transcardially

perfused with physiological saline solution under deep anesthesia by a peritoneal

35 injection of pentobarbital, and fixation is performed with 10% formalin. The left
temporal bones are removed and postfixed in 10% formalin solution for 10 days or

more. Thereafter, they are decalcified with 5% trichloroacetic acid for 12 days and
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d. Speech Recognition Threshold [00360] Before treatnent begins hearing

| oss for each subject will be neasured (twice prior to allocation to the
study, amdoap@el3prdor to random zation). Hearing assessmemUSa10900308¢ 4 & 8
weeks, 4& 6 nonths post start of treatnment Main Criteriafor Inclusion Mle
or female pati efthpdrRSeH AR4d48 8thadd? satd. They ¥R2beddediid pHra¥iA hnd¥dHoidin. The
(sensorineural hearing | oss) devel opi ng vm thin 72 hours Subjects will have
a hearing | oss Rrepafeddlocknare sptdofipanialiyrinlp 6 aptestionst Theseetions arg sigimed witk| usi on
Oiteria G eatiRmafRah d egﬁﬂ %@ébs%é@ﬁndglr Bight I’n‘fcrn?s'cgpet OEAARAL agsggsm@tﬂy

reason within the preceding 3 ays or nore days of prior oral steroid

treatnent for |o5Sh4nged qfﬁherpndwemphaéeémcags pefformsgaccarlisg torthe wethpd obTakads ng

heard ng in eithgL a2k al[:xggg;jngkgs 3(2003Fyg§ .4igg) on of Intratvnpanic
Dexanet hasone on Meniere's Disease Study Ooj ective [00361] The primary

obj ectlve of ghls sltudy WI II be to assess the safety and efflcacy of

[00362]Hy£,{n 196 @segl f - Reportl ng Systemvmth t he foI I ovmng regln - .
Vertigo-free days -0 score; ii. Days with a mld attack -1; iii. Mderately
severe &F@a@@gcﬂ"astl ng nmore than 20 mnutes - 2; iv. Severe attacks | asti ng

an fpur or 00’?35$ QFRAR} SiffecBYe HAHR Sﬁdﬂwli’%%&s@& thesafely and¥ridacbf ack to
4; r eat ment fa| | ur be

date - eto efined as a nonthly vertigo score of
50 or greater fosdl seEraidientiaenti oFdntragmenagic|(Ho sigriidweagpenteria  d i ni cal

di agnospg,ef MRl Ree4® the 1995 AAC-HNS Criteria: b. At [east two
definitive attacks of vertigo. c. A definitive spell is spontaneous

(rotationdP9356kr t i gPurebeneryerge (Baskand BV ori ReeagaitioEaesauaihoweighted er i a

Treatment with eﬁﬁﬂdﬁﬁ&'l%? %?ée@l‘?DREmHB%&J sc@ﬁngﬂ BisbRi Rl hbRosylitEalySRRwilkik h
anti neopl astic drugs d at 1 num conpounds
15 employed; Greater than 20 dB merovement in PTA or over ALL or SOME of the
frequencies where the deficiencies are greater than 30 dB, and/or a 20% or greater
improvement in the WDS; In addition to absolute changes, recovery with respect to the

contralateral ear will also be determined.

[00357] Complete Recovery - recovery to within 5% points of the contralateral speech
20 discrimination score, or within 5 dB of the contralateral PTA.
Study Design
[00358] This will be a multicentre, double-blind, randomized, placebo-controlled,

parallel group study comparing intratympanic Dexamethasone to placebo in the
treatment of ISSHL. Approximately 140 subjects will be enrolled in this study, and
25 randomized (1:1) to 1 of 3 treatment groups based on a randomization sequence.

a. Subjects in Group I will receive oral prednisone (1 mg/kg/day prednisone for 14
days followed by a daily 10 mg diminution in dose until no further steroid is given)

b. Subjects in Group II will receive IT dexamethasone sodium phosphate (1 injection
of 0.3-0.5 mL of dexamethasone /mL of vehicle administered monthly up to a

30 maximum of 3 injections) and oral prednisone (1 mg/kg/day prednisone for 14 days
followed by a daily 10 mg diminution in dose until no further steroid is given)

c. Subjects in Group III will receive a placebo IT injections (1 injection of 0.3-0.5 mL
of vehicle administered monthly up to a maximum of 3 injections) and oral
prednisone

35  Hearing Assessments
[00359] Hearing assessments comprise:
a. Pure Tone Average (500 Hz, 1& 2 kHz; 4, 6 & 8 kHz).
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e. Difluoronethylornithine Study Design [00363] This will be a nulticentre,
doubl e-bli nd, random zed, placebo-controlled, parallel group study

conpar i ngwonroeatsyepani ¢ dexanet hasone to pl acebo i n thePCraskeneno3oeé | SSHL.
Approxi mately 140 subjects will be enrolled in this study, and random zed
(1:1) to 1 of 3 treatmerio M&Uﬂﬁes%%fﬂth&ﬂb@deie%ﬂﬁl@&“azl@& e Juen&RAERIEAS00 Bz -
Subjects in Goup | wll receive standard of care (sodiumdiet of nnt
1500ny/ day, abst i nence T35 3 gthiequarcyralue A} Bi2)di ureti cs) b. Subjects
in Goup p wllyreepk¥s Rehedexanet hasone sodi um phosphate ( 1 injection of
0.3-0.5 nL of dexanethasone /nlL of vehicle adm nistered nonthly up to a
maxi num of 3 i nf-eddPEAROmey& WpafdkaYd of care c. Subjects in Goup IV will
recesve a pl acepo shdechRie€sphit®A Thiestold Nj ection of 0.3-0.5 nL of vehicle

adm ni stered nonthly up to a maxi mum of 3 injections) and standard of care
Assessnent80368b364]  Befprsrteaimeathasingheasivgilers foegdrsubiget otill Remeaseed g each
subject will bepﬂae@osmoegmﬁwhe@tu 1B oA pRbt B¢ adbMRalich) ik aggyssm&nqt once
prior to randonization) [00365] niere's assessment at 1, 2, 4 & 8 weeks,
4& 6 mont hs posh 2st &§Ww ’t%@mﬁﬁp?%ﬁ%eitr%@ésnents a. Date of onset,

f requengyin duledt i mansseverity of attacks of vertigo and tinnitus; b.
Reduced aural pressure sensation, neasured using standard VAS
queéﬂhonneMialégrfeaw&mamtmaeéaetwa@q Wpndr/tve®l s c. Measurenent of serum
vasopr egsi present invention
have begn %\%ﬁég%%%’géﬁe e?ﬁeﬁé{leﬁﬁﬁ sugdﬁﬂ%%ﬁﬁ‘p?e%{ﬁgs are provi ded by way
of exanpl eslfowlcty wilhaieauwarig lessibet plvany onofredueneyiierd notentesd 89Br i bed herein
are opt izonall v~ ;I;;g’%oyed in practicing the inventions. It is intended that
the folTomng clains define the scope of the invention and that nethods and
st r uct ur eGreateiithan 1thdays cfgpier ofal téresigreainantior anydredshe withiaghs prededing 80 Beys

For Mige®! rf TRT PEAChEIT o5t G Gl AR o BB RFGNTE 3¢ Hbivat od 10

provi deea Hiserye@eutuadlg headiofif eithey €aranount of dexanet hasone,

met hyl pr.edni 1S9 ope,, or D adnl sol ane, t he conposi tion Qr devi ce conprising
subst an@%—i—o&r@% e < T SEEet hyl pr edni sol one

or predsugpbpeeivet he phar rraceutl cal

[00361] The primary objective of this study will be to assess the safety and efficacy of
20 intratympanic (IT) dexamethasone treatment.
Primary Outcome Measurements
[00362] Vertigo
a. Self-Reporting System with the following regimen —
i. Vertigo-free days — 0 score;
25 ii. Days with a mild attack -1;
iii. Moderately severe attacks lasting more than 20 minutes — 2;
iv. Severe attacks lasting an hour or more or accompanied by nausea or
vomiting -3;
v. Worst attack to date — 4;
30 vi. Treatment failure to be defined as a monthly vertigo score of 50 or greater
for 2 consecutive months
Inclusion Criteria
o Clinical diagnosis of MD according to the 1995 AAO-HNS Criteria:
b. At least two definitive attacks of vertigo.
35 c. A definitive spell is spontaneous (rotational) vertigo lasting at least 20 minutes.
Exclusion Criteria

e Treatment with aminoglycoside or macrolide antibiotics;
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conposition or device further conprising two or nore characteristics
selected from (i) between about 0.1%to about 10% by wei ght of

dexamet hasore)y/msee2hy| pr edni sol one, or predni sol one, or poausaaewbioeal |y
acceptabl e prodrug or salt thereof; (ii) between about 16%to about 21% by
vei ght of BeRALU WIS PRARIRIMOXYPr opyl ene tri bl ock copol ymer of general
formul a E106 P70 E106; (i1ii) sterile water, g.s., buffered to provide a pH
bet ween about 3l.5Pltisuaeenpougdy: (iv) nultiparticul ate dexamet hasone,

met hyl pr edni sol OnginRhoéifdbthemhone; (v) a gelation tenperature between
about 19 0C to about 42 0C, (vi) less than about 50 colony formng units
(cfu) oftudy Besédi ol ogi cal agents per gram of fornulation, and (vii) |ess

t hans aboutjofze8dot oxjs Wil e dufHilenBE! doliBle-Blind PAMoMEEE Mactfo-BnibiRiaeCt - 2.
The pharnmaceutical conposition or device of claim1l, Wwherein the

conposi ti on corsrallskegoun stydysemprring intrsypapicpxamethasensito pogbeyn thei ght  of

dexanet hasone, [BR{ul HISSAT SAbREEmately 180 el AR en@lleLRFRIIREGHEAL Al | Y
acceptabl e prodrug or salt thereof; bet ween about 16%to about 21% by

wei ght of a pol~r ] :&He 154 B yrsatpsriogguns fesed on p randRmizatins) spaencof  gener al
forml a E10_6 P70 Etjrlggdts iﬂ@o&ﬂ_f&ﬂl rBadivel sRRlidrl 4R @oﬁﬁﬁﬁ{gggﬂﬁﬁtqg%mglday,

met hyl predni sol one, "or predni solone. 3. The pharnmaceutical conpositi'on or
devite of cl ai m 1absfipence framixgathing igieks; andéns dasetss)i ses: (i) bet ween about
0.1%to about Y%ty cMCin@buPil wif KREHE NERRREethdBhdWHRLESHIEHHQ N rjechbn
predni sol one, or pharmaceutically acceptable prodrug or salt thereof; (U)
bet ween about 16%°f&3-8cnk obdaxmpethggeneyml ¢ffvehicle administered monthly up to a

pol yoxyet hyl ene- p%y&wgw{eaﬂﬁs)t&hg{ag&gdm ymer of general fornula E106
P70 E106; (iii) nultiparticul ate dexanet hasone, nethyl predni sol one, or
predni sol one; d@ndSpRigdts ia Qe will reeatysey phacgbel Thategitanp (aivisatiomd 03c).$ elabout
42 9C. 4. The phapRGRW ddndhistGRERRANY o AmaAEMInT §f Pin;@idnsPindGlAlATE of - 3
wherein the conposition or device provides a practi caf osnolality between
about 200 and 400¢&sn L. 5. The pharmaceutical conposition or device of
any of glains,l-3 wherein the conposition or device provides a practical
osnolality between about 250 and 320 nOsmi L. 6. The pharnaceuti cal

conposi t i dP03§A] devi déefere trgpipnentfbeging paygrity of Mepjeesy ssfopeach subjiesk w itelerazrswred

met hyl pr edni sol @ige pi tPAIRERICAR BRSbS, 28 bARASEE: briokiaifgr nul ation for a
period of at |east % days. 7. The pharnmaceuti cal conposition or device of

any2bf cl d0036Sh- 5, \Menereis apsgesmeasad fred ok 8 ieckspdk [fynguths pastStarted &reatgent
predni sol gpg3ebp el eRsedmbgiom the formul ation for a period of at least 5

days. 8. The pharmaceutical conposition or device of any of clains 1-5,
wherein t he a. Date of onset, frequency, duration and severity of attacks of vertigo and tinnitus;

b. Reduced aural pressure sensation, measured using standard VAS questionnaires,
and validated rating protocols

25 c. Measurement of serum vasopressin

[060367] While preferred embodiments of the present invention have been shown and
described herein, such embodiments are provided by way of example only. Various
alternatives to the embodiments described herein are optionally employed in practicing

30 the inventions. It is intended that the following claims define the scope of the invention
and that methods and structures within the scope of these claims and their equivalents

be covered thereby.
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dexanet hasone, net hyl predni sol one, or prednisolone is released fromthe
formulation for a period of at |east 10 days. 9. The pharmaceuti cal

conposi t iwo 2009/dgziece of any of clains 1-8, wherein thePparsa®o®0iseal
formulation is an auris-acceptable thernoreversible gel. 10. The
pharmaceutical conposition or devicermgy of clains 1-9, wherein the

pol yoxyet hyl ene- pol yoxypr opyl ene tri bl ock copol ynmer is bioelimnated. 11.
The pha}’V tical conposition or device of any of clains 1-10, further
conpri sing a Apedsieesday &mpbditiod BEdRt8 FIFRSEM thBdatrtIHOMI diik AReRE ofleVi ce of
any of clainms 1-11, further conprising a penetration enhancer. 13. The

phar macerdition foraylatrdde progide g thegapgnticallp pifeghye appount of degamethasone; yr ¢ her

conpy | smemyl?radms&lsﬁaj bFgre@f®Nne, tﬂlécorﬂ_ﬂb@itiﬁﬂ&rd%e%m%ﬁlin_ﬁcsﬁm@ﬁﬁhﬂ)‘ W or device
of any of clains 1-13, further conprising a dye. 15. The pharmaceuti cal
conposi #5gsdaten medictof dexagrthatone.apethylgreduispkone o pregrisolensnthe pRarmacentieyt ug

del i ver YonsR\iti6# oSivRE tifthef EdMPridind 8R6bEMAR Shat¥dtdrRE& seRetBY FBm: &
m croi nj ectign devi ce, W n situ formng spongy nmaterial or

a Wck, an i
conbi nat i ons (i} PraVessrabout §.1%ocbpptd Ppechyetiieht of dexamptbasons. srethyiprennisolose. o any
of claims 1-15,486Rh8 o PRarfieccan®iih asRp@ble pRIAN! P EACMLREE One, or

predni sol one, or pharmaceutically acceptable salt thereof, has |limted or
no Ystenc Fidbeteen aboptadpiocabpehdil ¢4 by weight of a pryysihyienepeluqxypropylghe

conbi nati ons thﬁslgg{copglz,me;l'&%egé}@rmgmgqho@qmosi tion or device of any
of clainms 1-16, wherein the dexanet hasone, nethyl predni solone, or

pr edni sol onelifikstsrie Walgr Agy RuffrredioprevideanHibety seaabent Sorrsd abopt 895+ a

prodrug, or ayaanbpdadifoddbataone, kdbthylEnRBRNERE BiélihiSlbnes OMPOSI ti on or
device of claim 17, wherein the dexanmethasone, nethyl prednisol one, or

pr edni sol one(W) & gglatigniFapaptucs betvaen abqub F tnCote ahoHdsphat e or ester prodr ug.
19.15The phar gaeddihdnabot 30RSShY folRing unfkEéiu§ 6f Afcrdbibdital Saentihper %-m?ﬁhe
. The

steroid i s dexanmet hasone phosphate or dexanet hasone acetate. 2
conposi tion frmplatiseandt any of clainms 1-19, further conprising

dexanet hasongi) 188§ dxd &oB0NERIBloRMNitP(FIAN S SFMRdy REightFhiRsgeyt i cal |y
acceptabl e salt thereof, prodrug or conbination thereof as an i medi ate

r el ease?-agenthe phprmapguicalroppasition ercdsyice oflria s MBereintheROmPOstion cogpyisest

clains 1-20, fmﬂ;@&&i@bw@.1@@@6@3@&%@@}&”@@&@&&%&%@9h@nfylpr&ﬁﬁseroﬁeir&_sol one
tiparticul ates.22. The pharmaceutical conposition or device of

gf)g})({r: Z(las V\rrﬂer drstinisplong; ok Bhaemprsutistly a¢rsptRYle prodengios salighereofor predni sol one i s
Corenai o, e[ 860 R aramsn s e g eSS o
triblock copolymer of general formula E106 P70 E106; and
(iii) multiparticulate dexamethasone, methylprednisolone, or prednisolone.
3. The pharmaceutical composition or device of claim 1, wherein the composition comprises:
25 (1) between about 0.1% to about 10% by weight of dexamethasone, methylprednisolone, or
prednisolone, or pharmaceutically acceptable prodrug or salt thereof;
(ii) between about 16% to about 21% by weight of a polyoxyethylene-polyoxypropylene
triblock copolymer of general formula E106 P70 E106;
(iii) multiparticulate dexamethasone, methylprednisolone, or prednisolone; and
30 (iv) a gelation temperature between about 19 °C to about 42 °C.
4, The pharmaceutical composition or device of any of claims 1-3 wherein the composition or
device provides a practical osmolarity between about 200 and 400 mOsm/L.
5. The pharmaceutical composition or device of any of claims 1-3 wherein the composition or
device provides a practical osmolarity between about 250 and 320 mOsmny/L.
35 6. The pharmaceutical composition or device of any of claims 1-5, wherein the

dexamethasone, methylprednisolone, or prednisolone is released from the formulation for a period

of at least 3 days.
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dexanet hasone is in the form of m cro-dexanet hasone powder. 24. The

phar maceuti cal conposition or device of any of clains 1-23 further

conpri si nyoanovaded2ti onal t herapeutic agent. 25. The phaPoaas2eoedoce
conposition or device of claim 24, wherein the additional therapeutic agent
is a NafK ATHRSphafRsbehithDdompBsiGOEoieRE 8RAY b SlaidB@als, whareGhé agen, a
gamma- gl obulin, an interferon, an anti-mcrobial agent, an antibiotic, a
local aftemgthasees mediinsedniselone, o5 prsrniselprstis rdqassdAfont the formylatighfoag gefiad | an
ot opr ot gcd: #att.s Aydli tric oxide synthase inhibitor, an anti-vertigo agent, a
vasopressi n antagonist, an anti-viral agent, an anti-enetic agent, an ‘
anti - TNE agehbe Pharmpacegpsakeompasitigeesieice plamirhelaims Ik tvheteidhat e,

cycl ophasaiaihdte, nldAHRIAMUBRNE D8 BfliRisol SRGE RlidasSron RE AHRANTA8H for 8 pdidd
converti n(% enzgrre inhibitor, an KK inhibitor, a glutamte receptor

nodul at 8kat legst 1 ﬁE‘YSapopt otic agent, a neuroprotectant, thalidom de, c-jun

i nhi bi tor comRopAfnacktRhidoRipoHaSEr RMLE 89dng 3NEIRims L, kvh@x%hﬁh@’%%h&’e@ﬂicil

ERR- beta antagonist, 1G-1 nodulators, Toll-like receptors, KCNQ channel
modul at Sraulation i a1 susisiarceptsblsithiargprsversifiegehodul at ors or conbi nati ons

t her eof 10.26. THOShaRBREMREESipedliort S HRGisE bff AP oPElHBMLL GhefeiiBy Of cl ai ms
1-25, wherein the pH of the conposition or device is between about 6.0 to

abotft 7PHyoxysthylepepalypxyprapdene;tiblpckeorplymet is iockmingedi ce of any of cl ai s

1-26, wperei fhd ﬁﬁnﬁﬁ%ﬁtﬁ:a@on@oﬁﬁ&y&weﬁ:@b@ﬁg%f@&h%qx]}opﬁﬁdﬁw &H@ﬁ&iﬁ%@! ock
copol ymer of general fornula E106 P70 El 06 to a thickening agent is from

about ~ 4Brucopdiesivahout 5:1. 28. The pharmaceutical conposition or device of

clai m 272, when&pharhdeutichi ©kpbiifieh GHIRMEe bfSang BT OB TBI Nk theRlolipliiaga
hydr oxypropyl cellul ose or hydroxypropyl nethylcellulose. 29. The
phar macRHErien cpsigfdsi tion or device of claim 1, wherein the otic di sease

or gopndis i onThSpHiRRdcBitRalcotips§fcifor &H@Q@th?%ﬁ&%ﬂeﬂz[ ArthBeRkpAGng #SS. NOi se
i nduced hearing | oss, age related hearing [oss, auto i mmune ear di sease or
ti nni t udickgpng 2gepfet hod of treating an otic disease or condition conprising

adm ni s{£ri Nghd ghadfackithdothpdsitibd briRGde 618 801aia 1117t ¥ BRaRtSng PEROSI ti oNn
or device conprising a therapeutically effective anount of dexanethasone,
net hyl ptadni $bt Rpamacetical cogmpebrnpiaevicnef aay ahelaimsilord Brthegresmpasipapiesi ng

subst anfdi@blyVeliovsefle@h &datd RadIP hFHEihSe, @ buds aaRINA&ABE device, a wick, an in
nehg¥lpnedn|solone, or predni solone, the conposition or device further

confft i sHRGOHBE PenmpPEers aF epmbingtions beredle| ected from (i) between about
0.1%t 01@boU%@{H’Meﬂ&h%hp@iiti&%@l@ﬁ%@@ﬁﬁ?%fleiﬁIsh)ﬁ'sp&ﬁ&&h% one, or

predni sol one, or pharmaceutically acceptable prodrug or salt thereof; (ii)
bet wee ndeé%gbasgwﬂegly%msolgg%ob9reg@p<§me, ¢ffpharmaceuticaily acceptable salt thereof,

pol yoxygdsiivliRa er RAJyViemiRelesd! §asmicthbAtiBE Kod: PRAUNMABEriRks, 98 B&fkhations Mul a El
06 P70 EI 06; (iii) sterile water, g.s., buffered to provide a pH between

about 5t.h5fe&ﬁ_-1d about 8.0;(iv) multiparticulate dexanethasone,
met iyl predni $Rd gHafnaceitich @HpbSi@RRevice of any of claims 1-16, wherein the

dexamethasone, methylprednisolone, or prednisolone is in the form of a free acid, free alcohol, a
salt, a prodrug, or a combination thereof.
18. The pharmaceutical composition or device of claim 17, wherein the dexamethasone,
methylprednisolone, or prednisolone is administered in the form of a phosphate or ester prodrug.
30 19 The pharmaceutical composition or device of claim 18, wherein the steroid is
dexamethasone phosphate or dexamethasone acetate.
20. The composition or device of any of claims 1-19, further comprising dexamethasone,
methylprednisolone, prednisolone, or pharmaceutically acceptable salt thereof, prodrug or
combination thereof as an immediate release agent.
35 21. The pharmaceutical composition or device of any of claims 1-20, wherein the

dexamethasone, methylprednisolone, or prednisolone comprises multiparticulates.
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(v) a gelation tenperature between about 19 0C to about 42 0C, (vi) less

t han about 50 colony formng units (cfu) of mcrobiological agents per gram
of formulw0i2009/13992d (vii) |ess than about 5 endotoxi n umCras¢oioomes kg of
body wei ght of a subject. 31. The nethod of claim 30, wherein the

dexanet fASoNgpe ﬁlﬁh@ékﬁk@%@@h@&e@r RVicObRINNDA| WAGeih thel Rk SRHRGorel OM t he
conposi tion for period of at |east 3 days. 32, The. method of clai m 30,

wher ei anqhélpffé%é?%%?qﬂa%F@ls"*Pé‘P Fﬁﬂsiﬁ“éﬁh’ 1§8}°(fﬂ'én ofgpicrspizethpaitlene i s rel eased
from t hgs conpRspHatRdtediRhl RnipssiliGortlevidd of £ ?%f cl@infay®, wherein e et hod of

cl ai m 30, wherein the dexanethasone, nethy
rel ease@Fxﬁmﬁtﬁi‘%’ﬁ@sé‘b@ﬁ&Tﬂtq %CTP@FX%“H@F?Q%”UP“M | east 10 days

met hod of ¢l 2hdPpranacéiiRhBlohpbifortléPdR0BE bmg B claitit s xRS BbS

predni solone is essentially in the formof mcronized particles.

redni sol one, or predni sol one is

34. The
or
35. The

met hod #iditionalithsrapsutiGagsptei n t he conposition is administered across the

round W9 dowrhe3harnlddButiEat J&ﬁgogﬁoxp&&w&é’:@f claMﬂQmewner&lﬁ EheQUbiBiokh ﬁﬁﬁ%@uti@r
condition is Meniere's disea Se, den sensorineural heari ng OSS noi se

i nduced?8saiis p Ng'K 4LBase modulater, tcéanwé%rﬁm%c pgsak a collagen. p game-globrlinaB e ase or

t i Nni t USiterferon, an anti-microbial agent, an antibiotic, a local acting anesthetic agent, a platelet activator
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factor antagonist, an otoprotectant, a nitric oxide synthase inhibitor, an anti-vertigo agent, a
vasopressin antagonist, an anti-viral agent, an anti-emetic agent, an anti-TNF agent, a vasopressin
receptor modulator, methotrexate, cyclophosphamide, immunosuppressants, macrolides, latanoprost,
a TNF converting enzyme inhibitor, an IKK inhibitor, a glutamate receptor modulator, an anti-
apoptotic agent, a neuroprotectant, thalidomide, c-jun inhibitor compound, hyaluronidase,
antioxidants, IL-1 beta modulators, ERR-beta antagonist, IGF-1 modulators, Toll-like receptors,
KCNQ channel modulators, neurotropin modulators, ATOH modulators or combinations thereof.
26. The pharmaceutical composition or device of any of claims 1-25, wherein the pH of the
composition or device is between about 6.0 to about 7.6. '
27. The pharmaceutical composition or device of any of claims 1-26, wherein the ratio of a
polyoxyethylene-polyoxypropylene triblock copolymer of general formula E106 P70 E106 to a
thickening agent is from about 40:1 to about 5:1.
28. The pharmaceutical composition or device of claim 27, wherein the thickening agent is
carboxymethyl cellulose, hydroxypropyl cellulose or hydroxypropyl methylcellulose.
29. The pharmaceutical composition or device of claim 1, wherein the otic disease or condition
is Meniere’s disease, sudden sensorineural hearing loss, noise induced hearing loss, age related
hearing loss, auto immune ear disease or tinnitus.
30. A method of treating an otic disease or condition comprising administering to an individual
in need thereof an intratympanic composition or device comprising a therapeutically effective
amount of dexamethasone, methylprednisolone, or prednisolone, the composition or device
comprising substantially low degradation products of dexamethasone, methylprednisolone, or
prednisolone, the composition or device further comprising two or more characteristics selected
from:

(i) between about 0.1% to about 10% by weight of dexamethasone, methylprednisolone, or

prednisolone, or pharmaceutically acceptable prodrug or salt thereof;
(ii) between about 16% to about 21% by weight of a polyoxyethylene-polyoxypropylene
triblock copolymer of general formula E106 P70 E106;

(ii1) sterile water, q.s., buffered to provide a pH between about 5.5 and about 8.0;
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(iv) multiparticulate dexamethasone, methylprednisolone, or prednisolone;

(v) a gelation temperature between about 19 °C to about 42 °C;

(vi) less than about 50 colony forming units (cfu) of microbiological agents per gram of

formulation, and

(vii) less than about 5 endotoxin units (EU) per kg of body weight of a subject.
31. The method of claim 30, wherein the dexamethasone, methylprednisolone, or prednisolone
is released from the composition for a period of at least 3 days.
32. The method of claim 30, wherein the dexamethasone, methylprednisolone, or prednisolone
is released from the composition for a period of at least 5 days.
33. The method of claim 30, wherein the dexamethasone, methylprednisolone, or prednisolone
is released from the composition for a period of at least 10 days.
34, The method of claim 30, wherein the dexamethasone, methylprednisolone, or prednisolone
is essentially in the form of micronized particles.
3s. The method of claim 30, wherein the composition is administered across the round window.
36. The method of claim 30, wherein the otic disease or condition is Meniere’s disease, sudden
sensorineural hearing loss, noise induced hearing loss, age related hearing loss, auto immune ear

disease or tinnitus.
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