CORTI COSTERO DS FOR THE TREATMENT OF JO NT PAI N RELATED APPLI CATI ONS

[0001] This application clains the benefit of U S. Provisional Application
No. 61/ 3Mpeér/piwed August 4, 2010. The contents of tIRCI/UspEiLioe@di on are
hereby incorporated by reference in their entirety. FIELD OF THE | NVENTI ON
[ 0002] This invention relates to the use of corticosteroids to treat pain,

i ncl udi ng pain caused by inflamuatory di seases such as osteoarthritis or
rheumatoid arthritis, and to slow, arrest or reverse structural danmage to
ti ssues caused by an inflammtory di sease, for exanple damage to articul ar
and/ or peri - GSQRIVCOSTEROQEIS FHIReHH TRIEATMENT (QE JOINhdUAHEN 0i d
arthritis. Mre specifically, a corticosteroid is admnistered locally as a
sust ai ned rel ease dosage for”?ﬁﬂ%%ﬁDQ&Hﬂﬁ&R?Hﬁ an inmedi ate rel ease
conponent) that results in efficacy acconpanléé by clinically insignificant
or no neasurable effect on endogenous cortisol production. BACKGROUND OF
THE | NVENTOWONI [ 00thd]apphcetienelpiarsdhafenphifaf Yeh deovadionat AppliretoroNo.t he body and
produce van f t ate,
o, pr o Bt UL R ORE e FRSR G Bt BN b GRLARANTL T

bal ance. @@mﬁb@m$Ueﬂmudsnmn¢IuenC|ng cel lul ar biosynthesis or netabollsm
are referred to as glucocorti ffecting water and

el ectrol yte bal ance are nlneﬂgﬁggi?ﬁﬁgﬁﬁggﬁggggﬁ gl ucocorticoi ds and

m neral ocorticoids are released fromthe cortex of the adrenal gl and.

[ 0004] The [@Mﬁi ni Sthisanhventiomfelatasrte the mst efrcoitidssterpils td teaak paih,yndlalingpeirended

peri ods of r I .

ot er dopesaiey o BB O TBR s AR, S Bl Epl Rl anghP 8w,
respon5|bhﬂeﬁornﬂ@@&ﬂnmmnﬂdmnqgnmﬁ@uﬁﬂmmhﬂmyaehéhmMmgnydm@maibﬁhe pituitary

| and, which i,s secreti,o adrenocorticotropi ¢ hornone,
T e o dm® ad R A0S O or B s Rles BN G b AR R
thot gal anmemmatourl ir&fri?ls aNIrO&f@bmﬁHH&\)a Mcleostegé!f@s ldPAI ndxdrad lﬂmnybe asuppr essgd by
t he adm ni st ratl on O corti caost r oi eadl n to,a vari et unwant e
e ot et B 9p G o6 B RtT DRy I 5% BEB O BHBI BRIy ther o i s a

medi cal negditd @ eﬁxdaeﬁgbcbrhpanh@qglchdua@ inSipniB¢and 6t Ac0NeQirablo bttt @8t er oi ds,
whil e reducing the s ystenlc side effects associated with that

adni ni st r SAHWRNOUT RSSOl PFRAMENqNs 3 need in the art for methods and
conpositions for the sustained |local treatnment of pain and inflammtion,
such as joint pain, wth GXCKGROUNDDOHTHETAIVENSON S in clinically
insignificant or no neasurable HPA axi s suppression. In addition, there is
a nedi cal

et cal GRRE,.L skt VEDEE P B RFh Pt o

articul ar etfe@s UHgs¢ @sulds rdgglafel’cﬁmoﬁyiirﬁgai’pﬁd)pto&dlﬁbﬂﬁynltm&@ﬁ’ﬂdmbtﬁb(ﬂi’stnhl’I tis.
SUMVARY OF HE | NVE scri bed herein ar opposi tions and

met hods f 6‘P YAl 413 ig%q;lﬂe b&? %rﬁﬁﬁ)&tef%c}sll treh° ]éigaf H@S%‘}eﬂs Obst er oi ds.
The conposididbonsm amRdeBREOdSs cREQYHIEMs haTehdsd kTR LW AT afB ERctrolyte
corticosteroids in ,a mcroparticle fornmulation. The cortjcosteroid

ni cr opar t iPelRcergy Wmele?%q%ﬁ@mﬂ? oRethglreprortisoils apdmiseralecortisaidaprersleated ng pai n
and/ or i nfaMKBELRR otHeRdrhAlidmbL. | ong-term side effects of corticosteroid
adm ni stration, including for exanple, prolonged suppression of the HPA
axis. The [@Wdti cdde @dl@xn@trﬁﬁm@ﬁaﬁ@p%@r@dﬁ derighiarly &y sxtgrded pgiiedsief Emeor

adm ni strafd e nﬁﬁlb%%ﬁned S&Asr2dmrid Hi E&?b&@n@edbgdk%édh% hnto a site
at or near the site of a patient's pain and/ l'ammation. The

corti cost deicen thic dypskalanius| @hrfch)rSrmﬂpanaﬂdn@rpm@tloa@(ﬂcmwmnhlafrele@mgecti ve in
sl ow ng, S . damage to
{1 ssuos. aq o B e e U B e B et e

ef f ect s ofhomomei andshesadoind]l @dnk, whethrsatetoncoriisad livgimegl thohypestahplie, pr ol onged
suppr essi P h orticos ropar fo | ati ons
are suitabf ﬁ?%%&%nn4é%§$?% |£%%H?%?ﬂ%§a 6ﬁagp%%%aﬁy8§ﬁ@%F%¥§% |3ﬂub
injectioncbmmmmﬁms&ﬂ@ﬂﬁ@t@ﬁvﬁﬁmyoﬂdeam£ded@ﬁﬁsmructural ti ssue danage As
used herein, "prolonged" suppression of the HPA axis refers to | evels of
cortisol suppression greater than 35% by day 14 post-admnistration, for
exanpl e post-injection. The corticosteroid mcroparticle formul ations

provi ded herein deliver the corticosteroid in a dose and in a controlled or
sust ai ned rel ease manner such that the levels of cortisol suppression are
at or bel ow 35% by day 14 post-adm nistration, for exanple post-injection.
In sone enbodi nents, the corticosteroid mcroparticle fornulations provided
herein deliver the corticosteroid in a dose and in a controlled or
sust ai ned rel ease manner such that the levels of cortisol suppression are
negllglble and/or undetectable by 14 post adnlnlstratlon for exanpl e
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formand a sustained release formof corticosteroids is admnistered (e.g.,
by single injection or as sequential injections) into an intra-articular
space forwOheitme@vnent of pain, for exanple, due to oSPEDAISROMIOEG68]
rheumatoid arthritis or other joint disorder(s). In certain enbodi ments of
t he invention, a conbination of an inmedi ate rel ease formand a sust ai ned
rel ease formof corticosteroids is admnistered (e.g., by single injection
or as seqyeuvs| al AdbRflyMe it DHRIBA neddf foRxRRA {He Wl (uBRRRRf HtiohRE O sof t
tissues to slow, arrest, reverse or otherwi se inhibit structural danmage to
ti ssues aseBbiEPURreids wihils rgiueige ssyvemigiskle sEectspsriangd withthatadgrmsteationhe
damage t 0 16ay bick@9G nBSSIAHANET: WehDasRhIbESRkRRs B 1RSLEAALI BEdit i S. The
fornmul ati ons and net hods of enbodi nents of the i1nvention can achieve

i medi at e ticethicaf of ppintan ¢ indle pmatigy pthardoifteaty, with gpmcestrioidnthharyws iton)  of

t hese di segs: : 11l bl Vi - inhed or |ong
orm ther ST b B i e b b i bi t1 g
st r uct ur almedanbiyed toxlaw, esedsreagsor ioteedsainhibit grogerelskinage witsers edusedihi | e
avoi di ng lLon ] L d ffec OCI - W [ roid
i ni st ST UEHEE fhe Gt BB AR RETH SR A SRE R

for mul at i oleunmtqid othrgied wherein a mcroparticle matri x (such as PLGA, PLA,
hydr ogel s, hyaluronic acid, etc.) incorporates a corticosteroid, and the
corticosteroid mcroparticl éﬁ&gﬁL j i at | east two weeks,
preferably at |east three mgg S, |ncltgﬁ%g&8§N?§i§nd beyond 30 days, or 60
days, or 90 days of a sustained, steady state rel ease of the

corti cost d0ol. Desetbed hepere compoatipns aat msthodsfop theiicaamnigienwiand g

mi Cr 0PI t i e fRbh Liind SAACbsRRIRL e cBhfbsidBILRARL Rods HHUHIRBIH: RELA: ete-)
i ncorporates a corticosteroid, and the corticosteroid mcroparticle

f or nul at i enmpreowitdestemtds lirrasicropadioleioksylatpme flde atrtigosatroifl eagbpartnlee weeks,

| ncl uding s, § 0 ANH. REYAN 30 dRkSe BB SRYF un Ol i DR R Qi@ sustai ned,
steady state ref ease’ o e Cortrcosterora-at: a rate that does not

adver sel y nsnippi kag-tdrineiddRAcax bicortiddfi®] didueitisndtioo.astlediog thr mxamipdparti cl e

formul ati on . retai ns sustaine ffic even after the.corticosteroid is no
| onger -+ edruieed MPRUSL B Kty AR 64 Flrobfichobbm SRR E RS

i ntraarti Guikable fopaRenis@diidh ofor afabple, 1ol admididtaast By @jcdtidSinfoa ditoagar det ect ed
in the system c . circul ation. Th§ cq&%icosteroid nicrogfrticle_ ormul ati on
retains sHSHARTEY ObF PRICAESPEY EU/ AT AN RGN ¢ bt PRSP RN BFIReFEFar ti cl e
formul ati gatmiufatidfs proVig&s her @S bild@fbctAt irf b@wﬁif,taeres}fngafmrﬁhg bF Gthdr@ie for
exanple, in.the intra-articular space, and/or the corticosterojd

ni cr opar t iHRETRGTEIUEY fyRagedo Hsupomtpsiatedaridotregessiye diveass yath apipignal

circul ati Qbhg-tIinesiGOsHd-RQAF LETIQstrdTl SARRANLEG RchuahmBubrakiamergbBhHia sustai ned
efficacy even after the corticosteroid mcroparticle fornulation ceases to
rel ease t leagsaign PERP HY Acixise dihi gertigeninieid snigppartgle faspyledonsiase suptghle Bxanpl e,

in some enBadiFaRl forlhfin ONIbdEARARARARNLEFASRA iBY a Uiy oFhEE BRANL bE! ©
formulation retains efficacy for at |east one week, at l[east two weeks, at

| east t hr esucirekisssucatamagass fsod herametpsolongedT smpresfionyef thieldR4 axiarefbresst si x

weeks, at d o\ NERKS . te i eks, at
| east tmeﬂ%§@3£8§§¥§§%%ﬁ§§§“%%%ﬁlﬁaiéﬁébgg%&s pgé%@g ﬁ%ﬁﬁngg%lgﬁ&pln sone
enbodi nentpsst-itjbaionoiThe castmteaiid miedreasddiobyulitnems providog dertinglelver drerul at i on
retains effjicacy for tine. peri that is at |least tw.c | qn at | east
Chroe ti meSEsraiddh a dose aflF Py Gonttoled i suspatned ael® apner SR i edeiliency
peri od f orftdrasad eufpresdsit &t ai @ balsl/ 356 bhéaycldrpok telatigsteitidn focexapalet i cl e
formul ation. .l.n so enbodi. nent s he sustai.ned, steady state rel ease of
cor t 1 cost PSSR THotrgmpen - Gf FuTEstRin SpRral LBt | sone

enbodi mentpggvided Gemtnr @lil @dhdiortidest@didiad-doe @dsea EatidléBdrisaftainsd fpread¢l ded

wherein a mcroparticle trjix (such as. PLGA drogel s, hyal uroni ¢ acid,
etc.) i nc&?aaa?réﬁﬁgthg t{%%lﬁ?‘ﬁ%%tj%&a# Sappra%%wntaweneeﬁéﬂfmag /wadﬁégfa Fgw% not
exhi bi t  apoitidiiiddiratioRitet &(%ﬁl@?@st—ilﬁbcﬁf@)nr of RidcRehbb @Rk ehdc@tcRRrdii ti al
"burst” of the corticosteroid for a first length of tine of between 0 and
14 days, for exanple, between the begigning of day 1 through the end of day
14, in addition to the sustained, steady state rel ease of the
corticosteroid for a second length of tinme of at |east tw weeks,
preferably at |east three weeks, including up to and beyond 30 days, or 60
days, or 90 days. It should be noted that when corticosteroid |evels are
nmeasured in vitro, an occasional initial burst of corticosteroid rel ease
fromthe mcroparticle fornmulati on can be seen, but this initial burst may
or may not be seen in vivo. In another enbodi nent, a controlled or

sustai ned-rel ease fornmulation is provided wherein a mcroparticle matrix
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B corticosteroid that include a lactic acid-glycolic acid copol yner

m croparticle containing the Cass B corticosteroid, wherein the Cass B
corti costwpant/iigoobet ween 22% to 28% of the lactic aci dPgiryusedtito4eoi d
copolymer mcroparticle matrix. [0017] The invention al so provides

formul ations that include (a) controlled- or sustained- rel ease

m croparticles conprising a Class B corticosteroid and a lactic

aci d- gl ycohitepaaéid f&aaahmgﬁomefdmefan YnQERhNcdii@stetAs® Blossddig st er oi d
conpri ses between 22%to 28% of the microparticles and wherein the lactic
aci d- gl yc6Piteollse pesusiained {ehaspe mamepieh grt the fevelyof ¢aidsol gHnPERtipRyare

character 'néélig‘ftﬁe at(a'ngf tlﬁ‘le%ét%ﬁ%t% \'Pﬁﬁgme cbﬂlcgﬁﬁofd%ﬂ% Q'flclél?ﬁﬂltulaﬁgnstiﬁ 70 kDa;
(ii) an inherent viscosity in the range of O. E , (rinr) a

| act i de: gltlwetm@@nnmte&reﬁ gatige errthe@osmepéare@@mcaatrﬂ%ﬂme puppres$ien.| acti c
acid-glyc gacg? sone
enbodi rren'?\sdng?lgt%hgg gP&gpﬁﬂg&f%ﬁg %&Jggpaérlgtqlr%ﬁ%g%lﬁg)? or glrgrr%r{ %’9 |} %ﬁgﬂl t he
copol yner apsnitil Sbleefi’ atldBAexis smpsonen.dnbadinpent ghin thediktdew ld@ysamthinghwcol ic
aci d copol .act i C- I Y, In sone
enbodi mentﬁ)s{g'%W h%’sgn??ljc‘x%ﬂé?glegﬁ Sg;%glhlg%rggggtéf écn%ﬁ bq‘nef &)aﬁ' 14%%5%%%‘3 ar r‘atl o of

| actic aC|subprg;b1pnofuheP@e‘\iaahshsmmtﬂlhle35"/ange of about 80:20 to 60:40. In sone
enbodi nment CI d yco Ci d copol ynmer. has .a nol ar ratio of
et ¢ aclo7h "y s AR ags gt Sty GG SRR et Bl €0 pr ovi des
popul at i omammﬁstmctlroeql@rtb tr@dt@ﬁmlaﬂ@iﬂﬂldmﬁgtlan CILcaslsadBnmgtfatnbﬁoﬁat er oid or a

phar maceut i caII tabl e_salt thereof incor ated.in, 1 xed,

Encapeul acBiCoI TR REr PaEcIS STBR PTG TROE. Ho M0 RF G | act i
aci d- gl ycalticalangjatk, porpattier spa@d, kdftissvRelegbmy, Ehiurllspscs, Rrigrrlispast @roi d is

between 12% to 28% of the mcroparticles. In sone enbodi nents, the
corti cost dhdPEMANESBISE At P theviinaf apptset's Rup-uesrtain emiedimenta dhe i cost er oi d

and a m croprldibs h&ifiGHdRy stttk ahaméR dRBle@ied chﬂal{g@HehtO Mn u«ersalih BreRrEL GA _
pol ymers, one of |ow nolecul ar wei ght and one o (;ﬁgqr nol ecul ar weight in a
Y

two to on&mbadiments pbthawentas) §sustpied rdgpserfIraehpetc At is plgristpaed g

mol ecul ar wei ghti,af mﬁé’éﬂ&?or% sécﬁlel?’tﬁl h@tl@rﬁgln@@aﬂ 1@9@"aﬁ£ﬁla1\/ép§é‘e01%f fhy range from
0.2 to 0.357dL/g and the h nol ecular wei ght PLGA has a range of 70-95
kDa and arﬁreatmetrémmvfos em § ducategeteerrthpiftis rhayn@torardirity. gonty arthetie TCA/ 75: 25
PLGA corti r have a
mean di amCEant o OF OP*% BB TR AR Lt S DRCE 5CORRE bl

m cr opar t icmbedimiaaty of the myantich amstagred lrerieas‘h@rmaorﬁg@‘tlcﬁstezﬁdsl@@dmmst@@i 90 nM

f’g éng Pnl\a/ge g38 Q%E%]Mnje% 10n$ as%g uerl}éal 1ngeclt1§ns§ &%%t t?sglges %510111 ht%ft:%glr,]anges refer
di anet er odeatareyt @llemmamy‘dlsdmiais mgramn)aer theahf@nnmb@ abdapmrltlhl n a standard
devi ati on _abqv nyventi.on al so

o ovi des BB REHE SR Or gt SR SR A st o et i cost er of d

or a phar @Bdfﬁtﬂdle(ﬁr@bhl‘;ﬁlea@@embarbleﬁtlcﬁﬁh tustdnedeclbase ﬁﬁ'ﬁhrdf@lﬁlﬁt:@s(fbrd)lﬂs isadm xed,
encapsul at {% i Se associated with gl I actl aci d- ﬁ%c aci d

copol yner ® “rlf’lt%lfe woay ﬁ}nﬁ% JECtg o4 AN R Proas PE‘G&“@%@%‘IM g an

i nherent \pesieQsl tpace, A fblfchaB@Re bF @MrQpiallsPadd 8 tHE fréhtmWHRF EdrficdskReidl ass B
corticosteroid is between 22%to 28% o? the mcroparticles. In sone

embodi ment&PorshE degneratiysmuicylogkeigtel désgrdersisushsasNsuFrgenie Cdicatianu des a O ass

B corti CO%E@JlQBI‘éf 2R cAbSHIRERPEH thé flvEn(TTRIAL NG IB@relcasRr b rfi Qs RHi@t | on and

contai ning 10 %triblock (PEG PLGA-PEG having an inherent viscosity in

t he range ¥ #dgHnigteBd og-obyesiggly gjection e sequyigtial inRcponspingrcisig-piiseleer oi d

m Cr Opar tisglee of AfURARLR0R 10 NGnEl kOB bR Ol Bi AR AfAgeker 1n the

range of 1 In some enbodi nents, the mcroparticles have a nean

d| arret er mﬁsutemssma’sqeweh PREeSOG ditvhse20con, fanpxBmlel 06 davee30cailagh] or 10- 90
%Qﬁ(e&%v?tﬂ%r&%é%&oﬁ@?& ohdnggs refer to the mean dianmeter of all

m cropartl clesn a ation. The dianeter of any given individual

m cr opart I[MOQ] codh dertael cmlltddlmr:n& (ﬁ“ttlemdeerndomje\ﬁpalbln@trrprab“@venmedlmIredwse he nean

di ameter. (] 002 ticosteroid m.croparticl L.ations,
a us alne re ease cortlc stero 1s ad 1mste ge ysm elnlol
preparatlons an |ons ereo en a mnls d-t’o t|e t,

exhi bit reduced undeS|rabIe si de effec?s in patient, for exanple
undesirable effects on a patient's cartilage or other structural tissue, as
conpared to the adm nistration, for exanple adm nistration into the
intra-articular space of a joint, of an equival ent amount of the Cass B
corticosteroid absent any mcroparticle or other type of incorporation,

adm xture, or encapsul ation. [0022]1n sone enbodi nents, the Class B
corticosteroid is triantinolone acetonide or a commercially avail abl e

chem cal analogue or a pharnaceutlcally acceptable salt thereof In sone
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corticosteroid mcroparticle fornmulation includes trianctinol one acetonide
(TCA) and a mcroparticle made using 75:25 PLGA formul ati on having an

i nher ent wWp0#119009i N t he range from 0.3 to 0.5 dL/ g an@#Corusaommwhe@oul ar

wei ght in the range of 40-70 kDa, for exanple between 50-60 kDa. In these
TCA/ 75: 25 PLGA corticosteroid mcroparticle formul ations, the

m croparticles have a nean dianeter in the range of 10-100 laM In sone
enbodi mentes as deh@nhiIGhORNY )ikl AF iMA%RHR B raBt@mdnfof fagh, fange of 20-100
laM 20-90 laM 30-100 |aM 30-90 laM or 10-90 |aM It is understood that
these rangé¥mpefder (o stoopghritsaficwmaerd papritisor gther ieint disprdpiVc e a gi ven
popul at | oRmbbiifrcl BNTEE GfveonafYorklitéfian P itlilahe icGl:aBA% hictl Gsfaud be
within a standard devi ation above or bel ow the nean diameter. [0026] For the
TCA/ 75: 25 repaspfaringf eprticestasdids & adminisgaredigss; . by hagleamgeiopfor FoRqawtiel per cent age

IS betwee fL.JCA in the
R R R A R S
m cr opar t iodleevifomhibitatrichurs] drangbe tisaremadsatigdd weh pysRGA Palayarecisashavi ng a
range of r rom50 to 60
kDa and raf&r)lljgegg%{%lg th%\grngd %O\ﬁt’aé@g% aglsoé‘%tefdsgm%o%r?%LSP S%ﬂ%}t ﬁll?tlssr/m{s preferably
fromO0. 38 fomluﬁhtldﬂs:unkignetlidaé)ﬁﬂirﬁlmdlmm OF @A idBenfibn Hn@éhlma:mrmmlralte eligf of
f or mul atl%& ’ tthe X dose ofd rti cos f i d.contai nedd{5 th(z
mi croparti t1€8 g Hmfﬁeegr%?ﬁbaél dF ai‘i‘iméb?nﬁr%;{ WHAPES TR CUBAPREL n 22- 289% of
the mcr opaahtlmfaJlle pfdvide.a,sushies &%g tSrm?Ea%api (d eslcmlﬁg apedting Crb&,rsnﬁg’kﬁ
mcropartl Ihe raneof v%u I S (g%o F
m cropart i° "@Vls‘ilﬁ Hi“ér*%%‘r F‘ég“?‘s“s?’rlefﬁ 0‘?%% ‘é(“%f’m&foes%w e rﬁj‘&e when
TCA is 28%@flink Mrghirer YRamid side@ feéth assBdiEOPAL borbRterGid bminh@aticinge of
35.7-321.4 nys, and so on for all values between 22-28% 1 oad dose).. In
some enbodl‘i‘qlfﬂlﬂgsHP‘fé‘Epé’Fesﬂ%e of corticosteroid contained in the
TOC g gpar t '[%}9’34'0 $n bk ﬁgé&@g@rn%ﬁellt%ﬁg Oﬂoaila&mvﬂ&aﬁ@ nﬂao%alﬂclg hal¥ik, (s&ggﬁo ng,

ng, ’ R ng, ng, ny,
20- 60 ny, P@@%@Lﬁgngydz@elﬁohwﬁlm%ae@ cffy), m@@p%ewortmse@l%nd@e 70 mg, 30-60
ng, 30-50 CHBICOS%&OI&%I&BP&I‘&QG %Qmﬁﬁtloﬁlﬁ'o%gem leaéthwzgveQﬁ pl‘%@ra@gf e{meast‘lo 50 ny,

50-90 ngy, 50-80 ny, ng, ny, ng, 0-70 nmg,
70- 90 ny, ﬂvr@eﬂeﬁkﬁgncladmg ﬁotogl@drgeyopd)@%wsmrsé@rdeysenb%hdawenﬁ%suetfalntedxe TCA/ 75: 25

PLGA m cr rf e a

pol yet hyl g{r%g&){g t@%% & elg%@éolr@&%row\;ﬁg gléigisgpﬁe fI-O>Ela§ﬂ§tl&}lqg él%glg?r(gg]@s}é% s'lbet ween

25%to O(Vonwmoga‘rtlclpmau‘ecr(su@fds Ph@AnPbAdp’drdgﬁblle’alurqmcs@mh cenimdipventss: of t he

m croparti t P n eparati ons

and! o 1 o o Rsergris (o R BB s b MRuBE RPN 5 BRREERE BRS¢

exhi bit t pefeteldy aeldascmretelmks ﬁl’ch]d‘[hg&lpstb amd*im;}omde?.()edaase ok b édyis o 9arddys

bloavallablllt rofil 0030 one odi nent  of these uIatlons

ot epar at | Gha R G N TP OhT  HaTE BTGt Bl HRaPL Rl e

f or mul at i eiippréde tHederA fxtis. anci nol one acetonide (TCA) and a m cr oparticle made
: : 0

UL et R I g et AR - R

In these TALAR0RABoRLGA Gk redseh et @heckitiiof sdpiarkirittdnefol Stamplcaid @R sirat he

m croparticles have a mean dianeter in the range of 10-100 ILEM In sone

embodi mentgiculahipags. @pdipyatier be sartipenscid iviedpangsr deteateskinithe syHemicange of 20- 100
| LEM  20- QcliddeM T8OCHAEstekdiVnic?OpaPit1d foBihila@in ré@m@@uskd&@glefﬁéacﬁ' Svelinder st ood
that these ranges refer to the nean diameter of all mcroparticles in a

gi ven popufterthoeprticpseraid missenarticls fopmylatipinieno fongar vesélgal at theeitophrticl e coul d
be wi t hi n 3 SHAAGA, frde¥hAL iR theaRRV&1iQllarRFARMINE HIRARH@oRt er . [0031]In
one enbodi nent of these popul ations, preparations and/or fornulations, the
corticost em@noaarmlefqmps\alatwltiseOflmmﬂeaftctedmnihn@jfsmmes cirqulagioni Bt one acet oni de
(TCA) and g Q%F with two PLGA
pol yners, Cglﬁlgb 50%8@%159%4@%% a?luvﬂig%np ta% ﬁgalﬁe 0 éaﬁ? gtgnaatfqmgt@ul ar weight in a
two to oneomaosuteuoldrnegppmwlvéirylulaﬂfhlecdamz&/tmlleewharape\mecagﬂhteffélt_tﬁé\ahnasnta

0.2 to o, sLEteRtia FREtRys it MR i e BIEAT e R ER b st *700s O
kDa and an |nherent Vi scosity range of40 5to 0.70 dL/g. In these TCA/ 75: 25
PLGA corticosteroid mcroparticle formulations, the mcroparticles have a
mean di ameter in the range of 10-100 1..EM In sone enbodi nents, the

m croparticles have a nmean dianeter in the range of 20-100 ILEM 20-90

| LEM 30-100 ILEM 30-90 ILEM or 10-90 ILEM It is understood that these
ranges refer to the nean dianeter of all mcroparticles in a given

popul ati on. The di aneter of any given individual mcroparticle could be
within a standard devi at| on above or bel ow the mean d| arret er. [0032] These

— A . . o rc o, . .



[ 0034] For the Class A and/or Cass C PLGA mcroparticle fornulations, the
range of corticosteroid | oad percentage i s between 10-40% for exanple,

bet ween M0280901909r t he C ass D PLGA m croparticl e for rarasean®466bhe range
of corticosteroid | oad percentage is between 8-20% [0035] The

m croparticles in the Class A, Cor D PLGA mcroparticle fornulations can
be formul ated using PLGA pol yners having a range of inherent viscosities

from 0. 35 ligroParficl EdrBuRnsh RRMQRHIABS B aTBdsEEt vAdek VR @M tFo el 4QcdDa to 70
kDa. [0036] These Class A, C or D corticosteroid mcroparticle fornulations,

prepar at i GHSS Wesks abspaiifarivsaks. pHerebYe wegkhemt lkavisiveeky adeasbsexcipueskent |
exhi bit 1 glugediHNAGRL LARLE nfk AR &S Itqgsmene%%kseaﬁmo&%an%@m%eks

undesi rabl e effects on a patient's cartil age or ot her structural tissue, as
conpar ed testted@inadition. sinsemp embodipents teaqortecogianvidiclsescd by die miatopartiple

intra-art 'f&ltﬂu?a'ﬁoﬁp % ﬁca@yjf&'aQﬁn C&Eo&‘ﬁlaleguf 1%?5|t %E ,Bt 19&Is¥ ﬁlrb% Cass A C
or D corticosteroi sent”any mcroparticle or ot h r tg/]pe o

i ncor por atingn as kdgriox meretharothreg hivwp suloag asthe ref 008 pThed fontherpitiopstppidvi des
popul ati o 1.CI. rt ¢l n ost r a

popul 2t | oy pILGHRATAN e 7L KN, ShATR, OuRRI ARSI

encapsul atsedd}mtatateﬂmsm&f&ertasﬂamdamﬁaiotmdlvbrsay baptdsctha¢iPd- alisy c ol | c aC| d

copol yrer i X,, wherei.n the Ca rtic 59 oto 30%
oF P ohe AL i PO St S D P SRS R P R P 2

sust ai ned \xmefeaasmlopas;ﬁﬁateahatﬁmssueﬁ aseP1G Aty didgelotiyhlaasicaical ekcincl udi ng a

| actic aci.d- colic acid co m croparticle containi.n he Class A
Cort i coat AR HOBRRTRE B UES AU Bostar: 5 POBLIVEEA 0% t o 20%
for exanmplgehetameesrcd&otheredkbad finitidl bhriC bF the @6iidos@dryia Gbri aCriradérbticamol ymer
m croparticle matrix, [0039] The invention provides fornul ations that

i ncl ude (&MecbRetvEen ‘éerld l&rdagﬁé?raﬁxweﬂe fedyesa & epiepppar favel B ughirudi ng a
G ass A copd beastiarigiaddiahfioand Rchined, afchdly @Aty fMabCofahd EhrGQRRIYIRY a MaL I'i X,
wherein the Cass A corticosteroid is between 15%to 30% of the

mi cr opar t 529084 leagth ofHiBe of #f ledstworacks Pesdrehly pileast thecearceks. BsPEingmeo has one
of more ofy§ B%oﬂ@ké@é%%@ Ia%;sagllg@r da$¢. 116 Should be BB LR M@ I N the
range of about” 40 to Da;” (1i) ah inherent viscosity in the range of
0.35 to olﬁemregmea(suned )n \atrIJ aordeioglywtilibyest eirlogicostaridoclsise fom #0 t o 45: 55;
and/ or (i) I I ,AcCi d
endcapped lﬁ%ﬁﬁﬂ +1§1‘%srf6ﬁgﬁgrr% g)le%r%ér?]lf glﬁ i éﬂ%:aggo?tlﬁr{rgf&lnléﬁlﬁlﬁgg esgzr%}ga e.

sonme enbodn ametiics pmbmmblacet ¢@trammghwm¢mlemlfdmmh yreovidsl \&hereln a

pol y(l acti i pRl |msnts he

| actic amngcr%ﬁargd%( I'C ac(l ucf%% gLﬁgh&&(%ﬁ{S lély ku%qlc aCld e?@”% © rrg% 1C aci d
glycolic aontldosfterrmm atnkleherfangldatojn mdgtmtma&@mﬁ&htb@t acﬁEn:uﬁﬂ rapid rd@ne aBobodi ment s,

he | - gl I i d:
e L &R ALl 86 P MR TRl ©

cor ti cost @e@icehn 0 Sndredhys, %@I ®RBveH tha begintieg of dlyl mh@ugi Ihabhcﬁoftda@nn dal

anal ogue or, .a maceut i cal | y- accept ab sal.t the | n odi nent s,
t ot al dosédQIFO‘FI‘?gﬁed“é%le%SE?B?{It ?ﬁ F%?fjdﬁec%‘ﬂ%??ﬁ ﬁaé??@n GB@BngtI cles is
in a rangeginkelfeckadndd weskd rad&@blfgs I air& Waes @Ioaﬁﬁng%pc:t@hﬁd 6gshes®id is

bet ween 10-40% for exanple, between 15- 30% of the m croparticle (i.e.

when the &8y Pictisdess: @raoﬂagzs Phgreshe praingd.slcadatiats Bicese elirarticpeeadi ticl e is
in the ra@&&m&iM%QQeaﬁg&mgﬂamuw&gﬂtﬁ&ﬁP&Qﬁ&bﬁQ@%&%&h@rﬂﬁn3@%%9&Whhe
mcroparticle, the mcroparticle is in the range of 66.7-1666.7 ngs, when
the corti de¥tdmaligrafian Jnopwe cmpedimpasy, dhraupthiard Stadest# et icle is in the
range of %le&@%m'a%}l n%@er@&fs@ﬁfe%é tﬁ@ﬁtl)@\ra%sdfdréxa%ﬁﬁ/ ofe IE{;E eofipAQRRrticle,
the mcroparticle is in the range of 40- 00 nys, ent e corticosteroid
i's 30% of SHPPECSHIOR Ao AISE ﬂ@n é5%tbbre§lam4:p@padmm¢§|tretmrs I porechemboglitgntso he

33. 3-833. ixcl e, the

m cr opartgu%ﬂaﬁﬁdﬁ%ﬁﬁgttg% %%Jeg'f?@ﬁé@&%dﬁdbé% néps 1ca§1§32 %%SO HP ues

bet ween 1@xi40%% ¢xaengledths dgvel CFfd{PPeaoaﬂpipﬁl;esmn Soeélgéwhdmwmmwctaibb@yt otal dose

of cortic Qid.i.s. .in range of 05 175 ny,

00- 190" 1 2% B fisFiniibe) gt 00 Gt iy B, spRAMG Pgscek 175 M9
20-225 ny, 20-200 ny, 20-175 ng, 20- 159 my, 20-125 ng, 20-100 ny, 20-75 ny,
20-50 my, 30-250 ngy, 30-225 my, 30-200 ng, 30-175 ny, 30- 150 nyg, 30- 120
my, 30-100 my, 30-75 ngy, 30-50 my, 40-250 ny, 40-225 ngy, 40-200 ngy, 40-175
mg, 40-150 ny. 40-120 ny, 40-100 ny, 40-75 ny, 50-250 ng, 50-225 ny, 50-
200 ny, 50-175 my, 50-150 ng, 50-120 my, 50-100 ny, 50-75 ngy, 60-250 ny,
60- 225 ny, 60-200 ny, 60-175 ny, 60-150 my, 60-120 ny, 60-100 my, 60-75 ny,
70-250 ng, 70- 225 ng, 70-200 ny, 70-175 my, 70-150 my, 70-120 ng, 70-100
my, 80-250 ng, 80- 225 ng, 80-200 ng, 80-175 ng, 80-150 ng, 80-120 n,



[0042] I n sone enbodi nents, the mcroparticles have a nean dianmeter of
between 10 i _tmto 100 i tm for exanple, the mcroparticles have a nean

di amet er wWo 20te#1p@nge of 20- 100 ILEM 20-90 |ILEM 30- POO/USREN04630t 90
ILEM or 10-90 ILEM It is understood that these ranges refer to the nmean
dianeter of all mcroparticles in a given popul ation. The dianmeter of any
given individual mcroparticle could be within a standard devi ati on above
or bel ow Qbﬁlcm&d@b@m ﬁrﬁmﬁée&%%&ﬂp&@mm@f&%@&ﬁple thelcnd16r ApAr ti cl es
further conprise a polyethyl ene gl'ycol (PEG nviety, wherein the PEG npiety
conpri ses aﬁ’éﬁ\)@é‘ﬁ“%%q@@l@b}@\%H}”gth’tlesﬁ’éﬁtdélﬁ‘t‘m@f Ty spancrgnehiodisagnts e dengthn some
embodi ment,$ sRfairell ?el@s@fs%@&e%h 91 ga?ys taﬂ@% He{}gl Hlds%né e%@h%h@tt}{e leBQﬁ of

popul ations, preparations and formul ati ons of the invention do not
require tﬁestqamélgeln@se lwet\m%l@amdléptdaﬁhénmmﬂé@d&mnt&&l@éqngﬂmfd sust ai ned
rel ease Kki il I fi 0 i ment of

t hese popu&gtl#%%g@%gﬁi%g‘?%?l 61212&5;!%%8@5}]80}111 Eqn}a%%?lgoﬁ)gﬂéﬁ Seﬁllgcljrgﬁgogst eroid

m cropar t irdtase phtheninitad i ot n@hmﬁ@@ ipbatleandndri@ daysdfon exangplopeweandhe nade

(D o 70 PRiatk o P b Bkl DR P (RGBT o BaddbBrfiae o 40

m cr opart iofthe 1ri1t)¢ln‘hma1f’|componehhebetweerdbardt6 dalyes‘ot’rmwmpla bowapn theaneter in the

G oot or PREPRBE Pfidd B80T 66/ Tty Cob SireseRetar 00 ek S50 | LEM or

10- 90 | LEMburkt)Ccbbipbisnt tshaet\meedlancsmhmeﬂoﬁ&aﬁibld?ie@eemﬂwmgﬁmmg@faay1

For exanplBOUIRGE 16 SoW P8B4 e orie: GBI WAL Sipt oo s

predni sol ®ee/ed00 il PldsAforetdnan@bdtivednehd BdpiialatJrams 1 thrhighMhCdndpatsy cl es
further co rise_a polyethyl ene gll%/col (PEG noiety, wherein the PEG noiety
conpri ses | @heeﬁhgs%lt:%t%@)@mra %F%@Hleﬂeﬁs W?Yéd%hé?%ﬁ%ilfltb? gje€in | n some
enbodi MentcgmBhatidhenil &y QP aRAHGY 8StheBRtlutibN Sk R rRd RER rER€td- thirBifles.”

popul ations, preparations and/or fornulations of the invention do not
require ther prewisnts coricpmid gigepirhisle formalagensicrrbe ped i1 cudiration ¥ithust ai ned
rel ease KipR@hinCdia@RdeRt QR slcRRA Ldlﬁti/onl% QdsbtiRion| @%1? brbRRIed l'ﬁg [Hcélon provi des
popul ations of mcroparticles including a Class C corticosteroid or a

phar maceutkiahicy fabdewpembile ad(ld d@ﬁefplé(@wmg h@mnpmtatn@dd wihichatrduged,

encapsul a t ol.i: c

copol ymer tsfrsgen% e%o@ 5§r’%§ﬁnﬁ% %02}53?3 (%lotﬁn?igllgg'?%drrig)sls gﬂlge@[)\g/?/e%axlﬁs f%/o to 40%
of the m @K&)mdc t@cﬂhga@‘ 1mfr®d1_a®>¢alﬁpsle@‘ldmm1wé@a aQeﬁ%ldeoch@%lmﬁteteHe«lth the _

m cropart ICSI‘tl%gSt rl)lg%gllo r? cl!a?o\f%nfatl:gn indh SRRl 1cu]gF sspage n&ug&) Lé gxde kd fo.USt ai ned
rel ease pr epar rons ass i costerord e i Ng °rEeti ¢

aci d- gl yccpkodncealngldlocﬂmohqenmtlom Iastmgafmt abolitel 2atapd. diebalggtt loealCl ass C
corticosteroi i costeroid. is.between 15%to 30% of
The | aci comeRmns kvl ot Bepd T RurpRBrashE BhsPioh 8 RERFREn? 00a07 The

i nvent i on apdtenldcd&Sipprokimakedy 1 (MSmt iadayi Nendisler (akowendfitkd fiedr2 days sfust ai ned-

rel ease mcroparticles. having a. ss C.corti.costeroid d alactic

aci d- gl ycéﬁi’aégaétﬁiﬁl“@&]ﬁ&o%’i‘éf‘g%?% fom {he dntia-qytie 365@08%)“@1’8&?%0{3@6?& eroid is
bet ween 15ehttnIO%s@présbion 6T GE GIPAr dxisGli€Sa AL maNETeei dF ab x1|rrﬁt€ell}' 60%
acid-glycolic acid_ copol yner has one of nore of the follow ng

char act er S4ArEsion of 30%%0}@ eyu-aPaRgidgH et #ln “Prempcokgeticrndbout 40 to 70

I cDa; (ii )phﬁfﬂlabmﬁirﬁl% oi*@l&c%@&h&did btﬂp&ﬂ{%ng 209 entfarGeud allQinfugidh @hin (111) a
| actide: glycolidé nolar ratio of 60:40 to 45:55; and/or (iv) the lactic

aci d-gl yc hﬂ@”@’ei Tee P60 yHSPH) 3 15 BaBHG&‘W? éh%ﬁnﬂlbéﬁ%ﬁﬁb%@mﬁfd@%@]eﬁw one
embodi mantcoﬁlf)%l H@t%?he%&ﬁla%%h&ﬁt?anoﬂrv?oﬂﬁ{)@et LRSI &Y 1 BQﬁﬂnéh@Meons the

copol yner is odegradable. In sone e Iments, the lactic acid-glycolic
aci d copolcgnieibution teythg aitga(artaauiar consentiitipe of ﬁhe)mm@dlaec@wwﬁmonww)d In some

nbod t f
Cacti o acri? U6 P bl GePa'dly M bnd Ble o RN TR 0B LBu A, O 0
enbodi nentvweuld dostih@ao recteaaﬂmouitlcg)tstymm m(theamtr@l artiofear spaeerat b sege thatnmteads that i 0 of

lactic aCIdgr:atigrll I tﬁclerhlgzeuag Eﬁiec?;nds cPo:es5 r?o‘t suppress the HPA axis. In some embodiments,
6



[ 0051] I n sone enbodi nents, the Class C corticosteroid is betanmethasone or a
comercially avail abl e chem cal anal ogue or a pharmaceutically-acceptable
salt therwof2012018@ee enbodi nents, total dose of the C a®€TTSCANOU@OEt er oi d
contained in the mcroparticles is in a range selected from2-250 ng, where
the Cass C corticoster oi d is between 10-40% for exanple, between 15-30%
of the mcroparticle (i. , when the corticosteroid is 10% of the

m cropart iged sememecdsglt&@lamsm ol Rt Ge imbdfe FARGCa R sudBndP@RafDs, When the
corticosteroid is 15% of the mcroparticle, the mcroparticle is in the
range of FSMBANEBE6IITSORGLMbRAEIEHEC apnedinte ElRIPOIUNNOECD GORHS § he

m Cropar tGhigoadb i &I ARALAICR LS liFnk ARG QLmbOiche SR spHs, when the
corticosteroid is 25% of the mcroparticle, the mcroparticle is in the
range of 8mb9@0@nfﬁﬁhe sughisnd.tsteed e grte radesse efrasitiopteroBovllant adversely c r oparticle,
the mcro t : :

cor t1 cost aRgrg* I iy bl ' HRanERAGEhoft, M iy o T B Reveen 21 |
range of ﬁaﬁzﬁdﬁgea)&ndn smepymifodimeals), the aknrelsoflyettavieslrelt@e 40 Vead l dage) . For

Canoe of 3o BRURSCMORGTRAESmshRul o oFGRGIRL IR LERRLEN G4 Bl ™ 177
ng, 2-60 13fdag- Iﬁ&nﬂ@em@dﬁﬁbnltﬁgthe21igh50cratgexp29146)attrg)utazle35 thlegmm2did® ny, 2-25

, 2-20 2 50 )
2120 . TR BERRNO 5k fpbeecn g and Pt Mg REsmipimn g bt 27,09,
451: ??5@]@ %cBIieSK(gﬁgsurélatﬂﬁumb],e téthe ﬁ)mﬂigdlaté-rélléasa'gomﬁbneﬁﬂasltm‘pr et@en Iy abd 200 nyg,

5-75 ng, 5- 5 ny, 5-50 nm,
526 . 4086 Rdh e im e ph lodbethgre sy o BimRRgaes 10 ng,
6- 225 ny, r@ea@@@orﬂiﬂmelﬁ lails?saaeﬁﬁaenﬁ'dﬁﬁsﬂanw das. ﬂﬂ@orﬁ@em@odhﬁéhtﬁ@le }ﬁgh7l5cd1fg 6- 60
ng, 6-55 ng, 650n% 6- 45 6- 40 6-35 ng, 6-30 6- 25 6- 20 nyg,
6-15 ng, exp%ereﬁﬁrl abjoty %lmleedzfmr%se oe?mf?senggsts Betys ”ﬁeays QHCh@éaYﬁg 8- 100
nmy, 8-75 qﬁsor&‘e@@od&ﬁnen& ﬁéhgylocﬁ‘l é@oﬂ"ﬁle atﬁib‘ﬂlﬁbfege ti3 1141Q163Ete rScade Ny, 8-30 ny,
8-25 ny, 8-20 ny, ng nmg, 10-200 ng, 10-175 ny,

10- 150 ng,comeor@;zdaﬁﬁgforh@wzmlwani d?e mg, 10 50 mg, 10 25 mg, 20-250 ny,
20-225 ny, [O(ﬁ@] ZOQJéﬁg adt%&m%rggoﬂrﬁle cgglcgé&oﬂgmc?ogamé{g%rﬁﬁlatlgﬁ)m%g)?rome 20-75

my, 20-50 n? my, 30-120
nmy, 30-106n m‘gtlalsﬂea?eoh@mcesfﬁ@@i artghe sﬁ@oﬁzsmnmgtratwormeam , wohe MO@- ng, 40-175

1 S g e L OBy S Bl T 20 2

225 ny, 6©u@@@dng¢ cc&l@otlezﬁarmgetm@@i-r%@sewgthe@omms@ermg ml@t@palrﬁcle fgmuB@e®5 ny,

7”8- 228_ ergBOI?tlonugsgtg %Z[Hergpoegg Qtralgrgﬁurr%%%r &e%ﬁp%gﬁzgon]c‘grgg%d;fggloo

88, }-(2)8 ng co&@e%&dﬂ@sup@&ss ﬁﬂﬁnmgﬂor&ﬁ}aﬂﬁﬁh amy)gc8B-ahd/or ifgw a@ﬁsﬂcﬁ@evﬁ}}e Or;j f
eroi.d.i.s r.el ease or

bot noon LAy e B ESR R R R atdfors B3R SRk R RSP nar t1 ol o6

have a nedqrigdi, aset®Ringdf Hustew@eMe 1fbtoniit bolitd atiatbdvitR XRIPiteined MRase

m croparticles have a nean dianeter .in.the range of 2 100 nM .20-90 nM
30- 100 nMCO@BO@Bt‘ivﬂ%n‘BF“%eSQ@G%A s {]Fég Hn'eﬁﬁogttaa&alg%%wi MesBveties ref er
to the meaiidicaimeiaples &d @}nhulmcﬁlg faeiby &dh@st dnMnidiale @R opeRttat@n. The

di ameter of any given individual mcroparticle could be wthin a standard

devi at i on fallsoFd by comellgdot Wetainadislaicambrethe temps SPpriss ARl dickiPdt s, t he
m cropar t iygeRsn holbshESstefQIRIERA A fBA! ElIM 8N &1 Gky Epob SRl ﬂE@R@EMa wher ei n
t he PEG noi ety conprises between 25%to 0% wei ght percent of t

m cr opar t ileieks of fhe cawigestapd slapsitoh pdveselytshepress ¢ £Xig|l es that include a PEG
moi ety, t fGuRPPUlRLIANSLRIRRA Hei I A Ahed R 804008 RaatNRabpventi on
do not require the presence of G to exhibit the desired corticosteroid
sust ai ned degst dms@ndimzodinentsa g lmg@aafauﬂtfamdl relegse iy lestwéon 21 [dawps4jl 8 one

enbodi menty, of ErROR r ' n r s, the
corti coster)%i Lr:10%<§:ropar %Hil%ltts ﬁj;ﬁen Og{g?%%ﬁ%dﬁgﬁ%usgesgéebe?eégét asgatct)lﬁgaand a

m cr opart ideyse Imadlee asbodgndls, 80 ld%lg@tbffrdcwbﬁtﬂw onmbdate ngease ﬁnhe&lmlsalmemel ght
inther angl%o ments tﬁc%n F roel ks%a of t enl trrpe 1aereﬁ:gs%rfe}mh1as%8t(]v%{er15 ?da

corti cost &f ol m Cr op art For mita € mcropartrc Q’ahave a nean
di aneter in the range of 10- 100 jaM I sone enbodi ments t he

m croparticles have a nean dianmeter in the range of 20-100 nM 20-90 nM
30-100 nM 30- 90 nM or 10-90 jaM It is understood that these ranges
refer to the nean dianeter of all mcroparticles in a given popul ation. The
di aneter of any given individual mcroparticle could be within a standard
devi ati on above or bel ow t he nmean di aneter. [0055] For the

bet amet hasone/ 50: 50 PLGA microparticle fornul ations, the range of

pr edni sol one Ioad percent age IS between 10-40% for exarrpl e, between

A= NN P I ] o e Y b1 [ Y N N NI N A



corticosteroid or a pharmaceutically acceptable salt thereof incorporated
in, adm xed, encapsul ated or otherw se associated with a lactic

aci d- gl yosbi2er2zzap@ocopol yner matri x, wherein the C ass PCtarseéigogdéoer oi d i s
bet ween 8% to 20% of the mcroparticles, for exanple, between 10%to 20% of
the mcroparticles. [0058] The invention also provides controlled or

sustai ned rel ease preparation of a Class D corticosteroid including a

lactic ackﬂyﬂﬁﬂgﬁﬁé&mﬁﬁhﬂﬁﬁpﬂ@h&@ﬁﬂﬁﬂ&&ﬁ@@ﬁ%éhﬁ&&hﬁ@ﬂﬂ@&@ﬁﬁ@1§$&W&%a$5 D
corticosteroid, wherein the Cass D corticosteroid is between 8%to 20%

for exanpllelayped {edrs 1ogwms cobodiments. e length epratepsccif i ipmediaie Plggsei ¢

aci d- gl ycobhfis 8iwdes PRH) éﬁﬁ%rda% %{%retrﬂb%hﬁle%t tht ¥engfh QP RYadbSr thrvent i on
provides formulations i'ncluding (a) controlled- or sustal ned- release

m cr opar t il@mediatgaslarg famads beywed ledaytand 6o bi sdmanthbadimaetsithe et ogl ycol i c
aci d copol SRS teroid is between 8%to
20% of thééign%%?g%gagrhlﬁge IM% o?forggzsrrp I e, ﬁl%a\?\eﬁ&ﬁ%ggoto 20% of the

m cropart i[@Méel, dihd llvmetn@lmomcﬂm pbpudations atigrapasticbk ﬁrtt;ludiligdt dapd ynmer has one
of nore of |, i r t in the
range of aB%%?St‘%gld 09%839?&}%‘(6&&%& {alt)%E%IF gln%eoéfls h?nl (ﬂ@ﬁg&]r ange of

0. 35 to O.ehcaghlged Qn qthe)wae hsmdlatetéwgh y botic ghéd- g]ybdrc amltqopolprhelﬁﬁatdﬂ to 45:55;

and/ or (i t he_. | a | i s carboxylic acid
endcapped "‘)hf’ %}T? ]%80% 6%?%&01[?6“6‘?%?%%’ Bg%poﬁn@ 11“8W§a1% §¥%par at i ons
and/ or f oreotlept i amMs jnvefonCatyoQryids corstrdbicd diegktaiadicteasd fre@@idn e othsarent s,

copol yrer PEER) Sl et T AE kI o SBP RS BTG ot e o

copol yner thaslad Hr@dradostreaﬁd vhefeir tA€ Clags Beblicosdryid ™ bebw@@ai2dvdtb B tdfieher ange of
about 60: 40 to 45 55, In some enbodi nents, the lactic acid-glycolic acid
copol ymer *ﬁ&% acidglyealic acig Gopolymey micrqnartigle atriy| yeol i ¢ acid of 50: 50.

[0061] In e”ﬁ@l@hﬂ{?%ﬁ'ﬁcﬁnalsrorb@oxge@$§mﬁla%@ﬁstﬂl@tQ&tI@cfth)Qoh§olfth$ﬂ casone
pr opi onat e uti casone, or comercially avail abl e chem cal anal ogue or a

pharnaceuﬁv%%w¢k'@R%%%W%%ﬁ@wgaP@mpm%Mﬁb¢h%ﬁB@6%%w@ﬁw%aﬁhﬂﬁ@§30ﬂotal dose of
the O ass DGR I FODERRE bR RAE thel Clad BECHMENORAL LnES tofivdeR 2841 ange
sel ected fgrom my, where the Cass D corticosteroid is between 8-20%
of the nide Zﬁ%\pf ihelrrecrepar@cles anglipdharetnnibe lotiq 4%Cbglweql@|adldlcgp<8%@*fha$h@of

m croparti oA s, when the
corti cost g?%?%ftlhg%llg%v/ﬁi 515& Hﬂh%tbﬁnﬁlngsr Zalrnﬁl%Pﬁr, &]'?l %gtqrﬁ‘lﬁ%rr%%’a e (?% in the
range of T0kPRBOG) ammhcraiterscotie icdrringost @8 ob @5ids/g1 65 @Iacmdwglymbda)parti cle,
the mcropanticled I he

corticost El?)mréano Offg% 0 (?EO aﬁn&}grr 35}3%61330301%@1%00}#%%00 rf FCTe is in the
range of Barb2olicapid enduappedo on for all val ues between 10-20% | oad dose).

oL XA s, ", S8R TRRSTE o ARG $208 Ry SO SR 5 o
1-75 ny, ZLomfdymid,is BioSdgratgble 1mS0me@mbddidntdOhe Ihct‘ikfhc[tl;]glydo-l135mﬂ'@op01yrﬁé} ny,
1-25 20 2-150
ng, 2- 1:20%Srragpd?rzﬁgafﬂfrc‘?rélyggwﬁmg{rﬁol’ng’% (lﬁgéquBBO%em@dg%e% thezlacﬁlggﬁﬂ 2- 40
nmy, 2-35 @EACOI?C@?&H d’@olyﬁre?ﬁhs@!}nola}r&% $Wactid adid: g'fﬁsollaaél@ﬁﬂﬁhth@raﬁé’@oﬂ‘fg 3 200
mg, 3-175 no, -100 ny, 3-60 np 3-55 ng, 3-50
ng, 3-45 rq,;Bout §O ;@ tonﬁ)n?ds Iggo%emlgodgee% thesla% aﬁﬁ gl}go%a%copg ymrhqj 2 310 ny,
4-225 ny, n{Jo‘larchQ)Jf@actlélaéllaglf&hcécla-gﬁm 4-120 ng, 4-100 ny, 4-75 ng, 4-60
rrg,455rr(|]; ny, 40 , 4-35 ng, 4-30 4-25 4-20 ny,
4-15 nyg, 4(melngThsnzﬁgﬂm@305ﬂmg®©pﬁ@1mgmav%mwgma%wmsggﬁgmg@Cm%@ , 5-100
ng, 5-75 rggrtlcés'tquid%gagﬁarééceHEHeal@ aé&pﬁgl’e st é@regﬂnc&%&gtem atﬁn&éd ng, 5-30 ny,

5-25 ng, 5- ng, ng, 6-1 ng, 6-150
70, 6- 120 ngpSIBaDO e ASocigsd mﬂ@@mged el lanycizht 0 emg - @y@@c g, 6-40

%’ g: ‘;’? 5 g cg%o:f)%g%%an@x S&ﬁlf% thg C?ag %Brtlgos:[‘e@%ﬂ%be@wéeg éag 510 %8@ 203 tl%g 8, éog 0

ng, 8-45 mgcroﬁarﬂﬂesmjn saneanbrgi;lmﬁltisﬁlerccgrtlcast@r&dngproaalﬁde tﬁcgmu&tlﬂzﬁlnm};ldeSS 10 ny,

10- 225 ng 10- 175 150 0- 10-75 ny,
T0- 50 g SkorBigRbdR alfBhopdfel Bhalng Pt AR roshRb B0 R g 0 75 T
20-125 ny, 20-100 ngy, 20- 75 my. 20- 50 ﬁg 30- 250 my, 30-225 ng, 30-200 ny,
30-175 my, 30-150 ng, 30-120 ny, 30-100 my, 30-75 my, 30-50 ng. 40-250 ny.
40-225 ng, 40-200 ng, 40-175 my, 40- 150 ngy, 40-120 ny, 40-100 my, 40-75
mg, 50-250 ng, 50-225 ng, 50-200 ng, 50-175 ng, 50-150 ng, 50-120 ny,
50-100 my, 50-75 ny, 60-250 my, 60-225 ng, 60-200 my, 60- 175 my, 60- 150
my, 60-120 ng, 60-100 ny, 60-75 ny, 70-250 my, 70-225 ngy, 70-200 my, 70-175
my., 70-150 mgy. 70-120 my. 70-100 my, 80-250 ngy, 80-225 ngy, 80-200 ng, 80-
175 ny, 80-150 ng, 80-120 ng, 80-100 ny, 90-250 ng, 90-225 ng, 90-200 ny,

o e p— ~NN AN o NN A NN o e o —~



formul ati ons, the range of prednisolone |oad percentage is between 10-20%
[ 0066] I n sone enbodi nents of the fluticasone or fluticasone

pr opi onatw02012809M®RGA ni croparticle formul ati ons, the mPCTAaN1Li0¢do0E
further conprise a polyethylene glycol (PEG noiety, wherein the PEG

noi ety conprises between 25%to 0% wei ght percent of the mcroparticle. In
sone enbodi nents of the mcroparticles that include a PEG noiety, the

popul at i o GAPFRRAEANS BBloAH IS uld: VelBit Aldl ABSf Bikh hdRchBVEALLGRa 6o ROt
require the presence of PEG to exhibit the desired corticosteroid sustained
rel ease kioAetdtiesewsetishvodhailtvapilerily weighPLEA Taggemlonbs weighbydiigent s of

cor ti cost gf s 45 Rbg LaPAT ihh&d e visQdsfi kAt 805 obA® REEN: Skl RChiedmdReaUse the
conbi nati on of class of corticosterord, type of mcroparticle, nolecular

wei ght of wsidhyReE4 hasethngoolciOett lda 4id apinhetsphivisdosifyergngd dOtS d&:7§IN®| i de

nol ar rati gen]d(é | e . i e it the
desired ré glgse ’?ﬁ%? ?%gq%ggcgg%gngio@ﬁ%p%ﬁgEgplg%ﬁégﬁ)h?Ell%ltlgltc ﬁgﬁg@é red

rel ease kihaetd meanwdigrieteriimiheadngp 061 & hefedMHBAS@nd antodppméestie oncropd@a8] The

i nvention,provides.. et r i i | t i tient
conpri si n&ggfmﬁ%@sﬁléﬁﬁt%ggﬁgqénﬁg 3F|%6a';1 @%@?%&?f%wag‘& cal %(39%? IP[é(S:Hi ﬁge anmount
of a popul9ayiMnit sfunderstooptint these emgseleéer tettle fncamlibietef @flallonmicrogarpdpuinat i ons:
(i) a population of. mcropartjcles conprisi. a.Class.B corticosteroid or a
phar maceuti AT PoPuiod (AEIEMEST v P ERER ORIRE) BiTUREE'ISovY teantine

aci d- gl ycatahdarddéviation pbbwroe belowitlid mcanwidiegdrn t he Cl ass B corticosteroid
conpri ses en. 22%to 28% of .the m croparticles; (ii) .a popul ation of

i oF opar ¢ AGPRL°C e e fhy Hroaradde RoRURE gerisrbrdelst s RaRTaEsat | cal 'y
accept abl @ogidbdterbild@F & pharmbEQtigM atRPtabR salt thakbf Bc@porbiedly 8@hixed, aci d
copolynmer matrix, wherein the Cass A corticosterold conprises between 15%
to 30% of SPefesHitet opdicryvies ssocipied Vith & laspiaiGeledicar i dfoR BBar PHE es

conpri si NGoRaifin@38-26 % Qfﬂldmﬁ]@_@mn@.@m?hwe{fﬁﬁﬁ‘éﬂéﬂt@ﬁbésﬁy ALGepgbl e salt

t hereof incorporated in a lactic acid-glycolic acid copolyrer matri x,

wher ei n t Bon-a&x0-Edbir vherps tha ey ourpioisiosd boetisenA5g £55° 8Obs of t he

m cropar tinGl8SartiARd 1hkdhe AnRRARHAL HRRoRAToMGTIMRR hABER SorfRMRLA fichded C ass
D corticosteroid or a pharmaceutically acceptable salt thereof i1ncorporated
in a | act iad-lewe iBdogflopteriol dend einticiopgtibly merde wang 755 Mied &rmutatien @dass D
corticost %68&?1@%%'0/5%1&@( &L%-%%G?Q%iﬁésaéiﬁ eréﬂt%{ss’é%ﬁgﬁd fib ffige | N sorE
enbodi nent's, th popul ation of mcroparticles releases t corticosteroid
for at |edsimQatobydlagt latheat B AMRELS 868 muicosdvalsietopasial frsdativhe

hypot hal arg . I ik AL KrAYTENR il il HERNBXL - oI O SRR ARAS, L he
popul ation of nrcroparticles releases Y HE=torti costeroid rn a controlled or
sust ai ned thiceheaperticknher asuah dtaheter ilhthe Faaged200f00QM 12090 LM LADRIIOIN 0N ar e

post - adm npSDRABAT 3 E o8 e Dk b8 ke Bt ST BREmter oSl ¢ ol s

rel eases tlieropatitleciaato@redipOpilation. Tantiamkieedt 05 ¢Bds imlivi@d] mergagkldranner
such t hat t‘QSBI ev%ns of cqrti.sol suppressiop are (g?efgl i gi bl e and/ or

undet ect al§PEd B Within asgodarg dayipfianabayq o ?IOWﬁﬂ%‘a‘ﬁ@ Jef nents, the

popul at i onogfi] M ameRarlhds @ &stidosk RAP@RrdpaRicRALIIARLE PRiphratinsdariont rol | ed or
sust ai ned rel ease manner such that the | evels of cortisol suppression are
negl i gi bl @oRitlationy thererp wWhe pdnaigisterqdde p apticsh exlibib sdpendamndsirable pidneictvi des
met hods ofiy pdiRAL FRGxPHIE uRllesirifié SEMRIINADalibht8 cR@ldo8 BF ot RATRNE R Mhsuc
admnistering to said patient a therapeutically e_tgf ective anpunt of a

contr ol | eds evmiesktatheedminstegen forepaplapilppisefietingdhe pgmatticalar laFowi ng
preparati oRsioifl I oA GAMIER ahSHnQF 1RUSIR BRI GLSREM N ERARRLARICRfra O ass
B corticosteroid conprising a lactic acid-glycolic acid copolymer

m cr opar t iodicetypo af inemperatianhedndikmss opensepstiatiost er oi d, wherein the Cass B
corLi cost Sidiafl CATRSGRARINR e £38 pRoARYA 0 fiabREbL e Ak gel | ©
acid copol'ymer microparticle matrix; (i1) a controlTed or sustal ned rel ease
pr epar at i enmokrcallglaaskbla chonicilaoslb@reaird pbonpedusically-acdptabtd selt deraf.glnycol i ¢
acid copol ymer _mgroparticle confaihning the ass corticosterai wherein
the O avs “WEpRdBERE Tl ffufght it tg%décgﬁ%ng i e SEertTngt Pt i ¢
acid-glycolic acid copolynmer mcropartrcle matrix; (iii) a controlled or
sust ai ned rel ease preparation of a Cass C corticosteroid conprising a

| actic acid-glycolic acid copolynmer mcroparticle containing the Cass C
corticosteroid, wherein the Cass C corticosteroid conprises between 15%to
30% of the lactic acid-glycolic acid copolynmer mcroparticle matri x; and
(iv) a controlled or sustained rel ease preparation of a Cass D
corticosteroid conprising a lactic acid-glycolic acid copol yner

m croparticle containing the Class D corticosteroid, wherein the Cass D

T o I N o N7 a1 P Y Y b1 .



[0073] I n anot her aspect, a nethod of treating pain and/or inflamuation in a
joint of a patient is provided that includes adm nistering

i ntra-artwoubwydigoofe. g., by one or nore injections) a tREeTASUiLI0¢@N] y
effective anount of one or nore corticosteroids in a fornmulation to a
patient with joint disease (e.g., osteoarthritis or rheumatoid arthritis).
The formul ation has a sustained release mcroparticle formulation that may
or may notadeebeanso At wedrahk € 1dseBabficofteroRIil bawsdnenoigd, bohe a | ength of tine
follow ng adm nistration and that rel eases a detectabl e anount of

corti cost @HgioBgrgle o1 examplsgbeavean? 8 atfitemmicigpartisle(he. Vhandhof

cor i cost ehbhdiGhiaane; bf A BEHUIL AhpatiEREn MHARA L@, hor mul ati on
does not adversely suppress the HPA axis n sonme enbodi nents,

corti cost ergi ddpebeiye Vﬁhl@@rﬁemﬁ@né’ras?ﬁ% lpeddase | vdws gherdotsicogsenoid i P36 of

formul ati j A, ing to
certain e%ggﬁ%hJﬁggko ?ﬁ%B r%%%?ﬁg&gegﬁggg) heg¥g§mr%gg%§%ﬁ%%%%§15es a
populatiod2%ﬂﬂuunnegma@abhbepmhmmmmﬂmmmrmpamgﬁcf@%Sﬂ%htneenﬂahﬂwthe
corticost t h ticosterol ds % 75%
(o) “or . Fhgesar iy PP g BERR b IR B R R RO B e

m cropart iaod son fanal vauw bpwetet zbd% 1@%dbm)4ﬁ%ome eiDoditnent3 (k6 Clmész of the

ticl ticl
i amotor  GPBGISBBSOTO KA ROPAREIT A 2oics GRBo RN (R e Mo
m cr opart ibetwesn 22-28% of ﬂiedméﬂ’opdfhae hiyckho gedl dodeydkortiostetoid 6y ifl a ritigh or PLGA.

ol yool | a6 e by TP Spats 5550 T k0 26 HES meobtimaolzs mi dodhme” ' °

enbodi nenty,90thie 26-80 kit 2SV€ gl :@b 6(5mgbmwmg rastongg, 20S0aRE B3 ML 30-
trianci nol gne acetoni de, trianti nol one hexacet oni de, predni sol one,

met hyl pr e&ﬂl%ﬁ%ﬁ%mgb%@(h%i 0 BEmr Wapmd0-90 s, ég§ﬂlnt€e40"f7p ther é%isone salts
thereof, &Bhes 805081 9@meCHIEY MALI00SmE Fereesh, [6@@3%1% B0-X6meah@mt her

aspect, a conposition is provided that includes a popul ation of

bi odegr addBime. p&PY Her 7%%@6@&@0&%@% tihaeme embedimeniy the Clastier oi d(s). For
exanpl e, 1h&icGbilGOR1EL S eBvdR 20BLAAS 00 8aysdexanet hasone, trianci nol one
acet oni de, triantinol one hexacet oni d€, prednlsolone met hyl pr edni sol one,
budenosi dd0023b e tiaswmresmbsidishentso ic deicropirtielpcaso percais dipmeter idietsen 1@st er s

t hereof or r [ er ed

intra- art|CU§ P hﬁ@éﬂ&ﬁgtﬁngM%Eﬁ%%gﬁ?%ﬁg%%?g%?%%rhﬁhﬁgggpgﬁ%ﬂcalIy

ef fective laﬁ)rDM”ltZO@f) udbR0i160 8Ve BBOH (13}, or $0- 9@%@511315 uhdarstaodoibati thate m‘ngtﬂ ne at a

rate that no [ HPA S n

cor t1 coat & g RythoR BRLES Bbf ihhod s Py PRTRRARE B b 8
some enbodiwee ddsvidiahmicarattichosuklrteivds) a stmidaaﬁ@dlamﬂ dbomotr hbas theabl y
suppress the HPA xis. [0076]1n yet a further aspect, a conposition is
provi ded tTat aﬁ%ﬁﬂdes a popul ati on of bi odegradabl e pol yner microparticles

t hat cont a0024f or tTh cand @htiditists, the@ficepatiglbefurthdi@ompridel aqSieetylin giysol

bet anet has dexangt haso triancinol one acetgnide, triancino
hexacetonlﬁgglﬁwgﬁn SEG A ﬁﬁﬁépﬂvpﬁF@Hﬁ?§ eﬁﬁﬁnggg&%ﬁééWH%“pﬁﬁﬁﬁpgsone
ci cl esoni dig mictdphitieRS GG meSMbodintdABIo8 efe. miESh@tisled MEIiBAHI PR®MBIAAL | ONS

t hereof When the conposition is admnistered intra-articularly (e.g., by

one or mork HOﬁ}l@E@I}So@f@aarmpﬁ%Mﬁ% dermuatioys ftheiaygniian dorbefmeciing e

corti cost Qe 9) PRG R E@liRaResirod L RMERGr AP RIRY Fdlak ORnédemp first
conponent for a first length of tine and froma sustai ned rel ease conponent
for a sechirgviiBhgiohprefilet i me. Furthernore, the rate of corticosteroid(s)

rel eased fi§@a) t g, SHSLAIJIRRENS thﬁ@s%%oﬁﬁﬁﬂ)ﬂg%?%)afm&% Alor RHRARLESR, fhbe HPA
axis. In sonme enbodi nents, the corticostero rel eased fromthe

sust ai ned cm@h@@é@@ld@mpmﬁ@ fadomlapign tnhleld@éumncbl@mﬁgatcbromﬂe TG anddlal  not
adversely groid(s)
rel eased P?%ﬁ?ﬁﬁéég%g a ﬁfgﬁ%gﬁégggn§gﬁggﬁ%§§%!gﬁﬂ%ﬁﬁn@gggﬁg%ﬁhgﬁﬁ th of
tinme mﬁll1hmn0hﬁa@ﬂdh@hywbupppEggmhhﬂgwﬁﬁmaﬂmgeofﬁ)@bh@aémhﬁdnments t he
first con%thV%Qt 5 86?15' Sl% h&e %@A/—}Sﬁﬁsﬁ%ﬁg | drtlgoos etroaild pnllr} g lel:J %ormﬁ'lato ions,

suspensi on. R Sone enbo 1 &F nponen ont al

corticosteroid that is dlfferent fronﬂphat of the sustalned release
conponent. | n other enbodinents, the same corticosteroid is used in both
the first and sustained rel ease conponents. [0077] According to certain
enbodi ments of the foregoing conpositions, the corticosteroids are 2%to
75% (W w) of the mcroparticles, preferably about 5% to 50% (ww) of the

m croparticles, and nore preferably 5% to 40% (ww of the mcroparticles.
In sone enbodi nents, the mcroparticles have a nmass nean di aneter of
between 10 nmto 100 nm In sone enbodi nent s, the nlcropartlcles are formed

N [T D 1 [T 1 A - 1 7~ A o o



[ 0082] The invention al so provides nethods to slow, arrest, reverse or

ot herwi se inhibit progressive structural tissue danage associated with
chroni c iwDlarmabwpy di sease, for exanple, danage to caPCIiisg@1assori at ed
with osteoarthritis. In one enbodi ment, the nethod includes the

adm nistration to a patient, for exanple local adm nistration, of a
therapeutically effective amunt of one or nore corticosteroids in a

fornmul ati ey mishphRicRs hiiR afdaldladictd h thel@as 610t 119 00T t s%ﬁl%feﬁib@dhﬂkﬁt)s for at
| east 14 days at a rate that does not adversely suppress t

hypot hal afficcristapgiticlss avadresiadiagetes in thpmrngs picd0-10Pp, r?@t%daé %Ooloé?s%ss t he
eff ect of 10pLiNEQs 600k I RITALONS e kHEASEIPLARE FSH AMntiBClHHe
controlled clinical studies that assess clinical d points and /or enploy
i magi ng t avgiepirtgiseis agineh paylatfosr Té@(élﬂ@ﬁ'@r Ma@gmgwﬁ@ Hﬂé@dmhm?éonam@ ng (M),
to determ cO8d {;(V?tﬁﬁlsa s%d&rﬁ%efi&tﬁolﬁca% ¢ or'bglo@zﬁgfﬂhﬁladlér%téﬁ"f l'amed tissues, for
exanpl e the effects on carti age vo une an er artrcular and

peri-arti d028t sthouthe 1iC&g75:26 Dist & oaetopariitle ormnldtiohetharange df BCAeadt i s. (See
e.g., Eck i C f. ticular
cartllage?églﬁaeésgé %%agfgﬁltls §Eﬁ‘§ﬁﬂa?ﬁ o(ﬂggé %%E%ig§§%?&

Gst eoar t hmiitropar@eetinl2age 14 Suppl A (2006): A46-75; Lo GH et al. "Bone

donsi ty. ~ PR | et MR ¥ 4R0R 7 PEER bk BT BRREO S B " The et
of medi al fcbrmullaaetdarsallg PN pdlymérahe\amg bang: ¢fnndedlar dei‘gﬁtstﬁprr&émjto 70 kDa,

PR R Ll W s SRR ot (I R &

by referem&gqmakhhguhx@oggm@mymmjghe corticosteroid mcroparticle
formul ati ons provi ded_herein %ﬁggar to exhibit little to no negative

effects, 408l sifpptedlay’y¥3sR 6&%@5@“0%ﬁHmFPBWﬁpﬁépﬁﬁ@ﬁﬁﬁy data and

studies desmiiResidiconthingl FMRm lcBspaiRleOW in &H@%@ge%@n@m Qﬁgt fhatgdomgroparticle
formul ati ons apgear to have a E05|t|ve ef f ect S omnn% ldarrestlng or

rever si ng bsveat £ P& of the srjero ge-e P@@B§F$Hé2§%@gﬂlelnﬁ?foﬁ4r§ hovi des

met hods OEn&%? 1&@%19@&@m&£@%@636@&%@@@@5T@Ra?ﬁ?%o?%khﬁ&%p@ﬁd@QHén'Ster'ng
to the patient a therapeutically efféctive anount of one or nore

corti cost emeiopati¢lpisan fherpngie af #ohrA0Wh arzei whenHé 4 528 fttheonicrappisialsede t he
corticoster. lver sel y
suppr ess ?ﬁgbﬁgg%ekquﬁﬁ%l %§E?%§?Sga rgﬁggogﬁpg ?FE&Fﬂ%g§§HQ%&gg4]The
inventionhah§0ﬁprdv5®msmmEMhmﬂ$s@ﬁddmwuﬁam@uﬁﬁm@dthﬁmn@rmnmnster0|d

m croparti tion I QP& t|on RLOVi ed herein
can be naﬁ%P%B%uggssﬁg %’gﬂwkmgg%gﬁVarlé%%qb%o tab og§ (?0085]F0r
t he Cl ass 4Bngpi0-36¢ et E1-D0 nhg;ﬂ(b@(bmg,rmm mg,fzormuh@m@nsng, 2or56 are2@a®odi nment s,

the m cropar es tur scrib i rovi ded
bel ow. Foﬁm¥h%gépg%?£%)@§r#{%? é§€¥ §(§ ﬁgéb g&n&ﬁggmgﬁinprn sone
E:)m[t)odlt rreN(r)\t4e 780téqlrge 40070 h@pm 50 &lged0- famgmmd I%@tﬂ@l:&x:fl?l%$0?735ﬂg lsb?d n:g16(l)Jf S. oo
at en at e .7, : e contents of each o
whi ch are RQF%%@BS %%29 ﬁ*gymﬁg}é éﬂ%gngggPﬁggT entirety. For exanple,
the m cropgo2y| cl as s@hcemByaithaed MRATCSI77Q5 RLGA Mﬁmpaﬂlmﬂemaﬂdtf@ﬂs cocess
wherein the Class B corticosteroid is dispersed in a lactjic acid-glycolic

aci d copol™ereparticlgsfirther gmpiisegpodisthyiche gwp%m?‘é) mgietyy whgrely thed’kénove the

sol vent f rn%?ét% BEmpRsd bHtReent38S ©1DY, REQEYRIRE T PRRDA Sk e sokR086] I N some
enbodi nment s he sol vent evaporation process utilizes a spray drying or

fluid bed cabpdimstigsf the miesppArieclesbat duglude P Edhaoigiotha eerwitions PEapeiatienss. | n
some_embodh B fnyikfifs P GRnEIARAALLAR: RE AEESS WG £&snicdRI ni ng di sk.
For exanple, the spinning disk the spinning d escrlbed in U S
Pat ent No deslreQGQYtIE»@@r@ldduS@l@d rﬁaftSévktneN@ ang b%@ll’ﬂﬂgty frod87] For the Cl ass B
corticost iy re the
G ass B ol b ost EDARaF, AR BhAE: rhiba IR IR HARRIGME Ui ng
solid in GDMwommvmﬂmcmanuﬂsﬁummbnomESEMMMBmanmﬂmﬁﬁwmsmdeébb*h@daln alactic
aci d-glycol.ic acid ¢ I ut| on and.a ous

2ol vent t Sppie miE R R R kel ffr&an U Eal RS e
cortlcoster0|d m croparticle formul ati in some enbodi nents, the

m croparticles are manufactured as descrlbed in the Exanples provided

bel ow. For Cass A, C and/or D corticosteroid formulations, in sone

enbodi ments, the mcroparticles are manufactured as described in PCT
Publ i cati on No. WD 95/13799, the contents of which are hereby incorporated
by reference in their entirety. For exanple, the mcroparticles are

manuf actured using a solid in oil in water enulsion process wherein the
Class A cortlcoster0|d Class C cortlcoster0|d and/or Class D
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[0091]Figure 2 is a graph depicting the change in sensitivity over tine to
suppressi on of endogenous cortisol production (EC50 (ng/nL) vs. tinme) for
tri anci novorer2aaetoni de 40 ng given by intra-articul ar ROEWUSREIL/03G60DN.
[0092] Figure 3 is a graph depicting the change in sensitivity over tine to
suppressi on of endogenous cortisol production (EC50 (ng/nL) vs. time) for
various corticosteroids admnistered as a single, intra-articular injection
in the |i 9red pOSEhaviddAA 3 tabvic ity & the ﬁﬁ?ﬁolii’orﬁl@@tgmmﬂ/é?'lﬁﬂ{@e'eVe| s of
endogenous cortisol over time, wthout &CD unm 12 adj ustnment for a change
in the sed&iATV7 JLeA corisospaidaxropatiele formylatiansy the aricraparddethad®st er oi ds and
wi th (G0l iHn Banilh HSHERAL: §00. B0GRANGS o hBEISEASIthd Hickopaficich REHPA axi s
after intra-articular corficosteroids. These data denonstrate that the

sensi ti vi theapfliapkisr Ppe wrEsoR8r 108 3tMyi20H0a M.t 3009 t1e.GOPO 1bsw 10QAdM.i me wi t h

cl inical Iy, i R hd: MR G e{s‘?é}’ér h e IL&F ggaglhe]?e&itoggﬁ‘m?%oﬂlﬁ?c‘?e% i Q%W%'St ai ned

delivery into an intra-articul ar space. ure I's a gra depi cting
t he cumul avpuidiopelbediemeel efmg gofen sdmadrahmicr@ByGc{agondd terwitmea staldorie
acetonide jn P 75: ] ] . [O0095] Figure 6 is a graph depicting
t he cal culdg‘%}ae%plnhu%enor%gls?g]tﬁ(%%g%ﬁlg\%/%&?r ansient cortisol suppression and

W thin 14 [e3¢F adhbmventodssent hthes8 popudaions, podpasutippraadsr mmulsting, thom nal 25%
TCA PLGA 75:25 m.croparti.cles. The dotted.lines represen romtop to

bot tom of PHETgPRRRIEBRYE S R rubS R RO R A L ok bt on
dose, 35%ntieoparaclt maddhridig 7505 Riase famdlabbh eoh twePILGA pbiyhicts, ome dose.

[0096] Figure 7 is a graph depicti cal cyl ated human dose that. does not
affect t nEnsplangriehtindone phlie msbRugr i SisgPateGh herrly HorRal 25%
TCA PLGA 1&y gblodiler WEalittPL ¢ AeBas a thetedl t@ibht MeszeloB P5-8S €Dh and dn0iAhdr&P t O

bottom of the graph, 50%cortisol inhibjtion dose, 40% cortisol inhibition
dose, 35% E6P%tY e fiami bt 1o bty Hos andthe higbmobsculee weight i basgrrapgsod .

[ 0097] Fi gub®5&DaSind@a9nB8Bntd@RbGiyirie ©00Bkad 7y aLRELE BBle TEAB83ePPGAR Second
preparation of nom nal 25%trianci nol one acetonide in PLGA 75:25

i cr opar t icettieesteeidmycraparticle &xmaledionsy tp Argepwticlegyosgmerydipactor inghea gr aph

depi cti ng rfigh Gl @ RANI TR -ARS ol ARTINE Vicrb FARS1HALe £ SBherSHRRIESS1 on
and within T4 days achieve less than 35%cortisol suppression using a

second pr epwe af PONGLEMnEh?haM, 5100N0d. F-EnuY5onE)-9 eYlopas tidskstepdibede by an
alternate I . | i . orpot t om of
he g aph RSOOREA e RFts e pAdiier D i GRERAEM ek PPRBROD TR o ce, 5506
cortisol idmmichirof oy gicsendvidud Wicopariidotoulibd within e staddsedevi@iod 9pdicgur e 10
is agr ap%rﬁ?eqig\ivﬁ%i n}%:nd?%lle?e"r’.l ated human dose that does not affect the HPA
axis, less an 3596 cort i sol suppressi on using a second preparation of

nom nal 23603ZCA Rh&A TCA Bicropactichpfarhuletie@s, prgceatioys, amd @dpukrio@tteerpafepar at i on.

The dotted.lines. represent,. fromtop to bott of, the graph 0% corti sol
b bt ¢ 1 otah EERnhGERLTE F st Rkt B eLET Sas SR BBt 3 bi 11 on dose
and 5% corckamsgé, untdyirbblé bt tsdmsepatibRG AR lagElogother strbictusl Assgd, apbomtl@pddct i ng
cunul ati ve gergent rel e?se of nom.nal 25% trianci nol one acet.oni.de én 5% PEG
1450/ PLGA 175 88MIISEpLi)sh fqriexq e aqraigafjongptg dhegniarariicular sppcealadeiph ek i ng
cunul at i ven pglicaftt amehif 3sECAfabaamnyahicdp it oabBEMPpOsTenRgREMdhde i n 10%
PEG 3350/ PLGA 75: 25 mcroparticles. [00102] Figure 13 is a graph depicting
cal cul at e&dlﬁﬂ‘r‘?ﬁﬁ G EXBPTURRBhi eve transient cortisol suppression and within
14 days aghysgye ligasortdd @RbSRMR&OME b&ﬁbos%a@hﬁé@llsmlyﬁirmamaa&es%% TCA 5%
PEG 1450/ PLGA 75:25 mcroparticies. The dotted Iines reBr esent, fromtop to
bot t om of Qlase AglapP caomstesrid paks mickragicld maledsiss 5020 9-Eiér foradrtiannhi bi ti on
dose, 35%pEELLEBRA in BRiRbbAMARSRe AL RYHRtd:si8hs JrHididnl O GRge. [00103]
Figure 14 is a graph depicting cal cul ated human dose to achi eve transient
cortisol smbpdiswstsche gl Weertieasterad ddhptametisage Il wow cntbadinB8% bor t i sol
suppr essi I ng. ] 5% - L : I rticles.
The dotte ?S??eds%gt}cg%&g@zigp aé %O-g%%{ ég&@tag&gggofpgoqn{agf ﬁ?ﬁléég@gsﬁ$’%%8@?corti sol
i nhi bi ti omodioswesroid@lisoparticls Glrmuhatipisi the oncrdsesles3B96 € orti diahetenihitis ti on dose
and 5% Corr'cgnlgg 81‘ 1(5—%“ ;lﬂ\l/[t WP pongeoesm%odiments, the microparticles have a mean diameter in the
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[ 00104] Figure 15 is a graph depicting cal cul ated human dose that does not
affect the HPA axis, |less than 35% cortisol suppression using nom nal 25%
TCA 5% PB®O24BONIROGA 75: 25 microparticles. The dotted | ipagdaseEpiogessent, from
top to bottom of the graph, 50% cortisol inhibition dose, 40%cortisol

i nhibition dose, 35%cortisol inhibition dose and 5% cortisol inhibition
dose. [00105] Figure 16 is a graph depicting cal cul ated hunman dose t hat
does not afdeget 24-ep it o@¥0 $M, B®@$60 (Ma80-3G G 6F 10-SPLMS AP LRSI thigi N
nom nal 25% TCA 10% PEG 3350/ PLGA 75: 25 microparticles. The dotted |ines
repr esent [1eP¢ BRESAPCE 18 thioneamiametyriob aly pigspparsiie s EVPS BIPUASRILT RS on dose,
40% Cor t i §@hnckdaBF Q%gl% if\5inal A0 LA S04 bADHBA b LARAPES AR R COT L SOl
i nhi bition dose. Figure 17 is a graph depicting cunul ative percent
trianci nolobh@O\Hé@th@nteéﬁlrease of nominal 40% 25% 20% 15% and 10% TCA

containin ] | |
depi C![I Ingchl?rrEIA at%l% {/gégegrsgé%?la/r& Fg‘gsg% PIOJP %%%%?Jﬁgﬁcggwoﬁﬁ r%g%%g (29 kDa)
and PLGA Tbrtigéstqrsid I%D@Prccmmeas h¢twgerrﬁ0e4Q3@efmtdxamels befr@@108To-Fl%guk@ thd is a

BLGA 501 50 by Bt bt PR S Rors e PG b SPLNGH ARG gL BT ¢ 11

depi cti ng betwerh &2D%e per cent reI ease of nom nal 28.6%triantinol one

acet oni de L 75 25 ri i Cr 00110]
Fure o1 0BGl aidRpfu i edng i EG PO oSt P heRhlsfdRiophngi ent
cortisol 9w }ﬁcﬁﬁﬁ&&ldﬁﬂm@rﬂ’d(}w Iﬁdhyni\eré.ﬁawﬁi@/ﬁraﬁ@merdnE$1§coEl|ﬂamfr&5%36@(!5t i sol

suppr essi i ng, nom nal 6% TCA. OfV Tri ck/ 75: 25 mcroparticles.
The dotte@% ﬁ%%‘%raé’ﬁtoég’éarli‘td,zm?l?%r f‘ﬂ‘)ﬁ‘? %{Lﬁ@ graph, 50% corti sol

i nhi bi tionossape, THOOTINIA mlrDwméustetdadlmd@@ﬁmc%%rﬁtﬂﬁttdnsqueﬂafatﬁbtsi tion dose
and 5% cortisol inhibition dose. [00111] Figure 22 is a graph depicting

cal cul at e&n%mi%}tﬁﬂata%tée%f wheiy askpiniptergd & %Pﬁ“eﬁto?’thil@o‘led‘écﬁ%t}?@élﬁbéﬁfl d within

14 days ach:-QYR Ja888, HhhaRmBRY RS itdb & feSE BRE B8RP NcdiSlh for e Ralcndd. 6% TCA
20% Tri bl ock/ PL 75:25 mcroparticles. The dotted |inés represent, from

top to botitwm scoppEed iodphadnsusraiont fos erampiradeiinistEwion g¥ethe AWTHE s ol

i nhi bi tion,fege, Joﬁﬁ%f%ﬁ"e&dn?ﬂént bRABIRLEHERIA0RECAND RUBQEiERkent By DI Ti On
dose. [001]:3L2 Figure 23 I's a graph depicting cal cul ated hunan dose that
does not aﬁwremrtltlher G4 tepei of Inchwomtih admBBYEe.ccndagsilatvnppr essi on usi ng
nom nal T P : 1.Cr | dotted |ines
repr esentq (?ﬁ)mcﬁél%%@eﬂ- dn%%ﬁ%l%tp Bﬁ?\aet?ogl? éﬁlﬁm@ﬁ&g%ﬁcﬁ& ES%E% tion dose,
40% cort i soﬂtlcosudfmlldm apmrnta@atlca%%@ptablesdt therghf ibtqrpmjmtedios@drmmdd 5% corti sol
|nh|b|t|on 01 4.1s a.9ra tin ted human
dose that ° %ﬁaﬁ%% 0%1? 1tSe %&“ ng(?éa,cn %Cé(g geﬂ% aggl% g%l}“gl so?tgs’uppr essi on
usi ng nomwhatelrﬂtﬁe 6UsT EA02086tkviIdd ok édALIGH (63020 mccmbppetticlel.es. The dott ed

| i nes repr romto 0% cortisol inhibition
dose. ool BT T s ERrS e Tyl e HhEBR R PR Roge and. 506
cortisol |cndtsstA:doh%std@&ancl{l&iﬁg.ﬂhlpnﬁcgug@caﬁ acfl cap@yapmid@phtitieng cunul ative
percent rel ease of nom nal 7‘V triancingl one acetonide jn mol ecul ar
wei ght PL@P“}’IBm@%her@&tSoAp&‘}“cl‘foéteéOI YRS P gh?ﬁ g[cﬁﬁlfi%?rot% 1@%@%1%@ %a graph
depi cti ng 408, el eRdngfle BB 1B0SE 309 GG IBMR JkidadsdoBBhci€ B6dolyeRr Suppr essi on
and within 14 days achi eve | ess than 35% cortisol suppression using nom nal
16. 7% TCATHFRBYUGIBMEEW ar wei ght PLGA 75: 25 microparticles. The dotted
lines reprgmont. The HRARR fr&iRQAUEAHMBhnd MG i8NARNa) SRIDIEAL b1 w@hinkd1hi bi tion
dose, 40% corti sol inhibition dose, 35%cortisol inhibition dose and 5%
cortisol irelpAsSHIEGreRRrErbesanclydima Glessh gerfigosteroifl endha etigmeidiglysdiciapid cal cul at ed
human doseoddiherdRfit Atref §ilast REoklRAYius bdifh 0B 3Bo4GRI LT SO

suppr essi on using nom nal . m xed ecu ar wei ght PLGA 75: 25

m cropart |n@t:resarth1¢ﬁeandothe@dl 1lhl3 tﬂégc ttoecbglefs@mamdfqomtym@tﬁlas onpdtmaprbthe t he

gr aph, 509 14 < 0 iRt 4 ! 35%
corti sol Qlﬁ%ﬁ%@%ﬁac gé}%acpa(n)c?qﬁg/g%za?ﬁeé% i {t&hgtéfghg@ggg #(f)lg%%ﬁ)]eanﬁ gure 28
i s a graphnhdespi citdosity mumranga of®.30e0 Oérdi/g,élhlealaetldﬁglmﬂtﬂﬂmblarz&tiﬁ%

trianci nol one acetonide in various polyner mcroparticle formul ations.
[00118] Figure 29 is a graph depicti ngls?)currul ative percent rel ease of

nom nal 28. 6% Predni solone in PLGA 50:50 mcroparticle formulation. [00119]
Figure 30 is a graph depicting cal cul ated hunan dose to achi eve transient
cortisol suppression and within 14 days achi eve | ess than 35% corti sol
suppressi on using nom nal 28.6% PRED PLGA 50:50 mcroparticles. The dotted
lines represent, fromtop to bottom of the graph, 50% cortisol inhibition
dose, 40% cortisol inhibition dose, 35%cortisol inhibition dose and 5%
cortisol inhibition dose. [00120] Figure 31 is a graph depicting cal cul ated
human dose that does not affect the HPA axis, less than 35% cortl sol
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[00126] Figure 37 is a graph depicting cal cul ated human dose that does not
g grap p g
affect the HPA axis, |less than 35% cortisol suppression using nom nal 16.7%
FLUT PLGAVBQOBM1M0er oparticles. The dotted |ines repres®@aT/Uuskoiaiondsop to
bottom of the graph, 50% cortisol inhibition dose, 40%cortisol inhibition
dose, 35%cortisol inhibition dose and 5% cortisol inhibition dose. [00127]
Figure 38 is a graph depicting cunulative percent release of various
Fl uti casog:4BnePs: 9Nah@ oG h&IcABRLd@li€ adi@EsPalydidr @arbok PRIRR] Fi gure 39
is a graph depicting cunul ative percent rel ease of nom nal 28.6% DEX PLGA
50: 50 mi creB¥aPRddcl e fornul ation. [00129] Figure 40 is a graph depicting
cal cul at eqogiran iHse. &b ARRLRY ol AIShE bib@L Ak, AHRRLETBLAMARI W thi n
14 days achi eve |l ess than 35%cortisol suppression and does not affect the
HPA axi s, thedadfictapidrel@obis acdd eopobimes isprobd Brencuiglyendichemd ¢rePlyPRT 6% DEX PLGA
50: 50 mcr, Sk od hdiRes:qr £ £l R L gm of the
graph, 50 ocor%isg fﬁ%?gPt%%%%%b§g? ggégﬁ%r?%g%fqpﬁﬁgﬁpgion&'ose§835@6
corti sol ilasht béidi ghyroHosad &oa tBtrugy dfiabalt 60 ARAdIL orindosecmp@dmda, thei gur es
41A- 41D arge.. ri.es:of . h i,CE 1 h n..Go .ot me
profiles g%“@%ﬁ?@‘g&l6§5§&§$W%fgﬁ¥ﬁﬁ%%%qﬁ&ﬁggﬁﬁga?gﬁﬂ%ﬁgé%%aPgﬁ}%%ﬁng
si ngl e i nt0@a}ti dubame cholsdgnensts, the €Hop Ardorttdogterfoal ispiedtis@oneodr aTCA I n 75: 25
PLGA formul ation m cr. rticles, referred to as FEX006 sed at 1.125 ng
Fosul t o hmGa S BRRhuBHRruh Sy hie SRe TGP E R ik Fon and a
mar kedl y lsomeembodisnts estplajoscbfitie JIeA A Rrtiédregttemdinglis tHeatfictobatitles st 72 hr

4271 8 & Qe B EEG bn 07 S Ecr B e AU D OB SRS GRBVEry TR ToA | R

(i mredi at goreahiaplis Betviied 1FX006 ({16 wicaparticictl. @, Withmmd @kticdroidis 16%f [ 00132]
Figure 43 is a graph depicting the Phar macoki net i ¢/ phar macodynam c . ( PK/ PD)

r el at i onsHimiSToPaYskeett Bricreprriids s tha et f t10co9P Bres i BIHGOdRI} 00133]
Fi gures 44Ars846k @E fhido@iidl € theGhic@pARBIS idamChhRDr6he-1986.v nRRal MBIt Scor es,
an indicator of pain, in rats injected with doses of either immed ate

rel ease tﬂP‘élﬁ%ﬁt%@lﬁéh@‘Va@%@l@)ﬁilﬁ@pa(ff@themw@?amdﬁ\1Srﬁnél?ed|51é%etqfépé§5QIFJB@O6) ina
nodel of QgkRaRIbALbdrSid id H5ob LOME Gridk i AR REopti€R is - tHelrafRt U003 M
(TCA doses) is expressed as TCA concentrati ons'01P the dosing Tornulation
(4.67, 2 dR 0S5 whght fiecorticeptdpiguy %4 4Bhe PG tigle, theagicrpgartigicss iddke) i s

expressed rﬁ%&%gﬁg%@%ﬂ% Rhtich o0 4 of Al THLD A[rﬁéle,(tﬁfe 67 mg/m).

Simlarly, is expressed as trirancinolone at 0.5 ng/m . In
Fi gur e 44@iciep@ide atin the281gc0f 22 62N gQardiZo wy f¢ridAabiosesyedns Oedps losded as TCA

concentr at;i of the dosing formul ati,o 7.-2 . .an . ,
QF Hlebfiftg ISR BIAHLA WRorbthiobl o Sty M hebic o

Simlarly, Xpresse
and 0.5 ng0+2R25 nfeD 030 mE iGulr7é dd 104 5amgr Hp20degi 161100 gngp €@K S pay MD-r esponse

L1 eat nent SO0 80 aame et e o Do ey Al ik ToLB EPHsP Rl EeE on pay

0. | OOISSFOHbgu{ggzm@S ng, 20-§ ARIBOdEInG, i3(’1gtziI b, 30-pa0 MQ,LB:OSHf'S@ﬁg, gorti cgs_t erone
t t .
003361 Filglh méed S0P me b7 ate” b S ek reBp b o &0 iR TCA

concent r aupans kigh®)-0sg g f40r1203kd, 209 0GMEUABE73 Mgl $0e230ahe, SHDY nighs@ nodel  of
osteoarthritis. Onl theoltg}roups that received injections of TCA

mi cropart!zeq) ge quk. ggPoapye é?‘éz(éﬁgvﬁ?‘m 1% glr’e e B0-gn0 e Uparided scal e.
[00137] Fisgube nfkB60-$7PmEr@PI048L 661 ba that iR 1®NHg Bo-Btiwd o Dise Ligpaj-hol ogy
scores for various treatnent groups in the rat study in a nodel of

ost eoar t h?d g, 7GEPAne.E0- IBE SRy PTHONEOY- e, NOERY Pend(-88188]80The i nvent i on
provi des GonpRSki-b@ e, K 78BidIQ6LS 5 Hi%hédlﬁzotrﬁg%b%mng%oﬁﬁﬁ ajpd ,

i nfl ammati on Usi ng cofti costerolds. e conpositions and ne%hods provi ded
herei n us@Zdme, Yr-20ong W76 it 86-¢ FGingsoriN-120 mige o peme ¢rabadihentsyilicat i on. The

corti cost ?flé%isﬁl&igcroﬁ&%{ i% gé%%%{&%pwt@%%ﬂlq%%ﬁﬁé’wgg% Sher ein are effective at

treating parn and/or in Ion W rol onged suppression of the
HPA axi s d49@2br dt kene ¢ranginatsthsinderopfrfidet lmvoh near inmotst efiteivten

adm ni str qbl Ont'o 1@5‘ em(,:Porrte)U%ﬁ) é, reor{n%roma if 1%? ﬁa{vtela%lle%nfcl%lfn%"fgr%[thona% % 5102\6— ded
herein are &ff&ctive i s oW ng, ar Pasti hg, reversing or o Her'se
inhibiting structural damage to ti ssueld associated with progressi ve di sease
wi th mni mal prol onged suppression of the HPA axis and/or other long term
side effects of corticosteroid adm nistration. The corticosteroid

m croparticle formul ati ons provi ded herein deliver the corticosteroid in a
dose and in a sustained rel ease manner such that the |levels of corti sol
suppression are at or bel ow 35% by day 14 post-injection. In sone

enbodi nents, the corticosteroid mcroparticle formulations provided herein
deliver the corticosteroid in a dose and in a controlled or sustained

S g, Y . o - 3



associated wth HPA axis suppression (Habib, "System c effects of
intra-articular corticosteroids.” Cin Rheumatol. 28(7) (2009): 749-56).

[ 00142] Thwochexvge®oi n sensitivity to corticosteroid eff@crasomaiddone
should alter clinical steroid dosing, but prior to the instant invention,
tRLsdhas ?ot ?eeﬂ understpod. [0014?]fThehdetaiLs of one or_nvrg _
enbodi ments o e invention are set for in the acconpanying description
bel ow. Al tiboush 269y (NWEBDAMS &#ND0TBLEL, iothG96 LW, | 185 vRlcr@EsY Ma (B rdn@edt hOSE
descri bed hereln can be used in the practice or testing of the présent

i nvent i on cfeHe trenegdéemaiy ofall Bqrepagiicls én halieirpuetipe dTheatisagterfad aRr es,

obj ects, %ﬂ@n %Y%@&%o&ﬁwﬁ%uld%%‘éﬁn%‘st’ﬁidafd CE%I&%QIP%O%@BI‘ B Rt he
descrlptlon In the specification, the singular fornms al so include the

pl ural unmeaéd@h@wContext clearly dictates otherw se. Unless defined

meant 1o 2l B o nf S Bh R b AR SR e EREol? S o ch
this inveNPE@hmb@W0w@smanIﬂﬂmeQSmeﬂﬂmﬁﬁkhwmn25%h@®bﬂ@3§mpmﬁp60ff|catlon
wil | contr, ] fini 0 ]gﬁy

fol |l ow ng %e%lﬁll %g%f%lén Igése,oéﬂ § encP 08 Og%l%gl}ll\?\f Egm&%@%ig‘? %\rllx armﬁln of a

corti cost ereqogulbtiats, piq@satmoi aridean;ﬁqzmemmm t]hwlpmemltla]h doma@peduure tler y- adr enal
axi s (HPA axi ined rel eas

cor i coot Brort aPFUS B baT PR e et L BR B e P 1 on, whi oh
provi des @uﬁy@hbmmﬁmeﬁmcentratlon that mnll not have a cIinicaIIy
significa fect or "adverse, effect pr.ession of the
P axi o M4Ghoe PRSI TR St R Bt Ot S dbGaHBRLo e

gl ucocort lcs@ﬂc@kt@bladmabpaﬂcle FdrmuBitiths REMbestRedn@0Rn e 8fd Paickopaar Rl mard
augnented production of endogenous glucocort|00|ds Under ordi nary,

"unst r essd§ME eGAY P%ﬁérf@m‘@?t%é‘éﬁfl% P BT guIAT welgktin 81 raee 9f 40 KP2 9 nor nal |

basal | evebkDINGl BedeprERNBlIORSsHSAPLEA rcba‘tcbsqaoigfml%?aﬂate fQuBbA thet he
course of the 24-hour day. Under extraordinar ressed” conditions
associ at ednigiopaticles kpve a pigppdiemeigr Hrthe eagerai lﬁﬁél() tiYe Ipjspiae crabeshmeftte dhe
endogenousy;plRAHALY 1BRe Otnedl YEACRF hitkOLAS F06U06 1VERHESRPYS-1601M,36]
production nmay be determ ned by neasuring glucocort|00|d concentratlons in
pl asma, s&Piwvaor i9-PAeMor by any other means known in the art. It is known
t hat syst co ' : i p HPA axi s.
For exanpiShy 4SS A ANS,ala APPLC £ RALEERIAe LRI TNRPRE PR BF
trlannlnomuﬂewhbmabeimﬂhﬁ@gphasnﬁwhé0é0%>ﬂmEX@mﬂwaWWateiyﬁa 4 ng/ nmL have
been obser, nsi istically
significaﬁ¢ﬁ®k96 ‘“%&?@bsﬁ§6¥ﬁgél %kg”égsgkL? Xm%%%%rnacoklnetlcs
and phar rm?mdlyamam de rmtrogdtruclex:mrthercoom@nmﬁsmﬁymydme glyaélt(BEGD mbreey, articul ar

adm ni strati on. 9 1986) : 313-7) however,
does not e 8%%“3%‘? ﬂi;b/ %06%8?1181’%58%?@6?6& ZééAoan/( g‘)p(eﬁﬁﬁ‘i%the %&?EQP&%CS ef fects
of intra- alli Edrﬂdﬂlﬂj’odﬁﬁn'tsl ofoisd reicipaisicles bt 1ﬂclﬁ%ﬁwmm01£ﬁ tePBhtiond49- 756, see
p752 col. 1, para 2, nal . sent %§%% e such transient ression is
gener al | y PES# Pereraéérq r %la%%é?& X n%?“t dWot Teapi EBTGF%PC%PG# fcant

ef fect, NMRkEbLPakSleste@RbriSoHREIAS Bt rhlee kindB&kHd bialdiklbine, stegeed
cI|n|caIIy detrinmental . In enbodi nents of the present invention,

adnmi ni st r a0043h of [ he yertignipadss GAPYaHPDs e@m%op@ﬁlcas acfudingz ¢lass&ccept abl e HPA
suppr essi esmc@%r&u%adb?ﬁdrbﬁa&wamg abddBtabRishit AbrebLnE@PG a8, 88nREy,t he therapy.
I n sone enbodi nents o resent invention, adm nistration of the

f or mul at i GAcappyltehegtotieasise ﬁssp%atafwlt% b dgsiie acdabycolisasid copolaP® mipBr essi on,

i ncl udi ng RriPheeiADE GoRASHRR EH3EAN 0vABIH YR Kr RO eihe T i L1 al
rel ease period the therapy. During the subsequent of sustalned rel ease
peri od of ckéreple hetwagnyl5%awdi0ts ittt maapritistest er oi d nmay be rel eased into the
pl asma. I 2l ly be

| ess t han tﬁﬁ\ége Jth rglgnﬁlQ }ltﬂﬁe |0r]i)|? (}4{%& C&H{Oelg(ggtgﬁlstﬁmgﬂeﬁegge ﬁ%néflratlgﬁ (?f::osterm d
rel ease oéﬁus@coawdmmpkhndmﬁn$eha®samidveﬂprﬂhowmwmaanK@updﬁess|on
Further, the adverse events associated with exogenous corticosteroid

adm nistration, e.g., hyperglycem a, q%pertension, altered nood, etc. wll
general |y not be observed. Preferably, “the nunber of clinical adverse

events during this period will not substantially exceed the nunber achi eved
by an inmedi ate rel ease fornul ati on al one or by KENALOGTM or its
bi oequi valent and will, preferably, be fewer than during the prior, initial

rel ease period of the therapy, if any corticosteroid rel ease occurs.

Al ternatively, one can determ ne the suppression of the fornulation on HPA
by neasuring endogenous cortisol production. Thus, the fornulation can be
con5|dered as av0|d|ng cllnlcally S|gn|f|cant (or adverse) suppre55|on of
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[ 00154] A "bioconpatible"” material refers to a material that is not toxic
to the human body, it is not carcinogenic and it should induce limted or
no i nfl arwatimipewdbody tissues. A "bi odegradabl e" mat ePCAIUSRE1IOE®Ot 0 a
material that is degraded by bodily processes (e.g., enzymatic) to products
readi |l y di sposable by the body or absorbed into body tissue. The

bi odegr aded products should al so be bi oconpatible with the body. In the
cont ext Ofcoﬁtﬁlihfngaﬁet(tlﬁéé'@éor%ds‘@rdi’& WhéRIYthS ¥ S €0B o fti06s 1 611 id 8:@Sdc@N9%ks. such
polymers may be used to fabricate, without limtation: mcroparticles,

M cr o- s pheP&sof thedpgtic @gid-glygolic aideqnolimer FugIPRIEde MATiEr o- sphere matri ces,
capsul e, |BAGT OTES ineRlh pr R (i5rmuPlubhSthad ihARRQRSnirbIACE SusiEhd-C1 S, or
ot her approprlate phar maceutical delivery conpositions that a phyS|C|an can
admi ni st erclpae puarprarichisheving b €454 bdegicaderbidanga lagherad-ggeldeid nt o

non-t oxi c V) g Hor dissolve
slowy an36§$%9%q%%%€3&?%%ﬁ$pﬁgx%éggﬁ%%m%§H%”$§W&%1?§ﬁg§gqﬁ£@lbe cured

ex- Vi vo f@nqpngndagmhmwemutmﬁkaMandgh@dmooﬂape@ymh@wdpmgﬁﬁmnecbmeroIIed
rel ease t NS i I rs my

it ade, gy TRA AR R By Sl s B SO ARRE PEA TR

bi odegr adaileeenmatw@sityin. theNangerdIO 3}504) prmﬂs‘g i(ing b ladede: Pydolide mohotatibiofi t ed t o,

oot 1o S E S SRS IS HMNE L Bt 09+ end

pol ysacchandd@dpsed. such as alglnates chltosan starch, and dextrans; and

ot her nat y ccurrln or chem cal nodi fied bio Iyners
Syt het ¢ TWROLY a8 ST ting asa@P%u%ﬂ%rpmﬁaaﬂpmn%g% R BRRSIE ot
limted t@opddaht(yd aeadgdﬂala@gtnys@ﬁieled@bdlﬁﬁhﬁ%he lap@ acicagmdﬂle abifleépolymer

pol ygl ycol.ide (PG, polyhydroxybutyric acid, poly( trlnethylene carhonate),
pol ycapr oIlSa%EQSY@C%“F@_EIYC?Jb’P o Penobimes {Rlfe)- dbroaspredientoly lagtic agifl-

pol y(I act %[3%])0 aclilpéo\{%@mef‘%s%%djaﬁ)ratlcp&i 13cti@ B A 88 hoid BRItk StadkSof
poly(arylatesgeﬁgpééaorthoesters) ol yur et hanes, pol ythi oesters,

ol y(ort hebat 55.08 ﬁWi)ﬁB%qﬂﬁB@% &wéactlc ot yevesticicdeppalymgehas a
pon(Iacthgﬁnqgmuﬁqugggdégﬁhﬁggggbpﬁﬁﬂglycol (PEG, polyvinyl alcohol
(PVA), PVA-g-PLGA copol ymer (polyactive), nethacryl ates,
pol y(N-i sdfSdpy| depemegrbpdimenpEthe Rikss PROrt{cpstenowsiip b@ymethE@ﬂ@P@ PAA

copol yner

cogblﬁatléﬂgﬂ? g$g§$§§¥£?E%%@g%%%?gﬁﬁﬁgﬁ %gggﬁégﬁé%g&%%%gg?gﬁgggﬁn%ncIude a
conbi nat i @moémmmmﬂpmwltﬁbm Hito€lgssddedrtiens tratiéednedined if-dre nex@pplides t he

bi oconpaf i bl ran gctgfi t er I ere‘ﬁ%rblgs% cqr { rlclolgtef)o(fci( 1{5 bgtlw rE)E"(? 40%

nultl-blocﬁgn forma ?IOH ere at rnation o Ioconp I odegr adabl e
pol yner s dorexpmplhdetiagati3edo of Iﬂ&rmemmlcb (i.d hehemrthdjdomxiomeﬁ)m b @0% of

PLGA- PEG- PLGA. [ 00155] Di.seases .That May be. T t ed t he Formul ati ons
o Tt s 1 R B E RO B Bt s o e ints SCa PEen S mh et Bech i,

i n¥ent I oniar®s, gfmeﬁndmtamle ﬂdetrﬂlelld)glil‘tltlheﬁlﬁ tl&lfe@gih IdeBIBSI6ﬁﬂS .@ nexx eiiphitid ed W;jt h
reference to treat |nt aln asso te W t osteoartnritls, eunat ol
arthritis SamgoBpdd ?O(ﬁ’ﬂ ‘EifI’é‘ES?Rfétﬂcie t etm1§‘F‘PB%nmﬂlehsolPﬂ??era]il%?roérlﬁéag({]‘ﬂéi t he

i nvent i on when @RlcyrticiterbideSBS M SLMe nffabhticle, itfle mﬁro?mt@mhlaﬁ@dngm
enbodlnents of the present invention Wll be use for treating other
forms of jlBYhPepailat By cadiipyiirediatPo A’ hAferaparticy Memigigaperiainthcul ar

spaces. | RyRddfé5RR33.3 hlgwﬂen% ORABL LR 400k thk MicrdpdrBcIeHRodi nent s _
injection near a joint may EU|vaIent to |nLect|ons in that joint. It is
al so cont éhpioatragle tSHafheém@fﬁé ? migppnd weongpreadbysiue hetepen WhiGtalpabe usef ul
for inj eCtd'oQ:'? Pl &Qﬂfﬂ@'lﬁ%&ﬁé LB i s, ﬁfaft&altdoééflf%n%st&%ﬁf 1? éﬂge@fnd al |

uses of specific words and references are si det al ferent
enmbodi ment2s225fng, R0P s 8115 imgv2hd ¢ ve. 2- EZIDI!}S?ZH(LOGnaB ‘Hang, ﬁr@lmatz on of a
corticost I f , by

o ecti on T alb Che s aeraGrrl 35 It DL AR o e TR Y,

ti ssues, Ilésrlg;m5225 ez élﬂﬁ(aingsépa?ﬁemg p@tﬁ&mgr4al205p@éa00mg, e Hﬁg)ﬁéﬁ@&ﬂ@| space
at or near, ite of atient's n d/ o tru ral ssue danmage.
Local |njec %§1$h?%e @%ﬁ%gfi zl?dmgcr?gmﬁ‘£%$%¥ﬁ£?§F§ 4H§H§U%ar or
periartlcular spaces nmay be useful in khe treatnent of, for exanple,
juvenile rheumatoid arthritis, sciatica and ot her forms of radicul ar pai n
(e.g., arm neck, lunbar, thorax), psoriatic arthritis, acute gouty
arthritis, Mdrton's neuroma, acute and subacute bursitis, acute and
subacut e nonspecific tenosynovitis and epicondylitis, acute rheunmatic
cardi fis and ankyl osi ng spondylitis. Injection of the mcroparticles
described herein into soft tissues or |esions may be useful in the
treatnment of, for exanple, alope0|a areata d|500|d Iupus erythenatosus;

T 1 e



[00167] For the present invention non-limting exanples of corticosteroids
may i nclude: betanethasone, betanethasone acetate, betanethasone

di pr opi orsbes1iap@aet hasone 17- val erate, cortivazol, dexamsLiA9eEe]
dexanet hasone acetate, dexanet hasone sodi um phosphate, hydrocorti sone,
hydrocorti sone aceponate, hydrocorti sone acetate, hydrocortisone butyrate,
hydr ocorti sone cypi onate, hydrocortisone probutate, hydrocorti sone sodi um

phosphat e,10 5209 ksl $00@mMSOsli 1M U E30NaL &- 1 Jorsl BCOD S 8118 YR k&b eE.
met hyl pr edni sol one, net hyl predni sol one acgfonate hyl pr edni sol one

t
acetate, REPHYEPr¥dALSot RS SHUPEM-SURE it B Sp?%@g?%é Bige)-1 pFe€dtri sol one
acet ate, npedNES9k A TB AgUs-PHORENZ PR R, (,sz%%%, $0l08R%: 8odinkdTsRagsphat e,

predni sol one Steagl ate, prédni sol 6ne tebUtate, Triancinolone, triancinol one

acet oni de 0-¥rmaeitiog.end medrdhingd-MMmpHl-M mat @25 mei &R mgot-dhegbenet oni de,
trianci nol i (A { nol t oni I

bl ¢ ot acont §i227 Brk 200 bl ST g 00 g 50 o § L 30 e,

becl onet h&sWvmeg. @-JPropidetfang, 3-Hewk.chdl hasohemdi HRopicoha mgndhdmeds-at e,
budesoni d ut 4 rt, t r opi n OhGl e hae,. &l i noni de,
cIobetasoﬁ?np’g%g?g§81KB?@&%%%Q?@?“%Tgggﬁ?%%%%@?bg#%gg?gg%ﬁéﬁL@{%%@tasone
but yr at e, 16i50aay, 1 026 nez, PO-2&) ap,0-2250pg, 2041200 mgc20-1 750 L0-160mig, 3dne acet at e,

desoxi et N4LBHe BRSO SRRy aoy Fne BB ae O BT TS Bhe.
di f | or asone;150infg ®0-ax0me, 3 Woatate.7s dig Buso ngpd®dns, mgi40la2smagnat e,

flucl orol , fluclorol acetonide, fludrocortison fludrocorti sone
heerare. APGmeotd e omal Gield MU Re At ane Speobing SE2R BRs col i de.
f1 uoci nol o0 hlgueE 1 780 8 5D- B0eh® B0-d20 il 50000 thi, I50- 75! ik GO 250 hi@NEn-

fl uoronet hol one, fluticasone, fluticasgone furoate, fluticasone propionate,

f
f 1 uor oret KD B18eO%aW me.&0-17p s Prd 39 BRI 20rmg, 58r18P B18e 0077 Migr A (dake

f1 upredni denes aget@dbe mb ! 0PrB8did, 50)190 8w, TRITMRL 7000 ARG E® Rz I6)-
hal obet asol propi onate, hal onetasone, hal opredone, hal ogr edone acetate,

hydr ocor t aRaig; 30-3¥rmesPedems. 89-46f maptletidriae. 20e08Mme, %42+ beEbhi de,
| ot epr ednobs al.aliPiRS By, JTBZSRELILNS mBBSI9BL 126 ANE In WG Qhb ARG dRUt yr at e,

medr ysone, nepredni sone, nonetasone, nonetasone furoate, nonetasone furoate

monohy dr at(dass kiopesosterold, is [rigasaiebhiesere, 14 gareamd PAdesne acet at e, _

pr ednazol iygigiy) Pr QIR GALRRN e BLHSBLANGL. RLETMELL B8R ARRIARNI de,
rof | eponi de, ri nmexol one, ti m)nbésone, I predane, ti1xocortol, Tixocortol

pi val at e dAgnt dPOpinder ckiplE 8ie Eebpditilenhacefmaehdiametee nt thorangnel e usi ng
sust ai ned I orti er pi deliv re i t.d es that
o not " acvof LEFSEGaRE S630) AL R0 I8 of TS0 KM A LR BRI G RAEE | F
relieve patfor tdule rhenidivncaomoiisli mivroparticles i yivaep@ukyisi. ficcdiannaettnat i on

that d t. ; bl d ff .t he HPA i di ff
o o B R R R e MR SR P Rap e ORIt RT 1 mor e

assay var inghh diatigder.or, as desired, may have a neasurable but clinically

i nsignifi effect on the HPA axi.s (basal_cortisol is su essed to sone
measur abl g&gﬂ ent™ BTEC ‘E’E‘t?og’s}genFseg‘ﬁ&H%@ arfelegs f&HﬁﬁG&‘PB’PV a&”@?ﬁ@’ BEEYRur t her

embodi MEN{BEGS mbibE, WRMERLOEG MolclORniRiIS@Detich DFoa0 6%CRAE patéRdr of tine
selected to adjust, for a change in sensitivih¥ of the HPA axis to

suppr essi & PIGTIPBRHCKg esaps<mtedigrentsind the mipjopertiglet thaidngpders ik mgiethe

corti cost efqiulafibl UsSpatdtiond ML W ARGILL TR BIBAGH 0B RSt Seduite kitde doses
during first and/or the second period of tinme selected to adjust for

corti cost @FoFee pREF ¢ exhititrthe destrpdensticosisradd sustainep srlenng kingtioy 2étbse- speci fi ¢)
changes i p; L0816k 8FcChange of sensitivity of the HPA axis to suppression
that begin with initial exposure. For clinically effective corticosteroids,
the rate d005¢handeonsenbndinenhef thesgippyulafons, ipecppiRrpiorsxng /ot fprapletensothe

corti cost r o d5erl & ROk PR A LALT SRYMDHIIASAL of £ Al Grufdore TR rate and
pattern of changé in such sSensitivity varies wdely as a function of the
parti cul ansiogf®:5¢ 8EGArfointhlativathayvisg s elobctledwiEhtguthe r@jge of QORIOIF nal |y, it

i s possi bl 0 usefully charactgrj he .change in sensitdvity vs. tinme

mat hormt 1 0HP T o HmE RS e p0 PEChAReROTaRT BEfR oS ¢ Vi ¢y
fromthe initial to final value, wherei'n the decay paraneters (Table 1) has
been determned fromthe data further described herein. Table 1. HPA Axis
Change-in-Sensitivity Decay-Paraneter 6 vs. Corticosteroid and Dose *
Corticosteroi dDecay Paranmeter 6 (time-1) Betanethasone Phosphat e/ Acet ate
(7 mg) 0.024 Trianctinol one Acetonide (40 ng)0.005 Tri anti nol one Hexacet oni de
(20 nmg)0.070 * The inhibition of endogenous cortisol synthesis can be
related to the exogenous corticosteroid concentration by the follow ng
equations: 1. E = (EmaxCn)/RECsor + Cl wherein E = effect, E. = maximal

D T < T o o~ 7 \



Cortisol Inhibition (%9 Corticosteroid 5% 10% 20% 35% 50% bet anet hasone
(my/d) 0.1 0.2 0.5 1.0 1.8 budesonide (ng/d) 0.1 0.2 0.6 1.2 2.2
des-ci cl esorzoe1f00g/ d) 3.0 PCT/US2011/046601

microparticles have a mean diameter in the range of 10-100 uM. In some embodiments, the
microparticles have a mean diameter in the range of 20-100 uM, 20-90 uM, 30-100 uM, 30-
90 uM, or 10-90 uM. It is understood that these ranges refer to the mean diameter of all
microparticles in a given population. The diameter of any given individual microparticle
could be within a standard deviation above or below the mean diameter.

[0055] For the betamethasone/50:50 PLGA microparticle formulations, the range of
prednisolone load percentage is between 10-40%, for example, between 15-30%.

[0056] In some embodiments of the betamethasone/50:50 PLGA microparticle
formulations, the microparticles further comprise a polyethylene glycol (PEG) moiety,
wherein the PEG moicty comprises between 25% to 0% weight percent of the microparticle.
In some embodiments of the microparticles that include a PEG moiety, the populations,
preparations and/or formulations of the invention do not require the presence of PEG to
exhibit the desired corticosteroid sustained release kinetics and bioavailability profile.
[0057] The invention provides populations of microparticles including a Class D
corticosteroid or a pharmaceutically acceptable salt thereof incorporated in, admixed,
encapsulated or otherwise associated with a lactic acid-glycolic acid copolymer matrix,
wherein the Class D corticosteroid is between 8% to 20% of the microparticles, for
example, between 10% to 20% of the microparticles.

[0058] The invention also provides controlled or sustained release preparation of a Class
D corticosteroid including a lactic acid-glycolic acid copolymer microparticle containing
the Class D corticosteroid, wherein the Class D corticosteroid is between 8% to 20%, for
example, between 10% to 20% of the microparticles of the lactic acid-glycolic acid
copolymer microparticle matrix.

[0059] The invention provides formulations including (a) controlled- or sustained-
release microparticles having a Class D corticosteroid and a lactic acid-glycolic acid
copolymer matrix, wherein the Class D corticosteroid is between 8% to 20% of the
microparticles, for example, between 10% to 20% of the microparticles, and wherein the
lactic acid-glycolic acid copolymer has one of more of the following characteristics: (i) a
molecular weight in the range of about 40 to 70 kDa; (i1) an inherent viscosity in the range
0f 0.35 t0 0.5 dL/g; (iii) a lactide:glycolide molar ratio of 60:40 to 45:55; and/or (iv) the
lactic acid-glycolic acid copolymer is carboxylic acid endcapped.

[0060] In one embodiment of these populations, preparations and/or formulations, the

copolymer is biodegradable. In some embodiments, the lactic acid-glycolic acid copolymer
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6.3 14.3 30.7 57.0 dexanethasone (ng/d) 0.1 0.2 0.4 0.9 1.6 flunisonide
(nmg/d) 0.3 0.5 1.2 2.6 4.8 fluticasone (ng/d) 0.1 0.1 0.3 0.6 1.1
nomet asoEoQatp/wdy009 PCT/US2011/046601

is a poly(lactic-co-glycolic) acid copolymer (PLGA). In some embodiments, the lactic acid-
glycolic acid copolymer has a molar ratio of lactic acid: glycolic acid from the range of
about 60:40 to 45:55. In some embodiments, the lactic acid-glycolic acid copolymer has a
molar ratio of lactic acid: glycolic acid of 50:50.

[0061] In some embodiments, the Class D corticosteroid is fluticasone propionate,
fluticasone, or a commercially available chemical analogue or a pharmaceutically-
acceptable salt thereof. In some embodiments, total dose of the Class D corticosteroid
contained in the microparticles is in a range selected from 1-250 mg, where the Class D
corticosteroid is between 8-20% of the microparticle (i.e., when the corticosteroid is 8% of
the microparticle, the microparticle is in the range of 12.5-3125 mgs, when the
corticosteroid is 10% of the microparticle, the microparticle is in the range of 10-2500 mgs,
when the corticosteroid is 15% of the microparticle, the microparticle is in the range of
6.67-1666.7 mgs, when the corticosteroid is 20% of the microparticle, the microparticle is in
the range of 5-1250 mgs, and so on for all values between 10-20% load dose). For example,
in some embodiments, the total dose of corticosteroid is in the range of 1-225 mg, 1-

200 mg, 1-175 mg, 1-150 mg, 1-120 mg, 1-100 mg, 1-75 mg, 1-60 mg, 1-55 mg, 1-50 mg,
1-45 mg, 1-40 mg, 1-35 mg, 1-30 mg, 1-25 mg, 1-20 mg, 1-15 mg, 1-10 mg, 2-225 mg, 2-
200 mg, 2-175 mg, 2-150 mg, 2-120 mg, 2-100 mg, 2-75 mg, 2-60 mg, 2-55 mg, 2-50 mg,
2-45 mg, 2-40 mg, 2-35 mg, 2-30 mg, 2-25 mg, 2-20 mg, 2-15 mg, 2-10 mg, 3-225 mg, 3-
200 mg, 3-175 mg, 3-150 mg, 3-120 mg, 3-100 mg, 3-75 mg, 3-60 mg, 3-55 mg, 3-50 mg,
3-45 mg, 3-40 mg, 3-35 mg, 3-30 mg, 3-25 mg, 3-20 mg, 3-15 mg, 3-10 mg, 4-225 mg, 4-
200 mg, 4-175 mg, 4-150 mg, 4-120 mg, 4-100 mg, 4-75 mg, 4-60 mg, 4-55 mg, 4-50 mg,
4-45 mg, 4-40 mg, 4-35 mg, 4-30 mg, 4-25 mg, 4-20 mg, 4-15 mg, 4-10 mg, 5-225 mg, 5-
200 mg, 5-175 mg, 5-150 mg, 5-120 mg, 5-100 mg, 5-75 mg, 5-60 mg, 5-55 mg, 5-50 mg,
5-45 mg, 5-40 mg, 5-35 mg, 5-30 mg, 5-25 mg, 5-20 mg, 5-15 mg, 5-10 mg, 6-225 mg, 6-
200 mg, 6-175 mg, 6-150 mg, 6-120 mg, 6-100 mg, 6-75 mg, 6-60 mg, 6-55 mg, 6-50 mg,
6-45 mg, 6-40 mg, 6-35 mg, 6-30 mg, 6-25 mg, 6-20 mg, 6-15 mg, 6-10 mg, 8-225 mg, 3-
200 mg, 8-175 mg, 8-150 mg, 8-120 mg, 8-100 mg, 8-75 mg, 8-60 mg, 8-55 mg, 8-50 mg,
8-45 mg, 8-40 mg, 8-35 mg, 8-30 mg, 8-25 mg, 8-20 mg, 8-15 mg, 8-10 mg, 10-225 mg,
10-200 mg, 10-175 mg, 10-150 mg, 10-120 mg, 10-100 mg, 10-75 mg, 10-50 mg, 10-

25 mg, 20-250 mg, 20-225 mg, 20-200 mg, 20-175 mg, 20-150 mg, 20-125 mg, 20-100 mg,
20-75 mg, 20-50 mg, 30-250 mg, 30-225 mg, 30-200 mg, 30-175 mg, 30-150 mg, 30-120

mg, 30-100 mg, 30-75 mg, 30-50 mg, 40-250 mg, 40-225 mg, 40-200 mg, 40-175 mg, 40-
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0.2 0.4 0.9 2.0 3.7 nmethyl predni solone (ng/d) 0.3 0.7 1.6 3.5 6.5
predni solone (ng/d) 0.4 0.8 1.9 4.0 7.5 triantinol one acetonide (ng/d)
tri anci novore1dmas@eet oni de (ng/d) 0.2 0.1 0.4 PCT/US2011/046601

150 mg, 40-120 mg, 40-100 mg, 40-75 mg, 50-250 mg, 50-225 mg, 50-200 mg, 50-175 mg,
50-150 mg, 50-120 mg, 50-100 mg, 50-75 mg, 60-250 mg, 60-225 mg, 60-200 mg, 60-

175 mg, 60-150 mg, 60-120 mg, 60-100 mg, 60-75 mg, 70-250 mg, 70-225 mg, 70-200 mg,
70-175 mg, 70-150 mg, 70-120 mg, 70-100 mg, 80-250 mg, 80-225 mg, 80-200 mg, 80-
175 mg, 80-150 mg, 80-120 mg, 80-100 mg, 90-250 mg, 90-225 mg, 90-200 mg, 90-

175 mg, 90-150 mg, or 90-120 mg. In some embodiments, the Class D corticosteroid is
released for between 14 days and 90 days.

[0062] In some embodiments, the microparticles have a mean diameter of between 10
um to 100 um, for example, the microparticles have a mean diameter in the range of 20-100
uM, 20-90 uM, 30-100 uM, 30-90 uM, or 10-90 uM. It is understood that these ranges
refer to the mean diameter of all microparticles in a given population. The diameter of any
given individual microparticle could be within a standard deviation above or below the
mean diameter.

[0063] In some embodiments, the microparticles further comprise a polyethylene glycol
(PEG) moiety, wherein the PEG moiety comprises between 25% to 0% weight percent of
the microparticle. In some embodiments of the microparticles that include a PEG moiety,
the populations, preparations and/or formulations of the invention do not require the
presence of PEG to exhibit the desired corticosteroid sustained release kinetics and
bioavailability profile.

[0064] In one embodiment of these populations, preparations and/or formulations, the
corticosteroid microparticle formulation includes fluticasone propionate or fluticasone, and
a microparticle made using 50:50 PLGA formulation having a molecular weight in the
range of 40 kDa to 70 kDa. In these fluticasone or fluticasone propionate/50:50 PLGA
corticosteroid microparticle formulations, the microparticles have a mean diameter in the
range of 10-100 uM. In some embodiments, the microparticles have a mean diameter in the
range of 20-100 uM, 20-90 uM, 30-100 uM, 30-90 uM, or 10-90 uM. It is understood that
these ranges refer to the mean diameter of all microparticles in a given population. The
diameter of any given individual microparticle could be within a standard deviation above
or below the mean diameter.

[0065] For the fluticasone or fluticasone propionate/50:50 PLGA microparticle
formulations, the range of prednisolone load percentage is between 10-20%.

[0066] In some embodiments of the fluticasone or fluticasone propionate/50:50 PLGA

microparticle formulations, the microparticles further comprise a polyethylene glycol (PEG)
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0.2 0.80.41.7 0.9 3.21.6 Table 2A. Total
adjusted for individual intra-articular corticosteroid characteristics,
expect ed woppragsion of endogenous corti sol
Inhibition (%9 Corticosteroid 5% 10% 20% 35% 50% bet anet hasone

Corti sol

3.0 6.0 15.0

moiety, wherein the PEG moiety comprises between 25% to 0% weight percent of the
microparticle. In some embodiments of the microparticles that include a PEG moiety, the
populations, preparations and/or formulations of the invention do not require the presence of
PEG to exhibit the desired corticosteroid sustained release kinetics and bioavailability
profile.

[0067] These embodiments of corticosteroid microparticle formulations have been
selected because the combination of class of corticosteroid, type of microparticle, molecular
weight of polymers used to create the microparticles, lactide:glycolide molar ratio, and/or
load percentage of the corticosteroid exhibit the desired release kinetics. These
embodiments also exhibit the desired release kinetics with minimal prolonged HPA axis
suppression.

[0068] The invention provides methods of treating pain or inflammation in a patient
comprising administering to said patient a therapeutically effective amount of a population
of microparticles selected from the following populations: (i) a population of microparticles
comprising a Class B corticosteroid or a pharmaceutically acceptable salt thereof
incorporated in a lactic acid-glycolic acid copolymer matrix, wherein the Class B
corticosteroid comprises between 22% to 28% of the microparticles; (ii) a population of
microparticles comprising a Class A corticosteroid or a pharmaceutically acceptable salt
thereof incorporated in a lactic acid-glycolic acid copolymer matrix, wherein the Class A
corticosteroid comprises between 15% to 30% of the microparticles; (iii) a population of
microparticles comprising a Class C corticosteroid or a pharmaceutically acceptable salt
thereof incorporated in a lactic acid-glycolic acid copolymer matrix, wherein the Class C
corticosteroid comprises between 15% to 30% of the microparticles; and (iv) a population
of microparticles comprising a Class D corticosteroid or a pharmaceutically acceptable salt
thereof incorporated in a lactic acid-glycolic acid copolymer matrix, wherein the Class D
corticosteroid comprises between 8% to 20% of the microparticles. In some embodiments,
the population of microparticles releases the corticosteroid for at least 14 days at a rate that
does not adversely suppress the hypothalamic-pituitary-adrenal axis (HPA axis). In some
embodiments, the population of microparticles releases the corticosteroid in a controlled or
sustained release manner such that the levels of cortisol suppression are at or below 35% by
day 14 post-administration, for example post-administration. In some embodiments, the
population of microparticles releases the corticosteroid in a controlled or sustained release

manner such that the levels of cortisol suppression are negligible and/or undetectable by 14
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post-administration. In some embodiments, the population of microparticles releases the
corticosteroid in a controlled or sustained release manner such that the levels of cortisol
suppression are negligible at any time post-administration.

[0069] The invention provides methods of treating pain or inflammation in a patient
comprising administering to said patient a therapeutically effective amount of a controlled
or sustained release preparation selected from the following preparations: (i) a controlled or
sustained release preparation of a Class B corticosteroid comprising a lactic acid-glycolic
acid copolymer microparticle containing the Class B corticosteroid, wherein the Class B
corticosteroid comprises between 22% to 28% of the lactic acid-glycolic acid copolymer
microparticle matrix; (ii) a controlled or sustained release preparation of a Class A
corticosteroid comprising a lactic acid-glycolic acid copolymer microparticle containing the
Class A corticosteroid, wherein the Class A corticosteroid comprises between 15% to 30%
of the lactic acid-glycolic acid copolymer microparticle matrix; (iii) a controlled or
sustained release preparation of a Class C corticosteroid comprising a lactic acid-glycolic
acid copolymer microparticle containing the Class C corticosteroid, wherein the Class C
corticosteroid comprises between 15% to 30% of the lactic acid-glycolic acid copolymer
microparticle matrix; and (iv) a controlled or sustained release preparation of a Class D
corticosteroid comprising a lactic acid-glycolic acid copolymer microparticle containing the
Class D corticosteroid, wherein the Class D corticosteroid comprises between 8% to 20% of
the lactic acid-glycolic acid copolymer microparticle matrix. In some embodiments, the
controlled or sustained release preparation releases the corticosteroid for at least 14 days at
a rate that does not adversely suppress the hypothalamic-pituitary-adrenal axis (HPA axis).
In some embodiments, the controlled or sustained release preparation releases the
corticosteroid in a controlled or sustained release manner such that the levels of cortisol
suppression are at or below 35% by day 14 post-administration, for example post-
administration. In some embodiments, the controlled or sustained release preparation
releases the corticosteroid in a controlled or sustained release manner such that the levels of
cortisol suppression are negligible and/or undetectable by 14 post-administration. In some
embodiments, the controlled or sustained release preparation releases the corticosteroid in a
controlled or sustained release manner such that the levels of cortisol suppression are
negligible at any time post-administration.

[0070] The invention provides methods of treating pain or inflammation in a patient

comprising administering to said patient a therapeutically effective amount of a formulation
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selected from the following preparations: (i) a formulation comprising (a) controlled- or
sustained- release microparticles comprising a Class B corticosteroid and a lactic acid-
glycolic acid copolymer matrix, wherein the Class B corticosteroid comprises between 22%
to 28% of the microparticles and wherein the lactic acid-glycolic acid copolymer has one of
more of the following characteristics: (1) a molecular weight in the range of about 40 to 70
kDa; (2) an inherent viscosity in the range of 0.5 to 0.5 dL/g; or (3) a lactide:glycolide
molar ratio of 80:20 to 60:40; (ii) a formulation comprising (a) controlled- or sustained-
release microparticles comprising a Class A corticosteroid and a lactic acid-glycolic acid
copolymer matrix, wherein the Class A corticosteroid comprises between 15% to 30% of
the microparticles and wherein the lactic acid-glycolic acid copolymer has one of more of
the following characteristics: (1) a molecular weight in the range of about 40 to 70 kDa; (2)
an inherent viscosity in the range of 0.35 to 0.5 dL/g; or (3) a lactide:glycolide molar ratio
of 60:40 to 45:55; (iii) a formulation comprising (a) controlled- or sustained- release
microparticles comprising a Class C corticosteroid and a lactic acid-glycolic acid copolymer
matrix, wherein the Class C corticosteroid comprises between 15% to 30% of the
microparticles and wherein the lactic acid-glycolic acid copolymer has one of more of the
following characteristics: (1) a molecular weight in the range of about 40 to 70 kDa; (2) an
inherent viscosity in the range of 0.35 to 0.5 dL/g; or (3) a lactide:glycolide molar ratio of
60:40 to 45:55; and (iv) a formulation comprising (a) controlled- or sustained- release
microparticles comprising a Class D corticosteroid and a lactic acid-glycolic acid copolymer
matrix, wherein the Class D corticosteroid comprises between 8% to 20% of the
microparticles and wherein the lactic acid-glycolic acid copolymer has one of more of the
following characteristics: (1) a molecular weight in the range of about 40 to 70 kDa; (2) an
inherent viscosity in the range of 0.35 to 0.5 dL/g; or (3) a lactide:glycolide molar ratio of
60:40 to 45:55. In some embodiments, the formulation releases the corticosteroid for at
least 14 days at a rate that does not adversely suppress the hypothalamic-pituitary-adrenal
axis (HPA axis). In some embodiments, the formulation releases the corticosteroid in a
controlled or sustained release manner such that the levels of cortisol suppression are at or
below 35% by day 14 post-administration, for example post-administration. In some
embodiments, the formulation releases the corticosteroid in a controlled or sustained release
manner such that the levels of cortisol suppression are negligible and/or undetectable by 14

post-administration. In some embodiments, the formulation releases the corticosteroid in a
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for a period of fime at a rate that does not suppress (e.g., adversely and/or measurably) the

HPA axis.

[0073] In another aspect, a method of treating pain and/or inflammation in a joint of a

patient is provided that includes administering intra-articularly (e.g., by one or more

injections) a therapeutically effective amount of one or more corticosteroids in a

formulation to a patient with joint disease (e.g., osteoarthritis or rheumatoid arthritis). The

formulation has a sustained release microparticle formulation that may or may not release

detectable levels of corticosteroid for a length of time following administration and that

releases a detectable amount of corticosteroid(s) following administration, where the rate of

corticosteroid release from the sustained release microparticle formulation does not

adversely suppress the HPA axis. In some embodiments, corticosteroid released from the

sustained release microparticle formulation will not measurably suppress the HPA axis.

[0074] According to certain embodiments of the foregoing methods, the formulation

comprises a population of biodegradable polymer microparticles that contain the

corticosteroids. In some embodiments, the corticosteroids are 2% to 75% (w/w) of the

microparticles, preferably about 5% to 50% (w/w) of the microparticles, and more

preferably 5% to 40% or 10% to 30% (w/w) of the microparticles. In some embodiments,

the microparticles have a mass mean diameter of between 10 um to 100 um. In some

embodiments, the microparticles are formed from a hydrogel, hyaluronic acid, PLA or

PLGA. For example, the microparticles are formed from PLGA with a lactide to glycolide

co-polymer ratio of about 45:55 to about 80:20. In some embodiments, the corticosteroid is
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betamethasone, dexamethasone, triamcinolone acetonide, triamcinolone hexacetonide,
prednisolone, methylprednisolone, budenoside, mometasone, ciclesonide, fluticasone, salts
thereof, esters thercof or combinations thercof.

[0075] In yet another aspect, a composition is provided that includes a population of
biodegradable polymer microparticles that contain corticosteroid(s). For example, the
corticosteroid is betamethasone, dexamethasone, triamcinolone acetonide, triamcinolone
hexacetonide, prednisolone, methylprednisolone, budenoside, mometasone, ciclesonide,
fluticasone, salts thereof, esters thereof or combinations thereof. When the composition is
administered intra-articularly (e.g., by one or more injections), a therapeutically effective
amount of corticosteroid(s) is released for a period of time at a rate that does not suppress
the HPA axis. In some embodiments, the corticosteroid(s) released will not adversely
suppress the HPA axis. In some embodiments, the corticosteroid(s) released will not
measurably suppress the HPA axis.

[0076] In yet a further aspect, a composition is provided that includes a population of
biodegradable polymer microparticles that contain corticosteroid(s). For example, the
corticosteroid is betamethasone, dexamethasone, triamcinolone acetonide, triamcinolone
hexacetonide, prednisolone, methylprednisolone, budenoside, mometasone, ciclesonide,
fluticasone, salts thereof, esters thereof or combinations thereof. When the composition is
administered intra-articularly (e.g., by one or more injections), therapeutically effective
amounts of corticosteroid(s) are released following administration from a first component
for a first length of time and from a sustained release component for a second length of
time. Furthermore, the rate of corticosteroid(s) released from the sustained release
component does not suppress the HPA axis. In some embodiments, the corticosteroid(s)
released from the sustained release component during the second length of time will not
adversely suppress the HPA axis. In some embodiments, the corticosteroid(s) released from
the sustained release component during the second length of time will not measurably
suppress the HPA axis. In some embodiments, the first component comprises a
corticosteroid containing solution or suspension. In some embodiments, the first
component contains a corticosteroid that is different from that of the sustained release
component. In other embodiments, the same corticosteroid is used in both the first and
sustained release components.

[0077] According to certain embodiments of the foregoing compositions, the

corticosteroids are 2% to 75% (w/w) of the microparticles, preferably about 5% to 50%
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(w/w) of the microparticles, and more preferably 5% to 40% (w/w) of the microparticles. In
some embodiments, the microparticles have a mass mean diameter of between 10 um to
100 um. In some embodiments, the microparticles are formed from a hydrogel, hyaluronic
acid, PLA or PLGA. For example, the microparticles are formed from PLGA with a lactide
to glycolide co-polymer ratio of about 45:55 to about 80:20. In some embodiments, the
compositions further comprise a corticosteroid containing solution or suspension. In some
embodiments, the corticosteroid containing solution or suspension contains a corticosteroid
that is different from that found in the microparticles.

[0078] The invention also provides methods of slowing, arresting or reversing
progressive structural tissue damage associated with chronic inflammatory disease in a
patient comprising administering to said patient a therapeutically effective amount of a
population of microparticles selected from the following populations: (i) a population of
microparticles comprising a Class B corticosteroid or a pharmaceutically acceptable salt
thereof incorporated in a lactic acid-glycolic acid copolymer matrix, wherein the Class B
corticosteroid comprises between 22% to 28% of the microparticles; (ii) a population of
microparticles comprising a Class A corticosteroid or a pharmaceutically acceptable salt
thereof incorporated in a lactic acid-glycolic acid copolymer matrix, wherein the Class A
corticosteroid comprises between 15% to 30% of the microparticles; (iii) a population of
microparticles comprising a Class C corticosteroid or a pharmaceutically acceptable salt
thereof incorporated in a lactic acid-glycolic acid copolymer matrix, wherein the Class C
corticosteroid comprises between 15% to 30% of the microparticles; and (iv) a population
of microparticles comprising a Class D corticosteroid or a pharmaceutically acceptable salt
thereof incorporated in a lactic acid-glycolic acid copolymer matrix, wherein the Class D
corticosteroid comprises between 8% to 20% of the microparticles. In some embodiments,
the population of microparticles releases the corticosteroid for at least 14 days at a rate that
does not adversely suppress the hypothalamic-pituitary-adrenal axis (HPA axis).

[0079] The invention also provides methods of slowing, arresting or reversing
progressive structural tissue damage associated with chronic inflammatory disease in a
patient comprising administering to said patient a therapeutically effective amount of a
controlled or sustained release preparation selected from the following preparations: (i) a
controlled or sustained release preparation of a Class B corticosteroid comprising a lactic
acid-glycolic acid copolymer microparticle containing the Class B corticosteroid, wherein

the Class B corticosteroid comprises between 22% to 28% of the lactic acid-glycolic acid
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Class D corticosteroid, wherein the Class D corticosteroid comprises between 8% to 20% of
the lactic acid-glycolic acid copolymer microparticle matrix. In some embodiments, the
controlled or sustained release preparation releases the corticosteroid for at least 14 days at
a rate that does not adversely suppress the hypothalamic-pituitary-adrenal axis (HPA axis).
[0080] The invention also provides methods of slowing, arresting or reversing
progressive structural tissue damage associated with chronic inflammatory disease in a
patient comprising administering to said patient a therapeutically effective amount of a
formulation selected from the following preparations: (i) a formulation comprising (a)
controlled- or sustained- release microparticles comprising a Class B corticosteroid and a
lactic acid-glycolic acid copolymer matrix, wherein the Class B corticosteroid comprises
between 22% to 28% of the microparticles and wherein the lactic acid-glycolic acid
copolymer has one of more of the following characteristics: (1) a molecular weight in the
range of about 40 to 70 kDa; (2) an inherent viscosity in the range of 0.3 to 0.5 dL/g; or (3)
a lactide:glycolide molar ratio of 80:20 to 60:40; (ii) a formulation comprising (a)
controlled- or sustained- release microparticles comprising a Class A corticosteroid and a
lactic acid-glycolic acid copolymer matrix, wherein the Class A corticosteroid comprises
between 15% to 30% of the microparticles and wherein the lactic acid-glycolic acid
copolymer has one of more of the following characteristics: (1) a molecular weight in the
range of about 40 to 70 kDa; (2) an inherent viscosity in the range of 0.35 to 0.5 dL/g; or (3)
a lactide:glycolide molar ratio of 60:40 to 50:50; (iii) a formulation comprising (a)
controlled- or sustained- release microparticles comprising a Class C corticosteroid and a
lactic acid-glycolic acid copolymer matrix, wherein the Class C corticosteroid comprises
between 15% to 30% of the microparticles and wherein the lactic acid-glycolic acid

copolymer has one of more of the following characteristics: (1) a molecular weight in the
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lactic acid- glycohc a01d copolymer matrix, wherein the Class D corticosteroid comprises

between 8% to 20% of the microparticles and wherein the lactic acid-glycolic acid
copolymer has one of more of the following characteristics: (1) a molecular weight in the
range of about 40 to 70 kDa; (2) an inherent viscosity in the range of 0.35 to 0.5 dL/g; or (3)
a lactide:glycolide molar ratio of 60:40 to 50:50. In some embodiments, the formulation
releases the corticosteroid for at least 14 days at a rate that does not adversely suppress the
hypothalamic-pituitary-adrenal axis (HPA axis).

[0081] In some embodiments, the population of microparticles, the controlled or
sustained release preparation or formulation is administered as one or more intra-articular
injections. In some embodiments, the patient has osteoarthritis, rheumatoid arthritis, acute
gouty arthritis, and synovitis. In some embodiments, the patient has acute bursitis, sub-
acute bursitis, acute nonspecific tenosynovitis, or epicondylitis.

[0082] The invention also provides methods to slow, arrest, reverse or otherwise inhibit
progressive structural tissue damage associated with chronic inflammatory disease, for
example, damage to cartilage associated with osteoarthritis. In one embodiment, the
method includes the administration to a patient, for example local administration, of a
therapeutically effective amount of one or more corticosteroids in a formulation, wherein
the formulation releases the corticosteroid(s) for at least 14 days at a rate that does not
adversely suppress the hypothalamic-pituitary-adrenal axis (HPA axis). The methods to
assess the effect of corticosteroid formulations on disease progression include controlled
clinical studies that assess clinical end points and /or employ imaging technologies such as,
for example Magnetic Resonance Imaging (MRI), to determine effects on the structure in
chronically inflamed tissues, for example the effects on cartilage volume and other articular
and peri-articular structures in osteoarthritis and rheumatoid arthritis. (See e.g., Eckstein F,
et al. “Magnetic resonance imaging (MRI) of articular cartilage in knee osteoarthritis (OA):
morphological assessment.” Osteoarthritis Cartilage 14 Suppl A (2006): A46-75; Lo GH,
ct al. “Bone marrow lesions in the knee are associated with increased local bone density.”
Arthritis Rheum 52 (2005): 2814-21; and Lo GH, et al. “The ratio of medial to lateral tibial
plateau bone mineral density and compartment-specific tibiofemoral osteoarthritis.”

Osteoarthritis Cartilage 14 (2006): 984-90 the contents of each of which are hereby
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copolynersf%y con ensa&lon o Pract' ¢ ‘acr d“'s d’g yCcoO i°€Vacrd Fh t he presence
of a readisbiytisreamdvizbihatypolsyreeted rakmone thatalons frofnghgmixte, ghdareyg aci d

i on- exchange, r.esin suchlas Dowex HCR-W2-H). However, any suitable method
known i n PREUSPE ORISRy the pol yner can be used. [00184] In the

coacer vat i[@86pr 0d¢essne Enlsodirhélt, theRolocle gradabbe pfotsy elizes 8 sghpd@inged i n an
organi c sg@¥ent. Sui t abl e orqﬁnki solvents for the polyneric materials

i ncl ude, d'bed appasytuy O HFPg NEBE A @rOdE] BEERATEES h{dPBEar bons such as

chl or of or RMBBEAMIEE NI @MRNENPEhER, préde@iliz6s INpUAGAHRO TS Slahiatmet Ol uene,
hal ogenat ed aronmmti c. hydrocarbons such as chl or obenzene clic ethers

and c
such as di'diRaAS diskkdheinipmedidas et ibebintap diatigt §0-s7u$€tla§39énfbpo“é8gtﬁlgdab| e
pol yner i syd hesg mgxed with a non-sol vent such as silicone based solvent. By
m xi ng the m scible non -solvent in the organic solvent, the polyner
preci pi t al@$7but Fer the §llags Bearticasternid migroppigele forguiagions, Bpiosresmbyhiaenisqui d
dropl ets afedienil i eshitddbidNokaL MR SR bre MG AR AIRREANEPT
petroleumether, to formthe hardened mcroparticles. The m croparticles
are then dobil Bovae candsiariressss Phasde dEApiadispassadris a dagtihacad gyedlicenstd and
non- sol ve [ rati stirring speed
and dryi ng R ESALoReh HIRId APl KRR dcfen! EFRTHAL bRl
surface s¥¥8hnedsr thakdesnar Cond/ pabcbiticestgpid enidioparti¢l fiirmolatiofsQR8BE | n t he
phase separahloy Q"R halRELR! S BLRESINTESE0! 3R Al ARRL sRdiAgent s 1n
t he pol yner o prépare nmicroparticles. ase ‘Separation 1's 'S m'&r to
coacervation of a bi odegradabl e polynép. By addition of a nonsolvent such
as petroleumether, to the organic solvent containing a suitable
bi odegr adabl e pol yner, the polynmer is precipitates fromthe organi c sol vent
to formmcroparticles. [00186] In the salting out process, a suitable
bi odegr adabl e pol yner is dissolved in an aqueous m sci bl e organic sol vent.
Sui tabl e water m scible organic solvents for the polyneric materials
include, but are not Iimted to acetone, as acetone, acetonitrile, and
tetrahydrofuran. The water m scible organic solvent containing a suitable

o " o o o .



[ 00192] Bi odegradabl e pol ymer mcroparticles that deliver sustained rel ease
corticosteroids nmay be suspended in suitable aqueous or non-aqueous
carriers Whi2ete/areop9i ncl ude, but is not limted to water PCTAIS2018/046601
pharmaceutically acceptable oils, low nelting waxes, fats, |ipids,

| i posomes and any ot her pharmaceutically acceptable substance that is

l'i pophilic, substantially insoluble in water, and is biodegradabl e and/or

el i m nat abktRwhY¥oPetaw &l C PKR&Es s Rferdd ﬂatmeﬂtnssmta@ay embddide, tR! ants such
as vegetabl es and seeds are included. Exanples include oils nmade from corn,
sesane, calfiepaticleipaanifaciygsd oy desgbad i PCHPyklisationMe fYQ 9537 %etheal nond,
flax, saf |, QWRE of WA arQYi@ljéby fn@&ﬁ@ra&@%ﬁ;’ Fﬁférenogqlll {Helrle Sttor é%('aﬁll Ot:hE onseed
oi | ; waxes such as carnoba wax, beeswax, and ow, fats suc

tri gl ycer inderoparti¢leyi ade mgnufhctersd fiing SySOéJéulmgﬂ alri\ttatersmelﬂsson sy Wlmt@@ﬂm such as

red cell ,and

Rel ease fron1%' gggggﬁg@ﬂ%ggQyﬁgaﬁ%@gggg§9§%%ﬁggaﬁg§tg§?%3ﬁ%§ggﬁ%

i ntra- art ilastit agiflglydelid acat @polymet drgose slwiod and added by poagat@d solmgns tea

biodegradg kﬁaggc(gﬁﬁFkgr sustained release into a joint at a dosage that
u

does not ppress HPA axis, preferred | oadings of said
corti cost 0089 areis f:orﬁempihtedlthaB%etnevalagm'oprw@/caQWrmboduﬁem hethp pteyanmer |

preferably about 5%to ab 3096 nor e ref ut 5%to bout 28% of
Phe poly ik Srighssa 4t AU g Padeeie sop Pk SERerseh R sty

bi 0- er osi eferwhbiphnhd ehﬂaqdﬁnermts, aré B critel tuhdo iferait aspecs bethe preetht fn@eﬂtf(bﬁ
inflammatory site. The pharmacokinetic release profile of the

corticosteroid by the bi rst order, zero order,
bi- or nmulti-phasic, to gﬁggl eS|re3¥§Feaﬁ?y%RﬁU%§|nflannatory rel at ed
pain. In any pharmacoki netic event, t he bi o-erosion of the polyner and
subsequent[0098] eadegud | tshegrgbrdepicting the bitltd am'swalalr ewgkutratinnsy tapowtid bnd)ed rel ease
of a corti i ter énr(ljicfcr oc[cT}lt hensp§01¥0m soli 1ne 3(ft Qe ra}[lcmﬁf r[i’llenllS ere at dosages
t hat do no? sup%ress PHEER are escrl OVeé. prents [00195]
The reIeaaaxﬂ@hgmaknmhembmmtmmmsfmepmdmfm@aﬁanﬁﬂhﬂ@@gﬁﬂ&bﬁﬁubﬂlyner mat ri x

can be nodul at ed st abi l.i zed .by add| har.nace al | tabl e
Cati D e Wit TR R s e AR R e EDr RIS RE e R R sBRRE R
i ngr edi entugdeeidn bdtht e Abixgde gHoachalb e uwbmmeﬁecdlﬁmotrht toptdott&d In@t  a

corticosteroid or a bjodegradable pol Phar maceuti.ca pt abl e
exci pi ent ST Hanaaléna@j\»ﬂ?rﬁamchr RS TABRY TeqHifsdn Magisiy F%@%Cya@tfe%se

sorbitol, J0RINef §Phin Bl MRARRIAWILBRE drest 3 hetial phatRhdl @am@degb Nat es,
tragacanth, gelatin, calciumsjlicate, mcraocrystalline ceIIquse PEG

pol ysor batiissuscausss) Bydtlampaomylisepsss- ywﬁwesgﬁrl?a@t Pitbheortigasicrqid Bdideyat er |

sal i ne, syh#RieniTREAMicAS! doHE QBB o RIMERIROHERY Mythe fALEUERAS8ad HR €XCi pi ent
for modul ating the release rate of a corticosteroid fromthe biodegradabl e
dr ug depomaWHV“aﬁQ@aWM@ﬁﬁmﬁc%ﬁ?@@ﬂ@lmﬁﬁﬂtbw¢%n pore formers, pH nodifiers,
reduci ng 3eaj s, rafth! oxiAanh% @a@gﬁl BfnbaAlEAY BRI 3 sufRbskivgry of
Corticostéroid M oparticles “PooT % ent‘seratllétgg’m&ﬁl st rasttlﬁns of

formul at i @ﬁsnmertonecqrmpémodmtlonaECsbén%mL)e‘cst dje blpr irimemolane iestiingle i nj ecti on
or other ij inject the mcroparticles into a

j oi nt, neé Pg%&kavyﬁﬁhgﬂngﬂﬁgﬁo1ﬁmﬁ%§? 14- 28 gauge are suitable. It wll be
appreci at ¢609By t Wm@me Slsial grq:dh deplctuhgthacltangdnmtsemammIoaentnmstocsﬁpnrdfselopr esent

i nvention be del |ve t e S other onven |ona

met hods, oheH 7RG CAte Pm?““%onﬁ]%étfg?&f Fyfﬁs hme)pfb %?Ocrg“so“efoﬁj ection guns
and the | Iaﬁmlnls[t@&ﬂ.ﬁs?a]sm@ld 1m1afaem(ettmegectlpmtrﬁhé Bstecbdﬁse.nt applications or other

document s e hereby in or at ed ference. 00198] The
oresent  AOAT o'l R RRERRR 10V T Gy ERAN T IS . shoul o
bfe uEder stvmdutt(tramnmhe)sau&maignbmchau\gﬂ ih ﬁel sokitdadyion glepftet eXid ebr ﬁirtlﬁ’laodlb ment s

of the inventjon, are give il.lustration on From t he _above

di scussi oRMEHET FHEsC %?rﬁBBéVé‘){l @%ma@.) P%ﬁtmﬁttaftrwechaﬁe if i SSREBIWAL n 1 he
essenti al tevawR6ti€ hit& tintfeSar@éuldritbSichdidt6iat.| Dibse adisldothdnl@ait tde@arting fromthe
spirit and scope thereof, can make various changes and nodifications of the
invention to adapt it to various uses gnd conditions. EXAMPLE 1:

Sust ai ned- Rel ease Bet anet hasone or Trianti nol one Acetonide M croparticles
[00199] In one enbodinment, the mcroparticle formulation contains a

copol ymer of DLlactide (or L-lactide) and glycolide in a 45:55 nolar ratio
(up to 75:25 nmolar ratio) with an inherent viscosity ranging fromO0.15 to
0.60 dL/g with either an ester or acid end group plus either the
corticosteroid betanethasone or triantinol one acetonide. |f betanethasone
is used, then the betanethasone is in the formof either betanethasone
acetate betanethasone dlproprlonate or a conblnatlon thereof The total

T . o . T Y 1 .. o



[ 00202] A pharmaceutical depot was prepared conprised of the
corticosteroid, trianctinolone acetonide (TCA,

9a- Fl uor owQ2pB/Ms®@917a, 21-t et rahydr oxy- 1, 4- pr egnadi ene3 PROAR@NO46601

16, 17- acet oni de; 9a- Fl uor o- 16a- hydr oxypr edni sol one 16a, 17a- acet oni de)
incorporated into PLGA mcroparticles. [00203] In one suitable thirty day
formul ati on, 250 ng of triantinol one acetonide and 750 ng of PLGA (Il acti de:

gl ycol i de somltRfty bRiht PIPAf axisovadss withBsHi@Rterold, 96QS hidtid with dlifidadly and
nol ecul ar wei ght of 54 kDa) were dispersed in 14.25 grans of

di chl or omdPpRIfat imphigatigns fa thej selsctipaof dosshfos sestaipdalehyEy BiipbipirerdicByr addi ng
the dispergsien to the feed well of a rotating disk, rotating at a speed of
approxi matel y 3300 rpminside a tenperature controlled chanber naintained
at 38-45CI00PdE sdlignen? iswessaphvdgpieting thel curaulpiivsdatsentgeledsd ofd aerapalrSiel es. The
m croparti el I ad: usi : .separator and, subsequently,
si eved thr(%t Erlé}ﬁgfg%&%zf!&&gﬂgggqﬁ[%%E%if%gé%écﬁeg size of the TCA

i ncor por atlé®Shi crapag ¢ iscl @wephwiepictied be paladdedisingy dossteracldeeftraasititon ( Mal ver n

Mast er si zer. . . di 1 i t, LN i.t h.the

orract i vavrisdamn il APSLEhd oy Ged T X Sho (iR MR

respect i vabminaBith ¢ RIrGAVES:2 frenicrbzartided. dde tiveddmnpleprevvas fom toped at 2500
rpm and asurepent s every.l15. seconds, wth.the averagg,of three
omsur ene P auih Shr eaah 206 segal HebkiBaRTa s s DUEENY RS her o added to
10 mL of domieslhptisitbi dost ded LNWGEso! ifhikieoh dssti | di ssol ved and an al i quot
anal yzed LCto determne the mcr rticle dr | oad, Anoth 4 ny of
TCA vont aillish mrisEhas Sodushe el fose oS obHEE AT R Apuf Per ed
sal i ne ( PBQ), 16 nliami 330 @rikobdippReNishsdRdeayal 350 ralaep((GPJy:.28mi nt ai ned at

37C. 0.5 nL of the nedia was renoved at regular intervals, replaced at each
i nterval WRRERPHHCIEyUihy dpessk linghisarreenbrirgm aRo hstpmuotithe srapth o4 1orfOdiselonst ant

vol une, anthighed ¥ZEdobYcIiReCGnhBitda a8t 58 cOiiSsIQRAbitibIEIRe bl o Lb@issle] ease.
Anal ysis by HPLC was conducted using a C18 (Waters Nova-Pack C 18, 3.9 x

150 nm) anhitgBop ¢rsetonitrile nobile phase at 1 m/min flowrate with W
det ection [6097 40 Fillire gﬁ% rﬁﬁwe §ti§§&nﬁmw@$1@%n£?é§%§e Sfa segﬁllalp?ep'éfati@l?al ytical

Results for 25% Trianti nol one Acetoni de PL M croparticles PLGA(
| acti de: Df ngminglad”4 mewmcwoloat agtonpigrin PeGA 78122 enipiepyrticlesousgigpacitematenol ar
ratio rati 94% hgrent viscosity/ nol ecul ar wei ght/target% (% CA by wei ght)
efficienc (p/é3 ﬁ)\/ ium) release (%9 TCA

[0098] Figure 9 is a graph depicting calculated human dose to achieve transient cortisol

suppression and within 14 days achieve less than 35% cortisol suppression using a second
preparation of nominal 25% TCA PLGA 75:25 microparticles made by an alternate
preparation. The dotted lines represent, from top to bottom of the graph, 50% cortisol
inhibition dose, 40% cortisol inhibition dose, 35% cortisol inhibition dose and 5% cortisol
inhibition dose.

[0099] Figure 10 is a graph depicting: calculated human dose that does not affect the
HPA axis, less than 35% cortisol suppression using a second preparation of nominal 25%
TCA PLGA 75:25 microparticles made by an alternate preparation. The dotted lines
represent, from top to bottom of the graph, 50% cortisol inhibition dose, 40% cortisol
inhibition dose, 35% cortisol inhibition dose and 5% cortisol inhibition dose.

[00100] Figure 11 is a graph depicting cumulative percent release of nominal 25%
triamcinolone acetonide in 5% PEG 1450/PLGA 75:25 microparticles.

[00101] Figure 12 is a graph depicting cumulative percent release of nominal 25%

triamcinolone acetonide in 10% PEG 3350/PLGA 75:25 microparticles.
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[00102] Figure 13 is a graph depicting calculated human dose to achieve transient
cortisol suppression and within 14 days achieve less than 35% cortisol suppression using
nominal 25% TCA 5% PEG 1450/PLGA 75:25 microparticles. The dotted lines represent,
from top to bottom of the graph, 50% cortisol inhibition dose, 40% cortisol inhibition dose,
35% cortisol inhibition dose and 5% cortisol inhibition dose.

[00103] Figure 14 is a graph depicting calculated human dose to achieve transient
cortisol suppression and within 14 days achieve less than 35% cortisol suppression using
nominal 25% TCA 10% PEG 3350/PLGA 75:25 microparticles. The dotted lines represent,
from top to bottom of the graph, 50% cortisol inhibition dose, 40% cortisol inhibition dose,
35% cortisol inhibition dose and 5% cortisol inhibition dose.

[00104] Figure 15 is a graph depicting calculated human dose that does not affect the
HPA axis, less than 35% cortisol suppression using nominal 25% TCA 5% PEG
1450/PLGA 75:25 microparticles. The dotted lines represent, from top to bottom of the
graph, 50% cortisol inhibition dose, 40% cortisol inhibition dose, 35% cortisol inhibition
dose and 5% cortisol inhibition dose.

[00105] Figure 16 is a graph depicting calculated human dose that does not affect the
HPA axis, less than 35% cortisol suppression using nominal 25% TCA 10% PEG
3350/PLGA 75:25 microparticles. The dotted lines represent, from top to bottom of the
graph, 50% cortisol inhibition dose, 40% cortisol inhibition dose, 35% cortisol inhibition
dose and 5% cortisol inhibition dose.

[00106] Figure 17 is a graph depicting cumulative percent triamcinolone acetonide
release of nominal 40%, 25% 20%, 15% and 10% TCA containing PLGA 75:25
microparticles.

[00107] Figure 18 is a graph depicting cumulative percent release of nominal 25% TCA
PLGA 75:25 (29 kDa) and PLGA 75:25 (54 kDa) containing microparticles.

[00108] Figure 19 is a graph depicting cumulative percent release of triamcinolone
acetonide in PLGA 50:50 microparticle formulations.

[00109] Figure 20 is a graph depicting cumulative percent release of nominal 28.6%
triamcinolone acetonide in PLGA 75:25 plus Triblock microparticle formulations.

[00110] Figure 21 is a graph depicting calculated human dose to achieve transient
cortisol suppression and within 14 days achieve less than 35% cortisol suppression using

nominal 28.6% TCA 10% Triblock/PLGA 75:25 microparticles. The dotted lines represent,
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14 day 70.9 21 day:76.4 28 day:79.1 [00205] The in vitro

cunul ative release profile is graphed in Figure 5. [00206] In one iteration
of these weatazapwoanount of TCA rel eased per day was c&Ctalsaries4dsased on a
human dose, as exenplified in Table 2, that woul d achi eve a transient
suppressi on of endogenous cortisol (greater than 509 and, within 14 days,
achi eve cortisol suppression of endogenous cortisol of |ess than 35% as

shown i n Feop tdbottolh cﬁﬂ&ﬂﬁﬁ%dw%%ﬁ%él%ﬂﬁﬁoﬂ Q8 21093 Rtisol MBiLAVAWRSe, Of
tri anti nol one acetoni de rel eased ﬁlwas cal cul at ed based on a hunan

dose, as é)?éwﬁﬁmspiléhllbltlﬁn‘i*&‘tﬁlaédé(y%%ﬂtsobﬂﬁ pbHiopdesesuppress the HPA axis, L e.

endogenougo@qjf | uré%@%%%h%g%%}g%lc%%@%%ﬁﬁdéé% A9i0URicnh Figure 7.
These cal cul at ed doses equal m croparticles containing 94 ng of

TCA and 8G@ofiigolshrnressionpad witkind4 dwrﬂpbyem lag thap 39t0 estisponpPicesgrewsttigvel y .
[00207] 1, r%m%ﬁ?%@ gg’Aeﬂ)‘% #ibRBPLGAPR. 2%%%0&8{15{94 e Ao AL Yc{)?ﬁgerﬁnd in

vitro rel ease p he sane manner results are equivalent as
shown i n Tabl tep 6 battenh Hitlpgremh, 8§)% Qorting idl@bitidihéose.A0¢wdcatisetinhibrten ddssse, as

exerrpl i %9/ c%{tl g’plflﬁlt)i%okla ea E‘% 0 %%IEHISE%H%B%nSi ent suppr essi .On of

endogenous” cor 0 rea hin 14 days, achieve
corti sol iﬁﬂlﬂzbsﬂlgnmeZﬁ‘lsergmhpgelamclmgmatcu]a&dlhumﬁn ﬂm@ﬂh@ﬂnaﬁfﬁeetqhal s 280 ny

O o " PR 37, AL DR 0, S I p SRR G Lo Sose. s
endogenoudridickPEGIA Ftasntiesphioidlcn EVIRs dotd ed irquesBEt,%rﬁﬁ t@l t6 boBornigf thé
T obar oL LS SO AL PLILKL I O TOA L TRRLE 6 e Mol sl L Lor
M cropar t idedeashd BtdktidoBighibiRn dB¥elg | oad
[00113] Figure 24 is a graph depicting calculated human dose that does not affect the
HPA axis, less than 35% cortisol suppression using nominal 28.6% TCA 20%
Triblock/PLGA 75:25 microparticles. The dotted lines represent, from top to bottom of the
graph, 50% cortisol inhibition dose, 40% cortisol inhibition dose, 35% cortisol inhibition
dose and 5% cortisol inhibition dose.
[00114] Figure 25 is a graph depicting cumulative percent release of nominal 16.7%
triamcinolone acetonide in mixed molecular weight PLGA 75:25 microparticle
formulations.
[00115] Figure 26 is a graph depicting calculated human dose to achieve transient
cortisol suppression and within 14 days achieve less than 35% cortisol suppression using
nominal 16.7% TCA mixed molecular weight PLGA 75:25 microparticles. The dotted lines
represent, from top to bottom of the graph, 50% cortisol inhibition dose, 40% cortisol
inhibition dose, 35% cortisol inhibition dose and 5% cortisol inhibition dose.
[00116] Figure 27 is a graph depicting calculated human dose that does not affect the
HPA axis, less than 35% cortisol suppression using nominal 16.7% TCA mixed molecular
weight PLGA 75:25 microparticles. The dotted lines represent, from top to bottom of the
graph, 50% cortisol inhibition dose, 40% cortisol inhibition dose, 35% cortisol inhibition
dose and 5% cortisol inhibition dose.
[00117] Figure 28 is a graph depicting cumulative percent release of nominal 28.6%

triamcinolone acetonide in various polymer microparticle formulations.
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| ncorporation Particle size In vitro glycofide nolar ratio ratio/inherent
vi scosi ty/ nol ecul ar wei ght/target % (%CA by weight) efficiency (%9 (Dv, ium
) rel easew Q2121002009 75:25 carboxylic 27.5 110 DO.1: 3@C¥aseomO46otay: 4.8

[00118] Figure 29 is a graph depicting cumulative percent release of nominal 28.6%
Prednisolone in PLGA 50:50 microparticle formulation.

[00119] Figure 30 is a graph depicting calculated human dose to achieve transient
cortisol suppression and within 14 days achieve less than 35% cortisol suppression using
nominal 28.6% PRED PLGA 50:50 microparticles. The dotted lines represent, from top to
bottom of the graph, 50% cortisol inhibition dose, 40% cortisol inhibition dose, 35%
cortisol inhibition dose and 5% cortisol inhibition dose.

[00120] Figure 31 is a graph depicting calculated human dose that does not affect the
HPA axis, less than 35% cortisol suppression using nominal 28.6% PRED PLGA 50:50
microparticles. The dotted lines represent, from top to bottom of the graph, 50% cortisol
inhibition dose, 40% cortisol inhibition dose, 35% cortisol inhibition dose and 5% cortisol
inhibition dose.

[00121] Figure 32 is a graph depicting cumulative percent release of nominal 28.6%
Betamethasone PLGA 50:50 microparticle formulation.

[00122] Figure 33 is a graph depicting calculated human dose to achieve transient
cortisol suppression and within 14 days achieve less than 35% cortisol suppression using
nominal 28.6% BETA PLGA 50:50 microparticles. The dotted lines represent, from top to
bottom of the graph, 50% cortisol inhibition dose, 40% cortisol inhibition dose, 35%
cortisol inhibition dose and 5% cortisol inhibition dose.

[00123] Figure 34 is a graph depicting calculated human dose that does not affect the
HPA axis, less than 35% cortisol suppression using nominal 28.6% BETA PLGA 50:50
microparticles. The dotted lines represent, from top to bottom of the graph, 50% cortisol
inhibition dose, 40% cortisol inhibition dose, 35% cortisol inhibition dose and 5% cortisol
inhibition dose.

[00124] Figure 35 is a graph depicting cumulative percent release of nominal 16.7%
Fluticasone Propionate PLGA 50:50 microparticle formulation.

[00125] Figure 36 is a graph depicting calculated human dose to achieve transient
cortisol suppression and within 14 days achieve less than 35% cortisol suppression using
nominal 16.7% FLUT PLGA 50:50 microparticles. The dotted lines represent, from top to
bottom of the graph, 50% cortisol inhibition dose, 40% cortisol inhibition dose, 35%
cortisol inhibition dose and 5% cortisol inhibition dose.

[00126] Figure 37 is a graph depicting calculated human dose that does not affect the

HPA axis, less than 35% cortisol suppression using nominal 16.7% FLUT PLGA 50:50
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microparticles. The dotted lines represent, from top to bottom of the graph, 50% cortisol
inhibition dose, 40% cortisol inhibition dose, 35% cortisol inhibition dose and 5% cortisol
inhibition dose.

[00127] Figure 38 is a graph depicting cumulative percent release of various Fluticasone
Propionate PLGA microparticle formulations.

[00128] Figure 39 is a graph depicting cumulative percent release of nominal 28.6%
DEX PLGA 50:50 microparticle formulation.

[00129] Figure 40 is a graph depicting calculated human dose to achieve transient
cortisol suppression and within 14 days achieve less than 35% cortisol suppression and does
not affect the HPA axis, less than 35% cortisol suppression using nominal 28.6% DEX
PLGA 50:50 microparticles. The dotted lines represent, from top to bottom of the graph,
50% cortisol inhibition dose, 40% cortisol inhibition dose, 35% cortisol inhibition dose and
5% cortisol inhibition dose.

[00130] Figures 41A-41D are a series of graphs depicting the mean concentration-time
profiles of various doses of TCA IR and FX006 in rat plasma following single intra-
articular doses. A microparticle formulation of TCA in 75:25 PLGA formulation
microparticles, referred to as FX006, dosed at 1.125 mg resulted in a very slow absorption
of TCA in the systemic circulation and a markedly lower Cyax as compared to TCA IR.
Concentrations for the first 72 hr are presented in Figures 41C and 41D on a larger time
scale.

[00131] Figure 42 is a graph depicting corticosteroid inhibition and recovery with TCA
IR (immediate release) and FX006 (microparticle formulation) in rats.

[00132] Figure 43 is a graph depicting the pharmacokinetic/pharmacodynamic (PK/PD)
relationship of systemic TCA levels and corticosterone inhibition.

[00133] Figures 44A-44C are a series of graphs depicting the gait analysis scores, an
indicator of pain, in rats injected with doses of either immediate release triamcinolone
acetonide (TCA IR) or TCA microparticles (FX006) in a model of osteoarthritis. In Figure
44A, FX006 at 0.28, 0.12 and 0.03 mg (TCA doses) is expressed as TCA concentrations of
the dosing formulation (4.67, 2 and 0.5 mg/ml). In Figure 44B, FX006 at 0.28 mg (TCA
dose) is expressed as TCA concentrations of the dosing formulation (4.67 mg/ml).
Similarly, TCA IR at 0.03 mg is expressed as triamcinolone at 0.5 mg/ml. In Figure 44C,
FX006 at 0.28, 0.12 and 0.03 mg (TCA doses) is expressed as TCA concentrations of the
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21 day: 74. 2 28 day: 75.7 [00208] Influence of PEG on PLGA 75: 25

Formul ations: In other suitable formulations, polyethylene glycol was added
to the PMVB20B/A%0Pol ymers whil e keeping the target ano®ei/usRotios@ati nol one
acetoni de constant. PEG PLGA bl ends are known to allow for nore conplete
and faster release of pharmaceutical agents incorporated into

m croparticles than PLGA alone (Cleek et al. "Mcroparticles of

pol y( DL- | agtihermaabiieolicr, 2&idh.3 Rl esibykene c wealolosking0ds nfei control | ed
drug delivery." J Control Release 48 (1997): 259-268; Mrlock, et al.

" Er yt hr opSxessed pgHeBeinelPes Bd P ednpmépar ed from bi odegr adabl e

LPLG PEO Ll Guf 1 ichhiocks 59 itingHeRt SliMre3p AR tolg @l Qpediad i n-vitro
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inflammation using corticosteroids. The compositions and methods provided herein use one

or more corticosteroids in a microparticle formulation. The corticosteroid microparticle
formulations provided herein are effective at treating pain and/or inflammation with
minimal prolonged suppression of the HPA axis and/or other long term side effects of
corticosteroid administration. The corticosteroid microparticle formulations provided
herein are effective in slowing, arresting, reversing or otherwise inhibiting structural
damage to tissues associated with progressive disease with minimal prolonged suppression
of the HPA axis and/or other long term side effects of corticosteroid administration. The
corticosteroid microparticle formulations provided herein deliver the corticosteroid in a
dose and in a sustained release manner such that the levels of cortisol suppression are at or
below 35% by day 14 post-injection. In some embodiments, the corticosteroid
microparticle formulations provided herein deliver the corticosteroid in a dose and in a
controlled or sustained release manner such that the levels of cortisol suppression are
negligible and/or undetectable by 14 post-injection. Thus, the corticosteroid microparticle
formulations in these embodiments are effective in the absence of any significant HPA axis

suppression. Administration of the corticosteroid microparticle formulations provided
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herein can result in an initial “burst” of HPA axis suppression, for example, within the first
few days, within the first two days and/or within the first 24 hours post-injection, but by day
14 post-injection, suppression of the HPA axis is less than 35%.

[00139] The use of microparticles to administer corticosteroids is known (See, e.g., U.S.
Patent Application Publication. No. 20080317805). In addition, corticosteroids are known
to be useful for the symptomatic treatment of inflammation and pain.

[00140] New data also suggest that synovitis may be associated with the structural
damage, for example, the deterioration of cartilage and other peri-articular associated with
the progression of osteoarthritis and rheumatoid arthritis. (See e.g., Hill CL, et al.
“Synovitis detected on magnetic resonance imaging and its relation to pain and cartilage
loss in knee osteoarthritis.” Ann Rheum Dis 66 (2007):1599-603; van den Berg WB, et al.
“Synovial mediators of cartilage damage and repair in osteoarthritis.” In: Brandt KD,
Doherty M, Lohmander LS, eds. Osteoarthritis. Second ed. Oxford: Oxford University Press
(2003):147-55; Ayral X, et al. “Synovitis: a potential predictive factor of structural
progression of medial tibiofemoral knee osteoarthritis -- results of a 1 year longitudinal
arthroscopic study in 422 patients.” Osteoarthritis Cartilage 13 (2005):361-7; and Kirwan
JR, et al. “Effects of glucocorticoids on radiological progression in rheumatoid arthritis.”
Cochrane Database Syst Rev 2007:CD006356).

[00141] The administration of corticosteroids, particularly for extended periods of time,
can have a number of unwanted side effects. The HPA axis, the interdependent feedback
mechanism between the hypothalamus, the pituitary gland and the adrenal cortex, may be
suppressed by the administration of corticosteroids, leading to a variety of unwanted side
effects. The extent of HPA axis suppression, and related inhibition of endogenous cortisol
production, has been attributed to the potency of the corticosteroid, the dose, systemic
concentration, protein binding, rate of elimination (Meibohm et al. “Mechanism-based
PK/PD model for the lymphocytopenia induced by endogenous and exogenous
corticosteroids.” Int J Clin Pharmacol Ther. 37(8) (1999):367-76) and, for one
corticosteroid, a change in sensitivity of the HPA axis (Derendorf et al. “Clinical PK/PD
modelling as a tool in drug development of corticosteroids.” Int J Clin Pharmacol Ther.
35(10) 1997: 481-8). Furthermore, intra-articular doses of corticosteroids associated with
only limited anti-inflammatory and short-term analgesic benefit (Hepper et al. “The efficacy
and duration of intra-articular corticosteroid injection for knee osteoarthritis: a systematic

review of level I studies.” J Am Acad Orthop Surg. 17(10) 2009: 638-46) have been
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associated with HPA axis suppression (Habib, “Systemic effects of intra-articular
corticosteroids.” Clin Rheumatol. 28(7) (2009): 749-56).

[00142] The changes in sensitivity to corticosteroid effects over time should alter clinical
steroid dosing, but prior to the instant invention, this has not been understood.

[00143] The details of one or more embodiments of the invention are set forth in the
accompanying description below. Although any methods and materials similar or
equivalent to those described herein can be used in the practice or testing of the present
invention, the methods and materials are now described. Other features, objects, and
advantages of the invention will be apparent from the description. In the specification, the
singular forms also include the plural unless the context clearly dictates otherwise. Unless
defined otherwise, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. In

the case of conflict, the present Specification will control.
[00144] Definitions

[00145] The terms below have the following meanings unless indicated otherwise.
[00146] An amount of a corticosteroid that does not “suppress the hypothalamic-
pituitary-adrenal axis (HPA axis)” refers to the amount of the sustained release
corticosteroid delivered locally to relieve pain due to inflammation, which provides a
systemic concentration that will not have a clinically significant effect or “adverse effect”
on the HPA axis. Suppression of the HPA axis is generally manifested by a reduction in
endogenous glucocorticoid production. It is useful to consider both basal and augmented
production of endogenous glucocorticoids. Under ordinary, “unstressed” conditions,
glucocorticoid production occurs at a normal, basal level. There is some natural variation of
production during the course of the 24-hour day. Under extraordinary, “stressed”
conditions associated with, e.g., infection or trauma and the like, augmented endogenous
production of glucocorticoids occurs. Endogenous cortisol production may be determined
by measuring glucocorticoid concentrations in plasma, saliva, urine or by any other means
known in the art. It is known that systemic concentrations of corticosteroids can suppress
the HPA axis. For example, on day 3 after an intra-articular injection of 20 mg
triamcinolone hexacetonide plasma levels, of approximately 3-4 ng/mL have been observed.
These resulted in a transient but highly statistically significant 75% HPA-axis suppression

(Derendorf et al., “Pharmacokinetics and pharmacodynamics of glucocorticoid suspensions
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after intra-articular administration.” Clin Pharmacol Ther. 39(3) (1986):313-7) which,
however, does not necessarily portend complete HPA failure (Habib, “Systemic effects of
intra-articular corticosteroids.” Clin Rheumatol 28 (2009): 749-756, see p752 col. 1, para 2,
final sentence). While such transient suppression is generally considered to be acceptable
without clinically significant effect, more persistent suppression, i.e., weeks, would be
deemed clinically detrimental. In embodiments of the present invention, administration of
the formulation may result in a clinically acceptable HPA suppression, particularly during
the initial release period of the therapy. In some embodiments of the present invention,
administration of the formulation will not result in any significant level of HPA
suppression, including no detectable HPA suppression, particularly during the initial release
period of the therapy. During the subsequent or sustained release period of the therapy,
additional corticosteroid may be released into the plasma. However, the plasma levels
during this period will generally be less than those during the initial release period, if any
corticosteroid release occurs, and will not be associated with HPA axis suppression.
Further, the adverse events associated with exogenous corticosteroid administration, e.g.,
hyperglycemia, hypertension, altered mood, etc. will generally not be observed. Preferably,
the number of clinical adverse events during this period will not substantially exceed the
number achieved by an immediate release formulation alone or by KENALOG™ or its
bioequivalent and will, preferably, be fewer than during the prior, initial release period of
the therapy, if any corticosteroid release occurs. Alternatively, one can determine the
suppression of the formulation on HPA by measuring endogenous cortisol production.
Thus, the formulation can be considered as avoiding clinically significant (or adverse)
suppression of the HPA axis where the endogenous cortisol level is substantially the same
in the steady state between a patient population receiving a therapeutically beneficial
amount of an immediate release formulation and those receiving a therapeutically beneficial
amount of a sustained release formulation. Such a formulation would be deemed to have no
clinically significant effect on the HPA axis. Alternatively or additionally, a small but
measurable reduction in steady-state glucocorticoid production can result from the
formulation during the sustained release period of the therapy with adequate preservation of
the augmented, stress response needed during infection or trauma can be deemed a
clinically insignificant suppression of the HPA axis. Endogenous glucocorticoid production
may be assessed by administering various doses of adrenocorticotropin hormone or by other

tests known to those skilled in the art. Embodiments of the current invention provide for
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receiving low-dose prednisolone.” Am. J. Med. 95 (1993): 258-264). Therefore, up to
approximately 40% suppression will be clinically well tolerated and very unlikely to be
associated with importantly adverse clinical events such as hypoadrenalism or soft-tissue or
bony or metabolic changes indicative of long-term glucocorticoid excess.

[00148] “Patient” refers to a human diagnosed with a disease or condition that can be
treated in accordance to the inventions described herein. In some embodiments it is
contemplated that the formulations described herein may also be used in horses.

[00149] “Delivery” refers to any means used to place the drug into a patient. Such means
may include without limitation, placing matrices into a patient that release the drug into a
target area. One of ordinary skill in the art recognizes that the matrices may be delivered by
a wide variety of methods, e.g., injection by a syringe, placement into a drill site, catheter or
canula assembly, or forceful injection by a gun type apparatus or by placement into a
surgical site in a patient during surgery.

[00150] The terms “treatment” and “treating” a patient refer to reducing, alleviating,

stopping, blocking, or preventing the symptoms of pain and/or inflammation in a patient.
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As used herein, “treatment” and “treating” includes partial alleviation of symptoms as well
as complete alleviation of the symptoms for a time period. The time period can be hours,
days, months, or even years.

[00151] By an “effective” amount or a “therapeutically effective amount” of a drug or
pharmacologically active agent is meant a nontoxic but sufficient amount of the drug or
agent to provide the desired effect, e.g., analgesia. An appropriate “effective” amount in
any individual case may be determined by one of ordinary skill in the art using routine
experimentation.

[00152] “Site of a patient’s pain” refers to any area within a body causing pain, e.g., a
knee joint with osteoarthritis, nerve root causing sciatic pain, nerve fibers growing into
annular tears in discs causing back pain, temporomandibular joint (TMJ) pain, for example
TMI pain associated with temporomandibular joint disorder (TMD) or pain radiating from
epidural or perineural spaces. The pain perceived by the patient may result from
inflammatory responses, mechanical stimuli, chemical stimuli, thermal stimuli, as well as
allodynia.

[00153] Additionally, the site of a patient’s pain can comprise one or multiple sites in the
spine, such as between the cervical, thoracic, or lumbar vertebrae, or can comprise one or
multiple sites located within the immediate area of inflamed or injured joints such as the
shoulder, hip, or other joints.

[00154] A “biocompatible” material refers to a material that is not toxic to the human
body, it is not carcinogenic and it should induce limited or no inflammation in body tissues.
A “biodegradable” material refers to a material that is degraded by bodily processes (e.g.,
enzymatic) to products readily disposable by the body or absorbed into body tissue. The
biodegraded products should also be biocompatible with the body. In the context of intra-
articular drug delivery systems for corticosteroids, such polymers may be used to fabricate,
without limitation: microparticles, micro-spheres, matrices, microparticle matrices, micro-
sphere matrices, capsules, hydrogels, rods, wafers, pills, liposomes, fibers, pellets, or other
appropriate pharmaceutical delivery compositions that a physician can administer into the
joint. The biodegradable polymers degrade into non-toxic residues that the body casily
removes or break down or dissolve slowly and are cleared from the body intact. The
polymers may be cured ex-vivo forming a solid matrix that incorporates the drug for
controlled release to an inflammatory region. Suitable biodegradable polymers may

include, without limitation natural or synthetic biocompatible biodegradable material.
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Natural polymers include, but are not limited to, proteins such as albumin, collagen, gelatin
synthetic poly(aminoacids), and prolamines; glycosaminoglycans, such as hyaluronic acid
and heparin; polysaccharides, such as alginates, chitosan, starch, and dextrans; and other
naturally occurring or chemically modified biodegradable polymers. Synthetic
biocompatible biodegradable materials include, but are not limited to, poly(lactide-co-
glycolide) (PLGA), polylactide (PLA), polyglycolide (PG), polyhydroxybutyric acid,
poly(trimethylene carbonate), polycaprolactone (PCL), polyvalerolactone, poly(alpha-
hydroxy acids), poly(lactones), poly(amino-acids), poly(anhydrides), polyketals
poly(arylates), poly(orthoesters), polyurethanes, polythioesters, poly(orthocarbonates),
poly(phosphoesters), poly(ester-co-amide), poly(lactide-co-urcthane, polyethylene glycol
(PEQG), polyvinyl alcohol (PVA), PVA-g-PLGA, PEGT-PBT copolymer (polyactive),
methacrylates, poly(N-isopropylacrylamide), PEO-PPO-PEO (pluronics), PEO-PPO-PAA
copolymers, and PLGA-PEO-PLGA blends and copolymers thereof and any combinations
thereof. The biocompatible biodegradable material can include a combination of
biocompatible biodegradable materials. For example, the biocompatible biodegradable
material can be a triblock, or other multi-block, formation where a combination of
biocompatible biodegradable polymers are joined together. For example, the triblock can

be PLGA-PEG-PLGA.

[00155] Diseases That May be Treated Using the Formulations of This Invention

[00156] Descriptions of various embodiments of the invention are given below.
Although these embodiments are exemplified with reference to treat joint pain associated
with osteoarthritis, rheumatoid arthritis and other joint disorders, it should not be inferred
that the invention is only for these uses. Rather, it is contemplated that embodiments of the
present invention will be useful for treating other forms of joint pain by administration into
articular and periarticular spaces. In addition, it will be understood that for some
embodiments injection near a joint may be equivalent to injections in that joint. It is also
contemplated that embodiments of the present invention may be useful for injection or
administration into soft tissues or lesions. Any and all uses of specific words and references
are simply to detail different embodiments of the present invention.

[00157] Local administration of a corticosteroid microparticle formulation can occur, for
example, by injection into the intra-articular space, peri-articular space, soft tissues, lesions,

epidural space, perineural space, or the foramenal space at or near the site of a patient’s pain
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and/or structural tissue damage. Local injection of the formulations described herein into
articular or periarticular spaces may be useful in the treatment of, for example, juvenile
rheumatoid arthritis, sciatica and other forms of radicular pain (e.g., arm, neck, lumbar,
thorax), psoriatic arthritis, acute gouty arthritis, Morton’s neuroma, acute and subacute
bursitis, acute and subacute nonspecific tenosynovitis and epicondylitis, acute rheumatic
carditis and ankylosing spondylitis. Injection of the microparticles described herein into
soft tissues or lesions may be useful in the treatment of, for example, alopecia areata,
discoid lupus, erythematosus; keloids, localized hypertrophic, infiltrated inflammatory
lesions of granuloma annulare, lichen planus, lichen simplex chronicus (neurodermatitis),
psoriasis and psoriatic plaques; necrobiosis lipoidica diabeticorum, and psoriatic arthritis.
Injection of the microparticles described herein into epidural spaces may be useful in the
treatment of, for example, neurogenic claudication. Intramuscular or other soft tissues or
lesions injections may also be useful in providing systemic exposures that are effective in
the control of incapacitating allergic conditions (including but not limited to asthma, atopic
dermatitis, contact dermatitis, drug hypersensitivity reactions, seasonal or perennial allergic
rhinitis, serum sickness, transfusion reactions), bullous dermatitis herpetiformis, exfoliative
dermatitis, mycosis fungoides, pemphigus, severe erythema multiforme (Stevens-Johnson
syndrome), Primary or secondary adrenocortical insufficiency in conjunction with
mineralocorticoids where applicable; congenital adrenal hyperplasia, hypercalcemia
associated with cancer, nonsupportive thyroiditis, exacerbations of regional enteritis and
ulcerative colitis, acquired (autoimmune) hemolytic anemia, congenital (erythroid)
hypoplastic anemia (Diamond blackfan anemia), pure red cell aplasia, select cases of
secondary thrombocytopenia, trichinosis with neurologic or myocardial involvement,
tuberculous meningitis with subarachnoid block or impending block when used
concurrently with appropriate antituberculous chemotherapy, palliative management of
leukemias and lymphomas, acute exacerbations of multiple sclerosis, cerebral edema
associated with primary or metastatic brain tumor or craniotomy, to induce diuresis or
remission of proteinuria in idiopathic nephrotic syndrome, or to induce diuresis or remission
of proteinuria in lupus erythematosus, berylliosis, symptomatic sarcoidosis, fulminating or
disseminated pulmonary tuberculosis (when used concurrently with appropriate
antituberculous chemotherapy), idiopathic eosinophilic pneumonias, symptomatic
sarcoidosis, dermatomyositis, polymyositis, and systemic lupus erythematosus, post-

operative pain and swelling.
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[00158] In one embodiment, the corticosteroid microparticle formulations provided
herein are useful in treating, alleviating a symptom of, ameliorating and/or delaying the
progression of sciatica. In one embodiment, corticosteroid microparticle formulations
provided herein are useful in treating, alleviating a symptom of, ameliorating and/or
delaying the progression of temporomandibular joint disorder (TMD).

[00159] In one embodiment, the corticosteroid microparticle formulations provided
herein are useful in treating, alleviating a symptom of, ameliorating and/or delaying the
progression of neurogenic claudication secondary to lumbar spinal stenosis (LSS). LSS
implies spinal canal narrowing with possible subsequent neural compression (classified by
anatomy or etiology). Neurogenic Claudication (NC) is a hallmark symptom of lumbar
stenosis, in which the column of the spinal cord (or the canals that protect the nerve roots)
narrows at the lower back. This narrowing can also occur in the spaces between the
vertebrae where the nerves leave the spine to travel to other parts of the body.

[00160] The microparticles of the invention are used to treat, alleviate a symptom of,
ameliorate and/or delay the progression patients suffering from NC secondary to LSS. The
corticosteroid microparticle formulations can be administered, for example, by epidural
steroid injection (ESI).

[00161] Administration of a corticosteroid microparticle formulation, e.g., a TCA
microparticle formulation, to a patient suffering from an inflammatory disease such as
osteoarthritis or rheumatoid arthritis, is considered successful if any of a variety of
laboratory or clinical results is achieved. For example, administration of a corticosteroid
microparticle formulation is considered successful if one or more of the symptoms
associated with the disease is alleviated, reduced, inhibited or does not progress to a further,
i.e., worse, state. Administration of a corticosteroid microparticle formulation is considered
successful if the disease, e.g., an arthritic or other inflammatory disease, enters remission or
does not progress to a further, i.e., worse, state.

[00162] Also, any and all alterations and further modifications of the invention, as would

occur to one of ordinary skill in the art, are intended to be within the scope of the invention

[00163] Selection of Corticosteroids and Drug Dosage

[00164] Corticosteroids associated with embodiments of the present invention can be any
naturally occurring or synthetic steroid hormone. Naturally occurring corticosteroids are

secreted by the adrenal cortex or generally the human body.
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[00165] Corticosteroid molecules have the following basic structure:

@
[00166] Corticosteroids have been classified into four different groups (A, B, C, and D).
(See e.g., Foti et al. “Contact Allergy to Topical Corticosteroids: Update and Review on
Cross-Sensitization.” Recent Patents on Inflammation & Allergy Drug Discovery 3 (2009):
33-39; Coopman et al., “Identification of cross-reaction patterns in allergic contact
dermatitis to topical corticosteroids.” Br J Dermatol 121 (1989): 27-34). Class A
corticosteroids are hydrocortisone types with no modification of the D ring or C20-C21 or
short chain esters on C20-C21. Main examples of Class A corticosteroids include
prednisolone, hydrocortisone and methylprednisolone and their ester acetate, sodium
phosphate and succinate, cortisone, prednisone, and tixocortol pivalate. Class B
corticosteroids are triamcinolone acetonide (TCA) types with cis/ketalic or diolic
modifications on C16-C17. Main examples of Class B corticosteroids include
triamcinolone acetonide (TCA), fluocinolone acetonide, amcinonide, desonide,
fluocinonide, halcinonide, budesonide, and flunisolide. Class C corticosteroids are
betamethasone types with a -CH3 mutilation on C16, but no esterification on C17-C21.
Main examples of Class C corticosteroids include betamethasone, dexamethasone,
desoxymethasone, fluocortolone, and halomethasone. Class D corticosteroids are
clobetasone or hydrocortisone esterified types with a long chain on C17 and/or C21 and
with no methyl group on C16. Main examples of Class D corticosteroids include
fluticasone, clobetasone butyrate, clobetasol propionate, hydrocortisone-17-aceponate,
hydrocortisone-17-butyrate, beclomethasone dipropionate, betamethasone-17-valerate,

betamethasone dipropionate, methylprednisolone aceponate, and prednicarbate.

45



75: 25 carboxylic 11.7 117 DO.1: 31.0 lam 0.2 day: 2.3 acid end-capped
DO.5: 57.9 lam 1l day: 4.4 0.4dL/g DO0.9: 118 lam 3 day: 5.9 54kDa
day: 7.5 WO%12/019009 PCT/US2011/046601

[00167] For the present invention non-limiting examples of corticosteroids may include:
betamethasone, betamethasone acetate, betamethasone dipropionate, betamethasone 17-
valerate, cortivazol, dexamethasone, dexamethasone acetate, dexamethasone sodium
phosphate, hydrocortisone, hydrocortisone aceponate, hydrocortisone acetate,
hydrocortisone butyrate, hydrocortisone cypionate, hydrocortisone probutate,
hydrocortisone sodium phosphate, hydrocortisone sodium succinate, hydrocortisone
valerate, methylprednisolone, methylprednisolone aceponate, methylprednisolone acetate,
methylprednisolone sodium succinate, prednisolone, prednisolone acetate, prednisolone
metasulphobenzoate, prednisolone sodium phosphate, prednisolone steaglate, prednisolone
tebutate, triamcinolone, triamcinolone acetonide, triamcinolone acetonide 21-palmitate,
triamcinolone benetonide, triamcinolone diacetate, triamcinolone hexacetonide,
alclometasone, alclometasone dipropionate, amcinonide, amelometasone, beclomethasone,
beclomethasone dipropionate, beclomethasone dipropionate monohydrate, budesonide,
butixocort, butixocort propionate, ciclesonide, ciprocinonide, clobetasol, clobetasol
propionate, clocortolone, clobetasone, clobetasone butyrate, clocortolone pivalate,
cloprednol, cortisone, cortisone acetate, deflazacort, domoprednate, deprodone, deprodone
propionate, desonide, desoximethasone, desoxycortone, desoxycortone acetate,
dichlorisone, diflorasone, diflorasone diacetate, diflucortolone, difluprednate, fluclorolone,
fluclorolone acetonide, fludrocortisone, fludrocortisone acetate, fludroxycortide,
flumethasone, flumethasone pivalate, flunisolide, fluocinolone, fluocinolone acetonide,
fluocortin, fluocortolone, fluorometholone, fluticasone, fluticasone furoate, fluticasone
propionate, fluorometholone acetate, fluoxymesterone, fluperolone, fluprednidene,
fluprednidene acetate, fluprednisolone, formocortal, halcinonide, halobetasol propionate,
halometasone, halopredone, halopredone acetate, hydrocortamate, isoflupredone,
isoflupredone acetate, itrocinonide, loteprednol etabonate, mazipredone, meclorisone,
meclorisone dibutyrate, medrysone, meprednisone, mometasone, mometasone furoate,
mometasone furoate monohydrate, nivacortol, paramethasone, paramethasone acetate,
prednazoline, prednicarbate, prednisolone, prednylidene, procinonide, rofleponide,
rimexolone, timobesone, tipredane, tixocortol, tixocortol pivalate and tralonide.

[00168] Embodiments of the invention include using sustained release corticosteroids
delivered to treat pain at dosages that do not adversely suppress the HPA axis. Such
amounts delivered locally to relieve pain due to inflammation, will provide a systemic

concentration that does not have a measurable adverse effect on the HPA axis (differences if
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14 day 9.9 21 day: 11.7 28 day: 15.8 [00215] The in vitro cunul ative
rel ease profiles for these four other TCA containing PLGA 75: 25

m cr opar twol2e1xapw®s are graphed in Figure 17, al ong w PRTUS@0Ipedeet r ed
formul ation (25% TCA). The tabul ated data and graph show the inpact of the
percent TCA incorporated in the PLGA microparticles on the in vitro rel ease
profile. The 10% 15% and 20% TCA containing PLGA m croparticles exhibit a
sl over rel,gase thrsQ%ﬂiﬁ&ént WehiRe dnySuBNiififefeabds at@SBhif HortlaPhdkMevakighiARS 6r, OVEr 28
days, less than 20% 30% and 55% respectively, than the 25% TCA PLGA depot
exenpl i fi éddssHedmpnire ymeasyabledus ginrcally Hsigniticery e on thetHibrtis(basal ast er

rel ease plegiidiGy sipblllodiARhRImdOARIE0H bl fElrtdBEL BELARaEE! ased by day

g
7 wth a simlar tal cunul ative release, than the 25% TCA PLGA depot

exenpl i i @espmedx Enthes cabodipeiry of the mivenion diecluse dutss duin s sep@idgistiodsl TCA PLGA
75:25 M cr; i i : - af r. P C r.ti . .af 1 on,
trianci nolngfr%gsglggtgétl tg)nailz_1 g%%&?a%@%}a S(%I%zlatt egto?ﬁle [g{?ééngt%tsfglﬁéﬁ éssglr?é?{ﬂagtg{n?%e to

gl ycol i de expisare dusing ofinspaiotl @ftiing tetha pptieosteréidtFigire &).1 ower ol ecul ar

wei ght . Loy, 7p] ecghﬁﬁon%érgptdirﬁéiﬂ%n&ﬁd KORWRo Al ?Xéié& JR4 & Sa0phet e and
faster release of phar Teceut i ca agents | ncor%ora edinto mdr oparticles

t han t hei rinteisgleeted woldasufoacorigisghtid-saitic €omrarticesterOAn dsd sotielly ddse-

"Bi odegradat i nd bi gconmpatibility of. PLA.an LGA m crospheres. ™
advancad By DeReery HRaTR ahiie ooheBupitvar BRI G oiaRRns et

"Pol y(| actegin ®@@thghiigiekp@aci Gpr Mnioalig phieties cortifRteydi®y;, the RatDolchabed dfvier y

(2006): Chapter 7 217] 250 of triancingl gne acetoni de and 750 ng of
bLGA (1 ac i oy Pl i iR SOkt SoUEoHE0TsR tp R aiov SEgertgeds o 37
dL/ g and nBkeer) arhaveic@hl paferr?& bk iNEICR sesBRRY $&tks widelytas2ofugdtRi®f of

di chl oronet hane. The di spersion was atom zed into mcro- droplets by

addi ng théhed?aétt?é}aéF‘HHC%sE?rql@l@a?’ééﬂe%@ (Figgre R rotating di sk, rotating at a
speed of FOKI FRaBl Vit BPOQiUIPMN dsEXSilFHghathclcBPPAE ahdhkE iR Rifialy e dishanber

mai nt ai ned at 38-45C. The sol vent was evaporated to produce solid

m cr opar t ivAthegatioly apfherdppnalincpic PEwNORIE “Beey celitBriscasiinty o fheliwfie 8epar at or
and, subsegueRtleYwh&bi RAcLA AHSR & HaBic 18 MY GeterhPRd kI RAGLA Cl € size of
the TCA incorporated mcroparticles was determned using laser diffraction
(Mal ver n Nertheedeseutod he@00) by di spersing a 250 ng aliquot in water, with
the refractive index (R') for water and PLGA, set at 1.33 and 1.46

respect i valiie 1SAMACRKL flarSn BAMA) 1638 d RS PAPLEAT: S ahd Bt 2500

rpm and nmeasurenents ta every 15°sec , W e average of three

measur ement s report €drticéflernig of TCA cont ai ni nBeqay Crapatet b ¢ires )wer e added to
10 nmL of digret hyl sul f oxi de ®) ixed until diss d and an al i quot
anal yzed b af??%%?%’?‘?ﬁ%@%{g%gm roparticle dru 'ﬁad. Anot her 4 ng of

TCA cont ai nip HRenQd Getanil suspended in 20 f phosphate buffered
sal i ne (PBS) COMMIAICHE*reEmds ’Ei‘? dﬁgec | sul fate {'S8DS) nai ntained at
37C. 0.5 ni pinpiRliopaf Iﬁloﬁ\ﬁ’iusr@%? YA EUICAPI R {RG SI B Papl aced at each
interval WPTROKHOWGAISTRIEIP D% s fRE OGRS FR@EMSredi a to mai ntain a constant

vol ume, and an&lVEed*by[HOLC T 6 Jadtesrint metierte Eopamaxind effeet\§ £r o rel ease.

Anal ysi s by HPE&CM&tiS@M%%&W%Ws@m%%C%O\A—?ﬁrc%t&m/@a Pagk, Gndfi= 3.9 X

it
150 mm and 35% acetonitril phase a mn flowrate with W
detection at 240 Hil(“sirpe”.roaeSudbnes) facter;abdwn in Table 9. Table 9: Anal yti cal

Results of a 1 nal _23% Tri angi-nol one; Acet o ig _ PLiGAy75: 25 (29 kDa)
M croparti cl esNgglffGﬁUCl |'act i'yg, r%rlcﬁlogﬁ‘ra‘oa%fﬁon‘ﬁ"ﬁﬁﬁ iraatei on Particle size
[00171] Using this approach permits the determination of “8”, the parameter describing

the exponential decay from the initial to the final ECso. Minimization of least-squares

differences was utilized to obtain the best-fit 9.
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In vitro glycofide nolar

wei ght/target % (%4 CA by weight) efficiency (% (Dv,

PEG

I um)

ratio ratio/inherent viscosity/nolecular

rel ease (%9 TCA %

NBO2b1209@@OXYl i ¢ 29.4 118 DO.1: 34.1 | am 0. 2 dapCTAISQ01AD#@01

end- capped

[00172] These new findings regarding the rate and pattern of change of sensitivity to
inhibition and the lack of predictability of such rates and patterns on the basis of, for
example, steroid potency, have significant implications for clinically appropriate dose-
selection. Those skilled in the art will appreciate the importance of a changing sensitivity to
HPA axis suppression and will also appreciate both the complexity and counterintuitive
aspects of several of these new findings (Table 1).

[00173] As aresult of these clinical findings, the dose range to achieve clinically useful
analgesia, with minimal or controlled modulation of the HPA axis, at steady state
concentrations of various corticosteroids has been determined (Table 2). In particular, it
appears that the daily corticosteroid doses at steady state concentrations, are approximately

3- to 7- times greater than are predicted by prior art (Meibohm, 1999).

Table 2. Dose (mg/d), adjusted for individual intra-articular corticosteroid characteristics,

for expected suppression of endogenous cortisol production at steady state.

Cortisol Inhibition (%)

Corticosteroid 5% 10% 20% 35% 50%
betamethasone (mg/d) 0.1 0.2 0.5 1.0 1.8
budesonide (mg/d) 0.1 0.2 0.6 1.2 2.2
des-ciclesonide (mg/d) 3.0 6.3 14.3 30.7 57.0
dexamethasone (mg/d) 0.1 0.2 0.4 0.9 1.6
flunisonide (mg/d) 0.3 0.5 1.2 2.6 4.8
fluticasone (mg/d) 0.1 0.1 0.3 0.6 1.1
mometasone (mg/d) 0.2 0.4 0.9 2.0 3.7
methylprednisolone (mg/d) 0.3 0.7 1.6 3.5 6.5
prednisolone (mg/d) 0.4 0.8 1.9 4.0 7.5
triamcinolone acetonide 0.2 0.4 0.8 1.7 3.2
(mg/d)

triamcinolone hexacetonide 0.1 0.2 0.4 0.9 1.6
(mg/d)
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Table 2A. Total Dose Delivered (mg/month), adjusted for individual intra-articular
corticosteroid characteristics, for expected suppression of endogenous cortisol production at

steady state.
Cortisol Inhibition (%)

Corticosteroid 5% 10% 20% 35% 50%
betamethasone 3.0 6.0 15.0 30.0 54.0
budesonide 3.0 6.0 18.0 36.0 66.0
des-ciclesonide 90.0 189.0 429.0 921.0 1710.0
dexamethasone 3.0 6.0 12.0 27.0 48.0
flunisonide 9.0 15.0 36.0 78.0 144.0
fluticasone 3.0 3.0 9.0 18.0 33.0
mometasone 6.0 12.0 27.0 60.0 111.0
methylprednisolone 9.0 21.0 438.0 105.0 195.0
prednisolone 12.0 24.0 57.0 120.0 225.0
triamcinolone acetonide 6.0 12.0 24.0 51.0 96.0
triamcinolone hexacetonide 3.0 6.0 12.0 27.0 48.0

[00174]  That higher doses of corticosteroids can be administered successfully by intra-
articular injection, maximizing the likelihood of observing anti-inflammatory and analgesic
responses while minimizing or eliminating adverse events from HPA axis suppression or
otherwise excessive tissue exposure, 18 of profound clinical consequence for improving the
treatment of patients with arthritis.

[00175]

is possible to determine the related systemic plasma level concentrations (Table 3) that will

In addition, with these continuous daily doses of intra-articular corticosteroids, it

produce the target cortisol inhibition and not beyond, this while retaining clinically
important anti-inflammatory and analgesic activity within the joint. These plasma
concentrations were predicted on the basis of data from short term (7.e., less than § days)
exposure to corticosteroids. With longer exposure to corticosteroids, the “decay” (i.e.,
decline) of the sensitivity to corticosteroids may continue resulting in values higher than
those listed in Table 3. The levels calculated in Table 3 were purely hypothetical
calculations based on human data with immediate release-level doses from the literature.
With sustained release dosages, more drug may be able to be delivered without seeing an
increased level of cortisol inhibition after the initial burst period. A given level of plasma
concentration may actually provide less inhibition that would have been predicted or

calculated using the human IR levels from the literature.
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28 day: 56.5 [00219] In vitro cunul ative release data is graphed in Figure
18, along with the preferred fornul ation using a higher nol ecul ar PLGA

75: 25. Theouse/wapoobower nol ecul ar wei ght 64 PLGA (29 kPBax/u$e@l1/met60i nprove
the rel ease of the triantinol one acetonide fromthe mcroparticles as
expected, in fact the rate of rel ease decreased and the rel ease was

i nconpl ete as conpared to higher nol ecular weight PLGA (PLGA, 54 kDa).
[00220] | rrapRat Piedmd wnﬁeékefdl@ébn@émﬂa@&ﬁsmoeﬁtéhaﬁthwegahévePle@eorﬁ 125(29 kDa),
pol yet hyl ene glycol, 10% PEG 3350, was added whil e maintaining the sane
amount of MIBIAMEIAERGNERcet oni de. As shown with other PEG contai ni ng

fornul ations, there was no i npacg,@tostdibid CRACNrhYR iR Plab RS (L Aldcked

percent in vitro release profile as. ;qanpas g,tingIM@ogﬁggpi(n@;&t% @9t

cont ai ni ng PEG {daha not shown). [HO221] lgsl uencegef PLGA!,SL.yactl degotyo
\%ES@.&‘*

G ycol i de r trianci Q’g% one a(‘ae;‘Onl de T Er opar
gme Eﬂg;nl?@ul nol ar ide to ycol i de rati %re en%poyed

f or mul at |
i nst ead o1buTlfl§ (rgmls)  pLGA (50 é@)) is Known to 4P ow fof17 ast erll-40
degr adat i das- qﬁldsqneieé@g@%f phar ma@édti cal lafents ihebrporatéd intd045
m cr opar t idexaastiabaie (R/@A)S Wi th golater | actd de ver8us gl yzosi de cdho ent

(Ander son fﬁhlsgﬂlde (nBinidegr adati on gmngl bi ocqumzati bilggy of PLés and PLEA

mcrosph ﬁca & }{ nged Drug Deliyghy Rev 28 ( g.4f+ Bo ou et
Poﬁ agtl C- gg/w% ycol i caci d Cros gfyrrer Drugg)? ivery

(2006) tlplefor I tlons ngP 50: 50 th d er|ng

anount s oﬂnetﬂfy I%{?ﬂﬁlﬁ‘?&n%ﬁ@/f%bt oni d@%8wi t h artf wit hotit3 PEG, @4 f er ed

mol ecul ar pweingblose @gdnldi f f er ent PL@ endca?p‘éﬁ wer e "é7<%np| i fliogd. [0(3222]

For mul at i efisnoieriencpeapdded W th 2009 g, 2500mg, 30090y andl.850 ng 261

trianci nolmgaLacet oni de and correspondi ng anount of PLGA (| acti de:

gl ycol i de ttiaphcaolsrdtheacofon@®: 50, i aherent w.slcosityo.of 0.481.00/g andoo

mol ecul ar (wginght of 66 kDa) to yield 1000 ng total solids were dispersed

into a quantity of di chI oronet hane to a achieve a 5% PLGA soI uti on. In
anot her i ter ation ng of tr| anci nol one acet oni de, 10

pol yet hyl 40878 yé%‘F SfclﬁiE@@eﬂytyﬁ SiHn dBNHOior e EAst (imsdhg féj@ovawf:@m de nol ar

ratio of HtheRQursk BEHaRE: 1ﬂ’ée§§i9§1’t}ld‘i‘t@HﬁAﬂ§1s@U-é)&g%QS BRli&sKlAds. Wei ght of 66
kDa) were dispersed in 14.25 grams of dichloronethane. In another

i t erati on2ddgtion. kgthdhe meangdepssnpd sxan plawndaydeshand 7 bdlery 4 SPPOR 4¢ act i de:

gl ycol i de tﬁ@é Bier s%‘éél)pstagéhé%eérpachi&}%@E&@‘rln\é'aﬁﬁgﬁhﬁ}'el)pj t00241(§y§j&4 gn(ﬁﬁléj

nol ecul ar wel ght of total solids Wwere dispersed in
14.25 gr ameomtﬁle dortipdstar@ dast mmpn ﬂhecemweqnﬂosmbsmbmereasteﬁ&yz‘@@ into

0" O OBkl Dl BIGLNGhDCAIBAGL SRR rif G FRBH Yo L, AL ALALE N0

di sk, rotating a speed of approxi mat e 0 hsi'de a t enperat ure
control | edmp<bramb*emotmh2ntﬂm da@ckuggeseﬁammare'fwef mtrvladtbenﬁ“ss &maplwriattraed to

pr OdUCE Sol’t{CglamSl(i:Srtang rrE:lle'gl e0 aco SP‘II'OCI Pll’l{ Sf ﬁls e\{vesrt?as% aser% egs% USI ng a
cycl one separator an subseq uenf? SI eved t Bt digh 3% am'si eve.

[00223] Pabttinbe si ze of the TCA i ncor por at ed m cr opartl cl es was det erm ned

using |as ffraction | vern ster i zer 0 di.sper.si ng..a 250

ot avot - aoudrds TR i e R e e TR R e R e EP TR RO cet at
1.33 agd hl?@&ae@cmeghmd%ﬁiay) th&ianpsadséshie i{/aa aﬁalb@ﬁaalfgﬁeelthaﬁbéttweersgﬂﬁ(b%hms
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m cropart Isféb%sstaeeaseshaaﬂﬂﬂratwe 4. 0reke @fsedirtBicRpbsiehiyooiedey VR adveisxed unti |
di ssol ved and _an aliquot analyzed by HPLC to determ ne the mcroparticle
drug | oadSidasBedier 4 ng of TCA containing microparticles were suspended in

20 L of g g atIﬁaMefrEfe?éilrea%hibﬂﬁm@}?ﬁac-‘gmgg@Slﬁbd?l'eﬁ'tgsugalﬁe@ 2RGicum dodecyl
sul fate (SDS) nmintai ned at he nedi a was renoved at regul ar

interval s forﬂeﬁﬂtla@ Eddeages ackpsh(in mealeyidhatgoestos meesgiablyauapressaboldid 2w af r esh
media to npl @ﬁ%@ %e%@&'o%% Eth\éPa'pE{H}% 1fé}€‘e ?%ﬁfl?o%gacp%rsy?ﬁgeﬁ&t (determ ne

m croparti c Invitrore ase Anafgl SIS HPLC was conducted using a C18
(Waters Nova-Pack C-18, 3.9 x 150 mm and 35% acetonitrile nobile phase at
1 mM/mnflowrate with UV detection 240 nm The results are shown in
Tabl e 10. Table 10: Anal ytical Result %f Trianci nol one Acet oni de PLGA

50: 50 Mcroparticle Fornul ations PLGA( |actide: glycofide nolar ratio
ratio/inherent viscosity/nolecular weight/target% TCA % PEG



Drug | oad (%9 CA by weight) Incorporation efficiency (% Particle size (Dv,
fum) In vitro release (% 50:50 carboxylic 19.2 96 DO.1: 30.0 | am 0.2 day:
2.1 aci d woaerappwd DO.5: 48.5 lam 1 day: 3.3 0.48 dL/ @CT/US@019/0466¥1 0 | am

[00179] In another embodiment where both an immediate release component and
sustained release component of the formulation are present, immediate release dose would
be as shown in Table 4 and the sustained release dose would be a dose (in mg/day) that
suppresses the HPA axis by no more than between 5 — 40% as shown in Table 2, more
preferably no more than between 10 — 35% as shown in Table 2. In addition, it is expected
that sustained release doses described previously will follow immediate release doses as

shown in Table 4.

Table 4. Immediate release relative doses (mg)

Corticosteroid Immediate Release Dose
(mg)
betamethasone' 5-20
budesonide” 7-28
des-ciclesonide” 177-713
dexamethasone” 5-20
flunisonide” 15-60
fluticasone” 3-12
mometasone” 11-44
methylprednisolone’ 40-160
prednisolone’ 25-100
triamcinolone acetonide’ 10-40
triamcinolone hexacetonide’ 10-40
! clinical doses > calculated doses

[00180] Sustained Release Delivery Platforms

[00181] The manufacture of microparticles or methods of making biodegradable polymer
microparticles are known in the art. Microparticles from any of the biodegradable polymers
listed below can be made by, but not limited to, spray drying, solvent evaporation, phase
separation, spray drying, fluidized bed coating or combinations thercof.

[00182] In certain embodiments of the invention, the microparticles are made from a
biodegradable polymer that may include, without limitation, natural or synthetic
biocompatible biodegradable materials. Natural polymers include, but are not limited to,

proteins such as albumin, collagen, gelatin synthetic poly(aminoacids), and prolamines;
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glycosaminoglycans, such as hyaluronic acid and heparin; polysaccharides, such as
alginates, chitosan, starch, and dextrans; and other naturally occurring or chemically
modified biodegradable polymers. Synthetic biocompatible biodegradable materials
include, but are not limited to the group comprising of, poly(lactide-co-glycolide) (PLGA),
polylactide (PLA), polyglycolide (PG), polyhydroxybutyric acid, poly(trimethylene
carbonate), polycaprolactone (PCL), polyvalerolactone, poly(alpha-hydroxy acids),
poly(lactones), poly(amino-acids), poly(anhydrides), polyketals poly(arylates),
poly(orthoesters), poly(orthocarbonates), poly(phosphoesters), poly(ester-co-amide),
poly(lactide-co-urethane, polyethylene glycol (PEG), polyvinyl alcohol (PVA), PVA-g-
PLGA, PEGT-PBT copolymer(polyactive), polyurethanes, polythioesters, methacrylates,
poly(N-isopropylacrylamide), PEO-PPO-PEO (pluronics), PEO-PPO-PAA copolymers, and
PLGA-PEO-PLGA blends and copolymers thereof, multi-block polymer configurations
such as PLGA-PEG-PLGA, and any combinations thereof. These polymers may be used in
making controlled release or sustained release compositions disclosed herein.

[00183] In a preferred embodiment, the microparticles are formed from poly(d,l-lactic-
co-glycolic acid) (PLGA), which is commercially available from a number of sources.
Biodegradable PLGA copolymers are available in a wide range of molecular weights and
ratios of lactic to glycolic acid. If not purchased from a supplier, then the biodegradable
PLGA copolymers may be prepared by the procedure set forth in U.S. Pat. No. 4,293,539
(Ludwig, et al.), the disclosure of which is hereby incorporated by reference in its entirety.
Ludwig prepares such copolymers by condensation of lactic acid and glycolic acid in the
presence of a readily removable polymerization catalyst (e.g., a strong acid ion-exchange
resin such as Dowex HCR-W2-H). However, any suitable method known in the art of
making the polymer can be used.

[00184] In the coacervation process, a suitable biodegradable polymer is dissolved in an
organic solvent. Suitable organic solvents for the polymeric materials include, but are not
limited to acetone, halogenated hydrocarbons such as chloroform and methylene chloride,
aromatic hydrocarbons such as toluene, halogenated aromatic hydrocarbons such as
chlorobenzene, and cyclic ethers such as dioxane. The organic solvent containing a suitable
biodegradable polymer is then mixed with a non-solvent such as silicone based solvent. By
mixing the miscible non —solvent in the organic solvent, the polymer precipitates out of
solution in the form of liquid droplets. The liquid droplets are then mixed with another non-

solvent, such as heptane or petroleum ether, to form the hardened microparticles. The
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microparticles are then collected and dried. Process parameters such as solvent and non-
solvent selections, polymer/solvent ratio, temperatures, stirring speed and drying cycles are
adjusted to achieve the desired particle size, surface smoothness, and narrow particle size
distribution.

[00185] In the phase separation or phase inversion procedures entrap dispersed agents in
the polymer to prepare microparticles. Phase separation is similar to coacervation of a
biodegradable polymer. By addition of a nonsolvent such as petroleum ether, to the organic
solvent containing a suitable biodegradable polymer, the polymer is precipitates from the
organic solvent to form microparticles.

[00186] In the salting out process, a suitable biodegradable polymer is dissolved in an
aqueous miscible organic solvent. Suitable water miscible organic solvents for the
polymeric materials include, but are not limited to acetone, as acetone, acetonitrile, and
tetrahydrofuran. The water miscible organic solvent containing a suitable biodegradable
polymer is then mixed with an aqueous solution containing salt. Suitable salts include, but
are not limited to electrolytes such as magnesium chloride, calcium chloride, or magnesium
acetate and non-electrolytes such as sucrose. The polymer precipitates from the organic
solvent to form microparticles, which are collected and dried. Process parameters such as
solvent and salt selection, polymer/solvent ratio, temperatures, stirring speed and drying
cycles are adjusted to achieve the desired particle size, surface smoothness, and narrow
particle size distribution.

[00187] Alternatively, the microparticles may be prepared by the process of Ramstack et
al., 1995, described in published international patent application WO 95/13799, the
disclosure of which is incorporated herein in its entirety. The Ramstack et al. process
essentially provides for a first phase, including an active agent and a polymer, and a second
phase, that are pumped through a static mixer into a quench liquid to form microparticles
containing the active agent. The first and second phases can optionally be substantially
immiscible and the second phase is preferably free from solvents for the polymer and the
active agent and includes an aqueous solution of an emulsifier.

[00188] In the spray drying process, a suitable biodegradable polymer is dissolved in an
organic solvent and then sprayed through nozzles into a drying environment provided with
sufficient elevated temperature and/or flowing air to effectively extract the solvent. Adding
surfactants, such as sodium lauryl sulfate can improve the surface smoothness of the

microparticles.
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day: 5.1 woadai/019®90 3 day: 33.6 7 day: 49.9 14 day: 54POTAB2alap16668. 2 28
day: 52.2 50:50 carboxylic 27.2

[00189] Alternatively, a suitable biodegradable polymer can be dissolved or dispersed in
supercritical fluid, such as carbon dioxide. The polymer is either dissolved in a suitable
organic solvent, such as methylene chloride, prior to mixing in a suitable supercritical fluid
or directly mixed in the supercritical fluid and then sprayed through a nozzle. Process
parameters such as spray rate, nozzle diameter, polymer/solvent ratio, and temperatures, are
adjusted to achieve the desired particle size, surface smoothness, and narrow particle size
distribution.

[00190] In a fluidized bed coating, the drug is dissolved in an organic solvent along with
the polymer. The solution is then processed, e.g., through a Wurster air suspension coating
apparatus to form the final microcapsule product.

[00191] The microparticles can be prepared in a size distribution range suitable for local
infiltration or injection. The diameter and shape of the microparticles can be manipulated to
modify the release characteristics. In addition, other particle shapes, such as, for example,
cylindrical shapes, can also modify release rates of a sustained release corticosteroid by
virtue of the increased ratio of surface area to mass inherent to such alternative geometrical
shapes, relative to a spherical shape. The microparticles have a mass mean diameter
ranging between about 0.5 to 500 microns. In a preferred embodiment, the microparticles
have a mass mean diameter of between 10 to about 100 microns.

[00192] Biodegradable polymer microparticles that deliver sustained release
corticosteroids may be suspended in suitable aqueous or non-aqueous carriers which may
include, but is not limited to water, saline, pharmaceutically acceptable oils, low melting
waxes, fats, lipids, liposomes and any other pharmaceutically acceptable substance that is
lipophilic, substantially insoluble in water, and is biodegradable and/or eliminatable by
natural processes of a patient's body. Oils of plants such as vegetables and seeds are
included. Examples include oils made from corn, sesame, cannoli, soybean, castor, peanut,
olive, arachis, maize, almond, flax, safflower, sunflower, rape, coconut, palm, babassu, and
cottonseed oil; waxes such as carnoba wax, beeswax, and tallow; fats such as triglycerides,
lipids such as fatty acids and esters, and liposomes such as red cell ghosts and phospholipid

layers.

Corticosteroid Loading of and Release from Biodegradable Polymer Microparticles

[00193] When an intra-articularly delivered corticosteroid is incorporated into a

biodegradable polymer for sustained release into a joint at a dosage that does not suppress
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91 DO.1: 37.6 lam 0.2 day: 4.4 acid end-capped DO.5: 59.8 lam 1 day:
0.18 dL/g DO.9: 93.9 lam 3 day: 13.8 18 kDa 7 day: 17.7 30% TCA
day: 21. 90 2012/019009 PCT/US2011/046601

the HPA axis, preferred loadings of said corticosteroid are from about 5% to about 40%
(w/w) of the polymer, preferably about 5% to about 30%, more preferably about 5% to
about 28% of the polymer.

[00194] As the biodegradable polymers undergo gradual bio-erosion within the joint, the
corticosteroid is released to the inflammatory site. The pharmacokinetic release profile of
the corticosteroid by the biodegradable polymer may be first order, zero order, bi- or multi-
phasic, to provide desired treatment of inflammatory related pain. In any pharmacokinetic
event, the bio-erosion of the polymer and subsequent release of the corticosteroid may result
in a controlled release of a corticosteroid from the polymer matrix. The rate of release at

dosages that do not suppress the HPA axis are described above.

Excipients

[00195] The release rate of the corticosteroid from a biodegradable polymer matrix can
be modulated or stabilized by adding a pharmaceutically acceptable excipient to the
formulation. An excipient may include any useful ingredient added to the biodegradable
polymer depot that is not a corticosteroid or a biodegradable polymer. Pharmaceutically
acceptable excipients may include without limitation lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium
silicate, microcrystalline cellulose, PEG, polysorbate 20, polysorbate 80,
polyvinylpyrrolidone, cellulose, water, saline, syrup, methyl cellulose, and carboxymethyl
cellulose. An excipient for modulating the release rate of a corticosteroid from the
biodegradable drug depot may also include without limitation pore formers, pH modifiers,

reducing agents, antioxidants, and free radical scavengers.

Delivery of Corticosteroid Microparticles

[00196] Parenteral administration of formulations of the invention can be effected by
intra-articular injection or other injection using a needle. To inject the microparticles into a
joint, needles having a gauge of about 14-28 gauge are suitable. It will be appreciated by
those skilled in the art that formulations of the present invention may be delivered to a
treatment site by other conventional methods, including catheters, infusion pumps, pens
devices, injection guns and the like.

[00197] All references, patents, patent applications or other documents cited are hereby

incorporated by reference.
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21 day: 26.3 28 day: 36.6 50:50 carboxylic 30.4 101 DO.1: 38.1 lamO0.2
day: 4.2 acid end-capped DO.5: 56.6 lam 1l day:14.6 0.48 dL/g
WO 2012/019009 PCT/US2011/046601

EXAMPLES

[00198] The present invention is further defined in the following Examples. It should be
understood that these Examples, while indicating preferred embodiments of the invention,
are given by way of illustration only. From the above discussion and these Examples, one
skilled in the art can ascertain the essential characteristics of this invention, and without
departing from the spirit and scope thereof, can make various changes and modifications of

the invention to adapt it to various uses and conditions.

EXAMPLE 1: Sustained-Release Betamethasone or Triamcinolone Acetonide

Microparticles

[00199] In one embodiment, the microparticle formulation contains a copolymer of DL-
lactide (or L-lactide) and glycolide in a 45:55 molar ratio (up to 75:25 molar ratio) with an
inherent viscosity ranging from 0.15 to 0.60 dL/g with either an ester or acid end group plus
either the corticosteroid betamethasone or triamcinolone acetonide. If betamethasone is
used, then the betamethasone is in the form of either betamethasone acetate, betamethasone
diproprionate or a combination thereof. The total amount of betamethasone or
triamcinolone acetonide incorporated into the microparticle ranges from 10% to 30% (w/w).
The microparticles are formulated to mean mass range in size from 10 to 100 microns. The
population of microparticles is formulated to be delivered through a 19 gauge or higher
needle. Additional excipients may be added such as, but not limited to,
carboxymethylcellulose sodium, mannitol, polysorbate-80, sodium phosphate, sodium
chloride, polyethylene glycol to achieve isotonicity and promote syringeability. If
betamethasone is used, then the betamethasone incorporated into the microparticle
population provides an initial release (burst) of about 5-20 mg of drug over a period of 1 to
12 hours, followed by a steady state release of drug at a rate of about 0.1 to 1.0 mg/day over
a period of 14 to 90 days. If triamcinolone acetonide is used, then the drug incorporated
into the microparticle population provides an initial release (burst) of about 10-40 mg of
drug over a period of 1 to 12 hours, followed by a steady state release of drug at a rate of

about 0.2 to 1.7 mg/day over a period of 14 to 90 days.
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EXAMPLE 2: Sustained-Release Betamethasone or Triamcinolone Acetonide

Microparticles with an Immediate Release Form

[00200] In another embodiment, the microparticle formulation of Example 1 is further
admixed with an immediate release betamethasone or triamcinolone acetonide component,
such as a betamethasone or triamcinolone acetonide containing solution. If betamethasone
is used, then the betamethasone in the immediate release component is in the form of either
betamethasone acetate, betamethasone diproprionate or a combination thereof. If
betamethasone is used, then the immediate release component provides an initial release of
a total of about 5 to 20 mg of betamethasone over the first 1-10 days, while the sustained
release component releases betamethasone at a rate of about 0.1 to 1.0 mg/day over the first
14 to 90 days following administration. If triamcinolone acetonide is used, then the
immediate release component provides an initial release of a total of 10 to 40 mg of drug
over the first 1-10 days, while the sustained release component releases drug at a rate of

about 0.2 to 1.7 mg/day over the first 14 to 90 days following administration.
EXAMPLE 3: Determination of Time-Variance in HPA Axis Sensitivity

[00201] Adult volunteers (N =4 to 9 per group) give appropriate informed consent.
Each individual in each group receives a single intra-articular administration of an
exogenous corticosteroid (triamcinolone acetonide 40 mg; triamcinolone hexacetonide 20;
betamethasone 7 mg (disodium phosphate 4 mg / acetate 3 mg). Blood samples for
measurement of corticosteroid concentrations and/or cortisol concentrations are drawn at 8
AM at baseline and on days 1, 7, 9, 10, 12, 14, 18, and 21. The extent of suppression of
endogenous cortisol was measured in each subject in each group. The extent of cortisol
suppression predicted by previously published models (Meibohm, 1999) was determined
and compared to observations (Figure 4 Column 1). The change (decrease) in HPA axis
sensitivity vs. time is then determined on a day-by-day and final basis (Figure 4, Column 2),
permitting determination of the correct steady-state intra-articular doses of corticosteroid to

achieve, or limit, HPA axis suppression to the desired level.
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34.4 98.3 D0.1: 35.1 lam 0.2 day: 7.1 acid end-capped DO.5: 52.3 lam 1
day: 23.3 0.48 dL/g DO.9: 75.6 lam 3 day: 47.6 66kDa 7 day: 66.9 35%
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EXAMPLE 4: Preparation of Triamcinolone Acetonide Microparticles by Spinning
Disk

[00202] A pharmaceutical depot was prepared comprised of the corticosteroid,
triamcinolone acetonide (TCA, 9a-Fluoro-11B,16a,170,21-tetrahydroxy-1,4-pregnadiene-
3,20-dione 16,17-acetonide; 9a-Fluoro-16a-hydroxyprednisolone 16a,17a-acetonide)
incorporated into PLGA microparticles.

[00203] In one suitable thirty day formulation, 250 mg of triamcinolone acetonide and
750 mg of PLGA (lactide: glycolide molar ratio of 75:25, inherent viscosity of 0.4 dL/g and
molecular weight of 54 kDa) were dispersed in 14.25 grams of dichloromethane. The
dispersion was atomized into micro-droplets by adding the dispersion to the feed well of a
rotating disk, rotating at a speed of approximately 3300 rpm inside a temperature controlled
chamber maintained at 38-45°C. The solvent was evaporated to produce solid
microparticles. The microparticles were collected using a cyclone separator and,
subsequently, sieved through a 150 um sieve.

[00204] Particle size of the TCA incorporated microparticles was determined using laser
diffraction (Malvern Mastersizer 2000) by dispersing a 250 mg aliquot in water, with the
refractive index (RI) for water and PLGA, set at 1.33 and 1.46 respectively. Sonication was
maintained as the sample was stirred at 2500 rpm and measurements taken every 15
seconds, with the average of three measurements reported. 10 mg of TCA containing
microparticles were added to 10 mL of dimethylsulfoxide (DMSO), mixed until dissolved
and an aliquot analyzed by HPLC to determine the microparticle drug load. Another 4 mg
of TCA containing microparticles were suspended in 20 mL of phosphate buffered saline
(PBS) containing 0.5% sodium dodecyl sulfate (SDS) maintained at 37°C. 0.5 mL of the
media was removed at regular intervals, replaced at each interval with an equivalent amount
of fresh media to maintain a constant volume, and analyzed by HPLC to determine
microparticle in vitro release. Analysis by HPLC was conducted using a C18 (Waters
Nova-Pack C-18, 3.9 x 150 mm) and 35% acetonitrile mobile phase at 1 ml/min flow rate

with UV detection at 240 nm. The results are shown in Table 5.
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Table 5: Analytical Results for 25% Triamcinolone Acetonide PLGA 75:25 Microparticles

PLGA(lactide: Drug load Incorporation Particle size Invitro
glycolide molar (%TCA by efficiency (%) (Dv, pm) release (%)
ratio weight)
ratio/inherent
viscosity/molecular
weight/target%
TCA
75:25 carboxylic 24 96 DO.1: 32 um 0.2 day: 5.1
acid end-capped D0.5: 49 um 1 day: 13.5
0.4dL/g DO0.9: 73 um 3 day: 29.6
54kDa 7 day: 52.6
25% 14 day 70.9
21 day:76.4
28 day:79.1

[00205] The ir vitro cumulative release profile is graphed in Figure 5.

[00206] In one iteration of these data, the amount of TCA released per day was
calculated based on a human dose, as exemplified in Table 2, that would achieve a transient
suppression of endogenous cortisol (greater than 50%) and, within 14 days, achieve cortisol
suppression of endogenous cortisol of less than 35% as shown in Figure 6. In a second
iteration of these data, the amount of triamcinolone acetonide released per day was
calculated based on a human dose, as exemplified in Table 2 that would not suppress the
HPA axis, i.e. endogenous cortisol suppression never exceeding 35% as shown in Figure 7.
These calculated doses equal 376 mg of microparticles containing 94 mg of TCA and 80 mg
of microparticles containing 20 mg of TCA, respectively.

[00207] In a second preparation of the same formulation, analyzed and in vitro release
plotted in the same manner, the results are equivalent as shown in Table 6, and Figures 8, 9
and 10. The calculated human dose, as exemplified in Table 2 that would achieve a
transient suppression of endogenous cortisol (greater than 50%) and, within 14 days,
achieve cortisol suppression of endogenous cortisol of less than 35% equals 280 mg of
microparticles containing 70 mg of TCA. The calculated human dose, as exemplified in
Table 2 that would not suppress the HPA axis, i.e. endogenous cortisol suppression never

exceeding 35% equals 68 mg of microparticles containing 17 mg of TCA.

59



DO.9: 77.4 lam 3 day: 12.5 66 kDa
21 day: 16.0 28 day: 16.4
WO 2012/019009

7 day: 15.4 25% TCA 14 day: 16.2

PCT/US2011/046601

Table 6: Analytical Results for Alternate Preparation of a Nominal 25% Triamcinolone

Acetonide PLGA 75:25 Microparticles

PLGA(lactide: Drug load Incorporation Particle size Invitro
glycolide molar (%TCA by efficiency (%) (Dv, pm) release (%)
ratio weight)
ratio/inherent
viscosity/molecular
weight/target%
TCA
75:25 carboxylic 27.5 110 DO0.1: 30.9um | 0.2 day: 4.8
acid end-capped DO0.5:48.2 um | 1 day: 15
0.4dL/g DO0.9: 71.0 um | 3 day: 28.5
54kDa 7 day: 50.2
25% 14 day 67.1
21 day:74.2
28 day:75.7
[00208] Influence of PEG on PLGA 75:25 Formulations: In other suitable formulations,

polyethylene glycol was added to the PLGA 75:25 polymers while keeping the target
amount of triamcinolone acetonide constant. PEG/PLGA blends are known to allow for
more complete and faster release of pharmaceutical agents incorporated into microparticles
than PLGA alone (Cleek et al. “Microparticles of poly(DL-lactic-coglycolic
acid)/poly(ethylene glycol) blends for controlled drug delivery.” J Control Release 48
(1997): 259-268; Morlock, et al. “Erythropoietin loaded microspheres prepared from
biodegradable LPLG-PEO-LPLG triblock copolymers: protein stabilization and in-vitro
release properties.” J Control Release, 56 (1-3) (1998): 105-15; Yeh, “The stability of
insulin in biodegradable microparticles based on blends of lactide polymers and
polyethylene glycol.” J Microencapsul, 17(6) (2000): 743-56).

[00209]
glycol (PEG 1450) and 700 mg of PLGA (lactide: glycolide molar ratio of 75:25, inherent

In one iteration, 250 mg of triamcinolone acetonide, 50 mg of polyethylene

viscosity of 0.4 dL/g and molecular weight of 54 kDa) were dispersed in 14 grams of
dichloromethane. In another iteration, 250 mg of triamcinolone acetonide, 100 mg of
polyethylene glycol (PEG 3350) and 650 mg of PLGA (lactide: glycolide molar ratio of
75:25, inherent viscosity of 0.4 dL/g and molecular weight of 54 kDa) were dispersed in 13
grams of dichloromethane. The dispersions were atomized into micro-droplets by adding
the dispersion to the feed well of a rotating disk, rotating at a speed of approximately 3300

rpm inside a temperature controlled chamber maintained at 38-45°C. The solvent was
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wei ght) Incorporation efficiency (%9 Particle size (Dv, ium) In vitro

rel ease (% 75:25 ester endcapped 0.71 dL/g 114 kDa 28.6% TCA 10% Tri bl ock
23.8 83. 2vD1L/0198®99 | am DO.5: 74.7 |l am DO.9: 103.0 | ampCTA®P011846502 day:
14.2 3 day: 15.7 4 day 18.2 6 day: 28.8 9 day:38.9 12 day: 49.8 16 day:
61.6 20 day: 66.4 24day: 68.7 30 day: 72:3 35 day: 72.8 75:25 ester
endcapped 0.71 dL/g 114 kDa 28. 6% TCA

iteration of these data, the amount of triamcinolone acetonide released per day was
calculated based on a human dose, as exemplified in Table 2 that would not suppress the
HPA axis, i.e. endogenous cortisol suppression never exceeding 35% as shown in Figure 15
and 16. These calculated doses equal 68 mg of microparticles containing 17 mg of TCA
and 88 mg of microparticles containing 22 mg of TCA, respectively.

[00213]  Other TCA containing formulations were tried with PEG and PLGA 75:25
without success. A PLGA microparticle formulation containing 25% TCA and 25% PEG
1450 agglomerated during manufacture and storage. Another PLGA formulation containing
40% TCA and 15% PEG 1450 gave similar results to the microparticles containing 40%
TCA and no PEG.

[00214]  Influence of Triamcinolone Acetonide Content in PLGA 75:25 Microparticles:
Triamcinolone acetonide containing microparticle depots were prepared and analyzed, as
described above, with the exception of using 100 mg, 150 mg, 200 mg and 400 mg
triamcinolone acetonide and adding to a 5% PLGA dichloromethane solution. The physical

characteristics of these formulations are shown in Table 8.

Table 8: Analytical Results of PLGA 75:25 Microparticles containing varying amounts of

Triamcinolone Acetonide

PLGA( lactide: Drug load Incorporation Particle size In vitro
glycolide molar (%TCA by efficiency (%) (Dv, pm) release (%)
ratio weight)
ratio/inherent
viscosity/molecular
weight/target%
TCA
75:25 carboxylic 43.4 109 DO0.1: 40.7um | 0.2 day: 6.6
acid end-capped D0.5:70.7 um | 1 day: 24.2
0.4dL/g D0.9: 167 um | 3 day: 53.8
54kDa 7 day: 82.5
40% 14 day 89.4
21 day:89.6
28 day:87.5
75:25 carboxylic 20.2 101 DO0.1: 28.7um | 0.2 day: 5.3
acid end-capped DO0.5:45.2 um | 1 day: 13.5
0.4dL/g DO0.9: 70.5 um | 3 day: 23.7
54kDa 7 day: 35.3
20% 14 day 44.4
21 day:48.1
28 day:50.6

62



20% Tri block (TB) 24.8 86.7 DO.1: 39.5 lamD0.5: 74.6 lamD0.9: 104.2 lam 1
day: 5.5 2 day: 8.9 3 day: 12.8 4 day 14.5 6 day: 28.4 9 day:35.6 12 day:
47.8 16 w9:208A10020 day: 64.3 24day: 67.3 30 day: 73. 0P8F/Us$2911/07800
[00230] The in vitro cunul ative release profiles for both triblock
containing formul ations are shown in Figure 20. The anmount of triblock in

the tested fornulations did not influence the cunul ative percent rel ease.
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depot exhibits a faster release profile, with greater than 80% of the triamcinolone released

by day 7 with a similar total cumulative release, than the 25% TCA PLGA depot

exemplified in Example 4.

[00216]

Influence of Molecular Weight on TCA PLGA 75:25 Microparticle

Formulations: In another microparticle formulation, triamcinolone acetonide was

incorporated in PLGA of the same lactide to glycolide molar ratio as cited in Example 4 but

of a lower molecular weight. Low molecular weight PLGA is known to allow for more

complete and faster release of pharmaceutical agents incorporated into microparticles than

their higher molecular weight counterparts. (Anderson et al. “Biodegradation and

biocompatibility of PLA and PLGA microspheres.” Advanced Drug Delivery Reviews 28

(1997): 5-24; Bouissou et al., “Poly(lactic-co-glycolicacid) Microspheres.” Polymer in Drug
Delivery (2006): Chapter 7).

[00217]

250 mg of triamcinolone acetonide and 750 mg of PLGA (lactide: glycolide

molar ratio of 75:25, inherent viscosity of 0.27 dL/g and molecular weight of 29 kDa) were

dispersed in 14.25 grams of dichloromethane. The dispersion was atomized into micro-
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Drug | oad (%9 CA by weight) Incorporation efficiency (% Particle size (Dv,
fum) In vitro release (% 75:25 ester 14.6 87.7 DO.1: 36.5 lam 1 day:12.4
endcappedwoO 2(2/B90084. 0 | am 2 day: 21.6 0.58 dL/g DO. 9 PCHAIS2011 16601

droplets by adding the dispersion to the feed well of a rotating disk, rotating at a speed of
approximately 3300 rpm inside a temperature controlled chamber maintained at 38-45°C.
The solvent was evaporated to produce solid microparticles. The microparticles were
collected using a cyclone separator and, subsequently, sieved through a 150 um sieve.
[00218] Particle size of the TCA incorporated microparticles was determined using laser
diffraction (Malvern Mastersizer 2000) by dispersing a 250 mg aliquot in water, with the
refractive index (RI) for water and PLGA, set at 1.33 and 1.46 respectively. Sonication was
maintained as the sample was stirred at 2500 rpm and measurements taken every 15
seconds, with the average of three measurements reported. 10 mg of TCA containing
microparticles were added to 10 mL of dimethylsulfoxide (DMSO), mixed until dissolved
and an aliquot analyzed by HPLC to determine the microparticle drug load. Another 4 mg
of TCA containing microparticles were suspended in 20 mL of phosphate buffered saline
(PBS) containing 0.5% sodium dodecyl sulfate (SDS) maintained at 37°C. 0.5 mL of the
media was removed at regular intervals, replaced at each interval with an equivalent amount
of fresh media to maintain a constant volume, and analyzed by HPLC to determine
microparticle in vitro release. Analysis by HPLC was conducted using a C18 (Waters
Nova-Pack C-18, 3.9 x 150 mm) and 35% acetonitrile mobile phase at 1 ml/min flow rate

with UV detection at 240 nm. The results are shown in Table 9.

Table 9: Analytical Results of a Nominal 25% Triamcinolone Acetonide PLGA 75:25 (29

kDa) Microparticles
PLGA( lactide: Drug load Incorporation Particle size In vitro
glycolide molar (%TCA by efficiency (%) (Dv, pm) release (%)
ratio weight)
ratio/inherent
viscosity/molecular
weight/target%
TCA/% PEG
75:25 carboxylic 29.4 118 DO0.1: 34.1 um | 0.2 day: 4.0
acid end-capped DO0.5: 56.5 um | I day: 11.3
0.27dL/g D0.9: 95.2 um | 3 day: 22.5
29 kDa 7 day: 35.9
25% 14 day: 48.3
21 day: 53.4
28 day: 56.5

[00219] In vitro cumulative release data is graphed in Figure 18, along with the preferred
formulation using a higher molecular PLGA 75:25. The use of lower molecular weight
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3 day: 27.3 86 kDa 4 day 33.6 And 6 day: 41.2 75:25 carboxylic acid
endcapped 9 day: 50.7 12 day: 54.3 0.27 dL/g 17 day: 62.0 29 kDa
WO 2012/019009 PCT/US2011/046601

PLGA (29 kDa) did not improve the release of the triamcinolone acetonide from the
microparticles as expected, in fact the rate of release decreased and the release was
incomplete as compared to higher molecular weight PLGA (PLGA, 54 kDa).

[00220] In another formulation of low molecular weight PLGA 75:25(29 kDa),
polyethylene glycol, 10% PEG 3350, was added while maintaining the same amount of
triamcinolone acetonide. As shown with other PEG containing formulations, there was no
impact of this additive on the cumulative percent in vitro release profile as compared to the
formulation not containing PEG (data not shown).

[00221]  Influence of PLGA Lactide to Glycolide Ratio: In other triamcinolone acetonide
microparticle formulations, PLGA of equimolar lactide to glycolide ratio were employed
instead of PLGA (75:25). PLGA (50:50) is known to allow for faster degradation and
release of pharmaceutical agents incorporated into microparticles than PLGA's with greater
lactide versus glycolide content (Anderson et al. “Biodegradation and biocompatibility of
PLA and PLGA microspheres.” Advanced Drug Delivery Reviews 28 (1997): 5-24;
Bouissou et al., “Poly(lactic-co-glycolicacid) Microspheres.” Polymer in Drug Delivery
(2006): Chapter 7). Multiple formulations using PLGA 50:50 with differing amounts of
triamcinolone acetonide, with and without PEG, different PLGA molecular weights and
different PLGA endcaps were exemplified.

[00222] Formulations were prepared with 200 mg, 250 mg, 300 mg and 350 mg of
triamcinolone acetonide and corresponding amount of PLGA (lactide: glycolide molar ratio
of 50:50, inherent viscosity of 0.48 dL/g and molecular weight of 66 kDa) to yield 1000 mg
total solids were dispersed into a quantity of dichloromethane to a achieve a 5% PLGA
solution. In another iteration, 300 mg of triamcinolone acetonide, 100 mg of polyethylene
glycol (PEG 3350) and 650 mg of PLGA (lactide: glycolide molar ratio of 50:50, inherent
viscosity of 0.48 dL/g and molecular weight of 66 kDa) were dispersed in 14.25 grams of
dichloromethane. In another iteration, 300 mg of triamcinolone acetonide and 700 mg of
PLGA (lactide: glycolide molar ratio of 50:50, inherent viscosity of 0.18 dL/g and
molecular weight of 18 kDa) to yield 1000 mg total solids were dispersed in 14.25 grams of
dichloromethane. The dispersions were atomized into micro-droplets by adding the
dispersion to the feed well of a rotating disk, rotating at a speed of approximately 3300 rpm
inside a temperature controlled chamber maintained at 38-45°C. The solvent was
evaporated to produce solid microparticles. The microparticles were collected using a

cyclone separator and, subsequently, sieved through a 150 um sieve.
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20 day: 73.1 25day: 75.5 16. 7% TCA 30 day: 82.9 35 day: 84.6
42 day: 87.4
WO 2012/019009 PCT/US2011/046601

[00223] Particle size of the TCA incorporated microparticles was determined using laser
diffraction (Malvern Mastersizer 2000) by dispersing a 250 mg aliquot in water, with the
refractive index (RI) for water and PLGA, set at 1.33 and 1.46 respectively. Sonication was
maintained as the sample was stirred at 2500 rpm and measurements taken every 15
seconds, with the average of three measurements reported. 10 mg of TCA containing
microparticles were added to 10 mL of dimethylsulfoxide (DMSO), mixed until dissolved
and an aliquot analyzed by HPLC to determine the microparticle drug load. Another 4 mg
of TCA containing microparticles were suspended in 20 mL of phosphate buffered saline
(PBS) containing 0.5% sodium dodecyl sulfate (SDS) maintained at 37°C. 0.5 mL of the
media was removed at regular intervals, replaced at each interval with an equivalent amount
of fresh media to maintain a constant volume, and analyzed by HPLC to determine
microparticle in vitro release. Analysis by HPLC was conducted using a C18 (Waters
Nova-Pack C-18, 3.9 x 150 mm) and 35% acetonitrile mobile phase at 1 ml/min flow rate

with UV detection at 240 nm. The results are shown in Table 10.

Table 10: Analytical Results of Triamcinolone Acetonide PLGA 50:50 Microparticle

Formulations
PLGA( lactide: Drug load Incorporation Particle size In vitro
glycolide molar (%TCA by efficiency (%) (Dv, pm) release (%)
ratio weight)
ratio/inherent
viscosity/molecular
weight/target%
TCA/% PEG
50:50 carboxylic 19.2 96 DO0.1: 30.0 um | 0.2 day: 2.1
acid end-capped DO0.5: 48.5 um | I day: 3.3
0.48 dL/g D0.9: 77.0 ym | 3 day: 17.0
66 kDa 7 day: 18.7
20% TCA 14 day: 21.0
21 day: 23.5
28 day: 25.6
50:50 carboxylic 23.9 95.6 DO0.1: 30.2 um | 0.2 day: 4.0
acid end-capped DO0.5: 48.2 um | 1 day: 7.8
0.48 dL/g D0.9: 75.8 um | 3 day: 21.1
66 kDa 7 day: 32.1
25% TCA 14 day: 39.2
21 day: 40.0
28 day: 40.8
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gl ycofide nolar ratio ratio/inherent viscosity/nolecular weight/target%
TCA/ % PEG Drug | oad (% PRED by wei ght) Incorporation efficiency (%
Particl e WD2e120@@09i um ) In vitro release (% 50:50 car lpeXyUS2E11096601 66. 4
DO.1: 34.4 jam 1 day: 7.2 acid endcapped

the amount of TCA increases the rate of release and allows for more TCA to be released
before entering the lag phase. Similarly, the addition of PEG has minimal influence on the
release rate of TCA, while lower molecular weight PLGA 50:50 decrease the release rate as
observed with PLGA 75:25 formulations.

[00225] Based on the studies described herein, the Class B corticosteroid microparticle
formulations, for example, the TCA microparticle formulations, exhibiting the desired
release kinetics have the following characteristics: (1) the corticosteroid is between 22%-
28% of the microparticle; and (ii) the polymer is PLGA having a molecular weight in the
range of about 40 to 70 kDa, having an inherent viscosity in the range of 0.3 to 0.5 dL/g,
and or having a lactide:glycolide molar ratio of 80:20 to 60:40.

EXAMPLE 5: Preparation of Triamcinolone Acetonide PLGA Microparticles by Solid
in Qil in Water (S/O/W) Emulsion

[00226] A pharmacecutical depot was prepared comprised of the corticosteroid,
triamcinolone acetonide (TCA, 9a-Fluoro-11pB,16a,17a,21-tetrahydroxy-1,4-pregnadiene-
3,20-dione 16,17-acetonide; 9a-Fluoro-16a-hydroxyprednisolone 16a,17a-acetonide)
incorporated into microparticles.

[00227] Formulations were prepared by dissolving approximately 1 gram of PLGA in
6.67 mL of dichloromethane (DCM). To the polymer solution, 400 mg of triamcinolone
acetonide was added and sonicated. Subsequently, the corticosteroid containing dispersion
was poured into 200 mL of 0.3% polyvinyl alcohol (PVA) solution while homogenizing
with a Silverson homogenizer using a rotor fixed with a Silverson Square Hole High Shear
Screen™, set to rotate at approximately 2,000 rpm to form the microparticles. After two
minutes, the beaker was removed, and a glass magnetic stirrer) added to the beaker, which
was then placed onto a multi-way magnetic stirrer and stirred for four hours at 300 rpm to
evaporate the DCM. The microparticles were then washed with 2 liters of distilled water,
sieved through a 100 micron screen. The microparticles were then lyophilized for greater
than 96 hours and vacuum packed.

[00228] Particle size of the TCA incorporated microparticles was determined using laser
diffraction (Beckman Coulter LS 230) by dispersing a 50 mg aliquot in water, with the
refractive index (RI) for water and PLGA, set at 1.33 and 1.46 respectively. The sample
was stirred at the particle size measurement measurements taken and the results reported.

Drug load was determined by suspending a nominal 10 mg of microparticles in 8ml HPLC
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DO.5: 66.9 lam 2 day: 11.5 0.44 dL/g DO.9: 87.5 lam 3 day: 15.6 56 kDa
4 day: 20.2 28.6% PRED 5 day: 24.0 6 day: 28.4
WO 2012/019009 PCT/US2011/046601

grade methanol and sonicating for 2 hours. Samples were then centrifuged at 14,000g for
15 mins before an aliquot of the supernatant was assayed via HPLC as described below.
Corticosteroid-loaded microparticle samples, nominally 1 g were placed in 22 ml glass vials
in 8- 20ml of 0.5% v/v Tween 20 in 100mM phosphate buffered saline and stored in a 37°C
incubator with magnetic stirring at 130 rpm. Each test sample was prepared and analyzed in
duplicate to monitor possible variability. At each time point in the release study,
microparticles were allowed to settle, and an aliquot of between 4-1 6 ml of supernatant
were taken, and replaced with an equal volume of fresh 0.5% v/v Tween 20 in 100mM
phosphate buffered saline. Drug load and in vitro release samples were analyzed by HPLC
using a Hypersil C18 column (100mm, i.d. Smm, particle size Sum; ThermoFisher) and
Beckman HPLC. All samples were run using a sample injection volume of Sum, and
column temperature of 40 °C. An isocratic mobile phase of 60% methanol and 40% water
was used at a flow rate of Iml/min, with detection at a wavelength of 254nm.

[00229] In one group of suitable thirty day formulations, the PLGA is an ester end
capped PLGA (lactide: glycolide molar ratio of 75:25, inherent viscosity of 0.71 dL/g and
molecular weight of114 kDa) with 10% or 20% triblock (TB) polymer (PLGA-PEG-
PLGA). Triblock polymer was synthesized using a method described by Zentner et al 2001
(Zentner et al. “Biodegradable block copolymers for delivery of proteins and water-
insoluble drugs.” J Control Release 72 (2001): 203-15) and refined by Hou et al 2008 (Hou
et al., “In situ gelling hydrogels incorporating microparticles as drug delivery carriers for
regenerative medicine.” J Pharm Sci 97(9) (2008): 3972-80). It is synthesized using a ring
opening polymerization of cyclic dimmers of D,L-lactide and glycolide with PEG 1,500
kDa in the presence of stannous octoate. In vitro release (lactide: glycolide molar ratio of
50:50, inherent viscosity of 0.40 dL/g and molecular weight of 66 kDa). The analytical

results for these formulations are shown in Table 11.
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7 day: 32.7

WO 2012/019009

9 day: 36.5

11 day: 41.4

13 day: 45.0

PCT/US2011/046601

Table 11: Analytical Results of Nominal 28.6% Triamcinolone Acetonide in PLGA 75:25

plus Triblock Microparticle Formulations

PLGA(lactide: Drug load Incorporation Particle size Invitro
glycolide molar (%TCA by efficiency (%) (Dv, pm) release (%)
ratio weight)
ratio/inherent
viscosity/molecular
weight/target%
TCA/% PEG
75:25 ester 23.8 83.2 DO0.1: 38.9 um | 1 day: 8.2
endcapped D0.5: 74.7 um | 2 day: 14.2
0.71 dL/g D0.9:103.0 3 day: 15.7
114 kDa pum 4 day 18.2
28.6% TCA 6 day: 28.8
10% Triblock 9 day:38.9
12 day: 49.8
16 day: 61.6
20 day: 66.4
24day: 68.7
30 day: 72:3
35 day: 72.8
75:25 ester 24.8 86.7 DO0.1:39.5 um | 1 day: 5.5
endcapped DO0.5: 74.6 um | 2 day: 8.9
0.71 dL/g D0.9: 104.2 3 day: 12.8
114 kDa um 4 day 14.5
28.6% TCA 6 day: 28.4
20% Triblock (TB) 9 day:35.6
12 day: 47.8
16 day: 53.0
20 day: 64.3
24day: 67.3
30 day: 73.0
35 day: 73.0
[00230] The in vitro cumulative release profiles for both triblock containing formulations

are shown in Figure 20. The amount of triblock in the tested formulations did not influence
the cumulative percent release.

[00231] In one iteration of these data, the amount of TCA released per day was
calculated based on a human dose, as exemplified in Table 2, that may achieve a temporary
suppression of endogenous cortisol (greater than 50%) and, within 14 days, achieve cortisol
suppression of endogenous cortisol of less than 35%. These calculated doses equal 149 mg
of microparticles containing 35 mg of TCA and 252 microparticles containing 62mg of
TCA, for the 10% and 20% triblock formulations respectively (Figure 21 and Figure 22). In
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a second iteration of these data, the amount of TCA released per day was calculated based
on a human dose, as exemplified in Table 2, that would not have an suppress the HPA axis,

i.e. endogenous cortisol suppression more than 35%. These calculated doses equal 66 mg of

microparticles containing 16 mg of TCA and 47 microparticles containing 12 mg of TCA,

for the 10% and 20% triblock formulations respectively (Figure 23 and Figure 24).

[00232]

In another suitable formulation lasting greater than 30 days and up to 90 days,

the PLGA polymer consists of two different molecular weight PLGA 75:25 polymers in a

two to one ratio, PLGA 75:25 (lactide: glycolide molar ratio of 75:25, inherent viscosity of

0.27 dL/g and molecular weight of 29 kDa) and ester end capped PLGA 5.5E (lactide:

glycolide molar ratio of 75:25, inherent viscosity of 0.58 dL/g and molecular weight of 86

kDa), respectively. The formulation was processed as described above with the exception

that 200 mg of triamcinolone acetonide was used in the formulation instead of 400 mg and

similarly analyzed as describe for other formulations. The results are shown in the Table

12.

Table 12: Analytical Results of a Nominal 16.7% Triamcinolone Acetonide in Mixed

Molecular Weight PLGA 75:25 Microparticle Formulation

PLGA (lactide: Drug load Incorporation Particle size Invitro
glycolide molar (%TCA by efficiency (%) (Dv, pm) release (%)
ratio weight)
ratio/inherent
viscosity/molecular
weight/target%
TCA/% PEG
75:25 ester 14.6 87.7 DO0.1: 36.5 um | 1 day: 12.4
endcapped DO0.5: 54.0 um | 2 day: 21.6
0.58 dL/g DO0.9: 69.4 um | 3 day: 27.3
86 kDa 4 day 33.6
And 6 day: 41.2
75:25 carboxylic 9 day: 50.7
acid endcapped 12 day: 54.3
0.27 dL/g 17 day: 62.0
29 kDa 20 day: 73.1
25day: 75.5
16.7% TCA 30 day: 82.9
35 day: 84.6
42 day: 87.4
49 day: 89.2
[00233] In vitro cumulative percent TCA release data is graphed in Figure 25.
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TCA/ % PEG Drug | oad (% BETA by wei ght) Incorporation efficiency (%
Particle size (Dv, ium) In vitro release (% 50:50 carboxylic acid
endcappedwO.24r/dbjog 56 kDa 28. 6% BETA 22.8 79.7 DO. 1: 4PCI/Usammo@e6dr 71. 7
lam DO0.9: 102.7 ilm1 day: 2.0 2 day: 3.1 3 day: 4.8 4 day: 7.7 5 day: 12.5
6 day: 21.4

viscosity range from 0.2 to 0.35 dL/g, and the high molecular weight PLGA has a range of
70-95 kDa and an inherent viscosity range of 0.5 to 0.70 dL/g.

EXAMPLE 6: Preparation of Prednisolone PLGA Microparticles by Solid in Oil in
Water (S/O/W) Emulsion

[00237] A pharmaceutical depot was prepared comprised of the corticosteroid,
prednisolone (PRED, 118,17,21-trihydroxypregna-1,4-diene-3,20- dione) incorporated into
microparticles in PLGA 50:50.

[00238] Formulations were prepared by dissolving approximately 1 gram of PLGA 50:50
(lactide: glycolide molar ratio of 50:50, inherent viscosity 0.44 dL/g, MW 56 kDa) in 6.67
mL of dichloromethane (DCM). To the polymer solution, 400 mg of prednisolone was
added and sonicated. Subsequently, the corticosteroid containing dispersion was poured
into 200 mL of 0.3% polyvinyl alcohol (PVA) solution while homogenizing with a
Silverson homogenizer using a rotor fixed with a Silverson Square Hole High Shear
Screen™, set to spin at 2,000 rpm to form the microparticles. After two minutes, the beaker
was removed, and a glass magnetic stirrer) added to the beaker, which was then placed onto
a multi-way magnetic stirrer and stirred for four hours at 300 rpm to evaporate the DCM.
The microparticles were then washed with 2 liters of distilled water, sieved through a 100
micron screen. The microparticles were then lyophilized for greater than 96 hours and
vacuum packed.

[00239] Particle size of the PRED incorporated microparticles was determined using
laser diffraction (Beckman Coulter LS 230) by dispersing a 50 mg aliquot in water, with the
refractive index (RI) for water and PLGA, set at 1.33 and 1.46 respectively. The sample
was stirred at the particle size measurement measurements taken and the results reported.
Drug load was determined by suspending a nominal 10 mg of microparticles in 8ml HPLC
grade methanol and sonicating for 2 hours. Samples were then centrifuged at 14,000g for
15 mins before an aliquot of the supernatant was assayed via HPLC as described below.
Corticosteroid-loaded microparticle samples, nominally 1 g were placed in 22 ml glass vials
in 8- 20ml of 0.5% v/v Tween 20 in 100mM phosphate buffered saline and stored in a 37°C
incubator with magnetic stirring at 130 rpm. Each test sample was prepared and analyzed in
duplicate to monitor possible variability. At each time point in the release study,
microparticles were allowed to settle, and an aliquot of between 4-1 6 ml of supernatant

were taken, and replaced with an equal volume of fresh 0.5% v/v Tween 20 in 100mM
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66 kDa

calculated based on a human dose, as exemplified in Table 2 that would not suppress the
HPA axis, i.e. endogenous cortisol suppression of less than 35% (Figure 31). This
calculated dose equals 377 mg of microparticles containing 72 mg of PRED.

[00242] Based on the studies described herein, the Class A corticosteroid microparticle
formulations, for example, the prednisolone microparticle formulations, exhibiting the
desired release kinetics have the following characteristics: (i) the corticosteroid is between
10%-40% of the microparticle, for example, between 15%-30% of the microparticle; and
(i1) the polymer is PLGA having a molecular weight in the range of about 45 to 75 kDa,
having an inherent viscosity in the range of 0.35 to 0.5 dL/g, and or having a

lactide:glycolide molar ratio of 60:40 to 45:55.

EXAMPLE 7: Preparation of Betamethasone PLGA Microparticles by Solid in Oil in
Water (S/O/W) Emulsion

[00243] A pharmaceutical depot was prepared comprised of the corticosteroid,
betamethasone (BETA, 9-Fluoro-118,17,21-trihydroxy-168-methylpregna-1,4-diene-3,20-
dione) incorporated into microparticles in PLGA 50:50.

[00244] A formulation was prepared by dissolving approximately 1 gram of PLGA 50:50
(lactide: glycolide molar ratio of 50:50, inherent viscosity 0.44 dL/g, MW 56 kDa) in 6.67
mL of dichloromethane (DCM). To the polymer solution, 400 mg of betamethasone was
added and sonicated. Subsequently, the corticosteroid containing dispersion was poured
into 200 mL of 0.3% polyvinyl alcohol (PVA) solution while homogenizing with a
Silverson homogenizer using a rotor fixed with a Silverson Square Hole High Shear
Screen™, set to spin at 2,000 rpm to form the microparticles. After two minutes, the beaker
was removed, and a glass magnetic stirrer) added to the beaker, which was then placed onto
a multi-way magnetic stirrer and stirred for four hours at 300 rpm to evaporate the DCM.
The microparticles were then washed with 2 liters of distilled water, sieved through a 100
micron screen. The microparticles were then lyophilized for greater than 96 hours and
vacuum packed.

[00245] Particle size of the BETA incorporated microparticles was determined using
laser diffraction (Beckman Coulter LS 230) by dispersing a 50 mg aliquot in water, with the
refractive index (RI) for water and PLGA, set at 1.33 and 1.46 respectively. The sample
was stirred at the particle size measurement measurements taken and the results reported.

Drug load was determined by suspending a nominal 10 mg of microparticles in 8ml HPLC
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grade methanol and sonicating for 2 hours. Samples were then centrifuged at 14,000g for
15 mins before an aliquot of the supernatant was assayed via HPLC as described below.
Corticosteroid-loaded microparticle samples, nominally 1 g were placed in 22 ml glass vials
in 8- 20ml of 0.5% v/v Tween 20 in 100mM phosphate buffered saline and stored in a 37°C
incubator with magnetic stirring at 130 rpm. Each test sample was prepared and analyzed in
duplicate to monitor possible variability. At each time point in the release study,
microparticles were allowed to settle, and an aliquot of between 4-1 6 ml of supernatant
were taken, and replaced with an equal volume of fresh 0.5% v/v Tween 20 in 100mM
phosphate buffered saline. Drug load and in vitro release samples were analyzed by HPLC
using a Hypersil C18 column (100mm, i.d. Smm, particle size Sum; ThermoFisher) and
Beckman HPLC. All samples were run using a sample injection volume of Sum, and
column temperature of 40 °C. An isocratic mobile phase of 60% methanol and 40% water
was used at a flow rate of 1ml/min, with detection at a wavelength of 254nm. The
analytical characteristics of the betamethasone PLGA microparticles are shown in the Table
14.

Table 14: Analytical Results of a Nominal 28.6% Betamethasone PLGA 50:50

Microparticle Formulation

PLGA( lactide: Drugload (% | Incorporation Particle size Invitro
glycolide molar BETA by efficiency (%) (Dv, pm) release (%)
ratio weight)
ratio/inherent
viscosity/molecular
weight/target%
TCA/% PEG
50:50 carboxylic 22.8 79.7 DO0.1:42.1 um | I day: 2.0
acid endcapped DO0.5: 71.7 um | 2 day: 3.1
0.44 dL/g D0.9: 102.7 3 day: 4.8
56 kDa um 4 day: 7.7
28.6% BETA S day: 12.5
6 day: 21.4
7 day: 30.8
9 day: 38.6
11 day: 43.9
13 day: 49.6
15 day: 55.5
18day: 57.5
21 day: 59.2
24 day: 60.8
27 day: 62.9
30 day: 72.4
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[00246]  In vitro release profile of the betamethasone PLGA microparticles is shown in
Figure 32. This formulation is suitable for a 30 day formulation or greater.

[00247] In one iteration of the in vitro release data, the amount of betamethasone
released per day was calculated based on a human dose, as exemplified in Table 2, which
may achieve a temporary suppression of endogenous cortisol (greater than 50%) and, within
14 days, achieve cortisol suppression of endogenous cortisol of less than 35%. This
calculated dose equals 111 mg of microparticles containing 25 mg of betamethasone. Ina
second iteration of these data, the amount of betamethasone released per day was calculated
based on a human dose, as exemplified in Table 2 that would not suppress the HPA axis, i.e.
endogenous cortisol suppression never exceeding 35%. This calculated dose equals 38 mg
of microparticles containing 9 mg of betamethasone. These doses are both graphically
represented in Figures 33 and 34.

[00248] Based on the studies described herein, the Class C corticosteroid microparticle
formulations, for example, the betamethasone microparticle formulations, exhibiting the
desired release kinetics have the following characteristics: (i) the corticosteroid is between
10%-40% of the microparticle, for example, between 15%-30% of the microparticle; and
(i1) the polymer is PLGA having a molecular weight in the range of about 40 to 70 kDa,
having an inherent viscosity in the range of 0.35 to 0.5 dL/g, and or having a

lactide:glycolide molar ratio of 60:40 to 45:55.

EXAMPLE 8: Preparation of Fluticasone Propionate PLGA Microparticles by Solid
in Qil in Water (S/O/W) Emulsion

[00249] A pharmaceutical depot was prepared comprised of the corticosteroid,
fluticasone propionate (FLUT, S-(fluoromethyl) 6a,9-difluoro-11p,17-dihydroxy-16a-
methyl-3-oxoandrosta-1,4-diene-17p-carbothioate, 17-propionate) incorporated into
microparticles in PLGA 50:50.

[00250] A formulation was prepared by dissolving approximately 1 gram of PLGA 50:50
(lactide: glycolide molar ratio of 50:50, inherent viscosity 0.45 dL/g, molecular weight 66
kDa) in 6.67 mL of dichloromethane (DCM). To the polymer solution, 200 mg of
fluticasone propionate was added and sonicated. Subsequently, the corticosteroid
containing dispersion was poured into 200 mL of 0.3% polyvinyl alcohol (PVA) solution
while homogenizing with a Silverson homogenizer using a rotor fixed with a Silverson

Square Hole High Shear Screen™, set to spin at 2,000 rpm to form the microparticles.
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microparticles were allowed to settle, and an aliquot of between 4-1 6 ml of supernatant

were taken, and replaced with an equal volume of fresh 0.5% v/v Tween 20 in 100mM
phosphate buffered saline. Drug load and in vitro release samples were analyzed by HPLC
using a Hypersil C18 column (100mm, i.d. Smm, particle size Sum; ThermoFisher) and
Beckman HPLC. All samples were run using a sample injection volume of Sum, and
column temperature of 40 °C. An isocratic mobile phase of 60% methanol and 40% water
was used at a flow rate of 1ml/min, with detection at a wavelength of 254nm.Theanalytical

results of the fluticasone propionate PLGA microparticles are shown in Table 15.
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[00254]  Other fluticasone propionate PLGA depots were formulated in the same manner
as described above with different PLGA polymers or amounts fluticasone propionate. In
one formulation, a PLGA polymer with a higher lactide to glycolide ratio (PLGA 75:25
(ester end-capped PLGA 75:25, lactide: glycolide molar ratio of 75:25, 0.58 dL/g, MW 86
kDa) was used instead of the PLGA 50:50 as previously described. Unlike the
triamcinolone acetonide preparations described in Example 5, but typically expected as
described in the literature, the higher lactide to glycolide ratio resulted in a slower release,
where 30% release in 14 days, followed by a substantial lag phase where little drug is
released for a minimum of thirty days. In another example, 400 mg of fluticasone
propionate instead of 200 mg was used in preparation of PLGA 50:50 microparticles (target
drug load 28.6%). Unlike triamcinolone acetonide microparticle preparations, the higher
drug load did not result in a significantly different release of fluticasone propionate; Figure
38 shows the in vitro release of all three fluticasone propionate formulations.

[00255] Based on the studies described herein, the Class D corticosteroid microparticle
formulations, for example, the fluticasone or fluticasone propionate microparticle
formulations, exhibiting the desired release kinetics have the following characteristics: (i)
the corticosteroid is between 8%-20% of the microparticle, and (ii) the polymer is PLGA
having a molecular weight in the range of about 40 to 70 kDa, having an inherent viscosity
in the range 0f 0.35 t0 0.5 dL/g, and or having a lactide:glycolide molar ratio of 60:40 to
45:55.

EXAMPLE 9: Preparation of Dexamethasone Microparticles by Solvent Dispersion in
PLGA

[00256] A pharmaceutical depot was prepared comprised of the corticosteroid,
dexamethasone (DEX, 9-Fluoro-11p,17,21-trihydroxy-16a-methylpregna-1,4-diene- 3,20-
dione) incorporated into microparticles in PLGA 50:50.

[00257] A formulation was prepared by dissolving approximately 1 gram of PLGA 50:50
(lactide: glycolide molar ratio of 50:50, inherent viscosity 0.45 dL/g, molecular weight 66
kDa) in 6.67 mL of dichloromethane (DCM). To the polymer solution, 200 mg of
dexamethasone was added and sonicated. Subsequently, the corticosteroid containing
dispersion was poured into 200 mL of 0.3% polyvinyl alcohol (PVA) solution while
homogenizing with a Silverson homogenizer using a rotor fixed with a Silverson Square

Hole High Shear Screen™, set to spin at 2,000 rpm to form the microparticles. After two
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28. 6% DEX 5 day: 10.9 6 day:12.7 7 day: 15.0 9 day: 16.4

WO 2012/019009 PCT/US2011/046601

minutes, the beaker was removed, and a glass magnetic stirrer) added to the beaker, which
was then placed onto a multi-way magnetic stirrer and stirred for four hours at 300 rpm to
evaporate the DCM. The microparticles were then washed with 2 liters of distilled water,
sieved through a 100 micron screen. The microparticles were then lyophilized for greater
than 96 hours and vacuum packed.

[00258] Particle size of the DEX incorporated microparticles was determined using laser
diffraction (Beckman Coulter LS 230) by dispersing a 50 mg aliquot in water, with the
refractive index (RI) for water and PLGA, set at 1.33 and 1.46 respectively. The sample
was stirred at the particle size measurement measurements taken and the results reported.
Drug load was determined by suspending a nominal 10 mg of microparticles in 8ml HPLC
grade methanol and sonicating for 2 hours. Samples were then centrifuged at 14,000g for
15 mins before an aliquot of the supernatant was assayed via HPLC as described below.
Corticosteroid-loaded microparticle samples, nominally 1 g were placed in 22 ml glass vials
in 8- 20ml of 0.5% v/v Tween 20 in 100mM phosphate buffered saline and stored in a 37°C
incubator with magnetic stirring at 130 rpm. Each test sample was prepared and analyzed in
duplicate to monitor possible variability. At each time point in the release study,
microparticles were allowed to settle, and an aliquot of between 4-1 6 ml of supernatant
were taken, and replaced with an equal volume of fresh 0.5% v/v Tween 20 in 100mM
phosphate buffered saline. Drug load and in vitro release samples were analyzed by HPLC
using a Hypersil C18 column (100mm, i.d. Smm, particle size Sum; ThermoFisher) and
Beckman HPLC. All samples were run using a sample injection volume of Sum, and
column temperature of 40 °C. An isocratic mobile phase of 60% methanol and 40% water
was used at a flow rate of 1ml/min, with detection at a wavelength of 254nm.The analytical

results for the dexamethasone PLGA microparticles are shown in Table 16.
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11 day: 18.0 13 day: 20.7 15 day: 24.6 18 day: 26.2 21 day:
28.1
WO 2012/019009 PCT/US2011/046601

Table 16: Analytical Results of a Nominal 28.6% Dexamethasone PLGA 50:50

Microparticle Formulation

PLGA(lactide: Drug load (% | Incorporation Particle size Invitro
glycolide molar DEX by efficiency (%) (Dv, pm) release (%)
ratio weight)
ratio/inherent
viscosity/molecular
weight/target%
FLUT/
50:50 carboxylic 22.1 77.2 DO0.1: 41.2 um | 1 day: 2.9
acid endcapped DO0.5: 71.9 um | 2 day: 4.6
0.45dlL/g D0.9: 99.1 um | 3 day: 6.3
66 kDa 4 day: 8.7
28.6% DEX 5 day: 10.9
6 day: 12.7
7 day: 15.0
9 day: 16.4
11 day: 18.0
13 day: 20.7
15 day: 24.6
18 day: 26.2
21 day: 28.1
24 day: 30.3
27 day: 34.0
30 day: 46.3

[00259]  In vitro cumulative percent release of the dexamethasone is shown in 39, and
results in suitable formulation for a minimum of thirty days and, assuming linear release,
likely up to 60 days.

[00260] In one iteration of the in vitro release data, the amount of dexamethasone
released per day was calculated based on a human dose, as exemplified in Table 2, which
may achieve a temporary suppression of endogenous cortisol (greater than 50%) and, within
14 days, achieve cortisol suppression of endogenous cortisol of less than 35%. In a second
iteration of these data, the amount of dexamethasone released per day was calculated based
on a human dose, as exemplified in Table 2 that would not suppress the HPA axis, i.e.
endogenous cortisol suppression never exceeding 35%. In the case of dexamethasone,
where the data is truncated, both calculated human doses are the same; 36 mg of
microparticles containing 8 mg of dexamethasone. The doses are graphically represented in

Figure 40.
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respectively. The elimination half-life of TCA followmg administration of 1.125 mg
FX006 and TCA IR were 451 and 107 h, respectively.

33



respectively. The elimnation half-life of TCA foll ow ng adm ni stration of
1.125 ng FX006 and TCA IR were 451 and 107 h, respectively. WD 2012/019009
PCT/ US20 MOQ4BB02009Tabl e 17. Sunmary of TCA Pl asnma Phar magaks2enaoieo1
Paranmeters Variabto FX00.60.12a olg) MarKVY% FX006 (0..56 nlg). Mean(CV%
Treatnment. , PC00.6 (1.125. tng.) MaKV®% TCA.; R (0...18. ng) Mean(CV.%:
ICA IR (1.125 me Mean(ON AUCO-24 (ng.h/nmL) 31.0 (76.0) 33.0 (19.1) 136

(6.0) Table 17. Summary of TCA Plasma Pharmacokinetic Parameters

AUCs.24

(ngh/iml) | 310 (76.0)] 33.0 (194) | 136 (6.0) | 297 (21.5)| 1403  (13.2)

(ng?hcfor'ﬁu 356 (62.0)] 572 (21.5)| 856 (172)| 479  (32.6) | 6065 (37}

(n:.ltj‘c(;{::r:L) 335 (665)] 532 (238)| 2142 (144)| 456 (31.3)| €013  (3.4)

(;\g/i; 1308 (96.6)] 1014 (244)| 402 (193)] 400 (27.6)| 186 (3.6

(n§7:§u 182 (66.2)] 191 (02| 815 gzsy| 416 @s)| 125 52

1;:1/)2 995 (39.9)] 180 (27.0) | 451 (0.8)| 356 (635)| 107 (567

T(?Sx 177 (1489) 167 (162.8)] 333  (69.3)] 200 (0.0) | 100  (0.0)

\(/m{.!; 274215 (117.0)] 326966 (30.2) | 240481 (17.7) | 12069 (53.4) | 23829  (34.4)

[00264] The above results suggest a slower distribution and bioavailability of TCA in the
systemic circulation following administration of FX006 as compared to TCA IR. Without
wishing to be bound by theory, the slower distribution FX006 into the systemic circulation
may be related to the longer residence time of FX006 at the site of injection. This is
supported by the lesser availability of the FX006 microparticle formulation in the early
“burst” phase, where only 4-9 % of product is released, compared to at least 23 % of the IR
product.

[00265] Bioavailability of TCA in the systemic circulation following administration of

FX006 was 3-fold lower than that observed for TCA IR, as shown in Table 18.

Table 18. Bioavailability of TCA in Plasma

Fans (%) 17.9 58.6
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479 (32.6) 6065 (3.7) AUCo-t (ng.h/nL) 335 (66.5) 532 (23.8) 2142
WO 2012/019009 PCT/US2011/046601

[00266] For the 0.56 and 1.125 mg dose levels of FX006, apparent F% were 23.1% and

58.1%, respectively. The I'V data in rats shown in Table 19 was used as a reference to

calculate F.

Table 19. Pharmacokinetic Parameters of TCA in Rat Plasma After i.v. (50 mg/kg bolus +
23 mg/kg/h Infusion) Administration of Triamcinolone Acetonide Phosphate

Pavametar Hat 1 Hat @ Rat i S0

foan S

0684 08B 129 (1.944 £ 0314
CLhvkgy LIS 0780 0872 Q83710188

kigth B 164 178 L8y 11.67 2 0102
byy th B 104 0840 113 0037 £ 0,261
Tl (h LES 371 98T 2914 108

Fu 0084 0110 0083 D093 20018

from Rojas et al., “Microdialysis of triamcinolone acetonide in rat muscle.” J Pharm
Sci 92(2) (2003):394-397.
[00267] The initial “burst” (i.e., exposure up to 24 h) accounted for less than 10% of the
total systemic exposure of FX006. The initial burst accounted for ~23-62% of the total
exposure for the TCA IR product, as shown in Table 20.

Table 20. Relative Availability of TCA in Plasma (Initial Burst vs. Delayed Release)

AUC . {ng W/ mb) 310 33.0 136 297 1403
AUC,., ing.h/mL) 356 572 2856 479 6065
AUC,,. . ing.h/mL) 325 539 2720 182 4662

 Initial Burst 8.65 5.76 4.76 62.1 23.1

[00268] In this same study, groups of animals were sacrificed 28 days after dosing, and
the remaining were terminated on Day 42. Body weights were monitored throughout the
study and key organs (spleen, adrenal glands, thymus) were weighed upon necropsy. The

injected knee and the contralateral control joints were prepared for histological assessment.
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400 (27.6) 186 (3.6) Cmax (ng/nnL) 1.82 (66.2) 1.91 (10.2)
WO 2012/019009 PCT/US2011/046601

Toluidine blue stained sections of joints were evaluated for treatment-related alterations.
Histologic changes were described, wherever possible, according to their distribution,
severity, and morphologic character.

[00269] Histological analysis demonstrated the following observations. First, injected
joints from placebo (blank PLGA microspheres)-treated animals had minimal multifocal
macrophage infiltration in associated with 20-130 um diameter microspheres, whereas none
of the active FX006-injected joints showed the presence of any microspheres at Day 28.
Placebo-treated rat joints had no cartilage or joint changes save for the presence of
spontaneous cartilage cysts in a few joints (1 at Day 28, 2 at Day 42) in the right (injected)
knees. The left knees in the placebo-treated rat joints were normal. In comparison, both
knees in the high dose TCA IR and the high and mid-dose FX006 - groups showed some
mild bone marrow hypocellularity and growth plate atrophy (dose dependent for FX006).
Both knees in the low dose TCA IR and FX006 animals were normal. Spontaneous
cartilage cysts noted in placebo animals were also noted in all groups dosed with FX006
with no increase in incidence or severity. High dose TCA IR increased cartilage cysts at
Day 42 but not at Day 28. In general, FX006-treated animals had normal articular cartilage
despite the presence of catabolic effects on other joint structures, which was likely more
readily observed on account of the young age of the animals.

[00270] Overall, all observed effects of FX006, especially at the high dose, such as body
weight loss and reduced organ weights were also seen with TCA IR. The time course of
inhibition of the HPA axis (measured as corticosterone levels) is shown in Figure 42. It
should be noted that at the lowest dose of FX006 (0.28 mg; circles) corticosterone levels
were initially inhibited but recovered back to near baseline by Day 14 post-dose. Similarly,
with TCA IR at the lowest dose (0.18 mg), corticosterone levels recovered by Day 7
(squares). With the mid (0.56 mg) and high (1.125 mg) doses of FX006 and the high dose
of TCA IR (1.125 mg), corticosterone levels were inhibited longer as shown in Figure 42.
[00271] A PK-PD analysis demonstrated that inhibition of corticosterone was correlated
with systemic TCA levels and followed a classical inhibitory model as shown in Figure 43.

The ICso was about 1 ng/mL and the E.x was achieved at 50-80 ng/mL.
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8.15 (12.5) 41.6 (25.1) 125 (5.3) T1/2 (h) 99.5 (39.9) 180 (27.0) 451
(20.8) 35.6 (63.5) 107 (56.7) Tmax (h) 17.7 (148.9) 16.7
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EXAMPLE 11: Evaluation of Efficacy of Single Doses of TCA Immediate Release and

TCA Microparticle Formulation in Animal Model of Osteoarthritis

[00272] The studies described herein were designed to test and evaluate the efficacy of
the corticosteroid microparticle formulations provided herein as compared to immediate
release corticosteroid formulations. While the studies herein use TCA, it is understood that
other corticosteroids, including other Class B corticosteroids, Class A corticosteroids, Class
C corticosteroids, and Class D corticosteroids, can be evaluated using these materials,
methods and animal models.

[00273] Efficacy of single intra-articular (IA) doses of FX006 (TCA in 75:25 PLGA
formulation microparticles) and TCA IR (immediate release) was evaluated in a rat model
of osteoarthritis of the knee via sensitization and challenge by peptidoglycan polysaccharide
(PGPS). The model involves priming the animals with an intra-articular injection of PGPS
in the right knee. The following day, any animals with no knee discomfort were eliminated
from the test article groups and placed into the baseline group. Two weeks later, knee
inflammation was reactivated by a tail vein injection of PGPS, 2.5 hr following IA dosing
with FX006 or TCA IR at the doses selected (n=10/group). Differences in weight-bearing
and gait (as a measure of joint pain experienced by the animals), histopathology, plasma PK
etc. were evaluated.

[00274] Doses of FX006 (0.28, 0.12, 0.03 mg) and TCA IR (0.06, 0.03 mg) for this study
were selected based on data from the study described above in Example 10 and an initial
run of the PGPS model in which only TCA IR was evaluated at two IA dose levels. The

goals of the present study were to demonstrate the following:

e FXO006 is efficacious at doses that do not inhibit the HPA axis

e The duration of efficacy is a function of dose

e FXO006 provides more prolonged pain relief as compared to TCA IR - Since
only about 10% of the TCA payload is expected to be released from FX006
in the first 24 hr, one TCA IR dose group (0.03 mg) was chosen to match
10% of the TCA in FX006 at a dose of 0.28 mg

s Effects of matched doses of FX006 and TCA IR (0.03 mg)
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(162.8) 3.33 (69.3) 2.00 (0.0) 1.00 (0.0) V'/F (mL) 274215 (117.0) 326966
(30.2) 240481 (17.7) 12069 (53.4) 23829 (34.4) [00264] The above results
suggest awel0mand@pstri buti on and bi oavail ability of TCRCIrASeé1g/0¢668t eni c
circulation follow ng adm ni strati on of FX006 as conpared to TCA IR

W thout wishing to be bound by theory, the slower distribution FX006 into
the systemc circulation may be related to the | onger residence tine of

FX006 at tgw78) t aneliulalbotdriacy W SsdsSedDHBRATEBEL rBActitAIBNd, ©S%@Kks apart.
avai lability of the FX006 mcroparticle fornulation in the early "burst™

phase, whéeYtT Bt Boint. e ontlyftis pbisanretin ths apigagsdiseemesdrerp dideorrredd sakingdist 23 %
of the IR Baduflne hA9AS5] mBiamvRik ARikdly of TCA in the systemic
circulation followng adm nistration of FX006 was 3-fold | ower than that
observed fIHR7GICA Atphe fast ressvationnveliighy tecated animaghy denpgstrag) pednfalidadles | ity of TCA
in Plasm demonstrated by high pain scores (3.5 out of a maximum of 4 possible) as shown in Figures
44A, 44B, and 44C. FX006 at 0.28 mg (squares) showed good efficacy. In the previous
study described in Example 10, this dose was demonstrated to inhibit the HPA axis
immediately after dosing but a return to baseline function was demonstrated by Day 14.
Interestingly, this dose of FX006 continued to be efficacious upon the 2™ and 3"
reactivations on Days 14 and 28 when the HPA axis function was presumably normal. It
should also be noted that since HPA axis function returned to baseline by Day 7 at a (.18
mg dose of TCA IR in the previous study described in Example 10, the effects of the doses
of TCA IR used in the present study (0.06 and 0.03 mg) were also in the presence of normal
HPA axis function following an initial transient inhibition. Corticosterone measurements
from the present study (as an indicator of HPA axis function) are presented as change from
baseline for each treatment group in Figure 46. As demonstrated from these data,
corticosterone levels for all groups recovered by Day 14; hence the goal of prolonged
efficacy with FX006 in the presence of normal HPA axis function was achieved.
[00277] Overall, a clear dose-dependence of response was noted for both FX006 and
TCA IR. Also, if less than 10% of this dose is available by the day after dosing (Day 1), it
should be noted in Figure 44B that the efficacy of FX006 at 0.28 mg (squares) is greater
than TCA IR at 0.03 mg (triangles) at all evaluations. Further, the duration of efficacy of
TCA (both FX006 and IR) appears to be a function of dose, however, the prolonged release
of TCA from the PLGA microspheres in FX006 results in more sustained efficacy. This is
more clearly depicted in another representation of the data in Figure 45 in which peak
response for each dose as determined by gait/pain scores on Day 1 following each
reactivation (Days 1, 15 and 29) are plotted. Figure 46 plots the time course of
corticosterone recovery for all study groups. On balance, across all groups that received the
corticosteroid, there was recovery.
[00278] Plasma levels of TCA were measured in samples taken from all rats at baseline
(Day -4), Days 0 (2 hr post dosing), 1, 3, 8, 14, 17, 21, 28, and 31. Concentration-time

curves for all treatment groups are shown in Figure 47A. Figure 47B shows only the
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Abwi ute Bioavailability Conparium FX006 (0.18 ng) TCA IR (0..18 ng) 17.958.6
[ 00266] For the 0.56 and 1.125 ng dose | evels of FX006, apparent F% were
23. 1% andwB2o194190@specti vely. The 1V data in rats showRCirusTahiogs6dd was
used as a reference to calculate F. Table 19. Pharnacokinetic Parameters of
TCA in Rat Plasma After i.v. (50 ng/kg bolus + 23 ng/kg/h |nfusion)

Adm ni stration of Triantinol one Acetoni de Phosphate Para notor Rat 1 . Rt 2

. Rat Mpo mFXﬁOé }los@ k&\}) s On §Bdoc? s BRGirke 2Rxndd Hths B dshcGleralidnsilidh k@) 1. 15 0, 790

0 872 O, vx?ge far lower than those with TCA IR.
[00279] Histopathological evaluation of the knees taken from all animals at the end of the
study (Day 32 at the end of the 3" reactivation of arthritis) demonstrated statistically
significant improvement by FX006 at the high and mid-range doses (0.28 and 0.12 mg) in
the composite histological score and each component score (inflammation, pannus, cartilage
damage and bone resorption) as shown in Figure 48. As described above, the dose of 0.28
mg FX006 demonstrated strong efficacy (i.e. analgesic activity) throughout all 3
reactivations, whereas the dose of 0.12 mg was active but to a lesser degree through all 3
reactivations. At the doses of TCA IR used, the duration of efficacy was mostly through the
first reactivation of arthritis, with partial efficacy of the higher (0.06 mg) dose in the second
reactivation, and this also translated into a much smaller non-significant improvement in
histological scores. Importantly, these data demonstrate that TCA has no deleterious effect
on cartilage and as has been described in other settings, it actually reduces cartilage damage
in an inflammatory milieu.
[00280] In conclusion, the prolonged residence of TCA in the joint upon IA dosing with
FX006 resulted in extending the duration of efficacy in the rat PGPS model of arthritis with
a significant histological improvement in inflammation, pannus formation, cartilage damage
and bone resorption. FX006 had these effects without inhibiting HPA axis function as
demonstrated by the return to baseline of corticosterone levels within 14 days after dosing.
The clinical implications for the treatment of patients with osteoarthritis, rheumatoid

arthritis and other inflammatory joint disorders are as follows:

o Intra-articular injection of sustained release corticosteroid microparticle
formulations provides prolonged pain relief relative to intra-articular injection of
immediate release steroids.

o Intra-articular injection of sustained release corticosteroid microparticle
formulations is efficacious in reducing pain and inflammation at doses that do not
inhibit the HPA axis.

e The duration of efficacy of sustained release of intra-articular corticosteroid

microparticle formulations is a function of dose.
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1.,64 L79 L59 11.67 0,102 1,04 0"640 1.13 0,937 21 th) .60: 3..71 2.87
2.7) + 1.09 0.084 0,110 0"085 0,093 :1-.0.015 fromRojas et al.,

"M crodi avo208/0ap000r i anci nol one acetonide in rat nuscl ePCTUSPhANOM6BCI 92( 2)
(2003):394-397. [00267] The initial "burst" (i.e., exposure up to 24 h)
accounted for less than 10% of the total systemi c exposure of FX006. The
initial burst accounted for -23-62% of the total exposure for the TCA IR

product, as shaug. a'rt'ibu-lé"fllﬁlj&tlglgof sUSRIned AfbasRRIRLL¥BidWMREpaRIcl ty of TCA in
Pl asnma (|n|t|al Burst vs. Del ayed Rel ease)
formulations slows, arrests, reverses, or otherwise inhibits structural damage to

tissues caused by inflammation.

[00281]  Although particular embodiments have been disclosed herein in detail, this has
been done by way of example for purposes of illustration only, and is not intended to be
limiting with respect to the scope of the appended claims, which follow. In particular, it is
contemplated by the inventors that various substitutions, alterations, and modifications may
be made to the invention without departing from the spirit and scope of the invention as
defined by the claims. Other aspects, advantages, and modifications are considered to be
within the scope of the following claims. The claims presented are representative of the
inventions disclosed herein. Other, unclaimed inventions are also contemplated.

Applicants reserve the right to pursue such inventions in later claims.
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What is claimed is:

1. A formulation comprising (a) controlled- or sustained-release microparticles
comprising triamcinolone acetonide (TCA) or a pharmaceutically-acceptable salt thereof and
a poly(lactic-co-glycolic) acid copolymer (PLGA) matrix, wherein the TCA comprises
between 22% to 28% of the microparticles and wherein the PLGA has the following
characteristics: (1) a molecular weight in the range of 40 to 70 kDa and (ii) a lactide:glycolide

molar ratio of 80:20 to 60:40.

2. The formulation of claim 1, wherein the copolymer is biodegradable.

3. The formulation of claim 1, wherein the microparticles have a mean diameter of

between 10 ym to 100 pm.

4. The formulation of claim I, wherein the PLGA has a lactide:glycolide molar ratio of
75:25.
5. The formulation of claim 1, wherein the microparticles further comprise a

polyethylene glycol (PEG) moiety, wherein the PEG moiety comprises between 25% to 0%

weight percent of the microparticle.

6. The formulation of claim 1, wherein the TCA is released for at least between 14 days

and 90 days upon administration to a joint.

7. The formulation of claim 1, wherein the PLGA has an inherent viscosity in the range

0of 0.3 to 0.5 dL/g.

8. The formulation of claim 1, wherein the 22% to 28% of TCA in the microparticles
comprises a total TCA load dose between 10 to 50 mg.

9. An injectable formulation comprising (a) controlled- or sustained-release
microparticles comprising triamcinolone acetonide (TCA) or a pharmaceutically-acceptable

salt thereof and a poly(lactic-co-glycolic) acid copolymer (PLGA) matrix, wherein the TCA
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comprises between 22% to 28% of the microparticles, wherein the microparticles have a
mean diameter of between 10 pm to 100 pm, and wherein the PLGA has the following
characteristics: (i) a molecular weight in the range of 40 to 70 kDa; and (ii) a
lactide:glycolide molar ratio of 80:20 to 60:40, wherein the TCA is released for between at

least 14 days and 90 days upon administration to a joint.

10.  The formulation of claim 9, wherein the PLGA has a lactide:glycolide molar ratio of

75:25.

11.  The formulation of claim 9, wherein the microparticles further comprise a PEG
moiety, wherein the PEG moiety comprises between 25% to 0% weight percent of the

microparticle.

12.  The formulation of claim 9, wherein the 22% to 28% of TCA in the microparticles

comprises a total TCA load dose between 10 to 50 mg.

13.  The formulation of claim 9, wherein the PLGA has an inherent viscosity in the range

of 0.3 t0 0.5 dL/g.

14.  The formulation of claim 1 or 9 for use in the treatment of pain or inflammation in a
patient.

15.  The formulation of claim 1 or 9 for use in the treatment of pain or inflammation in a
patient, wherein the formulation releases the TCA for at least 14 days at a rate that does not

adversely suppress the hypothalamic-pituitary-adrenal axis (HPA axis).

16.  The formulation of claim 1 or 9 for use in slowing, arresting or reversing progressive

structural tissue damage associated with chronic inflammatory disease in a patient.

17.  The formulation of claim 1 or 9 for use in slowing, arresting or reversing progressive
structural tissue damage associated with chronic inflammatory disease in a patient, wherein
the formulation releases the TCA for at least 14 days at a rate that does not adversely

suppress the hypothalamic-pituitary-adrenal axis (HPA axis).
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18.  The formulation of any one of claims 14-17, wherein the formulation is administrable

as one or more injections.

19. The formulation of any one of claims 14-17, wherein the patient has osteoarthritis,

acute gouty arthritis, or synovitis.
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