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25 Orally administered carbonic anhydrase inhibitors include acetazolamide and
methazolamide. Systemic inhibition of carbonic anhydrase is associated with
significant side effects, including aplastic anemia, hypokalemia, nephrolithiasis,
paresthesias in hands and face, malaise, anorexia, and severe weight loss. For this

reason, oral carbonic anhydrase inhibitors are generally used only in acute
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30 A device intended to provide sustained release of a drug should also provide

controlled release, i.e., it should approximate zero-order or linear release over time,
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FIG. 5 is a cross-sectional illustration of a sustained release drug delivery
device in accordance with the present invention, adapted for insertion into a lacrimal

duct.
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Codrugs or prodrugs may be used to deliver carbonic anhydrase inhibitors in
a sustained manner, and may be adapted for use in the embodiments of the present
invention discussed herein. The term “codrug” as used herein means a compound
comprising a first molecule residue associated with a second molecule residue,

30  wherein each residue, in its separate form (e.g., in the absence of the association), is



an active agent or a prodrug of an active agent. The

associ ati on between said residues can be either ionic
woroigoeaBent and, in the case of coval ent assoPCHUSING(01719

either direct or indirect through a linker. The first

nmol ecul e can be the same or different fron1the

second. Codrugs, as.that termis u d here are noy.e

full ;?“@C*aVé“fsaéFf& Sk PHofrug 08an giive, ﬁ%enNo eé‘“@%‘f ‘%“’twi‘@ said

used rbgdiRk Ban BelR@hdreshidor ddﬁfz!tl&ut and, ag@Blase o@éovaléﬁf R6dtiakions,

anhydrase inhibitor" includes odr u or a
oy e DL ot sl TS, ol Pradiil O 2
Phar neg&etitea] thy s taahl 5@ B@hak Forrh ICh 9@ Bereih) Ulre RO fany
l[imted to, sulfates H&ﬁ ochlorldes and the |ike

wRer é‘%%’@%%@tﬁ?&?@@o es and sodium salts where
10 the conpound is acidic., qsed herein
"sust ai nedSHegdigEsn, disprams d’&‘lg’ ‘38R0% 2P SaroPF @alydrase inhibitor”

f or mih@fide9d codfBR PRodtugd6Vd SirRicehiRaPhRbptMe tdkabrm thereof.
rel eases an agent over an extended perjod of time in

a corﬂhch@&lwlb)swmﬁablwltwgwd@ |b§t:4§%§<§dmaie§ Enfelfages,
her eifaroeNBfilsShd tﬁéfhk% Léﬁfef%‘ tREEkRLARR BadE Uhe S Shlts where

fornulations suitable for the present invention may 15
bé fdbm@mmuwilsamﬂ!atent No 6,375,972, U S. Patent No.
5,378,475, U.S. Patent No. 5,773,019, and U.S. Patent

No. 5, 902A598ed herpiton éu%«'r%*ore}?mdw% eOrppustgge-release

i nve %l‘nﬁﬂat%@ }ﬂegrﬁ% Rviedist Binastionehe ?ecfc%sgraﬁggerﬁl g{lér\éﬁ &¥tended
devi ce adapt for insertion into or adjacent to the

eye aferigd tm@mta copifrdled fashiga. 4 algo disussedelperberp berein; gramples
V\’h 0| %f g%st%ﬁbd%feﬁse dbwieds QR ARAMBMHGR X bl (1]19 fe@@nt #¥ention may

rug- cont al ni ng core conprising one
Cldir bohwifouralin s ZaientiNeh P78 72, Ah% Fpisht b 545, U.S. Patont No.

POl Y eF bR Hifoul Stoghyer . whi ch preferably is

tubul@rin’’s ef neabl e, sem - perneabl e,

or inper mft?@ﬁeeerﬁb%dmﬁt ﬂ{el'bgesexlltrfn\féﬁﬁ&ﬁ&egwg&%gétgiﬁgg feieaﬁe drug

the drug-containing core m Xi n
dr ug delivdry devies aglapsed fonmserrtlml mtq cmadlacﬁnt tsvrthmye@tﬁ acpathnh @vhere

devi Gfte drh dg’lH'%{i'l &9%? i %g]te RP ny i %ﬂr{eh )6% Q@-%xtﬁﬁm%ga)rmnner

not si gni |can he r'el €ase rat

e alivgcontanyiog Qore bamprisoigiatrienst adhtaximghiomnhjdradeenhibitor and (b) an

S o- gxcil:l ntg@l'é{ﬂllﬁﬁglgg%{ The cr)]utBrbla%er Wi é‘l} ]ggfepa B' 3§ %gu Qr 1% spap{lg may be

of d rpgemehdlel seﬁflﬁpelﬁi@able as 1mfl'dfrmeal:dke’sz)| thedrugrain cbﬂalh elﬁ‘lbodlments
ve ends

T RTINS T

addi trhafirbrigab Yorgeiieh dfalkatevichaln sush @e¢, neailyener 3ditrix may or

2;2%81 4 /rgzgrréﬁ %g@@@g%ﬁ%g%%% ?atet: 8f thg Srug.r ﬁlgé out;' IX}QI‘, the
polymer admixed with the drug-containing core, or both may be bioerodible. The
co-extruded product can be segmented into a plurality of drug delivery devices. The
devices may be left uncoated so that their respective ends are open, or the devices

may be coated with, for example, an additional polymeric layer that is permeable,

30 semi-permeable, or impermeable to the drug.



As nore fully described in U S Provisional Patent
Application 10/428,214 and in U S. Provisional Patent
wWe\pEHioeasd on by Guo et al., filed Septenber 11PCPROSBN4/001719
entitled "Bioerodi bl e Sustai ned Rel ease Drug Delivery
Systens," the co-extruded enbodi rrent di scussed above

may be fabjglcated by forwardin ﬁ)merlc mat eri al
to a firstEReiedebotesaibss mdl St PV\E‘PH@I @teﬁftAﬂ’Iélﬁéttondﬁé’fzs 214

drug 4 id USS Paciakiehs! Pau&ﬁ%pw@ﬁb&ey Gu&eraqfxmwgéﬁan@er 11,2003,
mass i ncl udi ng the ymeric material and th ug,
dlbwagglgtaqn

and f8iHshPiese ad Relgase Deugspeliygey Syétee»% rﬂ@mr@opxmded
drug &eddaussny ddesbetbbah

the drug(s) and an out\lcekf1 aygd%f?éf rlicﬁgﬁ lt.l)glf %851?%3 agﬁ’:"‘y"‘ﬁé%@%éate“al
ma erfoTirstiextrasion device, fervsedingieast one deugdp aggoond extrusion device,
for Wﬁé@ruﬁﬂg%%s?ﬁ@ﬂ@ﬂg &b gl PQ?eYﬁFaﬁlﬁi i drﬂg and forming the
adm xture 10wt l'east one poly | east

one pBRSH P awﬁgﬁt B@ C@ iradadsienadedvep dgvies 1 that cemohseae core

Bgl z(e 1}5%13&{% @(g)an& Erbé%r’laﬁpidﬁﬁﬁ% %e%‘im%cwgrpal In certain
pol y (Qﬂlholdmmtﬂd éleciozggﬂ) yowhkiddéjo t(l@te@&)d extmsicredévidens in admixture
effo t

afrﬂé g\gfr@ni?ilcéé 1|: %d%gao&g{ g’?lge)r artn ?eggh gol?tner 1?%% 1oer8<§l:é1¥ mslymel

i nperswelald mly(siopi acp@e)rﬁ’é/kﬁ@, paycapetacmab tRCIJ:)ppdiMyleﬂnE glycol

dr ug ont ai n| core

39 S5O LIRS BT Aot Gune
PCL dxng(e)X dny ltieree deastropt pelg@tatreadntipal MQSBWdérEMA)
pol yal kyl cyanoacral ate, pol yurethane, a nylon, or
PLGA, or zi"hcoptet ylwrmayfbeaimyerméabkt kasieperthenble bit Bermeable to the
eydbodi nent s outer | i.s. radi atlo curable. In
clor v e e BisRised PR e e BGisphfinirpof® bl ol any
| eas tbmmmpdtiblg polwlnblc I;uclmyP(DE dnleehysmeRingT aczﬂtdijobélynﬁlemEVA)

than t he i nner ore
co- eﬁOFY&gﬁy faﬂaée &’§@ Feflgng, 4 oo é’&me oL eolimeg of g of
t he ithasenin @ftain eaibbéimehie Qh@bﬂ&t&@yeﬁﬁ)tadlﬁﬁﬂlchﬁébbe IM&REin

red into a ref ormed

F th b

{ Ube SSHBIRSe i AEH GG ABBee R rsbnecgs which may be the same or
cvar atiff@enishdnGbe @hg bt iPthe et cord. NVention. In certain
enbodi nents, the drug delivery device (fornmed by any

of dt he 25 Vplﬁ&SdotHx&u%@Cﬁ’lﬁljf lﬁtﬂ%&li tol fSrlnh a d@;fléelhlaeﬂﬁaﬁhg foh@nvention,
an segnmented into a pluralit shorter

prod s epG maé{.f??déwfa%meﬂeﬁ?rsexa@h% tﬁ? 87 FATtBp Ropred into a
shor téfolicddilsd Ghdie BSin e fioW dfttheQdherabteriftiRs §f the present
addi t;ional |ayers, inclu gwﬁ% | east one of a | ayer

t hat Pentipn sate pbrdmens S Qeligerpi eyiess@dormed by any of the
iphi oﬁéi’lilé febhnigues Y &l a ﬁlhﬁ&r fofn Saﬁ{i'}na? Bk %ﬁ*&hﬁd §fo a PGty of

drug , and a | ayer that is bioerod
addi tSh@}Ff‘d Pradygter Incoprtein gmpedimenis theaourahgv 06 slmf@maducm raay be
pol y®Bhted Stk Bndsr ﬂ?(g: addi¥éhal 1Q§’ér§’ %clftiﬁlmgca)f "l’er:i 4k 8t ziaf;z&er that is
pol yur et hane, a nylon, or GA’~ or a copo yner of ~ any
of t |p@g‘@eablego the carbonic anhydrase inhibitor(s), a layer that is semi-permeable to
such drug(s), and a layer that is bioerodible. The additional layer(s) may include
30  any biocompatible polymer, such as PCL, EVA, polyalkyl cyanoacralate,

polyurethane, a nylon, or PLGA, or a copolymer of any of these.



WO 2004/ 066980 PCT/ US2004/ 001719 Materials suitable
to formthe outer |ayer and inner drug-containing
W@ ene/06a98E pect i vel y, are nunerous. In this regee™dpysSi008001719
Patent 6, 375,972 describes suitable materials for
form ng insertable co-extruded drug delivery devices,

which materials are included anpng those usable as

mat eri al s Yi§prialutgble & form therouter lyerand inngr drye-sontaining core,
cont ajekpebivets bR nubeRus! Bhi¥ rechREUNRPRENA, 751095 4ERY; B% slhitable
enbodlnents of the present invention are sel ected

t hei rmafstigls fop farmingdnsertable seextmidehéiye dplivgat deyvises; which matenals
af f ecirb iR idBCamBARSE bR dsMarMAls Ty tB@@MeﬂE}eer nd i ingier drug-
speci fied. For exanple, for those naterial st ﬁ

{0 beonfaiieg sasnairefcrably; the matanigls for asrieia einkpdiments ef @c p@dent

t hat [

oo Clél’v'éhl@ign glr% s?lgﬁgclf fr%is: ﬁxl%rﬁrgtglrh#gﬁ (BIE,J gﬁr@.@d @rfl(tfugl.tf ﬁéé)aﬁvely affecting the
bi oc ol?fpmﬁmlf@r which ey @10 ispdcifiedr Eonpxamhple afot slnomhnaamalf that are to
the ngt. Livsk

devi ce ?@EI?A ??IE %ﬁgﬁ PLETe l%lé%%gecgﬁ ld%% %? li’e“\l/g/?rﬂces??g

pat i ethtough @i mtmgpm d¢vicel, BouesnainsSnptraphtde. nSitndlaily |bocompatible

o5 (B B Y oLl RO Bl Mg e

PLGA, depizk yeeluly tonstyateaiaconad iatcentact pathythe jetibietsehiologitad tissues.
o T i P BT A0 B o

any rdcid) lﬂl?IﬁA)Qﬁolﬂglyanlﬁh deid) (B@ARPEGA, ﬂ'dﬂ?allsﬁb?ﬁioh@ﬁ]laﬁf

the materi to formthe |n cont core
i nvoIR?b &%& =tff-‘/6°ﬂ?§r| or CopRlYRLs g‘f"l’e@lr:w[ mS’f’?éncg\“P’ég( ftic geidl
tite anénoieglibke Yacp pei GiaRbe D, L-oftanid fii@ive QB WL 8RBL- isomers.
typically include one or nore heaters and one or nore
Zcr ew dr iTMeSelgqﬁbm BRe ﬁlatbeﬁal(glt&ﬁlhn m’%eaﬁﬁdﬂ Hﬁrg%ﬂﬁﬁﬁﬁ | dbee
evi ces; ed, it .be oa 20 the extrude

to rafglve ﬁg‘ﬁtl%%%ggyﬂs?mf AsioRe fs#sgglsla e aﬂofreadabftaﬁpresﬁtes
t he rmtr&sﬁd)rﬁdlevlbeé fyfical@xinlugteshe of fioge Kealrsing %ﬁé"&r more screw
diffigculti when Tg@phar maceuti cally active

i ncl fEEs: P ngﬁh‘% 0 r%ﬁsgeﬁé?%ﬁlllﬁrdé@%@s’é‘éee&nﬂ “@th? aged of

2y t RRe @ludede faide Shd@RAb&Bured N PFesftd) 05 Bth.to7 1Rl rﬁé’t@ﬁa@ gelng
pressur eﬂiqdf This difficulty can be conpounded when th

dr ug Ftreeads This C?‘bplﬁﬁ-?nh‘é‘fféf“ltﬁs Hhenn m@wamqaux actiyp érug

t her ahQidddn MHe m4fRialsHBhe 'bfo@éssécﬁarﬁleﬁf?ud?eé bﬂH&ethrQM is heated
heat ed and/or pressurized wt ug in

ext r J&PT expreediqelevated nessvrgy Bes @’éﬁcel&x e bwomnaundpwhen the
act | \drdgyitseff id 0 Be HE1H G & BOIS’IH&‘ lheﬁﬂ}@ ran&j ﬂféﬂ:fcgg Q#)?igﬂl'epl%ﬁt%ﬁélqs also

suftficient for producin desire

|2|§s ermigefl nd hgatedhandéas presyize Wéﬁlmhp drug iptherextrider.d Thamitsrials
adm xed pMistBerdd R)Ochéf'ﬁ?eractlg’if gﬁﬁﬂrﬂg Hla[hé‘r?l " &u#ﬁcﬂﬁhml g oqre i
a or B

extrusion, the polyner terl
is a@vﬁ‘meag@bprgﬁwsgethe desgred effect whan indegedli mug)altlsntS Gulmlmrmore

dest %ﬁ{e}] ltl-IFeS %é}x%é aEhH& ARt ﬁ)a]tyﬁ; 1efo @Q&%ﬂ r{n:ﬁr Oﬂg usion, the

materi a el ect ed 90 u5|
mat r iprlymes miafetiall that dorms sheahdtex is admarttdgeousbd eksted B@thet tbé drug is

t3|ae G &’eg{%ﬁ’lzed by the matrix. Preferably, the matrix material is selected so that
diffusion through the matrix has little or no effect on the release rate of the carbonic

anhydrase inhibitor(s) from the matrix.



anhydrase inhibitor(s) fromthe matrix. 9 WO

2004/ 066980 PCT/ US2004/ 001719 The materials from
wokioghedoBe product is made nmay be sel ected to PET/ESHDI/E1719

during the rel ease period for the drug delivery

device. The materials may optionally be sel ected so

that, after the_drg% del.iv eV|ce(g s rel eas

h
carboni c HAAFHFAS EOMKgh 6P jetignade pavRgSEIEst Eﬁgwfs&estable

anou rHunﬁg tHelrasase boieddbube SRk IdVIBfYy @91tk C Ehdmeeasle mal Bptionally
situ, i bi oerodi bl e, The materials may al so. be

sel ed:teéale%téd %qfaet affep the dppg deljesy Aaes hos eelqgped;thgcarbonic

del i V@hydra\8 \hiSitords @r Qﬁ%ﬁétérﬂlu%d%ﬁﬁ)uﬁttcﬁ Bk, @8 Qru(éQlef‘\R:try device
significantly erode, and the pore size of t

mét ereredes iesi.andt biesradible: Th%m@@rliﬂamqy éh%bwa?@wwo that, for the
usi ngye %ﬁffé bfv(\t}%g\'fiélgexélr@wgé ek nﬁc&gzls oy ?caﬂ@&ﬁd do do? significantly

bi oero e, ot hér e ments the matri X i s
n o n- mr@;br andlithe eore dige dafties matgriads daes netzphangewn ceri3ie enberiments

ma&sfnﬁ:é anﬁ'%%u?@vﬁtﬁ‘ he%ﬁlgte&}ee ﬂlefngftmz E%ldeﬂglﬁﬁe whijle in other

drug Co n rmt ease O nﬁnu acture of
t he GmﬁwdeMSﬁthmbywrm@ﬂprux@ﬂ@n extrusion,

co-extrusion or sone other process; and to |nh|b|t or
pilevent , ddewrpos leaitdmo fmctions OQmatyvq materfbsedested faiLthe inger

t he 'Hrt?% Qédta?#g?% ?(%rgzl fog)?m?fﬁéegsé &ﬂgnugalcﬂllé) & tﬁ?&or%h%ﬁll& by -

The I nner drug- contai fing core
15 i rdoiniprassion, @rigispmedeeediybipn plrswemtlsr piohess;pad Stagblbm‘ or

enzy . 0 t i . .
L T S S Y T
it haJsf banogiapmoletules. t’l";hetrmtrbenateﬂmaﬁmd 1ﬁnenclmghmtdam'gcere

ehlxﬁgsﬂ ancf lﬁgfe%aﬁﬁ' éarrevegts gﬁ %Sﬁge Bg 1n85 glé)tetms anbc{o%ﬁer

degr aﬁlaémachnfor tbmlru@@d&rhalhilng 001‘6 ttisit deuld I‘hyie Itl’fesdmgebeffmre hhas an
wat er an t|o Dx ug aV|n her 20 .

o Py T Prelsfsed St gty g T op il e fhfkix may
sol ubidakéryanddndali gatvR SThed| the botaE laye Wil be epogrsl to@ygridation from
i nked _t eth r to f.orm nol ecul es | arge enough or . .

suf 1 ROLAE PYSIde madsid Bore gretsaandsnay et acHon Harphaving higher
l20 addiubiliies 4@ pfafeeamy 1iiiRA €0 oRth kp@wl lscslulﬁnwdﬁjag@es alternatively,
inhibjtors and matrix-form ng the i nner

dr ug-EeHmaavhedigedirecthri i fore m?éf‘@ulaﬁ&ﬁraﬁ. eapmaner Puffigieatlyc h

as 23nddiudidks vk irdisihdidh i @ chain fatty acids) and
waxes, anti-oxidants, and in sone cases, release

nodi fi ers 14 gddition t@@ﬁe%r)mora_ BABEI RO drh ] lﬁhlﬁlmyhrﬂi B&rix-forming
bi oconpati bl e .and remain,  stable during

manufPeSmes: Hy e dgsontpiingeprengy léﬂbdfoﬂnwém@terkaﬁéuch as

5e ndj Jﬁ’(fs (ﬁl@fu'diﬁ% lor%rcﬁﬁﬁ fatf A MBS waldiali- Q0BG 471 if some cases,
shoul d be extrudabl e under desired processing

* condirelegsgnodifiges (gt piaterk &}hﬁwgatwlwevlé by bloawpatlble and remain
bi omagfid fig URehniROMYifL HEcRBNIE cdrRin embodiments, the blend of active

drugs, polymers, and biomaterials should be extrudable under desired processing
conditions. The matrix-forming polymers or any biomaterials used should be able to
30 carry a sufficient amount of active drug or drugs to produce therapeutically effective

actions over the desired period of time. It is also preferred that the materials used as
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30 carry a sufficient anpbunt of active drug or drugs

to produce therapeutically effective actions over the
walemunedsperiod of tinme. It is also preferred PCEHUSI004001719

materials used as 10 WD 2004/ 066980 PCT/ US2004/ 001719

drug carriers have no deleterious effect on the

activity of the carhonic a i.nhi bitor

cor t ATV SarisEHAYE fp 4o gtietfnﬁ(élsﬁgh a*&?ﬁ&} b‘) %RS’ %}émf‘ydfase

sel egifslior@).t hat the release rate of the drug(s) from

the matrix 1s determ ned, at least in part, by the 5

{Jﬂy sico-c n{am@al efnrbtbﬁlﬁﬁhtslttﬁé 1neﬁcr1xtpbg/1r@|[‘_l(§)gﬁ§)% be saredtteal 64 thlythe
e properties o e .matrix 0 e mtri

my G600 b SEnEtrua o fheumiix c BT, abieh B 1 Bute

r 3t e pAfsicd-dRmitalBopartiesi@ kheQM @) aﬁld n‘df‘l%f e §ro§éﬂﬁ@s bf3hd Matrix.

free-base form the matrix | ude
moi etlihe§H of thy matrix g1y, glsg%wc%gﬁ ait‘0h1 thatyit 1@%?6%%@6@%%@ of
of thg @hse). FoPelatYe, whb@Wdag it hﬁfr&fﬁﬁg@ﬁ%'tﬁ@mﬁﬁk%@ngclude

ultimately the rel ease rate of the gﬁ e matrix 10
may Xpgemaipties, mgh devyiega pla/thatgs hlgb«éh%nﬁ t of thedgigs therehy,

but Mé ﬂﬂ?bs L ﬁiera{e%na DRnaRdy thE Reabd B8 BAR&IAE. Ubhe matrix

In elther ments, the matri x functions as
d Obuffayralsothgve melemsdla@ma@ ipKa thet istlese thap but 1slageelyiplgep to that of

and, t]ﬁg Frée%%ee&r}{%] fn%ltl’lél‘%f rsﬁjh%ﬁl%gdlﬁ{e thﬂﬁla r&%ﬁc@l@ns e!;ré buffer

addi t1 m cr oenvi r onnent matri x
vari éal tlb)prcrtbmttlomdﬂthc frombasé divagnd um@htetly,\t@ #s reteappyfrom éle

ggﬁ t ?12}/1? h o[%%?é:ittlg e p% ?crroe‘?l(/ qr?ehgofgﬂé ;n?{rt? makgaet\gﬁéde&%he

i'ng rot'onation o
di f f wddition 6ﬂmmctah¢twmtor bxthe ubqofpbpsphata oeotberditamdartd ffers,

3 AL B oSBT 0 DA P e

pr ot an aértadlﬂemlfodtrh@ltsf tlmendna»smawmal@s seteoe s that sustamed release of

dr ug' |ffusio trix_ has. litt

of f ace dihe ifam gy o Heda sE ooy MR ettt fipioudh g e
I n celiigad dﬁﬂﬁﬂb@dllrml‘i tig, mafixigds3ittlenaynoaffsc ohehe drod’sichbdse rate
inthe o layer This may provi de bi phasic rel ease
with ﬂﬁlf PPIH? burst such that when such a systen1 i s

f t pl d t bod bst ant,i al
et of T et &0 QUBRLAR bepo iR b Jpf aver.

| aye rrhlssﬁ@slﬁﬁue@ biphasiceksse With@n isitislusased tat @herd dueh a system
i nne r,

cont ai. ni ng cor e, clu
e Gttt PPear Hitpa stRBakH oL Ol ASE s Ereleased
t he GRitheiote} lagé GubNRGueatly, Y€ dig i Rhded doky e amer drug-
inhibitors. Alternatively the drugs inclu

h
out erconigingne ey the diefy é}CBHFd Flrtbffﬁ"ttﬁ dOYEF gy gs 31? H@P%%rﬁa@ as

i7%  th8dCME Sore AfcIBAEShel dP nfofd dafdoRicRNBYIRAse nlifitokd) @Alternatively,
co- ext ruded enbodi ment descri bed
the drugs included in the outer layer may be different from the drug(s) included in

the core.

As noted in certain examples of the co-extruded embodiment described
herein, it will be appreciated that a variety of materials may be used for the outer
30 layer to achieve different release rate profiles. For example, as discussed in the

aforementioned '972 patent, an outer layer may be surrounded by a permeable or

11



herein, it will be appreciated that a variety of

materials may be used for the outer 30 |layer to
waehiesesdi fferent rel ease rate profiles. For BPXEDP1084/001719

as discussed in the aforenentioned '972 patent, an

outer |ayer may be surrounded by a per rreabl e or 11 WO

2004/.066980 PCT/U82004/001719 nper neahl e addj ti onal,

| ay edMPFmepiisadditionpllayse of gyydiselihe fﬁmbeélr EBMEARF o5 &

per MpahlabeRadiaRl AccoaRy b@ektmde@ Bevioeh bEle fres@ iefion may

of the present I nvention na

provi ded wth o
nmor e beRreidef 3thoe pignerg opisk }y%mra Biee teefHigpst @Wla*}teﬂa?ﬂ%{ly

describReled M th1672 Afat. pﬁ{r&ﬂgth thelkte @B pimbAMEe d1S8mPpermeable
pernmeabl e or sem -perneable 5 materials, drug(s) in

t e cwtesialmirune) pdhcosenanbe pigased gkvarigissates, B addition, even
addi %a@éhals%\é derémk %g Elgéémm%&qlt}@eaggof dREE G 3Re

rray permt ease 0 ug S or ot her active agents
int raetl\@mgemmd@ caseyndal eertgincirovsstansese sLhustpgeneability of the

per m%ﬁgk l Erym%f coH?%ute %Jﬁ € Eeléa(fs‘é’ file (ff%)ﬁr ﬂtOR’éIQHﬁ@ ahPmby 6 used

rel ease r over tinme, be use
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t her é)@g]@flﬁle&pq 9aner core or réservoir (“inner core™) that contains a therapeutically
effective amount of an agent, a first coating layer that is impermeable, negligibly or
partially permeable to the agent and, optionally, a second coating layer that is

30 permeable or semi-permeable to the agent. Additional layers may also optionally be

used.
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di f f Y2k rRAbkBonciPifiat etide D B1vaBONME M e RP two or more different

polymers (e.g., having different monomer units, different molecular weights,
different degrees of crosslinking, and/or different molar ratios of monomer units), at
30 least one of which erodes in vivo, such that after implantation the first coating itself

is capable of developing release ports that permit diffusion of the active agent.
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pol yneric conponent that erodes in vivo, or it may
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In certain embodiments, the biocompatible fluid of the biocompatible core

30  component is hydrophilic (e.g., PEG, cremophor, polypropylene glycol, glycerol

monooleate, and the like), hydrophobic, or amphiphilic. In certain embodiments,
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gel. It may preferably be delivered as a particul ate

or a liquid that converts to a gel wupon contact with
WOR0e066980 physi ol ogi cal fluid. In sone enbodi nRCL/BES20041@01719

nonpol yneric fluid may include a drug in free base

form In certain enbodi nents, the bioconpatible fluid

of the, bioco tible core., 30 conpaonent is h ilic
(e.qg. Saldﬁjéﬁﬁ? m&n? o PRBITET RN §p§ M Rr é’& ng &rfygfg
NDNOOYiGdhipatiile bil ilag bé kds@he oil) YEEIOBINOIhE liked

anphi philic. In certain enbodi ments, 14 WO

2004/ 06698 cé?glﬂ éﬂ%@&ﬁn@%ﬂe@ﬁble&@hﬁs frlay bﬁuﬁﬂ)‘haﬂ%pan injection,
nononer,, a m xture of the sane.

the YHEes ﬁﬁﬁ%srz pRsita anghaxe tygas Qe sy Ipto iﬂhyw vehjples. In

t e |delSin eliBodifichta) 40 1e81BRE haTRASSA tHerihrﬁ‘:@ t@bhRy kbt d®m a
may be used that, upon injection, undergo a phase

t r ansdreg-epntainge Hawd P]Paeiﬁ torasihgsintised gelphasedipen gwpsure to a

del i Vﬁxpﬁol\égfahl‘}hﬁ? TebhhologidsPadedion zﬁﬂp&éllﬂ? QBlﬁpos‘%onls gRst
one pol ymer in i nner. core may conver

dr ug- C@é“rirtbﬁii i W G- PatepiNes 38 63.0-H 7 8t b 37§f29§éd32§éll9 and
phases, 463110&%115&1 thd) B ad RS0 QL AnRlin{dntiof the present

Techndl ogi es based on’in situ gelling conpositions are

diés ¢ rinyragion. ninigetpin pabedimentp she ocgapatitdasolig oftie binggmpatible
5, 27 (%épp%nél% ﬂraﬁ %‘2’ fork3 1\53 " Q?tgéllﬁ lmﬁga{lono E’L@%O qH &R

be a apt to suc nis esént
i nverembodiments, the irngi wr@n’gd@pﬂ@mﬁse ccm!mmbg eidensp Hi% bgeant, or

sol In‘?ﬁ Qifer E,%VQIJ @?{8{%&@1{ ArbAi?rg tp?eg%]rgblg’oog%%ﬁg HBY be, for

exa W ert ain

embodi 'Tent Itf ce r{th en'llQ)G oﬁ‘l@ 1ﬂn§r caoré/ éo%?p(?f{éés 37 .tsz ellmgsd&}/g

cont ai ni ng at a ent erably
algentdetivery rﬁcmrnelap:xmeqﬁcmtlpatl;'dngs (@ver m@fﬁ%ﬁdagemanh}ldmsc ehitators; (b) a

enboq DS s Ec? é)'e%? {’E@x 4% @8?@{0&8& atlgfé ah{i]bi%éxloﬁab(l golymer

eII|n drug rvery’
o ne nhatds dissobedi drspanshy dr sarsmnﬂcrhmtblnd RRC% Tl(di))nmlatiqnqnayd

sem - and
bi oer® gg%a[qlg gs8|c rh%ln atliz'ﬁ‘,] suclg 63) RoLes *%rml en S € Si8s & Légarso F,alts,
s us peind ehtdrsoluble pblipfsers) had fednamﬂaatmanlnﬁm@ g. @tetols) igityl agids,
SO ont add| uch e-form agent
g ST e e ed B BNt AP BFhe B S AR R paten
and r&;blﬁlast&mn\ai 60/A8)67T7, @ich fdrfubition, Hhebiitha withatater or bodily
2 B0l Sbiab & Hp el i e HrFiion oot
Appl iepdipmediad t&Qi’rélgSéﬁd@Zﬂseqlﬁaﬁﬁﬂanﬁﬁfoméf abé1@Rase@thin which the
contact wth wate r bodily w%‘% der oes
exch aq%%ls &cqmgatq%@%p gFug%?sgﬂuen lxd qu%ﬁ) gel over an extended
prseciRiib@bf @fle.0f both the polyner and t he drug and
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drug is i mcﬂrqam”m@dsamgaeﬁyw@ Syas@eiie A lilyid di 10-3&Sand

fromthe % over_an extended
ambient pressure. In certain preferred embodiments, the average molecular weight

of the liquid PEG is between about 200 and about 400 amu. The PEG may be linear

or it may be a bioabsorbable branched PEG, for example as disclosed in U.S. Patent
30  Application No. 2002/0032298. In certain alternative embodiments, the PEG may

be a semi-solid or wax, in which case the molecular weight will be larger, for
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25 period of time. A "liquid" PEGis a polyethyl ene
glycol that is a liquid at 20-30 C and anbient
wpe@smeel | n certain preferred enbodi ments, tPEI/US2004/001719
average nol ecul ar weight of the liquid PEGis between
about 200 and about 400 anu. The PEG may be |inear or
it may be a bi oabsorbabl e branched PEG for exanple as
di sc |ew@de B A0QL0, 008 ame lt wil] bagpriereiaqd thaf crgpositions comprising
2002/ 9913%%8 8nd tvaxfﬁés%sc}, Bt beiRatabMeo RIERAGH, AROH actc&amgly
PEG sem -sol1d or wax, in which case the
ol e@gmaplamed@mltmamemeans;ﬂ ger, for 15 WD 2004/ 066980
PCT/ US2004/ 001719 exanple 3,000 to 6,000 amu, |t will
be under siwdamwmboéwp@sth@ caémn%@hﬁra@. ipfybitagshis dissplyey in

agd e MENARL & diPersl GShifRRaed3EEG in th
vvlgl I acéor gﬁ?gw @gg?lnp?tgnt ed Q%?/ as?tegr n(gfslhvpg r?eans in the
In cdompofisoldrbastislerin set ofliseombodinents therdayaimea be encapsulated or
i nhi r

enbodt hare et RetGRat PG suhedlprotlns ahlbofler ipogomes,
int I'hleosphcnemnuﬁelbalandiﬂpé]kc,wc[tgs@y bk gonjugatest th @ polymeric carrier.
enbo

ot he?&\l\&%ﬂéhl naétt(l_)ér'fgsoa?% }?igfg%fy?ftlgs% tlgaﬂtca @]&gb@ﬁ&gorﬁ in diameter, more
Mocr psgitreble dgss ﬂlamalscplhbi(bmcrdns posones, i pospher es,
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optignally ed,.e. g., gsterification

t he Psﬁwﬁt ﬂiratwa%f%slaiﬁ?%%ﬂa?qs %}1%6?8 18a1681§d°féf8ra y between
by ebhlserahdiBs-ati on or esterification. Preferably, the
polymer is PLGA having a |actide:glycolide nolar

ratio of lyeé waermhidelo8iBleamndsyfidhydus Wik ebipdegfadniad! and i 1s art-
bet ween 50: 50 ar]d 85:15. 20 The .term, "bi oer.odi bl "
Synoﬁﬂ’ﬁ?ﬁ’&‘%e ditipe uci5>§ BalééﬁlFréu“é’B}pemtl%{ﬁ&nﬁi gorglp tions, such as those
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degr 4t BRIYbiRdeetrdable polyaer indabhe fopBrT AR e 4%1 yipg use. In
di f f @rtaih EABARABAY) sQEHEGE AFBRELINRAIWITEsEcH 4% ih bRb tie@y, and in

fornmer nay be degraaded during use. I'n
25  other cértain embodiments, such use involves in vitro use. In general, degradation

attributable to biodegradability involves the degradation of a biodegradable polymer
into its component subunits, or digestion, e.g., by a biochemical process, of the
polymer into smaller, non-polymeric subunits. In certain embodiments,
biodegradation may occur by enzymatic mediation, degradation in the presence of

30  water and/or other chemical species in the body, or both.
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certain enbodi nents, such use involves in vivo use,
such as in vivo therapy and in 25 other certain
wepiedédyent s, such use involves in vitro use. PEI/US2004/001719
gener al , degradatlon attributable to biodegradability
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the In certain embodiments, the rate of release of the agent may be limited
primarily by any of the foregoing properties. For example, in certain embodiments,
the rate of release of the agent may be controlled, or even limited primarily by, the
size of the diffusion port(s). Depending on the desired delivery rate of the agent, the
30 first coating layer may coat only a small portion of the surface area of the inner core

for faster release rates of the agent (i.e., the diffusion port(s) is relatively large), or
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i nner core or conponents of said core, or the
solubility of the agent in the 25 physiological fluid

w0 paveae@s@®l y surroundi ng the pol yner system |PCT/ES1084/601719
enbodi nents, the rate of rel ease of the agent may be
limted primarily by any of the foregoing properties.
For exanple, in certain enbodi nents, the rate of
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2004/ 066980 PCT/ US2004/ 001719 nay coat | arge portions
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rel ease rates of the agent (i.e., the diffusion,

port(s) i §eriangnpodiments gy pohievedpsitble sustainedirglgasg if the first

r at e patfdpQayfel EVerse® RhitP8% AR sufTRY afQRE tHeRnreP cGH0 Pdferably at
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apea gal, (Igr@%% SR subf@EcardaS 1 Q&faﬁperﬂﬁoﬁﬁnélﬁ?%{edi&ﬁérly where the

coating layer for faster release rates. rtain .
enbodigens g rsadibyysolablsiie heth thediqeampaibie eprasamngnens pediie bjojogical

the fﬂuﬁcf toptirﬁ&l@%@:tﬁl&ed fehde ‘b8 asShi@ed liiecﬂéﬁrstz&%iﬁg la%}%overs at
surface area of the inner Core, preferably at = |east

50% déast M6 stANackthe inger, coreorlbup ray portion of the suresareygfihe

or e . 9 9 . f .

ar e it S E R ehi}RAP ntRably 10 S ieXeplt i e B Ropting layer
dgentto achigvedltti deyiresiohta lof wlease dftherngeite bi oconpati bl e

core conponent and the biological fluid, optinal

sust ai ned Thefisaswmtinmlpytyenaydisipesiieheid fanywherd ¢ the inseratora g

| ayer. r t o1 % 0 % t [ :

2 SRURE By R OBl B PRSI0 v

cor e addigion,Gt doutd beqrositioneld wdithegorl 8614 sideayr the batvat @d asidehor the

the first, coatjng | ayer 1 chi Si

o r 4P ABERCE of Y osih ks B BY Sab DR iR o, Bbom,

[P0 pas kideo neddeastibath bereinpinmi elso cover the dmer, coré ercdlliddes gyhile

but qot N m'fagdlto lLhe to‘%i,rplbotto or any side of

the iFfy8e asgipavely fhallugpYereiplace s 4B0Fd be posi ti oned

on the top,and a side.,or. the bottom and si_de, .Qr

Che top JHACTREsHSRELHE iy CGinglSar Ml a8 ¥ Bradly the

any cbot-d@tiited coftralladreleags,. Thepeferred20mpositiinceshe fist layer may

descri bed herein, it _may al.so cover the.inner c on

O C ShBeErbritash g RS & 13 hr B AR i SR or the

plsac egad add pemiode Dhauntipidpabh! Thnideiitity bEthé hetivt agmatsiimgortant

| ayer, is selected sp as to aI.Iowfh%. . ] .
because 1fs molecular size may determine, at least in part, its rate of release into the

second coating layer if used.

In certain of such embodiments, the release rate of the agent from the inner
core may be reduced by the permeability of the second coating layer. In certain
30 embodiments, the second coating layer is freely permeable to the agent. In certain

embodiments, the second coating layer is semi-permeable to the agent. In certain
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above-descri bed controlled rel ease. The preferred
conposition of the first |ayer nmay vary dependi ng on

WG owh/06@8t ors as the active agent, the desiredPCHUS2004/001719
rel ease of the 25 agent and the node of
adm ni stration. The identity of the active agent is
|nport because its nol ec ar SsL.Ze mpy determ ne
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t he release rate of the agent fromthe inner core my
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r at e podcipitated évmompattbllﬁesoag et lehst GAYotdn evenran rastd6 Veless pEmneable
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Povi-ded
t he ghkd inpdrase with the ah}blodlrgnmbﬂmd blag attcnrthae xodub]dan efmhe amt in the

be | ess er nea t.o the ag
ohasEo OEEIRRR, Tl iie AOE Rhy 10 Y elai e B Sss o
conpaoibkbilizing tgk a@’nﬂﬂﬁn bﬁo&tmtbmetﬁtn widPphgsiokyeal fatid. In other

RS BT Ok e

j.oconmpatible solid.s O0 r..even
0 Pone. phrTalmrogity fPﬁ éa? 3 et S e SR navor
bi oc d'mita&dn’qioﬁerfti off tHe inhét coRrdiggbiRe Qxﬁbﬁﬁbaﬁ’ﬁﬂhé gate of release of the
i nteracti

t I I
1w deity Py TR e R oA Sy AV e o
cor e.difs6iesc i@t of reldd dfftitiget Ma§ incGcadd. Fo@ @84mplé)%ese than about
even a

| east. 25% |.ess solubilizin o the
bef o rl‘QE@ ofit ‘&8‘%‘%“83)&“9&? £re ﬁﬁ‘i}gf?“(‘i?tdﬁarycﬁ‘g?“}efqvﬁ‘i %lper'%ﬁ g?"rﬁ’@? & hours.
ersbodiniERsSincleitR tiShtef fd@isd & tR adefidytlesd @¥nQboR 8% Fbr that
| east, 75% | ess solubilizing, 20 Ipn_certain

enbodine dp sertaigmbogdiraents, thihiqeampaRlafOsLHRPIRSHS Y SEYIF g
and/ Gfissolivk Hiofe S Qg NfeSs t@atn dob& 1099&Ver & BérRAIYf 8BRK ¥€hours, or
may i npact the ra rel ease of the
even over a period of multlple days, weeks, or even months). In certain
embodiments, such erosion may occur more rapidly (e.g., greater than about 10%
30  over a period of about 6 hours, in certain embodiments even greater than 25% over a

period of about 6 hours).
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agent. In certain enbodi nents, as the bioconpatible
core conponent erodes or dissolves, the rate of

w0 2dogae@s®f the agent may increase. For exanplBCT/U8284/001719
t han about 10% of the bioconpatible core conmponent
may erode over a period of about 6 hours. 25 This may
i ncrease the rate of release of the ent ss than
bout 1006b g TR Pire R i e A Al dnnef gge may
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| ayer ner-system
of t f(e g, ﬂre&ate@leﬂe&mninb gtep)is 8 s@hitibf aalbropcﬂtyeaf dfe hdigx (e.g., size of

ble ¢ ent of t "
Aon iR pho e FRERARERS s 458G+ 8 Be ity rimapfipy sucn
age ntpr¢%@msmﬁmﬂm&ﬂhe féwided ol the Ipmﬁ irvk@lon utilize a
surroundi n nmer system etc
1 el PomlgFE AR e dhoreut iy BRLRRS prpoynsgf at
fact ﬁée(sﬁdnle cAHBNIC Iaﬁl’(yﬂﬁhsthlbﬁbh %u”cl@fc@md@h@’fs rﬂeﬁh&@ fellyedescribed
in the ease rate o ent fromthe ventiyve
oyt . EErN e papioa o D0 Eab St insHoh sikadkmnt i
rat e péfelr&@l BAIR: calOonB- anh}tdﬂﬁe hHigtodBs @fré@ Bsdhatib ﬁﬂx)wde& for
aresult of a property of the matrix size of

the FXPRRIE; SR hﬁf%"loPI)Oblct Higeopseih %?USF%h%}gég¢ formg “frep kage’(means
t 0 ben abédiwiB@ vasit MMokdnymbi¥y thdd €Xists primarily in protonated (salt) form

if the agent is dissolved in water. The free base has a conjugate acid with a pKa

greater than about 4 and less than about 14, preferably greater than about 5 and less
30  than about 12. Without limitation, moieties that typically include a basic nitrogen

are amines, hydrazines, anilines, pyridines, amidines, and guandines.
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property.In sone enbodi nents, the devices of the
present invention utilize a sustained-release

wo oroa0b@Bo on contai ning a therapeutically effekRCT/U82004/001719
amount of at | east one carbonic anhydrase inhibitor.
Such fornmulations are nore fully described in U S
PrOV|S|onaI Pat ent Appll atjon QE 60/ 442, 499. 1 n such
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ani | i aféks, prpipater srédandzhg pipiensied far ofthaise-fess) isposfugbly highly

2004/ Sgﬁl@%ﬁg wafel WiReQ0fHe {1 én%ilt&lf, LB, p;fotb%ateﬁ QLiyt ALd-ARS

of suc I nent s, e thera e c agent Is a
prtqnd%@hbdmsdeMpmmkmhh@ﬁein the term "protonated
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acidl ' 18 t
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the u nat e Jm_of the protonated acid and t he
protogg?m%m?oén1ofoﬁﬂ%n?ree base) is preferably highly

sol ubl e i :}Nﬁﬁgﬁ?wisbm}g% gquouhg gy %8/ %’tlc#l a? %b%l?nﬁfggit gS ﬁXB%JtEd that
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LT RN LW L M ——

"unc hapge thatrthe' e lradeas theapént dtcurd Bt aciddiffiises frbm the inner core
deprotgnated form an a rred t

h .
bei ngf §eequies F@@Btonatgd?’&élﬂﬁ%‘é’%ﬂlg%@ ﬂu“g PV%E’?HP‘%“ tﬁ? %ﬁséﬂli dissolves

W t hatpidm lﬁtbltlﬁhgﬂala) meltbateﬁfﬂ»o&meﬂtnu iPabbdicth@lthe rate of release of
mechani sm i s expected that el ease_of a free- basF

doentthopget '§ cettmé#efé P\?@P&nyr@?ecﬂf efg’iﬂ@’ﬂ%rr pidhe,agept{s-gf ralg0

base prétohdtien @8 theHRBLAR®: taf \TdeprBfoRat@n o the protonated acid) than by
sust ai ned-r el ease_devi ce of the present inventjon
the rate of the agent’s diffusion from the inner core or the rate of the charged agent’s

dissolution in the immediately surrounding fluid.

In certain embodiments, the coating layer(s) may be formed with the
30 carbonic anhydrase inhibitor(s) as a substantially homogeneous system, formed by

mixing one or more suitable monomers with the agent(s), then polymerizing the
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20 and becones protonated in the physiological fluid.
Upon protonation, the agent dissolves in the
wa@eooro6erst ng fluid. In enbodi nents utilizing aPCT/US2004/001719
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t he pobrgsenble ; ‘fvaiett lhkanvqauo(bhmmbadgetddoﬁnn onetdnet leastd 09,i 1080 or
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di spebwedlubifityt inehepratspaettve Siesbeswior bfa)tcﬁlefetl atid forms, such as, but not
enbo sol uhi | j i n wat f the un harged
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Exenpl ary carboni ¢ anhydrase inhibitors for

sust ai ned<i) el soiagerfdaigaskaddnpising af lestiedt carfbaldiangytkae inhibitor;
are those that are highly soluble in their salt forns,

but have iova fist ¢datihg thyt ik ﬁnﬂidﬁﬁedblerte ﬂ‘&@ﬂhageoﬁthceﬁ 1daiSne

ol_ protonated acl df not lim

25 Pllor 201 am SRR DL RBtordeUing bt Giore opeRngS therein

bri nzol am de, through which the at least one carbonic anhydrase inhibitor can diffuse,
and which is substantially insoluble and inert in body fluids and

compatible with body tissues; and

(iii) one or more additional coatings that are permeable to the passage of the
30 at least one carbonic anhydrase inhibitor, and which are substantially

insoluble and inert in body fluids and compatible with body tissues;
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met hazol am de, and di chl or phenam de. 20 Anot her

enbodi nent of the present invention provides a
wGeaBnacaed- r el ease drug delivery devi ce adaptrdI/i/82004/001719

insertion into or adjacent to the eye of a patient,
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25  supporting its own weight. While beneficial from the standpoint of reducing the size
of the device while still sealing the drug reservoir, the relative flaccidity of this inner
layer makes it difficult to load the reservoir with a drug. Because this inner layer
does not have the dimensional stability or structural strength to accept the
introduction of a drug core without changing shape, a relatively solid drug or drug-

30  containing mixture must be used in order to manufacture the device. Loading a drug

slurry into an inner layer that does not hold its own shape results in the combination
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30 carbonic anhydrase inhibitor(s). The reservoir may also be filled with a non-fluid
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I n t h@lume of the drug reservoir is sufficiently strong or rigid to maintain a substantially
constant diffusion area, so that the diffusion rate from the device does not change
substantially despite dimensional changes in the drug core. By way of example and
not of limitation, an exemplary method of ascertaining if the tube is sufficiently rigid
30 isto form a device in accordance with the present invention, and to measure the

diffusion rate of the drug from the device over time. If the diffusion rate changes
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Bt dFS B i BBy e ShiogierpyEise s
and "dofeREY Glithin rédefroir 114. Cap 116 is positioned at one end of tube 112. Cap
116 is preferably formed of a substantially impermeable material, that is, the cap is
not permeable to the carbonic anhydrase inhibitor(s) contained within reservoir 114.
Cap 116 is joined at end 118, 120 of inner tube 112, so that the cap and the inner

30  tube together close off a space in the tube in which reservoir 114 is positioned.

26



occasional |y used interchangeably in describing the
devi ces of the invention, because as initially

woreowfoexoBur ed the drug core and the drug reserROI/US100&001719

contains it are essentially co-extensive. As the

devi ce delivers the carboni c anhydrase inhibitor(s)

during use, however, a solid drug core y gradualléa h
or tne

er od elnnfa e o %&é@ panyke fored separisly andgsembledtoggt

I eserf@ir fubeRAd the @Al &inMbe fbrined 234 Sihg1E ilO¥al Moh&iahid cRMeRO
figures, FIG 1 illustrates a | ongi tudi nal cross-

secti onal OtkWyef 11 ldds paiaily, @hy p@ﬁ\/dbq:}ecoltﬂ@etélgﬂ surrounds both
accordance with the present 1nvention. Device 100

i ncl Jdssl1gng ganekl6) %wlclvstritfé in BIG. il n Meile t‘tdb%lf’f_i‘il?m foy outer layer

r esermoitd oy Raxﬁﬁl‘l’;@ccﬁr@xrtﬁbelﬂﬁ’an@&@b Bas, én'd'}ﬁ barﬁaﬂarjtﬁ@opposne ends
Quter |ayer y

referab y aﬁgermea aer
t hat qfdevieq00gile outer lgyesrs prafepablyrfprpsgddo ?@nmlhfélyc%av%hbqfh the

anhy [
114" dtﬁl?eseﬁ‘ld ?io@r(%\ggél S?‘?“Sth‘g‘g ngét%‘rlgﬁfg tﬁé@n&gbfgg atthg %c?fa&ﬁ’ca’fe f&ther

P
116 |rsaqgfaéftlémabm hamglingecafse theglavies iadss piongto break and fall apart.

t B
P we R TRl iyl 08 OB g e ot
cldnt adigmeddenif itmentube 8% theicap dahde siz@hgpnerdai snallei ordaigertthan the
end ]ozllge'r dflaé'%te?ggfhg Eh%%l thﬁ?\%hl mainf} %ﬁlﬁn tnngg elﬁlaﬂld%ﬁtg)e of such

t he inner er close off a spa

t ube ambodiments Otfdsemscmtnn@mﬂon S positi oned 26 WO

2004/ 066980 PCT/ US2004/ 001719 Inner tube 112 and cap
116 can b&efayvaretl4depeitaned ipsidatnerssentileds ctesxgiéechémye. A

or t I}‘Iatst e!n&] hed ab a%aﬁpt%laé ?ﬁq, g %ﬁ&tl?glygatl tﬁlg' ca a%iiast the

si ngle, |nte nono P enen |"aye
ats | ehﬁ’msmpmftdrl@ thlyouglathd fipst edde r@t’oﬂhy embtr[‘pbxet\@iryl 14 opposite cap

ISﬁr Lﬁé@ dtﬁe Pe\%{g?l%}s%?e ergg'lg élllldegf &R ac!%l v&;h %Lﬁ?l’l ll?sllef zgdé ?/&sgvgill be
110 treadilylayprpasted By bne cfoviitary sldi)le‘s inlth@arg 6 caira(mldérﬂhydlaﬁd
in pa eyl ar t he osite ends of devi 100
out brintibgatsFfsstsRed BPRa ot fitider RoetBisBiary i uope cor
bot h hdyeshrihitibeotiasnttise aange smp@\ahdimeﬁt‘dru ﬁlw a&d fullyéretitettyy
k& t he devi ce

n

to fac ate fuyrther,

BB B RahF B eI SRBoTis R 416 A it laver
prone1bes Mﬁ@i’ble&ﬁ thef @ltdonRRakydrase Wﬂiiﬂl@r(ﬁhﬁresérvmr 1 14 the drug is
|IIustrat %@hhaV|n an outer geter th n?

s ¢ HEPe GBS 8 S Beerogpionan bt fomann o] inggorgig of outer
can lgyep il ZEBhnSAERIN adjaceiBtb Itlﬁrop@ﬂi el dBIFHIRS redeb@iy. tHAGN outer layer
outer dianeter of the inner tube while remainin

wi t hi H0sthedmis e tadiifuseeipes v Bbs126 SHbRIdhHed st and into

the RAEGRIN or diKe aﬁat&ﬂmaﬁﬁwﬁ% @ wh&ﬂ fevice 1003 lhge@ﬂe@ dOptlonally,
inside inner tube 112, as descri bed above. A

end 1wl sitlesiorpes thonsleimperiasr 112g aid additfongk ﬂ%whs 126

seal afdhyn H@.@rv&?@l@%‘ ﬂéﬁﬁeabi&%uteil hyéifipusi on of drug
through the first end.” On the end of reservoir 114

opposi te &P 1 illustrates only the positions of the several components of device 100
relative to one another, and for ease of illustration shows outer layer 110 and inner
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layer and wall are exaggerated for ease of illustration, and are not drawn to scale.
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is joined to the inner tube at end 218, 220 of the inner tube. While plug 216 may
extend radially beyond inner tube 212, as illustrated in FIG. 2, the plug may
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pl ug t .

P ol 8 e 0 €10 PRLAM bAeriEH PR desoribgd pelow.

mec ha@ptomblly, ntsdgitamlzyllyanm«:memﬂn sapola)] whitkabdnl taltq/chd: tortiod a disc,
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dgov i g posanone? Fttdtﬁ Er:ngt e?ervo&%gosﬁe &ag 286 L\gﬂen 50 ded1 Cap 242 and
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Ei‘iﬂh‘ﬁﬁé@ﬁ Eps0L B 5 fé%t@geaﬁ%gtaﬂ?ﬁqﬁlgﬁ%e‘fw@iend of
end 215, SH g TR BYe Gt LR Gt e G S 6 rreoty

ext e rupramhlﬁlshxyomdy onghvélopssiindetitude 2122 carbéni¢ dhyditaseinBiblitor(s)
FI G X

o st B2, Ftlofinl Gur o3 et atpaessnmedely

t he sqijRentaslihaplugxiteibtdetifics aporte228| PRI4yis Spteff@ed

W PR e el el Doyt b ot bl s Ty sndr of e

per megRice. A0 oiitbiElagsa R DPRIf6mRARY 8 hatdali thil idiiddperteable to the
contained in the . reservair, the _carboni c anhydrase

i nhi LFeFReRicaphydsasp inbdbitogS)ip feseryair £ b depds ofnnst tHhed Hand

20 haefctid MAiopposktt Plig 216ark @ﬁt&tve&@edleastff BAY & fotiRfidla
extent that is at | east as C%e as he radi al extent

r eliffpsion pathyvpy fordhe ¢anbaniq aftpgy aqeﬁlﬁ}llg;toaqs} o flovpfiom the reservoir.

pat hwedtoriath 19 ldtpré?érredte%oﬂﬁ%ﬁ{ )56}% 524 8 e Hﬁhednﬂ@ly%hjdgent to
On the end of inner tube opposite plug 216,

i nnerPlRg P, prancgngdIag obthe pbtg ogpasite endARR\pf Fsperyolir aH4. | 1%19@216 and
210, t

per TR SR e s B 430, 5. TR SRR dnf out of
s, deyige 260, pespéctivelied at the end of reservoir

opposite plug 216. Wen provided, cap 242 and inner
tube 212 OWhilenert23f iede smpedimens(ifusanad ndEndhasch radial extent

tog ettﬂ@crls Foxﬁlﬁﬁelg AR&hmbE H?fﬁ erZ?ﬂfti, 2tlE ethé: ga%ri)e Qﬁe(ﬁ & Uﬁﬁger or

as a S|ng i nte nmono I C e1e
smaller, as will be readlly apparent to one of ordinary sk111 in the art. For example,

instead of forming port 224 radially between portions 228, 230 of outer layer 210,
30 these portions 228, 230 can be removed up to line 226, to increase the area of port
224, Port 224 can be further enlarged, as by forming outer layer 210 to extend to

cover, and therefore seal, only a portion or none of the radial exterior surface 240 of
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Quter tube or |ayer 210, when provided, at |east

partially, and preferably conpletely, surrounds or
we@pwelees | nner tube 212, carboni c anhydrase PCT/US2004/001719

inhibitor(s) 15 reservoir. 214, plug 216, and

optional cap 242, except for an area immedi ately

adj acent t he pl whi ch ines a port 4. Port )
224 RU8 ?Iﬁoﬁwsﬁ I%egsm%wsé%rgw@ﬁ%@ arcg B%Z%I»Z‘wbmlwk a portion or
bor e yhifGhe bigaderfice a%@gthg%ﬁl fromthe exterior of the
device. As outer layer 210 is fornmed of a materi al

that is i rlﬁaédmab&eewmpydt Bifothet @fmbediment i th¢ div@agon, port 224 of
|nh|b|tor b reserv0|r 214, the ends, of inner tube

212 affy gime ﬂ@e%ﬁb’ﬁdﬁéﬂﬁ fQigdishetespal surface 350 of

ef4 ecpiiy 216{ isfRltRd t@&fmst@’d@f HQndrmbd el dRitdly adjacent to end 238
di ffusi on pat or the carboni c anhydrase
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i nhi befithy plag: fxﬁ)ﬂlfylfttﬂwdfm EHi - t4h ROt 224y dnctude pogiony 2i4n g6 hich
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op pos¢1tceméqﬁ@1tlzh@%@r longiguchingh p@rt121154236 IDIf glgg Zl@wgﬁh areok t
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t hr ough ug and out device 200

r s pe’@Plil@@Il‘Vner‘WﬁISméllfﬁmﬂtcu@ﬁ@leﬂtlﬁHX $pacadrAparti Portians 234, which are
i1 usi E
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exar‘r‘pﬁimne} Qpﬁg{ﬁgsa %4 ot? El% 61?\% ﬁlé&%orlr t’ﬂ @jﬁﬂt‘e‘? CF%% Patﬁﬁcrg{s for the
por t | enenR28hyd280 idfibimus)ko diffuse putdf 6¢V1®0200 hueEhe event of a
posti be renoved

i ir)é: ; elélscé(ag%of pg%éogs 8ftﬂ% Borr{ I?aé%eﬁ opgg?g(s&%@ A‘lOg/GVCI' 2beheﬁtq'ro1n a
furt heratleméae athnufistubivig, foecansdahlyatiagle by ef plag Qld meed be
extend to ; ver ?g¥ therefore seal, only a portion

or nofBo%f ? 8”?8@ exterior surface 240 of 29 WD
2004/ 066980 P 04/ 01719.. plug. 216

nor east ngeHETEdy St il LR ogpBht Gt BrentigS bR 16 s formed of
i n c I Lwlmbaaxmally mpemmbleahhtexdél aﬁd]@ltﬁ'l]ﬁ}el‘ 2 Buis famed af £permeable

E Pty ARG hERESS siied L6, vty el any B g of e
| mredlaﬁdrelw oapl,azaz; em:t pla2r6adhizh p&hilﬁfaﬂi@hlcsauhftﬂm indfitod) to be

5 pI i n addi.t to.or | i ng forned
s rompe o219 v o T A A cxsrdint agSher

i I I USérﬁIfUdﬂﬁ’enlt el 266 idelindtdd o8 2%e sodle hl@ﬁbéfdﬁldgﬁfrﬁéaﬁlésouter

234, 236, mhlcqg extend radially away from

Thes 6Pt} eepleigh © Y?é?ﬁﬁa@nwév@etsméa%ﬁf%pr%a&@ provided) Thus, e

C2¥ CUNEBSiSNpdtidvayd DS, 082 he ﬂﬂbﬁg&diufb@lay&@ 1ol eﬁlﬂsno%éﬁlreﬂé port, such
plug 216 which are not enve| ope outer |ayer 2

i || ustsPRiteddiinnqersanyo By <9HWH]5I°FY ?SIIVCIFP‘@ th othepfy %F“r’?,sé’h‘th outer

10 i ng{ Qe B IE, BlésySiR bb®fs prévided WithG @R dhdnyiosN 3G 6iity.
apart_portions 234, which are
Further optionally, plug 216 can be retained, and outer layer 210 can envelop the

plug as well.

30 According to yet another such embodiment of the present invention, inner

tube 212 is formed of a permeable material, outer layer 210 is formed of an
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illustrated in the top half of FIG 4. Advantageously,

provi ding port 224 imedi ately adj acent to radia
we@xa0en06@B0 sur f ace 240 of plug 216, as nuner ousPCT/US2004/001719

smal | er openings 234 to the plug, allows nunerous

alternative pathways for the carbonic anhydrase

inhibjtor(%% to diffuse out .of device 200 in the event

of a HRPeBPGCledRUerl 2POFaPIGAds 19rmed e o @ Peymrple or an

openi AgRrmaiBle MAMRY, COptidAEIME ki 24X B b&eliighted. | XEIRaHRd above,

i n manufacturin because onIy a_single area of plug
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oul er pasgage pf the carpeni¢ anhiidraseonhibitqses) petaeviceX90mat e r i al .

A hole or holes are forned, e.g., by drilling, through

one or norkheshapeefdeviqeP8 carphep in axmprinpysimilagrigl thet degoribed above

whi ¢ hy, Bt dthdor &R0 b, AR {Qbdshd b

released€$¢0n1r§serv0|r 214 t gan%JgBteé ayg %%E?S

Accor Burthgrmase.dhatht degice IWdiem@ﬁiOO qoh inglule elqr@sthan one reservoir

elim :

ayer D10t SRufed ARl En PRORRE 0 A ARG el Wil

2up (infiltipleavdetioity canihelede ctﬂi‘ﬁ@elﬂi@atdwrﬁlﬁ agiydraspiahibiterg sor ocular

230, 0 .

port, %gﬁl% e%ts sl{lgh zﬁ%l}%lgﬁé %f at, ﬁéécg Eeolsoélge? or QE@B %8n1‘§fie H%ﬁﬁﬁ{lgn toa

envel cpphamdp anhyzdrm trgribitot, rfocdifineen ot bﬁthe dd:\ecre Ih deraee mo multiple

:j:JggnrseFeg%Ol stigil cdn St% | p{oségneg ut gf\g/amds or(l)l}l] 8|s1|n§le pgﬂgur&a %,Zo_fgach

c an bmsmmlai Idedn hamd dedit@ed blag 2 th’%lifbs@maslr eSueh mojixigldeservoirs

Accor di ot
o R EmsroreR af LHRIE Ik et 3P % HALy ey ermpgatca by

| s f oasxfmﬂ*oﬂiinaay ket mea:b:ire rmt erial, outer layer 210 is

formed of an 30 WD 2004/ 066980 PCT/ US2004/ 001719

i mper meablRurmiag govw @l FIGahd IG@llEdtﬂatés& (feOlbﬂE@i) infac@irddned with a

Cap. 250 Bxgpatiy B ol FRT el A RplEt i B b b3 Lashneabie

0 ut erodt@igfer 200 a kiibstafifdly ipohRable 1nfr1|51&ul§‘e’ﬁﬁ'lb9znte§erV01r 314, a
ydrg se jnhibitor rvoir 214,

I n.res | u 21
Sl e oo g1 ang s ormaaryé pigg 3P 1 i $20
pat hwa)yrﬁmir@date'é pm@ssa%h afe &;twloﬁaﬂth@auvfcead@w&m&eabove with
i nhi bi tor(s) ﬁﬁ%& ce_200. The shape_of device
200 C§FPeRO bPR 2%4 %Pé 21g; mnelawb? 1% M earydien e fprmed
abov esephiely 8 aReEbled Rea¥ 6:8hd Rler tAYan@thetbap 841018 formed as a
nunber of shapes and geonetries. Furthernore, both

devi cénglodntagiel. metaliehic domertadhe provisige OﬁW@e@%wt@d@yer 310

r 85 er MRk thelchfboni@ bty dkRE irﬂ‘lﬁ@t@r(&)rin F@g&@oﬁf BadtuPbse B MR flow

tube 112, 212, respectively, whi
through the outer layer in addition to port 320 and thus assists in raising the overall
delivery rate. Of course, as will be readily appreciated by one of ordinary skill in
the art, the permeability of plug 318 is the primary regulator of the drug delivery
rate, and is accordingly selected. Additionally, the material out of which outer 1ayér

30 310 is formed can be specifically chosen for its ability to adhere to the underlying

structures, cap 316, tube 312, and plug 318, and to hold the entire structure together.
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10 multiple reservoirs can include different carbonic
anhydrase inhibitors, or ocular nedicanents such as a
won@iioedsgent , bet a- bl ocker or al pha agoni st i PCT/US2004/001719

addition to a carbonic anhydrase inhibitor, for
di ffusion out of the device. In device 200, nmultiple

reseryoirs 214 can_be positioned to abut against only
a si ngpiéensilyg helegr hgles g%i?c‘ﬁ‘ be groxjdge fiyrough Annepiybe & {stodncrease

dedi cab edwithid @f é&ﬁontmmr@s%%mw&(s) Mfﬂesmbir hph.e
reservoirs 15 can be enveloped in a single outer |ayer

110, 210, @%rdé td mB&mize #ivsdubIRR bt 8t B&t, Pikfered ?orﬁlfulatlons will
ordinary skill in the art. Turning now to FIG 3,

3 i | | brthewiibal cantefa os egeanenss Af aglivorasaias owblsWhile nemm@g an
exenpl@iciverhad 'dﬁ?dlﬁudﬂf ?%y'o@ \éﬁfﬁ{ﬂl@ B-defd R Vdofifpre3® solid that

i ncl udes a per neabl l'ayer 310, a substantially
i mper pREEANSEAL haﬁéPP%tqﬁ Bé\omaét fogm pé@, earhasiiq anBydrasegnligbitor would be a

SUbSt@EEh@bhﬂlcHRQ&HE@Ekﬁ cap 316, and a perneable
plug 318. A p rt 32 conmuni cates plug 318 wth the

exterior of ke fou &qnata'ﬁalsdcﬁﬁ ‘BE h&@% e metdnges o the

respect to port 224 and plug 216. Inner tube 3
cap 3ureseshinveision.ofkpeanly @alp\ml@m@laye taﬁdhea/mmme@n-lmmunogemc

tﬁgetmroft deElFE%ﬂeHﬁE% 111?}”Qsed ehﬂgre ap can be forned
non

as a sing I ntegral, 0 Ic e enent The

provision Iﬁfancﬁﬁé'r@ﬁf’ﬁ@élﬁe&u&ﬁ{/ Is?ﬁl £luRiRydded beAWed F1E. 6

car boni ¢ anhydrase 1 nhib or S n reservoir or drug
cor e Blusfratas spehap entbhdlmﬁgh whereinghe wistaingd teleabandeyitd Knrp@wt 612)

L0 PORL1ud20n AREL:N S 385 8164 dhibdePlil B 1 he overal |

delivery rate course, as W | e readily

appr eci at Q\Qatpﬁfal?ﬂﬂﬁt Ry H%rSQitM r ?alﬁhlzeltmg Bevidel QP@%O, ,%P@ and

perneabi ity of plug 318 i's the primaly reguldtor’o
t He dfidginglede vawrglly ecsteeing angynitstianetsrials thgt yre divlagidalyl.

Ad di t é gﬁﬁ{lﬂ)ﬁf with %Sd}ﬂﬁ&l&{ énﬂ}’orr Ig%gatlls?@es,\(’:\%g %Esgﬁ#%l? rlrllsltog%l%rm §9dy

10 is rmed can ‘be speci
ab| | i flwyidg witlawhigh éetnaaterhabwilhabarel iy corgact.sTheust af ltapi,dlyuﬁ:p;olving

23‘ ? 4 Cri‘lglglg % 3 e%t%'ila(?s }Hélgg %ﬁ% B‘ang’? 6‘[&@@ gr%ltg bé g]vmd%la sint& dissolution

PCT/ US200elt04yefsA 10,Q30) ﬂ@aﬁ'dujd affechthe eomstandyolfelse BRPretempe, as
| ded th hl t 312 to |
o Vol 5 SOARBA R i bR B B Relriod o

resertac.r 314. In order to maxim ze the useful |ife of
the device, preferred formulations will be those that

cont ai n aNataalfjeocaurmning sr syhthaﬁct meterizlg that arabiofpgRailptenpatible

while retaj nin 5 effecti e 0 ol u

way o t%&%uécg agg %ﬁgéues & gllydm %‘T‘qq%mt%ﬁgil %lul(c)is w1tE)évhlch

cont ahamagtial eidsbms ﬁ)%o(ﬁfac‘anﬂﬁdie Batlate ddd tifnited toaetﬁ@lr\hhgm éetate,

ydr ase |nh| |tor ul.d @ ierred dru

D A oSkt 5 e Vioh! aRDEk FiarSikh P G dgyrat

to CQﬂﬁ}ﬂéﬂé@hﬁdﬁ@ldﬂ@&dp@@ﬁm@fpotybﬂlyl hexylacrylate, polyvinyl chloride,
polyvinyl acetals, plasticized ethylene vinylacetate copolymer, polyvinyl alcohol,
ethylene vinylchloride copolymer, polyvinyl esters, polyvinylbutyrate,
polyvinylformal, polyamides, polymethylmethacrylate, polybutylmethacrylate,

30 plasticized polyvinyl chloride, plasticized nylon, plasticized soft nylon, plasticized

polyethylene terephthalate, natural rubber, polyisoprene, polyisobutylene,
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present invention. The only requirenments are that they

are inert, non-inmmunogenic, 10 and of the desired
wpesoamedsd i ty, as descri bed herein. |In anot herPCT/US2004/001719

enbodi ment, only a single outer |ayer need be used.

FIG 6 illustrates such an enbodi nent, wherein the

sustai ned rel ease device (product 612) includes an

out er Pl¥8rEadicse, RokyeHhyb e pofietaurpstBylencopelygrdidene chloride,
Mat er g@ﬂla%r}tl&ﬂirllé"%%sbﬁnléﬂ ?Bl?(%?lp?l%hdfoﬁ@ b@ﬁiﬂu@ﬂ)oﬂl%}’de&?ﬁ:ne
100, i ncl ude na ur al
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0 ot e ULt LS ALE ARSI ,

out er cdpalyeres, vinytiderg rhloride-acrylouitrile edroboter,tgol, plcahm.trmrmoglr

of th %{cldg sfafi&asgs. as 20 well as the capability of
t he s§ em'to remaln in place for a prol onged period

of tine. {

That are BPo eI S0 RS R B LRk e bove-

elfe tligemdynaaslorzny ofiet mlyryerithm @ hiddbgicalky cbmdgtibﬂd witldBody fluids

\kl)mu: haérﬁ‘gil %Q {ISﬁ‘ilQ {Kag% 1% ﬁllsolwhl in bo%n%lul(f; gvg hlccflttaés%%éerlglewill

pol yvéamd inacwbd,tand penmeslise ka ﬁlk pwksqge loy thie nmborad: anilydiase

crossmhlbn[r pol yvinyl butyrate, ethylene

ethylacry? e copol yner, polyethyl hexylacrylate

pol yvi nyl Lyvyifyl. ace stl ed

et hyl ene v\&ﬂ%/ 3léeg?u fed I?%)’OZ}%I Ef 859 Ee y Sl? {';‘l)s %ﬂtl@ B’Pp,ermeable’
Iﬁhyl asniesoribad dtolvb,ao the @assmgmjfytreararbopmlayhydwé nﬁﬂiiiﬁf(s),from the

Bgl z\élen‘%riﬂgm Fﬂ%}%r%b‘f 8{‘)@ X‘é {}{H’o{} nsof wggp‘%)/f hg,ep%%se is to block

pl astthe pzsemgeth\canbyﬂuc afifydraselidhibfibés &hrsmgzlehiose )éb@lﬁns of the

pl astici zed ticized

t er eptit I aéi‘fl hushlg?%‘n%’felqagfb‘%zl?e CaB’é’PS‘?lag@ﬁJf% hYbltor(e) from the
pol yi dedlve ticy setidred rep2on¥VOf 10 QdiePRHGEAd Rudd 2-1$?a€=1@41@.01719

pol ybut adi ene, pol yet hyl ene, pol ytetrafl uoroethyl ene,

i yvi nyl iThe memﬁdishttmioﬁ Buter IpgHr Y 8G; fe)el, @Y pollynhed, is preferably selected
cross-1ink [

pol yt5]9| |t({J"§E)5\P 'ﬂﬁ? %I}Oe{g%/i%{;?/ éerrﬁigclolngglﬁﬁg?lf:%gn Thp preferred composition of

pol y aidwll@ram 1mmp(ug 246 wiils 02y agpehdide 68 sudh BRresy Aehidentity of
car bo ate vin lmﬂorlge di et hyl fumarate

copol onig ?qh%élgfﬁﬁ Pifratsy thedesiatd; rafie (0§ relsage, Arehthe grode of

gr ad en@m&km bABEANInS IThe XRAKS of BleRYiRNGM IOMPLRAR since it
silicone-carbonate copol yners, = vinylidene

Cqﬁ orqeaeémmeﬁghe desited Fl}eaa@elg@p:@pgﬁﬁ@@tlonquehhecause the physico-chemical

chlo rﬁrg}%@é‘sr& hﬁ@l‘l&léchleeare é}ﬂﬂl%ltﬂérﬁétors\fﬁa@ Y H 8RR Gate of release of the
chloride-acrylonitrile co? gold, platinum and
agent into and through the outer layer 110 and plug 216.

Caps 116, 242, 316 are substantially impermeable to the passage of the
carbonic anhydrase inhibitor(s) and may cover a portion of the inner tube not
30  covered by the outer layer. The physical properties of the material, preferably a

polymer, used for the caps can be selected based on their ability to withstand
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(surgical) stainless steel. Specifically, outer |ayer
210 of device 200 may be nade of any of the above- 10
wo p@umebopml yners or any ot her polymer that i s PCT/US2004/001719
bi ol ogi cally conpatible with body fluids and eye
tissues, essentially insoluble in body fluids wth
whi ch the material will conme in contact, and

per medbBieguens ProRessigs seayauchas hers ceraeh wifheut swiyine deformation of
i nhi L @6&) The YWARRiaI, @?ebolfnﬂ@te fok Js@osta%ﬁaly 1%&rﬂe§ble outer layer
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of a &ic 19fer Uﬁﬂhg Eﬂv@ﬁtﬁ)n 11§1y|b€ GlbidfmhingH 19 EiEfusmn cell studies carried
pol ycar onate pol ymet hyl net acr%gate yet hyl ene

EH eyt indes sigh ceppdifenms. bordifeign el studien Wﬂ%@c@l’f geder pighponditions,
vinylge @&{Heﬁpattl))n oPdtg ROhYMb&pYdr cBinpaRent is essentially zero when

compared to the high concentrationin the donor compartment. Under these

conditions, the rate of drug release is given by:

30 Q/t=(D-K+*A*DC)/h
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(PVA). Plugs 216, 318 can be forned of any of a nunber
of materials, including cross-Ilinked PVA as
walemanodsed bel ow. CQuter |ayers 110, 210, 310, BCUPI004H601719
216, 318 of the device nust be 10 biologically
conpati ble with body fluids and tissues, essentially
i nsoluple in body fluids wth whjch the material w

cone ViFre Gt Heemonrif diveasicased; & tmep D the gitiinsion czqfécwnt Kis

318 nys harBiBoP&JeiRARL & & thel NAaRASRADE iPthe UTRIBE RBhEentration
anhydr ase i nhi bitor(s). The carboni c anhydrase

i nhi bftths dreg a‘apf'rSfﬂaf’sleeanrﬁn% h@ Iyis thscthickiesyef theyembrane.
chem cal potential, i. ward the exterior surface
of the. devnde caxWisrihg ﬁge@le digiuses §ireughiibecleyesmiayyader flled pores,

d eSV' Ciere @Y }Ldrt}?t{dnH@ ﬂh@nd’f%ﬁbrp Bk ab t:énsﬁeeeqiimlﬂ%t%rﬁc;nlﬂﬁle equation.
condi ti ons on des of outer l'ayer 110 or

216, Yndgrgink cwﬁltmn&u lﬁ@&a@cfm Hiaronay side ésaveyy si%ttbepvammc is
of t h(%séfﬁﬁlkgfwngtaﬁtryﬂ& g%lﬁisﬁ th%gﬁlﬁrgﬁirls()f thJ AanOIb&)mpartment

establ 1 shed 1 n accordance wt
Di f f ud¢lense rarhierefarebaspmpidepengentsh thm@r@aeuagea (h\r)dbghnqsh@l) and
nater
ol oot 0Fof i Shelbring, EOGHAL, el SRRARAN offe ot the
t Hl ckivetdslagdetitee Nhfa;hlm tuTThis depeadams on thatde@eﬂ exze plthe odrbonic
appr opg.i . ' ating outer layer 110
PP @ﬁ%@r&%ﬁ%?{r SZhl%é é:&fg r%lie %%&P 9 y

and plu on the particul ar

car boni c

of diffus |1gﬂpg’?‘t“?‘%8‘h ar %H"% g%%b%‘?%‘g@"’# ﬁﬁ’d%u t %@fafc?"v&sus
t hr oudrhe plot. jiieypeemdabilityal; ean brfrelatee t¢ the diffiision coefficios D, by:
determined via diffusion cell studies carried 25 out
under sink conditions. In diffusion cell studies
carried out under sink conditions, the concentration

of5 drug in the receptor conpBr@®yeMh is essentially

zero when conpared to the high concentration-in the
donor conpartnent. Under these conditions, the rate

of drug release is given by t=(D-KADC)/h 34 WO
2004/ 0669 8ncptir/nasxabiditos zszq@sh ewée mafesialipermegiisn the

of d rﬁé@sa%@bﬁﬂé s,gmt &ha sarfsae%a oPtHeSct aftnfif 3 wareed with the
coef fi ci partition I cl ent

sur f aueferial elaperm@hletqthmpadsagff efitber @gent maxmﬁ@@nmmd i Blms may be

10 oY BrcRfendy tolfo PR ARhle SHhclaiok uil g desined refose
di f f useds obirioergh t he | ayer via water filled pores, 5

there is no partitioning phenonmenon. Thus, K can be
el i m nat edExtmplaryt inistapqueas matsrials bridkle fer usk avanetilasien hi) and

T BERA e 18T Hﬁtgg%g@% d8lcflfed i} [Hi3 held 04,1733 S
c onc anéte@dls mpludé butlae: o o itecCto wyras-tinteedtpoly vinyl alcohol, polyolefins or
25  polyvinyl chlorides or cross-linked gelatins; regenerated, insoluble, non-erodable
cellulose, acylated cellulose, esterified celluloses, cellulose acetate propionate,
cellulose acetate butyrate, cellulose acetate phthalate, cellulose acetate diethyl-
aminoacetate; polyurethanes, polycarbonates, and microporous polymers formed by
j co-precipitation of a polycation and a polyanion modified insoluble collagen. Cross-

30 linked polyvinyl alcohol is preferred for both outer layer 110 and plugs 216, 318.
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Rel ease rate therefore becones dependent on the

surface area (A), thickness (h), and diffusivity (D)
wo@Roothesosenbr ane. The surface area is a functiPCI/o82004e01719

size of the 10 particular device, which in turnis

dependent on the desired size of the carbonic

anhyd e inhibitqr(s) . .drug_core or reservoir

per oS ferte ;‘;‘“Pﬁé‘inﬁag’é Qg@ﬁtdS\Yl?Féde$r%?ﬁ11t1ﬁéndsllnﬁ‘idé%b%ﬁ12

a QVEDSbJ&foﬁﬂeH%fPTFEoréﬂibﬂ [4Espl.l ity P, can be

related to the diffusion coefficient D, by 15

P=(KD)/h mrﬁmllp%@mhbfthypﬂegenemwabiohm%efuﬁértetdhﬁto or

materi al pernmeable to the passage of the agent,

sur f adBacghidg thseye Kia agyeife F‘ﬁ*é‘f’dsdﬁ’@t’m e the 6'§tf‘§c9%af WH"CW&S and
Mg er iVicek."ORE HBARL Bf the déies BRS $8 88mRistdrditat 8BS, rl%}hore than
be determ ned. This may be 20 done by progreSS|ve y

r educPIFReeananPaiincisied Instlle aereors Qr4eSGHYOIN OrypRse Higs PRGIgservoir

rel eaggy bd Abfidb@inAimidReice Exenpl ary mi cropor ous
nater|a¥s sui table for use as outer |layer 110 and

plugs 216,pRA®s irtéded fof irRBE6N inf Be Qy?es £t eRAREhIE Mid4hSvitreous

Patent No. 4,014,335. These materials include but are

not | Fhember mag repads BLthe vikeqns peumpperily| afigr egkagnt is complete. Such

P Pd Y O &hdeDmaP brovrle @@téﬁ‘(éd%’lleas@ BF@E L8B8ni0 Enhérﬁt%%c’mhl'bﬂ&?sq for a

gel atins; regenerated, 1nsoluble, non-ero

cel | upesiod of Gewsavesal daysitp avasdiae yesst. &t ¢erfenembetiimentsswistained

cel I ul.R3& &% tﬁ{ie%st%g Qéeﬂf‘ffl&}% cuﬁfé‘)}‘ Lpérfb%leof @{i@{)ﬁﬁ@re months, or

butyrate, ce ose acetate pht cel ose

acet agvwen ﬁTe@tenWan oRg TN L]t e; pol yur et hanes,

pol ycarbonat es, and m croporous pol yners f or med by

co- preci pi When weh deviggs p@lpyﬂpalted &m iepettion withinthavigmous of the eye,
i fi I |

n‘ﬁg 0 h% Fs%réf%&i t?{%rt?ee%%cle 2 %c);g%%}rbg‘%a er lﬁ%qgg i %1\9 d%étlon

pl ugsTirsghe 331181dr1033 Gewigds ﬂ@@nat@cs@ggesmidusmmp@&mbgnot

P f
e e ARBRI 604  HRU SERe epe
o r et thgn 1 winninl dizhatetaod mofeefdrably lese Ithaué)rSymmyls tliametf. The

the p n Atikon
ac aconoh iSRG MR sy RBEL | Dheckgisen gpout o1
t 203 amtn éndmbout Ul0anmi Ty met’enedai’ldkndés ofrtié weld of €ee layer 110 ranges

nmore of the,devigces ma i.ster e ti ,
or oo O A o B ot st ek e watt of
core %ﬂeéﬂ@&eEMDiaﬁges <bétwlé‘éﬂ z&)otlﬁ’ﬂ;(gl amend emﬁmg fIge infieydrbe
ro ed.I.n a Vi ces | ntende
P o i s PR BB p ot aR HER AR PE PEGERLY

ch anb@jmalmmlgtﬁprapdmmbftcmofﬁb biilgdthSe PAILIBNO Kol 2 t@fbGize the

treat nent | et e.
25  amount ofS drug c nta?ned in t%e device and maximize the duration of drug release.

Accordingly, in some embodiments, the drug core may consist entirely of one or

more carbonic anhydrase inhibitors in crystalline or amorphous form.

As noted above, the carbonic anhydrase inhibitor(s) may be present in
neutral form, or it may be in the form of a pharmaceutically acceptable salt, a
30  codrug, or a prodrug. Where the carbonic anhydrase inhibitor(s) comprises less than

100% of the core, suitable additives that may be present include, but are not limited
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10 devices may provide sustained rel ease of the

carboni ¢ anhydrase inhibitor(s) for a period of from
w@ewened9sdays to over five years. In certain PCT/US2004/001719

enbodi nents, sustained release of the at |east one

agent may occur for a period of one or nore nonths, or

even greater than one or nore years. Wen such devices

are pleprlyBeric BatricssdeLs fogentfpldisselutionratpior faupgigtagythe shape of

eye, thé éoﬂetdufh?g %effbﬁfdéﬁ e & hdtmdikiSin @’f‘e\’iht‘é 1t9 @Fthe 'Eelte durmg

exceed about limeters in any direc

t he cyppgntyre of thgdeviedsand |a¢cu§<mabpf@an@qﬁ>lqmc@9}ge11ts émgj gmiotic

woul d, presermit.y, floguexceed 7 mllinmeters in height
or 3 mllineters in dianeter, nore preferably |ess

than 1 mMmyhRoHe aBlEheds TR c&{a@sfs%ﬁégllld/ls lc@rﬁﬁregsgﬁﬂ) the

0.5 min dianeter. The preferred thickness
wal | shighest ¢amsity foatille, again 1o maximizg tepeamayet efsentaipddug. In
0.01 %@rﬂ%@&?b&ﬂﬂ&ﬁs %heQirmor Ilﬂgy 3t %fe gélLde (%Iotnryoﬁéf E§§1§ include,
of the wall outer | ayer ranges etween a
0. 01 buharerndt Himed t01g10nsrmste’méllrp¢Seg@$, iselytionsi akirsespsngidns. It will
t he I

V‘% zlfpgafmate(alf gheI oﬁe\{ or%&l%y lgealggﬁctﬁxglpcﬁoﬁge {:é%e?xgo?l“i%x 8?1 gﬂyswal
v hQ i otiate embibdicaftanassumk andiker glatedegt aiselidedrtig come may be introduced
prefe [ hi ' £ I C o
By AR o EEhE BAEa o e BIBRCEL O Boy BRARERIEa i a roven
anoungtatef drug contained in the device and maxi m ze
the duration of drug release. Accordingly, in sone
enbodi ment$ijtablheartonugardydresenalyibitars gickide,émt are ebtylinrufeddm e

or
o TR 96T Co AL TR AR L, BN ALARE
atthy ddasdamidbi(D) andrbgisjolarsife (5. present in neutra

form or it my be in the formof a pharnaceutlcally
accept abl e sagt a 30 codrug, or a pro r gn Where the
car boni c an s tof(s) conpr i I%s§“th@n
100% of the su bMe add|t|VE£ y H
pr esent |nclud@ b are f2linited 3@

2004/ 066980 PCT/USZOO4/ 1719 t o, polynerlc natr@ces
(e.g., to control” dissolution rate or to ndintain the
shape of the core during use), binders (ecg., to

mai ntain the |-tegrkty @f the core durdgng Jmanufacture
of the deviceg), gnd dNtlgnaI phar macolg al agents
(e.g., a mat ) t pr a PGF-2a aﬁQL 5/ n
sonmre enbod?nent’s, tﬁe iner core is s/o\|\d AT
compressed to the highest denS|ty'?%a§bble aéalﬂﬁto
maxi m ze the anouht of contained drug. In 4alternative
enbodi nents, e drug core may not be soljg. Non-solid
forms include, fbut are not limted to,
slurries, ge ' and suspensi

HyC \\\\\\“

Preferably, the carbonic anhydrase inhibitor is dorzolamide or brinzolamide.
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be appreciated that the drug core may be introduced to

the reservoir in one physical 10 state and thereafter
w@z®uneosmot her state (e.g., a solid drug corePCEYS1964/001719

introduced in the nolten state, and a fluid or

gel ati nous drug core may be introduced in a frozen

state). Suitable carbonic anhfydrase i.nhji bitors

el ude, bt PAYIETHURe ol FilgegkiohacEiven arbpais aTli g inpibjtor willof
et hag@kR Mepléhd (81 @nl? Bﬁ"% %)Qtleﬁdg' ot %e(p%}tlcufalk gé&hp B%Qﬁéﬁogeﬁlon of

(4), 15 dorzolamd bri nzol am

N- N Chereyice mwteﬂf chmnqq@émag@t Tqie 99/61 eylcmlocat@
2 O yifh e {ye \wifl be léss a?fel:i.led %ss/ Bfttge (grlg_(%ggﬁ%%ég% intiitor to

3 4 HNEt HN 1
H3TONgc8ng dr@w@e'a@)l WEll Bt P¢ bméedalm t&le rathef pongttation of the agent

o e BEEh SR lieh ek FoEis BB T iR ELpATEE
rate @THCWélIa‘_é@ts@f dyhg i the ciliary precdseesivdthemlayer rlsase rate than can
i nhi bélévﬁ!e; }thlé%ént&i‘ exte i “?oethg %Fée r}\qson %ﬁlg&@%lﬁﬁ&ﬂ%&% e%nhx{)drase

pot ency O articular oca
of timbibdersivgl resqnde & hoaver mlaascufatectd) gaingic e thefaptiealgeffittive

F{PM L AEereifon, DEVI CES | OCat ed

The present invention also provides a method for administering a carbonic
anhydrase inhibitor to a patient, comprising implanting the sustained release drug

device described above into or adjacent to the eye of the patient.

While the above-described embodiments of the invention are described in
15  terms of preferred ranges of the amount of effective agent, thicknesses of the
preferred layers, and dimensions of the devices, these preferences are by no means
meant to limit the invention. As would be readily understood by one skilled in the
art, the preferred amounts, materials and dimensions depend on the method of
administration, the effective agent used, the polymers used, the desired release rate
20  and the like. Likewise, actual release rates and release duration depend on a variety
of factors in addition to the above, such as the disease state being treated, the age
and condition of the patient, the route of administration, as well as other factors

which would be readily apparent to those skilled in the art.

From the foregoing description, one of ordinary skill in the art can easily
25  ascertain the essential characteristics of the instant invention, and without departing
from the spirit and scope thereof, can make various changes and/or modifications of
the invention to adapt it to various usages and conditions. As such, these changes
and/or modifications are properly, equitably and intended to be, within the full range

of equivalence of the following claims.
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within the eye will be less affected by |oss of the

carboni ¢ anhydrase inhibitor to 5 [acrimal drainage
w@na4m6d980 not be Iimted by the rate of penetreCT/082004/001719

the agent through the cornea. As a result, such

devi ces can maintain an effective concentration of

drug in the ciliary processes with a | ower release

rat e &IPS can  devi ces i npl anted external to the eye.

Al so, longer-actin car boni ¢ anhydrase inhibitors

will requifr & systpiggirelengs dspgdovics edaptes! faninplastation in or adjacent to

t her apeykiod @bhtient kel Wfiver} Qe\ﬁ&rk%g@rrlﬁﬁg 10 n The

present ‘invention also provides a

adni ni st e ngmﬁm@eaﬂh@%fé coRPAY @éﬁbdnﬁ%rm&&g& hidofor,
patient, conprising inplanting the sustalne ease

dsug  deviipe LiRstion ﬂ%orﬁﬂ@é@fabé‘&f‘%h@&rué%réoﬁﬁgs &8stk
eye of the patient. ile the above-describ

embodi ment s ofMPEEabla{eile passres bthe sarbpiip eghydrase mbibitor, having
terms of prefge b?glofe%ﬁgﬁﬁgs%er&ﬁ% ?diﬁg%\%lt Qlffﬁ.lgt)lfl Sfﬁqé ¥tbonic
agent, thicknesses preferre

di nensi ons ofanilYfEaS@é‘W@@é aﬂﬂ Waish lﬁmﬂéﬁ@lrteﬁt esolable at/ingi in
nmeans nmeant yo@y kildlk hnd &ﬁph@fﬂh% B@dr?r té%ue\épallll jd Dbe

readi |y under st ood by one’s art, the

poef er r ediARIAR bSmorBHEKibA Soakh ?s it nﬂgeﬁ)ledtg Fﬂ%ﬁ%ssgge of the

the method of admnistration, fectlvea
used, the polopthenis apleydense hibitere smdr ‘éblicln @e@alﬁ@nhdbfenmme and

and the |ike.jdi 1%?%?%d%ﬁ%@1’ng£tﬁy’lee@§ﬁb§ Re cand

rel ease duration depen rrety grs in

addi tyh&RinttRe ﬁﬁ?a@@gﬁﬁoneﬁ U(%\tt‘lt ré B pcgh(is %ﬁfth r@%le rﬁ%&org SO as

treated, the age and con
rout & I@Pdtﬁ@m’hﬁnémlﬂéﬂtﬁ@ﬁi subs;tanmllly coastalcttrate of feleaseorfshe carbonic

Wi C%H&gﬁgglnggltﬁp@% n depparent to those skilled in

the art. Fromt regoi ng description, one of
ordinary skill in the art can easily 25 ascertain the
essential characteristics of the instant invention,

and w t hout [

Cher gof . mon kB e BB o PR BR AR o et o
of HREYS ohecptipwnthe drugdglpiery devico compriisings usages and
conditions. As such, these changes and/or

rmdl fi cat@®ongn iner drpgprse Pmprisipgiatcatbloyic ankydrase erbibétdr;t o

within the full range of egw val ence of. t he
?Qﬂ | owi ndlit| &ifiks coxting ppitpcoUice 6 e OrRCT ABR0B 41 BENTAY

Cainms: 1. Ajghshaivied tﬁﬂa@ﬁ?@oﬂﬁﬁ&r@o‘?ﬁ@ ﬁn?ycﬁ'gs%q{xl‘ﬁgit%r%avmg

inplantation in or adjacen
the drug del p%@ryn@éop@@g@ theysit ‘s'hln@per(mt)dlﬁmsmnmfelue wrhogic

core conpris hﬁlﬂrdﬁs&ﬁﬁﬁ*ﬁﬂ& EnARI%AL @ﬁﬁtabﬁgl}p hicble and inert in

body fluids and compatible with body tissues; and

25 (iif) one or more additional coatings that are permeable to the passage of the
carbonic anhydrase inhibitor, and which are substantially insoluble and

inert in body fluids and compatible with body tissues;

wherein the impermeable coating has sufficient dimensional stability to be filled

with a carbonic anhydrase inhibitor core without changing its shape.

39



5 (ii) afirst coating on the surface of the drug

core, that is substantially inperneable to the
weawgagesof the carboni c anhydrase inhibitor, PeWUAZP04/001719

one or nore openings therein which permt diffusion of

the carbonic anhydrase inhibitor, and which is

substantially insoluble and inert in body fluids and

conpati ble with body tissues; and 10 (iii) one or nore

addi tional coatings that are perneable to the passage

of the 3cdhbdavice afivindrawkertin theintpermeatledoattnigths aufficient

substanti al l y..nso] u an |nert n, body .fl ui ds and
corpiprital i 35k et iR anhiiig b o atont
additahgingits sh@pd.i ngs are dlsposed about the inner drug
core so as to produce, when inplanted, a
Substantially constant rate of release of the carbonic
15 anhydrase inhibitor fromthe device. 2. A sustained

r el ease 4drAigiethod fadathapdrag afcaboniophiaatadé i@ibitoitoqke ciliary
adj acen of a.patient, the d rug del i very

to
deviod¥ Oﬁ Hhpiei é‘F A5t o? COMPHSIRE g nH‘P%S‘EHP}? daelpsse ﬂ%‘f“i’f‘g‘n d
car kit tQHHB 5, asfh@rebff‘ Hie k@lleﬁ@é deligbks (He' chrb@nfc'ahﬁ}dre@s@ ﬂ{hhtﬁtgr to
on t _surface of the d ghcore IS substantially

npis Fla bady of th, @vep@@%rs'@ eoqar@ﬁ@ a&b}fdé%fﬁ iihibifor pencgrfeation
10 N R Qiary DG 19 Bain®RRdAE a IRfaBeRRANY IStV \Rh&nRaidH 62
permt diffusion of the carbonic anhydrase | nhibitor,
andPeipd efatilepsiidslayantial |y i nsoluble and inert in
body fluids and conpatible with body tissues; and 25
(iii) one or nore additional coatings that are

per neabl e to t he passage of the carbonic_ anhydrase

i nhi bi t &r A BaGodfr admizistering p serhenic anltydraseinbibifpt te theriliary

N €S,

| ety PR S SRR Wablhchodid ban
1ij| respyiling &0 anytaab of ¢leipmstlo 3ou chuh L th onwidjahery tacthe by inbereby

oGBS RSt NN 09 S S

cI avirerein thetvarbeinin anhy@rascrmbrbuteladwlneemmIl ingheh@kary body is
f abi. .
car B0 sl ABARLOM, B bbidbullof fonrerifaly ity 2o

I t sdaghape. 5 4. A et hod for adn1n|ster|ng a carbonic
anhydrase inhibitor to the ciliary body of an eye,
20 he met hod conprising inplanting a sustained-rel ease

device in or
6. The method of claim 4, wherein the carbonic anhydrase inhibitor

concentration in the ciliary body is maintained at a therapeutically effective

concentration for a period of at least 180 days.

25 7. The method of claim 5, wherein the carbonic anhydrase inhibitor
concentration in the ciliary body is maintained at a therapeutically effective

concentration for a period of at least 180 days.
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adj acent to the eye, whereby the device delivers the
carboni ¢ anhydrase inhibitor to the ciliary body of

W0 b@40y©80 wher ei n t he carboni ¢ anhydrase i nhi bP€DIS2004/001719
concentration 10 in the ciliary body is maintained at
a therapeutically effective concentration for a
period of at_|east 3Q ‘5. A _net hod

adni ni st er¥ ngrednsdapdid § aEn e the C?rlkfﬂlillﬁl"“?tﬁ’ﬁra?%‘n?’fl?gor

ci | agdhcert@tyn Rfth@dlifY Bodstif Mailimadt £ RRHEFICAly effective
a sustai ned-rel ease device 15 according to

i mpl antin

any o?%lcﬁgra@?fafoﬁﬁpirmdoiabkasé%ﬂ 4324 in or adjacent to
the eye, whereby the device delivers the carbonic
anhydrase inhibitor to the ciliary body of the eye,

wher ei n the ar boni c a drase .i nhi bitar concentration
imthe cil¥ 7 %qug %, wiergin thg cafbonjc anhydrase inhibitor

t her appbéinaadd i ted Sipsy | b&cﬁy i§ QARG A 8Rrd ?afncau}pafeb@&é
of at |east 30 days. . The method of claim4

wher e‘?orlic‘it‘}tré“‘c"afobéﬁ?r&?da?ﬁ ﬁtjlsea%@) 42 bi t or
concentration in the ciliary body is nmaintained at a
therapeutically effective concentration for a period
of at | east The ne{ od of clw

wherei n t & grg? S%‘ﬁ%c“‘é‘ﬁa‘ya FOLAX OPf A Hetig -4 6, and T, Sherein the
C o Cegriticatd dﬁﬁydrﬁlsetnli}ﬁblﬁir iy Bleyte®BEY: theSgrbBd UndiktipthratetAolamide,

t her ape t|ve concentration for eriod
of at antg%zgf % gug arr&ée @Bhlgmgl}a@g@@ ggrzolamlde an% brinzolamide.
PCT/ US2004/ 001719 8 The net hod of claim4, wherein

the carboni c anhydrase inhibitor concentration in the
ciliary body tai ned at a therapeuti cal

effective ! aJHE E‘ﬁnﬁ’rogla?“@ BESP cglrﬁérW@gBﬁhe&”ﬁO@ﬁ%h@%e
days. inhibfler iJ feciat fh@elthe forduh @bri¥isking WHRE@ENarhidS, R0,
anhydrase inhjbitor —concentration in the C|I|ary body

i © nesthxaplawifeadichliophenamide, dqrealpmige.and Brinzolagmide.

concentration for a period of at |east 360 days. 10.
The devi ce according to any one of clainms 1-4, 6, and

8, wherei car bonj an ydrase i.n bltor i s

sel ect ed leo Eﬁﬁ? h@?&ﬁ’ﬁr E’infl ﬁgW]Eﬁ‘el% @tcélﬂ’&“ﬁl‘ﬂﬂ@’ rase
met ha@apibasH i§lSalecRid oz Mk arvuf @ons@hﬁﬁbﬂ{cﬂtﬁﬁﬂﬁiﬁﬁg @nethazolamide,
dor zol am de, _and brinzolamde. 11. The nethod

ac co re(ﬁ]i‘%é(’ltilald@i diplprphengpidecdqizqlaraide, #n6 BrinaolagHes dr ase
hibitor is selected fromthe group consisting of
tazol am de, nethazol am de, 15 ethoxzol am de,
hl or ph rzol am n ri.nzol
dichlorp elga%e methog ach%rda ng tg %Ialrr? 9dwl?ere|:m Zhoe cg %101‘110 anhydrase
inhibitor is selected from the group consisting of acetazolamide, methazolamide,

ethoxzolamide, dichlorphenamide, dorzolamide, and brinzolamide.

25 14. A sustained release drug delivery device adapted for insertion in or

adjacent to the eye of a patient, the drug delivery device comprising:

(i) an inner drug core comprising at least one carbonic anhydrase inhibitor;

41



12. The method according to claim7, wherein the

carboni ¢ anhydrase inhibitor is selected fromthe
wW@e@up68nsi st i ng of acetazol am de, net hazol amPdEUS2004/001719

et hoxzol am de, dichl orphenani de, dorzol am de, and

bri nzol am de. 20 13. The nethod according to claim?9,

wherein the carbgnic anhydrase inhibitor i|s select

from t he GPodFoRBHERES PRIeSHTRE of B2 GrisAoghat is SibSianially

met hazol am dgmpe@icABS Z9tha Fasdere oflite Al AR bRNAMRRic agent, having
dor zol am de, and brinzol am de. 25 14. A sustained

rel ease drug We&Mor Pereorgaipgsthersln icderpit diffysian of §p aqrgnergic
or adjacent dognitheng Ut RkuiRtaRBdliyaRolubld ddHddbn body fluids and
delivery device conprising: (i) an inner drug core
cénpri si ng aﬂmnﬁﬂ@ﬂeBﬁbb@gﬂﬁgﬁﬁﬁmdnhydrase i nhi bitor

41 WD 2004/ 066980 PCT/ US2004/001719 (ii) a coating

| ay ervhereint the ceating iscdispesedtaleut e ignes Grug cpreee ap & produce, when
substaphifl ét%sthlmﬁﬁgl U5 RRBhEateQr }@&s@@iﬁﬁ@&ﬁe&ki& !ig%nﬁé) from the
| east one adrenergic agent, having one or nore
openidagiee-t her ei n which pernmit diffusion of the
adrenergic agent(s), and that is substantially

i nsoluble and inert in body fluids and 5 conpatible

Wot h body;§ i BiRUGSinBMRIARAIGS RIS dERBE NGl 40k AROR B
about the I nner drug core so as t0 produce, when

i nseinngddag sergds admiked with zprigneimatiizat e of rel ease of

the adrenergic agent(s) fromthe device. 10 15. The
sustai ned rel ease drug delivery device of claim 14,

wher ei n t h@ Thenueirined eépaseaireg dadiverst e wedlofivilailm 18, whirginmgre
mat r i | i ned rel ease drug delivery device
of cpépﬁéggfggﬁ%ﬁégﬁa?ﬁé pol ymer matrix is

biSoer odi bl e. 15 17. The sustai ned rel ease drug

delivery vicce of. claim.l erein .the evi,ce | s
formed by Folesabe B et NS LS oyt G u MR FipdsSin e
coat idegjcd Ay@med b8 co-Sxtsudirigahemderrdehgoaseandrtbgcodtihg Mgary

devi ce adapted for insertion in or 20 adjacent to the
eye of a patient, the drug delivery device conprising:
(i) an inngrAdisigneiotRaednyy deiveng datice sdasted fon éhsertion in or

rboni ¢ anhydrase inhibitor; qléliiti%,a.coating.layer on
tfle 2fipeentio By oxerpl agpiigh sy deug Jelivery deyise ¢qmurisigor
subst antb i @) | YanAgderaaigl ceretcdmphignP@ d&sishe @hrbbiie agtydtag@hibitor;
one caroponi c

(ii) a coating layer on the surface of the drug core that is partially or
substantially permeable to the passage of the at least one carbonic
anhydrase inhibitor, having one or more openings therein which aid

25 diffusion of the at least one carbonic anhydrase inhibitor, and that is
substantially insoluble-and inert in body fluids and compatible with

body tissues;

and wherein the coating is disposed about the inner drug core so as to
produce, when inserted, a substantially constant rate of release of the at

30 least one carbonic anhydrase inhibitor from the device.
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anhydrase inhibitor, having one or nore openings
therein which aid 25 diffusion of the at |east one

W@ 2008064980 anhydrase i nhibitor, and that is PCT/US2004/001719
substantially insoluble-and inert in body fluids and
conpatible wwth body tissues; and wherein the coati ng

i s di spose out the inner dru core_ so as
produce, mﬁ ﬁ%ﬁ fuaineddelesse dpgele vy dyvicp of Shi Ahvheggithe
of re|ng@sRudéord RQdAIxed Wth'a% cPR@trfkar boni ¢ anhydrase

i nhibitor fromthe device. WD 2004/ 066980
PCT/ US2004/ 001719 19. The sustalned rel ease drug

delivery dgViThe s@haifdddbitdst rugdaBVEy) El’evﬁcl%%f 'cfe\ﬂﬁ@ d¥Héekin the
core is adm xed with a polynmer matTi x. :

subt aPHEBeBtER sdieprediblelel | very devi ce of cla|n119
wherein the 5 polynmer matrix is bioerodible. 21. The
sustai ned rel ease drug delivery device of claim 20,
wherei n t - Thevystaingdgelpase dug d%gwe@od@merqﬁ diaing 20, ygherein the

I nner q&fdds HRh& BD-LRGdRE te'iflRr bAY Cbre aftBthe coating layer.
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