;e3e$!6T@ 15 June 2002 The present invention relates to a novel sustained
rel ease drug delivery device conprising an inner core or r ryoi
esired | ocal qéﬁu%?{)% C
m st coating which is perneabl e

contai ning an agent effective in [
physi ol ogi cal or pharmacol ogi cal a mmmm,,mg,l@
to the passage of the effective agent; a d coating containing an

i nper neabl e polyner and at | east one |Gr?‘£9%2|!rreabl e disc essentially
i nperneabl e to the passage of the effective agent; and a third coating
per meabl e to the passaggs9irNdiie refE06d iDregasetrry Henfrbkgt coating covers

portion of the first coating |layer and inner core; however, at |east a
smal | portion of the first Coaﬁiﬁ@ab‘a—yﬁfﬁmﬁfm core is not coated with
t he second coating |ayer. The Ird coating layer essentially conpletely
covers the first Gbatpyrpengyénventdonheeldeentl coarval susrainedhe 'portion
of the first fi.ng j i t A i_t.h. ng._coating

| ayer all ows Jg%%saasged%}?gt eé\ﬁggg td&?’rili9 % ﬁi@%%ﬁl da%:loé i ng%ﬁgge?grt hus

al | owi ng contreddrediretanssni BAGKCREEMND diEedtivel BEOHYOMiGgea t he years,
vari ous drugs,have .been .devel oped .to assist jn.the treatnent of a w de
variety of ailfents g%%ﬂdf’é'e%%s?mﬁow,%?#%% Plhﬁ“}fﬁggggﬁfﬁ% drugs are
not capabl e cfffleeicnga aflifishi sbetid ehidierisopatheable tattlayeasssyey off t hout
the risk of v riou.é? detrinental side effects. for e%<a, | e i ntravenous

ganci cl ovi r (t'&\/)e FECHH e APRRE @ PREPRE PRERFERPERI AN Fetinitis in A DS
patients, butirpeifeablel polyiner ZHH abrBIday bAXIipbymédblld Fibés useful ness.
The incidence of neutropenia (absolute neutrophil count_ c | 000) during

i ntravenous G&FePhEFHY RATEARISAP I £28833° Ehntih FFfECREY it enance GOV

therapy is negRusarind @ RhE¥ENiofRiag! SseaBl o eRE Usasagacsr ofhd he di sease
but despite mai ntenance therapy 30 to 50% of patients experience a rel apse

during treat REtECtEYh&IePEobI £458% GOREART FAVRTE AL a8t GEY

admi ni strati gaaﬂtmsh@@_thgeiﬁﬁ% RhreSePes sk edat P ¥oFBREN L | Ndwel | i ng
catheters and the inability to receive concurrent therapy with zidovudine
(AZT) which H&8sbedrPttdRRt o6 FheoLARRF |GorEiRhd Y REr e WRET| #Rfife functi on

in AIDS pati @RlevetNdaYkhELAl oY1l fH:20000AS Bt 208k @od00ng Ghyer
adm ni stered once or tw ce weekly have resulted in _tenporary rem ssion of

CW retiniti $% APAFDSFEL L8R PAEFAWIEREIS GETOPH| RAGBASIIESF provi de a
hi gher intraagdl ghid %aﬁ@xgefgyre%t bQdkrlthan: $ kBt Ce 1 R03BYs Kk  educe the
i nci dence of neutropeni a. rrent treatnment of ( retinitis in A DS
patients is EREEF|SPaRIPEplavRY andakls AEoPd JRELIRG UYE-c B#R thus di sease
inhibition reguti&s JRikALeRANGE dhbhAdaLBE SiHidhi 8. ndU@ockeed KA tH Sks that
certain drugs inpose, researchers have devel oped systens for adm nistering
such drugs t&bai 8eand reatinamtlaynr d¥lowsepesandenehteasgent skties. - Many of
these systernehereﬂmiecaaéfﬁdfq%e&aéﬁ;m'ﬁbwf WeRerdiN@OEEUEdSCe Of
detrinmental side effects. e sSuch delivery device is an orally
adm ni stered pill or capsule which contains a drug encapsul ated within
various |ayers of a conposi i ) i ‘R a period of tine

Over the years, various drugs have been developed to
assist in the treatment of a wide variety of ailments and
diseases. However, in many instances such drugs are not
capable of being administered either orally or intravenously
without the risk of various detrimental side effects.

For example, intravenous ganciclovir (GCV) is effective

in the treatment of CMV retinitis in AIDS patients, but bone
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- 2 15 June 2002 in the digestive tract, thereby all ow ng a gradual or
slow rel ease of the drug into the system Another type of 'Fet
controlling the adm nistration of such drugs is produced by coa |ng a drug
with a polyneric material perneable to the passage of the drug to obtain
the desired effect. Such devices are particularly suitable for treating a
patient at a specific |ocal area without having to expose the patient's
entire body to the drug This is advantageous because any possible aide
effects of th yst icalarly
suitable for ?‘r e£ 9&1:?%)2%{1%9 %%ste:aﬁa t e%ye ﬁg%vlg‘ncggﬁ%é ét!

adm ni steri ngnaudraag;antia (&t er madtrophi hopuat thbom)edarensdl sclosed in
U S. Patent 14,u33 Ar nol d ArnoL d d%cg va |ogs Lloo(%lul ar
inserts that égf %ver? ﬁeg Si PR Ar T IFeserVoirT TOr sl'ow Yy Feleasi ng a drug
i nto the tear méihterdamecepecy cumgedpgaenrs ndeegdartyl HB. pddiase pPeErdssidhe
fabricated of a flexible gerlc terial_that is blololglcalar%mert)
non-al | er geni & ’é?'fiF“idﬁgﬁ?rﬁ’tﬂ ofi Fhe siEeppe PUtTEeFRTES JRAPERA9er apeut i ¢

prograns of tBReLapledioces,5dsherogal idhtbnshidiSeate Planagse nddiigmecul - de-sac
between the sclera of the eyeball_ and the eyelid, for adm nistering the drug
to the eye. DEVFRE¥TFor ntieh<st PEePiATET rEseRhatedal Lt R BYetamEc i S0l ubl e i n

tear fluid rehghihifehtidDare1aad dmt 99§ktaff depEDg tdlacequese of the needed
therapy to serve as a drug reservoir for continuously admnistering a drug

to the eye anBeXmanengr ieAnelildgot fatdessratand theelnahil ity hotredefizet ed by
di ssol ution 0? x%ﬁ.ﬁ%‘ ae. Qie(fta%%ewi’éﬁ/%&b@uﬁ@&eer(h%) Mﬁ\é'ﬂ ha® beenl® June 2002

termnation o esire rapeutic program the device is removed from
t he cul - de- saghowhdoherolanse Lofe cang duprees ther imusicaifhagt $@t dase of a drug
to the externg} §lgft§g§t{)f the eye, described in U S Patent No. 3,416, 530,
i s manuf act ure urality of capillary openings that conmunicate

bet ween t he exterll@rt"‘wlitmldGWCie‘lj&nGi@m afngef ity 4ORauder generally

def i ned from gupal WIBELE JREOLENG MN,LAANES6. CARLLILRY QRERAGS N Lhi S

construction are e ctive for releasing certain drugs to the“eye,"they add
consi der abl e xewisEsdrnt gf (AW et tmihisatn AIDSobat bhenttbyi Eptbecdwrselit is

St aot ur | nh ket i nb§ SlodiiE08 RAAL"9ckdbodbIaRE! ©

manuf acturi ng using vari
concentration than systemic therapy and reduce the incidence

of neutropenia. Current treatment of CMV retinitis in AIDS
patients is c¢learly suboptimal. Ganciclovir is virustatic
‘and thus disease inhibition requires maintenance drug
administration.

Due to the risks that certain drugs impose, researchers
have developed systems for administering such drugs to aid
in the treatment of these ailments and diseases. Many of
these systems provide a release rate which reduces the
occurrence of detrimental side effects.

One such delivery device is an orally administered pill
or capsule which contains a drug encapsulated within various

layers of a composition that dissolves over a period of time



pol ynmers. Anot her device, described in U S. Patent No. 3,618,604, does not
i nvol ve such capillary openings) but instead provides for wg re#(ﬁjaée of
the drug by diffusion through a polyneric nmenbrane. The devft e

preferred enbodi nent, as disclosed in that patent, conprises a sealed
contai ner having the drug in an interior chanber. Nonethel ess, as descri bed
in U S Patent No. 4,014,335, certain problens have been identified with
such devices such as the difficult task of sealing the margins of the
menbrane to formthe container. In addition, sStresses and strajns
i ntroduced i n’?’b Wegﬁﬁﬂ%trjé’ﬁetﬁ%‘?q's tg?ﬁ?ﬁydé%?‘l’r’dlq (f'i‘ng’c'lﬁ‘gl’“i1 °I’Faﬁ{11?‘éct uring of
t hose devi cesrdmaseadserR@ri§SH{téOthe skt Ure and | eak. Anot her such
device, described in U 'S Patent No. 4,6 014,335, conprises a three-|ayered

| am nant havi ng a’paFhenftydepaf devigndtar seReXd1imgsthand third wall s
formed of ‘a -5dhinielPat e oB0QZHRERGE als LRSALAEY By Bod@fly Gl Higgwith one
of the walls fornmed of a drug release material perneable to the passage of
drug and t he wither palymerdcneaterfiad pemmeepde tapfdenpapsage oft hbepassage of
t he drug. The ol devd ihtended to provide
sust ai ned relde"g%g\égfgﬁ'fug?sQggf(z%stal&\%gs?%;%}:éatél%gisggjt;’?céé\%]sa@%t a desired

| ocal or systpartdchdaely feodtabtaiforngreaaeingi a1 gatjient| ayixcapeoific

phar macol ogi cal ,_.effects. vier here _ar i t associ at ed
W th their usstcrien r?’gityﬁggf’?&i“%’h%‘% b TV pE 2RV AN RER, 25008
obtain the desidyedoreheaxagt atthiaf is heivdntuggedise beeedsd amyapbetilkele r el ease
systemis especjal signi.ficany in_t reat nent _of CW retinitis. Prior
to the devel n?‘l"‘%?c':t%é’fp %eséiﬁ“gi ?R)'g%t #’Sn’?mﬁll‘l“é'l’zggmlas devel oped a novel
sust ai ned rel easesdéeh | aytyms earet @avbidil aghy| suitabed fEwn\crebtihe

af orenment i one% robl ens, associated wth dr ucrg d? [ ver¥, .The device, which is
di scl osed i n 318enpsahfreckdng 5187 8Y975 AVARTRRI 0T 2 MM LS CETART iy

essential ly idhgr o®adlee ekeiel RagsAEE off chdayef heat dys-1zgeat imnd a second
coating perneable_to the pas I.p the device, the

sa%g of the effg:cti ve i‘gent. g

first coatind EovBFERPtafor che?2a3portq &7R0t 1 hETPRAG IR d P Rowever , at

|l east a snmal lvap@yis Gdfaxt DEsdrdtRCERLOR LI 82 NDIdepOBL Ebidragt he fi rst
coating layer., The second_ coati n?%I ayer e%%ent,i al Iy canpl e%ﬂéx govers t he

first coatinFeFEVEPLTRPTt ALOYHC SSERIFITG i gofmFﬂegl?"an&arc ffe portion

of the inner pgOlonydd Parkisdnir ¢aaé ed Mhebd ilRréecand fditicaged afer all ows
passage of the _agent. into the second coating |ayer t{ms all.owi ng controlled

rel ease. - 52 flgxible,podyperifMpEetidd 3BT Ck PdeiegiqrddYi AneF'S. Pat ent

non-allergenic, and insoluble in tear fluid. To initiate
‘the therapeutic programs of these devices, the ocular
inserts are placed in the cul-de-sac between the sclera of
the eyeball and the eyelid for administering the drug to the
eye.

Devices formed of polymeric materials that are
insoluble in tear fluid retain their shape and integrity
during the course of the needed therapy to serve as a drug
reservoir for continuously administering a drug to the eye
and the surrounding tissues at a rate that is not effected

by dissolution or erosion of the polymeric material. Upon
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No. 5,378,475 solve many of the aforenentioned problens pertaining to drug
delivery, the devices and the nethod of naking the devices gre n&iq?rvm t hout
problens. In particular, polyners suitable for coating t hel? Hvng e are
frequently relatively soft and technical difficulties can arise in
production of uniformfilns. This is especially true when attenpting to
coat non-spherical bodies with edges (such as a cylindrical shape). In such
case, relatively thick films nmust be applied to achi eve uninterrupted
coatings. Thu t he devices tend to | arger .t han necessary, as a result of
t he thi ckness%ﬁ&h‘éﬁl&? gga'fhet ﬁgséﬁffg%&}?r‘?‘%@t?ﬁr@?"%&%. t%él‘?ﬁfiﬁﬁl em of

devi ce size i ssexémen ¥rompedd anl-ddrshbe desi gn of devices for
inplantation into |imted anatom cal spaces such as the eée. Lar ger devices

require more conpl ACHEFGEYRE 1§ BBYIFS HPPAFOTaRYE FHMSFere efndre, the
extra pol ymer gEeQuid @ehel @xALHAY Sufrddi EOTIRLCORL | N LOUHELS o Begpot enti al
volunme of the inplant and hence imts the anbunt of drug that can be

del i vered. AsPaterisilNot. 8f43d/536F iheaapbacturedevitly énpilwalityce , in the
art fox inproyi t i (o} SDAL| ;Ges ich
provi de a susggiﬁl%lelﬁeggggg{%? an%:%gm ?%@Sa{)?‘g{lt tghgg‘%%%\r?lggd%isﬂ?r ed

| ocal or syst tht¢ dgtigsi shddihealinberishachamieirogeénstaldlf definesipdramad |y for
ocul ar use. , =(s: = T NTI It q t i y jective of
t he present iﬂ‘\g}le%t‘eirlgﬁ Fg“%%'deﬁ%h e\sL‘%see §§?§§%ﬁ%fe}°8§nﬁ§§énf$§+| ed - 6
15 June 2002 eombtsustaonedrs @féasteivel for amipesing eeredimainuge ta obt ai ni ng

a desired |l oc or._sysitem c, physi ol ogical or.pharmco ical .effect. The
device, in ongljleerﬁygdi ﬁY,aqq?(?%ﬁﬁléAsﬂghf ncﬁg‘Plg’ﬁlfté’n%ro lflg‘gé‘ﬁ%liffc feh
contai ns an agfnthecfibetté Wdansebiriisi aff fikaltdess redtedt atie. s1be @evi ce
further includes a first co,at'hng Iayei. The first coatin% | ayer is
permeabl e to THE HEEERHRIDI™ ABRTEYSHELS IR HERTTFORS PP HSFFE8Y nel udes a
second coati ngplyaees.wWhi ch includes at | east one inperneable disc and an
i nper meabl e pol yner. The second coati, l.ayer i ssentially inperneable ~o
the passage of t@abﬁ?ﬁ ‘%r’(gc&v rég%briﬁ §nsb;‘spat B f¥?st coating | ayer
aﬂd I nner corae,.sféheﬂsecm&d@eas\%mlh_ayﬁrcrbbaﬁma&ﬁss?@ei@s,tbet_:agelnt from
the inner corge at those sjdes ere it contacts the firsf coating |ayer.
The r el ni nGTBORAROR O a0 PRI 61 EA4m PErCHS HHOE BY GLEEUoIPT ons o
control | ed arMtvughf athsla@ent hdndFahde iTheedewitet LA Pasefepiedthe first
coating layer vyig,S a passage in the second coating |layer, into _a third
coating Iayere.“x’?%ém'?’i‘ﬁ'r P GAEFHPIhyRrthaE BRFFREDCR™PHL 387 2pa8RLHE of the
agent and cowntaef6fMdwinyy théedrRiat ifi earS eaoael zOahhfged.ayer. The second
coating | ayer isEngi tioned betr\iﬁgg the inner core and the_third coating
a

| ayer in orddPif 7190128 A8ST 2 \HhiSc hPHRPtadent ¢ fmddPes t hrough the
third coati ngerayeh. profitfishRaveojeefit iddntiBfePratBnbutiRRtLEEA die O

provi de a net hod, f ox, r,eatli ng a r%m‘ral i an oy gani s% e.g., humgn, to obtain
a desired | o0& “BF gkléft’é"rﬁ & gfﬁ)%i | BRRERS bPe SIREETEE oP o JPEaPeBPF RS . The
met hod i ncl udes £pesi EAONHRGat hér SUShaddiRd 6] eRTedsds Whdekky ey system at,
an area wherein 15 June 2002 rel ease of _.the agent. is desired and all ow ng

the agent to‘PhESteRDUgFor e tIRmbFaRS Malhg FPm Hefoemitiog dreings

manufacturing of those devices may cause the reservoir to

rupture and leak.
Another such device, described in U.S. Patent No.
4,014,335, comprises a three-layered laminant having a pair

of separate and discrete first and third walls formed of a



treatnment. Anot her object of the present invention is to provide an ocul ar
device suitable for direct inplantation into the vitreous t he e&e. Such
devices of the present invention are surprisingly found to Ry

sust ai ned controll ed rel ease of various conpositions to treat the eye

wi thout risk of detrimental side effects. Another object of the present

I nvention is to maxim ze the anount of drug contained in an intraocul ar
device while minimzing its size in order to prolong the duration of the

i mpl ant. Anot her phject or. the_prese | ovention i pravi de an ocul ar
del i very sysf“@ﬁ??h@[ %@Bﬁﬁ?ﬁb]ﬁe "Bpé‘??reg&ﬁ)giﬁt}‘n?’?eao c%gﬁrw S to prevent
i nfl ammat i on fefm@d el Qfud ARILhsd rRRacidl gathedhladtbhthd & dseEugg0i Ng as
wel | as other objects, advantages, features and aspects, of the_ invention

that will be&ne#erA8HN5Re Athgppealdn£oTTeh ofaf UPaF B at nH"RSTIERPI®N nay be

nmore cl earlytgneied S$-aadgbYorf @her@ALe to the detailed description of the
I nvention and to the appended clains. Figure 1 is an enlarged view of one

enbodi nent o t he FiispRPhedlassrébet syptgndardvéeyiareyree SHORARG Faner core,
first coatingyb@V@l «uSEEAh ¢8RLIND Ay AIgARErd A SR I hayer-

patients at a desired local or systemic level for obtaining
certain physiological or pharmacological effects. However,
there are many disadvantages associated with their use
including the fact that it is often times difficult to
obtain the desired release rate of the drug. The need for a
better release system ig especially gignificant in the
treatment of CMV retinitis.

Prior to the development of the present inventien,
there was developed a novel sustained release delivery
device which ameliorated many of the aforementioned problems
associated with drug delivery. The device, which is
disclosed in U.S. Patent No. 5,378,475, included a first
coating essentially impermeable to the passage of the
-éffective agent and a second coating permeable to the
passage of the effective agent. In the device, the first
coating covered at least a portion of the inner core;
however, at least a small portion of the inner corxe is not
coated with the first coating layer. The second coating
layer essentially completely covers the first coating layer
and the uncoated portion of the inner core. The portion of
the inner core which is not coated with the second coating
layer allows passage of the agent into the second coating

layer thus allowing controlled release.



- 8 15 June 2002 Figure 2A is an enlarged view of the inperneable
polymer. Figure 2H is an enlarged view of the second coatiqg L@%ég&

i ncluding the inperneable filmand inperneable disc. DETAIL 6 PTI ON
OF THE More specifically, the present inventors have di scovered a device
and net hod of preparation thereof that is suitable for the controlled and
sustai ned rel ease of an agent effective in obtaining a desired |ocal or
system ¢ physi ol ogi cal or pharnmacol ogical effect. In particular, it has
been found that by sealing at |east one surface with an inperneabl e disc,

thinner coatings riilsetheideviess deacsiRed ¥m¥-8dvEaftMe of enabling
thinner, shorir dowjicqsst g, e RERPULINL N RhBE Nk BOSEIBIL. A Turther

advantage is that as the nateri used to prepare the | nperneable disc r
need not be nmeRkreairiiag(to dwug deliverysotke idnyioes sandirbhedmetthddacé) ; i nst ead

relatively hapd it Qhlabs, call B2USSH 10n8A5G, 6 £aLL O (A i donudi 1 Usi on

ports. The devicC és an inner cure or reservoir contar hs an
agent effectipelymembisaitaie £otesdatddgetiednnefheoxie\areef faquenedyi ncl udes

a first coating,layer, a second _caqat.in r a third.coating | ayer.
The fi xst coafgkﬁg¥§9¥rs AR 53%3Fﬁ§gbégﬁﬁ-“?Ege%égghaﬁliﬁ e effective
agent may conptredwitloaoyrudifermnficiimscorehislie eesonichldgatiueg whayer covers
only a portion_of the first coating.|layer, and.i nner core and is inperneable
00 The passhgREUmRBaatR ostr RED T HHHARL Gk SRHASF A G096F oCaEh BF ¢ he
first _ g 15 Jylied20021 Caiipeny | BY @uchsherecoathcnalynghiayeiland is
pernmeabl e to the passage of the agent. The portion of the first coating

| ayer and i nnBStedite aPRAted Sonarhisym spinlieRuPhed Rafid9Boatit™g | ayer

facilitates pgssageiobst fnd@8nNbe QU8 K nbBEESh50ALI AU-dAVRS of
Specifically, the second coating layer is positioned between the inner core

and t he thir dtB®dtiislness dieedgenc? 1$80Li thd|e9ER sOf HHA88EHELB® -t he agent

through the adj acept pesdid®0detiN@ Ehid dCOALENERINAYRPotddAE gaANtT Ol | Ng
the rate of passage of the agent. Figure 1 illustrates one enbodi ment of

t he sust ai nedthe|degéendefifeyerescisr dmplantasiornrts déBhted nvention. Wiile

the device shoyitdudcEl Gidtek back)dd RELIGAl., LARgdle\deteceoWedulee any shapd.
The device conprises an’inner core or reservoir 5, a perneable coating 10

whi ch is per nétiifl €oPBlERSYASTHQRe PEBhETRIGBAL 20t 4R VEore or reservoir, an
i nper meabl e cAMUNAGMdPe WMHHEN ekBrd MRAREAM LML Pod NS RRPIEGE LlunkBEmmIENt in

the core or reservoir 5, and a perneable coatil‘ggzo which is perneable to
t he passage dfPatHegageditcedsn thReretirdiat ylaweof rthe ivRdare@ddd coati ng

includes an ik@RETR2R] € Ry HRbu’ 2NErdl Shac 1822 e k31 gbeddie ends of the

cylindrical core. Figure 1 further shows a suture tag 30.
Ags a result of all of the above, there remains a need

in the art for improving the design and the method of
preparing devices which provide a sustained release of a
drug to a patient to obtain a desired local or systemic
physiological or pharmacological effect especially for

ocular use.

SUMMARY OF THE INVENTION
It is, therefore, a primary objective of the present

invention to provide a device suitable for the controlled



Fi gures 2A and 2B show only the second coating |ayer and illustrate the
benefits associated Wth using inperneable discs as a portign of b e second
| ayer. Figure 2A shows the inperneable polyneric |ayer 1 HHP?Z ting
the edges of the inner core. The thinly coated edges 31 create a potenti al
for | eakage of the effective agent. - 10 15 June 2002 Figure 2B
illustrates the benefits of using inperneable discs. The second coating

| ayer contains the inperneable polyner 17 and the inperneable discs 18 and
19 at the ends,of the cylindrical_core. The .inpe ahle disc 18 contains a
di £ usi on poPhd THRFALARE FLREPE Of chSOTROICIO ARt the | eakage of the
ef fective agebtaidireughdésirddni Bc£@Rs sPdrafict peydimesieabl& pol ymer. The
invention further relates. to a nethod for treating a mammalian organismto
obtai n a desPParTarcdrgdrak affertc physi ol ogi cal or pharmacol ogi cal effect.
The method incl udgs adviéd stier bRE ddteasveddl NRELURILanei M0 Leki very
systemto the mammali an organi smand allowi ng the agent effective in
obt ai ni ng t her deadereair oelichoeonyainerpe agemeceffertidgsinwihadminge third
coating to coptadsithe SR aB0'39Ls Py THE: t &IdTAdD i Ataki ng, as used
herei n, means positioning, Inserting, Injecting, Inplanting, or any other
means for expeating Lhredevilhe first waapind daver ginipsrmedhke toutbeof

adm ni strati ends ri o] i i f response
or treatnent?gﬁéﬁag g %%%n eégd Sé%?gé%% éi%geé?ﬁgggi£§%§%%§% gn. The

devi ces i n ceetidh ceabinli teyes weioh apeludeabiat i lgasitnope olmmdinmgableontrol | ed
and sust ai negd, r el ease _of agents. effective i _obtai ni . desired | ocal or
systemc phycgll'é(")‘:?\/agﬁ’lgc%‘ﬁ1 or p‘l‘g?%%l% og&"%%'l eTgFeE(': caorngl gg?ﬁbngaﬁ‘aprgﬁst to the
fol |l owi ng ar easssenediigntimperesdiier oosthy paBsygd WfoLBe damntgand

gl i obl ast orragc;vechr oni c_pain; .art hrtj tis; rheumajic congi%i ons;_ _hor nonal

defi ci enci es“TUE AP HTE 88 Hiftl TAGAT f T O " ant Y& d A PT Ht1%6n °8Ft he i mune
response suctheasecbnd hergriagebiy« bdbckys aasphantos ehecigait drdmi N cancer -
11 15 Ju 2Q02 therapy., wi de .vari ety of_other disgase.states may al so
be prevent egte%er ltnpg’étcé%f’egﬁtn e Sd¥ﬁ§ ‘%ﬁ\éfvé? y°°a*§€.cg% %fe &I’fé's resent
invention. SuHtvidgskEager.St gheSre=Ankiig\wodtyoh el e&hef imel naxy skill in the
axt. For tho ot skilled jn,t art, reference my_be e to Goodman and
& . phor TR tr ey HigekPa AGeR 4, iRRETE Mled YA R BetRiron
Press, NY, 1f9%% taedinddy vgrotes paear e the Chirsticceacasy 1:8kk ¥k, Mack
Publ i shing Co., Easton, PA 1990; both of which are incorporated by

ref erence het FAF=a%H e BRCONHECREVIT d8YEF o WPt 5baé"§cgr°°5§én$ n treating
mamal i an origals NeThd fdfiradcdddihgAl feAnE pehiedekatedmppasbage SticC

i nfections sych.as Q%%onegalovirus infe,(:tlhonsl,1 toxoglasnns%g, pneunocysti s
carinii and %&ﬁaﬁ 8 @GP TRAS ACEFREIA Y aF e FRE16R\VIT S %r e particul arly
sui tabl e foredateéagi gyeatul @he Cadtdintli Ot isiyC haysr dlsapeeimiongdol i ferati ve
vitreoretin th i abetic retinopathy, yveitis, and keragtitis. The

devi ces ar e%?ﬁ%%gﬁa&? vl T%ﬁji@gbﬁ:}éélftﬁrgs‘éc’%é‘ngn B 3?’ aﬁ‘g‘iuée in
treati ng marosakbatrsl Ghiai $8Be kit WALENEHe agesy (peitigat ey ithidugRtithd ti s
wherein the device is, surgically inplanted within the vitreous of the eye.
As descri bed?3B8vEcating #%ﬁ%?'core or reservoir contains 'n agent effective
in obtaining a desédied be§att Ut ¥t @rddenphysiditaghcad & pRbasd@col ogi cal
effect. The foLIomﬁng cl asses of agents coul d be incorporated into the

devi ces of (RENBH N ETeALLNg | Memapkiam orprRistd epd n B™aFy n° agent s such

as | i docai nebaagn'£!Risa¢eqorRaNds @F@Lehﬁazg?amagmﬂ%ﬂ el ated conpounds;
adr

anti - cancer ents such as 5-fluorouracil, adrianycin and rel ated
conpounds: gﬁgrmgchgglcal effect. The method includes positioning the

sustained released drug delivery system at an area wherein



15 June 2002 inflammatory agents such as 6-nmannose phosphate; anti-fungal
agents such as fluconazole and rel ated conpounds; anti-virqg agegb@gsuch as
tri sodi um phosphononof ormate, trifl uorothym dine, acyclovir,JQ \ql ovir,
DDI and AZT; cell transport/mobility inpendi ng agents such as col chicine,
vincristine, cytochalaain B and rel ated conpounds; anti gl aucoma drugs such
as beta-bl ockers: tinolo, betaxolo atenalol, ete; imunol ogical response
nodi fiers such as nuranyl dipeptide and rel ated conpounds; peptides and
proteins such as cycloaporin, insulin, growh hornones, insulin related
growt h factorrelmae shodle pyeheiins dasilred laat eall lowipg utitks ;agener oo dal
conmpounds such_as  dexanet hasone,. predni sqol ope apd.rel ated canpounds; | ow
solubility st®¥d & rgﬁé}ﬁ the FHH?CF%FB?%% cg]P% TR LT 8?‘ed conpounds;
and carboni c exrdneghente inhibitors. In addition to the above agents, other
agents are suitable for admnistration to the eye and its surroundi ng
tissues to produc@Pathe &PIsFt LLk{Fhe PHEPRYETERGIPE b7 SonRFAREE ogi ¢
beneficial effedcy1bxaiRlies il AgeiSetNCInpd8npRIRPLEAEECERNTS such as
ni nodi pi ne and rel ated conpounds; antibiotics such as tetracycline,

chl ort et racycYitrepupaef tthaceye . nSyapcdevicgsl 9mplenPrefent dnypption
oxytetracycli ) N} ' i r n;

anti bacteri al éé-?esSglgi)gg&rs%??o%%%ddgg?ﬁ%ﬁ%‘agcg%%ﬁlggg,aéﬁl}ll’r:‘ag!m%?hi zol e and

sul fi soxazol exelgasevef atagiongcdangpait iarex tiei Uifeds; thadeXst WéEhawt i bact eri al
agents such ag BEC’&%{{{E\QHE ?rbq_d odi#up.Rropi onate; antiallergenica such as
ant azol i ne, nethapyriline, chlorpheniramne, pyrilamne and

prophenpyri dani nepnatitsx ohf éctmudt bhé czresgoh yventign is 19 fexbniz30?2
hydrocorti song, Qﬁg&&c%@ !a%ﬁ’“ecoﬁ%ixgéae’i ds%%&%gﬁ‘& %]ePrEngle%

fl uoci nol one, "rnedrysong, né?hy predni sol one,  predni sol one 21-phosphat e,

pr edni sol one mindtmating fiktsosbnetihaboder; tepambirgasbaediaratibni of dleone;
decongestant%. E%Q as phenyl ephri ne, naphazoline, and tetrahydrazoline;
morice and anPi-ehol i nest erase such as pi | ocarpi ne, eserine salicylate,
carbachol , di-i sopnoghdr bbhpeaplds phatpesphosihventhen i idithepraniiedenecar i um
brom de; nydr/abLes, Sueh; 83 AL eRLAG ! Lalfy vy SLOPE! Qlale,  figimt ropi ne,
scopol am ne, ﬁroplcani €, €ucatropl ne, —an yé}oxggnp et'am ne;

synpat hom netdcodas ubinsasoepravephr inglammadipr cdr pgstenicty aspshise descri bed
in Desig~~ nrO% E’iﬂ dtiegi ted by Hans Bundgaard, Elsevier Scientific
Publ i shing GO, "Ans er8aﬁ1 1985. Once again, reference may be nade to any
st andard phar macewttic ahet foatdydkgsaciwedd &emthert oPjfsrtsaceu~, ~. i cal

Sci ences for the identify of other agents. phar eut cal l y..gccept abl e
formof such28VEBETid SRS 45E &Y gﬁglsnoﬁh ep?‘%‘é?ﬁ?tgé’nokﬁ%%e‘yl&?esent

i nvention, i becpme Hexfedeeftasapparentpphahencstutriecaf | theadoephaide gl t or

ester thereof. Pharngceutical cceptable salts, far instance, include
sulfate, |actstBraceears” ‘%’f‘i(?%?g?%cﬂﬂ'ya?g%ﬁn&e i ag,a?eard[e 3?2‘3&@ eate and
the like. A ldasgeiptindhest ofhe)dnyeartiorcandbes uhedappercimdstilaths & he devi ces
of the present invention. The only requirenents are that they are inert,
non-i mrunogeni ¢ and of the desired perneability. Materials that nay be
suitable for fabricating pEEERIEZECEIRTIONUCP THE DRAWING occurring or
synthetic materi that are biologically compatible with body.fluids and
eye - 14 15 33‘%{:9“5602 ?‘l’ saéhgg#a%ﬁ?agéé‘én? Wyeﬁ%%“ﬁﬂfzeognﬁﬁody f1uids
with which t best@diyd akleddd dzagedélniveant asticel BRowiey dhneapdesite, di ssol vi ng
materials or .paterials highly soluble in eye fluids are.tq be avoided since
di ssol ution SfLr?%ecWﬁPgmgiﬂ%'aF?%ﬂd tcﬁétb‘&&taé’ﬁ’éya t?‘ﬁ’égd??@tﬁngl ease, as
well as the gapapility of the systemto remain in place for a prolonged
period of time. Naturally occurring or synthetic materials that are
biologically conpatible with body fluids and eye tissues and essentially

i nsoluble in body fluids which the material will cone in contact include,
but are not limted to, polyvinyl acetate, cross-I|inked polyvinyl alcohol,
cross-|linked polyvinyl butyrate, ethylene eLhylacrylate copolyner,

pol yet hyl hexyl acryl ate, polyvinyl chloride, polyvinyl acetals)
plasiticized ethylene vinylacetate copol ynmer, polyvinyl alcohol, polyvinyl
acetate, ethylene vinylchloride copolyner, polyvinyl eaters,

pol yvi nyl butyrate, polyvinylformal, polyam des, polynethyl nethacryl at e,

pol ybut yl net hacryl ate, plasticized polyvinyl chloride, 'plasticized nylon,
pl asticized soft nylon, plasticized pol yethyl ene terephthal ate, natural
rubber, polyisoprene, polyisobutyl ene, polybutadiene, polyethylene,

pol yt etraf | uor oet hyl ene, pol yvinylidene chloride, polyacrylonitrile,
cross-1linked polyvinyl pyrrolidone, polytrifluarochl oroethylene, chlorinated
pol yet hyl ene, gol y(1, 4~-i sopropylidene di phenyl ene carbonate), vinylidene




- 15 15 June 2002 silicone-carbonate copol yners, vinylidene

chl oride-vinyl chloride copolyner, vinyl chloride-acrylonitrile cogolyner
and vinylidene chloride-acrylonitride copolyner. Specificaﬂﬁﬂyn?ﬁﬁ 4econd

| ayer of the device of the present invention nmay be nmade of any of the
above-listed polyners or any other polynmer which is biologically conpatible
with body fluids and eye tissues, essentially insoluble in body fluids
which the matexial will cone in contact and essentially inperneable to the
passage of the effective agent. The term inperneabl e, as used herein, neans
that the |ayer wi Flognee 28 RevwapendageedivieWeokhecivRerngjbhe at a rate

required {0 ol Nep skl o6l 406A! ofa BKAL oI BNV QebiBhaAl Of
phar macol ogi cal effect. e second | ayer ‘nust be selected to be

i nper neabl e, ¢eRtdagciayrsd iapbuding phe Henpsameahje &ilmandhgenerteayhet he i nner
core out to agjpcent portions of the second coating |layer. The purpose is
to black the passage of the agent to those portions and thusycontrol the
rel ease of the agent out of the drug delivery device. The conposition of

t he second | ayer, e.g., the ' S ed so as to allow the
above-descri bed control@ﬁ%ﬁ%ﬁ@?%@é&ﬁﬁgﬁmuon of the second
| ayer will vary dependi B o (o0 e gent, the desired

rate of control améré hpettfecaalyadoheimieasht dmverters darei ty of the active

agent is inpostant sipce the size of the | ecul e, fox instance, is
critical in é’PH?’fﬁ‘ﬂ@ flﬁiél?eata&do‘f‘e‘?@%eﬁggp’iﬁpaf'ﬁgi%é"rli’lerFﬂ ot#3fe second

layer. - is is $Ridalle 2802the controlled and sustained release of an

agent effective in obtaining a desired local or systemic
physiological or pharmacological effect. 1In particular, it
has been found that by sealing at least one surface with an
impermeable disc, thinner coatings may be utilized. This
has the advantage of enabling thinner, shorter devices to be
prepared than otherwise possible. A further advantage is
that as the material used to prepare the impermeable disc
need not be malleagle (to facilitate covering of a curved
surface); instead relatively hard materials can be used to
ease creation of uniform diffusion ports.

The device includes an inner core or reservoir which
contains an agent effective in obtaining a desired effect.
The device further includes a first coating layer, a second
coating layer and a third coating layer. The first coating
layer which is permeable to the paséage of the effective
agent may completely cover the inner core. The second
coating layer covers only a portion of the first coating
layer and inner core and is impermeable to the passage of

the agent. The third coating layer covers all of the first



The disc is essentially inperneable to the passage of the effective agent
and nmay cover a portion of the inner core not covered by t{iJi r[‘egfor abl e
filmof the second coating |ayer. As shown in Figure 2B, t ol nay
cover edges of the inner core and enables a thinner uniformcoat of the

i npernmeable filmto be applied aver the inner core than would ot herw se be
possi bl e. In one enbodi nent, the inperneable filmmy conpletely cover the
i nner core and the discs. Drug rel ease may occur via passage through a hol e
in the disc (e88tbhgUHetBin@rsctchl €odtinkheaydandeadiriedible e physical
properties of the polyner used for the disc can be selected based on their
ability to wi thst bagsasiehoéqtiemtagente e SHien§ost s of st fd¥shearatddingi ng)

wi t hout suffegriLy Iy o) I 0 MO i nper neabl e
filmcan be sgkggfg%{ a]fg;g ko%ﬁghggsifggtc%%eggw% tlhr?ng?&%%% e. Possible
mat eri al s f or cohelnly sdavemclache, ithees @asspob yafathenagent sbkgwah Hite

net hacryl at e, e l.ene, al coho J d o] I [ nyl acetate
(9% vi nyl , coﬁ?g%%!)éota%&%gofgﬁrﬁyl E%?%o%g’ﬁgi I %213 %%ggﬁéwe/gg%gi%%aqta‘lyﬁg | ayer

i s essenti al | ysi ppeitneakblecbétovdene thasismge ofrd aedefthedhivd agmning only a
portion of the_inner core or,reservoir and first _cgatin ay.er y be
coated with tﬁ%y?éc%}? Egﬁ ijntg%ligyé?.thﬁeﬁgﬁ%ﬁ?gogn hé 5ls:i 1@{?‘%31 i very
rate of the deNécedjddentspemidbneoatitie lkhyed cmayifgatayerl yhas smal | portion
of the surface areg _of the inner gore for fgsthteer rel ease rates of the
effective ageﬁ‘f’n’b‘F"a}‘&&Fch‘é‘? Jakeq 8- RASRGRsC e8I f ace area of the inner

core for slower retiemse [aiEushatée Rlf efbdaimengedtt .thé. fustaineune 2002 At
| east SO% of the surface area may be coated by the second j(.;oati ng | ayer.

For slower reF@tRass drug dehivesysdevinn of o PLEFFRc S YPBEIY be coat ed.

Fvr even sl owghilelt@asaetBdLShorh 1£396ud8% als theimaitace tHea may be
coated. Thus, _any portion of the surface area of the first coating |ayer

and i nner cor®YAFa GOBLE PREIVNEPRRA ng TRBOUEHES BIRTELEAN ¥ SThe second

coating |ayercde |daNgedsridid @6ShlRinedbee toatehgare walichhes agent s
obt ai ned. The second coatings including the inperneable film and
i nper meabl e PYTeabde HR HSPAPERER %ngﬁﬁe‘?“-’é‘n&vé? hfe CPRAETT coxe and first

coating | ayeryedd¥alddd Ngn DikpeRftabidlidogdih® 15NGhi&D, ihinpOFReb1ANYo Si de of
the first coating |ayer and _ inner core. In addition, it could be on the top
and a side, ofhe MESEBEEPE dXE 39eRtdn ShetIRFe 8P LBRETARET bt t38% 2or on

opposi te si dgserfeadlc28Ya R 202ih L 9k béndaBle LOlHHRMAssAedRE. The first
and third layer of the device of the present .invention must be biologically

conpati bl e withe FGEPET 15 tthe SRS Y% HePeEYRY SessBift i82FPYYi TRARIME e i n body

f1uids which. {18 wREesh 3] mplirke a5 Db J1IgmeS B Ghdaatk e Eeaid erd @t he passagde
of the agent aqr conposition effective in obtaining the desired effect. The

effective agdmte @PFRPuSEsthe cYEABIFAGECFPER: of 1FB%Rrt CHERESISHR8 eRt i al |
i.e., toward dfter@xtggipg. surface of the device. At the exterior surface of
the device, equilibriumis again established. Wien the conditions on both

sides of the thirdilgBses 7P PRGeIB HONANHY FSc8eCIHs CORtING 1AYETJy state
flux of the aideghhupeAReNtend binda taShabbdished vitkr ub8ng 15 June 2002

accordance with Fick's Law of Diffusion. The rate of gassage of the drug
t hrough the ndRRSFMERPLY HisBusP ol RELGERLRILNE SR IdAYe DN THEUER| ubility

?L Ehe drug theidblls @i%e WiderAsalOlt Halyhdicknags: of7 theény@ldoatIhys means
a
the edges of the inner core. The thinly coated edges 31

create a potential for leakage of the effective agent.

- 10 -



sel ection of appropriate materials for fabricating the wall wll be
dependent on the particular drug to be used. The rate of diffusion of the
effective agent through a polyneric |ayer of the present iﬂ§e'H'B¢3993my be
determned via diffusion cell studies carried out under sink conditions. In
diffusiori cell studies carried out under sink conditions, the
concentration of drug in the receptor conpartnent is essentially zero when
conpared to the high concentration in the donor conpartnment. Under these
conditions, the rate of drugq release is given by: Q<t = (DKADC) /[h where Q
i s the anount of Hhaygerp tratess the geenedit s oh dadngr LEPYMABAEs i ci ent

Kis the parkikéon gl bé&diNboatidss 1hPer Wntacss alRA ) mPerhsadile difference
in concentration of the drug across the nenbrane, and h is the thickness of
t he menbr anepolymemhd7cané thiveiwrerneahye disssf L8 sand t19r stighhe mndsayer via

water filled poLges,..j0858;d ar tph,Li enaggT, Kcan be
el i mnated fﬁgéﬁgégggﬁégﬁ. g%?\%ér%g%nﬁmcégﬁg%%%ﬁgi fl re efsle'ﬁsf rgom t he
donor side i¢diffusical port t h@healnyeerDEable sisent1&ldnd d8nprevantasticequal to

the concent ' SLLEMOLe! Do A908L, SOMALLIIhroy R BRSS! Sagdbiorierr e becorres

dependent on urfaceé aréa June I ckness (h) and
diffusivity €¢B} lipeirheablnipodpeerl n the construction of the device of the
present inventi Onfé\ t he si

dependent on t he 1% &7 mizj%é‘( g??‘gietr}ie%g%%%nf:gU%L'ﬁfgtﬁlogre??%a%%a\ 'glxzn ues nay

be obt ai ned &rmancidlean ofEhien to Qbéeinsus destite flaial direspsyavdabi ity P,

can be rel at Slqyéiooltog cgi fofru% ngaCc%Tcofg:iigai.lerétffgét .by:The method
includes administering the sustained release drug delivery
system to the mammalian organism and allowing the agent
effective in obtaining the desired local or systemic effect
to pass through the third coating to contact the mammalian
organism. The term administering, as used herein, means
positioning, inserting, injecting, implanting, or any other
means for exposing the device to a mammalian organism. The
route of administration depends on a variety of factors
including type of response or treatment, type of agent and
preferred site of administration.

The devices in certain embodiments have applicahility
in providing a controlled and sustained release of agents
effective in obtaining a desired local or systemic
physiological or pharmacological effect relating at least to
the following areas: treatment of cancerous primary tumors,
(e.g., glioblastoma); chronic pain; arthritis; rheumatic
conditiona; hormonal deficiencies such as diabetes and
dwarfism; and modification of the immune response such as in

the prevention of transplant rejection and in cancer

- 11 -



P = (KD /h Once the perneability is established for the coating perneable
to the passage of the agent, the surface area of the agent that nust be
coated with the coating i npernmeable to the passage of the dgeHPe 892 pe
determ ned. This is done by progressively reducing the avail able surface
area until the desired release rate is obtained. Exenplary m croporous
materials suitable for use as a first and third coating |ayer, for

i nstance, are described in U S. Patent No. 4,014, 335 which is incorporated

herein by reference in its entirety. . These naterials_.include cross |inked
ol yviny! ol COHRARPY ol b NEF, HEHREY) 8F yRhteg) TEARRSE, HERtoH "EY cBLeS Haked

gel atins; regeraecated, ot Rsehtdd aisiAgNEHOdirhy eddlgbu afdricacyE atiesl

cellul ose, esterified cellul oses, cellulose acetate grogionate, cel | ul ose

acet at e but yr2§8entef FIARSLEn ac fusheditftarg SEaCescBFF D¥ethrse

di et hyl - am nosc @-at BarP ¥y UL efhanesSarDol ¥ear bianat 86t Ad1sa [Hh CHQPOr ous
polymers fornmed by co-precipitation of a polycation and a pol yani on

nmodi fi ed i nsAHbl EeEBTIEGeRRY @%@édﬁw&eoﬁwywﬁy@lm%hsﬁﬁi s preferred.
The third - 24, 31 2002 L2t 4G a¥elcd S e8B! BEL ePesQa@Snt O al Oes
rel ease of the age romthe rnner core into

act with a mammalian

e bier: e ceiingrianesd de gradual
rel ease or coff0k,0f ity egbiolPobgal Vi B8 , however,
the third coating Fé’ye%ar&%ay ge Sg&%ﬁ?éddegus?y&se 'ec%%&'to gﬁmss%% have t hat
property or fwdchr are Tingouperatesl by rdferpnesdwreinventi on nay be nade in a
w de variety of S as ini X Ci nt of the agent
and conpressing the %dé%lr%fclg?b tatpgdggﬂ%(fpsaggp%ﬁt%gg Es%%%é%@#he =?r st
coating | ayertreayibe wmophlbah okigenismstinfeatedgithytDsmapdbeIgpl i ed by

di ppi ng the [ 0 nor.e ti, j.n lLutio taknin he desired
POl yrrer. ot (XSaF P, RS R P SHF Tt ol B 3Bory S v Eet ng

sprayi ng, brusfiengiors,othrepYmmosiof meaneoygptilsecarnrgd sudf ace of the
device with | r. solutian, W si.ng a pol yvinyl alcohol solution
to obtain thé“ggggg%%er}gggt ‘.‘*‘ﬁﬂu“f é%??ce[%ﬁéﬁa’é'si red thi ckness may be obtained
by appl yi ng severzhe cieatiees Eah pasaiculaylpesuditablle pfdrotreéat gpl yi ng t he
next coat. Fi ly, the device be heated to j ust. the permeability of
the outer coé’tglg%%. TSRt r?é‘&g‘li%s cﬁﬁggcﬁ%‘i‘/ l?é'c’é%%rlu%dvﬁi rectly over the
first |ayer péfoeerariabpaghyV tdiabéeld meeinasshe, potedtes, | ay®r. In the case
of a cylindrical,.,core) an inperneable film b appe ound. the core
after discs gc(réga%jp%llsl'ed " o1e *6F° both %eR s?ar?i: ﬁ%fa%eggég%}%i COat i ng | ayer
i ncl udes bot kséhes iaperokbah|deviick randetbhing maenakicdn erdasisus By seal i ng
at, | east one ce with an inperneabl e disc,.thi.nner, | ayer my be

i 11 zed. TP pEE, Sub A TGEI SRRRLCRE My A ey B IIRE D e
shorter devi desstugimalpyeparlachttdan thiihethe setpesss lwfe thdheye per meabl e

pol yrmer | ayer shoyl d _be_t.hi ck.enough to_prevent release of drug across it
except for the ar sadr?gfr%%ﬁfgr’agavft%}edilp‘gﬁ iSH°I e 6F 'port). Due to the
desirabilitycoftadnd MmMnzadent eEfstZeveofint letdimihgnd Hestilredt Inaddness of t he
impernmeable fjlmlayer therefore can.be 0.01 to iJlimeters, preferably
001 to T eas YROAG Suypf sl S Brasrhsaiontdaf Rk ShBiT 4 &l co be

t hi ck enoughfbtblqwiemenlaskar) ofchgass aendd bd tinsemmoratedginto seci fical |y
prepared nenmrane or prth. Due to,the. gesi. r abi Il'.ltg. of _m.nim zing the size
of the inpl aRtE*C$hETt AR IBRESS 1 1TYRRE A e r SABP R 4% ¢ 1 0. 01 to 2
m | linmeters, kprefey ahkycd. QAkH as| Bidodaline dndrirklatei @ompounds and

benzodiazepam and related compounds; anti-cancer agents such

cont

LAERA

as S5-fluorouracil, adriamycin and related compounds; anti-
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Once the second coating layer, including the inperneable discs?, is applied
to the device, the third coating |ayer may be applied. The énird @ﬁﬁting
may be applied by dipping the device one or nore tines in 5 gQﬁ%l n
containing the desired polyner. Optionally, the third coating |ayer may be
applied by dropping, spraying, brushing or other neans of coating the outer
surface of the device with the polyner solution. Wen using a pol yvinyl

al cohol solution to obtain the third coating |ayer, the desired thickness
may be obtai ned by applying several coats. Each coat nmay be dried prior to
appl yi ng t he nifilacmatoryFiegahtsy sucheadl+meenassy pheshietttegdatod atljnigell t he
pernmeability of the outer coating. - 22 5 June 2002 The apove
description of*95oW t BTHhRIRE ?ﬁécod’g@f’%eesargf rehEF sl SRERTUT Veﬂ?ti"g'ﬁ”ir?lner ely
illustrative ay@ngsboshsh A6t t bRsERORI siRseptonsnd forinhteg t he scope of the
invention in agy way, as various conpositions are well known %% t hose
skilled in thé &#W’F?Fhﬁﬁ‘llfli-%l &ryct ‘é‘rn”eﬁﬁ%‘a‘s‘:lBT’lﬁaIRWgaf’ﬂ& vi ce depends
on the identitas10f cifisRetiNeadent i mEhaRad ViRnE sSeh&s edco Rt dehe active
agent, the conposition of the first coating, the second coating (the film
and disc), andifweiskined epteshidastme® Sdl relpted eamPadseoul d easily make
the devices ofanthg1 PIRARNErudlY &ikhOLs Yl AOL LURLERE | P10 0Bl b lechni ques.
The nmethod for tréating a nammalian organismto obtain a desired |ocal or
systenic physidsedglell ese; phrepungéegiiflc apseenaec rofdhbiargesuaimami stering the
sustained r el gasendl U el a0 S Obofiftirlb e SEDle daBKepld on Lo the
manmal i an organi sm and"al'l ow ng the agent to pass through the device to
conme in direcProtebsicuchi adh avicdoapemial.i AnswWrigangsewtiThordenes del i very
system of the, t..J t] dgi pepml i an or gani sm
via any rout elg%ﬁgﬁ?ﬁrrﬁlggggté%%tgﬁgﬁrg 15%1% %%?%Eg%%ﬂeggut es of

adm ni strati orel acédideompatndmc gharoidmlakonpaticist anado s, | ntranuscul ar

i ntraperitone i al L ang .t i ke ity Qn, one or nore
of the devi ce?gﬁ%@%ﬁea%gg% %et%erlgg %e %gcel I ﬁ%egrcor*rél%ggéni%e agent may
be included i molhkeilinyestenrigls Fheh draudgluetinpdpye systomidé ddk present
invention is itcularly suitable rodpr I ant; I jnto the
vitreous of t%gi%‘%/ée:&lacﬁép%(%?&sdpgﬁflc% rl%grrllg%o a%dlkg?%aocg%gggféé'ns. - 23 15
June 2002 These nelhedditicmdm hhstakxtvieoagentd . t ether qgentorazenei r
preparation a I . . of _or di [

Techni ques forgﬁ:tL ellre g?g\gg‘% aﬁltgg;?%f*eo%sgg oep'%ﬁ{gi %K elngls~g?%pn°~qflsr%h?ceuti cal
Sci ences. Thettsagesdaebi peoducsy st boeaiaprbe sydrenictmhvedoflogia wuffi ci ent
period of ti der condi.ti t | o et t i_.sease state
of concern. ggagﬁg%%quéa%ﬁnﬁglﬁg#veﬁﬁ&t h\éﬁx%ég?%es rrﬁ&é%eil‘%ﬁlggsi cally

i npl ant ed at ®ncheder neheoprdtecoéntes tsueh. ad hiigodépinee apdsee¥apeddevi ces of
the present i i Jused, .. | g .QcC itions) primaxy tunors,
rheumati c andgérrﬁé]%drnﬁ;i'cglg‘glr#di%f?'éﬁg%d%nagc r%cggggjiletd. For systemc relief,

t he devi ces nmaldrrdatrpbpol ook, sbbcitardoushgonyichnr gpnisoykém] vy or .

i ntraperitone . +HLs 1s .the . _Whe e t I st ai ned
system c | eve?iéé%inc&'dg\l}bi ? ptreé:ﬁﬁ g‘?lgln\r%hét g’%gﬁ%‘%\ﬁé? n&glddgfllg%é/n'&cg'&éh devi ces
may be~adm ni an@retthrahygin;l anbilaarrddl sreawchods t il fonawidéson, an ocul ar
devi ce contai i nciclovir.as_the eff [ nt_ .0 an_ .ef ve anmount
to prevent a %}ilir]%s(-’%?ra E)“:rlhg'?'ep “.léa??%%izr?g;? %rgé ﬁ\rﬁgf)g?%aa.zoéﬁéhg%tg'\ﬁ%éghfray be
used to effecinalbidingoidaturdddne nhirsl btheprangibacericll eyémrsegalkcbyvi r us
retinitis, when syragically inplanted int he. vitreaus,of the e Such
devi ces may I’%?’Yarll I%ﬁuf?\%‘y%el fgggo% da’ﬁl& Hﬁ%%%%ﬁgﬁeafﬂrlati% gﬁ?%%lrﬁs ?‘égc%orrpl ete.
The pref er r edasnitakzodinganeicthhpyt il inee dchIvriphesbradaie; esyrdrgeaef r om about
0.01 ng to about 40 . Mor referahly, .such devices contain from about 15
10 to about GG GPGHRETRBIPE! ase  HIATEFPEET SiGBs Tmy pr ovi de |

sustai ned rel ease of the ganciclovir for a period of - 24
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15 June 2002 from several hours to over two years. The preferred first
coating is polyvinyl alcohol. The preferred inperneabl e di isé%)flon or
et hyl vinyl alcohol. The preferred inperneable polyner is Vi nyl
acetate. The preferred third coating |ayer is polyvinyl alcohol. Wen such
devices are prepared for inplantation within the vitreous of the eye, it is
preferred that the device does not exceed about 7 mllineters in any
direction. Thus, the cylindrical device shown in Figure 1 would preferably
not exceed 7 millineters in height or 3 mllineters in dianeter. The

preferred thi Béraeprsiserr hyisecuddspng aogfarer aﬁﬁg@ye\thmr@baat 0.05 to

about 0.5 m| I e Lkaess coati ng | ayer
ranges from %out P%t% t ilfqb&g&gi%% %e?ﬁneterse%ﬁg}pre erred’ t hi ckness of
the third coapre@:ls@yene rm@bssxﬁhatm abmdm@plom@ agdegate?2. 0 m llimeters. In
anot her enbodiJrent o e i nye an, ocul ar, devi,ce _contai ni ng ni nodi pi ne
as the effectlﬂ\}goréaéngn n%ri/e'bé g C%F‘S‘a“e a&s ? erlogﬁbwn in the Exanples
whi ch foll ow, dmm{gedeanmasmasayadoq:hesgﬂemtripeovmaiﬁalzomgné eramdsust ai ned

rel ease of ni m)dl ver ear cg ferred armuné of ni nodi pi ne

used in these S 'F"r% . 55PEIET &5F8, 2%uch devi ces
contain appropilrm:taebynép -cEz2rife sEhe&plaatreef eafle@bncangas :t’ﬁi)prﬁp?]/l de

sust ai ned rel gase o e ni nmodi f ox eriod, in excess ears. The
preferred rrat ‘1‘%°§LPﬁ£&PEtY&e BB‘P%)RH ﬁ? aiic%&ﬁﬁr 3ps GREeFFTim gﬁ?‘é’r ione end
of the cylindiysdlatdeyififncayeidplie ddirsee df cyilipbapeladenyl acetate (9%
and the ot her, uncovered, ethylene vinyl acetate (193) as the inperneable -

25 15 JundIBEEOBLREMECOPAlARLney BFIRIGanhde < iqHeEtEPPIN%e &Y% nder and t he
end seal ed W #hidRadbidtandng; %ﬁxﬁhﬁﬁorﬁfﬁé@ﬁcs sssddhcggeepmysﬁi—ma the entire
assenbly. The preferred thi ckness of the first | ayer ranes romO 05 to
0.2 mi|limet ¥ PYRETYFLFEECRERP tHHPER rdassTdbed hig Degash @eegsver | ayer
ranges from %cﬁieﬁ%? HandTBlihddRbar SEls‘Hv@.EW@@iéﬁt@.fZé ﬁﬂﬂl';lsﬂ?ﬁ? The
preferred thickness for the disc ranges fromO0.05 to ers and the
preferred thi%knedssetrde LP8Td PRYRrA9%ERgeSeF9ERCE. 1% $20M&I%it9 | meters.

I n anot her enRdisiBRkaS phlemd AMRAELPhex@BodE Wiith QSVRéhﬁ;ﬁEE%Eé ni ng

fl uoci nol one acetsonl dae ag the ef fecti vee aggnt may be prepare As further
shown in t he Boeamprewtigalefciandegnfon dte dderitldy RAyoHeTUSEENED provi de
sustai ned r el easeagf gﬂmsb&%mﬁlgcgéc%lcgslé Hors¥er Alcny 8abSmpothif
preferred anmount of” f1uoci nolone acetonide used in these devices ranges
from2 to 15 My PReewrlaveteirtihe psacticgevf ceie prrearh apyprbietmtely 5 to
10 ng. These jpief eEﬁ@‘%xre%”Q&ée rB%YagﬁMer‘éeévﬁai' Fi}eﬁcéé‘ﬂt%%@ oi1d ke

fI uoci nol one. acet oni de f or perio ears he overall dianeter of
'the device |e§t2rrr‘f-111¢lief?éter%h%ﬁmcﬁh‘élqaé-ﬁgt peeeptabAe| $3st e£RY The preferred

materials i nghudenpo) Mcwaeaémaeé ai%&aeefIa{c%tcaltayeéneaeaeeend of the
cylindrical device covered by a disc of hyI ene vinyl acetate (9% and the

ot her uncovef¥drogkiRdidse V?Watacéﬁ%telg‘%} the ke nper neabl e pol yner
| ayer covering thg ﬁaﬁg@eﬁuﬂﬂef he Pé!iﬁhg%%r caék LRgaerd =eakegetMdn the

disc, and a third layéer, polyviny covering the entire assenbly.
The preferr edevhres i $hef Prerent iByentigar r"ék‘rﬂg@slli’r BRAWreBeRE Rre

mllineters. (fhe il ekRessndfe ! A6nl IMRLEEERLE A ¥EBLNd A¥EErea 26

permeability.

Materials that may be suitable for fabricating the
device include naturally occurring or synthetic materials

that are biologically compatible with body fluids and eye

- 14 -



15 June 2002 may range fromO0.05 to 0.15 mllineters and is preferably 0.75
mllimeters. The preferred thickness for the disc ranges f{é)m 0.05 to 2
mllimeters and the preferred thickness of the third | ayer ‘&ﬁ@e%oogrom 0.1
to 0.5 mllinmeters. Wile the above described enbodi nents of the invention
are described in ternms of preferred ranges of the anmount of effective
agent, and preferred thicknesses of the preferred first and second coati ng,
t hese preferences are by no neans neant to limt the invention. As would be

readi |l y understood by one ski]l in the.art, th ref erred. amunts,
material s and fWERs %91% e&&ﬁﬁ%\’aa% LR RotP ok’?O% dr%‘f’ﬁfés% e |govr‘5, 1the
effective agetie wmaedridlneripol yoid Snusetkadthe Tiesiusedof ergadeyr ate and the

li ke. Likew sg, actual release rates and re| ease duratjon depend on a
variety of fd&tt%6PsVind MRFeELdhe (F f“ﬁEe%ﬂi}\?e!u s&ig]P ® §§ﬁse state

bei ng treated1uihe 888 RNBeCORSliddi08: e d1QsPAILIRA of t i KAWL Ewdh1dg
adm nistration, as well as other factors which would be readily apparent to
t hose ski | | edffigctheheyrqonskppay tdfe therdgs nelenrssor APt YOH) a8nEh®f ordinary

skill in the ai¢ap. £a3 ltﬁ‘éut hPtd LdRi8SseHiate EHATAGBILSSALS Of the

instant invention, and wt eparting fromthe spirit and scope thereof,
can nmake var irsgdodhefdgdseand/ or nodifications.of the invention to adapt it

i . P ' d
0 various USagesNQﬂgraCl%}dbEé&rﬁngﬁ‘?§sééﬁ§he£I@ﬁﬁggg?gg SraRdl

nodi fications era properly, equit Inte e, V\ntﬁlén,thefull
range of equibigleatealdfy chapiébidlewwhph dodynfluidsPand evs tigave200® CLAI MBS

L A et 00 e oL 2211930 fTABIP 1 aflo&F 301N i ADLAL Mheft o) 1k Ocal or

systeni ¢ physi OFOQI cal® or pharnmacol ogi-cal ec nprising: admnistering
a sust ai ned remease dmggcdeinalarde, syst emet pota Inevitralfli oy @odewmisyd i n need of

such treatnment, . said drug delivery.system i sing. ( anp inner core or
reservoir cor?ﬁrbf’gl?lg cfﬁsgfgé%}ﬁd\?@gzji%hnrﬁ% Sggé;goléggggs 01110 ng n a desired

| ocal or systpeiyeiphy dulypgtealethyl @naravagdhoagilase ebdalpmer(2) a first
coating | ayer RELIE i er.ej N said first

coating | ayerp°c ver@bg’t%xﬁ’g%é%ela‘ﬁ%gfgl c}rnvq%ﬁgclél? (f%‘iqﬁgté’rp%a’rvé'?yv\hi ch provides
control and acetals, plasiticized ethylene vinylacetate copolymer,
polyvinyl alcohol, polyvinyl acetate, ethylene vinylchloride
copolymer, polyviqyl esters, polyvinylbutyrate,
polyvinylformal, ﬁolyamides, polymethylmethacrylate,
polybutylmethacrylate, plasticized polyvinyl chloride,
.‘plasticized nylon, plasticized soft nylon, plasticized
polyethylene terephthalate, natural rubber, polyisoprene,
polyisobutylene, polybutadiene, polyethylene,
polytetrafluorocethylene, polyvinylidene chloride,
polyacrylonitrile, cross-linked pelyvinylpyrrolidone,
polytrifluorochloroethylene, chlorinated polyethylene,
poly(1,4'-isopropylidene diphenylene carbcnate), vinylidene
chloride, acrylonitrile copolymer, vinyl chloride-diethyl
fumerale copolymer, gilicone rubbers, especially the medical

grade polydimethylsiloxanes, ethylene-propylene rubber,

- 15 -



sust ai ned rel ease of the agent, (3) a second coating |layer) said second

coating layer essentially inperneable to the passage of sgisd),agehhz and
sai d second coating | ayer covering at |east 50 % of the inner core and/or

the first coating |ayer, wherein at |east a small portion of the inner core
or first coating layer is not coated with said second coating | ayer and

sai d second coating. |layer conprises an inperneable filmand at | east one

i mper meabl e disc being a different rrateri al fromor having substantially

greater hardn hi ckn gs mal | eabi || Uy, n heat_.curing khan
sai d i nper rrea%lﬁi?g M ca 1§E('“-Zf‘:) CEPP R S 0ath r}égggél)e@ﬁo qﬁ‘eaﬁ eﬁt o fhe
passage of salc(tllagiadﬁ copbeyzeam Sanyll tdn&bﬂlda}abmgoztmaﬁrleeesmﬂtmhcl y

conpl etely cover,s sai econ coatin er..and the uncoat ed portion of the
first coating3fyEt ot FhReT 1@5&8‘*"%@%’6’5}%‘% dCR™Fs able to pass

t hrough sai d thirdsgeratkiiagllpy ehei SecdndOldyed bedtmar&e&rlce @8 thelS June 2002
2. A nethod for treating a, mammaljan organismas clainmed ipn Caim1l

wher ei n sai d PHF‘FW"{:d&‘t"FﬁB“P’hY@V ROM3FRS®s 51 Pbi A AhrEsnbistest A met hod
for treating goiRREE baNafy SHNeSBAS TRk AMNRY iB Kl Qidgi2a1vder ei n said

second coating |ayer
compatible with body fluids and eye tissues, essentially
insocluble in body fluids which the material will come in
contact and essentially impermeable to the passage of the
effective agent. The term impermeable, as used herein,
means that the layer will not allow passage of the effective
agent at a rate required to obtain the desired local or
systemic physiological or pharmacological effect.

The second layer must be selected to be. impermeable, as
deacribed above, to the passage of the agent from the inner
core out to adjacent portions of the second coating layer.
The purpose iz to block the passage of the agent to those
portions and thus“control the release of the agent out of
the drug délivery device.

The compogition of the second layer, e.g., the polymer,
must be selected so as to allow the above-~described
controlled release. The preferred composition of the second
layer will vary depending on such factors as the active
agent, the desired rate of control and the mode of
administration. The identity of the active agent is
important since the size of the molecule, for instance, is

critical in determining the rate of release of the agent

into the second layer.
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conprises ethylene vinyl acetate. ' 4. A nethod for treating a mammali an
organismas clained in Caim3, wherein said first coati ng&g&l}/er npri ses
pol yvi nyl al cohol. 5. A nmethod for treating a mammal i an or oy cl ai mred
in Caiml, wherein said effective agent conprises fluocinol one acetoni de,
ni modi pine or ganciclovir. 6) A nethod for treating a manmalian organi sm
for cytonegalovirus retinitis conprising: adm nistering a sustained rel ease
drug delivery system'to a mammal i an organi smin need of such treatnent,
said drug delivery systemconprising; (i) an inner core or reseryoir
conprising an ef f etS \91é5‘én’o‘ijﬁ956‘?tj§?§ﬂr(¥i HiRRFmeakts && FO8 RaP53HEaPh a desired
| ocal or syst efk CeffHa)¥:$k 0L Qdfentaknd maPhdsviC Ql paitGRin 6Ff €d .inkd)r a first
coating | ayer perneable to the passage of said agent, said first coating

| ayer essenti 8PF§ ndnppreexad, byovks dmpgreeadgefikpaf the pgecondg 5 june 2002

(3) a second ggating 1LQUE! . agﬁo@aeqwi thBg ér?eyam?w%@-gky .
| nperneabl e to the "pasSage of said gancitclavir, and sald second coating

| ayer coveri ngdges lofathe 50Megf codre andnenalyiesea aid/npert heil fdrmscogbat i ng

| ayer, wherei I | L. porti . lane o] lL.Lst coating
| ayer i s not ggg‘%heed%\%;%ﬂ%s%r{g g%iglgrtl: g%a%p%gﬁa%/‘%;}, Eg%dh\g\'ﬁg g%ésai d second
coat i ng | ayer thammwoud dsottherwiperime pbbeilhlid.m andrat embadimemte kthper neabl e

o250, SRELSESRl RS k) LBTon 00, ST Al fheRler

I nper meabl e fdisgs.andrug (¥Eleast mayd oceat ivig paymrgepehneadd @ holé hin passage
of said ganCigééngféb (gsee Figure 2B} or a hole in the impermeable f£ilm.
The physical properties of the polymer used for the disc can
be selected based on their ability to withstand subsequent
processing gteps (such as heat curing) without suffering
deformation of the hole. The polymer for the impermeable
film can be selected based on the ease of coating the inner
core. Possible materials for the disc include, Teflon,
polycarbonate, po%ymethyl methacrylate, polyethylene
alcohol, high grades of ethylene vinyl acetate (9% vinyl,
content) and polyvinyl alecchol.

Since the second ceoating layer is essentially

impermeable to the passage of the effective agent, only a
portion of the inner core or reservolr and first coating
layer may be coated with the second coating layer.
Depending on the desired delivery rate of the device, the
second coating layer may coat only a small portion of the
surface area of the inner core for faster release rates of
the effective agent or may coat large portions of the

surface area of the inner core for slower release rates of

the effective agent.
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wherein said third coating |ayer essentially conpletely covers said second
coating |layer and the uncaated portion of the first coati nlg \{uagﬁr O:gr I nner
core) whereby said ganciclovir is able to pass through sai APP3%%oat i ng

| ayer in a controlled manner. 7. A nethod for providing controlled and
sustai ned adm ni stration of an agent effective in obtaining a desired | ocal
or system c physiol ogi cal or pharmacol ogi cal effect conprising: surgically

i npl anting a sustained rel ease drug delivery systemat a desired |ocation,
said drug delivery systemconprising; (1) an inner core or reservoir
conprising an ef Pé&cipast Hfdunf Bfe gurfapmeresd feant beecatashdyi phdig a desired

physi ol 9 cale Qi PHBLOREOIAQLEA! 1BLT EEhuernRth (B FaLLELSlaCoabl00 | aver

perneable to assag sal d ‘agen wherel n sal I rst coafing | ayer
covers at | ed%t <t pbetswrfagk awad mapner aeted. wiochepem\sldeexrcont rol and

R L it T L Tatiethe
sai d agent) euteslai d second coating |ayer covering at |east

Thus, any portion of the surface area of the first
coating layer and inner core up to but not .including 100%
may be coated with the second coating layer as long as the
desired rate of release of the agent is obtained.

The second coating, including the impermeable £ilm and
impermeable disc, may be positioned anywhere over the inner
core and first coating layer, including but not limited to
the top, bottom or any side of the first coating layer and
inner core. In addition, it could be on the top and a side,
or the bottom and a side, or the top and the bottom, or on
opposite sides or on any combination of the top, bottom or
sides.

The first and third layer of the device of the present
invention must be bioclogically compatible with body fluids
and eye tissues, essentially insoluble in body fluids which
the material will come in contact and permeable to the
passage of the agent or composition effective in obtaining
the desired effect.

The effective agent diffuses in.the direction of lower
chemical potential, i.e., toward the exterior surface of the
device. At the exterior surface of the device, equilibrium
is again establisghed. When the conditions on both sides of
the third coating layer are maintained constant, a steady

. state flux of the effective agent will be established in
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50 % of the inner core andlor the first coating |layer, wherein at |east a
smal | portion of the inner core or first coating |ayer is t cog} d wth
said second coating |ayer and said second coating |ayer coﬂ%?]li' Ogn

| nperneabl e filmand at | east one inperneable disc being a different
material fromor having substantially greater hardness) thickness,

mal | eability or response to heat curin~:than. said inperneable film and
(4) a third coating |ayer perneable to the passage of said agent, wherein
said third coating | ayer essentially conpletely covers said second coating
| ayer and theaagerdanesl wioht Figk'ef Laheff Difusicat.i nBhe aspée of i nner core,

wher eby said nt i | e r.Qug LA+t hir .Lng:layer in a
controlled mi%%g'rage 8c.§f i?lﬁe?#}?cﬁjQgigg%#}git?n%dg?%ﬂdgéi %7&%@%%#%& d device
I s surgical | wenaphily edpanddéntn ohhehe isdolebidityf ofheheydrugdthéredat,hod as

claed i Sl Ty Sherel, S ALt A, SRR WA BIELS, cOTPr s
coating | ayerseilgctidr @FnapprdpriAtauhdtediass dcai MRBridat@ngi 8hd,waMlerein said
second coating, |y e s amBLie % Chiatg il Y 4. 850080 a2l
The rate of diffusion of the effective agent through a

polymeric layer of the present invention may be determined

via diffusion cell studies carried out under sink

conditions. In diffusion cell studies carried out under

gink conditions, the concentration of drug in the receptor

compartment is essentially zero when compared to the high

concentration in the donor compartment. Under these

conditions, the rate of drug release ig given by:
Q/t = (D'KADC)/h

where Q is the amount of drug released, t is time, D is the
diffusion coefficient, K is the partition coefficient, A is
‘the surface area, DC is the difference in concentration of

the drug across the membrane, and h is the thickness of the
membrane.

In the case where the agent diffuses through the layer
via water filled pores, there is no.partitioning phenomena.
Thus, K can be eliminated from the equation. Under sink
conditions, if release from the donor side is very slow, the
value DC is essentially constant and equal to the
concentration of the donor compartment. Release rate

therefore becomes dependent on the surface area {(A),
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15 June 2002 12. A nethod as clainmed in Caim1l, wherein said effective
agent is ganciclovir or 5-fluorouracil. 13. A nethod as CL%'jT'Ed 49@ Clamll
wherein said effective agent is a |low solubility steroid. 4UNg 20021 i od as
ckai med=~in Claim 13, wherein said |low solubility steroid is fluocinol one
acetonide. 15. A nethod as clainmed in Caiml 1 wherein said effective
agent is a neuroprotectant. 16. A nethod as clainmed in Caim15, wherein
sai d neuroprotectant is ninodipine. 17. A sustained rel ease drug delivery
system conprising: (~) an.inne,r car~:~aC~reservoir, ~anprising an effective
ar~ouni . of &hiakeeds efhf) catd G fifnsbbttyi Mbhgf thesnemgranecal Iortlsy st emi ¢

physi ol ogi cal __8r _phar.macologi cal ef fect B) a fjirst _coating_layer
permeabl e to ctoﬁgtg‘é%s%?&eotf'g'éealgﬁvé@eencf%, t&%eéreelsﬁnéalrw |%r§§> "c¥&ing | ayer
covers at | eadkea(£d tthepefdresabdrfdtcareay e)s whisly @ependest cant r ol and

Sust ai ned rel ease, of the agent, (C) a second coating |ayer, said second
coating IayeF%Fnﬁh?%ﬁbFEet%fnfteﬁés'ﬁ%s@&é‘&'of aid effective agent) and said

second coating | aygis,Coeehédrildty!| RaSlesSRY e bbEaiduieErer the
slopes of a Q versus time plot. The permeability P, can be

related to the diffusion coefficient D, by:
P = (KD)/h

Once the permeability is established for the coating
permeable to the passage of the agent, the surface area of
the agent that must be coated with the coating impermeable
to the passage of the agent may be determined. This is done
by progressively reducing the available surface area until
the desired releame rate is obtained.

Exemplary microporous materials suitable for use as a
first and third coating layer, for instance, are described
in U.S5. Patent No. 4,014,335 which is incorporated herein by

'feference in its entirety. These materials include croas-
linked polyvinyl alcohol, polyolefins or polyvinyl chmorides
or cross-linked gelatins; regenerated, insoluble, non-
erodible 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 co-precipitation of a
polycation and a polyﬁnion modified insoluble collagen.

Crogs~-linked polyvinyl alcohol is preferred. The third
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-32 15 June 2002 and/or the first coating |layer, wherein at |east a snal
portion of the inner core or first coating |ayer is not coggﬁ ylhg sai d
second coating |layer and said second coating | ayer conprls Ung <Of%er neabl e
filmand at | east one inperneable disc being a different material from or
havi ng substantially greater hardness, thickness, malleability or response
to heat curing than said inperneable film and (D) a third coating |ayer,
said third coating | ayer perneable to the passage of said effective agent,
wherein said third coating |ayer essentially com-le~tely covers the second
"' coating | apetimgdayes imcmdectepat rontofeloWerdligage e@anh'enggleayer or

Il nner core. ust ai ned rel.ease dr lL.Lver : Lmed in
Claim17, V\hjef%gl“ﬁt@allgnfaﬁl?o ) t'i’ng tggt'éﬁﬁggn%r‘?(as@%ﬁ%%g]yﬁs %al’cohol 19.
A sust ai ned reebeas® loag. deﬂ‘hevehyr@yﬁaemmgslaylaaimmﬂ mtq:mmdw wher ei n

o2 0 second SeaLing LS SATPLLBES, SLOUENGAL M UL B Blaf suSt al ned
coating | ayelent¢orfineits ﬁﬁweueroythéuaﬁabelcoatlng laysk mAy shst ai ned rel ease
drug delivery R o258 A Te et o at sl e FRST Sap28ty or

feature.

The devices of the present invention may be made in a
wide variety of ways, such as by obtaining an effective
amount of the agent and compressing the agent to a desired
shape. Once shaped, the first coating layer may be applied.
The first coating layer may be applied by dipping the device
one or more times in a solution containing the desired
polymer. Optionally, the first coating may be applied by
dropping, spraying, brushing or other means of coating the
outer surface of the device with the polymer solution. When
using a polyvinyl glcohol solution to obtain the second
coating layer, the desired thickness may be obtained by
applying several coats. Each coat may be dried prior to
applying the next coat. Finally, the device may be heated
to adjust the permeability of the outer coating.

The impermeable disc may be applied directly over the
first layer before coating with the impermeable polymer
layer. 1In the case of a cylindrical. core, an impermeable
film may be wrapped around the core after discs are applied
to one or both ends. Thus, the second coating layer
includes both the impermeable film and the impermeable
discs. By sealing at.least one surface with an impermeable :

disc, thinner layers may be utilized. This has the
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effective agent is ganciclovir or fluocinolone acetonide. 22. A sustained
rel ease.drug delivery systemas clained in aim1l17, wherein said effective
agent is ninodipine. -33 15 June 2002 23. A sustained refl@ddre 200
delivery systemas clainmed in Caim17, wherein the third coating |ayer
conprises silicone. 24. A nethod for treating a manmalian organi sm
according to claiml1l, wherein said inperneable filmis nmade of a
conposition different fromsaid i nperneable disc. 25. A nethod for treating
a manmal i an organismas_clained in claiml, wherein said second coating

| ayer covers aFYaRyiagenef |siblied teiangr ¢ ishorten ASviGeralRPeexcept for a

di ffusi on por brepgRianghar GtnériBidedsfMrd.reati ng a mnanmmal i an or gani sm as
claimed in claiml1l, wherein said inperneable disc is harder than said

i nper meabl e film T inpremeableinplymee| wes dreridEri Veick spovgh & cl ai med
s, S e PSR AT LB SRl Byl 0t fealhi sostaonec
covered (the diffusion layer or port). Due to the
desirability of minimizing the size of the implants, the
thickness of the impermeable film layer therefore can be
0.01 to 2 millimeters, preferably 0.01 to less than 0.5
millimeters.

The impermeable disc should algo be thick enough to
prevent drug release across it save though a specifically
prepared membrane or port. Due to the.degirability of
minimizing the size of the implants, the thickness of the
impermeable disc can be 0.01 to 2 millimeters, preferably
0.01 to less than 1 millimeter.

Once the second coating layer, including the
impermeable disc(s), is applied to the device, the third
coating layer may Se applied. The third coating may be
applied by dipping the device one or more times in a
‘solution containing the desired polymer. Optionally, the
third coating layer may be applied by dropping, spraying,
brusﬁing or other means of coating the outer surface of the
device with the polymer solution. When using a polyvinyl
alcohol solution to obtain the third coating layer, the
desired thickness may be obtained by applying several coats.
BEach coat may be dried prior to applying the next coat.
Finally, the device may be heated to adjust the permeability

of the outer coating.
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effective agent is a neuroprotectant. 33-1 .AFU. Al .A . A . A@.Ay .A _AY .A
| |
AA@.Ay LAY LALA AT CALA LA 15 June 2002

The above description of how to make the devices of the
present invention is merely illustrative and should not be
considered as limiting the scope of the invention in any
way, as various compositions are well known by those skilled
in the art. 1In particular, the methods of making the device
depends on the identity of the active agent and polymers
selected. Given the active agent, the composition of the
first coating, the second coating (the film and disc), and
the third coating, one skilled in the art could easily make
the devices of the present invention using conventional
coating techniques.

The method for treating a mammalian organism to obtain
a desired local or systemic physiological or pharmacological
effect includes administering the sustained release drug
delivery device of the present invention to the mammalian
organism and allowing the agent to pass through the device
to come in direct, contact with the mammalian organism.

The drug delivery system of the present invention may
be administered to a mammalian organism via any route of

‘administration known in the art. Such routes of
administration include intraocular, oral, subcutaneous,
intramuacular, intraperitoneal, intranasal, dermal, and the
like. 1In addition, one or more of the devices may be
administered at one time or more than one agent may be
included in the inner core.

The drug delivery system of the present invention is
particularly suitable for direct implantation into the
vitreous of the eye and for application to an intraocular

lens.
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MLO% & ()- " .‘cg)()@h& &,ASe when devices are to give sustained systemic
levels and avoid premature metabolism. In addition, such
devices may be' administered orally.
In one embodiment of the invention, an ocular device
containing ganciclovir as the effective agent in an
“'effective amount to prevent a virus from replicating wmay be
prepared. Such devices may be used to effectively combat
and inhibit reproduction of cytémegalovirus retinitis, when
surgically implanted into the vitreous of the eye. Such
devices may remain in the vitreous permanently after
treatment is complete. The preferred amount of ganciclovir
used in these devices ranges from about 0.01 mg to about 40
mg. More preferably, such devices contain from about 15 mg
to about 30 mg of ganciclovir. These preferred ranges may

provide sustained release of the ganciclovir for a period of
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coating is polyvinyl alcohel. The preferred impermeable
disc is Teflon or ethyl vinyl alcohol. The preferred
impermeable polymer is ethylene vinyl acetate. The
preferred third coating layer is polyvinyl alcohol. When
such devices are prepared for implantation within the
vitreous of the eye, it is preferred that the device does
not exceed about 7 millimeters in any direction. Thus, the
cylindrical device shown in Figure 1 would preferably not
exceed 7 millimeters in height or 3 millimeters in diameter.
The preferred thickness of the first coating layer ranges
from about 0.05 to about 0.5 millimeters. The preferred
thickness of the second coating layer ranges from about 0.1
to about 1.0 millimeters. The preferred thickness of the
third coating layer ranges from about 0.1 to about 2.0
millimeters.

In another embodiment of the invention, an ocular
device containing nimodipine as the effective agent may be
prepared., As further shown in the Examples which follow,

" such devices may be used to provide long term sustained
release of nimodipine for several yeara. The preferred
amount of nimodipine used in these devices ranges from 2 to
15 mg. More preferable, such devices contain approximately
10-15 mg. These preferred ranges wmay provide sustained
release of the nimodipine for a period in excess of 10
years. The preferred materials include polyvinyl alcohol as
the first layer, one end of the cylindrical device covered
by a disc of ethylene vinyl acetate (9%) and the other

uncovered, ethylene vinyl acetate (19%) as the impermeable
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PE-@10 10 thickness of the impermeable polymer layer ranges from 0.05

to 0.15 millimeters, preferably 0.75 millimeters. The

preferred thickness for the disc ranges from 0.05 to 2
millimeters and the preferred thickness of the third layer
ranges from 0.1 to 0.5 millimeters.

In another embodiment of the invention, an ocular
device containing fluocinolone acetonide as the effective
agent may be prepared. As further shown in the Examples
which follow, such devices may be used to provide sustained
release of fluocinolone acetonide for several years. The
preferred amount of fluocinolone acetonide used in these
devices ranges from 2 to 15 mg. More preferably, such
devices contain approximately 5 to 10 mg. These preferred
ranges may providé sustained release of the fluocinolone
acetonide for a period of 3 years. The overall diaﬁeter of

‘the device is 2 millimeters and the length is 5 millimeters.

The preferred materials include polyvinyl alcohol as
the first layer, one end of the cylindrical device covered
by a disc of ethylene vinyl acetate (9%) and the other
uncovered, ethylene vinyl acetate g19%) as the impermeable
polymer layer covering the sides of the cylinder, and the
end sealed with the disc, and a third layer, polyvinyl
alcohol, covering the entire assembly. The preferred
thickness of the first layer ranges from 0.05 to 0.2
millimeters. The thickness of the impermeable polymer layer
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may range from 0.05 to 0.15 millimeters and is preferably

0.75 millimeters. The preferred thickness for the disc

ranges from 0.05 to 2 millimeters and the preferred

thickness of the third layer ranges from 0.1 to 0.5

millimeters.

While the above described embodiments of the invention
are described in terms of preferred ranges of the amount of
effective agent, and preferred thicknesses of the preferred
first and second coating, 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 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 ascertain the esgential
characteristics of the instant invention, and without
departing from the spirit and scope thereof, can wmake
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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(1) an inner core or reservoir comprising an effective amount of an agent to
obtain a desired local or systemic physiological or pharmacologicdt effect,

(2) a first coating layer permeable to the passage of said agent, wherein said
first coating layer covers at least a portion of said inner core, which providés control and

sustained release of the agent,

(3) a second coating layer, said second coating layer essentially
impermeable to the passage of said agent, and said second coating layer covering at least
50% of the inner core and/or t!le first coating layer, wherein at least a small portion of the
inner core or first coating layer is not coated with said second coating layer and said second
coating.layer comprises an impermeable film and at least one impermeable disc being a
different material from or having substantially greater hardness, thickness, malleability or
response to heat curing than said impermeable film, and

(4) a third coating layer permeable to the passage of said agent, wherein
said third coating layer essentially completely covers said second coating layer and the
uncoated portion of the first coating layer or inner core, whereby said agent is able to pass

through said third coating layer in a controlled manner.
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2. A method for treating a mammalian organism as
¢laimed in Claim 1, wherein said third coating layer

comprises polyvinyl alcohol.

3. A method for treating a mammalian organism as
claimed in Claim 2, wherein said second coating layer

comprises ethylene vinyl acetate.

4. A method for treating a mammalian organism as
claimed in Claim 3, wherein said first coating layer

comprises polyvinyl alcohol.

5. A method for treating a mammalian organism as
claimed in Claim 1, wherein said effective agent comprises

fluocinolone acetonide, nimodipine or ganciclovir.

6. A method for treating a mammalian organism for
cytomegalovirus retinitis comprising:
administering a sustained release drug delivery system

.'to a mammalian organism in need of such treatment, said drug

delivery system comprising;
(1) an inner core or reservoir comprising an

effective amount of ganciclovir effective to obtain a
desired local or systemic physiological or pharmacological

effect,
(2) a first coating layer permeable to the paasage

of said agent, said first coating layer essentially

completely covers said inner core,
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the inner core and/or the first coating layer, wherein at least a small portion of the inner
core or first coating layer is not coated with said second coating layer, and wherein said
second coating layer comprises an impermeable film and at least one impermeable disc
being a different material from or having substantially greater hardness, thickness,
malleability or response to heat curing than said impermeable film, and. sz

| (4) a third coating layer permeable to the passage of said ganciclovir,
wherein said third coating layer essentially completely covers said second coating layer and
the uncoated portion of the first coating layer or inner core, whereby said ganciclovir is

able to pass through said third coating layer in a controlled manner.

7. A method for providing controlled and sustained administration of an agent
effective in obtaining a desired!local or systemic physiological or pharmacological effect
comprising:

surgically implanting a sustained release drug delivery system at a desired
location, said drug delivery system comprising;

(1) an inner core or reservoir comprising an effective amount of an agent
effective in obtaining a desired physiological or pharmacological effect, and

(2) a first coating layer permeable to the passage of said agent, wherein said

first coating layer covers at least a portion of said inner core, which provides control and

sustained release of the agent,
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impermeable to the passage of said agent, and sai second coating layer covering at least
50% of the inner core and/or the first coating layer, wherein at least a small portion of the
inner core or first coating layer is not coated with said second coating layer and said second
coating layer comprises an impermeable film and at least one impermeable disc being a

different material from or having substantially greater hardness, thickness, malleability or

response to heat curingsthan.said impgrmeable film, and -

(4) a third coating layer permeable to the passage of said agent, wherein
said third coating layer essentially completely covers said second coating layer and the
uncoated portion of the first coating layer or inner core, whereby said agent is able to pass

through said third coating layer in a controlled manner.

8. A method as claimed in Claim 7, wherein said device is surgically implanted

within the vitreous of the eye.

9. A method as claimed in Claim 7, wherein said first and third coating layers

comprise polyvinyl alcohol.

10. A method as claimed in Claim 7 wherein said third coating layer is silicone.

11. A method as claimed in Claim 9, wherein said second coating layer comprises

ethylene vinyl acetate,

231-



10°:10% & ()-1410% & ()- 2"10% & ()- y/10% & ()- -10% & ()- BZJEYNCf! 10%
110% & ()- & #10% & ()-& @10% & ()- 9"10% & ()- y10% & (‘?Jdﬁe%%@&' ()-
FGIEYNCF ! 10% 3" 10% & () - @10% & ()- !'10% & ()-SF10% & () -
10% & ()-"10% & ()- >[dEYNCF!10% y2@ 10% & ()--S 10% & ()- f) 10% & ()-

! 0, ! " 0, ! - 0, ! - | 0, /R’ - /R’ -
9 10% & () 192/6 ﬁ &%thod ';éL gla/\?lf:;‘ea( %n a?a%ntl)(ffl; %v é‘?‘e?n@aié )eft;éc(:)u/s/qge‘ a(g)ent is ganciclovir

or 5-fluorouracil.

13. A method as claimed in Claim 11 wherein said effective agent is a low

solubility steroid.

14.  Asmethod as claimedsin Claim 13, wherein said low solubility steroid is

fluocinolone acetonide.

15. A method as claimed in Claim 11 wherein said effective agent is a

neuroprotectant.

16. A method as claimed in Claim 15, wherein said neuroprotectant is

nimodipine.

17. A sustained release drug delivery system comprising:

(A) an.inner core.0r.reservoir comprising an effective amount of an agent effective
in obtaining a desired local or systemic physiological or pharmacological effect,

(B) a first coating layer permeable to the passage of said agent, wherein said first
coating layer covers at least a portion of said inner core, which provides control and
sustained release of the agent,

(C) a second coating layer, said second coating layer impermeable to the passage of

aid effective agent, and said second coating layer covering at least 50% of the inner core
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coating layer is not coated with said second coating layer and said second coating layer
comprises an impermeable film and at least one impermeable disc being a different material

from or having substantially greater hardness, thickness, malleability or response to heat

curing than said impermeable film, and
(D) a third coating layer, said third coating layer permeable to the passage of said
effective agent, wherein said third coating layer essentially comfiletely covers the second

coating layer and the uncoated portion of the first coating layer or inner core.

18. A sustained release drug delivery system as claimed in Claim 17, wherein said

third coating layer comprises polyvinyl alcohol.

19. A sustained release drug delivery system as claimed in Claim 18, wherein said

second coating layer comprises ethylene vinyl acetate.

20. A sustained release drug delivery system as claimed in Claim 19, wherein said

first coating layer comprises polyvinyl alcohol. .

21. A sustained release drug delivery system as claimed in Claim 20, wherein said

effective agent is ganciclovir or fluocinolone acetonide.

22. A sustained release drug delivery system as claimed in Claim 17, wherein

said effective agent is nimodipine.
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said impermeable film is made of a composition different from said impermeable disc.

25. A method for treating a mammalian organism as claimed in claim 1, wherein
said second coating layer covers all of the inner core and first coating layer except for a

diffusion port opening.

26. A method for treating a mammalian organism as claimed in claim 1, wherein

said impermeable disc is harder than said impermeable film.

M

27.  The sustained release drug delivery system as claimed in claim 17, wherein

said effective agent is a steroid.

28.  The sustajned drug delivery system as claimed in claim 17, wherein said

effective agent is a neuroprotectant.

33-1



