; e3eRgbbce" ef 6f TR SUSTAI NED RELEASE,, DRUG DELI VERY DEVI CES FI @LD OF
THE I NV mmm(“&esent I nvention relates to a novel sustained rel ease
drug de \W\m conprising an inner core or reservoir containing an
agent effectiperin obtaining a desired |ocal or systenic physiological or
phar macol ogi cal effect; a first coating which is perneable to the passage
of the effective agent; a second coating containing an inperneable polymer
arid at |east one inperneable disc essentially i nperneabl e to the passage
of the effective agent; he passage of the
effective agent. The fiftTs ' ' Pt on of the inner
core. The second coating covers at |east a portion of the first coating

| ayer and i nner core; however, at | eagt ﬁ iﬁl | ﬁort ion of the first
coating layer or inner core is second coating |ayer.
The third coating fhyeire@ssentrivdnktYor orllaebelto aonevsl tshethinsd coating

| ayer and the second coati ngl | ayer. The portion of the first coating |ayer
which is not d&&afase dduy €f ‘éeé’é’oﬁﬂvb%tqoﬂar’rséﬁ’@ra%l%% fa¥eafe of the

agent into thegbhiyeh,CeaLLng,] Y eh 55&}& alkowiing coNlihedgr£l ease.
BACKGROUND OF THE | NVENTI ON over the” years, various drugs have been
devel oped to &desizediloceheot ravstamhe Rifysaowa:ﬁé!a&aﬂélfsar@ﬁcalq)mls and
di seases. i | e c f.ebei ng
adm ni ster edwg?é?h%?' orLra Pgt é&lttﬁgga‘?/%in%glug y Wi ¢ h gﬁ% tth%?gg@é%e\?grfi ous
detrinmental sitde effettive mntexanpé@qnd npamgglst@an@schow r (GQV) is

ef fective in thg.LreANTERL: fle; WMl 8 11Uzt Sold s4b RSBl . DUt bone

essentially impermeable to the passage of the effective

agent; and a third coating permeable toc the passage of the
effective agent. The first coating covers at least a
portion of the inner core. The second coating covers at
least a portion of the first coating layer and inner core;
however, at least a small portion of the first coating layer
or inner core is not coated with the second coating layer.
The third coating layer essentially completely covers the
first coating layer and the second coating layer. The
portion of the first coating layer which is not coated with
the second coating layer allows passage of the agent into

the third coating layer thus allowing controlled release.

BACKGROUND OF THE INVENTION
Over the years, various drugs have been developed to
agsist 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

Ay
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marrow toxicity limts its useful ness. The incidence of neutropenia

(absol ute neutrophil count < 1000? during intravenous GCV therapy ranges
from30 to 50% Continuous mai ntenance GCV therapy is necessary to prevent
progression or recrudescence of the disease, but despite mai ntenance
therapy 30 to 50% of patients experience a relapse during treatnment. O her
probl ens associated with system c GCV admi nistration include the risk of
sepsis related to permanent indwelling catheters and the inability to

recei ve concurrent therapy. W,th.zi dovudin T jch_h een . shown to
prolong life a‘Haclr%oerrt8§ég¥ ell“urtrlrlngjsrleﬁfuﬁ?: ﬁlc}(r’f'élé# Al 65??%%‘%5 oIfnt ravitreal
GCV i nj ecti onsnadtzjenta &3oilge athutrbshilr eduotice 100t wilweingeekl y have
resulted in tepporary renssion of CW retinitis in DS pat.i.ents.
niravitreal GRFITEERS GRY (RS- RO UPEESS el TP loc Toltt arage
concentration pitenwatenday therapy ianfedexbiee tdederehtefrebsion
neutropenia. Current treatnment of CW retinitis_ in AIDS patients is clearly

subopt i mal . CaPRiRaFWARSFRNCE PHAERR [ILSEPRE 1 RYE BTILE™ M PRBIAFEN rea_uires

mai nt enance dr gk BbStd Rlois08f @ ehOs tdigpekh 8kSe that1488d auRidgugs

i npose, researchers have devel oped systens for adm nistering such drugs to
aid in the trceffmenbf 1ddse BFPERESIRIRFIAFeRIEESD SKAFEMISA CfNese systens
provide a rel e@éﬁr{ﬁwamrpgnem_%etPfslp%%uséﬁgafserg&ael@a dgrental si de
effects. One such delivery device is an orally adm ni stered plll or capsule
whi ch cont ai nsperminggt eirsiyed ing ek thet i andr Foaisinalpjdity dfo aegehyp®dsition

t hat di ssol ves. Qv | f 4] : Pl e 6l i act, thereby
allowing a gra%él}iaclwrgrgngle‘{)ﬂv?/ggg?e‘é%éer{r%%a?ﬁuedlélreugAéﬂt (‘)”gltl%gsﬁs%/és/%g%];l Anot her
type of devi ceshom ¢conpraldngnyifsenddhmpricster 8hé ohmmpines fetrtdiongéni s produced
by coating a ] olymeric material perneable to the passage of the
drug to obtai gi#%ewaég?%e% effect. Such devices are particularly suitable
for treating a patileptawditr@a’pecy finjetuicals afe20itichd0@ Awmvi ng t o expose

the patient's ent.ire body to the drug. Thi.s is_advan ous ca any
possi bl e side & @é?geﬁ?ytoﬁged?ﬂgtwéggl%Eebelymn?ﬁ’?ﬁrze%hﬁg%ﬁc% é%@?%ﬁ%%ar e
particul arly stentizblienfaf cMveasdirg takl tremIPsapdeicntsg t heemydtrasglyances for
admi ni stering Gacvdriug to the external:1 sur.f.a e of thh%cg £, 3xe di sclosed in
U.S. Patent N&- 418735485 BARRESVEe /3 HBEE a7 588 Y2958 Ss ocul ar
inserts that aminceatfatiepOshin dystetdc resenpei and arcdstewhe rnekbédenaryy a drug
into the tear fil mfor prolonged perjods of ti These inserts
fabricated of % Pﬁé‘ﬁf?ﬁ%"'ﬁol yﬁé‘ﬁe%tnﬁfeeﬁ“?lnthﬁgeqwg’ B5F Trblgtll(,gallflyp‘ﬁlsgrt,
non- al | er geni @ataedes nisdlcabhely nsubeptimdlli deadeidirivirali € wikesthetapeuti c
prograns of th%%e gevicf.es, t he Q%Li| ar_inserts are %l %CEdei t he cul - de-sac
bet ween the sé&r 5787 IS8 AP EAT CIREVATEF i PSP AN 175 Peri ng the drug
to the eye. Devimdasstetvies.of polynmeric materials that are insoluble in
tear fluid retain {heir shape, gnd }ln‘t:e ritt§ during.t he cour se of, t he needed
therapy to serve a8*a ft & er’é*s%ﬁ& R 1 OF “Coftt ﬂtﬁ:%éf“%%%m FESPETIHS a drug
to the eye anthatvkedsvelapeddssr dnisS SuLSadaiindst @tinhg Bathi druget tef bkt ed by
di ssol ution or, erpsion of the Pollymari, mat eri al . .Ugon - 3

in the treatment of these ailments and diseases. Many of

these gystems 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



term nation of the desired therapeutic program the device is renoved from
the cul -de-sac. Another type of device used for sustained release of a drug
to the external surface of the eye, described in U S. Patent No. 3,416,530,
is manufactured with a plurality of capillary openings that conmunicate

bet ween the exterior of the device and the interior chanber generally
defined froma polyneric nenbrane. Wile these capillary openings in this
construction are effective for releasing certain drugs to the eye, they add
consi derabl e conplexity to the manufacture of the device because it is
difficult to cuntuhel didmstsiveet et heberaiyenil hgsiricn al gra@dusic sireslow

manuf act uri ng i var i,.Qus yaer s r device, described in U S
Pat ent No. 3, 6%%%83,%0%3% ﬁg&ilﬁgl %/kée lsén%%g@api | I ary openi ngs, but instead
provi des for the rahetiser afypehef devdcdyfati tbutsrallingr tigh a pol yneric
menbrane. The dgvice) in a preferred emhodi ment discl.osed i.n_that
patent, conpri® nésé’é%ﬁ’t?& E nﬁ‘ﬁhngfuﬁa\ﬁsnsr?%édeg? %& PRELRG At FF 1D
chamber. NonetwiglhesSpoBined@sCid diadal NpdimdabPatentehopadgdted 083bhe certain
probl ens have been identified with such devices such as the difficult task

of sealing théTgr §PnPiEn Rie AsFrad e dE6<F or iUIe €8RS AR, In addition,

stresses and glar@iiBs1dty educoshd rbe dhRchBeY g ivat| s f4 epedefns mati on
during manufacturing of 'those devices nay cause the reservoir to rupture

and | eak. AnotiP6RlseEdr dfhet havdesitRE¥PRID. e PAFLRRE No SP41834, 335,
conprises a thRe LaValLErLam nank Pavididnfaditius BkcaeRarakepapsiliescrete
first and third walls forned of a - 4 material insoluble In tear fluid
with one of tHddgapfieqter REdths dauarrpldePeainimieefi al perneable to the
passage of drug ang,hhe.Qtber wal gaéﬁaﬁqqr% SiBLELT Abr IvHRgEIRGDI e to the
passage of the drug. Thé above deScribed systens and devices are intended
to provide sustidingees radifeasinafthgr ays. efflvantase forr advinistgrpagients at a
desired | ocal syst.eqm f i-Nj reapn is@l;ogi cal or

phar macol ogi céi?(lgf ?‘gct?{sg %ﬁlé%r\%!elr ,S&tt'ﬁée)érge%gr %ﬂgnaeﬁ% ?sa van?gggsgﬂéssoci at ed
with their us®.BncPamhntgNohet fGldt 38hato Rrnedd of enold ndessadilbéscult to
obtain the deg| f e u T r better rel ease
systemis esp?g%gﬁé%scﬁg%?f |Lgéae§:ttgi tl;l {%eag%r%%tane%%f)ggﬁgél\’/f/dfe?i nitis. Prior
to the devel opreatvair tfhe plodentelensmgi sndruchdneowele deagl Sptd fpmovel
sust ai ned rel ' viLe.wic | d :

af orenent i oneggérf%%%éiné%%g%%idaftcg M\%]\A t ﬁhggﬁgir%é%\g/e?%nﬁﬁ?ggaégié%éf which is
di scl osed i n ©. SleRdilenpobipmer c3Wsteliml that udedialdégicsllyoanery
essentially inper hle to the, pass of, _the ef ive,agent.and a second
coating per rreglgregf%’igﬁ lﬁasasnéigén%?ﬁ%?'éa‘ é‘?fte%atrl \;ffelgg%énﬁo Iqﬁggh%@edevi ce, the
first coati ngtbeveiempautiegstogxaperdf ahesé dewecemnethe@oalahowever, at

| east a small .portion of the jnnefr, core i.s not,c e it fid st
coating Layer .lR Iéts"'seafgnai%%ea ilrlllg lI“:élyceu‘ri-gg-sean ibae?%e%o% re;theLFI%=1 ccgo{/ers t he
first coatingthaysretmiid the thecegekill Fort admirdfstelnéng nrter deogeto He porti on
of the inner gLe which is not coated with the second coating | ayer allows
passage of theyagent into the second coating |ayer thus allow ng controlled
rel ease. 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 ag a drug
regervoir 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



-5 VWil e the devices described in U S. Patent No. 5,378,475 sol ve many
of the aforenentioned problens pertaining to drug delivery, the devices and
t he net hod of meking the devices are not without problens. In particular,
polymers suitable for coating the inner core are frequently relatively soft
and technical difficulties can arise in production of uniformfilms. This
is especially true when attenpting to coat non-spherical bodies wth edges
(such as a cylindrical shape). In such case, relatively thick filnms nust be
applied to achieve uninteryr s. Thus, the devices._tend to be

u 3 coati
| arger than néG&BeRpyicR of r"ggu ¢ai5Rd HIPTPRPRIITe B OHER e FPE0ISELTE t he ends

of the inner Ggr Qem&,"{}@d P eAr ofyidaeiseh-.Size is extrenely inportant in the
design of devices for inplantation into |imted anatom cal spaces such as

the eye. Larger dedpeeRer &ymeref msvace oislekos fiugeryned BeAF M dnt and
remove. Furt hephpr e, {he é%%&ﬁapcgu\f%ﬁée ro%q'ehé eeq,et 0486488 anURid Or m
coating reduces the potential volume of the inplant and hence linmts the
anount of drudatkat ¥an l)éldeﬁﬁﬂlerl@dmamsfa&tvlé%hlwtltbfad?J-Préilt‘—}’ieo%bove
there remins Ape mgr%ﬂope@&n Ll bRIALLD0 dGedr Sl Q0d:Ldie Jpet hod of
preparing devic& rov e a sus.alne ease o a drug to a patient
to obtain a d@@er édvimadndotheystmﬁcrmsb@t ayneaklly deifanedcirtargiacal

ef fect especi al for ocular_use. H ' eref ore,
a primary obj gglfl%“% oo r?erﬁrbrﬁn%serﬂhl&nve slloga}%lg%%% Opdeg\lmgéeﬁceﬁ rsl'w tabl e
for the contrabhedruction axBdesfmitdivaetbr ebbaseingf cartnmmpdsugs aro ef fective
Lp obtaining a,gegl Leq g dua oAb EBit BN 109" £8er nRIREIMGYO! Cal

of the device because it is difficult to control the size of
these openings in large scale manufacturing using various
polymers.

Another device, described in U.S. Patent No.
3,618,604, does not involve such capillary cpenings, but
instead provides for the release of the drug by diffusion
through a polymeric membrane. The device, in a preferred
embodiment, as disclosed in that patent, comprises a sealed
container having the drug in an interior chamber.
Nonetheless, as described in U.S. Patent No. 4,014,335,
certain problems have been identified with such devices such
as the difficult task of sealing the margins of the membrane
to form the container. 1In addition, stresses and strains
introduced into the membrane walls from deformation during
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



The device, in one enbodi ment, includes an inner core or reservoir which
contains an agent effective in obtaining the desired effect. The device
further includes a first coating layer. The first coating layer is
perneabl e to the passage of the agent. In addition, the device includes a
second coating layer which includes at |east one inperneable disc and an

i nper neabl e polyner. The second coating |ayer is essentially inperneable ~o
the passage of the agent and covers a portion of the first coating |ayer
and inner core. The secon oat.in a of the agent from
the inner corZaETY §€58ﬂ8§§ I'¥?Eﬂg %F $ 1?%%§tw% ing |ayer.
The renai ni ng fpeined E af db-he ﬂeﬂlBEﬁe GREeridl ¢hrhéabky thl erkeshsdabews a
control |l ed anount, of the agent fromthe inner core tqg pass into the first

coating | ayer 9 7% p?é’é‘s&’@% qthet hea lde EBFREE G4t R nBRYSHFE:, 1TRRITERPLRI 1 d

coating |ayer toThRe thhigkbgs Ot itRE d:aMer is pernmeable to the passage of the
agent and covers essentially the entire second coating |ayer. The second
coating layer is pb¥ gPeHedIserieech sYRESTHER derieefndre ntrtanded Eoati ng
layer in ordep t0; &ML A rEdl &b Wby LREAGSAY 1RCEABALGY through the
third coating layer. Another object of the present invention i$S to provide
a method for PRBIgU4Ryas AudemirPAnlaredant ststemyc levgdnfior tabtaining a
desired | ocal I al The

ot hod | nol adSar e Fga ol Ee? AR m Ao TR RRLET TR e a
an area wher ekhere raeieeaseycﬂlstaﬁeaza:ggﬁs a@qsbest:etédvmhdtaeinowmg the agent to

pass through EH&&:&' tﬁgaﬂ; c_rggtl[’o thelgegﬂtre e an ocuI ar ‘gﬂ%/r;_%nt Anot her

obj ect of the prese FAVEeRtioR 15 to provi iCe suitable for
direct inplanbataiom thet des:hedvrelmles*mtfe tdfethye:m.@ch’rhlemaaels fot & he
present inven Lon are,sur risin ound t.Q prov d controlled
rel ease of va{rjl Fouy Egrlrﬁ %) %s‘gt% ‘%é’ %%/%m\%ﬁ%t r| gk

detrinmental stdeatefehecsts. cszInQEhmlt(ibj ect of the present i nventi on isto
maxi m ze the anmouny .0f druy ined in I’lhl ntraocul ar_d VI Se whi | e
minimzing its s. &R o7 SoRYy é AuratiS 6‘% éﬁ“"% Frrpl ant .

Anot her obj ecthade twae aéﬁslmptedlm\tmenoeusr&medpra\eade asl patlyar delivery
systemt hat c uld be gg e& | ntraog h ens to, redvent !Lnf | anmat i on
or posterior %.\f)lsclﬂ yp 18 385"?"[ maNY G CHE T °rree§‘8f‘ﬁb 258 REPPLEE® ot her
obj ects, advamésgAatefiecaidd asuqndblaspegl s Tk ddeide)venidcionis hat wi I | become
her ei nafter appar.ent ,. the_nature of the i b | early
under st ood byé) EHEPER (U S B al P o d’% éb nﬁéfiefl‘%m%lrlﬁegnti on and to
t he appended &dzadiims. eB:E&rEEaDE;SGﬂ;B‘Hn@bIF t?SHEheD%\AngeFd:gw‘re 1is an
enl arged vie %&T one enb of th(gz sust ai ned re%ﬁase dr. ug delivery

n

devi ce showi eﬁﬁé?’ec?ﬁeé"t Ff‘igs'i‘ SE69RF fPATAPEECTERBNE vdtehg | ayer and
third coati ngpdeasee. of tthe efEegtive ZdentS. annethard@gedcy| esmeoffikrhe

| nper meabl e p0|a¥:1ng covtguerde ag Blelasstag gg:cl'taz'.ro%egf Véheewi%Le}: hceorsee,Corld
however, at least a small portion of the inner core 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.



coating layer including the inperneable filmand inperneable disc. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS OF THE | NVENTI ON More
specifically, the present inventors have di scovered a device and net hod of
preparation thereof that is suitable for the controlled and sustained

rel ease of an agent effective in obtaining a desired | ocal or systemc
physi ol ogi cal or pharmacol ogi cal effect. In particular, it has been found
Chat by sealing at |east one surface with an inperneabl e disc, thinner
coatings may be utilized. This, has the,advag%%ge of enabling thinner,

shorter devices to"BaleridisareyitamqeBtHeed FssFBFERT A further advant age
is that as theydmisehhgl 415140 WQPSE & HehBrébFRRLIRBREE Hobtenged NOt be
mal | eable (to facilitate covering of a curved surface); instead relatively
hard mat eri al sPesERipéng ded drug vergattihgndefiagsi pBAntRA MPEBPSrPforts. The
devi ce includ [ r o} I YiQh ' t ai

effective in g%tl%?l%i ﬁggéieggég?e%regﬁﬁgc%%h%ﬁ%%&lgggf urﬁgragtl;%%ﬁ%és a
first coating ¥dyeersssidebhd toarcpatidaybe bmeraceheraredaeawentlayer. The
first coating lavet iy chss.perdRahl &l Q: bR PR3320, gl f ective
agent may conpl etely cover the i nner core. e second coating [ayer covers
only a porti orpmoiduthior iafsuntbatn figlhayefhandis espectally &mdeiwhdamper neabl e
to the passage Qf the agent. The thi .coat | | a cCovers f the
first - 9 caé:gfe F‘ngfgayé’r R X égﬁ%&cl%g? i l%f{gaegyé?&én%fy 3 5%‘%‘#%1 S5le to the
passage of the agtbihdrikdad phapeé)on 0h ddvk tasst redatively apeck afidnisnner core
that is not coated with the second coating |ayer .faciljtates_passage of the
agent tlwrougrlqﬂﬁg ?ﬁi?&?%&&gtF?quhé§¥$.unéﬁg%¥¥qg§§Fl??a?ﬁﬂ§55ec%§%T'coating

| ayer is posi tthenagvimisveendt e YenDe&fgeiOeRambceBBati 4« aCpasuIy dfayer such

that it bl ocks, the ssage of .the agent through the adjacent portions of
the third coattihﬁgt]f‘g?j&'esghﬂﬁe%%jnttf’ogﬁqngh?h%“ aP% e de'g'fﬁg‘éo’gef' t he agent.
Figure 1 illustratese giebeahost reRticofsikbeis usicabnelly ralpeasentlriyg del i very
device of the tElrgeaen,t invention. Wiile the device shown in Figure 1 is

t

cylindrical, B CLodFHIRE AAY WRAPREATAHPR HBEP cbrESAPri ses an inner

cCoxe or reser\4@htomical RehRBANRhCAAtIHRIed. Wlaghet SdPaIicFBabéfuilre t he
passage of the agent in the core or reservoir, an inperneable coating 15
whi ch is i npeMPESLFIRISX REXIRITS 460U tHRL2Rfe AR FePRe core or reservoir

5, and a per mpablgefRAel, NGhe e MHaCholymeReré@RAlMea t8 4418 epasSsags kmt he
agent in the core ox reservoir 5. The second coatinhg jncgludes an

i nper meabl e pGPRERT FPANAAS dilg PO Yolulte ChetRA™IARE &Ly i ndri cal
core. Figure hehtétheditshems dnctnt USE drag St EhgUbeSddAvandd 2B show only
t he second coating layer and illustrate the benefits associated w th using

i nper neabl e di scs &f BQTEBrLE f &F?‘t%tgéc%?ﬁi’el'af}@?’?e ﬁﬂﬁﬁ@sﬁ’éﬁ?&/\s t he
i nper meabl e pehyerd it 2YLriddcrdhhd| BheCabidiy shhRetrREgRE Ol éhe inner core.
The thinly coated edges 31 create a potential for | eakage of the effective
agent. - 10 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 ig, therefore, a primary objective of the present

invention to provide a device suitable for the controlled



Figure 2B illustrates the benefits of using inperneable discs. The second
coating |l ayer contains the inperneable polyner 17 and the inperneabl e discs
18 and 19 at the ends of the cylindrical core. The inperneable disc 18
contains a diffusion port. The inperneable discs 18 and 19 prevent the

| eakage of the effective agent through the thin edges 31 of the inperneable
pol ynmer. The invention further relates to a nethod for treating a mammal i an
organismto obtain a desire local or system c physiol ogical or

phar macol ogi cal, effect. The. nethod includes_adm ni.stering the sustained

rel ease drug 38 FYRFANAALTEHETSS P%ean‘qa‘?ﬂ?ﬁls?‘ﬁh°rbr‘%£ﬁ?§’rﬁeaﬁ& a~i owi ng t he
agent effectiokabfieptaidesiged N@cdesor efskeaid phiyssybdgidac effect to pass
through the third coating_to_contact the manmmalian organism The term

adni ni st eri nFhaggaceirgiséletffeqfeans positioning, inserting, injecting,

i npl anting, or any¥,OtdRs BBaNS Jrdl cR¥ROHRY, {21084 o tignar NEswal | an
organi sm The route of adm nistration depends on a variety of factors

i ncl udi ng tye& seserxonybich consainemn aggpe dfeafdyR @ndbprtidiged site
of adnini Str 3hl:0eo ity Qe¥LEES IiheCaty Al caibad! HRBI qadiueappl i cability in
provi ding a cont roﬂe and sustained release of agents effective in

obt ai ni ng a destirg Jayeal ofhes\fdtrehi cogilipgi bivsy éal pomesivaente dihsyi cal
effect relati I t e fall ow. r : ncer ous
primry tunn#’g,gs%%? °Sf‘,%8| ?%%&ést glr}a%)%algg?ghﬁ%&pg%;?@éa%?r%%;Caar heumati c
conditions; hecondatcatdéhgclaysd ehishcincdadds aretlesstmhediapéinssgbland

nodi fication f the.inmune respqnse such as.in th rev ion. of transpl ant
rejection an&lFﬁ W&y l'—“pi’imea%qtehg? f.r’A Wedese\?g??e °yae‘3 JotHer di sease
states may alisoebesqrialént etbaxmehbbat®ed thsi pussahe df uthedebeneranddevi ce of
the present invention. Such C?é)% as?. st at estare,known l?%/ 1 hgse of ordinary
skill in theC8Yt"® PoPFRdRR Hot"SkFHT%d SPRETIE “Art™ 3767 éPERE STy be nmde

t o Goodnan amte Gédmd, cBhAtimAdeledChiodkal pAasiges o6f tHherrayteftancs, 8t h Ed.

, Perganon Press, NY, 1990; and ~te~inhg~pn's Pharnpceutical .Sciences, 18th
Ed., Mack PuBﬁFs’rﬁ’?‘Fd: €5%¢ EadtoRe ﬁée%ggﬁ,reb’tﬁ FOBF2H EAaf B S cor por at ed
by referencecbetfid.lavBraddiid @@maifthgd@viens afechelifmplrecdes use in
treating mammal i an organj sns infected with AIDS and Al DS_rel at ed

oppor t uni st i ¥PEHE ekt i“gﬁsbé?ﬁ?daéll&?‘f%r?eéﬁir"b’{ﬁ ¢ PRPEt: PEnkDe (3FEPI asnosi s,
pneunpcysti s feanithHd iaRdr Ysxbaot pas4IMndYi tihe ifket cedddinar 1aydie vdavi ces are
particularly suitable for treating ocular_conditions such as gl.aucoma,
proliferativ@ RR¥53ss & oD AFPRAAFARFSOEC LR ndPa? Ry, FRiT 8 ?‘?ag:,mgnd
keratrtis. Theydevi ege aherdleacbagtisehals YosrmehBhd e d @heUsfsstrean ocul ar
device in tre til_;ng manmal i an organi sns su;{eri ng from cgétonggal ovi rus
retinitis wh8fefhf (198 eI STVETE LPFHTUAPY Y MHCaRPEF M PRPA% t he vitreous of
the eye. As deseindadyaboverhd kecbideioatRhg Niyetreserpuditiensd ai ns ' n agent
effective in _obtaining a desired | o%al or i%item' c m/si ol gﬁi C or
phar macol ogi P&FWesT &Of. 19REF ([SOFRoMRhFNE SBLES GREITE MY ot PHBET

i ncor por at edebnddhdde GRYi £a% At VR BseadentpePhésEs @RESIdIEhes and
pain killing agents such as |idocaine and rel ated conpounds and

benzodi azepaff¥li GodtargdlatiHounds; anti-cancer agents such as

S-fluorouracil, af{deRBVCoEy &t okl 63-coRPOUNESEi8Mtis tolBrovide a
method for treating a mammalian organism, e.g., human, to
obtain a desired local or systemic physiological or
pharmaceological effect. The method includes positioning the

sustained released drug delivery system at an area wherein



i nfl ammat ory agents such as 6-nmannose phosphate; anti-fungal agents such as
fluconazol e and rel ated conpounds; anti-viral agents such as trisodium
phosphononof ormate, trifluorothymdine, acyclovir, ganciclovir, DD and
AZT; cell transport/nobility inpending agents such as col chici ne,
vincristine, cytochalasin H 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 cyclosporin, insulin, growh hornones, insulin related
growt h fact or refheage sifotkepranngi hs darired| ancddldowprditde; agert dialal
conpounds suc t p .SO a t C ounds; | ow
solubility st ra%?ds su ggéﬁkgggi%%%gﬁg g%:)re‘?l()en?g%{géncg a%gﬁa(?ferg conmpounds;
and carboni c ambhydnéerge i nhibitors. In addition to the above agents, other
agents are suitable for adm nistration to the eye and . ts surroundi ng
tissues to pr oducemé?tl%(?(’fagb%er‘:tao y eemrési)‘hwne{f\%’r%n&ﬁ ﬁa??%vc]tdéogi c
b_eneLi cial ef fgﬁCbcl:uJEiﬁ:gﬂB{reée (B‘uciijIBiE ifg:g_nﬂs;édmlimﬁﬁaﬁﬂtri@ﬁr Qﬁ@@]ﬁt&m s such as
ni nodi pi ne and,rel at ed conppounds; antibi otics su as tetracycline,

chl ort et r acycMhEEOYR O Fg‘gi?{e'ne%‘fﬁ}'tidﬁ?’l‘ﬁ%"r ﬁfyﬁﬁﬁ,prgﬁs&m:ci”ﬂi FfiEion

oxytetracycliagp SiipRiaiRGBAifeahd ©LRr3FYEs NusdREnEd YHONERBY T,
anti bacterials such as sul fonam des, sul facetam de, sul fanethizol e and

sul fi soxazol efeéﬁi‘?%i"ifaﬁflq"r’?cFa‘m"?{ﬁ-tilaﬁiu’?‘? drret Gifd B+ ERRRS bact eri al
agents such agipgktgofdetaindiaand; $OUsERRPE Opi onate; antiall ergeni cs such as
antazol i ne, nmethapyriline, chlorpheniramne, pyrilamne and

pr ophenpyri dam ne;Angfheri ?H]%‘h’rﬁgo‘?hee@'@%% dgvenqpn ishigr BEGMizeone,

hydrocorti songnacgiRing oPiE‘aﬁ{EFEQﬁLsﬁ'H%d%Hhﬁ'?R%@E%cdl‘a‘i‘)?w%&%n@em ysone,

met hyl predni sol one, predni sol"one 21-phosphate, predni sol one acetate,

f 1 uor omet hal opéninjeriaget basore dmdaderntadrsiond ddtoyestaon L bR as
phenyl ephri neimmzal i ne, and tetrahydrazoline; motics and

anti-chol i nesterase such as pilocarpine, eserine salicylate, carbachal,

di -i sopropyl fl uor@sitdsphetiectphbsitobPrageitodnMent & ideRe cerdidebr oni de;
mydriatics sugh dsualkr 881 A yubialdn (RYE! GRARL LAk RAMBLT APl fHEra-

scopol am ne, tropicam de, eu at¥op| ne, and hydroxyanphet an ne;

synpat hom net Peslasudknaste mrespnt | indl amnet immodr uBRSstAXdlr agaphidse descri bed
in |7esigrL~ r .edited by Hans Bundgaard, El sevier Scientific

Publ i shi ng COEEQ%%?(%%%% 1985. Once again, reference may be nade to any
st andar d phar macedtiitbathe ectrbgoing wehwall Renohgenrphyeetsa , rma~reuti cal

Sci ences for dentif f h n h [ .gccept abl e
form of such étg‘gaglr?%gﬁ%d ér%f&uggg eér%r{pdi %%gg&fssn dt%h)eéhgr%%{%%gggf%ée*ﬁ?gsent

i nvention, i.kecomehbeteinaitaseapparengharpmoatuired \thecénypentisica savt or

ester thereof, . P i pt.ab , i ance, include
sul fate, | act%? e{&;egggg%%ycg%.le%ﬁ{%g hgd%egfce}%l%%%?dtg %{hgr laggt e, naleate and
the like. A |degriptaberobfthpolyvmitdogamddousbe anpendadt ¢lreims.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 fvr fabricating tERIERCRESORIPHTON AF THEUPRAWINGOCCUrri ng or
synthetic material g _that, are_biol.ogically conpati bl .t h bo | .ui ds and
eye - 14 ti ssugg,guﬁ?ldl elsssgﬁt?l%a]ﬁq‘)?elgn%%?wuﬁlggofl% eb“go(fylﬁeﬁ?d:’sdé/vﬁ%eh whi ch
the materi al sudtiainederelrasentact .dellieens elenficeaghatingdisseat \darg, nat eri al s
or materials pighly soluble in eye fluids are.to be avoided since

di ssol ution oﬂ%?e%\?vﬁ?’rn%&?ﬂraf SOPY R s ARy ac‘)% t'Q~ hér%rcuogatrlélﬁease, as
well as the chpedr.lity of the systemto remain in place for a prol onged
period of time. Naturally occurring or synthetic materials that are
biologically conpatible with body fluids and eye tissues and essentially
insoluble in body fluids which the material w ]l

- 8 -



cone in contact include, but are not limted to, polyvinyl acetate,
cross-1linked polyvinyl alcohol) cross-1linked polyvinyl butyrate, ethylene
echyl acryl ate copol ynmer, pol yethyl hexylaczyl ate, polyvinyl chloride,

pol yvi nyl acetals, plasiticized ethylene vinylacetate copol yner, polyvinyl
al cohol, polyvinyl acetate, ethylene vinylchloride copolyner, polyvinyl
esters, polyvinylbutyrate, polyvinylforml, polyam des,

pol yrmet hyl met hacryl at e, pol ybutyl net hacryl ate, plasticized polyvinyl
chloride, plasticized nylon, plasticized soft nylon, plasticized

pol yet hyl ene t er epfitdvaka’®, isnanuealangebeiew vl he dmpermealpld yi sobut yl ene,
pol ybut adi ene eth |, ene 0 tetra I | e p yl i dene

chl ori de, polgad%L oni r?T‘ézgroés gg%gs&§¥nY§%§fr§%&%gﬁe

pol ytrifl uor ochhtimgetlayeenimcloling |tnat edpgoteadl byt Kime and impermeable
poly(1, 4 -|sogro yl i dene di phenyl ene carbonate?, vinylidene chloride,

acrylonltrrle blyner vinyl chl oride-diethyl funeral e copolyner,
silicone rubbers, especially the medi cal grade pol ydi net hyl si | oxanes,
et hyl ene- propylene rubber, - silicone-carbonate copol yners,

vi nyl i dene chl ori de-vi nyl chIP%‘f*PiI&'I‘E c%ﬁﬁﬂ;%ﬁ@F?N\ﬂant{Echl oride-acrylonitrile
copol ymer and vrnylrdenémﬂﬁﬁgﬁpd@ﬂﬁgﬂ . Specifically,
the second |ayer aforkhgpsledicalof, ttlt'e E@@éi{tt ihPMaidrisORap@y be made of any
of the above-listed polynmers or any o ol ymer which is biologically
conpati bl e wtihswefe#mdﬁl&ﬁda@@ettheé prepagafion F’S*e??%foltéiﬁge in body
fluids which tbesdt%fasrteatoﬁmthla E&{E‘%o'l@eéoéﬁcﬁ%hs@a&%e‘as%ﬂéé@é lof bfgper meabl e
to the passage of the effective agent. The term i nperneabl e, as used
herei n, nmeansagéeni effiectiMeennwphtaindngap | dreigadskapaloprt sxstemicct i ve agent
at a rate requy - r S i oL ogi cal or
phar macol ogi gg*};sgf%f%gtgﬁradrngeco ag:%l aég?aim%gt%g g s?ﬁe%Q%dfc‘\ﬁgb)‘éS %

i nper neabl e, bzs desor Foodl abeveby tseal heg pats Saget ofnet harfgentwifthoamt he i nner
core out to a G r ns t T urpose is
to bl ock the g&éssagtgbgg th s% atg%?ge[}gcﬁﬁgg{ﬁpg‘rg?r%&ngmé%g sh%cji%trol t he
rel ease of theasadduet advantaiget he ahralkd ide| fhigmprdesticager, dfecesofpobe ti on of
t he second | g be ,s d | I ow t he
above-descri g% co(r%tir% 7%%'%113 e%%gpb‘?ﬁgg%? ef é’r ?ﬁlgﬁg%rrﬁggr ti gtr? of the second
| ayer will vatrhatdegehle n@t@mehctsetdacoopleememlee doveveeagentdisthe desired
rate of contiolende!Ne (92 0fe AL BLSL A QoS hUBR! lohsOkat he active
agent is inportant since the size of ecu? ' “T nstance. is
critical in dsunﬁanemvrqpsdaadraekauﬂVeiglhﬂmzeneteriuisagentbarﬂa@dthe second

| ayer. - 16 Lh% Qéé&oﬂ’%feﬁéfﬂ£ﬁﬁ hxfﬁgggrggggge to the passage of the

ef fective agent Rd MRy cover & portion o e I nner core not covered by

t he i nper meabl e fﬂhﬂtdﬁvudmelsebuﬁﬁ$ evatnmry lcayeror Assshiowr iwiriEhgure 2B,
e Y ERNELAE S DEdIIGL €010 RIADIER fud TabaRE Ui f O 1
coat of the |nperneab Pnt?o pplTe over he “rnner core than would
ot herw se be Puessebliee furthae ortiudereatfidstecoapagndapée fd lsecoay
conpletely co e .t he, inner._cgore an t he_ di scs, ug.re e cur via
passage thr ouég; AR ot S aPﬁ acﬁhl %atjfflggtcjlra eng q'gre gf 0 ecgrgﬁ gﬁ

i nper neabl e fidyear Whectph)aspeahearm@pebt tles Efsshbhe q:ﬁ)ltyxafeefimdvfaor the disc
can be sel ected Qased on hgﬁ; g to, W thstand Fbseq: t processing
steps (such a& e t“a%ucrci“}?a)e ¥H others P¢ SR5 T Or mi he hol e. The
pol yner for tduaUanetagﬁabhevérérnnL&nabeofnﬂoechcthafedsbrcdduangase of
coating the |nner Cﬂé Possible materials fo erL ghsc |nclude Tefl on,

pol ycar bonat & 2551 § ttﬂﬂernﬁ?ﬁ%é?VHé?elm%ﬁﬁﬂﬁg S 1 &R81 RBTAE REgh grades
of ethyl ene wheylkgaae! atrhe( 0843 arife i) cankpalyvohhealfaehol . Si nce
the second coating |layer is essentially inperneable to the passage of the
effective agent, only a portion of the inner core or reservoir and first
coating |layer may be coated with the second coating | ayer. Depending on the
desired delivery rate of the device, the second coating |ayer nay coat only
a small portion of the surface area of the inner core for faster rel ease
rates of the effective agent or may coat |arge portions of the surface area
of the inner core for slower release rates of the effective agent. _ 17 _



At | east 50% of the surface area may be coated by the second coating | ayer.
For slower release rates, at |least 75% of the surface area nmay be coated.
For even slower release rates) at |east 95% of the surface area nay be
coated. Thus, any portion of the surface area of the first coating | ayer
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

obt ai ned. The second coating, including the inperneable film and

i nper neabl e di sc, nay ae positjoned anywhere over the inner core and first
coating |ayer, FPRENE AgYBLitaforerend coattRy tAkeY ARt B8t PEFAGP18nYCsi de of
the first coatigge |eaagansk IvMRERg&RT €. ThE RAFEELL YD thbk £0Mtd BRL PRyt he top
and a side, or the bottomand a side, or the top and the bottom or on
opposite sides ERYeh aadyleesibicesei Brrtofstprt coptedstitdnthe fcead. The first
and third | ayer ; j ; p I, AV i biplLogically
conpatible wth otd;tfgfllg%fsc%ﬁgfléﬁ%@etsi égﬁ%sge ol e ia§fgfq§uﬁ1rso%ll}b}:géi n body
flui ds which thehing ecpbingildyeronspeniforaldet bird Gegendecdatdé ngolaher
passage of the (S0 WLl f { Lve._ Ln, LNj ired
effect. The ef f]((?alagteal?J \?égéargérﬁm%?% %%Ig&s?%i frllgxt%ﬂé cgf%e%ﬁgﬁ'go#%%ﬁagﬁéﬁi cal
potential, i.e.lajeconandhttieatedteblarkss thé gessefe tdfe tlevagent Ahrbhehext eri or
surface of the device, equilibrium i i.n_establ.ished. n _the

conditi ons on both a(sapaggg%fp"trﬁéo’f‘%io dtg%g&irflﬁg F%%telrnga?%y%\/\!]c % ned
constant, a st eashtrallding fdlex rate tdfe peEésnd iofetlagenienvl | | be established in
- 18 accordance ?i_th Fi ck'g Law of Diffu ian. The ra%e of gassgge of the
drug through the nat&fPEs byldrFEiRbesnors E'd%ﬁ FRFYy Ofe bR FHF-23ReE he
solubility of thaedsegdiberRilaveds dsvlite ast @Ret fidehikCkneasioh.t he wal | .

Thi s neans t hat s.«il ection of aggrvgfr_i ate materials for fahri cgti ng the wall
wi Il be dependdWt'EntPRe$EE eiPYt 1ar itFYS Pelfi¥dindhtc 3t E56f diffusion
of the effectiwvagentohly Geglnp fRIpEMErTie lkayete dombhes4y e@selhnéAvent i on
may be determned via diffusion cell studies carried out. ynder sink

conditions. |n A% Q5 BT sPudi RETREHHice 4ot unde¥P L5 hkScondi ti ons,

the concentrat igdiim@bblé U ithel PLsJReCHE Ofhes QERAE LifPRhel So@SeNti al | ~ zero
when conpared to the high concentration in the donor conpartnent. Under

these conditi ofESeFKELF atad® FPEFTRFILE| BRI IFs 1 WhdFhpys Hyrermeebla® /h

where Qis the txaDYRks&de YrUBhE edRAsCUn thd Tobd By Bsksvdiie sdi Bhasion
coefficient, Kis the partition coefficient, Ais the surface area, DCis
t he difference ReFMEBRte MTatPrgn2 OWILRR HF RFFARARDS tPhENHHRARS3A., °Gnd h i s

the thickness ahet BgeBNY IR cdit lReréasecibes e tihe agestd dbhtuses through
the layer via water filled pores, there is no partitioning phenonena. Thus,

K can be elinm A2CeYIeF AR iR ERARCoRO 1 Tfdet7 s#itk 4E6RRI 1§ G, 1Pf2% el ease

fromthe donor tgledenés eltheSkPYindrieayaldi@ . DGriguressentidldry saonstant and
equal to the concentration of the donor conpartnent. Rel ease rate therefore

becormes depend&Htush (e Pdurface area (A, - 19
Figures 2A and 2B show only the second coating layer

and illustrate the benefits associated with using
impermeable discs as a portion of the second layer. Figure
2A shows the impermeable polymeric layer 17 thinly coating
the edges of the inner core. The thinly coated edges 31

create a potential for leakage of the effective agent.

- 10 -



t hi ckness (h) and diffusivity (D) of the nenbrane. In the construction of
the device of the present invention, the size (and therefore, surface area)
is mainly dependent on the size of the effective agent. Thus, perneability
val ues may be obtained fromthe slopes of a Qversus tinme plot. The
permeability P, can be related to the diffusion coefficient D, by: 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 inperneable to the passage of the agent pmay be determ ned.
This is done by priigrEes?Retljusbrefesnghe Heenefars a1 &54ng HrereaR1enti| the

desired rel eagesé@l € the QDA €0at P TRYEF Yot &L AP HHRUS mP&HRIdAkLS sui tabl e
for use as a first and third coating | ayer, for instance, are described in

U.S. Patent Noolwmex] 473384 vithec hmbertioabbe pbimgsels radeilA &Y thef endace in its
entirety. The J i NGl cr | vi.nyl 5 al I,

pol yol ef i ns o?gp%\?&ly%giﬁ%%%r? geé' o?ﬁgr%@s%%ﬂﬁe%%eéld ddglxatl?ncg@&%éagn%rat ed,

i nsol ubl e, nodéffubinepocet | ulThseimpoykalbbd ddeké lHsed 28twrevenedthe

cel lul oses, cellul ose_acet at opi onat e, .cel | ul gse acetate buytyrate,

cel | ul ose ace?%?}%agpehtoﬁa 2% ee,f%gghu‘? GSEM S BHERP 3Hd‘f et ﬁ;ﬁﬁga‘?ﬁ% eosa'ételt 8? e;

pol yur et hanestheaneambaikd e lyaead. m cr opor ous pol yners fornmed by
co-precipitation a,pol ycatign_and a pol yani on i f.ied insoluble

col | agen. Cross-| ?%?edg‘ﬁ%’?%/‘\?f‘ng?rg}efoﬁﬁ a %’ 5P et éf}r%a? g‘%’é TFEFE 20
coating | ayeraimanmllecheskEmian t® obtain rLldeasee Aodaleonganitemiam t he i nner
core into contact, with a mamral i an Qrganism_.e.g., humgn. . The third
coating | ayerplﬁé‘%"tflﬁ&lc%}d?ﬁ G’Baﬁrf‘%ﬁﬁ}agl?ae]l §5§8°g'r (?_g‘ﬁt F‘g&?ﬁ the agent into
the bi ol ogi cain@mae@oaaﬁmistaem%m bhex dimketidr&Ralsengriq YRyl iRRYybe
advant ageously selected to al so have that property ox feature. The devices
of the presenfY34RFefiPi BFF M BELFMEEIFRH Wrle* Var4iE@Py ot RS, such as by
obt ai ni ng an effaativve; AMBNLRLnOhg iR a8@iHeaaNdcL0MRY @fstagid Reragent to a
desired shape. Once shaped, the =" _rst coating |ayer nmay be applied. The
first coating ?&ASE REFCHER &BBI FRIF OGO H R TIEFEVFER BHESE 2 fore ti mes
in a soluti onekpMiahni Nehd herhesdwied PO IIET as QfdOnakbin, ns
first,~coating nay be applied by dropping, spraying, brushing or other
means of coatRff tREIBUL dnserkiRe 11 FHEMVFREWPA- t P 5581 PRBFZ sol ut i on.
when using a RAINVieBY! e ARG 190! 08 dP 20RLRIA) iRecSEHONGh Coahi Ny | ayer,
the desired thickness nay be obtained by applying several coats. Each coat
may be dried ¥4t of oadipigiipitngt tdre depside @8t 2 MHACYY L t FREYPE® ce may be
heated to adjugh JsBGg PEFSPRRI LiddorRb D& QUERENCOALLRT0r TR HTRRE TRAbI €

di sc may be applied %Ilrectly over the first layer before coating with the

i nper neabl e pISfPEFefagite ofnagmericasetBin-a cylindrical core, an .

i npernmeabl e film FRY BEWRPRR W QYAdediRlimOREs bRl o wn@tﬂppl ied to
one or both ends. Thus, the second coating |ayer includes both the

i mper neabl e i1 PraNddite § epRERREIsdeart sptatfjed aleAge 2F 13988t S0one surface

Wi th an i nperdiallevdi 5.0t ANGS d A¥BLSedBYcRE i isykeggflic This has the - 21
physiological or pharmacological effect relating at least to
the following areas: treatment of cancerous primary tumors,
(e.g., glioblastoma); chronic pain; arthritis; rheumatic
conditions; hormonal deficiencies such as diabetes and
dwarfism; and modification of the immune response such as in

the prevention of transplant rejection and in cancexr

- 11 -



advant age of enabling thinner, shorter devices to be prepared than

ot herwi se possi ble. The inperneabl e polyner |ayer should be thick enough to
prevent release of drug across it except for the area not covered (the
diffusion | ayer or port). Due to the desirability of mnimzing the size of
the inplants) the thickness of the inperneable filmlayer therefore can be

0.01 to 2 mllineters, preferably 0.01 to less than 0.5 mllineters. The
i nper neabl e di sc shoul d al so be t hi ck enough to prevent drug rel ease across
it save though a specifically prepared nenmbrane or part. Due to the

desirability &ReRRPYni 2 Kéde H’éréF ¥ ff otheriHhFeane sStatieg PAY s Peof the

i nper meabl e diggeveRbd@rOr Alatle@ ds{tid Itlhgeaﬁtgs de@i@éﬁf by ch. O4 1 | ess than
1 millineter. Once the second coating layer, including the inperneable
disc(s), is appesert tioveneigevi Suchtdeeppe refagest {¥R) Kngyer byre§hase appl i ed.
The third coalieng, B li;6d. B ppi t r times in
a solution cotr?tka(lgﬂl ng !?he glsﬁ?’e %}}mrp&oﬁ{ﬁﬁgggﬁlﬁc/%@gge?hﬁw %O&tl ng

| ayer nmay be appl i sferpnde opwyi bg,m&par &pi Aoednmnushd gl lownet Bise neans of
coating the o I surfacea f tshg dg: Lce._ W thesgglémerpg léjntto' on. \Wen

usi ng a polyv iTd‘coaty rf ayer, the
desi red thi ckpesss may, beoobt antieR i tsende,h coat may

be dried priotg_t.0 pl vi th next oat Fl naII t deV| y be heat ed
to adj ust theaf)tel?’r?gdgfbi F’?{:Hg 2 tlﬁg'”b% r + ERRTR ¥A 21;&%0 ove

descri pti on ofhheh dre mﬁk&ﬁdﬁtd&W}C&%foeﬁ&E&hﬁte&ent i nvent| on is nmerely
illustrative and s oulg npot be considered as ngéf t he scope of the

i nvention in any SEIRTi ShE LBHSSS ?f%n"%‘lﬁ? ?/\Egﬁx RADw by t hose

skilled in therédding RapddlisgUbaganidie Riddd oftwekbDegahdernxinvi ce depends
on the identity of the active agent_ and polyners selected, Gven the active
agent, the coﬁ%‘b‘% %9 GHPBJFt‘t%étFFr’s‘thGGaPP%gQ/ uchnas SEGRGIRLANTHE (the fil m

and disc), angntdwildhi! deseplibBlos e pikihdBchih d@nakit ag@ul d easily nmake
t he devices of the present invention using conventional coating techniques.

The net hod fo?‘Y‘?Q’?é’ttieﬁgu‘& Avdnfal PERTSLgaiiSm to obtain a desired |ocal or

system c physi ol ogieahePl{cdtharBBsOHaGLE a1 Efdhueehbl EHdeSe AN Stering the
sust ai ned rel ease drug delivery device of the present invention to the

mamal i an or g3FHAH SRBALTIRR AECR HE Fdeneotp Bé@%ifterﬁa('ia&ﬁ the device to

cone in directidaeindpddhyl he: MEueTRl kaniigddnl s Mveliesdrag del i very
syst em of the present invention may be adm nistered to a mamral i an organi sm

via any rout ektfatddAtni st #Bﬁl‘kﬁ’ﬁ)\ﬁﬁ'el Pl ih@agFiculardy PottaR pfor

adm ni strati ofsd NG WHEodlaraQEH &L ,inOk 8bdt P GHHANIBRMS orgaisdgIscul ar,
intraperitoneal, intranasal, dermal, and the like. In addition, one or nore

of the devi ceSUFRaFipE E¥AM FYSPEPERLOYLTHRCFYGIRALHF WSKELPNERE Y I56ent may

be included iy thgdiBRETy GRbEand&te WAEHIn dald VREYeSUSbEMRE dhe present
invention is particularly suitable fox direct inplantation into the

vitreous of the efé dpgcFihedaphPivathenitreraforateadedrareiens. - 23

contains “n agent effective in obtaining a desired local or

systemic physiological or phasmacological effect. The
following classes of agents could be incorporated into the
devices of the present invention: anesthetics and pain
killing agents such as lidocaine and related compounds and
benzodiazepam and related compounds; anti-cancer agents such

as 5-fluorouracil, adriamycin and related compounds; anti-
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These net hods of adm nistration and technique for their preparation are
wel |l known by those of ordinary skill in the art. Techniques for their
preparation are set forth in ~tem ngt~n~s PharmacelLtical Sciences. The drug
delivery system may be admi nistered for a sufficient period of tinme and
under conditions to allow treatnment of the disease state of concern. Fox
| ocal i zed drug delivery, the devices may be surgically inplanted at or near
the site of action. This is the case for devices of the present invention
used in treating ocular conditions, primary tunors, rheumatic and arthritic
condi tions, aninflidneRiterpaidentEosudy skeaimanneke efhodphatdedmds fuayabe
i npl ant ed subcut aneously, intranuscularly or intraperitoneally. This is the
case when devi 3EEF éuf% Hi \r}'gugﬁ%?%ﬁliﬁeangy%erléﬁf ‘T%\P@ngiin(f“iédivar?) enat ur e
met abol i sm | nagékiid isQBh £&1GR1g681GE phoByhdanadsinitet,ered orally. In one
enbodi ment of the invention, an ocul ar device, containinglganciclovir as the
ef fedtive agen?r’}ﬂ”&ﬁ%lﬁméli“@e ARV it o Sﬁnge@}ﬁv%rvPPgsafﬁ & i epl i cating
may be prepar ege1 SUGRnIEMHIRSLIBYL P . mPe gk 0 2§40 tdukal ¥s CRJIRAL cand, | nhi bi t
reproduction of cytomegalovirus retinitis, when surgically inplanted into
the vitreous ofindrdsgjee, SychcheldsdiasBnand reharer i9PMPRENGA it r eous
permanently af el I et T rn
ganciclovir uséerg'rligillatﬁﬁze’rg%%@?cﬁ%gﬁgggﬁ-@gﬁgﬁéﬁt t%“%%%%égg %ut 40 nyg.
Mor e pref er abl 3temsdoh, detvdic dgmenmitcgiinal rxgapeboetmots fagrs ssusboas 30 ng of
ganci clovir. These Rr r I u W7 rel.ease of the
ganci clovir for a‘%n erlgjéﬁg%t?gfa gﬁg%lgﬂ'{?g&nﬁégggil %tﬁgﬁrgggst ()E&gver two years.
The preferred pratstingosengsi sypbisperhyl ascdbol .grhwshpheafmemeed | nper neabl e
disc is Teflonor, ehhyl, vyl alGongakeoThe Rt eleshed LEPSIIaahl e pol ymer is
et hyl ene vinyl “acetate: ARs Br eferred thirg coat ng‘Fayer I S pol yvi nyl
al cohol . Wien slchtedevommaindse reapddet dampoungd anickt ron Wi thin the
vitreous of the eaé% hit i S Er egerreld Lhat, the deyice does nqt exceed about
7 nillimeters THARYATTMCt PERCIARIS St HE &R iCIPOHER 'c&%hown i n
Fi gure 1 woul dsqinedfietaplscerotidexanetdad fildcineleres acatbwidghtandr 3

millimeters in_di ter. The preferred thickness, of .t first coating |ayer
ranges from ablbeﬂta%gsogor’fpooué’gﬁﬂtaﬁfga ??’Icneapg?’%flzméngzr?%ﬁté)rrrséd t hi ckness of
t he second coati ngIhaydditianges gheoababeHgetd, tarhaloagertc0amel | i met ers.
The preferred thickness of the third coati | ayer rapges from.about 0.1 to
about 2.0 mil ﬁ”ﬁ-&?ﬁ’?g_&ﬁ a&ﬁ‘b’t"rﬁéﬁraéﬁﬁﬁd?%ﬁg ¥e e ilggesn‘ﬁrgﬁ?d ® ocul ar
devi ce cont ai nirguBsNbsigticdacasa tlhweaef dect isyetagientphyayogyipr epar ed. As
further shown in the anpl es ich foll oaw, such .devices be_used to
provi de | ong tRAPFMEE] %qlgge’f‘%%{\g%?g 8?%?1‘?%dﬁﬁrﬁ’elelso?gS%Vé”’?éﬁeVEEr s. The
pref erred anounmiclafie hemdippboectistd buch heseidedipias aadgedatedm 2 to 15
ng. More preferabl e, .such deyices contai h.a roxil tely 10-15 ng. These
preferred rang@SPREY B (?\ﬂtdglgifs‘isaisﬁg % 322%‘1}6? rI“f‘al‘f‘ﬂié ni modi pi ne fox a
period i n excedloetetlfhieaiae, Theipresttt ) egonptar,i dbiynyprcinyde pol yvi nyl

al cohol as the fi r,sﬁ1 {ayer, one e%{,of tf}ﬁ_ c%l‘i ndr.i cgl de\{:i ce govered by a
di sc of ethyl SFENFATTR aCEYEEE TP 18R THET BT ITRE OVEFEE™ELRYI ene vi nyl
acetate (19% =g ebgchrfGciRALAE: ibadberial@okyt®rad @ytFotani@ieisng t he sides
of the cylinder _and the end sealed wth the disc, and third | ayer)
silicone, coveMiAgeeratidsyi FRILARSEREE e TRE 5?@?’@??‘8&"?%1 @Iﬁﬁégér%fs't he
first layer ramgeadin®mddx08ilnd) Anfi bindrebit Shactheipl effumtedstiBhckness of
t he i npernmeabl e Ql¥rrer | ayer ranges fromQ.05 to 0.15 m|li rIeters,
preferably 0. 75 RRFFPHHNa@REe atmk SAOLHB PR IOAR En SSE 1A LTS RIFB LGP sE Phinges
fromO0.05 to Zgmbhlhs®llesS ABEhiMR 106 8E erdadrphétikRasfie Pfpyidieakibhé d | ayer
ranges fromO0.1 to 0.5 mllinmeters. In angther enbodi mrent of the invention,
an ocul ar devid®e BERRREHIYFIIRPIRGT ABE NN EHCBIRI e Sa8Ut %l f ect i ve agent
may be prepared. As further shown in the Exanples which follow, such

devi ces may be used to provide sustained rel ease of fluocinol one acetonide
for several years. The preferred amount ©f .fl uocinol one acetonide used in
t hese devices ranges from2 to 15 ng. More preferably, such devices contain
approximately 5 to 10 ng. These preferred ranges nmay provi de sustai ned

rel ease of the fluocinolone acetonide for a period of 3 years. The overall
di aneter of the device is 2 mllimeters and the length is 5 mllineters.



The preferred materials include polyvinyl alcohol as the first |ayer, one
end of the cylindrical device covered by a disc of ethylene vinyl acetate
(999 and the other uncovered, ethylene vinyl acetate (19% as the

i nper meabl e pol yner |ayer covering the sides of the cylinder, and the end
sealed with the disc, and a third | ayer, polyvinyl alcohol, covering the
entire assenbly. The preferred thickness of the first |layer ranges from
0.D5to 0.2 miIlinmeters. The thickness of the inperneable polyner |ayer zs
may range from0.05 to 0.15 miIlineters and is preferably 0.75 mllineters.
The preferred hpdckrezdisbos, thydrdtat isangescduaom (ddameoh2sand l2ilret ers and
the preferred thickness the third | ayer ranges from.0.1 to 0.5
mllineters. MF?%"HT%S'aB{)WI&@ 8??'b5‘8§%%%'n§ﬁfl§yjtﬁrefiﬁé5? tion are
described in tgré@niforphefl B pBdspdt@sspoédd i ian®detatepf f ective agent,
and preferred thicknesses of the preferred first and second coating, these
preferences ar 8L BSrIRSERBLPRE mPgREAMtAAEPRE t2h EXLRIRANATSH. As woul d be

readi |y under sgoashduscaies Siich! 86 dHanlDepi@tine , t REpHH Rf1hE dhgOUNE S,

mat eri al s and di mensi ons depend on thée method of adm nistration, the

ef fective agentetsdwdrppel Bl/yRtetiagsand e -gBst inqpteapeas®ictafé and t he
like. Likew sep; Actualink el &A38nL alHY gNL & Sl RIBEHUN Al 0DsHiaRBRHE ON a
variety of fac?ors inN addition to the”above, such as the di'seaSe state

bei ng treat ed, fiverapjospatoonbfsihadine idringat arthtdemerariwytaoptide;

adm ni stration ; ot he r I.ch ily apparent to
t hose skilled %‘%@ha\gqg%tﬁ r%% %%%&?ggeg%ﬂr?ggdeé\gﬂ te:ﬁgﬁ?:g%%'e of ordinary
skill in the ahtmaymepénsi |scopetaming ntromiaeddat | elcatirapans erindti cs of the
instant invention. and w.thqout departing. fraqom.t it pe thereof,
can make vari oiﬁgg%%é’ﬁagge%ﬁn F&f ﬂ%‘&a%%’%'g r?e&%gso?@?}ﬁgaﬁ ﬁélen ﬁic’):%%tgb adapt it
to various usagmsd mrdregndiuchoas . thidsesdednribedsen '

deigasof odrugs
nodi fications a r oper | equi tably_and .intended tqQ be, wthin the full
range of equi v%%%r?%eggfﬁ?%e Bflg#?%ﬁ%ngiag Qe 51 lchcg‘i\k?ll\}gthipgA met hod

for treating acempnmakianiad,gangsm acebigdim,ardesrarec: hogadbe oadsyst em c
physi ol ogi cal or pharnacol ogical effect conprising: adginistering a

sust ai ned rel e8% s&raﬂgg’é‘gﬁ?\%gpﬁces‘s:&tcg% 'fecf“%%ﬁan% KUl g?‘&’a‘?ﬁ%-ﬁn need of
such treat mentPhaaiagedt i ldckimetas Syt em cdoarptify gl ofh¢r aagennmer core or
reservoir conprisi an_effectjve .anmount qf .an ent to obtain a desired

| ocal or systemc %s&&?%csﬁ‘:l %Hhﬁ??%%&bgaig & Slé‘t%} a(f)omgo??ist
coati ng | ayer noar neabhgldyed hf {i6s peger Die i dhagerdsenwhibiwintisai d first

coating | ayer covers,at _|east a portion of said jnner co
9 y f.e., the free %ase r a pharmaceu 1caily accep ggle salt or

ester thereof. Pharmaceutically acceptable salts, for
instance, include sulfate, lactate, acetate, stearate,
hydrochloride, tartrate, maleate and the like.

A large number of polymers can be used to construct the
devices of the present invention. The only requirements are
that they are inert, non-immunogenic and of the desired
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
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(3) a second coating |layer, said second coating |ayer essentially

i nperneable to the passage of said agent, and said second coating |ayer
covering at |east a portion of the inner core and first coating |ayer,
wherein at |least a small portion of the inner core or first coating |ayer
is not caated with said second coating |ayer and said second coating | ayer
conprises an inperneable filmand at | east one inperneable disc, 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 the uncoat&iEgsst i and ofsaensislhwntingotilegin ady dluidmetitbowbicnher eby
said agent s @l Gkarass, il auel §Akantdid d £0ALAToEAYS Y a control | ed
manner. - 28 2. met od’ or treating a nmanmalian organisnias clainmed in
C aim1, whered¥sssdivdng matbrdedsi oy ragyeialecohpehhesopubiwiinykyel cohol . 3. A

met hod for treati.ng a lian_o ni.sm as clained i ai , ein
sai d second cod Lfl% Fﬁ%%gnsy%%%f&ﬁfﬁ edrg%gsei%%/llo aggt t%%'w%}i 'ﬂgﬁg{ hod for

treati ng a mamatdcanthe gadtistamag «f aheedrign releiga, 3aswhereias gaed first
coating |layer conprises polyvinyl alcohol. 5. ,Aé‘r}ethog for triatin a
manmmal i an or gatt lélitkﬁlcga)fi FROG™i M TematfetRiBT 355 6°B1T SELFOBIE ent
conpri ses fl ugsdrsiekdose &ei.oni de, ni nodi pi ne or ganciclovir. 6. A nethod
for treating a manmal i an organismf or cytonegal ovirus_retinitis

conpri sing: admi ni SEEWFFg Ya OSEEFEIRG Y r BYHEEEIE A SFer 1§ MPtsPECem t 0 a
nmamal i an or galicieyh faIBE Gobatitslt tieRIEBIN 18R] abBUgylaliskacY Syst em
conprising; (1) an inner core or reservoir conpr|3|nghan ef fective anount

of ganci cl ovi reS8EREERIR 1n5o4BP ¢ rina PARY| FHledds gdichoFhe yaterial will

physi ol ogi cal mePhar fBARIL 8l ukf,f 86t are?hof FiniThdCOS! gl yl BYFT

per meabl e tC)tgyitgggfeg¥235-linked polyvinyl alcohol, cross-linked
polyvinyl butyrate, ethylene ethylacrylate copolymer,
polyethyl hexylacrylate, polyvinyl chloride, polyvinyl
acetals, plasiticized ethylene vinylacetate copolymer,
pol&vinyl alcohol, polyvinyl acetate, ethylene vinylchloride
copolymer, polyvinyl esters, polyvinylbutyrate,
polyvinylformal, polyamides, polymethylmethacrylate,
polybutylmethacrylate, plasticized polyvinyl chloride,
plasticized nylon, plasticized soft nylon, plasticized
polyethylene terephthalate, natural rubber, polyisoprene,
polyisobutylene, polybutadiene, polyethylene,
polytetraflucroethylene, polyvinylidene chloride,
polyacrylonitrile, cross-linked polyvinylpyrrolidone,
polytrifluorochloroethylene, chlorinated polyethylene,
poly(1,4'-isopropylidene diphenylene carbonate), vinylidene
chloride, acrylonitrile copolymer, vinyl chloride-diethyl
fumerale copolymer, silicone rubbers, especially the medical

grade polydimethylsiloxanes, ethylene-propylene rubber,
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of said agent, said first coating |ayer essentially conpletely covers said
i nner core, 29 _ (3) a second coating |layer, said second coating |ayer
essentially inpernmeable to the passage of said ganeiclovir, and said second
coating |layer covering at |least a portion of the inner core and first
coating |l ayer, wherein at least a small portion of the inner core or first
coating layer is not coated with said second coating | ayer, and wherein
sai d second coating |ayer conprises an inperneable filmand at |east one

i nperneabl e disc and (4) a third coating |ayer perneable to the passage of
sai d ganci cl ovi#iligeeetarbsmiaget ¢pnodyoera i Ngnybideneeshbexidd-vgngonpl etel y
covers said sec t] r and.t 1l I rst
coating | ayer o@ﬁ%ﬁggg %: rell,y%\%ﬁ'er‘glglglsal gﬁgﬁﬁﬁégﬁég#ﬁagoggggm%ass

t hrough sai d tHnd véountidapd ghteride-acxdmiibtidd copniberer.7. A net hod for
groviding controlle nd. .S in adm nj i f e ffective in
obt ai ni ng a desi reng%(::la]?lc%rﬁagys@%msg%ﬂégég%goﬁggﬁeo?%ﬁ% %cgﬁ%gi cal

ef fect conpri sipygsestr tiwaltlipni mpt det nadp @fsast aifnetder eheasdidted del i very

system at a desired |ocation, said dw\g del | very %sﬁ.‘em c rising; (1) an
inner core or rRSIEPGET rO% ST PERSRy PRAYEYY SREFR & SafBaheI ™Y agent
effective i n ohicipat Dl & Wies bedy [FUsE LA 6pé tAlssRBA NBeEmghtey ef fect,
and (2) a first, coating |ayer. perneable to fhe pass,age of said agent,
wherein said fiiP8PLERLE iy PPy eflwigveriict thedateziphr¥in GPesHid i nner

core, - 30  (cBhtacten@dseeatiNdyl 8¥ErmeSBid t2reARUpENRIJNS ] Ever
essentially inperneable to the ,Fassage of said _agent, and said second

coating | ayer GHFEFFHE RATsPEastThe S6FF | FReETINE | ARHSDHMETSEHR  fir st

coating |ayer, msagkethhtcnketsied IRl dotPQLidPBaBEabbEct MRS 80L& Qe i st
coating layer is not coated with said second coating |ayer and said second
coating | ayer GORPEi 3 &RELRNPRIHESP| &0 fOPEAiAfdicatieFénet 1Q8li #Her neabl e

di sc, and systemic physiological or pharmacoleogical effect.

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

The composition of the second layer, e.g., the polymer,
must be selected so as to allow the above-described
controlled release. The preferréd 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
impertant 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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(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 the uncoated portion of the first coating |ayer or inner core,
whereby said agent is able to pass through said third coating layer in a
controlled manner. 8. A nethod as clainmed in Claim7, wherein said device
Is surgically inplanted within the vitreous of the eye. 9. A nethod as
claimed in aim7, wherein said first and third coating |ayers conprise
pol yvi nyl al cohol. 10. A nethod as clained in Caim?7 wherein said third
coating |layer is siThecéiw: iklesdentdilidy apethmarbied tiontht gpansdgewber ei n sai d
second coating_|l ay ¢ cqurises etQ%Iene vigyl ac%;ate. 1%? A net hod as
claimed in O ai# PFEeGhEY2ia9°85i HEFPECTTNRE gRME1C8 §AntITIP6EF or
5-fluorouraci | core 3ibt covekedAbPEitROAmpSridadil BEEL i o€l 8hé dekoder ei n sai d
effective agent is a |ow solubility steroid. 14. A method as clained in

Cl ai m 13, wher93FiEgi aYHw sBF uBHWY §2 SHIgUErRd2R s Wieu8i FRdrnh &OXEEt oni de.

15. A nethod asaddstbBeehd Nnkbai fBrkl anlieifivlesad dRNheet invEAGeRbat S 2

neuroprot ect ancEf tjl:g' ixﬁperrx?t;[egggea?il%l (tfj:“c:vrrl'aac-:si ;pgliuedélor\rr]e]xﬁ;:h!hie;neelrn csogled
than would otherwise be possible. In one embodiment, the
impermeable f£ilm may completely cover the inner core and the
discs. Drug release may occur via passage through a hole in
the disc (see Figure 2B) or a hole in the impermeable £ilm.
The physical properties of the polymer used for the disc can
be selected based on their ability to withstand subsequent
processing steps (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, polymethyl methacrylate, polyethylene
alcohol, high grades of ethylene vinyl acetate (9% vinyl,
content) and polyvinyl alcchol.

Since the second coating layer is essentially
impermeable to the passage of the effective agent, only a
portion of the inner core or reservoir 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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neur oprotectant is ninodipine. 17. A sustained rel ease drug delivery system
conprising: (A) an inner core or reservoir conprising an effective anount

of an agent effective in obtaining a desired |local or systemc

physi ol ogi cal or pharmacol ogi cal effect, (B) a first coating |ayer
perneabl e to the passage of said agent, wherein said first coating |ayer
covers at least a portion of said inner core, (C) a second coating |ayer,
said second coating |ayer inpernmeable to the passage of said effective
agent, and said second coating |ayer covering at |least a portion of the

inner core and fimnpgt 1608508 bAYSHe sUBEIR Bréd dfR2%k SodB byPexdion of the
inner core or first coating layer is not coated with said second coati ng

| ayer and sai $ficofRdatiom iLAYeT ay EPTcRIRErsE8LeRTe FpbefedtH /8t m and at
| east one | PP o bk:ﬁe dé\ﬁ:%ac@ngrea glg be (cg)at@dt h'EroQ‘ S@@ﬁ'ﬂgwggyer sai d

third coating Iayer perneable to the passage of said effective agent,
wher ei n sai d Tdieagecoatteéng akayerstegsbmi dheysewfigsleenvey meavbes t he second
coating layer,andhe uncoated portion of the first coating |ayer ox inner
core. 18. A sustained release drug delivery systemas clained in daim17,
wherein said thir@hosatanygpbaysm ofnpre sesfpod ;azienybfaith:a)ifdtrst 19. A

sust ai ned rel gase dr del i ve system as cl erein said
second coat i ng a\ a?gr %(ﬁﬁ)raf‘é %Yréetghﬁ”é%eupvitﬁy}? ta@@t atlgg%ngA%%%mal ned
rel ease drug wst b\éEEg‘latsathHhatﬂleClsaEdﬁBﬂ doat Ghapilayee, ashiemel assedl first

coating | ayer, cqonpr,ises pal yv al.cohol . 21. ust ai ped rel ease drug
del i very syst ln‘g dcFafise ¥ﬁi?§/s£ © RAERR IF §§F81%?‘:{r1ect| ve agent is

ganciclovir or fl mn&M&aeca&ﬁt@m dﬁcludlng the impermeable film 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 ox
sides.

The first and third layer of the device of the present
invention must be biologically compatible with body fluids
and eye tissues, essgentially 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 establighed. 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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22. A sustained rel ease drug delivery systemas clainmed in Caim17,
wherein said effective agent is ninodipine. 23. A sustained rel ease drug
delivery systemas clained in aim1l7, wherein the third coating |ayer
conprises silicone. - 33 .AsNA .AY _.A.A5 A& . Ay .AY ALY . A( . A

A9

accordance with Fick's Law of Diffusion. The rate of
passage of the drug through the material by diffusion is
generally dependent on the solubility of the drug therein,
as well as on the thickness of the wall. This means that
selection of appropriate materials for fabricating the wall
will be dependent on the particular drug to be used.

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
sink 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 is given by:

Q/t = (DKADC)/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

conditicns, if release from the donor side is very slow, the

value DC is egsentially constant and equal to the
concentration of the donor compartment. Release rate

therefore becomes dependent on the surface area (A),

- 19 =~
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thickness (h) and diffusivity (D) of the membrane. 1In the
congstruction of the device of the present invention, the
gize (and therefore, surface area) is mainly dependent on
the size of the effective agent.

Thus, permeability values may be obtained from the
slopes of a Q versus time plot. The permeability P, can be

related to the diffusion coefficient D, by:
P = (K‘D) /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 progresgsively reducing the available surface area until
the desired release rate is obtained.

Exemplary microporous materials suitable for use as a
first and third coating layer, for instance, are described
in U.S. Patent No. 4,014,335 which is incorporated herein by
reference in its entirety. These materials include cross-
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 -aminocacetate; polyurethanes, polycarbonates, and
microporous polymers formed by co-precipitation of a
polycation and a polyanion modified insoluble collagen.

Cross~-linked polyvinyl alcohol is preferred. The third
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.A9&E . AQY .AY .A AL -DWMRX|C (), ;
D2V_| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] c<aV] c<a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] cha] cha] ca] ca] caU] ca] ca] ca] ca] c*a] cMa] cTa

@~ 11$&&' ' -21222T333366788: =>>E" Ezupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] c™a] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] calcalca]calca!"E@
Fj FFFaKk KQQBTTTTUWAZ) *37ddUj _j DkRp\ pgs{suvj ww{ { ~yt oj e [ V] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] c”a] ca] ca] ca] ca] ca] c”a
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advantageously selected to also have that property 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 alcohol 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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advantage of enabling thinner, shorter devices to be
prepared than otherwise possible.

The impermeable polymer layer should be thick enough to
prevent release of drug across it except for the area not
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 also be thick enough to
prevent drug release across it save though a specifically
prepared membrane or port. Due to the desirability 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 be 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 soclution. When using a polyvinyl
alcohol solution to obtain the third 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.
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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. In 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 physioclogical 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
adminigtration known in the art. Such routes of
administration include intraocular, oral, subcutaneous,
intramuscular, 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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' These methods of administration and technique for their
preparation are well known by those of oxdinary skill in the
art. Techniques for their preparation are set forth in

The drug delivery system may be administered for a
sufficient period of time ahd under conditions to allow
treatment of the disease state of concern.

For localized drug delivery, the devices may be
surgically implanted at or near the site of action. This is
the case for devices of the present invention used in
treating ocular conditions, primary tumors, rheumatic and
arthritic conditions, and chronic pain.

For systemic felief, the devices may be implanted
subcutaneéusly, intramuscularly or intraperitoneally. This
is the case 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 inven%ion, an ocular device
containing‘ganciclovir as the effedtive agent in an
effective amount to prevent a virus from replicating may be
prepared. Such devices may be used to effectively combat
and inhibit reproduction of cytémegalovirus retinitisg, 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 0.0l 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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' from several hours to over two years. The preferred first
coating is polyvinyl alcohol. 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 preférably 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 i.o 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 nimedipine for several years. 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 may provide sustained
releage 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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polymer layer covering the sides of the cylinder and the end
sealed with the disc, and a third layer, silicone, covering
the entire assembly. The preferred thickness of the first
layer ranges from 0.05 to 0.2 millimeters. The preferred
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 ccular
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 S5 to 10 mg. These preferred
ranges may provide sustained release of the fluocinqlone
acetonide for a period of 3 years. The overall diameter 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 (19%) as the impermeable
polymer layer covering the gides 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 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. Ae 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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CLAIMS
1. A method for treating a mammalian organism to
obtain a desired local or systemic physiological or
pharmacological effect 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 an agent to obtain a desired local or
systemic physiological or pharmacological 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,

{(3) a second coating layer, said second coating
layer egsentially impermeable to the passage of said agent,
and said second coating layer covering at least a portion of
the inner core and 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, and

(4) a third coating layer permeable to the
passage of said agent, wherein said third coating layer
egssentially 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
claimed 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 passage
of said agent, said first coating layer essentially

completely covers said inner core,
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(3) a second coating layer, said second coating
layer essentially impermeable to the passage of said
ganciclovir, and said second coating layer covering at least
a portion of the inner core and first coating layer, wherein
at least a small portion of the inner core or first coating
layer is not coated with said second ceoating layer, and
wherein said second coating layer comprises an impermeable
film and at least one impermeable disc and

(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 saild 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
gystem comprising;

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

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

least a portion of said inner core,
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layer essentially impermeable to the passage of said agent,
and said second coating layer covering at least a portion of
the inner core and first coating layer, wherein at least a
small portion of the inner core or first éoating layer is
not coated with said second coating layer and said second
coating layer comprises an impermeable film and at least one
impermeable disgec, and

(4) a third coating layer permeable to the
passage of gaid agent, wherein said third ccating 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

gsecond coating layer comprises ethylene vinyl acetate.

12. A method as claimed in Claim 11, wherein said

effective agent is ganciclovir or S-fluorouracil.
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14. A wmethod as claimed in 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 or reservoir comprising an effective
amount of an agent effective in obtaining a desired local or
systemic physioclogical or pharmacological effect,

(B) a first coating layer permeable to the passage of
said agent, wherein said first coating layer coversg at least
a portion of said inner core,

(C) a second coating layer, said second coating layer
impermeable to the passage of said effective agent, and said
second coating layer covering at least a portion of the
inner core and 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, and
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(D) a third coating layer, said third coating layex
permeable to the passage of said effective agent, wherein
said third coating layer essentially completely covers the
gecond coating layer and the uncoated portion of the £irst

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 releage drug delivery system as
claimed in Claim 17, wherein said effective agent is

nimodipine.

23. A sustained release drug delivery system as
claimed in Claim 17, wherein the third coating layer

comprises silicone.
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