11 Decenber 2006 SUSTAI NED RELEASE DRUG DELI VERY DEVI CES FI ELD OF THE
| NVENTI ON The present invention relates to a novel sustained release drug
delivery device conprising an inner core or reservoir ;eentalfiPgosan agent
effective in obtaining a desired local or system c 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 i nperneable
pol'ymer and-at | east one inperneable disc essentially inperneable to the
passage of the effective agent; and a third coating perneable to the
passage of the effeguémenas  EARR i 1y D gers at |l east a
-portion of the inner core. The second coating covers at |east a portion of
the first coating layer and inner core; however, at least a small portion
~of the first coating |ayer mELbnGerTEoigyigIoRt coated with the second
coating layer. The third coating |ayer essentially conpletely covers the
first coating |Byemresant hereachal datrRdq dyBeveTastptred on of the first
coating | ayeh 3l GiisS abPlvdiAkied: W tmptNe ngesondieeatbng d.ayer al | ows
_ passage of the agent 'into the third coating |ayer thus allow ng controlled
- rel ease. BACKEGRAINDCORtFHEHNVENTYDN ©fbectiive jlearbdaipdR¥ Gus drugs have

- been devel i ' ' "of .12 Jari ety of

.ailments aﬁgggﬁéés)eléj%%;é%bé\%&gg?cipr?t};ﬁg%@%% a(%%:epél% éﬁ%ﬁ%‘?’gﬁlgdsqare not
capabl e of ebéecty; adfinsstaatdneiwihieh dsapdrpeabls ritor &henprsdage @kt hout t he

ri sk of varjous.detrinmental side ef.feg 1 o0k oS8! h I nt ravenous
. ¢ : t '?1? ’ avEiods,
ganci cl ovi %i"f Cﬁﬁég}tév‘néf?%e&ﬁ'vg S?Cr?ntdhe %rlengt nent o %\Whretl nitis in AIDS
patients, bwpedrmadle polymer and at least one impermeable disc

esséntially impermeable to the passage of the effective
agent; and a Ehird coating permeable to 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 codted with the second cocating layer. |
The third coating layer essentially completely covers the
first coating'iayér and the second c¢cating 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 INVENTTON
.Ovér the years, various drugs have been developéd to
 assist in the treatment of a wide variety of ailments and
digeases. 'quever; in many instances such drugs are not:
'Acapabie of being admihistered either orally or intravenously
without the risk of various detrimental side effects.' |
' For example, intravenous ganciclovir {(GCV) i=s effective

in the treatment of CMV retimitis in AIDS patients, but bone



1' 11 Decenber 2006 marrow toxicity limts its useful ness. The incidence
of neutropenia (absol ute neutrophil count < 1000) during intravenous GCV

t herapy ranges from 30 to 50% Continuous naintenance E&%ém e | S
necessary to prevent progression or recrudescence of % I SeaSe, but

despite mai ntenance therapy 30 to 50% of patients experience a rel apse
during treatnent. Ot her problens associated with system c GCV
adm nistration include the risk of sepsis related to permanent indwelling

catheter s anthaliigul Eidith Y1 L ceeepl URechARAIL.T eithe LASKADN-YI i 21 dovudi ne

(AZT) which has been shown to prolong d rnprove the inmmune function
in Al DS pat inEHEEOPSTiE a(\?bwlev;le eancgaphidtt ¢amd of LD dor#@d 1Cg

admi nf ster ed saag, Bl NER WRSLY NRKE BaY] SE0,L LA LTPRLALL T sSi on of

CM/retlnltlsmA pati en I'trea i nj'ectTons nay provide a
hi gher int ra@emhaenaiiqmgmwtmpyais @uacéémrﬁystpmxtenﬁ:hpr@gx;emdnr educe the

i nci dence - of neutro eni a. %gtgnt treatmi:f g retinitis in Al DS
patients is Sredfry suﬁS’Bf? HECRPBY iU e@‘i”r‘ifsf“&t‘?‘c’:e 41§ t hus di sease

i nhibition rehatras Ivaat SrAREEpa LGt sagkpdiiisheatd Aelapse duxitBe risks that
certain drug ose, - researchers have devel oped systens for adm nistering

i
such drugs tgr"‘c’é‘l"ll et | NeheY Sxphiens BFSHAEE LoV T AYECERHF fTeases. Many of

these systemadmimistdat o elrRd@e e rlk T kBPSLE T lRBed aGEUr rence of
detrinental side effects. One such deliv erK device is an orally

adni ni st er edP{FIARens, 1ndyrdding Fathetennandha ek LaRE difs FRSEEYE wi t hi n

various concurrent therapy with zidovudine (AZT) which has been
shown to prolong life and improve the immune function in
AIDS patients. .

Intravitreal GCV injections of 200 to 400 pg
administered once or twice weekly have resulted in temporary
remission of CMV retinitis in AIDS patients. Intravitreal

- GCV injectibns may provide a higher intraccular drug
concentration than systemic therapy and reduce the incidence
of neutropenia. Current treatment of CMV retinitig in AIDS
patients ig clearly suboptimal., @Ganciclovir is virustatic
and thus disease inhibition reqﬁires maintenance drug
.administration;

Due to the risks that certain_dfugs impose, researchers
have developed éystems for administering such drugs to aid

“in the treatment of these ailments and diseases. Many of

‘thezse systems provide a releasé_rate which reduces the
occurrence of detrimental side effects. |

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

layers of a composition that dissolves over a period of time -




| ayers of a conposition that dissolves over a period of tine 2 11 Decenber
2006 in the digestive tract, thereby allow ng a gradual or slow release
of the drug into the system Another type of device fog;¢gantol bihpg the
adm ni stration of such drugs is produced by coating a drug mnt% a
polymeric 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 wi thout having to expose the patient's
entire .body to the drug. This is advantageous because any possible side
effects of the whraugdgigestideberacni wheeeby S0¢bwiys teegpadun®l war elowl arly
suitable for_tyeatin ai l,nent s af% cting the eye. Advances for ’
adni ni stering & dr ﬁg U5 R8T A g? SsYL#FgCe of the eye are disclosed in
U.S. Patent No. 4nBtdeB3IFpkoofrditide A @bdrfieidnigbese vari ous ocul ar
inserts that act .as a deposit aor drug  reservoiJ for slowy releasing a
drug into th%‘flqlé’&ﬁt’f:??’rﬂ“f 8F . suglt GrBggeF PEPE &Y fpaelng ¥h@’§‘égi nserts are
fabricated ofitraal bex@cplddmii Cpdmiabial td e pssdisd ogiemdly inert,
non-al l ergenic, and insoluble in tear fluid. To initiate the therapeutic
programs of FHEsECdeRtiades the iesdeaf fLieckserfuchafgvifer édein the cul - de- sac
bet ween the geherarffiy Ghecayebebl @ndieig £YRlcidnf ofc admLstRs i ng the
drug to the eye. Devices forned of polyneric materials that are insoluble
in tear fluil®crétarer sisheut fmydndne ierpese itthe Pabiery & KatE%Ir se of the
- needed ther 3yt 0o S/ Brf§. 2 18iU0is RRARYAdols0baEANMd RAQUSL Y BARI NI Stering

| ~a drug to the eye

side effects of the drug could be minimized.

Such systems are particularly suitable for treating
ailments affecting the‘eyé. Advances for administering a
drug to the external surface of the eye are diéclésed.in
U.S. Patent No. 4,014,335 to Arnold. Arncld describes
various ocular inserts that act as a deposit or drug
reservoir for slowly réleasing a drug into the tear film for
prolonged periods of time. These ingerts are fabricated of
a flexible polymeric matefial that is biclogically inert,
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

::'insdluble 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 tigsues at a rate that is not effected

by dissolution or erosion of the polymeric material. Upon



and the surrounding tissues at a rate that is not effected by dissolution
or erosion of the polyneric material. Upon 3 11 Decenber 2006 term nation

of the desired therapeutic program the device is reno
cul -de-sac. Another type of device used for sustained yg éé%g&%?%gg 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 comuni cate

. between the exterior of the device and the interior chanber generally

defined fro .pal rj [ane, i.le these capill enings in this
constructi onr@%rmé“%%#g%t?i\clé:%%g?eafié%ga@enrﬁ‘%%‘ég QPR° ‘lr?% s%%% 8?%%°eeye, t hey
add consi derigblremooapl Exdnt yheoctlhrdergantif act ure  of the device because it is

difficult to, co tro% the size of . these ggeni ngs.in Ia&%e scal e
manuf act uri ng usPRYEVET i9®S © d%ef)’r"r@?s‘?seﬂn heps _@H‘%de,re %%‘*_‘ri%%d‘ in US.
Patent No. &uGl8c6Pde H@REnADIsUANG \WF SHENRveAPELIAiYe@PERINGS, but
i nstead provides for the release of the drug by diffusion through a

pol yneri c nERFERReNC The 4dévPie, iFnmapyfestershdithmadirehity £F discl osed in

that patent cap@UREi-$eHenings! Qfh: CORLAIIBRE RO IR dktig-id) &7 interior
chamber. Nopetheless, as described in U S Patent No. 4,014,335, certain
probl ens ha¥Bepeerisaiand thednieries fpmbey geasratioh definachEx@if i cul t t ask

of sealing bB@¥xHé‘i-ﬂé RnBlahdle FRIVL A2Rse! Qi1 M NG eAPREAI DL En kN addi tion,
stresses and strains introduced into the menbrane walls from deformation
during mangPRgEIRGtignohre wifectiivd dor nelessang ecardfeinedmigeoite to rupture
and | eak. . the eye, they add considerable complexity to the manufaéture
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 capii»lary openings, but
instead provides for the release of the drug by diffusion
through a polymeric: menbrane. Th_é device, in a preferred
embodiment, as disclesed in that patent, comprises a gealed
container having the drug in an interior chambexr.
Nonet;heless, as described in U.S. Patent No. 4,014,335,
_certai_n problems have been identified with such devices such
~as the difficult task of sealing the fnargins of the membrane
to form‘thé container. In a&dition,_ stresses and strains
introduced into the membrane walls from deformation during
_ 'manufacturing of those devices may cause the rese'rvoir‘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



Anot her such device, described in U S. Patent No. 4,014,335, conprises a
three-layered | am nant having a pair of separate and discrete first and

third walls forned of a 4 11 Decenber 2006 material hik t ear
fluid with-one of the walls fornmed of a drug rel ease ng?ggéﬁﬁmegg?grbeabl eto
t he passage of drug and the other wall fornmed of a material inperneable
to the passage of the drug. The above descri bed systens and devices are
intended to provide sustained release of drugs effective in treating
patients at a desired | oc or systemc._|level for obtaining certain

|
physi ol ogi cIPEBFiharRatEtisytrdeagt fEtd wiEBvRRrert thaeralls e many.

di sadvant agesrms$ @ at @ehgVrbledtbrsisl bBeheuHIRO thhend afsskhRat it is
often-tinmes difficult to obtain the desired release rate of the drug. The

need for a_©fpdfukmndethsobhey sdh farneshedi almaresighi nregmeabiet he

treatment otoGML RkkAYd ioF ¢ iRiugt 0 the devel opment of the present
i nvention, there was devel oped a"novel sustained rel ease delivery device

whi ch anel i or at éenabyveoilesheiledorentans enddipriskkense asdeoiatdetb wi t h drug
del i very. Tpfoﬁ%‘é' Chst IHeGN-d fpsdl ?f;cﬂ_?i%g éf‘fe%g:%vep% et#ea@?n 5, 378, 475,

included a Tirst coating esSentla erneabl’e t0 the pasgage of the

ef fecti ve apetriitengrdata s deshckd datahgppeyreaine liegel hior phssaginaf t he
effective agent.. In the.device, the firs coati cover at least a
portion of THe AN r‘y%@}g?lé%o%v rafmaatcoﬁ‘%%%ctﬁae’s@?rﬁ?tfs'por PO 0f the inner
core i s nottheeated mdryhdideivanesde eacbontealy eith Tieizeaead coating | ayer

essential | yinccqqxﬁligé etl% gt\:/te r-l:?las:hft. fiisr %%tgr? ai:tiimgg J:l:a.'gte:{cult to
obtain the desired release rate of the drug. The need for a
better release system is especially sienificant in the
treatment of CMV retinitis.

Prior to the development_of the present invention,
there was developed a novel sustained release delivery
device which ameliorated many of the aforementioned problems
associated with drug deiivery. The device, which is
discloséd in U.s. fatent No. 5,378,475; included a first
coating essentially impermeable to the passage of the '
effective 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 core is not
.coated with the first coating layer. The second coating
layer essentially éompletely covers the first coating layer
~and the uncoated portion of the inner core. The pdrtion‘of
the:inner core which is not coated with the second coating
' layer allows‘passage of the agent into the second doating

layer thus allowing controlled release.




and the uncoated portion of the inner core. The portion of the inner core
which is not coated with the second coating |ayer allows passage of the

agent into the second coating I|ayer thus allow ng contf¢il.edn&elopase. 5 °
11 Decenber 2006 While the devices described in U S Paterclt No. 5,378,475

sol ve many of the aforenentioned problens pertaining to drug delivery, the
devices and the nethod of nmaking the devices are not w thout problens. In
particular, polynmers suitable for coating the inner core are frequently

relatively soft aftdleechnideaticdslfddseibé®SiCdNgarpi&4:n production of
is especially true when attenpting to coat

uniformf'ilr‘rﬁé Tiaz.. '
non- spheri cal'®bodi*d8 1 Foddgedas ¢inthe afpreyentigmesapretans) . I n such
case, relatipetsaiihgked idily alSferde ARPlILSILO AGNLRYE, AL Fr uPt ed
coatings. Thus,, the devices tend t0 be larger than necesSary asS a result
of the thic hBe fsyicsssert noewitisitoprolfienisnnefn qore.iciber pr obl em of

device size pdlyaels Bk APALL ke ki 1€ desl g, af Jdevices fo
i mplantation into limted anat om'gg!'é s%%cégges%c orgsaf%eérﬁél?nﬁgﬁfger
devi ces reqis@tiNete sedtprek sashybeal 196 fifoedl iiesl aah ande eRDVE.

reduces the ot et Al Ceol ety S Tined, S RS e e, amount of
drug that c&&thEpiiald vereoht Aonaspiestilchlobodilds efthheighosuchtdlere renains
eueels iy e SRR, PO GRoEL AR, S SIS S T 0
a desired | pest lyy appdiahite aphysiohngheatnptednesIB6Rs00i kg ef f ect
especial ly {00 gevices tend to be larger than necessary as a result of
the thickness needed to seal the ends of the inner core.
The problem of device size is extremely important in
the design of devices for implantatién into limited
anatomical spaces such as the'eye. Larger devices require
more complex surgery to both‘implant and remove.
Furthermore, the extra polymer required to achieve a uniform
coating_reduces the pbtential volume of the implant and
hence limits the amount of drug that cép be delivered.
' As a result of all of the above, there femains a need
in the art for improving the design and the method of
preparing devices which provide a sustained release 6f a
fd;ug to a patient'to obtain a desired local or systemic
physiological or pharmacological effect especially fox

ocular use.

SUMMARY OF THE INVENTION

An aspect provides the use of a low solubility agent
- 1n the manufacture of a sustained release intraocular

device for treating an ocular condition in a patient, which

devices comprises:




ocul ar use. SUMVARY OF THE | NVENTI ON An aspect provides the use of a | ow
solubility agent in the manufacture of a sustained release intraocul ar
device for treating an ocular condition in a patient, wWhekmplevh®es
conprises: - 6 11 Decenber 2006 (1) an inner core or reservoir conprising
an effective anount of said agent effective in obtaining a desired

physi ol ogi cal or pharmaceutical effect wwthin the eye and/or its surround
tissue, (2) a fijtpt ceatimed ayees Permmabbeit cdpeipassage of said agent,
wherein saigl first coating |layer covers %t | east a_portjon of said inner
Core, (3) BLEEEUE EBAThG Vef, I8Sy SEEERHT o PROSPBABA | mper meabl & {0
t he passagéesirsnipthiyagensgi @dosaphrnseeandceDadfifgt! ayetircawneri ng at | east
a portion of the ,inner core and the first coating |ayer, wherein at |east
a small p&YEi HYSF tlﬁg ?‘fﬁfé’rungo%s%‘fe’fi rst coating layer is not coated

W th said secondzroati Airdtayentang ksaicdt pecosublecaat thyg dapperyeconpri ses an
(impermeabl g f11m and gt Jieask, aney | mmereabl & fiisc. and, L) g (hird
coating | ayer permgaB e {othe passage of “%al agé(nf, erein said third
coating | ajeasessentitabh yof coipl étedy woeers sai d second coating | ayer and

the | uncoated poci i 09 ofcdhe LUt Bls GBELNT LAY Yol OORY, 0T e, * wher eby

said agent is able to pass throu sard fhir coatI ng in a
cont r ol | edlpaenempewhe el s st dhaepksyaalceafesdint rraeoll arndiediide i s

di”E”SiOnegeééﬁdidEEEﬁﬁgLﬂévér covering at least a portion of the

inner core and the first coating layer, wherein at least a
small portion of the inner core or first coating layer is
not coéted with said second ceoating laver and sald second
coating layer comprises an impermeablé 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 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, which sustained
release intraocular device is dimensioned for intraocular
implantation.

Another aspect provides 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 physiological or pharmadologiéal
effect, '

(B) a first coating layér permeable to the passage of
Said agent, wherein said first coating layer covers at -
least a portion of said inner core, ' ‘
B (C) a second coating iayer, said second coating layer
impermeable to the passage of said effective agent, and

. said second coating layer covering at least a portion of

—6af



i npl antati on. Another aspect provides a sustained release drug delivery
system conprising: (A an inner core or reservoir conprising an effective
amount of an agent effective in obtaining a desired | of.cQfhesPbEM C
physi ol ogi cal or pharmacol ogical effect, (B) a first coating |ayer

perneabl e to the passage of said agent, wherein said first coating |ayer
covers at |east a portion of said inner core, (C a second coating |ayer,
sai d secondheondridig chayesnd ifipetneadd gt 0atybe, passage of Isaisd effective
agent, and _saj d second coating |layer covering at |least.a portion of 6a 11
Decenber 20BELL 5 CiARert die “ARGE 1136 CEohtT Ny TAJaRT WP at | east a
smal | port hon afatiedewinhesaicDisecond fadagti ngoasydry andyesid ssewonhdcoated with
sai d second coald g Laver,and. sald second. foating Lgver comprises an

i nper neabl é Frim and®at “T&ast" " one T RSEr meant e ui'sé, and](elﬁ) athird

coati ng | ayee,irgmirciebhle dHicwat eng | ayer perneable to the passage of said

effecti ve agent, r.ei. i.d. thir oat . r tial conpletely
covers the sec(()irjl)(ljw%otgitl"lr}ﬁlgé?éaglenrghalﬁge%hgééulﬁgg?}élg %Ogafcﬁ?lgni%fé%he first
coati ng | apermemblientier thorassbBuscébsed di sfedeiviccagsufi afilegefior t he

- controlleds, 6b S Recsgbgy %%%Qr _‘?é%ﬁ%li%&@' ”S&gl%'t%i‘ ecfferd EREPOSI tion:
effective In obtalining a dgeS| ed Tocal or System c physi ol ogical or
second ceoating layer and the uncoated portion of the first

coating layer or inner core.

Disclosed is a device suitable for the controlled

— 6b_



phar macol ogi cal effect. The device, in one enbodi nent, includes an inner
core or reservoir which contains an agent effective in obtaining the
desired effect. The device can further include a first yepatipg Jopyer. The
first coating |l ayer can be perneable to the passage of1 the agent. In
addition, the device can include a second coating |layer which includes at

| east one inperneable disc and an inperneabl e polyner. The second coati ng
| ayer can be essentially inperneable to the passage of the agent and can
cover a pordddrugtalh@ frel 8hs& At iNGokhpybit i8R dfReivE0e. The second
coating layer can block passage of the agent fromthe inner core at those
si des wher @htRipdpy T ipsized tincdl pst sy HeRir physdpdpIicee OFemai ni ng portion
of the i NngspGaLE-WHGR1 LBslqt, bl ocked can allow a controlled anmount of
the agent "fromthe inner core to pass into the first coating layer via a
passage i n the ¥beotriiceat imereapebediming . aindlivdgscoatimgr tayer. The third
coating | ayer 6a0.pe: PEHIEARLS LO LIS, RaRSR0E AL L0e Aoent and.gan cover
essentially t Aie entife secon coa?ingﬁQayer. e decond coa?lﬁﬁ | ayer can
be positioned dbetekatrehe Thoelkeveos eaanduithert ididasaating: | ayer in order
to control . rate at i ch the agent .pernmeates through the third coating
| ayer . Disgig%glél \E‘ﬁ‘%{rﬁe?@? gl]é'Strré:f) glangf (:)Lgy‘ﬁ &APi iy PET ket &R or gani sm

e. g., humapRas3ageopt dihe agetdsi Freddibialn, bre sigsianmicen phnysiudd @gi cal or

phar macol ogi : eh.h i hel i1.00i he sustai ned
rel eased dr ug&ﬂddg{){iit\%l%ylésg&gt gﬁrﬁt ngcnlq%? (Séa&cv\ﬁgg% %gg %dp%?ﬁ%%tgnber 2006

rel ease of “t¥e 2agetht 1PRegEabte doaMEEal Fhtvissgorhecatim leyer can

be essentially impermeable to the passage of the agent and can

cover a portion of the first coating layer and inner core. The
second coating layer can block passage of the agent from the
inner core at those sides where it may.contact the first
coating layer. The remaining portion of the inner core which
is not blocked can allow a controlled amount of the agent
from the inner core to pass into the first coating layer via
a pagsage in the second coating layer, into a third coating
layer. The third ceoating layer can be permeable to the passage
of the agent and can cover essentially the entire second
coating layer. The second coating layer can be positioned
between the inner core and the third coating layer in order
to control the rate at which the agént permeates through the
third coating layer. |
Disclosed further is a method for treating a
 mammalian organism, €.g., human, to obtain a desired local
or systemic physiological or'pharmacological effect. Thé
'method can include positioning the sustained released drug

‘delivery system at an area wherein



pass through the third coating to the desired area of treatnent. D sclosed
yet further is an ocular device suitable for direct inplantation into the
vitreous of the eye. Such devices can surprisingly prqqﬁﬂ§m§5§g%iﬁed
controlled release of various conpositions to treat the eye wthout risk
of detrinental side effects. Disclosed still further is to maximze the
anount of -drug contained in an intraocular device while mnimzing its
size in order to prolong the duration of the inplant. An ocular delivery
systemthat could be applied to an intra-ocular |ens to prevent

i nflammati on or posterior capsular opacification can also be provided.
Wth the foregoing as well as other objects, .advantages, features and

aspects of the invention that will becone hereinafter apparent, the nature
of the inventipg JRYe C l.y_understood by reference to the
detailed description of t g'gF n%/sgn %%ﬁe%nacf@gi?ﬂ‘%l%’p g’ﬁd%%e%tt ai%s. . BRIEF

DESCRI PTI ON EF=SHRrDRAWHNE Ehgut eobtiisg atp amleadgeited aveodfopdne enbodi ment
of the sustgj o | ease drug delivery device show ng inner core, first
coating layer, second coating layer and third coating layer. 8 11

Decenber 2006 FipduceoA iyetapuethad dedaMi 8w, ofr 46 LOPSIiTRgRLe pol ymer.
Figure 2B i §o?n frnelcacr qu 'view .of the second coating |ayer 1ncluding the
i nper meabl e. °Fi T Aid “TRPE? ifdRe 1RGP sche vitreous of the eye. Such

- devices can surprisingly provide sustained controlled
release of various compositions to treat the eye without

risk of detrimental side effects.

. Disclosed still further is to maximize the amount of
drug contained in an intraocular device while minimizing
its size in order to prolong the duration of the implant.

An ocular delivery system that could be applied to an
intra-ocular lens to prevent inflammation or posterior
capsular opacification can also be provided.

With the foregoing as well as other objécts,
advantages, features and aspects of the invention that will
become hereinafter apparent, the nature of the invention may
be more clearly understood by reference to the detailed

description of the invention and to the appended claims.

BRIEFE DESCRIPTION OF THE DRAWING
_ Figure 1 is an enlarged view_of one embodiment'of the
'-sustgined release drug delivery device showing inner édre,
first coating layer,.secénd coaﬁingrlayer and third coating

layer.




DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS OF THE | NVENTI ON More
specifically, the present inventors have discovered a device and net hod of
preparation thereof that 1is suitable for the controll ?fID%Pgmﬁéfsﬂ)% ned

rel ease of an agent effective in obtaining a desired local or systemc
‘physi ol ogi cal or pharmacol ogi cal effect. In particular, it has been found
that by sealing at | east one surface with an i nperneable disc, thinner
-coatings may be utilized. This has the advantage of enabling thinner,
shorter devices to be prepared than otherw se possible. A further
advantage is thaiguas pheisraheenirgegediéw Jdir epariepkbrealiiger meabl e di sc
need not be | | eabl e,é"go facilitate_covering of_a_ curved . surface);

i nstead rel Bg?%efry hare Tt 43 Egﬁaﬁge%své vif tBEsBEH¥ation of uniform
di ffusi on peb&singlhaydeVirke ulied YIRS iAPethHiBl e CONM ahd I B§REWEEK1MNI Ch
contai ns an _agent ef ?ecti ve in obtaining a desired effect. The device
further incfi®s a first coati ng | ayer, a second coating layer and a third
coating layer. The first coating |ayer which is perneable to the passage
of the effective agent may conpletely cover the inner core. The second
coating | ayer covers only REBIEEP RESSRIFRECN iOFsTHRoating | ayer and inner
core and is inperneatBhEREERER HiOF THE IAWENTIONhe third coating

| ayer covers al ol Lligilibahd LheREAMRT s2AorGORlA0 | ayer and second
coating | ayer ang I'S “per nea to the passage of the agent. The portion of
the first cHadongred ayalevand dndneethot eoft patpdration thrxeed thath the second

coating |aygr fR¢LL{d qfto%stggscso%ggpfie& & P98 a1 hBEOMIL 08 an

agent effective in obtaining a desired local or systemic

physiclogical or pharmacological effect. 1In particular, it
has been found that by sealing at least one surface with an
‘impermeable disc, thinner coacings 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
'negd not be malleable (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 passage of the effective

" agent may complete1§ cover the inner core. The second
coaﬁing 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



third coating layer. Specifically, the second coating |ayer is positioned
between the inner core and the third coating |ayer such that it bl ocks the

passage of the agent through the adjacent portions ofqu§3gg$5ghq%gating
| ayer thus controlling the rate of passage of the agent. Eigure
illustrates one enbodi mrent of the sustained release drug delivery device
of the present invention. While the device shown in Figure 1 is
cylindrical, the device could be any shape. The device conprises an inner
core or reservoir 5, a perneable coating 10 which is perneable to the
passage of tHe&aigast lavex madcageonst coatedgisr vaver aad ifapemeable &vating 15

which is inp .8, p ge bRt o] eservoir
eEHEegleeﬁc%Q of *&%5 o Al E}E?ﬁ%ﬁ.ﬁ:&tg f[:ﬂet{ligcs% E8afind

5, and a pernea ating ich 1s 0 passage of the
agent in the lxgree endriawenvobre Shathes gsetondatoavawviiny thenskaded an

i nperneabl e pol yner 17 and _discs 18 and 19 at ,.th f | i ndrical
core. Figure af)el}rn?hié?y% %ﬁgl-gltagﬁﬁu?aésstagg %%.t |§%§%€§%%03%%Wshow only
t he second coatiirdgcbatyixig lageri | [spstigiicalihe dienetitsd assdtnatledranm t h usi ng
i npermeabl e di scs as.,a pprtion of the second |a egh Fﬁgyﬁe %ﬁ shows the

i mper neabl e pdl PREFFEOTER BETYSER APRI 8P RY 2 PhE& R dgEE SofP HE™ nner core.
The thinly caalyed sdgexhidt ifrmakrsaciopaniidd ofothd emjeagetioidie ef fective
agent. 10 | Decenber 2006, Figure 2B il lustrates, the nefits of using

i mper meabl e ﬁc%gJW%é’@Gﬁ’f%gg i HRE IEhYER EhEEY n]salfeﬁe?ﬁ'r‘r‘f)er meabl e

polymer 17 ardntheliimperneapiie dksgsssheadtl k@ agedthe ends of the
: cylindrical cor e'F::ch_:?uere.-l quiffs%gggegloi% ejir%bgc?irtlr;[e%;:ngf athe sustained
release drug delivery device of the present invention.
While the device shown in Figure 1 is cyvlindrical, the
device could be any shape. The device comprises an inner
core or reservoir 5, a permeable coating 10 which is
permeable to the passagé of the agent in the core or
regservoir, an impermeable coating 15 which is impermeable to
the passage of the agent in the core or reservoir 5, and a
permeable coating 20 which is permeable to the passage of
th? agent in the core or reservoir 5. The second coating
includes an impermeable pblymer 17 and discs 18 and 189 at
. the ends of the éylindrical core. Figure 1 further‘shbws a
suture tag 30. _ | |
Figures 2A and ZE show only the second coating 1éy¢r
and illustrate the benefits associated with using
~ impermeable discs as a portion of the second layer. . Figure
2A shows the impermeable polymeric layef 17 thinly coating
the edges of the inner core. The thinly coated edges 31

c¢reate a pdtential fof 1eakage of the effective agen;.
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di ffusion port. The inperneable discs 18 and 19 prevent the |eakage of the
effective agent through the thin edges 31 of the inperneable polynmer. The
invention further relates to a method for treating a may@LLAG KHganismto
obtain a desire local or system c physiological or pharnacol ogical effect.
The nethod includes adm nistering the sustained rel ease drug delivery
systemto the mammual i an organi smand allowi ng the agent effective in
obtaining the desired local or systemc effect to pass through the third
coating to contact the mammalian organism_ The term adm nistering, as used
herein, neans poisiurieo?® nig,lushsalras hbe Hemedits mE UShpy aHetgeable any ot her
nmeans for exposi.ng.the devi , | J LSE ute of

adm ni strat ?gﬁcsd'epégrl? ss%%mélc\glg%?le%y 05?. %gg?‘g?%{sg?ﬁﬂgl l%%g%taggg of response
or treatnenpeliwge 10f angente angernpabierdisdssit engf 1adat rikst eadfon. The

devices in certain enbodi nents have, applicabildty,. _1.n,orovi.di
control | ed aﬁdtlé%ﬁyi?‘ﬂ‘gﬁlﬁl E35% O&h?i tesrmeeélf#eec lfs\?el?n&\(%tg zlilﬂﬁi %g a
desired | ocalrBisisyShert C TRAYShiregalslad dakcpleer nmdol ® gpreadenef £eet rel ating

at least to. the follow ng areas: treatnent of cancerou rigary tunors,
(e.g., gliobPHALBNES; tl%%r%ﬁieet’p‘éﬁ AIeRT t‘:ﬁ’triol"‘%?’g;thl'ehtgg‘f"‘rﬁt"la cgegclggg? i ons;

hormonal defh&i KipeirRSasUc hodgmeh abetes and dwarfism and nodification of
t he i mune response such as In the prevention of tragglgl ant r.eéecti on and

in cancer 11 11 TBecEPRI-iROBUrteE BpAEeR §P d WPAPPEt §Por  “5EhePY di sease
states may 2lsonReiRrEMRRLEH @ bELA! @dadsi g 1okal dorigsdelemier y device of

‘the present invention. Such di sease states are known t hose
: physiological or pharmacological effect. The method
includes administering the sustained release drug delivery
éystem to the mammalian organism and alliowing the agent
effective in obtaining the desired local or systemic effect
to pass through the third coating to contact the mammalian
organism. The term administéring, 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 vériety of factors '
including type of'responSe or treatment, type of agent and
preferred site of administration.
The devices in certain embodiments have applicability
- in providing a controlled and sustained release of agents
effective in obtaining a desired local or systemic
‘physiclogical or pharmacoiogical effect relating at least to
the following areas: treatment of cancerous primary tumors,
(e.g., glioblastoma); chromic pain; arthritis; rheumatic
conditions; hormonal deficiencies such as diabetes and

dwarfism; and modification of the immune response sucb as in

the prevention of transplant rejection and in cancer
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of ordinary skill in the art. For those not skilled in the art, reference
may be made to Goodman and G I nman, Tin Pharnacol ogi cal Basis of
Therapeutics, 8th Ed., Perganon Press, NY, 1990; and Rem '

Phar maceuti cal Sciences, 18th Ed., Mck Publi shing Coi?lﬁlzﬁggrbg%ﬁgﬁ 1990;
both of which are incorporated by reference herein. In addition, the
devices are suitable for use in,  treating manmali an organisns infected with
Al DS and AIDS related opportunistic infections such as. cytomegal ovirus

i nfections, toxoplasnosis, pneunocystis caranii and mycobacgterium avium

i ntercel | ul heramye dBvWiskes varéetsaat ether 19158a5¢ athedefoFay R§ ocul ar
condi tions By&%r&%d%fl%%%%edpﬁﬁﬂgf ehat avg a¥iiveq abi-nepaiiitnedi abetic
retinopathy, uvelrtis, an keratitils. The "devices ‘are also particularly

sui tabl e fopresme asventiooul afucieiiseasd stesasiany faaal Parfi®®g§ani sms
suffering fremcy QVi LUS, . cetiniti I ' irpSUrgically
i npl ant ed w hcfrr@&%%gyglﬁ{lﬁgo%}s{ % © taﬁg'ey%?%gg%&értr,%ggf%%%\?a t:tﬁﬁe i nner
core or reservoirefecentaimay ba mgentoefdeviahvend rGidbeni My a desired | ocal

or system hysi ol ogi gal._or p col Qgi.cal ef.fegct. ol | owi ng

cl asses of %@%@%@%&rﬁ'tﬁ?. evi %%%ao t he present.
-t nvention: presthet] cesmndapdi Renikizbbnh g thgenseesicehl aScidmiwsai ne and

rel at ed  conpounds and _benzodi azepam and rel at ed ounds; _anti-cancer
agent s su_cha':j"sEg-'fI"Eﬂf#‘oﬁ?‘ég’r?l?u‘ggﬁ?a%sﬁoﬁh ’eﬁgggd co(c)l:iripgunds; anti 12
11 DecenberwiiQ®6 aré flRFPBEM &G JFEREBedite ASr&i-ANNOse phosphat e;

anti-fungal agents_such as fluconazole and, r% at %d conépo.unds; anti-viral
: ' In addition, the devices are suitable for use in

treating mammalian organisms infected with AIDS and AIDS
related opportunistic infections such as cytomegalovirus
infections, toxoplaswmosis, pneumocystis carinii and
mycobacterium avium intercellular,

The devices are particularly suitable for treating
oculér conditions such as glaucoma, proliferative

_'vitreoretiﬁbpathy, diabetic retinopathy, uveitis, and
keratitisg, The devices are also varticularly suitable for
use 1s an ocular device in treating mammalian organiasms
‘suffering from cytomegalovirus retinitis wherein the device
is surgically iﬁplénted within the vitreous of the eve.

As described above, the inner core or reservoir
contains “n agent effective in obtaining a desired local or
. systemic physiclogical or phasmacolcgidal 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 compoﬁnds and
benzodiazepam and related compounds; anti-cancer agents such

as 5-fluorouracil, adriamyecin and related compounds; anti-

So- 12 -




agents such as trisodi um phosphononof ormate, trifluorothymdine, acyclovir,
ganciclovir, DD and AZT; «cell transport/nobility inpending agents such as

col chicine, vincristine, cytochalasin B and related cqQpBdse: 2006
anti gl aucoma drugs such as beta-bl ockers: tinolo, betaxolo atenalol, etc;
i mrunol ogi cal response nodifiers such as nuranyl dipeptide and rel ated
conpounds; peptides and proteins such as cyclosporin, insulin, growh
hornmones, insulin related growmh factor, heat shock proteins and related
conpounds; . steroi dal conpounds such as dexanet hasone, prednisol one and

rel ated conpénfitlsumateowy sfnthi butly £i eraidHssUsibhamatkyoaidiclngaacet oni de
and related_conpounds; and carbonjc anhydrize inhibitors. In addjtion to

the above ag8Rta-S GERBraffdHESnaTRe &iift BAESE STORERPAR 5134 3ATED the eye

and its surragasis@Guchi £5U9S sHoiw @HYEShFdnea&md=, 2 System ¢ physi ol ogic
or pharmaco] ogi.c beneficial effect. Exanples of such agents include

neur opr ot ect Bht’sl OFERAR G dR T HEO VAR FRICAEERYV i70oRBE LS 221t | bi ot i cs

such as_tetr8eyclirfisporilfhbh £ £ WHekhAfhy RACHLS AGER, af QBB 1L0! YIYXI N,
gram cidin, ~oxytetracycline, chloranpheni'col’, gentanycin, and
eryt hr omyci nVifsbaes e AviPshalagingd aud freparedeompovnddacet am de,

sul'f amet hi zod & ;aaduS4d 15394820848, a@nfaéég—?ﬁlaékerg:ngkﬂgi@,g.ﬂqu.gwi&.di ne, ‘?‘nd
ot her anti bacterial agents~suc asni trofurazone and sodi um propi onat e;
anti al | er gerdtesadath etes amren@lidgierl mespapys ioiddéiexhlamcpheai r ani ne,
Do "SodBERPAPRSBRNSL A Ny UL R A 8 10 11,

' - proteins such as cyclosporin, insulin, growth hormones,

insulin related growth factor, heat shock proteins and

- related compoundé; stefoidal compounds such as
dexamethasone, prednisclone and related compounds; low
solubility steroids such as fluocinolone acetonide and
related compounds; and carbonic anhydrize inhibitors.

In addition to the above agents, other agents are
suitable for administration to the eye and its surrounding
tigsues to produce a local or a systemic physiologic or
pharmacologic beneficial effect. Examples of such agents
include neuroprotectants such as nimodipine and related
compounds; antibiotics such as tetracycline,
chlortetracycline, bacitracin, neomycin, polymyxin,
_gramicidin, oxytetracycline, chloramﬁhenicoi, gentamycin,

- and erythromycin; antibacterials such'as sulfonamides,
sulfacetamide, sulfamethizole and sulfisoxazole; antivirals,
including idoxuridine; and other antibacterial agents sﬁch
as‘nittofurazone and sodium propionate; antiallergenics such
ag antazoline, methapyriline; chlorpheniramine, pyrilamine

and prophenpyridamine; anti-infiammatories such as
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phosphat e, fluoci nol one, nedrysone, nethyl predni sol one, prednisol one
21- phosphat e, predni sol one acetate, fluoronethal one, betanethasone and

trimnol one; decongestants such as phenyl ephrine, naphgz@¢id.B6pe s
tetrahydrazoline; motics and anti-cholinesterase such as Pocar pi ne,

eserine salicylate, carbachol, di-isopropyl quorophosphate phosphol i ne

i odi ne, and denecarium brom de; nydriatics such as atropine sulfate,

cycl opentol ate, homatropi ne, scopol am ne; tropicani de, eucatropine, and
hydr oxyanphet am ne; synpat hom netics such as epi nephrine; and prodrugs
such as t hoskydiesektbeshd, nhms:ic@mtd)séoﬁ caetgs:. deshredhdspnEaas- Bundgaar d,

El sevier Scientifi c P | ishi Anst erda gain, reference
may be rmade PRPSEGRY S r’rﬁ%%ﬂfsoggl’ T §§§Gn1 (i%gg Reni ngt on' s

Phar maceut i Cﬁi‘ecﬁﬁ.‘s@!ﬂ&% 2hophédihatde rﬁ:l‘ef@ﬁl@&l@ié’lerceageell s. Any
phar maceuti cal | y acceptable form of such a cor%) gd may be errpl oyed in the
practice of fH® rﬁﬂ‘éE’é?ﬂtoﬁemv’é?ﬁa}“@ﬁhas‘?nee and; FRIHIRAOR8Ee” or

phar maceut i caldonsceam-2B0En SAl brnehy1 &thehe | heiphakol Bhay rmaeut ically

acceptable salts,” for instance, include sulfate, |actate, gcet ate,

stearate, hyefredtizraddne; ariqtaAre, anth 8kE echtd PERECTR% FUAD| &F ge nunber of
pol ymers Ca&;ﬂ%eﬂ%ﬁﬁné 0 <S8R | ‘éﬁiléyhfatedeﬁhﬁesfch%ﬁ t he- fHapsepy1i nvention,

The only redquirenents are hey are inert, non-inmmnogeni c_and of the
desired perfipmricbhesphaygt ephcwlpéwﬁm ivfjnpe G AEPESATIM PEBFI4EL i ng t he

device incly I o et that are
bi ol ogi cal | ﬂ%o%%‘é?éﬁlslélg\l}m% H&gg‘?‘? )sfmz:i%d dggégg%ﬁfé%‘t%mcenber 2006

homatropine, scopolamine; troplcamlde, eucatropine, and
- - hydroxyamphetamine; sympathomimetics such as eplnephrlne;
and prodrugs such as those described in Design_of Prodrugs,
edited by Hans Bundgaard, Elsevier Scientific Publishing
Co., Amsterdam, 1985. Once again, reference may be made to
any standard pharmaceutical textbock such as Remington's
Pharmaceutical Sciences for the identify of other agents.
Ahy'phaimaceutically ac&eptable form of such a compound
may be employed in the practice of thé present invention, .
i.e., the free base or a pharmaceuticélly acceptable salt or
egster 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
permeablllty 7 ' ' '
‘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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ti ssues, and essentially insoluble in body fluids with which the materi al
wll conme in contact. The use of rapidly dissolving materials or materials
highly soluble in eye fluids are to be avoi ded since qilﬁé%lex;rﬂ)&oﬂ)oﬁf t he
wal | would affect the constancy of the drug rel ease, as we as the
capability of the systemto remain in place for a prolonged period of
time. Naturally occurring or synthetic materials that are biologically
conpati ble with body fluids and eye tissues and essentially insoluble

i n-body -fluids which the material will come in contact include, but are
not |imted tbgsyes, yundydsseactsble insobsdel imkedypblyidnytithl ol |

cross-1inked ol yvin butyrate,. ethyl ene eghyl acrylate . ol yner,

pol yet hyl he%/‘?pé‘baﬁréﬁféﬁe,”% | FOTRYAT 8ﬁ¥%ﬁ"|tde,§%%|“?\?i %%,ﬁapg‘-@gfm s,

pl asi ti ci zeddridniheng mdtaliatetat macopilpnrighlypebywblwlinakgehol , pol yvi nyl
acetate, ethylene vinylchloride, :copolyner,. palyvipyl esters,

pol yvi nyl but §43, ar‘ﬁo‘?‘i/\;ﬁen?]"‘?’.cﬁeﬁials,mﬁ%I%*ﬁﬁ?ld'g'sl,"%pﬁ V& P‘l'?ﬁ're“’(% yl at e,
pol ybut yl netdeedat! 8he, cdilsrahibfi e dnBokMY R¥ledddl OREAR11 REaskd Ci zed nyl on,
pl asticized soft nylon, plasticized polyethylene terephthalate, natural

. P
rubber, pol {aRHEAREY ofhdhpi SHHRAY FRMeeTaSB| b RaEEeRF pBr L A%Ne,
pol ytetrafl Qekhyk engne POl yvi nyl i dene chloride, polyacrylonitrile,
cross-1inked polyvinyl pyrrolidone, polytrifluorochloroethylene,

chlorinated pol ySakyraldy, opewsring ar symdbptipyrraEte HithheriTene
carbonat e) , pilAybidens, oRLALINR waEH Woal! ETdilee GRPAUYTRE ss¥ddNnd

chloride-diethyl ™ funeral e copol ymer, silicone rubbers, especially the
medi cal  gr #geepbigthvdnRglebloiantedy dlhjdendiphogyd aneerimberitl- 15

come in contact include, but ars not limited to, polyvinyl

acetate, cross-linked polyvinyl alcohol, cross-linked
polyvinyl butyrate, ethylene ethylacrylate copolymer,
polyethyl hexylacrylate, polyvinyl chloride, polyvinyl
acetals, plagiticized ethylene vinylacetate copolymer,
pol&vinyl alcohol, polyvinyl acetate, ethylene vinylchloride
?copolymgr, pelyvinyl esters, polyvinylbutyrate, _

_polyvinylformal, polyamides, polymethylmethacrylate,
polybutylmethacrylate, plasticized polyvinyl chloride,
.plasticized nylon, plasticized soit nylon, plasticized
. pelyethylene terephthalate, natural rubber, polyisoprene,

. polyisobutylene, polybutadiene, polyethylene, |
.polytetrafluoroethylene, polyvihylidene chloride,

- polyacrylonitrile, cross-linked polyvinylpyrrolidone,
polytrifluorochloroethylene, chlorinated polyethylené,ﬂ
poly(1l,4'-isopropylidene diphenylene carbonate), vinylidene
-chloride,'acryloniﬁrile copolymer, vinyl chloride-diethyl
fumerale coﬁolymer, Qilicone rubbers, especially the medical

grade polydimethylsiloxanes, ethylene-propylene rubber,
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11 Decenber 2006 silicone-carbonate copol ynmers, vinylidene chloride-vinyl
chl oride copolyner, vinyl chloride- acrylonitrile copolyner and vinylidene

chl oride-acrylonitride copolymer. Specifically, the seqqﬂcg@g&rm@g t he
device of the present invention may be nmade of any of the above-l1isted

pol yners or any other polymer which is biologically conpatible wth body
fluids and eye tissues, essentially insoluble in body fl-uids which the
material will conme in contact and essentially inpernmeable to the passage
of the effective agent. The term i nperneabl e, as used herein, neans that
the |ayer wilFrHGOng ravbarassagrodimermn afihebidepe chimrideaviayk ate required

to obtain thesghesdiedad, or systam ¢ .physi Lcal, or hfrmcol ogi cal
effect. The secon(:j_L I ay e#ﬁ?r’lumgt ' b‘gﬁ%g%%&B?oﬁb%l?%%g%n%aﬁg? $" descri bed
above, to the'phyiagbidsane hblewjaeta¢rdmniheidenmgepolyene out to adj acent
portions of the s |,ng.l aver . he pur e Ls .to bLock the passage
of the agent to tﬁgggpf%%rat%b%sheaﬁgc?%du-s{a %ﬁtorfgﬁﬁ?h FEed eé'bef t he agent

- out of the dmegede|invemngidewiayebe Tivale o6nqnsiolfi ohe afbdvbel seaaond | ayer,

e.g., the, pqg [ nust be.selecied so as to allow the_ above-described
control led r Oéﬁ%#s Tie aBVe?%}erreH"}c‘S‘f‘Fﬁo?{”t‘%bﬁso 1?4'%91§§Eﬁﬁd | ayer will

- vary dependi mgmpat thich wiantigdy @8suidic anatépe cisgesd, dskeneasilned rate of
control and Eggo{rungle qof a%gitﬂ.ipséra%n' The identity of the active agent
is inportant SPnERS A& BPPe LAPitnetithetn @atebial WElaneeme i8 critical in
~determ ning theticd endl esedeaselplinphendgart col tHO dh8agecndnkayer. 16
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 physiclogical or pharmacological 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 thenpassage 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 selectéd éo as to allow the above—deséribed
controlled release. The preferréd composition of the éecond
layer wii; vary depending aon such factors as the active
- agent, the desired rate of control and the mode of
administration. The identity of the adtive agent is
important since the size of the molecule, for instance,'is
'criéidal in determining the rate of release of the agent

into the second layer.
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11 Decenber 2006 The disc is essentially inperneable to the passage of the
effective agent and may cover a portion of the inner core not covered by

the inpermeable filmof the second coating layer. As shoywa.if.FHggre 2B,
the disc may cover edges of the inner core and enables a tRiAREr uni f or m

coat of the inperneable filmto be applied over the inner core than would
ot herwi se be possible. _In one enbodinent, the inperneable film may

~conpl etely cover the inner core and the discs. Drug rel ease may occur via
passage through a hole in the disc (see Figure 2B) or a hole in the

i nper meabl e fil MTheTARsPhyS eesdntfia@perinpesmeibicheopthy merssagedof or t he di sc
can be selected based on their ability to wthstand.sybsegquent processing
steps (such 588 f?eé@thY‘? P o BEY sTYET P d8Por hralt eor’fg‘B?rt he hol e. The

pol ymer for thee inppeeseallaeby fidanigpérdaniel ermedrbasedeabniihe ease of
‘coating the inner core. Possible materials for the disc include, Teflon,

pol ycar bonat @2t a0y hayrery  ABt Fhrepy FatBLaussl FRe HeedEsc S1A¥oRBYET hi gh gr ades

of ethylene yinu 2CELALGNER%RMNYhd ob@IbEM JerndBHePAliomihl c8dcohol . Since
the second coating layer is essentially inperneable to the passage of the
ef fective agehttheoptgermeapdetfigm bp hharphird wvsretly ITESEr98¥ and first

coating | ayaladT%ube SORLERLNbARHRCON GAR! Lilthdidkat, Eepending on

t he desired Ivery rate of the device, the second coating |ayer may coat
only a smal |inperneabloffil memays gofpbetediyegovdr tthe imrRG COSFeapdrtheast er

(ol Pase Lo S SR PLLELY GOSTL TR ikt e

agent. the disc (see Figure 2B) or a hole in the impermeable film.
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 foxr the impérmeable
film can be selected based on the e&se of coating the inner
core. Possible materials for the disc include, Teflon,
polycarbonate, polymethyl methacrylate, polyethylene
alcohol; high grades of ethylene vinyl acetate (%% vinyl,
content) and polyvinyl alcchol.

‘Since the second coating layer is essentially

. impermeable to the passage of the effecti&e agent, only a
‘portion of the inner core or reservoir and first coating
llayer 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 imner coxe for faster release rates‘of
the effective agent or may coat large portions of the

surface area of the. inner core for slower release ratesg of

the effective ageht.
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17 _ 11 Decenber 2006 At |east 50% of the surface area nmay be coated by
| east 75% of the

tl%eceﬁ?elj ﬁ)@ﬁt 95% of

he surtace area of

the second coating | ayer. For slower release rates, at

surface area may be coated. For even slower release rg
the surface area nay be coated. Thus, any portion of t
the first coating |ayer and inner core up to but not i
be coated .with the second coating |ayer as long as the
rel ease of the agent is obtained. The second coating, i

ncl udi ng 100%

may

desired rate of

ncl udi ng t he

i nperneable filmand inperneable disc, nay be positioned anywhere over the
inner core and first co tin? {a er includiQ%ibgg gggtéigjtggeto t he top,
S 3 corée.

bottom or any sithe 16R°F Y% PF st SREFRG 1PAT8r I Ane

f i n addi

tion,

it could besefoddi@chopnantyarsi d&r shéwdiheeheddcomannd, aatsildestor the top
and the bottom or on opposite sides or on_any. conbination of the top,

bottom or 7PH&E tRReSYHF &P (R e 1S8EFdof H9e SHEYI TR

invention nysieh BLELOJiLahbyscerpabs Hlie Butfrdeodye=almbyi®e and eye

ti ssues, essentially insoluble in body fluids which th

e material wll

in contact @PRfgSerneable to the passage of the agent or conposition
ef fective in obtalai N, the: d5sideetheff8ghce Theebkeskd @ agent diffuses in
: race.

the direction of |ower ™ Chemcal potential, i.e., towar

d the exterior

¥5f the present

come

“surface of edrFindelirer amd ineenxper W toubtacitofnehelideviteR* equilibrium
|'s again e;gagb'b'eSQSQte N8RL! OF: GORGLS IRE1 0D 1553%5} 5k OBsiPhs & third

are nmi ntained constant, a stea

coating la
desired rate of release of the agent is obtained.

The second coating, including 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 bioclogically compatible with body fluids

andIEYE tissues, essentially insoluble in body f£luids 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 Qflthe device, equilibrium

~ is again established. When the conditions on both gides of

the third coating layer are maintained constant, a steady

state flux of the effective agent will be established in

- 18 -



state flux of the effective. agent will be established in 18 | | Decenber
2006 accordance with Fick's Law of Diffusion. The rate of passage of the

drug through the material by diffusion is generally depehndent.onokhe
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 w il be dependent on the particular drug to be used. The rate of

di ffusion of the effective agent through a polyneric |ayer of the present
invention may be determined via diffusion cell studies carried out under
sink condi taaeesdatee diikhuBiakl scbhv ot DAEbssicarr i Bee owteunfler sink

condi ti ons, e_conc ration of drug.in_ the.receptor ment is
essentially E}zate%rsgg\e/\h%tﬁ%%Snplg’}%&%FSu?}hghﬁi 8 terclggceﬁt(?.la%u%%g?ﬁ{% he donor
conpar t ment .gededelly hiependatndnt thansolubelitat efothalrdigigr eheasion,i S gi ven by:
Qt = (DKADO) /h ere i-s the anmount. of dr released, t is tinme, Dis
the diffusi®Gn“ebkidd 8?3&? thickness ofaFes ﬁ%ﬂ-co%‘fiﬁ 8Faht “Rbs the
surface areaelbetich Wreaghddiiane andtrre NS ety akbPit@fing. the whnug across
the nenbrane, _and h_is the thickness of the nenbrane. In the case where

the agent di¥fithske deREBAYM Fethaparticilengrug ¥9 H%§SpBres, there is no

partitioni ng phefpgage of S ruli&sadebene!drFeBaivd dye0m thexngguat i on. Under
sink conditions, if release fromthe donor side is very slow, the value

DC i s essenPPAYTSFicohayentofatlie qrptpeent olayratien fesh teatfberifethe donor
conpar t ment «; Reh 6891 bRt &11t BELEI LY eaPpLARR dgRENdGALKON the surface area
' (A conditions. In diffusion cell studies carried out under

sink conditione, 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 = (D'KADC)/h

where Q is the emount of drug released; t is time, D is the
diffusion coefficient, K is the partition coefficient, & 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 (&),

- 19 -




19 _ 11 Decenber 2006 thickness (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 siizeyRithe0eEfective
agent. Thus, perneability values may be obtained fromthe slopes of a Q
versus tinme plot. The perneability P, can be related to the diffusion
coefficient D, by: P = (KQ) /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 agentthmimynbes dai)eand neiEfudhvsty S(Dloae theympringmessi el tyhe educi ng t he
avai l abl e surface area unti { he ge%{tgld rel ease,rate.i s ohtai ned.

: ;

|
Exenpl ary mErSHoror gl erradevis ef Breqfls HEREIPRr StP%ind third

coating | ayefizef Qand NGleaBEEre Abrd@SCrdRal id malihs, d2peftdéndNan 4, 014, 335
which is incorporated herein by reference inits entirety. These materials

i ncl ude crodde PLRRRSF ForyeEIRACLI%E RFFEE: pol yol efins or pol yvinyl chnori des

- or cross-linked gghdt ifASned 58RI R Ribs MAFObIRbEaimeN £rof Ol e cel | ul ose,
acyl ated cellul ose, esterified celluloses, cellul ose acetate propionate,

cel | ul ose a&dfaee oh@ Prversusc 5LNe | RIKE - acTRAFETPPANALEY P & Mfose acetate
di et hyl - am poacetatg; ARl Yi¥RLhaneSedtoLyYSR Bongyes, and m croporous

pol ymers formed by co-precipitation of a polycation and a pol yani on
nodi fied insol-uble collagen. Cross-1linked polyvinyl alcohol is preferred.

The third 20 P = (KD)/h

Oonce the permeabi1ity is established foxr 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 désired 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 inqlude cross-
linked polyvinyl alcohol, polyolefins or polyvinyl chmqrides

- or cross-linked gelatins; regenerated, insoluble, non-
erodible cellulose, acylated cellulose, esterified
‘celluloses, cellulose acetate propicnate, cellulose acetate
butyrate, cellulose acetate phthalate, cellulose acetate
diethyl-amincacetate; polyurethanes, polycafbonates,-and
micropbroﬁs polymers formed by co-precipitation of_a |
polycation and a polyﬁnion medified insoluble collagen.

Cross-linked polyvinyl alcchol is preferred. The third
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11 Decenber 2006 coating layer is selected so as to slow rel ease of the
agent fromthe inner core into contact wwith a mammalian organism e.g., a

human. The third coating |ayer need not provide gradugh ﬂ&gﬁﬁ&e@@g cont rol
of the agent into the biological environnment, however, the third coating

| ayer may be advantageously selected to al so have that property or.
feature. The devices of the present invention nay be made in a wde

vari ety of ways, such as by obtaining an effective anount of the agent and
conpressing the agent to a desired shape. Once shaped, the first coating

layer may b apphd ethyerTHE ddikite§ O] iaR0ed aMEK, PRYed2e B8BPEALEGRYNE di PRI NG

the device one of nore tinmes in a solution containing the desired

pol yner. Optfirematihs innge ¢drestintoagdntgcohawithe 2appitadd apyoraiyrdspi ng,

sprayi ng, brughi th : [ the Weer osiikifaace of the
device wit het'ﬁé’ %I@{#gg'sgfhueﬁggfd\%oggg sllrL%S a T)%cfyvi n@ al cohol sol ution
t o obtai n. tgeadexbneleesatamgohtyelr oft hbe dasntethitchitbknesslagdygabe obt ai ned

by applying _several .coats. Each caqat. e_drj Lor. to applying the
next coat. Fﬁéﬁ’%ﬂenttheﬁ &iCe rgrkéﬁ/%%elrgg%?ate‘l'&ngt oa%geg}oﬁnéé? R%e permeability of
t he outer cadtamggebnely npdeaead|w dilso e beatapplopedtyiarect|y over the
first layer _before coating with the inperneable polynmer layer. In the case
of a cylindfFe8 %ore, an inpermeable filmmy be wapped around the core
after discs are mpplieetced @f0BRe Girelsehb BRdatcidhuty blensEcdndacoating

| ayer includes both the inperneable filmand the i neabl e discs. By
seal i ng at Y’ia‘g‘”stvaﬁﬁét}éﬁ’? HE&Svi TIFTa AS| P Sl ining a&?@%ﬁ%‘fﬁner- | ayers nay

be utili ZedamJ&H€SOBa§hérH§ent and compressing the agent to a desired

A shape. Once shaped, the first coating layer may be applied.
The first coéting layer may be applied by dipping the device
one or more times in a solution containing the desired
polymer. Optionally, the firstgcoating may be applied by
dropping, - spraying, brushing or othér'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 obtaingd by
applving 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
iléyer. In the case of a cylindrical core, an impermgable

. film may be wrapped around the core after discs are‘applied
to one or both ends. Thus, the éecond.coating layér
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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21 11 Decenber 2006 advantage of enabling thinner, shorter devices to be
prepared than ot herw se possi ble. The inperneable polyner |ayer should be

t hick enough to prevent release of drug across it exc rea not
covered (the diffusion |ayer or port). Due to-the des??gﬁ%ﬁ??%hgpé

m nimzing the size of the inplants, the thickness of the inpernmeable film
| ayer therefore can be 0.01 to 2 mllineters, preferably 0.01 to |ess than
0.5 mllineters. The inperneable disc should al so be thick enough to
prevent drug rel ease across it save though a specjficaLIg pr epar ed

menbr ane or agerttadaueft endtidndeshimisrl, | thoxder d¢TigHAsztAgE he size of the

i nplants, the thickness af th i I, ble disc can be 0.01 to 2

mllimet ersPrﬁP%feeC{r(a%glFrﬁ &d".eﬁ?f&?% ége%ég?ﬁén 1 millineter. Once the second
coating |ayer, iTid udpaenddrde poaperaredbyer dihould)be ithighpeiawh §°t he
device, the third coating Jayer may be.applied..Th hj ting may be
appl i ed by &FFPFHy rteﬂéa%"égﬁ:c %%eacgps%?’% ‘%cﬁgg for Z:htes%{:%? %g% cont ai ni ng

t he desiredcpokyserichOpdifmali by, 1dke othpart)coabuang.d &hrer nmay be applied by

droppi ng, spraying, . brushing or other neans_.of coating, the,outer surface
of the devfiéélﬁktlﬁlﬁﬁeo%ﬁllfgﬁz’sﬂﬂ Gf‘faoﬁ".ze\/\ﬁgntkﬁ%ilﬁ'glggﬁ@ ;e/tvl}enyl al cohol

sol ution toipbtridst BE dti fidpEarddyle Eauenaybbechdesiorededhitekness may be
obt ai ned by applying several coats. Each coat be gri e 5ori or to

appl yi ng t h@-Rbxio @omitlimeteaet prafrEaliyif%c8tnky 8 E8t-d 1o adj ust the
per meabi | i t ;1 P{mdecR@s0uUt er coati ng.

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 millimetef.

A 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 layexr ﬁay‘be applied by dropping, sprayingf
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.
Each coat may be dried prior to'applying the next coa;.'
Finally, the device.may be heated to adjust the permeability :

of the outer coating.
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22 11 Decenber 2006 The above description of how to nmake the devices of
the present invention is nerely illustrative and should not be considered

as limting the scope of the invention in any way, as ositions
are well known by those skilled in the art. In particdﬂg%%%#ﬁ%g%% hods of
maki ng the device depends on the identity of the active agent and pol yners
sel ected. G ven the active agent, the conposition of the first coating,
the second coating (the filmand disc), and the third coating, one skilled
in the art could easily make the devices of the present invention using

conventional coafiN@nbes MidHeseicNerNELH NS ke tUhRAlEVIhed BENER | AN
organismto obtain a desired |ocal or_system c physiol ogical or
phar macol ogi BEFSeRY figyenting ddeseradyi i Sterrhgve HEds gRewiheetr Bkease drug

delivery deviggs HedefCal £38R g MURNELOG (2 ERE {RENBILANL Qhgani sm and
all owi ng the agent to pass through the.device to come in direct contact

with the nmanWayi &F vryasks wonpbeitdong aes ivedd ykrgw bm Yfosehekplrbednt

i nventi on ma e i ni red. n@ﬂgq!i r i i,a_a ut e of
adnmi ni strati %rl’ll '%neo%%mf n f%%agg%é.‘ﬁg%éh rou eé:gg?ﬁ c’%211Slrgnﬂr?il ttr%gt ?%‘ﬁ{c?encl ude
i ntraocul ar, depeaids subthi dreatisty dfnthamacsdue argentnandperlytensal |

i ntranasal, ler rrq:l q an?. t he In_ ad one _or, nor he devi ces

. cte iven tpéiig%ive a eni,tLHQ’COmPOSlt'Dn o% gﬂet. :
may be adm ni stered at one Tt or nbre than one agent may bé~ included in

the inner cofirstTeeatiing ddki vesfondsysieingof(thdet ifmesadtdiisny ensndn i s
pan ol 2 VR abhecl ol S50 o R AR LAY LAY Bl DF eatiif SRt Of e e
the devices of the present invention using conventional
coating technigques.
The method for treating a mgmmalian organism to obtain
& desired local or systemic physiclogical or pharmacological
effect includes administering.the sustained release drug
delivery device of the present invention to the mammalian
crganism and allowing the agent to pass through the dewvice
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, subcutaneousf
'iqtramuscular, intraperitoneal, intranasal, dermal, and the
-like. 1In addition, one or_more.of the devices may be
1 administered at one time 6r more than one agent may be
included in the immer core. _ ' :
' The drug delivery system of thé present invention is
partidularly suitable for direct.implantation into the-
Vitreous-of the eye and for application to an intraocular

lens,
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lens. 23 _ 11 Decenber 2006 These nethods of adm nistration and technique
for their preparation are well known by those of ordinary skill in the

art. Techniques for their preparation are set forth in @ﬁg& '

Phar maceuti cal Sciences. The drug delivery system may Gé a ﬁ@g%g?gged for a
sufficient period of tinme and under conditions to allow treatnent of the
di sease state of concern. For localized drug delivery, the devices nay be
surgically inplanted at or near the site of action. This is the case for
devices of the present (inventian used in treating ocular conditions,
primary tunors, rJeunmati nd .arihritic conditiqns, and chronic.pain. For
systemc relief. ,ﬁte%g 'a%t\q/}o(%gscﬁaay 8lf%ﬁt§ﬁf1e%m{ STSERE RN 78 )%leup

i nt ranmuscul apkyparatiintrage wiel brieglwhyby MHose b8 ddEnaageskitianidevhees are to
gi ve sustaingdtsyg%eg%c Ie¥els and avoi d grenature met abglism In

addi tion, -suth®" deV ERtTYREy *B8 HRH nPETRATBG1OP 495y SeFnt éftbodi ment of

t he i nventi OR YA U FhaaRN DNE@idicag. ganciclovir as the effedtive
agent in an effectiye ampunt to prevent a virus fromreplicating may be
prepared. Such d Fc‘g’é“‘wlb\é&%&f?t?‘?ﬂ maet Be t3dramy seeFRshtforaid i nhi bit
reproducti ons@ffieY bAFBEA NI SIS k8T A unSler WG 1 t3BAE! ERlhY olPl @anted i nto
the vitreous of the eye. Such devices may remain i'n the vitreous

per manent | y Gfaa¢fent rifpthendigensgoniiter L Feresstef erred anmount of

ganci clovir usegqokmddiasgedlingese I FRISGS éﬁ@@e%geaé r%go%rrg to about 40

ng. More prefera_tbll/, such devi cés contain from about
' - surgically implanted at or near the site of action. This is

the case for &evices of the preseént invention used in
treating ocular conditions, primary tumors, rheumatic and
arthritic conditiqns; and chronic pain. |

Foxr systémic~feliéfJ the devices may be implaﬁted
subcutanéﬁusly, intramuscularly or intraéeritcneally. This
is the case when devices are to‘give sustained systemic o
levels and aveid prémature metabolism. ¥n addition,  such
devices may be administered orally.

" In one embodiment: of the inven%ion, an ocular device
.containiﬁg.éénciclovir as the effedtive agent in an
effective amount to prevent a virus from feplicating ﬁay be
iérepared; Such devicés-may be used to effectively'combat
and inhibit reprbduction of thémegélovirus retinitis, when
‘surgically implantéd into the vitreous 6f the eye. - Such

'devicés may remain in the‘éitrébus permanently aftér -
:_ §reatment is complete. The'preﬁérred amount of ganciclbvir
used in these devices ranges from abouﬁ 0.01 mg to about 40
mey . '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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to about 30 ng of ganciclovir. These preferred ranges nmay provide
sustai ned rel ease.-of the ganciclovir for a period of -.24 11 Decenber

2006 from several hours to over two years. The prefern ' ating is
pol yvi nyl al cohol. The preferred inperneable disc is Té??g%&%ﬁ&é?ﬁ§l vi nyl
al cohol. The preferred inperneable polyner is ethylene vinyl acetate. The
preferred third coating layer is polyvinyl alcohol. Wien such devices are
prepared for inplantation within the vitreous of the eye, it is preferred
that the device does not exceed about 7 millineters in any direction.

‘Thus, the: culdndtiGah HEMEECSBONE &ty SOl e il e&&%%%engﬁ of ot ed

exceed 7 mllineters 1n hetght or r neters | anet.er.
t hi ckness ofcaalténg | ¥spodpainyig allayeel r afje prefromdboper®edBle o about 0.5

mllimeters. . The.preferred | ckness, of the segond cqating |ayer ranges
from about éjl%g f‘% gfgﬁ? i (?tttgﬁyﬁlv"'r‘%“f eraéf:o e pf}é? & 8rfﬁﬁgckness of the
third coati nigpkayesbleapngbegndy am atiopiiend. +idyl abetdte?. OThai |l ineters. In

anot her enbodi nent of the invention, an ocul ar evi c ont ai ni ng
oo pi mo e RRR el buidf Arkihn: Doy be Behaiar bR cRBoRor (R Chown in the
Exanpl es whisnBhfdddiews asdphedeved fhrrayphmcdsosh atpiAaviRe | ong term

- sust ai ned reltease,of %Fremdi pi ne for several %ears.' The,g‘%rglerred anmount
of ni modi pi NECEEBE PA tiesdedelt A5 BFEAGERES FBRY 2he0 e YECH1°%0r e
- preferabl e, nsycCdkdbori £165:tC QAL I REEXi NBin®! ¥irek@idh. MUrhidhesaepr ef erred

ranges may provi de sustained release of the ninpdipine for a period in
excess of 16Y1jrdrisal grvigecrhowdmiieiralsveNd pFetpbryy RAt al cohol as

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 setondigoating layer ranges from about 0.1
to about i;o millimeters. The preferred cthickness of the
third coating layer ranges from about 0.1 to about 2.0
" millimeters. ' | |
' In another embodiment of the invention,’ an ocular
device bonta;ninglnimodipine as the'effective agent may be
prepared.’ J;xs furthexr shown in the %xamples which follow,
such ‘devices may be used to provide long term sustained
.rglease of nimodipiqe for several years. The preférred
- .amount of nimodipine used in these‘devices ranges froem 2 to
15 mg. Mo;e preferéble, éuch devices céntain approximately
10-15 wg. These preferredlranges may provide sugtaiged ‘
'_,release of the nimodipine for a period in excess of 10' 
years. The preferred materials include polyvinyl alechol as
_ the first iayer, one end of the cylindrical device covered -
by a disec of ethylene vinyl acetate (9%} and the other

uncovered, ethylene vinyl,aéetate_(ls%) as the impermeable
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the first. layer, one end of the cylindrical device covered by a disc of
et hyl ene vinyl acetate (9% and the other uncovered, ethylene vinyl

acetate (19% as the inperneable 25 11 Decenber 2006 I E%EE LaBE
covering the sides of the cylinder and the end seal edq\(/?vil%l tRe ?i sc, and

a. third layer, silicone, covering the entire assenbly. The preferred

thi ckness of the first |layer ranges fromO0.05 to 0.2 mllineters. The
preferred thickness of the inpermeable polyner |ayer ranges fromO0.05 to
0.15 mllinmeters, preferably 0.75 mllineters. - The preferred thickness for
the di sc rargmynerobaye0sovering el s s %Cﬁ’ﬁéng‘?reﬁé‘fir ERe t$kness of

the third | ayer ey 3OS ATLO. Leki0altifiol hLidIE! E81cddh 208y bR TDOI MEnt
of the invention,” an ocular device contal ninhg fluocinolone acetonide as
t he ef fecti vighe agente masebblpr eheedre ferredr tiieknshavif ithet fEXExanpl es

which follow_such devi %%%mnRYo§)%PU§?9 :ﬁi‘il%%‘@r%‘r? Sgsd ?g@?grr&?' ease of

f 1 uoci nol on\é\iaé'(?é't SAFHE forsevet a years. eferr anount of
f 1 uoci nol onectde®khnens def whedinpeirkadbie maymeeslayengesndasofromt®-05 ny. More

preferably, such__deyvjces. contain _approxi el. 10 These preferred
ranges may pgrovi-dd BIEHEREES 1 éirggggg%fy ©h gf“flé%g‘l“%% %srferrq%%etoni de for a

peri od of 3 pieFesred hiQkakad|fadi apet ®Iscokanddie fdomi cas $o022m | | inmeters and
the length is 5 mllineters, The preferred nateri.al.s inclyd yvi nyl

al cohol as W ifFrers aRgephe &?&fﬁﬁﬁe‘gfthﬁﬁﬁnﬁl Pﬁd{;lil%éﬁhlagvf%]geollcover ed by
a disc of ethwnbepesdyl, 1ae8t@ie mi 9 metiretst he ot her uncovered, ethylene
vinyl acetate (19% as the inperneable polyner |ayer ,%%\éggli:ng the sides of

t he cyli nder, an@ntapether embodiment of the 1gveqtlon, an
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 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
- uncdvered, ethylene vinyl acetate (19%) as the impermeable
' polymer layer covering the sides of the cylinder, and the
B 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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end sealed with the disc, and a third |layer, polyvinyl alcohol, covering
the entire assenbly. The preferred thickness of the first |ayer ranges

fromO0.05to 0.2 mllimeters. The thickness of the i I yner
| ayer 26 11 Decenber 2006 may range from0.05 to O. g@%@%ﬁ?‘h@t@?é and is

preferably-0.75 mllinmeters. The preferred thickness for the disc ranges

from0.05to 2 mllineters and the preferred thickness of the third |ayer
ranges fromO0.1 to U S millineters. Wile the above descri bed enbodi nents
of the invention are described in terns of preferred. ranges of the anount
of effectimag agemt frandoprefer 0 exb tliltkmesgesand isherpfefaried first and

second coating, these preferences are hy .no,neans t limt - the

i nventi on. OAQ%V\BHJCF“EéefﬁadiTI%? %‘?fae@rrﬂago@lbcglmgﬁe %ﬁ(ﬁﬁgdd%% the art, the
preferred anpunkSgrodTel 88i@l S ATl itierensioans tHeperafeonetthe et hod of

adm ni stration, the effective agent used, the pol r sed, the desired
rel ease ratt@ishaeshefl FRe. thirdelfisr, TaRIGRISTe e%g:‘g’ ?a es and rel ease

duration degeng.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 admi ni¥a¥lat itha, akpyendpscridbegt RIOFEEEET LOMTEN VBT e ' readily
apparent 1t Q.bNasg:slkel! £l ddinbNer PrbcefrQiNibliged AirgRonguslaaciGipt i on, one
of ordinary ski In the art can easily ascertain the essenti al

char act eri effestife mgenti rradanreiarredt ibirkngagesithsbe Pﬂ%?%ﬁﬁgng fromthe
SPITTt and 30ped1ebeia dAlsHRK ok hYrexChMD T eARY/ 05 widlisl | cations. of

0

the invention : o
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 effectiﬁe 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 othér factors which
.'would be readily apparent to those skilled in the axt.

From the foregoing description, one of ordinary skill
in the art can easily ascertain the essential
.characteristics of the instant invenﬁion, and without
departing from the spirit and scope thereof, can make
faridus éhanges and/or modifications of the invention to

" adapt it to various usages and conditions- As such, these
.changes and/or modificétions are properly, equitably,and'
intended to be, within the full range of equivalence of the

'following‘claima.

- 27 -




adapt it to various usages and conditions. As such, these changes and/or
nodi fi cations are properly, equitably and intended to be, within the full
range of equivalence of the follow ng clainms. 27 11 Degayhembelifne CLAI M5
1- The use of a low solubility agent in the nmanufacture of a sustained

rel ease intraocular device for treating an ocular condition in a patient,
whi ch devi ces conprises: (1) an inner core or reservoir conprising an

ef fective amount of said agent effective in obtaining a desired

physi olqgiad or pharmaceutical effect within the eye and/or its surround
tissue, (2) a first coating | ayer perneable to the passage of said agent,
wherein said first coating |layer covers at |least a portion of said inner
core, (3) s secpn oat i | ayer,..said second coating | ayer_ inperneable to
t he paﬁgﬁlﬁ-\gf Cf-s%%eggeoﬁglo\gﬁ “E’é’?»’ﬁﬁ@@i C E3R 'ﬁg’f’l‘%{?@?“s@@ﬁﬂﬁlﬁ%@ﬂat | east
a portt fyacs fon fratimg dn osniar pondition iva pagieni; whighdaviees compsisesin at | east
a small portion of the inner core or first coating |ayer is not coated
with said &t ond TYKL FRrg OF sipevol samprsae sa clnetiveaatountof saidagentaffectiees an
i nper Heelpiging 3 dastpd phystolpgical or phasmianpuicakeffictwithindhe eyedm(Ay ita stitdund

coat i HesUkayer perneable to the passage of said agent, wherein said third
coating |l ayer essentially conpletely covers said second coating | ayer and
the uncoat &) portirsivoating layee pbinaiblecioakd f@sdgeVEEai@ hgdnt R Plersiasaid m&er eby

sai d eapting layer abvers dtdeddes poitioh 0P8I frtiefledrd) rd coating layer in a
controll ed manner, which sustained rel ease intraocul ar device is

di mensi one@®)f or s sécohd e Hyer, MidAREH RRtinlayd i fe t6' Phsdagepper o1 N
fsal d afdagent, and hidGbathdlBhtidd 18R TBPLridY at Ot fém Bﬁhgfxgngf r;{l;(?] tge/d
o S il f@aﬁnﬁfr;wé&fémdv TR g
sust Se ¥ Gk i achopd cpating Jayer comprises ap dmpermsahieddeiasd i n
the \%t?%éi‘@% iﬁﬁ’mﬁigéé‘é 28% claim 1, wherein said agent is fluocinol one

t oni de, . .
acetoni .e 4 a t}m:d coating layer permeable to the passage of said agent, wherein said third
coating layer_ essentially completely covers said second coating layer and the uncosted portion of
the first coating layer or inner core, whereby said agent is able to pass through said third coating

!ayer ina c?nu-olled manner, which sustained release intraocular device is dimensioned for
intraocular implantation.

. 2. Theuseofclaim 1, wherein said agent is selected for treatment of one or
more t'hson.icrs selected from the group consisting of glaucoma, proliferative viteroretinopathy,
diabetic retinopathy, uveitis, and keratitis. ‘ | '

_ g 3. Theuseofclaim 1,which sustained release intraocular device s
dlmensmned for implantation in the vitreous. '

- 4. The use of claim 1, wherein said agent is fluocinolone acetonide,

nimmipine or ganciclovir,

_ | 5. Theuse of claim ‘1, wherein said second coating léyér covers at least 50%
of the surface arca of the inner core and/or the first coating layer. | ’
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ni modi pi ne or ganciclovir. 5- The use of claim1, wherein said second
coating |l ayer covers at |least 50% of the surface area of the inner core
and/or the first coating layer. -28 11 Decenber 2006. g; pR.sisi3lopgd

rel ease drug delivery systemconprising; (A) an inner core or reservoir
conprising an effective anount of an agent. effective in obtaining a
desired local or , system c physiological or pharmacol ogical effect, (B) a
first coating |l ayer perneable 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 effec6ive @g@h@ln%a‘%@ﬁx%ﬁ dragofell ioEaYi AYFYSEyer covering at |east a
portion g fmpg.g]gln nner core and first coating layer, wherein at |east a
smal |l porfion of the inner core or first coating layer is not coated with
said second é&htamgnhayaor&ndrsmﬁﬁlé@eén@maéfeéwﬁgm afEecediri ses an

| mper ne%lﬂ\loﬁni:'é gggxttt e%\%t:tﬂ&e J.rf gﬂ@éﬁqx@ & Qééﬁ:’eda@gcgﬁ orll December
2006 athird coating layer, said third coating |ayer perneable to the
passage SyBtemiql r@wseeimaégentphwpelwl@du a@ffeft.d coating | ayer
essentially gonpl ebely CQYGhS iaw?er fasmmﬂceoey ag LAKEEg8NgE t he uncoat ed
portion of the first coating |ayer i nner core. 7. A sustained rel ease
drug. dEéRiGergendyswharein sgidi Hewt ﬁOGJé}S’mleYve*éW@irﬁ 85i 3% rd coating

layer a portion of said inner core,

(C} a second coating layer, said second ceoating layer
impermeable to the passage of said effective agent, and said
gecond coating layer covering at least a portion of the
inner core and first coating layer, wherein at least a s&all
portion of the inmer 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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conprises polyvinyl alcohol. 8. A sustained release drug delivery system as
claimed in Gaim?7, wherein said second coating |ayer conprises ethylene
vinyl acetate. 9. A sustained release drug delivery systeicasheClopsmed in
Caim8 , wherein said first coating |ayer conprises polyvinyl alcohol.

| 0. A sustained release drug delivery systemas clained in daim9 wherein
said effective agent is ganciclovir or fluocinolone acetonide. 11. A
sust ai ned rel ease drug delivery systemas clained in daim®6, wherein said
effective agent is ninodipine. 12. A sustained rel ease drug delivery

systemas clai qpl d RuGkal Wi gerln) Lhea it 60aLiNg Lgygr  conprises

silicone. 30
permeaole to the passage of sald effective agent, wherein

said third coating layer essentlally completely covers the

second coating layer and the uncoated portion of the first

coating layer or inner core.

‘7. A sustained release drug. delivery system as

claimed in Claim 6, wherein said third coating layer

comprises polyvinyl alcchol.

8. A sustained release drug delivery system as
claimed in Claim ' 7, wherein said second coéting layer

comprises ethylene vinyl acetate.

9. A sustained release drug delivery system as

claimed in Claim 8 , wherein said first coating layer

comprises polyvinyl alcohol.

10. A sustained release drug delivéry system as

claimed in Claim 9, wherein said effective agent is

ganciclovir or fluocinolone acetonide.

11 A sustained release drug dellvery system as

clalmed in Claim ¢, wherexn said effectlve agent ig

nimodipine.

12. A sustained release drug delivery system as
claimed in Claim 6, wherein the third coating layer

~ compriges silicone.
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