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Summary of the Invention

A sustained-release formulation is prepared with an inner core that contains a
therapeutically effective amount of at least one agent and an outer polymer skin
covering at least a portion of the inner core. In certain embodiments, the agent is a

30  free base having a solubility in aqueous solution of about 10 mg/ml or less. In other
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“free base” means an agent with a basic nitrogen moiety that exists primarily in
20  protonated (salt) form if the agent is dissolved in water. The free base has a
conjugate acid with a pKa greater than about 4 and less than about 14, preferably
greater than about 5 and less than about 12. Without limitation, moieties that
typically include a basic nitrogen are amines, hydrazines, anilines, pyridines,

amidines, and guandines.

25 In other embodiments, the therapeutic agent is a protonated acid. As used
herein, the term “protonated acid” means an agent having a moiety capable of being
deprotonated in aqueous solution to form a salt, where the moiety has a pKa greater

than about 4 but less than about 14, preferably greater than about 5 but less than
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should be such that the agent will dissolve thoroughly in the polymer vehicle, being

distributed homogeneously throughout the polymer vehicle.

Without wishing to be bound by any particular mechanism, it is expected that
release of a free-base agent occurs at a given physiologic site as the free base
30 diffuses from the inner core and becomes protonated in the physiological fluid.

Upon protonation, the agent dissolves in the surrounding fluid. In embodiments
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According to the invention, the materials selected for use in the polymer
matrix and/or in the polymer vehicle are selected to be stable during the release
period for the drug delivery device. In other embodiments, bioerodible materials

30 may be used so that the device erodes in situ after it has released the agent for a

predetermined amount of time. In either case, the materials are preferably selected
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25  and may remain stable during the manufacturing process, e.g., during the extrusion

process.

The polymers or other biomaterials admixed as part of the matrix in the inner
core may be selected so that the release rate of an agent from the matrix is
determined, at least in part, by the physico-chemical properties of the agent, and not

30 by the properties of the matrix. In certain embodiments, the pH of the matrix may be

selected such that it modifies the release rate of the agent. For example, where the
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In certain embodiments, the agent(s) are prepared for sustained release into
intradermal, intramuscular, intraperitoneal, or subcutaneous sites. For instance, the
30  agent may be formulated in a polymer or hydrogel which may be introduced at a site

in the body where it remains reasonably dimensionally stable and localized for at
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rel ease into intradermal, intranuscular

i nt r dpmt atperiedilof days, st audrampedersblg i foe2-10Feeeks s trasre.e, In other

the 3 en . f or mul d i olymer aor . . .
nyr SRR CREn e Tt PobE e 258 HERoy i in g sygainea-
}A:her l&elie&se rdfeﬂeé mldheﬁaﬂmaﬁi %41}&182@2&350% ir)LtJnScﬁrg 8%188%51%“ in
ocal j zed for a

| east! Leabog% efarah %y‘mf‘s Y B fﬁ? RYsEIoRHF Py ispnsf fepuring the
wee k sdefice) TPk Qot [{kRLyab AErate@ BB 6m tHelPRsifibA) B} dompartment into
wat er - sal upl.e agent(s) may be provided in a sustained-

r el ed¥BCbiimelaniGti ch’ in turn can be |nplanted at one

or nore partjcul ar itions in preferably
where (by ?\t“ﬁ@ernaé??ﬁt 8 %P “%Vﬁ‘étloﬁ‘d’éfi"i"’eé AP 'f‘r‘%ﬁe"r‘i‘ﬁ%hﬁ’édﬁge including
SeCurgnB@r mdfe Hglle Wat@koluible iafenf(@) fokrhidgdey fdr%uﬂhlﬁécﬁlteﬁase (such as
substantial ly %ron1the osition or conpartpent int

whi cH? prsustaingdmsieass deyice)aapt prspciafe itk nﬁfru@ttWés Phd éaﬁﬁlu fgpuse in
PIooV i flént pharnaceutlcal package i ncluding one or
nmore highly water-soluble agent(s) fornulated for

sust ai ned Ek@hgia§eageitt @ikt Afe hichly SoRURt il thaH se{lﬁfo@ﬁ§ %ut have low
dewce@b and associated with instructions or_a
i

for lity im hepaterRentiee. fresceasp | oarRyoiarps acid rfalthamélude timolol

hi ghlpyaisd, Ub&e@axbfél t hglifocRBlide, f Ahetordit  RAMSHIAWe, vancomycin
solublllg% in their respective free-base or protonated

aci d hydiosllonides | erythremysin olectobippaient eanitisineahyfigehloride, sertraline
hysdr a5 BleRIbE&, nfﬁ:tl(;p?cﬁﬁ@ N N AERGHEOT | H&niny ar\ﬁﬁff)’a@é n oexybutynm

hydrocChl oride, erythronycin actoblonate ranitid
hydr dwﬁnoghlp@@y, @@;rpxlgq: i axetily gmﬁy shlts c ol @ﬂﬁ)td@'ll t1amadol diltiazem,

ticl Sﬁé}ﬂh&& orc'e%@l’or @@anzanblahﬁ{r&ﬁfélﬁ ceaftamdme and

oxybut roc ori I e axet
sal t sexdin cagthopm | anhydraseadiwhibitdis| t (eagze mjorzqiarojdandiydrochloride,

anXi %ét%éo'larllmd ﬁ%lﬁﬁl’de C&étﬂa@@%%? e ancﬁﬁlclzijlla{gﬁg%ﬁ{l&) Other agents

ceft az certain car
i20hi tsuctlmssprc(tang pﬁptdi@s grolesimatives thycoodyt a:lm lgbespitable.
acet azol am de, brinzol am de, nethazol am de, and

di chl or phgp @%Tﬂer Himb ol %Qﬁlﬁlll}?’ég \ﬁ‘ﬂ&'&f% lﬂlrcﬂelrgég%rm of the

pepti des or ivatives f ereo so be sui

I n cegigcnicusnle@rirbmll<h1e1g41rsla ortelven koo thii l Dtmye/inh Ovlamgimlod.0t mg/ml or
unch 4 fmof the agent is |less than 10 nmy/ni, or
even ess an 1.0 ng/mM, 0.1 ng/mM, 0.01 ng/m or

In certain embodiments, the agent in its salt form is at least 10 times more
25  soluble in water relative to the uncharged form, or even at least 100, 1000 or
preferably 10,000 times more soluble in water relative to the uncharged form of the

agent.

In certain other embodiments, when disposed in biological fluid (such as
serum, synovial fluid, cerebrospinal fluid, lymph, urine, etc), the sustained-release

30 formulation provides sustained release of the therapeutically active form of an agent



0.001 ng/m . In certain enbodi nents, the agent in its

salt formis at least 10 tinmes nore 25 soluble in
woab@EreemsBati ve to the uncharged form or evenrar/usemsnois4s
100, 1000 or preferably 10,000 tinmes nore soluble in

water relative to the uncharged formof the agent. In
certain other enbodi nents, when di sposed in biologica

fl ui dfof s methbdaﬁ at k:est Ainhowy neadioatr thatperdod cfarlele dlspionadntration of
fluid ne tC t he sust ai ped-rel ease 30,

t or mas ¥R 180 LS HrShonme b 1L BRE 101l condehimation of
t her atheapént adsﬁ®e the polymeif skrhm anll eddh ﬂl@fbnmeferaBlyVl&s than 5%, 1% or

2004/ 066 / US2004 48 far eriod o
oot 35 Oyl 1o Songengglion Gl a winsdt Bt Poldipes gl t he

cancentrati on, of ent Juid outside t
pgﬁnymer SR nOfher |68§°§81P}?§ fb%%‘L Jebth B AP Y ‘?So fnegfpods  and
t he &gﬂ[]i)smaﬁ’sl fhe tieb@ngDOﬂ W@Iﬁdimgi lhenrislaBel dB¥ARB ditker physiological

preferably e 5% even 0.1% of the
conce‘iﬁ’l‘lﬁ’é‘%ﬁ’% aéucéfﬁ’@n% 14? PR et F}’ rfeptegplaies systained-
In Otlﬁﬁﬁsee&ﬂh%blﬁﬁlﬁbt for syflemRUMNIOEY dMiueabduan agélﬁé/ *tliii@sare highly
nmet hods an 05|t ons for treatlng or reducin

ri sk Bergo “o? emebih)J%lpé? ﬁé‘?dc%lrpbo%ﬁﬂ%t%u%thgﬂghly water-

such @%by @g&%nﬁclua_é" @nti-BMBEna0ReRAI dubk Wk detaXolol hydrochlorlde or
cont enpl at es sustai ned- rel ease conpositions fo

syst effﬁl%lold@qi Pafe 0y costRin GaEoRls @O B dEase ibFhitersy ﬁat, aaf‘rt%mlamlde
hi ghl y er-sqQluble in their salt forns.

preferred nﬁ%“??@ﬁ?@aseéiﬁ%‘ﬁe"rﬂr WFVIW%WSQ@Y@@PW"@ is meant a

agent gevicd Gk lf@iﬁu%ﬁbh 1k PHISREParPLRA Sved HE Bx R84l PeAE@bPlime in a
hydrochl oride or _tinolol mnaleate, or certain carbonic

anhy creg&eledrashian; Brayples of sustaipeduieleasst deticereandgfprmulations suitable

"Bust@i nﬁdpres%htem&ma@w tcyeoe Blind ﬁIU%ranQﬁSrerglseq%@ No. 6,375,972,
fornul ati on" i S mean devi ce or formui ation that

rel ea‘é@sp%tnNag%th 4dve¥ -SaRateNp eh @B 9etniddd. SoPatt Newe, 9(}2 8. For

cont ré?(hingfé faaitea! '&eln}%}‘}aHWu?é %?tslﬁélh@é "ﬂ)ﬁfjaljéq{o?ﬁﬁl%ed fo sutures,

devices and formulations sulta for e presen

i nveritdngsn surgipalsere e wpragthietic jofnds, amﬁambvaévesmlaes Patemak&rs, etc.

6,375,972, U S Pat. No. 5,378,475, U S. Pat. .

5, 773, 0191 aAGne Rpedfdr- thé\l‘ﬂwel%lo%og c@%@e cEQcEd v@’?ﬁagw la%ent and a

sust ai ned-del i very deV| ces mght include, but are

130ni tRodymmes myaftiyreay, be gprliedsto Sugienl dmplementsveych as screws, plates,

prostghis Jsﬁ)ch{ég Siprcfs‘{hgég | frcBdrs V?a!cffseS?ca %?at éiéctrlca i leads, valves,

pacemakers, anot her aspect "o nven ion, a

deV| oéemltrameéd TWF ti¢vicermaygleant cadfreteraimp@tapls| waseatar edess ports blood
ie Ts) r

ol at ar AR Ghobulepl il BLETRMN, SUE AR, MBtar gt

st apliatgaaodice baltdon a}burm;ea]@hgrt vavesesardiovascularsuture, artificial heart, a

25  pacemaker, ventricular assist pump, extracorporeal device, blood filter, hemodialysis

unit, hemoperfasion unit, plasmapheresis unit, and filter adapted for deployment in a

blood vessel.

In addition, the co-extrusion methods of forming a sustained-release drug
delivery device disclosed in by Chou, et al., under U.S. Provisional Application No.
30 60/377,974, filed May 7, 2002, and U.S. Provisional Application No. 60/437,576,



menbranes. The device nmay be a catheter, inplantable

vascul ar access ports blood storage bag, bl ood
woubi4ngesssent ral venous catheter, arterial catReraIs2004/001848

vascul ar graft, intraaortic balloon punp, heart

val ve, cardiovascul arsuture, artificial heart, a 25

pacemaker, ventricul ar assi st punp, extracorporea

devi dded Déczemﬁelfii 1, 2&02, alh epplitale ysihs pregent llnventlon and may optionally

ggggt g}ff?a acéle 'Slq'b Sapgcnp& 163 elg g%ox‘légtgﬁeglm Rq erptlrety Eere

addi tion, ,\the.co-e tr ods of .f

sust ai ned&ITdHE & u% SCB np%néfr%n TR n%%ﬁ%o Fyige jipludes an
by Chimer cete @l rcserwiltdﬂaat idcBSdesPr dlel@elﬂrcally Aﬁ’@:ltllve agénnand a tube

. 0/ 377, 9
EIS ovi@F% %Onﬂﬂ?ﬂsﬂc%ﬁrﬁ?ﬂ %Mereé’(ﬁ%%%k %ehmrfe ; §F \ﬂg]rst coating layer)
2004 M@0 &108EsTalt USRQOEbr X1 & ABe cdre| @te Repenipedsedlin its uncharged

2002, are i cah| e th t esent |nvent|o and may

opt | i ryfheruen Bl el G S Y SpRcsRRY BR{acE fipolsmer
IS | REadip Gritersisilsel Nwikt She€dpeht! @ Yelttih @mboGiERAE] Mg thie hltFor the
present invention, a suaﬁﬁlned release deV|ce i ncl udes

an  PRAGIT QT BRY PRy P PesebIPntcigegnegble, or impermeable to

tiper Q]E@ézgehtc Hréf¥raBlyf @6 tibk ¢ MABPErmeand p@lyin@pﬁﬂn d(RYEI at least a
synonynouggxmreferred to herein as a skin, vehicle, or

a fi POFiogcRft thiGorealbrlsavihlc lfad ric Peydiens ohithq ease ungpvered, thereby

port 'f&ﬁllt@ﬁcmgt e (61048 -of Tﬁ?a{éﬁ@ﬁt)m' the Bﬁ&ﬁi@r@@l fpbﬂlohta%d not from the
uncharged form rather than in its salt form The

i Nnerco¥deEPAEgN- opt i onal |y i nclude a polymer matrix
interspersed with the agent. In certain enbodi nents,

the tube AREH dhe b is FenepReablenier the aepriyn d¥tiprsagsmypdisaents. Tn
RS! MRt Emb AP e TR, beon FBEICAREGH serﬁqeabl&ottlya@ agent. The

agent. Preferably, the tube is an inperneabl
ski n tehecnaslsoroptianally sersain 4 mendher, isugh a5 disseat oae @ bl ends of the

| eavq l%elréiﬁ‘ﬁ{e e f @ﬁoﬂfl ﬁnéﬁgge se (bQPﬁ?eraﬁlg’ or i mpermeable

th erey aC|I|tat|n ase o agent
t he (n Mc@dlwmqubn emh@dlmmts,fmompcm@able dise nSeu,sed at one end of

port Itﬁ).{lng I}H a 8E nl%lg Bleiehﬁ-plilg&g{;%%%mb% E!Sém 1St 1 eh&] of the

preferre er enb ments t
t20be twkwy thowbg davilitgmgreledsk of the agentfwabdre and of te talpe it preferred

The  SHBEIRY AL 8% AU IRRRE L AANGALD 2 member . such

as a one or Bo t ube wherein

the membeg Etﬁ | G SRLCRE ISR S A RLIEAN S icional

|nperneab n par l'ar e
an i rcpamgd@t@ksethatl asﬂ:optsnallsfqmrmdzabh:nsmawdrmn‘ablet dsremputmable to the

I R L e S
28| ealsepaafagt béthageett ahd ocmemraq:oemﬂl ﬁfthd ineertastre leaVing a portion of
pref Hhe ceocrle uncoated. A second layer that is permeable or semi-permeable to the agent
may optionally be used to coat both the first layer and the inner core. In such
embodiments, the agent passes from the uncoated inner core portion and through the

second coating layer but not through the first layer.

30 The portion of the inner core coated by the tube may be increased or

decreased, thereby increasing or decreasing the rate of passage of the agent from the



enbodi nents, the tube is a polyneric coating layer. In

still other enbodi nents the device may include one or
wounnE/acdst i onal coating |ayers that are opti 8aaiuSy004/001848

per neabl e, sem - perneable, or inperneable to the

agent. For instance, the tube may forma first coating

| ayer that is inperneable to 25 the passage of the

agent cashdn eorbediments ptitizing mubiplet hEerS,mneimpemreeble ltigied/tdagng layer

|a porﬂh!ﬁgﬂ%ﬁged t?) Qg‘ée?noa[i ?eaytnacgcgfl&‘g ?f ﬁ P% g r?l{ a rﬁ{a‘@;trmee}ble second

opt i oagdr] therbby ermbling moreqmetclsb@brhtrdl hﬁt}felrelsase rty of thalaglent In such

the i I uc nbod
Fr om PR s e PR R bRt o Sy of e
S ec onagentofadm tige inagredorebitto doatacit \hltlo bl @laniohttiah iof@hish@¥.8l, a human.

30 T ion. of the inner core d by the tube .

oy b EShling e Soqt BPChia idF S nlgper tecoatied i gheopeent into

d e cr eths biog)gichEerfv&bﬁmﬂft assage dfird ddetitde nfay ®Naivi@tageously
%gO#/ 0669 PCT/ US2004/ 001848 core. In

err‘oodﬁe e &0 have aEPrﬂﬁerﬁ‘Lﬂr $951'® | ayers, an inper meabl e

por 11 on_ oo RopkRY aht BHpe CuES sub Re R ogens dhe B iy Soat cnly o

| By ersmallipertiinyof eivasdtfhdtGirddT eheRfiRe b&ie fEraMdtdrabledt rdthiof the agent
I n.such enbadi nents, the

rel ease rate of the.a

t hi r "R ?%P %y%qm?f‘gf?% Welpes 18R o the daner Gorg) fapslpwer release
rel eases of thé Bgenh agent fromthe inner core into

contact with a manmmal i an organism e.g., a human. The

third coatfon@slenyddasé LR, th@ftuli@rtﬂé?yl &Rt @[5 ﬂ)dlm% of Ble@8SEece area of
or control of ghe agent into the bio

envi B BRSO SMEVEAT STpbRd TR EPRE%’P’F‘WQ’ b é% of heysugface area of

agv ar’ch@ﬁlﬂéwcﬁ)lré’ is cORbEGAE thelt@be Y ?asttepf'é‘ieaﬁkr ARETH %oRE embodnnents
feature endi ng on the desired del |vert¥ rate of the

agent eSs'tﬂli‘?é‘ ¢ E?@Yﬂ?ﬁfo%t%‘étm 8thei/erabodimenisigss thiyo k Yoireay bﬁcoated or

the sied RSO @8%HhayitRohdner core for faster rel ease
rates of the agent "or may coat |arge portions of the

surface argasihertrbiBase MY, the AR n’;a9r00§t| ® Y43k 166 cﬁ”"i‘l?eesurfati? area of
rates of the agent. For faster r él ease rates, t he

may  dbRinersore Prefusliy. of least 33%iof éhe surfacs apta of tivdnhan ere is coated
CF €.wilHYh€ Bifsk Bbdfing T%’l@kd F&%%l? sloRRHHE RN TREL LRt

Plhe surf:
the surface area of he I nner core | S coat eC/O hﬁsur ace
t he taRgangsobe *P%@ldeFOI‘reé’Plé éléﬁfelﬂ‘&leé@ rafiegy at dgast 75% of the surface area

embog et &ateh Efot etvé}?glov'ée{o rgEXse biel %@fegg 9506 Fhd E(Irfaces area may

enbodi ments I ess than 1% may be coéate or even
t han b8ceaBdmy be coated. For slower release rates, the

tube may coat at |east 10% of the surface area of
Thus, any portion of the surface area of the inner core up to but not including

25 100% may be coated with a first impermeable coating layer to achieve the desired
rate of release of the agent. In preferred embodiments, coating less than 100% of the
core is desired so as to allow the agent to release; preferably, coating of less than
about 97% is desired. In some embodiments, about 10% or more of the core may
remain uncoated by the skin. In other embodiments, the uncoated portion is about

30  25% or more, or even about 50%, 75%, or 90% or more.
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the inner core. Preferably, at |east 25% of the

surface area of the inner core is coated 20 with the
woiowocesat i ng | ayer. For even sl ower rel ease Paras200a001848

| east 50% of the surface area may be coated. For even

sl ower release rates, at |least 75% of the surface area

may be coated. For even slower release rates, at |east

95% of t h&he first xoatingreay bapositibeed agtvddre dihths, inmeneore, including

orti,0 f.. t. syrf.ac rea of the inner core. .up.to .

ot Bl nftnchli 8 o' B8 SoBS 3ol H8°ol A BheCRE, 1Bydifyy it coud

I nperwmalkhetopaat arsifle] arytke botwnaahl eside, oh éhedes hicetlie bo@dng, or on

rel ease @L t he agent | nents,

f o f d. enbod
coat (RBOTESLCS 9740 a1p GombipatOneT e fgn, BOUOTReSy so’ as

tq all ow the agent.to_rel e. preferably,.coati of
| Gse. t han ThS paRoRy e SRS e ¥y s RRHRERR & to allow
aboutthel 8dvededttib&l aitrbiel relehse. Ty prefearad compusitiontof dhebfirst layer

the skin. In other enbodi pents, the uncoated .pqrtio

is adbBiver %’P%g’&%?n ‘?‘r‘ﬁﬁ ,Ctoésrasé]i’ﬁear‘fg‘é%%ﬁ?f“’ %%GSI%%@ 8Ffelease of
90% Qhe @BdnE.and ile \Md RO ADO6RBRioRCTheISENBA/ OO 1A Bctivd hegent is
first, coati g may, be go%itLon d anymhe{e an the inner

cor o, MPRETA YDl MALEUl $5 StPREs: 196 1Y D PRt biteo release
any Shid@hdecddfagenner core.- In addition, it could be

on the top and a side, or the bottomand a side, or

the top amnd stifheiRetdnBdinntsPhe GRPQEAING Bi&eS RmiPbrmeable or
any conbi nati gn of tt];: tos]g, Stto,m,or si des. The .
conpd¥imeaBl tofheragentrylilsta ayepisdmpergepip gRghgovessg portion of
sel egheg:vee. as to allow the above-descri bed

controlled rel ease. The preferred conposition of the

first laygne m@yrid@choRePRAGhdIGNRA BHL hakdCt 188 SuRs dnd®r any
active agent, the desired rate of release of the .
dgentadditignal fayersire sedrcted darba nat-bigetrdifle. such thag ghey jareystaple during

the agd Fot@a@Gest thk YevibdRRT LR the FRSE péricdl BPHRCIMVRE. In other
size determnes, at least in part, its rate of release

10 i rrbodimentsethe palymey mptrix oy thertpbe or gdaiEpnad fyswinayrapsionally be
the fyidesdqim@ati ng | ayer is sem -perneable or
perneable to the agent while .a second | ayer is

i mper meablogc@hISAME R dRviBOElEsA b oRfinucuD SupP BVIrER agitQo internal
materials chosen for the inher core matri x, the tube,

29d/ aegiensyof the badyivtithewateqritiye pdditonal dppere eenciratigns info these
non- B Q&I:0 %t@«ﬁ theSdoile Hﬁﬁﬁlﬁtlﬁ‘ ¥ bREParRl BRIl Sa O dnBfuout Birce of
format1ion of the device and during the rel ease period

for ttheeaggeitp ghe affepted pigarin arothes ¢mbediment, thadeyied farther comprises a

gzt M Xeaflt o BachiiRf, Qeh 3GH LiRh ok BVE-SrolRYe Bk &ABAtlnY layer,

a backing member, a support ring, suture tab, or suture.

25 A non-bioerodible polymer coating layer may completely or partially cover
the inner core. In this regard, any portion of the surface area of the inner core up to
and including 100% may be coated with the polymer coating layer as long as the
pellet is protected against disintegration, prevented from being physically displaced
from its required site, and as long as the polymer coating layer does not unduly

30 retard the release rate. In other embodiments the polymer coating layer may be

-11 -



bi oer odi bl e. Once i nplanted, the device gives a

conti nuous supply of the agent to internal 20 regions
wofhodhvecdsedy wit hout requiring additional i nvaBCvaS2004/001848

penetrations into these regions. Instead, the device

remains in the body and serves as a conti nuous source

of the agent to the affected area. |In another

enbodiioaeeitible.tpnevidiehthat s flenotipesiti@oinprphgeslogical weensinfeat does not

attachnent, su as_an_extensi on of a non-erodible

pol yrﬁgyerﬁ%%?ﬁ%er? EH]IB 5@%?? ra%eaoﬁgec%e%g menber, a support

ring, sut lAr euntlt%kr) of 051 gllél:}sunrlae / be%?se@ tcf] g&fsgll.lcq %}E ogévb Iese of the present

pol ymer coa?lng Iayey may abnp etely or par |aF1y

coverinventien.i $uehrpatymers aten ptefirably égay don-dmmupagehicoandsdr of the

the syrface ar e of the inner core up to and

i PR PEBSSs be coated with the pol ymer coating

L S5 DB 00 BE P o BRSSP Mttty
di splae@ting for Gpmthéti martials abht Sird ®jol@idilpompnitbl@and leesentially
pol yner at i | gyer does, not. undul.y, 3Q. retard the .
ol SaBon bt By BYEE M B RuER s Pt L PoRE IS cbliyty Baidly
Layerdiédﬁ_abg}ﬂgematerlals Md Eglgiél's(l_ﬁ@ﬂﬁgolﬁ’ﬁg iR 4rO AdBd&irable, since
oer | .e, ovl ge IS eco ositiLon I.nh a

pﬂwsi Selgrl%?fo e m@rﬁ%eaﬁé%C%s?ncrypaﬁJ% &g {rlepes. @ pell as the
t he rapSARS of At Systim tohemaig @placeForaproRhgdf pepioll ¥FBhs

may be used to construct the devices of the present

i nvent i on Nafbslly gRuiigrdy s?ﬁtﬁetw |htefiab khat aRebiblogically compatible
0

non-i nogenj c, and/ or he .desired . X )
per n@ggiu qS?GP@ymﬂvﬁaﬂ% bodha U‘Hﬁy"?"tfg‘ @ai%maé Wilhcome in contact
f abrijg@tdeNBut e MdeVinfiRd ithChokiynatatital dr¥ss-18%64! pblylyLhicohol,
Z%nthetlc_naterlals that are biologically conpatible

d esxehinked 1Rplyvinys obuinpie, i by cthylapraretey oRokipPt hpolyethyl
the rfﬁkjﬁﬁérﬁhtew Pbly_@iﬁ?i'f tHlorkRNt B8 vinfiaPriddla)s, Plas&Pledi NGhylene
materials or naterials highly soluble in fluids are )
not désilacaigteccopalymet PAYVigylsaenhok pefiviayl aceateygihylengotimdchloride
af f eclopdiPfed 9?ﬁ§ﬁﬂ§iy eQbrs! NRIViH Bl e8Iy VAT IR, PBlyamides,
the capabili g of” the systemto remain i'n place for a
pr ol celeertiydnetberryetes ipetybutdbmatiagtylage, oplesiiaized g pelyvinyl chloride,

SNt gﬁ‘& k& Bhahﬁ tclf% i ;@&P' kit lac! hd Bli€phthalat
and sgén%?§P§§ [ s%fu e ?nn od g%h? SXWﬁ?gQ t%erp aate,
mat ermagdralwirhbbes orpeliiseproet gelyisobriylenee, pobybutadiene, ngolyethylene,
[imt ﬂ‘ Loyl =1 g %r 0 \ANEY
al cortgl g BRI, pBEThRIEs ARG pRLFRYRANI, S tmeed
et hylmbwjdymyerohqhmol ymekyxrifpqucblomethylehe,xyIchloriydtgi e ,polyethylene,
g?lhz?/plé) I,%1,4'91Qc|>p(r)c§ply 186nep<911|31¥e\r/1|ylg el caa}go%ta eB,SVinﬁidgget Iclﬁlor%c?e(,j acrylonitrile
25  copolymer, vinyl chloride-diethyl fumerate copolymer, silicone rubbers, especially
medical grade polydimethylsiloxanes, ethylene-propylene rubber, silicone-carbonate
copolymers, vinylidene chloride-vinyl chloride copolymer, vinyl chloride-

acrylonitrile copolymer and vinylidene chloride-acrylonitrile copolymer.

Specifically, the device of the present invention may be made of any of the
30 above-listed polymers or any other polymer which is biologically compatible,

essentially insoluble in body fluids with which the material will come in contact, and
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vi nyl acet at e copol yner, pol yvinyl al cohol, polyvinyl

acetate, ethylene vinylchloride copolyner, polyvinyl
we@rseIspol yvi nyl but yrate, pol yvinylformal, PCT/US2004/001848

pol yam des, pol ynet hyl net hacryl at e,

pol ybutyl met hacryl ate, plasticized pol yvinyl chloride,

20 plasticized nylon, plasticized soft nylon,

pl astdssanfidly rimlpsmtehlylb etre thermplaghadiate; effectiver @ent. The term

rubber I o) u

ool yet ﬁg#@lﬁ%ﬂlé Q§ el{epe% IX%%{?%&%% hFrf er 9»191 gt gl%gv ]?a salge of the

chl ordfféetlvemgbl}tat:at yalte()nequlreldlteobta:m disﬁieklrerdldexrdtl or systemlc physiological

pol yvi nyl rroléﬂ pol ytri fl uorochl or oet hyl ene,
chloﬁ?ﬁé? colsi Fﬁ%fe poly(l 4 -|sopropyI|dene

di ph I i d
IPNENYL ERE gnnen %tillzmlg élne elirﬁgrehllmdo n&e %EI 1&?’?{?,1 including an

acrylonltrlle
f urrenaipernmab)leldysmfﬁt‘n,e lﬁllpbnnmallﬂe pblmibbemasr, beegpivhed hryywhere over the

medi cal rade si | oxanes ..

ot ny 8168 P apy PEbSh TRt ot PERRRE aLao i o the op,botom o
copo: anfreide ,of i fiaytl peﬁlﬁﬁele?ﬂlsaﬁi—ﬁh@m&ﬁblw&oaﬁﬁg Wércblﬁld an inner ((j:ore. In
copo r, vinyl c ride nitrile copqlyper and, .
vy 8 e GioRIeyar sl Y pEoight brnd o e of B Gevice,
Sueci dritkabdtiom dnder @ iof theQbp rdEth® bEESRK] tor IoR \PPdsite BidBRYr on any
be made of .any_ of the 30 above-listed pol ymers or any

ot herCOB@I“VH%"rO%"F toR, hottoR B198T cal |y conpati bl e,
essentlal i nsol u in body fluids with which the
matorial W TR %Pﬁm@aﬁt e or 4o layers appusesh AreseYpipyer is

PCT/ Lﬁ@t@@ﬂl’ym&ﬂ&lly%ﬁﬁlﬁmlil@éﬂd)ésdeﬁ%ikﬂl‘yWMbﬁ: ih ®odyBuids which the
passa e of the effective agent. The term

e pilbcomeyia cQadgt- herei n, means that the Iayer
not allom1pass?ge of the  effective agent at
rla?t e requitYERIIng tBHRAPHSEN, duauen dhp perab it essgns%rﬁlrectwn of

physijgwagtiedlical PoteRfid NBCRIWACH 8R! ex@drfoP Glirface diMthe device. At the
enbodi ments utilizing one or npre inperneable Iayers

i ncl (R awrfagem9b  the afavicedicgpilibiye iSppeitressisblisted. In certain

por t i gibholRknReisig %hﬁﬂlﬂ@@&tlﬁé%wg rvﬁleﬁYkﬁercohJﬂﬁoné d?l%fh sides of the
core and/or_other coating layers, includin ot

| i i tQuEPr coating dayefye mediaiong copstattirpystesdy éta@ff?t@s i .tl?esqffectwe agent
PRy MeghlR e%bl%ﬁ@a 1npa%E&§ﬁEE %mﬁ%k"srlgmj m&‘fué’iﬂﬁi 'ﬁf& rht@ 3¢ bassage

core. In addition, the inperneable |ayer coul
pl aced tlmirum@rquab ﬂ@rmat@lfwé pydifiypion Iﬁ@ed@vlﬂx@epell@nmn thi solubility

bot t %@mu%tﬁfeﬂ‘? as WEI 541&1 ﬁlQ ﬁ}oﬁ(ﬂgssto?ﬁle tQf?rltllt ?fﬁ‘s n{%.ransofﬂat selection

opposite sides of on any I nation o
bot t orhappropiiate materinls der falamcratlegrﬂmdubmrtfgst loyea WJH bﬁmlppendent on

| ayer; e@ﬁﬁ?&ﬁ%qt gggg§ﬂch | ayer is preferably

bi ol ogi at| e and essentially insoluble in

bgdy flui %e \MH: SPdltﬂjﬂﬁon gF‘EﬁE %ﬁ”eé@fvle lagech? ﬂﬁodgﬂ C]S)o%nai‘& ¢ 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

30  conditions, the rate of drug release is given by:

Q/t=(D*K+A+dC)/h
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15 According to the present invention, the agent
diffuses in the direction of |ower chem ca

woab@EmkemB, i.e., toward the exterior surface BETHISE004/001848
device. At the exterior surface of the device,
equilibriumis again established. In certain
enbodi nents using nultiple coating | ayers, when the
condiwheon® iothe bobimtsif deg relbasede is e, € iscloadiffngon eveéficient, K is

are ned nstant,.a steady state fl. of the .
o £ oot DuRAEReRBRA ts B BbERRF <irok Tre ieBfoulaAgpsentration
W t h dfitlekdreg ackoys eife rh¥nhbrarsl oud h iflie thiskmesodf tiaasanene. of

the drug through the nmaterial by diffusion is

gener al | y Inlépesastewhere nhe k@nsdlfﬂjhis lthrbyegh ©fayédrea d\FatHjj ﬁlled pores,

.as wel] as on the t es
e bt s phiton g pRhgtmesion, M Kot Blirhiaetes Faiithg bt Under
f abr i co@itions FubRagr frbmr &t doayersidsvis Ive@esldﬁpWeﬂﬁe dC is
on the tlcular g to be used. .25 The rate of

di f 1 S Hallf conpent e St e the fORFenEAIWRFHN L IRSK FABPqriment. The

| ayerreRsetrite thedf6ie @REonhdR\RPENIEN ol Ble efakedred m)n gackyiésd (h) and
di ffusion cell studies carrijied out under sin

condi ¥ty (O ofjthe gembrng.elny th%t"?:‘t?ﬂl%%tloéd}frtp%ée‘ﬁ%ﬁ of the present

urpd e rinddnfibin, € et (hiNGerefoREsur MO SN b b nRhbeine & MBinlyHependent
t he receptor conmpartent is essentially zero when

conpairdhe melepHa skregh the sHEEiTE 288f-on i n t he donor
conpartnment. Under these 30 conditions, the rate of

drug rel eddss ipgrpRabiliy Waluesapa=poRbigingd From. the sigpes of a Q versus
2004/ tﬂﬁ@&@ﬁTﬁ’Q’drH&%@%bQ@r%&% to ‘M%%ﬁf%lsQn' c%eﬁﬁ@r‘%nﬁﬁ'aymt

of drug released, t is tine, Dis the diffusion
coefficient, Kis the partipignpgpefficient, Ais the
surface area, dCis the difference in concentration

of5 t hencdkOpentsD ety iBtaBBINBE 83€he @R pdredbteto the passage of the
t hi ckness of the nenbrane. In the case where the

di f f (PEe%: the F‘H%ﬁ arga In%i‘yé’P determipgd ofthe greg that i i9 6?%‘%(1 W1tl5the coating

t her gmipSrmRabIP &S thi Ehé%ﬁ‘ger& IRNSBRAMBRO R dohd Hi prdére'sﬁvely reducing the
elimnated fromthe eguation. Under sink conditions,

i f r elvailpble upfage arssamiibthe desied eelqase saterigoldpingd. t he val ue
dC is essentially constant and equal to the
concent r aERGHPIAE DEECRIENS rmaterinbapuiidplatfor vhreas pamsalie or semi-

rte ﬁehﬁéa%feo&%tﬂ?% Q.%JEP %ﬂ&ﬁ? nf&? Nhste,t 416 &H&rﬁf@& €n a0 82 Pat. No.
(A), thickness fusivit D)

menbréiid.33p I’Wh@q‘]i‘els @@ﬁ%ﬂofw heﬁﬁn BY referencgdy |1t§ éméff’t}’t lRleese materials
pres eiﬂéluéeocrbﬂ\{ﬁlﬁéd BﬁyVIﬁﬁ%l&hglegél%gf s e %fﬁfnﬁll §1'ﬂ51f1c§:§ %r cross-

area) nor ane depende
ol edmkad gglnaiz@, a¢generatedf fné@tlblv,encalg@dtble Tlwdose, acylated cellulose,

gegnﬁg?gﬁgé YeeHAbYES BRMoRE a0k HEHofAO MdilifosS | MRER Vhtyrate,

25  cellulose acetate phthalate, cellulose acetate diethyl-aminoacetate; 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 devices of the invention may be made in a wide variety of ways, such as
30 by obtaining an effective amount of the agent and compressing the agent to a desired

shape. Once shaped, a first coating layer may be applied by dipping the device one
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time plot. The perneability Pis related to the

di ffusion coefficient D by: P=(KD)/h 15 Once the
woenmwatisbi ty i s established for the coating pecmaakios001848
to the passage of the agent, the surface area may be
determ ned of the area that is coated wth the coating

i nperneabl e to the passage of the agent. This is done

by praghes sinws|iy ar@dtlmhrt@nlahmg the alebieed| ];E)l)ﬂllﬁl’f é)pﬂomallg,athe first
until _the de}hhred1 e rate is. Obx%ﬂn Eﬁggﬁ h
i cr 0?8?%@ t &Prhf's ys PRI SPPgney QESHIE BT 1% ¢ Png ©
sem -oud) snﬁhdase@ﬂoihe deoize |W1gl thaylﬁﬂymmtsehma]h Wlhem using a polyvinyl
i nstanc desc

be U.S.
whi ct‘F‘l‘?c’E ?P& ‘PB&P L?H“ ?‘i’@ rSERd tf;?atf“e%f ‘é¥e&n@8 dleﬂrﬁ%t@cgness may be
erst i radtaimed Tt Iyt @Kerdl Soatd. BatHIERt G2 DB -driedpeidr to %Fplymg the

pol yvi nyl al ¢ohol ol.yol efj ns or pol yvi chl qr.i
or cri¥seoa}. fijjady ta%ﬁ%ﬁl?erfg,ay #%E@f?@rtata@fﬁét tﬂ%g%inaﬁhlﬁfy of the outer
nonerRgiity € cel lul ose, acylated cellulose, esterified

cellul oses, cellul ose acetate propionate, cellul ose

acetate bllﬁ Ybr8di® emBOdifRhisUbRS6r meR! RiRridabladisdsémay be applied
cellul.ose acetate diethyl-an noacet at e; poI ur et hanes,

pol ycHicBBn R8s 2 SFRIRATBFS}0 0B USTREANAERST fRsidieoagyng With an
CQr Prifpbitichit 'p@ﬁ'm‘éf' la9er. BPIE Gadel (I AMNFdrfbaPOry, 3 1ﬁﬁbermeable film
nodi fi ed i nsolubl e coll agen. Cross-1inked poI yvi nyl

al cohB®y heswigpredayquad thergere sy fisessare prligd tq onpet opdendsgyhus, a
be mas@é‘on'drl:oﬁ’tlﬂgI lgfer\{ﬁf)ﬂ)tﬁ;n){ll}pﬁsew&ren‘? Hehedshd I%Qr B¥ludes both an
obtai ning an effective anount of the agent and
conpﬂ@@@ﬁﬁ@mﬁﬁéna@bﬁﬂmﬁﬁwhhd@§$red shape. Once

shaped, a first coatin | ayer may be applied by )

di ppi ng t Ha gepgimeablsn go ymgr4 ayes sioold bed enough” to substantially
RGT/ %&ng"{e@ggﬁséﬁthe %ﬁeﬂ%f’%ﬁ itrﬂ?ﬁar'tﬁhnaac?cs%g Yike %a not covered (the

contai ning the desired polynmer. Optionally, e first

coat i dijusien/lates onppini Bue tnytheidespphiliy of gpmawmﬁgt,he Igm ghamignplant,

or ot e of i.ca-
tnﬁ fh‘%kﬁ?ss %g?ﬁ ﬁlﬂ}?eaﬁllg%orl]e ﬁ% ga%eratgigr%%&amg}é F{/ g?%gf Ylfiflimeters,

aI c ofm¢fe@bvl@tqldﬂ laspthaip f dinrillinteéersecond coating | ayer,

the desired thickness may be 5 obtai ned by applying

several c SanidarlyEthe himpayareatiefish shogld; adg herthigk enaugh to substantially

Hoat gﬂé&gn{ &g% rdlGa8d ﬁ)&ggt throﬁglggﬁe)élﬁcalﬁsﬁ?lﬁ éfédzl%e:ﬁm%np Br port. Due

to adfust t er me out er
coat itngthe |desimbilitaiof rmnbmdmgﬁm §1zemfearonmnl@mte the thickness of the
I Mper; Eﬁg)gkﬁleg I? 4RE $nd tloe2 11@1111 11 eéanfe Y)%r frgln 0. (?11 to less
sem - perneabl e “or Ie |ayer cGat

an mﬂw1hmﬁﬁmmmble polyner Iayer I n the case of a
cylindrical core, an inpermnmeable film
In certain other embodiments, a sustained-release device is formed by co-

25 extruding an inner core containing a therapeutically active agent with a self-
supportable outer layer or tube. The core is optionally also formed by admixing the
therapeutically active agent with a polymer matrix prior to formation of the device,
thereby increasing the viscosity of the core and enhancing its extrudability. The
agent (and matrix where utilized) thereby forms the inner core of the sustained-

30 release delivery device, which may be formed according to the invention more fully
described by Chou, et al, in the U.S. Provisional Application No. 60/377,974, and in
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may be wrapped around the core after discs are applied

to one or both ends. Thus, a second coating |ayer is
wopbi4maedsBy used wherein the second | ayer i ncl edesShouio1848
an inperneable filmand inperneable discs. An

I mper meabl e pol yner |ayer shoul d be thick enough to
substantially 15 prevent rel ease of the agent across

it otheProvisionabdppEsitivh Nart@d3Ro6T76 ¢ dheeteadhin(gs lnd which are hereby

diffusion |a e .desi rab
i i oty BT Rl ALy RIS, THE RS kbl Bpe savec,
an i Fa‘bmbllf@@hb@lcfsl\bltﬁ btAgtesrods Redtiehomeay Uéiyreb:&e@..lﬁérettﬂan%ne active

mllineters, ref r.a 0 oless than 0.5 .

i 111968k e egtionyI; 19“5 Xaﬂvﬁr’éﬂ %11%@}%% eégﬁmg&hes%fmnad release of
also hgiipBiagétenough to substantially 20 prevent drug

rel ease except through a specifically prepared

menbrane e Ptrtisiopeoceds) whde HERdd. B4 et ¥bibfy to deliver the co-
m ni m zing the size of an inplant, the t hi ckness of

t he q%@dn@gﬁmétr@. %teliﬁ%@, abgreFS,uEﬁéha(lj dlpov gptes sufficient to form the

m | i gyediRt Sof RitRéiekiably Hhioma)- B ﬂn%laht%ﬁsmtd halatdent. In some
mllineter. In certain other enbodi nents,

sust siFhedineatse s dlevies isc & Szerthatrraay lwynrwéanteﬁsnfeﬂh@f e ingluding
afy | NBRfout BhRatbR HaAhMiddd: AbtARHRREHY nﬁ@{}}e)écl%tdf YI‘E: eye.

agent wth a self- supportable outer layer or tu

The core is optionally also fornmed by adm xing the

t her apeut |Aé£1%°955%lﬂqf?}% lay splpbilify agens @rs rﬂgﬂ%bavmﬁ sofupility in

pri oragh&buk 96168 Fab&l 10 ARy HeKi&s, thereby increasing

the viscosity of the core and enhancing its

ext r udabi re utilijzed)

(and matri x
t her eby f J:hﬁﬁd‘c“HEtYMﬁ ﬂ%ﬁﬂ%@eé“‘b?ge{“ﬁ may a@h Be Hisehsagg in terfns of
r el eassgPod@hdry Bight s&i@Mh@l%geM@iyﬁfdale@ Eod VARG ofEISRE 41 blnﬁss

tao the jnvention nore [ descri bed by Chou, et al

i 17 t Heodgrat sopfbgly ggeaﬁéypl hpvekqeBrvalss ergwprihan appyt 4 and less

and ithan abb®t mm&%%&%ggeﬁ@iédﬁzﬁﬁ%ﬂ&lﬁ%om Yr ﬁreater As
Provi si onal, Application No. 60/437.576 , the teac

of whisehhessie, FaeaBy “Lpﬁé’dﬁ%@rt&ff@dogaﬁtmh@ } (Paiitiop &pyfﬁwnt)

r ef ergReep isHBead@¥ bEBov WelP b SIRRLAR pardidREstRaRER tanol and water.
althougﬁﬁproducts wi th other cross sections may be

pr epdt izpeaastaniadelinpdasibe rajie of epyeentratien eff compound in aqueous
Ofpt i %@éel ¥ tHerb‘éhééqﬁQ#oﬁ of B%EEIP% P{]&Eanspc{cgordfﬁg 2Ptk ?&10'\%;1

sust ai ned rel ease o agents e extrus

process, when aE plied, has the ability to deliver the
co- ext r udatitiepFesfsient & =iRrsspicl 4 aaecupl whese Flescoappntration

flowrates sufficient to formthe product of

suf fi ci entLogP Zgod; {\@hrtiBY CoeffitioR) amdgeg i nto a patient.
In sonme

In practice, the LogP value will vary according to the conditions under which

it is measured and the choice of partitioning solvent. A LogP value of 1 means that

25  the concentration of the compound is ten times greater in the organic phase than in
the aqueous phase. The increase in a LogP value of 1 indicates a ten-fold increase in

the concentration of the compound .in the organic phase as compared to the aqueous

phase. Thus, a compound with a LogP value of 3 is 10 times more soluble in water
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enbodi nents, the device is of a size that may be

inplanted into the eye, including 10 w thout

woOini4t0a6986n | npl anting it subconjunctivally i NPOTAIS2004/001848

sclera of the eye. As discussed herein, low solubility

agents are those having solubility in aqueous

sol ution of about 10 ng/m or less. The solubility of

t he tthear sagenpoinyd wige n Leghrwlucadisande aimpowsiseith ¢ hogRevatee of 3 is

Llﬁg ItDtnes m%¥e SOEllb%qn Jcei" E"l:all 'a'i;é’m;?o%gg R&’?tatdmkﬁ @Lllué( OP? ve

erate

LogP val'igg"o

sol ubilit t t .

than about™ S NG 'é%i@h%%a%f’ PR Menli, (65 BHER! st form

agentnsytimvea LoglPvalad u%ome atb]©$.$t 1n7othnr egfoedtrl@nts thgsLogP value of
?ed Fepgz} p‘{aplq'h %g)erl SIS’C or, ﬁ?{% 3 ar qgs%rlnﬁ)tgst%‘ﬁbr%iglge%&s tIn certam

how \mibbdlmestsbﬁteaageﬁ inaitst hiichedgsd lﬁc&tru\meyl hevﬁ arm:lgPaafdabout 5 or

wat er .

o Crshats e P ReRS AR oA b &85 dsHE R by foout 7 or

the Q@6 dricdén z(bbutc)‘orcgmmund in octanol according to

the following: Partition Coefficient, P = [Organic] /

[ Aqueous] The@hes¢ ]pl‘farrﬁm:ﬁmﬁmtly atdepableLaagRr=as ugeidohereln means a

(Partition 10P | n. ract
G el Ak pe P CRmp i & iehER, bl Hauid or
whi chyolid ﬁltd:rﬁdlltﬁﬂlﬁ bbt’cﬁﬂen@rsdlvélﬁt&)r 61|itﬁpsiﬂhtlﬁ§ nfagfibl, invoRedth carrying
solvent. A Lo e of nmeans

25 the
conceRLIRIIOBHRE B ang grgfué rPrtHOFH?g % B bagy- ji another

the qrgan bpp&haxs ef tﬁaadmdy N Habie cafeeus blah‘as&ptafﬂb’e 1n the sense of
increase in a_LogP value of 1 i dIC tes a ten-

| nor %48 RPN AR MeRtioBH G ehe REmdls d‘OF wﬁerwéls to the

o5ganjafeddNas@mdSeHpRar 6 naterfalie v@ﬂ:ﬂe O4hS serPd as e phalb&eutically
a conpound with a _LogP val ue of is 10 tines nore

sol ulfceeriaflopgarigrs inojysie\(d) seggns GB‘é’gESslaP@W \tucoem pesh seeagse; (2)

than s?ar&@%%l% antsthr@h énﬁﬁbgtaﬁﬁétdﬂﬁl of) cAnatd, MdGRIBRHRTes, such
with a LogP val ue of IS tinmes nore soluble in

wat erast $94fITy ce@ﬁﬁonmlwl V\sfqllhloaes L%I@Fb wlplgee gnd scellvlﬁse acetate; (4)
cert %sz@fél? qug&%ﬁﬁls 859 fn i %6)%1 avign 27) ' tﬁl‘é'e(% Q8 piehtsuch as cocoa

agent inits ogP val ue of about
200r uuégsandu sHpRSHaY V@méﬁ?)@lﬁx sych pepqapg il aetipasestl oilgsafflower

the s tse:sgﬁg OF ol‘%e%rll L@rﬁ%ﬂ a‘ﬁg ﬁ%ﬁﬁ% §110(20 %?&)lé Iglll(%lt zﬂeﬂ’ropylene

enbodi frent's. certain enbo ent

unchai:geu (fL Or polyedys sheves glycLe@gPscmlmtoébnmmtsl @nd pc@y@aﬂ@m glycol;

i n othear f g

oy IR ARh TE U1 L0e RO EO 1obilE; HATHBLORY) BHRng agenss,

gr eatsach a§' lmmgpémms dydrpkice rami elitniceh | hydmstlep(ldhladginic acid; (16)

AT eyrogen et Wa er; 61’7) 15&0% asglme (18) Ringer’s solution; (19) ethyl alcohol;
(20) phosphate buffer solutions; and (21) other non-toxic compatible substances

employed in pharmaceutical formulations.

The above description of the sustained-release system and accompanying
devices is merely illustrative of the invention and should not be considered as
30 limiting the scope of the invention in any way, as various suitable compositions are

well known by those skilled in the art. In particular, the methods of making the
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10 pharmaceutically acceptable material, conposition

or vehicle, such as a liquid or solid filter,
wdizbuaéss exci pi ent, sol vent or encapsul ati ng RETRIS2@H/01848

involved in carrying or transporting a subject drug

fromone organ, or portion of the body, to another

organ, or portion of the body. Each carrier nust be

" accearpmﬁrinedepbnd oththe ddangity off the b@ivngigmfo mpdpplyMmerspietehted. Given

th di f t
oL SN EHERS. luphBfiol BF I FLORALANC B odolhl (O Hin and
can sigcyer awenphhirdrecéng ufcmlslre;i omcskdh:ﬂaxh)the aa:taronldeaasnly make the
acto

i nclude (1)..su such as

Loy S68eds by bR fihg VBT SpHFERGRR o1 i o
s%arggé Eé% cellulose, and its derivatives, such as

sodi oxymnet hyl cel | ul ose, ethyl ceIIquse and
ceIIquse cet at e; no red.tr I

(6) gel at i ﬁ 91}'[10%1 ?u%?)e tngsevﬁﬁ underst eEereI(c‘é)to % ftollowmg

20 bmbﬁaﬁmﬂmﬁmmupm93|tory maxes, (9) 0|Is, such as

peanut oil, cottonseed oil, safflower oil, sesane
oil, olive oil, corn oil and soybean oil; (10)
gl ycol s, gu@hplas propylene . glycol; (11) polyols, such

as gl ycer nnltol poI t hyl en .
dﬁycol élEﬁlFéééférrglnsW a‘ﬁgtelét%w@‘lm%lcé’ﬁ %B&ET?RS}FM“MG’CO'
| aur %1}%011({ ();Gag ahd bovidd albmﬁfne(mmng\g@@msnd coBpEbs&@s The pellet
a1 o1 e Tl oo n B OB PSSy oy o scctone and v
| sot Qrkg. Bl drRke codiddBpellE Wgehers inSétel tih @fd cc(v&&)l W§tailicone array,
aIcohoI (20)@phosp ate buffer so]utions;

ot herleayig-achold of R pBEEr YipyTsheele Slélﬁ%eég% ea*smhale diffusion
qgarqgggthﬁﬁﬁ formul ations. The above description of

t he sustai ned-rel ease system and accongan |Q§ devi ces
i s merel y The pellst wat plgesdon 1 O0nel af phesphate Rulfiidpd Heth adrisirelease

be cQOglqdar ¢ c@Ssanfled Wil bl pHRIRGBPEnPEndIPRA for albumin by

invention in any way, as various suitable conpositions
are WELC.known by those skilled in the art. In

particul a bouRiGE Nl 5436 filk/ 1ofQpellets coated witt
D04/ ocotieuisit, TEHE085 syt Meickdeoror deo\ggﬁedegncc%ahee Wi
i28entALGA/BEGH#@).act i ve agent and pol ymers sel ect ed.
G ven the active agent, the conposition of a first

coating, a second coating (the filmand disc), or
even a thiEkgnwedting if desired, one skilled in the

s TR TGS, L ) B B oo
Ex anplgslidd) €PLGAR aid @ivine atbulrén (DI, @:w)ubdsyhand densesed The pellet
gﬂp\{/agft énegltp:)ecogtgdt hﬁL(EX' sloﬁl\{\llionn % ape?or}felejngi atlri—cﬂ%d. The dried coated
pellet was then inserted in and covered by a silicone array, leaving a hole of 0.59

mm diameter uncovered by the silicone to permit the diffusion of the albumin.
The pellet was placed in 1.0 ml of phosphate buffer (pH 7.4), and its release
tested at 37 °C. Samples were taken periodically and analyzed for albumin by

30 HPLC.

Figure 2 shows the cumulative release profile for pellets coated with PLGA.
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Exanple 1 10 A pellet (1.5 mmin diameter, 2.0 ny)

containing poly-(D, L-l1actide-co- glycolide)(PL&G) and
woavirecmBbunin (1: 1, ww was hand conpressed. PTAIS2004/001848

pellet was then dip coated in PLGA PEG (pol yet hyl ene

gl ycol) solution in acetone and air- dried. The dried

coated pellet was then inserted in and covered by a

sili ciminsarray, |eaving a hole of 0.59mm di aneter

uncovered by the silicone to permt the diffusion 15

of the albumn. The pellet was placed in 1.0 nl of

phos ghat sustainef-agleaspiqrmuladion, geraprising: r el ease tested at

37 T. Sanples were taken periodically and anal yzed for

al buni n byn inpi aore qEMpLisiag a therppertiocpeciEagiva amquieof at least one

rele f

(8 2%%5%( 1J1 ﬂ’f gfeas? ﬁl;é fgtm?t ]}Q gﬁﬂoﬂgﬂ}y\ﬂ %abﬁe@gra%ofa%a 301d

cént aalldlan@asp ohe/ageiD, havmaatsqﬂdblhtyon agplepedoludien of @Lo@Ayo mghl or

bOV|q aﬂgunin (1:1,ww was hand conpressed. The

pelle? was then dip-coated in PLGA solution in

acetone a L=

then inse rQ? 8@‘%{%"%"9 glE:ucl) \-gge\%(rel gé %y gag,{:g%ﬁg%%g:h%ﬁ%%r;&,%ﬁe

| eaving a hole of 0.59 nm diameter uncovered by the

si I'i eongnd BrRRkfBnlof EHEn ‘i‘j'vtlﬂe%?ﬁ @8 ifter (e ﬁﬁ‘tﬁl%ﬁnse—ga%olymer

pellet was placed in 1.0 m of phosphate buffer

7. 4) majridadnpiged witlethe at leasteneagenit 37 T. Sanpl es wer e

taken periodically and analyzed for al bum n by 30

HPLC. Figure sho Iatl e rele se pr.of.i
Ar  Fel T e IPSOETES
PCT/ 98%@%61@&&&4@cmpaly(mny1 lceta%)S(BVAQD r@@r(ét@lam-vmyl

formul ati on er core conpr|5|ng a
theréﬁ@@?)@%Vﬂymépb@@ﬂWWéaﬁﬁﬁbﬁ@“E?agfhﬁeast one

agent, wherein the at | east one agent is optlonally a

free b t onat e

oer o3 RSB GE R 3. Megin, B 1Sty Shaei oS Bactoe
10 ngpot), Opoly(lvﬁa?B acdki€) VA, ejolyiethylemrcoskiyl s@tned)i (BYA), or
5 1 eaR! 3R L W eStlae) (BT dAJner core.

5. The formulation of claim 1 or 2, wherein the outer polymer skin is

non-bioerodible.

6. The formulation of claim 5, wherein the non-bioerodible polymer skin is
selected from polyurethane, polysilicone, poly(ethylene-co-vinyl acetate), polyvinyl

20  alcohol, and derivatives and copolymers thereof.
7. The formulation of claim 2, wherein the polymer matrix is non-bioerodible.

8. The formulation of claim 7, wherein the non-bioerodible polymer matrix is
selected from polyurethane, polysilicone, poly(ethylene-co-vinyl acetate), polyvinyl

alcohol, and derivatives and copolymers thereof.
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2. The formulation of claim1, wherein the inner core

further conprises a polyner nmatrix adm xed with the
wanod4@aeissone agent. 10 3. The fornul ati on of eCaiused4/001848

or 2, wherein the outer polymer skin is

pol ycaprol actone (PCL), polyvinyl acetate) (PVAQC),

pol y(et hyl ene-co-vinyl acetate) (EVA), or

pol y (i Theafotrmdationmf glaine 8] witbegin (helpGimer matrikhigbioerodible.

fornmul ation of claim2, wherein the polyner matrix is

pol ycaprol actone (PCL), polyvinyl acetate? ( PVAQ) ,.
pol y (IQt e @w@gompﬁp)lqlmé?@ whereia)thq lpigeaydiblg polymsr matrix is selected

pol y( ¥&Rabig

fornu F&%&dh? % 1 igra 12e13 v\%e}kcgp%mﬁg °! uméoreStgro | yner
skin pos'allwmalma@'e}atwa@ detivaivesrang copelymerathiest.of cl ai m

5, wherein the non-bioerodi ble polynmer skinis

selected from pol yur et hane, pol ysilicone,

pél y( t H‘ p &y@u@go@pmlméﬁtzawgﬁremﬂgﬂ qpiRr ﬁg)yymemym is bioerodible.
al cohol, and derivatives and copol yners thereof. 7.

The far tio erein the I I trix.
"o noht- i Brbaletpao g T2, VARGt quls P mET i loctoaie
wher eindl is faRcie@ frohi ppBafdidale ppRlasieicidiBblygdcdlf acid,

sel ect rom po l.ico

r et hane, m
pol y (p@fwhq%@r @als\yaﬁ%wanae%}z X JﬁBY%?\YFSrﬁPF coplypgyy fhereof.
and derivatives and copolyners thereof. -19 WO
i SRt a Lk S R R .
10. Haentfeocursf@td p’mnodfof (at RIaSmZQ hdnh;eaméJ mvet fteat perlod of release, the
bi oer odi bl e
pol y iR ot 4 et Ssgof i RS FyGyesth Sifrogorige the polymer
pol yakinliosd tan 10% of fiakdaebiaiation althy htdéat or@ragdent in the inner core.
derivatives and copolyners thereof. 5 11. The
formulation of claiml1l or 2, wherein the outer polymer
ski n lids The demobitibh ef claithZ. or Phehdreinsudtzinddoplemsk of thaiahledst one
g:] dzlag\é\l,ﬂ 8.11‘ fotr %&Frgo%to%g lg%sn%% rgé{dnoée?tqgia@? b gf g&egse the
[aol y g:loymtraﬁmnalf itheb, at leps] loy©ugehioie Suetr 1mmed1ately surroundmg the polymer

ey abt s EPRSTEARE s Sonn 05 HEA R o f Lo R Soe.

sustai ned rel ease of the at | east one 10 agent occurs

for & gp qT'hE %‘} Qlfatlelrl 01L ﬁ%ﬁtl (%@ t“/ﬁé‘i’glﬁ sﬁﬁgnedqglgisetobﬂlte ate lgast one

peri o ease, contentration of
one aagsrttoccuns for apetiddmfetiieast 24 howsiandpowedihatperiod opslopsee the

skin Ioﬁcenﬁgt‘f‘on I}% al' gt%Le 5 St 1%%‘1:(191{%1{6% alte(?ysu?tfoulrlcﬁt?g f’ﬁg polymer
ent |

| east®®one ag
20  skinis less than 1% of the concentratlon of the at least one agent in the inner core.

16. The formulation of claim 1 or 2, wherein sustained release of the at least one
agent occurs for a period of at least 24 hours and, over that period of release, the
concentration of the at least one agent in fluid immediately surrounding the polymer

skin is less than 0.1% of the concentration of the at least one agent in the inner core.
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14. The fornulation of claim1 or 2, wherein sustained

rel ease of the at | east one agent occurs for a period
woho@toséamsast 24 hours and, over that period of PCElUS2®@/001848

the 15 concentration of the at |east one agent in

fluid i mediately surrounding the polynmer skin is

| ess than 5% of the concentration of the at |east one

agentl7i MheHernulaten of cleén 1 k2, whiwesinf the mtileastiona agdnt ghdiihe outer

1 or 2, wher.e us ed rel ease of the at |east one

agen@ogmgﬁggn?3f%§m%§%?od of at |east 24 hours and,

over that period of release, the concentration of the

at | qgstrang, e bf]clainpadwhémﬁdehégo% e skl Bthfihes a basic

t he pol yner > inis |ess of 1

conc emti¢ty thaving of pKehkighar th@a%lﬁ p&aeofatge at leasﬁ anA@gpinelr an acidic

cQre. erein

oot H1o1EH i AFE BEA BePP e Bk B Bl RabnurcltC00 C

for a period of at |east 24 hours and, over that

periqd, Olfherf@}nﬁﬁ?ﬁﬁm drit@im QO8CL MHeRtd B8 ogfer bbl?m@lt sKi @&hprlses a
one agent in flu i mredi ately surroundin

| yme
ski n basic meiety hqwng apkea Inighsr thap gheduvicad rﬁlteraéﬂqa@mn@ﬁg% or ale acidic
| eastm&ag 0%15 pk B dWREthhN e TpKﬁ%fﬁle at REkt YA 4PRQ4/ 066983
PCT/ US2004/ 001848 17. The fornulation of claim1 or
2, wherein the at | east one agent and the outer

pol ymer Tak E&mﬂfaﬁo&@f&@iﬁlrluﬂﬁﬁeml& ouldi@olyBicftliisii@perficable to
claim 2, wherein the poly mat ri x rlses a basic

i ettle ﬁé?ﬁﬁ?@eég%’kénqﬁoﬁ?fé Jost g | {056 o ke g5 cOffe. at

| east one agent, or an acidic 5 noiety haV|ng a pKa

| ower,.than th Ka .0 ast one

f or matan ROt @ et Jvrein fEPhiek A Shinds MysrHgle o
ski N teardasiSs agent Bidsdobersabaait Y5% @y levgofahepikaerlkbgher

than the pKa of the at | east one agent, or an acidic

noi ety having a pKa | ower than the pKa of the at | east
one ZGeithe fatulafitveofdaimil whérein tief outér pplymey skihisrimpermehtde to
out ery I kin i | east
one. Aot AR PP ool BRERIE R B liSeg s R o8 ' CO7

21. The formul ati on of cIa|n11 wherei n the outer

p@l YPRI 1R lf&glo %{ubmlﬂﬁxalbér‘? Wereﬁhﬁ‘e Alleds AR bR 'ﬁ1 @Qs%ﬁtform is

and covers a /5% or | ess he 1 nner core.

The fseleetad diomotimolol glalerin betam rtydwclnlh@deo m%ﬁorrwallyﬁmchlorlde

skin j t : a o
Cover‘)gﬁ A g@@?&ﬁlo lg%s clgﬁt ?1{111, ﬁﬁfé?lﬁg%} ega%fbﬁalogék.g, _I_Iﬁlgltldlne
for m“YéIOIChinrldﬁ, sérihlinel to'plroghlormﬁer ¢iamaddie hydroplderide, otielopidine
ol nt}ll}ld{bc‘ﬁ)lgﬁ as a Bﬁcgtﬁ{/ m lbﬁahrfrgtgl € %&%né}g 1$r9 m ﬁy'd%%iﬂ%hde diltiazem

mal e Xol drochl or’i d
gdr dyttoohlodés, prmmnolohyamqmdnlyd,r ogthiloging obecptllc apfadpr, i ¢lindamyocin,

eryt harzftlhr%r%lycr:lln,l & tazOl i} r(‘i%}z%lamlcﬁa%yd ochl%%de, acetazolamide, brinzolamide,

methazolamide, and dichlorphenamide..
24, A drug delivery device comprising:

a substrate having a surface, and
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hydrochl ori de, sertraline hydrochloride, tramado

hydr ochl ori de, ticlopidine hydrochloride, nicotine
woOib@Erkems e, oxybutynin hydrochl oride, dilti azeara82004/001848

hydrochl ori de, propanol ol, anoxicillin, cefuroxine

axetil, cefaclor, clindanmycin, azithronycin,

ceftazi dine, dorzolam de hydrochl ori de, acetazol am de,

b r i nzol arrhdmstamerala'elea%cfbmuiaﬂen adhereddo dielsarfyrasthasistiined release

e AR ehRN e A o AL SR R BRLE A frount of at
PCT/ u&aﬂﬁﬁ/a@éhl Sliereim the utleast nechges 1eaﬁee beae tmi labtoﬁated acid, and

adher ed he surf t he sus

For mi Sty A B Bige e HivEE P oF B A gt polymer ski

t Ber apaiinisGalehst a@bitio bf e immeidsid. of at | east one

agent, wherein the at | east one agent is a free base

or a protonated acid, and has solubility in water

t hat 25s Hizodevick ®f mgaﬁrm240wh&:remsthe amer eove dutler cpoprjsgea polymer
skin 5 cover. ortion of the inner core.

25. fﬁ@nﬁg 1%%9%?hg?§. wﬁﬂnéaéﬁgreln the inner core

further conprises a polyner matri x adm xed with the

S ¥ithEofdlr polylePbidf isUhn ble t
aier ot Tha agr ap P o SpHE Gl SRl v parte o
at | dlzsdt leapteong ggent amvcr@ip@$ than E3%0 ortheinho0MRf t he
i nner core. 10 27. The device of claim24 or 25,

wherein the outer polyner skin is polycaprolactone
(lﬁCL)27 B“ap quﬁpla&g g% g% %5) w pw@ljle outer polymer skin is

p0| y%%Iy@%r@lﬁ&oﬁ@(?@ﬁ‘)ﬂoly(ﬁﬁﬁtaﬁéte?é TR, é)ogr(ethylene co-vinyl

['acti d )% de z devi ce
of claamip)z@VAf%@rp@i dltlhféldﬁréw}?é@h% FLGA); s
pol ycaprol actone (PCL), poly(vinyl acetate) (PWNJ

pol y(et hyl ene-co-vi nyl acetate)
act iPde1b6d @wﬁ# (PRl th ezr@‘ynﬂﬁ Siefiis s 28 Y%?pr@fl%?% <PCL>,

24 0rpoRRvinyhdehikd) (PIV%CQ Ubﬁ&(eﬂ@le}i@@é-vﬁﬂﬂ Rcdt@e) (EVA), or poly(di-
non- bi oer odi bl e, . device of claim?24 or 25
WﬁeréWWd?ﬁ@gbﬁﬂgk)QEKVHEr skin is non-bioerodible and

is selected from pol yur et hane, polysilicone,

D cord | afiE 4 o 240 ggo RS B olymer skin s

The dewibeerdafibie! ai 25, wherein the polynmer matrix is
non- bi oerodi bl e. 32. The device of claim 31, wherein
t he non-bi oerodi bl e polyner matrix is sel ected

30. The device of claim 24 or 25, wherein the outer polymer skin is

non-bioerodible and is selected from polyurethane, polysilicone, poly(ethylene-co-

20  vinyl acetate), polyvinyl alcohol, and derivatives and copolymers thereof.
31. The device of claim25, wherein the polymer matrix is non-bioerodible.

32. The device of claim 31, wherein the non-bioerodible polymer matrix is selected
from polyurethane, polysilicone, poly(ethylene-co-vinyl acetate), polyvinyl alcohol,

and derivatives and copolymers thereof.
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from pol yur et hane, pol ysilicone,

pol y(et hyl ene-co-vi nyl acetate), polyvinyl alcohol,
wana4eedsyat i ves and copol yners thereof. -22 WBCT/US2004/001848

2004/ 066983 PCT/ US2004/ 001848 33. The device of claim

25, wherein the polynmer matrix is bioerodible. 34. The

devi ce of claim 33, wherein the bioerodible polyner

mat r i38. The doliecifeldint 25 whepdl thapdlycer detrix fxbiydradiblec

acid, polyglycolic acid, polyorthoester,

po Iyalkylcyanoacr | ate, and derivatives and copol yners

t her 84f Thedasce ofelaind 3%ivdhsreist the bigeiedible rotyms magiveis geleeted from

t he I e device

of o aRLL PRl Rid DREREIRGLY Fotygiioedslt, 0V, C

bi oempolrlkykyamdcrylats, sl deuvatides amdrwpdylyan tigcchOf de,

pol yl actic acid, polyglycolic acid, polyorthoester,

polyalk%chanoacr | at e, and derivatives and copol yners

t Rer 86f Thgdevicernd clagy 2¢ er 2% wWheraintke ouergolypsr skip ssrhiparodible.

sust ai ned rel ease of the at least one 10 agent occurs

for a periaqd.of a 4 hours and, over th
peri ¢4 dhe ey apsf@ airg ﬂ% o HEETIR RS P nop Hteﬁéknafs bigezible and

one 3geMctedTron ptilshnaydrile AR idtdc RalYIMBIeheklidladi® pb§SShoester,

than 10% of the concentratjon of the at Ieast one
agentPolyalkylssansasryisies anddervatiyes angicape]upsie thegiol.c| ai m 24
or 25, wherein sustained rel ease of t he at Ieast one

agent cu s.for. a.perjod.of at t. 24

o ot sipERh 8828 witkei SR hnEleltRs 3t R0Gt teast one
tlEe alpedt lﬁ‘:)a&trs tie pgedtof ifaﬂlefri]dt 24 chootstamtidevet ket Fﬁ‘ﬁqdlh W release, the
skin is | ess % of the co ntration t he, at

s BB e OB I DR puisis Berpab il s than
cl ai mo@2dofake dcentiafdrLoMheSd $dastione dedhein@Rsgolphertshia. at

| east one agent occurs for a period of at |east 24

hours and, over that period of rel ease, the

concedt Mat Hmceaff clahe 24br 2% afhweimrsestaigahtteleiaw df Ithﬂ:i atﬂ least one agent
out si de t

conc&RTFR qr ﬁe%%lmﬁé fég? Qﬂ é%lgf 8veé g‘é'ln ?erlo%l o%' F]elease %16
slisi N .coAdntrailvt offeheiat Ragon€hgehiin 2didosuts2de, thwsmyreerrskmheleast than

e S I R A S R S TR A

pol ymer matrix conprises a basic noiety having a pKa

hi g h%r t'ﬂ% e{lgg E@Jfﬂmq4 otr '3? va{ggéuf %%{ea}n%? E%%ﬁ? ﬁfe th?3 %geagfone agent

aC|d|c nole avi ng
t he aftcure ﬁma ponal afGe febst 24 B&lrmtﬁ Ot 36 6OBE of release, the
PCT/ U%%c%g’ﬁ*étgo%l %4116 at least one agent in fluid outside the polymer skin is less than

20 1% of'the concentration of the at least one agent in the polymer skin.

40. The device of claim 24 or 25, wherein the at least one agent and the outer

polymer skin are co-extruded.

41. The device of claim 25, wherein the polymer matrix comprises a basic moiety
having a pKa higher than the pKa of the at least one agent, or an acidic moiety

25  having a pKa lower than the pKa of the at least one agent.
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42. The device of claim 24 or 25, wherein the outer
pol ymer skin conprises a basic noiety having a pKa
waighmeeashan t he pKa of the at | east one agent PCOUS2004/001848
acidic noiety having a pKa |lower than the pKa of the
at | east one agent. 43. The device of claim 24 or 25,
wherein the at | east one agent in its salt formis 5
sel edRedhé devieet ifivtilio 24 wal B athereitbibe antet pdlymer skin comprises a basic
hydr ochl ori de n
hydr &%Tt% Ihlaggg agpgl%at lgiﬁﬂérr{l’lary ﬁ%?ﬁ& o(}{thg %t }egsé[te})o n};{nct Qr an acidic
r ani tmddéty @avily dpke loker thaethe $Ka bf 'dnle |a’nkeasin gk a:gehtl o r [ d e
tramadol , ticlopidine hydrochloride, nicotine
bitartrate, oxybutynin hydrochloride, diltiazem
pr opdfolThk, devippsi diim FAnor 25¢ whereinxthe at lassepid agenieihdisisalt form is
clln d
o SEEUE] BonPAbb BIKE e ] A ALNGad HARAN lfrotfloride,
mst haamdoarycibe, h}alrmthloddc;hlcaptplbrdn aeriytheomycdu} Iadtobisntied mehitidine
g(r)lo\ljl d| ng}él %t al rgghnree'l ?3 %ghl e n{églg&%ﬁ Qfalo%{dn% t’Hygn)lcfaflorlde
t her ajetihé dnahxitrylteefof(ﬁmtynue hgdrmhhirldef dﬂmazbmasptopamrdol amoxicillin,
agent, .wherein east _Q ent S
P oo bl =5t S sl oMaRT sl "Wroflamice
ge nthyh@b'llllﬁﬁde’;l SObchH&lzbiahlydeL n Wadireblatide | Srrﬁtiﬂkttlarﬂﬁe, and
%gﬁless form ng a sustained-rel ease formul ation
haV|ﬁf Pheg@Bide s or o conprising the at |east one
agent, wherein the inner core is covered at least in
part Ly an r | i. di .
Crst A e PEGE be REIMIELRlER et B Ef bES ighly solubl
accemgabhmnmmmmgler, and adm ni stering the
sustai ned-rel ease fornmulation to a patient. 45. The
met hod of claim44, wherein the inner core further .
conpri ses praviding a thergpeuticallyeffagjvarmaieips pileast pie agent, wherein
le y 1d a %\{jl: ofle age ﬁt4'1 g@le@%%@é 0R6 glgg’ %éty@g&ﬁ %élggilf%%% one
ot "cf al m Wherein the outer
poIymgﬂﬁékwngasﬂwﬁﬁwﬁmna@t@mHsdxmhé)m@mﬂ@akﬁsone agent
and covers | ess than 100% of the inner core. 47. The
met hod of claim44 or 45, wherein the outer poly
skin is [onyespispaed-siesy bonylatiodiayipg 4y ans&@r%\‘f%l}loﬂsmg the
( PVAG) 1eaRQhY b&hh WneRsr 6O 1n\'iérrb§$}e(1s gov@ge@taﬂeﬁgt il Fe¥¥Yy: anQuter

pol y(di -1actide-co-glycolide
polymer skin;

20 providing the sustained-release formulation in a pharmaceutically acceptable

carrier; and
administering the sustained-release formulation to a patient.

45. The method of claim 44, wherein the inner core further comprises the at least

one agent dispersed in a polymer matrix.
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48. The nethod of claim45, wherein the polymer matrix

i s polycaprolactone (PCL), polyvinyl acetate) (PVAQ,
weoabosfoeédsy| ene- co-vi nyl acetate) (EVA), or PCT/US2004/001848

pol y(di-1actide-co-glycolide) (PLGA). 49. The nethod

of claim44 or 45, wherein the outer polyner skin is

10 non-bi oerodi bl e. 50. The nmethod of claim44 or 45,

wher dbn Thheefoidyofelis kit or #5 whereitbihe entsd pblymenskin isiimpermeable

sel ected from pol vur et han d

ool y%oefﬁﬁ {l asé fg ntanfi c%\@gstlg ?155%810[)4 o?rhe 1n1?erc €ohol ’

and derivatives and copolyners thereof 51 The net hod

of ¢ |4§' My gteﬂs(ga%'f Glafh M‘@r BOL¥ER tﬁ%lﬁe%zr 1yﬁ]er skm is

non- bi oer o The neth almb
wher @plycam@aqt@m(BCb)s rpobt(\bm aﬁtﬁtﬁtgbrt-’éVA%mOMethiéene ~co-vinyl

;gl e%&t%%y)l @gzgg)ggglpél (ﬁtlgbglggtv%g%éﬂﬂpo‘: yVi ﬁyl al cohol ,

and derivatives and copol yners thereof. 53. The nethod

of clyg ”Tlféme‘dﬁ@ r& dailaN 85, PRAYOR rthéTBBISItn)ér 'm°atr1x is polycaprolactone
bi oer odi bl e. The met hod of claim 5 erein the

bi oer(B@L)mr@lsﬁwmyhé@etﬁ@t ARAQs p@bl(@bxletf coz‘onsflr @fﬁtate) (EVA), or

poly% K ﬁ&%ﬁec&%ﬁ%&ﬂﬁ?t@iﬁ@'d pol ygl ycol i c acid,
pol y oester pol yal kyl cyanoacryl ate, and
derivatives and copolyners thereof. 55. The nethod of
cl ai 44 ahedhethohesfetibint @ ouus] wiRtehe Ygied pdlymer skin is
bi oerodi ble. -25 WD 2004/ 066983 PCT/ US2004/ 001848
, TREDIEINEE-of claim 44 or 45, wherein the outer
pol ymer skin IS bioerodible and is selected from

88: zglrdth ?/,’Ilgls odpog 8 @%h%ggg% %/ & 3 1'895 r?o%—bqberodlble and
dler | \iﬁﬁ:ﬂe‘é&ﬂ f@ﬁdp(ﬁﬁﬂﬁhatﬂ}épcﬂ;ystli&&ﬁsa geﬁly(elﬂamena%e-fvn?}] Jmad:a),
claim 0 reln sust ai ned rel ease o e a

s pobisY] 4Clgh RS GRS PR BEERIRTI: ot | onst. 24
hours and, over that perlod of rel ease, the _

ConCait Mk ) q%fof Aoy 35, RS 102 Bty REERbyik B dantbichrodivle.
concentratlon of the at | east one agent in the polyner
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54. The method of claim 52, wherein the bioerodible polymer matrix is selected
20  from polyanhydride, polylactic acid, polyglycolic acid, polyorthoester,

polyalkylcyanoacrylate, and derivatives and copolymers thereof.

55. The method of claim 44 or 45, wherein the outer polymer skin is bioerodible.
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61. The method of claim 44 or 45, wherein the at least one agent and the outer

polymer skin are co-extruded.

62. The method of claim 45, wherein the polymer matrix comprises a base having a
pKa higher than the pKa of the at least one agent, or an acidic moiety having a pKa
25  lower than the pKa of the at least one agent.
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adm ni stering the sustained release fornulation to a

patient having glauconma. 66. The nethod of clai m63,
wohewmcepss he i nner core further conprises the PCeaShmge01848

20 dispersed in a polymer matrix. 67. The nethod of

clainms 62 or 63, wherein the agent is tinolol naleate

or

10

15

20

bet axol ol hydrochl ori de. -27
63. The method of claim 44 or 45, wherein the outer polymer skin comprises a base

having a pKa higher than the pKa of the at least one agent, or an acidic moiety

having a pKa lower than the pKa of the at least one agent.

64. The device of claim 44 or 45, wherein the at least one agent in its salt form is
selected from timolol maleate, betaxolol hydrochloride, metformin hydrochloride,
vancomycin hydrochloride, captopril, erythromycin lactobionate, ranitidine
hydrochloride, sertraline hydrochloride, tramadol, ticlopidine hydrochloride,
nicotine bitartrate, oxybutynin hydrochloride, diltiazem, propanolol, amoxicillin,
cefuroxine axetil, cefaclor, clindamycin, azithromycin, ceftazidine, dorzolamide

hydrochloride, acetazolamide, brinzolamide, methazolamide, and dichlorphenamide.

65. A method of treating glaucoma comprising:

providing a therapeutically effective amount of a free base of a highly water

soluble salt of at least one agent that is effective in the treatment of glaucoma,

forming a sustained-release formulation having an inner core comprising the

free base, wherein the inner core is covered at least in part by an outer polymer skin;

providing the sustained release formulation in a pharmaceutically acceptable

carrier; and

administering the sustained release formulation to a patient having glaucoma.

66. The method of claim 63, wherein the inner core further comprises the free base

dispersed in a polymer matrix.

67. The method of claims 62 or 63, wherein the agent is timolol maleate or

betaxolol hydrochloride.
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