SUSTAI NED RELEASE DEVI CE AND METHOD FOR OCULAR. DELI VERY OF CARBONI C
ANHYDRASE | NHI BI TORS Field of the Invention The present invention
relates to the field of sustained drug delivery to the 5 eye, and
particularly to the treatnent and/or prevention of raised intracular
pressure, such as that associated with glaucoma or the use of
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20 Inhibitors of carbonic anhydrase prevent the enzyme from catalyzing the
combination of water and carbon dioxide to form bicarbonate ions. Inhibitors acting
upon carbonic anhydrase isoenzyme II in the ciliary body produce a reduction in
intraocular pressure by decreasing bicarbonate secretion, and thereby decreasing

aqueous humor secretion, by the ciliary epithelial cells into the posterior chamber.

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

reason, oral carbonic anhydrase inhibitors are generally used only in acute



Topi cal carboni c anhydrase inhibitors used in the managenent of open
angl e gl aucona include dorzol am de and hrinzol am de. The action of
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i npl antation, for exanple, into the choroid. U S. Patent No,
5,476,511 i ssued to Certain sustained-release devices and formulations adapted for
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administration of drugs to the eye have been described previously in the art. U.S.
Patent No. 6,196,993 issued to Cohan and Diamond describes an ophthalmic insert
intended for implantation into the lacrimal canaliculus of the eye. This device

25  contains an internal reservoir of drug, and features a surface opening through which
the drug is intended to diffuse. Sustained-release systems adapted for placement
between the lower lid and the eye are disclosed in U.S. Patent Nos. 3,416,530 and
3,618,604 issued to Ness, 3,626,940 issued to Zaffaroni, 3,826,258 issued to
Abraham, 3,845,201 issued to Haddad and Loucas, 3,845,770 issued to Theeuwes et

30 al., 3,962,414 issued to Michaels, 3,993,071 issued to Higuchi et al., 4,014,335
issued to Arnold, and 4,164,559 issued to Miyata. U.S. Patent No. 5,824,072 issued



OGnven et al, describes an ocular inplant intended for inplantation
beneath the conjunctiva. U S Pahl: No. 6,416,'177 issued to
Yaaeobi describes an ocular S inplant for inplantation onto the outer
surface of the sclera at the back of the eye. Devices such as those
descri bed above typically consist of a drug-containing reservoir
surrounded by a perforate or perneable nenbrane that controls the
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describe a device which is suitable for implantation into the vitreous cavity, having a

core of a low-solubility drug and a single permeable coating. U.S. Patent No.
6,375,972, issued to Guo and Ashton describes a device comprising an inner core or
reservoir including a drug, an inner tube impermeable to the passage of the drug, an
25  impermeable member positioned at the first end of the tube, and a permeable
member positioned at the second end of the tube through which the drug diffuses.
Another embodiment of the ‘972 Patent includes an impermeable outer layer
including a diffusion port that surrounds the inner tube, impermeable member, and

permeable member.

30 A device intended to provide sustained release of a drug should also provide

controlled release, i.e., it should approximate zero-order or linear release over time,
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therapeutically effective concentration of the drug. The duration of
rel ease should be sufficiently long so that the insertion of the
device (and in the case of non- bioerodabl e devices, renoval of
expended devices) is not inconveniently frequent. 5 This is
particularly an issue where insertion and renoval nust be carried out
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An approximation of linear release is achievable when a drug reservoir is

C

coated with a rate-controlling permeable membrane. Drug diffusion across the
membrane is rate-limiting and is constant (zero order) as long as the membrane
permeability and the solution concentration of drug in the reservoir remain constant

25  (e.g., as long as there is undissolved drug in the reservoir).

Despite a great deal of effort in this field, the devices produced to date are
not ideal in terms of meeting the recjuirements of zero-order release over time,
prolonged release, and a relatively constant and therapeutically effective
concentration of drug, while at the same time being acceptable to patients and

30  medical professionals. In particular, there exists a need for an improved method for

treating and/or preventing glaucoma and other indications associated with raised
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i ntraocul ar pressure by adm ni stering carbonic anhydrase inhibitors
to the eye in a manner that avoids the problens of variable drug
concentration associated with topical adm nistration w thout causing
system c side effects. Brief Descriptiopn of the Invention 5 The
present invention provides a device and nethod for treating and/or
preventing raised intraocul ar pressure, such as that associated with
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FIG. 1 is an enlarged cross-sectional illustration of one embodiment of a

sustained release drug delivery device in accordance with the present invention.

20 FIG. 2 is an enlarged cross-sectional illustration of a second embodiment of a

sustained release drug delivery device in accordance with the present invention.,

FIG. 3 is an enlarged cross-sectional illustration of a third embodiment of a

sustained release drug delivery device in accordance with the present invention.

FIG. 4 is a cross-sectional illustration of the embodiment illustrated in FIG.
25 2, taken at line 4-4,

FIG. 5 is a cross-sectional illustration of a sustained release drug delivery
device in accordance with the present invention, adapted for insertion into a lacrimal

duct.



5 ciliary body of the eye of a patient for an extended period of
time. The device is a sustained-reieasse drug delivery device
conprising at | east one carbonic anhydrase inhibitor, which can

mai ntain a therapeutically effective Concentration of the carbonic
anhydrase inhibitor(s) within the ciliary body for an extended period
of tinme. The nmethod involves inserting such device into or in
proximty to the eye of a 10 patient, in order to deliver the

carboni ¢ anhydrase inhibitor(s) to the ciliary body. The device of
the present inverlidfikRd Deytripdoncipé Beedtdnr i nsertion between the eye,
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t he associ ation), cﬁedto an agh}l ve. i}aé?r a prodrug of an. active
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more fully 20 inserted, injected, implanted, or administered in any other fashion. The term

“insertion” means insertion, injection, implantation, or administration in any other
fashion. Similarly, the term “insertable” means insertable, injectable, implantable,

or otherwise adminstrable.

The term “patient,” as used herein, refers to either a human or a non-human

25  animal.

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

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



5 described in U S. Patent No, 6,051,576. As used herein, the terns
"drug," "agent," or "carbonic anhydrase inhibitor” includes a

codi ng, prodrug, or a pharnmaceutically acceptable salt formthereof.
Pharmaceutically acceptable salts include, but are not limted to,
sul fates, hydrochlorides, and the |Iike where the conpound is basic,
and sodium salts where 10 the conpound is acidic. As used herein,
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polymer  matrix pri OrA%l%e& Qgrmt‘lsgs?au%ﬁ-r%lgﬁe Qe‘% ’C& g ds{amé&'ﬁé(l} aGase, the

pol ymer matrix may o Ssigni f I cant rel ease
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drug-contai ni ng GEL&: ofﬁfne%&nﬁ@%d Benibl. 0%y aq%‘é'dgblﬁsed-gl}@whe%e?e\{ﬂ ekdnged
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forwardi ng a fol ynmeric materi al
drug-containing core comprising at least one carbonic anhydrase inhibitor and (b) an

outer polymeric layer. The outer layer, which preferably is tubular in shape, may be
permeable, semi-permeable, or impermeable to the drug, In certain embodiments,
the drug-containing core may be formed by admixing the drug with a polymer
matrix prior to formation of the device. In such case, the polymer matrix may or

25  may not significantly affect the release rate of the drug. The outer layer, the
polymer admixed with the drug-containing core, or both may be bioerodible. The
co-extruded product can be segmented into a plurality of drug delivery devices. The
devices may be left uncoated so that their respective ends are open, or the devices
may be coated with, for example, an additional polymeric layer that is permeable,

30 semi-permeable, or impermeable to the drug.



atoafirst extrusion device, forwarding at |east one drug to a
second extrusion device, co-extruding a mass including the polyneric
material and the drug, and formng the nass into at |east one
co-extruded drug delivery device that conprises a core including the
drug(s) and an outer |ayer including the polyneric material. In
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device is in adm xturgg é@reﬂlf}rf&eééhbéd‘?x@ﬁts ﬂBﬁsl&QJl i‘z{{S{tA ppl Qgtll(ﬁtlo}4§§§f? one

pol ymer may be a bjoerodible suc SV|n acetate

(PVAC), pol ycapr 8148{ohé f‘("lstﬂf}ilp é&‘l%l‘%%‘i’?’eﬁ@ f-‘376'}lelﬁ ed Spigepber g}, 200

gol yE dl) - agt i ﬂe eﬁm@h yBiotrti@hle Sl Reledte ORY gmlme@sp@iismn’gﬁﬁo%%exﬁﬁ&dm
rug(s) and the at ast .one po e r form e

outer |ayer nmayb&™ P‘?@B‘?"ﬁﬂ‘zﬁﬁs@g @%ﬁin%%rfg'?rf"@g%ﬁ%gr‘wdlgﬁ ig magrigh e

15 drug di sposed tond fir emrﬁditm deﬁ&e forelatdigs £tQ¢astRIne tiug & LBER emdioﬁawlce,

n bi nel vi nyl
Coarnt o copal yirerS IR Ae R nfieR N ne S Baleltand e By An Riine B
nyl on, or PLGA, umssantg@pbflsymrcomtndmdmg dellt/dmévl;lcelthat o@ptisedsa core
enbod'nents t he;
Srbod Pont 3. | BB kARSI Sy SRy oy
be the same or 2emmdﬂm@meﬂwp dt“ﬁ@h opvpeded taige ws@@ emusmeiemmem admp@re

Whi | e co-extrgsi Qitn 'ﬁﬁb{asp&eléﬁﬁﬁelt (Thg Wléﬁ‘b@n@ﬁd’l&xﬁ& n?a‘}(BQEGfoElgdlBlg palpﬁ A
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enmbodi :

possi bl e t echni qﬂ%‘§§]9‘f‘@%ena\{§ %48 Fﬁ‘[m‘é‘ﬁ’d“\ér%‘ymé@“gegnent ed into
? plural 'yt y of hofthg;tge BEPHNE S b%)f;hp&ﬁ{ehg Qe RASEEIY BerrbiFe to the
addi tional |dyer §mg|dﬁn¢89¢jwnlgnﬁlﬁmnemg-@n@mmg care} zlaray coraprise sny
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sem -perneable to suc P ,.and e I's bioérod IA
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ese. teri
the outer T ater SHEP4TRRES MU anraiPHrsigl BBt e drigeRHELr I o e
nunmer ous. | n20hi giffeegathah thd ireg uddinend iney 3ofl, 972 descri bes ssuitabl e
materials for formng insertable co-extruded drug delivery devices,
which material s While co-extrusion may be used to form a device according to the invention,

other techniques may readily be used. For example, the core can be poured into a
preformed tube otherwise having one or more of the characteristics of the present
invention. In certain embodiments, the drug delivery device (formed by any of the
25  possible techniques) is in a tubular form, and may be segmented into a plurality of
shorter products. In certain embodiments, the plurality of shorter products may be
coated with one or more additional layers, including at least one of a layer that is
permeable to the carbonic anhydrase inhibitor(s), a layer that is semi-permeable to
such drug(s), and a layer that is bioerodible. The additional layer(s) may include
30  any biocompatible polymer, such as PCL, EVA, polyalkyl cyanoacralate,

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



are included anong those usable as materials for the outer |ayer and
inner drug 5 containing core. Preferably, the materials for certain
enbodi nents of the present invention are selected for their ability
to be extruded without negatively affecting the properties for which
they are specified. For exanple, for those materials that are to be
i npernmeable to the drag, a material is selected that, upon being

processed through an%%ﬁanys%hm e 0 QYnGE outes 12! gérfagf%raﬁlghg@glﬁﬂg%&%e
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ﬁOI %/m;r rrg} rix, amlgiurbthafegfymms, oacqmlygﬁﬁnhefmf ?hlgabmbxs mg?mg%ﬁtémd@d and
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pol yner material eﬁth@fonwda@typiaalymwezsné&My@a&ﬁgﬁ@wo\lm%@saeaed so
that the drug is .not destabilized by the matrix. Preferably, the

matrix material PEYeSHWEPSAT SiBerresture-gRnFipting dsHoshingrggHt paebereerliof has
little or no2eff &Iétextﬁmexttb mlsfeelhe&aﬁlﬁbrdhﬁté Sluidreshil€ o£84i ONIhe maRPAlib¥Elp ase
inhibitor(s) from terials fromy\lnﬁchthde roduct
i s rmade may be s 81{tru % glFﬁEs caxb%re%e{lt & igu 1es when a pharmaceutically active dr uéj

included in the materials being processed and extruded by the extruder is heated

and/or exposed to elevated pressures. This difficulty can be compounded when the
drug itself is to be held in a polymer matrix, and therefore a polymer material is also
25  mixed and heated and/or pressurized with the drug in the extruder. The materials
may be selected so that the activity of the drug in the inner drug-containing core is
sufficient for producing the desired effect when inserted in a patient. Furthermore,
when the drug is admixed with a polymer for forming a matrix upon extrusion, the
polymer material that forms the matrix is advantageously selected so that the drug is
30 not destabilized by the matrix. Preferably, the matrix material is selected so that
diffusion through the matrix has little or no effect on the release rate of the carbonic

anhydrase inhibitor(s) from the matrix.



during the release period for the drug delivery device. The materials
may optionally be selected so that, after the drug delivery device
has rel eased the carboni c anhydrase inhibitor(s) for a predeterm ned
anount of tinme, the drug delivery device 5 erodes in situ, i.e., is
bi oerodi bie. The materials may al so be selected so that, for the
desired life of the delivery device, the materials are stable and do
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insoluble to be retained in the matrix.

In addition to one or more carbonic anhydrase inhibitors and matrix-forming
polymers, the inner drug-containing core may include any biomaterials such as
25  lipids (including long chain fatty acids) and waxes, anti-oxidants, and in some cases,
release modifiers (e.g., water). These materials should be biocompatible and remain
stable during the manufacturing process. In certain embodiments, the blend of active
drugs, polymers, and biomaterials should be extrudable under desired processing
conditions. The matrix-forming polymers or any biomaterials used should be able to
30 carry a sufficient amount of active drug or drugs to produce therapeutically effective

actions over the desired period of time. It is also preferred that the materials used as
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10 drug carriers have no deleterious effect on the activity of the
carboni ¢ anhydrase inhibitor(s). in certain enbodinents, the matrix
polyner(s) may be selected so that the release rate of the drug(s)
fromthe matrix is determned, at least in part, by the 5

physi co-chem cal properties of the drug(s), and not by the properties
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rorn e matri x. Tn cer nment. s r

included in the & %Pr°f°5§}@f‘ O?tlhﬂ'ﬁfes {7“%“8’\}{“8’%“%? é‘?ﬁ ssrg@XSF Zﬁoglglée with

an initial burst dsueh Iﬁiﬂﬂitlonhm’pl-smﬂ:fbeﬁwmmérﬁbfthe maﬁmmy bplaieétly thm t he

body, a substanti éﬂéﬁ‘f ro% tsllcoa d1 sor gytheo EIS%IO &&gglia{e &ﬁ%gggdél%l;u%egased

fromthe outer uen romthe
i nner drug ckSnt ahembmgormoﬂmg thEm@t@aW(OQ)he dnlg(s),l@édts diffupibre frora themakrésy e r

may be the same dr é&gﬁ) gnﬁédn?lénté g]%'nﬂﬁlxtn%erﬁﬁg ?elec{e'a% Hehl 192106 1045 DT ©

carboni ¢ anhydrase 1n tors ternative e drugs included in

the outer |ayer eyrisds efinfrpldaddythefrate py R“Pf@’aé?ftl‘gf(t@ffqer\’é?ed’&iﬁdsqchtha"(th%

core. As noted i 'anfg%rcﬁi?dsfbn%&@ilﬂf‘e&néﬁ#x Hab Bit16 Or idifettda theatRadtoRB tate
described herein, it will be appreciated that a variety of materials

may be used for o tB?J‘PétF"‘ 0 layer to achieve different release rate
profiles. For Oexarrpl eIn cel%au(lj érglg:o 1Sn'15e(191 S, (&rug(sF) may also be included in the outer layer.
This may provide biphasic release with an initial burst such that when such a system
is first placed in the body, a substantial fraction of the total drug released is released
from the outer layer. Subsequently, more drug is released from the inner drug-
containing core. The drug(s) included in the outer layer may be the same drug(s) as
25  inside the core, including one or more carbonic anhydrase inhibitors. Alternatively,
the drugs included in the outer layer may be different from the drug(s) included in

the core.

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

aforementioned '972 patent, an outer layer may be surrounded by a bermeable or
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af orenenti oned ' 972 patent, an outer |ayer nmay be surrounded by a
permeable or 11 inperneable additional |ayer, or may itself be
formed of, a perneable or sem - perneable material. Accordingly,
co-extruded devices of the present invention nay be provided with
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one or nore addi €9 ntlné]%ﬁé}“?’%‘frr‘%??&?rﬁ@ b QB SV RBLA ] 1,
rodi bl e at a knowa/s2@ ckr@firsmt®intehia the GorRabiity esedffidient & aEpoBa0” afikar a
certain period of ti of the length of the tube,
or at one or botfY eéﬁﬂ@ﬂ?k@? 8’?‘}) ofﬁﬁlgasa’iwz 5 be appreciated that.
using vari OuslSma‘t eri all‘u%hgr CfoGEE%%%%g}A gfnt %c&r]ﬁvﬂ% fmgcﬁnple an

additional |ayers surrouh evi ce he delivery
rate for the depllmgeemeabbw@elamy“@endl@?ﬁtlmr dragtoqniiTes OBy With S3Fr | et v

of release rate RS ooy G@fﬁ nResle b H&bll t
Provi si onal Appl Fécgg{e}l{)tﬁglgl\g& ﬁg' 8% a316 : % ¢ bi'petamable 0

provi de a pol yrrelco‘ﬁﬁohgf"&éﬂelr%t%ﬂ‘?“g@@?é*ﬂ"fe ﬁB‘i‘ ‘?0% é}gmelgrﬁs She 05 °Bt8‘h]ﬂ¥‘1rs°|r ng
an inner Corp, Olond &Sy Rdftiohal ﬂdj}élﬁﬁurfbﬁﬁdir'fg)thé derice GﬁuyibabiaSro&ble at a known
therapeutical ]y effective anmou a fir atln ayer

that is i rrper%]eaﬁ‘f‘% S0 Eﬂ"fedP%?rV ] FXpobegtaft?r%l"F nRrieey tfme ongts?le agent

and, optionally, ofths&aghdf heaibt,ngatloay erbothteads thegeof. Thus, it will be appreciated

that, using various materials for the outer layer and one or more additional layers

surrounding a co-extruded device, the delivery rate for the deployed device may be

controlled to achieve a variety of release rate profiles.

25 As more fully described in U.S. Provisional Applications Nos. 60/483,316,
certain embodiments provide a polymer drug delivery system (“polymer system™)
comprising an inner core or reservoir (“inner core”) that contains a therapeutically
effective amount of an agent, a first coating layer that is impermeable, negligibly or
partially permeable to the agent and, optionally, a second coating layer that is

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

used.
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30 perneabl e or sem -perneable to the agent, Additional |ayers may

al so optionally be wused, 12 In certain enbodi nents, the inner

el xugncontairiing core has bioconpatible fluid and bioconpatible

solid conponents, where the bioconpatible solid is less soluble in

physi ol ogical fluid than in the hioconipaible fluid, The

bi oconpatible fluid may be hydr ophi | i ¢, hydrophobi c or anphiphilie;

may be polyneric or d

bi oconpatible oil. |§nge ai n e%%ﬁﬁﬂﬁH%? &hg ggﬁﬁé%$%§%?p%ﬁﬁmggwfd

(e.g., a bioe.r odliidland piotoypatible jo5d donmmntsewhersthsblemﬂblamhd@ﬁlsqaer sed

in the bi ocompat s bl shildi 2 Fadin i AESHBAbIHR. 8 Bigcompativle
oni c au

G uponent "). east such as a yd ra

inhibitor, is aI éﬂﬁlddlilaé’ﬁ)é le@ép lllcsll)@f?éli*ﬂ!?é’dn‘ argphipljilics mpy, esopoliierip er
bi oconn pat i bl 8 cQb@oSRIRROREM ﬂuld]-lgayTJk% ki 'a B%Eor%ﬁﬁlb 59 1h é’ét‘ﬁih eﬁlg&flﬁbmfls

the inner core, is an i ernea rtially permeable
poyrner, and may ?’é’&?‘ﬁ?aé‘ lg Adidde- gni)l?‘%er?iﬁfl? %&Y’B%) ﬁ‘é&%@d’(ﬂmp g

(" <port s") t hat fispdriraiin @b biovsnipaebieui@ (b rd Iaf‘f)lb&ﬁlpﬁﬁm&d”@n@&feﬁt”yut

of the system Th? rate of dru ease, f

re y
cont ol | et by t he gt caed 4 eSS B I on e SRR cor e
(as descri bed belwopynded, bedissolvebinlthetbjocahpatibletctye cag@nenti n t he
bi oconpati bl e core conponent, the thernndgnanlc activity of the
agent in the 18i ocon‘pa"fhetﬂf%! c@eémelawﬁwm@ﬂifﬁtt e ipttve cppptivamtinpdrmepbisdi ent  of
the agent from ¢ b'f&n& aﬁgli}epehﬁkaglgﬁolpxhaj Qﬂ'nﬁ@lfea dré"érfé or b8 dHhié®n Of

the diffusion port ) d/ 8’é@ermea il of e first or
second coating | &)&yr P?‘ﬁ%( P‘i’rFSs)tth*E FriRgoy Q?élfuglt?le‘ffﬂﬂé?ma@e PR obhe

polymer and is prsﬁem ameyate Sk relearseﬂbrhls@sh sbsﬁnslrﬁaymayorﬁbn@lrwamd vely
be non-bi oerodi bl e coatl

er t | t . t
pref orabl y not PP KAl Lie SRE™ 01 KRG o e RgoREty of
| east one opelm Naheagem icthé lﬁlumrpml:ﬂmuote dofmpaieghthettieivdy ivneicaperity «air
diffuse. Ira
Clovelrjsessen tiall %genp ln%ﬁe?lgl?c}gglp?tﬁwy ecore c%mg%g& th% éotgl?ﬁ{l %aglreth{ (?fltllneyaggng\ér%r (r)Ir
its permeability ﬂteomteheora@éhﬁtblqziwm ﬂ'sd,tﬂtmesuagéthv diffysigbpadi($fandler that o
the surrounding it Pt alsbl AR LAl lefaraddition to or as an

alternative to providing one or nore usion ports, may further
conprise a non- pol ymegd ﬁst@mgm@atmcmadat %Q@ﬁéﬁpdlyihe\/hﬂéﬂs p@ferabty may

ﬁg % :T;; € UL:A? SZ%r di ?y?q‘é%ldg)ﬁﬁ {qeﬁ.g)tleng?%&'t Pat&ge behxgog%lc%rodlblea\ﬁlhe %rst coatmegr lg)peg'

covers at least part but preferably not all of the surface of the inner core, leaving at

least one opening as a diffusion port through which the agent can diffuse. If a
second coating layer is used, it may partially cover or cover essentially all of the first
coating layer and inner core, and its permeability to the agent permits the agent to

25  diffuse into the surrounding fluid. The first coating, in addition to or as an
alternative to providing one or more diffusion ports, may further comprise a non-
polymeric component that erodes in vivo, or it may comprise two or more different
polymers (e.g., having different monomer units, different molecular weights,
different degrees of crosslinking, and/or different molar ratios of monomer units), at

30 least one of which erodes in vivo, such that after implantation the first coating itself

is capable of developing release ports that permit diffusion of the active agent.
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di fferent degrees of croslinking, and/or different nolar ratios of
nononer units), at 30 | east one of which erodes in VA o, such that
alter inplantation the first coating itself is capable of devel oping
rel ease ports that permt diffusion of the active agent. 1.3 A
variety of materials may be suitable to formthe coating layer(s) of
these enbodi ments of the present invention, Preferable polyners are
argely | nsol ubl e i1 AR PhRRLER e Lhilhe PR SuBplAIRO S,
pol ymer s i ncl ude gmbagdimentsef ﬁl@tprelsmmmﬁom d’refm’ﬂe plyroes arg largefildagpluble in
erhyl acryl at o cBBSTuAEST M) SERLERLIKLE ey P bRl L I LERR smiheti
chl ori de, pol yvi nglvmeree%tasl exefpll’lﬁ'gP?lﬁmifé@0@9%91“@]??@0&“%%‘1&%%’%% gross-
copol yner, et Ryl ﬁﬂl&%d\bblwlhﬁfaicemdl dﬁ‘osstﬁ.n@h )%IWiny] bﬂglaﬁévmmdne efmy1edrlate

pol yvi nyl but yr at e, gwyw ny "“EFa éhl

pol yrret hyl net hacf-’ﬂ}ﬂ° Lp F%E}F *ﬁ’é’ﬂ B?W‘I“&’ll °rme’d’é’ WEYASHS01 yvi nyl

chloride, 1.0 pl @ra&ucfaedaﬂylméIvmsnac@zltaedpb@mz@dhmfetvmwhleﬁde qopaghérci zed
pol yet hyl ene ter eBlht h nat ru i,.SOprL ene,

er
pol yi sobut yl ene, P %}ﬁﬁ%&f&nl’aﬁﬁm Btyﬂ?t&wg‘?fgor% bRV Faf | uar ee
yl eno, pol yvi nyl ipcigmethghktbadrylge, pplybytgloweihhaylate,mldstgized palswnBanlpads,

| yvi | |
Dol yot hyl ena, 10 p gt Fea Rt bkl A0 MARAM pfE A Hreshbie,
vi nyi i dene chl or ingleral mbbe;zlpomspmrcnel wlﬂﬁ’bwlp@ﬂ, Wtadleﬂe polyethylene,
vinyl -chl ori de- d?@@&%%ﬂ&%&l@ﬁ@g&?@@hﬁ%'E:hlox@de' ﬁ&ﬁ@@loﬁ%@%&s—hﬁl&d' cal

grade pol ydi nzcd oxanes ene- ene ru

si | i cone-car bonaP@lYVIBﬂEGTOMWsPdWlﬂWIqchiélﬁ‘étﬁ}ﬁl?ﬂecﬁ"i%’%atﬁﬁ mbethyaner i de

copol ymer, vinyl ,eRhor isqﬁopya&ew Hi@éﬂehﬂéde%axﬁ&ﬁ@} yn@ndenamorme rhyiymleme
chl ori de- acrylonl ridc ove, .Where

d
bi ocor npat i bi'e CGP@IWBWEW%ﬁ@ﬁ}@g@m"?g CgpOIY L S{lICEHf Sor2RPmb
bi ocot npati bl e s(gkddelp&lﬁlngeﬂmylalobameremgllleiiﬂ-lﬁopgdﬂnymbbe)r dilivate-¢agboadte | east

partially dissolved, sus or, di sp ﬂgq&l bl e
pol yneric or nou 8‘?% e ﬁﬁg’md logfie'émsl CElronge A &%ﬁer’ J“%ﬁ% rther, the

bi oconpati bi e solamdlonmlcrmpelymt,albi\enylhﬂenetc}derldeknco'dmﬁp@tqomlszfrl uid or
oi | than the physiological fluid such that, when the device is

placed in contact witAhsplsisibeyeoyhentpriisd:ihg biogomeratiple et FRONEE Boludise

conponent 25 ¥ eGt Rhd @ﬁe%oc%pdﬂﬂﬁ@%!ilﬁﬁ@% abRho&se 519&1@.«) thaOiblat 19686paitANET
core may be delivered as a referab%]é/P be dellvered as a

particul ate or a dsYtad dsuﬁﬂ?éﬁ?e%c%rﬁi%ﬁé?rfeél i ?’){’)‘8"05@?"' SHANELIS T 2EPOlyerie
wat er or physi ol ggidala bfdcthghtible Bil SPIReCHD Gldtdratisle sdlidés more soluble in the

biocompatible fluid or oil than the physiological fluid such that, when the device is

\

t he

placed in contact with physiological fluid, the biocompatible core component

25  precipitates or undergoes a phase transition. The inner core may be delivered as a
gel. It may preferably be delivered as a particulate or a liquid that converts to a gel
upon contact with water or physiological fluid. In some embodiments, the

nonpolymeric fluid may include a drug in free base form.

In certain embodiments, the biocompatible fluid of the biocompatible core
30  component is hydrophilic (e.g., PEG, cremophor, polypropylene glycol, glycerol

monooleate, and the like), hydrophobic, or amphiphilic. In certain embodiments,
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nonpol yneric fluid may include a drug in free base form In certain
enbodi nents, the bioconpatible fluid of the bioconpatible core i?
conponent is hydrophilic (e.g., PEG crenophor, polypropylene glycol,
gl ycerol nonooleate, and the |ike), hydrophobic, or aanphiphilie. In
certain enbodinents, 14 said fluid nay be a nonomer, polyner or a
m xture of the sane. |If used, the bioconpatible oil may be sesane

oil, mglyol, or sﬁlh@luidinlfa?ﬁbeLﬂloﬁ&ﬁ&%l}nﬁm%lﬁﬁﬁto?the sdheS ¢ BB, @he
I'i g=ui ds maybe used that, upon_Injection undergo a phase transition

and are transfor mmF‘PP“Q‘etOE}“IaMPBS"'@@Pe@e!"i%’@#?”@% °c| es. In S certain

enbodi nents,, at |easi one t er C convert. from
a drag-containing |igq 8"‘%5&0‘5’%1“}?“% IH'F?I%’?‘? 88 g% Se‘gﬁgt BOh 8 Hom:
exposure to a phydérgl Oghaeatanditianiadd aF eabfoahagh es: ibagedielbvery vehiSles.uln

gel ling conpositign [ . C n snd §3

5 077,040, 5. 278,568 a%‘?e"é’?%,gé’l%le%g’éf &g#%‘g t@ﬁ& L‘ir%\go? °°%V° rrgy be
adapted to such ammwiirmiEief phdaetOprdmnﬁlseﬂ@ehmwemmmposmt@ertal n
embodi nents, the jg }'Qﬁmh@l'ﬁecﬁ&hdggsgése& &FTE’#::P"“ e&mﬁdsﬁ&scd%e

conponent nay be, for exa

Im

certain enbodi mekcaibedip ?ﬁﬁ@l‘N@%r“éw €633, 977%%2@&% &:3¢bmd%aiii ng at
| east 10% agent, s0130,084, aﬁ efm&mn@&&da%&‘%{q@ﬁ&mm&mmembﬁh@bﬁéeﬁf ably,
over 75% agent. In cert i n enbodi dggnts E) ein ?g ﬁ cg 1 ses an
in situ gell |Wg drYsgtons Iyesrtply sm fog 1°89‘i“p8€l?e]ri’)§q‘ Phye ‘?’Ef?“pﬁﬂl@e mor e
ca;I bc()m) c anhydr a&;erelcﬁiﬂp&)ieﬁtﬁﬂi@be,(f&)exﬂnplb Iquldlpuﬂﬁiﬁlah(ﬁ'QPL(GlA mrcenm( PEG,
an c) a bloconp .bi oer odabl e I S50 | ved,

di spersed, or susﬁé’ﬂdgantf A ST %Saﬁcouggars}%rﬁf’m mm a“eaStSm% T o’nél ly
al so cont ai n addipréfereldy o@u&@%agen’pwmeré pueferably, age’r’ﬁ"/sageet, g,, sugars,
salts, and water-soluble polyners), and release rate nodifiers

(e.g., sterols, fattylngeEftes emé@mgqnggctm hersgre epraprisay e i Fitw gellipgyrug As
more fully descr | RBE Rrrbdiladion B&rﬁbﬂsﬁgo(&%nel?ﬁér@&}bonm}ld%é InRIBitdNe.- (bSSQ

482,677, such formul ation, on contact wt Eo di | fluid
under goes exchandlél“’élfsefnhé" BES YR PE{iend r(©) ar*?é%"ﬂ’l“?‘?tﬁﬁai“ bigyra ]SlpP'é(Piebn

of both the pol ywagis c&dﬂ@lv&dhﬁspdfsbkg oPduchesdHASCHHEPG. ’i‘lﬁHfBﬁﬁdlﬂl’En abya gel
supseque

phase within which.th corpqrated.. The dr tIy
BT uses. rom t hePgeRs ot oot DR R S 5SEsmhits Btte B mha K, o
PEG i s a pol yet hyinémetegiojbi polyh&ts),laﬁd @lehse gt wodifier? @-g3 GteSlsafatty acids,

20  glycerol esters, and the like). As more fully described'in U.S. Provisional Patent

Application No. 60/482,677, such formulation, on contact with water or bodily

fluids, undergoes exchange of the PEG for water, resulting in precipitation of both

the polymer and the drug and subsequent formation of a gel phase within which the

drug is incorporated. The drug subsequently diffuses from the gel over an extended
25  period of time.

A “liquid” PEG is a polyethylene glycol that is a liquid at 20-30° C and
ambient pressure. In certain preferred embodiments, the average molecular weight
of the liquid PEG is between about 200 and about 400 amu. The PEG may be linear
or it may be a bioabsorbable branched PEG, for example as disclosed in U.S. Patent

30  Application No. 2002/0032298. In certain alternative embodiments, the PEG may

be a semi-solid or wax, in which case the molecular weight will be larger, for
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anbi ent pressure. In certain preferred enbodi nents, the average

nol ecul ar weight of the liquid .PEGis between about 200 and about
400 aasu, The PEG may be linear or it may be a bfoabsorbabl e
branched PEG for exanple as disclosed in U S. Patent 30 Application
No, 2002/0032298, In certain alternative enbodi nents, the PEG may be
Ia sem - s]?l ed or wax, in which case the nol ecular weight wll be
arger, for 15 exa 0 6,00
t hat conpositi on&® g@!’?g’r&@?%gm}osem ?ts“gl nlderatbsdt%t“ﬁﬂg"mb w{ngh%éj
amenabl e to inj esmmfsnhd zmddraw PEGsawolpUhengﬂel}ablet;@qumnamdé)d 1 pggordingly

al ternati ve nean dihents, the carbonic anhydrase
inhibitor(s) is Ql'te'?nagg%g whi I e in other enbodi nents, the

S;Etgl ::Isedl SPﬁr Se? 0{ hIﬁ H&&ﬁinb%%d dlhﬁ?t? Eﬁtdﬁﬂﬂoﬁxbﬁhyér@d'eﬂ%lﬁﬁltoﬁghi dssolved in

S yet ot her _enbodi nents e e enca te or
ot herwi se i ncér pgﬁﬁi%@lel%?tberﬁgﬁb?‘?“&w‘é% thegﬂ‘éllﬁ ‘ﬂ%? 'ﬁ%/dc é‘ésBﬁ@F@@% Bifthe
uanO[S) pl aeres, Ii gﬁﬁQﬂ E&iﬂ,partlbleCIﬁ W@fhexsembmhﬁleﬁth el&,dr@\daytﬂ&&ndapkﬂ,ted@u‘ it
may be conjugated to.a ri.c carrier part
preferably |ess f"r}i‘wsgblgﬁf‘y %‘ég ‘ﬁ‘?%@é‘i&? e i ér/fgstpgeres’ Dre lh%s’ Bipotbiies
preferably | ess unb@phm;mtcellescanmm liba sr. it ihigebepohjygatad to hmlymg-xc carrier.
di ssol ved, dlsperse
di scussed above mﬁ lelp%rﬁa I O gﬁ%ﬁ”"ﬁ%&%&‘ tkh@g(l){r@{rsfe@&éhét&%me
sol ubl e in orl0mi stf;lfdmbb'lmsmmnlamt 13¥reficions. | ess sol uble in water. is

preferably water- insoluble, and is preferably a bi oI nmer .
The carboxyl ternini 'BFPPW@GQ@*‘WI%{@SSP@% d‘éﬁ?&“@%&%ﬁ“gﬁ{‘ﬁgﬁgﬁwp y

pol ymer may opt I egthlador @sceapPardve Baybe anPiocofPhithld PIOGA p@merd{hdlst he

of “eatori {1 cat | oftvabe By v Ech SRORES Fubsinalli fing el Heb”

| actide: gl ycoli densanbla,rand &tpre:ferdfly beibwedhle 20lyBer. dhd cHBux§Oprmim oéthe

pr et er a0l Y. e3P Al St A el BECHRLOL s o
pol yners, corrpos|e8temt1@nd1dﬁhﬁrhydtoaylltmml msmmwa%l}'tbhe@@ed d@stl bed
herein. that deoradfndibl AG.sRufl oRGIATAREYROINPECR bR £21 | ¥

differ fromnon egra nmers in fornmer

degraded during uasde: slwohé@m@lari rﬁtlcecrﬂbetafpwm@ an%%R:H) peE W?f%‘?ll(/ééw‘?eﬁ

vivo use, such asyispa¥d 815t herapy, and in 25 other certain

enbodi nents, such use involves in vitro use, In general, degradation
20 The term “bioerodible” is synonymous with "biodegradable" and is art-

recognized. It includes polymers, compositions and formulations, such as those
described herein, that degrade during use. Biodegradable polymers typically differ
from non-biodegradable polymers in that the former may be degraded during use. In
certain embodiments, such use involves in vivo use, such as in vivo therapy, and in
25  other certain embodiments, such use involves in vitro use. In general, degradation
attributable to biodegradability involves the degradation of a biodegradable polymer
into its component subunits, or digestion, e.g., by a biochemical process, of the
polymer into smaller, non-polymeric subunits. In certain embodiments,
biodegradation may occur by enzymatic mediation, degradation in the presence of

30  water and/or other chemical species in the body, or both.
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attributable to biodegradability involves the degradation of a

bi odegradabl e polyner into its conponent subunits, or digestion,
e.g., by a biochem cal process, of the polyner into smaller,
non- pol ynmeri c subunits. in certain enbodi ments, biodegradation nmay
occur by enzymatic nediation, degradation in the presence o' 30
wat er andl or other chem cal species in the body, or both. 16 The
terns "bi oconpatible The&éi‘ﬂls "RbRLEAIHEL " Al I'Bxdcysmpwbmny"umeﬂudaeneém aftlagt-

art- recogal zed and hat ferent is.n If toxic to
a host (e.g,, an %Fﬁ ﬁ}f?gﬁf re W‘W@'ﬂ?ﬁ‘&%@ C%ofbosggegﬁ' -0 8upak,
a rate that pr odmmﬁndnymmatdgmﬂes (xtedggradcs)mmnhacpmduceﬂ iygodmes (eg.,
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inflanmuation or irrl i on,
host. It is rot cmmaﬂ@nyatmmeztxrraatwnmb]dws armomplusremtrom i te &g, Pirity

of 100% to be de Q’I}Qﬂj 0 ion
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| ess of bi ocomatﬁ%P@P@Q’érﬁ@"e,és‘gP.leCt GOMPPIEInIERY CRBPRERES Bt SBEHRSHo,
materials and exoekpl 8t BsHSBG! 1986k RHET Bisf blaé%pﬁﬂlé dgeh§ e 10 mcludmg

bi oconpatible. In certai n enbodi nents stem i ] ccl:ed
or ot herwise i ns@PlBEgrs apql?tberglaﬁ?ﬁﬁlé?‘lﬂeé‘@?‘é‘gf d%%ﬁ‘éﬁ%/?"é agdstilbbenat i ent) .
Upon i nj ecti o omidebhigdiienserti on, the polynmer systemw || contact

wat er or other imrediately surroundi ng physiological Rid that wll
enter the pol yner sysineatzamenipdinieasta golymer sysem icigjeded prptipeviseainsertdd

enbodi ments, the;, 1845 RIS hﬁya%ﬂ%ﬁ afdih eh&fh 0 r ber GBS ¢

matri x that reduces n erate’o
rel ease of the agelymef s:v@tnmmhléconp*ei Waes ot @Wﬂ@mdlﬂtﬁy E}F@P@I?@ilyslologlcal

enmbodi nents, the f&aﬁnémﬁu&ﬁér%e%lyﬁ@}@a@ﬁaﬁd&ma&tm% lﬂf&w@rmc&y&{ ear is
limted prlmarlly t he ennealltly or solubilit

the a i
the 20 matrix! F@\RE’Q‘E‘F‘GHW’F@CP@I“@&‘%'@ Ry Be friieh %&%f?%ﬂ*}'@ﬁtﬂgg’%an ous

other properties rafucesf(aﬂttma;y aff@Ws oxEITPl) Ehe rieIbs rtedsh 6fthe dgefi ffoat then,
the rel ease rate n% ,ontroiled by the size of the diffusion
port(s), the per fBABIEf %™ of the second coating |ayer of the polyner

system the physical pro ed'eﬁi%oaa&e@tmefag&?grc?@eoorf?eleagmongﬁmww on

rate of the inner corep or ubility
of tbe agent in t hest@bisgimjisd mlrotgﬂxcbu thé pqnm@hbilmaplalplbmpf taegwtimdiong t he

pol ymer sSystef§ matrix. However, the release rate may be controlled by various other properties or
' factors. For example, but without limitation, the release rate may be controlled by
the size of the diffusion port(s), the permeability of the second coating layer of the
polymer system, the physical properties of the inner core, the dissolution rate of the
inner core or components of said core, or the solubility of the agent in the

25  physiological fluid immediately surrounding the polymer system.

In certain embodiments, the rate of release of the agent may be limited
primarily by any of the foregoing properties. For example, in certain embodiments,
the rate of release of the agent may be controlled, or even limited primarily by, the
size of the diffusion port(s). Depending on the desired delivery rate of the agent, the

30 first coating layer may coat only a small portion of the surface area of the inner core

for faster release rates of the agent (i.e., the diffusion port(s) is relatively large), or
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In certain enbodi nents, the rate of rel ease of the agent may be
limted primarily by any oFthe foregoing properties. For exanple, in
certain enbodinents, the rate of release of the agent nay be
controlled, or even limted primarily by, the size of the diffusion
port(s). Depending on the desired delivery rate of the agent, the 30
first coating |layer may coat only a snmall portion. of the surface

area of the inneg,, (ga?large‘ﬁBTnt)ﬁs%fﬁ{e sﬁrﬂc@ﬁ@@oﬁﬂﬁtlﬁﬁzr Qre TohQoR@ e asd ates
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core is coate coati ng ayer ease
rates. Certain emidsiments nay achi eve deS| rabl e sustal ned release if
the first coating |ayer covers at |east 25% of the surface area. of

the inner core, prefcfainenpedimpgagey shgyesiesitals suttpined sdeags iEle fidr e
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t he biol ogi calo f35%uiod 95% pt theRirfasdisdaa im@etain ehBaiisentyartxaladg Whew ad i f

the first ti | a) . t 98% 99% 0

core. Thus. _any. BEPE oy ik Shot bEBRLRathP bos M eBiond P A ogit
but not i ncl udi nguil)G¥mahwytained ebak ady bawchigvedisthé fi rssctoammala){eng)vmayter
15 to achi eve th?eagteg%% Fdodi2k aﬂlﬁw&%em & phitB BRI urtactlfea ok 5!

coating |ayer may |o e
i ncl udi ng, but ndsnet ¢om,vet9 hubnothq@dmgboo%gpybmoatgﬁwgh;hegﬁrqggoagpg leyya

inner core. 1@ adlginfd,Ofe désfrecpﬁﬂlogreﬂﬁseg?ﬁlbTaée(ﬁf‘ed on the top and a
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As descri bed herei i cover e i nner.,

while |eaving a'f ‘fd&"ltg: %n?é @%‘Eﬁ@ %EE’B\})@P% PR e "B‘S?Ctore %ﬁd >

conposi tion of t hedifibm, ﬁtcould)h& pasitjioted ye theite ané b eid¢, edths botas dnd aaildb awthehe
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the desired rZte ooﬁldq:selAedmrlmﬂ h@lhm, ipBangerrove it innsecaiperealipides Whl e

admi ni stration. 06 dedkivel sBhn hldbverdGlidy & ARRNL 1S 1 Mportant

The composition of the first coating layer is selected so as to allow the
above-described controlled release. The preferred composition of the first layer may
vary depending on such factors as the active agent, the desired rate of release of the

25  agent and the mode of administration. The identity of the active agent is important
because its molecular size may determine, at least in part, its rate of release into the

second coating layer if used.

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

embodiments, the second coating layer is semi-permeable to the agent. In certain

18



because its nol ecular size nay determ ne, at least in part, its rate
ofrelease into tine second coating layer if used. In certain of such
enbodi nents, the release rate of the agent fromthe inner core may
be reduced by the perneability of the second coating |layer. In
certain 30 enbodi nents, the second coating layer is freely perneabl e
to the agent, In certain enbodi nents, the second coating | ayer is
sem -perneable tq .1, R |F'ﬂﬂt
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The phase change nmay . redu ce the rate m t he
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provi ded first a§haphwqw¢em r@cﬁbmm@mf wlepgy ofithgepent ﬁmﬂﬂgennemvs&;e of
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permeabl e to the 3gealle R hebs tlahgs thd ﬁt}ﬁld%hﬁﬂaaﬁﬁ:ertilﬂ eﬂﬁ&dﬁﬁents, the
enbodi nents, the precipitated biocg t| bl e oI '13}’4' s at ﬁa555;’ ess

even at |east 75%qcearati Pﬁ‘E&B‘P@mi‘% “I%? phaee | ‘%1 eyeg ot st

bi oconpati hl e L I lpbhﬂxeaﬁlatoﬁﬂ]’dgahtﬁhaﬁlmﬁdllqﬁ&mhm Ilmitl&lr ambmnjmst thet he
inner core with the ol o ter

the agent in the pr"t?&’%%%ﬂ?—’ “&Qté 10d¢ (s ﬂlégF%orf predgrd elasét%g °Lf?s Ber{ng%g%/
or even at | eest t&ﬂ&’cageesman sdie&iucbmpatxblg fihid. Inhrerteigembodirhents, intefaotian of
interaction with i i I
phase is at | eastd?e':'félgor gérggé}g%!e HS?{) O%icall %}h {lggsltgr tgg%b%%hﬁgji{t%aggggn ﬁﬂ@
certai n enbodi nerbs,; Fotesample.gheditmepbirels at lnast Bivoorsipeat ldast@s%dist d and/ or

fluid conponents Sglfublilﬁ foriﬁhqgeﬁ(ﬁ{aﬁ b%ﬁ%&rﬁ(ﬁoﬁﬁh bﬁ’ﬁﬁ%m&lﬁﬁud’ ah @thé}f
rel ease of the gent . %n certain enbodi nents, as th |ocon€at|

core conponent ereé‘@é‘é‘mé?ts’ thei sskphpspdsat lqapi0%gr evep it lpast @ds’ésso‘F’ Hé‘“&gent
may i ncrease,_For exa | ess.. t han_ about f the atibl e
,core conponett may eﬂ&% A e Odéf“‘i?&r'ihﬁffteﬁwg’ﬁlgéf%%’c‘ﬂm}@e SHEC

fluid components of the inner core dissolve may impact the rate of release of the

agent. In certain embodiments, as the biocompatible core component erodes or
dissolves, the rate of release of the agent may increase. For example, less than about
10% of the biocompatible core component may erode over a period of about 6 hours.

25  This may increase the rate of release of the agent by less than about 10% over that
time. In certain embodiments, the biocompatible core component may erode or
dissolve more slowly (e.g., less than about 10% over a period of about 24 hours, or
even over a period of multiple days, weeks, or even months). In certain
embodiments, such erosion may occur more rapidly (e.g., greater than about 10%

30  over a petiod of about 6 hours, in certain embodiments even greater than 25% over a

period of about 6 hours).
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25 This may increase the rate of release of the agent by |ess than
about 10% over that tinme. In certain enbodi ments, the bioconpatlble
core, conponent nmay erode or dissolve nore slowy {e>g., less than
about 10% over a period of about 24 hours, or even over a period of
mul ti pl e days, weeks, or even nonths). In certain enbodinments, such
erosion may occur nore rapidly (e.g., greater than about 10% over a

period of about 6 ho#ﬁﬁrtah@m&@{}&@ﬂt@ﬂ%@%&g %E%%ﬁw%%/ %&gﬁnﬁ& éo?e%ay
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rel ease profile, drug,loa ess 0%. and refera

| ess than No, FOF&/& aﬁ%‘lﬁ1ffalb&gfsg§é‘é9 g %‘f’r alf%s‘tt éeqr%pﬂﬁ%ﬂﬁl re
than 10% and pr ebertedal 9% oderdfdratty 20 ¢han 20% e avegigeateethat 5086 50%
Thus, the rate of release of the agent according to the invention may
be |imted primaril yhby thengte of reledse obthosgentpeeoptig th Sy ipentinynayther
factor. For exanphfeq dnhifily sy SHiHbo}d piblelith by othlackel PESRarhAl ©

may be controlled by 't Size andi or | ocation fusion
port(s), thelPer h*ﬁémﬁhwtthyntmonotbﬁ@%eaﬁsr%@ax beceoniglied futhe sizesgndigy logation

second coating bﬂH@dlfﬂlsnontﬂ%ﬁ(sr@le}b@ﬁi{eaﬁ}{’@To?él‘:hertph@elﬂ&y&"ﬂﬁ&hstIaf oRekdd es
of the inner core ut atible core

| OoONn rate C
S ommment Tt he s Sietita Brer 1 B8 PR S SHG e iSRRI SR peg pofe, 16 o
sol ubi |1t of t heisaeint ratevf theicpbymiiok ogi cabpohbny it Abiltnedicabaky

surrounding the R;‘%LIX'&‘,% 11;me¥ cotr%,e e sﬁl%l% 113 ? %)%eyta' 50%3101?%031 i marily

by" when used herein re h the

rat e-determ ip nglmwtﬂlnswmmdlrgltmmasyatemfetfan agent fromthe
inventive system For exanple, but without limtation, where the rate
of release (e.g., tephmse. Heitedprinripys fvb?sl)ussa%hewm@m tp theffactpr(s)

property of the pRbdidied irt8e nate&let%ﬁmﬁﬁag &Qp 1’91% rSihsfsf: fh&l &@n E’géhﬁ}om thbe
rate of release is aJso said to be "I|| ed

property. | n some"®fBEEMERt £Or qxw@plaé\vf W'@?“Ufmlfaﬂ%n &h?ﬁ gﬁtrat? HQL}EHTSF on

UL ilize a SlLISt a(e;g?,rthe@eldeﬁﬁ@nmggtém lis2d e o€ OPOFYIT}ioNPe Ahatrix (e.g., 31,2; of

t her apeutl callLly tlve ount .o neg. carpon rase
nni by tor adth fiseikaY PaRahobR o Sedtiani e b Tpigh Ry B W

property.In some embodiments, the devices of the present invention utilize a

sustained-release formulation containing a therapeutically effective amount of at
least one carbonic anhydrase inhibitor. Such formulations are more fully described
in U.S. Provisional Patent Application No. 60/442,499. In such embodiments, it is
25  preferred that the carbonic anhydrase inhibitor be a free base that is provided, for
example, as a hydrophobic viscous oil. As used herein, the term “free base” means
an agent with a basic nitrogen moiety that exists primarily in protonated (salt) form
if the agent is dissolved in water. The free base has a conjugate acid with a pKa
greater than about 4 and less than about 14, preferably greater than about 5 and less
30 than about 12. Without limitation, moieties that typically include a basic nitrogen

are amines, hydrazines, anilines, pyridines, amidines, and guandines.
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in U'S, Provisional Patent Application No. 60/442,499. In such

enbodi nents, it is 25 preferred that the carbonic anhydrase inhibitor
be a free base that is provided, for exanple, as a hydrophobic
viscous oil. As used herein, the term"free base" neans an agent
wWith a basic nitrogen noiety that exists primarily in protonated
(salt) form if the agent is dissolved in voter, The free base has a
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inhibitor inits Itfo . t r he
(ﬁ ?ﬁlwa eﬂn\{h% the é$x§rlt‘.§1éﬂg§.8.f ﬁrgf%bﬁgd afc 0! fégg)assé,

protonated acid an onat ed ree-pase
pref erably hilghl yrefm}tmselqwsomich@rmwmer eas the agent itself, e.g ,
protonated acid or free-base preferably has alowsolublllty in.

water. As di scussed mmcﬁssedalwr%émsemrm ﬁFee@S?J@% isprefpigdite ay 8@t ed t o

as being in "uneharged” op‘fch g@@hﬁﬁ”mtmhm daatea sWAQA aPh Ol Riatea tb
such an agent is referr

Q »c ) rOt 7
or "salt" form AH r@d’bd&’? ed, pbcft?ﬂaf? af’%dalﬁéjf’]rﬁl ‘%f@]é’ﬁ?us a?r8tf’%art?‘€aﬁldto
as being in" uncb@ngledefermﬂtcS'atsrbaing&r‘mmhmrgad”" rf‘dh&ﬁgl;—nd:u&ai”tf&nﬁ.ﬁl its
depr ot onat ed f.or n a i S ref S._hei char ged,;
""" depr ot onar edﬁ;pr%?natedg?rf“ g‘}cg?l?r?gCWH% €.\/Ia§ eim cin éana?ggd’bound by any
particul ar nechafidegpmtonated” sr ‘Exlfdeted that rel ease of a free-base

agent occurs at a given p ysioloric site as the flee base diffuses
fromthe inner core oVithousshiag indybpelddy ey rietisnleemerhanignpdt inpxpegert that

i nvention 20 and d8605mSrepbe ARt &durk Bt aldi@n BRYRIRIcQE &ahe ffrée%gé Upon

protonation, the agent  dissolves |nthe Surroun fluid,

enbodi nents util idgﬁlﬁij fromiponpi Spre 4T aupiginedwelepsg de 3&9331"@5?8?% ﬁ‘f’e”(“ﬂ%

rel ease of the ageibecOf@Wr@omtd ide pigbidlogtdl Flude $pbr @otohidtien,ittgentcor e
dissolves in the surrounding fluid. In embodiments utilizing a protonated acid, it is
expected that the release of the agent occurs as the acid diffuses from the inner core
and becomes deprotonated in the physiological fluid, whereupon the agent dissolves
rapidly into the fluid. In either embodiment, it is expected that the rate of release of

25  the agent is controlled more by the rate of ionization of the agent (e.g., rate of

protonation of the free base or rate of deprotonation of the protonated acid) than by
the rate of the agent’s diffusion from the inner core or the rate of the charged agent’s

dissolution in the immediately surrounding fluid.

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

mixing one or more suitable monomers with the agent(s), then polymerizing the
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and becones deprotonated in the physiological fluid, whereupon the
agent dissolves rapidly into the fluid, In either enbodinent, it is
expected that the rate of release of 25 the agent is controlled nore
by the rate of ionization of the agent rate of protonation of the
free base or rate of deprotonation of the protonated acid) than by
the rate ofthe agent's diffusion fromthe inner core or the rate of
the charged agent,g, éil'téﬁmx HE&?H AsPstdn1€n 'tt{m%}' fﬁE Qéeﬁt s Hl@goWé&]&' cﬁﬂ)ersed
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agent (s), then Pol ynerizi 21 m)norrer%c:lo form %rrer system

e
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copol ymeri zation W th a sui copolymeri zation with

sui tabl e pol ymer bl oCisSertdfi &nbomﬁmfsuﬁééaﬁlbm@r@%@%m dnbl@Rgd f8 ReRNt
in the polymer so that the agent i's suspended or dispersed. in the

pol ymer syst e PREeoEElsshen KBy teree lesy g dupard 0 lie/mh ORA mefmlsr

the uncharged t bl'Om()Dfng/tnh €In cbﬁalagﬁsudlm@tsl 8e @eﬁthans sw fdmhmt lea10@MRA
|l ess than 1,0 nyg/

certai n embodi ne m°§é So?uhé ‘%g%‘ﬁftw‘?‘h"eq? g‘ng%“lh?rg?c{)ff’?ﬁ f’%evg? n‘lq%agé]too @0? Phes
nore soluble in \pedfmbly =, 000 tivves inoretsbieblelmotugar epdetlivé ©tim unolrarged darmadf the

| east 100, 1000 q preferably 10,000 tinmes nore soluble in water
relative to the uﬁéﬁarged formof the agent. 15 Exenplary carbonic

anhydrase i nhjsbitors mnpﬁuscta@aoﬂﬁqnﬁysﬂa&fmbltoﬁrfewua&.hamleaéaffomuﬁhons
enbodi ments are these that "are highly soluble in their salt forns,

but have | ow solofifich papodimentsiies tF‘“P@’@b’ﬁ%’t“B‘vésqi‘%béfemH’&géalbf"%ﬁ’ BHt A%t ed
acid foram such 1@ sonlbulty MQkeir rl‘:dpgétfv@ﬂeé—&se SpEERhRIhAe oy sl caaht, 0l de,
acet azol am de, ernz |am d Q nd dhchlor henanlde 20
Anot her enbodi rreer@ top ‘Pf’ézo%r“ﬂ 9/r t‘?°8tﬁz°g‘|“6‘4f’r golgmide,

sust ai ned- r el easenectidtdlgnide hhd/dchforpleyiniee.adapt ed for insertion hate or
adj acent to the eye of a patient,
20 Another embodiment of the present invention provides a sustained-release

drug delivery device adapted for insertion into or adjacent to the eye of a patient,

where the drug delivery device comprises:
(i) an inner drug core comprising at least one carbonic anhydrase inhibitor;

(i) a first coating that is impermeable to the passage of the at least one
25 carbonic anhydrase inhibitor, having one or more openings therein
through which the at least one carbonic anhydrase inhibitor can diffuse,
and which is substantially insoluble and inert in body fluids and

compatible with body tissues; and

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

insoluble and inert in body fluids and compatible with body tissues;
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where the drug delivery device conprises: (1) an inner drug core
conprising at |east one carbonic anhydrase inhibitor; (ii) a first
coating that is inperneable to the passage of the at |east one ?5
carboni ¢ anhydrase inhibitor, having one or nore openings therein

t hrough which the at |east one carboni c anhydrase inhibitor can
diffiase, and which is substantially insoluble and inert in body

fluids and conp@hibh eheinpdimBBRYnd | be?ﬁ%ﬁa coﬁﬁigs 4ek HibposdANBo kheeLcore
addi tional coatings that are perneable t ﬂﬁ?@§sa?§ of the 34 at
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22 wherein the i bl per meabl e coatings are di sposed about
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appl i ed to achi ewichnddatignificypt edk @nic davicd. oxlrermatedy, thg sddedhilk bf thel isn

significant bulk to né 08 w36y, Pd#dtbgrhﬁﬂf Ing I 1Xterpi&llaglu§1gggtﬂe P‘wiclé b%ft thwqe

film coating can ba° &cconno ternal volu

the device, but {iilitsthe hierint of drmhaimmmebferedmmntlaihthmm boé efﬁcacy
delivered, potentiall¥ohi mting both efficacy and duration, 15 The
i ssue of deV|ce Size I's extrenely inportant in the design of devi ces

for insertiqp into Ofneliddud dFReMdicGizBiistekirabhely MfdoRd@in therde@BH ofHRVIL&SSr
require nmore conpl ex procedEres to both |nseré and renove, an
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into or in the The aforementioned U.S. Patent No. 5,902,598 presents solutions to the
20  problems of manufacturing devices that are small enough for insertion into or in the
vicinity of the eye, by loading a drug composition into a preformed shell rather than
attempting to coat the drug core, but manufacturing difficulties can arise with this
method. In particular, the impermeable inner coating layer that immediately
surrounds the drug reservoir is typically so thin that the shell is not capable of
25  supporting its own weight. While beneficial from the standpoint of reducing the size
of the device while still sealing the drug reservoir, the relative flaccidity of this inner
layer makes it difficult to load the reservoir with a drug. Because this inner layer
does not have the dimensional stability or structural strength to accept the
introduction of a drug core without changing shape, a relatively solid drug or drug-
30  containing mixture must be used in order to manufacture the device. Loading a drug

slurry into an inner layer that does not hold its own shape results in the combination
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vicinity of the eye, by l|oading a drug conposition into a preforned
shell rather than attenpting to Coat the drug core, but
manufacturing difficulties can arise with this nethod. In
particular, the inpernmeable inner coating |aver that imrediately
surrounds the drug reservoir is typically so thin that the shell is
not capable of 25 supporting its own weight. Wiile beneficial from
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carbonic an hyldr agwssuien i willtbe P»I(méclw that thainsentigh ppegdtesion theprenfifediat
i ntraocul ar pres 3 ,

RS0k {hr(%u%h ﬁﬁ%ﬂ#&&lﬁé 11&(9) (€ EaSter thAMEdiBHsHEl 1O Ruthe

Conversely, a perneable |ayer wl ow passage of the carbonic
anhydr ase i nhi bi ts‘éhstdét}auwlbl?ﬁ‘m??éled@@‘i ce at a rate that is sufficient

to affect intraocular e at .t he
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permeabl e | ayer ( sjpabls ofa@p@ﬁngthndvef@umMs fifat ;md gévohdends such that the
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and forned of” eri'areso
own wei ght, and haswblr rAtsumtadtwélemmdnahldmembmhs mdmlpnqdhéthe first end, said

impermeable member preventing passage of the carbonic anhydrase inhibitor(s) out

of the reservoir through the first end, and a permeable member is positioned at the
second end, which allows diffusion of the carbonic anhydrase inhibitor(s) out of the

25  reservoir through the second end.

The drug reservoir of such embodiments occupies a space defined by the
tubular wall of the device and its termini. The reservoir may be filled with one or
more fluid drug core compositions, including, but not limited to, solutions,
suspensions, slurries, pastes, or other non-solid drug formulations containing a

30  carbonic anhydrase inhibitor(s). The reservoir may also be filled with a non-fluid
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3Ct tubular covering and the two ends define an interior space for
containing a drug reservoir, A substantially inpermeable nmenber is
positioned at the first end, said inperneable nenber preventing
passage of the carbonic anhydrase inhibitor(s) out of the reservoir
through the first end, and a perneabl e nenber is positioned at the
second end, mhich alloms di ffusion of the carbonic anhydrase
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ease of manufacturing devices in accordance with such embodiments, more than one

reservoir, optionally containing more than one drug, can be incorporated into a

single device.

During use the invention, although the size and/or shape of the drug core
25  may change as drug dissolves and diffuses out of the device, the tube that defines the
volume of the drug reservoir is sufficiently strong or rigid to maintain a substantially
constant diffusion area, so that the diffusion rate from the device does not change
substantially despite dimensional changes in the drug core. By way of example and
not of limitation, an exemplary method of ascertaining if the tube is sufficiently rigid
30  isto form a device in accordance with the present invention, and to measure the

diffusion rate of the drug from the device over time. If the diffusion rate changes
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243 the fabrication of |longer cylindrical devices, Furthernore,
because of the relative ease of manufacturing devices in accordance
wi th such enbodi nents, nore than one reservoir, optionally
cont ai ning nore than one drug, can be incorporated iul:o a single
device. During use the invention, although the size and/or shape of
the drug core 25 may change as drug dissolves and diffuses out of the

devi ce, the tube ihahaflabl A% binuiphWTRpdled s B LRSI RN

suff|C|entIy stron% rigid to nmaintain a substantia onst ant
di ff usi on area, ienleacropsiBe éavice aignpprriicaptime.dip twélamﬂ&@é shapeandrist

change substant iygf dupticRedpiidi® A&om“epéaemay t&PRROAKallintfRE 1 ddBcCQ R
Byway of exanple anci not of limtation, an exe n‘FI ary nethod o;f

ascertaining if tdﬁ@d#rﬁeﬁoé’erst{ﬂef loelp’é%\ff’Ti}g‘ﬁsF}BF@e%e ag cpl p?CSF"rﬁa‘éFOBB’Vl ce
i n accordance 5w tfil.t he present invention, and to neasure the
diffusion rate of the drug fromthe device over time. If the

di ffusi on rate char geshe @sofipemeatlbian ibpyméabienutich i adedrdane with theapresent

expected based O%VQB%n%FB%F?eg%ng&%%%QEJe L 0@ aed H@@‘oa&‘ir&&’ﬁé d&ﬁ@e dgyi ce

at any partlcular time as c an ed
sufficiently rigiebe onfbastaesist @wpntms}arae@sqteln%frqno m@tsa;anlwhzmsﬁrect t he

device as the d rd?acﬂﬁg tﬁé’&?o%nfé\éﬁﬂydntaké‘iﬁhlbﬁo%’_@%eﬁge & Rhves AR oft N
tube has col |l apsed i e use of perneable and

art or
i nper meabl e tlt‘?bes”‘l*i%thﬁgk% Pifapre assifh it Rrey séing PadasipR andlpfﬂfeéﬁ]cyﬁléﬁs PEbH des

resistance tor e\pﬁwaﬁmg by, bidlogioal agkhtORbR 8&krigictedeRBir d@VicgRdingd 1R
tube or tubes assist: I n preventing barge proteins from binding,
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Turning now to the drawing figures, FIG. 1 illustrates a longitudinal cross-
sectional view of a drug delivery device 100 in accordance with the present
invention. Device 100 includes an outer layer 110, an inner tube 112, a reservoir or
drug core 114, and an inner cap 116. Outer layer 110 is preferably a permeable

25  layer, that is, the outer layer is permeable to the carbonic anhydrase inhibitor(s)
contained within reservoir 114, Cap 116 is positioned at one end of tube 112. Cap
116 is preferably formed of a substantially impermeable material, that is, the cap is
not permeable to the carbonic anhydrase inhibitor(s) contained within reservoir 114.
Cap 116 is joined at end 118, 120 of inner tube 112, so that the cap and the inner

30 tube together close off a space in the tube in which reservoir 114 is positioned.
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i nhibitor(s) during use, however, a solid drug core may gradual |y
erode, and no 20 |onger be co-extensive wth the drug reservoir that
contains it. Turning newto the drawing fg res, FIG 1 illustrates a
| ongi tudi nal cross- sectional view of a drug delivery device 100 in
accordance with the present invention. Device 100 includes an outer
l'layer 110, an inner tube 112, a reservoir or drug core 114, and an
i nner cap 116. Cyﬁﬁ ¢ yer
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handl i ng because the gevi ce S | ess_pr. .1 o b e and f. apar,t .
hanal ing because e deul 68113 hERRGRBAE g BheRl AleldugRel
the outer 1} di afeterd kxﬂabutmgamstwhel lﬁl@d lsdﬁfectwalp serdadl bbvehesmz@dmst the
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Cube whi | o revial fustob e HRAM b0 frr o Bh o BINELERCON L Al B0
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tube 112, as desGisheshprbrie bf‘onefdf Bﬁﬁna@r&ﬁﬂﬂ@%e @1@ Uk §ar§<91?d MBfarEap 116,
and is effectively _sealed by the cap agai nst the 5.diffusion of

drug through the lehﬂ%l@f@émleafe% frome ngpéligrore é%aﬂ%wh&lfaseaaﬁéé‘l ths cezgp
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. W e te one O or n the
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core cont ai ned willhispemestde tooha caibbdic athydragdntgbitor(s) in reservoir 114, the drug is

free to diffuse out of the reservoir along a first flow path 124 into portions of outer
layer 110 immediately adjacent to the open end of the reservoir. From outer layer
110, the drug is free to diffuse along flow paths 126 out of the outer layer and into

25  the tissue or other anatomical structure in which device 100 is inserted. Optionally,
holes can be formed through inner layer 112 to add additional flow paths 126

between reservoir 114 and permeable outer layer 110.

FIG. 1 illustrates only the positions of the several components of device 100
relative to one another, and for ease of illustration shows outer layer 110 and inner
30  tube 112 as having approximately the same wall thickness. The thickness of the

layer and wall are exaggerated for ease of illustration, and are not drawn to scale.
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may shrink or otherw se change shape, and therefore may not fully or
directly 20 contact outer layer 110 at the end of the reservoir
opposite cap 116. As outer layer 110 is perneable to the carbonic
anhydrase inhibitor(s) in reservoir 114, the drug is free to diffuse
out of the reservoir along a first flow path 124 into portions of
outer layer 11.0 imredi ately adjacent to the open end of the
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Ezrthe i nventi on ‘bricgiosyindevoaldinclure at least 196 fireueh Avly &1 albewving gahomict or ( s)

reservoir 114, i npgfdrdsh bﬁlbﬂtélr?se ﬁe,adés@,rvmwms bR Y8 tdelddvivk.t Nteianfdly, the
Cross- seti ttons such as qva I pse‘fII€ rect angl es, including

squares, triahyl escond ganfasy) eé@'miﬁ)o f"‘a?e%}ul ar poI ygon or

i rregul ar shapes, Fur devi, c

i nclude a second cap 5 er{B"I q%vw?lrsélfi%’cff % rmsf %n lélﬁ’gﬁ X lacnmall %(analucu us’lT@?r
such a second capuigoR®1Beratedilitbe skeicth Kit waltnethhquﬂnalmgnabéulummddem ce
during fabri Cat &eraﬂgge M&&x%&oﬁﬂ@t{ 1zéfd%it%£t o' e;(tla{l&q}ghlz%hﬁ?]{ or

al I owi ng car boni rase in romreservolr
fromthe device, pnetenpthcged gppositsapl s osdesndl e dpwittey apwediatdied] of a

permeabl e nat gf i alemdBR LRl BRr URY DRSO R0 a&a%@c@v&% em%%meqmﬂmt 0
the lacrimal canaliculus, inner tube 112 or 312 will_ be sized

to fit within thertboaimeptnts dugiglesse mﬂb@efe'ahla bwnlnlted B rE A hepsevice

formed wth a colih@hdtteemsih2@enilqo the sdnaiilkhe exterior of the
| acri mal

FIG. 2 illustrates a device 200 in accordance with a second example of such

embodiments of the present invention. .Device 200 includes an impermeable inner

25  tube 212, a carbonic anhydrase inhibitor(s) drug core 214, and a permeable plug
216. Device 200 optionally and preferably includes an impermeable outer layer 210,
which adds mechanical integrity and dimensional stability to the device, and aids in
manufacturing and handling the device. As illustrated in FIG. 2, drug core 214 is
positioned in the interior of inner tube 212, in a fashion similar to core 114 and inner

30  tube 112 described above. Plug 216 is positioned at one end of inner tube 212, and
is joined to the inner tube at end 218, 220 of the inner tube. While plug 216 may
extend radially beyond inner tube 212, as illustrated in FIG. 2, the plug may
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punetnrn, at the end opposite cap 116, 242, or 316. It will be
appreci ated that 20 perneable outer |ayer 110, 210, or 310 need not
cover the entire device in this enbodinent, as drug rel ease w |l
preferably be limted to the region of the device intended to remain
external to the canalicnlus. FIG2 illustrates a device 200 in
accordance with a second exanple of such enbodinents of the present
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b cl f d only by outer

plug 216, the inner tube Is osed off or seale I L yer
210, as descrihedsparion4 Plapt iSorrdiopionakeag gdvs exapnt forian gred inpeadintadbl e cap
2;12, whi ch can t@&_&éehmlﬂfe@[ 16fch3\%ﬁﬂe§§porﬂ-@3! go@mlig,gﬂg@ﬂrrﬁi the end
of reservoir oppos u ...When prov , ca n i nner
tube 2 t 2 can bé“’*’%‘ﬁﬁ&tﬁ“@@%&?ﬁ’c“éﬂ 9"%@8‘"‘&%@%&%]"1%8%656’& ‘ﬁ%?’fte’l?ff otthe

i nner tube and tdbwcecap oc@niajee 2 f0ak PRdedd a@askinigh is iinpdrRgibad to the
nmonol i thic eexent= Qute ube.or, layer 210, en_praqvide | east
partially, and pr&f %nr'%%r#‘{/(}rass 6“#%!“8%(53?{‘@/{?“?8%26%36“ er(%Wetﬁ%engé hner
tube 212, caronirsernihydrapp®ite plhg Bi6taoy (fB)tivelySealaiadf sl do n2tlidsludelaug?2

16, and opti onal ; - li ' it
the plg i on- oFRiof B H6Rlcrfodlus i B Al SHERE & 06 o ARG ©

According to a preferred embodiment, port 224 is formed immediately adjacent to

plug 216, on an end 238 of the plug opposite end 222 of reservoir 214. Plug 216 and
port 224 therefore include diffusion pathways 230, 232, through the plug and out of
25  device 200, respectively.

While port 224 in the embodiment illustrated in FIG. 2 has a radial extent
that is approximately the same as inner tube 212, the port can be sized to be larger or
smaller, as will be readily apparent to one of ordinary skill in the art. For example,
instead of forming port 224 radially between portions 228, 230 of outer layer 210,

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

cover, and therefore seal, only a portion or none of the radial exterior surface 240 of
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eagbociiruetfts, a hole or blind bore which | eads to plug 216 from
the exterior of the device, As outer layer 210 is fornmed of a
material that is inperneable to the carbonic anhydrase inhibitor(s)
in reservoir 214, the ends of inner tube 212 and 20 reservoir 214
opposite plug 216 are effectively sealed off, and do not include a
di ffusion pathway for the carbonic anhydrase inhibitor(s) to flowf
om the reservoir plugAts,Meetby ﬁwieesueg thY tei‘aﬁs’um aRABOSHBR to inf1ela pRdfhniof
f onmed |nned|atelﬁ ?g%acent to %%”ﬁ on an end 238 of the plug
opposite end 222 2b6f 8@??8#?35@. of 35216 and port 224 therefore

i ncl ude diffusion pat 230,.. 232 hr o t he nd 0
devi ce 200, respecti vftgll y%r %cewthlyet%?)til?re %PIP?{“P% %24O°f

illustrated i n Fd&ice20ham tg foradd mimealiatedridjac¢rhmtradis eapqnalcsnnfacaam of t he
sane as inner st Ulﬂgl‘g%}g in Matptioﬁ)fbrotr insf3lh &%el %foﬁg?dt n@@iat!e raﬂﬁ{(enﬁro end 23[8

smal l er, as WI|| arent to o I na
art. For exanpl eofthe nblgeéﬁllléﬁaﬁémﬁlﬁm peit 224229 inckid moylsg%%whlch

portions 228, 23Qygefd ﬁ&lﬁlﬂéfravdaﬁﬁ'% pRitQ16. %ege%ﬁﬁnmﬁ ﬁdcfﬁ@@ lal?g% &:om‘:?xﬁlgusc an

be renoved up to |ine i ncrease the area of port

224 can be furthé xc‘?ﬁ?‘&?tgwd/°é§’%‘}‘dlf‘6‘rpﬁf‘ﬁﬁs BaeErug %We&h“’l‘f{? ‘toé ext end

to cover, and t taﬁ«ew‘ped@@eala erczmtb mh@traanh ﬂ@mo@fm nong Fad. 4f &@/ok 3 al
exterior sur:

sce of e i.ncreasin he_ t ot al
surface area Of f‘i °2‘§Her?‘8 s{ﬁﬂ@e? ﬁﬁ%’“’“"“’" [IY ﬁ%cegtapa"aﬁwmf}? 2% “pehighere,
surface area of ulhxstrqjédjg theltep ImlfoﬁFIcﬁachdmmgeoyse)t, prmﬂhigepbrt embodi ment
of the invention, Vi d| ately
adj aceat tor adi a Bg&l%telﬁgﬁfcgltgl}? gl\éiee ﬁ'ép‘gl{ﬁ %%nggal%ljé% i rlllu% dition to
or instead of belsmgllefropqmds et auglajlowdjuacens alteativechath®8ys fof the he
plug. As illustrapeglthy ydrge inibithh bo (%&?Se%%fHéWJeQG@lngwévkrﬁ%fa234

236, which extend radia hese portions can

i ncl ude | ar geld c&iﬂck%eeﬁ@mon&?fr Lensﬁqoapnllwq?a%@howwn@quﬂﬁ from a
portions 236 of pémg/e%as@umdneﬁctaﬁ@g B&EuSQBM?LQQQEIa@é’o 16 havee 210,
illustrated in the bott gqrhalf of Flo. 4, ardlor can i ncl ude
nuner ous smal | er SREGCARBPEHEF 4] | y spaced apart portions 234, which

are illustrated in tR(ec dotp

vant age ovi di.ng
port 200 i rmea at ol y it SRR e G Sariby, AREINBRF R Y1s DR B Re
216, as nunerousa sulstmtldlle' imgEpesble gmteRidiant outertigyepl h@gs foahddoiis perureious

alternative Pat hWe?iaf. A hothbcﬁ holes are formed, e.g., by drilling, through one or more of inner
layer 212, cap 242, and plug 216, which permit carbonic anhydrase inhibitor(s) to be
released from reservoir 214 through outer layer 210. According to another
embodiment, plug 216 is eliminated as a separate member, and permeable outer
layer 210 completely envelopes inner tube 212 and cap 242 (if provided). Thus, the

25  diffusion pathways 230, 232 are through outer layer 210, and no separate port, such

as port 224, is necessary. By completely enveloping the other structures with outer
layer or tube 210, the system 200 is provided with further dimensional stability.
Further optionally, plug 216 can be retained, and outer layer 210 can envelop the

plug as well.

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

tube 212 is formed of a permeable material, outer layer 210 is formed of an
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carboni ¢ anhydrase inhibitor(s) to diffuse out of device 200 in the
event of a 15 bl ockage of portions of the port. Larger openings 236,
however, benefit froma relative ease in manufacturing, because only
a single area of plug 216 need be exposed to form port 224,
According to yet another enbodi nent ofthe invention, plug 216 is
formed of a substantially inperneable material and outer |ayer 210
is formed ofa per med,

e.g., by drilling iHIp %%%llf&%tégﬁfeg@rﬁémre Oﬁhf&ﬂo&éﬁﬁlﬁ&@e@rp@i&%o‘}%ap 242,
and plug 216, mhul@mrmeabhmatwk Kaniprallsrray 2H2ce8be glintitstado Ag desprihed abrye,

rel eased fromr e%@&MSPl&ye?z% id B&&Hﬂ%l%&ﬂcan‘b@ﬁd@ﬁnhﬁ% u‘ﬁﬂﬁ@f(g'lﬁ‘&sér%lr
anot her enbodi nent, is elimnated as a separate nenber, and

permeabl e outer by 22%(90’(?%?’&0@?‘9"3}3?%?%%%5 Prﬁﬁl?ron]tytﬁ’ﬁ@w%ffmand
cap 242 (if prsovipdeeie.of e Usbortid¥ahRiase inhibiter(sp ButRaldywa Y. 230, 232 are
t hrough outer layer 21 0, and no separate port, such as port 224, is
necessary. By conpl et Eleshgnrvéicafe Q) dahde, i dv@sinnsit it tortbs dedctibedatidver

| ayer or tube 21Q,..t S 0 i i ' t

di mensi onal st abi ltlhtrit/g.%e‘:%ééefﬁgelr?ogbaﬁb' ?gﬁ%ﬁ% f/ngrﬁ%lré\gsth%f%g@aggg eemerset ai ned,
and outer |ayer ZTuGhepaprechthalevipe tdiand gavieg 28cangiclude Boadiwo otk megertadr yet
anot her such e”bq(ih 'E?&‘an‘ilfde&ﬂ%ao%tﬁé%ﬁ% dn@r"t@&tl'lé’rﬁlz' gcrtlvel% %?‘chﬂz | S

formed of a perneable material, outer %S 0’|s or mer an 30
i nper meabl e i er*mtiqlple TE SRV OB B RN Jupfudp §1fﬁ=t9rl o anbydmerinhibijoesy rgiipe or

an inperneabl e FRddRkhaks subldsiadiatc agent R R-bRAter GAd) }Qﬁg&ﬁdt m d‘da{h&dto aAS

descri bed above, s .ou er, rb
anhydr ase i nhi bi t& f’%‘ﬁ 'b‘ﬁdrf‘séé‘ﬁ’l‘li}%’i d’fﬁ‘ﬁwﬁrg‘ft g‘ﬁag ‘ce V‘ﬁ?@% El p°

optional ports 234szrv88@214aﬁrﬂoetpbﬁumh;oapatagmswnlj‘/@ﬁm@eplagsmgereaéhthe
car bonl ¢ anhydr aseellvglj;] Eu(v%)ad 1C § 1 gV ese OIr. hl? (%]

devi ce 200 can be I'n a anner sfmafe PO AL d'%sérl regerv%fsth
respect to del ce:alibmvelemsi inof sirgglel caateg ryeru iy €110, 0§ wélﬁapeldll)aarmreclated by
geonetri es. F“”oﬁ%fﬂ?&lﬁarﬁ%gﬂﬁé%%w ce 100 and device 200 can incl ude

nore than one reservoir included in nore than one inner

tube 112, 212, respectriny@hYow WHIG!S, 5. MilfshRl Je@i%@idé% Sc3oi@ihck Rsth wde
di fferent carboni c anhydrase inhibitors, or ocular _medicaments such

as a motic agent™rdEEPelEYsERUIMEY obifpRkenkigy fPice PP heltder p BrrmGatle

car boni ¢ aahydr asfter RkrBi 6, @bubsfagtiallglidijehfidablo imdeit tulef 312 heredBmirges, al n
devi ce 200, r%l ti

setl)s?antially impermeable cap 316, and a permeable plug 318. A port 320
communicates plug 318 with the exterior of the device, as described above with
respect to port 224 and plug 216. Inner tube 312 and cap 316 can be formed
separately and assembled together, or the inner tube and the cap can be formed as a
single, integral, monolithic element. The provision of permeable outer layer 310
25  allows the carbonic anhydrase inhibitor(s) in reservoir or drug core 314 to flow
through the outer layer in addition to port 320, and thus assists in raising the overall
delivery rate. Of course, as will be readily appreciated by one of ordinary skill in
the art, the permeability of plug 318 is the primary regulator of the drug delivery
rate, and is accordingly selected. Additionally, the material out of which outer layer
30 310 is formed can be specifically chosen for its ability to adhere to the underlying
structures, cap 316, tube 312, and plug 318, and to hold the entire structure together.
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reservoirs 214 can be positioned to abut against only a single plug
216, or each reservoir 214 can have a dedicated plug for that
reservoir. Such nultiple reservoirs 15 can be enveloped in a single
outer layer 110, 210, as will be readily appreciated by one of
ordinary skill in the art, Turning nowto FIG 3, FIG 3 illustrates
a device 300 in accordance with a third exenplary enbodi nent of the

i nvention. Devi cep@fdRaiynehdidesods POl Sride@Hk&ich % ibe31 1o iflorease
substantial ly inpergeabl e i nner tube 31 a reservoir 314, a 20

substantial |y i miBs Hevamteot eabonis anbydrage iphibitess) Fermksavel Ud- 318. A port
320 communi cates plug 318 with the exterjor of the Vi ce, as. .
descri bed above with ﬂ}%éeﬁéoc‘?axt’%lzﬁﬁf Pseé';[#eé’ﬁﬁ‘e ey lf%%.re fgﬁﬁ‘ﬁﬂ?a“f’%‘?é‘u
312 and cap 316 derhdsethhtoomeid as Beparatself yctansgeaes podbibedvhile gefitigg an or
monol 1 £hi o of cronte e ieR di8ihah. BYWEPE: imle o SpeSpmre B st

al | ows t he car borrostaianiiyestP8% df a hirbsatt derfadf a carbonissmhydpdse inbibitohrwiyldlerae
314 to flow thr %&ﬁretd%gﬁwe%mluﬁ}ﬁﬁ{ in addition to port 320, and

thus assists in raising the overa delivery rate. O course, as

wi |l be readily appregi@beshnibyr ieiesihils @4nbeMdado sdtbihuet théldevicBEotahd , the
per nmeabi hiy of pl u% 119 1s tge ‘g‘b’l mary regul ator of the drug delivery
rate, and is accdFGPHICR) Lhs @l regirgmentoaraiiphheyprrdngyh parruamungganice
whi ch out er | Hyerand06fBd fesiral femtdabittycaniedagbalpeinf i cal | y chosen for its
ability to adhere to the underlying structures, cap 316, tube 312,
and plug 31 8, and t oltmbiertehbodinmeitr@lyst singtetauteelayogeddive used. BEG. 6
Optionally, a hol; LieQLES) Bbadi L.de .| r %15
312 to increase 1{%}1153 ?{]ow rate ((i)l @'I(E:{hr 6%@1%1%%&5?%&%&?‘%%@%8?%?
from reservoir 3l#cludeparpgugsfayersr pedifiandarn ineerggeflt |ife of the
device, preferred forpulatigons will _ be those that contain as |arge a
mass of active agent %teﬁﬁlég‘f‘“dpaé'qﬁﬁ?‘faglerf‘é'!t}%h“ﬁ?tﬁéﬁ‘é"ﬁcesl@f £ Wt 300 at e
of dissol utiors By2viayudahat@xbnpdctrrinfod@mbRic nehpk easeebisokicdlyt hat
contains at |east 90%o0of .a.,non-salt form.of a carbonic.anhydras

i nhi bitor woul d bcé)mgat?bgervg P ?%%ul%‘raﬂyo{:%? &G ?@Ieﬁeﬁ’t@hy mﬁ‘&}mﬁ? 6’3’0%0 nber
of materials can fhélsyghovhich tieomsdrinbieill coine indentaa.eSheofse dfrepidip dasdvitg
inventions The onl\. &G . t r.e.l 1o . A
non. - i Mmunogeni CTH‘ ?Lr%l g)nggggﬁﬁglgégbﬁégg%eet@%g%itﬁ’% é)}'fgfd%dss%gsd (I:Srs?lg)tg)g
her oi ne |1 n anot hedf theppistiayasntl0, 23A) 310 avosid agbas the gensiandyzpf e dnmaeledse as

used, FiG 6 20 wellas the capability of the system to remain in place for a prolonged period of

time.

Naturally occurring or synthetic materials that are biologically compatible
with body fluids and eye tissues and essentially insoluble in body fluids with which
the material will come in contact include, but are not limited to: ethyl vinyl acetate,

25  polyvinyl acetate, cross-linked polyvinyl alcohol, cross-linked polyvinyl butyrate,
ethylene ethylacrylate copolymer, polyethyl hexylacrylate, polyvinyl chloride,
polyvinyl acetals, plasticized ethylene vinylacetate copolymer, polyvinyl alcohol,
ethylene vinylchloride copolymer, polyvinyl esters, polyvinylbutyrate,
polyvinylformal, polyamides, polymethylmethacrylate, polybutylmethacrylate,

30 plasticized polyvfnyl chloride, plasticized nylon, plasticized soft nylon, plasticized
polyethylene terephthalate, natural rubber, polyisoprene, polyisobutylene,
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illustrates such an enbodi ment, wherein the sustained rel ease device
(product 612) includes an outer |ayer or skin 614 and an inner core
616. Materials that may be suitable for fabricating devices 100,

200,, 300, and 15 712 include naturally occurring or synthetic
materials that are biologically conpatible with body fluids and/or
eye tissues, and essentially insoluble in body fluids with which the

material wll comgyl r‘ta&}%t thyl-g ug?l?t@trﬁﬁoﬂb&ﬂ}‘lfu ;éﬂsvvglﬁf?&eﬁéaﬂ oride

materials or arteria gf ein e avoi ded
si nce dissol uti orPOlYG‘FrYlPﬁ‘E ‘éGpé?lmkﬂi/@lg’mi’m“o@%@POIMﬁUQK@ﬂhlodoeﬁf}’feeet

the constancy of &fbﬁnﬂéd{ﬁl}fe&bﬁﬁeﬁ Boly@; a'—lg@rdﬂ?ilden@&pﬁehﬁe&@%gﬁalté) Lny@f

the systemto re n ce for a ed perio

Natural |y occurr gﬁb’“@? d@@?‘l‘taf%‘lrf‘tﬁ CQPH{YE‘P > 8 1%"%‘? Fer%ue%’eﬁi" Blﬂb“g‘P?fg‘lai grade

conpatible w&h ﬂbt}dyneiﬂylkild&nﬁr%}ﬂaﬁe-pfdpﬁlsm%baﬂﬁ]l&ﬁls-eﬁbdnafelc}s{polymers,
t

2oty o L B NS B b, S GO "

pol yvi nyl acet at e;omiymsvnmhdmdhlptmdeywrylvyn[trﬂalcquer, gclﬂ,aﬂamhmrdned

pol yvi nyl butyr at %@ﬁllﬁ?&ee@t hyl aeryl at e copol yner, pol yet hyl

hexyl as_rl ate, po y oride, polyvinyl ace'als, plasticized

ethyl ene vinyl acet ar t Spe@ffﬁ&liy}’mrdayﬂqlﬁ‘éfc{wice 8d0aRH e mad@ém gﬂﬁe above-
vinyi chloride co yvinyl esters, polyvinyl but

pol yvi nyl f or il ﬁy?}w&régr mﬁB@?’rP@fWﬁﬁ@t‘h‘%‘P%‘Pa&lﬁ’ é°ml’atlgle with body fluids
po: ybat y: nct hacr )dg&éﬁftlsaﬁs agsaﬁfa11>fmmlmbzd#ﬂa;qs weth lwalrch 4R mapk@skiici zed
nyl on, plasticized soft nylo ticized palyethylen

t er epht hal at e, naf)ﬁ?éﬂcoptﬂ%baéla ?e‘ﬁ’ﬁ’lﬂ@qtg PRTTRE® °8@¥§?"E%’b‘lﬁ“§¥dé9§%, 32

pol ybut adi ene, paohhigtony). ene, pol, tratlucrcethyl ene, polvvinylidene

chloride, polvacrylonitrile, cross-linked polyvhzylpyrrolidone,
pol yt df i nor ocl zI nr oet Whyt iangs tube d b, 12, Atk ie eklqstsk yehetpybstantiglly impermeable,

pol y(1, T-i sopysopyk hekes: !
chl ori de-di et hyl fPargrlg‘%g? %&Eﬁg*é“a%gg Wf’?%%’ﬁ’éa?%?"%‘é%%h‘bﬂm Shirem the,

the nmedical graddnisr §5¢ ?dF%P‘HW‘é‘? 1iAeeiH @ertionstoR jiF dpicepihe pyP@sa s tp thl@r
si hc;)ne oar bonalt thrilllfaps@éé/dfﬂ{efcarboﬁ&é ﬁmydilrﬂﬁmﬁn&tbkgrtﬂraﬁgh\mo@é/ cirfa%?xls ef hele
copol ymer, viny ori onhxi co en

c hlpor |yde anryl onldelf"f 8‘“@&5% %‘f re e@%Pgﬂ’e ﬁ?rg"c“i‘%gﬁidraéﬁlﬁ‘métt%r@ gradto

stai nl ess steel. dSyiea:ﬁofselamddlrggnon@ufthé olt@yser aAd Plugd 21dexnd £8. 200 may be
made of any of the above- 10 listed polyners or any other polyner
that is biol oli cally Eeaomppdition ofiputdr ldyedlyi 0f d.g4ithspolymer, is preferably selected

so as to allow the above-described controlled release. The preferred composition of

outer layer 110 and plug 216 will vary depending on such factors as the identity of
the carbonic anhydrase inhibitor(s), the desired rate of release, and the mode of
implantation or insertion. The identity of the active agent is important since it

25  determines the desired therapeutic concentration, and because the physico-chemical
properties of the molecule are among the factors that affect the rate of release of the

agent into and through the outer layer 110 and plug 216.

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

polymer, used for the caps can be selected based on their ability to withstand
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and eye tissues, essentially insoluble in body fluids with which the
material will conme iii contact, and perneable to the passage of the
carboni ¢ anhydrase inhibitor(s). Wen inner tub 112, 212, 312 is

sel ected too be substantially inperneable, 15 as described above, to
t he passage of the carbonic anhydrase inhibitor(s) fromthe inner
core or reservoir out to adjacent portions of. the device, the

purpose is to bl QisequehrdasRa #epsQbuch Me%ﬁﬂ%zbvﬁhou@mfiﬁ %rmahon of

i nhibitor(s) through those portions of vice us

the rel ease of t Hie desicnoHieanataninly off-erobymen Apnspstniially uppwth@utea@wce
to selected regi ong c&fbetsa&;téalda@a oh fR¥ 8dse Maﬁ{gqﬂﬁr #idr1andaP3iliB,and findihe

conposi tion of outer S ref erabl
selected so as tt’(‘)beéll}zo ﬁé °§'bk5'5‘é’%’6ﬂ§§ti§'r]1 gg&ﬂ“mh bERAE falsiThe

preferred conpos |uﬁdmrhgcpfrFEmou;earbbxﬁ;eppolyhﬂe&ymethwme, 2dlgethiydre alcalliqx,
dependi ng on such.fact.or he .car bglnl .C l%ﬂ:olYo rase

i nhi bitor(s), thd&Qdree 3 ﬁ'é{ltcge ‘8\”’1 ?N aé% V‘“é(ham}“‘r?g Bl
i npl antation or i(A¥4).tRhegs 216/ 5&8 ¢adbnf0|rmgd @fan}tdfenamquématgmim incwding

i mportant since |c} %ﬁn}gﬁiﬁ HBQ%GBQQ red 1llrerapeutic

concentration, ecause f physi co-chemical properties of the

nol ecul e are am)ng th@u&ﬂﬁ}&iﬁotﬁ@hl@faﬁ@glhgéi‘le ﬂl%@th@&evfc@hﬁ@t% of the
agent into and through the outer |ayer and p Ca s 116,

242, 316 are QubdielsHeHy P%Ha%%wﬁ%%é‘“%mldﬁﬁsuﬁ%%a&éﬂws in body
car boni ¢ an hy dr ag®iidsmith hich i{eShataDvIMBYm € D\eBitach aﬁ@BﬁtérQ@eDflOfaﬂﬁplhgmer

e R B e P L 0
sel ected based. on thﬁhas b i Xl@ﬁ&ﬁ%)%s@s%n *&ﬁ@c%x?gig wer

processi ng st eps_p&suc 1eat urin ering or mat i on
of the device emigel petentigl, i.e.gtoggard ﬂp@mﬂ@’rsurfffceﬁftbﬂ@ytcanm the euperior

i nper meabl e oyt erglrANeF the aév%e, &h%n%fs"aéa%’ &hpRASE dyan tﬁJ‘t%n&iﬁéﬁ oftboth
coating inner tube 212 I nner tubes 112, , can

i ndependent |y be ¢ ﬂ%o&tebhyeadgfo eﬁpl%s %M&arwalﬁtﬁ%}@aﬁ@t @‘?Wcﬁt%h ng
ETFE poldycar ]poneﬂua of e l:am@lmmhydm& ﬁhﬁi%ftéi-ct;mvﬂl beREhbIREN &R6rdalce omnl |

i gh grades of et tate 9 Vi
pol yvi nyl al cohollp‘}i‘(s R}‘bn%\sﬁﬁs bpyge o ésa%ea gftg"l"ﬁg‘é&g’mteréﬂi?y of a
nunber drf mat er idiffisioniinghetallyndgpendend sisthe sonkaitty mhdldmgmexdﬁsasmﬂad on

glejls ;)WbeOJt er i(f?l Y&he tthi]('I‘lOCSS o%‘the wa‘?’ll Q"hls %%a(ljns %a%lgé%ectz ]1'16df aI:)gp]fosprl r&ape%alg‘tz"\” ce

;._)

fabricating outer layer 110 and plug 216 will be dependent on the particular carbonic
anhydrase inhibitor(s) to be used.

The rate of diffusion of the carbonic anhydrase inhibitor(s) through a
polymeric layer of the invention may be determined via diffusion cell studies carried
25  out under sink conditions. In diffusion cell studies carried out under sink conditions,
the concentration of drug in the receptor compartment is essentially zero when
compared to the high concentration in the donor compartment. Under these

conditions, the rate of drug release is given by:

30 Q/t=(D'K*A*DC)/h
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10 biologically conpatible with body fluids and tissues, essentially
insoluble in body fluids with which the material will cone in
contact, and outer layer 110 and. plugs 216, 318 nust be perneabl e
to the passage of the carbonic anhydrase inhibitor(s). The carbonic
anhydrase inhibitor(s) diffuses in the direction of |ower chem cal
potential, ice., toward the exterior surface of the device. At the
exterior 15 surf %ﬁrm lstﬂtaem@ﬁwo@emg Fe%u;ehltmm @m@gﬂtuao fo%ﬂﬁlehtiﬂqg
When the conditions bot sides o otter ugs

318 are mai nt ai ndf R?H%’Pé‘?f’ifﬁ"@tétléﬁlﬂﬁu@‘ﬁ%ﬁ@’ D%‘Pilt)be e‘ieﬁ‘é %%}ﬁ%ﬁﬁt@n
anhydr ase i nhi bi t@teshughiclobs themastra) dng hedhd MicResOstdaitbMinbh  Fick's
Law (c)f Diffusion, The rate of passage of the drug through the
material by diffusiom thscagewmreathé ypentelfféneambughrihd IBer sia tvatat ﬂllejdtpySreef

the drag therein 20 t he

nmeans t hat sel%lect |°g§ls\c,)\$ P %rtﬁéorno PPEPEeng ttgg?sa#§ G ereﬂmfnﬁggﬂglg neﬁuagﬁf'er
| ayer 110 and pi rigndgr sirg ommdlllonbmef rdiepe fidwitlie donortsive isparytsiomw thavale@aPBani ¢
anhydr ase i nhi bi tgsr Iﬁtr%%lytc&xs&ﬁt Zﬁﬂlﬁlrta- he c&f’%&ﬁraﬂ{» &‘tﬁef&dﬁ(}r%&n % F he

car boni c anhydras ibrtor(s ynme
i nvention may be ReéeeraP feerias cemffode@,endﬂﬂt Q,netlw susfaeeciiraagA ﬁmkin@sa (h)2md

out under sink CoRistvitPS) of tH3 ntbhibfaHS | TR s@@lch ared I iBStiGr He8Be Srthe
wi der sink copditions, ra({hec ncentration of dr i.n the receptor

conpartment i ¥ edeBGHIpLierie. 01 M deprRdentan ﬂlege%"ﬁ%s‘{‘ﬁ Qithe carbonic
concentration in ahhelrdembbiterGypag tareodiresekoler t hese condl tions, the
rate of drug release is given by; 30 Q""DK. MDt.I+1i 34 where Qis

t he anobunt of drug releas@wdneabilitysvalupsmegy O obgintd ol itefslopésafia Q versus
coefficient, Ki fi.cl rea,
DCis the differ z‘r‘]‘é ethéat nﬁg%]%(lglé%tg? @Jn Hegéflﬁﬁ{m ﬂﬁrd:ijfﬁlsggg@(gzﬁ&effg]?ebya
menbrane, and h is the thickness of the menbrane. In the case where
the agent diffuses through the layer via water filled pores, 5 there
is no partitioning phenonenon, Thus, Kregema elimnated fromthe
equation. Under sink conditions, if release fromthe donor side is
very slow, the value DCis essentially constant and equal to the

concentration of the donor conpartnment. Release rate therefore
becones dependent on PR tha perraabilifyrisestablighed fonfhe kstssial pemmeablafodhe

difiztsivity (1) a@ﬁgé&%c@?émrtmﬁrfacgﬁ'@a Sthd REH 113k Bfstbs cAte g ign Of
the size of the 10 particular device, which in turnis decPendent on

the desired size "dterghigressep)niodhe passage of the agent may be determine
20  done by progressively reducing the available surface area until the desired release

This may be

rate is obtained.

Exemplary microporous materials suitable for use as outer layer 110 and
plugs 216, 318, for instance, are described in U.S. Patent No. 4,014,335, These
materials include but are not limited to cross-linked polyvinyl alcohol, polyolefins or

25  polyvinyl chlorides or cross-linked gelatins; regenerated, insoluble, non-erodable
cellulose, acylated cellulose, esterified celluloses, cellulose acetate propionate,
cellulose acetate butyrate, cellulose acetate phthalate, cellulose acetate diethyl-
aminoacetate; polyurethanes, polycarbonates, and microporous polymers formed by

a co-precipitation of a polycation and a polyanion modified insoluble collagen. Cross-

30  linked polyvinyl alcohol is preferred for both outer layer 110 and plugs 216, 318.
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anhydrase inhibitor(s) drug core or reservoir. Thus, perneability
val ues may be obtained fromthe slopes of a Qversus tine plot. The
pernmeability P, can be related to the diff'Ehsion coefficient D, bye
15 P (K*D)/h C anew the perneability is established -'or the nmateri al
perneable to the pa::a ; . of the agent; the ar ace area rf rase a
*ent tl at nust be roved with | e material isnpen nv able to the

passage of the ofprefeiréd if¥mienle ﬁlﬁﬂi&é mrtm@diwcémg BV 1 bSdZkheHARA 10,
Progressively red,g the“é;?i sl[c e area until the desired
release rate is g ﬁ%f’ra‘i%'ﬂmf@ B}ﬁ’grous materlals suitabl e
for use as outer |aye st a ar e
described in U S P)z;t gﬁ%&rﬁ%&ag?%gﬁ?egﬁﬁ%%m ln%ént emfeﬁgﬁﬂ e "but
are not limted taljacendssthe éyakianpof thesnetiydds hﬁmm&bpﬂﬁmbmrmnplmtmmdzs
pol yvinyl cl pgi d&%lcgsir Ok Q Iﬁffe'of'ﬁle H&ﬂ:eslmf\)j beaagfn ?sltﬁrédleaggﬂ}etfn% &qnor? thF

i nsol ubl e, non-erodi ul ose, ae yla ose, esteri
cell |oses, cel|mlﬁwﬂa@@x%ﬁl@cmﬁeépitbml@eécoreewwmowénmetbmc@emmme

cel lul ose acet at epghteddvided in £2lddle@s€ acetate d ethyl. :EEni noac;
etat i" poi airethat es, polyc;irbonates, and m cropos sous polyners
formed by co-precipi mvmnmafdecafopmwmfmtbmeam fa ep@ipyedinioati vil@ud | ed
i nsol ubl e col | age oss- li.nk hol ref erred_ for
both outer |ayer ‘fq‘hnl’gr PR rﬁ?ﬂ&?etgelgmoéipegxaﬁg yFﬂ%é'f & GBPIF ﬁ%’éﬂlﬁ%aﬁ"g
portions of the déviceessy rapdebifaimdaeitvad dithetcatbesic bb@draseadifhitog(s)efor a
formed of PTFB or r | f
the present inve rﬁeﬁgé]é/il fro\fﬂ %Véral%he??g\l F\-r)]-e:ﬁarg Ingr%ﬁl e'm\f)gé }f&elﬁy%‘lﬁls?anﬁe(a
via any of the ne"@h@ﬂ@fﬁlﬁeﬁ/lﬁﬂsi qne@mtrmocﬂmfor@@anuairofpmrmesmm 0r5
devi ces, One or r@,@@glg;tetttmoq‘gwlﬁ%yémy be adm ni stered at one tine,
or nore than one agent: may beinchuded in the inner core or

reservoir, or nore thavhedBhSSES ¥@ipfepar®pr iaeenwnemhdﬁﬂe Vifleods 61 AR,
devi ce. DeV| c?ss |nten ed f0£ insertion into or exagr}lrple into

the vitreous ‘ThahBer erﬁ‘ﬂ)}“ BRASVIFe 198 pRftree ?@BUF’%@@?W%WY f%r
treatnment is conplles, ehe cslhmdmalllevlchewllmmdnmylcm benddewaldpraferaslg noel ease

of the carbonic aé;(@(%g 7%§ﬁ1|rrln93m lpl'lél It]g? Odrﬁetgs erc{l:imegeé,%or; ég@aglg\{eesg al

days to over five years cer
of the at |east dhe khgerin dmytemémorefmferablpbsatb@ oY moriedigpeteroFlee

mont hs, or preferred thickness of the walls of inner tubes 112, 212 ranges between about 0.01
20 mm and about 1.0 mm. The preferred thickness of the wall of outer layer 110 ranges
between about 0.01 mm and about 1.0 mm. The preferred thickness of the wall of

outer layer 210 ranges between about 0.01 mm and 1.0 mm. The inner drug-
containing core of the various embodiments of the present invention preferably
contains a high proportion of carbonic anhydrase inhibitor(s), so as to maximize the
25  amount of drug contained in the device and maximize the duration of drug release.
Accordingly, in some embodiments, the drug core may consist entirely of one or

more carbonic anhydrase inhibitors in crystalline or amorphous form.

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

100% of the core, suitable additives that may be present include, but are not limited
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even greater than one or nore years, Wen such devices are prepared
for insertion wit i n the vitreous of the eye, 15 it is preferred
that the device does not exceed about 7 mllinmeters in any direction.
Thus, the cylindrical devices illustrated in FIGS. | and 2 woul d
preferably not exceed 7 mllineters in height or 3 millimeters in

di aneter, nore preferably less than 1 nnmin dianeter and nore

preferably less tf j f ed 1.hi of
the wal | s of |nnerq@ugggc%%gkggggaggﬁgggmégﬁﬁggﬁﬁcﬁﬁﬂ‘gﬁ&gggggﬁg%f
about 1.0 nm Thethppae dyring gse.Hindris éxs, tpmainisin thpinieetdy obilie eare duaiper 110
ranges between angihfacRirddk MeRBY, A ktiohal PhafacoldieaPeiftele €9 miotic

t hi ckness of the wall of _oquter Iayer 210 ranges between about 0.01
mmand 1.0 mm ThREFERBFOHPAE221%87 ai ni ng core of the varlous

enbodi nent s of t he present i ntion preferabl nt ai ns

proportion of ¢arboni g %ﬁﬁf@&g@@%"%&emﬂf{)@?gﬁ S‘X‘g&“‘g@ c?’?f’r?ﬁﬁ%l Bt e t he
3 anrount of dr ughigtesitdansitg deasibletdgain thavaxiaizathe amsuni oficzagaihdiainguidat i on
of drug rel ease. may
consi st entirely O@ﬁ%ﬁ%ﬂ%@&hﬁgyéﬁgar%50%@98%#ﬂ%§§§%}%ﬁ§?@{tOr ﬁﬁmm
crystalline or an®tpleaaidintitsd ta, guss, n@teedluerb@\ge s, SDhHO@aﬁlﬁ@Wp@SamNdwélse

i nhibitor(s) may ReppleasEithatthe arilEddtd Ry t;e%tf&iu&{l tol the ﬂg&YVOH’% b} phiMeal
formof a pharnaceuplca |y acceptable salt, a codr ug, a

pt odrug. Wher &0t h%at%%%qﬁ?a@eraﬁ%m@a%@r FAtR i(ebs ,taospb%ﬁru&%ﬂ%mﬂss@gnwg%ed
than | 00% of thﬁﬂi‘e&ﬁcﬁten Stbe {220 b Buid delgdtMas diipabreiy bb @inBihREEK kL frozen
i nclude, bat are % limted 36 to, polyneric matrices (e.g., to
control dissoluti®#rate or to maintain the shape of the -core

dur! ng use), binders %ﬁ{t lec l%oﬁrg‘l I?xg'&’rla&'dﬁh rs1ﬁc?l% y?{enét}i]i%lcé){o

during manufacture o evi ce onal armacol ogi ca
agents (e.g., a n@cewqtamlé@@htneﬁnﬂzmﬁﬁ@:@ﬂathmalamghé@), di¢htprghgnamide (4),

enbodi nents, the &ﬁﬁ%&u&ggﬁahﬁmﬁgh&ﬁdgﬁg is conpressed to the

hi ghest density feasible, again to nmaxim ze the anount of contained
drug. In alternative enbodlnents the drag core nﬁ% not be solid,
Non-solid forns |nC|ac bu —a e pot limted t gu N pgstes,
slurries, gels, solutm knsi ons. Imc be Feci at ed
that the drug core may be Wntr uc % the reserdblr ﬂhy3|ca
10 state and thereafter assu another state (e.g., SO|I drug core
may be introduced inure nolten state, and a fluid or gel ati nous drug
core may he introduced in a frozen ¢l
N Q cl
joss NN e Y
EtO N 0 /\\s s/i
HaN \\o o// NH,
3 4
HNEt HHNEL
I0| 0
[ > (] \_%_NH2
Hie™ s s ] CO NN s 0
o (o] 0""'// \0
3 6

Preferably, the carbonic anhydrase inhibitor is dorzolamide or brinzolamide.
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state). Suitable carbonic anhvdrase inhibitors include, but are not
limted to, acetazolamd- (1), netba ol annde (2), ethoxzol am de (3)
di chl orphenam de (4), 15 dorzolamde (5), and hrinzolamde (6). .,
11!''".~~0Orye %~t~r HIC\ -L fem 113\ :1i ~ UQ E 2 JAl r
NHa , R F;, ?! 3 a di 3YggFit f?\Eti s --sm -pNfl The preferred
rate of release of a given carbonic anhydrase inhibitor will of

course depend not onl m&prefensdﬁ&t&wsmaglb&dafsaohacgﬁﬂya{aseaﬂﬁmorvmsf on
the | ocation of the gew d the rat egé)t&?cl earance of the agent

fromthe eye. Devi%ES Ifr5R ’?‘E&n yﬁi‘?‘ﬁpﬁmﬁ’l Rartigular agsat, 'I"E%thﬁilqcé*&“éﬁ
by loss of the cambosvie aﬁmdnyfhtaaca”elehrme bf th@igehtTrom thesyel mahcdamhtedige

and wi |l not bell N era enetra n.of the a
through the cor ne‘%{lt §yér/‘§'i]Lli’Ffess %f%&t Q/ﬁsé’t@e 8‘5& "f-?eﬁ"mdéﬂsﬁmg Rorto
ef fective contenlaeraal dnrinege aid wijl nonbd linsited bl itairate pif peoeat@scof tHetaberd

| oner rel ease rat i I exter nal t he eye.
Al so, /eager-act |tﬁ55§ﬂﬂ%gﬁﬁe€' gﬁ%gﬁ@%@%&ﬁ%ﬁg amtam ffe?%qm re a
| ower rel ease r atenesstrpionef éﬂainethqwimameqmemith ayloerﬁlfreb@spwéethm%n
concentration. Th&yRESHSRhtel BYSH kPR L SR)sH rl%p&ﬁngca%hﬁ%yﬁﬁge

adm ni stering a carboni ¢_ anhydrase inhi bi tor to a patlent

conpri si ng i npl anfikgers wal réi}’érﬁélkﬁﬁﬁre}eéieéﬁ%@ %nlragnati@w%cadlégﬁpq%@d
above into or1@dj asentratioa. t he eye of the patient. Wiile the above
descri bed enbodi nents of the invention are described in 15 terns of
preferred ranges of tTee pmmnhvemﬁoraﬂsb@ﬁividvea mgﬁmifpr etdhmﬂkﬂexg&e&baﬁc t he

preferred |ay; " Syt ghfﬁ(ﬁg e. deV| ere ces
are by no neans n”egdr%% olrm ggﬁthg Favent an 2 %mg reIeg
under st ood by onedesif H¢seribef pbavhénto <aradjacenth:e ﬂp lexeef dnheazdtlmtmunt s,

mat eri al s and di nensi ogns. depend on the inethod of
While the above-described embodiments of the invention are described in

15 terins of preferred ranges of the amount of effective agent, thicknesses of the
preferred layers, and dimensions of the devices, these preferences are by no means
meant to limit the invention. As would be readily understood by one skilled in the
art, the preferred amounts, materials and dimensions depend on the method of
administration, the effective agent used, the polymers used, the desired release rate

20  and the like. Likewise, actual release rates and release duration depend on a variety
of factors in addition to the above, such as the disease state being treated, the age
and condition of the patient, the route of administration, as well as other factors

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

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

of equivalence of the following claims.
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adm nistration, the effective agent used, the polyners used, the
desired release rate 20 and the |ike. Likew se, actual. release rates
and rel ease duration depend on a variety of factors in addition to

t he above, such as the disease state being treated, the age and
condition of the patient, the route of adm nistration, as well as
other factors which would be readily apparent to those skilled in

the art. Fromthe foregoing description, one of ordinaey skill in the
art can easily, 25 ascertain the essential characteristics of the
i nstant invent BS:9nd wi t hout departing fromthe spirit and scope

t hereof, can make various changes and/or nodifications of the
invention to adapt it to various usages and conditions, As such,

these changes 1 andhhinB®ehidake€ atug@BEvary Beitfe ilsyrtiot @ irbyslbhtyti@ich or
intended to be, within the fall range . of equival ence of the

f ol | owi ngadipeanhie. thaopyg; afg. patiqnt, the drpgrdelinary dewce SQBPERE del i very

device for insertion or inplantation in or adjacent to the eye of a
patienf, the cllg deinngedyg degicempesingeicaibapic aphyasendpiterrang adeatex
conprising a carbopic_anhydr . nhi b b X 1 i .
wherein said car borrﬁa%rlggwgrreg@gmé Qﬁxﬁl{ géhy?{s]ag% m xé)clizligl%lr(l1 1 5&;1#3 errlnilmx
materi al to inhibi matfiapiodniebit oflpeoemdsddnimnitioh of He cagrobarinbydrase
anhydrase inhibitor; (ii) a first layer on the surface of the drug
core, that is subst®Htii°%l iy perneabl e or 10 inpermeable to the
passage of the carbagnic¢c anhydrase inhjibitor, haying ore or_ nore

openi ngs t her efil wAEH 13367 PR thedifpqsat dhe Ge eos %‘étrlgé‘t‘hsﬁan&ﬁlllpﬁ/ﬂ?r%éble or

i nhi biyfyor, and whi ' j i : ' i

101 da%and “compat [ BTG b badg iR O A AR IbioR 1RO one o
i s di sposed about trdvee opemangs threngin cdid ppomd diffusiqerddicerbahembydsee t ed

15 i npl d, a.sub ial.ly. f rel f
car boni o anhyar aso THAE POrCLyY e pam AL (bRl PR Saf, nbidf pa

claim1, wherein sahdpapVd @&hBodhEsuepaRd i ses: one or nore
additional layers that are permeable to the passage of the carbonic
anhydr asewihBRibiht @itst 18RHIs Bépovd MHautthe ifhePdtugbiedblay td peahet) vdediderted

inert in body fluids and conpati ble with body tissues; wherein the
first landonganlenterhalsubsigsiely spustayi sxyvelagleararftthe Frebomnarhydrasy bghiersh
as to pr inserted or inplanted, a substantially constant
rate of rgﬁg§§8d§Q3¥he carboni ¢ anhydrase inhibitor(s) fromthe

devi ce.

=

2. The device of claim 1, wherein said device further comprises: one or more
additional layers that are permeable to the passage of the carbonic anhydrase inhibitor, and

20  which are substantially insoluble and inert in body fluids and compatible with body tissues;

wherein the first and additional layers are disposed about the inner drug core so as to
produce, when inserted or implanted, a substantially constant rate of release of the carbonic

anhydrase inhibitor(s) from the device.

25 3. The device of claim 1 or 2, wherein the impermeable layer has sufficient

dimensional stability to be filled with an inner drug core without changing its shape.
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~1 ~. device of ...... V. ~. ~~ ... ...: 'n. .aye has B. Il it c em
4. Use of a carbonic anhydrase inhibitor for the preparation of a
rnedi carnent for the treatnment and/or prevention of raised

i ntaocul ar pressure, said nmedi cament being incorporated into a

sustai ned rel ease device of claiml| or 2 adapted. for insertion or
inplantation in or adjacent to the eye, whereby the device delivers
the carbonic anhydrase 5 inhibitor to the ciliary body of the eye,

wherein the carbani c. anhydrase inhibjtor .cgncentration in the
ciliary body i Mo “aél“%é{d‘iaﬁf‘elﬁ‘%'f%tm foEd %{epé"*ra%%é’&‘t"u?\?émdwa@em for the
concent r afrbARentla08/08 pREEARA Ffraigdd th@ARhla3Bred@¥s said mdds@nRGEHIAE Ng T O
claim4, wherein said sustained rel ease device is_a sustained- 11)

rel ease dewpperatasdoiodi sigtaingd agigese devies ofdlaiimson 2 adgplpd fgr inygyonygle of
claim4 o r.ei n vice, i ol i -

ad; acent TP EREE P ad Bt ERhe Sy WRBHL R, A01F defferd B8 bk Bfhc! i frace
concentr ainhditor of the bidéagasddgnif the en) wyereihniaserthani dihtydraseé mhtbiter ci | i ary
body for a period of at |east 180 days..15 7. Th e of .claim4 or
5. “wher ei (PERETED P cHBn DI hSaTERRR DR Fhamratiery iecispr aEeHEen
the eye, mRiaeabdsr@ 1ERes@@aMtically effective concentration of the
carbonic anhydrase inhibitor in the ciliary body for a period of at

| east 360 days. 20 8. 'I'he device according to any one of clains 1
to 3, wherein the carbonic anhydrase inhibitor is selected from

acet azol ar ni de .am s - 1] gl kda,
dor zol anxi de, gng‘;{)%i%ﬁgaé é.)(r:]L‘l?a rél.zi’ gﬁfféﬁl %ﬁ%‘%ﬁ&mﬁﬁgg@eﬁe&ﬁ% %Q{S&I}l%ﬁ
The su$t aradeade delieaseodinggodey breoficladegilde 3of any of clains t to 3,
wherein the matrix material is a polymer matrix material. 11. The
sust ai ned rel ease drug delivery device of claim 10, wherein the
polymer 5 matrix is hioerodible. 12. The sustained rel ease drug

del ivery devi ce. The Gieaiffflalrh,4 WM HakbRid the ddevé, eeheh Smplaateded ilyrted in or

co-extraiding the inner drug core and the_one or nnre,lgégks. 41 .
adjacent to the eye, maintains a therapeutically effective concentration of the carbonic

anhydrase inhibitor in the ciliary body for a period of at least 180 days.

15
7. The use of claim 4 or 5, wherein the device, when inserted or implanted in or
adjacent to the eye, maintains a therapeutically effective concentration of the carbonic
anhydrase inhibitor in the ciliary body for a period of at least 360 days.
20 8. The device according to any one of claims 1 to 3, wherein the carbonic anhydrase

inhibitor is selected from acetazolamide, methazolamide, ethoxzolamide, dichlorphenamide,

dorzolamide, and brinzolamide.

9. The use according to claim 4, 5, 6, or 7 wherein the carbonic anhydrase inhibitor
25  is selected from acetazolamide, methazolamide, ethoxzolamide, dichlorphenamide,

dorzolamide, and brinzolamide.
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10. The sustained release drug delivery device of any of claims 1 to 3, wherein the

matrix material is a polymer matrix material.

11. The sustained release drug delivery device of claim 10, wherein the polymer

5 matrix is bioerodible.

12. The sustained release drug delivery device of claim 11, wherein the device is

formed by co-extruding the inner drug core and the one or more layers.
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