WO 2010/011585PCT/US2009/051103 OPHTHALMIC DEVICE HAVING THERAPEUTIC AGENT
DELIVERY CAPABILITY AND METHOD OF FORMING SAME Cross-Reference To Related
Appllcatlon '5?9 g{scatlon claims priority under 35 U.S.C. 119 to Ul%] Patent
Application No % g’B%Q 2, filed July 21, 2008, the entire contents of wh a#%%?r?%:%grgorated herein by
reference. 10 Technical Field of the Invention The present invention is related to an ophthalmic device
that is loaded with a therapeutic agent.More particularly, the present invention is related to an
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anti-inflammatory agent, y combination thereo
such that the device can%rc?\%[dg %ﬁeryﬁ%%ﬁﬁapelﬁj IC mﬁ%’?eﬁ@ an extended period of
time after the device has been applled to the eye. 20 Background of the Invention In recent years,
the number g oh_= ‘s ataract surgeries where an intraocular lens (IOL) is
delivered intethSR-withH 52BN has steadily increased. 10Ls have been
developed and inserted |nto various Iocatlons of the eye and can be used to supplement or correct the
vision provided by thignafiadchystallinedensoofithaeie oscarsreplaaa the nasraghorisiatizne lens of
the eye. LenpaghalsyipRIRRac 059@@’9@%&1%&%%&!&@0%@%@%aﬁt@ QR gystallipe lens are
typically referred to as P %.!( c Lense %? ile lenses that replace the natural crystalline lens are
typically refe?FSdI}%OQ%O%ﬁ %&ei%eféln AKfE lenses can be located within the anterior chamber (AC)
of the ey (AC Phakic lenses) or the posterior chamber (PC) of the eye (PC Phakic Lenses). 35While
IOLs have prbsitiaitmbillinns of thdividuatowth improved eyesight, IOLs can also exhibit drawbacks. In
particular, 10Ls can be a cause of ophthalmic maladies such as secondary cataracts or posterior

I ifi n (P
capstle opac C%o ges%nt)mventlon is related to an ophthahmc device that is loaded with a

therapeutic agent. More particularly, the present invention is related to an

15 ophthalmic device (e.g., an intraocular lens (10L)} that is loaded with therapeutic
agent (c.g., anti-inflammatory agent, antiproliferative agent, immunosuppressive
agent or any combination thereof) such that the device can provide delivery of the
therapeutic agent to the eye for an extended period of time afier the device has been
applied to the eye. |

26

Background -of the Invention

In recent years, the number of ophthalmic surgeries such as cataract

surgeries where an intraocular lens (IOL} is delivered internally within an eve of an

25 individual has steadily increased. 10Ls have been developed and inserted into

various locations of the eve and can be used to supplement or correct the vision

provided by the natural crystalline lens of the eye or can replace the natural

crystallme lens of the eye. Lenses that supplement or correct the vision without

replacing the natural crystalline lens are typically referred to as Phakic Lenses

30 while lenses that replace the natural crystaliine lens are typically referred to as

Aphakic lenses. Phakic lenses can be located within the anterior chamber (AC) of

the eye (AC Phakic lenses) or the posterior chamber (PC) of the eye (PC Phakic
Lenses).

35 While IOLs have provided millions of individuals with improved eyesight,
I0Ls can also exhibit drawbacks. In particular, IOLs can be a cause of ophthalmic

maladies such as secondary cataracts or posterior capsule opacification (PCO).
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WO 2010/011585PCT/US2009/051103 To assist in avoiding PCO, therapeutic agents .such as
antiinflammatories or anti-proliferatives can be administered to an eye after insertion of an IOL therein.
These thera&% ents are typically delivered via topical delivery metq;@ﬁ{%é%\ﬁﬁ%gmtments or
ophthalmic drops. Such methods, however, have at least two significant drawbacks. First, it can be
difficult for these topically delivered therapeutic agents to reach target locations within the eye since
portions of the eye can act as significant physiologic barriers that inhibit the penetration of the
therapeutic agentS”{rBt@sthﬁ bagkadihe Yo, Sasapelitibe:glicacydf hesaioioatiacrelvery methods
' picaly depeRisiRAR AR R duali ;@ﬁm %gﬁawb ArRreacUhethiepIme loraRRlication of the

ointment or rop eeye. Inviewo cks, it wou irable o provide an
ophthalmic J&ﬁ%‘é PREYHSPaE Wit RacallE S RREL LR IRIERs g&i"ﬁ?ﬁ&ﬁﬁ@% of4'therapeutic
agent over apeariodrehtimer afgritaimractismyenp Shcmetliedicdievaliebehasedao @asivévagents that

assist in avoigiagib0 dMereaier, iNBaEion:otauchea dlefiagwithintbe-eysyiaiiey sdgesyedr at another

time. could adonRlY prlte 9@9&/&%&;&%&%@'Wﬁ{ﬂ%@p@}»@'&ﬁ&e B’%ﬁBﬂé B pger

ophthalmic di es or es su aucoma, macular.edéma,. retino

20degenerafith, ¥irdich ﬁﬁhgﬁ?ﬁét@ YSift &}&%’%ﬁéﬁn} at m[;» PERIRE gu?h Ya device,
there needsﬂ@t@@@h@e@gﬁﬁﬁsmtbythmmlﬂw@ftt@@p’éutlS%@édt @%cﬂfﬁﬁ%@ﬂﬁ@ @Sheﬁiéﬂﬁuk?élly released
from the,deviesaxer dhehddsiredrpsidemhotitipradehowmyenfondxehd eleaseplime peridkds; control 25

over the relsgse.ablhe smnenti saRBIRGRRARESTIRME ARk Adyeniageously, a relationship

has been di overed between partl lar ophthalmic materials and release of therapeutic agents from
those materials and that relationship can be exploited to provide for desired release periods. 30
Summary of he Inviantignw of Tesepidrsarhaielentiones!dirbetddgid arieprrhkinitc RIVIES tABt is at least
partially fornaﬁptﬂmﬁaﬁh@ﬂbtheérﬁh@tna@ﬁﬂﬁakeﬂhﬁiﬂﬁﬂtﬂﬁlm matehal Eetippcalysszdanionhydrophobic

or both. The&l@@ GuievioR.? bucallycloadest Wil a eranaull sgen éyln Rigfpyedppabodiments
of the |nvent|on er ent and th oph;galmlc ateg?[ﬁ;a iv?g hObIC i%)r assgstmg in
loading the rﬁ%‘f gb%ﬁ%f%%gg& 590 ?%E?H TRith-the ageiiand 107 assisting in
prolonging tﬁédéﬁadgélféﬁ thishineiiap evticaiige FUTRSHY tﬁre%;ﬂﬂmhﬁﬁiéfﬂ@a@i’éﬂ EtERalRsic device
may be suitaliterfariiatative witdinanieiecortiascapend upentanioutenisiitacchef tyshdydnlia a preferred

embodimenty Qe aphthalmie gievice,ayhich willbs:partially. erenfitghs forigm pidhe aphihaimic

materlal is ap IOL or.a deyice suitable for l6cation within t e along with an 10L.
J]egeneratlon c\flromsc {n%?ammatllon til;tl{(!:{\)/yl()n orqge% 9

To effectively develop such a device, there needs to be a mechanism by
which the therapeutic agent is continuously or periodically released from the device
over the desired period of time. However, for extend release time periods, control

25 over the release of the therapeutic agents can be extremely difficult,
Advantageously, a relationship has been discovered between particular ophthalmic
materials and release of therapeutic agents from those materials and that
relationship can be exploited to provide for desired release periods.

30
Summary ¢f the Invention

The present invention is directed to an ophthalmic device that is at least

partially formed -of an ophthalmic material. The ophthalmic material is typically

35 acrylic, hydrophobic or both. The ophthalmic device is typically loaded with a
therapeutic agent. In preferred embodiments of the nvention, the therapeutic agent

and the ophthalmic material are hydrophobic for assisting in loading the material



Brief Description of the Drawings The features and inventive aspects of the present invention will
become more apparent upon reading the following detailed description, claims, and drawings, of which
the following I cription:  Fig.1l is a graph of exemplary drug e for an
ophthalmic de %l%%qénsggggrdance with an aspect of the present invention. @? ig. 0 é/{Egatji?c%ther graph of
exemplary drug release over time for an ophthalmic device in accordance with an aspect of the
present invemtibnthe dgigntiislafwothesigregphnopmtengphgritrugcete ask thedhtirmecforcopthtilmic
device in acapsgaiteeopiihamaspReefthe present invention. Fig. 4 is a graph of exemplary
drug release over time for multiple 250phtha|mic devices in accordance with an aspect of the present
invention.  Fig. 5 | anot er gra of exem ary dr se qver time for multiple ophthalmic
devices in accorda t6F HaYpre ﬁ?@f 2 poalineig igg &%F§8W6$9W§cent
intensitysovenpirnesaas Gﬁﬂhdméfﬁr@fn of dh@geaeﬂea@ i poderdahcenbitimmedspbet optitepresent
invention.  dbgee! istadsompabatreiaplopbatig yeleasedod tifferepttlrigscnaceoidanag with an
aspect of hqaeseRiRvERiaBR fo T3 & ARRGHORLA Anaxemplapopninalmic devicein - _
accordance with an aspect of the present invention. WO 20101011585PCT/1152009/051103 Fig.
Jisa deprctron of another exemplary ophthalmrc device in accordance with an aspect of the present
invention. ] < ) biaaniggter exemplary ophthalmic device in accordance 5with an
aspect of the present mventlon Frgs 11 and 12 are graphs of exemplary drug release over time

for coated ophthalnjig.deyigesJnageqrdance Wit @ aspeat 4 ie Rresealivenian il ftailed

Description of the Invention
P more apparent upon reading the following detailed description, claims, and

drawings, of which the following is a brief description:

15 Figl is a graph of exemplary drug release over time for an ophthalmic
device in accordance with an aspect of the present invention.

Fig. 2 is another graph of exemplary drug release over time for an
ophthalmic device in accordance with an aspect ofthe present invention.
20
Fig. 3 is another graph of exemplary drug release over time for an
ophthalmic device in accordance with an aspect of the present mvention.

Fig. 4 is a graph of exemplary drug release over time for multipie
25 ophthalmic devices in accordance with an aspect of the present invention.

Fig. 5 is another graph of exemplary drug release over time for multiple
ophthalmic devices in accordance with an aspect of the present invention.

30 Fig. 6 is a graph of fluorescent intensity over time as an indication of drug
release in accordance with an aspect of the present invention.

Fig. 7 is a comparative graph of drug release of different drugs in
accordance with an aspect of the present invention.

35
Fig. 8 is a depiction of an exemplary ophthalmic device in accordance with

an aspect of the present mvention.



The present invention is predicated upon the provision of an ophthalmic device that is at least partially
formed of an ophthalmic material that is suitable for 15 location upon but more preferably within an
eye of an inQ{y'%%m]'pgsdevice may also be located at or within or Iocatigﬁ%ggwﬁ )qgmgn body,
however, the device is particularly desirable for ophthalmic applications. The ophthalmic material of
the device is suitable for loading with 20 therapeutic agent that is to be delivered to the eye. The
ophthalmic materiaFgarpalse bepiuitablel fafdiber asanphraossiardens (Rk)welthobglrasmis discussed
further belov‘(;vﬁlﬂeamﬂéﬁé@'@%%‘?e@éﬂ%’iﬂﬁéﬁiéﬁ IOL or in another configuration. The material or one
or more components of the material are typically relatively hydrophobic and, preferably, the therapeutic
agent also exhibits a degree 25 hydrophobicity. In one preferred embodiment, the material is provided
as an Aphakic 0L Bigd tHetietepetive ageneihelicnlsnbsirtialam slaviest Bnticimdanrsatory agent
for reduaing Wiflarimaest ihadhmnpiedeatpressanioafter cataract surgery. 30The ophthalmic material is
preferably a polymeric material that is comprised of a hydrophobic component, a hydrophilic
component or bothFThe ?Phtiéal[%]ic materiﬁl i_s%?o t icallyé acr)élif, WhiChé as use here{n means that
that the material incﬁ"_fﬁ‘es a§ Sast She adR/ :§u8 e oé&natﬂralngil matéial %‘éﬁ aﬁgg inCiudE Sther
ingredients SPBHskaIRdRitpRibatsardaace Withampsherhobleccdisisahart@iiee comprised of a
single monomer or multiple different monomers and those monomers can form polymers, which may
be homgpolymers or copolymers. Each of the monomers included in the 4 WO
2010/01158 .'_' (US, / __ dro hobii omponent will be hydrophobic or will provide
hydrophobictty-to-the-opHrarte-rmeateria-or ned. Preferably, a substantial portion (e.g., at least
60, 80 or 95% by weight or the entirety) of the hydrophobic component is formed of acrylate. Suitable
monomers for the Fijdrgphedsic cormponent ipoiddajdltigren5thot pimitechto: -eathydphibabmie
r2nettua;?rwQt%@ﬁdﬁéhlifl%%nﬁﬁ%ﬁ%f%ﬁ@ﬂ?;i%ﬂi_%ﬁ‘ ir?pt;lﬁl%ﬁhﬂ}%@&%@@@f@-ﬁwwlﬁfﬁs?@ﬁwlaﬁ: t

-ethylaminophenyl methacrylate; 2-e inophenyl acrylate; phenyl. m rylate; phenyl acrylate;
ponzy! et ACSalath B S ek B S A SO R PHAMAE TR SR Y
3-phenylprogytrREHAEHALE. 8L SHEHDISToPAERA RS 18 JREFTIDRGY o PRaiRYsEryhsidlevice is
:4-phenylbutplacrylatly; desmdileyliphepytimbethacpyplatetidns methylphenyl acrylate; 4-methylbenzyl
methacrylate; 4-methylbenzyl acrylate; 2-2- methylphenyl ethylmethacry late;
2-2-methylphenylet,p]}{éac(%ﬁ% 8i-3- N eg%gpeg}xle[ heyIrHe‘gpc%cr Sl‘at%%-%igri%f}yl@(tla%qgéet%lt%crylate;24-
methylpheny lethylmethacry late ;2-4-met 3/I )heny ethyfacry late 224 . ,

20 therapeutic agent that is to be delivered to the eye. The ophthalmic material can

ok W Z Sl

also be suitable for use as an intraocular lens {IOL) although, as is discussed further
beiow, the material may be provide as an IOL or in another configuration. The
material or one or more components of the material are typically relatively
hydrophobic and, preferably, the therapeutic agent also exhibits a degree
25 hydrophobicity. In one preferred embodiment, the material is provided as an
Aphakic IOL and the therapeutic agent includes a substantial amount of anti-
inflammatory agent for reducing inflammation that may be present after cataract

surgery.

30 The ophthalmic material is preferably a polymeric material that is comprised
of a hydrophobic component, a hydrophilic component or both. The ophthalmic
material is also typically acrylic, which, as used herein, means that that the material
includes as least one acrylate. The ophthalmic material can also inciude other
ingredients as explained further below.

35

| The hydrophobic component can be comprised of a single monomer or
multipie different monomers and those monomers can form polymers, which may

be homopolymers or copolymers. Each of the monomers included in the
4



spropylphenyl)ethyl methacrylate; 2-(4-propylphenyl)ethyl acrylate; methylethyl)phenyDethyl
methacrylate; 2-(4-(I-methylethyl)phenyDethyl acrylate; 2-(4-methoxyphenyl)ethyl methacrylate;

2-(4-methox %acrylate 2-(4- cyclohcxylphenyl)ethyl methacr)g 2009/0511
2-(4-cycloheXxylp enyiiet yl acrylate; 2-(2- chlorophenyl)ethylmethacrylate; %er&s %{oropoﬁeny

Dethylacry late ;2-(3- 20chlorophenyl)ethylmethacrylate;2-(3-chlorophenyl)ethylacrylate;2-(4-
chlorophenyhethyiiebhaconptecit (Jdi-ltﬁﬂ@ﬂgm}epkl)b@cthgda@iw@t@,\ﬁdéhydrophobicity to the
gr%r;Oﬁheny Bi%ltﬁﬁ&hﬁﬁ{ﬁétﬁ%@ %r(é‘a QEQH%Q@“%%’%&%B{ ﬁtﬁ%ﬁadzte%%ax{ph@ yl)smxﬁaettﬂafrylate
pheny | rlate n e ate e ethylacry
late; 2-(4- 2 :?glr{a;/ éiﬁ”?%%tﬁﬂhﬁ thgnfté 8? %Iﬁ) m(%r#%‘l'ﬁyf?ons thereof
or the like. IrPp @Féf HRSNEHRCH des Fhe Hird 8£§&ﬁ%ﬁ10i‘ﬁ@|@iéf‘é§ dhGlgabsiEnslly entirely
folioed of (i.exptat [&aﬂb&O%byﬂve«*@ﬁ@lmmem mmehmmmmersﬁhﬂt}&pémhm}yl acrylates a1-
methacrylatesy, ; Ithgﬁg gd fromdReUHQIR £ONSIRINGQ! 2-nbanyhetAsHate (PEA),
2-phenyl eth% hacrgldkg eB il'he ropq}cj)bmt){n the "1%9 Z’{%%bl com ?nent can
typically be measuré’oa according 10 the ge%g opeTé) nrgue efl% Measure the hyac r?11ob|C|ty, the
ingredients &whya%‘ﬂ@aﬂ%oh%ﬁbmcq}ﬂi%n%%@w ré‘b?’fb%%’é@%paﬂ@rﬁnﬂﬁﬁ%b cured in
accordance withltie cﬁrpigmym&mﬂfomﬂtbaopﬁﬁtejmﬁcﬂm@todyirnmmﬁatmj flatshddastilate] Of course,
for such(purlﬁg,ﬂglg@@g@unt Qf&gﬁ%g nt, if C@f@g@@d cAR B FRliksted. I%gg sethe ydrophobic

component will ese reer ta erall curable material i
2010/01158%@%%@]}% gi{ang gt % e\%((::r iz;‘llnd m&r?%ﬁj c?fcurrﬁdag'gen can be
adjusted to BBHE §§%lﬁéﬁ%ntaa%ﬁ6%ﬁém cun%&éa%mﬁa%ﬂ@rﬁlslthe éﬁﬁ’c}ﬁ&fmlc dedice. Then,

according torttethSedsitey Biiog Techreihuerydatrpp olvwiateetisybbheeadl{dnallowedrtdatall froda certain
oniomeler e B o ey e ere ot assiein
%O;Ilﬁ]rget%i go()rrgg ?j grgatelﬁjleh i (? \zér’e ccg:] d% red ?glrtﬁﬁ? H] li XC a%lt coﬁngzét)@ent and it is
e e i b e s acrentand
than 55 and Mémpﬁb@bly@rgé}@ﬁﬁamw@cr&ﬁte THé- h;@tlmxbrwihﬁwh)mbmbmqwh&) indtrded, can be
comprised OE?CMGJ!@IBE%}QH)%?[ rdtinle-gifterent mepomiars Ak PRenNOReFIRkS caty form
polymers, wh 't% yglj%ﬁ@ﬁpo%{&% %8'00' %‘Ej ch'iz'(?((;# D monomers plthe hygrophilic
component must cor prOV| drop Ci ){1
20 chiorophenyl et methacryl a lorophenyl)ethyl  acrylate;  2-(4-
chlorophenyl)ethyt methacrylate, .2-—(4—chlorophenyi)ethyl acrylate;  2-(4-
‘bromophenyljethy!  methacrylate;  2-(4-bromophenyhethyl  acrylate;  2-(3-
phenylphenyllethyl — methacrylate;  2-(3-phenylphenyljethyl  acrlate;  2-(4-
phenylphenylethyl  methacrylate;  2-(4-phenylphenyljethyl  acrylate; 2-(4-
15 benzylphenyl)ethyl methacrylate; 2-(4-benzylphenyljethyl acrylate; combinations
thereof or the like. Inpreferred embodiments, the hydrophobic component includes
or is substantially entirely formed of (i.e., at least 90% by weight) one or more
monomers that are phenyl acrylates or methacrylates, particularly those selected
from the group consisting of 2-phenyl ethyl acrylate (PEA), 2-phenyl ethyl
30 methacrylate (PEMA).

The hydrophobicity of the hydrophobic component can typically be
measured .according to the Sessile Drop Technique. To measure the
hydrophobicity, the ingredients of the hydrophobic component, and only the

35 hydrophobic component, can be cured in accordance with the curing protocol for
the ophthalmic device to form a solid flat substrate. Of course, for such curing, the
amount of curing agent, 1f needed, can be adjusted. In particular, the hydrophobic

component will typically represent a percentage of the overall curable material in
' 5



15 ophthalmic material once formed. Like the hydrophobic component, it is preferable for a substantial
portion (e.g., at least 60, 80 or 95% by weight or the entirety) of the hydrophilic component to be
formed of a%y@& ble monomers for the hydrophilic component inc %% limited to: 2-
hydroxyethylmetha?cﬁt)k/%%e 2-hydroxyethylacrylate; N-vinylpyrrolidone; glyli;{é:jfhlI metftg%rylate
glyceryl acrylate; polyethylene oxide mono- and dimethacrylates; and polyethylene oxide mono- and
diacrylates. thprefathethembedicaents, e Aaydvaphiicceampaerent ngeluse adjussegutistantiadly entirely
formed of (i.g4A¢ | é%%% by Weighy %@r@aﬁ?ﬂﬁ{%%mﬁﬁﬁ@%ﬁﬁﬁmpﬁ% Kyl a‘?ﬁé‘ﬁtes or
methacrylates guch as yt aég I{teybmethla %ate (HEIc\tA he h%/ hI|ICI l@/grophlllc

10 S% TO eC. %u&i Iy ESCI}Y) ac

component can asu e € Sal e mann hat IS

IC component
For purposedadk #@Tpﬁe@@ﬁtlm\ﬁbﬁﬂe?ﬁ)ﬁgf&ﬁemé%ﬁwé@ta@ty mﬁﬁmébe ttw%g@eeﬁttbéshmg the
contact anglétifocshmadiydnaphiliciebeled 40tbre consideeeer pafof thepdSchydiofitzobiecmmponent

and it is preferabigdhat; e@?éﬂt%dﬁa?ﬂt% W%@%iﬁe&@'stﬁh@”&%@%ﬂeﬁ%ﬂ“@ AQs reeﬁ%atxplca"y less
than 35 and evel gosai ¥hIeSSS n 30 Th Ylmllg: of H(t)% present |nvent|on

additionally mcﬁtd %rvanety of fUrtRerin e?e |ch a0por m}a otha P art fi the

hydrophobic e kjekbp mﬁéth@tewt’eﬁtsaaglﬂmﬁ%e%énm B@@Wré?@oﬁtﬁ*g‘treﬂtenéocaﬁlﬁté|ude
without limitatipieailexdvdizershah\sabsodosre; pobgibéyrizatianrdhan)curing and/or cross-linking
agents, gombinations thereof or the like. 6 WO 2010/011585PCT/U82009/051103 Itis

contemplated that Itlgle dlffgrlent com Vr%an be emp pred as, p menzgtlophcunng and/or
Ss

cross-linking agents for polymeri Zing ar %?16 xlinén e op hilalmic device as needed to folio a
polymer matm@q&ee&me@%ep@e%%e&ewwﬁ G}pﬁ%”n}é’rﬁ’é‘(p‘é%&lﬁ@oﬁoﬁ@@?%é%nate (e.g.,

bis-(4-tbutuloybiohemgy perokytiopoionete) ar azpniyitesuchtzsiazobitisobytyronitrlep futiskthe like

may be useohgoﬁe iate p@b&ﬁiﬁfﬁ%ﬂt'%ﬁﬁd& %ﬁ’&%ﬂiﬁﬁx&h%ﬁ?{ kiebig,erRoppaNant, the fydrophilic

component tﬂ wtable crgssali -linkin agents can als[gln% exam(ple eth lene glycol
ARV AR i ate 1

dlmethacryl ne g ethacrylate, allyl metha g/(fgtp “3 pro anediol ¢ imethacrylate,

ally] methacagtst%t Bl s ar WP RO R A 84 &tde?éﬁéého %.ﬁte%(er%t‘éw% ke
Preferred crmitht}(]ng}ﬁghntﬁlarbcethinleneoglwomlenirn‘ethhcryfateléﬁeﬁfwh@ndmﬁ 1,4-hutablediol

dlf?ny:jatell(Bi%@eﬁ)}nB}sg%?ﬁ@Jetm § ¢ of @@Wa@d@nﬂﬁﬂ@i@fn@@%ﬁﬂif&ﬂnﬂ)@@m or b(,)ath .
utilized wi e a r ti ny
ultraviolet agﬁor (g%%%gienaﬁ\gﬁ (?éd %Stﬁéi%agﬁp a m %1%1”;? ﬁg? (ﬁﬁt‘?gg C%Y po nd which
absorbsultraVORACTARHT . EIGHY h AT e waokiethy ﬁl@h&té@%ﬁ%oﬁt%&f& SFHUBES not
absorb a subsstdrpidyathvent of)&@&nQﬂ@l@hgdeﬁE@HiamletIabsmmgimmb@dndm ke

incorporatedHpi@cpTINQBIEH FbHL AR AREES i AP REBs AR NIOlY BIRradatTbwhE B tiEdNARgEaar mixture is

polymerized, 9%9”%%; %]eg@(fleotn%b%?r%lﬁ LAmpnds '%%]ﬂd éuﬂgHIH kvl ac la es or

benzophenones roxybe ne and2 roxyphenyl enzotn zo es and tin
compounds & ﬁaggy ﬁﬁtw Xffﬁ ?b % )oecome entrapped in the polymer
matrix by a physical entrapment only or may also be reacted into the matrix.

The hydrophilicity of hydrophilic component can be measured in the same
manner that is .described for the hydrophobic component. For purposes of the
present invention, ingredients, particularly monomers, that assist in pushing the
contact angle for the hydrophillic to below 40° are considered part of the

30 hydrophobic component and 1t is preferable that the contact angle measured in this
manner be less than 40°, more typically less than 35 and even possibly less than
30°.

The ophthalmic device of the present invention can additionally include a
35 variety of further ingredients, which may or may not be part of the hydrophobic or
hydrophilic ingredients as further described below. Such ingredients can include,
without limitation, flexibilizers, UV absorbers, polymerization agents, curing
and/or cross-linking agents, combinations thereof or the like.
6



In addition to ultraviolet absorbing materials, ophthalmic devices made of the ophthalmic material of
the present invention may include colored dyes, such as 30 the yellow dyes disclosed in U.S. Pat. No.
5,470,932, which ihgperated herein by reference for all purposes. TherRMbaIRIgslevice is
typically formed through polymerization and/or cross-linking. In particular, the ingredients of the
ophthalmic material are 35 combined and the polymer forming components, particularly the
hydrophobic component, the hydrophilic component or both, are polymerized and preferably

cross-linked to folinta pelywnshmaix dietardiie aliftyal Q@Eﬁ}ﬁﬁﬁﬁﬁaﬂ%featﬁfﬁﬁd%at 4§ employed
during the pe%ég}%%%%?&a Qfﬂﬁgr%ﬁﬁfﬁ?k&@gﬁﬁ”ﬁ Ny E %8 resentﬁ%ﬁzgﬁ%@ml%

While itis g y contemplated that the op icma erlal ventl ay be a
thermopIast&:m}‘il@gféﬁé?%lﬁ‘;}’ﬁ?@*@rfjéﬂlﬂ’?a‘[‘%ﬂﬁ?pﬁﬁg]f8rfé’ﬁ§ thBRRGEEE. BHE A ﬁl8¥| redients may
or may niot biepaides thedhy drodhaizierbompenaataridse hydpophilicasbangtnetstof thisdpHthalmic
material. FOIbQiﬁ[Hﬁ’eiﬁl%@lW@f@@b@ﬁﬁ:aﬂ%ﬂﬁwﬁrbft@@oﬂﬁ&!&ﬁh&%@bﬁbﬁ@r&iﬂﬁmﬁﬁﬂr@ﬂﬂ%ﬂe
polymerizatign anorgrosslinkigg aagntsgre,f éﬁgﬁﬁéﬁ%‘?{cﬁ{’ Gl 0&&9 Berqppobic or

hydrophilic components If they become r §l§te onmer matrix with

mlcally o re
these compSRERBIRRCHESBMER thEFe féﬁ?é’ ro?fHBB?&li’ﬂ hfﬂrg’ﬁ hc c %n%‘f?cg%pon
formation of linéiophtgahtsic daviesoTwduder dransphanpla: cthitarediphgiicrjiaretitrosdainking agent
would bg coa&iﬁgq@ﬁeas pakicaf thediﬁ@m@&gbieecomﬂ@ﬁent ﬁi@ﬂg&ﬂgﬂld typieaphopenegiasted into a
polymer matgi; %ﬁ%@ét%b B Tfl%% ataevdrpeh%%ééash%ma{é% 1o, CAMIBRHa Rl Y
absorber tha1 ere icall not reacted |nto the mer_matrix w. not be
considered it E&i ?h@%@cﬁﬁ&p&gﬁlc Ei})g I‘fﬁﬂ?% BEe?\ﬁn t 15’ eéhagfﬂf pﬁ&c? and/or
during the pdiynstrizariote adif drdé4linkihg, 2Outrnepinthdisaie lstateRBIN Yy pibalgesEakedvithin a
mold for shaging:af tfamateliahisiodhenoptithadmicrdevicekibe nerltyortisthanitmdated Heat the

ophthalrgic matgiiaheowdhe shared it aboriRaeH caNlionaliemhatisRuRbIRfAI topical location

upon the eye or intravitreal location or intravitreal depot injection within the eye. The ophthalmic device
and/or ophthalmic material can be 25 located partially within the eye ( as a plug) or substantially
entirely within the eyay(alavigletinhsprbingr teristo e udssb siate Q@b&tﬁ%t@ﬁ?ﬁﬁ%ﬁ@t ipreferred
embodlmentzyt;heasbphmalmuccmeﬂ@di|sa3halpe@t)mbarul@mmmmm qt.enofégtonivexiisurtaces and

refractive index,syifghle ot arsistinainneuding WeoR @ A0UBAHEYSBIGHR shPeAC Phakic
PC Phakic orﬁgﬁ&% It also is 30 con at ‘that the device coulg be s dt%s a haptlc of an
IOL. Fof'illust ﬁpﬁos &;% ’F?ﬁraé’&ﬁ?gﬁé &Y Fnﬁrlﬂ{/: HaliRg B iftraocular
lens 12 and FAFHERET ANEEr ﬁ%%@hadaﬁlm matEphsniRedaoR@Ten BT e
ophthalmic rpalesiatiotthe psietinvehticdolitis daoidmplatedithatitie dphthdimiubsifoedf the

present inveg%gg&g@g a portigarof an JOL or 353, iap ;ggrﬁ%}%g&l@ massa(ﬁdg a digg) of material
h could be.inserted in the e |th 0£WIt out ?P ajn for illustrative

separate fro nﬁt
purposes, F%]é% Wé %}%8 ﬁafgl?ﬁea B’e 5)1!13) ﬁl% &ourd b a%eg in an eye Swith an
IOL. Wo 204¥/0bsgsbe Trus 2009005 1¢8rapped i e polymer matrix by a physical

entrapment only or may also be reacted mto the matrix.

In addition to ultraviolet absorbing materials, ophthalmic devices made of

the ophthalmic material of the present invention may inciude colored dyes, such as

36 the yellow dyes disclosed in U.S. Pat. No. 5,470,932, which incorporated herein by
reference for all purposes.

The ophthalmic device is typically formed through polymerization and/or
cross-linking.  In particular, the ingredients of the opbthalmic material are
35 combined and the polymer forming components, particularly the hydrophobic
component, the hydrophilic component or both, are polymerized and preferably
cross-linked to form a polymer matrix. Preferably, although not necessarily
required, heat is employed during the polymerization and/or cross-linking process.
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In one preferred embodiment, which is illustrated in Figure 10, the ophthalmic material can be shape
as-a capsular tension ring 24. In such embodiment, the tension ring 24 is located within the capsular

bag 26 of anLYSioha intaining tension upon and/or space within the Qﬁtgﬁ}%%@p@g@g@ Such aring
24 can substant%%% eégﬁcle an |OL 28 that has been located within the capsular bag 26 and,

advantageously, will typically avoid being an obstruction to. vision through the IOL 28. it will be
understood fiVatilt nitays bgepesdiplectordhe kot hidlani chin atphidlabdinilo e pagseait imlvéintigmdsent
biodegradalyje, graan-hindegradakiewphinitheieye Jdeweaverpitisaanematysaeaferakiadhas the
ophthalmic material be part of a structure that has longevity within the eye and is, therefore, typically
non-biodegra(%%ll(éssvithin the eye. 15 Once the ophthalmic device is formed, therapeutic agent is
associated with the ophthalmic device such that upon application of the device to the eye, it can
provide for releaseTdfetheltheoapktigredentovesanextendaedtine pariod! Aldvdntdgedebly, it has been
found that the;hydrepiebiceomasnsitief dbepresenb 2thin vpnienniarticitary. When dhaftgomponent is
acnyli, provides.an affipiy for Pxdiopliphic therapcils agents whsr e ggenizfeng .o ﬁ%sociate
from the hydro FIObI‘ comporient in'an a a_eous enviromnent at a rate that is substantially slower than
the agents GRE TSP BRAH FEABH IR SEERISREE HYOIhBBIEORSHIFEAeH! B3k BEHSed to
deliver the tfexappticiagenty docahibye rgthesrds ué dusy2 Bervito et dver archsterddd period of
time. , Hygspnbopiaiheranerie aggniswe deliRedhoiBnrs heingsnyxagantibatimsparingly
soluble In aqueRRmTRE S Rl FOTIRIEISY drsolvsfl b medianl inagaeotiauRa at which it
is administered in‘an aqueous ¢ mposmon? ,partlcﬂ arly' when immersed In such aqueous media
without agert&%® a&¥isEHEBIGhifzing et ceiRsralRiSs Emﬁém%da@%ltth‘ﬁqﬂl@ra%%utic agent
may include amsidemililtplpagertstha fralepbdiviasoftherapemiccatjemteulitlggesadiyhttalmic drugs,
par_tiCllJlarly %Q&%@ﬂoﬁ%ar_adlpb_igsw&ol@mﬁmommaimi@_@s?g@_ Nae-lirsifingtexamaieptioslyde:
anti-glauco nt e : -infec : A= agents;
anti-pro]fferg%%/%ga%gﬁst%ﬁ;'grﬁgvr&% actdrg%ﬁgz}:(%ﬁ%%a%n %‘rg?n S.‘é?t‘%?iﬂf’r%g%’ %gghggre antq:y gents; and
anti-allergic SPSrHAGHi BN dBMAUYBIEs RIS BS: Sr$OBAITES RADICE GEKoTR
levobetaxoldiydruphalbieaiohydienbsicwomasiitldéearpine; carbonic anhydrase 9 WO
2010/011585PCT/US2009/051103 inhibitors, such as brinzolarnide and dorzolamide, prostaglandins,

such as travoprost,malonEast b IatanaRrast SeSaRETalFS-tisARInIAS: dopaminrgic agonists

and adrenergic agonists, .S %as. raclonidine and brimonidine. Antiangjogenesis agents include
anecortive gﬁ%téﬁfg’ lﬁwnga.fw%ﬁ#fﬁ T4BOr 3 ’é’s!atnﬁoiﬁﬁ]F%ﬁ SWr‘?,gT(?%%nd receptor
tyrosine kinasetimiabitots. tti-nibtmisgalsedacludecaainblonds isuepnssmpistoxtein haoxifloxacin,
and gatifloxagifittangiaminegiytasidris bsudhipaitobramyesifal @entamricion Ahsi-inflammntsitory agents

include ”0“'?6?r?(%??éa?%ééﬁ@id%aﬁ'tid{éf'%551%“9%05}{@3@3&%%1 SHE @S WPrefesliciafengs,bromfenac,
ket_oro_lac, nepafenac, rimex Ione, a%%a]t telfér@hildroc rtisol. A??/tl-pro |£$r tive a%tentjs includes, _Wlthout
limitation, colBREI BBy BREE; SRR &1 4G 57 GO B ARG ARTE AT =4 G8Potacil

Growth factdesateduprstialith otithim ithe syedlsigeratal GroarivracioreE@Hy, fBFoBIRSYERoWiHSactor
(FGF), hepatseyte Q[(wtin faeto (Ho ﬂ%)mmer\dexgr_awﬂmiiaeﬂ)msw@ﬁiemﬂﬁte[mt—ﬂmmdamﬁ_wﬂni factor.
(PDGF) and dragsianming growidaiacianeia O Gk d Y RASHILIGARERT S9eis dngiude, without
limitation, calcineurin ﬁhlbltors(ée%c%clo}s{ﬁfnnc&.?%f r?a_mmalltan targét ofc[a amycin f‘(MTOR)
inhibitors (e.§oSITBITHIEC FaflOIMTE; EVeBiifius, t8mSitshifitiy: AntdaIRR Yt dgents Meilds
olopatadine BraapisestinEhdT HObphehdinhe dkbg thalive Preddikia thie faralsea phatliadeutically
acceptahle salhtstgitaasitimoldiamiiestec@ll btimanigkde tar thateiorodedi GO didfofeitiastrAsvill be
understood by the.skilled auisany, pea-sieraidal At A Ralo AgRNB NG AR Shadshas nepafenac
are partlculaé%deswab e fortass%lz;mc in pr_e}geﬁltlo? ofhseﬁocncllﬁallggg%rea%t "&;Qﬁn t{g}e@;‘)necuetlc agent
can be applicdo the SpHithitc Hafdlisf afargiy of whieh could P

formed of the ophthalmic material of the present invention. It is contemplated that

the ophthalmic device of the present invention could be a portion of an IOL or

35 haptic or could be a mass (e.g., a disc) of material separate from an I0L, which

could be inserted in the eye with or without an IOL. Again for illustrative

purposes, Figure 9 shows a disc in 18 the shape of a ring which could be located in

an eye with an IOL.
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25 device in particle or other form. If the therapeutic agent or a portion thereof is in particle form, it
may, in one embodiment, be desirable to grind or otherwise machine the particles to a very small size.
It may even‘% goelg}ﬁ to machine the particles into submicron or evenﬁ, -2%%@%. 30ltis
generally preferred that the therapeutic agent exhibit a degree of hydrophobicity such that the
therapeutic agent has a relatively high partition coefficient log P (PC Log P) as can be determined in
accordance with Sangster. James (1997) Octanol- Water Partition Coefficients, Fundamentals and
Physical Chemistry, vol 2 of Wiley Sefigs if-sautiopchenisty, Ghichesterriaha Wity 35 Son Ltd.
[ISBN 978-0471973973]. Typically, the therapeutic agent will have a PC Lo zthatis at lE’ESt 1.0,
more typicalfPH a8t 1.%1,%%@}?% e%pi%rﬁ affedst S ARY 78 1Onoslélilf)@ 4t least 2 5 For

therapeutic &ggwdimpapridedtesid BpEndteis\perrd107011 385 ParFRlS Ameo/d52h 83 $¥fdfgphobic
agents, i is prefesiechéhadndith optheangentshmvesatiRe thegeRpgiiaténthas. these vatues 2Nultiple
different profogol3iuay:haerepiayed fareaplingibeibeanewicR Aantio dhe Qpbihalmig device. Itis

generally contemplated that the therapeutic agent may, be reacted to fool, a bond with the.ophthalmic
material of tﬁé 8 %tﬁ%r?%?é%%%é@%@ﬁéﬁ%fgﬁ of ‘é"%it*?%h%ﬁ‘fl tﬁ)g% né??é%%at?cvésé%%t%?ﬁ%% e
associated itk 8phthalmic material by other forces tending to maintain the therapeutic agent in
contact with or directly adjacent the ophthalmic material. io Without being bound by theory, it is
believeq,that these;fo[aes,arebydigphahis IntaIactiyyafbAeTyaals nesRRYyaisRk-antpment,

hydrogen botrg[dig%forces eIe(%trlc c_par e Jgrce S OF, arpé combti)ri]éa&ion @ﬁﬁgof‘%gpne referred

. sent  nvention 10 O Ta on- T & .
embodiment, ?’I erapeutlc agentis |ssoﬁ/e In SO ver?t f5 suclras acetone, met anoely%enzene,

toluene, alcdheVeyBombiftatisAaitbe cpsfrsb fkdhe G ARHEAEpGItEaGEAt SBfuBsH. ?ﬁ@ophthalmic
material, thesapbtinalmie:tdevice longotiare shbmeérgedyandmsbakedharttiersolugipiedidy arperiod of time.
Thereafter, the apihabRicmaiengl the ophthalmic device or both are removed from solution and
dried, for example, under heat and/or vacuum conditions such 20 that an amount of therapeutic agent
is dispoged upon the ophthalmic material. The agent, once applied to the device will typically be

disposed over outwaraty thicRRPbeHple AT atk it daraibe orpme HprgRiit Msrerdhmibugh the
agent may bédispbdethiveddinternalcdutiacepas waili@5the dntivuricofaherafieutivcagentaisposed
gpon tgz op_&smtfﬁty'c Fﬂﬁ@é}%ﬁé@no\{ﬁ'}%’;’iﬂ%ﬁ&ﬁ@f‘di%@&x@tpgﬁem%ﬁj%ﬁ@ﬁ%@ ageat B%ﬁlf(ﬁ?ﬁ the
esired dosing, of the agent. Gener. e 0 uti i e
ophthalmic r%%t\éar?g %Oagts éas%gﬁ(s)uteglfb Or%%%r%{}ga\{rgﬁr}r% a}rl?rdé]rs %@%%n%ﬁ@gf#gﬂ %a%%ﬁu%%%rgﬁﬁgram. Ina
highly preferfBrBitBodimEAt dheraithcbrbrapannRabels 30 Y8 enBrads sABstaRBLly Chtirely an
NSAID suchlasingpabenad)dhpapicthagemits deviee islan Kbne.gepdn ipldaisiecb®t ) Boa rithg to be
placed in thengapsgulasi PagolB@nACaRAJeRIONHinednthenarpuntef tharapesicragentys typically

at least aboul 3, naNPAIAR.ANL MO IRIGRINALICANAIAIIA iciop AR agd InfupIgANfess than
about 10 mlllslgrams and morgefyplcaﬁy less than about 500 micrograms. 35 hile the hydrophobic
component PORBGHEAtHEMRE AREL Aadede s theePiTl hyASBh Sh R EFaPe Ui B the

hydrophilic camomeattwiven inclutedsdpesebopiouiie the same attraction. As such, it has been
found that the 11

Hydrophobic therapeutic agents are defined herein as being any agent that is
sparingly soluble in aquecus media (e.g., not completely dissolved in the media at
the concentration at which it is admimistered in an aqueocus composttion)

30 particularly when immersed in such aqueous media without agents to assist in
solubilizing the agent. Generally is contemplated that the therapeutic agent may
include one or muitiple agents. A preferred class of therapeutic agents mcludes
ophthalmic drugs, particularly hydrophobic and/or low solubility ophthaimic drugs.
Non-limiting examples include: anti-glaucoma agents, anti-angiogenesis agents;

35 anti-infective agents; anti-inflammatory agents; anti-proliferative agents; growth
factors and growth factor inhibitors; immunosuppressant agents; and anti-allergic
agents. Anti-glaucoma agents include beta-blockers, such as timolol, betaxolol,
levobetaxolol, and carteolol; miotics, such as pilocarpine; carbonic anhydrase
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WO 2010/011585PCT/US2009/051103 inclusion of a hydrophilic component tends to accelerate the
release of the therapeutic agent by the ophthalmic material and/or device. Thus, in a preferred

embodimentwtggﬂg(%%@gnic device or material can include a balance of 9@98%891}%&?9 hydrophilic
e u

acrylate to achieve a desired output or release profile 5o0f The therapeutic agent. By inclusion of
greater amounts of the hydrophilic component, the release of therapeutic agent can be accelerated.
The rate of réib#senf thexdpesticagenisanivaryndiddlydpentingrrpsnghedineyapeutic agent
employed angh{agBERPERYBRpfdRE aRtARIGIRERal ke Mare vl Mg fatedahielpree Of
therapeutic S%(/ant gan a& least to some desqree var dependin Aipon theblndIVIdAJa| to \KQ m the

. Onisis: and.a eﬁer\%ltc .agom S S’tl{? %S aprac 01’1%11’1 and rltmom 1%6. ~
ophthalmic Ice 1S applied. However, a consistent measure of release rate can be developed by
immersing tHEGRBERASHAIC HSHEe MAUBEIafEEEaR StEtth (BES) AN Mdauritgd e TMease at
various time IntensdsicSpdoifics faf such arthe dsuré naedt sxeplisc ussednin theadb exeimptes and

C(f)rgpgrativce: frﬁgﬁaﬂg@ﬁwg E%%mg -g{@%gé 'wg%y@égggiﬁ@ligi@ﬁ%ﬂ&?gaﬁjo{ggjﬁ%gﬁ%?cggdsalt splution
of Sodium ride (NaC1), Potassium. Chloride , Calcium ride e Magnesium
Chioride (VLTS 550, S LA oAty o0y A o Pl ol
(C6H5Na30 7 PRI RS SASTISt ML tREMSSHRS AT e i Phdm niMileer DY Yanta#i&the following:
Sodium Chianide 06491 ¢#etassicii@hiorite 0111580, ICakoilam, Chipride0,04856x Magnesidm Chloride
0,03%, RodiwnAcetatef:38% Aaadilmcitiale QdefYe,iRading) Rudrexideandiar Bydreahioric Acid (to
adjust pH), arggldt the rem@'nder |§’% ater. 25(%1 all cilf10r tlag lﬁ)}%%su%%tiﬁnveaﬂgonﬁhg%?ﬁﬁgﬁl?le for less

0 | X r s

ne
‘ Tie- i .
than 80% or even 16ss than é?)% P/rev)%/%tht 0 ¥ﬁ_e therapeutic agent to be released from the ophthalmic

device in BSSTGVRR 2136195t (st €t 19A0O Hre BTAHYLOInor@ai0aly SFIHRt AR eEKOLH more
typically at |e@stolvia weekstipdesitly GEAst Bépdaystandrewsn pagsiblifiifeastedd®ogit80idays and it
ibs d6~'?irabltzI ffarcgﬁesa(t@(}mgrp&@e%t%ﬁw@@ ?g@«gmat@rctb?n(ﬁg%my waig@&m}ﬂyr@a@uﬂc6ggdent to
e release over eri _ s, t e ; ays,
still more typ%af\;£ Ié)(s%\gaethgg]%eg?da %ﬂgﬁ%ﬁ eéggﬁsp%o%gﬁlg{}?gg %zarrﬁm(%agéyg%%ggiprﬁé}r%gg%mbod?/ment
where the th@?%%ﬂﬁ@lad%}?hb?éoé%tieé%DF§8‘8§P§ﬁﬁ§ﬁy irdhred lﬁ?leéﬁ’ﬁo% BFRABIGHT a
non-steroidal il dninbitory trgg suchimsnepdferiaonit I5dwtosirabknfordegsisham809 or even
less than 50%1bysweighiof theherapputiciagentdohaseiprsedin Bpbimiania dme peroddhat is at

least 2 days typigall leas til ically : y it is
desirable for’pg%ggﬁ;te,%%%% é%%rg/i) gﬁf%\%lg%%%%ée” 51;121 éé%‘/é;ﬁ %}Sﬁe%ﬂ#f cs)%flt%ik?egﬁgtérg zgg@é?]%%ﬁt to be 12
S

WO 2076/0175BEBETFA G060/ 051108 P8I HskIT B S < ovBH b BnmBpsrterth 180 days,
more typicall§rtsss. than-480adE, sullirdlenypitaly RessthadN3BH)s sl cvrengpessidty #68s than 15
days.  In aaditenri9, asasiEb aliespdivade ilizingnthe atifsctionibstweamtne ophthalmic material
and the therapeutic agent, coatings can be employed to assist in loading the therapeutic agent to the

ophthalmic device. Such,coatings can increase or decrease the loading of the therapeutic agent to a
poticular opiinaimi i dHERACAA A et B BB n ol BB A e i entic agent

from 10zhe cistitbralimniparisleriar. Siwhlevatingsbarleobeustasns applyd therdseeticiadent to an
ophthalmic dexicelavhiere thierenis/littie anbocattiadtinmbetedssiebrphthalmid atetri-that foilits the
device and t%ﬁﬂﬁ{@&ﬁ%ﬁﬁgﬁggtm a very small size. It may even be desirable to machine the

particles into submicron or even nano- particles.

30 it is generally preferred that the therapeutic agent exhibit a degree of
hydrophobicity such that the therapeutic agent has a relatively high partition
coefficient log P (PC Log P) as can be determined in accordance with Sangsier, -
James (1997) Octanol- Water Partition Coefficients, Fundamentals and Physical
Chemistry, vol. 2 of Wiley Series in Solution Chemistry, Chichester, John Wiley &

35 Son Ltd. [ISBN 978-04719739731. Typically, the therapeutic agent will have a PC
Log P that is at least 1.0, more typically at least 1.6, even more typically at least 2.0
and even possibly at least 2.5. For therapeutic agent comprised of two or more
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In one embodiment, the therapeutic agent is mixed in a coating and the coating is then applied to
(e.g.., dip coated onto) the ophthalmic material and/or device. In an alternative embodiment, the

coating is a%ﬂ%ﬂﬁ%ﬁ% G dip coated onto) the ophthalmic material and/qg&gﬁgigogﬁglﬁlagn the

therapeutic agent can be applied directly onto the coating using the solvent/therapeutic agent
techniques described above or other techniques. 20 The coating can be foin ed of a variety of
materials, butypreféretily agehtdes ongreficmatelpolpotierst theoageemhbadineh; thegcBatiagds an
aqueous basgglgaating.ihat includes one or more polymers that are typically biocompatible.
Preferably, the one or more polymers can form a matrix that entraps the therapeutic agent only 25 to
release the agent over aﬁgriod of time one applied with the ophthalmic device to the eye. Such a

matrix can be form&BiPledifieythe RGARjSaFEBh e BRI RiN Y FBnEans WrichetdBES4ting has
been appliecigexatmples ofipbsdmialljesittable cogtingsliiyecdistiopbuddd th8. Patémirhes16,238,799
andt§,8§6,9?? eROH Mraiic};ea?%@dn%mﬁfﬁ{e& g?_gﬁép %Ytﬁefﬁ{@n@ﬁlﬁ?ilﬁl%ﬂi@%f%%%ﬁl Qfmtﬁe(ifdble .
coating is so nder the tra me LUubrilAS iS.gemmerc vV vance
Surface Tecﬁﬁﬁ%ag%lﬁ’ré%ﬁg%, I%%l?eglﬁtllﬁlﬁe}ﬁ %rc&}é‘&gﬁ e%%éﬁ%@%‘%&iﬁa o%%%ﬁn g%sirilr;]eent, the use
of a coating #itACEEBly s ARsuReER BHEy RIS H WY o sivERFG Hyafphile dhageaE gheDiclofenac
Sodium: logfherape@oichisine itogPntatt Svati Mitcimydine (@idogP <G, 4epterhmachydetptadbic
3h5intraqulawm?mﬂ@r%,@ﬁtﬂﬁﬂigﬁ}%r@pg}- is bdlilsalsenaontrmplriedsthat mgad@agﬂd)rﬁleascel of .
therapeutic agent from the. opht Cc e J y r capsulate
13 WO 2016%&?%3‘%135%62 0‘63%51 5ﬁ%éghﬁ%ﬁ&?&g@ﬁrﬁ%ﬁpﬁg@égﬁ%ﬁﬁg \lf\/%gérge the
encapsulatigHecHis AaeEe JPHES a1t SARTAIEBIRTER! polymers. Additionally or alternatively,

therapeutic agent can be pre-processed to form substantially uniform size/shape of nano- or
micro-size particlegaWhighmiltthen hereadeshiniadhaLpibalimic devicaiiesevidesigentrolled long

t th fi It;] fur | ; _ b
g S A e B VIS i SN I

focused on t o%h mic material i or

open additioHs? B%W%Wﬁa?sﬁwg%éﬁﬁw%s 5 RE BRITRRITREEYi GBS SERIHIGT, it is
contemplatedetiige; ior thethrovessiohargkihgitesophttaimiteesabicappeopriaeriptbsdsmenditions can
be applied toripud misrorer Hsipackainervacualeshsisientbedpateriak afdhe sleviematbe pockets or

vacuoles canyhenunelipnas afdiional cesamars.atinateasing svades Thedsizesaad densiy of

micro- or nano-pockets/vacugles can be eéj so they would not impact o%'flcal.g)erf mances of
io

the impBint. *haP&H\Péﬂ?é‘&IeBGé‘i’;??%ﬁé%‘ﬁh?ﬁSﬂHé 5P ﬁwﬁ%saﬂle% PEHWhelfier used
with a coatinggenivithotitaandisstiry i slaviequitd dexivalbietreldunesed prstiles fopdiardpdngc agent
being releaspepitict peticEcet tieseMeof ey aspipadicutamhawlien htaphthBimigaeviess re located

within the eygiggoge,dagvgp L0 Qi capsular tepsign ring), the ophthalmic devices of the present

invention can very efficiently provide therapeutic agents to the intraocular regions of the eye. Further, it

has been found that loading the therapeutic agent loaded ophthalmic devices of _
25 The amount of therapeutic agent disposed upon the ophthalmic material can

vary widely depending upon the therapeutic agent itself and the desired dosing of
the agent. Generally, the total weight of therapeutic agent disposed upon the
ophthalmic material is at least about 0.0l microgram and is typically less than
about 1 milligram. In a highly preferred embodiment wherein the therapeutic agent
3¢ is entirely or substantially entirely an NSAID such as nepafenac, the ophthalmic
device is an 10L (e.g., an Aphakic IOL) or a ring to be placed in the capsular bag
(e.g., a capsular tension ring), the amount of therapeutic agent is typically at least
about 5 nanogram and more typically at least about 10 microgram and is typically
less than about 10 milligrams and more fypically less than about 500 micrograms.
35
Whiie the hydrophobic component of the ophthalmic material tends to
attract the hydrophobic therapeutic agent, the hydrophilic component, when
included, does not provide the same attraction. As such, it has been found that the
Il



25the present invention exhibit very little, if any, loss in optical and/or mechanical performance. .
EXAMPLES AND COMPARATIVE DATA 30 Single-piece hydrophobic soft acrylic IOLs were formed
of 65% of 2 %%Iﬁ@g-acrylate (PEA), 30% of 2-phenylethyl methacrylgie (REMM3 4% of 1,4
butanediol dlacrylate (BDDA) and 1.8% 0-methyl tinuvin P (OMTP, UV absorber) and were named Al
10Ls. Single-piece hydrophobic soft acrylic IOLs 35 were fonned of 80% of PEA, 15% of hydroxyethyl
methacrylate (HEMA), & 200t BDDcarkd 18w eoMERdandovereaieraied the Telessahef edigivalent
water contem@@’éﬂ& vug&@tdeyenmimmhﬁi@ 2nbeandah @ rvidand i |QL s, peseetvely. Discs

with 6 mm digm: %]é yg?ﬁhgﬁﬁ&wﬁé%1@§°o@%§t@ﬁﬁpr®ﬁg %E’ﬂ?deWQ balance | of

2010/011585P 2 09/0 ove f t A 2d
Surface areiﬂzs%@ﬁk% 78 N Ao R R TS T A QT AP Yl s

also fabricated #red fhsrepsnaemadeal-intBbciielinplant. Sgrsccanennds ring Wmphistphdic 62 mma2.

Example 1: Ackihaigfitilief depafeiabaipganlulipnivas fagedeatd. acetone/methanol solution.
The Al IOL was immersed in the drug solution for 48 hrs at room temperature (Rl -23 C) for drug

uptake. Drug loaded IOL Wa Wen re ed from the dru égﬁsoluﬂon # gwnh blank metl;ugnol solvent
to wash-off o surfa e&mﬁg 8@9800 5%%?&% R ST 299§ 0 FERTBIE FlRRTaiSolvents. For

drug releasetktuthpubsctegint lTanky oL ands Blacesrpransdually inosophtisf BSS aiwdcidubated at 37
C. Totalamaouptafvdruthecierselatlcdk2, S0ksdplatiiaysanasaassayed oy highpasommangs liquid

chromotograghy (HELChand e resuisiaie aprically showpiiithil- Hevice is applied.
However, a consistent measure of release rate can be developed by immersing the
ophthalmic device in a Balanced Salt Solution (BSS) and measuring the release at
various time intervals. Specifics for such a measurement are discussed in the
15 examples and comparative data below. For the present invention, BSS is a sterile
physiological balanced salt solution of Sodium Chloride (Nall), Potassium
Chloride (KCl), Calcium Chloride (CaCl,-H,0), Magnesium Chlonide
(MgCl,-0H,0), Sodium Acetate (C,H,NaO,-3H,0), and Sodium Citrate Dihydrate
(CgHNa,0,-2H,0). BSS is isotonic to the tissucs of the eyes. Each milliliter
20 contains the following: Sodium Chloride 0,64%, Potasstum Chlonde 0,075%,
Calcium :Chloride 0,048%, Magnesium Chioride 0,03%, Sodium Acetate 0,39%,
Sodium Citrate 0,17%, Sodium Hydroxide and/or Hydrochloric Acid (to adjust
pH), and the remainder is Water.

25 ‘Generally, for the present invention, it is desirable for less than 80% or even
less than 50% by weight of the therapeutic agent to be released from the ophthalmic
device in BSS over a period that is at least three days, more typically at least one
week, still more typically at least two weeks, possibly at least 30 days and even
possibly at least 90 or 180 days and it is desirable for greater than 50 % or even

30 greater than 80% by weight of the therapeutic agent to be released n BSS over a
time period that is less than 730 days, more typically less than 365 days, still more
typically less than 180 days and even possibly less than 90 days. In a preferred
embodiment where the therapeutic agent is entirely or substantially entirely (i.c., at
least 90% by weight) a non-steroidal anti-inflammatory drug such as nepafenac, it

35 is desirable for less than 80% or even less than 50% by weight of the therapeutic
agent to be released in BSS over a‘time period that 1s at least 2 days, more typically
at least one week and still more typically at least 10 days and it is desirable for
greater than 50 % or even greater than §0% by weight of the therapeutic agent to be

12



Example 2: A 10.23 mg/mL of nepafenac was made in a 5:1 acetone/methanol solution. The Al
intraocular implant was immersed in the solution for 48 hrs at RT for drug uptake. Drug loaded disc
was then remeyed fxqmdhe solution, rinsed clean with 5:1 acetone/methanel seldtiors{ng drug) to
wash-off 20 surface drugs, followed by vacuum dry at 500C for 4 hrs to remove residual solvents. For
drug release study, each drug loaded disc was placed individually in 0.5 mL of BSS and incubated at
370C. The B8Based refiadedviaily forpedwyks iBily rededbern dReirdaywanussapeerby IS C and the
results are grpghicaliaghiomn imbrgtpicslly lkxample Bddyvl A28 nedmbwitiepaienasves made in a
5:1 acetone/%%g]anol solution. Al discs and A2 discs were immersed in the solution for 48 hrs at RT
for drug uptake. Drug loaded disc was then removed from the solution, rinsed clean in a 5:1
acetone/methanol solution (no drug) to wash-off 30 surface drugs, followed by vacuum dry at 500C for
4 hrs to femove redieluaidibivets. Fordrig Fbisagevstieytshen gy |sdasd s SdassRabed
individually inghfasief BREmcint hateatsiac. IeBSSias replaceddpilytor wedk Daily

release of dry g AN Agics asansey LY HRkARddhg esuls areapticalipshown in
Fig. 3. 35 Example 4: To evaluate o er I|c 10 SW|th res§ﬁect to therape utlc]é;}gept uptake and

release, the %ﬁaiﬁoof—lmﬁaﬁﬁt Ny A SPRIHT BESH 1B BBEHE 8lfmer discs
with wide spawteriel ma’c/enianmqﬁér@i@dqemsgéhel@tw@@@mm%swmymzmmqm more
hydrophgbic te: napkeHidichc hiydterhilic fathmateiials, the ditaits afsadioh applshawlieinpkabile A below.

The uptake % QW@%LQ mﬁe@kﬁag@mp&ﬁér@ g 3G ofpePAlaNBE el the
acetone/meth zr%lutlon for 48B sﬁat RT, followed b at%e Wlth 1:1 a etone/methanol mixture
R e

(no drug) to SHEgs iy BredRYSE R B m%%%]a‘tlng sample individually in
0.5 mL of BSS at 37C. The BSS was replaced daily for 10 days. Daily released of drug was assayed

by HPLC and the resuliseatenshamnegraphicelbrapdrige Adonoup Neved Formutation: Gombsition :Qty
of Drug l—soadéﬂgtﬁ@)ig%hégo/%ﬁgd_l t%%e'féEM&pS%&%egzonto) the ophthaimic material and/or

device. In an alternative embodiment, the coating is applied to {e.g., dip coated

onto) the ophthalmic material and/or device and then the therapeutic agent can be
applied directly onto the coating using the solvent/therapeutic agent techniques
described above or other techniques.
20
The coating can be formed of a variety of materials, but preferably mcludes
one or more polymers. In one embodiment, the coating is an aqueous based coating
that includes one or more polymers that are typically biocompatible. Preferably,
the one or more polymers can form a matrix that entraps the therapeutic agent only
25 1o release the agent over a period of time one applied with the ophthalmic device to
the eye. Such a matrix can be formed by heating the coating and/or the ophthalmic
device to which the coating has been applied. Examples of potentially suitable
coatings are disclosed in U.S. Patent Nos. 6,238,799 and 6,866,936, both of which
are incorporated herein by reference for all purposes. One suitable coating is sold
50  under the tradename LubrilAST and is commercially available from AST
(Advanced Surface Technology) Products, Inc., 9 Linnell Circle, Billerica, MA,
01821. In one embodiment, the use of a coating with a polymer matrix can
provides a way of delivering hydrophilic drugs (e.g., Diclofenac Sodium: logP =
t.1, Colchicine: logP = 1.3 and Mitomycine C: logP = 0.44) from a hydrophobic
35 intraocular implant (e.g., acrylic IOL or ring).

It is also contemplated that prolonged release of therapeutic agent from the
ophthalmic device can be achieved by direct loading of drug encapsulated
13



75% PEA /20% HEMA 52.10 03 70% PEA / 25% HEMA 49.60 04 60% PEA / 35% HEMA 35.28
10Table A As can be seen, more hydrophobic acrylate materials result in higher drug uptake than
more hydroRm% /{MH%E% material but result in slower drug release of th J) '{zr ample 5: To
compare drug loading and releasing from different JUL and contact lens, a study Was carrled out using
commercially available lenses including an Acrylic IOL, a Silicone TOL, and a hydrophilic Contact

Lens. The s@mmﬁﬁe&itﬁﬁa@w&r@gemﬂ%émﬁmeﬂi@rénW@@ﬁ&%&oaﬁmmaﬁy of each

lens mate”a%, tﬁ& ee‘é?ré'%ﬁé?sr@cﬂb W{Q }%Eﬂgﬁré:ggﬁ%&% iy é%ﬁ'ﬁﬂx?ggﬁ %fE {if;game

regardless o ens materiafs. The Drug release

IS'shown in Tab
study was p@EShmE f8F [ EPB 658 iR RRbSHRLLR, %HH\A%W I‘—Slife N@’b%ﬂ‘eﬂac Solution
Soak Time Rinew-siethodifielsdic which will then be loaded into the ophthahmc device to

s provide a controlled long term therapeutic agent reiease.

It is even further contemplated that laser or other energy can be focused on

the ophthalmic material in order to heat the material to change release kinetics

10 and/or open additional porosity for therapeutic agent release by the ophthalmic

device.  Still further, it is contemplated that, in the process of making the

ophthalmic device, appropriate process conditions can be applied to form micro- or

nano-pockets or vacuoles inside the maternial of the device. The pockets or

vacuoles can then function as additional reservoirs for increasing drug load. The

15 size and density of micro- or nano-pockets/vacuoles can be controlled so they
would not impact optical performances of the implant.

Advantageously, the ophthalmic device of the present invention can,

whether used with a coating or without a coating, provide quite desirable release

20 profiles for therapeutic agent being release over a period of times. Moreover,

particularly when the ophthalmic devices are located within the eye (e.g., as an IOL

or capsular tension ring), the ophthalmic devices of the present invention can very

efficiently provide therapeutic agents to the intraocular regions of the eye. Further,

it has been found that loading the therapeutic agent loaded ophthalmic devices of

25 the present invention exhibit very little, if any, loss in optical and/or mechanical
performance.

EXAMPLES AND COMPARATIVEDATA

30
Single-piece hydrophobic soft acryiic 10Ls were formed of 65% of 2-
phenylethy! acrylate (PEA), 30% of 2-phenylethyl methacrylate (PEMA), 3.2% of
14 butanediol diacrylate (BDDA), and 1.8% O-methyl tinuvin P (OMTP, UV
absorber) and were named Al I0Ls. Single-piece hydrophobic soft acrylic IOLs
15 were formed of 80% of PEA, 15% of hydroxyethy! methacrylate (HEMA), 3.2% of
BDDA and 1.8% OMTP and were named A2 10Ls. The equivalent water contents
at 379C were determined to be 0.25% and 1.4% for Al and A2 IOLs, respectively.
Discs with 6 mm diameter and I mm thickness were also made according to the

14



0 5 mg/mL 5:1 Acetone:Methanol 4 hrs Methanol rinse Silicone (S) 0.5 mg/mL 5:1 THF:Methanol 4 hrs
Methanol rinse Contact Lens (C) 0 5 mg/mL 5:1 H20:Methanol 4 hrs Methanol rinse Table A2 -

W0 2010/011585 : - PCT/USZ069/051103

above formulations and they are similarly named Al and A2 discs. Surface area of
discs is 75.36 mm2. A 9 mm size intraocular ring implant formed of Al material
was also fabricated and it was named Al intraocular implant. Surface area of ring
implant is 121.62 mm?.

Example 1: A 10 mg/mL of Nepafenac drug solution was made in a 5:1
acetone/methano! solution. The Al IOL was immersed in the drug solution for 48
hrs at room temperature (RT ~ 23 C) for drug uptake. Drug loaded TOL was then
removed from the drug solution, rinsed with blank methanol solvent to wash-off
10 surface drugs, followed by vacuum dry at 50 °C for 4 hrs to remove rtesidual
solvents. For drug release study, each drug loaded IOL was placed individually in
0.5 nil. of BSS and incubated at 37 %C. Total amount of drug release at 1, 12, 30
and 75 days was assayed by high performance liguid chromotography (HPLC) and
the results are graphically shown in Fig. 1.

5

Example 2: A 1023 mg/ml of nepafenac was made in a 35:1

acetone/methanol solution. The Al intraocular implant was immersed in the
solution for 48 hrs at RT for drug uptake. Drug loaded disc was then removed from
the solution, rinsed clean with 35:1 acetone/methanol solution (no drug) to wash-off

20 surface drugs, followed by vacuum dry at 50°C for 4 hrs to remove residual
solvents. For drug release study, each drug loaded disc was placed individually in
0.5 mL of BSS and incubated at 37°C. The BSS was replaced daily for 26 days.
Daily released of drug was assayed by HPLC and the results are graphically shown
m Fig. 2.

25

Exampie 3: A 1023 mg/ml. of nepafenac was made m a 5:1

acetone/methanol solution. Al discs and A2 discs were immersed in the solufion
for 48 hrs at RT for drug uptake. Drug loaded disc was then removed from the
solution, rinsed clean in a 5:1 acetone/methanol solution (no drug) to wash-off

30 surface drugs, followed by vacuum dry at 50°C for 4 hrs to remove residual
solvents. For drug release study, each drug loaded disc was placed individually m
0.5 mL of BSS and incubate at 37°C. The BSS was replaced daily for a week.
Daily release of drug from Al and A2 discs was assayed by HPLC and the results
are graphically shown in Fig. 3.

38

Example 4: To evaluate other acrylic IOLs with respect to therapeutic agent
uptake and release, the PEA and HEMA ratio was varied in the A2 formulation to
obtain acrylic co-polymer discs with wide spectra of material properties from soft

I5



.-WO 20101011585PCT/US2009/051103  As can be seen, drug loading capacity in silicone IOL and
hydrogel contact lens were significantly less than those in the acrylic IOL. hi addition, loaded drug was
released quf‘ﬂé{ﬁ%ﬁ% gcone and hydrogel lens within the first few days Mg gﬁﬁt“}pe acrylic lens
was able to hold more drugs and release them gradually for an extended period of time.  Example 6:
Al 10Ls were loaded with drug by immersing the 10Ls 5 mg/mL of curcumin drug in acetone for 12
hours. After sunfabgdsiertniby withn ¢ 6 Aigado hedinphB8 I Qhena@ks ale rdéndplansent advaphikic I0OLs in
one of two eyes«af Neriidealane hiteHabpihiRriaidp (aplaphethe kRIS AaltRAKRNS Wasg removed

by following 4 -ﬁﬁ%ﬂ%ﬂrdo?- %%?&ggi%?a%iﬁn&%%@? &ﬂaé%}sg' Qz;%f&&"?orwf 2:d e;;ﬁmﬁhout any
Implant serv as C ntroI. T e ra ts were sacrifice ) at di erent time perlo and the eyes
removed. FI é‘(f‘é]ngéfli@]ﬁf“é%% Mrdih RCEIRGIRFIARYY HEKEERe fredthed R dit ¥ was

imaged by Cuwfacaldraser Seanrihgdvistadcopss (GusMytensbtainng Highrssoldiioduliyy distribution

imlage- The Esuls BRSNS g@@pmm?IBSB Rigs Eeprdespesificatly -m@ag@.fqpﬁlg)giaeﬁseda@ﬂ C (Cllateral

sclera regio ' GOIT ' ' f the eyes an
%hg%&%ﬁgjﬁﬁa@?%%}g iy ?]%RE‘ qr@%'t‘?&@é gﬁgpc%ﬁﬁ?ﬂl% g #!

Region D (the fovea an of the 20eyes. e /:"Both 2.5 mg/mL of nepafenac

(PClog P =2.1y¢ -5 my/mirof dictoferae sodiom (PC fogrP =1 1) sotufjorryyere made. Al and A2
discs were soaket 8P ARt clate 1 AR GEREPEP 4 Tburs, i) SHEELIBSEIRRly in 25 BSS

was conducted;for 2 wgeks. The amggintaf drugdpagingand release areqiugtrated in Figure 7. As can
be seen, a morE hydrophobic Al material loads more drugs, both nepafenac and diclofenac sodium,

than a less hydrophobig?A2 material 78athinatébfa sipidup high amount3f Hydrophobic inepafenac

drugs but only limitedHgss hydropholic diciofer from drug.‘i%@‘*’l‘l‘%g%%h‘exp‘emﬁentation with
different concentration§ f drugiin so d@%@%“ﬁﬂm moupts of soaking time in those solutions, it
was found that the amgynt of therapggticpagen deadedto the ophthalmic-geyices could he changed.
However, the hidrophobicity of the ophthalmic material and/or the hydrophobhicity 35 of the therapeutic
agent were typically the overriding factors that determined ability to load amounts of agent to the
devices® WO 2010/011585PCT/US2009/0511033ble Bxample 8: 10Ls were coated with LubrilAST
coating/drug solution. Diclofenac was mixed directly with coating solution and the 10Ls were dip
coated in the coating/drug solution. The coating formulation was modified such that the concentrations
of P'VP in the coatitgdrubesoittionomwehedQsintid drest; anttss bysglivieigihdidiogerpieke
concentratiomaasohels, Gepbaa hat Bk mgink bensasvie o dil caatedwitha singladayer of coating
and driqSId in a 65C oven for 4 hours. Lenses were tested in BSS in the same manner as described
previously and measured using the spectrophotometer, tolt was found that the drug release rates
decreased as the %Mﬁ@hﬁ%&%&é% 183?11%3%(5?11%5%@}%}1?%%% H3b PR W8 Rtent, 98.2%
of the drug wess.réletsEovaiterabiday®b Hsave rageneally Howéarde, inite2 teciipgonty 71995 of the total
drug was relgzised sftRobedays omdveragehizd) (bigareiry). Mokeevritidheamauattofwielofenac

released on @ daily basisuas sjopificanty affec byoﬁa%]g RYBSANEAtAR CRAPESREAIN Fig. 12.
Coating with 2% of PVP releas c?‘gtlofenac at a steady, rate for 4 aﬁfs wh%le other congentrations

. ‘ ed
decreastd SINTCAHTTY-aftr T dalf P8RS TR RBATEItH BPEUBCOREALS IRICERHY Sidlongs the
duration of d}ﬁ@hfzelggsgm@@@lﬁ.5 a’gysc_lrug loading conditions is shown in Table B below. Drug

release study was performed for up to 2 weeks and the results are shown m Fig. 5.

‘Group Nepafenac Solution Soak Time Rinse Methed
A((:2)1 ° 51 AcctmeMothanal 4 s Methanol rinse
Sil(i;c;ne 51 ’?“Ii ;nf/i ::}I;anol 4 hrs Methanol rinse
Cont?ét) Lens - g{;énﬁ/ :}fanol 4 hrs Methapol rinse
2 Table A2 ,
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20Example 9: Diclofenac coating solutions were varied in order to determine the release rates for
various drug concentrations incorporated into the coating. The range of concentrations included 5.2,
14.9, 42.8, apd 804, maimL of diclofenac to coating solution. The calculajed-tataldriig,pading for each
concentration Is 0.5453, 1.636, 4.699 and 8.795 mg, respectively. Diclofenac is soluble in water up 25
to 50 mg/mL. One concentration was chosen outside this range in order to deteimine the effects of
concentrations of stability of the coating and effects on release rates. The others dissolved easily into

the Colating ﬁolutior)\wlaﬂﬁ thesbigh @ﬁ@cmﬁ'@a@ﬁ@tpqhaﬁlmdﬁfﬁ&ﬁmﬂwﬁ}m@g%n@@m&undissolved
crystals in the_coating Soluf inker ¢ nt -1..5% for al ing ere
30coated with 7 i‘é’élée?s? 1(%’ é%%%ﬂ(@%%?ﬁg%%%gggﬁﬁ eez}ssﬁeﬁgf1 %V%?/% | clg[t{EI ségﬁﬁ %2’ 30%%& as
indicated by Yy WZ‘?@WH%%@WQ%%W@@FW@ tééﬂ Ees! leng 2y E\’h?r “E%ts%g i %%qui]n the same

" manner 4s desufitsedtheevindstylersd wieashlreth Usiih ne s geegrophd torivessr e gshsigdrates for

each of the ceatings3adéarihedtirsif3igays were significantly different. From day 4 to day 10 drug
release rates leveled off and remained nearly consistent throughout this time period. Drug levels near

the end of the 10 day period for the other concentratjons also fell below the limjt of detectiqn of the
proposed test metHoF RBI&¢e) fbﬁé%ﬁ%ﬁ%ﬁﬁﬁé%/é%& mrﬁ%??ﬂ%léh’fot[.%égs%e rates for
colchicine werg/ sbtaiiediforvatihys withectenydast EorivantratidhisT insilaingcsning 5v10.3, and
61.2 mgimL. Adeeogeantitp of dikig Kontained iwililinthe coalihgifer Bach ienmweasoalaglated based on
g, LenSSC Reots %éﬁ“%%@‘%‘?&"f‘&'3?&%@%“%5%%%???&%%%ﬁ%h‘fﬁéf"@ﬁ%ﬁ‘%%iﬁ o
orehing. LB (s AT S GRS e St EB RIS e D 1 16 mg
of colchicine¢ Ykt atatl vidup B0t3seryadlt asug-conting solirordbbiitaifedcapproesately 0.336 mg
10 of colchicififfeteinses coaitstiwiting ihe nogénkedivig=goalingosaltdiane cChgitainadsajopr dkimately 0.694
ma of colchidie. aned:an Iyllq.Rusies,the iaigat copcentiation,icalehiciinde-2a0s mo/mt
based on resylts that showed LEC mig _gon agd .grolgﬁéﬁtlon was in ibite at.concentrations as low
as 0.0005 mgfit "t fﬁ\ﬁ%f’@%té@i‘gﬁ FEOIIAIA UG TRIS Hrihftiarteehniqhe Wass 0.0083
mg/mL Drug temeesuliatisnshvere eraliedbniedds shiplerscdiass. showeor, BRE085Ays all
concentrationgdett bgiewathedienit ot gieiegtion.tA¢ thigdinTee ghetddt Gblutionneasareplacedand lenses
were alowed.ig,3nak,(of i pdsiienal A8 davedaBiasl daysh b rderiaablaimasuseile drug

concentrations. In vitro drug release data indicates that lenses coated with 2.6 Z0 mg/naL coating
solution*fele&¥8d these quantities for 8 days and then falls below the limit of detection. Lenses coated
with 10.5 mg/mL coating solution, as well as the higher concentration coating solutions, released
quantities above 0.8R8mplg/mLBotlatleasy8rdays nEalhisinéPéleask wasljetet®d aftgm28 days in
BSS at 370G infidhien&oatngsdqader withvarying ditis Goaceniationlevals. £3 diskxample 11: The
guantity of drugéc%f_}ain d Wit% % e coat'n%f r eacl? leQSh\é‘-’[?r% cagaullat%upe{ C[i)ergégos %}/ described
methods. LeRSeS Coated WA Zg/mL Git-cod |(r)1% solution containe a.pgommately 438 mg of
Mitomyem-CRRfMEs BasducdedinQind sterlies, tetargeuponédiigliidsiame 1§166pa8mg/mL
based 30 oniibsuitscthat Bipwed LEC caigratiennardchpnalifsxdtiphobas hibitedialt tedeentrations as
low as 0.000gg/mkh e dimibef Aetestion o MMtaMs adhis analytisshiesniguewasid.010
rng/mL. After 1 dgy MMC C(f(ntinu%d E]o bl% rg}letas?%fr m %%%o%tfi:n%ﬁ I%V%Irsu b%v? t@lglaﬁ imit of
detection. Af e? the I??ﬁl%ﬁl VTS 8}3 drl_i reﬁeé)se, dFr’ug Slease rtes do no%vary gﬁgn ]flcanté.
Approximatejated dogs dndrenbelinfic abage $ MY the s remains after 11 days of soaking in BSS
at 370C:0MMC is released from the coating up to 11 days after hydrating in BSS at 37C. (n=3) Levels

after 11 days are beigwithie detestRthtmiforMMEiRrdMsdnrtBagations of dmg in solution
and different amounts of soaking time in those solutions, it was found that the
amount of therapeutic agent loaded to the ophthaimic devices could be changed.
However, the hydrophobicity of the ophthalmic material and/or the hydrophobicity
35 of the therapeutic agent were typically the overriding factors that determined ability
to load amounts of agent to the devices.
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WO 2010/011585PCT/US2009/051103 Example 12: Acrylate lenses (ACRYSQFT(r) Il lenses)
were loaded separately with six different therapeutic agents: ascorbic acid, aspirin, colchicine,

nepafenac, ketorplag;aad lidocaine. Release of each of the therapeutic aggehfsdginig,enses was 5
detennined over a period of 7 days using HPLC. The released drug concentrations were measured

using A Waters 2695 Separations Module with a Waters 2699 PDA detector and a Symmetry(r) C18
column (4.6 x 75 nkp@aqlbrationiEiryew werewvedtravtedfdrrdachi dreepusidrvarisolidomncentrations

(10, 50, 10056R¢40Q0Wng/ mijciodhectensasmwargiigade tising.d therepeuticcagans solistion made of
acetone an%“g{@%%g&ﬁ 2950t E‘élﬂéﬁ)‘?{‘Cel‘ﬁ@@Q%@é%ﬁ%tﬁ?&%@sﬁ%&%%egdéht'ﬁh%ts&lyt'o” for 90

minutes. The solutions were_poured out over a - to retrieye the | NS and nses were
air dried oveFRRiSEFREWS Wa?ﬂﬁ%?. @ﬁt’ﬁ%{gﬂ%\ﬁﬂ%‘&’d’&y‘?ﬁ{a Meé %\? é?r?éogﬁég%egﬂ acetone :
methanof (1:¥pabiutibrctofebaninomesnand voreesceelig haystiieal 5 femsevlweletien weriobied and
allowed to aigshivdofabaulizaowserT Be densnyamihénedasuy msddries gHbAGawernighisckherapeutic

agent Ioade%&gﬁggtfédﬁ%griiﬁygwg are Placed inan @P&%&?ﬁi}f Hihe e which pml HPLC

grade water was a disk was incubated at 37 C, 5% CCh and'release medium was replaced
every 24 hoif§ SUEFHPAIBEYET days. The amount of drug in the release media was analyzed using
HPLC. 20 Various conditions were tried and the HPLC method was optimized for each therapeutic
agent. Ngpafenac was/testedaraandingetodri3l mathads:asdsuhstadtially deseried-ababove.

calt, methang e O e phase
The injection I W%saﬁ%“n% g??ff WVQF@%O@%%I)%#% Sk yﬁ%%%ﬁﬁ@@ﬁﬁ%so ixed at 263
nm. Forthspiial thegnowilachirase retudedaretiapvtregaciaratéliczacsd Cdistifderoper [30: 2 : 68
(viv)]. Standdrdsiveniatroddeibfwaterdsgstidecnjectioly wakimeawasaTiBIniThe:Faooplebifotherate was

maintained asdpmiimin,and Jhe detegion.was,eatgedioutalehd @520, Jropeslchigingthe mobile
phase inclu cetic amgl[ : 40 \ﬁv &ﬂd the standatrigrslswteizg rQad in mobile

dlg.d acetonitrile and 3% A ) )
bhase. The IS CeHhy e wHSAIRTR A at 1 SR bl SHjeCH VRTINS of BE B e
detection wasigzififegtbutaiiep4s Amy 28leare 20dor REBsHenT/0SBEE emta3 significantly

prolongs the duration of drug released over 5 days.

20 Example 9: Diclofenac coating solutions were varied in order to determine
the release rates for various drug concentrations incorporated into the coating. The
range of concentrations included 5.2, 14.9, 42.8, and 80.1 mg/mL of diclofenac to
coating solution. The calculated total drug loading for each concentration is
0.5453, 1.636, 4.699 and 8.795 mg, respectively. Diclofenac is soluble in water up

2;  to 50 mg/mL. One concentration was chosen outside this range i order to
determine the effects of concentrations of stability of the coating and effects on
release rates. The others dissolved easily into the coating solution while the high
concentrations did not as indicated by the presence of undissolved crystals in the
coating solution. The crosslinker .content was 1.5% for all coatings. Lenses were

30 coated with 7 layers of each coating. Coating thicknesses were not significantly
different as indicated by dry weight measurements ofthe coated lens.

Lenses were tested in BSS in the same manner as described previously and
measured using the spectrophotometer. The release rates for each of the coatings
3 for the first 3 days were significantly different. From day 4 to day 10 drug release
rates leveled off and remained nearly consistent throughout this time period. Drug
levels near the end of the 10 day period for the other concentrations also fell below
the limit of detection of the proposed test method.
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For ketorolac, the mobile phase included acetonitrile, and 0.2 % v/v glacial acetic acid [40 : 60 (v/v)].
The standards were made in methanol and injection volume was 20 The flow rate was maintained at 1

ml/min with %g&t@gfgggswavelength set at 313 nm. For lidocaine, th%én(gﬁg étzgfﬁgncluded a

mixture of 350 ml methanol, 150 ml distilled water, 10 ml Glacial acetic aci g sodium dodecyl
sulfate. The mobile phase was filtered through a 0.22 prn filter. Lidocaine standards were made in the
mobile phase. The injection volume was set at 25 t1 and flow rate at 1 ml/min. The detection was

Ic)carried out at 2%%:95?%;}}(3 ?@.Ia%@é%éé?a%st%{ja&ﬁéﬁl&ﬁ@%x@%iﬁ%&?@éﬁx’%/c%ﬁg;és? ﬁﬂ%{_sais
oummareed e L RSkl 5 s o) gl op o0, o e
of drug contained within the coating for each lens was calculated based on the
s weight gamm of the lens after coating and known shrinkage and weight changes of
coating after drying. Lenses coated with 2.6 mg/ml drug-coating solution
contained approximately 0.03 16 mg of colchicine. Lenses coated with 10.5 mg/mL
drug-coating solution contained approximately 0.1 16 mg of colchicine. Lenses
coated with 30.3 mg/ml drug-coating solution contained approximately 0.336 mg
1t of colchicine. Lenses coated with 61.2 mg/mL drug-coating solution contained
approximately 0.694 mg of colchicine. Based on in vitro studies, the target
concentration for colchicine is 0.0005 mg/ml based on results that showed LEC
migration and proliferation was ishibited at concentrations as low as 0.0005
mg/mL. The limit of detection for colchicine using this analytical technique was
15 0.0083 mg/ml. Drug concentrations were obtained on each sample for 8 days.
However, after 8 days all concentrations fell below the limit of detection. At this
time, the test solution was rteplaced and lenses were allowed to soak for an
additional 18 days (28 total days) in order to obtain measurable drug
concentrations. In vitro drug release data indicates that lenses coated with 2.6
20 mg/ml coating solution released these quantities for 8 days and then falls below
the limit of detection. Lenses coated with 10.5 mg/ml. coating solution, as well as
the higher concentration coating solutions, released quantities above 0.0083 mg/mL
for at least 8 days. Colchicine release was detected after 28 days in BSS at 37°C
(n=3) for coatings loaded with varying drug concentration levels.
25
Example 11: The quantity of drug contained within the coating for each
lens was calculated per previously described methods. Lenses coated with 2mg/mL
drug-coating solution contained approximately 0.138 mg of Mitomycin-C (MMC).
Based on in vitro studies, the target concentration for MMC 1s 0.0005 mg/mL based
30 on results that showed LEC migration and proliferation was inhibited at
concentrations as low as 0.0005 mg/ml.. The limit of detection for MMC using this
analytical technique was 0.010 mg/ml.. After 11 days, MMC continued to be
released from the coating at levels above the limit of detection. After the initial 2
days of drug release, drug release rates do not vary significantly. Approximately
15 20% of the total MMC loaded into the lens remains after 11 days of soaking in BSS
at 37°C. MMC is released from the coating up to 11 days after hydrating in BSS at
37°C. {n=3) Levels after 11 days are below the detection limit for MMC for this
method.
19
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Example 12: Acrylate lenses (ACRYSOFT® II lenses) were loaded separately
with six different therapeutic agents: ascorbic acid, aspirin, colchicine, nepafenac,
ketorolac and hdocaine. Release of each of the therapeutic agents from the lenses was
determined over a period of 7 days using HPLC. The released drug concentrations were
measured using A Waters 2695 Separations Module with a Waters 2699 PDA detector and
a Symmetry® C18 column (4.6 x 75 mun). Calibration curves were constructed for each
drug using various concentrations (10, 50, 100, 500, 1000 pg/mb).

The lenses were loaded using a therapeutic agent solution made of acetone and
therapeutic agent at a concentration of 3mg/ml. The lenses soaked in this solution for 90
minutes. The solutions were poured out over a grid-mesh to retrieve the lenses and the
lenses were air dried overnight in a closed chamber. On the following day, the lenses were
soaked i an acetone : methanol (1:1) solution for 5 minutes and vortexed hightly. The
lenses were then temoved and allowed to air dry for about 2 hours. The lens was then
vacuumed dried at 30°C overnight. Therapeutic agent loaded lenses (1 lens for each drug)

were placed in an Eppendorf tube to which 0.5 ml HPLC grade water was .added. The disk

_was incubated at 37 °C, 5% CCh and release medium was replaced every 24 hours over a

period of 7 days. The amount of drug in the release media was analyzed using HPLC.

Various conditions were tried and the HPLC method was optimized for each
therapeutic agent.

Nepafenac was tested according to HPLC methods as substantially described
above.

For ascorbic acid, the mobile phase included distilled water and 2mM 1-Octane
sulfonic acid sodium salt, methanol, and glacial acetic acid [35 : 44.5 : 0.5 (viv)].
Standards were made in the mobile phase. The injection volume was 25 pl and flow rate
0.5 ml/min. The detection wavelength was fixed at 263 nm.

For aspirin, the mobile phase included methanol, glacial acetic acid, distilled water
[30: 2 : 68 (v/v)]. Standards were made in water and the injection volume was 25 i, The
sample flow rate was maintained at 1 ml/min and the detection was carried out at 254 nm.

For colchicine, the mobile phase inciuded acetonitrile and 3% Acetic acid [60 : 40
(v/v)] and the standards were made in mobile phase. The HPLC flow rate was maintained

at 1 mli/min with an injection volume of 25 pl. The detection was carried out at 245 nm.
20
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234 68.5 2.1 -2.60 4,100 mg/mL Nepafenac 5.9 254 184-185 2.11* -3.81 0.014* mg/mL Ketorolac 0.3
255 165-167 2.1 -

WO 2010/011583 PCT/US2009/051203

For ketorolac, the mobile phase included acetomtrile, and 0.2 % v/v glacial acetic
acid [40 : 60 (viv)]. The standards were made in methanol and injection volume was 20 ul.

The flow rate was maintained at 1 ml/min with the detection wavelength set at 313 nm.

For hdocaine, the mobile phase included a mixture of 350 ml methanol, 150 ml
distilled water, 10 m!l Glacial acetic acid and 1.6 g sodium dodecyl sulfate. The mobile
phase was filtered through a 0.22 um filter. Lidocame standards were made in the mobile

phase. The injection volume was set at 25 Ul and flow rate at 1 ml/min. The detection was

carried out at 250 nim.

Total release of therapeutic agent from the lenses after 7 days is summarized in
Table 1 below.

7-days ‘ ; : .
release (ng) MW MP. °C) | Exp. Log ? ?;edlcted Wat‘e'r
THydrophobicity Log S Solubility
Ascorbic 0.0 176 191 ~0.5 0.16 40 g/l
Acid
Aspirin 0.0 180 135 1.4 -2.09 4.6 mg/mL
Colchicine 0.1 399 156 1.3 -4.16 45 mg/mL
Lidocaine 2.5 234 68.5 2.1 ~2 .60 4,100
mg/ml.
Nepafenac 5.9 254 184-185 211 ~3.81 0.014%
mg/mL
Ketorolac 03 235 165-167 2.1 =270 25 mg/mL
Bromfenac N/A 334 N/A 34 -4.42 0.0126
mg/ml,
13
Table I

As indicated in the above table, higher therapeutic agent Log P values (ie.,

indicating greater lipophilicity or hydrophobicity),

show a desired therapeutic agent

20 release from the lenses.

Applicants specifically incorporate the entire contents of all cited references
in this disclosure. Further, when an amount, concentration, or other value or
parameter is given as either a range, preferred range, or a list of upper preferable

25 values and lower preferable values, this is to be understood as specifically
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-2.70 25 mg/mL Bromfenac N/A 334 N/A 3.4 -442 0.0126 mg/mL 15 Table | As indicated in the
above table, higher therapeutic agent Log P values (i.e., indicating greater lipophilicity or

hydrophobic,'&;@,zﬂjh%q1 gjesired therapeutic agent 20release from the Ienﬁgfmsmgg%g[{g&nts
specifically incorporate the entire contents of all cited references in this disclosure. Further, when an

amount, concentration, or other value or parameter is given as either a range, preferred range, or a list
of upper pretéirabiei?d\wdluas @ndftowed piefarablenatues dysipter bengrdérsioed pefpeaifically WO
2010/0115838(: T A3 200%04103 disciosing Rl fanges iornad lramsary RMEAEAMLEBPSfrange limit
or preferred value éa(?d Vangllow r range limit or é)reiferr%j?le\1:(;31‘1:1 &, ﬁ%garglgggﬁ%vm?g]er rapges are
separately diSeoS ? YWherd™s r'an%%%gf: n%fﬁ“el%ca va uj_esnl's Fetite Snerel_n, Unless’othénvise stated, the
range is inte ALEEYE I clate 1B FSints THeRssE dadugiude the endpoints thereof, and all

s integers and fractions within the range. It is not intended that the scope of the
invention be limited to the specific values recited when defining a range.

‘Other embodiments of the present invention will be apparent to those skilled

in the art from consideration of the present specification and practice of the present

¢ invention disclosed herein. Tt is intended that the present specification and

examples be considered as exemplary only with a true scope and spirit of the
invention being indicated by the following claims and equivalents thereof.
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Sintegers and fractions within the range. It is not intended that the scope of the invention be limited to
the specific values recited when defining a range. Other embodiments of the present invention will
be apparenmt@@mkilled in the art from consideration of the present specification and practice of
the presentTo Invention disclosed herein. It is intended that the present specification and examples be
considered as exem Ia@t/ only with a true scope and spirit of the invention being indicated by the
following claims a 88u'v£f§ﬁgémg?e°&nW%l taim: 1. An ophthalmic device, comprising; ~ a mass
of material, the mfs?@?ﬂgt@ﬁﬁﬂﬂplﬁaiﬂﬁ‘% ﬁf/&?ﬁfﬁﬁﬂﬁiﬁcmﬁd}wm%t@W&Wf@c‘gmponent
being presetidiPRiPRmURSGHiGERE st thic L SREBPHR glelB rE thehtbrisPidagteatds Mhdbes0, the

hydrophobidnetsiip ondrrabeifgtolie o hatiahebBOvmpnvaidiviis fyoxsphiotideatrifiteband a
therapeutic wgeht ofispdsetbbponraigeripideral surface of the mass of material wherein the therapeutic
agent is hydrophobictargidutis aded dogorethapds at peashdd;surfacwhéreime theasmassmatadterial is
configured fehdnsertiohinipealic ayendfsaitiopasbanchivie et atbpr tinn ehihedheoapeutic agent to the
hydrophobic acrylaigspmvislemies sustainrditelaane el the Merapeutis agen suchdhak lags than 80%
by weight ofjfietherapaiicaarnhisirierseddramule mass olmalerabavsia Reied.thal is at least
three days whenthemasssaubrrigetinairaced,sakeqltionyd: i orbalmig deyice as in claim
L wherein the JeiRpenic ANt s, A R o0 ek 7, g5 last A and ahersin aflraclion of the
therapeutic %%erg tg tltnnﬁj Xngggsh?bslgg 1&9{%& provides for sustained release of the tﬁerapeutlc agent
such that leSs thaf gé%o%y Welg% of the therapeutic agent is released from the mass of material over
a period that is at least one week. 3. An ophthalmic device as in claim 1 wherein the therapeutic agent
has a PC Ldg P thafiSPaielaue dyicauasap dpRthaihftelidlic@sepmrisdenr e 8 Whkreih fié
hydrophobiésa®rifate ifchideshaemAtiasting efpfth HiFecitviaacas th Braidrarheomsangin the mass of
material includedeatiiuays80%6 blaassigihthst thydnsphdliecamryieteths 1zsm GphtHidnbic Weiglieohs in claim 5
wherein thethy trophilitcaegsiate idlechscle ¢ MmEs Ahnopathbivic desice dwitinsclaieasbare6 wherein
the mass ofwnaterial releases a controlled amount of therapeutic agent when submerged in balanced
salt solution and wherein the hydrophobic acrylate and the hydrophilic acrylate are present in the mass
of material in amoupts s Hhabdbrcantreliad ameynt ofdherapailic. 3ar ks s faanie% of the
total therapgutigagens in a time period that is at least 5 days. 8. An ophthalmic device as in any of
claims 5, 6 or 7 wherein the amount of hydrophilic acrylate and hydrophobic acrylate are selected to

provide a prgdeter ine tElelleas%1 éarofile for tlhe tBeraQelﬁ[ic agent, %Ap gphthaimic. d?v('&ce as in any of
claims 1-8 r inmtrﬁgpt e?a%lé:utlg lgagﬁfrfncc?ﬁ és an gnt?fieﬁf?an%m% oorr))/lgggr?t?ry 665.3 AR 1(})peﬁthalmic
device as in claim 9 wherein the anti-inflammatory agent is nepafenac.

5. An ophthalmic device as in claims 1 to 4 wherein the mass of material includes at
least 80% by weight of hydrophilic acrylate.

6. An ophthalmic device as in claim 5 wherein the hydrophilic acrylate includes PEMA.

7. An ophthalmic device as in claim 5 or 6 wherein the mass of material releases a
controiled amount of therapeutic agent when submerged in balanced salt solution and wherein
the hydrophobic acrylate and the hydrophilic acrylate are present in the mass of material in
amounts such that the controlled amount of therapeutic agent is less than 60% of the total
therapeutic agent in a time period that is at least 5 days.

8. An ophthalmic device as 1n any of claims 5, 6 or 7 wherein the amount of hydrophilic
acrylate and hydrophobic acrylate are seiected to provide a predetermined release profile for

the therapeutic agent.

9. An ophthalmic device as in any of claims 1-8 wherein the therapeutic agent includes
an anti-inflammatory agent.

10. An ophthalmic device as in claim 9 wherein the anti-inflammatory agent is

nepafenac.
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11.An ophthalmic device as in any of claims 1-10 wherein the mass of material is an JUL selected
from an Aphakic IOL, an AC Phakic IOL and a PC Phakic JUL. 12,An ophthalmic device as in any of
claims 1-10 wherein the mass of material is a haptic of an 10L. 13. An ophthalmic device as in any of
claims 1-12 wherein the mass of material is located at least partially within an eye of an individual. 14.
An ophthalrhic device®BE AR ST ERIHE 121 S RERSil R & RTEL 1BF marsridriicEahigirid-as part or
the whole ofedgrt¢dirom hapibad @iV lQinokG Beparkde pidcePth&higimEeted in the eye with or without
an 10L. 15. An ophthalmic device as in any of claims 1-14 wherein the mass of material releases a

controlled a&wount f th rgﬁeutica ent when submerged in. b Iancedhsalt soluftion. 1?..An ophthalmic
. . . opit m1<i dev% € as 56@1% 0l ¢ an% I]R% wherein the mass o matemla 18 4
device as in Claim erein 1ess than 0o by welgnt of the' therapeutic agent is tefeased from the

ophthalmic dicelisnthébalanced salt solution over a period that is at least one week. 17. A method of
forming the ophthalmic device in any of claims 1-16 comprising: submerging the mass of material in a
solution tha{jnduc‘ﬁ gﬁ%ﬁea 1%%!‘1969?(% the Eg%%gftlgfa en%ts 1-12 wherein the mass of material is

located at least partially within an eye of an individual.

14. An ophthalmic device as in any of claims 1-13 wherein the mass of material is
configured as part or the whole of an 101, a haptic of an IOL or a separate piece that is

inserted in the eye with or without an IOL.

15. An ophthalmic device as in any of claims 1-14 wherein the mass of material releases

a controlled amount of therapeutic agent when submerged in balanced salt solution.

16, An ophthalmic device as in claim 15 wherein less than 50% by weight of the
therapeutic agent is released from the ophthalmic device in the balanced salt solution over a

period that 1s at least one week.,
17. A method of forming the ophthalmic device in any of claims 1-16 comprising:

submerging the mass of material in a solution that includes solveni and the

therapeutic agent.
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