WO 20111/088548PCT/1JS21110/1122431 POSTERIOR SEGMENT DRUG DELIVERY
CROSS-REFERENCES TO RELATED APPLICATIONS 100011 The present application claims the
benefit under 33”8§?fﬂi%§fg§ of US Provisional 5Application Nos. US 6 1/14’&5’%%@@ zfgﬁuary 29, 20009,
entitled, "POSTERIOR SEGMENT DRUG DELIVERY"; 61/174,887 filed May 1, 2009, entitled
"POSTERIOR SEGMENT DRUG DELIVERY"; 61/261,717 filed November 16, 2009, entitled
"POSTERIOR SEGMENT DRUG DELIVERY"; and 61/284832 filed on December 24, 2009, entitled
"POSTERIOR SEGMENT DRUG DELIVERY"; and 61/299,282 filed January 28, 2010, 10 entitled
"POSTERIOR SEGMENT DRUBDSHIEREGR"'STheé MIENIcDRIEs DEAHCHERY incorporated herein by
reference. STATEMENT AS TO MGT ITS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT 100021 NOT APPLICABLE 15BACKGROUND OF
TIIE INVENTION [0003] The prasessREZERRON(HSES REdeiVeDy afrtherapeulis agents to the posterior
segment of the hough specific reference,is made to th i f.m olecules comprising
ntbodies or ) Ko o Y e PSS present

invention can bArpSEafiey AeRvES MEMBthEr AtvsUtie wietts 1)t et 8ds RS SERE Body MORdr example,
embodiments of thepragentsryensionaar beiusedya deliveriherapeoticaaet seongrmore of the
following tissues;.i rointra-arti intrathecal, pericardial, infratupmi d gut. [0004] The eye
is critical tbr vis%%ﬁgﬁiggﬁa% a@%@ﬁéﬁ g}l\]é)ﬁlg %Slt “%’rr&n&ggrri ?rrlrtllatlfj%t g)r¢g S‘Teg rﬁéﬁrga. The image formed
on the retina is detedtadl YyRIG EHd \JORES; andtheX&th33. fifkveorpBdighibdetéctéPbynthiedods and cones of

the retina is transayied (OXhG QRAIRELRATE L bIainevia the, PRI REFYE rRUCRIRAY BRerfidividual can see
the image formed on the retina, Visual acth/ is related to the density of rods and cones on the retina. The

retina coﬁﬁrise?glﬁga{?@ﬂﬁgtfﬂgssg eREiLOPEGREER SL ARy dilagursah b aite color images
with high visuali@oukytats @: 2016/ 088648PCT/US2010/022631 10005] Unfortunately, diseases can affect
vision. In some instances the disease affecting vision can cause damage to the retina, even blindness in

at least some instances. Oneagxample akardiseaserthavaay affesvMsivmisrosinglrted macular

degeneration (hereinafter %%?*é}ggr@gggﬂgggg(ﬁiﬁﬁ%%%%ﬁr/gw?B\#Q/Hi%;l%gﬁe provided to minimize

degradation of the 5retina, in a some in very of theseé drugs can be less than ideal.
100061 In som&Miandées a\dRigG8\ Bjécted into the eye through the sclera. One promising class of drugs
for the treatment of ANID is known as vascular endothelial growth factor VEGF inhibitors. Unfortunately,

in at least Seine instances injection of BifgsEEABELAM AU FONNE DAL ENL, involve at least some risk of

infection and hegoosihage: anddietinahdetachment dand sair hohgdima canstningdacibespiysieian and
patient. Consec&;t réﬂé’g in Aalg Ieasg some instances the druthgl%\%f be delivered less Pften than would be

ideal, such that at lea somhé)u tlsé)ﬁ?lslfnlgye?%rggi{ferl}%(js%t%rug an' %{J%aggnll ealin at least Some

instances. 10007]iWdrk im raidtidn ftacermbe tithe ntistofi thecprasepf ihvertiomzidonsuggédts that an injection

of the _drug Wi“’b?e!&%ﬁﬁ“&‘eﬁﬁ%:ﬁ'U&iﬁal%ﬂiﬁo‘éﬁ_“éﬁ%r%f relhe Xg'@ﬁ@‘tmﬁé/n?%éﬁ%é éﬁtﬁad%&‘?.e‘?" in at least
some instances. For example, with a bolus injection of drug, the concentration of drug in the vitreous

humor of the patiEAF IR PRk S e bR ST A s q UL B e s E R A IV B HER b rease to

below the therapeuticramofititclieforeip e et injectieuular, intra-articular, intrathecal, pericardial,

intraluminal and gut.

[0004] The eye is critical for vision. The eye has a cornea and a lens that form an image on
the retina. The image formed on the retina is detected by rods and cones on the retina. The

25  light detected by the rods and cones of the retina is transmitted to the occipital cortex brain via
the optic nerve, such that the individual can see the image formed on the retina. Visual acuity
is related to the density of rods and cones on the retina. The retina comprises a macula that has

a high density of cones, such that the user can perceive color images with high visual acuity.



100081 Although some implant devices have been proposed, many of the known devices are 70
deficient in at least some respects in at least some instances. At least some althe known implanted
devices do not &8v2|?jlé]/ &8f8ined release of a therapeutic drug for an extend&d/ B%Zr?(lj%.nﬁ%:’rlexample, at
least some of the known implanted devices may rely on polymer membranes or polymer matrices to
control the rate of drug release, and many of the known membranes and matrices may be incompatible
with at least some therapeutic agents such as 25ionic drugs and large molecular weight protein drugs in
at least some inetapces Adaagtsome QtihenkitRur semi-paineakia Reymeanmemnitaiiag may have
permeabily that s less fhan ideal o (e exiended relense of ia mojecular weighiproteine such as
antibodies or anhsbodcy l?ragmenfg.%flso, WorK i Telation to embodiments of the present invention also
suggests that agfiedstcsertimichihdReiowirsenikpesiriehbis e discanas cahdigivelisrpgeYability of large
30molecules thatmRayvatypMalctimeand iableratsemme Oof thedknewnisemiResmeaplesngmbranes WO
2010/088548PCT/US2010/022631, can be tﬁggé what gﬁgile, such that dru%lrel.ease for extended periods

can be less thalf 18&dliA SR SUPS SHanvS! VARROUGH CRBMAR) Bibes Bave'Blen suggested for drug

release, work i &! ion to embodiments of the present invention suggests that flow through capillary
tabes can be IO e A S e e S R b ormation and
Spartial cloggingfassoddorniolehstrsamentdineikhbwnoimplartatladadicedisbgresufesrprtieht side effects

in at least sonigipstances whemasuificienbamennioh iR delivered o eat Landitionof the eye. For
example, at least some of the commercially available small moleculer%;ru? dﬁ(l'éver%device may result in
patient side effEHE LN AL AP SIVAb A T RB AU B YOS BPEIL AR Wiion in at
least somé(instanges. cAlthough feottic pisteikaid sraleh @mal dguesitivetgoimmglydsesdeliveredewithcan implanted
device to treat ipflammaian 141 ety sRsRiGle:cannedessiian ideAl e Ak patient may

develop a cataract in at least some instances. 100101 Although at least some of the proposed implanted
devices may peFfiit A RS Birtl! e dalirat bAY EreMmrASFSblem is that an injection into an
implanted deViiﬁ %%E cause at least some rigk of inf?cﬁion for the atiengin at least some instances. Also,
in at least somé Ntanced tHE S PR SBROMATESF ShIMABIRISRA Y eatieR Ak ek 8Vt time, such that
the release ratenpfctine dfulg: clawg vethessethitaride sl iafténinjettionrjnoatiedstesemnehinstabecesAt least some

of the propgsedymplianted.deyicesanRat.besm B!@Am&g,%&ﬁ% MRS HEriRK @t 20infection to the
patient. For example, at least some of the proposed devices that rely on pores and capillaries may allow

microbes such S¥HAGRIEA 15 PH8LHIDUGRYE BRBNRIAP aRUIGH S5Pel @it 4t hidétidh*may be spread in
at least some insgaincésicAlsaitiveriointalatibontdcerriodimenistvf theapraseaminwve htibn: shiggests that at
least some of trlII% Rroposed implanted devices do not provide adequate protection from the patient's
immune system, such as from 25macrophages and antibodies, thereby limiting the therapeutic effect in at

least some instyggp. JAGkLLIR kAL EhoNSweUId haAEsTANE IR RMAS mpraved therapeutc

devices and methods that overcome at least some of the above deficiencies of the known therapies, for
example With irflpRe\aLH Gl FE RS ERRECEAR HdAsaitasHREREn MIpIS e RIEP P @¥ended time. WO
2010/088548P Gilj13i8204:6/0 226300 StudvildbAsksta ndd TdhbEs NV ENTIEIN: it @i2fhiEambadliteents of the present

invention provide, INerageuti, devisas,thal delver. giapaitia AMAUNES of g iRrapsule aoent for an

extended time to the posterior segment of the eye, for example an extended time of at least about 1
month. The the},}&‘ﬁ&ywﬂ@m@éym%‘ynaﬁices to control the rate of drug release, and many of the known

membranes and matrices may be incompatible with at least some therapeutic agents such as

25  ionic drugs and large molecular weight protein drugs in at least some instances. At least some
of the known semi-permeable polymer membranes may have permeability that is less than ideal
for the extended release of large molecular weight proteins such as antibodies or antibody
fragments. Also, work in relation to embodiments of the present invention also suggests that at
least some of the known semi-permeable membranes can have a permeability of large

30  molecules that may vary over time and at least some of the known semi-permeable membranes



5reduce the frequency of negative side effects associated with direct intraocular injection such as pain,
retinal detachment, hemorrhaging and infection because injections can be made less frequently and can
be made into the PeSer/Biror the device rather than into the eye. The therad)é:l}ﬁgsa%lyfgéz%‘}a{n be
configured to replace the therapeutic agent when the device is implanted at least partially within the eye
of the patient. The therapeutic device may be 10implanted in the eye so as to extend through the sclera of
the eye, and the therapeutic device may comprise a container and a port or penetrable barrier configured

to receive a quamity efitherapadticcagRnthihBuihaiapeUiiccagam Caribe phaceddi the c@ataingr in many

ways, for example by placing a so IF insert through the, port to the inside of the container gr.by injecting a
formulation of i Tner R e e LG PR et SR it ool aty TR
device may corfipisa & sinelidnagient thapieoersibiptommsiessssipiddup brtghiseriHanapéatieanagent such
that the therapeuticsaggntdsareieased:ftam thadeuce ferdhgiextendediting b 10 b imdmaNynd
embodiments, the therapeutic device is configured to provide continuous release of therapeutic quantities
of at least dne trﬁ’é‘i’gqﬁlﬁg%%ent for an extended time of at least 203 months, for example 6 months, such
that the frequengy,gf injeqtions nto e herapsulc deyice.and.isk of jfection,can e sybstaptiall
decreased. In additiona em%oglments, the therapeutic device Is con |gureaato provide continuous release
of therapeutic degshtrias pstatdenshenestibeape aeagehdear iadedixeartiedrithe @hdtimet 9 months, or at

least 2 years or.at @@t ¥pars:: 22003H Thedberareutindavies camberaniigueskinomany ways to
release the thequag.eutic a(\;))ent for the exte(rd time End may c rise at least one of an opening, an
: 5

omp
elongate structdFe ‘S PRI LRI SIS BSOSt KIoR o 15" PEIS ALK BRY T A ¥ litic agent: for the
extended fitne. Eormxamplerthie thenapeuttiesdevicensianccomitfisesthe porsusostsuotlretoerekease the
therapeutic agentiRHaHgNINg RAURUS R YR iR wiended Redoch.dibe &QV&IH%%[HQWVG 30may

comprise a sintered material having many channels, for example interconnecting channels, WO
2010/088548P /ST 16/652831 'EsaeiiinG ARt FRaMPIANIES SR At Yter. The porous
structure may caspprise a first side comprising a first plurality of openings coupled to the reservoir and a
second side comprising a second plurality of openings to couple to the vitreous humor. The
interconnectingléhdneldthnaghexterrd detneehcgaaoefiitepfingt plisality whvpenings ofdtiefirst side and
each of 5the segondniuialit.ef pReRings Hidhe SeeeRAiSIdeR0aS IR i%ﬁiﬁéﬁ‘_d@ﬁ@%%%!@@a‘thefapeUtlC

agent through the porous structure, for example when at least some the openings are blocked. The
porous structur&¥ATPBE i@ HREFTHEAINT SrieE Bt tHamp R Sgetthidab e IMerconnecting
channels whenitigsueoihcals: colvescat leasimai poliion of the cpemings, dar @xample whehdhe porous

structure is implanted for gnyexfended &:”i‘e%s"%ﬂﬂlﬁ*aga%gﬁgl-ﬁ%fe%ﬁ%%i'{n' Qreflled, [0QLR) Lhe thefgpeutic

device may comprise a retention structure configured to couple to the sclera to position the container for
delivery of the tHétapeiiieageisdiitg aedilraias Hunmer b tRrlayr! et erantmeesrjtiNetla may extend
over the retentigifestisictol iR Whentheodeviep s #Nplaniatesa as teoRiditithe disketdnfestordo the patient
and allow accese {0 the device wih, Ladecreased risk of infection, £or example, fhe ffenton structure
may comprise arﬁianﬁe exetena?/ng outward for placemen Bed een}i'l'negconjungﬂvayan Scleraand a
narrow portion socfittiatiiifeeen nesiorsteeslighitirass cleng IMFREAsarr GNP ordidrinecfititietincision may
comprise an elQpgatgnciasssacticnainmefile sizedtadithaincsionmd heirlongatecrasarmsastional profile
sized to fit the igcision can improyve the fit of the impflanted device to the sclera’ incision, and 20may seal
the huplant aga ﬁ‘é‘f“t‘ﬁSos%?éPéOéiIS%&Afﬂé‘afﬁ&%‘%E?ﬁt.‘%é"é‘léheg%"i%“’BI‘éég‘?@BﬁS%SéTrBré'fﬁE B TRE narrow portion
can be siz&d inmaanyhagypsitd fittthel incigionb Fomnexagripel dethgeelor{fateitrodsigeotionnviaccomprises a
first dimension longer than a second dimension and may comprise one or more of many shapes such as
dilated slit, dilaté@81dlot, kehebidf dvatDovoid wom ksl ipsticalalsdodifatads shivspiggdsharaagiiatédy iskst shape may
correspond to thei ShaRKISHR v ercome at least some of the above deficiencies of the known therapies, for

example with improved drug release that can be maintained when implanted over an extended

time.



25tissue assumes when cut and dilated. The lentoid shape may correspond to a biconvex lens shape.
The elongate cross-section of the narrow portion may comprise a first curve along an first axis and a
second curve al‘gﬁ)gz‘gtg%%%ﬁsd axis different than the first curve. 100161 In lr)#z%'ﬁ/ Sk Oozé?ﬁ%ents, the
reservoir of the therapeutic device is flushable and/or refillable. This provides the added benefit that the
physician may remove the therapeutic agent 30from the patient by flushing the agent from the reservoir of
the therapeutic device rather than WO 2010/088548PCT/US2010/022631 waiting for the therapeutic
agent to be eliminated from the patient. JbMVeMmavakcanE &dvantageous in cases where the patient
e AR S RIEIL o Ao e AR SR s 2 g oty
porous structure can be tuned to receive a volume of
a commerciallytheraieisie Bfopris itioncreperitrge th&otha rapadie bige it bamtscreleasadiior dt extended
time. For examp|g, fhevelipmeaf.cammersialbaavailablaitherspgutih agenbmay &an@seand to a bolus
injection having aaﬁtre tment durati)?n, for exag(%%one manth, and 8lhe reservoL%v.olume and release rate

tuned to receivEHETBIMTAIISRVOILRE EaN A FELTERE BUFEHBRESIRE TSR dine by a
factor of at leastaabaoefirtslds fohexanipie dnbagiopenhorithtion twoaosermre imonthhe IOOEF] The therapeutic
device may corppyise @, it narewmpOfile tRnigwalion frRlacemeant RRh® seeand gxpanded profile to

deliver the drug with the reservoir when positioned in the eye. For example, the therapeutic device may
comprise a flexiBiE B et et SARPE SRSt 19 ERse e dheRrEthE Harheh Raterss Snd support can be
expanded fromiafiestdian @asprafile] configuratior ta thepseaondiexpangdeadiptofile: canfiguration. The
support 15¢an ' stantially. c reservoir vol inthe l i ion, such that
the dvice an B R et B S R, e o
therapeutic ageRtYSANOTEAGTANYTSH 2 foPpeleasena@PApRitier &MGEHte Y e washarintithe. The
therapeutic devigemayCAMRIiISBARIPHS DaFriercextRIibg aranneb tencoMainer wiil, ehannels sized to
pass the therapelgticla enﬁ fr%mathqig%qtaritr%g[ tﬂ?lr%through nlql %g)to tit hibitnmj rlatilgqr%%.attfeast one of a
bacterial cell out 0f the container or a msé(i:crop')ﬁ%@e Sriother immune cell into the container. 166181in a
first aspect, embodirhemepres/itieaadthicragautic debite romaibertanieiapebticontagent thean eye having a
sclera and & vitjeeMs. QAN ARANIBIRG IS LORfiguredfaheldbe thespReutis RARNHILHE ®entainer is

configured to release the therapeutic agent into the vitreous 25humor at therapeutic amounts for an
extended time. GRS ihA5ARSHEN BB MM EREP I AsSPAB GRS ERMCRI S Bieetif¥Having a

molecular weightifrom about 100 Daltons to about 1,000,000 Daltons. 100201 In many embodiments, the
therapeutic agent comprises molecules having a molecular weight from about 200 Daltons to about 1000
Daltons. WO 2009070885 48RCTNISROU00DR6B:1ap00RIdEVivirarsypégntsddinmemtsc tvattheeapeutic agent

comprises a CoficRteroid-Han-analrgeedhanent Thearticastamid £ the aralogusdhereal.cay

comprise gne or more of trimacinalone, trimacinalone acetonide, dexamethasone, dexamethasone

acetate, flaBcindBRE i SCFiBEINE LBRPA:, SHF RRATSHL LRI Sf G650 MM ERRES iments, the
therapeutic agehtycormptisek af\ilEGHomtrbibd 0023 iy endbddimdntsativenbodnapesticcagent

comprises a magramalecyle, havinga.maleg At WeightfTem Ahout 30k Dalens, ta.ahousAQOk Daltons.

100241 In mang embodiments, the macromolecule may comprise a VEGF inhibitor. The macrotnolecule
may comprise Ot SPTiBFERSFHRBBDUIRE Br AFYe) RagAERts PHBEH. oF at least 2 years or at

least 3 years.

25 [0014] The therapeutic device can be configured in many ways to release the therapeutic
agent for the extended time and may comprise at least one of an opening, an elongate structure,
a porous structure, or a porous surface sized to release the therapeutic agent for the extended
time. For example, the therapeutic device may comprise the porous structure to release the
therapeutic agent through the porous structure for the extended period. The porous structure

30  may comprise a sintered material having many channels, for example interconnecting channels,



10more of the antibodies or the antibody fragments comprise a WM'. inhibitor. The \TGIF inhibitor may
comprise Ranibizumab. The VEGF inhibitor may comprise Bevaeizumab. The VEGF inhibitor may
comprise VEGFW%%)O,IP Or855x43mple Atliberceptim. 100251 In many embodimgﬁgyﬂ%gl%oa%%%]molecuIe
comprise complement factor. 100261 In many embodiments, the therapeutic agent comprise a
complement factor inhibitor. 15100271 In many embodiments, container comprises a reservoir volume
sized to contain a liquid formulation of the therapeutic agent. 100281 In many embodiments, the volume
to contain the ligiig fanattatiomisvikioles sIRged o @b et 0TAB @Bl Gl 1 [RQZS] dbnipasya
embodiments, (g coptaineris.sizedlic confain rom aboul 0P ma.fo.ahaul 3950, of therapeuitic
agent, for example size 1S Contain fram about 01 m§§$[0 about 1 mg of fherapeu?lc agen?. The container
may sized to contaiifiesg sdsoud DAk o alsoles guPther diseiticongbrmnoThghednianvenreande sized to
contain from ah@uhQQMMEIRRPQUL LM Ieh therarpeutituagrnbr HA03RL U Mmanyembegingntss the
container and the thera euticmagent are conéitgured to Zgrelease the therapeutic cflall(q;ent to sustain from

about 0.1 ugy/mi"{SSBEUP LG LA RSPt At iR SYEHT T RS GiPRBAHSIRSF 1 TR eRRsHE.d time. The
container and thg:thénapeghtic agent sarveeconfigurett tohreledsesthenth drapeuiicagermdoksdistain from

about 0.1 ug/misifo, ROt aLRHthe.herAReHES AYARIIN e MILeoMSRUMAE fonthe gxtended time.
The container and WO 2010/088548PCgI' /US2010/022631 the therapeutic agent can be configured to
release the thetASEGHRELEN T RElS M HSISHT! D 9 rgATIEaS aRSties B dmPPeRPgieherapeutic agent
in the vitreous hkumoptfomthalexiendest itnec 1003 Linial foany airbadimeaatsdtive éxiendaddime comprises
at least abIQ)ut 1r¢m99(}h. For 5example, the extended time may comprise at least about 3 months, The
extended time may comprise at [east about 6 months . The extended time may comprise at least about 12

months. The eﬁﬁﬁﬁgﬁ‘d HRASHIAY GATIRVISE ALy BRIARONT S MANAR  FOESHIRRAE LR Mawcomprise at

least about 24 months. 10032] In many embodiments, the therapeutic device further comprises a binding
agent to Ocoupfé f6 KB EGRYRASULH HRt thE tHBTEBEttc BTb MR PERASEE fHOMPTNE container
for the extendedhéinge, sibtiethindingoagecirnay comiptise qpatiti ctesddmateriad, Wike indingaigent may

comprise a pH zensIIVEBINAING AgeRL. IS PIAINGAACHL MAKGIMPIRS 33l ReARve Rigging agent.

The binding agent may comprise a pH sensitive binding agent configured to reversibly couple to the
therapeutit®agelt etk Shydisttiic P Dammcetss sraBbve 8 s 192 S retessa fABtherapeutic agent
at a physiologic.th@habotHard i ipkrsansitivediidioshpgent Lan bacontiouredde pemeassiblyicouple to
the therapeutic a elntt at.acphl 0 aboHt 5 tole?g).oﬁ gﬁgland to relea%ef‘%t‘?e. th.erarpeutlc a‘%ent at a

physiologic phi of a O}llJ 77160 @f% s%ebsiﬁzér may Exiend reldase 6 é“%hsé‘?aB*é‘ tic'agent. The stabilizer

may comprise albugfér dispostdwithiviiheicuhtaifiértodeioreabe thenphe withirsthieondrtaiiler when the

device 20is plaggeii theRYigeilios QufRppavicomBigR apasemareulshaviesainalgcular weight of at
least about 2 k Daltons. The stabilizer may comprise an erodible material. The erodible rial may

: ma
decrease file pHWREH e ARLEE S BES G G ZH2 M ArARHY Bm b BRI KBRS ‘i‘r?ésc:c’(%ﬁtfgfﬁ@r(?éetlﬁprises a

reservoir havingfahcapaoityplroivn can be sized in many ways to fit the incision. For example, the elongate
cross section may comprises a first dimension longer than a second dimension and may
comprise one or more of many shapes such as dilated slit, dilated slot, lentoid, oval, ovoid, or
elliptical. The dilated slit shape and dilated slot shape may correspond to the shape sclera
25  tissue assumes when cut and dilated. The lentoid shape may correspond to a biconvex lens
shape. The eclongate cross-section of the narrow portion may comprise a first curve along an

first axis and a second curve along a second axis different than the first curve.

[0016] In many embodiments, the reservoir of the therapeutic device is flushable and/or
refillable. This provides the added benefit that the physician may remove the therapeutic agent

30  from the patient by flushing the agent from the reservoir of the therapeutic device rather than



about 0.00.5 cc to about 2 cc to deliver therapeutic amounts of the therapeutic agent for the 25extended
time and wherein the device comprises a volume of no more than about 0.25 cc to minimize distension of
the eye when the YL hserted. 100351 In many embodiments, the reserVOIr ALY Qc122(:6<'§{f)a(:ity from
about 0.005 cc to about 0.6 cc to deliver therapeutic amounts of the therapeutic agent for the extended
time and wherein the WO 2010/088548PCT/US2010/022631 device comprises a volume of no more than
about 0.6 cc to minimize distension of the eye when the device is inserted. [0036] In many
embodiments, thathefapautitaovice samuisingiaiengimexterdingihraughdheaclarpand into the
vitreous humor and e lengl s wiflin 4 1ange,om.abgut 2 o 42 mim, STfie JeRalh can hie within & range
from about 4 to'6 mMm° 100371 many embodiments, the device further comprises a reféntion structure
coupled to the demtainemerceoRfigekd to couslbolbltie Seteiduaretals thecontiiferlesheast partially
within the eye. ThaJpientiQmhaiHEUEINRAY LATRISAN SIBRSIONcRMRIR I the eertainer and extending
outward from the container t% extend Eetween the sclera ar!;j th ,ff?o?éumtiv‘g e)g;o. retain 10the container.

b |

The retention strURUPERAY ComipHSS STaBIALS F4181EBNAF FRETeE SR P HRYabte R8I 100381 In
many embodiméats)lthe dewoeridinhély conippiselscamdnjection prst @xtendngde tobicontainer and having a
channel extending; {bronghibg W%%EQJ@&&M?I@&@G&MH%% therapaitic,aagRt irefilhiba.gontainer

when the container is implanted at least partially within | 5the vitreous humor. The device may further
comprise a neddls&idFFt6 ifihparetmh siiHe RRsH iR is frAB refapEcn O B M iiected into the
container. The needietstapcan ddadiapased:ena fdistelepid 66 ihenc antainer toppo sitedheifjection port.
The injection port may comprise a smooth upper surface configured for placement under the conjunctiva.
[0039] In hany [@MBbdifhentsiafratdaldivefurtheroompriding mibaeextidabagant@odnd at 20least a

portion of an oygr SHIFRCE Of RS ARVIGEIRNMIRIDBHEIRI Brondh dlang dhaqulgrsirface. 100401 In

many embodiments, the device further comprises a sponge to encourage tissue ingrowth. The sponge
may comprise & B4Ry ENE ARKHTRIR AN BRERSYIIRGE AP hot e R B3 Bl arigidal agent.
75100411 In manyerhboginents sihpodevice thartihhe beomprisesa sdenge mate hat kpyaredatad with the

bactericidal ag%%-@{%%tg%ﬁfar&%g{f,-mgn%%%éyaéﬁga%gxgamfaea%99&% w%g{iahg}@yrﬁ%egigg collagen

and the bactericidal agent may co.mf ise sliver, the collagen impregnated with the silver. "W
2010/088548PC//3204 0P SeE RIS hepaMy oAl dhits X Praded Aeafir dimptige i plurality of

chambers conngetadivattuarpluiality. oh ahannels ioineatze &pale.ptielease af theitharapeutic agent.
[0043] In anoth%hall[%%e(t:tmeembodlment§ 1;())rowlde therglgeutlc device Bo treaian eye camprising a vitreous

0 cutli; agen rmulation an as, to release thera 1IC a 1nts .
humor. The device compris a ﬁwégrapeu IC agen anc?a blnglng agenf?arl e lgt erapeuﬁc agent IS

reversibly couptatindethentsindirg gmat so dbv thamtiyeedindisp agemns felsrs estethdirapeaticl dmounts of the

therapeutic ageRhipiQ gy EHaRkSsRUMPLFhIbemeNR igai axtangsd eontdRd4iclrmaRy smbodiments,
the bindin% agent and the therapeutic a?ent a}re sized for injectépn into a vitreous humor of the eye when

the therape utic SJEH? IS HSTEILN, L AuS08 %8 OB Gl Hgdib et RS &5 RS BRiEkT hgent is
configured to reldaserthenapdiuticoathrownts of.

[0018] In a first aspect, embodiments provide a therapeutic device to deliver a therapeutic
agent to an eye having a sclera and a vitreous humor. A container is configured to hold the
therapeutic agent. The container is configured to release the therapeutic agent into the vitreous

25  humor at therapeutic amounts for an extended time.

[0019] In many embodiments, the therapeutic agent comprises molecules having a molecular

weight from about 100 Daltons to about 1,000,000 Daltons.

[0020] In many embodiments, the therapeutic agent comprises molecules having a molecular

weight from about 200 Daltons to about 1000 Daltons.



the therapeutic agent fbr at least about 3 months. The binding agent may comprise a size of no more than
about 1000 nm to minimize ligin scatter and at least about 5 mu such that the ther%peutic agent coupled
to the binding ag‘y)ve%%:ollg/?se%ﬁ%ed in the vitreous humor for the extended time?‘fﬂg%ﬂg{ﬁﬁ%}gent may
comprise particles having a size of no more than about 15100 MU to minimize light scatter and at least
about 5 nin such that the therapeutic agent coupled to the binding agent is retained in the vitreous humor
for the extended time. 100451 In another aspect embodiments provide a therapeutic device to deliver a
therapeutic aggnd1e|ane)ehasing ansslerahamndapaifRaigsiuongisthe devteaeompriges a retention
structure configed (o ouple 1,1 selora. £ COaingr, s, cUPIEA, (0 the retention structure 70and
configured to hold the t erapeutic agent. The container comprises a fantber to hoid the € erapeutic
agent, and a bdrtieactoalabdbit flonneiofteachivragie diteagdntdrendthunctataiveiccrite Bereiapleatnprises at:
least one openifightthiplaase-iiie herarguticirgest to the vitreous humor. A porous structure is disposed
between the barrier and the chamber to release the therapeutic agent into the vitreous humor through the
at least one opgsupy atitherapeniic amow)isdarcanabexiendeahpme.a100d6 Inlibmany embodiments, the
porous stnicture comprises a glass frit. 100471 In many embodiments, the porous structure may comprise
a porous annul#paytian anoya pbodusecisctikathengeulV @e2@ k008854 8 RECIASROIOIORAEF3L 10048] In
many embodin‘{gg]tg,cdgle“gz?épteﬁ.&gm{ﬁ?@m%i%l 1o inhikitsyhstantially the release of the therapeutic

agent from the container and the material is shaped so as to define the at least one opening to release

the therapeutic gggijt- 1n AARASLHAMANY, BRQARIRNS theHRHRs-RRMRSRS: M R afially non-porous
material to 5inhibit substantially the release of the therapeutic agent from the container. 100591 In many

embodiments, (REEATREF €0 MpHEUEPE 1B Shd' Bie D BPOBISH CERNE RO saxats HRAUMEF Bisk disposed
near_the ehd (_)fmhe: tfbke anOBISId i ma'rbycefrﬁngdmenb&;mi;m‘gmmhmtetmprﬁpeiyﬁ}ﬁ removable _
cartridge CO““'QHB%B?%?S&H}%@& ROGUSMeNA MRS e PATISE 1R.PLSHBREDIN 10S Y6, and the retention

structure 10is coupled to the sclera to retain the barrier. [0052] In anothgr aspect embodiments provide a
therapeutic deviddXo BRINSF RanepapEstiY BgERRD Bh SyaMaiHiPEaSefera and a vitreous humor. A
retention structure._is configured to couple to the sclera. A container is coupled to the retention structure

and configured 9 Hdid tRE#HE SRR LG HE AP BRYEIHG St A PRRETE B is coupled to the

retention struct ar]d the rigi Cé)ntainer. Tpe J)orous barrier extends s bstantfiaIIX arfl).%nd the
. (?2 nmarrﬁ/ odiment th?t crapeutic agentc mﬁay a cgmaement actor mni 1t0][.
container. [0053] Th many embodiments the therapeutic agent and the binding agent are configured to

release thetheygpentic AgeN! hSIARRNICAMRUAIS Rr A skRaned e, d30asldndnamy, embodiments,

the device further comprises-at least one opening formed in the container, and the opening is sized such
that the therapéigtie! dgfantlite théhpitharprs disetsealre 20configured to release the therapeutic agent
through the at least one opening at therapeutic amounts for the sustained time. [0055] In many
embodiments, #&33brolhsB3ar I8 LBRtigURS Y 2B Rhinit 1 R-SF GHE HFBRLIRER TIgHIRGHIRES the
container, macitophagelmigiation énte the container or antibody migration into the container. 25100561 In
many embodiments, the porous barrier comprises pores sized to pass the therapeutic agent from the
container to thd Ag¥Houk mamogmbodiments, the container is sized to contain from about 0.001 mg to about

20 50 mg of therapeutic agent, for example sized to contain from about 0.1 mg to about 10 mg of
therapeutic agent. The container may sized to contain from about 0.5 mg to about | mg of
therapeutic agent. The container can be sized to contain from about 0.05 mg to about | mg of

therapeutic agent.

[0030] In many embodiments, the container and the therapeutic agent are configured to

25  release the therapeutic agent to sustain from about 0.1 ug/mL to about 10 ug/mL of therapeutic
agent in the vitreous humor for the extended time. The container and the therapeutic agent can
be configured to release the therapeutic agent to sustain from about 0.1 ug/mL to about 4

ug/mL of the therapeutic agent in the vitreous humor for the extended time. The container and



100571 In many embodiments, the porous barrier comprises a pore size of at least about 10 mu to
release the thera eutlc a ent and no more than about 200 mui to inhibit at least one of WO
2010/088548P 1522631 bacterial migration out of the container, maé'rlgp lgﬁ)éz?t%tgratlon or
antibody migration |nto the container. [0058] In many embodiments, the porous barrier comprises a
flexible material. 100591 In many embodiments, the porous barrier comprises an inflatable balloon
configured 5to inflate when the therapeutic agent is injected into the container. [0060] In many
embodiments, tlnetﬁaratﬁlnera@eﬁnparisasscarﬂi@iddmate@ials@tmetmﬁammaganwﬂtesagemtmdothe binding
agent. [OQ61] Irbr%] gﬂ g%d{{pgggam}uhgf%? alner § s, ama te%rdsa sl.JlTJIQISPI al%([[ meable to the
therapeutic agent a tfeast one opening sized 1o reféase the t erapeutic agen In many
embodiments, tiie¢apeutic device further comprises an injection port sized to receive a needle. 100631 In
another aspect embodiments provide a therapeutic device to deliver a therapeutic agent to an eye having
a sclera and a Vfébus RurAty CRbeERIBH S Geitnde syt tatdetipietst thegtlerboA container is
coupled to the tﬁteﬁmam&twtﬁnuajamtcﬁmfwaemm&dt abbbtherapativiguantityotithe therapeutic agent.
The container com rlse f| stfch[a()mber o Ethte ntgleedra%eutlc ag%nltlsgggleask%a[)rl erto |nh|1ta|t flow of the
therapeutic agent om t e container. The barrier comprises at "least one opening ‘Sized 10 release the
therapeutic agehts A& sadeshdnehamtreniarseapled e the Ioneaiher theouighdpétiapd st omepogering. The
second chambeg,is aQntigurgshigscouple to the vitreous humor through a second at least one opening.
The first at 20 least one opening and the second at least one opening are sized to release the

therapeutic aggobaio thandﬁseausobmmmﬁ tﬂf@tﬁ@hﬂh&t&ﬁ@ﬂﬂdtﬁitlﬁﬁ%tﬁﬁl@s@{lemmﬂngbﬁ’&ﬁf&peutic amounts

for an extqtaded tlmf-:‘ O 41 In man em Chd eRpts, the se cond beré:?m rises a volume sized to
t]p era eutlca Suc att (’h ﬁrapet 1C aae ease o € con 81(‘) é
line ize release rate of the peutl agentt rough the'secon at east one openlng ] In another

aspect, em bodwwﬁéﬁ a ettt fageritainee e eliielsy 1 agasteridesahnameettan eye

having a scleraaRdanfHROHSHMAE A RRIMAINRLIS TReiRthakieastRAtA-te dhesvilseaus humor of
the eye such that the contai ST tained with the sclera. The container comprises a first portion of
heraeutc agun Bty LS. B Bra T TS T b aObe Db TSI B e madium.

The first portionwtthehapeptictageribis:pelegsednfraom Ith&}fhﬁltzikrgimlm@dm mSamdtbvolghddontainer to
the vitreous; at EQ%@P%%&&B&HQ%&E 'y ﬁ@%ﬂ%%%%fl&%tbt”qt %Q%Hﬁbésbfﬁm%%%qrf{ om the

container. The binding medium is replaced with a second binding medium and a second portion of the
therapeutic ageftt, WHERS ﬁl?@éaﬁaﬁattﬂaﬁ%ﬂﬁéOétﬁétseﬁBﬂtitf é@"é’tﬁf‘ 18 Pble42Ba o the'tBritainer for a
second extendeddtime]h8OMH6 thinapratiy b edimieris|oaippitedtivedoadrrier is inserted with the container
and the protective barrier is disposed substantially around the container to inhibit at least one of a
bacterial migrati®f33h maswdplrvagemigriatid rcbrar bihtibodypmigragon. ifte e itentainero®t®0671 In many

embodiments, st hipginamediim fRmAtisRs & leashangafin TistinRethr hfisidarous sucture, a

first slurry, or a first li nd wherein the second binding medium comprises at least one of a second

insert, a séCondf dnstheSireT i QUESHESI ARG SERBRBSERYE FOBE L HAITHEAY “ErsBb¥iments, the
liquid first bindiag énediwm skrbatoued vk enbiliecs ecgrdinpnding medilvmigdeplaCioderdS[069] In many

embodiments, the first RIgAngmediupemavstl Hnenihe sacond liquid is

[0034] In many embodiments, the container comprises a reservoir having a capacity from
about 0.005 cc to about 2 cc to deliver therapeutic amounts of the therapeutic agent for the
25  extended time and wherein the device comprises a volume of no more than about 0.25 cc to

minimize distension of the eye when the device is inserted.

[0035] In many embodiments, the reservoir has a capacity from about 0.005 cc to about 0.6

cc to deliver therapeutic amounts of the therapeutic agent for the extended time and wherein the



replaced to minimize volume changes within the eye. [0070] In many embodiments, the first binding
medium is remqgved when the second liquid is replaced to decrease volume changes within the eye.
100711 In man;)”c%glo%ﬂ?ﬁ%ﬁts, the first binding medium is removed when tﬁ&%@é%‘hla/‘fiz&ﬁi’& is 20replaced
to inhibit distension of the eye, 100721 In many embodiments, the binding medium comprises an insert
and wherein the insert is removed before a second insert is inserted. [0073] In another aspect,
embodiments provide a device to deliver a therapeutic agent to a container implanted at least partially in

the eye. The deriGeccomprises adiisi-aitanher. 2 canfigoredto stonmthadthenspedtihagant, and a

second chambe\,;vr %Otﬁé]éjerﬁgetlo [r%%lg[ivde a liquid from the container. An elongate structure extends distally
and comprising aﬁ least 6ne channer coupled to the first chamber and the second chamber. WO

2010/088548PTAYS 201 0102203 AATATID MARLRIRRSITENiSNE deies Lher,comariges a firs

one way valve coupled to the first chamber and the at least one channel. The first one way valve is
configured to pHSsStieEAtstapR thicV et Wiveh apdie bpedeifirditinaripes desrakid inkd ifkibit flow into
the first chambeamnéremtheashammalinvhandhesizaefthe firstrechamber increases. A second one way
5valve can be coupled to the second chamber and the at least one channel. The second one way valve
can be configur®ad3 inhibitflowndbthedite rapeutic afyent intonthacsecond:chamberradenlaisize of the first
chamber decregses and 1o, PeLmik HAw RIR g 56 eRNA chamer . e shAMElWRER e size of the

first chamber increases. 100751 In many embodiments, the first at least one channel comprises a first
channel and a BNEREEFChEIFHEICTHRE HFdtEFrARMEr BB IB PG HHERYRHEIN SRR RiSERI e
therapeutic ageitadthihasecondtianatimaauplechtothecse aandchambee g mmwifluid iatenthe second
chamber when the iheraneutic agent is niegted; A0076) In. anaiher aspegt.embodiments provide
therapeutic device to deliver a t]herapeutlc agent t'an ye having a sclera and a vitteous humor. A
retention structe¥eaiglelafiglived to 15couple to the sclera. A container is coupled to the retention structure
and configured to hold the therapeutic agent. A stop is disposed inside the container. 100771 In many
embodiments, 14838 te Mg BHURRAFEMENED ffreer tBHEERTOMRL s Eicction PeH fKitA4RY ©ifiSodiments,

the stop comprisesmaandaveisy faee aireciad tovwaic thehaiantian stitctuieisyalvthat fluid is mixed

within the conte%i]r(]:er when a rﬁt{(t))%ﬁmgeis iqidected ZOmﬂgthh needle, ]raOnWath f@a q;%r%acﬁmvggglirrlnents, the

. rageutli; a&e container when t (1 alner 1S 1m&) €. ﬁ % )
container comprises at least one exit port to pass material from the container w the substance is

injected with théhpeghasdxmehe Tac|dedeonaydiither [erarascdistsito the iednehvenstipfpeoiheh that the

concave surfacg.giteGiscth@dniesiedcubstance awayifiomdisnatiieast et R 4310080] In another
aspect embodir(’?ents rovide a th%rgfglutic device to release at least on(;;Tq heraéoeutic agent into a patient.
[ a

The therapeutic SBVIEL TIPSR EESRtEREN TS CBRATR R THEFEBALAE am SR SH RS AT 1B&St one
therapeutic agerinfite eomtaihempomprises enfeseny tir plittraonoludre tizechtoncovitain a therapeutic
guantity of the at least one therapeutic agent for release over the extended time. The container comprises
a rigid porous S#0Rirelearipriging AVt 201 drogs SuSPCTIUS Y02 0/02r6 31 thiekAEye EMdia surface

area coupled tqdhesgseriir and eanfigureditoseleasadharanaitic amaunis abtharatdeast one

therapeutic agent for the extended time.
surtace.

[0040] In many embodiments, the device further comprises a sponge to encourage tissue
ingrowth. The sponge may comprise a bactericidal agent. Alternatively, the sponge may not

comprise a bactericidal agent.

25 [0041] In many embodiments, the device further comprises a sponge material impregnated
with the bactericidal agent around the portion of the outer surface. The sponge material may
comprise collagen and the bactericidal agent may comprise sliver, the collagen impregnated

with the silver.



100811 In many embodiments, the container comprises a penetrable barrier configured to receive an
injection of a therapeutic usuantity of the at least one therapeutic agent, and the 5container comprises a
barrier coupled 3 ﬁ%l(ﬁ{%sﬁge%?able barrier and the rigid porous structure to contaim e "aPréat one
therapeutic agent. 100821 in many embodiments the barrier is coupled to the penetrable barrier
comprises a tube. 100831 In many embodiments, the rigid porous structure comprises a needle stop.
10[00841 in many embodiments, the penetrable barrier comprises a septum configured to receive and
pass a needle, mogziheisepivmiscoRfiguer: to sealowheibthesnegdigils seonovecks[QR8bddn many
embodiments, (he, cngnnels of fie H9ld. parous strueture cemprises iniereopnedied substantially fixed
channels. The rigid p%rous structure can remain rgl and the channels can rémain substantially fixed
when the therapgye agentindniecled B ARIESEIVAIL FRNINAL IR3RLSOMERIPSAUEGHAAQRPL In many
embodiments, the rigid porous structure comprises a thickness within a range frorn about 0.1 min to about
6 mm. 100871 in'Highy BB ALK herrgle for s Bt aFe e B PrsRdnE fsi-kndSS within a range
from about0.5 murtenabegin inBieRBLY08H ] E i tasémbodineiatshth e giddporogsistsuature
comprises a hagdness, paramerer, wiihin. 2 ange,fiom, Abaut. 100, Vigkers Le about 200 ickers, The ridid
porous structure mgy comprise a hardnes paraf%eter within a rangen?rom abouit 200 Vickers to about 240
Vickers, [00891tiAcmany embodiments, the rigid porous structure comprises a surface area within range
from about 2 mm(A2) to 0.2 mm(A202m25[00901 in many embodiments, the rigid porous structure
comprises a lowPdd|stdAEety FERR AR oltsuknstisctare Adyheohsrmsats Pt Sy Yacthistain the low
resistance to flamyeclibe ip@reusstiuatuienamheorpise tplbraliyied itarconnesing charaels extending
between Y¥O 2040/0885480 CTI22010022631 openings o 1amt!3r1ﬂosrle €.91 the Rorous strueture and
openings of a secon Sideof the porous StruCtureé to° maintain the low resistance to fow. Inter-connections

among the plurbiftheRirtéicesmme i lerrabris aanthainthirb thindagrrsidsta seBROSHGWIIIRER L least
some of the chapnelsara e ckesna oA ihin manyembadimants dhedewhesigianeento flow

corresponds to a resistance no more t
into the reservotﬁ?ri%@ﬁfﬁ%“h%g%eé?rh HI 258 I VRS ANEE YETTiaW REPRE4ROHES to a pressure

drop across thesgendeststaucthreoiimg agonenthpnoahoit 80 mirs Elginghenzthe thenapettic dgent is

injected. The pr@%ﬁﬁﬁ%@&ﬁﬂgﬁ%@l’@&?@@aﬁw %aﬂ@dQ'a'ISSJEWn‘PQmpflié?tfi@ﬂ'i@%{%tmé‘ﬁgéﬁ%hﬁgdmm lig
when the therapeutic aﬁent is injected such that a physician can determine the presence of blockage

ofthe interconn&ttiGBARSASIRHER e {AdrapRHEsAyaHE QAR SEERIBHBF In many embodiments, the
pressure drop %ﬁﬁggs the porous structrtrJ{)e gorresr$ond to no more than a regsure Elrop of 35 Gauge
needle to inject etABRUIE AERSKE CTPB0BHT TP IRGHAS BINBIRTHHE At they PraLetE drEs Weross the
porous structurezcartespendstonge ddemoredtharreopréssure thogdwif@s@muge neadiedraving a length
sized to inject the IRGERAHIGAIRNLIYPR thenre3RNOIk (0AIRLIKMARY:&MhRdimants:, e figid porous

structure comprises a resistance to flow of an injected solution or suspension throu%h a thirty gauge
needle Suéﬂ th aP(éfé)eﬁ“l(gHuaq g)alilalgétllﬁﬁ]eﬁapeutlc agent. The container comprises a chamber to hold thé

therapeutic agent, and a barrier to inhibit flow of the therapeutic agent from the container. The

han a resistance of a needle sized to jnject the therapeutic agent
sk b6 i hpads

barrier comprises at least one opening to release the therapeutic agent to the vitreous humor. A
porous structure is disposed between the barrier and the chamber to release the therapeutic
agent into the vitreous humor through the at least one opening at therapeutic amounts for an

25  extended time.
[0046] In many embodiments, the porous structure comprises a glass frit.

[0047] In many embodiments, the porous structure may comprise a porous annular portion

and a porous circular end.



or suspension through the rigid porous structure is substantially inhibited when said solution or
20suspension is igjected into the reservoir. The reservoir may comprise a vent.é{e%)g(:‘} In many
embodiments, HENVOIIMESE the reservoir comprises from about 5 uL to abdUt 2056 IL%8+A solution or
suspension of the at least one therapeutic agent to release the at least one therapeutic agent for the
extended period. [ 00 97] In many embodiments, the volume of the reservoir comprises from about 10
uL. to 25about 200 tiL of a solution or suspension of the at least one therapeutic agent to release the at
least one therapm4Be agenbioreths éxiendespariad cdP98&L immnany emibadimests therareutic device
further comprises a retention structure affixed to the containgr and configured to coupl at least one
tsstie structure S e LA T AR O B O OO B S o M S A SR The a feast
one tissue struetlresheay awmipgiserelcseichs Bl enaie afetiie patient and wherein the rigid porous structure
is disposed on at least a portion of the container to release the at least one therapeutic agent into the eye
for the extendetPtHod M TrREYigfitP P sthEIBRITST CAH P& e SR Eer M HNRIMBOR P draBHDthe container
to release the ahlgisstoRabiiierapavliasage e ma ptigasiongohthe Mitamers humor, the aqueous
humor, the choroid, the sclera or the retina of the eye for the extended period. 100991 In many
embodiments, lie@30¢idlpoarayscsibudiuratis isposedconaidistaupontionhoptheusontainer to release the at
least one thera@&‘r{]gﬁs@%&'i-&%- the. \éiig&gg&{wmgg Jor convegtive transport to the retina of the eye for the

extended period. 10101001 In many embodiments, the rigid porous structure is disposed on a proximal

portion of the copiginer fa.sleass dmatleastansihearentizagant e e Niirus dumetdo couple to

one or more of a ciliary body or a trabecular meshwork of the eye. 101011 In many embodiments, the
rigid porous striftBIE CBREFSES ROLHIHANE BKRIEET (S RATH Wi G HOS AR S HYhE SO MBI YBsitioned in
the eye. 1500102} dnpeamny teesbodinoentsp tihe igictiporous structure comprises a surface oriented away
from a lens of the eye and toward a retina of the eye when positioned in the eye. 101031 In many
embodiments, 1#8534id perotisistineturobotnpriser avsisridbermientadaway debra lbnswiithe eye and

toward a retinapfthe gyeoinhiihasaameh Waen PRsHaned RHhe ee AL 0gl dpeany
embodiments, the at least one tissue structure comprises a conjunctiva of the e¥e and the retention

structure is confRRielP {3%EHEHd OIS BrroRl Eon s Hi Rl e a0 sraliznerdie Midifctiva to
retain the containespiortithezextenidedpergogeiihe\qontasiiermmay copipdisetse paneirableubarter and

wherein the peneirable harier and the reisplionsiruciyre ars.canhicapliarad i minimize erosion of

surrounding tissues when positioned in an eye. The 75 retention structure can inhibit or prevent the

device from Moy iNtenthaSYEHHIRR TEHHD the LDBRIEAUR BRI THCHAE FD Y SXIBNELREEMREd Jrom the
container and comprise at least one of a suture hole for attachment to the sclera via a standard suture.

WO 2010/088548BE 1 8S8RD 245811 BRI MR Eib8dHRAREE YRS rigid porous structure

comprises a pltgﬁg ofI rlg{g?ggrqbuo%structu es, coup e%%o the reservqir and configur d&ltg drlenleas.e the at

least one therapeuti agnen Fhe extehde |51ee¥i13d. bé?ﬂ%nrsr%ﬁﬁeearsﬁ%%f) ents, the rigid porous

structure compihsesoriamoloed Fhyidnooreus SstiucirtaThe inoidedirigidperdikedimstgrezenayycomprise at
least one of a disksiahelis Riadube teupledtadhe ieseivair and-sonfigyethio.releasedie at least one

therapeutic agent for the extended period.
amounts for the sustained time.

[0055] In many embodiments, the porous barrier is configured to inhibit at least one of
bacterial migration into the container, macrophage migration into the container or antibody

migration into the container.

25 ]0056] In many embodiments, the porous barrier comprises pores sized to pass the

therapeutic agent from the container to the vitreous humor.

[0057] In many embodiments, the porous barrier comprises a pore size of at least about 10

nm to release the therapeutic agent and no more than about 200 nm to inhibit at least one of

11



[0107] In many embodiments, the reservoir and the porous structure are configured to release therapeutic
amounts of the at least one therapeutic agent corresponding to a concentration of at 10least about 0.001
fig per ml of vitrSoLE RS for an extended period of at least about three monthe? fﬂ)%)?gﬁh many
embodiments, the reservoir and the porous structure are configured to release therapeutic amounts of the
at least one therapeutic agent corresponding to a concentration of at least about 0.01 fig per ml of
vitreous humor and no more than about 300 fig per ml for an 15 extended period of at least about three
months. The resgivain angdhenparedmstuigtite Ganhpiceoiiguracioralense tiesapoutic@ameounts of the
at least one therarﬁaellrjlgilp agent corresponding to a concentration of at least about 0.1 itg per ml of vitreous
humor. The resenvoir and the porous structure can be configured to release no more than about 10 pg per

ml for the extengag period,af 2 iggshaAbuInEeR Daaths, A9y emhodiments, the at least

one therapeutic agent comprises a protein or peptide and a molecular weight of at least about 10k

Daltons, 10110%69 aﬂ}’r&mp&qi{@&Hﬁnt&h&@ﬁéﬁﬁﬁtbq{}?elt!agﬁﬁ)?ﬁégiﬁ@%ﬂ&t%B&lﬁgéﬁéoﬂﬁéﬁl@f inhibitor.
101111 In many embodiments, the at least one therapeutic agent comprises at least a fragment of an

antibody and a thBELGE PR RS REIEAIAb S (R HRIDURSMS OFfA"SE least one 25therapeutic agent may
comprise ranibi Lé%ib.lThe at Iea%st one tthtraE)euti.c aglent may com riste b \t/a_citzurrtl b. The at least one
therapeutic agent m yélorrr%?ﬁ]?/iseén ?ﬂﬁneer%%p ?n.oﬂﬁlﬁf?] ik 1étsr?y ebodiments, thé feservoir and the
porous structurtharecctnfigeret ddhebaabagthepeutic amounts of the at least one therapeutic agent
corresponding to a concentration of at WO 2010/088548PCT/US2010/022631 least about 0.1 ug per ml
of vitreous humiP6the liesepysimapdiah o Ce SHERFBREEAS BeBETIRG ifetR s Bl ags TS M6re than
about 10 ug petodaicanaxtendat.petodof alclepstiabarttsnasibsnt gk lncaany. embodiments, the
reservoir and the porous structure are configured to release 5Stherapeutic amounts of the at least one
therapeutictaggno e rreispondiagiodncans eritatiotc of ait tefashabouimisk L peeabopsitse@dschumor and
no more than alt%gg]tvgg g per ml for an extended period of at least about twelve months. The reservoir
and the porous structure can be configured to release therapeutic amounts of the at least one therapeutic

agent correspopgigl] 102 £3ALCALFREIAR 8L AHEASHRRAULOrk UPREE fol RF YiiRAYS humagraRd no more

than about 10 ug 10per ml for an extended period of at least about twelve months. [0114] In many
embodiments, fFETHRFEGHAERYIAG LHAHAAIY BMAEHY Y PoFods SHHRTAE SRS PSR Q size of
molecules passm@qhmumsﬂmachﬁmbsmf tk)a)tigiﬁdi poﬂmmsﬁnt@tamectﬁ%]?&]. honﬁgmwﬁmhﬂdizments, the
channes Jueld ARSIy chuie somRlRe A TgeL FNISUIRE o a e gl male oS passed

through the channels of the rigid porous I'5 structure rogel can be configured to pass the at least
one therapeutidgdbieedtipiisigirioidetiss tedphpisiioy afchssbesmstibnagdizEWh HS FbBidgian about 10

nm. The hydrogelmay: Geaipsise sawateloae oiRnngfsak lpast RERUL 0%apthechydrogelsaaidcomprise a

o o : :
water content of no more tha tbotHé 891 éc;ito Ilm_gurrholf:culiir weight of the %Ieast c%](cfﬁ th ra_E)Seutlc agent to

h ; A the at [cast i ey
about 30k Daltcgng%elsﬁ%f)oege may comnﬁhse asvater conten %O?Pﬁgm ore'than a %0t0 limit:

20molecular weighteofahe aplebsodbrevitiepapbutierdgensito stsond a0k DakonsniThelhydistl may
comprise agvatehGARtESHWiHh I ARRSS AL AROMANUAitR aRA Q276 SUER dhahthe chrnoels of the

porous material are configured to pass Ranibizurnab and substantially not pass Bevacizumab. [0116] In
many embodim 81 B RARBIZOAAE CE b e HHh IS L AA SRS A RSB BB SR humanized

IgGIl kappa morselekdltamtibody Fab fragment designed for intraocular use and wherein the ranibizumab
is configured to bind to and inhibit the biologic activity of human vascular endothelial growth factor A
(VEGF-A) and WHeftinltheaRapidizdmealishts seenafedalabavedginr o spproximated taBnkaDattons.

release rate of the therapeutic agent through the second at least one opening.

25 J0065] In another aspect, embodiments provide a method of sustained drug delivery to a
posterior segment of an eye having a sclera and a vitreous humor. A container is inserted at
least partially into the vitreous humor of the eye such that the container is retained with the

sclera. The container comprises a first portion of therapeutic agent reversibly coupled to a first

12



WO 2010/088548PCT/US2010/022631 101171 In many embodiments, the bevacizumab comprises a
recombinant humanized monoclonal IgG1 antibody configured to bind to and inhibits the biologic activity
of human vascula? 2HdotRt%al growth Factor (VEGF) and wherein bevactizﬂ%é%s%%%%ﬁ%sés human
framework regions and the complementarity-determining regions of a murine antibody 5configured to bind
to VEGT and wherein the bevacizutnab has a molecular weight of approximately 149 k Dattons. 101181
In many embodiments, the porous structure comprises a porosity, a thickness, a channel parameter and a
surface area configiused-touigl easertResaprutic anauts pcihe extendathpaniod:sT badgerosity may
comprise a value within g range from about 3% .to about, 1070%. The porosity m omprise a value
Within & range fI5HL Aba] S SDBHE Soba A Rt sio R B B S o abou
5% to about 100z sdiasity wirgyed g aopsdirerwithird B ¢mggeciiuiiormremense MOgbascadisut 25%.
The porosity mgygappeiseR falyeNithiBRIaNgeHs HamaRe Ut % terahetod@Yortion BOHEIL In many
embodiments, the channel é)arameter c{omr{;lrises a fit parameter corres @n.ding 15to the tortuosity of the
ko B

channels. 101201 RSB EdfitE S AR pArARTELE 88 fit parameter corresponding
to an effective | of interconnecting channels extending from a first side of the porpus structure to a
secon side of T ora e R a i P T e o conrespond
to at least abourtr2teiresbartvickitgy st gorolly steustihs. cPhgiTOdKedtibe delsgthost tHa interconnecting
channels may ¢riesRand ieisH, least RRRMISHMER AJhiekness QT e RHOHS Shudignct01211 In many
embodiments, the rate of release of the at least one therapeutic agent corresponds to a ratio of the
porosity to the ¢hwTnel paiametasoandikefrativiafitaenponosityipriks ehamiehparamstendsiess than
about 0.5 such that.the porous structure releases.the.at.least 750ne therapeutic agent for the extended
period. ThTatt S o o s i e B N B e porous
structure releag@difiscant|sagtaneitheraprelitiecdgecid thir @xtentédpe sownd BerrEgs ofetsadorosity to
the channel parapgter can be less than about 0.1 such that the porous structure releases the at least one
therapeutic agent for the extended period. The ratio of the porosity to the channel parameter can be less
WO 2010/0885¢8k4] /149203 Q0223 dnthancabalt 0-05istiel thaliiheiperaisstrteiune ieleases the at
least one therag%léglc %%%p]trjlqg tgq ecétjended period. [0122] In many embodiments, the channel
parameter comprlse§ a value 'of &t least about I. The value of the channel parameter may comprise at

least aboufs2. Tgeshanp ﬁla%?rém%%éﬂé}/tﬁ&ﬁm%?&% ¥RlERlALIRARLANRILR. dQdePRimany

embodiments, porous structure comprises a release rate index determined with a ratio of the porosity
times a cross-sESIRSAAIPEAIBIAhEHERe GRBETHHEIRA G by the channel parameter times a thickness
of the porous structure, the thickness extending across the cross sectional area. The porous structure
may comprise A0 s 1 g SR RSB riBF BT BT AR OFRE HSTO0S ORI DAY comprise
a release rate inghcaf nolamones tha nmabdub & swithihhkeepgeous structure may comprise a release rate
index of no more than about 1.2 mm. The porous structure may comprise a release rate index of no more
than about 0.2 B 1IThénperausstedenanes rifsyfictmprise aodiivasevare sddexofhsoaroklidiag iabout 0.1
mm. The pgrous SHuat & May SQMREseaHelgase rate index of no more than about 0.05 mm. 1S[01241
In many embodiments, the channels of the rigid porous structure are sized to pass the

[0072] In many embodiments, the binding medium comprises an insert and wherein the insert

1s removed before a second insert is inserted.

[0073] In another aspect, embodiments provide a device to deliver a therapeutic agent to a
container implanted at least partially in the eye. The device comprises a first chamber

25  configured to store the therapeutic agent, and a second chamber configured to receive a liquid
from the container. An elongate structure extends distally and comprising at least one channel

coupled to the first chamber and the second chamber.

[3



at least one therapeutic agent comprising molecules having a molecular weight of at least about LOU
Daltons. 101251 In many embodiments, the channels of the rigid porous structure are sized to pass the
at least one the%gezm?éosasgé%t comprising molecules having a molecular WGF&'R%%ZBO.%q/é)ZZiZSGtsébOUt 2050k
Daltons. [0126] In many embodiments, the channels of the rigid porous structure comprises
interconnecting channels configured to pass the at least one therapeutic agent among the interconnecting
channels. The rigid porous structure may comprise grains of rigid material and wherein the
interconnecting[eianneais exieacheideastpartialy @ratindthengrains ok digid w5 maderdaljepass the at
least one therapeutic agent through th rous material. The grains of rigid material can be coupled
together at loo B Mo HEAL STl T Bt L Te-ou S St aie s Bound the

loci of attachméhgrapeutzzedpt mzama eirbeldim artisc lebpodewrsaseruadireh duiiiprise® ahsifitgred material.

The sintered mafgrisl May GBS Orainsf Mmatghial inwwhishihegrains camrise i augrage size WO
2010/088548PCT/US2010/022631 %f no mﬁr%tg@n abﬁ) t 20 urn. The sintered material may comprise
SEHRAVEf!

grains of materi4f 1R WARHHE & A8 SHP & UiFAHP Mo HBPE thalf 58T 96 U The
sintered materiakivvayicormpriSeugradinsnbftm dieriafl ihaviivichdine ggamsoonprisend shavéragesize of no

more than aboufa Wik g SiFeciRAIRNRLMAY RAMPHSE Sa'Rs Qloaatarialin: whicththe grains

comprise an 5average size of no more than about 1 urn. 101281 In many embodiments, the sintered
material compriSBEGAREIrerEhe i SPYRRR G T8 hedia grade of no more than about 0,1. The

sintered materi prises grains of material corresponding to a media grade of no more than about 0.2,
The simterect mOISTR i SO BT B L LSBTGS e FRUE kb more thar
10about 0I8. Thecsimtenachphaléxidirshelroornprisepgrhinshofimatkriabaomespotiditgtpamediatgrade of no

more than aboyf,fq. 10149 HBMAY GPRAUMRUIS HEFIRNNSSIAIE §lAEhHIO RASTNG@RGYEC quantities

of the at least one therapeutic agent through the sintered material for the extended time. 101301 In many
embodiments, HERAMTABRPEFECASEY oIS penetration of microbes ISthrough the sintered material.

The channels e,;' ed to inkﬁibitﬁpenetr tion of bacteria tttlrou h.thde sinter (lmate ial. 101311 In many
embodiments, 18 ShtaPetPHSTeH A SBHLBEE RSB THREAHSI TS S 5kRSA HASERS Hhay comprise a
wettable materiadeto inhibiy bbbbles witbrinathie ohtarme lsiofoth e\ reatetiial s20{018 ] denfizmmyl @mbodiments,
the sintergd matgrial cAMAIRES at leashRne b Melana CRIAMIGHR GRSS AT aRIaRtg «J G Siftered

material may comprises a sintered composite material and the composite material may comprises two or
more of the met3iM MR EEMic AER RSt pIdsHE. PRRISHtered material may comprise the metal and

the metal ise at least one fist', Tj, nitinot, stainless steel, cobalt chrome, etgjloy, hastealloy,
c.276 altoy o1 JUNICkel 240 MIB) LA S e RALEAT D o BACE VA LI SH S motal may

comprise at le f stainless steel 304, 304L, 316.0r 31 6L. The sintered material. comprises a
coramic. The ST MG T e e S e R B R st the
plastic comprishstyaiovettapiacomtiibatdlintibimbgbleforratirincihepasnignea dswirsiedh WO

2010/088548P GRS 2040/022631

[0079] In many embodiments, the container comprises at least one exit port to pass material
from the container when the substance is injected with the needle, and the at least one exit is
located distal to the concave surface such that the concave surface directs the injected substance

away from the at least one exit port.

25 [0080] In another aspect embodiments provide a therapeutic device to release at least one
therapeutic agent into a patient. The therapeutic device comprises a container to contain a
therapeutic amount of the at least one therapeutic agent. The container comprises a reservoir
with a volume sized to contain a therapeutic quantity of the at least one therapeutic agent for

release over the extended time. The container comprises a rigid porous structure comprising a
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the plastic comprises at least one of PEEK, polyethylene, polypropylene, polyimide, polystyrene,
polyacrylate, pol methac%late, or polyamide. [0133] In many embodiments, the at least one therapeutic

in THQ 2010/088548 : : FgT({gﬁ%mo 022031
agent stored in the feservoir of the container comprises at least one of a soli prising the at least one
therapeutic agent, a 5 solution comprising the at least one therapeutic agent, a suspension comprising
the at least one therapeutic agent, particles comprising the at least one therapeutic agent adsorbed
thereon, or particles reversibly bound to the at least one therapeutic agent. 101341 in many
embodiments, thrldRVvicRdS Sizedderpassibvoughadwnen aiaceanatial h0diI3st inapether aspect

embodiments provids, heraneylc devige 6 1elease atlspst gne ptherapeutic agent nto a patient having

a retina. The therapeutic device comprises a cortainer to contain a fﬁ%rapeutic amount of the at least one

therapeutic aggghsifihe CANIAINGILEAMBHSSAALRRENOI T Yolume sizas e copfain & fherapeutic

quantity of the at least one therapeutic agent for release over the extended time. The container comprises

a porous structiie& ¥efiphEiFiPa thickasasuss utirratdiarelsasbenaderiertHucrasdivasir difd configured to

release IStheragsuiiccasiaipnte0f tagiat deastonaiborapeiicagentforiteigktpndedstimeurd ke porous

structure is disposed %p a qﬁst§1l po ion of the container. A retention structure is coupled to the container
tain (taat cast o e&r t

t
herapelit : : :
to couple to a sclera of the eye an &a&ﬂblﬁ ﬂ’%gnporous structure at a location of the eye to deliver the

therapeutic ageghiapard a.iRrashiagion.ohibeetina withiconvastve Jaw.of he aous hyimor.
20101361 In many embodiments, the target location of the retina corresponds to neovascularization of a
lesion coupled tdPthe target region of the retina. 101371 In many embodiments, the therapeutic agent
comprises a macromolecule and wherein the porous structure comprises interconnecting channels sized
to pass the madPBRible U RO 8B 8 AYH O ATFRS R e HOraNEGEE Aydhttdmprises a steroid and
wherein thl 25 @[g S s[tructure cgrgpris%st su)rfatcl:.eb r!'iented awa¥ from atlens of.the ye to inhibit
formation of a cataract when the steroid is reldased. Ff) %’lél]eh? Another'aspect eémbodiments provide
therapeutic devieeits relepsse andedst addhtheripauticoafentintosaapatientisaviride asmstimacd-he therapeutic
device comprises a container to WO 2010/088548PCT/US2010/022631 contain a therapeutic amount of
the at least ond YA8thpéutieageneotHs Horibsifneeinises ddaeetpoiruittica U8RIl sized to contain a
therapeutic quantiy htheatlsasione thesapestigcsagantiad iRieaseraverdhenaxtendadidimea.dihe
container Comp[lises l3 orpus.strul():tur .q.‘lorpfrésirh% atﬁhit%knesstand atsurfaciglreta cou| led to the
reservoir and C(C)n??gﬁlﬁrse(f g TRIeAEE BHhatapettic amounts of e at Teast one 1 eerlzr;llﬁ)eu%ilc %eé\é?ll{ for the
extended filne. Witeap brouspsiemetseds disposed on a proximal portion of the container. A retention
structure is coupled to the container to couple to a sclera of the eye and position the porous structure at a
location of the Y86 dENVBAYHEHSHASBIEHEQHEAP B EBERE O BPTIEs GRSty BHafabescutar
meshwork of thesgvestatieprkglavaesas HH0140] In many embodiments, the therapeutic agent comprises
a prostaglandin or a prostaglandin analog. 101411 In another aspect embodiments provide a method of
treating an eye 0087 havingaawitreodsnaniy) areaigddepsetinarictargeitpeationtot khessetinanis rdenrtified for
treatment. A_co%%;q]%r is positioned,, and the container has a therapeutic amount of a therapeutic agent.

ou .
The 15container comprises a porous structure to release therapeutic amounts of the at least one

therapeutig;agqgh48[ the BXIENGRS Gimen:d 6 PRIQYS SEUSCINE: IS RAstioned indiles Wirgqushumor at a
location away from the retina to deliver the therapeutic a(();ent to the target location with convective flow of
the vitreous hut‘ﬁB‘i‘f“ a range from about 160 Vickers to about 500 Vickers. The tigid porous structure may

comprise a hardness parameter within a range from about 200 Vickers to about 240 Vickers.

[0089] In many embodiments, the rigid porous structure comprises a surface area within a

range from about 2 mm(*2) to 0.2 mm("2).

25  [0090] In many embodiments, the rigid porous structure comprises a low resistance to flow.
The porous structure may comprise a porosity to maintain the low resistance to flow. The

porous structure may comprise a plurality of interconnecting channels extending between

5



101421 In many embodiments, the target location comprises choroidal neovascularization of a 70choroid
of the eye coupled to the tqrget location of the retina and wherein the therapeutic a(%ent comprises a
macromolecule Yo P8RV 8 Ehoroidal neovaseularization. [0143] In many ermBOdimEn gﬁﬁ’e therapeutic
agent comprises a macromolecule and wherein the container is coupled to the sclera and sized to
position the porous structure along a flow path of the vitreous humor extending toward the target location.
25[01441 In another aspect embodiments provide a therapeutic device to release at least one therapeutic
agent into an eygeafngaspatieit: Tide dhaapeulicsaemiae SRIIpEises afcoRiainedideo contaibrautherapeutic
amount of the atﬂltl-:-%%jt ne th gﬁfﬁupc a eerz:j.nThte owamteq__corrlplgrgs%s aresel voi[l\l/_v?ﬁp a P/olume sized to
contain atheraf)éu%lc ecu?an?ffi/ 0 f e at least one e?apeuﬁccé)genq[ or release over the extended time.
The container daipPivEstRgighanperols srity W 2610/08884BP Y 3010 OPREZ theomprising a
thickness, a sugiagga e anddaterconnecting channels coupled to the reservoir and configured to release
therapeutic amounts of the at least one therapeutic agent for the extended time, the rigid porous structure
disposed om a gistal| portiensf thecantainendoreleasathaatiigasserpdhrrapautictagentintadhe eye, A
penetrable barrti r is coupled to the r serv%i{OSIand %g%(])sed on aﬁ%rln );nit[nﬁllé)l%gg%n.of the container to

. .. an a lfsﬂ'sl ance 0(%21 cedle S1ze al[ect cr eut{c a 1nto I 01}3 . .
receive an injection o e at least one erapeutic agent. reten ructure is affixed to the container

and configured g, sAupl§ 10,3 USSHRRLINE AYS QS RANSL RS ING fXIRNdeR REHQd, {045 In another

aspect embodiments provide a method of treating an eye. A container comprising a reservoir and a
penetrable barfd&iofs Plape s TEULH S ARRAIP T SR 2P Sciera Bt e 1oEe RErRerdlf assYdservoir
comprises a fluitic&tdeast presneertp ispasseddhroughdhe pereisablebastiesrandihecconjunctiva
disposed oyer the penetrable harrier. A therapeutic amount of at least one therapeutic agent is injected
it the comtainar TRe e e P e B LA B
therapeutic ame{iPleikiapedity.ineeasnesting aiyreskibduintehtecraneufigieesniprises a buffer. 1S[0147] In
many embodiments, the fluid comprises at least one therapeutic agent. [0148] In many embodiments, the
at least one neé¥I&3perBiraiactirepisiatf aberbaHE HOR AT PRAGTSHSRIGHE AR Rifther
comprising remaviaghthe pidsast @op sfasdiadgondie panrtiablathaiari{8d49] In many embodiments,
the container comprises a rigid porous sintered material 20configured to release the at least one
therapeutic agdft9m itheconiainelifonantexiensded pepiadoct dtcleastiabowt threerrspntlds famd the rigid

porous sinjeredmatgHaL soMpriseR AnasdiesioR. diRAASER, anRRaa e pRNEY AklE Baflier. [0150L I

many embodiments, the at least one therapeutic agent is removed from the ‘container with an injection of
a solution in re&8eHdRI¢3NS FaHI¥AT reaction to the at least one 25therapeutic agent. An additional amount
of the at least one therapeutic agent ma\éj be injected into the container to resume treatment of the patient

with the at least SR8l thetAFRNRCRGERTO 15T T$H RIARY SHISBETHURRE StHA S IR WetaPeutic agent
injected into thengamtdéncomprispsisivieasiughe tfidysspensioi ofcsolia pactictest sfithelatiteast one

therapeUtiC ageiﬂtmﬁpé%%@%m@?ﬁé‘%%%%ﬂbﬁ M(lpggéggstantially inhibited when said solution or

20 suspension is injected into the reservoir. The reservoir may comprise a vent.

[0096] In many embodiments, the volume of the reservoir comprises from about 5 uL to
about 2000 uL of a solution or suspension of the at least one therapeutic agent to release the at

least one therapeutic agent for the extended period.

[0097] In many embodiments, the volume of the reservoir comprises from about 10 uL to
25  about 200 uL of a solution or suspension of the at least one therapeutic agent to release the at

least one therapeutic agent for the extended period.

[0098] In many embodiments, therapeutic device further comprises a retention structure

affixed to the container and configured to couple to at least one tissue structure of the patient



solution of the at least one therapeutic agent, at least one therapeutic agent adsorbed on particles or at
least one therapeutic agent reversibly bound on particles. [0152] In another aspectb embaodiments provide
a device to injeet)v QEATFEAL therapeutic agent into a container positioned Btdsst 6?{?&5?&} within the eye.
The device comprises a 5 chamber to hold a therapeutic quantity of at least one therapeutic agent. At
least one needle is coupled to the chamber and comprising a first lumen sized to inject the at least one
therapeutic agent into the container and a second lumen sized to receive liquid from the container when a
quantity of at lepstienadhdcapertie. agenk isdéjeatedsuckaLodk ndnanypeisebadineotsnthe at feast one
needle comprisea%a Iigﬁ ne edll% tc}?ul_plle tg tpetll(l)%rl}am er an ansa??ontdaneﬁglg %Hglegtg%q receptacle
to receive the Iiaufc:inejecte “from the CoRtainer when the at least one ther Belftlcoager?to IS |njeected.

101541 In manip éfifeelitaahtensthaciheamsiopegqeiddie bomysrisedachirsrdsd ediodoliptaitd the chamber
and a second ngeeele $RKAIRA 1A & BGRRIAUE HNdET VasHBALIAHEC MG the iavideairatied liam:.the

container when the at least one therapeutic agent is in,ected. 15101551 In many embodiments, the first
lumen extends 5 ZRFEISSRIMY s %Og%e%aﬂ“& TURSEH SRR 6 W SR INE B KR the: HKst opening
spaced apart frevierthe Seconck opering: Socthdlatetiedipmriddof the container is substantially replaced when
the quantity of the at least one therapeutic agent is injected. [0156] In another aped, embodiments
provide a theraf¥38t dbvica Yo rdledisems. (dastiohrorOtheragiwgtie dgprenedritoadFrausonaide of an eye

of a patient. The,tharapetic£evike CompriRairpaniainehtheantaita HaRRUICAMeMRLOf the at least
one therapeutic agent, th con.tain?r comé)é(i;iré% a reservoir, vgith a volume sized to contain a therapeutic

quantity of at le% B i A5 AUie AR ToY TR VR Yextended time of at least one year. The
reservoir comprj a volume of téeast about. 10 uL, The container comprises a barrier coupled to the
arasenvol and T s M e o ST S B R B R BB agent
within the reserieomapsicaseitrerctin atdersiprsimgrapthickresss injoshefate arckanctesarners is coupled to
the reservoir ang configrrechtairslesss ther apsidie. Amerntsialtike gt least one therapeutic agent for the
extended time of at least one year, the porous structure is coupled to the container to release the at least
one therapeutiqaE@ent intenihe @yeodnetentioniMiQ20kM08804 BREpTIIS2OMR2263E: Gtouatdre is affixed
to the container and gﬁnfig%ﬁg to go%gle to.gosgl {rgtgg éhe eye of the patient for the extended period.

odi

[0157] In many embc Sr%lénts, the' at least one t erapeuﬁ'g’agent comprises ranibizumab. 101581 In many

embodiments, g} leashone JeranReYlc AISRLLAMAUSES RRYasinA015 I many,emhadiments, the at

least one therapeutic agent comprises steroids, nonsteroidals, anti-inflammatories, antibiotiCs, glaucoma
treatments or nEFbpIGtEEithsSYROAOP I Ih AR BRI SRE METECRROTIRN I ipTises at least about 20 uL
and wherein the extended time comprises at least about two years and a molecular weight of the at least
one therapeutid Bd2ht (B APREECHH 1B58E 16 (e LR SRS AY WO IRAI RS HaHy & NEBHHERS, the quantity
comprises at lefistnabloot @0heleanchdvherein thhérexibmdegdetimelgbimprisescateasicaboutdwotlyears and a
molecular weight of the at least one therapeutic agent comprises at least about | 0 k Dal tons. 101621 In
many embodimeénts, the quantity comprises at least about 30 uL and wherein the extended time

comprisesgt lefghapout trseMeRE AL aalecklanweight oftheateastanadqtherapedtic agent
comprises at least about 100 Daltons. [0163] | man(g/ embaodiments, the quantity comprises at least about

30 tiL and wheraih THERSAEHHEN S LS S REE S CaSt SOOI PSRRI SRR SRUGA Weight of the
at least one therdpeutid tgentjcornprisestainl¢astoabout 10 khbaitonsd [@1654] [Mhanothércapest,
embodiments pIgyidR & HSIARSIIG ARYIGR IoHelease ALlGAIOonG ROharaReUIGAERRIRIR gvitreous

humor of an eye of a patient. The therapeutic device comprises a container to contain a therapeutic
amount of the ZEFELSPHRY HhE FHBURIE LGN PhEESHIAING FRURIPYISBP & HaSH/ i its-aNSlume sized to
contain a tiserapetitin g santityceb atdedst @ pe:therapeldticagent for igleasehovet airiaxtendad time. The
container compﬂ;‘,es a barrier coupled to thg 59[5\)%{1360111[ an disgosed alé)g(gma'g_ils%%?iie% Sgggrrltgorg aof the

. Ane 1‘ete§ 10N STructure mmay exten ¢ container an (}) 0 ..
reservoir container to 25contain ther peutlc agent within the reservoir. A porous structure comprising a

first side havin@uture hole for attachment to the sclera via a standard suture.



comprising a first plurality of openings is coupled to the reservoir and a second side comprises a second
plurality of openings to couple to the vitreous humor. The interconnecting channels extend between each
of the first pluram (2)?136)3%5#1895 (Tithe first side and each of the second WP CT/US2010/022631
2010/088548PCT/US2010/022631 plurality of openings of the second side to maintain release of the
therapeutic agent through the porous structure when partially blocked. A retention structure is affixed to
the container to couple to a sclera of the eve of the patient for the extended period. = 101651 In many
embodinients, theosleasenehihatierapatiticagenpiivaughithenorepisasirpiaidne istmaintained when
partially blocked with particles, 101661 In many embodiments, the release of the therapeutic agent
Fhrough the pordL & AL e BBt B el USATR A Fray
embodiments, fitetheledsedet paaatherapeutic agent through the porous structure is maintained when
partially blocked with particles comprising one or more of | Odegraded therapeutic agent or aggregated
therapeutic agdfil %¥he ParferedPRAGNpHS & sEPaEyPatuet et ageitchragdmeasyraded
therapeuticsagesntionay. CORopiise-a caafarrmational change ofaimalacasiesmstonetuice, afttha therapeutic
agent such thal gfficacy.of e deqraded (nerapentis adsnts dess fnap e herapeutic agent The
particles may compris the egra ed trherapeutgc agent and the egraaed ]ﬂ1etpapeut| agent may
comprise at leastteredimsied | 5chemical bond such that the molecules of the therapeutic agent such that
efficacy of the degraded therapeutic agent is less than the therapeutic agent. The particles may comprise
the aggregated! M&rhpdbtranyemnb aHemshets fcase df ard (i eartie FapeltcagemigaifpIsE s B plurality of
molecules of thédh@raneuicagesttHO2A8] st v anypenhodime otsctpen@lgasa ofihadaesapeutic agent
through the,porgus 20str re is maintained when a portion f;gw first i r the secgnd side is blocked
it 2 cov e e O B A B S B S Ce (0 rease
at least one ther@p#tic agent into a vitreous humor of an eye of a patient. The therapeutic device
comprises a container to contain a therapeutic amount of the at least one therapeutic agent, the
25container comlpPBind hresergr iR S VBTURE GESadSeAREAIN SHTErsFEutRIGE4RtL B Steast one

therapeutic aganttigrialease.onelr ar exeaded thaepcliie gentatescamppses @nariatcoupied to the

reservoir and disposed alang atleast.a partion e ihe.reservolr.contains i oniain, inrapeutic agent
within the reservoir. A porou structure comprises a first side ﬁavpng comprlsﬁlﬁd)a first area coupled to the
reservoir dAd acs&rgnpd nsided lhvinepd devsHcaraantss W 20¢0/088BUSPBTYWSROL0/022631 couple to

the vitreous hugri i flow ratesefitbaheranasticagent Ahrauohthe-ROUS SIEHCtUFR $8siaaSes less than
a per cent amount when the fgst area or tkge second Er?a.are d?lé:]reas?éebly the per cenpt amount. A

retention structdf&TEGHRSH td This EoMAher (st Pl IrEufa fBr the Sy & 6P tHE PR IS the
extended periostrsEn0t Fed bncordizyredrib odimmve mis nbre flonabate Of tigartherdpetiticdgaktithroegh the
porous structurgrdegigasesdassdhandie per cent amount when the first area and the second area are
decreased by the per cent amoimt. [0171] En many embodiments, a flow rate of the therapeutic agent

through theypor@¥e9] In many embodiments, the at least one therapeutic agent comprises a protein or

peptide and a molecular weight of at least about 10k Daltons.
[0110] In many embodiments, the at least one therapeutic agent comprises a VEGF inhibitor.

[0111] In many embodiments, the at least one therapeutic agent comprises at least a fragment
of an antibody and a molecular weight of at least about 10k Daltons. The at least one
25  therapeutic agent may comprise ranibizumab. The at least one therapeutic agent may comprise

bevacizumab. The at least one therapeutic agent may comprise AﬂiberceptTM.

[0112] In many embodiments, the reservoir and the porous structure are configured to release

therapeutic amounts of the at least one therapeutic agent corresponding to a concentration of at
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structure decreases less than five per cent amount when the first area or the second area are
10decreased by the five ipe/rcent. [0172] In another aspect, embodiments provide a therag)eutic device to
release at Ieast‘gﬁez%%?zfﬁé%tic agent into a vitreous humor of an eye of a Eéﬁé%??"r‘ﬂ/gz (‘}a]rapeutic device
comprises a container to contain a therapeutic amount of the at least one therapeutic agent. The
container comprises a reservoir with a volume sized to contain a therapeutic quantity of at least ISone
therapeutic agent for release over an extended time. The container comprises a barrier coupled to the
reservoir and disp@ssshatongegl-least i pruieon hihemaseEvaisicandaiightosertrtintharpeutic agent
within the reseryalr, Ao, StUctte. comprises @ (st side having & st pIutaily, of opepings coupled to
the reservoir and a second side aving a sécond p urﬁlﬁy of openings to couple 0 the Vitreous humor.
Interconnectingtshésnels extend from the first 70 plurality of openings on the first side to the second
plurality of openings on the second side to connect each of the plurality of openings on the first side with
each of the pluf8iidybf SpEAMGEBRiRE e CBhEFSIe T AnbIMERIAUSP RIS fEcaiddies e Leritainer and
configured $o caupipciaia-selan of theaeyawobibehpaten fagdhe axéenaath periochn@hd3idn snany
embodiments, {ng. it plyraib.comprises.atgast abortd 0 apanings,on ine st sde and the second
plurality comprises a ‘least about 1 openings on the second side and each’dt the at least about 10
openings of thecHigdsibiecitsd ohpcetethbow Atk of tvaths. |dAstalsoi @b pemprgssofiupiarssephe side with

the interconnecting ghanrelscaWV R ZPLHR3ERABR 6l 22010203 sarhhaffhe A deasiabeut 20
openings of the first side s Cop[frf]fde(%}%t‘?%teg h of the at least about 20 openin srﬁn the second side with

the interconnectifty 4Rl any ERBAIHHES S R SR AR Y TS HpRi&R S {dist about 40
openings of thedinst Sidenandihel sevod dipluralitybooniprisesnattzast about 40 openings on the second
side and 5each of the at least about 40 openings of the first side is connected to each of the at least
about 40 openiffyd Bn thewashteiiacnitrih e ieireresamectingehaeiibisidid PPe1s apbiRercaspect,
embodiments prigvide mutherapestiasleNics faselensr Al deashonastherrnaulie AeeNHnia. vitreous humor
of an eye of a patient. The therapeutic device comprises a container to contain a therapeutic amount of
the at least ongéhesppenticaganbodinenkdlepntainacicompisgs poieaeuattwittoapelu i sizgs to contain
a therapeutic quaniity of atleas! ane thetanents agent for Telease, aust aneXiended fime. The container
comprises a barriercoup ed 1o the reservoir an ISpose g"Z‘;ﬁong at least a porﬁon of the reservoir
container 18 contaiittiserbdiicoggleran Ritbin B ¢é &eposithAap BrsLRNS tHisctarat EoRfisesising side

having a first pliality| of QRERINGS LOURIRAIRIREIRSETNO IhaREasacaANthside FampMaiBg asecond
15plurality of openings to couple to the vitreous humor. The porous material comprises patrticles sintered
; STl bLbN Eadh Qe ;

to form intercoriBetng chANhEE eX&hdirg bt & U BIGPARY S opERiISEE OF e first side
and each of thexseconthphatality 6t opdmirgsobicthie secindisideit Releasetiofrtheitherapeutibagent through
the porous strugirs gRHESPRNZ PSRRI IR Q. isEPLIRM Al Sig e Rl 06 SitRedMakkTial and a

porosity of the sintered material above a 20percolation threshold. A retention structure is affixed to the
container &8 colfIE4Y% YeiBPRC5 A" &6 SPEHB RGBS 187THE arinddl Paimy: 164 ¥4 i&hany
embodiments, theydistribistiorwveerrespondstiinatiiegsti@bouidaryginteredpaticlesidisposed between the

first plurality of gpgRINGS; AR 5@&?%%9@818'.%&@%&&& Bﬂ!l%&%i&‘ﬁh%%iQJ&%&%&BMD%@ @peutic agent

when one or more of the first openings or the 25second openings is partially blocked.”101781 In another

aspect, embodiﬁ?é?ﬁ?%@ide a therapeutic device to release at least one therapeutic agent into a
vitreous humor of an eye of a patient. The therapeutic device comprises a container.to contain a

therapeutic am&UPbf HePTeHEPSHBIHE RS RHPLYBAP PP EAHRF USRS Y e ervoir with a
volume sizéd toccontzin@ therapedtic@uiaapiity odrat|least:30iany therageutic agentddbrelease over an

extended time. 1-1|;Q§0¥8L'11%% ol RQI?(QQHQ&t%rﬂb%S%%B is configured to bind to and inhibit the biologic
activity of human vascular endothelial growth factor A (VEGF-A) and wherein the

Ranibizumab has a molecular weight of approximately 48 k Daltons.
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WO 2010/088548PCT/US2010/022631 sectional dimension of the container and a height of the container.
The container comprises a barrier coupled to the reservoir and disposed along at least aéportion of the
reservoir to con%%zfﬁg/roasﬁséﬁtic agent within the reservoir. A porous structure C(/)lllﬁf)orllg/é%zaf’ lirst side
coupled to the reservoir and a second side to couple to the vitreous humor. The porous structure
comprises a 5thickness extending between the first side and the second side and a cross-sectional
dimension corresponding to an area of the first side and an area of the second side. The cross-sectional
dimension of th@ PAMOUB SHHAGtEED GOMPIELS 8% dtlaast abeubipnipecebs abihaterassiseetional dimension
of the container to relea therapeutic agent far the extended time. A retention structure is affixed to
the container 1AL EIE T & L INE O i e an et s 1D AR SRR ey
embodiments, trecergsdabeicnareihdpgion \Of te porpherstrberare vompswsiss REsmbout twenty
percent of the gresswaktionshdimensianpidnenconiaiorittiglaase thertheiapeuticragnt for the
extended time. 101801 Jn many embadiments, the cross-sectional dimension of thBe rous structure
Sur i i te

15comprises at PSS § DERE AR DI B S SR A PO H B RS 8Bithiner to release the
therapeutic agembfoxithecbxidfdddatione. [0181] In another aspect, embodiments provide a therapeutic
device to release at least one therapeutic agent into a vitreous humor of an eye of a patient. The
therapeutic devigblEomiprisey amiodhaneialile o Aerdoresaranastherapeiitic thiviagsk af the at least one
20therapeutic agemelag:f¥RaRREDISCRIAINE RARRrIsRSAfis LA RIabie s enfiguration for insertion
into the eye and a second. expanded profile configuration havi g areser oir S%edég} contain a therapeutic
amount of the &t 1EALF JHEerdUlie RoRI T EXgHUAEIH EARATAET EOMBRELS A BArUb structure
coupled td the réSenidic poreloaseytherarigast dnevthibrapeutic @gentodniéxperbdablé’tetéhtion structure
comprises a firgl RATEOWTEH, sonfiiRdam o ZRinsecien ahlsashnagiliinie seleraahibe eve and a
e

second expanded profile configuration to couple to the sclera of the eye. The expandable retention
structure is affiXSERE e @Y5aHLAB R R ACMAEHL bR I R an dapl AR esiREPEY tRERIeous humor
for the extended time w018 2]k g anyoenabadintents atoet @gpandable retention structure comprises a
resilient 30material comprising one or more of metal, thermoplastic, shape memory material or Nitinol.
WO 2010/0885W8PT T/WS201 R/02R14:B3n[O 1B} Hmnshpyremizsodiments; tHe prpandablesatention structure
comprises; 3 firg gXIeRRIONID EQURIE IQ.f lower side of the sclera and a second extension to couple to an
upper side of the sclera. 101841 In many embodiments, the first extension comprises a flange extending

distally in the Sfyst@onfigrratiemtepasaihiruandhe seleiaandihgieinthadanas exendadaterally’ in the
second configuration jo COl:er &gt e sclera. [018%]a|n many e?fnb?dime ts, the sfe§ond extension
n%t X ?l

comprises a flaligd SXtSHY AR PP ES A S RE R R GO RN PR L TG LRSI of an insertion
tool and wherefsirtiseifiangeertends letdrafiyrinsheusecondheafifiguyatiogttoo duphectodihe gelgra. 10101861

In another aspegt, aMPAdINERS,BrAVIAR RSIRRENIG deYiERIR-telRage A igastQng thefapeutic agent

into a vitreous humar of an eye of a patient. The therapeutic device comprises an expandable container
comprising‘a fi&?W&%Wé%ﬂféh&dﬂtﬁ&ﬂﬁ%%ﬁ?{gﬁﬁiBHXﬁfB“'PﬁIéOE%O&EE?"é@&BBh% eXpdnded
configuration comyrisingfahrggesvelttaccontain a therapeutic amount of the at least one therapeutic agent.
The expandable container comprises a 15rigid porous structure to release the at least one therapeutic
agent and an ekpjamtabterhayrienttediments, the rate of release of the at least one therapeutic agent

corresponds to a ratio of the porosity to the channel parameter, and the ratio of the porosity to
the channel parameter is less than about 0.5 such that the porous structure releases the at least
25  one therapeutic agent for the extended period. The ratio of the porosity to the channel
parameter can be less than about 0.2 such that the porous structure releases the at least one
therapeutic agent for the extended period. The ratio of the porosity to the channel parameter
can be less than about 0.1 such that the porous structure releases the at least one therapeutic

agent for the extended period. The ratio of the porosity to the channel parameter can be less
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inhibit release of the at least one therapeutic agent. An expandable support is affixed to the porous
structure and the exB)andabIe barrier to couple the porous structure to the reservoir when the container
has the expandé)vo0 goh%%slﬁ?fﬂion. An expandable retention structure compris'é%TéUﬁ%gfo Ciggoth profile
configuration for insertion at least partially into a sclera of the eye and a 20second expanded profile
configuration to couple to the sclera of the eye. The expandable retention structure is affixed to the
expandable container to couple the expandable container to the vitreous humor for the extended time.
101871 In manyhambedimendse i expanahab kerstPRAH GO plise Seast o5l igBiaMatey iakOMfaFsing one or
more of metal, EQE;”HQ I%rsigg, shape memory material or Tslitinol. 75101881 In many embodiments, the
expandable suppo?t cofﬁprls‘es a proximal annular portion and a distal annular portion, wherein a plurality
of members exjfsh Petyaen e prapmal annular ortion.anc e distal anpuiacAerion. MO
2010/088548PCT/US2010/022631 10189] In many embodiments, the plurality of expandable members
separate betweBHf iH&'pROHMEIERAUNAR BSRITRR FEPRE Qi SRaHRAA L pd o AWREPAHEE S HtEMer
comprises the expardedeanfiguratianaboutl01901 In many einbodiments, the therapeutic device further
comprises a penetrable barrier 5supported with the proximal annular portion. 1019111In many
embodiments, ldé2dgidIpoarayscsibudiuratis guppotedaithoingr distal damdlatepodtiodetdOdiBR1 In another
aspect, embodiens RIOYidR ARSKARGINS URC IndeleRsPALIERsIA0e IGIAPAIE AAFRLINte &

vitreous humor of an eye of a patient. The therapeutic device 10comprises a container to contain a
therapeutic am&iNeRHEAT e 4818 AdhiRERais i the AGENE STHENMENRS AP 'EsH SHsad B RERVEIF with a
volume sized taeniaiiadhatapautipauanditycafrahieass onesthatapetiticcagent Jonsaleasamver an
extended 1ii e. A ret ration sfructure 15 §ﬁixed to the containeg to coyeple to afsclera of the e(x??f the

. abou 5 m. HF Orous structure mz?/ cOmMprise a release rate index .0f nNY more than abou .
patient for the exten ed'time. The retention structure comprises an extension to couple to an upper side
of the sclera. THeEreldAROFPISSTRIRIrBBOMAPHLESE Petopttondssaifrothesdhernabaiddrimerextension. The
portion comprisgs ddesk widtuexiendingnsa firstdicestianiendrasecpngwigib.estendingrie a second
direction. The first width is greater than the second wi

g dth. 1101931 IQ m%nﬁ %rqbodirq_?\nts, the portion
comprises an ePSRYAE EFOLE NRCHIART AT HAViHG PSP UMt ERLREHG AI8HY & RFHCEXE and the
second width extendingrajorgnarOsecdonrd axisn{ol 94hommarnieeatbodifients). the portion comprises an
elliptical cross-sectional profile having the first width extending along a first axis of the elliptical profile and

the secondwidtAl@ttending &leny alisevvhhashssicihefdifpiicd norofe IO19s i siagthly embbdiments,

portion comprisgscasNeHEQN:RAFEINDaV Behihesfitshuidin Sigeddataas thanaweigssssaationabslimension of
the container an?gtﬁg}iin the second width sized smaller than a cross-sectional dimension of the
|

container to sed 1&fion of the sclera with the cross-sectional profile. WO

2010/088548P (520101922031, 40196110 ey erphodiments. the, airow, porion compyises a recess
extending subs j

antially around the narrow portion and wheréin the recess comprises a fhickness sized to
receive the scleydeast grofdrapcHigpgahroominBstsolpe s iasien eotaprisescahiof axrepsibpividth
extendingdp 5tRefirsidiection and a second extension width extending in the second direction, the first
extension width greater than the second extension width.

[0126] In many embodiments, the channels of the rigid porous structure comprises

interconnecting channels configured to pass the at least one therapeutic agent among the
interconnecting channels. The rigid porous structure may comprise grains of rigid material and
wherein the interconnecting channels extend at least partially around the grains of rigid

25  material to pass the at least one therapeutic agent through the porous material. The grains of
rigid material can be coupled together at loci of attachment, and the interconnecting channels

can extend at least partially around the loci of attachment.

[0127] In many embodiments, the porous structure comprises a sintered material. The

sintered material may comprise grains of material in which the grains comprise an average size
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[01981 In many embodiments, the extension comprises an elliptical profile having the first extension width
extending along a first axis of the elliptical profile and the second extension width extendin9 along a
second axis of the’ ezﬂllﬁét?(%%ﬂ%rofile. 10[0199] In many embodiments, the cont&in&?P Zc%%oﬁrzl%‘}es a
cross-sectional profile having a first distance across and a second distance across greater than the first
distance across. 102001 In many embodiments, the container comprises a cross-sectional profile having
a first distance across and a second distance across greater than the first distance across and wherein
the first distancerisoaligrerhsubstantially withsihe disshwidth and dhepsreendndisnension actassis 1Saligned
substantially wifh, the, cecond widih, (o, decrease visual Inerigrence. (02011 In.many empodiments the
cross-sectional pr(%fﬁe of the container %omprlses an elliptical profile. [0 eﬁ In"another aspe%t,
embodiments providseematddieicnelifing eh GyaimgagrRnsiepascrigmitcaidaneierkangperapeutic
device is provideghto Teleaserat ipast e thempelticagentniR4atonthaivitisous hvrepatameye of a
patient. The therapeutic deyice comprises a container and a retention structure affixed to the container.
The retenti%n sﬁvﬁé?ﬁ?élé%ﬁizﬁﬁélé(g%t P8 hoPln having a first longer distance across extending in a
frst direction apgh yrecand shorer flstance,aciess Aiending ina.second dection, The first longer
distance is greater than the second shorter distance. An e ongaf)e incision is formed in the sclera, the
incision comprisintygo2g e fytnedie aditralsngoacshrs Plard) of thee secrddratevieltbotmesength greater
than the width. Jhiecantaiees isoResitinmad inthe gyertadelersadherheranevtic agentciae narrow portion
of the retention structpre is aligned with the elongate incisign such trcl)(ﬁtge%he first longer distance across

extends substaPi5i AENG B SoRgHR NGB SR TS e 8B o e Aisa e Refoldextends
substantially across the Widthioérthigrisicisiomp WO 2t 8854 8RECITIUSREI0/0R2268 : A02B3] In many
embodiments, theRaks,plana extends irgumferentially along the eye between a choroid of the eye and a
pars plicata of the eye and wherein the length of the incision is greater than a distance across the pars

plana between theghorgislef theRYeRrAd, the ParsdlicataRlithg ayenpdiieseinthe Emethof the
incision is orienlted to fit the incjsion wi hiné?ehgars S%ana Qflt?e e%/e. 10é0d41 In many embodiments, the
eye comprises S CORIARTIR AR RIS IR i Tetlhtoh LHtl i E8mpiiaes M &xtension having a
distance across,grgater than the longer distance of the narraw pgrtion and wherein the extension is
posiioned bete B e ST e A B T P S e ovide
method oflfreatihtguah Byesbicacpatintala Tho chovpbeuticigalfeasbprevidaien s dhresdrvoir and a
therapeutic agapt dispRasshthenein. The container is positioned in the eye to release the therapeutic
agent. The narrow portion of the retention structure is aligned with the elongate incision such that the first
longer distance[@idnss @xirnrdssohbtanitalycaiang the-elangaiepnaisionansldhexsgapnmhshorter distance
across extends subsiantially, 261058 the width of the inaision. iR 102064 In.anoter aspedt, smpodiments
provide a method ofetreatmg an éye ot a patient. At erapeutic device Is provur:]e comprising a container
and a therapeutiétaigdnt disposed within the container. The therapeutic agent comprises a half-life within
the container of at least about 20 days when implanted. The container is postioned in the eye to release
the therapgUtic [353t, WhBpainctRRP e I8 g el SRAIHE HEPaRsiiae A gent 987 2iadidtlabout 90 days.
20102071 In anethafcasgest, @ mpladimens {revidenatriethod afibieating amnceyecompdgatient. A therapeutic
device is provided comprising areservalr and o herapeutic anent dispased withip the feseryoir. The
therapeutic agent comprises a haifife Within the reservoir of no more than about 30 days ‘when
implanted. The £atitaits IS PEsitopeatiicthadgte el exsr wichhaxip et dhagesit! ey eyanssteated with
the thhe(;ar;euticea%atcf@é @m#ﬁ,aﬁt, Ak, l@?@@yﬁe@&ﬁ@z@%éﬂ]@@%n@rd, asneglogmbodiments prO\éide a
method of treatjng an.eye of a patient. A therapeutic device is provide mprising a reservoir and a
therapeutit agon LPRLER b HECTELEITETR AP GR8 BF Ao e B BB S BRIFAAE it the
reservoir when lirglentetistFihess atbdiféOdifiiflthe tesévbir ihsalstadtiadlyrgieatapriban acconresponding
half-life of the therapeLtia ageRtWbeRiBleaied diteqty MR DEMIERIUSTNESHUAREIiShWVO
2010/088548PCT/US2010/022631 ositionedp in the eye to release the therapeutic agent, and the eye is
treated with thePt YRR R AN T4t FeARSBISd L DB G AT CTH 28 Ry ST BEUIHIETIE, the

therapeutic agent comprises ranibizt 'nab. 102101 In another aspect, embodiments provide a method of
manufacturing a therapeutic
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5device to release a therapeutic agent. A gas is measured coupled to a porous structure. A container is
provided to contain the therapeutic agent. The porous structure is coupled to the container. 102111 In
many embodim(‘e)vn(fsz,ofﬁ/((a)sé?i? is measured to determine a release rate of thePt%Te/PaSﬁ%lt?chngé]ent through the
porous structure. 10[02121 In many embodiments, the gas is measured to etermine a resistance to flow
of the porous structure. 102131 In many embodiments, the gas is measured with a first pressure at a first

time and a second pressure at a second time. 102141 In many embodiments, the gas is measured
with a pressuretigh @paicrasspiie e1eAs dbsirreikke fddtiplche panyremmkadipy@ntsidtie gas is measured
with a volume ofo%lgygeasse%ﬁmo%eh t(f)] Egtr}ggls %guglturzﬁleg nit time. 102161 In many embodiments,
the gas is measy efore the Boro’LPs diriictire 15 ¢oupled 1o the container. 20102171 In many

embodiments, e H|erapeiife Qﬁ%‘aﬁn%ﬂm%iéﬁﬁe%s?HQ@%%-&%HSM&E‘&%PQ@ {?ﬂf@ﬁ'%‘é{vi imgggured when

the porous structure'is affixed to the support structure. 102181 In many- embodiments, the gas flow is
measured a firiHBBHERTE e PorttiesicirBtsaripied t tHérBrna ey @ thieeivice therapeutic
comprises a sugpaibasshiwhsrgiméhe igas fewhissmadsusect.a segenddinenphsandhe parussiructure is

affied to the Zqayoport, WO 2010/08B48RCT(HISPRANI022631 103101 I snothst aspsct, embodiments
provide a method 0 %reatlﬁg ak eyeeﬁavm a Vitreous humor. antltfol} a formulation of therapeutic

agent is injecteaifitdcatierspeliekide Aritochbrapetitcagevice is tuned to receive the quantity.
102201 In another aspect, embodiments provide a method of treating an eye having a vitreous Shumor. A
formulation of dthithp&utitRgErRI BFEAdEs ITHE therapbtrasgRivuEh ddpape bt 688ty the eye with

bolus injections. The formulation has a corresponding period between each of the bolos injections to treat
the eye and eatH &1lthd HORIESHIERS RS AL Ruispmsae o VsItheRPr R dsdrmaistigh <l thdt%each of the
bolus injedtionsiconpespongstmia tgngenohihemapetitic. COnogntiptionsiofithemgeittin thetyvitkeous humor to

treat the eye. ACHE?JI@IQ%H&%}%%HLCF%A%&QM deLQ HreahdhgSue é’%&ﬂ.a"f‘hié"é%ﬁﬂa‘?&locfoﬁ%r}é%%“e of the

formulation into the device, and the device comprises a container having a chamber to contain a volume
of the therapeufieaYREhY Hha YHIBERZRTSIN O rileadsraneviterapaittielabetit frshth I CRBFer to the
vitreous humoraddaefypluimecaithenceriainer @nel the: releasemesharisapakadunechie treat the eye with

concentrations of thel‘ Ehercl %égc agent nthe wtreouslgélpg% within JQ%&?Q&% f(a{e%rt\ ex{eanded 15time with

i
each injection of trﬁpéraagntlty, and the aei‘tér?&%%ﬁ?rﬁcéugomprlsggeszﬁr‘reast about twice the ?Jé?iod. 102211 In
many embadimésrpottie emamber! cbhapliseircsibiapaniiafigcfixid holeiisadapdtite Fole®gewate mechanism

comprises a sufigiantiaiyrigideateciurgdp saintaimealsasaof thetherapaHtie.agenbanayve the minimum

inhibitory concentration for th exten(fled tme with each . . :
container to couple to a sclera ot the eye and position the porous structure at a location of the

eye to deliver the therapeutic agent toward a target region of the retina with convective flow of

the vitreous humor.

20 [0136] In many embodiments, the target location of the retina corresponds to

neovascularization of a lesion coupled to the target region of the retina.

[0137] In many embodiments, the therapeutic agent comprises a macromolecule and wherein

the porous structure comprises interconnecting channels sized to pass the macromolecule.

[0138] In many embodiments, the therapeutic agent comprises a steroid and wherein the
25  porous structure comprises a surface oriented away from a lens of the eye to inhibit formation

of a cataract when the steroid is released.

[0139] In another aspect embodiments provide therapeutic device to release at least one

therapeutic agent into a patient having a retina. The therapeutic device comprises a container to
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20injection of a plurality of injections. 102221 In many embodiments, the release mechanism comprises
one or more of a porous frit, a permeable membrane, a semi-permeable memprane, a cagillary tube or a
tortuous channe‘f{ 5068/9§Pr5ljétures, nano-channels or sintered nano-particleg.CT/ %ﬁ)ﬂ?ﬁzfﬁ r]nany
embodiments, the release mechanism comprises the porous fit and wherein 25the porous fit comprises a
porosity, cross sectional area, and a thickness to release the therapeutic agent for the extended time.
102241 In many embodiments, the volume of t:he container comprises no more than about twice the
volume of the fosmbilabi @rapVid 2N OINEEMSR (1 bn hk(PRRI6 3L A0 22R] dmmamycembreiments, the
volume of the container comprises no re than tr}% }/olume of th%foofrmeuéll pon. 10%1261 In. many

. ICHCIVOIT W 1 plymc sized [0 contain 4 thera euthc uanti cast on¢ therapeutic .
embodiments, a first portion of the Injection passes throug e release mechanism and treats the patient

when the formulgtirioisr fjasstedcaid exsadehtinportibnonthiec 3 foipnstatoniyiesitaimed in the chamber

when the formulatignsisdniented-anchinescencantialing af ihalareiiicipgrRNIMRRMIlbaerasBUMOT is within
the range of the thera‘rg).eutic concentrations for the extended time ﬁom)ﬁ?risf%l(g at Ie%ﬁé about twice the
fipfisedTsss

period. 102271 T5ARSIYS SHBEE Rt 58 L SIG HEHE deiainer aN"thE volume of the
injected formulatiorhand wiksreihaa firstportigrobthel ihjectionnpassesdhiroughithecreleagded@mechanism

when the fOfmq@@ﬁtQJ&jﬁp&%@g Qs%ﬁ:%’ﬂ{@'ﬂ?eoéy&%%&ﬁif)‘ﬁr%%ﬂ% Sronaing s ihe ghamber when

the formulation is injected. 102281 In many embodiments, a vent is opened to exchange material
disposed withirfth& AR HhRHERFIEE RSSO FRTIRENEN WA EHIHY eV eRt 152BRSEBE to pass the first
portion throughrthehvelgasameghanismghbd@2291 In many embodiments, the volume and the
mechanism are tuned to release the therapeutic concentration within the range for the extended time
based on &halfiifdldf thentheyapbuaticragenhirtlibepattecygstumariefthereyeg@inknaye may comprise a
human eye and,the.balf life.qappe determined based on the half life of the therapeutic agent in the
human eye. The half life of the therapeutic agent may comprise at least about one hour, for example For

a 20therapeutiq@aent cRmRIRING R SMaldneiasy|Rofihehalille af thaitheraprwic agant may comprise at
least about four days, for example for a therapeutic, agent com risir(1j a large molecule. 102301 In another
et tRoRe SH G

aspect, embodiHiENS POVIEES HietAda bFRHAISE S SR A CRIESIL RIS R therapeutic device
is provided havingtarchambetisizédtd bontainiacvblimtaf e @ithexapeoficthgeptuand@mpoidus structure

coupled to the chHAMALT AHHUSGIPEIKPAUIIRT CANRISRG FIGRSLLAG OGN 1 Bi§Sha formulation of a

therapeutic agent, the injector comprism%ﬁ% valve coupled to the at least one lumen. The therapeutic
device is coupl & TPTHECIAFERLG Wt HHE SR 56t dris RIFEREREBREHR G4t et By Hd the therapeutic
device. A first pariionaof thexformautatibonislinjedteddnkoi thetchambenidenihe thalvegs bpaivto exchange

WO 2010/0885&%5’%‘5@&@9}8{9 g@lglviﬂne%li%rh%lng&'?jposed within the chamber with the first portion

formulation. A second portion of the formulation Is injected when the valve is closed to pass formulation
through the pormgﬁtrL{ﬁtleﬁy embodiments, the target location comprises choroidal neovascularization of a

20 choroid of the eye coupled to the target location of the retina and wherein the therapeutic agent

comprises a macromolecule to treat the choroidal neovascularization.

[0143] In many embodiments, the therapeutic agent comprises a macromolecule and wherein
the container is coupled to the sclera and sized to position the porous structure along a flow

path of the vitreous humor extending toward the target location.

25 |0144] In another aspect embodiments provide a therapeutic device to release at least one
therapeutic agent into an eye of a patient. The therapeutic device comprises a container to
contain a therapeutic amount of the at least one therapeutic agent. The container comprises a
reservoir with a volume sized to contain a therapeutic quantity of the at least one therapeutic

agent for release over the extended time. The container comprises a rigid porous structure
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102311 In many einbodinients, a part of the first portion passes through the porous structure 5when the
valve is closed and the second portion is injected. 102321 In many embodiments, a part of the second
portion passes tYﬁV%ﬁOdﬂ/ %%%orous structure when the valve is closed and & Sec8hd’ %Zg?ﬁ%)n is injected.
102331 In another aspect, embodiments provide a therapeutic device for treating an eye having a
vitreous humor. The therapeutic device comprises a reservoir and porous structure 10tuned to release for
an exetended time therapeutic amounts of a therapeutic agent injected into the reservoir. 102341 In many
embodiments, $ienpeEddS SiTHGIKe Contpiisesanelaasemeghanismmanchthe deseivaiserobiime and the
release mechanism are tuned tg release the.therapeutic amounts of the therapeuti nt for the
extondied time e R T T I G LT Al A B (B eSS0 aman eve. The

half life of the tiigiededitinagentigrhpocomm piriseuzt deresabaut dnelmotiroter exaviphenibitearahesapeutic

agent comprising a:3albroeigeipie:it hechall dife.of fhe Ahrrrpemticagent MAyIcMRKisR AhJsRst about four
days, for example, %gr a therapeutic aqent comprisin a.larg[e molecule. 102351 | an?ther aspect,
e

embodiments prEVItEPS FHSThLB BT PERRE AP V8 HAMY A SO TSSOSO THE ThépapElitic device is
provided comptisingcatreggmoinandmporous stngaturéi tathedtio release therapbaticimounts ofa

therapeutic ageqt fer, AR eXRISREEHME 4} AaRity:f Hagrapeutic agent is injected into the reservoir, and

the therapeutic agent is released from the tuned reservoir and porous structure for the extended time.

[0236] In anothyiaspest, SOIRQMUPRLALSBIAVIAGAPraaRALatE R taataneye Ravingayiceous 25humor.

The apparatus comprises a therapeutic device comprising reservoir to containp a therapeuti ent and a
porous structuré AT THIEA HAS b EFSHIGES CaHde b SERSHULIAT P AN A 164 DIt e

comprising® firstdumersianid: acsecomddumens afdithe\fitsischegmbetl coupleditdthefitkt lumen to inject the

therapeutic ag%h&%é%@rﬁé%ﬁ@ﬁf@@&fﬁﬂl&%ﬁ‘@%&%ﬁ"&iér H&?é%‘ﬁ%@ chambeardz.coupied to the second
lumen with a valve disposed WO 2010/688548P T/US2010/022631 therebetween to receive material

from the reservitUWHeh thEaRS TEeEBEN SAaTPaSIRErAdR e Lg8RI tHrolighitHE BoRsUS striitture when
the valve is closedibfiR3Z]ynancthiefaspectosmbodimeants providetia meihod afjtkeating an eye having a
vitreous humor. A volume of a formulation of Ranibizumab is injected into a therapeutic device, the
5volume is withi#h é6iangefroyreaboditnt0tiotiBOfuld dneieneentfation of Ranibizumab of the formulation is
within a range from about 8 to 12 ing/mL, such that the injection comprises a weight Ranibizurnab within a
range from3abol 674 tdrabaut ObetgertR AibivdrerapFheaRaiirAthebrie sl es®ed in therapeutic
amounts for an extended time of at least about 1 months. 10102381 In many embodiments, the
formulation conii8bs e arepdipiaibie Ferhonrtrsa o Peiieainidhe PapfdrthE Daitha éorresponds to
a monthly bolusdnjectipsmat-aidauhdthétho Ofilrthee BoisiFrisand-aoo ngantration ainhe: Ranflizumab in the
vitreous humor rgnré’[aaigl% gérlreearst about 4 ug/inL for the extended time. 102391 In another aspect,
embodiments provide a method of treating an eye. The method

[0149] In many embodiments, the container comprises a rigid porous sintered material
20  configured to release the at least one therapeutic agent from the container for an extended
period of at least about three months, and the rigid porous sintered material comprises a needle

stop disposed opposite the penetrable barrier.

[0150] In many embodiments, the at least one therapeutic agent is removed from the
container with an injection of a solution in response to a patient reaction to the at least one
25  therapeutic agent. An additional amount of the at least one therapeutic agent may be injected

into the container to resume treatment of the patient with the at least one therapeutic agent.

[0151] In many embodiments, the at least one therapeutic agent injected into the container

comprises at least one of a suspension of solid particles of the at least one therapeutic agent, a
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IScomprises placing a container comprising a reservoir and a penetrable barrier at least partially through
a sclera of the eYve wherein the reservoir comprises a fluid. A therapeutic amount of at least one
therapeutic agent(fs2 %‘J)Qéf‘eszginto the container. The therapeutic amount corFé:sTﬁ%%zaéof?f? Jolus injection
to treat the eye for about one month and therapeutic quantities of the therapeutic agent are released from
the container for at least about two months to treat the eye. 20102401 In another aspect, embodiments
provide a method of treating an eye, the eye having a sclera and a pars plana. A therapeutic device is
provided COMpKSINg A GG FEISRIVEHE, BcRPLAUS SLEHC R8N sharetentian stenciusebtieretention structure
comprising an eloggate Cross: (e):nctit%ré%l Lrl%)fiIe.e,rbl\tq_eige(i_issiL n,is fOJmed t .rf)lsj‘gh the sclera and extending

1 ¢s or.at a boun n parficlie .
along the pars Bfana region. The therapeutic device is advanced into the Sclera with the elongate

cross-sectional, gppyofilg Aligned,with R, NRIRIAN BIeNAINaRAS B'ANR: ANG,IN6,E'RRARLG Fross-sectional

profile seals the incision when the elongate cross-sectional profile contacts the sclera. 102411 In many
embodiments, #¥&RAfAMEMIERURETHE Qshirisss ricshiorHip Rt EidpasetPBvEsthe elongate
cross-sectionaldasafier ansbwheareiapthe conianabie | lange:epatactsiandppen surtaceafdbessclera when
the elongate cross sectional profile cantacts e selera, Q.20 10/088P48R G 220101020631 102421
In many embodplmgnts, the eye comprisespa coﬁjunctlva and the me{ﬁoéhfeurther comprlsé)s %orming a first
incision throughighie eomjbnesiviaizar a1t srhseadibmcnHezedisueretive g v dvatthe exsose thcselera at a
second locationy The,Reisieasreuab-ipa seleiaisiofroged. at the second location, and the incision through
conjunctiva is slid to the first location to cover the 5implant at the second location and seal the incision.
102431 In anotjiasaspecinginbadiniarispravide an appataitisonhieappiraius o tppisasatherapeutic
device comprising a shape changing drug reservoir, a porous structyre and a retention structure, and
camnuta T T B B R A ST B B e he
therapeutic devieetdpmptiseshant éaiigacehssaren stespeifaria@idsertion into the sclera and wherein the
device is configured to expand to a second elongate wide shape for retention in the sclera 102451 In
many embodim@hfé] thE FR&RHBIP BN Ts &S ANt SRsFstRecemapEcivh R iRseteertrietigrthe sclera and
comprises an exiensednballoesnecthshipeuphenfiledopittidhadapeuticragent kb kD2dGlinpoether aspect,
embodiments pﬁ%‘rﬂ‘é}? a therge[r)%q;(j:% %%‘éitcl‘?: to treaf a atient. The devi&%’comprising means for releasing

) t t.
therapeutic amounts 8fcgntﬁlerapeutlc agen??or an extended period. BRIEF DESCRIPTION

OF THE DRAWRNGS [Q24/ i ufRANS A0 GY8 SHIARIE.f9L ig'gﬂg%g&ﬁ&iﬁﬂ B NEARA en

20accordance with embodiments of the present invention; 102 . 1A- fgshows.a therapeutic device
implanted at le&3tepaHiARy ARt RARSe [BFIY ARsuy@saachd enest fromy e AeeO @pepans gk EhatA-1-2 show
a therapeutic devdceuir plantednssidarithebsanjunetivaland exie adingahroughhthe seterado release a
therapeutic agetFt ipté)ut\{(i:tge(e)rﬂslshlgmc i dof the eye so 25as to treat the retina of the, in accordance with
embodiments o %ﬁé)prese t |nveﬁ?lon;'102501 FIG. 1A-2 shows structures of a therapeutic device

configured for Hlﬁ%&;ﬂen}ejﬂoﬁ% RAILEAAR 1IN AndelpAECAL0I08 S SR mENS5.Of the
presentlnvz%ntlon; 0 2010/088548PCT/US2010/022631

therapeutic agent into a vitreous humor of an eye of a patient. The therapeutic device
comprises a container to contain a therapeutic amount of the at least one therapeutic agent, the
container comprising a reservoir with a volume sized to contain a therapeutic quantity of at
least one therapeutic agent for release over an extended time of at least one year. The reservoir
comprises a volume of at least about 10 uL. The container comprises a barrier coupled to the

25  reservoir and disposed along at least a portion of the reservoir container to contain therapeutic
agent within the reservoir. A porous structure comprising a thickness, a surface area and
channels is coupled to the reservoir and configured to release therapeutic amounts of the at
least one therapeutic agent for the extended time of at least one year, the porous structure is

coupled to the container to release the at least one therapeutic agent into the eye. A retention
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102511 FIG. 1A-2- | shows a therapeutic device loaded into an insertion catmula, in which the device
comprises an elongate narrow shape for insertion into the sclera, and in which the device is configured to
expand to a seco Oell%?lsgg?% wide shape for retention at least partially in thgcsgfésr%);lgiﬁ%]zl FIG. 1A-2-2
shows a therapeutic device comprising a reservoir suitable for loading in a cannula; [0253] FIG. IB shows
a therapeutic device configured for placement in an eye as in FIG. IA-1 and IA-1-1, in accordance with
embodiments of the present invention; 102541 FIG. IC shows a therapeutic device configured for
placement in aRteyeirRS AT 1Athd b@Rgldr And-2oiifi @ceOTslanGRWith erbodimenisshithgprasent
invention; 1025§1tEIGXtIC-@ shg\(/)vds at least one exit port,according to embodiments of Ic present
invention; 1025 1RGEM f 8hows a method of removing a binding material, according to embodiments

of the present ifyaation;, 20284kl Gid i ARG INFRIHRE, G g&@%&ﬂgr?sg%mmlﬁaﬁecond insert

having the TA bound thereori; 102581 FIG. IC-3 shows syringe being filled with a commercially available

formulation of thargeutic.agentiardniesiondaiethe.harRpputic deviceohASGHAARGE Mh embodiments;
[0259] FIG. ID shows a therapeutic device configured for placement in an eye as in FIG. IA- 20l and | A-I

-1, in which ¢he gavige campiisesmalialityefchammbesrsendchannels.cannesting e, chambers so as to
linearize the release ofdt!l]e thera%eutic agent; 102601 FfG. IE shows a therapleutic device configured for

. nonsteroidals Iantlammatorics,, antibiotic ugoma, treatments or neuroprotectives.
placement in aneye as in FISEM R AR AT IR \hich e device compnsespa needié stop located at

the bottom of t 61 rapelgfjltic dev[i)%gf' 25[{02@1 FIG. 1E-1 _hgw a theggp%ti&d%\éi%% C .nf[ ured for
placement in at;t] e%lﬁas?n I%PégmlArln and IA?%]LTH |gyvx?ﬁ}8]r2| the evz}sctea colrtr.lprité.e;s1 a negg e steop located at
the bottom of tH&!opfies YOTEC0BBBHS PAPAUE 2B B/ 2o antheraieiic Beiakerhid thisshapse of the device

encourages thaynayementiaf thegherapatiic agentoyithinothe chamber of the therapeutic device; [0262]
FIG. 1E-2 shows a therapeutic device configured for placement in an eye as in FIGS. IA-1 and IA-1-1, in

which the devidemamprisesms aeedlersiop tbcatadtin theprikddie RhdhedihBrapemticvienieahd 02631 NG.
LE-3 shows a (NGARGH RGNS CONIRUIBHIR RIRGEMEN] AUEXRARILAIG R kAL ARIIA- 1 In

|
which the device comprises a needle stop located in the mi 0 apeutic device and the shape
of the device eftttinaEs g8 AEVEITERE bPEhtbeHEAFdloBent within the chamber of the therapeutic

device; | 0[0264] FIG. | E-3-1 shows a top view of the therapeutic device configured for placement in an
eye as in FIGSIWEZb. 135887 $E0DEREGNESHGUEESE BB SUAtABIE 18P THhcbH oL SRSt e therapeutic
device, in accordandedwitlr esntpodinentssofiibe prieseatrinmentianlcculaf02661 bIG.e3AIskows a collar

suitable fofncorROrAiRn Wi (8 SNSIARGUNE ASYIGB0 Battons.

[0163] In many embodiments, the quantity comprises at least about 30 ul. and wherein the
extended time comprises at least about three years and a molecular weight of the at least one

therapeutic agent comprises at least about 10 k Daltons.

[0164] In another apect, embodiments provide a therapeutic device to release at least one

20  therapeutic agent into a vitreous humor of an eye of a patient. The therapeutic device
comprises a container to contain a therapeutic amount of the at least one therapeutic agent. The
container comprises a reservoir with a volume sized to contain a therapeutic quantity of at least
one therapeutic agent for release over an extended time. The container comprises a barrier
coupled to the reservoir and disposed along at least a portion of the reservoir container to

25  contain therapeutic agent within the reservoir. A porous structure comprising a first side having
comprising a first plurality of openings is coupled to the reservoir and a second side comprises
a second plurality of openings to couple to the vitreous humor. The interconnecting channels

extend between each of the first plurality of openings of the first side and each of the second
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isaccordance with embodiments of the present invention; [0267] FIG. 313 shows biocompatible material
impregnated with an anti-bacterial agent on the therapeutic device to inhibit bacterialo%rowth along the
en

device from the ¥Q&MAERE vitreous humor; [0268] FIG 4A shows reIeasg(cﬁllrlésgzron1 &%t antibodies,

and FIG. 4B shows antibody 20fragments reversibly bound to a substrate, in accordance with
embodiments of the present invention; 102691 FIG. 5A shows a therapeutic device coupled to an injector
to insert therapeutic agent into the device; [0270] FIG. 5A- | shows a therapeutic device coupled to an
injector to simufrngRushopjest 25andscesaveimatasiatdfiomdhe davicerkpatllafdG th&ghaws a

therapeutic device comprising a micro loop channel; [0272] FIG, 5C. | shows a therapeutic device
compriaing a ol LRl S SR B a e SIS a AN T 1ol E s RS Wrows a
therapeutic devieertoimpriding o deited ehibnnaicngprde F@dshHpshodvs an expandable and contractible
structure to retain the therapeutic agent and an outer rigid casing to couple to the sclera; 102751 FIGS.
5E shows a meltneltisposettodarar ¢t lssasePhtiRéhaipRtiit Assntlr SEZROMIE. 5F shows a

therapeuticsdevigacaaviphising addkbular pnemiraioexeliampaaacke the therapeutic device; 102771 FIG. 6A
| shows a therapeutic device comprising a container having a penctratable barrier disposed on a first end,
a porous struct{iresdjspbsaengrabsdoonkaind kdcraladsbetthergpeatitiegetdagtathogxiensed period, and a

retention structyﬁ%&g@@r{iﬂn}%ngae‘;sh%g%iémallIggqgg%giggho&g\@{gg'from the container to couple to the

sclera and the conjunctiva; 102781 FIG. 6A-2"shows a therapeutic device as in FIG. 6A comprising a

rounded distal ggy71027 kK GnRRi ShAWSIR FaidsParouSRtrRie LoRfigres fat shisiained release with

a device as in FIG. 6A; 102801 FIG. 6B- | shows interconnecting channels extending from a first side
to a second sidd1EBR R BB SRR R PRtk dg 4 RBDE T PREM B8 P SAORE 2B lurality of paths of
the therapHutic @gedtalbogthei¢niercannggtipgchamapistexiendinthérpatieldsrstagidertoriacseeond side of

the porous S”U‘&E‘g@d@étml%ﬁ%ﬁ%cé 208 o3 diorad QAR el e Qg'le%f%D%XY&pRE%%&?o%&H‘SnQPe”i”QS

with a covering and the plurality of paths 200f the therapeutic agent along the interconnecting channels

extending from AaEs Yden@icsidacinareitiel dratsproiseeticinet siirteyf g ralasadsd 3-1;

therapeutic agent is less than the therapeutic agent. The particles may comprise the degraded
therapeutic agent and the degraded therapeutic agent may comprise at least one altered

15  chemical bond such that the molecules of the therapeutic agent such that efficacy of the
degraded therapeutic agent is less than the therapeutic agent. The particles may comprise the
aggregated therapeutic agent and wherein the aggregated therapeutic agent comprises a

plurality of molecules of the therapeutic agent.

[0168] In many embodiments, the release of the therapeutic agent through the porous
20  structure is maintained when a portion of the first side or the second side is blocked with a

covering material.

[0169] In another aspect, embodiments provide a therapeutic device to release at least one
therapeutic agent into a vitreous humor of an eye of a patient. The therapeutic device
comprises a container to contain a therapeutic amount of the at least one therapeutic agent, the
25  container comprising a reservoir with a volume sized to contain a therapeutic quantity of at
least one therapeutic agent for release over an extended time. The container comprises a barrier
coupled to the reservoir and disposed along at least a portion of the reservoir container to
contain therapeutic agent within the reservoir. A porous structure comprises a first side having

comprising a first area coupled to the reservoir and a second side having a second area to
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102831 FIG. 613-4 shows blockage of the openings with particles and the plurality of paths of the
therapeutic agent along the interconnecting channels extending from a first side to a second side of the
porous structure ‘a5 i1 FIE 8613 and 613-1; 15102841 FIG. 6B-5 shows an Brethdt W sectional size
and area corresponding to the plurality of paths of the therapeutic agent along the interconnecting
channels extending from a first side to a second side of the porous structure as in FIGS. 613 and 6B-1;
WO 2010/088548PCT/US2010/022631 [0285] FIG. 6C shows a rigid porous structure as in FIG. 6B
incorporated intewsatefia( iaskud 02861 KlGo6Rirshransia rgidRoQus BHiugtR psrindsachi: coupled
with a reservoir for sustained release; . 102871 FIG. hows a rigid porous structure as in FIG. 6B
Comprising & NS BI0y bl B o R el T SR T PSSt Rbus structure
as in FIG. 613 dsnmpriginiganioh-ineinbelicarstucireifed sudmpatinsidasernio 28 scleieoBits shows
porous nanostrctyieg. A ReEOsFMCRWREMaRdiments; 102901 FIG. 7 shows a therapeutic device
coupled to an injector that removes material from 10the device and injects therapeutic agent into the
device, accordifg 10] enbedinemts;da299, 1hk iaw/Ats boivs thcihgsapelgiatdavigm eapprising a porous
structure and a penctiable bariet a5 In F13: O, wiih thepensable barier aoupledtg an njector to inject
and remove materlrgﬂ from the device, In accordance with embo iments; 2857 ?Sl'g.af&?shows a
therapeutic devieer@sephedhonsndnjeamsiuineedle comprising a stop 15that positions the distal end of the
needle near the proximal end of the device to flush the reservoir with ejection of liquid formulation through
the porous fit stitlctre rmeg¥sraerieshithadirdainmé s therpposs peops thraes s \wer e therapeutic device
comprising a petiettablecbatker caupladito gn tojgatosia injectiantkyemave malekal remathe device such
that the Iic%id in the r%j%g/v%i% gsv 20echanged with the injected formulation, in accordance with

1G. -1 '

embodiments; ﬁfﬁ@eﬁf “dhows a side cross-sectional view of a therapeutic device eotnprising

retention structyjplaving, . grassseetianaized o inien flongate Ncision. ascrdanggath

embodiments; = 102951 FIG. 7B-2 shows an isometric view of the therapeutic device as in FIG, 7B-1,;
75102961 FIG.rB2pculinnis™ Wp Vatr ofstietpe bpeticode vris ds TEsrapaUic@2097 FIG. 7B-4 shows a
side cross sectiangridaw alangthe sbodisideofiheiceiantian Stivatueesofihedherpeuiittdemee as in
FIG. 7B- I; WO,2010/088548PCT/\S2010/922631 [0298] FIG. 713-5 shows.a bottom view of the

SCIVOII Wi 1ZC

therapeutic device aselrnc?frg.lsfé?ﬁmplante in the sc era; [%5% llglgh?i%eg}& g ows a quttlarllsé tool
comprisinga bleetivanneia agsatice oeressp orging t e perimetee efthagaeippaasahapdrimeter of the

narrow retentiopogpiug e dPeLtinni ke3P dsFl @isn B 16A: AN iBne T shaw-distaltipsssectional view
and a proximal cross- sectional view, rq§§ectivel¥‘,{ of a therapeutic device compri&ngﬁg\h%lon ate and

non-circular cros8 80EREN S S8R A EU AR EE Wit e MBS SRS e comprises'a first vin

a first plurality of openings coupled to the reservoir and a second side having a second plurality
of openings to couple to the vitreous humor. Interconnecting channels extend from the first

20 plurality of openings on the first side to the second plurality of openings on the second side to
connect each of the plurality of openings on the first side with each of the plurality of openings
on the second side. A retention structure is affixed to the container and configured to couple to

a sclera of the eye of the patient for the extended period.

[0173] In many embodiments, the first plurality comprises at least about 10 openings on the
25  first side and the second plurality comprises at least about 10 openings on the second side and
each of the at least about 10 openings of the first side is connected to each of the at least about

10 openings on the second side with the interconnecting channels.

[0174] In many embodiments, the first plurality comprises at least about 20 openings on the

first side and the second plurality comprises at least about 20 openings on the second side and
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103011 FIG. 7B-6C shows an isometric view of the therapeutic device having a retention structure with an
elongate cross-sectional size, in accordance with embodiments; 10103021 FIG. 7B-6D shows a distal end
view of the therapettid &0ice as in FIG. 713-6C; 103031 FIG. 713-6E1 shows A Srie &R bf the short
axis of the narrow neck portion of the therapeutic device as in FIG. 7B-6C; 103041 FIG. 7B-6E2 shows a
side view o .the long axis of the narrow neck portion of the therapeutic device as in FIG. 713-6C; 15[0305]
FIG. 7B-6F shows a proximal view view of the therapeutic device as in FIGS. 7B-6C; 103061 FIG. 7B-6G

to FIG. 713-61 shawrexplodast assembhydiaviogmianthadbprapautiediowas astie klGSt Abat6C to
7B-6F; [0307]26:IG 7C-1 shows anég:x and%t%lle thera(peugitmd?}{ice (fomprising an expandable barrier

. openings on the second side wit e 1terconn channcls . .
material and suppcPr Inan expanded configuration for exten felease of the therapeutic agent, 70in

accordance Wigg]?gféoﬁi&%%ﬂéﬁé&&%g’r%ﬁ!%&%}' Lo-Qsl‘?t‘Q’_%o'iﬁﬁlﬂk%té‘J?&gt EQ&HPLR)_%EEH%O&#&P&Q 160S as in

FIG. 7C-1; [03 G. 7C-1B shows the support 160S disposed inside the barrier 160, in accordance
with enthodimethi&; Jd3 e brsccpnd MishbFemEsss pplsreudbost dispersdreamrbctre At esarthce of the b
160, in accerdanece it @MECIBIRNLS; opMih 2OdORERHARRGT/ABRRLOU026 31 tAO 3 thllout’/ C-2 shows
the expandable4H1era eutic %jeevgce agsiQeF\!v%h]hC%Q_a narrow Qgggﬂgsconfiguration; 103121 FIG. 7C-3

shows the expancf)é)l% e Seorrépeuﬁ%oaewce As'in FIE. 781 &h expanded profile configuration; 5103131

FIGS. 7C-4A apgh 76-413,30RY AR EXRANAARIGTEISOUAR SIUGHIG: JNAGYANGE. Wit grofodiments;

103141 FIG. 7D shows a therapeutic device comprising a porous structure positioned in an eye to deliver
a therapeutic afSHPREE BRYEIHERANEITON HEethan picardiate R ermssdifens | 0[03151 FIG. 7E
shows a therapeyiis idevicee tamprsiogtapotauspstitucitiein catrd 0 nihe slevisepatieliver. altherapeutic
agent to one or more of the ciliary, body.or the trabccular meshwork when pasitioned in.the eye, in
cordans it B Ot T G e S L S s
structure 150 ofehieiRsutic pataase tieafsengpentsiayentiaway feonnthaciaesangtowaidthe retina, in

accordance withydsiembedimentsil83d dkFdGd dongheowsaadb eRmprising Arphacamentinstrument, a

container, and a the.rat%eutic device within the containeé, in accordance with.embadiments; 103181 FIG. 8
show reservoirs W K PSR SBaEANEN IS HStEVS FahH AR BT LSy gLyt LRI E ok TM tips
and needles of aarytipyiamstepsimaccomlahcethviths2@ @mbddisnantssid08d8ArFi@ a8<twidows the
needles atl@‘:h%ﬂntgiﬁygﬁ%ﬁiﬁés% E&%;ﬁé 82 0LEIG -hﬁﬁ?oﬁhﬂ‘%%mﬁé‘?éﬁé}’igir&) ‘ gﬂ&tﬁc}@éﬂsi 103211

FIG. 9 shows cumulative release through the needles of varying diameter; 103221 FIG. 10 shows release
rate as a functioH A8 S5 rres TsHBS s TSRS PRItHCR F5Potidin Bt Pablicated by cutting
off the fuerLok tipeoing df malfisyringeind cach of the second plurality of openings of the second side.

Release of the therapeutic agent through the porous structure corresponds substantially to a
distribution of sizes of the sintered material and a porosity of the sintered material above a
20 percolation threshold. A retention structure is affixed to the container to couple to a sclera of

the eye of the patient for the extended period.

[0177] In many embodiments, the distribution corresponds to at least about ten sintered
particles disposed between the first plurality of openings and the second plurality of openings
to maintain release of the therapeutic agent when one or more of the first openings or the

25  second openings is partially blocked.

[0178] In another aspect, embodiments provide a therapeutic device to release at least one
therapeutic agent into a vitreous humor of an eye of a patient. The therapeutic device
comprises a container to contain a therapeutic amount of the at least one therapeutic agent. The
container comprises a reservoir with a volume sized to contain a therapeutic quantity of at least

30  one therapeutic agent for release over an extended time. The volume corresponds to a cross-
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WO 2010/088548PCT/US2010/022631 [0324] FIG. | | shows the delivery rates from two replicates of a
reservoir as in FIG, 11: 103251 FIG. 12 shows the cumulative release of flugrescein throusqh cut-off
needles ; [0326]“ﬁé‘).lﬁ/§8§?14gws the cumulative release of BSA protein throulE;('hTstlJ g%?}{groé%fporous titanium
cylinder; s103271 FIG. 13-1 shows the measured cumulative release of BSA of FIG 13 measured to 180
days; 103281 FIG. 14 shows the cumulative release of BSA protein through a masked smtcred porous
titanium cylinder at Condition 1, in accordance with experimental embodiments;; 103291 FIG. 15

shows cumulatietiglgase ek BoS oY proteiatheotgh:admaskeasidiesed POrousntOtitasiuprigysiader at

Condition 2, in glcc;otdancle vyitr'hex erimentgll embodiment ;£0%30 FIG. (% shows cumulal;[ive release of
. amﬁ corLTl{) e(i( odt el%%ew 1 an dlsp%ose .alon% a?l sta 1on af .the rgservolr to contain .
BSA protein through a masked sintered porous titanium cylinder ondition 3" in accordance with

experimental ethpepitiErien {03 HRIGscIEhdwWEUAiTbtVE relapdecot Bsisidereigicd e tedia grade

sintered porous&tainiesasiesl s\inders PR32 d RAhNSUPMGeTelease R RSA through 0.2
media grade si%;[l‘ered %orou gs}%aégless si)eetl cylinder; 103331 FIG. 18B shows cumu ggi/ie release of BSA

through 0.2’ meths g Aue S POTSLIS S st Sty 40 FIBD Gyt FEIEG. 1 9A
compares calculateshénitentisrnpher wiatokinetids qbiilesctootfiibe20phdrmc dinctics-profied predicted for

the device in Example, 80330k R G 91 33NRws datrrmingd congentations. efjanibizymeb in the

vitreous humor for a a first 50 uL Lucent's™ injection into a 25 uL reservoir of the device and a second 50
uL injection at SOTAYEN A" ctrtianee Mt snibE diapiyic 2psaRET PR IRésHEWSs detdrhtiried
concentrations afuanibiz atfiadl in thecviirgacsdesnge fornaclobfitihbOydlofticgntiit iojertion into a 32 uL
reservoir q&the gf\r/lige gin% a second SOuL injection at 90 days, in accordance with embodiments; WO
2010/088548PETIUS2015/022631 103371 FIG. 19D shows determined concentrations of ranibizumab in

the vitreous humesgpr %ﬁ%ﬁ?@rﬁﬂndﬁ&i@&@fiﬁe"%é@jé‘e‘éﬂgﬂai%&%n@ﬂ[@g&%@Etﬁfc‘iﬁ{%deVice and a

second 50 uL injection at 90 days, in accordance with embodiments; 103381 FIG. 19E shows
determined corfC8MTAtHHIBI AN SURNP FieaRE Aithe SIS TGP b SHISE 86 hE, LCACEHSTm injection
into a 50 tiL reserusl ot thegevicegnd farseeendnddithnajection at 130 days, in accordance with
embodiments;

[0180] In many embodiments, the cross-sectional dimension of the porous structure

[5  comprises at least about thirty percent of the cross-sectional dimension of the container to

release the therapeutic agent for the extended time.

[0181] In another aspect, embodiments provide a therapeutic device to release at least one
therapeutic agent into a vitreous humor of an eye of a patient. The therapeutic device
comprises an expandable container to contain a therapeutic amount of the at least one

20 therapeutic agent. The expandable container comprises a first narrow profile configuration for
insertion into the eye and a second expanded profile configuration having a reservoir sized to
contain a therapeutic amount of the at least one therapeutic agent. The expandable container
comprises a porous structure coupled to the reservoir to release the at least one therapeutic
agent. An expandable retention structure comprises a first narrow profile configuration for

25  insertion at least partially into a sclera of the eye and a second expanded profile configuration
to couple to the sclera of the eye. The expandable retention structure is affixed to the
expandable container to couple the expandable container to the vitreous humor for the extended

time.

[0182] In many embodiments, the expandable retention structure comprises a resilient

30  material comprising one or more of metal, thermoplastic, shape memory material or Nitinol.
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[0339] FIG. I9F shows determined concentrations of ranibizumab in the vitreous humor for a 50 uL
Lucentisrm injection into a 50 uL device having a release rate index of 0.05, in accordance with
embodiments; 1‘8fb§%6j0 BRE® 19G shows determined concentrations of ranit]))&?f%%zglf)ﬁofﬁ%%itreous humor
fin a 50 M. Lucentisum injection into a 75 uLdevice having a release rate index of 0.05, in accordance
with embodiments; 103411 FIG. | 911 shows determined concentrations of ranibizmnab in the vitreous
humor for a 50 uL Eucentisrm injection into a 100 uL device having a release rate index of 0.05, in
15accordance o183 mboaiineviss J@a4alsHike «ihahowsdeieiminadrconepnteatians: okkagifizumab in
the vitreous humar, fol. 3 SOUL Lusentismd. injection. o 21251l device having a felegsrate index of
0.05, in accordance with' embodiments; 10543 FiG 185" shows 'determined coRtentrations of
ranibizumab in thler¥itreous humor for a 2050 uL LucentisTM injection into a 150 uL device having a
release rate index of 0.05, in accordance with embodiments; [0344] FIG. I9K shows determined
concentrations B P4hibiRuraan sRAERmREetS Aithtsemsicr somprischedhnsrrinpdationisaty #1460 uL device
having a refeasgr¢ateninglexioh @ hail acagdmoce withhembadimentsingd[334a} RiGaillPln shows
determined constéggg(rjagt(i)ogéglrrg il)%sté)gorgl%biozﬂlrp%tfeirg the vitreous humor for a 50 ILL LucentisTm injection
into a 125 tiL reservoir device lhavmg I reléase rate index of 0.105, in accordance with embodiments;
WO 2010/088548RT T/WS201 G/o22EBIN0 Y EICFIGXION Shrswedhster fneticssnéaatpaaiomphofiles of ran
bizumab in the yitRaus: bmerteha PG4 mbdaentishmibieatirr e Ad 2R\ deseOi.fevice having a
release rate index of 0.095, in accordance with embodiments; 103471 FIG. 19N shows determined
sty i

concentration profi 3 Bialb RPEBI08 BhUHDE FoFs &O°T, LucentisTm injection into a 125

uL reservqj; deyiog having arelease raic,nrex.of 0,085 Inaceordanee i embodiments; 103481 FIG.
190 shows determi ‘pro i

ed concentration’profiles Of rani |zumat§rﬁf%ﬁe vitreous umor QraggeUT
Lucentis'TM inj@elisns Uit gen28th YdseniditdeiEenayinbra retahsEheafeingaicofedio7s, in accordance

with embodimepsgphidf034 91 falaat SR eSS IRIMIN e & GONGRM AN REtlas Rl raniizumak in the

vitreous humor for a 50 uL Lucentisim injegpt('ion into a 125 ut, reservoir devicte havin% a release rate index
of 0.065, in accSFAENCE WK RATEEYIMEARS 1 64BETRIE! F U S daterhiR &g E8N entrations of ranib
zmnab in the vitheepsihumoriforé thQayleco nee titratauticugentisiie @@ambiriv Jomjecticonmases 20 uL device

having a releasg tate, Laindex:ef.Q0liand s which e rnbizimnak.pasahelllirieithe vitreous humor of

about nine days, in accordance with embodiments; [03511 FIG. I%%R shows determined concentrations of

ranibizumab in tHENAGEGS HuRGSF Ioraorphirwshiertrated t coeReR eAgnRY A iR dRCinto a 10 uL
device having aseleaseitate indekeafkPaBdabiadariwthictotipe tanihizumalhas & akiitevisirthacvitreous

humor of ?bou%i%"é‘o%f&%%}’ Rl hRCSRIARRCE IR, SMRONMENS: R4 FLF shr NN Flelgrmined
concentrations of ranibizumab in the vitreous humor for a
first narrow profile configuration for insertion at least partially into a sclera of the eye and a

20 second expanded profile configuration to couple to the sclera of the eye. The expandable
retention structure is affixed to the expandable container to couple the expandable container to

the vitreous humor for the extended time.

[0187] In many embodiments, the expandable support comprises a resilient material

comprising one or more of metal, thermoplastic, shape memory material or Nitinol.

25 ]0188] In many embodiments, the expandable support comprises a proximal annular portion
and a distal annular portion, wherein a plurality of members extend between the proximal

annular portion and the distal annular portion.
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10 uL standard LucentisTm (10 mg/m.0 injection into a 10 uL device having a release rate index of 0.01
and in which the ranibizumab has a half life in the vitreous humor of about nine days In accordance with
embodiments; 7EPF3EPEIE. 191 shows determined concentrations of ran |b(fzﬁ%aqb0(n 28%8'vitreous humor
for a 10 uL standard Lucentislm (10 mg/ML) injection into a 10 uL device having a release rate index of
0.01 and in which the ranibizumab has a haEflife in the vitreous humor of about five days, in accordance
with embodiments; WO 2010/088548PCTflJS2010!022631 [0354] FIG. 20 shows a calculated time

release profile of mdpemmpeiticcageninsuspensiniiialRseavaiblinasesidaneewitieathasiments. [0355]
FIG. 21 shows cumulaltlve release fornﬁ\(glesailrg;l'l\/é WiU the%a(%vlvjh (ﬁ?wces comp risin sHbstantlaIIy similar

ima rtion a e ngginl@llé BB Shows cumulative

porous fit strucfurés an aliaé Ut réséivoir and a Tésenoir b
release for Avastinsirdogiitbnperouiofrit structures having a thickness of 0.049"; 103571 FIG. 22B- | shows
cumulative release for Avas inn with porous frit structures having a thickness of 0.029"; 103581 FIG.
22B-2 shows rdfd YH rel@deiciRodEmsnvills Hisrabrifie deriet HEash S0y 51 OTRKABSIBRTD29" as in
FIG. 22B- |5 1035%bidGy i2shshowmaumilativerielease for AvastinTM with a reservoir volume of 20 uL;
103601 FIG. 23A-1 shows cumulative release to about 90 days for Avastinim rith a reservoir volume of 20
uL as in FIG. 2119)0361] k3. 23Bdhows tiateigfl releasestastindibGuiBAcdL5[0362 G a@88Bx | shows ate
of release as in FlG. 23A-1; 103631 FIG. 24A shows cumulative release for Avastin rg with a 0.1 media
grade porous frit structure; [0364] FIG. 24A-1 shows cumulative release to about 90 days release for A

astin with a 0.1/1198]a GrageROTRYS T SEHGHERGR IR Gin2dfs 2010365 FI. 24 shaws rates of

release of the devices as in FIG. 24k [0366] FIG. 24B-I shows rates of release of the devices as in FIG.

24A-1; [0367] Pl PEASHSRIS LAY hafedsd 1B NEBFASRE thIGG ST ARS S kIS grade porous fit
structure; 10 1036816 c@TAintrshowsaouathtadpeatie leasatofalout ©6t day shtoapitudcegerintheough a 0.2

25media graceggipys 1 TS 85 11 10, 2 WO, L0RI0BBRARRCTUR20A0I0P0RR Igpool i

25B shows rates of release of the devices as in FIG. 25A; [0370] F 1 shows rates of release of the

devices as in FRES 9518PeUo39a ey cbsis %Y%Wsea‘tﬁ‘i*ﬂﬂ%ﬂ% rééa@étwléﬁbﬂﬁﬁ iR PP LucentisTAL

through a 0.2 contesliatgradelperevddritstmciyee havipgiandiametextof 2 O0d8dn Brddactength (thickness)

of structure comprises an extension to couple to an upper side of the sclera. The retention

15  structure comprises a portion to receive the sclera under the extension. The portion comprises a
first width extending in a first direction and a second width extending in a second direction.

The first width is greater than the second width.

[0193] In many embodiments, the portion comprises an elongate cross-sectional profile
having the first width extending along a first axis and the second width extending along a

20  second axis.

[0194] In many embodiments, the portion comprises an elliptical cross-sectional profile
having the first width extending along a first axis of the elliptical profile and the second width

extending along a second axis of the elliptical profile.

[0195] In many embodiments, portion comprises a narrow portion having the first width
25  sized larger than a cross-sectional dimension of the container and having the second width
sized smaller than a cross-sectional dimension of the container to seal an incision of the sclera

with the cross-sectional profile.
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50.029 in.; [0372] FIG. 25D shows rates ofrelease of the devices as in FIG, 25C; [0373] FIG. 25E shows
cumulative relase to about thirty days for LucentisTN1 for 30 uL devices having a RRA's from about 0.015
to about 0.090; m%ﬁ]]ol@?és.4§5F shows rates of release of the devices as in Fl U%)éﬂ/ %f@ﬁ?S] FIGS. 26A
and 26B shots, scanning electron microscope images from fractured edges of porous frit structures so as
to show the structure of the porous structure to release the therapeutic agent, in accordance with
embodiments; [0376] FIGS. 27A and 27B show scanning electron microscope images from surfaces of

porous frit struques, innacesydancei Méiisembaaiove pbs:idbioRprids e28shawsia: priesshiielgecay test

and test apparat_ug fg{ use with a(foroug structure so as to identify porpus frit structures suitable for use

r |
Wit therapeutic L B A A S B o e RIS BT HE T Shows
pressure flow téskeemnd test apparatus suitable for use with a porous structure so as to identify porous
frit structures suitable for use with therapeutic devices in 70accordance with embodiments described
herein; 1037911871 30A 128K SRS 4HEREMME BF P DTSN L iBE OGS HeEBL S identify a
region of inseresgic(hfackrastowandsdeiarminasibe vaspersadadigatneotnd 038 $rs30B-1, 30B-2
and 30B-3 show an exam Iﬁ (%fa e§h%fSOCT scan ima‘% .asured at pre-injection, one day

L exfension wi Tk ea{elsﬁlrzlmt ccond eXiengion L ) : ]
post-injection and one week post-injection, respectively, of 755ections of the region of interest; and WO

2010/088548P%Fﬂéﬁzﬂ%%%%@rﬁi%({%e%& ﬁllec;e%te?%slél%ggl -iéés%r%@m\%?cﬁj%ﬁ@ﬁém Ipiggtation of

therapeutic device into the pars plana region 25 of a rabbit eye with visualization of the device sealing the
elongate incisicif ERiR e HISHERIRsa aagie fistbevis Qhratbptist ke s prthieso tretd sHettidevice.

DETAILED DES4iRI B e Qffod HEJDMENTICMh5 103821 pthieugh specific reference is made to the
delivery of macromolecules comprising antibodies or antibody fragments to the posterior segment of the
eye, embddimettof tHe pregentrinienticnticar einsed tprielveramasytthergpefitihagentsfitetmany
tissues of the b&%@%nf@&?&%@@?ﬂ'@s@é&%@k@&%ﬁ&é@&&%&?ﬁ% IYeRHAN.GAN BEysed to deliver

therapeutic agent for an extended period to one or more of the following tissues: intravascular, intra

articular, intrathgeqly ParicardialtaliRinal-a08aHt: [B383LEMbediments afthePiesant ingntion

provide sustained release of a therapeutic agent to the posterior segment of the eye or the anterior

segment of the BY& SrPEBTENGE SO 1A LFIBF T HaPshaStie ARB METSE 4 YRR PRt Al #hEEHh be released
into the vitreoushhidimodisththeieykgsdchthaitthé thehapetitic wgentchmhdedrangportecibycatsiaast one of

diffusion ofconyiection o ISih retina Ry SINEE REHIALURSHS.SHE,AS dhe charoid or ciliary body, for

therapeutic effect. [0384] As used herein the release are index encompasses (12A/F14 where P

comprises the pRIPRILY 1 ACANRHISSS AhRITRCIYE At NS BIRIISANIR Gt (it RARMEtes corresponding
to an effective length and L comprises a length or thickness of the porous structure. The units of the

release rate indexPtRIC) €Blfiprise units of mm unless indicated otherwise and can be determine 20by a

person of ordin S ill in the art in accorgla ce with thg teachin splesc.ribed hereon. [0385] As used
) . f(fdi’o In another aspect, em orﬂments Pipdde 8 m%t od o 1'eat1n%]gm eye ﬁavm a VItTeous
herein, sustain rélease encompasses release of t erapeutic amounts an‘active mgredient ofa
therapeutic agentfor and exttantied perioduof taveseTher sudediivadeedeaseariaypechoonipassinst order
release ofihe aghy@RaredieNtnts or RASE BILpsR A e ativeiNYrediRRLANRIREH kineliRs: of release
such as intermediate to zero order a 9 first order, or. , .
and a retention structure affixed to the container. The retention structure comprises a narrow
portion having a first longer distance across extending in a first direction and a second shorter
distance across extending in a second direction. The first longer distance is greater than the
second shorter distance. An elongate incision is formed in the sclera, the incision comprising a
25  length extending along a pars plana of the eye and a width, the length greater than the width.
Th econtainer is positioned in the eye to release the therapeutic agent. The narrow portion of
the retention structure is aligned with the elongate incision such that the first longer distance

across extends substantially along the elongate incision and the second shorter distance across

extends substantially across the width of the incision.
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25combinations thereof: 103861 As used herein a therapeutic agent referred to with a trade name
encompasses one or more of the formulation of the therapeutic agent commercial% available under the
tradename, the ‘a’v&i%/oéol/r(l)sgsrggient of the commercially available formulation, Fﬁg@gnéﬁgzﬁgﬂ]e of the active
ingredient, or the molecule comprising the active ingredient. WO 2010/088548PCT/US2010/022631
103871As used herein, similar numerals indicate similar structures arid/or similar steps. [0388] The
therapeutic agent may be contained within a chamber of a container, for example within a reservoir
comprising the paosqines angh hambeknihedharapetiicxegantman campisarigimuatisaetsh as
solution of therapeutic.agent, a suspension of a EI"‘ rapeuti ent ar g 5dispersion of a therapeutic agent,
for example. B LG O NS A AT 4 AT o o b A R B himents o the
therapeutic dewicataréhaeachiigdrsresn o pasatplditrraherdneadomhbiyd mbdlomantceizewhere.
103891 The theyiaRetic.agamntioaOmRHISS thmaatamalesuit.das gxamplesan antikody Qantibody
fragment. The rt{r}\erap? tic tnacrornolecule may comprise a VEGF inhibitor, for 10 example commercially
available Locertidti’ 'I%%WEGF (Vascular Endothelial Growth Factor) inhibitor can cause regression of
the abnormal b§£€4re§serrll%naned gg roVe gnt%gteog \C/isnilogs\évhaep r%!%&?v%daliqﬂt\?v ﬁ@re.viégem{s plglgnor of the eye.
Examples of V nhibitors’inclu en?_ucéntls%, Kvgstlnsfm, acugenrm, and VEGE eInrap. 103901 The
therapeutic ageffiptiay eunprseRIratnAoldeviesasiishngs st comcosterdit dmgashsianegatdehereof, For
example, the therapeytigieRHIAALeFAIf RAYGABRILSELANENRH BaISAfli RACINAPNR, dsifasiRalone
acetonide, dexamethasone, dexamethasone acetate, fluocinolone, fluocinolone acetate, or analogues
thereof. Alternajiizely onineanbinpie e smaltypaleculesohtiderapeutis agentdnayatenpnse a tyrosine
kinase inhjhitor,comprising ane, ormore of axiinib- Bosytinb cedyanio, desatinib. erlofinio, gefiinib,
imatinib, lapatini ,51 staurUmE), L7(5)nllot|n|b, s@ma%%mlrb, sunitinib, toce anlb, van etgnlle), or vatalanib, for
example, 1039ThcTuratehisrappeficoage it sy compreise Gin PR G Fetherdpe e ageationi-VEGE
therapies and agepis fan heutsrdidnitbetreatment of SR tANsEANSRRS AN thiTiRgesfelatadanacular
degeneration. Examples of an?t]i-VE(’.l-‘, t era&oﬁrg%ic agents suitatae for use i]%acco dance with the

embodiments dESRHAEHEMR TLIEGEGHE B 88t RTSHSEIBAAT SitiBoLTee SR BB YR zumab
(Avastin") or antitody dbsivativiésasuch tas vaditbidumalyidiercent's"), or small molecules that inhibit the
tyrosine kinases stimulated by VEGF such as lapatinib (Tykerb."), sunitinib (Sutent"), sorafenib
(Nexavar") Saxili#iBolor peatofmnits PPORBO2PTHahE RipEdie agtedmilycetraprisec fiarisautit agent

suitable for treatmept et oy ieME e @SorNRiah ks Afnsirplinusc A Ranamysisfoqraxene (Glatiramer
Acetate), WO 2%10/0885481?%T US2010/022631 Other -Ia-l}%lé om .IerHent C5aRﬁE/|o ker, Ciliary
|

Neurotrophic FA&6? Pt il BPRRIECH RS T5% THAFABANHC RGN MY C5Se a
therapeutic ageiit dyitatilenfortkeatd eittobweiner iAMBisuchatone or wlore dfcREDRDPIUMNE(Quark),

Sirolimus” (RapamXGINh-ATGO03: SRegeMe AT M NEGE: TsARI QL comRlsment inhibitor (POT-4). 103941

The therapeutic agent may comprise a kinase inhibitor such as one Or more of bevaciztunab (monoclonal

antibody),28MWo2882 (sraaiaolecutedargeling & &ERIERRImestwimandmanedpnslantibady), imatinib
(small molecule?j, trastuz%mab (Smono I(ﬁnal antibody), gefitinib (asmall moJecuIeé, ranibizurnab (monoclonal

antibody), pegapiamib (Sail OISl BB ABAD TEhAN ASIELLTER WHSARRIH LSPRSTT M8I&Eule), simitinib

(small moleculeheeskotimit. (Shvahanotetalelsmitotimilis¢s medl fribleotie) tHapatinib(sfmalimvolgeule),
paniturrmrnab MH@@IQ lmwgnt\{@.nq‘ﬁg%“ﬁﬁﬁ@%lngg:lQHnl@)95}%%9$Qegs%r&%tm&apeutic

VEGFR2/VEGFR2, small molecule commercially available from Esai, Co.
agent, the eye is treated with the therapCutic agent for at least about 180 days.

25  [0208] In another aspect, embodiments provide a method of treating an eye of a patient. A
therapeutic device is provided comprising a reservoir and a therapeutic agent disposed within
the reservoir, and the therapeutic agent comprises a half-life within the reservoir when
implanted. The half life within the reservoir is substantially greater than a corresponding half-

life of the therapeutic agent when injected directly into the vitreous. The container is
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103951 The amount of therapeutic agent within the therapeutic device may comprise from | 5about 0.01
mg to about | mg, for examPIe Lucentis", so as to provide therapeutic amounts of the therapeutic agent for
the extended time(,) %8}0é%5?11%)le at least 30 days. The extended time may co'FﬁpT)WsSemé?/Pezégst 90 days or
more, for example at least 180 days or for example at least | year, at least 2 years or at least 3 years or
more. The target threshold therapeutic concentration of a therapeutic agent such as Lucentis" in the
vitreous may comprise at least a therapeutic concentration of 0.1 uglitallt. For example the target
threshold conceptiabian may: coamprigeafkom: akeiscOtil uaimlade abeyt 5 dighnl+pr thetextgpaad time,
where the upper vatlge i pa eg up?é‘baaallculatlons shown in Example 9 using published data. The target

threshold concéRtration Is Sruag %uepen ent and thus may vary for other therapeutic agents. [0396] The

delivery profile iy pe Gplgured i MARY wAaxs 13 aRiaIR.f GIAREUTIS, heniik,7 Sfrom the sustained

release device. For example; an amount of the therapeutic agent may be inserted into the container at

monthly intervajg,g@)asiio,RgHresHoat thd GancartFasaR.of therarsutimdeviceads abevp&safety protocol or
an efficacy protocol for the therapeutic agent, for example with monthly or less frequent injections into the

container. The S84SRI FRIEALACTRAYESHAETh Angih bro\adEeIfoERFRIBAIBMY HTEY YESAIt in improved
results. For exampléndhe pW@I2000/Q885 48R T tSROIEM2 63 haomncenitaition ofitpledapdutic agent may
remain consistenily above a threshold amount, for example 0.1 tiglinti, for the extended time. 1037] The
insertion method may comprise inserting a dose into the container of the  therapeutic device. For

example, a Sinq@i@iecﬁpﬁlﬁfyle'r}%ﬁﬁﬁgr{&@E@%Q%W@ﬁﬁ%im%&%ﬁrﬁﬁ@%réﬁ%k’éiﬁag%‘{i%- [0398] The
duration of sustained delivery of the therapeutic agent may extend for twelve weeks or more, for example

four to six monthE tRSHI Q28 BT RSE S R BPISFARRTfic agent into the device when the device is inserted
into the ey of the atiant, 103004, The therapeutic sgent may b deliveredn many ways,o as to provide
a sustained | Orefease f0r the exténded time. Eor example, the ttﬁerapeutlc evice may comprise a
therapeutic agemtrandtapinding agent. The binding agent may comprise small particles configured to
couple releasably or reversibly to the therapeutic agent, such that the therapeutic agent is released for the
extended time 4¢P Injdedeiyratpd vireoths BirtoreTHE DAl taicpaisizbdEscthatdide particles
remain in the vigsegiisphunney phthepyeifer the extended time. 15[0400] The therapeutic agent may be
delivered with a device implanted in the eye. For example, the drug delivery device can be implanted at
least partially withird thasciera oifiibdiieytes, sbeaad o aaupletheitrugraslivaiy plevies thethesslera of the eye
for the extgde&ggﬂp@d of time. The therapeutic device may comprise a drug and a binding agent. The
drug and binding agent can be configured to provide the sustained release for the extended time. A
membrane 200[a{faer q}ﬁmmIh@sasﬁe%smﬁ@glgnmmaxmm CopMmAPEALAT e thararsulic device to
release the drug for the extended time. 104011 The lifetime of the therapeutic device and number of
injections can BE'GBtiniEd fapAtiERT reatment. For example, the device may remain in place for a
lifetime of 30 y MSe forlexam le Y)vit. AI\/It Dt atients from_aé)ol%t | (%hto 15 yeatrs,tF_or. exa p!jet, the device
may be 2500nf(iabureh 0P AR R R AR SR A RS O S I AS P B APS WA SN SAY (BhiCe every three
months) for susteinedaietease of the therapeutic agent over the two year duration. The device may be
configured for implantation of at least 10 years with 40 injections (once every three months) for sustained

release ofdhe tHerkeuficiagi IRADROBOIBE528PCT INSZPOIDPEE 3 BUPOAD MTUTHES tidriseutic device
can be refilled ig, Ry iviaYSuRQNeEXAMRIBoihR thatapettigrRaant ar ks srfilledqnto the device in the
physician's office. [0403] The therapeutic device may comprise many configurations and physical
attributes, for ejgTg)le thenphysicaldchatactasigiicsof thedherape e devisefmaycaurpese at least one of
a 5 dnig delivery device with a suture, positioning and sizing such that vision is not jimpaired, and
biocompatible TSR TREEEE ey A A are dedioi e g ARSI o about 0.2
cc, for exampleYfheraatie groity dt tsabsdrocra EHngveherlieevslsmedfisssmdrediahabout 2 cc. A
vitrectomy>mayshgpperformed for device volumes larger than 0.1 cc. The length of the device may not

interfere with the patient's vision and can be dependent on the
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10shape of the device, as well as the location of the implanted device with respect to the eye. The length
of the device may also depend on the angle in which the device is inserted. For exam Ieéla length of the
device may comp S8R Bbout 4 to 6 mm. Since the diameter of the eye 1SRV O%rzlrﬁf a device
extending no more than about 6 mm from the sclera into the vitreous may have a minimal effect on
patient vision. 15104041 Embodiments may comprise many combinations of implanted drug delivery
devices. The therapeutic device may comprise a drug and binding agent. The device may also comprise
at least one of gomembranataR Qpesingidifftsigndoalriemandifftisiermeshanismise asiiedelease
therapeutic ampunts of (erapedfic adent for e exiended fime. 104954 FIG 1 Shgus an eve 10 suitable
for incorporation of the ﬂerap utic device. The eye Pohasa tornea 17 and a engei&l conﬁcgﬂred to form
an image on thenktinah9@pTiie dorseds tasditetrdito hdimbugyi4 of the eye, and the Ihnbus can connect
to a sclera 24 of the eye. A conjunctiva 16 of the eye can be disposed over the sclera. The tens can
accommodate 18%us Bt e ERICE SR U IR pRItEIE THEREOAESAERGHE DB IRAihAY BSEnd and
contract in sespanse.to\lfghtuEhecye alsegamprisasiachamnil 28dispaseddhe:-hatvegmihersclera 24
and 25the reting 26, The 1eting comprises e macula, 2,005 SYC.comprises. 3 parsplana 25, which
comprises an examp%e of aregion o the eye Suitable for placement and re erttion, for example anchoring,
of the therapeutretiel/itebPd mxcdedtribéydh dreiye Theopelreplkmzehegivechay compiise selans and
conjuncitva disppgrdheinern theelinaand srmaa ihhedheraneuisdewicesar bamesitianed so as to
extend from the pars plana regjon into.the vitreous humor 30 3Qto releasé%the th.e;%)eutic agent. The

therapeutic agent cah B P 2L #E Yo TR VitfeB i RUMAR S 5ot 6108 855 A5850 T0/022631 30,
such that tie therapkdtic ageftcaiveshatthgenstinafzhd ehoneidstiierfthenipeutiveffectondhadnacula. The
vitreous humor Qf ie;&Y& FRRREISES R iRvid disPosed Belwesn the. ens Angrine ﬁﬁw}@u{wg%yﬁveous

humor may comprise convection currents to deITver the therapeutic agent to the macula. 510406.1FIG. |
A- | shows a th?dBeTRIOBALE T rpARER At e ash SRR IRARHITIHE SastEcoUs P tRY-e Y810 as in
FIG. I. The therapeutiotiavieatiay eomips st a¢eiertiaisstivcture] forrexample aigrotrusion, to couple the
device to the Selera, I EARCHIFE ASYIeR IR USAIINAHAR A RAISR NI, Vilragus umor 30, such
that the therapeutic device can release the t%erapeutlc agent into the vitreous humor. 10104071 FIGS.
IA-and 1A-122sKtRgsvatisarh puttitovelbe dootitpritectsadidtHBcepjieaya reshPexteseing through
the sclera 24 tokeleasa.a therapeutic agent | 1 0 into vitreous humor 30 of the eye 10 so as to treat the
retina of the eye. The therapeutic device 100 may comprise a retention structure 120 such as a smooth
protrusion configazep fon placembndialomsg thechelebar andmuizcer thieswotijlindtivd, volichethat dive conjunctiva
can cover the tharaRsufickoRHlGe aNRIAeC e NAARAHIG ARYICE IOk Hhan e fherapeutic agent

110 is inserted into the device , the conjunctiva may be lifted away, incised, or punctured with a
needle to acced&CtRRSIHE AEFRILIRS YD icBITTRE R YR R CEmiSHEAIAR TAsBRivTCBIhESNYE 2 of the
superior reotusifeseie dpagoupletbeiselarsnof the eye to the superior rectus muscle. The device 100 may
be positioned in many locations of the pars plana region, for example away from 20tendon 27 and one or

more of posteri(112thdﬁentgﬂh@mnpmﬂteﬂmsImthelémdmpmﬁelarcm@temm fn‘r_rmmiuthqfam-mrstﬁ_mporal
placement of the theraprylic device, 04081 Whil &Q@i@?&?‘!‘&&ﬁﬁh@ﬁ&%&'5}'&‘&9&59&%3{& In many

ways, work in refation to embodiments suggests that placement’in the pars plana region can release
therapeutic ageRffhtguHE GrEdasbnieariieiatihacferaiistaple therapeutic agent comprising an active

ingredient 25comzoosed of large molecules. , , . .
[0223] In many embodiments, the release mechanism comprises the porous frit and wherein

25  the porous frit comprises a porosity, cross sectional area, and a thickness to release the

therapeutic agent for the extended time.

[0224] In many embodiments, the volume of the container comprises no more than about

twice the volume of the formulation.
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104091 Therapeutic agents 110 suitable for use with device 100 includes many therapeutic agents, for
example as listed in Table IA, herein below-. The therapeutic agent | 10 of device 100 may comprise one
or more of an a(‘:YiQ/ez‘llhoéOr%safgnt of the therapeutic agent, a formulation of thepﬁTépgf)Oelﬁét%zgg]ent, a
commercially available formulation of the therapeutic agent, a 30physician prepared formulation of
therapeutic agent, a pharmacist prepared formulation of the WO 2010/088548PCT/US2010/022631
therapeutic agent, or a commercially available formulation of therapeutic agent having an excipient. The
therapeutic aggoerspy hentafeiasbtonwith, genericinasm e ot aidadecommacionexanpla as shown in Table
IA, 104101 The therap(%ltﬁic devifc%.oloo can be implanted in the eye to treat the eye for as long as 5is

helpful and benveoflllclzrllé(i to eef?:)rgﬁle%f For example the device can be implanted for at least about 5 years,

such as permagigriy fop e e ol aptent- Alsinatyaly. o Lo camRinetian. g, dpyige.can be removed
when no longer helpful or beneficial for treatment of the patient. 104111 FIG. IA-2 shows structures of
therapeutic deVi&EOBBARfiGERET ToPHISkierienthf faﬂf@ﬁél%lslmrm@@.afA@lS,emdlpPlawa 9fAbe-2. The
device mayscompris@ fietenion:shuciune: tREedRsauplerthedaviasslifiocdtedhel setaiaconexample a
protrusion dispaged,on. a proximal gndiol thedevice- Fe device. 100 may. camprise 8 sanfaper 130
affixed to the retention structure Inﬁ , An active mgre\ﬁlent, or example ther peu%ic agent %s, can be
contained withifPathe saiisieane fomexiarmpié laaghmberitaheediied by a container 130 of the device.
The container 130 may comprise a porous structure [50 comprising a porous material 152, for example a
porous 15glassl ¥ ilsalmmeny HabASERD. (§SRIBRT fchs soBfaRe (astBERsS iR aiganth forakaitple non-
permeable membrapetdérhbrhenmpeimeable e mbtianerkb2imay copapds R sthstantialy
non-permeable material 164. The.non-permeable memprane 162 ma rise an opening 166 sized to
release thegap T e T e O R BB m srcture 150
may comprise &ahfiiRpressthadmaing were Bizesedpiijuredtstednjunction 20with the opening 166 so as to
release therapeutic amounts of the therapeutic agent for the extended time. The container 130 may
comprise reserfif8l40! ARG H BPARED (FNEIVONGRIE t435pea T EoAt4irPastdeYEpBURE quantity of the
therapeutic agembhber foitieleasecadebthalexéended iimen thbe dedcaayw pamprisaa peesie stop 170.
Proteins in the Mi%‘?%%@?a’%orerpn% enter the device and compete for adsorption sites on the porous
structure and thereﬁy may gscontrl%ute to the release of therapeutic agent. The therapeutic agent 110

contained iy theyeaservair, 140 gan.aavilitrate Wil RIaIels In.ths direpus umar such that the system is

driven towards equilibrium and the therapeutic agent 110 is released in therapeutic amounts. 104121
The non-permeABRPTHERSPSAETIED! YHEIBARE (RNBI4 P8 () Psndgdeiraskitrsion ade didhighetention
structure 120, maysampiisatmany canhgiiations sl erihe theiapenpaagaenind ki adh@e

non-permeable nbrane 162 ma mprise an anpnular.tube joined.by a disc,having WO
2010/083545P U AL TS e e B e Y N s peuiic agen.
The porous matéxarifBrepbipeBaiprisd Gre e mAnePBPOsSGIass fierBpahia feiretaren@disposed
thereon. The reseriiit4Qdmay ks shanenchangireufor ease.afinssrtivnndgpdtiiayassine a thin
elongated shape during tirgsegtign g}rough thf scleralar}d_tht%n_ass%lme an extended, li)a_llooned shape,
once it 5is filled" Wit ! eé‘ra%aéu?lcogggﬁlt. o213 HE 60?635 SHRRFEEB0 CAR '6%“@5'nﬁ§ﬁ?red In many ways
to release the thedepautic agent in accordance with an intended release profile. For example, the porous
structure may comprise a porous structure having a plurality of openings on a first side facing the
reservoir and alpfdPAlityorepEhiigecbrabedEni sigeifacint g oftrestineimior hivitie a plirelity of
10interconnectingrehannglsapisnesed dhgrebenvaensastansayplecthe apeningsonfitoe fist side with the
openings % thethsecong side,tfordexam le a sitpt_ered Iile%lg rtrtllat%rial T.h(-‘igorouts structur J 50 may
comprise One or more of %nerarrﬁe?iﬁ?é mem Créhee(foal{psem?-pe?r?naema & membrafie; 8 Matérial having at
least one hole dispesestiidreinymanoxehannels ademorehamnéisietehediirmgerigiticrateial, laser etched
nano-channels .gcaniliary channghiaiRiuiRliy okPGaPHAR: CRADREIS, QRE QLIBOTERINAYS @hannels,

tortuous microchannels, sintered nano- . . . . _
injector with the at least one lumen extending at least partially into the therapeutic device. A

first portion of the formulation is injected into the chamber when the valve is open to exchange
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particles, an open cell foam or a hydrogel such as an open cell hydrogel. 104141 FIG. 1A-2- | shows
therapeutic device 100 loaded into an insertion cannula 210 of an insertion a Paratus 2003, in which the
device 100 com‘er(?szé)sl.Oé{)rl%seszl‘osngate narrow shape for insertion into the sclerap, and i Whitt' the device is
configured to expand to a second elongate 20wide shape for retention at least partially in the sclera;
104151 FIG. 1A-2-2 shows a therapeutic device 100 comprising reservoir 140 suitable for loading in a
cannula, in which the reservoir [40 comprises an expanded configuration. 104161 FIG. 113 shows
therapeutic deviggclio0icppiiguradifanplacementiin @ fayepasith Ffmul Aoh. anddcbid pottiobhg device
comprises reteriion, siiiglite. 120.10,coul6 10, e sclera for eexample fushwiih he sclera. and the
barrier 160 comprises a‘tube 168°An Active ingredient ifi c%mprlsmg e E erfpeuetig agent 110 is
contained withipfiuhe<1 68 comprising non permeable material 164.A porous material 152 is disposed at
the distal end of the tube 168 to provide a sustained release of the therapeutic agent at therapeutic
concentrations #43He dnxi@prctnperios nthe MErbErHEABEtpattss HEAuARH) HREME ety around the
porous WQ 2010488543RG:I{IdSRd0101022631dpatianiak 1§2:.&a.as to define an opening to couple the
porous material [52 to the vitreous humor when the device is inserted into the eye. [0417] The rube 168
and retention stitdX2ire b28amayntredonfigLr@drtofréceaivera glassirpdswhichuis surfaceutreated, and the
glass rod can b&lﬁiﬁ%%é’}{imetbzﬁ(@@se&g&é‘%@Ih-e\é\ét?(?rﬂi%%%%W%rﬁfé%léﬂp agent has finished elution for the

extended time, the rod can be replaced with a new rod. [0418] The device 100 may comprise therapeutic

agent and a cajpef; forsample.sbindingomediicompLiging R kipdng agentiadelivesthe therapeutic
agent. The therapeutic agent can be surrounded with a column comprising a solid support that is eroded

away. 10[0419]RYEE i S6W e rA e ITERBYIE S TAGIIBETS A pIaTEMeRSM EYEEYH FIG. | A- |
and IA- | -1.0A binatidgoméelierfod8Pegommadrisingealimpingcagenntdd stchpsiglagsmwopdaméynbe loaded
with therapeutig,agent, 110 prior to injection into the device through an access port 180. The device 100
may comprise binding, leak, and barrier functions to deliver the therapeutic agent for the extended time.

The binding megism) 192 and theseRaitic aseps b i0 AR AL AR ASRIREHAQ reRlass the Rinding medium

and therapeutic agent. The binding medium can be at least one of flushed or replaced when at least
majority of the thETABBIRLAGERL ks BESH MAABER L6 APHHAL Suthtfohal iEPspRuHE AgEH dBh be
delivered from ésepond,dgjectedisinging «hedicmsdmpiisiglithefapeuticpgeintagdnmembrane 195 can be

disposed gyer the pepRGLY &1 NarAReULS dRMiGe LG e IREMPRRG 129 (DAY FRMALRE

methylcellulose, 70regenerated cellulose, cellulose acetate, nylon, polycarbonate, _
poly(tetrafluorodtAYieRE I{PUE) cHBRpstHRT diIRTARS LR ags By ombTisane ditiorelecnsp e Ak kifferapeutic
device may corapiisenbapieti L8R shapadspak: thatepsimndgols dcomprises sio foxk poripdite therapeutic

agent may be releatsced throu zpl%:[ Ieer%(s)}e(():{lllg of a diffusion mechanism or convection mechanism. The

number, size, a?%é“co%ﬁlﬁﬂ?é{l on of exit ports may determine the release rate of the 25therapeutic agent.

The exit port Mg LOMPISE & CORYEGIANRARLIAL FARMPIE ASATE R0GiAL AN QMR duyan

convection port or a spring driven convection port. The exit port may also comprise a tubular path to

which the tHera8itic dbeRCmRRferRYSararideh CARer th e fEeia SBd RIGRRSSEEFYTR HRsIRal or

chemical conditig@se theripd2R]dmnkGrA shewws:at gast fonenexiitpaiidlitde. theq@xiilipost can be disposed

on the 30devic?h100 tq.allow liguid t Jlo qum inside thg geﬁi]ce ou%ward {or e amﬂe thgn fluid is
crapcutic agent 1S’ injected mmto the reservolir, an theé crapcutic ageh 1S TClCasScd ITom tnc

tuned reservoir and porous structure for the extended time.

[0236] In another aspect, embodiments provide an apparatus to treat an eye having a vitreous
25  humor. The apparatus comprises a therapeutic device comprising reservoir to contain a
therapeutic agent and a porous structure. An injector has a first chamber and a second chamber
and at least one needle comprising a first lumen and a second lumen, and the first chamber
coupled to the first lumen to inject the therapeutic agent from the first chamber into the

reservoir. The second chamber is coupled to the second lumen with a valve disposed
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WO 2010/088548PCT/US2010/022631 injected into an injection port 182 of the device or when an insert
such as a glass frit is inserted into the device. The therapeutic device may comprise an access port 180
for injection and/or %3}?{8§};§f‘,8for example a septum. Additionally or in the altg%Tf |§/2é),1%%é?13{he therapeutic
device is refilled, the contents of the device may be flushed into the vitreous of the eye. 5104211 FIG.
1C-1 shows a method of removing a binding agent 194. A needle 189 coupled to a syringe 188 of an
injector 187 can be inserted into an access port 180 of the therapeutic device 100. The binding agent 194
can be aspirategdandtbradasesiescivd Ghihifiem toe 2 shawsadmatbod af ingaiting hestherapautic agent
110 with a secondt hndln?tﬂgent 190 haivmg)v %ﬁéﬂeraﬁeutl ag&nt 110 bound thereon. The therapeutic

. agen QU Qrous. Strucfuy ¢, valve 1§ Cl0S . .
agent cai 10be |ﬁjec &d Ifito a container 130 o device Tor sustained release over the extended time.

104231 FIG. I3 sflowg sytinge helng. lsdiih a/armuaianddheaneulic.aori oy nisgiian into the
therapeutic device. The needle 189 coupled to syringe 188 of injector 187 can be used to draw
therapeutic agdRt L0 4rspiraeehtdMBm pliorofiaibiriamsdt ey hiy toiripPREIadsitifcially available
container, suchvasiadietilehivithrangepistinsbhasingle cose. | Braniaingr:ha CRMtRRemSVtae for mixing
formulations. A guantity 110V of therapeutic agent 110 ca drawn into injector 187 for injection into the
therapeutic dovi THD BoSh oA G S Y Re Sty o g R S e e
quantity, for exaitipht Reseidvarbheholariegstithe ebpibieiosbiie tterapé feoidievieeb1 Tdcand an intended
injection into thefifseaus dMasThs exaspaledhe auantibad Lxmamiaxcsed ithe yelume of 70the
container so as to inject a first portion of quantity | I OV into the vitreous humor through the therapeutic
device and to B a second portion of quantity | 10V within the container of the therapeutic device
110. Cont%werﬂﬁp [ 2 ggng%rlaiggir%%%%%llqurgu#%OF of the theradoeutic. ent J%QreThe formulation |

1011 CO 1SCS a cominercia ayval .
10F may compfisé a commercially available formulations of therapeutic ager, for example therapeutic

agents as descibagltiareit byewith raféfened tBoSTeBIeTId BxampIBdydioderitseremnil)hoailble

formulations that mayubensifitahie fernsadiRaCRHaRras Mt cmbadimenissieseribed fierein include

LucentisTm an Trt'i%etiqolopz Eor %xan%;l;. The fortnulation ELOF may be a concentrated or diluted
formulation of a CSARIET ARy AV ABIE HEPSHETNe agent, for example Avastinim. The osmolarity and

toniciy of the vijegus hmarcan e il a1ange.ftom 2boul, 290 40 Abotit 3939 o @pmple. 2
commercially available Pormu ation of Avastinirm aylbe o!ﬁlute soasto \WCS ‘
2010/0885348P CINPIS2ORBAIEIESDIeBI TS Es fogh (Ao Hadih gearetin gty ardstonisitbsubstantially
similar to the ospratatitsand terisity OftheyitiRoMs MURQLpH RYaMPIE Withinpdardebainabout 280 to
about 340, for gxample about 300 inOsm., Wilde the therapeutic ag comprise an osmolarny

nt 110.ma
and tonicity subStartAINY GRS &5 TR UNESES ATASS ‘?ﬁ‘ériB%é?}?éaB‘&étﬁtaf{ Hhé ”S%Dr%‘br‘]r‘ise a 5hyper
osmotic solutiotr retativartp dhe vittepugihemdrreberhypoesthatid 8otationisalativeto dhdoitreous humor. A
person or ordingiy.skilliinHag: art cancNAdicRRRIMeNts: hared A IPaSACRINGS desqrHbedt herein so as

to determine empirically the formulation and osmolarity of the therapeutic agent to provide release of

therapeutigoaggob {0 amexteRdaditivnentdddh & orRxampiehin habiniedntatasofAmeriga Lucentisim
(active ingredientl ranibiztunab) is S%P}?Jied as a reservatived-f(riee, sterile s%[utiqn in a single-use glass vial
designed to defiVer T05 AL of 10" mg/mi Lucentistii aduieotis solUtion with 18 M iStline it 1, 10% a,
u-trehalose dihyavate s 010104 polsoibater20hatqynlienSiin Egropenrikied ancaemislier fermulation can be
substantially siqilapie efRMUAINRAT - HAIELHAIES 10domd FRIAXRMRIG theysisiained release

formulation of Lucentis RI in development by 15Genentech and/or Novartis, may comprise the therapeutic
agent injected T4 the Heliarats N sidARY tEMEuLs felmutatidharia)eebminisecsatitles comprising
active ingredienpioliG42zh Ebw ek ampleisionthleng nitegh States, Adalstinlbnaafbevasizemnald) psodipproved as an

anticancer drug, and,in gli iﬁﬁl&ﬁg&g@&&@g{gi&%&ﬁ@%ﬁ)ﬂ Eggﬁ@%g{%ct%g%ggmercial solution is a pH 6.2

solution for intravenous infusion. Avastinlm is supplied in 100 mg an

[0241] In many embodiments, the alignment structure comprises a conformable flange
disposed over the elongate cross-sectional profile and wherein the conformable flange contacts

and upper surface of the sclera when the elongate cross-sectional profile contacts the sclera.
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20mg preservative-free, single-use vials to deliver 4 rriL, or 16 mi. of AvastinTm (25 ing/mL). The 100 mg
product is formulated in 240 mg ct,a-trehalose dihydrate, 23.2 mg sodium phosphate monobasic,
monohydrate), ZYVQ rzrqglgwsog%ﬁﬁsm phosphate (dibasic, anhydrous), | ,6 mg poly]s)SFb%%O ,25?13(3 Water for
Injection, USP. The 400 mg product is formulated in 960 mg a,a-trehalose dihydrate, 92.8 mg sodium
phosphate (tnonobasic, monohydrate), 19.2 mg sodium phosphate 25(dibasic, anhydrous), 6,4 mg
polysorhate 20, and Water for Injection, LISP. The commercial formulations are diluted in 200mi. of 0.9%
sodium chloridgdaetpreiacinigististiamans the.amouptiedthespimercial farmudationused varies by
patient and indication, Based on e feachings desaribed herein, a perspn.of ordipary skilin (e art can
determine formuiations of Avastincm to Injec INto 't erapeutic device i 8,€1n E’urope, the Avastinfm
formulation canse Q0gkReanthgIBESiAly s ehe lfsarrlatibn bf ihen Uniteth Sraselsra wgrmed at
2010/088548P (hE/RAQTVAZACH HARAL BGRERSARNRIR IR il Flatas: therepiecdarms of

Triamcinolone used in injectable solutions, the a&ctonjde and the hexacetonide. The aectamide is
approved for intPR/PE] TS EEHBNLRHO8 1S HHE4RUt ide is the active ingredient in TRIVARIS

(Allcrgan), 8 mn?#jejnci[rﬁolor%%acetonide in0.1 ipS'F (r8% suspensié)r[l}g‘ ithzlaevehiclﬁ containing 5w/w percents

of 2.3% sodium hya urqng?g.; Téé%‘f%p“’a}ﬁ?ﬁ“‘éﬁfbn é);v bd%% ?cf)élrum phoss éitrg, giﬁ%[gf)&sa 4% sodium
phosphate, moHEHRSIE Caled W@ RPHHIE. O YK 4 foiginfedtiencsEhe acerarnid etischlsoatiser active ingredient

in TriesenceTMd{@eRR b 4R afn laghapension.hPA2R A Rerspasehbacdinannskilimthe art can
determine the osmolarity for these formulations. The degree of dissociation of the active ingredient in

solution can bejoeterminechdPeanddiseadoidatermintd diffetanagsiokasmthanty fiaowthepaadarity in
these fornmlations. For. example, con idgrin.g ﬁtltelgast some pf th(a ][%rmula(}ions may beﬁogoncentrated (or
[ t

oF
nsertion 1n C and wherel CVICE IS C 1) ¢xpand 10 a S€CO atc .
suspensmns), the tho arlty can Cﬁ]]; er front tﬁe ostnolarlty. 64%5? e formulation O? et%peutlc agent

may injected intodhehaipselgticciaiitein o splar comprise many known formulations of therapeutic agents,
and the formulation therapeutic 15 agent comprises an osmola@t)i& suitable for release for an extended

time from devicd2450. TABIRNE SPRAVENERENTINESHY BESRINAFIET OSIA FonealiA shane Kesm &tk
commercially fanfulatioascehaatledifprl4 30 ixkable, B iISehamanyoivbal cllatians Baspeiption Osm (M)
Saline (0.9%) 0308 Phosphate Buffered Saline (PBS) 0.313 LucentisTM 0.289 AvastinTM 0.182

Triamcinolone A¢etonide (Trivaris-Allergan) Triamcinolone Acetonide (Triessence -- Alcon)

15 [0246] In another aspect, embodiments provide a therapeutic device to treat a patient. The
device comprising means for releasing therapeutic amounts of a therapeutic agent for an

extended period.

BRIEF DESCRIPTION OF THE DRAWINGS
[0247] FIG. 1 shows an eye suitable for incorporation of the therapeutic device, in

20 accordance with embodiments of the present invention;

[0248] FIG. 1A-1 shows a therapeutic device implanted at least partially within the sclera of
the eye as in FIG. 1;

[0249] FIG. 1A-1-1 and 1A-1-2 show a therapeutic device implanted under the conjunctiva
and extending through the sclera to release a therapeutic agent into vitreous humor of the eye so

25  asto treat the retina of the, in accordance with embodiments of the present invention;

[0250] FIG. 1A-2 shows structures of a therapeutic device configured for placement in an eye

as in FIGS. 1 A-1 and 1A-1-1, according to embodiments of the present invention;
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0.342 Isotonic' Triamcinolone Acetonide (Kenalog - Apothecon) Isotonic* 'As described in package insert
20104311 The vitreous humor of the eye comprises an osmolarity of about 290 mOsin to about 320
mOsm. Formulations 'gf" ﬁ%gﬁ%peutic agent having an osmolarity front about P8 REUN 1 Ehout 340
mOsin are substantially isotonic and substantially iso-osmotic with respect to the WO
2010/088548PCT/US2010/022631 vitreous humor of the eye. Although the formulations listed in Table IB
are substantially isoosmotic and isotonic with respect to the vitreous of the eye and suitable for injection
into the therapqutisigeviog, thexformalatiancafptheidhievapasticaganiiniseteshinimnthe therapetiic device
can be hypertonic (nyperosmatic) or hypotenic (hne-osmalic) with respect & fnc foaty and.
50smolarity of the vitreous. Work in e*a I0n 10 embodiments suggesets that a yper-osmotlc\formulation
may release thés getilauing fedivandiahedratbpengitcagensinee e inbous! soiewhallfastee initially when
the solutes of thgdpjected formulation equilibrate with the osmolatiry of the vitreous, and that a
hypo-osmotic formulation such as A\,astinTM may release the active ingredient of the therapeutic agent
into the vitreougogemewhal slowerkitialdyhstaprildtdei solvigsiohthernjected dnionutatipadguilibrate with
the eye. A persgga%fu%dinary skill in the art can conduct experiments based on the teaching described
herein to determine empirically the appropriate reservoir chamber volume and porous structure for a
formulation of therapeutig;agent disnared N e LeReTYAk SRAMBES.S9,A% (R [5leASE therrpgutic amounts
of the therapeutic agent for an extended time and to provide therapeutic concenfrations of therapeutic
5agent in the vitrésUs Withif 2 e et tHerapRtiBesheEHE AR tR%TTEAbove the minimum inhibitory
concentration for the extended time. 104321 FIG. ID shows a therapeutic device 100 configured for
placement in af%éyd ad 17 FIG STRM AHGTREHAC SNSHILH Hirerad RER S B LB GF dRdmbers and
channels ¢onndctinigl the-thambergasceas tocliriediizenthef telgaseofithentherapeutic agent. A first chamber
20132A may comprise a reservoir having a first volume to contain the therapeutic quantity of the
therapeutic agdf2SFbr Eamplé) thextherapsutic adearircomprisestthvanbedivecitgrétieptceontained within
the reservoir. Aseeaps chamber 132B can be disposed distally to the first chamber, with a first opening
connecting the first chamber and the second chamber. The therapeutic agent can diffuse through the first
opening into thgugesondichamberokbe seeRadChamhes 266aMprisesia SRty alwmB.&HeRthat
therapeutic ager}tﬂil% temg%%raril}{tstored in the second chamber so as to linearize, for example toward zero

order, the deIivgry ofthe glrvaepéﬂ?fc agent. A second opening can extend from the second chamber

toward the yitregusups. TS fieh QRSRING, 1 REANY.0RSDAG, A0d s ssepndwalums can be sized

So as to linearize the ery o erapeutic agent for the sustained release at therapeutic levels for
the extended tiffeN3OMISAB:than one therapeutic agent can be inserted into the therapeutic device. In
such a case the two or more therapeutic agents ma]y be mixed together or injected into separate
chambers. WA%8%b/088548P IS0 TEITs S 0¥ H8 7 AuyRSHAN LA ARY Bi8hgs can be
disposed on thehdepiceidadinearize)dhe déliveny bfthe diude el examplena thitdealtadibencan be
disposed distally to the second chamber. The second opening can couple the second chamber to the
third chamber. F3f&ixafiplel [a fowrshn divambercclamibecdisigoseld distaliyntmthreathisd charher| &-third

opening C38 | and IA-1-1, in which the device comprises a plurality of chambers and channels connecting

the chambers so as to linearize the release of the therapeutic agent;

[0260] FIG. 1E shows a therapeutic device configured for placement in an eye as in F1GS.
1A-1 and 1A-1-1, in which the device comprises a needle stop located at the bottom of the

therapeutic device;

25 [0261] FIG. IE-1 shows a therapeutic device configured for placement in an eye as in FIGS.

1A-1 and 1A-1-1, in which the device comprises a needle stop located at the bottom of the
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5connect the third chamber and the fourth chamber. 104341 Additionally or in the alternative, the
therapeutic device may comé)rise at least one gate to provide for sustained drlﬁdeliverzgt. The gate can be
moved from "closed” ! qs(%ffen" position using magnetism or by applying elefri %:(HPr/gnfsll—'or example
the gates can slide or twist. The gates can be spring-loaded, and may comprise a pump that can be
re-loaded. The 10gates may comprise an osmotic pump. [04351 FIG. | E shows a therapeutic device
configured for placement in an eye as in FIGS, I1A-1 and IA-I-1, in which the device comprises 100 needle
stop 170 locategladtheibatiorn afithe thesapeuticdavicacdhenadlacstop-thal Magdepteiiided in the
therapeutic device to keep,the injectiopn needle 189 from penetrating through and possibly damaging the
exit port(s) 1666t %ﬁ?ﬁgl%g?a%%%%%} g@i%égi‘éa? Cé{eﬁéceezle stop will desirably be made of a material of
sufficient rigidity i reyeat fhe,adyaneerment afdhe ipiaciipnneemle ReshaeRIAI eyelinfhe therapeutic
device. Additionally or in the alternative, the length of the injector's needle may be designed so that it may
not penetrate tHdUGHGHY-bdsEIdigaage tfecexiissridced thecmhirajsditicha svrkiic 20361 As shown in
FIGS. 1E and Ikehpthecnredie stop 170 may be positioned at the 70posterior end of the therapeutic
device. FIGS. 1E-2, 1E-3 and 1E-3- | show other embodiments that may include needle stops placed in
the middle of th®@28yic€1F he ieddies stopmpaytivel designetincsfohpdamannen as ¢pcfanctidmas a flow
diverter for the fhefapauytic ageqt, The &hapaafdeNeadia SRR MAY. LSO ARSINRIMiKing of the

therapeutic agent with the rest of the fluids present in the inner chamber(s) of the therapeutic device.
75104371 FIG.heancuio iy isctrt dseliapedd e Sorfighierass fatisdmnfPhhesrariiFIGS. 1A-1 and
1 A-1-1, in whichdhexdaicr:compisestheadiapsiop dRbclocated at the bottom of the therapeutic device
and the shape of the device encourages the movement of the therapeutic agent within the chamber of the
therapeutitddevieze4)00 F 1%/ OE281 GHO88548p G S 20 10/0226311§0438p HiGuw dHR shows:a therapeutic
device configur;rgeggraglﬁlqﬁ@gqté_@gn eye as in FIGS. 1A-1 and | A-1-1, in which the device comprises
needle stop 170 located in the middle of the therapeutic device; 104391 FIG. 1E-3 shows a therapeutic
device configurgd o Plaeemaikin.AN&¥E 38N iBR ol AdodRfatify st mRich-the device, Gomprises
needle. stop 170 located in the middle of the therapeutic device and the shape of the device encourages

the movement BFAHEAS AR GHEUNBRRGAHNE & EHAMBRIBF the therapeutic device: 104401 FIG. 1E-3- |

shows a top vi the therapeutic device configured for placement in an eye as in FIGS. | E-3; 10[0441]
10, > chons Al test oS0 A aHIE o Tl ST T s OB BAREE 280, The access
port 180 may beceoribinedtivitnithd tiveiapidhtiordevicascdeseribed herein, for example with reference to
FIGS. 1A-1to 1D. The access port may he disposed on a proximal end of the device. The access port
180 may compii&an dpenitgshorridirnetmatidtehtisHSirttae eI o it ApebrstraBledsarsar 184
comprising a sepiukerdRadigpased theraosclnal lSacaessRoH-may L8R hencqpliguket for placement
under the conjunctiva }116 of the patient and above the sclera 24. 104421FIG. 3A shows a collar 128
suitable for inchrIBS%%iolrl]mv?ﬁth the therapeutic device 100. The retention structure 120 configured to
couple (0 the sqleig 24 Miay, SOmPIise e qllanda o collar My femBriss Ansxpandable colar
20104431 FR]. 3B shows biocompatiblc material impregnated with an anti-bacterial agent 310 on the
therapeutit’deiceM oSt TakiblY bawtdiar grovitcalBre tidaevice frohe tHecst efdhorisetitreous humor.
The biocompatilblemaderial may comprise collagen, for example a collagen sponge 312, and the
anti-bacterial agent may comprise silver impregnated in the collagen. The biocompatible material
impregnated wifi2d9¢ baciensideagenidnayuexitritacoupicdab leaisjator to insert therapeutic agent

into the device;

[0270] FIG. 5A-1 shows a therapeutic device coupled to an injector to simultaneously inject

25  and remove material from the device;
[0271] FIG. 5B shows a therapeutic device comprising a micro loop channel,

[0272] FIG. 5CI shows a therapeutic device comprising a tortuous channel;

43



25portion of the outer surface of the device. The anti-bacterial agent may comprise a portion of the
retention stnicture 1200, such that the anti-bacterial agent is disposed at least artiallly within the sclera
when the device'is MS&HaY thto the eye. 104441 FIG. 4A shows released aﬁf?tg/ou&zé)soc/:(gﬁ%]rising antibody
fragments 410 and a substrate 420 comprising binding agent 190, and FIG. 413 shows an antibody
fragments 410 WO 2010/088548PCT/US2010/022631 reversibly bound to a substrate 420 with binding
agent 190, in accordance with embodiments of the present invention. The anti-body fragments can be
reversibly boungiesthesubstraiasomphristigdheoingingragents suehdhatdhribound antibody fragments
are in equilibrium with the unbound antibody fragments. One of ordinary skill in the art will recognize
many 5substraf®2@pmprising bindinghagenidid keversiblyabiibt atrleast & posiiohothan@atibegynbased on

the teachings dgscribgd.hg @&rkaggéggg%q efbinding media may include particulates used in
chromatography, such as: Macro-Prep (-Butyl 111C Support, Macro-Prep DEAF Support, CHT Ceramic,

Hydroxyapgtite [0YP§ 1FM%C%§Y&P&M§P&?Q@M}(@E&%‘%@B Methyl IH%@HB&%"&M@&EO'PFGP Ceramic
Hydroxapatite Type 11, LIINOsphere S Cation Exchange Support, 10UNOsphere Q Strong Anion

Exchange SuppertsMaera-BrepdiightapRipedcasdMasiorRiepblighnQnipRahnidditiapaldnedia to
test for bindingti}pqludet.iogl exchange and bioaffinity chromatography media based on a hydrophilic
polymeric suppoﬁl?@ﬁ lﬁeﬁi/tﬁgare) that hind proteins with high capacity, and a hydrophilic packing
material from H d A Al mad hfrom Hol vinyl Ico,horll) that ind%n re roteitn than silica. Other
Canaidatos wodl L e B B B e cevioe
100 coupled to tAjEetdisPeTde st tidrameiries sgetire 1onatedBmanserd 3 & iHetfevice. The injector
187 may comprigg:peedet8IGoupiadie ayiinged 88 dAitk ki@ SAndshows atherapeutic device
100 couplc?gl to a}_nrérgﬁctorltl“% 9] ir;%%(l:t and 201r.<?movlel rqattﬁrial lfq_grg]néh degicle.tme injector may
comprise needfe 1 H%\(/)llng adfiré)f UMER8EA She B seCond Turen T 1rﬁ‘lcguréd to insert into a
container of th%@%ﬁceﬁ@%ﬁﬂf%&m&%@e ianeously iNieRt RO MSTaDEVIG R80T H?sttgu%ﬁﬁ'; withdraw
520 liquid from the device. The injector mafcomprlse a first one way Valve and a second one way valve
coupled to the figbymensan te.secand S,Mmmtﬁe&%%\%r@m#&@laﬂ& BN AilhR@peutic
device comprising a microloop channel'530. The microloop channel may extend to a first port 530A and a
second port 536“1@,F§&cﬁ‘fhe therapeutic agent can be injected into the first port, for example with a
binding agent, a (% Iowa%’e material, for example liquid comprising hinding agent, can be drawn from the
microloop chanleFb0l (U8 2h TtH0BEAHEPE RIS SO SRE BT e 0 SHo etdbeutic
device 100<comyptigimgrautortucus:chanhh.340. The tortuous channel may comprise extend from a first
port 540A to a second port 540B, such that the therapeutic agent can be injected into the first port and
flowable materi2§bl eXtmpRe lighaey co mpibinglthetsintibtageuteag e deasidrom the second

channel. 510449% Emeoll ShAWs axibRIApeic denicecampiising adosiugussaiedrchanngl 550. The
coiled channel 558ccl§rl?§xte to an exit port 552. A needle | 89 can be inserted into the port 180 to inject

therapeutic agefit intd devite 1 Oft [0450] FIG. 5D shows an expandable and contactible structure 562 to

Bl Sei%ge?]?ri%st%ﬁ%%L%é%{i!‘?nﬁ‘ﬂ%ﬁu?aﬁ% %Tpat”‘é’ab'e

retain the therapgyyc agentandan ouy : |
structure 562 ay comprise a membrane, such as at least one ofa ag, a oon, a |gXI le reservoir,

a diaphragfh, opfalisdhermpraiésaesnigieneakinpierraynestashsubstarielnarbomd fet stidéeire 562 and may

comprise an opeRiAg IRFelaasedigitdidnta tbesvitngelss diimaswhen the structure is expanded and to draw
vitreous humor inside a chamber of the casing when material is drawn from the structure and the

structure contapigs3H[0liG: kBIESoSEbshmag amemiians S50 pisfosechOverphn2xit g aber of
therapeutic devt Cc—:etherapeutic agent along the interconnecting channels extending from a first side to a second

side of the porous structure as in FIGS. 6B and 6B-1;

25 |0284] FIG. 6B-5 shows an effective cross-sectional size and area corresponding to the
plurality of paths of the therapeutic agent along the interconnecting channels extending from a

first side to a second side of the porous structure as in FIGS. 6B and 6B-1;
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| 00. [0452] FIG. SF shows therapeutic device 100 comprising a tubular membrane 572 clamped onto the

therapeutic devi‘%e ggll?]roggdesports 570 of device 100. 104531 When the pro]gecTt/ivezgn(%gg)ge}nes have
pores of 0.2 urn a?ame{er,sthey are 20 or more 20times larger than the proteiﬁs BrinePaY , which may

comprise a model for delivery of the therapeutic agent. For exatnple, molecular weights and diameters of
models of proteins of therapeutic interest are (a) | gG 150 kDa 10.5 nin (II) BSA 69 kDa 7.2 rinri (c) Fah
fragment of IgG 49 kDa hydrodynamic diameter not reported 104541 Therefore, solutions of therapeutic

compounds in tessige Frange chigls andBoAsharichflow iglptivalp ersibothraugh 0 21um poke size
protective membranes used to stop passage of bacterial and other cells. WO

2010/088548P QIPAIS 261K0/6R2681 104 5bilpBindisig: MateriatsFAgerts onply Coimprisscatdedst one of a
chemical bindirgglsgcgggg{g?gatger;ial, a structural binding agent or material, or an electrostatic binding agent or
material. The types of binding agent may comprise a classification composed of non-biodegradable

material, for expsnpif af @lass hrads, glassyuaelerdalass e Asvriassran Redesi@tized with at

least one functional g_rou%.so as to impart the binding agent or material with the potential for at least one
of ionic, hydropHBbia" 8¥ifBSHiIE Kinding to at least one therapeutic compound. [0456] The binding

agent may comprise a pjpdegradable material. For example e{%ode radation, bjnding, or
combination of B bheuihie b eSS B Ay CHr B G BHLLh Soreh e Vi BB Hoent may
comprise ion exthemyeioandtthecionlesschange may comprise at least one of a functional group, a pH

sensitive binding or a positive or negative charge. For
[0289] FIG. 6G shows porous nanostructures, in accordance with embodiments;

[0290] FIG. 7 shows a therapeutic device coupled to an injector that removes material from

10 the device and injects therapeutic agent into the device, according to embodiments;

[0291] FIG. 7A shows a therapeutic device comprising a porous structure and a penctrable
barrier as in FIG. 6E, with the penetrable barrier coupled to an injector to inject and remove

material from the device, in accordance with embodiments;

[0292] FIG. 7A1 shows a therapeutic device coupled to an injector needle comprising a stop
15  that positions the distal end of the needle near the proximal end of the device to flush the
reservoir with ejection of liquid formulation through the porous frit structure, in accordance

with embodiments;

[0293] FIG. 7A2 shows a therapeutic device comprising a penetrable barrier coupled to an
injector to inject and remove material from the device such that the liquid in the reservoir is

20  exchanged with the injected formulation, in accordance with embodiments;

[0294] FIG. 7B-1 shows a side cross-sectional view of a therapeutic device comprising a
retention structure having a cross-section sized to fit in an elongate incision, in accordance with

embodiments;

[0295] FIG. 7B-2 shows an isometric view of the therapeutic device as in FIG. 7B-1;
25  ]0296] FIG. 7B-3 shows a top view of the therapeutic device as in FIG. 7B-1;

[0297] FIG. 7B-4 shows a side cross sectional view along the short side of the retention

structure of the therapeutic device as in FIG. 7B-1;
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example, ion exchange with at least one of diethylaminoethyl or carboxymethyd functional groups.
5[0458] The bindin% agent may comprise a pl I. sensitive binding agent. For example the binding agent
can be configur(‘a)vootome&/ﬁ)f}essﬂﬁgerapeutic agent at a pH of 7, and to bind the th]é?gb%suﬂlcogézéﬁ{ at a pH from
about 4 to about 6.5. A cation exchange binding agent can be configured, for example, such that at a pH
of 7, the net negative charge of the binding agent decreases causing a decrease in binding of the
positively charged drug and release of the therapeutic agent. A target buffer can be provided with the
binding agent tpopegersibly. ceupladhe Dboding ageot ke thheriparapesiticcagant1d heratenphrglgase can be
controlled, for (aléz%lgre]ps)lc?elsgpwed down, by using insolubility of the buffer in the vitreous. Alternatively or in
combination the elution can be limited by using a porous membrane or a physical property such as a size
of an opening, 4#43P) Tite i exehanae e OMRRs RASIYE SLASIATNG LN EXEhAnR.AR160] The
binding agent may comprise hydrophobic intefaction. For example, the binding agent may Comprise at
least one bindiref s HYGroPHAOBEEKEME the PeaRip el A @SB HE BT HYFEERAT S pyI, butyl, t-butyl or
phenyl functional groups. WO 2010/088548PCT/US2010/022631 104611 The binding agent may
comprise affinityToH extzivipid e e A8¢ SR Brhom ArBhrErcHeH AR Gind TREIBHSTRSN affinity.
Examples can siclugiel aibydroxyepatitcoor hhelated metal,cloneikan pleckingattmidodiacetidacid can be
chelated with Zic!?‘&s&g%t@(%?af';t}%,?ﬁ%@@d%&%@i‘?ﬂ%&%’&ﬂﬁ&%& at least one of the following functions:

charging, 5recharging or elution, The charging may comprise a porous material injected therein so as to

release the actiygjpgredignipldtesRaKQUs H@&%ﬁﬂ%ﬂﬁ‘(ﬁe%@&ﬂﬁmQui@%iﬁlgﬁté%é%? area, which
surface area is available for binding. The recharging may comprise remO\éiN?‘ﬁ carrier + therapeutic agent;
|

and adding fresHlyF¥KaAYJR AR EloRsak S IERPUME et 240483 HE SIHBSHTRRS comprise a byproduct,
for example un bindi ent that can be removed. For example, diffusiop (pl w) of vitreous to
change co@ditii)?l%swggﬂg ‘r%%%c%eslqh erac |8tra1'loe ‘S?gp‘ggh%tgaéﬁ Lﬁl@%%r{r/fg?ﬁs i‘bﬁk&gly%ggmonally or in the
alternative, a sygigited drugeliyen I ALING ErRReHIC ARNLIRY fOMBLss dryg,delivery
packets, e.g, mierospheres, that are activated. The paciets can be activated with at least one of
photochemical &etiPstiBhdeMsemainaicivatibhor ISbiodegradation. [0465] The therapeutic device may
comprise at least one structure configured to provide safety precautions. The device may comprise at
least one structdi?th prélefif 4 tedst e’ b MatBpha e bF BttéidtHng st Rth tHdhfeservoir body;
bacterial penetratiap: ok ietingal detadianant2010466] The therapeutic device may he configured for other
applications in the body. Other routes of administration of drugs may include at least one of intraocular,
oral, subcufandl@déslintFathustalashomtrapesitomd aic minanagahcdermmalytinttetve calmihtfavagdealar, intra
articular, pericardial, intraluminal in organs and gut or the like. 104671 Conditions that may he treated
and/or preventd®Blsingfiite BictpdelRlery BeVidoarramededoasgasbribad pesr&inthaaiciaedude at least one of
the following: hgmpphilia angkothesdlgag disorders, growth disorders, diabetes, leukemia, hepatitis, renal
failure, HIV infection, hereditary diseases such as cerebrosidase deficiency and adenosine deatninase
deficiency, hypgitenpioniseptic sheckmuigindmunacgipeases sehoaspmiliiplec.splamsis barayes disease,
systemic lupus erythematosus and rheumatoijd arthritis, shock and wasting disorders, cystic WO
0101038548 USROS LA o B A P A O B e e
disease, gistroimtesoifaney wihembadtersisdegenerative diseases, trauma, multiple systemic conditions
such as anemia, and ocular diseases such as, for example, retinal detachment, proliferative retinopathy,
proliferative dialJeéfiR! refifop4tny deryeribreatival ansereston abtystrare 488% 2 0edilSidits linfection caused
by Spenetrating traumatic injury, endophthatmitis such as endogenous/systemic infection, post- operative
infections, inflaftiationd St 25 ORI F RS OPRrHiALsey LRBIGItRE Lk R8RS SUdRSS neoplasms
and retinoblastemiachddb8ttksxamples of therapeutic agents 110 that may be delivered by the
therapeutic device 100 are described in Table IA and may include Triamcinolone acetonide, Bithatoprost

10(Lumigan), R&AI8IzuMab Ctléesitsmrill shrpeopridst (Fravedalonatbom)ncrisndtor O ifopticer

25 160, in accordance with embodiments;
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Merck), Levobunalol (Betagan, Allergan), Brimonidine (Alphagan, Allergan), Dorzolamide (Trusopt,
Merck), Brinzolarnide SAzopt, Alcon). Additional examples of therapeutic agents that may be delivered by
the therapeutic QL He antibiotics such as tetracycline, chIortetracycﬁﬁg{%é%llgfgzc|?13,]neomycin,
potymyxin, gramicidin, cephatexin, oxytetracycline, chtoramphenicot kanamycin, rifampicin, ciprofioxacin,
tobramycin, gentamycin, erythromycin and penicillin; antifungals such as amphotericin B and miconazole;
anti-bacterials such as sulfonamides, sulfadiazine, sutfacetamide, sulfamethizole and sulfisoxazole,
nitrofurazone apud s diwIGPTOPIGAAEE; A bkl BldehRcap ddoxusidines tHfluaraty midine, @Gy slIoNiE,
gancielovir andcplitgrfl%gnl;rantiallergenics such as sodium eromoglyeate, antazoline, imethapyritine,
20ch|orpheniram|neg, pyrﬂa’tnine, cetirizine and prophenpyridamine; anti-inilammatories such as
hydrocortisone, fydjocprtisops, agsiats. dexamainasans. dexemethasang 24 RasRlalR.diuocinolone,
medrysonc, prcdnisolone, prednisolone 21-phosphate, prednisolone acetate, fluoromethatone,
betarnethasonerafHd tARHEEIAMSNe; non-steroidal anti-inflammatories such as saticylate, indomethacin,
ibuprofen, diclofenac, fluthiprofen and piroxicam; decongestants such 25as phenylephrine, naphazoline
and tetrahytiro28fibd; nfitst s7§h”tﬁéﬂﬁc£%ﬂﬁé§9é¥£§§§f§l?8HbE‘sl'ﬁﬂB%%{}ﬁHEf‘g&W&%&l}déﬁﬁt%ﬁoline
chloride, physostigodinepgserine, carbachol, diisopropyl fluorophosphate, phospholine iodide and
demecarium bromide; mydriatics such as atropine sulfate, cyclopentolate, homatropine, scopolamine,
tropicamide, euddirpirda@ndP onsyhnpieetardinee sypatirominetios stethas Epitiephrinen
antineoplastics SKGh @3 ROGAHRHSIRE sisPlaUNART HLarovsac. mmunelpeicalHrugsmsuch as vaccines
and immune stimulants; hormonal agents such as estrogens, estradiol, progestational, progesterone,
insulin, WO 207BV8888A8PCT/US2010/022631 calcitonin, parathyroid hormone and peptide and
vasopressjn hy t*'gfrla leasing factor; heta adrencrgic. blockers such as timolol magleate, levobunolol
61 and DX RIS ohgu s L S ar A UREAMA HCi8r THFSLIRAP oW Pctor, platelet
derived growth dactoriotrahsforrifing ngrowtis feidtoeisetansonaattropinyaedfigrdetincdarbonic anhydrase

Sinhibitors such,asndighlqiepherrinideAgetazolanideand mathazelamidg.and other drugs such as
prostaglandins, antiprostaglandins and prostaglandin precursors. Other therapeutic agents known to

those skilled in fiill @t whichrancaprblipaficasiiclled suafined jelarseista-dhemyeiithe manner
described herei_nlare %S%suitgqe for use in ﬁcc%d?nce vgitéh er’%l:% gi_n?ents of thedgresertlﬁinvention.
10104691 The iﬁg?%?peﬁtlceg entl afﬁnmaa\{g/a%or?”iﬁnsee oné or more o teér%lllgvf\'ﬁﬁ%l: Cgrvé'llx, Abatacept,
Abciximabl,SAdafinhadrantaldesieukin, Alefacept, Alemtuzumab, Alpha-1- proteinase inhibitor, Alteplase,
Anakinra, Anistreplase, Antiheinophilie Factor, Antithymocyte Aprotinin, Arcitumomab, Asparaginasc,
Basiliximab, Bel@aplérniiH; BEvawIzEmkibcomprisiBGrRIRGRE TIRMIYHE ACBétSMEM Toxin Type B,
Ca-proinab, CeferglbxtiCaivsimahiGhotaganadpirepindatia, woagwatiormactor 1X, Coagulation factor
Vila, Collagenase, Corticotropin, Cosyntropin, Cyclosporine, Dad | izumab, Darbepoetin alfa, Defibrotide,
Denileukin diftit@g,18)csriGpiessin r&arnasevAlfaxrotne o6 difialfadi oetizubvabateddliauraty, Enfuvirtide,
Epoetin alfa, Egffibalde.Fignersent fuenaidgFebpressinlaasim. Ealliteniypeta, Calsulfase,
Gemtuzumab ozogamicin, Glatiramer Acetate, 20Gluca o recombinant, Goserelin, Human Serum
Albumin, I?@alur‘ﬁ?ﬁﬁé@@ﬁ%ﬁtumomab, Idursulfase, | mrnune globulin, Infliximab, Insulin Glargine
recombinant, Insulin Tyspro recombinant, Insulin recombinant, Insulin, porcine, Interferon Alfa-2a,
Recombinant, I eroh it 2toretismsiiaht s He s agatshimt IIq-:ltéi’feronalfa-nl, Interferon alfa-n3,
Interferon beta'\-llﬁ?élﬁtzeuﬁé%ré_'%%mma-lb, Le]pirudi h(l:_e%ulgrolid , Lutropin alfa, Mecasermin, 25Menotropins,

IVItiromonab, Litides BErEdtde atPuiiab, Oprelvek OspA lipoprotein, Oxytoein,

Palifermin, Paliyj by a% itumumab, Pe aqematﬁe bqlvme Pegaptanib, Pegaspargasc, Pedfilgrastim,
. J(EN | , o} ing, :
Poginterteron AL ah, Ba e S e e e e R BT easuricase,

Reteplase, Rit%gggp, %m@rgtg@lseligp&isrg,r§g@r@gﬁ9§;&§90§‘qg§ptin, Sermorelin, Serum albumin iodonated,

Somatropin 30recombinant, Streptokinase, Tenecteplase, Teriparatide, Thyrotropin Alfa, Tositurnomab,

WO 2010/9885/804 T/HS20L U028 3L oS AHMaR o B Ol BraRif okl EQking s eu@h Yasarressm. The

molecular weights of the molecules and indications of these therapeutic agents are set for below in Table
1A. below Lok tip on a | mL syringe;
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[0470] The therapeutic agent 110 may comprise one or more of compounds that act by binding members
of the immunophilin family of cellular proteins. Such compounds are known 5as"immunophilin binding
compounds." Im‘?/n%%loéop/ﬁﬂ%/ﬁ%inding compounds include but are not limited tg(fﬁgjsﬁ%?{%mfghily of
compounds. Examples of limns compounds that may be used include but are not limited to cyclophil ins
and FK506-binding proteins (FKBPS), including sirolimus (rapamycin) and its water soluble analog
SDZ-RAD, tacrolimus, everolimus, pimecrolimus, CC1-779 (Wyeth), AP23841 (Ariad), and ABT-578
(Abbott Laboratosieg). F0&0471 ihbhe tionusfamihtefieompousssmayhertisedinthe emmprsitions,
devices and methods for the treatment, prevention, inhibition, delaying the onset of, or causing the
regression of afifi2&jenexis{meldiated diseabes artt condifionssofithiéreyeh tnchféingdddsoroidal
neovascularization. The limns family of compounds may be used to prevent, treat, inhibit, delay the onset
of, or cause redhé2slonfdf ANIBhone lhdingwet ki aap &biairrimiayhbe: gisediitsie! prevent, treat, inhibit,
delay the onsetof Qi calisgiEpgression of angiogenesis-mediated diseases and conditions olthe eye,
including choroidal neovascularization. Rapamycin may be used to prevent, treat, inhibit, delay the onset
of, or causeg reqssionNRRGAND sinslvdineghwel AMBn1Qdv2L ITRe sherapetticage kdslmnay gomprise
one or more of g)gé;rstolidine, dithiocarbamate 20(NF.kappiLB inhibitor); squalamine; TPN 470 analogue and
fumagillin; PKC (protein kinase C) inhibitors; Tie-l and Tic-2 kinase inhibitors; inhibitors of VEGF receptor
kinase; protcos inhibitors such. as VetcadeLTM. (bo mib, for,injection: ranibuzumab
ppetaEviy (6} b A e R B S —
receptor antagdiists, ackas tiicke Péphdiiehlagoireslaiogitrdhsttr radipenyganinegrins; .alpha.-
25v(.beta.-3 integrin antagonists; .alpha.-vi.beta.- | integrin antagonists; thiazolidinediones such as
rosiglitazone oﬂ?%&aiita%‘geﬁﬁ?@ﬁéfbﬁ}wmm‘iﬂ@a?aa A RRHSHETBR SR ifeiO YEFEERSEtS (NV by use
of dextraniand metaincogdigdaion jigorent e pithediir detiveddaatordRmbPI)endpstatin; angiostatin;
tumistatin; canstatin; anecortave acetate; acetonide; triamcinolone; tetrathiomolybdate; RNA silencing or
RNA interferen3 RN Ai)@rlangiogeniofacters; 30ind Bdingmiboz imesg!thahtsirgbsiMEGH expression;
Accutane. TM. (¢ 3615 ECHnRIC.REHaAGE, WO 20HNBSaHERG TS ROLAINARA3 K inhibitors, including but
riot limited to quinopril, cCaptopril, and perindozril; inhibitors of NiTOR (mammalian target of rapamycin);
3-aminothalidonpigha; penteXifyllings onneihexesiiadials aalabieines; AMe »hdd nrycigRxygenase
inhibitors such as. eEafe ac, rofecoxib, diclofenac, rotbcoxib, NS398, celecoxib, vioxx, and
(E)-2-a|kyl-2(4%'&ﬁ§r§%e§r)1ﬁ%ﬁﬂﬂghenyl)-l- 5phenylethene; t-RNA synthase modulator; inetalloprotease
13 inhibitor; ac olipesterase inhibitor; potassium | blo s; endorepellin; purine analog of
o-thioguarihe, B pe A R S B e
cerivastatin; anghogessetlsitadin; 1411EGF trap molecules; apoptosis inhibiting agents; Visudyne.TM.,
SnET2 and other photo sensitizers, which may be used with photodynamic therapy (PDT) 10inhibitors of
hepatocyte grthﬁ%ctﬂcﬁa}ﬁﬁ‘)é@@é e GrolRtFRTacid B F?g torsdagefinibisetidPTAkibitors of the
c-met tyrosine kinases tiecatedyvassimisiaf 1OF e.g. NK4). [0473] The therapeutic agent | 10 may
comprise a combination with other therapeutic agents and therapies, including but not limited to agents
and therapies U8a8d| foF thieltaatmentestangiogehesistiol heovascellaridetiprfiparticttarly CINV.

Non-limiting exgﬁg%g()%&%pﬁgﬂig aliagants @@M}@éwﬁamwe pyrrolidine, dithiocarbamate
(NF.kappa.13 inhibitor); squalamine; TPN 470 analogue and furnagillin; PKC (protein kinase C) inhibitors;

Tie-1 and Tic-2jkinage inbibity shinibiiers AtV ERTHEARAISHINARSIRIOIROROME RbIRIAGE BHEh as
Velcade.TM. (bortezomib, for injegtion; ranibuzumab (tucentis.TM.) and other antibodies directed to the

same target. pEUAPABLMECTen T THShbCar HIESRNEP AhAG UG b Recond S o

injection at 90 days, in accordance with embodiments;

[0336] FIG. 19C shows determined concentrations of ranibizumab in the vitreous humor for a
25 first 50 uL Lucentis™ injection into a 32 uL reservoir of the device and a second 50 uL

injection at 90 days, in accordance with embodiments;
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20as cyclic peptide antagonists of vitronectin receptor-type integrins;integrin antagonists; .alpha.-vibeta.-1
integrin antagonistsi' thiazolidinediones such as rosiglitazone or troglitazone; interferon, including
.gamma.-interfe‘r)vo% O tEron targeted to CNV by use of dextran and me{gf%gé%%‘.?{g%ﬁgﬁl; pigment
epithelium derived Euitor (PEDF); endostatin; angiostatin; tumistatin; canstatin; anecortave acetate;
acetonide; triamcinolone; 25tetrathiomolybdate; RNA silencing or RNA interference (RNAI) of angiogenic
factors, including ribozymes that target VEGE expression; Accutane.TM. (13-cis retinoic acid); ACE
inhibitors, inclugigrputrat liontedie auinapiiy captoptticandmetipgozdb inhibiarsoat Afli&R(mammalian
target of rapamygin). g-aminotalidomide; penioiyling: 2. methgoestiadioh. coldhigiges; AMG-L470:
cyclooxygenase InF]I[SJIIOI’S such as neratfenac, fofecoxib, diclofenac, 30rofecoxib, 98, celecoxib,
vioxx, and (E)-2usiie{t 9 debiarie setfodyipheryyubodiestethene; t-RNA synthase modulator;
inetalloprotease 13 inhibitor; aceryleholinesterase WO 2010/088548PCT/US2010/022631 inhibitor;
potassium chadf&i81oEkErd JEBoNS SEIRTRIBER FRIGERERSG TV FHIOGFIARIN S Byl eEtoRHe AN®-2;
(recombinant) argirinadeiminas¥;ipigalbacateshinud-galiats; ectivastatinaanateguas otisuramin; VEGF
trap molecules;. inhibitog&gbfﬁ? atoc¥telgrowth. g%t[gtr) (gxntitr)]pdies to the growth factor or its receptors,

small molecula}nrﬁﬁtl'lgﬁors of th Sbl-%‘ef?w%nsﬁ%vev maseo, biruncated versions of ITGF e.g. INIK4); apoptosis

inhibiting agentg;;gisugyne; Mg, OELE ANA-QOGERRRIR SENSEREIR WA PRRIOANIAMIG (hefaRy (PDT);

and laser photocoagulation. [0474] The therapeutic agents may be used in conjunction with a
pharmaceutically) 4edefstabife cavfidiosuel asOmdr é?(‘él?ﬁﬁfg,l%ﬁd%leé‘é%ﬁﬁé%{*?d?@éié‘?in, sugars, natural
gums such as acasi@nsodivnalginatenand carboxymethyl cellulose; polymers such as silicone rubber;
liquids such as 10sterile water, saline, dextrose, dextrose in water or saline; condensation products of
castor oil and el¥3Aene Kxid&dighos, glisoeryintriestarcofraitowef imddeculab wekght dattys acidoildwer alkanols;
oils such as corpsgil, peanih o sesame,all,casipreland e it emulsifiespsuh as mono- or
di-glyceride of a fatty acid, or a phosphatide such as lecithin, polysorbate 80, and the like; glycols and
polyalkylene gIyEeEiaaetedhsHIegi%sAthe presence of a suspending 15agent, for example, sodium
carboxymethyleellulose, sodium hyaluronate, sodium alginate, poly(vinyl pyrrolidone) and similar
compounds, eittfa? Hiord Gof Wit QA BB g ERIRAS S BYTREHAIRC SUITO%Y BAEHE stcarate
and the like. Thes6arriénematys Bisojcontaina@djidfanisisuchhasipreselvingstabitizirg), 4etting, emulsifying
agents or p§heragg@@gcg@ﬁrg%§0$%%zg} The therapeutic device may comprise a container configured to
hold at least one 20therapeutic agent, the container comprising a chamber to hold the at least one

therapeutic aggpsysith aideast Qe oRating{a tsleasetbaarieadiAnetheiapeilic adrpdodhe vitreous
humor and poraqus structure 150 placed within the at least one opening. The porgus structure 150 may
comprise a fixed B8t S or SUEHIREHAR daeh a S STIRYEE ATSIERsH Ui Eiaes Bt a sintered
polymer with a aefinkdcporositynantniontsiosity that controls the rate of delivery of the 25at least one
therapeutic agent to the vitreous humor. The rigid porous structures provide certain advantages over
capillary tubes, [8343libl& isol{Mhehsverndt imermbianes sisaiomedhanizm fop coiteollirg theurede S5e of a
therapeutigpagent Qr pgents aftheherapsitia devicendhgseadyaniagaRiinebsigsthe ability of the rigid
porous structure to comprise a needle stop, simpler and more cost effective manufacture, flushability for
cleaning or dectSggHigsitHE PrOIUBSY30after implantation, high efficiency depth filtration of
microorganisms, pigyiceg by gpe, WO 2010/08B5480CTILIS2010/020631 layrinins of regylar paths
within the structure an gréa%ersro Ustness due ocﬁreaié)r ardness'and thickness ot the Stricture
compared to a mrdhibravrswis e deitsiéop dNmeiOfhaltrijey Ad ditiorzilye lowber thadegiol drous structure is
manufactured frem,gasiRteigtmei@inegtamic, glass or certain plastics, it can be subjected to sterilization
and cleaning procedures, such as 5heat or radiation based sterilization and depyrogenation, that might

damage p@iqualma]j OHDGY 191 shows determined concentration profiles of ranibizumab in the vitreous
humor for a 50 uL Lucentis™ injection into a 125 uL reservoir device having a release rate

index of 0.105, in accordance with embodiments;
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membranes. In certain embodiments, as illustrated in example 9, the rigid porous structure may be
configured to provide a therapeutically effective, concentration of the therapeutic agent in the vitreous for
at least 6 months O ThIS telalse profile provided by certain configurations of b /flfélz 18/3%(2)?135]. structures
enables a smaller device which is preferred in a small organ such as the 10eye where larger devices may
alter or impair vision. [0476] FIG. 6A | shows a therapeutic device 100 comprising a container 130 having
a penetrable barrier 184 disposed on a first end, a porous structure 150 disposed on a second end to
release therapgqusigepgentfan Brsexisrideapafingnandraitateriinr stuaibie h20icAMPHSING an extension
protruding outuayd from, (g6 doptaingr o souple ig the seigraand.the coniynciva. dpTe gxtending
protrusion of the retention structure may comprise a diameter 200, Theretention structire may
comprise an indestetadioh0P20m sizerdteceaeidihviantidisitelra. The container may comprise a tubular barrier
160 that defines at least a portion of the reservoir, and the container may comprise a width, for example a
diameter 134. Thi#dianitter 134"0a1 teicsysadaRPIANEAGE  farseamBiemabii dheanigePiom about 0.5 to
about 4 rars, forexample withinac2Qis&hge:tiam iatboutdstar3rexm aindeean heabautRagmydor example.
The container rpn%gxcgfrg%%e a length 136, size §9 as to extend from the conjunctive to the vitreous to

¥: it ¢ . o
release the therapeutic age’an iNto the vitreous. éq‘énnf:jth 136 can be sized within a range, for example

within a range fpiabeyt:2, i ARGNL L& M IPLSXAMBIB IO R SRR FoMRRAHL 4ife4Q ann and can

be about 7 nun, for example. The volume of the reservoir may be substantially 25determined by an inner
cross sectional Baer §thetubUtarStictiRtE NG diStande HroirstheparslS iRt drs e Benetrable
barrier. The retaftion RVl Boa)GREWIIEREBL &Rutar extension having a retention structure diameter
greater than a diameter of the container. The retention structure may comprise an indentation configured
to receive tthe soi49] whiea. tHP ektensionrexiehdsbetween theisslef asihtithetconjundtiveusThe penetrable
banier may comprise 30assaptym.digeosge.an fipreximalendsof. the containgr i whish the septum
comprises a barrier that can be penetrated with a sharp object such as a needlge for injection of the
therapeutic ageRfcxWO- 90 0r08834BIE T/ SPO2HMIIH31 The porous structure may comprise a cross
sectional area I5QA sized to release the therapeutic agent for the extended period. [0477] 'The porous
structure 150 %y Ebmplibd AaeEics EOMBRET 9B CHHY Qb IBE SR B SEEEHE Wit Eouple to the
vitreous 150S2a Thelficshsideamaicomiphiseta fipsnapen SlibOAloand thedsecohdvside mayscamprise a
second arga 150M2. TS PAIOUS HUCHISMA G RESE INIRKASAS 087 TR AYRHS Atfgture many
comprise a diameter 150D. 104781 The volume of the reservoir 140 may comprise from about 5 M. to
about 2000 tit. 8P thdPaiseritensgaift epieriakafiple from about 1) id. to about 200 M. of therapeutic agent.
104791 The therapeutic agent stored in the reservoir of the container comprises at least one of | Oa solid
comprising the HritHpelitie 448t SHilHioiM ebRPrATY B8 ShEvLPEtTa ARt VA SOSpUHEISPEBmprising
the therapeutic dgentoparticles tommiisih@ithedherapautioraigent Hilsbrhed ¢theréemn oicpartictes reversibly
bound to the theyapelic, RgRR, B SAMRIR,SERAEVRIL 1Ak RAMPARS, ASHIRERRION af & cgytico-steroid
such as triamcinolone acetonide to treat inflammation of the retina. The reservoir may comprise a buffer
and a susp@nsith bikeersrtiarapatitenageftcebmprising solubility within a range from about 1 ughnT to
about 100 such as from about | ug/mT, to about 40 ughnL. For example, the therapeutic agent may
comprise a susPianston’ GF triameinst ??ﬂf@‘fgr‘fﬂgﬁﬁ‘g@fﬁ@saofﬁalﬁ@fm? ADPFOUFRAEE R TE USRAL in the
buffer at 37C wHeunlLintpldatedudo4BO] Temglehsarat@iridex rfayLobmiptibevimanyelatlsesicand the release

rate index with g 20sySPERFIANMAYRESANEWRAHRLNG AN 9% A fRINIORA MY HMRediments, for

example. The release rate index may be no more than about 5, and can be no more than about 2.0, for
example no mot&/thisrf st gesYIEhAMPPHRAY B mbodiments may be no more than about 1.2, so as to

release the thera?eutic agent with therapeutic amounts for the extended time. |
25  J0353] FIG. 19T shows determined concentrations of ranibizumab in the vitreous humor for a

10 uL standard Lucentis™ (10 mg/mL) injection into a 10 uL device having a release rate
index of 0.01 and in which the ranibizumab has a half life in the vitreous humor of about five

days, in accordance with embodiments;
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104811 The therapeutic device, including for example, the retention structure and the porous 25structure,
may be sized to pass through a lumen of a catheter. 104821 The porous structure may comprise a needle
stop that limits peﬁé?ﬂzgf%%sb the needle. The porous structure may comprispecglg?ﬁ?é @%28 thannels
configured for the extended release of the therapeutic agent. The porous structure may comprise a rigid
sintered material having characteristics suitable for the sustained release of the material. WO
2010/088548PCT/US2010/022631 104831 FIG. 6A2 shows a therapeutic device as in FIG. OA
comprising a ro@psigd dirtaberebvlO4&4dulatéa. thd ShieNvs @dfgich PO muspstititcivéa: asspefslén. iBA. The rigid
porous structure 158 co.mgcrlics.gadsél a g%@li% of interconnecting channels 156. The porous structure

. . TESCTVOIT, 1 odiments. . . .
comprises a sintered matéria compose§ ot interconnected grains 155 of material. The interconnected

Sgrains of matqgalgefipg.chaonels Eﬁf%ﬁ’ﬁ%’]‘é@%’HQ')x%?rifﬁm%ﬁq%@%%L%'ﬁ’cod‘é%l@@ssc%l%‘?iH}l‘?glrapeUtiC

agent. The channels may extend around the sintered grains of material, such that the channels comprise
interconnectingSEPsHIelY skPeAERECHIrS T GG Foreslas ihateisar ooy £ Thalrigidpeous structure can

be configured for injection of the therapeutic agent into the contginer in many ways. The channels of the

P\

rigid porous str b 45 2O SPRES FHRUBL A Fi d U Ane kS RS 1R B REPS BB R 498t is injected
into the reservairivkitbspoE 84%’; The rigid porous structure comprises a hardness parameter within a
range from about 160 Vickers to about 500 Vickers. In some embodiments the rigid porous structure is
formed from sirif8add staifld28 stekhandroohipriselahardhessparaifaterowithinsaucdmge fromez about 200
Vickers to abouf 24QWigketsglp-some embodiments it is preferred to inhibit ejection of the 15therapeutic
agent through the porous structure during filling or refilling the reservoir of the therapeutic device with a
fluid. In these eqizsgimants texhannelsof R 4igid DOraus St caMRriseauesisiange to flow of an
injected s%ltiort]n% sugg?gzzg%), glgrigttqe %%Bi_rfy gauge needle such that ejection of said solution or
suspension throug the rigid porous structure’is substantially inhibited when said solution or suspension
s injected into fhegpsepeinelti 2ONRARRIIE dRYsS. Addifionglly Iesgsmbagiepss glay optionally
comprise an evacuation vent or an evacuation reservolir under vacuum or oth to facilitate fi ing or refilling
of the reservoir,gkgdB6 }Ehe eselyRlk At e RLRUS S USIHIe FaR LR configrred ig telgasg therapeutic
amounts of the therapeutic agent in many ways. The reservoir andthe porous structure can be
25configured to'PEIESSE thetapeiitfd @mdlnts of the therapeutic agent corresponding to a concentration of

at least about 0.§3 pergié{)}f vitﬁeous hurpor for an.ext(?}p(?g period of at least about three months. The

reservoir and tH g oS Lt P LR B SIFH LT o YereASe therapeutic amounts of the therapeutic

agent corrgspopgding to entration of at least abou per rtil of vitreous humor and no more
Fs Jg%égf mﬁ?focf%% PR rg?e &8 e 3 fl%.lzs’%'?

than about 10 r'an extended perio eastabout three months. The therapeutic agent

may comprise gpigast #FgMEdt fkapmYARAHAIQBRAIRRGIARZRTY P20 L. Allibafy, apfl @ molecular

weight of at least about 10k Daltons. For example, the therapeutic agent may comprise one or more of
ranibizumab or W&¢BESzumab. Alternatively or in combination, the therapeutic agent may comprise a small
molecule drug suitable for sustained release. The reservoir and the porous structure may. he configured to

release therape e bahiStinty ot thEYRSPABEINE KHaNT Eotreuhdhiity 18 Tlh 8t Rtion'8P &t least about

0.1 ug per ml obvitreduzhdmeransdriietmarectivain BKOUHA) ug per ml for an extended period of at least
20  [0365] FIG. 24B shows rates of release of the devices as in FIG. 24A;
[0366] FIG. 24B-1 shows rates of release of the devices as in FIG. 24A-1;

[0367] FIG. 25A shows cumulative release for fluorescein through a 0.2 media grade porous

frit structure;

[0368] FIG. 25A-1 shows cumulative release to about 90 days for fluorescein through a 0.2
25  media grade porous frit structure as in FIG. 25A;
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about 3 months or at least about 6 months. The reservoir and the porous structure can be configured to
release therapeutic amounts of the therapeutic agent corresponding to a concentration of at least about
0.1 ug per ml of VRESUEE W hor and no more than about 10 ug 10per mi for%%Tg&Zé)ﬁ‘aoeﬁ6p}ériod of at least
about twelve months or at least about two years or at least about three years. The reservoir and the
porous structure may also be configured to release therapeutic amounts of the therapeutic agent
corresponding to a concentration of at least about 0.01 lig per ml of vitreous humor and no more than
about 300 lig pes3sy|forran. extended periasd efatdeasiahou-34npMHhs. 05 §; months or 12 months or 24
months. 104871 The channels of the rigid porous structure comprise a hydrogel configured to limit size of
molecules pasdea7throtgh. e dhdnnelsiof tiiecigid plifeuk strscturer EFoReéxample, the hydrogel can be
formed within the channels and 'may comprise an acrylamide gel. The hydrogel comprises a water
content of at led$t7dboRl 0% CRbyexeumpleti thechyslr dgetaniaios ngysder & wettslodnbentebfartbZmore than
about 90% to lipiymelequlRr weightaldhg AherapeHic-AeMNbQ Q%H%a%g%lm&e?s grhydrogel
comprises a water content of no more than about 95% to limit molecular weight of the therapeutic, agent
to about 100k Daltdr&: The hydrogel may comprise a water content within a range from about 90% to
about 95% suc the ch Is of the parous material are confi _pass Lucentisim and
substantially ncﬂJ g}aajs /&e\[/és in m&%‘ﬁd%@%? ﬁllééarsieglo ﬁg%dlscgstf‘ﬁé{lﬁé?ngé? tomprise 3 composite porous
material that Cafa{’?ﬁd"hl%‘?,zfﬁ)é%%d IN.QLIMAA Wige {92’1‘&%&}19 ff%EeE‘IFOSr‘L%BQn i€ ?8-'3‘&3%3“0”5: For
example, the porous material can be a composite of a metal, aerogel or ceramic foam (i.e., a reticulated
intercellular strygtifes it WscHRRES ferepas|(sVardartarédi®ted to provide a multiplicity of pores
passing through the volume of the structure, the walls of the cells themselves being 30substantially
continuous andlftitlpofds? dntitits WitirlébriRe dBRgPeksivs ibfiatsFihe wo
2010/088548PCT/UUS2010/022631 material forming the cell walls being such that the overall density of
the ntercaiat Sk 165 B bS5t B éﬂeﬁ%fé)&r@f%gfca’gﬁgﬁ@%%%%%aw OTE&SDE which are
impregnated with mimtérespowdesQF taehogeheFhecthiclofidssp ademnsityy qporasitylease thorous
characteristics gf.the.final LOmpagits. RorQUS Matesialcansbe varied to conform with the desired release of
the Stherapeutic agent. 104891 Embodiments comprise a method of making an integral (i.e.,
single-componggyforeusstrtiaturig 27henmethaghmay Comphse Jabpdusiaes RRItIGESRIQ,A mold having 3
desired shape for thefﬁorous structure. The shape ir]&cl des a proximal end defining a plurality of proximal

porous channePSPaRinE ST BETHIB 16 tHa PSS AL I&E End defining a plurality of 10outlet channel
openings tq co the vitteous humor of the eye, a plurality of blind inlet cavities extending into the
fiter rom e Pl ol DA P AT o o et A R R i B strcture
from the outlet ehaminaflapénirgeusThesiieted fuidtids ipcisdedaeipnsytisréadereraehedasi, thereby
causing the parfigles.isoacherie arefumacsingle component, and sintering the component to form the
porous structure. 'The particles can 15be pressed and cohere to form the component without the use of a
polymeric bindgo3agid tRRSpoyQUSWSiEUGtdEarcdid e foinaecksafpstantialliyvlithouisoachinjgok04901 The
mold can be oriented vertically Wi the open afhier, end disposed uewardiy, and metal powder having a
particle size of less than 20 micrometers can be introduced into the cavity tﬁPougch the open end of the
mold whil@¥ibragieidhecrivditicsbadhievs defsstedthaliyin20 uniform packing of the metal powder in the
cavity. A cap can be placed on the open other end of the mold, and pressure is applied to the mold and
thereby to the MBE poWler I thehexvit) tsaarisaltrrhdtaisiridartd Sohsrasaner fofmifentifipishaped
powdered metakgisucitirecRavibRd shiapeedrdespanding tagbesmoltkalhengshaped powdered metal
structure can be removed from the mold, and sintered to obtain a porous sintered metal porous structure.
25104911 The [wERel poroSs ¥iuttai8-CamboiRdoiporateckintpl¢he deviceob Papsessifibinto an
impermeable stygture,with an.aReNNAERIGUrsL foRIVISe ALghbitwithihe Rgaussirygture. Other
means, such as welding, known to those skilled’in the art can be used to incorporate thé porous structure
into the deXice SAtRAIIVRIYCEPIPEBYREHatsh, the powdered metal structure can be formed in a mold
where a portion of the mold remains with the shaped WO 2010/088548PCT/US2010/022631 powdered
metal structure and becomes part of the device. This may be advantageous achieving a good seal
between the porous structure and the device. 104921 The release rate of therapeutic agent through a
porous body, such as a sintered porous metal structure or a porous glass structure, may be described by
diffusion of the of the 5 therapeutic agent within the pgsous structure with the channel parameter, and
with an effective diffusion coefficient equal to the diffusion coefficient of the therapeutic agent in the liquid
that fills the reservoir multiplied by the Porosity and a Channel Parameter of the porous body:



Release Rate = (D P /17) A (cR cv) L where: cR = Concentration in reservoir 10cv = Concentration
outside of the reservoir or |n the vitreous D = Diffusion coefficient of the therapeutic a ent |n the reservoir
solution P = PoroQ tzy Sikite porous structure Er= Channel parameter that: may c§ /ggpon H tortuosity
parameter of channels of porous structure 15A = Area of porous structure L = Thickness (length) of
porous structure Cumulative Release =1 - cR/cCRO =1 - exp ((- D PA | FL AIR) t), where t= time,
Vr=reservoir volume 20104931 The release rate index can (hereinafter R RI) be used to determine
release of the tmnemi@sgﬂm ahhe Bthm@)é)Qeldﬁémﬂdm@eﬁRm&Mf&eﬁﬁbﬁlmhlu@m@sﬂaerein will
have units of mm unless ¢ other, ise awgﬂ)gzi\ted Many. l%fhtzr;ltg ff l.% t(/uctlsjgas u eln th? therapeutic
delivery device§ deBCnbed here have'an RRI'0f no more than about 50?) % o more than about 2. 0,
and can be no Mmoo tmdbesuing 28 Fe4DYuTiivatishariied warhmgiélilee%ﬁmmésp@ﬁd to an
elongation of the path of the therapeutic agent released through the porous structure. The porous
structure may comprise many int&tebfHeeHiFSREAREIONRE %E&MTmameter can correspond to an
effective leagth[idaz thentiierapeaptic agemntiavelsalong mwdmtw@mmmag&mmei&mmegporous
structure from thef gegervow | ejto them\élry['se%qﬁ S|g)§evr\{gresr% rr%Ieen s%} Thee gltg%ng} aﬂ]ﬁter multiplied by
the 30th|ckness? engt?w of‘rj1 ﬂ1e p rou% structure €an determine the effective engt hat the therapeutic
agent travels anemgemhélmvémmﬂné@tmgddhéﬁh@srﬁ@mtm@p@ﬁa\m%maent@ﬁtrhfem@ﬁetfubeéi@l@ For example,

the channel pam@@ﬂﬁm leaeyﬁelaf‘é saresRandmieiniaraanracting channelRihrtfrayidersn effective
increase in Ien%t%traé% éhe therapeutic ﬁ%f?ﬁ of about 50%, and V\éo . .

2010/088548P BI6D2 AR ol D" ph HiSicR IS BB L ST AR i e O TUHERR that the
therapeutitfagentritbeels mionglihle imtéroonaletingiichannels from the reservoir side to the vitreous side

corresponds to about 1.5 mm. The channel parameter (f) of at least about 2 corresponds to
interconnecting $Hehndistediproyigehapefettiveciomrresiils rpgthetlelibby tvaafisetigpetitic agent of

about 100%, 53@@1&{0&&{&@@%@&%@’&9@@@@%@rﬁ@?ﬁ;ﬁé@ﬁi&ﬂ?dﬁ!ﬂﬁ@yéh&té&ﬁﬁiﬂ@ﬁ@@ﬂﬂﬁﬁé&gem travels
along the interc ﬁnnectln channel from the reservoir side to V|treous side éorres%%?ds to at least

about 2.0 mm. AXTH B8BTSt e ERb S S8E ARy Trif ?%8 ALR ARG SR SH AT pPovTe many
alternative pathsifbtireldaskeoithetherapentic agentrislbtkageast cswm‘édtﬂfmherchawned:stmrol\ddes no

substantiaj shapge inihg siiectiug.Patalensth thiquahihie RAALS LOKrYSIE AR Hhe alternative

interconnecting channels are available, such that the rate of diffusion hrough the porous structure and

the release of thzghprapeiia agent BEeRuRstantialxmalKNG \heR Same op %&@hwmﬁés are blocked.
[04951 If the reservoir solution. is agﬁ ﬁjus or has a V|sc03|ty S|m|Ire}£tto water the value. for the diffusion

coefficient of thBTRERage GORRIEERE T T AT WAEar RE AP ESH SEHAYS /& BT THESTESMEY TS (R &Y. The
following equatidfvctan begised to @stimatedhagliffusiorkooefficient @b @70 frome.tHdmeasofdd: value of

DBSA 20 = 6.Ligst. SIS 01 RYI06:Se I AOHTIR i NatelRL RAGAMBIak R shal. BapHie Res 2008)
DTA, 37C DSSA 20C (120C /[ 137F) ?MWBSA 1 MWTA) where

by a person of ordinary sKill in the art in accordance with the teachings described hereon.

[0385] As used herein, sustained release encompasses release of therapeutic amounts of an
active ingredient of a therapeutic agent for an extended period of time. The sustained release
may encompass first order release of the active ingredient, zero order release of the active
ingredient, or other kinetics of release such as intermediate to zero order and first order, or

25  combinations thereof.

[0386] As used herein a therapeutic agent referred to with a trade name encompasses one or
more of the formulation of the therapeutic agent commercially available under the tradename,
the active ingredient of the commercially available formulation, the generic name of the active

ingredient, or the molecule comprising the active ingredient.
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MW refers to the molecular weight of either BSA or the test compound and 11 is he viscosity of 20water.
The following lists diffrision coefficients of proteins of interest. Compound MW Temp C Diff Coeff (cm"2/s)

10/022631

BSA 69.000 20 BIEH?BK 69.000 37 9.1E-07 Ranibizumab 48,000 20 6 8BE- 07 REAH S Imab 48,000 37
1.0E-06 Bevacizumab 149,000 20 4.7E-07 Bevacizumab 149,000

10

15

20

25

[0387] As used herein, similar numerals indicate similar structures and/or similar steps.

[0388] The therapeutic agent may be contained within a chamber of a container, for example
within a reservoir comprising the container and chamber. The therapeutic agent may comprise
a formulation such as solution of therapeutic agent, a suspension of a therapeutic agent or a
dispersion of a therapeutic agent, for example. Examples of therapeutic agents suitable for use
in accordance with embodiments of the therapeutic device are described herein, for example

with reference to Table 1A below and elsewhere.

[0389] The therapeutic agent may comprise a macromolecule, for example an antibody or
antibody fragment. The therapeutic macromolecule may comprise a VEGF inhibitor, for
example commercially available Lucentis™. The VEGF (Vascular Endothelial Growth Factor)
inhibitor can cause regression of the abnormal blood vessels and improvement of vision when
released into the vitreous humor of the eye. Examples of VEGF inhibitors include Lucentis™,

Avastin™, MacugenTM, and VEGF Trap.

[0390] The therapeutic agent may comprise small molecules such as of a corticosteroid and
analogues thereof. For example, the therapeutic corticosteroid may comprise one or more of
trimacinalone, trimacinalone acetonide, dexamethasone, dexamethasone acetate, fluocinolone,
fluocinolone acetate, or analogues thereof. Alternatively or in combination, he small molecules
of therapeutic agent may comprise a tyrosine kinase inhibitor comprising one or more of
axitinib, bosutinib, cediranib, dasatinib, erlotinib, gefitinib, imatinib, lapatinib, lestaurtinib,

nilotinib, semaxanib, sunitinib, toceranib, vandetanib, or vatalanib, for example.

[0391] The therapeutic agent may comprise an anti-VEGF therapeutic agent. Anti-VEGF
therapies and agents can be used in the treatment of certain cancers and in age-related macular
degeneration. Examples of anti-VEGF therapeutic agents suitable for use in accordance with
the embodiments described herein include one or more of monoclonal antibodies such as
bevacizumab (AvastinTM) or antibody derivatives such as ranibizumab (LucentiSTM), or small
molecules that inhibit the tyrosine kinases stimulated by VEGF such as lapatinib (TykerbTM),

sunitinib (SutentTM), sorafenib (NexavarTM), axitinib, or pazopanib.

[0392] The therapeutic agent may comprise a therapeutic agent suitable for treatment of dry

AMD such as one or more of Sirolimus™ (Rapamycin), Copaxone™ (Glatiramer Acetate),
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37 7.1E07 Small molecules have a diffusion coefficient similar to fluorescein (MW =330,D=4.8to 6 e-6
cm2/s from Sta)(’V MS et al. Pharm Res 2003, 20(1), pp. 96-102). For example,rthe small molecule may
comprise a g|UC0802I’?i1(?(/)OIS Yich as triamcinolone acetonide having a molecul&r %\%\?é?é%tz%ﬁ‘]about 435.
WO 2010/088548PCT/US2010/022631 10496] The porous structure comprises a porosity, a thickness, a
channel parameter and a surface area configured to release therapeutic amounts for the extended period.
The porous material may comprise a porosity corresponding to the fraction of void space of the channels
extending withinthe.Matesia chierorasitlcamuisaes Baxaduepiitiacarange:figse about 3% to 5 about
70%. In other (—:-ﬂ%‘bgdgigl]gws, the porosity comprises a value with a range from about 5% to about [0% or
from about 10% 16 about %5%, or for example from about 15% to about 20%. Porosity can be determined
from the weight andmagrogeonic,yollme a1 camnRAMeASHSY ¥ia Ligen.Aas,adsarplion $0497] The
porous stnicture may comprise a plurality of porous structures, and.the area used in the above equation
may comprise tﬁ@@oﬁ\*ﬂﬁiﬁ%ﬂnét‘éér’@fetﬁé%@"gﬁﬁw&([@é?ﬁ‘ﬁs@fﬂh‘&ﬂ?esi%ﬂ‘%‘}@ﬁe’ﬁ@?ﬁ%l parameter may
comprise asfit pregenater torrespondingrteothe daduasiiy el itrochannels. For a known porosity, surface
area and thickness of the surface parameter, the curve fit parameter El, which may correspond to
tortuosity of thel@ivdihnelscchnie determined basedson kxperinhdital méasurenoentsiciie parameter
PAJFL can be ysed.to determing e thesitsdsmsiiosd rlsaae Riafile, fnf g yaliesef P- A Fand L

determined. The rate of release of the therapeutic agent corresponds to a’ratio of the porosity to the
channel paramé&t8r:ia1E theneHRaraHD bro it i tvereH artier el dinnstareain(Bengdentian about 0.5 such
that the porousastibeduyezealaasesifienibrapguticinganhfamikhie exiendedqerodgdpamaxamgle, the ratio of
the porosify to the, chy enps%lr%}grﬁl ”gset%ﬁ 'Séﬁ%ﬁlgﬂa 1ROt Qb PLIGL 8¢ f@PA‘ﬁdﬁ%g&“ﬁP&?&‘{ﬁe ;2 20such
that the porous s?ructu?e releases the trﬁerape tic agent for the exten ed perio "fhe'channél parameter
may comprise i G| awsecatsouti Pligicting | anoksstcadanitiniD (Faylarelksple). iaiane st the
channel paramgi@h RaYAAMPEas) atdeasiabaull hofos sxempiesaiiaastabodtErRaNEMAYCOMprise at

least about 5. The (I:hanne arameter can be \Illvit in %range from about 1.1 to about 10, for example
f

within a range A A58 S8 ABEAE  RIBRISSN'B 5% Sfeinary skill in the art can conduct experiments

based on the t lf‘gg escribed herein tg.determine.empirically the channel parameter to release the
thorapeutic agaiT Bl ar o e T e e R A B SR s from the
descriptionof nihes frahspbieeldnt Ui S fismpls. Listatst massstransiedpBcuiruafcanEissiple

geometries, sugh asaRARUSGISCIAMNAWHRd indnimparprakik.sleevrf aguakthigknass the area
corresponds to one face of th,%aé/tv??Q 55%0/08854 PCT/UE@ZO O/Oigé%?l disc.and the thickness, L, is the
0

thickness of thé"dis& BB gedietrids; 8le 3%}%{’% 8%y hHEBKARE ST & truncated
cone, the effectiver.artdenis 2yvatsierint bethweenthe arga. Wheterghetapdutitthgententerstheaporous body

and the area whereHBESARRULC RIGH SR (A8 POTRUR PRRYLSHIP O Adnadelsambe feryed to describe

the releasg rate as a function of time by relating the cha_m?%e of concentration in the reservoir to the
release raf8 deSCMSBEERHBR 0L THE Hlodel s3a e s EthiBrr Beih SPApETHE WYBHY SOREEthe
concentration irfrtihealesevbirgimunifaboyt lhaddition tihexconicenirationdr theugeeiing filiskat vitreous is

considered ”e%;&g%l?'&l(c‘%h’aﬁogl-s%wli NoARG %rﬁﬂﬁig?‘b{?&}éﬁg&)Hﬂf‘%@%ﬁ%%?&%&%ﬁ‘é X&%%%?}&Qt‘?oﬁo”owmg

equations describing 10the concentration in the reservoir as a function of time, 1, and volume of the

reservoir, VR, forFafeeensieal fdrdpe iy st i rotar AsBRAGA #8°8Feservoir though a porous structure.

[0396] The delivery profile may be configured in many ways to obtain a therapeutic benefit
25  from the sustained release device. For example, an amount of the therapeutic agent may be
inserted into the container at monthly intervals so as to ensure that the concentration of
therapeutic device is above a safety protocol or an efficacy protocol for the therapeutic agent,
for example with monthly or less frequent injections into the container. The sustained release

can result in an improved delivery profile and may result in improved results. For example, the
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CR = eft exp(4- D PA / FL VI]) t) and Cumulative Release = - cR / era 15105011 When the reservoir
contains a suspension, the concentration in reservoir, CR, is the dissolved concentration in equilibrium
with the solid (i.g?tﬁoédé%fgljsﬁﬁity of the therapeutic agent). In this case, the cOntentralion’ i the reservoir is
constant with time, the release rate is zero order, and the cumulative release increases linearly. with time
until the time when the solid is exhausted. 20[0502] Therapeutic concentrations for many ophthalmic
therapeutic agents may be determined experimentally by measuring concentrations in the vitreous humor
that elicit a therapetiticetest hgrefiaragtharmjsaalis i extandng predictians efteieass rates to
predictions of C&%%?”ér@tf?{‘ 1ri.['tt 1e %ietr&?éj%.e@ Pne-compartment model may be used to describe
elimination of theraﬁ)eu ic a%?en’ rom eye fissue. T™M 25105031 Current intravitrcal administration of
therapeutic aggqis AUChiRS,KUSLALAIVOIYES BRRIMS. NSRon, A ROWS isslionintg the vitreous may be
modeled as a single exponential with rate constant, k = 0.693/half-life and a cmax = dose / V where V is
the vitreous vollifiaPAdcAls danipie Xt Katrsimg fIRIFSH 20 hHeih s apprbRitsiyBHafkein the rabbit
and the monkeyhé@peidieauticet al) and 9 days in humans (Lucentisim package insert). The vitreous
volume is 30approximately 1.5 mfr. for the rabbit and monkey and 4.5 mL for the human eye. "The model
WO 2010/0885p8P¢] T/US20L0/022633t preditisvary infitial tonpemirationt ofa333tugliti foclacbolus injection
of 0.5 ma Luceqiisylinia:(ne,pae, g M. FBimcanseRtAlian daears ia g flienus Gnggniration of
0.1 ug/mL after about a month. 105041 For devices with extended release, the concentration in the
vitreous changd sieay SierihG e 1R HR Sitikifinha fYfotfdhe 2AtSRL derived from a mass balance
equating the release rate from the device (described by equations above) with the elimination rate from
the eye, k cv RERTahgeRTSRTIRSIL tEYOBWMTG CHGEHIR TP NS B R ABH R A Vittebus: cv=
Release rate frofiedeviceht kvandt050b1 Sincetider che slseaaieifrdnt @ deyicenwitbea geutioniof
therapeutic ageAegeRBRAORAARNTAISINID A DeoaRceOtATRRMIDE i RRYpecreases

exponentially with the same rafe constant. In othef words, vitreous concentration décreases with a rate
constant equal $8"PIPAlGRE RIROS Y St fe &0 TRdBpaPISRRa tha Prib it S GrRAEpARSTISSStructure and the
volume of the regerirod(506ednIuiaaiherkelppse dateriszevirasdenfiom Bheevitelwithhastisgension of

therapeutic 15a5%em t ﬁlvitr ous concentrtf];]\tioq will e}!so be ]1;i e-indi__gp%ndent. T(_ma release rate will
h % f th t t
depend on the pr%perat?eseg? tlceeps)(r)?rgfajgl structure via tHrél?Ié?lo, PR EL : hut \?\ﬂﬁebelfrrll%ependent of the

volume of {5 TREROI AU, SLNED DB ACURIS SKIAUSHED ASATH T charels of th rigid

porous structure can be sized in many ways to release the intended therapeutic agent. For example, the
channels of thesiRP 5oL UEHFE Y earchsadiPe it shid s PapBilic dBrtesrsitielttf molecules
having a molecuarsoeigbtoimt teastiahput DA rEenHhosderaxanple; @t leastahaudtfokdltons. The
channels of thetirrig‘dﬁ]%r&us structure can be sized to pass thgﬁ)&}gﬁgtic aggn{,g%gﬂ riasniglg.na%ecules

.. crapcutic dgvice may co T1SC a Arug d [&
comprising a cross-sectional size of no moyre tﬁlgn about"l%flmn egc?‘%anne e I’IglénpOI%US structure

comprise intercHsABRAINRY epaifetd MQMQ@‘%%QH@%@B&MW&thon@ mafTeEconnecting

20  or other diffusion barrier or mechanism may be a component of the therapeutic device to

release the drug for the extended time.

[0401] The lifetime of the therapeutic device and number of injections can be optimized for
patient treatment. For example, the device may remain in place for a lifetime of 30 years, for
example with AMD patients from about 10 to 15 years. For example, the device may be

25  configured for an implantation duration of at least two years, with 8 injections (once every
three months) for sustained release of the therapeutic agent over the two year duration. The
device may be configured for implantation of at least 10 years with 40 injections (once every

three months) for sustained release of the therapeutic agent.
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25channels. The rigid porous structure comprises grains of rigid material and wherein the interconnecting
channels extend at least g)artially around the grains of rigid material to pass the therapeutic agent through
the porous matéﬁ%l?ﬂf’wgsgsr%ns of rigid material can be coupled together at Hroa 8t 4t Hment and
wherein the interconnecting channels extend at least partially around the loci of attachinent. WO
2010/088548PCT/US2010/022631 105081 The porous structure and reservoir may be configured to
release the glucocorticoid for an extended time of at least about six months with a therapeutic amount of
glucocorticoid qbsmrespandingtatrniinisittheopeemitatiomithing. rasgefiopn aeut:fantiginal. to about
4 ug/mL, for example from %ﬁeﬂ%mt to about 4 u /H}ts,iggnassloggcseuppress inflammation in the

. . Ry to the d th . . . .
Sretina-choroid’ A gf)aéll The porou% Strlictlre comprises a sinteréd material. The sintered material may

comprise graing,qfspaterial 0 whieh 506 QARS CRMRKISE.AN AYALANE SIE6Rf J100ars dhan.abgut 20 urn,
For example, the sintered material may comprise grains of material in which the grains comprise an
average size ofhgSERBYFsp hrroriiticanidlerbgarsisis 8 moretMarsapblits avuie or an
average size ofing morethan sbouihk siwrd, hesthanneisddeisizediehpassithey apeutjaiguiratidies of the
therapeutic agent (rough e, sinterenmalerial Jor e, extended fime hased. on Jie i size, of the
sintered material an?}pprocessmg parameters such as\ compac?lon foree and time an temperature in the

furnace. The chikawels carftiesized: i PeAEaRRoROF fhicroliad indluding bastefiroarifungal spores
through the sinigsedinaterial L5050 The sintersshmaterial comprisesiaweliakle naterial to inhibit

bubbles within ’he hanpels af the material. 10511] The sintered material om rises at least one of a
metal, 2 ceramiE ARG SF HSIHE L GHEor Al TRRRE hay €B AErABE % STl Yoloosite material,
and the cdfpositemdtéridt comprisel anbdpenare dithenmietatdthe cerarhicsstivet glabs orthEhplastic. The
metal compriseg,at|eashOng iaf Nir Sl thséﬁim@é?ﬁl%t%mgm%ﬁuwéiﬂé%d@%@41 304E, 316 or 3

| 6E, cobalt chrome, elgiloy, hastealloy, c-276 alloy or Nickel 200 alloy. The sin-toted material may

comprise a cer&iIBP P! it A FrlEFaMhaSP CEREER A BtasS lorh B Brastie iy Lomi[srise Bewettable
coating to inhibiybuhienfarmationdey thecehradinglsy atd: thenplasiic mayfoompeisaeat imashone of polyether

ether ketone (PEEK). B%'?"ﬁﬁ@g'?ﬂﬁni&glly&fé)&}ﬁlr? e, Relyimide, 25polystyrene, polycarbonate, polyacrylate,

polymethaerylate, or polyamide. 105121 "The rigid porous structure may comprise a plurality of rigid

porous strysturgg gquPleRIRthEresaIVIRaRg SoRfigures taitalease e daeranentic. Aok far the

extended period. For example, additional rigid porous structure can be disposed along the container, for

example the ent"6fIHARSYHTARAFTHEY CORPHEA fHee BBIRIRI tirieiVe, AR d A S OENDRAPYBPESS structure
can WO 2010/038548R0OT An201402263inbe: disiftsech &torigra distadi pontiahaafshecontainer, for

example along 1%1%‘&?e“r!f'f‘&-%gﬁ-‘tY}é%Un‘iﬁﬁJi@eo%’é@;@@gﬁ-c%Qt%%?&-_%@%}@%@@ﬁ%‘? device can be tuned to release

therapeutic amounts of the therapeutic agent above minimum inhibitory concentration for an extended

time based on hpjys; Sinjections.ef the,iheranrulic RERRLEALAMRIE IS YolmE of the, chamber of the

reservoir can be sized with the release rate of the parous structure based on the volume of the bolus
injection. A%orMtidto et LLanskapaste SgEEsH R IRAVHRECER ER4MBR2S KNSR &treal injection
formulation. Thexthetapelitibagenifcandye, eapablénityeatinghtiret @ye swlitha Dolefslinj@ctions, such that the

formulaton has. & GANESPANGHAR RErad begen.each Al e 10nqluR DleGAns R RR! e gve. For

example the bolus injections may comprise monthly injections. Each of the bolus injections comprises a
volume of the fOPATIRRIEH SteP BXxAnpe S0 dihe BadRsaRtHE bdIA! ifectignadsrthectfarapeutic agent may
correspond to adpoge of laeraprutic: caucoRipatienscabibie theliapsudithagentwithinstheaitrasyis humor

over the time ¢ urse. bei\g/eﬂ; iné'tections and the devicg can be tuned so as to re]eas; th r.aTtl)eutic
¢ {ﬁ ina 26. Lhe retin corré%rlﬂ%s% %mac tla’32.”"The eye comprises afp TS P a[la 5 (\:le C .
amounts of 15the erapeutic agent su a € vitreous concentrations of the'releasé erapeutic
agent comprises an example of a region of the eye suitable for placement and retention, for example
anchoring, of the therapeutic device 100 as described herein. The pars plana region may
comprise sclera and conjuncitva disposed between the retina and cornea. The therapeutic

device can be positioned so as to extend from the pars plana region into the vitreous humor 30

30 to release the therapeutic agent. The therapeutic agent can be released into the vitreous humor
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from the device are within the range of therapeutic concentrations of the corresponding bolus injections.
For example, the therapeutic agent may comprise a minimum inhibitory concentration to treat the eye, for
example at least bout g%sé?mL, and the values of the range of therapeutic EGRCERA08HS tan be at least
about 3 ug/mli. The therapeutic device can be 20configured to treat the eye with an injection of the
monthly volume of the formulation into the device, for example through the penetrable barrier. The
reservoir of the container has a chamber to contain a volume of the therapeutic agent, for example 35 uL,
and a mechanisy) {acrelease thedherapautic.agantirasrtheachabesite thaendtipalis bweosn 125141 The
volume of the canlainer and,(he(slease Mechanism,can be tnefl (o reat ine. ey gowith fhe therapeutic
agent with vitreous concentrations within t ?Kerap ULIC range for an extended time with each injection of
the quantity cortsBondingttectisd o s cetipnss ool thzetisereorceihtiinhofiihanpidiapesntic agent
within the vitreqyshhum@lifemains within the range of therapeutic concentrations and comprises at least
the minimum inhibitory concentration. The extended time may comprise at least about twice the
corresponding penep of thel bolus3Rinjaciignstid he releaseniprehdnisncomprisesionetas more of a
porous fit, & sintcyech paras W, 2010(9BEPARRGTIISAA10I022031 [t & permaable membrane. @
semi-permeable membrane, a cap?ﬁary tube or a tortuous channel, nano-structures, nano-channels or
sintered nano-pgartea!Fapwkanipietothripeibaddricariaghe sarpriséBe3hsonessity, deroesasctiserdl area, and
a thickness to rglease thedheransviicaganider ibeexdeandad timepdine yxoliimapiibacantainer reservoir
can be sized in many ways 5in reI%tion to the volume of the injected formulation and can be larger than
the volume of il 88%%“1‘81%% Hfish %t’ﬁgﬁg}lstﬁgﬁ%e volume of injected formulation, or substantially the
same as the vo of injected formulation..For ex le, the volu
more than the glmr?r‘e gtft{%g ofrTn_lﬂIg#o?ﬂ%_spd%%l?ﬁgtaata?ﬁ%gé IEC 88}/%%1] 0 'ﬁlgle?ormﬁl atleénhlenjected into the
reservoir passextirotih thenéseendinandosehiprisdsraoris igjectissipteardohd Hatient immediately.
As the volume ofithadasRInNoIb it incsasedo thapmeunt efiferorulation relrasedjatbacye ttypugh the
porous structure L%O?En ié]'ection can decrease %on with the %oncentration fac%ve [ %redient of the

ithi

therapeutic agent e PSSR TR thes FeTSASE PAIRSHA S U Bl aEE P aPRESBbtely so as to
provide thereapéurtictlandemtsndfuthierapeutiguagent forlthie ektendeditimecForexahepterdheiolume of the
reservoir githe conptaingn, cRARDRSERRIEE AR e P lwme GaEesRrYRaing Ja thedolys.inigetign, so as to

provide therapeutic amounts for at least about five months, for example 6 months, with an injection
volume corresp8hdmg td X nibrNPIOEBAYdreL U EEEey ninE S eXART ¢ & ’ortsstio i may comprise
commercially avaitabieclthigeptisimicbulTrnrgdhe yeseimois maysaompsisecacvdlume @ftabout 100 tiL and
provide therapeiie.\lieqns, SFEIaNRNS LALITaRLAROUL I HOML: PLARRMMARIR MR B ulL. of
Lucentisim injected into the reservoir, [0515] The chamber may comprise a substantially fixed volume and
the release rate PHEENARH ST ESAIP IS EETY RSN PANY- YT RifticRFE O thaTAtERl FeTensedf the
therapeutigoagesi@aavetieMinimuin dnpiitaty coneamiatigderithe, extendeod, inrrwith@ach, injection of
a plurality of injglg\t)ivcl)tgs. 2?10?16%1,61 fi[éscte%ortio gdi e in'ectiggvrgay pass through the release mechanism

1.0f E -apeut . ) :
and trat the patient when the formulation ISeII]nj%C ed, and-a second portion of the formulation can be

contained in the,Gligmbies a0 e orlation iR iiestad  19PAL FAG. oBsA shws ntgreonnecting

channels 156 extending from first side 150S1 to second sidé 150S2"of the porous structure as in FIG.
613. The intercoRhREHNg e rRErR 6 308 AR 1S Befi SlvPErig 138alta% dBERSHIS 38R P58A2 and
an Nth openingHb3AN RN ea MO ALOOB8RAPRET AL RLL/OR 26Bprising an active ingredient

25  composed of large molecules.

%(flf th ngg(ptai(peg may comprise no
t

[0409] Therapeutic agents 110 suitable for use with device 100 includes many therapeutic
agents, for example as listed in Table 1A, herein below. The therapeutic agent |10 of device
100 may comprise one or more of an active ingredient of the therapeutic agent, a formulation of
the therapeutic agent, a commercially available formulation of the therapeutic agent, a

30 physician prepared formulation of therapeutic agent, a pharmacist prepared formulation of the
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first side [SOS I. The interconnecting channels 156 extend to a first opening 158131, a second opening
158E32 and an Nth o eningngBlBN on the second side 15052. Each of the openings of the plurality of
channels on the TPt 84858  onnected to each of the openings of plurality of ¢ /gﬁﬁ%%éo%qhe second side,
such that effective length traveled along the channels is greater 5than thickness 1501. The channel
parameter can be within a range from about 1.1 to about 10, such that the effective length is within a
range from about 1.1 to 10 times the thickness 150T. For example, the channel parameter can be about |
and the porosityhalapeit:Q-2scatch dhattherafiectiveliengitsorespends{patieasinabouidatimes the
thickness 1501, 402181 FIG, 643:2 shows a plrally, ohpalis ol e (herapeulc oep alpng the
10interconnecting harinels ext néllng om afirst side 81162 second Side 15052 of the porous
structure as in Fx@®16a3skewnan 3ablcThe plurality of paths comprises a first path 156P1 extending from
the first side to the second side, a second path 156P2 extending from the first side to the second side and
a third path 15604 UxteHyitfyrostithieficst o sbmisebasdrsireesria ) caaiRsnalsans. The effect
length of each of finptrpathi Bdnesierondkipaihibat. and thifdplopatie R isas wbstaniialy simtasssuch that each
opening on the fief Side,can [Rlease (e e APGUE:AgeAL o, each Iitsrepnnecied opsning an the second
side. The substantially similar patﬁeiengt can be related to the sintere gralﬁ/s of material and the
channels that eSefryigecantichansierdgmatienas THeforovs dieip i rasycabni priseaiaifdomly oriented
and connected grains of material, packed beads of material, or combinations thereof. The channel
parameter 20cdl*h refdféd fyreostrsetsiuret thehsiperaa rdfid Of rratisHE RtPisTEsHdRdhg
interconnectingeghanmatsGporasity af theandatariab,. arg peveolationdhesbalenéarkinielationdo
embodiments shows that the percolation threshald of the sintered grains may be below t orosity of the
Porous i Bt I A o B B e e B e

can provide intéfddienddedeEisan Aeman pepresgraipis et b séfietdd PStstprovideddwiedd borosity and

fchannﬁl r;aram%eﬁst%@dngfediajt,dgﬁgiweh%@ﬁsblla@%&ﬁ e éﬂ?ﬁd@%h%@d&ﬂ%ﬂ%ﬁfn?ﬁ@s@ﬁ@ﬁtwe Iength
rom the first side to.the second side ¢ onfigured in many ways. The channel parameter can be
oreater than 1 440 WA B EAGEHRGH Wi 159 1) ABGUTED, HOck I AHE eBEVE TR e within a
range about 1.2ntyy Sodhpinses thevthigkness 1303 nalthoughpireus manerell patafmetermplyalpergreater than 5,
for exampig 30‘%@@@1@ f %Qﬁdf'é%ﬁ@%bJco%lﬂblrpre%%e%@ﬁ@%%ra%t%ﬂ@lf&ac@ﬂﬁf@ﬁ&ﬁn b_e from
about 1.3 WO 2010/088548PCT/US2010/022631 to about 2.0, such that the effective Ienath is about 1.3
to 2.0 times the’ RIS IBUH FY exApie; PERPEtH ShiaPtaLtiAYy 48 RO tHe Uit harameter can
be from about th#ﬁp)eﬁhl@lbteh&leﬁl@hGhaTH@el(ﬁﬁmthfﬁHEngéthaabd)m hd) o Bitime spbhathiciness 150T,
for example abgyt 4.6 imes e ickngss. OSSR VAl SRS to e Ratha.alihe channels around
the 5sintered grains of material, and may correspond, for example, to the paths of channels around
packed beads GPFAEEYIOS 0] N o8PEES SHYHE Biocd o bP oS B FAGEWFHH CeuvBEiNG 15613 and
the plurality of pathmebheithempauticageataleng thedriercanoesiingeehrnnelsexending from a first
side to a second ;sircliéa c%Iithe %grougt%wﬂ%ﬁqn%s inIEIC_?S.rGB] Vang 1%";;, ﬁnglgrgliltly{bolf Q}aﬁhas I56PR 10
extend from the Tirst side 16 thé second side co’\ﬂf)(fe BReSrirstsidle o the Second side where one of the
sides is covered9kioh! faziztikiflovwieae iamamtainoehwhieh tbhdofrheisiekests |9drtiatiizasovered. 105211
FIG. 6B-4 showgchlackagaiafthenepenindsvitbnRaIticles a8 RiBrand. theoR!nalinn of paths efthe

therapeutic agent along the interconnecting nels, extendin%from a First side tg 15 a second side or

h ha
the porous struffiré™sg fheﬁf‘(‘;g? B! 8%‘8%@-1%’%8%‘?&?&&968% R8I e PR SRS A HBF st side to
the secondssidesoupie thehfinstsige fohthepsecong sidEhwihergpare efditel Sidestisnedvered, such that the
flow rate is maipiaingf YRgRANGiRbIRe SidSs & RatHaY Cevaret Hp 2o dnfilG OB RShqwg dmeffective

cross-sectional size 150DE and area 150EFF corresponding to the plurality of paths of the therapeutic
agent along theJHBre SAMEERTHEG eRhHEIS BREBRUASE oM 4 FStSHIR (85 RetiridN eI of the porous
structure as in FI??. 6B and 613-1. The effective 1gro::hs sectional area %)f the interconn4%ctin channels
corresponds to fHd Thtef A8 PoREBE S ASMAEA dPthd pBPEULS BRIERIrE aidBosed BénhiteAthe openings of
the first side andi¢hecopeningstotthi) seepnaigides; sachdhHiginetiatetoficbieage dambesuhstantially
25maintaigd win #he gharls AL RIRckee AR e lishae AT seqophas, Aas2RrFpe N
porous structure can be shaped and molded in many ways for example with tubular shapes, conical
shapes, discs and hemispherical shapes. The rigid porous structure may comprise a molded rigid porous
structure. The molded rigid porous structure may compgises at least one of a disk, a helix or a tube
coupled to the reservoir and configured to release the



30therapeutic agent for the extended period. WO 2010/088548PCT/US2010/022631 [0524] FIG. 6C
shows a rigid porous structure as in FIG. 6B incorporated into a sclera( tack 601 as described in U.S. Pat.
No. 5,466,233. %Oezg%%)rsgﬁ%ck comprises a head 602, a central portion 6O§%TAHS§OE)%%%%84. The post
may comprise the reservoir 605 and the rigid porous structure 606 as described above. The porous
structure may comprise a molded conical 5structure having a sharp tip configured for insertion into the
patient. Alternatively or in combination, the tip may be rounded. 10525] FIG. 6E, shows a plurality of rigid

porous structurgs @st ibhE YperBi3; iDEAEARates witbiadrtg deliriyideviee icpistainasseiease as
described in U.S. Pat. No, 5,972.369. The t eraftlyﬁztllgig device ¢ mg#ggespg)irjést?rvoir 6}§eto contain the

. may co 1S n annular Ious g1ass and a circular 1S C 1TCON. ..
therapeutic agen? and AN i@lmpermé)é)b?e 1d non-porous outer suri € réservoir is coupled to a
rigid porous strifstireis s thay bxtbpeiscmeedistar exd F1rscTiE rigidiperpaswnuethiedomapeides an
exposed area 6}Lg,enthedistalienthiouiglerse the.tharapaiticags blactha ipapergpblsad
non-porous out.ergj.ugacgjd[ ay extend to the distal end. 105261 FIG. 611) shows a rigid porous structure
as in FIG. 68 ineSsOritSe Wit etkrdl 15device for sustained release as described in U.S. Pat. Pub.
2003/0014036 Al OTe ug delivery device comprises. an inlet port 608 on the proximal end and a hollow
b0dy 609 couptid T tho T B HH e b b A R oS B 15 MHENGS: 2 solution
injected into thagaketpmaordPpass o thiendedlodetsdyoiio Evaneon 61l Mhebalioghrediprises a distal

end 611 disposefhgRROs|iE-thesthieHORPRIL 2 Ig hallepspermprésesiaspiiralityof the£0.hgid porous
structures 607, as described above. Each of th (gjgalitg%odj go.rous ri%id struc ures céﬁr?rlises a first
surface exposed'td' l‘?fgrﬂl}fér? P %WH%SB)&FOSSBO&%E L S&¢ UfSRE CBRKGUTEd 18 CEHtE R the vitreous,
The calculdied ateacvarchesttienehdinadcarbardidiveqlsoalitio obporosangithgtroicCtur éssesdsoted above.
105271 FIC. R ol Al BriRus SHuSieras il SR neprmaraisd wilhmaansligear 25body

member 618 for sustained release as described in U.S. Pat. No. 6,719,750. The non-linear member may
comprise a heliEEHEde) TH FIPRINC S THEMYE PEARPREBIT IS A A B B BIFAE proximal end 620.
The nor_1-|inear mt&lihbﬁbma}a(edm}hhiﬁ@@il]fﬁﬂmﬁ_ﬁiblﬁllﬁﬁbwﬁh dhm@pea:tds@gem@nms-b@matmrise a

reservoir 622. e ROIONS eI 933 o0 Re disponed on Adisiahend 024 of e fogyiinear member to

release the therapeutic agent. The porous 30structure may be ited at additional or alternative
locations df theCABHATH B RIE IS OB AARGU2DY 6108854 BIBCTA IS 20 Yo Ebe St texd iie a plurality of

porous structurgs Ry, be (ispased Aang tharvan-lineas mepbai-atipgatians disposed between the cap
and distal end so as to release therapeutic agent into the vitreous humor when the cap is positioned
against the sclgd 1405281 FA=-66& shotks-geious hianogituchdedsnin adaandancenwith Zimboddiments. The

porous Sstructyre 1,20, Mgy, GAMBHISE, A RIUT ﬂliegée _ éé%'?G%@%%ﬁpé‘&%cQ%Hé‘sﬁésnﬁ@\i'r\b@ﬁe’?&“di”9 from a first

side 15051 of the porous structure to a second side 15052 of the porous structure. The porous structure
150 may comp¥srHoidorhstesiaiP nad ity YHis hbrederdsere aotHisrasmh lafidapbim s Res ks Etsitiprise a
maximumximensioBhass 9ss-Susivasacdiapaateny Thaciameter of the nano-channels may comprise a
dimension across, for example from about 10 nin across, to about 101000 nm across, or larger. The

channels may bmﬂmeﬂﬁvithe@m@v@ﬁnl_i’nempajecia&yfm ExXaropleilithographic etekingbof fihve matc_arial. The
channels may Gompise %%%Eﬁ&tlﬁwh?égfﬂg%&wpﬁiﬁ §&lﬁ£\-£&§%ﬁh&§ﬁ%‘5‘%ﬁ%ﬁﬁ%§r F comprises

about I, and the parameters area A, and thickness or length L correspond to the combined cross-sectional

area of the chappgk; anddhesthicknass PelRRAN RE 1 PHRLSSIUFPH L APaRd TN\ PAIQUS Structure

150 may comprise interconnecting nano-channels, for example
1A-1 and 1A-1-1. Th¢ device comprises retention structure 120 to couple to the sclera, for

25  example flush with the sclera, and the barrier 160 comprises a tube 168. An active ingredient
112 comprising the therapeutic agent 110 is contained within tube 168 comprising non-
permeable material 164. A porous material 152 is disposed at the distal end of the tube 168 to
provide a sustained release of the therapeutic agent at therapeutic concentrations for the

extended period. The non-permeable material 164 may extend distally around the porous
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formed with a sintered nano-material. 105301 The injection of therapeutic agent into the device 100 as
described hereln can be performed before implantion into the eye or aIternatlve when the therapeutic
device is |mplanted 2" %e eye 20[05311 FIG. 7 shows a therapeutic devide Y06 c%%%mélto an injector
701 that removes material from the device and injects therapeutic agent 702 into the device. The injector
picks up spent media 703 and refills the injector with fresh therapeutic agent. The therapeutic agent is
injected into the therapeutic device. The spent media is pulled up into the injector. The injector may
comprise a stoppe#echaniso difin2sd 053k Iheipectenddlynay.aompriseie Wistcamaimar 702C to
contain a formula}tlor\}of ther eutic agen tZOZ and a second container 703C to receive the spent media

703. Work in relation %dSFﬁ oétﬁ%‘ﬁ i suggest% that the removal of spent media 703 comprising material

from the contaiigpgseryolef e iReraerilie.uiae canemave Rlicy . lam i ihrigpeuitic device,
for example particles comprised of aggregated therapeutic agent such as

2010/088548P ¢ FitISon B rese - ﬁﬂg @ho*ﬁ%ﬁé??e*@ﬁléelwgqtﬁayfﬂbmﬁiﬁé@accﬁsﬁlﬁle Wihseihheedle with a
first lumen souptiedgouthes fisst ieemained and @ sacandktdnaentiat pleddod dhersegond Cantaingky such that
spent media 703 asses from the container reservoir of device 100 to the injector. A valve 703V, for
example a vent “Can be disposed between the second lumen and the second container, When the valve is

Sopen and therggeyllic Rgent iz nigeied SREMKMAAIA LR M 1he CS’J‘%% NG ESHIVRIL B, ihs,therapeutic

device 100 passes to the second container of the injector, such that at least a portion of the spent media
within the theraBeditit JeviREsiBscAeRAMgSacRitR thEMahRMRRS I9RERthd Rl aReplisseani fitnthe
therapeutic agentdsinjaatadyith pedianmoddhprifisfapeuticpgentipassasdeoantie reservoir of the
therapeutic device into the eye. For example, a first portion of 10 formulation of therapeutic agent can be
injected into théddpHuti€ldevicehb@e athenphei valveisapgeusddbr fhaicthenfirstpoytianioffiite farmulation is
exchanged with material dispesed Withis (e 58Sehy t@t‘g% WAl Ig@m §1QseR 219, SREPRM,portion of

the formulation is injected into therapeutlc device 100 such that at [east a portion of the first portion
passes througrPtHEFEF oV & LhriRRENECABS e LPEOTARRM AR I B A €Ki %t%h 2B 3567EORPEF the second
portion of 5injectad foradlasioromayypassiReatighifecporousosiriscuretivhen thevseaand portion is
injected into th? Leve. The seeqorq}%ort on.o Iormtﬁlgtlgn én ctegl1 iagt;btheL alve IS closeg may correspond

uttc a 1}1] Ags erapeutic aﬁ
to a volume or at|o that passest I‘OUg the porous tructure into the vitreous Rumor to neat the

patient imidediatalye asp1e833e Fplacadadindigg Rra\ueompisepcdikisorhe ihadartagfoednample as
described with ZQreferapae Je-pkeudnd ahewsb&temn R334 RiGoritAoshwsatbarapauiiadevice 100

coupledto anin ector 701 to i ect an(g e material from t ed%ﬁ ice he in ectoig may C mprise a two
needle system %eﬁ‘nﬁﬁt’é%f‘ts“ LA ik lt%% 8‘%%6#‘6? fsengencs Verﬁﬁ]eé?grl‘ 5P YmbiEously inject
therapeutic agentdmpughi thecfingirneedle 708 (thezinfe ctiormbedie) W hile widivdravdingelitheid from the
25device thfougt,tﬁhe segendmnessliaid 96.(the O(ﬁ‘“FH&QEQH%IJ‘@W@Q'%Bﬁ?@lll%myehﬁlég@ger and/or

have a smaller dlameter than the vent needle to facilitate removal of prior material from the device. The

vent needf may&RsHd 8%56??@d%1‘§‘t§8€ﬁ%tﬁ83f'§8rlRﬁt@?@tﬂ&f\%l%ﬁiﬂ%?%ﬁt&ﬁgﬂﬁ%‘% the device.
[0535] FIG. 7.AdrBRiowsod therapeuticade pidevifli comgifismngla(penetrable barsieucodpled tmB30an injector

needle 189 comprisi stop N X | K efean.Weo,
2010/088548PnC825I)5/{ %gt%gsgzlz%gsl t‘f?ﬁ E@rﬁg firfm’ %qtgg g rg{sgg]r\%%pls%?gﬁ‘q{the gg\r}%e{)?otffush the

reservoir with e?eettdﬂaesfbﬁqal@tetmwa%ﬁt {RISUGR tha HEHSI9E fireshtitttive” FARaEEHBAIEBA K-
embodiments. Fa¢ eoﬁaﬂaplaztha]weﬁftgmfmedl@fmatpmm&etarﬁmglatuew@eneediﬂttwmg a bevel that

extends a?%)rm%lm%telal 05 éﬂ the shaft of threS enzece(gnle Erem thle tflg 9)1: athe Qaeteggg t% éh)e annular
5portion of the nee&f:e TRE"S can S|ze an pposmone§ along an axis ofthe need esu

osmotically drlven convectlon port or a spring driven convection port. The ex1t port may also
comprise a tubular path to which the therapeutic agent may temporarily attach, and then be

released under certain physical or chemical conditions.

[0420] FIG. 1C-A shows at least one exit port 167 , the exit port can be disposed on the

30 device 100 to allow liquid to flow from inside the device outward, for example when fluid is
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that the needle tip extends a stop distance 189SD into the reservoir as defined by the length of the needle
from the stop to the ti{:) and the thickness of the penetrable barrier, in which the stoE) distance is within a
range from abott 08 16"858%t 2 mm. The reservoir rnay extend along an ads 8@&12e19r/10e2r23f)]eutic device
distance within a range from about 4 to 8 nun. A volume 10comprising a quantity of liquid formulation
within a range from about 20 to about 200 ut, for example about 50 uL can be injected into the therapeutic
device with the needle tip disposed on the distal end. The volume of the reservoir can be less than the
injection volumenpttheferaulationopsharspeutic agentosusihthaihkguigds fishac thraughdhel porous
structure 150. For, xample: (e tesenaltmay.comprise & volume Win a4aR0e Crom about 20 (o 40 uL.
and 5the injection volume of the hqwa formulation ft%e?apeu iC ageH may comprise a out'40 to 100 uL,
for example ab&Se!ulor $uBEEL FGLPA-2 &hiders!ly therdheuticdtvics bonipribingraupedetiehle barrier
coupled to a negdle k39 RS aniniedehd Qdv i iRgct and remavamaiedirk fipmethe device such that the
liquid in the reservoir 130 is exchanged with the injected formulation. The needle comprises at least
20o0ne lumen aqEimpy ERMpCsesrocRnaaatiia dowhieviumnerineadigch89d)1 A witlla distahgnd coupled to
the inner lumen to inject f ation of the therapeutic agent into the therapeutic device and a proximal
vont 180V (0 reehie TR b TR B Wk D e i s P B S 0 ey
correspond to als\ogseifgl b tinditistatenddofahecipimerieineth amtsdlneedle and the outer lumen may
comprise a proximal opening to inject therapeutic 25agent formulation into a proximal portion of the
container reserf¥?2h05371 /(oAb TaIER IS tiRsSHIBEEF EiFiBRTS8Eatintickid dae filling efficiency
of at least abousiB@%p, damexaomalendhe wemperd Cabia Bchieve thwith infactaeappaiaigshana needles as
described l%bovee. inie C]tg);:% 1 FIG 713-|3§r5%% gegide{:ross-sec ional view ﬁthe{ear%%gttilgngevice 100

. 6) N0 a confalpicr 1 1C¢ Tor sustained re ?ase over the ex .
comprising a 30retention structure aving a Ccross-section size tfofitinane ongate incision. The

cross-section WO 010(0BABARRCT/IS201010236%% Sieed 4L e FRAGRIE Igsjor may comprise a
narrow portion 120N of retention structure 120 that is sized smaller than the flange 122. The narrow
portion 120N siZégFigniniA thictsmag e drdision inaseemprisaaisddRngRes 45 detioh! fPONE sized to
fit in the incisiopanTheusar te\rportiaapt2ON: gaayl COMphise eainssHsectiondaviiaga firsterags-sectional
distance Sacross, o first.dimensionalift. and.a second crassiectional distance agross. or second
dimensional Wia?h,pln which the first cross-sectional distance across is gregter than the second

cross-sectidnalcdiseaiceone roas g bt maxresportation2 0N cenibrisHEVa BlApRANe cross-sectional

profile. 10539J The elongateciesmsactiandsONE of thecnafirew pRrien JaNearbmsized in many
10ways to fit the ingision. The %on aLi Cross secti%?t 20NE comprises a first imensio%flonger than a
prise

second dimens?é)ﬁlté?{ﬁ&r:%ve{t)?l@c} B re BY FAN S BRSS ST U U SHRISY Mifated slit,
lentoid, oval, ovsidnme bilipdicalthT el dilatddhs|itosirape efritiecdlatad slotishapé! thay eonrespbdd to the shape
sclera tissue asglmgs WheRoHkand filated & eRieid Shane NAY GRS SReAT 1.8 bigRAYeX lens

shape. The elongate cross-section of the narrow portion malvj comprise a first curve along an first axis and
a second &0rveHSAYASERD R QIRE AitEFYMAHAR ShAAPSOC LY, M=h0 EoHRSP R T M portion |
20N of the retertiapaitigcities the contaiien keserpirtnaybpmpiige (@ Crosbisactionalipnofiiene 105411

FIG. 7B-2 showg éﬁﬁé‘h%,(ﬂ%‘ﬁiﬁdy LSS RIS &%X%%?E?\éféﬂrﬁﬁ%oﬁi'o#Q&Q?ﬁ?eilaEél%J3'3 shows

a top view of the therapeutic device as in FIG. 7B-1.[05 7B-4 shows a side cross sectional view
along the shortagigié bfkhéhetemtideistrhttlira vt werfsrapeutegslivevada Hronyigiengs441 FIG. 7B-5
shows a bottomhviepeafcthe:thasapeltisl devies ascifebifs af Bestrimjalanted indthatselerantd 05451 FIG.

7B-5A Sh%\gls aﬁ%{%"}%%&lﬁ%{ﬁgéﬂ xrzirsriggse})P é%gn?nz%:gél?)? z\il\i/gga%l(\alv fi(grmlnglzons that may be suitable
for use in accordance with the embodiments described herein include Lucentis™ and
Triamcinolone, for example. The formulation 110F may be a concentrated or diluted
formulation of a commercially available therapeutic agent, for example Avastin™. The
osmolarity and tonicity of the vitreous humor can be within a range from about 290 to about

30 320. For example, a commercially available formulation of Avastin™ may be diluted so as to
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corresponding to perimeter 160P of the barrier 160 and the perimeter 160NP of the narrow portion. The
cutting tool can be sized to the narrow portion 120N so as to seal the incision with the narrow portion
when the narrow’ ngt}g/rqsfgssgositioned against the sclera. For example, the GUs2010/022631
2010/088548PCT/US2010/022631 width 712 may comprise about one half of the perimeter 160P of the
barrier 160 and about one half of the perimeter 160NP of the narrow portion 160N. For example, the
outside diameter of the tube of barrier 160 may comprise about 3 mm such that the perimeter of 160P
comprises aboubMpnem adnehihaibaHWMPen paitnate LN RuRaycomprsRabent &avmarithe width
5712 of the blade,710 may.comprise gbout 3.mm such that the incision comprises an opening having a
perimeter of abait EHSRT S0 LS 1o S i S BAIR o R PR R P e PRt Mo rimeter
160P of barrierck8@msaapoebifiprisesa . siybiklightlcrapgethgnihlinsis manst tieopaeimbrendf the narrow
portion. 10546] Jhe telention SIUstIg eompriaes.s natrwhsestion JZ0NAavindasharbeistance 120NS
and a long istzﬁnce | 20NL sci as to fit in an elongate incision alonlfg the pars plana o[ the eggEThe
retention sttuctUY8LSHISTISSS MICEEANYBIP 152 FHESUBNE Bt YIRS YERYSEOH USAISIEET20E comprises
a short distanceigeros$ 22 S Andalongdistande laordss: 22Sc@liynedwitmehe sivort @istance 122NS
and long distange. 22Nk Qf 09 RaLRLROHoR AN of e ialemian SiMaN .4 20m RRP3F@Y portion
120 may comprise an indentation 1201 sized to 15receive the sclera. [0547] FIGS. 7B-6A and 7B-6B
show distal cro8&/eBeHismasDIdRPENAYS ITeRinPAINGBRE LR REHAPTIG X FepdEtRfely, of therapeutic device
100 comprising n-circular cross-sectjonal size. The porous structyre 150 can ke located on a distal
end portion of THETbrdBEARRoL R SEEH RO GG 150 A B BRI B0 2 proximel portion
of 20 therHpeutinitdevioebl 6CupHe barnercté0defiries. atside wfvesenveiriddouTthddsarriér 160 and
reservoir 130 may; saoh SRR 2 LIPS DR OVAl LIRSS SRRtoNalRize e xempl¢:sTp barrier 160

comprises a first cross-sectional distance across reservoir 130, and a second cross-sectional distance
across reservoi $30 Y4t tEchplsaidinecdcalrdss A BRtEP s 3 10 G (IrR§oBcdRIEcB s ellipse and
the second distaneeawso ssnhayuexteindl gciaskashe otminat)rexish2 dofithieSelligse. This elongation of the
device along one direction can allow for increased drug in the reservoir with a decrease interference in
vision, for examp¥adshs feeanajolcais f thes¢ lipsecdamivé: adignedusersstahiialby shitmtine toircumference of
the pars plana ggian.eh the/ eyR fXIeading SstantRlly ApuRd (b6 cafRgaich theneyeviabdohe minor axis

of the ellipse can be aligned radially with the eye so as to decrease interference with vision as the short

axis of the 30elfiBSE ERIBIHHE FFARTTHE GPHEAY SURPEFIHRETEYE COITRSIBRANY t e iatient's line of sight
WO 2010/088548PCT/US2010/022631 through the pupil. Although reference is made to an elliptical or
oval cross-sect%f}%éilar%rc%@ggeé?i r?élhl}fit é%tﬁtne &%& cﬂ?‘? %lﬁ%r@%bgﬁcﬁ?%gvree%c?%ﬁ@uIar with a short
dimension extemdisrgtoward théipupiliof theleye angitheitond/dimensiorextendingnalony the pars plana
of the eye. 510548, e, ateN QM ARG R R ATRY FOTIRN RSSOt 65 FREE NP0 i3 G, 19 Aipucture of

the cross-gsectional area. For example, the extension 122 may comprise a first distance across and a
second digthncB&RISSE AR ke findlaisganal E?c?&'é%ebf‘éﬁlte‘?]’th%ﬂlﬁfg SXBYIMY didtanedherdls. The
extension may mmngisednanyfsham_e&dmah()asgaatamganl@q dihaﬂl-mg,aﬁminglscalmﬂr}tbmﬁphgajistance
across can corragngnio A0 distance Ll AeSsOILANhpariss, Thesetepfion J0sipugtre 120

may comprise the narrow- portion 120N having an indentation 1201 extending around an access port to
the therapeutic detiteVasdestrpetratoe. TTRAIAGEEHA 120 B HeEMSI o 122 if)oeach comprise
an elliptical or avr prefjlewithcadiishlprgspmaianaxisat theellipsatextenting ssuthe frstghsection and a
second shart (minor) axis of the ellipse extending in th ond direction. ng axis can be aligned so
e 0 extent 19BN i e e A S R 0, AR 68 igned so as
to extend towardthelgsigpi ot thegen sonliebd e sdantatiderios Hefvicadoniskripeaddidamined with
visual examinatig@.py shedreatina-nhvsiciandAadl FG. ol Bhenshewsdandsameltic yiew.of the

therapeutic device having a retention structure comprising a narrow portion 120N with an elongate
Crose-sectional SR EIORIET TSN SER T IO B 61 G L HILEa b b YR THUPABBL e device as in

FIG. 7B-6C. 10554stiF 180 7iBe6HntsthowscatsideviieWor th&shpet distansen 20NSuddtibrecaairow portion
120N of the therapeuticiHeyige.2S AR RSB Ak K. dB-6E2 shoa side view of the long distance

| 20N1_, of the narrow portion
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120N of the therapeutic device 100 as in FIG. 7B-6C. 105531 FIG. 7B-6F shows a proximal vie of the
therapeutic device as (i]nmlfls% 7B-6C. 105541 FIG. 7B-6G to FIG. 7B-6l sho¥v %x I%dggz%%sembly
drawings for the“fﬂeralldeu icdevice 100 as in FIGS. 7B-6C to 7B-OF. The a8&& %ﬁyl raW|r]1gs of FIGS.
7B-6G, FIG. 7B-611 and FIG. 713-61 show isometric and thin side profiles views, respectively, of the
elongate WO 2010/088548PCT/US2010/022631 portion 'ZONE of the ntuTow portion of the retention
structure 120N. The therapeutic device 100 has an clonagate axis 100A. [0555] The penetrable barrier
184, for example4ig septiungan bemosaried saedhpeacass pahlSOrfhepenatralieibarrier may
comprise an elastic material sized such that th netrable. Sbagrier can be inserted into the access port
180, The penet IS ALl s e R T T R Ellte o1 rubber. The
pentrable barriértrAgrEdmsadentapshi 845. toheassinthdcpeRetratbie barribenintHRECo&dDort. The
penetrable barrigrd34nMameempiise RRavelsddnperirin 184Rusizad o seal thereessmpRrt 180. The
access port 180 of the reservoir container 130 may comprise a beveled upper surface to engage the
beveled rim 103 BEATTHe benetr AL bARBIORERIES the SRS G 80 WReH R 1B 454T engage an
inner annular odielsrgatetthaxdneh phtkghaccassgbesic; Ehe wenetrdé barfddril @ enay ddmprise an
opaque material, Jr, kANl AoIER MAeLALIor examRIersiicans, syeh.ipalitig RaggHable barrier can

be visualized by the patient and treating physician. 105561 The reservoir container 130 of the device may

comprise a rigigokidompatig o te-material tihatdends Rideast rmsthadigtenfionstructure to the rigid
porous structure, such. that the reservair comprises_a substantiall .conséz@t .\/olum?%vfgen the dIherapeutic

agent is releasdd WA righd 7608 éHﬁiS%ﬂﬁfé"%Sfa%et%"HYﬁiHi%ﬁ% SR TR FATB SR Yats BYBHIE for
example when thé patientdsvoves dAlitématively omelgombimationchel tesehesirfcomibiners 1 B0rmay
comprise an opfically dransmissly e matelial sy Ak NG I G RSO B LANRAINERHI S SRR AR PR SIucent, for

20example transparent, such that the chamber of reservoir 140 can be visualized when the device is
loaded with thelpBatE N gant i ie FarRiA Srior to implantation, for example when injected with a

formulation of therapeutic agent prior to_implantation in the physejan's office. This visualization of the
roservair 140 hE D ml B o S e RIS TG SN e bt mgent by
the treating physicignsomassistawt fiviontationpldnbatipautiche26resdrioifecantatice thmaycoomprise one or

more of maqy bigGerARKRIE MIGHAIE SUGh A% 36FYIALES. BolymetylaghasiHaley sl oygnesy metals,
titanium stainless steel, polycarbonate, polyetheretherketone (PEEK&}, polyethylene, polyethylene

terephthalate (PETIOBORIEHALS SORTAIELYIHR) Hot/BropsleRre oS SrBwsHaly Rsmapens
polyvinylidene #tiduele ok .FIFE. The biocompatible material of the reservoir container may comprise an
optically transmissive 30material such as one or more of acrylate, polyacrylate, methlymethacraylate,
WO 2010/0885W8PT T/UBROMD/022631 polymethlymethacrylate (PMMA), polyacarbonate or siloxane.

The reservoir container 130
Summary of Calculations

Description Osm (M)
Saline (0.9%) 0.308
Phosphate Buffered Saline (PBS) 0.313
Lucentis™ 0.289
Avastin 0.182
Triamcinolone Acetonide (Trivaris-Allergan) 0.342
Triamcinolone Acetonide (Triessence - Alcon)  [Isotonic*
Triamcinolone Acetonide (Kenalog - Apothecon) [Isotonic*

*As described in package insert

20 [0431] The vitreous humor of the eye comprises an osmolarity of about 290 mOsm to about
320 mOsm. Formulations of therapeutic agent having an osmolarity from about 280 mOsm to

about 340 mOsm are substantially isotonic and substantially iso-osmotic with respect to the
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can be machined from a piece of material, or injection molded, so as to form the retention structure 120
comprising fIanQVe 122 and the elongate narrow portion | 201NE. The flange 122 may comprise a
translucent matenar Such that the physician can visualize tissue under the 5'?%%8%2?005)3%%51.3 the patient
and to decrease appearance of the device 100 when implanted. The reservoir container 130 may
comprise a channel extending along axis 100A from the access port 180 to porous structure 150, such
that formulation injected into device 100 can be release in accordance with the volume of the reservoir
and release rateigfdhenpam s strueturelthofashdesehinathhensini ihhepenausstissturiealpican be affixed
to the distal endscr)rlzotgera eu%c 10device g’c??d tftcl)erveiég(mgl)%wleth lue Alh%f%aftlveli/e(gr m.cor%:)matlon, the

. O C and 1SQ 1C W1 C Ild Sul 10T 10N Into the
distal end of the reservplr CQI’] ainer 1§6pmay comprise an.lnn r (flamete.r Sized 10 recelive .e porous
structure 150, dheiapratiedevissirteoforinatieBof ayhemmiytisassstopets hosadr thergperbagsttscture 150 at
a predetermineghjocatign e thedistaksadse:as 10:saling forsaaatey mimgssizetHesatve440. 105571
FIG. 7C-1 shows an ex e%;]gandabl barrier 15material 160

ap able therapeutic device 790 ogn risin

and support 160G TR SrABE B ARCT S S R RSP b e S aont, The
expanded confipuratisrican stokesamhinoreasedredrrourt f therapaiticzagent; flor exernple from about 30
uL, to about 1090H1'éw£@?ﬁ%%‘é?%19§‘1@%9&49@ SRR r&?‘ﬂﬁ: %j@&%@@%ﬁ%&ﬂ%&ﬂr%paté‘&iﬂ?%@”dab'e reservoir

140. The support 160S m?/ comprise a resilient material configured for compressjgn, for example
resilient metal SPIHERHTOBIdREIX ORIERVEN Y It eRpUn BEBIE AP SBFE ASdy BE e PRSI 8k panded.
The expandablendextice iagraficises thelpoiptis e re I1bOvilispaseahontatdistad andiaand affixed to the

expandabie supRer s FRANEANIS ASYIGR ey, MRS, At aceese park 60, ar xample wit 2

penetrable barrier 184. En : conflguratlon, the device is substantially ¢ om a majority of
the optical path!®P bfhecpdtré SEPE[0SH8PTHRE SUs dtchous!sr s bisricay e 60 EanBrovide a
substantially canghanfauomae pbirtasanmoir thiheexprindesconbousation:clibe.substantialyrconstant

volume, for examﬁ)le +/- 25% gan b% combined Witqlth release rate index of the porous stfrl.glcture 150 so
therapeptic agenf dispose dn the reservoir chamber, so as tQ release therapeutic mounts? i % ..
as to tune the expahded réservaoir and porous structure 16 °'the volume of therapeutic agent to be injected

into the therapdbtierdeviceas Beserkibeddaé feis. athéoparride TG0 panlcconvpniseionthih thormshtnt

30material,sfor gxamplea membangs anchihesHARA AOQREAMRHIGE thei basier RO i RIn WO
2010/088548PCT/US2010/022631 expanded configuration so as to define the reservoir chamber having

the substantiall{f CEHERSPUSRIFEC %589 FIE8I4EINA shows the distal end portion of the support 1605.

The support 1605 .nay ise strutg that extend.to an annular flange 160SF.that supports the porous
Structure 150 STRC Al oY b a0, TotED LI R ] S e L TR B0 dieposed
inside the harriétd.60\sbaad td grdvidebineh suibdtantiatiyppoiss tapitehtanted wetumedshthacteservoir
chamber. 1056 ddnfdCeind el GadliRWs dhae suRRRiL 803 disReser: Alengdhe el sukaceHafihe barrier 160

so as to provide the substantially constant expanded volume of the reservoir chamber. The 10support 160

can be bonded & thE'BaFAEPT &0 I IHARY WS FOr A YaMBr With &b ESANS G AYE L LY diie or resin,
or with thermal thenpénge Igratsiijopertipsticathdepcispegsed anmthesubsideiof bareiget6Ontdds621 FIG.

7C-2 shows th%ﬁﬂﬁ'ﬂ@'?&%ﬁ%&%&d@%ﬂﬁ?e? POASIN & R foSed dRA DAY RLPIG Gonfiguration

suitable for use in an injection lumen. 15[0563] FIG. 7C-3 shows the expandable therapeutic device as in
FIG. 7C-1in anWé%%b%penmg connecting the first chamber and the second chamber. The therapeutic

agent can diffuse through the first opening into the second chamber. The second chamber

25  comprises a second volume, such that therapeutic agent is temporarily stored in the second
chamber so as to linearize, for example toward zero order, the delivery of the therapeutic agent.
A second opening can extend from the second chamber toward the vitreous humor. The first
opening, the second opening and the second volume can be sized so as to lincarize the delivery
of the therapeutic agent for the sustained release at therapeutic levels for the extended time.

30  More than one therapeutic agent can be inserted into the therapeutic device. In such a case the

two or more therapeutic agents may be mixed together or injected into separate chambers.
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profile configuration, suitable for retention, for example with the sclera. 105641 FIGS. 7C-4A and 7C-4B
show an expandable retention strucmre 792. The expandable retention structure 792 can be used with
the expandable‘?ﬁ%%gﬁ]éoﬁﬁ%%evice 790, or with a substantially fixed reservolrand EONamer device as
described above. The expandable 20retention structure 792 comprises many compressible or expandable
or resilient materials or combinations thereof. The expandable retention structure 792 comprise an
extension 120E that can expand from the narrow profile configuration to the expanded configuration, for
example with tgbs3and Aamges.compesingntesilienpmaterialistheddippae pevtionaardedaglined proximally
and the distal portion, can b nclined distally, sueh hatthe retenfion SRR 1ogxpands to engage
opposite sides of the sclera. THe resfiiént materia may comprise a't ermopal Ic material, a resilient
metal, a shape hpiery gtessandapdreensbiratiolysitherewd o5e8]cFIGhy thishehesbierdpeutic device | 00
comprising poreustilatiyad 2f.pesitianed ianQyasldfaasliveractherapertic-agsniie atarget location
on Or nearsthe retina ZE), for eﬁ?mgle \g?]f%tolo 0 854[1)8PCT/U82010/022631 choroidal neovascula
urization of’a leSIBA B HELF THR &AL TESP URAMBIY the lesion may comprise one or more buckling,
folding, bendin eparation gf the.retina from.the choroid related.to neovascular zation of
corresponding Sl R e T R o e
corresponding &gtihe regidrs dirthiestretidalmagcbecrirgtte dats wo ke inTedd ot brsBotiTRRES indicates that
the vitreous humQr3Q @fithe Lyeinayemplishcorvectvarurrerbilows thahextiend alang. fipw paths
799. The convectjve {Jow g)aths ay c.omglrﬁiée flow channels. Although small [zw}toleculges Ciﬁ%be delivered
e SPshcd Rt

to a target locafidhiiof tHePEHITA"2E RAEE AVHRATHS(F B AHEP tha SPetitis A% prising large
molecules| for example vathpastivocynfragpeemts or antibodies, can be delivered substantially with the
10convective flow paths as the molecular diffusion of large molecules in the vitreous humor can be
somewhat lowdP#ah shhalllfelesisiesiRBe8IcHaeitherapeirtié Bevieecwant HragigethsiicAlthat porous

structure 150 is positipned alongwahflavwhpathiextengingdovrrs adarget focatinn af thesiriingeThe
therapeutic agent can be r.elgased l(é)n%t eflowlpath, sklcht téhe rov\LOof vitreous humor transports the
E%t ¢ er((i) ¢ u

therapeutic 15agd@HEtBPHIE TETHES ThE Pordts ErbetuPeYcants %? BB BRI A PSFHIBREP the
therapeutic deiceinfortexamdle b9 é&rdistehemdingnid-thghresepusib 30 vagiiygisized fortdelivenf for the
extended fime. d bg refentionsiuciyre tedcanRe jpcaiad e ihemingl hheheppestic.device 100

can be sized such that the porous structure is positioned in the flow patch corresponding to the target
region. The surg@GHHAR TRty A%anserragRiity J4°sHthd retingess ot almpld dbrbspBidig to a
lesion, and the dherapeaudic devicer 1l0hcam:batpesitionedialdngethipars pladia enpthelictogatien such that

the therapeutic agent i3 'eleased i Er'ﬂ%ﬁg’]\g 968 FRURNy dARBLIEIG e Pk SR IEIARGHIGJRYice 100

comprising porous structure ISO located on a proximal portion of the device to deliver a therapeutic agent

to one or more pfyia¢ cikaty kA erdRe trakaguar meshuerkoyhen implaniedintieaye. The porous

structure 150 can be 25located near retention structure 120 such that the porous structure is positioned in
the vitreod suBSESARAIRP LT AsRRAL a1 86y ipeatfd Bkt hdintg 1o FetifE b hote b SRS Hdrous
structure can behloeateth@mnda sicécofdheptherdpetitimiteNice 8o as ic:raleasecthestberapertic agent toward

a target tissue. While. Magy. NeraRgYtic ?c%ﬂ&%&?l‘él Rew el e FISIRRAYLS AICNIMAY Fompise a

prostaglandin Of analog, such as bimatoprost or latanoprost, such that the 30therapeutic agent can be
released towardfdhe st HecTePIR IS EdRE by o Baddbe BFranrerioogorosBs 4Bpeiy (a2 Biidr22631
meshwork wheprigplantediindhenvittrausoiumaicwihuthealset@ntion structure coupled to the sclera.

25 [0437] FIG. 1E-1 shows a therapeutic device configured for placement in an eye as in FIGS.
1A-1 and 1A-1-1, in which the device comprises needle stop 170 located at the bottom of the
therapeutic device and the shape of the device encourages the movement of the therapeutic

agent within the chamber of the therapeutic device 100;
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[0568] FIG 7F shows therapeutic device 100 comprising porous structure 150 oriented to release the
therapeutic agent 110 away from the lens and toward the retina. For example, the 5thera6peutic agent 110
may comprise a‘)vs?ezr%%?sgnﬁ the steroid can be released from porous structﬂ?g/ E%)EW% Hlom the lens
and toward the retina. For example, the porous structure can be oriented relative to an axis | 00A of the
therapeutic device. The outer side of porous structure 150 can be oriented at least partially toward the
retina and away from the lens, for example along a flow path as described above so as to treat a target
region of the refoaasir heit0bprrisk 160 aampxiendbrvesRdiedTorpus sikineiure 60.andritslens of the
eye when implane syh (N3t pelcase of iNeransulic adent joward e leni cambe infybiied with barrier
160. 'The retention structure 1'20 nay comprise aﬁ%g iStance across and a short distance across as
described abov@cmparpoovissstructure can he oriented in relation to the short and long distances of the
extensions 122, such that the outer side of porous structure 150 is oriented at 15least partially toward the
retina and alonéPt8lflol Pralth-HHhen e heiapcHistdndes sPahigstbivi b StfefuPe e X8 REEIEMY the pars
plana and the short gligtanoe iextendshtowasditheopyipite§006A} Kl .1 70| shawsnatdini@Aecemmarising a
blacement instryment, £50 &.conianer, 780, and.a lerapsulic dayise 190 dispased uihip fne container.
The reservoir o tehep?herapeutlc eviced 10 iIsposed in the container may comprise ) non-therapeutic
solution, for exaasplevitdsdiinehaned taaHeenaniselsvstthe porous structure comprise liquid water to
inhibit bubble formation when the formulation of therapeutic agent is injected into the device 100. The kit
may also comph¥éthe &tirge’ 1s8onsedre 189 ahtsibY2PeYE (& isert rHa Hedaie lisemBeatffaximum stop
distance within theyesanpiGasidescribed above.The kit may contain instructions for use 7891, and may
contain a container 110C comprising a formulation of 25therapeutic agent. [05701 TUNING OF
TILERAPERUTIQMBREYV | CESGFDIR oSl Sl thEs poRR ER(EAGR | BAGERE N #dN WG fiotpAfidAdevice
FORMULATION, 10R7. N5 Marhayle davieed Oean Aeuna te dellaaiaioRt thergpeutic

concentration profile based on the volume of formulation injected into the device. The injected volume

may 30comprise A RHYENFATRRER MGIan &, fdP ékamplettrtiiAcaunix by-Sewsst ahirteHasl pre- WO
2010/088548P Cikd WiSROAH/0226:3 b dlete pninesd tazgebivplisng dheingldmedinthe raseivpir can be sized
with the release ratp, inde 56,33 10 releass the fngrapeutic.agent for an extended ime supstantially
greater than the treatment time ofa corresponding bolls Injéction. The device can aiso be tuned to
release th&thepapetitieragent Haseaophgiedtfartiifsofaianterhseaticagyent hofhacaypsicntiadievice volume
5and release rajig,iRdexcRMpPrse parameters that can be timed together based on the voluine of
formulation injected and the half life of the therapeutic agent in the eye. The following equations can be
used to determiug4therapeutic device akamsteissuitabladaptuniog tha device.fRate ewe{dCo/dt) =

-DIPMVILICIr where Bate, Rale, of psiease.of therapalic agent fon) deviee L 0ct 7 cocenyation of
therapeutic agent in reservoir Vr = volume of reservolr D Diffusion constant PATL = RR1 P= porosity |

5A = area The collar may comprise an expandable collar.

20 [0443] FIG. 3B shows biocompatible material impregnated with an anti-bacterial agent 310
on the therapeutic device 100 to inhibit bacterial growth along the device from the sclera to the
vitreous humor. The biocompatible material may comprise collagen, for example a collagen
sponge 312, and the anti-bacterial agent may comprise silver impregnated in the collagen. The
biocompatible material impregnated with the bactericide agent may extend around at least a

25  portion of the outer surface of the device. The anti-bacterial agent may comprise a portion of
the retention structure 120, such that the anti-bacterial agent is disposed at least partially within

the sclera when the device is inserted into the eye.

[0444] FIG. 4A shows released antibodies comprising antibody fragments 410 and a
substrate 420 comprising binding agent 190, and FIG. 4B shows an antibody fragments 410
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T = tortuosity = F = channel parameter. For a substantially fixed voltune injection Cr = (Injection
Vqume)(Concentratlon of Formulatlon)/Vr Where Cr0 = initial concentration in reservoir foIIowmg injection
of formulation 206" Ilnjecgtlon Volume =50 Ida Cr0 = (0,05 inTa)(10 nrlg/mL)(fv (Y@b% Elg? 1 mg) = 500 ug
Vr Rate = x(500 ug)exp(-xt) where t = time x = (D/Vr)(PAILL) WO 2010/088548PCT/US2010/022631
With a mass balance on the vitreous Vv(dCvldt) = Rate from device = kVvCv where Vitir volume of
vitreous (about 4.5 ml) Cv = concentration of therapeutic agent in vitreous 5k = rate of drug from vitreous (

proportional to fvbalblife®hdida vnsieeus) Em& thedsifuaiion appropdai@ios e embhkinaants as
described herei Where Cv remal sub tsl‘{?} y con tant nd chap% SS 8\%I¥ wit t%me (i.e. dCividt is

s€n ven ¢ anfl cn S C Icvi Su
approxmatelyé BVE { ate from device)l(kVv) since k |s Su ally constant. YHhe max value of Cv

will correspondqumlmﬁr@sbmaﬂg @gﬁ@xwh@m@R@a@ﬁew&wd@&@émw gwewlthﬁensi\me injection

into the device (& GnbbBEAANS) e BRBHMUTHCor bsd‘fauaﬁsﬁntﬂqﬂ@enveluee@a‘)am%mpvides the maximum
rate. The o%lmal value ofxsatlsfles (gé%ate /dx = Oal i}(%% me Rate = 500 -X0 = f(x)g(x)

eXp(-X
where f(x)=500% B GEP TRKHE ) A BHT RIS G5y 3@(5‘&1 xf) ff%%se?‘biven time. t,
d(Rate)/dx = 0 wheén ttagbingd dasdriktd Hbﬁfheﬁfaatepk:mmmg mmmwmmwmntms Foed angiven

volume, optimal, &‘ﬂ-ﬂo RIRARR G0 -k DEIeEosE NG Maleshly BEa E'yﬁ%ﬂmahoccurs for
the optimal RRI = (PA/ for a given 20Vr. Also, thé ratio (Vr)/(RRI)= (Vr)/ PA/T|L t will determine the
optimal rate at Ef’éaﬁwfellydroxyapatlte Type I, Macro- -Prep CM Support, Macro- Prep Methyl HC Support,

Macro-Prep Ceramic Hydroxapatite Type II, UNOsphere S Cation Exchange Support,

10 UNOsphere Q Strong Anion Exchange Support, Macro-Prep High-S Support, and Macro-Prep
High-Q Support. Additional media to test for binding include ion exchange and bioaffinity
chromatography media based on a hydrophilic polymeric support (GE Healthcare) that bind
proteins with high capacity, and a hydrophilic packing material from Harvard Apparatus made
from poly(vinyl alcohol) that binds more protein than silica. Other candidates would be known

15  to those knowledgeable in the art.

[0445] FIG. 5A shows therapeutic device 100 coupled to injector 187 to insert therapeutic
agent 110 into container 130 of the device. The injector 187 may comprise needle 189 coupled

to a syringe 188.

[0446] FIG. SA-1 shows a therapeutic device 100 coupled to an injector 187 to inject and

20  remove material from the device. The injector may comprise needle 189 having a first lumen
189A and a second lumen 189B configured to insert into a container of the device. The injector
may simultancously inject 510 therapeutic agent into and withdraw 520 liquid from the device.
The injector may comprise a first one way valve and a second one way valve coupled to the

first lumen and the second lumen, respectively.

25 10447] FIG. 5B shows a therapeutic device comprising a microloop channel 530. The
microloop channel may extend to a first port 530A and a second port 530B, such the
therapeutic agent can be injected into the first port, for example with a binding agent, and
flowable material, for example liquid comprising binding agent, can be drawn from the

microloop channel 530.
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105721 The above equations provide approximate optimized values that, when combined with numerical
simulations, carwrovide o%timal values of Vr and PA/IL. The final optimum value can depend on
additional parame eZPsl?/é)ﬁ% 1%as the filling efficiency. WO 2010/088548PCT/HfS 20281885631 105731 The
above parameters can be used to determine the optimal RR’, and the therapeutic device can be tuned to
the volume of formulation injected into the device with a device reservoir volume and release rate index
within about -1-/- 50% of the optimal values, for example +/- 30% of the optimal values. For example, for
an optimal releasgsspterglecof thes paiaps:strastiel andoapeptimabresarudiinvel uate sized to receive a
predetermined guantity of therapeutic agent, e.g. 50 uL, so hieve thera iG concentrations
Bove a ik S LDt Sl R R B DS Ao i, Sh e, e
maximum voluriié Betieresagowicanbe haditaitadadhp i opet tndrilatalle twitsizhopprirmale/olume. This
tuning of the reggrupib¥Rlwme ARdithenparers suctwstoithea inlectedvalime, of the 10commercially
available timnulation can increase the time of release of therapeutic amounts from the device as
compared ® a (o) larger sesegveis\viahumpcthrtdeceivemphsisamervolisneled cammersialiphavailable
injectable formuafiqn,, Alihough, many. sxamples, as, deserived herey shaw a.parqus, it syeture and
reservoir volume tuned: together to receive a quaﬁtlty of formulation an provide release for an extended
time, the porou$S8tradtine themnguiithiatie Brederisit YAay comprise one or more of a porous fit, a
permeable membrane, a semi-permeable membrane, a capillary' tube or a tortuous channel,
nano-structureépmo-gﬁfﬁ%g%?%?ﬁt@i@d‘%%@%?ﬂ&@é{ HITECBETSOR BFERITHEFY SKIPSH the art can
determine the rgleasadateocharagtaristioss dotxample adeltase TeiipdeXb e asiadyne thg one or more
porous str}{?turggmarrllcsietge goltyrgglg to rece;\{?eyswteon ugfngi of tg]aqkf)o;lma é{gorpe%nd r%lleaase therapeutic
amounts for 20an extended time, ’fB%hﬂlsl As an examp & the op?lrha | at 180 dréys can be determined
for a reservoir Vitohwest abbag B¢ putBassd eaithaabevend ubtions iy aowd hpsimalRR$2 such that
the optimal RRLat 480 daysils abepithQabriasthe plRdubdarmuiatinn Malvmenniectedintedhe device. The
corresponding Cv isd%aou 3.19 uq//mL at 180 days based %n the Rate, of d%%released rom the 25device
r

at 1 80 days and THEFEtE B thaBFUY T TBVIPEE6 (1L Rorr a5 R AN (8 STHA Ti8! &F 4880t 9 days). A
device with a contaithestmeservaird/blusmecoffé8outacand RR1 of 0.044 will also provide the optimal Cv at
180 days since the ratio of Vr to PA/Ti. is also optimal. Although an optimal value can be determined, the
therapeutitdevitds tan &t AR 4Ny s rovieiebiaat ap @ dife daiottsb e ngrat ¥ weirtetart timdcféicexample
180 days, with mpgny values of the reservoir 30volume and many values of the release rate index near the
optimal values, for example within about +/- 50% of the optimal values. Although the volume of the
reservoir can bengsystamtially sWé@s2044088548RETIVSZGIRINZ 2 631 ixednthenvoltareapibe reservoir

can vary, for exa qLe ithin atbo t +1- 50% as V\ﬁths andq e reservoir such as a balloon reservoir.
105751 The half' IIiﬂz'e Sfygﬁgp rllljlgC ﬁr%%hcg ?/‘llt%%é%s Oursno?r@ooﬁ(#g I(Cailegc(i)an be determined based on the

therapeutic agegha1d YRR B EYER[OnSAMRIEUMAN. TakPILaF Mmankey Rychdaating,a half life may

be determined based on the species of the eye, for example. With at least somé animal models the half
life of the tlerapB\tiEEgE RN R ET0IFES A5 RGHr WaRhIRSReFItR MRS hR e sl 5 exarnply by a
factor of about tieaitalclegsit some-insiancescLoirexagplendhiahattdferafdhastherapandicfagent Lucentis”
(ranibizumab) C[ﬂQrab% %Qo%rr(]:isrggrdays in the human eye and about two to four days in the rabbit and
monkey animal mo els. For small 10 molecules, the half life in the vitreous humor of the human eye can
be about two t g;wee hgyys and can be about pgg pgur in the mopkey and rabbit animal models. The
therapeutic device can be tuned to receive the volume of formulation based on the half life of therapeutic
agent in the huggan vitrggs humor, or an aningalpitfeous humor,05 ggmbinations thereof. Based on the
teachings described herein, a person of ordinary skill in the art can determine empirically the 15 half life
of the therapeutig agentip theraye daged on the pe of eyaarsifnethaapridicagenfi&uch that the
revervoir and porous structure can be tuned together so as to receive the volume of formulation and
provide therapgoistamohutsoior dbietextarfdid-poue c Eothhatidd ENAALzExagepleldG and BSA

should flow relatively easily through 0.2 um pore size protective membranes used to stop

passage of bacterial and other cells.
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70[0576] FIG. 8 shows reservoirs with exit ports al defined diameters fabricated from | mL syringes with

Luer-LokTm tip%v anq) ln(/-:‘%gsl?ss of varying diameter. The needles were trimm%d %o azgq})%)lzli%ggth of 8 turn,
where 2 mm exténdet lgeyond the needle hub. Metal burrs were removed uhdeyd microscope. FIG. 8-l

shows the needles attached to syringes which were then filled with a solution of 2.4 nig/mL. fluorescein
sodium, molecular weight 576 Da, in phosphate 25 buffer (Spectrum Chemicals, B-210.). Bubbles were
removed and the syringes were adjusted to be able to dispense 0.05 mi.. The shape of the resulting
reservoir is showsss) Fiéindnk.Mite tirshexpandsdsegion is dafinaed Iy thennside@fithe needle hub and

the tip of the syringe. The second ex ed reqgion is inside the syringe. The tatal volyme of the reservoir
ey e B S R b R e

. the the' zFe.ser\/ows were rinse 'of exE&ss fllorescein by
30submerging inaEB4E. WOy20410f08RBLIRAT (WS 2010702 26B1S|0SHBPRIGIPEsISHERS the reservoirs

placed into 4 miyiRls £RBIAIANRG: I, FToNdx Atbiern ad1KeoReMPRLalidi o cOHRES ©d! flomfidbker tubing were
placed around the s rin(?e.barr Is tor%(l)%ition the top of the reservojr to match the height of buffer in the

e .
vial to avoid an§ praSstte Bk SAIANSTHRCHSRE! SFIHR TiaTdWBRe S 415 Bl h 8L RS WISt evaporation.
At periodic 5 inteevaisnthefoe selasirswef @moved dphabiv, vidigabmnigitindilnufer. [Jdsecamount of
fluorescein trangpoed:fram thefeservoir through the exit port was determined by measuring the amount:
of tluorescein in the vials via absorption of visible light (492 nm). Example 1 | OTable IC Release of

Fluorescein thraygl) ExithP et fiesgivmihNuwnhshd eedle.Gauge Needa |PotamhpiteadmmA2) Release
Rate (ug/day) %8

.838 0.552 oL . o
10(%gra§atqon, binding, or a combination of the previous processes may control the diffusion

10  rate.

[0457] The binding agent may comprise ion exchange, and the ion exchange may comprise at
least one of a functional group, a pH sensitive binding or a positive or negative charge. For
example, ion exchange with at least one of diethylaminoethyl or carboxymethyl functional

groups.

15 [0458] The binding agent may comprise a pH sensitive binding agent. For example the
binding agent can be configured to elute therapeutic agent at a pH of 7, and to bind the
therapeutic agent at a pH from about 4 to about 6.5. A cation exchange binding agent can be
configured, for example, such that at a pH of 7, the net negative charge of the binding agent
decreases causing a decrease in binding of the positively charged drug and release of the

20  therapeutic agent. A target buffer can be provided with the binding agent to reversibly couple
the binding agent to the therapeutic agent. The rate of release can be controlled, for example
slowed down, by using insolubility of the buffer in the vitreous. Alternatively or in
combination the elution can be limited by using a porous membrane or a physical property such

as a size of an opening.
25 ]0459] The ion exchange may comprise positive or negative ion exchange.

[0460] The binding agent may comprise hydrophobic interaction. For example, the binding
agent may comprise at least one binding to hydrophobic pockets, for example at least one of

methyl, ethyl, propyl, butyl, #-butyl or phenyl functional groups.
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10.8 2 18 0.838 0.552 9.4 3 23 0.318 0.079 1.0 4 23 0.318 0.070 1.2 5 30 0.14 0.015 0.6 6 30 0.14 0.015
0.6 [0579] We |n|t|al release rate (averaged over 0.5-4 days) is proportional to the area of the 15exit

port opening.

10

15

20

25
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[0461] The binding agent may comprise affinity, for example at least one of a
macromolecular affinity or a metal chelation affinity. Examples can include a hydroxyapatite,

or chelated metal, for example zinc. Iminodiacetic acid can be chelated with zinc.

[0462] The binding agent may comprise at least one of the following functions: charging,
recharging or elution. The charging may comprise a porous material injected therein so as to
release the active ingredient. The porous matter may have an extremely large inert surface
area, which surface area is available for binding. The recharging may comprise removing

carrier + therapeutic agent; and adding freshly “charged” carrier + therapeutic agent.

[0463] The elution may comprise a byproduct, for example unbound binding agent that can
be removed. For example, diffusion (plug flow) of vitreous to change conditions, ¢.g. pH to

reduce interaction of therapeutic agent + carriers.

[0464] Additionally or in the alternative, a sustained drug delivery system of the therapeutic
agent may comprise drug delivery packets, e.g. microspheres, that are activated. The packets
can be activated with at least one of photochemical activation, thermal activation or

biodegradation.

[0465] The therapeutic device may comprise at least one structure configured to provide
safety precautions. The device may comprise at least one structure to prevent at least one of
macrophage or other immune cell within the reservoir body; bacterial penetration; or retinal

detachment.

[0466] The therapeutic device may be configured for other applications in the body. Other
routes of administration of drugs may include at least one of intraocular, oral, subcutancous,
intramuscular, intraperitoneal, intranasal, dermal, intrathecal, intravascular, intra articular,

pericardial, intraluminal in organs and gut or the like.

[0467] Conditions that may be treated and/or prevented using the drug delivery device and
method described herein may include at least one of the following: hemophilia and other blood
disorders, growth disorders, diabetes, leukemia, hepatitis, renal failure, HIV infection,
hereditary diseases such as cerebrosidase deficiency and adenosine deaminase deficiency,
hypertension, septic shock, autoimmune diseases such as multiple sclerosis, Graves disease,

systemic lupus erythematosus and rheumatoid arthritis, shock and wasting disorders, cystic
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[0580] The cumulative amount released into the vials is shown in FIG. 9. The amount released in a week
ranged from 2 to 20%. An average delivery rate was determined from the slope for data collected
between 0.5 and’ 2.%05)58%53% is reported in Table IC. FIG. 10 shows that the TARANEIERSE rate is
approximately proportional to the area of the exit port opening. 20 Example 2 [0581] FIG. 11 shows
reservoirs with a porous membrane fabricated by cutting MT the LiterLok tip on | mL syringes. The end of
the syringe was smoothed and beveled. A nylon membrane with 0.2 um pore size was placed over the

end of the syringaRndisasiyafowitha@ pieae otisdicenafitibingohe winarseiameterafithensysinge was 4.54
mm, yielding an %xpga%%g_sm(%mbra e area of 1? mm. Th% istor%was rergoved sQ that ag roxiépately 100

nth of 300 ing/rﬁ_ %ov[ne ser en%ﬁbﬁrenﬁiﬁsiﬁggkr .|lgr]1re}’1g1 621 . Ci?{] g(gl.sc%ll(j daﬁgngl.daéa? he piston
WO 2010/088548RCTAISR010I0R 268 xwap!¢aisidee detasintmev e iccramoirsinheadiy.anel torgish a small

amount of the liguiddhrauapaing membrane doaouisideplithesmerhisasand-sysinge uasyrinsed by
submergin brie%lg in water. The r.eservoir(f ngre the%r}%plgced into | 5 ml.. vials containing 5 mt. PBS. The
g 16 b

tops of the Vial® HETE LEATAH AR PAYEARR 5 VB LSO ASHOAT BEHS T EIVSIL BITE-1 day, the
5reservoirs weremoivedntoctieny, vidlsiwoatiaming!PB Sodiffusion throughithe dnemiitanedvasadetermined by

measuring the appuntofBSA thatasgymulaigd in the vials via absorption of visible light (280 run). The
delivery rates from two replicates are shown in FIG.11-1. This data suggests that therapeutic agents of

interest with mqlags|ar waight-9orihe-ayder af 401D awvilh fransRoreasly thravahdaraussaembranes

with pore sizes of 0.2 um. 10EX le 3105821 An experiment was performed to screen chromatographic
medii (bio-Rach IOV BTG MR (e QB HETGRE Cas et TP BUREI ol LITHIS were

packed with theltemigaetliBdistéahbebdharndiwereleuitiosat@chint@0 MMracEtatéob(Fferoptit.4.5. Table 2.

Macro-Prep [-ByiyhlI¢ SHRRAISINRGH0:RTRAREAESAHRRRIL G T gAY omypRafiied ype 140 um
Macro-Prep CM Support Macro-Prep etrclgyl C Support Macro-Prep Ceramic Hydroxapatite Type 11 40

um UNOspheré 'SR EStenange ' stslidn RO e\ SHroAL KB EXLRERAG SUghdt Macro-Prep
Hign S SupportiMaane-fredittigh 1§ Huppeddbid@5831inthen atuibiinicalioghots tefiddpgingl. antibody in 20

inthil acetate buffer. okl d.R Ware ARVIALY. %g&@%?&m%%%’%?&%ﬁ%&?&'L@s?/%%{?a??JHHQ” was

assessed qualitatively for color change using a BLI protein assay Kit (Pierce). Of tlie media tested,
Macro-Prp CMISUppBRenifthkrBamyspi B Sipporilarnd Mo midp eaiamie tydrdxamiie Type li 40
um 20each sucaessiuiby ounghlg@lsSuliseauesilyc. RBIBwas washed dhusughcthecakwmas and the IgG

was released from all three of these medja. : : :
sulfonamides, su[ta 1azine, su(iitlgcetamlde, sulfamethizole and sulfisoxazole, nitrofurazone and

sodium propionate; antivirals such as idoxuridine, trifluorotymidine, acyclovir, ganciclovir and
interferon; antiallergenics such as sodium cromoglycate, antazoline, methapyriline,

20 chlorpheniramine, pyrilamine, cetirizine and prophenpyridamine; anti-inflammatories such as
hydrocortisone, hydrocortisone acetate, dexamethasone, dexamethasone 2 1-phosphate,
fluocinolone, medrysone, prednisolone, prednisolone 21-phosphate, prednisolone acetate,
fluoromethalone, betamethasone, and triamcinolone; non-steroidal anti-inflammatories such as
salicylate, indomethacin, ibuprofen, diclofenac, flurbiprofen and piroxicam; decongestants such

25  as phenylephrine, naphazoline and tetrahydrozoline; miotics and anticholinesterases such as
pilocarpine, salicylate, acetylcholine chloride, physostigmine, eserine, carbachol, diisopropyl
fluorophosphate, phospholine iodide and demecarium bromide; mydriatics such as atropine
sulfate, cyclopentolate, homatropine, scopolamine, tropicamide, eucatropine and
hydroxyamphetamine; sypathomimetics such as epinephrine; antineoplastics such as

30  carmustine, cisplatin and fluorouracil; immunological drugs such as vaccines and immune

stimulants; hormonal agents such as estrogens, estradiol, progestational, progesterone, insulin,
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WO 2010/088548PCT/US2010/022631 Future Exit Port Studies 105841 The experiments described in
Examples I-3 can he repeated with agitation to explore the impact of mixing induced b&/ eve movement. In
addition, the exp‘))ve?irzr%% &2 pe performed at body tenaperanirc where delll)\(ftaTr/)II’ TAIESE8d be expected
to be higher based upon faster 5diffusion rates at higher temperature. 105851 Diffusion rates of BSA (MW
69 kDa) should be representative of diffusion rates of LuceutisTM and Avastinfm, globular proteins with
MW of 49 and ISO kDa, respectively. Selected experiments could be repeated to confirm individual
delivery rates ofdlorsatheiapstiic agenis HARpBGL.REVICS RIIOPES Alose) to-tipembediments
descrbed I MG 00 SIS PRIRDLCould o [ARTIEAIEA PUMELAIn (& g Hanim o papigge steel) or
polymers (e.g., silicone orgpo yure{ ane .SEtX| ports of defined areas can q’\e Created vig'ablation or
photo-etching té&stmiciel asrerisrass arop folyeiver§ bedbilkpiartevchmgien ihedeediapgmiviting the material
with a fine wire i plaggnJRHRNHEG N IeMAyab af e SR AfIEr DEROIVER! s sHTRAnASESS Ports 15can
be created usin membrarbes of 'Iicoq\e orp Iyurethzne.é%lee le sto%%an flow diverters can be

fabricated from RIEtAT S A P STHLR TR YS trebru BrS oty HaYs Lar e LstRd St FREhBEE similar to
those describedsnrExagiaptenk, Brugdelplenyirated pandpandeasureddor Pristitedewices@stwell as devices

that have beenygfilied, Methgds.guchasAbrRIBAnESA0d JM%%B,%%&QH&%%@QiL‘Po%Eégétate the

amount of 70therapeutic agent that has been delivered as a function of time. Enzyme-Linke
ImmunoSorbenP ASsHYRaE feIcdATHE HEAG W HIBHRE thes LraBiRtyBred Bigiaiara piutic agent in
the formulationgra¢cdavamtbaan be used to determine the concentration of biologically active therapeutic
agent delivered as a function of time. Future Membrane Studies 25105881 Experiments could be
performed! With [84@H gelot dandidatesgmid éntifyyrmenpbranes thatory wobldfbéaibarriéatdibacteria and

cells without mugh [eSIstancR dHENgJaillingn2 Ay ceRtruie i contrling dnedalivery rate of the

therapeutic agent; and 3) would be biocornpatible. Candidate membranes would have pore sizes of 0.2
um or smaller, BSBTOAEHIRY YRS SHERthé R pettic g brits ARIDSMERPUF fiRfire < BAHMBGEE to secure
a membrane 3@betwien mudiaionsalutiomastnd spheceives, Sakiiiimaio, Beaslire:peBneatimomaates. In

addition, WO 201 G/088548M( _ll}[(&%%%%of%@ﬁ?é&‘ﬁﬁﬁ%(ﬂ“?&gﬁ?eﬁgp’%‘ﬁ”&r PEFCRLPGARSted in device

prototypes usmg methods similar to what was done in Exam 0589] Porous membranes could

include cellilosecitdtae, (ipopepafntambatieC sty ponytatiaf iforobonsylei) factpFE)an addition to
regenerated cetidlosenpolyaiherseiione.opalivinylidenesfuarid eV, Dengiaping.Binding Formulations

and Conditions 901,0nce. media and copditions have been ned via the b tcg or flow-through
hethods, devielS B £ iR L une) B BTt e i DS Sr i B AU inectec
along with the thétapeutictagenttifoimedtitioHs. Eahfiatpie haredonithfikmdesiredyexcipients, and

therapeutic aganiggliveryJiatessanheonaniered simiarvie e maihed.usesimExample 1. 105911
Additional media to test for binding include, ion exchange %)rild bioaffinity chromatography media based on

a hydrophtiic pStyFREEE STSBSR e RS SR th3E B SPURS I SRR PRI BRY a hydrophilic
packing materiadlfrertiastatvandnA gpénadiud nfiadeabShermpolygimyicatcahiointhat bindysmore protein than

silica. Other Ca%%ﬁﬁwq%q191%493%&:}&,th8§ﬁn59%@%@Ré?omﬁn?-%}f{ecombinant,
Interferon Alfa-2b, Recombinant, Interferon alfacon-1, Interferonalfa-nl, Interferon alfa-n3,
Interferon beta- Ib, Interferon gamma-1b, Lepirudin, Leuprolide, Lutropin alfa, Mecasermin,

25  Menotropins, Muromonab, Natalizumab, Nesiritide, Octreotide, Omalizumab, Oprelvekin,

OspA lipoprotein, Oxytocin, Palifermin, Palivizumab, Panitumumab, Pegademase bovine,
Pegaptanib, Pegaspargase, Pegfilgrastim, Peginterferon alfa-2a, Peginterferon alfa-2b,
Pegvisomant, Pramlintide, Ranibizumab, Rasburicase, Reteplase, Rituximab, Salmon
Calcitonin, Sargramostim, Secretin, Sermorelin, Serum albumin iodonated, Somatropin

30  recombinant, Streptokinase, Tenecteplase, Teriparatide, Thyrotropin Alfa, Tositumomab,
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[0592] A change in pH could modulate the binding of antibody to media. For example, binding of antibody
would be expected in a formulation with cationic exchange media at an acidic Ph' As the pH becomes
more neutral, th‘év%ﬁ?ilg(/)()(§§/5?ﬁay be released from the media. 20Formulation§ 68U B 1&&d that provide
acidic pH for finite durations (i.e., a few months). Once the pit has become neutral, the release of antibody
from the binding media could drive a higher release rate, resulting in a more constant release rate profile.
105931 The binding media itself may have some buffering capacity that could dominate until physiological
butler diffuses imgstiedeyiceo (Q594)iAlternatizel\or thesdpressiatinn equduinelugena beffer with a buffering
capacity selected to dominate, during the first few months. With time, the for tion buffer will diffuse out
o1 the device At SHy O B e s HCe I i e s 5 g of i
towards physiojggigal Pl (i perital. Fhedngticsftis changs.can be madulpted by use of a
polymeric buffer, with a higher molecular "eight buffer remaining in the WO

2010/088548PCTAPS 210702 26 41 Hewiew b i igahpdricte SrivHanParhepries die akieetive as
biocompatible pelymeritophiiarsihesausaheydegiagdadshaminadacidsmBoifeks aredopima near their pKa.
The table below. lists, the, pKa of side chains of amino acids.of interest. Table 3. Amino Acid pKa of
side hain LASKAY R T R bt ok S PR S Bt B AL s g
L-Cysteine 8_28nglqt¥¢rb1$q|q@ poy flimited to cyclophilins and FK506-binding proteins (FKBPs), including

sirolimus (rapamycin) and its water soluble analog SDZ-RAD, tacrolimus, everolimus,

pimecrolimus, CCI-779 (Wyeth), AP23841 (Ariad), and ABT-578 (Abbott Laboratories).

10 [0471] The limus family of compounds may be used in the compositions, devices and
methods for the treatment, prevention, inhibition, delaying the onset of, or causing the
regression of angiogenesis-mediated diseases and conditions of the eye, including choroidal
neovascularization. The limus family of compounds may be used to prevent, treat, inhibit,
delay the onset of, or cause regression of AMD, including wet AMD. Rapamycin may be used

15  to prevent, treat, inhibit, delay the onset of, or cause regression of angiogenesis-mediated
diseases and conditions of the eye, including choroidal neovascularization. Rapamycin may be
used to prevent, treat, inhibit, delay the onset of, or cause regression of AMD, including wet

AMD.

[0472] The therapeutic agent 110 may comprise one or more of: pyrrolidine, dithiocarbamate

20 (NF.kappa.B inhibitor); squalamine; TPN 470 analogue and fumagillin; PKC (protein kinase C)
inhibitors; Tie-1 and Tie-2 kinase inhibitors; inhibitors of VEGF receptor kinase; proteosome
inhibitors such as Velcade. TM. (bortezomib, for injection; ranibuzumab (Lucentis. TM.) and
other antibodies directed to the same target; pegaptanib (Macugen.TM.); vitronectin receptor
antagonists, such as cyclic peptide antagonists of vitronectin receptor-type integrins; .alpha.-

25  v/.beta.-3 integrin antagonists; .alpha.-v/.beta.-1 integrin antagonists; thiazolidinediones such as
rosiglitazone or troglitazone; interferon, including .gamma.-interferon or interferon targeted to
CNYV by use of dextran and metal coordination; pigment epithelium derived factor (PEDF);
endostatin; angiostatin; tumistatin; canstatin; anecortave acetate; acetonide; triamcinolone;
tetrathiomolybdate; RNA silencing or RNA interference (RNAI) of angiogenic factors,

30 including ribozymes that target VEGF expression; Accutane. TM. (13-cis retinoic acid); ACE
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105951 The formulation could include a polyester, such as PLGA, or other biodegradable polymers such

as polyeaprolac tone or Eolyg&hydroxybutyrate, to generate hydrogen ions for a finite amount of time.

The degradatior‘])vr(?a%én%)u?a e modulated by, for example, changing the coﬁﬁ%%/gl‘?l%)rlfyoornﬁ‘"lso]lecular weight

of the PLGA, such that the degradation is completed within a 10few months, contributing to reaching
neutral p11 in the last few months of delivery. [0596] The pH could also be modulated electrochemically.
Suitable electrode materials include inert or non-consumable materials such as platinum or stainless
steel. Water hyghiglysis aecutsnatvine @lesiiod & Medpae s pagtne Rreeusts o hysialysisfare drdronium
fons at the anode and,fydioxy| ians. at the cathode, doRationale for Device Length 105074 At least some
device designs d6'not extend more tha a{%’ou?lg tirn’into the Vitreous so as 1o minimize interference with
vision. In additiepichicass bEMeriéfitial wonaxasthis Havbderesiehdsintoafheaviideisiintdavapcdrug can be

r?_leased 3 fdist%lf@ot{@m@@gy@él%@m%mQ%M@pmmglﬁwl%h htméam_ff Aniadies, are primélrily

eliminate rom e vit eoqs - a convectio IjOCGS rather than a.dj u'Slon rOCess. (secC omputer

Simulation & GRSt A o A B o R ST oie o By

Stay, MS; Xu, .InhRémd okpissTiw ¢ eamd W/ HlBacocasd@ipitim ResRO03I2OL h-hp@erih@2y)clonvection can

be driven by the pressulg @eneratgshy %@%ﬁﬁ@%ﬂﬂﬁ&%{%‘dﬁ&%&h@é@%ﬁa@i@JM\QQQB{m;W“h flow in
n

the vitreous directed towards the retina. With exit ports extending into the vitreous, it may be more WO
2010/088548P & FIE9D0TPER Y H?éﬁyrﬂﬁdt‘ﬁmbp%l?%)é’teé‘ﬁm Peeetds iR BAEK B the eye and the
central retina, asPppasestiea ahdeviesswitfrpotizilusl withdhe giobhetikelyrdieltvetipg (More of the

therapeutig,agept, %ﬁ]seciiﬁé%'?&@% R facuﬁ@r{ﬁﬁ’éﬁi“é t‘c?ﬂ{@gl%ﬁlﬁg@a@of Sled‘ﬂ‘%%%Qch?rs,'\él%Qﬁu.red Release

Rates for a Reservoir wi ne Orifice 105981 The release study described in Example | using 23 and
30 gauge needlgalsgalardahififoB @ tHio et teéfvee ki aTh & vaiitd vare @ormbdEaewitNiahodel relating the
change of concentration in the reservoir to the release rate from the reservoir based upon Fick's Law of
diffusion. This dfiplb MEEEPRRUIMREME [dOHBNPASHSA tHE T ERERMON 18 URSTIRTARAY tHgents
10concentratioarith ttiea peceivinglitigicluon vilieiis s axegligibleh Solidngsthe tifieeartiahegudtion yields the

following cumulaf} %&g&%@?@%‘;ﬁﬁ&ﬁ#@&%ﬂ&? RERRLITRIE-ReREVAIL I QN Rp‘?:ELf&esfu%“mu'a“"e Release

=1-cR/eR0O =1-ex , where: cR = Concentration in reservoir VR = Volume of reservoir D =
Diffusion ddeffiefshiionat sgeals atbfifice rsinTHitmesdidneritdorabpirie 20599 B MEbirr)shows the
cumulative amgyidiseiRasepNnimthe vials ovathloneekkangtheapredictedishmtgative-amaunt release.

These data showthat he release fiom modl deyipes gencrally agrees wih (e trend predicted by this
model with no adjus able fit Ing parameters. Example 5. Release€ Of protein tﬁroué)h a cylindrical sintered
porous titaniumVeydiriddiM. (bortezomib, for injection; ranibuzumab (Lucentis. TM.) and other antibodies
directed to the same target; pegaptanib (Macugen.TM.); vitronectin receptor antagonists, such
20 as cyclic peptide antagonists of vitronectin receptor-type integrins; .alpha.-v/.beta.-3 integrin
antagonists; .alpha.-v/.beta.- 1 integrin antagonists; thiazolidinediones such as rosiglitazone or
troglitazone; interferon, including .gamma.-interferon or interferon targeted to CNV by use of
dextran and metal coordination; pigment epithelium derived factor (PEDF); endostatin;
angiostatin; tumistatin; canstatin; anecortave acetate; acetonide; triamcinolone;
25  tetrathiomolybdate; RNA silencing or RNA interference (RNAIi) of angiogenic factors,
including ribozymes that target VEGF expression; Accutane. TM. (13-cis retinoic acid); ACE
inhibitors, including but not limited to quinopril, captopril, and perindozril; inhibitors of mTOR
(mammalian target of rapamycin); 3-aminothalidomide; pentoxifylline; 2-methoxyestradiol;
colchicines; AMG-1470; cyclooxygenase inhibitors such as nepafenac, rofecoxib, diclofenac,
30 rofecoxib, NS398, celecoxib, vioxx, and (E)-2-alkyl-2(4-methanesulfonylphenyl)-1-

phenylethene; t-RNA synthase modulator; metalloprotease 13 inhibitor; acetylcholinesterase
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75106001 Reservoirs were fabricated from syringes and sintered porous titanium cylinders (available
from Applied Parous Technologies, Inc., Mott Corporation or Chand Eisenmann Metallurgical). These
were sintered p&‘gl}gl%{/}ﬁ%ségrs with a diameter of 0.062 inches and a thickness 610" d3&Athes prepared
from titanium particles. The porosity is 0.17 with mean pore sizes on the order of 3 to 5 micrometers. The
porous cylinder is characterized as 0.2 media 30grade according to measurements of bubble point. The
porous cylinders were press-fit into sleeves machined from Delrin. The sleeves exposed one entire planar
face to the solui@mniithip tesenvoiand thelethanaeni plapariaegdodtbecaceiveniseluticr in the vials,
conresponding g, Wi A0/PAER4ER G S2010/02205L an ara,of 4,0, sauae millimeters, The tips were
cut off of I mL ;?ollypropy ene syringes an machined to acée%lga polymer slgeve wi ou{er diameter
slightly larger thapakecsriendinmetEOhTtthie BYkipdges: THebgorovisepdingdr Lxletvigmdpidedifi into the
e et A0S o was vspared sguainnadMTEigt Sousemmallnn B8

igma, - in phosphate huffered saline .. Sigma, . Solution was introduced into the
Syngss by ror TV AT RtoR AT i S G EBTRE 6 TR SHE R S fRge barrel
Bubbles were taphpephtoocthatdipcanditipiasiexpresgecputPRioughl the pirooseylinder. Then BSA
solution was expressed through the porous cylinder until the syringe held 100 uL as indicated by the
markings on thé?4yfihgéhTRerangtissisd B8y Selirid e wised wifoarantrattialiedcbspsilibmerging in
PBS. The reserypirs Wereaiheh Rlassd, iitud il vialsepniaining < ml RRRialrpomdenpeaiature. Collars
cut from silicone tubing were %Tl%:(% around helaﬁiringe arrels to position the f the reservoir to

I

1o
match the height OF BB & SIS fit iHsitre R URATS Snd 4 éf%réer{}ébc?%)éﬁa%‘gﬁéﬁﬂ % avoid
evaporatidfi. Atspeiioditcntehvalsictiiese siervoirsiwentcnvovedtocnedensdlsngontaining RBS. oihe amount of
BSA 15transpogted. fomh theitRSROHRIL igsagtgni&@srn,%%%yﬁa@%@nM{%%%t% neghypeasuring the
amount of BSA in the vials using a Bé Tm Protein Assay kit (Pierce, 23227).10602] FIG. 13 shows the
measured cumatstiie8IEa8E PSR HHrBEPH L SirterBa Yo Bt tRANDIHYSE and!a BrEsiEaSn from the
model describirgcteieasadhoodgfila patooabadyaclhe GhannslaRarametarafithid, wagsoetecined via a
least squares fi n. : IcroSof S . porous
cylinder has eq%‘%ﬁgrgjé% ’%%@i%%@%ﬁ%% Ir a%ﬂ%] %ﬁg%%g\ég {ﬁ%%n ,E{E%%gggﬁ%%ﬁ%lﬁ%ﬁ%ter
suggests a&Yortaglity of RIRIE-FOFHUS G eBrOSrepditey YalH OB cntedigyri 206031 FIG.
13-1 shows thepmgasyngs colmauhiivedralerse ahRonQkilc . bameasured o2 83 shayse thenhannel
Parameter of 1.6 \{ylgr]sldeEE:.rmian Vi t<;31feasttsaq are%}m t{ twrlaﬁg the 2_5mea]suredtdataa}jand %he model
(MicroSoft Excgb(f NS (leorlrnéé)ﬁ nast0’a Release Rate ndex of 021 mm. §|?1°c%°fh23npor18ﬁ%ncsylinder has
equal areas expodet toctaey nes vl izanzd welteiing Wo futivrm s Chetherek Raranmigtsrlsorresponds to an
effective path length channel parameter of 1.6 and suggests a tortuosity of 1.6 for porous titanium
cylinders prepal®d flond e hpitrsid b s ec 30 eaMPIEce: RBfEASCHH TS frthrbLeMERKed sintered
porous titaniumieylipdeis. M0 BOIHABREISRGTNS20101220@1d10604L Beserveirpweata fanricated from
syringes and porous sintered titanium cylinders similar to that described in Example 5. The pqrous
torod ttanuh Byt S G AR A U Py Rt B S B h OF chand
Eitieninann Mersitovgicalytad & dlameteition hosdmtlona aptokizesshoPorosgtinehralitediy grade of 0.2

and were prepaigehafom; itanun RAPIFIRS nThei PRIt issRd L withinean RRIESIZes an the order of 3 to
5 micrometers. The porous cylinder is_characterized as 0.2, mtepgia gra eﬁccordinﬁ;ﬁfo me%srgrements of

bubble point. TREPSIIIDEANGErS s HPRLY Y b LeYEs PALEAIES Fom DYIAH “FRhesi88ves
exposed dtie entiteplanahfagetic thesolutioniirethe reservdicanddherathenentice ptandr faterto the

receiver SO'U“OQHUMBE&’@JJ% G%H%f?ﬂn)gwgr&gl@l@ }%%gfs%n% AR Enes as a mechanism for
controlling the release of a therapeutic agent or agents from the therapeutic device. These
advantages include the ability of the rigid porous structure to comprise a needle stop, simpler
and more cost effective manufacture, flushability for cleaning or declogging either prior to or

30  after implantation, high efficiency depth filtration of microorganisms provided by the
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10 millimeters. The tips were cut: off of 1 mL polyearbonate syringes and machined to accept a polymer
sleeve with outer diameter slightly larger than the inner diameter of the syrir}%e. The porous cylinder!
sleeve was presvg(?i% M0 E modified syringe. A kapton film with adhesive was anned B e surface
exposed to the receiving solution to create a mask and decrease the exposed area. In the first case, the
diameter of the mask was 0.062 inches, exposing an area of 51.9 square millimeters to the receiving
solution. In a second case, the diameter of the mask was 0.027 inches, exposing an area of 0.37 square
millimeters. [06Q%YThireeGaBgilipStMsaiaHMANnhis sitehd d:QD6abinahWiamelerdnaskardyt, donor
volume. at: room, emperalurein, prder (o sompare with feservoits ayih unmasked porous cylinders in
Example 5; 2) 3Y62"inch diameter mask, BB UL dBASIVE ume, at 3 ; ) %3 260027 inch diameter
mask, 60 tiL dofédiienatie vaeBhe riEieeipriagascivers filkad ot el Solutionnguedansiag oming/mL bovine
serum albumin ¢(BRA &igMapAdia3eRbinRiesahaiabufeiss SalinetRigpe B8l Alcpimilar to
Example 5. in addition, 0.02 Wt%ﬁof sodium azigc %S)A%ma, 438 56-5.0ﬁwas added as aéi) eservative to
both the BSA sBiatSHIAEaY T tHS FELEHIST Ara RIS B E Brabaid st PEESiDIY at Gthoth
solutions were filteredtéwolnglerg st Rodhiveon. filk éltuFhis dim exdinela i teni 0fl BSAsautioncdispensed into
the syringe was,wejghed.and 1e amannt expressedibrov e peigHs aylindenwas getgrmined by

rinsing and measuring the amount of BSA in the rinse. Assuming unit density for the BSA solution, the
amount dispen&¥dia8%4 19 ayleastip mewhRitldis 15158 BEU7-PEoyHeERNHHTER YN SURIQBEAGBI the
amount in the rifge yeldesdractinad cesdevaisnmolvmievafehOB ch/is pitkc{Co iditiarn L paaa 30D 8 Ale 2 tit,
(Conditionlg). The ‘gv%%leeryoirs were then B|gced.into.5 mL_, vials containing 1 mL PBS at 37C in a heating

. C. Irger dCviCeS ma CT Of 1mpair visioh. .
block, At perlodel)é |ntervafs,gtf1e reservoirs were moved to hew vials WO

2010/088548P ql/Ad S 2R1/B 22w aniRIA g R %&i@@ﬁ‘d@@ﬁ%iﬁ%%%%ﬁ%?@%vﬁ%ﬁ@QterminF—‘d in the

receiving solutions using the method described in Example 5. L060 ] FIG. 14 shows the cumulative
release of BSARSPSHEN HASTGH & hSRIEH ShritEFeir bR HiaHHSHBISY St ekt St @98 inch

diameter mask,tdféﬂ):ﬁél’ thdfnp_emuodgmefoahm&rmﬂ&emmemtaﬂ@) iméas‘tmmthmmthe%lemimfgmgh an
umnasked poroe%eﬁé‘l'éﬂ%‘?&uHH&%%%%- % ExRRSEshAlRa (ala o t@%%ﬁé‘}?a'?n@rh@E%Qj&ﬁ'&ﬂ%ﬁ_.are also

shown using the Channel Parameter of 1.7 determined in Example 5, BSA ditfusion coefficient at 20C
(6.1e-7 cmfs), rERefvEsiARIIE SHOTOT thihr el e EreaTe MmeceBNbiS tyineeehiBsetito the receiver
solution (A=1.9:mailiex thecareanal theparousisylindesexposedda thecresevailfA=fhd snalinkhe data for
the 10masked porous cylinder matches e clo with larger area osed to.the reservoir. Hence,
o mask with SR B A Pt CEi L LR BT 0 AL B o A o R eylmdier for the
dimensions of thistporoascylimdase 1060MR 1M SamBlsholwatie Edmdlatidemeleasd ofiBSAIpbtein through
a masked sintegaghiRoresdit@nimmeiRgamat SR B(R 6% nch diametey: maskiOQitindonor
volume, at 15 377C). The figure also displays predictions using the Channel Parameter of 1,7 determined
in Example’s, BEAAIHISIER S dPCIBRL B S7E b 1817 AT/, Pdioin UBRTRIRTSY BEUEC B the area of
the porous cylindergxpdsei¢d thesrecaived Solatibnc(Ambc@mm2)corithieuarteactfathehporous cylinder
exposed to the ieservoil (AF3id MMk ASRINTIDRAatR oy dhis maskied Rorous &Y igder.maiches more

closely with larger area exposed to the reservoir. The consistency of the 20data with the model at two
temperatures stFPErETHEK THE AYSHET IREBRAYbIstEEtnE eRarPsT NP ératselfnetad ties!96 shows the
cumulative releaseaafi BoAdpipieairy thnqugheaampiskau sintefiech b oeisHitanium ydindenadl Gondition 3
(0.027 inch.diameter mask, 60 ul. donor volume, at 3(7% he figur also#'s la sfpregi]ctions using the
Channel Baran o o e R R o, 7 emzrs)
reservoir volum®BNSSHEtaht thersreabahasrolls EitnteT ERsosedty theREteNe8Bitition (A=0.37

mm2) or the arga@kiherHaorus eindeEexRasethitheresanial {Ardhddmaithd binmiask aghieves a
release rate cor_r?esr}t).ondinﬁ]I to an effective areaén between theeadrea expos the Eeseﬁvoir and the area

dt
exposed to the Yecaver Soltion A CoRbIRATAH %rft?ﬂgnrg%rhff%“m lf‘l)é%c,e 15 tg?usf (%éa einonstrate 30that

slower release istachieved udihgtacmabk thlataaxddbesoaismalier Hreactstthelberivemsp hetiamise

30  aseptum disposed on a proximal end of the container, in which the septum comprises a barrier

that can be penetrated with a sharp object such as a needle for injection of the therapeutic agent.
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WO 2010/088548PCT/US2010/022631 106091 FIGS. 13-16 show an unexpected result. Masking of the
area of the porous flit structure so as to decrease the exposed area of the porous structure decreased the
release rate les®" fﬁ%\onu%ﬁses?:%rresponding change in area. The release rate tﬁFc)Td%?mZ(%h%of)Zgr‘%us structure
corresponds substantially to the interconnecting channels of the porous frit structure disposed 5between
the first side exposed to the reservoir and the second side exposed to the receiver solution, such that the
rate of release is maintained when a portion of the porous fit structure is covered. The rate of release of
the interconnectingpehanRels ©ariespaitsistbstantiallyidm paaffective-atea ofthe pormusplitistructure,

and the effective area may corraeapond to an effective area of the interconnecting channels within the
agent 1or CCXICNACA pLr1Q. . . .
porous structuré®as shown above. As the rate of 10release is dependent upon the interconnecting

channels, the redgase raje Gan, N&MANAIREdNNEHLAkEaThSUNe c%fuﬂ?gdf‘?&‘ﬁl%r}giér%ﬁ plged, for

example with coverage of a portion of the porous structure or blocking of a portion of the interconnecting
channels with paftitREEOEN SR e MNRdRAS e F pitoteltdthrdlig AreinidrapettingssiafiiEsécateel cylinder
(media grade 015)A51061QLRsataivpenaevicasivere:tabiieatetbiram idipganrdisiotatadjgorous stainless

steel cylinders (available from Appli rous Technologies, Inc., Mott Corporation.or Chand Fisenmann
Vietallrgical) W B¢ SUhEFea] i labyctss O 1S R s RIGh L D LBk Then prepared from 31
6L stainless stegl pgrticles. The poraus &ulingerds shaasisrizacas.0uhmaria gradeageqrdipg to
measurements of bubble point. This study was performed with these 20large, off-the-shelf porous
cylinders with afcaRAIHF 1 HhRi-fH Greeplto e BEHE Bl AR8TsHIR PropdHtieBestitigiedia grade
stainless steel. 106111 These devices were prepared using Teflon-1TP heat shrink tubing (Zeus, 437950)
and a hot air U6’ shrlfk BFERSH HesRYrSRs ENIRYErshr bRE RREP AN CUBRSST e aTed &btum on the
other end (B_Jus'd Mﬁmw@mi@mmm@wwﬁ.aédﬂdticin(@iam'rsteg)th&'h&msemvmge%uolume.(46 +/- 2 uL)
was determined o, e diffstance eIk RebGCR AMBLSXGIRMS ARt Sysiems, aded with PBS. The

PBS was loaded by submerging the systems in PBS and drawing a vacuum. The systems were then
sterilized by he3diEPtd Psmen 1% pfirdes 15V RIS Uad boviRT esdams w8 38 im RYoCEHtPIRIGET9ds placed in
a pressure cooker (f3enkiQ Al pdiien3eid teediesineisitsasted itiadbec:se plaiiddadisplace the PBS with
BSA solution. Cl)r}gawas %se?gi) B%inj;e%t t@esgsvérsoluticon arl.lsd th euﬁ%pgr was Sberrllstigrpgf%sed as a vent for
the displaced PB HWS 20" 68§ 8 Effuézdl'i'}?dz%?i Shfficient BSA solution was injected to fill the
needle hub’of tHeeatwaapprendmiatar selililify Sifhiap tenExdnipib 8ttheBSAlan BB ¢ertdined sodium

azide and the n@ENRRECRNARIMr ALGMWVAS BOG: KW B Sy Thendrvigeswereunlacgdimg 1.5 inl.
microcentrifirge tubes containin%l rtntl PBS and kegt at 37C.in a h?ati[ﬂ]eg’ biock. Pieces of silicone tubing
{88t dthe’dt

(tight 5fit with inSIJ8"SF LbEPHE LBPYUIRR) R PE (ROAY 154lgpeR \?'r‘é)é%"ilﬁ“ﬁ%‘?jyp'és with the
bottom of the septumiagproxifsratelythehsamelhgight as the PBS. The concentrations in the first tubes
contained BSA from the filling process and were discarded. At periodic intervals, the devices were moved
to new tubes cdftéfhind PBScastd s BSArer seEmFatiBARY Vel el nelgafs thie rededivig teelutions

using the methagsleswibesd inExampla RighOlO81R1 FGurbh displaysihedmeasyst.chapuative release
of BSA throughﬁll:ue .1 media grade sEainIess st%el s'ntergd titaniym discs. Since the f&r sity, P. is not
t C an a . 1

. e releage rat .Imay be no more_t ut can he ne maqre than about
available from the vendor at this |mé', a single parameter of Porosi y divided %y annel Parameter was

determined by leastéguanres dithef tireunbdeindtheadatan Sificethersinterednporcbsstroctlics s cylindrical,

Bh87ChanneI PajamgiehLan ke ierRteiad as ie TAtHesBholn @RS RiT-wakidpggiermined to be equal to

[0481] The therapeutic device, including for example, the retention structure and the porous

25  structure, may be sized to pass through a lumen of a catheter.

[0482] The porous structure may comprise a needle stop that limits penetration of the needle.
The porous structure may comprise a plurality of channels configured for the extended release
of the therapeutic agent. The porous structure may comprise a rigid sintered material having

characteristics suitable for the sustained release of the material.
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Example 8: Release of protein through a sintered porous stainless steel cylinder (media grade 0.2)
106131 Prototype devices were fabricated from tubing and sintered porous stainless steel cylinders
(available from 6’p?.°e‘c“{ BEus Technologies, Inc., Mott Corporation or (Ianc':l)%ﬁ%gle%%zgﬁln Metallurgical)
which are cylindrical with diameter 0.031 inch, and thickness 0.049 inch prepared from 31 6L stainless
steel particles. The porous cylinder is characterized as 0.2 media grade according to measurements of
bubble point. This porous cylinder was obtained as a custom order with properties determined from a
previous study witksq large eiareries @ Admpdiagrade: poreus@intespsiegl cylinded (dateen@ shown) and
predictions based on the model 25described herein. The area of each face of this porous cylinder is 0.5
mm2. 106141 Tk deUcedB wierespreparrpd wsingudefion-RERGheat Shrinlgidibingi{Zeusy. 125 inch OD)
and a hot alr g, i, SndgkaraH0d Ke-RAIANS RUIBELAN 98 1Y ARA B HSIRMAAIGRALE septum on the
other end ON usil MEDI 4013 silicone molded to 0,113 inch diameter). The reservoir volume (171 uf.) was
determined frofitE 4 EFEREECTAPRASHPIE BEFRRIBACE BIYSOSYRE MEERE YstBrREcHmeddth PBS. The
PBS was lcadegdiys silamerging fihe systemmin KBS We2OhoMBes48RERI1hS20140/0R2631 and drawing
a vacuum. Dry devices.were suhmerged.in PBS in uncrocentrifuge tubes and sterilized by heating to
o0F 15 st for B o e o B R S R T e
septum to fill thtehieess\wthiPBSN ORenpess ngsddtes ihjetntiesPB S ghtheerotiaraigaislbent and used as
a vent After weighing the PBS filled devices, two 5 new needles were inserted through the septum and
sufficient BSA §%‘f§ﬁgn PSS IFERIER TS RIF e THa&gIECRTBH BT TR ApProRFTafeRr 3 LN T he
remaining detaiisc @biirgrexperime Riagse the samelastidxampleof odOedblik kmy BMglisplays the measured
cumulative release. of BSA.throygh the 0.2 medja grade sintered porops stainless steel.cylinder. A single
parameter 0 PO AT B e e e R e squares fior
the model to thererstas SicedHe Sivite sEHCHBREYSBIKGE tubarinesy I neieett! thiehThaiangd Parsrpeiter can be
interpreted as effedtiveclengtidafk B8 MiatGonnedind-aanne!shat mayjeesiesranarthe dantuwosity, T.
Using the Porosity of 0.17 determinedI ?r%/dthe ve.ndor,hth%effective length of the créanne tha@nay
correspond to tH8 TSRTEEWAS GATEr A EUS S 4 AT EOHRSTATSTS” THIL RS rEesSHus 1 U rOB A/, ratio
(Release Rate Midexy of h@4 723011 Lkdrs. [0616} Fidodi8Brdisplays fhrecdieasubedjcumulative release of
BSA through thﬁ&agemﬁdigem é}ﬁj&%ﬂw BQ—&QVQHéﬁ@i&lﬁﬁg giggl Gyll!}ﬁﬁxﬁg AHLBQ dByS rAnsingle

parameter of Porosity divided by Channel Parameter was determined to be 0.10 by least squares fit of the
model to the daf5™81EE tRESHtEbed Brolisit e e eyinbirichanile MR PAAHERT N be
20interpreted atveifestiveckengtte oé thevinfenageanetiiigiohannalsthahnayigberespordite the Tortuosity,

T. Using the Pqosily s%llg)tl:l'% éﬂ@éﬁ&%‘i"‘s‘ﬂab%m?oX %PQ%%;&Q%EEE‘?&&E’F& AR ISNI. QLIRS

inter-connecting channels that may correspond to the Tortuosity was detérmined to be 1.7. Furthermore,
this correspondd' iy bR STBeEIR a8 18X PHEPONOSB inficESthivpldOrcesaTeifafits of Lucent's."
concentrations ifcthgwitr aeuse2 24Gloni T hevdtrensisicaacentatipnm ol acthesanelutis agenécan be
predicted basecvi on tl_hae e%lia}gitons]_de%:ripgrg r}_evreclain.] Ta]b!)etﬁ 8 avyﬁtgpef. 1galrluels .o%Hne p?{ﬁlmeters applied
for each of Simuiation 18imulation 2, Simulation 3, Simulation 4, and Simutation b.=The half-life and
vitreous volumecgonespond to a monkey model (J. Gaudreault et al.., Prectinical Pharmacokinetics of
Ranibizumab (rhuFabV2) after a Single Intravitreal Administration, Invest 300phthalmol Vis Sci 2005; 46:
726-733) (Z. YA¥8bhl. TPresrshonas sy PRStoEB4g eratisisonfigured to release therapeutic

amounts of the therapeutic agent in many ways. The reservoir and the porous structure can be
25  configured to release therapeutic amounts of the therapeutic agent corresponding to a
concentration of at least about 0.1 ug per ml of vitreous humor for an extended period of at
least about three months. The reservoir and the porous structure can be configured to release
therapeutic amounts of the therapeutic agent corresponding to a concentration of at least about
0.1 ug per ml of vitreous humor and no more than about 10 ug per ml for an extended period of

30  atleast about three months. The therapeutic agent may comprise at least a fragment of an
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Doses of Ranibi‘z)vurg%%/igsg:%nomolgus Monkeys, ARVO 2009 abstract DQO(E).T'EhSe2 (Pa/roaznge]ter PA/FL can
be varied to detrmihEtRe Rlease rate profile. For example, the value of A Cal B yhdet Isrnm2, the

porosity can be about 0.1 (PA=0.1 min2) and the length about 1 mm and the channel tit 5parameter that
may correspond to tortuousity can be about 2 (FL=2 ntm), such that PA/IL is about 0.05 mm. A person of
ordinary skill in the art can determine empirically the area, porosity, length and channel fit parameter for

extended releasg:iebdpatherapeulicrages: fordhe.exdendediisieddased-amphe trashingstdescribed
herein. Table 4§.enl?§ran;|er'tllerl_i\sfealugsI_Snilr(l)]_lélo ilpni 12\1/1a| es imulatlioqizz Vgelu% Se'm(l)Jl_I?tion 3 Values
Simulation 4 Vafties Sitnulations Diffusion coett (cm2rs) 1.0E-66™ 10 6 TDE06"1.0E-06 1.0E-06
Initial Loading (€fithinatiaodoohaepooic B@opmay comprise a small molecule drug suitable for sustained

release. The reservoir and the porous structure may be configured to release therapeutic

5 amounts of the therapeutic agent corresponding to a concentration of at least about 0.1 ug per
ml of vitreous humor and no more than about 10 ug per ml for an extended period of at least
about 3 months or at least about 6 months. The reservoir and the porous structure can be
configured to release therapeutic amounts of the therapeutic agent corresponding to a
concentration of at least about 0.1 ug per ml of vitreous humor and no more than about 10 ug

10 per ml for an extended period of at least about twelve months or at least about two years or at
least about three years. The reservoir and the porous structure may also be configured to
release therapeutic amounts of the therapeutic agent corresponding to a concentration of at least
about 0.01 ug per ml of vitreous humor and no more than about 300 ug per ml for an extended

period of at least about 3 months or 6 months or 12 months or 24 months.

15  [0487] The channels of the rigid porous structure comprise a hydrogel configured to limit a
size of molecules passed through the channels of the rigid porous structure. For example, the
hydrogel can be formed within the channels and may comprise an acrylamide gel. The
hydrogel comprises a water content of at least about 70%. For example, the hydrogel may
comprise a water content of no more than about 90% to limit molecular weight of the

20  therapeutic agent to about 30k Daltons. The hydrogel comprises a water content of no more
than about 95% to limit molecular weight of the therapeutic agent to about 100k Daltons. The
hydrogel may comprise a water content within a range from about 90% to about 95% such that
the channels of the porous material are configured to pass Lucentis™ and substantially not pass

Avastin™,

25 [0488] The rigid porous structure may comprise a composite porous material that can readily
be formed in or into a wide range of different shapes and configurations. For example, the
porous material can be a composite of a metal, aerogel or ceramic foam (i.c., a reticulated inter-
cellular structure in which the interior cells are interconnected to provide a multiplicity of pores
passing through the volume of the structure, the walls of the cells themselves being

30  substantially continuous and non-porous, and the volume of the cells relative to that of the
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10000 1 0000 Reservoir Vol (ml) 0.05 0,01 0.05 0,01 0.017 PA/FL (mm) 0.0225 0.0225 0.045 0.045
0.047 Half-life (daé/sél%.GB 2.63 2.63 2.63 2.63 Rate constant, k (1/day) 0.264 0.264 0.264 0.264 0.264

Vitreous vial (va
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15

20

25
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material forming the cell walls being such that the overall density of the intercellular structure
is less than about 30 percent theoretical density) the through pores of which are impregnated
with a sintered powder or acrogel. The thickness, density, porosity and porous characteristics of
the final composite porous material can be varied to conform with the desired release of the

therapeutic agent.

[0489] Embodiments comprise a method of making an integral (i.c., single-component)
porous structure. The method may comprise introducing particles into a mold having a desired
shape for the porous structure. The shape includes a proximal end defining a plurality of
proximal porous channel openings to couple to the reservoir, a distal end defining a plurality of
outlet channel openings to couple to the vitreous humor of the eye, a plurality of blind inlet
cavities extending into the filter from the proximal openings, and a plurality of blind outlet
cavities extending into the porous structure from the outlet channel openings. The method
further includes applying pressure to the mold, thereby causing the particles to cohere and form
a single component, and sintering the component to form the porous structure. The particles can
be pressed and cohere to form the component without the use of a polymeric binder, and the

porous structure can be formed substantially without machining.

[0490] The mold can be oriented vertically with the open other end disposed upwardly, and
metal powder having a particle size of less than 20 micrometers can be introduced into the
cavity through the open end of the mold while vibrating the mold to achicve substantially
uniform packing of the metal powder in the cavity. A cap can be placed on the open other end
of the mold, and pressure is applied to the mold and thereby to the metal powder in the cavity
to cause the metal powder to cohere and form a cup-shaped powdered metal structure having a
shape corresponding to the mold. The shaped powdered metal structure can be removed from

the mold, and sintered to obtain a porous sintered metal porous structure.

[0491] The metal porous structure can be incorporated into the device by a press fit into an
impermeable structure with an opening configured to provide a tight fit with the porous
structure. Other means, such as welding, known to those skilled in the art can be used to
incorporate the porous structure into the device. Alternatively, or in combination, the powdered

metal structure can be formed in a mold where a portion of the mold remains with the shaped

81



151.51.51.5 [0618] Table 4B shows the vitreous concentrations calculated for a 0.5 mg bolus injection
of LucentisTM injected intq the eye of a monkey using equations described herein and the half-life
measured for the ?r%ﬁ%%%ﬁﬁssted in Table 4A.. The first column used the mea{)gl}/ga%%%%(]éaudreault et
al.) while the second used a calculated Cmax based on the dose and volume of | 5the vitreous. The
average concentration of LucentisTm is about 46 ughtil. The minimum therapeutic concentration of
Lucentisim is about G.E ug/mL, which may correspond to about 100% VGIELF inhibition (Gaudreault et

al.). Table 413 peigatesnibat arbalus injestiom ey b inge dewentishiMmaintaingvanvieaisnconcentration

above 0,1 ug/ng&lfgvr. abou(’goad rsrégmh vvehgttlplgr glsil?sgitltlllgurlpeeaasd.lt%%ddovrigealculated Cmax. This is consistent
with monthly dosing thaf A2S been 20shown o be herapeu?lc In clinical studies. WO

2010/ 088548P%Eﬂérs2_%Q{Q%25%3-31&91‘2%Qéap§£ffﬁ‘é’$h§%9[’1h§oﬁgﬁr§§91%ﬂ?§&8y?'§fﬁif;§¥§38§${%8%%£§e

experiment described in Example 8. This device had a reservoir volumeé o uL and porous structure
characterized BYIPAHIECRIG OATAMAYS WHE S TR Ere iee bs fozamad it lewntd tha offecloading dose
corresponds tothépfiiieapéhidyitinnaayrinjieciachimontilyh Caloulaonsmial prediet vitkerdsve

concentrations indicate 5that.this deyice with.ono-third. of the monthly dose may maintain LucentisINI
therapeutic cor ST o AR T R e an
more than 98%fdieliberesrzipie mdinhe! tebapernicyend|s Mhaynstiitaemeiainiiiraiorsdedsnths. 106211
The ability of the device to release therapeutic agent for an extended time can be described by an
effective deviceRAsHREGTF (Hd é@?/i%é‘ih?)‘(éﬁlrplé’@ﬁhe effective device half-life is 29 days for delivery
of Lucenti%l’M.“’TEé:H%‘iﬁEiérag%ﬁ ‘%;’Egﬁﬁl ured by selection of the reservoir volume and a porous structure
with an approp% gii??irgnfgoafgﬁig&eoﬁ%ﬁe@ggg%g t%@eg%r{rh’% ?:Lal?ﬂﬁse. Tab]gtl%nc Simulation 1 Time (days)

. € ¢ reservoir so
Predicted Rate l}gty of porous structure

F= Channel parameter that may correspond to a tortuosity parameter of channels of porous
structure

15 A= Area of porous structure
L = Thickness (length) of porous structure

Cumulative Release = | - cR/cRO =1 - exp ((- D PA/ FL Vy) t), where
t = time, Vr=reservoir volume

20  [0493] The release rate index can (hereinafter RRI) be used to determine release of the
therapeutic agent. The RRI may be defined as (PA/FL), and the RRI values herein will have
units of mm unless otherwise indicated. Many of the porous structures used in the therapeutic
delivery devices described here have an RRI of no more than about 5.0, often no more than

about 2.0, and can be no more than about 1.2 mm.

25 ]0494] The channel parameter can correspond to an elongation of the path of the therapeutic
agent released through the porous structure. The porous structure may comprise many
interconnecting channels, and the channel parameter can correspond to an effective length that
the therapeutic agent travels along the interconnecting channels of the porous structure from the
reservoir side to the vitreous side when released. The channel parameter multiplied by the

30  thickness (length) of the porous structure can determine the effective length that the therapeutic
agent travels along the interconnecting channels from the reservoir side to the vitreous side.

For example, the channel parameter (F) of about 1.5 corresponds to interconnecting channels

that provide an effective increase in length traveled by the therapeutic agent of about 50%, and
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for a | mm thick porous structure the effective length that the therapeutic agent travels along
the interconnecting channels from the reservoir side to the vitreous side corresponds to about
1.5 mm. The channel parameter (F) of at least about 2 corresponds to interconnecting channels
that provide an effective increase in length traveled by the therapeutic agent of about 100%,

5 and for a | mm thick porous structure the effective length that the therapeutic agent travels
along the interconnecting channels from the reservoir side to the vitreous side corresponds to at
least about 2.0 mm. As the porous structure comprises many interconnecting channels that
provide many alternative paths for release of the therapeutic agent, blockage of some of the
channels provides no substantial change in the effective path length through the porous

10 structure as the alternative interconnecting channels are available, such that the rate of diffusion
through the porous structure and the release of the therapeutic agent are substantially

maintained when some of the channels are blocked.

[0495] 1f the reservoir solution is aqueous or has a viscosity similar to water, the value for the
diffusion coefficient of the therapeutic agent (TA) in water at the temperature of interest may
15  be used. The following equation can be used to estimate the diffusion coefficient at 37°C from

the measured value of Dgsazoc= 6.1 e-7 ecm2/s for bovine serum albumin in water at 20°C

(Molokhia et al, Exp Eye Res 2008):

Dra.37¢ = Dgsaoc (Maoc / M37c) MWasa / MWra)'” where

MW refers to the molecular weight of either BSA or the test compound and 1 is the viscosity of

20 water. The following lists diffusion coefficients of proteins of interest.

Diff Coeff

Compound MW Temp C  |{cm"2/s)

BSA 69,000 20 6.1E-07
BSA 69,000 37 9.1E-07
Ranibizumab 48,000 20 6.9E-07
Ranibizumab 48,000 37 1.0E-06
Bevacizumab 149,000 20 4.7E-07
Bevacizumab 149,000 37 7.1E-07

Small molecules have a diffusion coefficient similar to fluorescein (MW =330, D =4.8t0 6 ¢-
6 cm?/s from Stay, MS et al. Pharm Res 2003, 20(1), pp. 96-102). For example, the small
molecule may comprise a glucocorticoid such as triamcinolone acetonide having a molecular

25  weight of about 435.
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[0496] The porous structure comprises a porosity, a thickness, a channel parameter and a
surface area configured to release therapeutic amounts for the extended period. The porous
material may comprise a porosity corresponding to the fraction of void space of the channels
extending within the material. The porosity comprises a value within a range from about 3% to
5  about 70%. In other embodiments, the porosity comprises a value with a range from about 5%
to about 10% or from about 10% to about 25%, or for example from about 15% to about 20%.
Porosity can be determined from the weight and macroscopic volume or can be measured via

nitrogen gas adsorption

[0497] The porous structure may comprise a plurality of porous structures, and the area used

10 in the above equation may comprise the combined area of the plurality of porous structures.

[0498] The channel parameter may comprise a fit parameter corresponding to the tortuosity
of the channels. For a known porosity, surface area and thickness of the surface parameter, the
curve fit parameter F, which may correspond to tortuosity of the channels can be determined
based on experimental measurements. The parameter PA/FL can be used to determine the

15 desired sustained release profile, and the values of P, A, F and L determined. The rate of
release of the therapeutic agent corresponds to a ratio of the porosity to the channel parameter,
and the ratio of the porosity to the channel parameter can be less than about 0.5 such that the
porous structure releases the therapeutic agent for the extended period. For example, the ratio
of the porosity to the channel parameter is less than about 0.1 or for example less than about 0.2

20 such that the porous structure releases the therapeutic agent for the extended period. The
channel parameter may comprise a value of at least about |, such as at least about 1.2. For
example, the value of the channel parameter may comprise at least about 1.5, for example at
least about 2, and may comprise at least about 5. The channel parameter can be within a range
from about 1.1 to about 10, for example within a range from about 1.2 to about 5. A person of

25  ordinary skill in the art can conduct experiments based on the teachings described herein to
determine empirically the channel parameter to release the therapeutic agent for an intended

release rate profile.

[0499] The area in the model originates from the description of mass transported in units of
flux; i.e., rate of mass transfer per unit area. For simple geometries, such as a porous disc

30  mounted in an impermeable sleeve of equal thickness, the area corresponds to one face of the
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disc and the thickness, L, is the thickness of the disc. For more complex geometries, such as a
porous body in the shape of a truncated cone, the effective area is a value in between the area
where therapeutic agent enters the porous body and the area where therapeutic agent exits the

porous body.

5 [0500] A model can be derived to describe the release rate as a function of time by relating
the change of concentration in the reservoir to the release rate described above. This model
assumes a solution of therapeutic agent where the concentration in the reservoir is uniform. In
addition, the concentration in the receiving fluid or vitreous is considered negligible (cyv = 0).
Solving the differential equation and rearrangement yields the following equations describing

[0  the concentration in the reservoir as a function of time, t, and volume of the reservoir, Vg, for

release of a therapeutic agent from a solution in a reservoir though a porous structure.
cr = croexp ((- D PA/FL Vg) t)
and Cumulative Release = 1 - cg / cro

15 [0501] When the reservoir contains a suspension, the concentration in reservoir, cg, is the
dissolved concentration in equilibrium with the solid (i.e., the solubility of the therapeutic
agent). In this case, the concentration in the reservoir is constant with time, the release rate is
zero order, and the cumulative release increases linearly with time until the time when the solid

is exhausted.

20 [0502] Therapeutic concentrations for many ophthalmic therapeutic agents may be
determined experimentally by measuring concentrations in the vitreous humor that elicit a
therapeutic effect. Therefore, there is value in extending predictions of release rates to
predictions of concentrations in the vitreous. A one-compartment model may be used to

describe elimination of therapeutic agent from eye tissue.

25  [0503] Current intravitreal administration of therapeutic agents such as Lucentis™ involves a
bolus injection. A bolus injection into the vitreous may be modeled as a single exponential with
rate constant, k = 0.693/half-life and a cmax = dose / V, where V, is the vitreous volume. As an
example, the half-life for ranibizumab is approximately 3 days in the rabbit and the monkey
(Gaudreault et al) and 9 days in humans (Lucentis™ package insert). The vitreous volume is

30  approximately 1.5 mL for the rabbit and monkey and 4.5 mL for the human eye. The model
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predicts an initial concentration of 333 ug/mL for a bolus injection of 0.5 mg Lucentis™ into
the eye of a monkey. This concentration decays to a vitreous concentration of 0.1 ug/mL after

about a month.

[0504] For devices with extended release, the concentration in the vitreous changes slowly
5 with time. In this situation, a model can be derived from a mass balance equating the release
rate from the device (described by equations above) with the elimination rate from the eye, k ¢,

V.. Rearrangement yields the following equation for the concentration in the vitreous:
¢ = Release rate from device / k V,.

[0505] Since the release rate from a device with a solution of therapeutic agent decreases

10 exponentially with time, the concentration in the vitreous decreases exponentially with the
same rate constant. In other words, vitreous concentration decreases with a rate constant equal
to D PA / FL Vg and, hence, is dependent on the properties of the porous structure and the

volume of the reservoir.

[0506] Since the release rate is zero order from a device with a suspension of therapeutic
15  agent, the vitreous concentration will also be time-independent. The release rate will depend on
the properties of the porous structure via the ratio, PA / FL , but will be independent of the

volume of the reservoir until the time at which the drug is exhausted.

[0507] The channels of the rigid porous structure can be sized in many ways to release the
intended therapeutic agent. For example, the channels of the rigid porous structure can be sized
20  to pass therapeutic agent comprising molecules having a molecular weight of at least about 100
Daltons or for example, at least about 50k Daltons. The channels of the rigid porous structure
can be sized to pass therapeutic agent comprising molecules comprising a cross-sectional size
of no more than about 10 nm. The channels of the rigid porous structure comprise
interconnecting channels configured to pass the therapeutic agent among the interconnecting
25  channels. The rigid porous structure comprises grains of rigid material and wherein the
interconnecting channels extend at least partially around the grains of rigid material to pass the
therapeutic agent through the porous material. The grains of rigid material can be coupled
together at a loci of attachment and wherein the interconnecting channels extend at least

partially around the loci of attachment.
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[0508] The porous structure and reservoir may be configured to release the glucocorticoid for
an extended time of at least about six months with a therapeutic amount of glucocorticoid of
corresponding to an in situ concentration within a range from about 0.05 ug/mL to about 4
ug/mL, for example from 0.1 ug/mL to about 4 ug/mL, so as to suppress inflammation in the

5  retina-choroid.

[0509] The porous structure comprises a sintered material. The sintered material may
comprise grains of material in which the grains comprise an average size of no more than about
20 um. For example, the sintered material may comprise grains of material in which the grains
comprise an average size of no more than about 10 um, an average size of no more than about 5

10 um, or an average size of no more than about 1 um. The channels are sized to pass therapeutic
quantities of the therapeutic agent through the sintered material for the extended time based on
the grain size of the sintered material and processing parameters such as compaction force and
time and temperature in the furnace. The channels can be sized to inhibit penetration of

microbes including bacteria and fungal spores through the sintered material.

15 [0510] The sintered material comprises a wettable material to inhibit bubbles within the

channels of the material.

[0511] The sintered material comprises at least one of a metal, a ceramic, a glass or a plastic.
The sintered material may comprises a sintered composite material, and the composite material
comprises two or more of the metal, the ceramic, the glass or the plastic. The metal comprises

20 at least one of Ni, Ti, nitinol, stainless steel including alloys such as 304, 304L, 316 or 316L,
cobalt chrome, elgiloy, hastealloy, c-276 alloy or Nickel 200 alloy. The sintered material may
comprise a ceramic. The sintered material may comprise a glass. The plastic may comprise a
wettable coating to inhibit bubble formation in the channels, and the plastic may comprise at
least one of polyether ether ketone (PEEK), polyethylene, polypropylene, polyimide,

25  polystyrene, polycarbonate, polyacrylate, polymethacrylate, or polyamide.

[0512] The rigid porous structure may comprise a plurality of rigid porous structures coupled
to the reservoir and configured to release the therapeutic agent for the extended period. For
example, additional rigid porous structure can be disposed along the container, for example the

end of the container may comprise the porous structure, and an additional porous structure can

&7



72.3% 1.4 340 0.5 73.3% 350 0.574.4% 13 3600.575.3% 1.2 Table 4C3 Simulation 3 Time (days)

Predicted Rate wg/daa% Predicted %CR Predicted
2010/088548 PCT/US2010/022631

be disposed along a distal portion of the container, for example along a tubular sidewall of the

container.

[0513] The therapeutic device can be tuned to release therapeutic amounts of the therapeutic
agent above the minimum inhibitory concentration for an extended time based on bolus
5  injections of the therapeutic agent. For example, the volume of the chamber of the reservoir

can be sized with the release rate of the porous structure based on the volume of the bolus
injection. A formulation of a therapeutic agent can be provided, for example a known
intravitreal injection formulation. The therapeutic agent can be capable of treating the eye with
bolus injections, such that the formulation has a corresponding period between each of the

10 bolus injections to treat the eye. For example the bolus injections may comprise monthly
injections. Each of the bolus injections comprises a volume of the formulation, for example 50
ulL. Each of the bolus injections of the therapeutic agent may correspond to a range of
therapeutic concentrations of the therapeutic agent within the vitreous humor over the time
course between injections, and the device can be tuned so as to release therapeutic amounts of

15 the therapeutic agent such that the vitreous concentrations of the released therapeutic agent
from the device are within the range of therapeutic concentrations of the corresponding bolus
injections. For example, the therapeutic agent may comprise a minimum inhibitory
concentration to treat the eye, for example at least about 3 ug/mL, and the values of the range
of therapeutic concentrations can be at least about 3 ug/mL. The therapeutic device can be

20 configured to treat the eye with an injection of the monthly volume of the formulation into the
device, for example through the penetrable barrier. The reservoir of the container has a
chamber to contain a volume of the therapeutic agent, for example 35 uL, and a mechanism to

release the therapeutic agent from the chamber to the vitreous humor.

[0514] The volume of the container and the release mechanism can be tuned to treat the eye
25  with the therapeutic agent with vitreous concentrations within the therapeutic range for an

extended time with each injection of the quantity corresponding to the bolus injection, such that

the concentration of the therapeutic agent within the vitreous humor remains within the range

of therapeutic concentrations and comprises at least the minimum inhibitory concentration.

The extended time may comprise at least about twice the corresponding period of the bolus

30  injections. The release mechanism comprises one or more of a porous frit, a sintered porous
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frit, a permeable membrane, a semi-permeable membrane, a capillary tube or a tortuous
channel, nano-structures, nano-channels or sintered nano-particles. For example, the porous
frit may comprises a porosity, cross sectional area, and a thickness to release the therapeutic
agent for the extended time. The volume of the container reservoir can be sized in many ways
in relation to the volume of the injected formulation and can be larger than the volume of
injected formulation, smaller than the volume of injected formulation, or substantially the same
as the volume of injected formulation. For example, the volume of the container may comprise
no more than the volume of the formulation, such that at least a portion of the formulation
injected into the reservoir passes through the reservoir and comprises a bolus injection to treat
the patient immediately. As the volume of the reservoir is increased, the amount of formulation
released to the eye through the porous structure upon injection can decrease along with the
concentration of active ingredient of the therapeutic agent within the reservoir, and the release
rate index can be increased appropriately so as to provide thereapeutic amounts of therapeutic
agent for the extended time. For example, the volume of the reservoir of the container can be
greater than the volume corresponding to the bolus injection, so as to provide therapeutic
amounts for at least about five months, for example 6 months, with an injection volume
corresponding to a monthly injection of Lucentis™. For example, the formulation may
comprise commercially available Lucentis™, 50 uL, and the reservoir may comprise a volume
of about 100 uL and provide therapeutic vitreous concentrations of at least about 3 ug/mL for

six months with 50 uL of Lucentis™ injected into the reservoir.

[0515] The chamber may comprise a substantially fixed volume and the release rate
mechanism comprises a substantially rigid structure to maintain release of the therapeutic agent
above the minimum inhibitory concentration for the extended time with each injection of a

plurality of injections.

[0516] A first portion of the injection may pass through the release mechanism and treat the
patient when the formulation is injected, and a second portion of the formulation can be

contained in the chamber when the formulation is injected.

[0517] FIG. 6B-1 shows interconnecting channels 156 extending from first side 150S1 to
second side 150S2 of the porous structure as in FIG. 6B. The interconnecting channels 156

extend to a first opening 158A1, a second opening 158A2 and an Nth opening 158 AN on the
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first side 150S1. The interconnecting channels 156 extend to a first opening 158B1, a second
opening 158B2 and an Nth opening 158BN on the second side 150S2. Each of the openings of
the plurality of channels on the first side is connected to each of the openings of plurality of
channels on the second side, such that effective length traveled along the channels is greater

5  than thickness 150T. The channel parameter can be within a range from about 1.1 to about 10,
such that the effective length is within a range from about 1.1 to 10 times the thickness 150T.
For example, the channel parameter can be about 1 and the porosity about 0.2, such that the

effective length corresponds to at least about 5 times the thickness 150T.

[0518] FIG. 6B-2 shows a plurality of paths of the therapeutic agent along the

10 interconnecting channels extending from a first side 150S1 to a second side 150S2 of the
porous structure as in FIGS. 6B and 6B-1. The plurality of paths comprises a first path [56P1
extending from the first side to the second side, a second path 156P2 extending from the first
side to the second side and a third path 156P3 extending from the first side to the second side,
and many additional paths. The effect length of each of first path P1, second path P2 and third

15  path P3 is substantially similar, such that each opening on the first side can release the
therapeutic agent to each interconnected opening on the second side. The substantially similar
path length can be related to the sintered grains of material and the channels that extend around
the sintered material. The porous structure may comprise randomly oriented and connected
grains of material, packed beads of material, or combinations thercof. The channel parameter

20 can be related to the structure of the sintered grains of material and corresponding
interconnecting channels, porosity of the material, and percolation threshold. Work in relation
to embodiments shows that the percolation threshold of the sintered grains may be below the
porosity of the porous frit structure, such that the channels are highly inter-connected. The
sintered grains of material can provide interconnected channels, and the grains can be selected

25  to provide desired porosity and channel parameters and RRI as described herein.

[0519] The channel parameter and effective length from the first side to the second side can
be configured in many ways. The channel parameter can be greater than 1 and within a range
from about 1.2 to about 5.0, such that the effective length is within a range about 1.2 to 5.0

times the thickness 150T, although the channel parameter may be greater than 5, for example

30  within a range from about 1.2 to 10. For example, the channel parameter can be from about 1.3
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to about 2.0, such that the effective length is about 1.3 to 2.0 times the thickness 150T. For
example, experimental testing has shown the channel parameter can be from about 1.4 to about
1.8, such that the effective length is about 1.4 to 1.8 times the thickness 150T, for example
about 1.6 times the thickness. These values correspond to the paths of the channels around the
5  sintered grains of material, and may correspond, for example, to the paths of channels around

packed beads of material.

[0520] FIG. 6B-3 shows blockage of the openings with a covering 156B and the plurality of
paths of the therapeutic agent along the interconnecting channels extending from a first side to
a second side of the porous structure as in FIGS. 6B and 6B-1. A plurality of paths 156PR

10 extend from the first side to the second side couple the first side to the second side where one
of the sides is covered, such that the flow rate is maintained when one of the sides is partially

covered.

[0521] FIG. 6B-4 shows blockage of the openings with particles 156PB and the plurality of
paths of the therapeutic agent along the interconnecting channels extending from a first side to
15  asecond side of the porous structure as in FIGS. 6B and 6B-1. The plurality of paths | 56PR
extend from the first side to the second side couple the first side to the second side where one
of the sides is covered, such that the flow rate is maintained when one of the sides is partially

covered

[0522] FIG. 6B-5 shows an effective cross-sectional size 150DE and area 1 50EFF

20 corresponding to the plurality of paths of the therapeutic agent along the interconnecting
channels extending from a first side to a second side of the porous structure as in FIGS. 6B and
6B-1. The effective cross sectional area of the interconnecting channels corresponds to the
internal cross-sectional area of the porous structure disposed between the openings of the first
side and the openings of the second side, such that the rate of release can be substantially

25  maintained when the channels are blocked on the first side and the second side.

[0523] The rigid porous structure can be shaped and molded in many ways for example with
tubular shapes, conical shapes, discs and hemispherical shapes. The rigid porous structure may
comprise a molded rigid porous structure. The molded rigid porous structure may comprises at
least one of a disk, a helix or a tube coupled to the reservoir and configured to release the

30 therapeutic agent for the extended period.
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[0524] FIG. 6C shows a rigid porous structure as in FIG. 6B incorporated into a scleral tack
601 as described in U.S. Pat. No. 5,466,233. The scleral tack comprises a head 602, a central
portion 603 and a post 604. The post may comprise the reservoir 605 and the rigid porous
structure 606 as described above. The porous structure may comprise a molded conical

5  structure having a sharp tip configured for insertion into the patient. Alternatively or in

combination, the tip may be rounded.

[0525] FIG. 6E, shows a plurality of rigid porous structures as in FIG. 6B incorporated with a
drug delivery device for sustained release as described in U.S. Pat. No. 5,972,369. The
therapeutic device comprises a reservoir 613 to contain the therapeutic agent and an

10 impermeable and non-porous outer surface 614. The reservoir is coupled to a rigid porous
structure 615 that extends to a distal end 617. The rigid porous structure comprises an exposed
area 616 on the distal end to release the therapeutic agent, and the impermeable and non-porous

outer surface may extend to the distal end.

[0526] FIG. 6D shows a rigid porous structure as in FIG. 6B incorporated with a delivery

15  device for sustained release as described in U.S. Pat. Pub. 2003/0014036 Al. The drug
delivery device comprises an inlet port 608 on the proximal end and a hollow body 609 coupled
to the inlet port. The hollow body comprises many openings 612 that allow a solution injected
into the inlet port to pass from the hollow body into a balloon 610. The balloon comprises a
distal end 611 disposed opposite the injection port. The balloon comprises a plurality of the

20 rigid porous structures 607, as described above. Each of the plurality of porous rigid structures
comprises a first surface exposed to the interior of the balloon and a second surface configured
to contact the vitreous. The calculated area can be the combined area of the plurality of porous

rigid structures as noted above.

[0527] FIG. 6F shows a rigid porous structure as in FIG. 6B incorporated with a non-linear

25  body member 618 for sustained release as described in U.S. Pat. No. 6,719,750. The non-linear
member may comprise a helical shape. The non-linear member can be coupled to a cap 619 on
the proximal end 620. The non-linear member may comprise a lumen 621 filled with
therapeutic agent so as to comprise a reservoir 622. The porous structure 623 can be disposed
on a distal end 624 of the non-linear member to release the therapeutic agent. The porous

30  structure may be located at additional or alternative locations of the non-linear member. For
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example a plurality of porous structures may be disposed along the non-linear member at
locations disposed between the cap and distal end so as to release therapeutic agent into the

vitreous humor when the cap is positioned against the sclera.

[0528] FIG. 6G shows porous nanostructures, in accordance with embodiments. The porous

5  structure 150 may comprise a plurality of elongate nano-channels 156NC extending from a first
side 150S1 of the porous structure to a second side 150S2 of the porous structure. The porous
structure 150 may comprise a rigid material having the holes formed thereon, and the holes
may comprise a maximum dimension across such as a diameter. The diameter of the nano-
channels may comprise a dimension across, for example from about 10 nm across, to about

10 1000 nm across, or larger. The channels may be formed with etching of the material, for

example lithographic etching of the material. The channels may comprise substantially straight
channels such that the channel parameter F comprises about 1, and the parameters area A, and
thickness or length L correspond to the combined cross-sectional area of the channels and the

thickness or length of the porous structure.

15 [0529] The porous structure 150 may comprise interconnecting nano-channels, for example

formed with a sintered nano-material.

[0530] The injection of therapeutic agent into the device 100 as described herein can be
performed before implantion into the eye or alternatively when the therapeutic device is

implanted into the eye.

20 [0531] FIG. 7 shows a therapeutic device 100 coupled to an injector 701 that removes
material from the device and injects therapeutic agent 702 into the device. The injector picks
up spent media 703 and refills the injector with fresh therapeutic agent. The therapeutic agent
is injected into the therapeutic device. The spent media is pulled up into the injector. The

injector may comprise a stopper mechanism 704,

25 ]0532] The injector 701 may comprise a first container 702C to contain a formulation of
therapeutic agent 702 and a second container 703C to receive the spent media 703. Work in
relation to embodiments suggests that the removal of spent media 703 comprising material
from the container reservoir of the therapeutic device can remove particulate from the

therapeutic device, for example particles comprised of aggregated therapeutic agent such as
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protein. The needle 189 may comprise a double lumen needle with a first lumen coupled to the
first container and a second lumen coupled to the second container, such that spent media 703
passes from the container reservoir of device 100 to the injector. A valve 703V, for example a
vent, can be disposed between the second lumen and the second container. When the valve is
5 open and therapeutic agent is injected, spent media 703 from the container reservoir of the

therapeutic device 100 passes to the second container of the injector, such that at least a portion
of the spent media within the therapeutic device is exchanged with the formulation. When the
valve is closed and the therapeutic agent is injected, a portion of the therapeutic agent passes
from the reservoir of the therapeutic device into the eye. For example, a first portion of

10 formulation of therapeutic agent can be injected into therapeutic device 100 when the valve is
open such that the first portion of the formulation is exchanged with material disposed within
the reservoir; the valve is then closed and a second portion of the formulation is injected into
therapeutic device 100 such that at least a portion of the first portion passes through the porous
structure into the eye. Alternatively or in combination, a portion of the second portion of

15 injected formulation may pass through the porous structure when the second portion is injected
into the eye. The second portion of formulation injected when the valve is closed may
correspond to a volume of formulation that passes through the porous structure into the vitreous

humor to treat the patient immediately.

[0533] The needle 189 may comprise a dual lumen needle, for example as described with

20  reference to FIG. 7A2 shown below.

[0534] FIG. 7A shows a therapeutic device 100 coupled to an injector 701 to inject and
remove material from the device. The injector may comprise a two needle system configured
to insert into a container of the device. The injector may simultaneously inject therapeutic
agent through the first needle 705 (the injection needle) while withdrawing liquid from the

25  device through the second needle 706 (the vent needle). The injection needle may be longer
and/or have a smaller diameter than the vent needle to facilitate removal of prior material from
the device. The vent needle may also be attached to a vacuum to facilitate removal of prior

material from the device.

[0535] FIG. 7A-1 shows a therapeutic device 100 comprising a penetrable barrier coupled to

30  aninjector needle 189 comprising a stop 189S that positions the distal end of the needle near
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the proximal end of the reservoir 130 of the device to flush the reservoir with ejection of liquid
formulation through the porous frit structure, in accordance with embodiments. For example,
the injector needle may comprise a single lumen needle having a bevel that extends
approximately 0.5 mm along the shaft of the needle from the tip of the needle to the annular
5  portion of the needle. The stop can be sized and positioned along an axis of the needle such

that the needle tip extends a stop distance 189SD into the reservoir as defined by the length of
the needle from the stop to the tip and the thickness of the penetrable barrier, in which the stop
distance is within a range from about 0.5 to about 2 mm. The reservoir may extend along an
axis of the therapeutic device distance within a range from about 4 to 8 mm. A volume

10 comprising a quantity of liquid formulation within a range from about 20 to about 200 uL, for
example about 50 uL can be injected into the therapeutic device with the needle tip disposed on
the distal end. The volume of the reservoir can be less than the injection volume of the
formulation of therapeutic agent, such that liquid is flushed through the porous structure 150.
For example, the reservoir may comprise a volume within a range from about 20 to 40 uL, and

15 the injection volume of the liquid formulation of therapeutic agent may comprise about 40 to

100 uL, for example about 50 uL.

[0536] FIG. 7A-2 shows a therapeutic device comprising a penetrable barrier coupled to a
needle 189 of an injector 701 to inject and remove material from the device such that the liquid
in the reservoir 130 is exchanged with the injected formulation. The needle comprises at least
20 one lumen and may comprise a concentric double lumen needle 189DL with a distal end
coupled to the inner lumen to inject formulation of the therapeutic agent into the therapeutic
device and a proximal vent 189V to receive liquid into the needle when the formulation is
injected. Alternatively, the vent may correspond to an opening on the distal end of the inner
lumen of the needle and the outer lumen may comprise a proximal opening to inject therapeutic

25  agent formulation into a proximal portion of the container reservoir.

[0537] Work in relation to the injector embodiments indicates that a filling efficiency of at
least about 80%, for example 90% or more can be achieved with injector apparatus and needles

as described above.

[0538] FIG. 7B-1 shows a side cross-sectional view of therapeutic device 100 comprising a

30 retention structure having a cross-section sized to fit in an elongate incision. The cross-section
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sized to fit in the elongate incision may comprise a narrow portion 120N of retention structure
120 that is sized smaller than the flange 122. The narrow portion 120N sized to fit in the
elongate incision may comprise an elongate cross section 120NE sized to fit in the incision.
The narrow portion 120N may comprise a cross-section having a first cross-sectional distance
5 across, or first dimensional width, and a second cross-sectional distance across, or second
dimensional width, in which the first cross-sectional distance across is greater than the second
cross-sectional distance across such that the narrow portion 120N comprises an elongate cross-

sectional profile.

[0539] The elongate cross section 120NE of the narrow portion 120N can be sized in many
10 ways to fit the incision. The elongate cross section 120NE comprises a first dimension longer
than a second dimension and may comprise one or more of many shpes such as dilated slot,
dilated slit, lentoid, oval, ovoid, or elliptical. The dilated slit shape and dilated slot shape may
correspond to the shape sclera tissue assumes when cut and dilated. The lentoid shape may
correspond to a biconvex lens shape. The elongate cross-section of the narrow portion may
15  comprise a first curve along an first axis and a second curve along a second axis different than

the first curve.

[0540] Similar to the narrow portion 120N of the retention structure, the container reservoir

may comprise a cross-sectional profile
[0541] FIG. 7B-2 shows an isometric view of the therapeutic device as in FIG. 7B-1.
20 [0542] FIG. 7B-3 shows a top view of the therapeutic device as in FIG. 7B-1.

[0543] FIG. 7B-4 shows a side cross sectional view along the short side of the retention

structure of the therapeutic device as in FIG. 7B-1.

[0544] FIG. 7B-5 shows a bottom view of the therapeutic device as in FIG. 7B-1 implanted

in the sclera.

25 |0545] FIG. 7B-5A shows a cutting tool 710 comprising a blade 714 having a width 712
corresponding to perimeter 160P of the barrier 160 and the perimeter 160NP of the narrow
portion. The cutting tool can be sized to the narrow portion 120N so as to seal the incision with

the narrow portion when the narrow portion is positioned against the sclera. For example, the
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width 712 may comprise about one half of the perimeter 160P of the barrier 160 and about one
half of the perimeter 160NP of the narrow portion 160N. For example, the outside diameter of
the tube of barrier 160 may comprise about 3 mm such that the perimeter of 160P comprises
about 6 mm, and the narrow portion perimeter 160NP may comprise about 6 mm. The width

5 712 of the blade 710 may comprise about 3 mm such that the incision comprises an opening
having a perimeter of about 6 mm so as to seal the incision with the narrow portion 160P.
Alternatively, perimeter 160P of barrier 160 may comprise a size slightly larger than the

incision and the perimeter of the narrow portion.

[0546] The retention structure comprises a narrow section 120N having a short distance

10 120NS and a long distance 120NL so as to fit in an elongate incision along the pars plana of the
eye. The retention structure comprises an extension 122. The extension of the retention
structure 120E comprises a short distance across 1225 and a long distance across 1228, aligned
with the short distance 122NS and long distance 122NL of the narrow portion 120N of the
retention structure 120. The narrow portion 120 may comprise an indentation 1201 sized to

15  receive the sclera.

[0547] FIGS. 7B-6A and 7B-6B show distal cross-sectional view and a proximal cross-
sectional view, respectively, of therapeutic device 100 comprising a non-circular cross-
sectional size. The porous structure 150 can be located on a distal end portion of the
therapeutic device, and the retention structure 120 can be located on a proximal portion of

20 therapeutic device 100. The barrier 160 defines a size of reservoir 130. The barrier 160 and
reservoir 130 may each comprise an elliptical or oval cross-sectional size, for example. The
barrier 160 comprises a first cross-sectional distance across reservoir 130, and a second cross-
sectional distance across reservoir 130, and the first distance across may extend across a long
(major) axis of an ellipse and the second distance across may extend across a short (minor) axis

25  of'the ellipse. This elongation of the device along one direction can allow for increased drug in
the reservoir with a decrease interference in vision, for example, as the major axis of the ellipse
can be aligned substantially with the circumference of the pars plana region of the eye
extending substantially around the cornea of the eye, and the minor axis of the ellipse can be
aligned radially with the eye so as to decrease interference with vision as the short axis of the

30  ellipse extends toward the optical axis of the eye corresponding to the patient’s line of sight
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through the pupil. Although reference is made to an elliptical or oval cross-section, many
cross-sectional sizes and shapes can be used such as rectangular with a short dimension
extending toward the pupil of the eye and the long dimension extending along the pars plana of

the eye.

5 |0548] The retention structure 120 may comprise structures corresponding to structure of the
cross-sectional arca. For example, the extension 122 may comprise a first distance across and a
second distance across, with the first distance across greater than the second distance across.
The extension may comprise many shapes, such as rectangular, oval, or elliptical, and the long
distance across can correspond to the long distance of the reservoir and barrier. The retention

10 structure 120 may comprise the narrow portion 120N having an indentation (201 extending
around an access port to the therapeutic device, as described above. The indentation 1201 and
extension 122 may each comprise an elliptical or oval profile with a first long (major) axis of
the ellipse extending in the first direction and a second short (minor) axis of the ellipse
extending in the second direction. The long axis can be aligned so as to extend

15 circumferentially along the pars plana of the eye, and the short axis can be aligned so as to
extend toward the pupil of the eye, such that the orientation of device 100 can be determined

with visual examination by the treating physician.

[0549] FIG. 7B-6C shows an isometric view of the therapeutic device having a retention

structure comprising a narrow portion 20N with an elongate cross-sectional size 120NE.
20 [0550] FIG. 7B-6D shows a distal end view of the therapeutic device as in FIG. 7B-6C.

[0551] FIG. 7B-6E1 shows a side view of the short distance 120NS of the narrow portion
120N of the therapeutic device as in FIG. 7B-6C.

[0552] FIG. 7B-6E2 shows a side view of the long distance 120NL of the narrow portion
120N of the therapeutic device 100 as in FIG. 7B-6C.

25 |0553] FIG. 7B-6F shows a proximal view view of the therapeutic device as in FIG. 7B-6C.

[0554] FIG. 7B-6G to FIG. 7B-61 show exploded assembly drawings for the therapeutic
device 100 as in FIGS. 7B-6C to 7B-6F. The assembly drawings of FIGS. 7B-6G, FIG. 7B-6H

and FIG. 7B-61 show isometric and thin side profiles views, respectively, of the elongate
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portion 120NE of the narrow portion of the retention structure 120N. The therapeutic device
100 has an elonagate axis 100A.

[0555] The penetrable barrier 184, for example the septum, can be inserted into the acess port
180. The penetrable barrier may comprise an elastic material sized such that the penetrable

5 barrier can be inserted into the access port 180. The penetrable barrier may comprise one or
more elastic materials such as siloxane or rubber. The pentrable barrier may comprise tabs
184T to retain the penetrable barrier in the acces port. The penctrable barrier 184 may
comprise a beveled upper rim 184R sized to seal the access port 180. The access port 180 of
the reservoir container 130 may comprise a beveled upper surface to engage the beveled rim

10 and seal the penetrable barrier against the access port 180 when the tabs 184 T engage an inner

annular or elongate channel of the access port. The penetrable barrier 184 may comprise an
opaque material, for example a grey material, for example silicone, such that the penetrable

barrier can be visualized by the patient and treating physician.

[0556] The reservoir container 130 of the device may comprise a rigid biocompatible

15  material that extends at least from the retention structure to the rigid porous structure, such that
the reservoir comprises a substantially constant volume when the therapeutic agent is released
with the rigid porous structure so as to maintain a stable release rate profile, for example when
the patient moves. Alternatively or in combination, the reservoir container 130 may comprise
an optically transmissive material such that the reservoir container 130 can be translucent, for

20  example transparent, such that the chamber of reservoir 140 can be visualized when the device
is loaded with therapeutic agent outside the patient prior to implantation, for example when
injected with a formulation of therapeutic agent prior to implantation in the physcian’s office.
This visualization of the reservoir 140 can be helpful to ensure that the reservoir 140 is properly
filled with therapeutic agent by the treating physician or assistant prior to implantation. The

25  reservoir container may comprise one or more of many biocomaptible materials such as
acrylates, polymethylmethacrylate, siloxanes, metals, titanium stainless steel, polycarbonate,
polyetheretherketone (PEEK), polyethylene, polyethylene terephthalate (PET), polyimide,
polyamide-imide, polypropylene, polysulfone, polyurethane, polyvinylidene fluoride or PTFE.
The biocompatible material of the reservoir container may comprise an optically transmissive

30  material such as one or more of acrylate, polyacrylate, methlymethacraylate,
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polymethlymethacrylate (PMMA), polyacarbonate or siloxane. The reservoir container 130
can be machined from a piece of material, or injection molded, so as to form the retention
structure 120 comprising flange 122 and the elongate narrow portion 120NE. The flange 122
may comprise a translucent material such that the physician can visualize tissue under the

5  flange to assess the patient and to decrease appearance of the device 100 when implanted. The
reservoir container 130 may comprise a channel extending along axis 100A from the access
port 180 to porous structure 150, such that formulation injected into device 100 can be release
in accordance with the volume of the reservoir and release rate of the porous structure 150 as
described herein. The porous structure 150 can be affixed to the distal end of therapeutic

10 device 100, for example with glue. Alternatively or in combination, the distal end of the

reservoir container 130 may comprise an inner diameter sized to receive the porous structure
150, and the reservoir container 130 may comprise a stop to postion the porous structure 150 at

a predetermined location on the distal end so as to define a predetermined size of reservoir 140.

[0557] FIG. 7C-1 shows an expandable therapeutic device 790 comprising expandable barrier

15 material 160 and support 160S in an expanded configuration for extended release of the
therapeutic agent. The expanded configuration can store an increased amount of therapeutic
agent, for example from about 30 uL to about 100 uL. The expandable device comprises a
retention structure 120, an expandable reservoir 140. The support 160S may comprise a
resilient material configured for compression, for example resilient metal or thermoplastic.

20 Alternatively, the expandable support may be bent when expanded. The expandable device
comprises the porous structure 150 disposed on a distal end, and affixed to the expandable
support. The expandable device may comprise an access port 180, for example with a
penetrable barrier 184. In the expanded configuration, the device is substantially clear from a

majority of the optical path OP of the patient

25 [0558] The support 160S of the barrier 160 can provide a substantially constant volume of
the reservoir in the expanded configuration. The substantially constant volume, for example
+/- 25%, can be combined with the release rate index of the porous structure 150 so as to tune
the expanded reservoir and porous structure to the volume of therapeutic agent to be injected
into the therapeutic device as described herein. The barrier 160 may comprise a thin compliant

30  material, for example a membrane, and the support 160S can urge the barrier 160 to an
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expanded configuration so as to define the reservoir chamber having the substantially constant

volume.

[0559] FIG. 7C-1A shows the distal end portion of the support 160S. The support 160S may
comprise struts that extend to an annular flange 160SF that supports the porous structure 150

5 on the distal end of device 100.

[0560] FIG. 7C-1B shows the support 160S disposed inside the barrier 160 so as to provide

the substantially constant expanded volume of the reservoir chamber.

[0561] FIG. 7C-1C shows the support 160S disposed along the inner surface of the barrier
160 so as to provide the substantially constant expanded volume of the reservoir chamber. The

10 support 160 can be bonded to the barrier 160 in many ways, for example with a bonding agent
such as glue or resin, or with thermal bonding. The support 160S can be disposed on the

outside of barrier 160.

[0562] FIG. 7C-2 shows the expandable therapeutic device 790 as in FIG. 7C-1 in a narrow

profile configuration suitable for use in an injection lumen.

15 [0563] FIG. 7C-3 shows the expandable therapeutic device as in FIG. 7C-1 in an expanded

profile configuration, suitable for retention, for example with the sclera.

[0564] FIGS. 7C-4A and 7C-4B show an expandable retention structure 792. The
expandable retention structure 792 can be used with the expandable therapeutic device 790, or
with a substantially fixed reservoir and container device as described above. The expandable

20 retention structure 792 comprises many compressible or expandable or resilient materials or
combinations thercof. The expandable retention structure 792 comprise an extension 120E that
can expand from the narrow profile configuration to the expanded configuration, for example
with tabs and flanges comprising resilient material. The upper portion can be inclined
proximally and the distal portion can be inclined distally, such that the retention structure

25  expands to engage opposite sides of the sclera. The resilient material may comprise a

thermoplastic material, a resilient metal, a shape memory material, and combinations thereof.

[0565] FIG. 7D shows therapeutic device 100 comprising porous structure 150 positioned in

an eye 10 to deliver a therapeutic agent to a target location on or near the retina 26, for example
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choroidal neovasculaturization of a lesion on or near the retina. For example, the lesion may
comprise one or more buckling, folding, bending or separation of the retina from the choroid
related to neovascularization of corresponding vascular tissue associated with blood supply to
the retina, and the neovascular tissue corresponding to the lesion of the retina may be targeted.
5 Work in relation to embodiments indicates that the vitreous humor 30 of the eye may comprise

convective current flows that extend along flow paths 799. The convective flow paths may
comprise flow channels. Although small molecules can be delivered to a target location of the
retina 26 in accordance with the flow paths, therapeutic agent comprising large molecules, for
example with antibody fragments or antibodies, can be delivered substantially with the

10 convective flow paths as the molecular diffusion of large molecules in the vitreous humor can

be somewhat lower than small molecules.

[0566] The therapeutic device can be sized such that porous structure 150 is positioned along
a flow path extending toward a target location of the retina. The therapeutic agent can be
released along the flow path, such that the flow of vitreous humor transports the therapeutic

15 agent to the retina. The porous structure can be disposed on a distal portion of the therapeutic
device, for example on a distal end, and the reservoir 130 can be sized for delivery for the
extended time. The retention structure 120 can be located on the proximal. The therapeutic
device 100 can be sized such that the porous structure is positioned in the flow patch
corresponding to the target region. The surgeon may identify a target region 798 of the retina,

20  for example corresponding to a lesion, and the therapeutic device 100 can be positioned along

the pars plana or other location such that the therapeutic agent is released to the target region.

[0567] FIG. 7E shows therapeutic device 100 comprising porous structure 150 located on a
proximal portion of the device to deliver a therapeutic agent to one or more of the ciliary body
or the trabecular meshwork when implanted in the eye. The porous structure 150 can be

25  located near retention structure 120 such that the porous structure is positioned in the vitreous
substantially away from the flow paths extending to retina, as noted above. The porous
structure can be located on a side of the therapeutic device so as to release the therapeutic agent
toward a target tissue. While many therapeutic agents can be used, the therapeutic agent may
comprise a prostaglandin or analog, such as bimatoprost or latanoprost, such that the

30  therapeutic agent can be released toward one or more of the ciliary body or trabecular
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meshwork when implanted in the vitreous humor with the retention structure coupled to the

sclera.

[0568] FIG. 7F shows therapeutic device 100 comprising porous structure 150 oriented to
release the therapeutic agent 110 away from the lens and toward the retina. For example, the
5  therapeutic agent 110 may comprise a steroid, and the steroid can be released from porous

structure 150 away from the lens and toward the retina. For example, the porous structure can
be oriented relative to an axis 100A of the therapeutic device. The outer side of porous
structure 150 can be oriented at least partially toward the retina and away from the lens, for
example along a flow path as described above so as to treat a target region of the retina. The

10 barrier 160 can extend between the porous structure 160 and the lens of the eye when implanted
such that release of therapeutic agent toward the lens can be inhibited with barrier 160. The
retention structure 120 may comprise a long distance across and a short distance across as
described above. The porous structure can be oriented in relation to the short and long
distances of the extensions 122, such that the outer side of porous structure 150 is oriented at

15  least partially toward the retina and along the flow path when the long distance of the retention

structure extends along the pars plana and the short distance extends toward the pupil.

[0569] FIG. 7G shows a kit 789 comprising a placement instrument 750, a container 780, and
a therapeutic device 100 disposed within the container. The reservoir of the therapeutic
deviced 100 disposed in the container may comprise a non-therapeutic solution, for example

20  saline, such that the channels of the porous structure comprise liquid water to inhibit bubble
formation when the formulation of therapeutic agent is injected into the device 100. The kit
may also comprise the syringe 188, needle 189 and stop 189S to insert the needle tip to a
maximum stop distance within the reservoir as described above.The kit may contain
instructions for use 7891, and may contain a container 1 10C comprising a formulation of

25  therapeutic agent.

[0570] TUNING OF THERAPEUTIC DEVICE FOR SUSTAINED RELEASE BASED ON
AN INJECTION OF A FORMULATION

[0571] The therapeutic device 100 can be tuned to deliver a target therapeutic concentration
profile based on the volume of formulation injected into the device. The injected volume may

30 comprise a substantially fixed volume, for example within about +/-30% of an intended pre-
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determined target volume. The volume of the reservoir can be sized with the release rate index
so as to release the therapeutic agent for an extended time substantially greater than the
treatment time of a corresponding bolus injection. The device can also be tuned to release the
therapeutic agent based on the half life of the therapeutic agent in the eye. The device volume
5  and release rate index comprise parameters that can be tuned together based on the volume of
formulation injected and the half life of the therapeutic agent in the eye. The following

equations can be used to determine therapeutic device parameters suitable for tuning the device.
Rate = Vr(dCr/dt) = -D(PA/TL)Cr
where Rate = Rate of release of therapeutic agent from device
10 Cr = concentration of therapeutic agent in reservoir
Vr = volume of reservoir
D = Diffusion constant
PA/TL =RRI
P = porosity
15 A=area
T = tortuosity = F = channel parameter.
For a substantially fixed volume injection,
Cr0 = (Injection Volume)(Concentration of Formulation)/Vr
Where Cr0 = initial concentration in reservoir following injection of formulation
20 For Injection Volume = 50 uL.
Cr0 = (0.05 mL)(10 mg/mL)/Vr (1000 ug/ 1 mg) =500 ug/ Vr
Rate = x(500 ug)exp(-xt)
where t = time

x = (D/Vr)(PA/TL)
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100.0% 0.00 350 0.0 100.0% 0.00 360 0.0
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With a mass balance on the vitreous
Vv(dCv/dt) = Rate from device = kVvCv
where Vv = volume of vitreous (about 4.5 ml)
Cv = concentration of therapeutic agent in vitreous
5 k=rate of drug from vitreous ( proportional to 1 / half life of drug in vitreous)

For the situation appropriate for the embodiments as described herein where Cv remains

substantially constant and changes slowly with time (i.e. dCv/dt is approximately 0),
Cv = (Rate from device)/(kVv)

Since kVv is substantially constant, the max value of Cv will correspond to conditions that
10 maximize the Rate from the device. At a given time since injection into the device (e.g., 180
days), the maximum Cv is found at the the value of x that provides the maximum rate. The

optimal value of x satisfies

d(Rate)/dx = 0 at a given time.

Rate = 500(x)exp(-xt) = f(x)g(x) where f(x)=500x and g(x) = exp (-xt)
15  d(Rate)/dx = (x)g(x) + f(x)g’(x) = 500(1-xt)exp(-xt)

For a given time, t, d(Rate)/dx = 0 when |-xt =0 and xt =1

The rate is maximum when (D/Vr)(PA/TL)t = 1.

For a given volume, optimal PA/TL = optimal RRI = Vr/(Dt)

Therefore the highest Cv at a given time, t, occurs for the optimal RR1 = (PA/FL) for a given
20 Vr.

Also, the ratio (Vr)/(RRI) = (Vr)/(PA/TL) = Dt will determine the optimal rate at the time.

[0572] The above equations provide approximate optimized values that, when combined with
numerical simulations, can provide optimal values of Vr and PA/TL. The final optimum value

can depend on additional parameters, such as the filling efficiency.
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100.0% 0.00 WO 2010/088548PCT/US2010/022631 [0622] Z. Yao et al. (Prevention of Laser
Photocoagulation Induced Choroidal Neovascularization Lesions by Intravitreal Doses of Ranibizumab in
Cynomolgus Ma%%%"/ REVD 2009 abstract 0906) have performed a precl VRSN, 92%83&etermine the
lowest efficacious Lueentis " dose in eynomolgus monkeys that leads to 100% prevention of laser
5photocoagulation treatment-induced Grade IV choroidal neovascularization (CNV) lesions. Im This
model has been shown to be relevant to AMD. fiuravitreal injection of Lucentisi 'at all doses tested
completely inhilited therllemeloppasitef:Grade: e N\idesinns dkalpendDrRItiows pregistipnsiof
LucentisTM vitreous concentrations for the lowest total amount of Tueentismi investigated (intravitreal
injection of 5 ug SiLaogCE I8 HC B 1 ARehey s et B T ane
pharmacokinetigssareifmelanclise e ivpsrapieiagx ThisigabatinticHti&sofithe itndnmdvakieedsary to achieve the

high Cmax of %Qa%ﬁi@#i@@% dehbsdﬂi%ﬁiQE‘lih@sQfldﬁreI@rHﬁeth%@ﬂ%ﬂﬂﬁnal%élr&k@nd%mmpafeS this
predicted profile with that Eredicted for the device in Examg?lg 8. This data further S‘kjgﬁa%:ﬁts that the
i

release protile YA YRS B AELEPHIRCE RIS ENBEHEHTA TP R b BLIStvER 2 Be
therapeutic for dtctepsttabgenternoiiths, She singhecirjdotigr wics00ckgroMesonds tonarbut. bolus
injection of LucgnfisTm At &an@iNes abranthiviniewals. anddne.rangs efiberansutis goncentrations of

Lucentismi (ranibizumab) in the vitreous extends from about 100 tigimL to the minimum inhibitory

(therapeutic) cofEERtratiBh 6Lt Py & BbBaterthbMAUTBY eXHmPIE M rh IR mUMS inhibitory
20concentratiomeoespending do thalowet encthofdibetange af theirgpetticotoncenttations in the vitreous

humor can) pe deiermings SMpIEA 007 AN ILIBRVSKILID RS AILID ARealanes i the examples

described herein. For example, a lose does study of a series of six kucentis” injections, 5 ug each, can be
administered sé'a8 theploliE @S LBPEEHiFtiBIGh IHiecUiRso R oPhIe Akt aps e the e ¥Henthe
therapeutic bengfibehtbrilnjgetionsassessed asridescrinerbhgieiany tabie#Pasliceiidays) Predicted
Lucentis VitreoHs Co c&ug/mLz 0.1 0.00 3.33 . . ,
¢rein show & porotis frit structure and reservoir volume tuned together to receive a quantity of
formulation and provide release for an extended time, the porous structure tuned with the
15  reservoir may comprise one or more of a porous frit, a permeable membrane, a semi-permeable
membrane, a capillary tube or a tortuous channel, nano-structures, nano-channels or sintered
nano-particles, and a person of ordinary skill in the art can determine the release rate
characteristics, for example a release rate index, so as to tune the one or more porous structures

and the volume to receive the quantity of the formulation and release therapeutic amounts for

20  an extended time.

[0574] As an example, the optimal RRI at 180 days can be determined for a reservoir volume
of about 125 uL. Based on the above equations (Vr/Dt) = optimal RRI, such that the optimal
RRI at 180 days is about 0.085 for the 50 uL formulation volume injected into the device. The
corresponding Cv is about 3.19 ug/mL at 180 days based on the Rate of drug released from the

25  device at 180 days and the rate of the drug from the vitreous (k corresponding to a half life of
about 9 days). A device with a container reservoir volume of 63 uL. and RRI of 0.044 will also
provide the optimal Cv at 180 days since the ratio of Vr to PA/TL is also optimal. Although an
optimal value can be determined, the therapeutic device can be tuned to provide therapeutic
amounts of drug at a targeted time, for example 180 days, with many values of the reservoir

30  volume and many values of the release rate index near the optimal values, for example within

about +/- 50% of the optimal values. Although the volume of the reservoir can be substantially
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fixed, the volume of the reservoir can vary, for example within about +/- 50% as with an

expandable reservoir such as a balloon reservoir.

[0575] The half life of the drug in the vitreous humor of the eye can be determined based on
the therapeutic agent and the type of eye, for example human, rabbit or monkey, such that the
5 half life may be determined based on the species of the eye, for example. With at least some

animal models the half life of the therapeutic agent in the vitreous humor can be shorter than
for human cyes, for examply by a factor of about two in at least some instances. For example,
the half-life of the therapeutic agent Lucentis™ (ranibizumab) can be about nine days in the
human eye and about two to four days in the rabbit and monkey animal models. For small

10 molecules, the half life in the vitreous humor of the human eye can be about two to three hours
and can be about one hour in the monkey and rabbit animal models. The therapeutic device can
be tuned to receive the volume of formulation based on the half life of the therapeutic agent in
the human vitreous humor, or an animal vitreous humor, or combinations thercof. Based on the
teachings described herein, a person of ordinary skill in the art can determine empirically the

15 half life of the therapeutic agent in the eye based on the type of eye and the therapeutic agent,
such that the revervoir and porous structure can be tuned together so as to receive the volume

of formulation and provide therapeutic amounts for the extended time.
EXPERIMENTAL

Example 1

20 [0576] FIG. 8 shows reservoirs with exit ports of defined diameters fabricated from 1 mL
syringes with Luer-Lok™ tips and needles of varying diameter. The needles were trimmed to a
total length of 8 mm, where 2 mm extended beyond the needle hub. Metal burrs were removed
under a microscope. FIG. 8-1 shows the needles attached to syringes which were then filled
with a solution of 2.4 mg/mL fluorescein sodium, molecular weight 376 Da, in phosphate

25  buffer (Spectrum Chemicals, B-210.). Bubbles were removed and the syringes were adjusted
to be able to dispense 0.05 mL. The shape of the resulting reservoir is shown in FIG. 8-1. The
first expanded region is defined by the inside of the needle hub and the tip of the syringe. The

second expanded region is inside the syringe. The total volume of the reservoir is 0.14 mL.

[0577] Once filled, the outside of the reservoirs were rinsed of excess fluorescein by

30  submerging in PBS.
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27 28 3.50 2.69 29 30 35 40 45 50 60 2.06 1.59 0.42 0.11 0.03 0.01 0.00 70 80 90 0.00 0.00 0.00 WO
2010/088548PCT/US2010/022631 10624] The concentration profiles of a therapeutic azgent comprising
LucentisTM wers Y&IEVHHHEY as shown below based on the teachings desch gﬁsr%glr%)n 4R with drug
half-life of nine days for Lucentis" in the human eye. The examples shown below for injections of the
commercially available formulation Lucentis" and the nine day half life show unexpected 5results, and that
a volume of formulation corresponding to a montly bolus injection into the device as described herein can
provide therapquirspenetit for atdeasiabautdwopmeathse The devicemelume andithafperaus structure
can be be tuneq (g receive (e prdelermined volume of formulation and provide sustained rease for an
extended time. /gdlai%on ?taunin‘g of the device can include the haif-life o ghe therapeutic agent in the eye,
for example nin®&agys thertaopiibe ntksTy ain e thetehidmimgiroinhl Bory tho Fee Htridhaos thesthsrapeutic
agent as determiped-asaton iherigachingsAsdescined nereino0625 L FiG: 1913 shems determined
concentratigns of Luqentis“ in the vitreous humor for a first 50 tiL i@gfctiq into a ZS%Eéldevice and a

second 50 UL inS&BHT GO HAPES THE CHILTANERY LREW AT THR BO he di<HyR Brthe Mty FDA
approved bolusinjgsticd tam be ri&usedhtougealidhe gyetforabout@@ day s)canditizabtherinjgctions can be
repeated to treatthe cy&.ifon g;éamglgigg%Hggaqrgﬁg%lgq?ﬁw@%mgls. The LucentisTM may comprise a
predetermined amount of the commercially available formulation injected into the device. The
commercially agqilahje formulation of Lucentis” has a concentration of ranibizumab of 10 ing/mL, although
other concentrations can he used for example as described herein below with reference to a 40 20mg/mL
solution ofiinjected ranibizumab. Titgepre daiessei nERmootsatiaatrasparitdttBodite amount of the monthly
bolus injection, for example 50 ult. The therapeutic device may comprise a substantially fixed volume
container reservoir having a volume of 25|uL, such that a first 25 ult portion of the 50 Mt injection is
contained in the reservoir for sustained and/or conthifste release andRelsetond 25 ul portion of the 50 uL
injection is passed through the p&f@ﬁ%ﬁﬁ J%%:Z'Sanﬂ;eleﬁ%@p o {{) fjfj eous with a 25 tilt bolus. The
an 0

filling efficiency of the injection into the devicednay ngg%)ri e)less T B%, and the reservoir volume

and injection volume can he adjusted basged g the tiligg efficency in agaordahce with the teachings
described herein. For example, {the filling effieiency maiscompeise approximately 90%, such that the first

portion comprises approximately 224 ul comntdined h3flde chabAber of tHe container reservoir and the
5 30 0.14 0.015 0.6

6 30 0.14 0.015 0.6

[0579] The initial release rate (averaged over 0.5-4 days) is proportional to the area of the

15  exit port opening,

[0580] The cumulative amount released into the vials is shown in FIG. 9. The amount
released in a week ranged from 2 to 20%. An average delivery rate was determined from the
slope for data collected between 0.5 and 4.5 days and is reported in Table 1C. FIG. 10 shows

that the initial release rate is approximately proportional to the area of the exit port opening.

20 Example 2
[0581] FIG. 11 shows reservoirs with a porous membrane fabricated by cutting off the Luer-
Lok tip on 1 mL syringes. The end of the syringe was smoothed and beveled. A nylon
membrane with 0.2 pm pore size was placed over the end of the syringe and secured with a
piece of silicone tubing. The inner diameter of the syringe was 4.54 mm, yielding an exposed
25  membrane area of 16 mm?’. The piston was removed so that approximately 100 mL of 300

mg/mL bovine serum albumin (BSA, Sigma A7906-100G) in PBS could be added. The piston
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30second portion comprises approximately 27.5 ul, passed through the device for the 50 uL injected into
the therapeutic device. The initial concentration of LueentisTM in the vitreous, WO ,
2010/088548PC 113820 122631 humor corresponds to about 60 ug/mL iMmeaia le%%zoﬂtljwing injection
into the reservoir device. The concentration of Lucentistm in the vitreous humor decreases to about 3.2
ug/mL at 90 days. A second 50 tiL injection of LucentisTM approximately 90 days after the first injection
increases the concentration to about 63 lig/min The concentration of Lucentis" in the vitreous Shumor
decreases to ahautcpRdd@bnd adL80odaysaftes thediuss njactenani 90t ays afigrithe-segomd injection.
These calculati%rés l_kellg\e/v a'% t[gsel d%or}lgéaenltrgtiglgn%falﬁgcel[}tisém can g)e?_%ogﬁig]&g_u%%&g tzla\rilned above a
minimum inhibi{orry' concentration of abou glug per mPwith the 50 0 |?4ject|on nto the Uevice. Additional
injections can bearadbs forcexamplaceheryp bocdans fomseviralcyearing HallvBBthd hérrsdube agent to
treat the patient,; 1030R26M ddl @ik PerSNAWYS Aiarenipsd cenaeptiasinbmeHNucaniis. igdhenvitreous humor
for a first 5Q uL injection into a 32 uL device and a secon% 50 uL injection at a time greater than 90 days.
Bl e bBoEa

The calculationS SREWRATHE5Y' (T BOEAGE SRR Aty FEXRSP VSl BoMEIRERiSA%an be used to
treat the eye forabout8lbgdayssand: thatthemjgdiionsheambendpedie thtovtrbatithéseysidoriexample at
approximately %%i%%i@ﬁ%’ﬁ%mF%EH@M?TM%%Q@WE@%%ésoeﬁ%@%%mmﬁﬂﬁmq)%i%y&e

conunercially available formulation injected into the device. predetermine amount corresponds to the
amount of the sty BHIHS PRECHOME T R5AHISR SEhuNo T HEHETSpEUtit tetite i) EBMpitse a
substantially fixeshyohmei gahiaige hoeserein havi g ahvaltise«eod2. plunsuch that a first 32 uL portion of
the 50 tiL injection is contained in the reservoir for sustained and/or controlled release and a second 18
uL portionléf 20thentield. injection is passed through the porous structure and released into the vitreous

with an 18 tiL balgy The fillpg.efficigncy ofsinisction R he.gepise mav ¢RmRKe dgss than 100%,
and the reservoir volume and injection volume can be adjusted based on the filling efficiency in
accordance withiE4dahimgs ‘48t erHarannoR s st e thE fitifg Wfficietcy Ridy Loifibrise
approximately 9Q9ensuetidhatthe st portion cpitiprises Happiaxinaatelyf20ptt 4contained in the chamber
of the reservoir container and the second portion comprises approximately 21uL passed through the
device for the 50 uL of LucentisTm injected into the Thblapeutic device, The initial concentration of
FucentisTm in the vitreous humar corresponds to about 45 ug/mL immediately following injection into the
reservoir device. The concentratMF6freR eI PROVitreous humor decregses to about 4 ugMLL at
90 days. A 30second 50 tiL injectesraferBeAtisiuprapproximately 90 days after the first injection
increases the concentration to aleaicaibig! mlrod/Beanengentratian of Lueentis[TM in the vitreous humor
WO 2010/088548PCT/US2010/G4£837 dreisiRs 0 about 4 ug/mtat 180 days after the first injection
and 90 clays after the second irjﬁggg?pr&hﬁaﬁyﬁq'@éggs shew-thatthe-eencentration of Lucentis” can
be continuously maintained abave a minimum-inhihitory concentration of about 4 ug per ml with the 50 uL

injection into the device. Additidl AT TIEG oL EAR B HRaLSVER) 98 Bays for|several years to 5 deliver
the therapeutic agent to treat thelp4afeptetherirfeeoaveaHPBetimade more frequently or less frequently,
depending upon the minimum inhikerecon Senipation, Bkreaeledserate profile,|and the discretion of the
treating physician. 106271 FIG.[ ME&EoshepnsHeistppared concentrations of Lucentisim in the vitreous
humor for a first 50 uL injection [iptora-5R il feyiEs andasecond-50utinjection at 90 days. The
10ca|cu|aticgns show that the 50-4-deosage-of- the-monthly-FDA-approved-belus injection can be used to
treat the eye for about 90 days, and that the injections can be repeated to treat the eye, for example at
approximately 9083y iftervdls. ihellqueenitis haaly coinphise 20pndtieternibetdaphbéntvefithe
commercially ayailable fermulationuiesitashinia the.devica-Jhediling slliciency.ofhgipigstion into the

device may comprise less than 100%, and the reservoir 15volume and injection volume can be adjusted

based on the fillig SHERRSHSPHCOrdAHES TN K MRS oS St RisLiN e akBiMie, the filling
efficiency may 6opppriseiapprbxipnaiet\s Fpposuah thiat i fipst paitionl phinanisés agproxdmately 45 la,

contained jj th%a%ﬁ%UEE’%E#BW‘&&E&gﬁﬁ?ﬁg@?@&ﬁ‘éﬁﬁ NS %%%8@&885%8%%@%%9%9% ggﬁ:ate'y Sul

passed through the device for the 5 Lucentistm injected into the therapeutic device.

was released from all three of these media.

109



20initial concentration of Lucentisim in the vitreous humor corresponds to about Il ughtiL immediately
following injection into the reservoir device. The concentration of Lucentis" in the vitreous humor
decreases to aboursd %ﬁ?ﬁﬁ at 90 days. A second 50 tiL injection of Lucentid’ ZB}%Q%rZr?é{ew 90 days
after the first injection increases the concentration to about 17 Lig/ mL. The concentration of Lucentis L\1
g'the vitreous humor decreases to about 5,8 25tighni. at 180 days after the first injection and 90 days
after the second injection. These calculations show that the concentration of Lucentis" can be

continuously mairtainediabersadidsimum inhibitory concentration of about 5 ug per ml with the 50 tiL

injection into th ice.,Additianal injections,can be made, for example every 90 days for several years
o v the (L O S L B R B T S5 Theag FIc. |
9E shows detethsifiepheioricantnatiodis ot DueaheTamentiheagdiboushhgmerifems firstbseatoinjettion into a
50 tit, device andReeanpdatidityMicclians A daysidihe galauiations sheveihat thenFikdia dosage of the

monthly FDA agfroved bolus {Ilpé ction can be used to treat the eye for about 130 days, and that the

injections can B FPERIE Y HEaTHEBYE Efor example at approximately 120 day intervals. The

Lucentis" may rs redetermi t@e commercially availahle. formulation jnjected into
the device. Tha MRl S Ly S T e g B e S B R UGS and the
reservoir volumeuggidisnjetiovesiomeelrtlpersdpizted b ASWd bt tithsRatfierepkiy iyaccordance with
the teachings degetibeckpeigithEQnuexampieatheiling:afficiangy: ki Bcampsise apQxnately 90%,
such that the first gortion comprises approximately 45 uL contained in the chamber of the reservoir

container and tA& S&cond portion comprises approximately 5 U. passed through the device for the 50 uL.

of Lucentis;, inj intq the therapeutic device. The initial concentration of Lucent's” in the vitreous
nurmor cor Sspdiilo ShoLE LML Torcei Sk s et (b pe S gl
5concentration &5t fabieestisiianiectitséoas tambr detrengestas hporalynsgitsisasilis®eays. A second 50
tit- injection of lydgentisAPPIOXIKae b dthdays After thefestdRiRclien MTEaRRs dRgigoNcentration to
about 15 ug/ mL. Eased on Lhese c%lcqlations, the concen rag]on of Léjlc):enti?'.in the vitreous humor
decreases to aBSUL AR S B8 HBYY BitEr THENTFS TAELHOR AT 60 WAy SRE M A S 488y Thiection.
These calculatiafisshowithdidhdotoncd mty ationv20gtthasentistMbe ! pe contimad Ustyemaairtained above a
minimum iphibitgpt,concentiRiHLREARAUL 4rugiRek BH WITh g0 NEcHesiRtadheideyice. Additional

injections can be made, for example every 90_da}/s for several years to deliver the therapeutic agent to

treat the patient®1 88 59T RIJIYR BB 1o B2GP make reference to injections of commercially
available off th f formulations of Lucentis", thergpeutic device 100 can pbe sjmilarly configured to
Sarelease man) Ry HEUR B B g A S PR WL 357 BEA A QR reference to
Table IA and the Dnandsdi Bookto$ £D Acapprovetifopmsilatidnsanas sinilar dsooks tbtdppedyeed drugs in

many countries, wiiQngeRddusizdicions such asithesRurareanWeignq Ronexamele. hasesd.on the
teachings described herein, one can determine empirically the parameters of therapeutic device 100 so

as to tuneXhe dBURE tHRRE B4 hasdeaB Adr g srghimeremnl immfaBe shinststion corresponding to a
monthly bolus injectiarssdnct relegsedhis injeaied thel apruticoagentavithyarhounislagiose the minimum
inhibitory concqgtration for an. \%Ce) %Ol%(?SSMSﬁCgAU 20%0/023@33.@1%}«9199@ time Ofa%lr?gﬁt about two

crapeutic agent 1 mulations at Nna can be usc € cqQncentr
months, for exampa] , at least about three mon?hs, for example, or about four monﬁ‘us, or example. [0630]

FIG. | 9F showsSidieieminedlicoAcemeaiiores sidnibia amabnstire dfittr@eus humor for a 50 uT Lucentis”
injection into a 50 ill, device having a release rate index of 0.05. The 5concentration of ranibintinab in the
vitreous humor E4KsMeaang Butitht and is at or above

25 |0588] Experiments could be performed with a range of candidates to identify membranes
that 1) would be a barrier to bacteria and cells without much resistance during refilling; 2) may
contribute to controlling the delivery rate of the therapeutic agent; and 3) would be
biocompatible. Candidate membranes would have pore sizes of 0.2 pm or smaller, approaching
the size of the therapeutic agents. A variety of fixtures can be used to secure a membrane

30  between a donor solution and a receiver solution to measure permeation rates. In addition,
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4 ug/mL for about 145 days. The concentration remains above about | ug/mL for about 300 days. The
concentration is about 086 gg/mL, at 360 days, and can be suitable for treatment with a single injection up
to one year, based OnA Rinimum inhibitory concentration of about 0.5. The iU ?ﬁﬁ%ltory
concentration can be determined empirically by a person of ordinary 10skill in the art based on the
teachings described herein. 106311 FIG. 190 shows determined concentrations of ranibizumab in the
vitreous humor for a 50 uL Lucentismi injection into a 75 uL device having a release rate index of 0.05.
The concentratiRif@itanibiruiabrindhevibiaotsinhiMeip eakstapAraimonG-h diglinhiland ishat or above 4
ug/mL for about 14 da}/s Thr? Foycentration remains above about | tig/mT for about | 5360 days. 106321

FIG. I9H shows defermined concentrations of ran ibizumab in the vitreous humor for a 50 uT LucentisTM

injection into a (AJHT PEviceNAYINGa %%lﬁ&‘%?cﬁ%‘eecﬁiﬁl%ﬂc%t%- NI CoNsERtAtipn giranibizumab in the

vitreous humor peaks at around 5 ug/tith and is at or above 4 ug/mL for about 116 clays. The
concentration réphiRg2ae s Brs) {FUGAM ¢ easr nuefward Wats-i8 Ao 1 B0E/mL at 360 days.
[0633] FIG 519 showslidetemmiged gormoentrations of ranibizurnab in the vitreous humor for a 50 uL
Luccntis™ injection into a 125 uL device having a release rate index of 0.05. The concentration of
ranibizumab in DheelippqBindimpF paakstainarountohadtiglynL. and does not equal or exceed 4 ug/mL.

The Conce”tralﬂﬂ% MRING ARAYEAR U N OPIPLE R FEALRYR ADOHSAROY S ug/mL at 360

days. 106341 FIG. 19J shows determined concentrations of ranibizumab in the vitreous humor for a 50 uT
Tucentis" injectiBiiiPd 4156 RNV IR Ha IR L Pitd isdesd B Ios PR’ tb AtWitRation of
ranibizinnab in theliMithgots BISMOK e fks koo ded . Bghnllanek deescetpda with the desired
2010/088548PC T/ IS2010/0R283 ol pr xceed d.ugimb, The concenrationremains, abgve about 1
utt/mL for more than 360 Hays and is about 1.5 l?gfln%, at 360 dpays. 106351 |é.}l 9K shows determined
concentrations Bffraiizumah in the vitreous humor for a 50 ut, Lucentis” injection into a 100 ulL device
having a release rate index of 0.1. These 5determined concentrations are similar to the determined
concentrations OFRIG. Additigpr] wredi tenistttfs Pidiagdrritdeinorshine petdiratiriiéture can be tuned
with the device sradume da froriciatbakapeuticyaaneant iinhcpradiiepteor @F exanded)timebinor example, by
doubling the volume of the reservoir so as to half the concentration of therapeuti¢ agent in the vitreous,
the reloase O Al K T S Sp s S R B e 00 The
concentrafidn ofeanibly(inabaipotied) titridunds mmsor preiaksaatsdieu ftihor gapdtlaten o 3ldtbekapsve 4 ug/mL
for about 145 daysodkhe seresaiatianmemains above about 1 ug/mL for about 300 days. The
concentration is about 0.6 ughni. at 360 days. 10636] FIGS. 19L to 19P show examples of release rate
profiles with 12f#sd2yesenmiigderigesdidyingdthad<R! biadyn fronaibou & 0eQito RbeipI)S, such that
these devices are uned Api0fecels e 20 (Linission.ollucepis, ad pravide susained release above
a minimum inhi |torygconcen ration for at Ieast about 180 (Jays. ese calculations used a drug halflife in

the vitreous of 98ty o Afetermiirkeepasrdfite sand! 1100 9p Efideney befrehaseddtaiphc10e87.1 FIG. | 9L
shows detgymingehaoncsptatianorafiesmef janidizaatyin fheavitrenus b fora Sblithdyucentis”

injection into a 125 uL reservoir device having a release rate 7Qindex or 0.105. The cqncentration
oiranibizamat 111 DTS B0 BUe 1 Sos o8 et TDRSERIES MERT SHOd idtermined
concentration prefiles dfasamiltiziandinnithendteaousdurplorsorag 5@ 1ile. Lucentis” injection into a 125 uL

reservoir device having a release rate index of 0.095. The concentration of ranibiztunab in the vitreous at |
80 days is abouf¥1174 UyOrdineosgba ise manharows e eidismigedresicétretion forvfiles wittanibizumab

in the vitreous humpideca SEULJkEEentiso thiactiqn into a 125 tiL reservoir device having a release rate
index of 0.085. The concentration of rtmibizumab in the vitreous at 180 days is about 3.185 ug/mL. WO

2010/088%48P @iFAU3 S 20&0102263 the formulation could include a buffer with a buffering capacity
selected to dominate during the first few months. With time, the formulation buffer will diffuse
out of the device and physiological buffer will diffuse into the device, which will result in a
change of pH towards physiological pH (i.c., neutral). The kinetics of this change can be

modulated by use of a polymeric buffer, with a higher molecular weight buffer remaining in the
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106401 FIG. 190 shows determined concentration profiles of ranibizumab in the vitreous humor for a 50
uL Lucentisim injection into a 125 M, reservoir device having a release rate index of 0.075. The
concentration of fariBIZUAD in the vitreous at 180 days is about 3.152 ug/%‘fjlg%)é%ﬁﬂl—lle. 19P shows
determined concentration profiles of ranibizmnab in the vitreous humor for a 50 uL LucentisIm injection
into a 125 uL reservoir device having a release rate index of 0.065. The concentration of ranibizumab in
the vitreous at 180 days is about 3.065 ug/mL. 106421 The optimal RR1 for the concentration of
ranibizumab at dSQ.daysdigicapeaaivaifivelrmeRbAes st anealQsldidniepian opdiusentisim can be
calculated based on. (e eduglions A desaribed hateln, and s ahoul 0.00% Althaugh (e optimal value is
0.085, the above graphs show atihe reservoir and rellease rate index can be tuned to provide
therapeutic ambeints lsty diibleumi gy aldovbaznprihiminmaginitsifonessncentration of 3 ug/mL with many
values of the KR1 and reservoir volume, for example values within about +/-30% to +1-50% of the optimal
15values for the predetermined quantity- of Lucentid@M¥rmulation. 106431 Table 4E shows values of
parameters used to determine the ranibizumab concentration profiles as in FIGS. 19K to 19P. Table 4E.

Diffusion coeff (cm2/s) 1.0E-06 Inij L) 100082 B GBHY/of (MmO 0.125 PA/TL (mm)

i _li bt g Hh7~ 3.8
varied Half-life (days) 9 Rate con:s tantk fLrday) 0077 13
L-Arginine 12.0

L-Lysine 10.5

L-Histidine 6.08

L-Cysteine 8.28

L-Tyrosine 10.1

[0595] The formulation could include a polyester, such as PLGA, or other biodegradable
polymers such as polycaprolactone or poly-3-hydroxybutyrate, to generate hydrogen ions for a
finite amount of time. The degradation rate could be modulated by, for example, changing the
composition or molecular weight of the PLGA, such that the degradation is completed within a

10 few months, contributing to reaching neutral pH in the last few months of delivery.

[0596] The pH could also be modulated electrochemically. Suitable electrode materials
include inert or non-consumable materials such as platinum or stainless steel. Water hydrolysis
occurs at the electrode interfaces and the products of hydrolysis are hydronium ions at the

anode and hydroxyl ions at the cathode.

15  Rationale for Device Length
[0597] At least some device designs do not extend more than about 6 mm into the vitreous so
as to minimize interference with vision. In addition, it can be beneficial to have the device
extend into the vitreous since then drug can be released a distance from the walls of the globe.
Macromolecules, such as antibodies, are primarily eliminated from the vitreous by a convection

20 process rather than a diffusion process. (see Computer Simulation of Convective and Diffusive
Transport of Controlled-Release Drugs in the vitreous Humor, by Stay, MS; Xu, J, Randolph,
TW; and VH Barocas, Pharm Res 2003, 20(1), pp. 96-102.) Convection can be driven by the
pressure generated by the secretion of aqueous humor by the ciliary body, with flow in the

vitreous directed towards the retina. With exit ports extending into the vitreous, it may be more
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Vitreous vol (mt) 4.5 Volume injected (mL) 0.05 Time step (days) 0.1 Time between refills (days) 11:10

100% Refill Effidericloz()gélsqg44l The therapeutic concentration profiles of e];<aTr/n '2%?095256'5155' 19B to 19P
were determined With 4’ Aine day half-life of the drug in the vitreous humor of the BUMAA eye. The WO

2010/088548PCT/US2010/022631 therapeutic concentration profiles can be scaled in accordance with
the half life of the therapeutic agent in the eye. For example, with an eighteen day half life, the
concentration in these examples will be approximately twice the values shown in the graph at the
extended timesjjiandvithragdfiidry halédita thagonceniations will he appmxinately, balfphsedalues

5shown with the exfended.times. As an exam Elé };lalf life of ei en days instead of nine days will
cortespond 10 S LA SRR Aeh s Pt SR R PR URAR & Bhown
FIGS. 19F and nokeiFhig&gedling of the concentration profile based on dnig half life in the vitreous can be

used to tune the volume and sustained release structures of the therapeutic device, for example in
combination wiffx Pk emPHEeRehP EsticshratsastoadiRelears fheredoua Bessmisissvitkre calculated
for LucentisTmosisndaiticalculations can be

[0598] The release study described in Example | using 23 and 30 gauge needles was
continued through ten weeks. The results are compared with a model relating the change of
concentration in the reservoir to the release rate from the reservoir based upon Fick’s Law of
diffusion. This simple model assumes the concentration in the reservoir is uniform and the
10 concentration in the receiving fluid or vitreous is negligible. Solving the differential equation
yields the following cumulative release of a therapeutic agent from a reservoir with one orifice:
Cumulative Release =1 - cR/cRO=1-exp ((-D A/L Vg)t),
where:
cR = Concentration in reservoir
15 Vg = Volume of reservoir
D = Diffusion coefficient
A = Area of orifice
L = Thickness of orifice
t =Time
20
[0599] FIG. 12 shows the cumulative amount released into the vials over 10 weeks and the

predicted cumulative amount release. These data show that the release from model devices

generally agrees with the trend predicted by this model with no adjustable fitting parameters.
Example S: Release of protein through a cylindrical sintered porous titanium cylinder

25  ]0600] Reservoirs were fabricated from syringes and sintered porous titanium cylinders
(available from Applied Porous Technologies, Inc., Mott Corporation or Chand Eisenmann
Metallurgical). These were sintered porous cylinders with a diameter of 0.062 inches and a
thickness of 0.039 inches prepared from titanium particles. The porosity is 0.17 with mean pore
sizes on the order of 3 to 5 micrometers. The porous cylinder is characterized as 0.2 media

30  grade according to measurements of bubble point. The porous cylinders were press-fit into
sleeves machined from Delrin. The sleeves exposed one entire planar face to the solution in the

reservoir and the other entire planar face to the receiver solution in the vials, corresponding to
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performed for therapeutic agents and formulations as described herein, for example as described herein
with reference tg Table | A. 106451 Based on the teachings described herein, a person of ordinary skill in
the art can deteMIRE theralease rate index and volume of the therapeutic A’SEHF SAEE8R the volume of
15 formulation injected into the device and minimum inhibitory concentration. This tuning of the device
volume and release rate index based on the volume of Formulation injected can produce unexpected
results. For example, with a clinically beneficial minimum inhibitory concentration of about 4 ug/mL, a
single bolus injegtian 6pIrespanding iact-enennenikvdnjectiofrf 6anRrodieapfierapaiticdanefit for an
unexpected threg g, more months, ch g four anihs, Also. for.8 £qelnically benelicial, pipimum
inhibitory concentration of at 1east about 1. ug/mL, a'single boluS'in ection correspondlngl%o a one month
injection can protiekeszr sy dpe picobepdfitdor slncinesp ettediiveivdomatbiiedsonts. The clinically
beneficial minimum inhibitory concentration can be determined empirically based on clinical studies as
described herei690646 AW Mierakdtia BERPE 818 0k hevireassmhaea ity e#fency of one
25 hundredspersent; a@Eersophofpedinaiyeskilinnhe s, based e3 the seachingasastdascsibachherein can
determine the rt%lease rate )profiles forhgllin% eﬁi%iggcies. less than 1&)@9 I/t%OB)IEl %r((z)algpégslem 0itttﬁeQO% filling

0
efficiency as shown apove: é%?:%vi’ﬂﬁrtlg fficiencies tan be achieved wi Injector apparatus and needles

as described heéyaigerbrrestapuplecwithredfepenéeths PRSI 7ir pas PiRIckad ouatiroygothe porous

2010/088548P Gylifh4o2 @R QHAR20 OGS 6prdsQQ BRANWS detRimInedicancRniratians@f RMb zumab in
the vitreous hu(;@ r for a,I(%tiL, oncentrated Lucentis” (40 f\tglrd.) inj cﬁgn into a 10 ut, device having a
[

e
release rate index 8F GS014RE W ATAR S AB 28 WA A ﬁ’éﬂfcﬁ%%d' SUIHEBULRUMEY BF about nine
days. The$e datadshowitlsed by sijectignzoh I8 vl lefresmesntrated {@Opmgimtio Musent'ds into a 510 ulL
reservoi device A RRiSIANHRS SOBGRTAION. AL LUGERIS ARAYE ALRASL AGQUL YAl gt east

about 180 days when the half life of Lucentisim in the vitreous is at least about nine days, and that the
device can proVideXHBFaptiil CANEEt AtfoB PoMEceRteted e Bf Kiikbast BBSut 5828 when the
minimum inhibitasing dincenteation 4o mprises dochare doapeatbowbr! dginclatid 106482ddG. | 9R shows
determined congenialigns QLANIIEUTARI REITEaNS (UMArIR8 104 conesnirgied Lucentisim (40
mg/mL) injection into a 10 uL device having a release rate indexof 0.01 and in which the ranibizumab has
a half life iV theti#treetiIHinmdPorcaBbit flveughyas miesecybtdesNowdtatidpcthctie BiechsL of
concentrated (4hingimiBsacenisyiidasmd@ Hdarésaireis deyigeicancroaintaiyhe concentration of
LucentisTm above at least about | ug/ML for at least about 180 days when the half life of Lucentis" in the
vitreous is at leggitapour fivéddayss anthibatithiecdevieeveanl rovitiB Shehapeticsconee ptiations for an
extended time of 1 5ast Aot IR0 aYE ERR IR INNIRIR GoNGenKalian amprises no more

than about 1 ughTh. 106491 FIG. 19S shows determined concentrations of ranibizumab in the vitreous
humor for a 20idarne! Resmearorf bdemtisisicrronsdg/ime Jpfesisrrintor ety oMb eBvrse radyadelease rate
index of 01 amg incaklichithesaniRizuMsibcbas adialk lifgidchmyitraausdaymps el aboutainedmays. These
data show that an, injection OL 1_0 uii ofcﬁtan e};d. commercial va[ilable %(P.}T%g/ml_. Lucentis" into a 10
. and receiving Solutio he anncl Faramctcr sugecsis 4,10 UOSlty . Ol tgamU}n

uL reservoir deViCe can maintain the concentration of Lucentis" apove at least about 0. ug/mL for at least
about 180 days-whderiimecpriifdifeonfl. Licedrstrid25the vitreous is at least about nine days, and that the
device can provide therapeutic concentrations for an extended time of at least about 180 days when the

minimum inhibit8%)3dontEhttatiothethbrigedstis hsuraHig st of Bigintf 19 obb0erIcd roB%hows
determined congertratians efdaniaizesaal i16 the vitrestshumendar aylOdiltistandariieucentism (10

ing/mt.) injection into a IC) M. device i r se .30index of 0.01 and inwhich the ranibizumab
s & half e T B T A e o e BB BB e These
data show that @Alinjectivirofhtabuststaderdres comheasialposshifabier ¢t engim Fetdieeatis” into a 10 fit,

reservoir devicgfanmaiptaimthe epnrectraireehddeentisiii rbhoveiatdeash oYL RapgMat. for at
least about | 80 da%)/Ts when the half life og LucentisTm in the vitreouys is at least ab8%t rlflié:/(%adays, and that

the device can blﬁo 8 éuﬁﬁgﬁgpae@ﬁgoslty of 1.6 for porous titanium cylinders prepared from
grade.

30 Example 6: Release of protein through masked sintered porous titanium cylinders
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5concentrations for an extended time of at least about 180 days when the minimum inhibitory
concentration comprises no more than about 0.25 ughnt. Example 10: Calculations of target device
characteristics fOr az?]lé]@l%semrseleasing drug from a suspension 10651] Triam&hOIoHE Ae&tBHide is a
eortieosteraid used to treat uveitis and other diseases 10involving ocular inflammation. A 4 mg intravitreal
injection of a suspension of triamcinolone acetonide may be administered to patients unresponsive to
topical corticosteroids. Calculations as described herein were performed to determine the characteristics
of a device thatjyeoujd releassithetaprutic.amavntsyiofan axtpndedspasiodpititiecif@d1l Consider a
device with 10 Ui rgseryolr yolume loaded yith 0, ma. using &l seommercial drya praduel (10 mo/mt.
triameinolone acetonide). Calculations were performed using a value of 1 ﬁg?mL, or the solubility of
triameinolone aterbpidiormesakisiaglagisy in DN poeassinnT Ehivddasamteandiifisivresebfiedent of 5 e-6

cm2/s representative-ef ardnall moleculerdbedarost iplaasa faleds de Yo(dahaced Jigarpublished
clinical data. As.an example, co sid%rcthe 0,2 msndg_?ﬁégde stainless steel characterized in Example 8
. t

with PT = 200. 12 B8 HiRkRRSE of B S HAHOUS SVHIRSE &S A AR st dgest that
therapeutic releasecnatesscouiddrerachieviedivvthracdevicesbitainingeaporowsdoydinder with an area of 5
mm2. This coulheachifues withia erindricab dsviga Rrvina.an ionardianeiarohadinanda length of

porous tubing of 1 mm. Alternatively, the end of the device could be a porous cup with height of 0.8 ram
(0.5 mm thick porbils TRES!HIS *BHhIBNHGAT A PBFSHS HOLKGOPET0BEDT TASSiAY PRI value of 3
hours for the halitlifepoihar $matbmolecuie:irndhe adtie o s, ithesacalontaiionusuggesttheqgdavice will
achieve a gjeady. giate iameinalone. Besipife Viteqys, sonsenation of Ol 2waling Fxample 11:
Calculation of i*eése rate p?o?f?e for at %rape_d}t{lctz g%gr?tl susper%llo% dipclasec}ih%% the .recsj@élr]voir and
released throudi? thecpaeevis b stisedirerctyrolizbtlo/useshspbTns2baoir? 26 8 2088411G. 20 shows
a calculated timgkeleasa@iofir @t a therapautict@grRh SUSPERSIaR M iSRRI ashiadaxaaple 10.
Triamcinolone Acct(%pidﬁ(anco cenf[rations in human vitreous \vere determined for a JdO 'IL device with RRI
wdas altix to the surtace exposed tq the recelving solufion, to create a mask, and crease the .
of 1.2 mm and sfiown . The caléulations were based on the equations ' shown above for the suspension.
The profile wascyearedatied WitherfumericaltBsimutation hrggeshive 8. eohisies.daliveing ratersf df ugiday
starting instantaneQusly atifmlIhe aancentaliQpiimsha yileessi ofd hmanexe ganreaghwithin 99% of
the steady state value in | day. At the other end of the drug release profile, the simulation shows the

vitreous concent&tidAC R LUHEHARALIR PAN-Of HHEELIH MISETE gone; more than 99% of the dissolved
drug is delivered within_a day. 10[0655] Assuming a typical valye of 3. hours for the half-life of a small
I%é/“g'[; Xon 1H V*]Iennm nggf estfﬁgtc%ﬁ é) m(c)h gl meL{F]] mask FOEIb (lo

molecule in the'vitrébus, these calcula ons'in e device will achieve a su S anﬁgﬂly steady
state triamcinolVehenacetonidécvinesous contentratiormat OVt esgimelrsn themabbicdpenonkey (vitreous

volume of 1.5 nad):feQ-RAEUGHIPI: 0 1he MmRR SYR LGRS HAlUMEOF bRl ) The Sifady state vitreous

concentration are maintained until there is no longer solid triamcinolone acetonide of the suspension in
the reserveir. ASSHOWAR AT 2815k G dWithVa!10% B AESErvBile Vol WA REdadd Rate Index of 1.2

mm can producesibistantiaiConsianidrug GeneaMiratomanBRSi itha humaoojiegis fatapprox. 400
days. Additiong) experimental and qiyeal studies ased en the teehings,deseribed hereln can be
conducted to determing the rélease rate profilé in’siti I human patients, and the rug reservoir volume
and release raté>20indeRtvnfigurad afsodopdatehefatitvdrdpeutic Beéhefil fopmplasgéirntitne of drug release.

The substantially;cQpgiantdri @69 PERAINALAD RIRQLYS iSRRI QVideauRstantial Thetany:ang decrease side
effects. Similar studies can be conducted with mang%suspen,sions of many therapeutic agents as

described herefh? fBIFEHIMNSIe SIS HEHsiBRE BRI RIS roIdL R HERANd JUR S RIS 86 Yescribed herein.
25Example 12:Wwiehsdred obf release: xatesprofies g thAwastinfiNndoughithenpoed s fritsstguwotures coupled

to reservoirs of gifferent §izgs At FeRONIRNCE QL rAl&AREAG PR OB ESHYRILGHARN, the
amount dispensed was 113 +/- 2 uL. (Condition 1) and 66 +/- 3 uL (Condition 2). Subtracting
off the amount in the rinse yielded a final reservoir volume of 103 +/- 5 uL (Condition 1) and

30 58 +/-2 uL (Condition 2). The reservoirs were then placed into 5 mL vials containing 1 mL

PBS at 37°C in a heating block. At periodic intervals, the reservoirs were moved to new vials
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106561 FIG. 21 shows a release rate profiles of therapeutic devices comprising substantially ~ similar
porous frit structures and a 16 M. reservoir and a 33 tiL reservoir. The release rate 30index of each frit
was approximat‘évl?/ PUI*HE release rate for two therapeutic devices each Ryt s2010/022631
2010/088548PCT/US2010/022631 comprising a 16 uL reservoir and two therapeutic devices each
comprising a 33 uL reservoir are shown. The device comprising the 33 ut, reservoir released the Avastin”
at approximately twice the rate of the device comprising 16 tif, reservoir. These measured data show that

the release rate éndaxTBEseNQBSZe GaR@atRming daeraleaseraie profilpgSuthidthatdheg release
Srate index an reseez_P}/]oAr can. coEg%r?dSto release the therapeutic agent for an extended time.

.be
106571 First Stuayl/T:1 T g%st%lwegrlél measured with a 16 uL volume reservoir as follows: 25 mg/mL

AvaslinTM; Fritié,(9-081-x 0 4R« medigarade Qiguoy §éﬁ'-pl%_éiMﬂ-&@?EQ&J%I&‘&Q)hé‘éQSta”“a"y similar

materials as Example 8 above (Teflon heat shrink tubing and silicone septum); 37C; Data is truncated
when one of twePrelicHtas b Aned & BbiR | S2edArahiniaagie Tosa 19818 I90658] SeeshtPStudy: The
data were measuigéenith) & 33ttt thesatyailcas talaws a2 drnglitdd Asastiayifdit #2H03dnme 0.049", media
grade 0.2 um, 316L SS, Mott Corporation); hined from splid .beading, closed with.a metal rod; 37C;
SRR A S e S R R e I A R
and R RI. [0659] $3 isttheiavbimfsaohiné. Sfunretidifiererfieibeniébif ffetictet andvmeasured rates, and

%CV refers to e, coEIHCRNTIOLHARMAINN SHNoWRalalsHE! RARAGLE e recdRAMRIGL3AMegsUred
release rate profiles for Avastin | m through the porous frit 20structures. é0660] FIG. 22A shows

cumulative rele B8 X6} ARG ASHPFNADRFBOROS ti SRR Fe P RETIIH (RcRALRE df e 4a™ Bhexperiments
used: 25 ug/rndaskabsiints yiiflo3dax @040 chedia githda g2t x3beld 6Bhddettr-Corgdration);

Machined poly:garhonate RUiiaaaieovil SeLane ReSenol Yolume Sfihva 1% IARdgyigs number and
corresponding RREs for each WO 2010/088548PCT/US2010/022631 tested device are listed in Table

5B below. The edtedfited RN shitieeseieribsris 0.02, consistent with the model for release of
the therapeutic :?agent as described herein. Althouih some variability is noted with regards to the

measured RR t P8P Bach&stddgis h e R 1SF B2 RHeS REpiaih hrougha Hatkiinine itk release of the
therapeutic agenrtoandtiheubpehads structdigoean hesiuittiedieharactesized withogasviddwnasdescribed

herein to ggterming, the R RIQL I8 DAgeMERt B N& RAURNER AR 213 BRF TS RRLIMIY 7S (Ua/day)2
Example 5, BSA diffusion coefficient at 37°C (9.1e-7 cm?/s), reservoir volume of 58 uL, and
the area of the porous cylinder exposed to the receiver solution (A=1.9 mm?) or the area of the
porous cylinder exposed to the reservoir (A=3.4 mm?). Again, the data for this masked porous
cylinder matches more closely with larger area exposed to the reservoir. The consistency of the
20 data with the model at two temperatures supports how the model incorporates the effect of

temperature.

[0608] FIG. 16 shows the cumulative release of BSA protein through a masked sintered
porous titanium cylinder at Condition 3 (0.027 inch diameter mask, 60 uLL donor volume, at
37°C). The figure also displays predictions using the Channel Parameter of 1.7 determined in
25  Example 5, BSA diffusion coefficient at 37°C (9.1e-7 cmz/s), reservoir volume of 58 uL, and
the area of the porous cylinder exposed to the receiver solution (A=0.37 mmz) or the area of the
porous cylinder exposed to the reservoir (A=3.4 mm?). This mask achieves a release rate
corresponding to an effective area in between the area exposed to the reservoir and the area
exposed to the receiver solution. A combination of the results in FIGS. 15 and 16 demonstrate

30  that slower release is achieved using a mask that exposes a smaller area to the receiver solution.
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[0609] FIGS. 13-16 show an unexpected result. Masking of the area of the porous frit
structure so as to decrease the exposed area of the porous structure decreased the release rate
less than the corresponding change in area. The release rate through the porous structure
corresponds substantially to the interconnecting channels of the porous frit structure disposed
between the first side exposed to the reservoir and the second side exposed to the receiver
solution, such that the rate of release is maintained when a portion of the porous frit structure is
covered. The rate of release of the interconnecting channels corresponds substantially to an
effective area of the porous frit structure, and the effective area may correspond to an effective
area of the interconnecting channels within the porous structure as shown above. As the rate of
release is dependent upon the interconnecting channels, the release rate can be maintained
when at least some of the channels are blocked, for example with coverage of a portion of the

porous structure or blocking of a portion of the interconnecting channels with particles.

Example 7: Release of protein through sintered porous stainless steel cylinder (media

grade 0.1)

[0610] Prototype devices were fabricated from tubing and sintered porous stainless steel
cylinders (available from Applied Porous Technologies, Inc., Mott Corporation or Chand
Eisenmann Metallurgical) which are cylindrical with diameter 0.155 inch and thickness 0.188
inch prepared from 3 16L stainless steel particles. The porous cylinder is characterized as 0.1
media grade according to measurements of bubble point. This study was performed with these
large, off-the-shelf porous cylinders with an area of 12 mm?’ in order to characterize the

resistive properties of 0.1 media grade stainless steel.

[0611] These devices were prepared using Teflon-FEP heat shrink tubing (Zeus, #37950) and
a hot air gun to shrink around the porous cylinders on one end and a custom prepared septum
on the other end (Nusil MED1 4013 silicone molded to 0.145 inch diameter). The reservoir
volume (46 +/- 2 uL) was determined from the difference in weight between empty systems
and systems loaded with PBS. The PBS was loaded by submerging the systems in PBS and
drawing a vacuum. The systems were then sterilized by heating to 250°F, 15 psi for 15 minutes,
submerged in PBS in microcentrifuge tubes placed in a pressure cooker (Deni, 9760). Two 30G
needles were inserted into the septum to displace the PBS with BSA solution. One was used to

inject the BSA solution and the other was bent and used as a vent for the displaced PBS.
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34% 10106611 FIG. 22B1 shows cumulative release for Avastin I'm with porous -frit structures having a

thickness of 0.02%‘. Tlh% e%(i%eriments used: 25 mg/mL Avastincm; Frit #3 (O.O3T/8 >§2%)i92292"63§nedia grade
0.2 urn, 3164, S‘g, oY égorporation); Machined polycarbonate surrogate with ¥ rew; REL&Hoir Volume

37 ILL; 37C. The device number and corresponding RRI's for each tested device are listed in Table 5C
below. The determined RRI based on measurements is 150.034, consistent with the model for release of
the therapeutic agent as described herein. Although some variability is noted with regards to the
measured RRI fprRach B3st davice, theijRidoreachéeaxier satdienusest to gpiokmineling falease of the

therapeutic agent, and the porous strygcture e further characterized with gas flow as described
orein 0 et g S T BT G e A A o T e ol
2010/088548P CaRIS2000/ 02088 BewcBRRT ietn)iSs Waky/dl28pybigl 333 lommcrocenod1ee0.8 13 0.030

0.7270.043 138cs containing | mL PBS and kept at 37°C in a heating block. Pieces of silicone tubing (tight
5  fit with inside of tube, hole for septum) were used to suspend the devices in the PBS with the
bottom of the septum approximately the same height as the PBS. The concentrations in the
first tubes contained BSA from the filling process and were discarded. At periodic intervals, the
devices were moved to new tubes containing PBS and the BSA concentrations were determined

in the receiving solutions using the method described in Example 5.

10 [0612] FIG. 17 displays the measured cumulative release of BSA through the 0.1 media
grade stainless steel sintered titanium discs. Since the Porosity, P, is not available from the
vendor at this time, a single parameter of Porosity divided by Channel Parameter was
determined by least squares fit of the model to the data. Since the sintered porous structure is
cylindrical, the Channel Parameter can be interpreted as the Tortuosity, T, and P/T was

15  determined to be equal to 0.07.

Example 8: Release of protein through a sintered porous stainless steel cylinder (media

grade 0.2)

[0613] Prototype devices were fabricated from tubing and sintered porous stainless steel
cylinders (available from Applied Porous Technologies, Inc., Mott Corporation or Chand

20  Eisenmann Metallurgical) which are cylindrical with diameter 0.03 1 inch, and thickness 0.049
inch prepared from 316L stainless steel particles. The porous cylinder is characterized as 0.2
media grade according to measurements of bubble point. This porous cylinder was obtained as
a custom order with properties determined from a previous study with a large diameter 0.2
media grade porous stainless steel cylinder (data no shown) and predictions based on the model

25 described herein. The area of each face of this porous cylinder is 0.5 mm?.

[0614] These devices were prepared using Teflon-FEP heat shrink tubing (Zeus, 0.125 inch
OD) and a hot air gun to shrink around the porous cylinder on one end and a custom prepared
septum on the other end (Nusil MED1 4013 silicone molded to 0.113 inch diameter). The

reservoir volume (17 +/- 1 uL) was determined from the difference in weight between empty

30  systems and systems filled with PBS. The PBS was loaded by submerging the systems in PBS
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28 0.033 2.6 34 0.030 0.9 350.027 0.3 36 0.034 5.5 Mean 0.034 %CV 19% [0662] Table SD shows

an update to Ta‘bNIe %§O%Qg)s\gving experimental results for up to 130 days. Sin})ilarrl sZTO?b(I)eZEE Is an update
to Table 5C. In BotH cases, the RR1 was determined by fitting the rate data frony eatia&iice. For the

analysis of data up to 130 days, the first data point is excluded from the fit because the model assumes
the maximum delivery rate occurs at time zero while there is some startup time often associated with
measured release profiles. The startup time may be related to the time it takes to displace all of the air in
the [nt. Use of differentitgchniguas trdisplasedhe aisiiha flittmaynreducethesiatiupstinie. 106631 This
early data has some npise that a rs to_be.related to experimental issyes such ontamination
o excess prON I LR T SEreut TR Hlng eV Ak B ot Sy tely rinsed off
at the start of ti@@xpetirnentc Tivercdntaniinatipnappébittdeoscamigntidmiyrasveceidep ligerd may rinse

off the protein whilpdEansiaring-Ne.deviceam ML Mahat SR HD 8RB AMLnRL QL& A more
accurate assessment of RRI can be obtained by using devices that had fewer or no outliers, as indicated
by low vaIu%s Otfegfgl_eedles were mserted through the septum and sufficient BSA solution was injected to fill

the needle hub of the vent to approximately % full. The remaining details of the experiment are

the same as Example 7.

[0615] FIG. 18A displays the measured cumulative release of BSA through the 0.2 media
grade sintered porous stainless steel cylinder. A single parameter of Porosity divided by

10 Channel Parameter was determined to be 0.12 by least squares fit of the model to the data.
Since the sintered porous structure is cylindrical, the Channel Parameter can be interpreted as
effective length of the interconnecting channels that may correspond the Tortuosity, T. Using
the Porosity of 0.17 determined by the vendor, the effective length of the channel that may
correspond to the Tortuosity was determined to be 1.4. Furthermore, this corresponds to a

15  PA/FL ratio (Release Rate Index) of 0.0475 mm.

[0616] FIG. 18B displays the measured cumulative release of BSA through the 0.2 media
grade sintered porous stainless steel cylinder for 180 days. A single parameter of Porosity
divided by Channel Parameter was determined to be 0.10 by least squares fit of the model to
the data. Since the sintered porous structure is cylindrical, the Channel Parameter can be

20  interpreted an effective length of the inter-connecting channels that may correspond to the
Tortuosity, T. Using the Porosity of 0.17 determined by the vendor, the effective channel length
of the inter-connecting channels that may correspond to the Tortuosity was determined to be

1.7. Furthermore, this corresponds to a PA/FL ratio (Release Rate Index) of 0.038 mm.

™ concentrations in the vitreous

Example 9: Calculations of Lucentis
25 |0617] The vitreous concentrations of a therapeutic agent can be predicted based on the
equations described herein. Table 4 shows the values of the parameters applied for each of
Simulation 1, Simulation 2, Simulation 3, Simulation 4, and Simulation 5. The half-life and
vitreous volume correspond to a monkey model (J. Gaudreault et al.., Preclinical
Pharmacokinetics of Ranibizumab (rhuFabV?2) after a Single Intravitreal Administration, [nvest

30  Ophthalmol Vis Sci 2005; 46: 726-733) (Z. Yao ct al., Prevention of Laser Photocoagulation
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ISWhen this is done, the RRIs from Table SD and SE are 0.014 and 0.030 rum, respectively. Similar
values for RR1 are obtained front data up to 45 days and data up to 130 daxs sui%)ortin%g the validity of
0

the model. Tabl® &8 W&Y10/088548PCT/IUS2010/022631 Up lo 45 Day= iy 13 145 5% s Device RRI

(ram) SS (ug/clay)*2 RRI (mm) SS (ug/day)A2 0.029 26.0 0.032 13.7 2 0.027 8.5 0.028 5.5 5 0.018 3.7

Induced Choroidal Neovascularization Lesions by Intravitreal Doses of Ranibizumab in
Cynomolgus Monkeys, ARVO 2009 abstract D906). The parameter PA/FL can be varied to
determine the release rate profile. For example, the value of A can be about 1 mmz, the
porosity can be about 0.1 (PA=0.1 mm?) and the length about 1 mm and the channel fit

5  parameter that may correspond to tortuousity can be about 2 (FL=2 mm), such that PA/TL is
about 0.05 mm. A person of ordinary skill in the art can determine empirically the area,
porosity, length and channel fit parameter for extended release of the therapeutic agent for the

extended period based on the teachings described herein.

Table 4A.

Values Values Values Values Values
Parameter Simulation 1 Simulation 2 | Simulation 3 | Simulation 4 | Simulation 5
Diffusion coeff (cm2/s) |  1.0E-06 | 1.0E-06 | 10E-06 | 1.0E-06 | 1.0E-06
Initial Loading (ug/mL) 1 10000 i 10000 I 10000 | 10000 i 10000
Reservoir Vol (ml) 1 0.05 i 0.01 i 0.05 0.01 i 0.017
PA/FL (mm) 0.0225 0.0225 0.045 0.045 0.047
Half-life (days) 2.63 2.63 2.63 2.63 2.63
Rate constant, k (1/day) 0.264 0.264 0.264 0.264 0.264

10 Vitreous vol (ml) 1 15 | 15 i 15 i 15 ' 15

[0618] Table 4B shows the vitreous concentrations calculated for a 0.5 mg bolus injection of
Lucentis™ injected into the eye of a monkey using equations described herein and the half-life
measured for the monkey listed in Table 4A.. The first column used the measured Cmax
(Gaudreault et al.) while the second used a calculated Cmax based on the dose and volume of
15 the vitreous. The average concentration of Lucentis'™ is about 46 ug/ml. The minimum
therapeutic concentration of Lucentis™™ is about 0.1 ug/mL, which may correspond to about
100% VGEEF inhibition (Gaudreault et al.). Table 4B indicates that a bolus injection of 0.5 mg
Lucentis™ maintains a vitreous concentration above 0.1 ug/mL for about a month whether
using the measured or calculated Cmax. This is consistent with monthly dosing that has been

20 shown to be therapeutic in clinical studies.
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Table 4B.
Predicted Vitreous Predicted Vitreous
Time |Conc using Meas Cmax| Conc using Calc
(days) (ug/mL) Cmax (ug/mL)

0 169.00 333.33

1 129.85 256.11

2 99.76 196.77

3 76.65 151.18

4 58.89 116.16

5 45.25 89.24

6 34.76 68.57

7 26.71 52.68

8 20.52 40.48

9 15.77 31.10

10 12.11 23.89

11 9.31 18.36

12 7.15 14.10

13 5.49 10.84

14 4.22 8.33

15 3.24 6.40

16 2.49 4.91

17 1.91 3.78

18 1.47 2.90

19 1.13 2.23
20 0.87 1.71
21 0.67 1.32
22 0.51 1.01
23 0.39 0.78
24 0.30 0.60
25 0.23 0.46
26 0.18 0.35
27 0.14 0.27
28 0.11 0.21
29 0.08 0.16
30 0.06 0.12
31 0.05 0.09
32 0.04 0.07

[0619] Tables 4Cl, 4C2, 4C3 4C4, and 4C5 show the calculated concentration of Lucentis™
in the vitreous humor for Simulation 1, Simulation 2, Simulation 3, Simulation 4, and

5 Simulation 5 respectively. These results indicate Lucentis' ™ vitreous concentrations may be
maintained above the minimum therapeutic level for about a year or more when released from a
device with porous structure characterized by PA/FL < 0.0225 mm and a reservoir volume > 10

ul.
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[0620] Simulation 5 corresponds to the devices used in the experiment described in Example
8. This device had a reservoir volume of 17 uL. and porous structure characterized by PA/FL =
0.047 mm. When this device is loaded with Lucentis™, the loading dose corresponds to 1/3 of
the 50 ul currently injected monthly. Calculations that predict vitreous concentrations indicate
5 that this device with one-third of the monthly dose may maintain Lucentis™ therapeutic
concentrations for about 6 months. While half of the dose is delivered in the first month and

more than 98% delivered at 6 months, therapeutic levels may still be maintained for 6 months.

[0621] The ability of the device to release therapeutic agent for an extended time can be
described by an effective device half-life. For the device in Example 8, the effective device

10 half-life is 29 days for delivery of Lucentis™. The device can be configured by selection of the
reservoir volume and a porous structure with an appropriate PA/FL to achieve the desired

effective half-life.
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Table 4C1
Simulation 1
Predicted
Predicted Vitreous
Time Rate Predicted Conc

(days) (ug/day) %CR (ug/mL)
0 1.9 0.0% 4.9
10 1.9 3.8% 4.7
20 1.8 7.5% 4.5
30 1.7 11.0% 4.4
40 1.7 14.4% 4.2
50 1.6 17.7% 4.0
60 1.5 20.8% 3.9
70 1.5 23.8% 3.7
80 14 26.7% 3.6
90 1.4 29.5% 3.5
100 1.3 32.2% 3.3
110 1.3 34.8% 3.2
120 1.2 37.3% 3.1
130 1.2 39.7% 3.0
140 1.1 42.0% 2.9
150 1.1 44 2% 2.7
160 1.0 46.3% 2.6
170 1.0 48.4% 2.5
180 1.0 50.3% 2.4
190 0.9 52.2% 2.3
200 0.9 54.0% 2.3
210 0.9 55.8% 2.2
220 0.8 57.5% 2.1
230 0.8 59.1% 2.0
240 0.8 60.7% 1.9
250 0.7 62.2% 1.9
260 0.7 63.6% 1.8
270 0.7 65.0% 1.7
280 0.7 66.3% 1.7
290 0.6 67.6% 1.6
300 0.6 68.9% 1.5
310 0.6 70.0% 1.5
320 0.6 71.2% 1.4
330 0.5 72.3% 1.4
340 0.5 73.3% 1.3
350 0.5 74.4% 1.3
360 0.5 75.3% 1.2
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Table 4C2
Simulation 2
Predicted
Predicted Vitreous
Time Rate Predicted Conc
(days) (ug/day) %CR (ug/mL)

0 1.9 0.0% 4.92
10 1.6 17.7% 4.05
20 1.3 32.2% 3.33
30 1.1 44 .2% 2.74
40 0.9 54.0% 2.26
50 0.7 62.2% 1.86
60 0.6 68.9% 1.53
70 0.5 74.4% 1.26
80 0.4 78.9% 1.04
90 0.3 82.6% 0.85
100 0.3 85.7% 0.70
110 0.2 88.2% 0.58
120 0.2 90.3% 0.48
130 0.2 92.0% 0.39
140 0.1 93.4% 0.32
150 0.1 94.6% 0.27
160 0.1 95.5% 0.22
170 0.1 96.3% 0.18
180 0.1 97.0% 0.15
190 0.0 97.5% 0.12
200 0.0 98.0% 0.10
210 0.0 98.3% 0.08
220 0.0 98.6% 0.07
230 0.0 98.9% 0.06
240 0.0 99.1% 0.05
250 0.0 99.2% 0.04
260 0.0 99.4% 0.03
270 0.0 99.5% 0.03
280 0.0 99.6% 0.02
290 0.0 99.6% 0.02
300 0.0 99.7% 0.01
310 0.0 99.8% 0.01
320 0.0 99.8% 0.01
330 0.0 99.8% 0.01
340 0.0 99.9% 0.01
350 0.0 99.9% 0.01
360 0.0 99.9% 0.00
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0.030 5106641 FIG. 22B2 shows rate of release for AvastinTM with porous fit structures having a
thickness of 0.029" as in FIG. 22B1. The rate of release can be determined from the measurements and
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260 0.00 100.0% 0.00
270 0.00 100.0% 0.00
280 0.00 100.0% 0.00
290 0.00 100.0% 0.00
300 0.00 100.0% 0.00
310 0.00 100.0% 0.00
320 0.00 100.0% 0.00
330 0.00 100.0% 0.00
340 0.00 100.0% 0.00
350 0.00 100.0% 0.00
360 0.00 100.0% 0.00
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Table 4C5
Simulation 5
Predicted
Predicted Vitreous
Time Rate Predicted Conc
(days) (ug/day) %CR (ug/mL)

0 4.1 0.0% 10.27
10 3.2 21.2% 8.09
20 2.5 38.0% 6.37
30 2.0 51.2% 5.02
40 1.6 61.5% 3.95
50 1.2 69.7% 3.11
60 1.0 76.1% 2.45
70 0.8 81.2% 1.93
80 0.6 85.2% 1.52
90 0.5 88.3% 1.20
100 0.4 90.8% 0.94
110 0.3 92.8% 0.74
120 0.2 94.3% 0.58
130 0.2 95.5% 0.46
140 0.1 96.5% 0.36
150 0.1 97.2% 0.29
160 0.1 97.8% 0.22
170 0.1 98.3% 0.18
180 0.1 98.6% 0.14
190 0.0 98.9% 0.11
200 0.0 99.2% 0.09
210 0.0 99.3% 0.07
220 0.0 99.5% 0.05
230 0.0 99.6% 0.04
240 0.0 99.7% 0.03
250 0.0 99.7% 0.03
260 0.0 99.8% 0.02
270 0.0 99.8% 0.02
280 0.0 99.9% 0.01
290 0.0 99.9% 0.01
300 0.0 99.9% 0.01
310 0.0 99.9% 0.01
320 0.0 100.0% 0.00
330 0.0 100.0% 0.00
340 0.0 100.0% 0.00
350 0.0 100.0% 0.00
360 0.0 100.0% 0.00
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[0622] Z. Yao ct al. (Prevention of Laser Photocoagulation Induced Choroidal
Neovascularization Lesions by Intravitreal Doses of Ranibizumab in Cynomolgus Monkeys,
ARVO 2009 abstract D906) have performed a preclinical study to determine the lowest
efficacious Lucentis™ dose in cynomolgus monkeys that leads to 100% prevention of laser
photocoagulation treatment-induced Grade IV choroidal neovascularization (CNV) lesions. ™
This model has been shown to be relevant to AMD. Intravitreal injection of Lucentis™ at all
doses tested completely inhibited the development of Grade IV CNV lesions. Table 4D shows
predictions of Lucentis™ vitreous concentrations for the lowest total amount of Lucentis™
investigated (intravitreal injection of 5 ug on days 1, 6, 11, 16, 21 and 26), using the equations
described herein and pharmacokinetic parameters listed in Table 4A. This data indicates that it

is not necessary to achieve the high Cmax of a 0.5 mg single bolus injection in order to be

therapeutic.

[0623] FIG. 19A compares this predicted profile with that predicted for the device in
Example 8. This data further supports that the release profile from a device in accordance with
embodiments of the present invention may be therapeutic for at least about 6 months. The
single injection of 500 ug corresponds to a 50 uL bolus injection of Lucentis™ that can given
at monthly intervals, and the range of therapeutic concentrations of Lucentis™ (ranibizumab)
in the vitreous extends from about 100 ug/mL to the minimum inhibitory (therapeutic)
concentration of about 0.1 ug/mL at about | month, for example. The minimum inhibitory
concentration corresponding to the lower end of the range of therapeutic concentrations in the
vitreous humor can be deterimined empirically by one of ordinary skill in the art in accordance
with the examples described herein. For example, a lose does study of a series of six
Lucentis™ injections, 5 ug each, can be administered so as to provide a concentration in the
vitreous of at least about 1 ug/mL, and the therapeutic benefit of the injections assessed as

described herein.
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Table 4D
Predicted Lucentis
Time Vitreous Conc
(days) (ug/mL)
0 0.00
1 3.33
2 2.56
3 1.97
4 1.51
5 1.16
6 4.23
7 3.25
8 2.49
9 1.92
10 1.47
11 4.46
12 3.43
13 2.64
14 2.02
15 1.56
16 4.53
17 3.48
18 2.67
19 2.05
20 1.58
21 4.55
22 3.49
23 2.68
24 2.06
25 1.58
26 4.55
27 3.50
28 2.69
29 2.06
30 1.59
35 0.42
40 0.11
45 0.03
50 0.01
60 0.00
70 0.00
80 0.00
90 0.00
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[0624] The concentration profiles of a therapeutic agent comprising Lucentis™ were
determined as shown below based on the teachings described herein and with drug half-life of
nine days for Lucentis™ in the human eye. The examples shown below for injections of the
commercially available formulation Lucentis™ and the nine day half life show unexpected
results, and that a volume of formulation corresponding to a montly bolus injection into the
device as described herein can provide therapeutic benefit for at least about two months. The
device volume and the porous structure can be be tuned to receive the predetermined volume of
formulation and provide sustained rease for an extended time. Additonal tuning of the device
can include the half-life of the therapeutic agent in the eye, for example nine days for
Lucentis™, and the minmimum inhibitory concentration of the therapeutic agent as

deteremined based on the teachings as described herein.

[0625] FIG. 19B shows determined concentrations of Lucentis"™ in the vitreous humor for a
first 50 uL injection into a 25 ul. device and a second 50 ul injection at 90 days. The
calculations show that the 50 uL dosage of the monthly FDA approved bolus injection can be
used to treat the eye for about 90 days, and that the injections can be repeated to treat the eye,
for example at approximately 90 day intervals. The Lucentis™ may comprise a predetermined
amount of the commercially available formulation injected into the device. The commercially
available formulation of Lucentis™ has a concentration of ranibizumab of 10 mg/mL, although
other concentrations can be used for example as described herein below with reference to a 40
mg/mL solution of injected ranibizumab. The predetermine amount corresponds to the amount
of the monthly bolus injection, for example 50 uL. The therapeutic device may comprise a
substantially fixed volume container reservoir having a volume of 25 ul, such that a first 25 ulL
portion of the 50 uL injection is contained in the reservoir for sustained and/or controlled
release and a second 25 uL portion of the 50 uL injection is passed through the porous structure
and released into the vitreous with a 25 uL bolus. The filling efficiency of the injection into the
device may comprise less than 100%, and the reservoir volume and injection volume can be
adjusted based on the filling efficiency in accordance with the teachings described herein. For
example, the filling efficiency may comprise approximately 90%, such that the first portion
comprises approximately 22.5 uL contained in the chamber of the container reservoir and the
second portion comprises approximately 27.5 uL passed through the device for the 50 ulL

injected into the therapeutic device. The initial concentration of Lucentis™ in the vitreous
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¢ 50 uL injection into the device. Additional injections can be made, for example every 90

days for several years to deliver the therapeutic agent to treat the patient.

10 [0626] FIG. 19C shows determined concentrations of Lucentis™ in the vitreous humor for a
first 50 uL injection into a 32 uL. device and a second 50 uL injection at a time greater than 90
days. The calculations show that the 50 uL dosage of the monthly FDA approved bolus
injection can be used to treat the eye for about 90 days, and that the injections can be repeated
to treat the eye, for example at approximately 90 day intervals. The Lucentis™ may comprise

15 a predetermined amount of the commercially available formulation injected into the device.
The predetermine amount corresponds to the amount of the monthly bolus injection, for
example 50 uL. The therapeutic device may comprise a substantially fixed volume container
reservoir having a volume of 32 uL, such that a first 32 uL portion of the 50 uL injection is
contained in the reservoir for sustained and/or controlled release and a second 18 uL portion of

20 the 50 uL injection is passed through the porous structure and released into the vitreous with an
18 uL bolus. The filling efficiency of the injection into the device may comprise less than
100%, and the reservoir volume and injection volume can be adjusted based on the filling
efficiency in accordance with the teachings described herein. For example, the filling
efficiency may comprise approximately 90%, such that the first portion comprises

25  approximately 29 uL contained in the chamber of the reservoir container and the second portion
comprises approximately 21 uL passed through the device for the 50 uL of Lucentis™ injected
into the therapeutic device. The initial concentration of Lucentis™ in the vitreous humor
corresponds to about 45 ug/mL immediately following injection into the reservoir device. The
concentration of Lucentis™ in the vitreous humor decreases to about 4 ug/mL at 90 days. A

30  second 50 uL injection of Lucentis™ approximately 90 days after the first injection increases

the concentration to about 50 ug/ mL. The concentration of Lucentis'™ in the vitreous humor
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decreases to about 4 ug/mL at 180 days after the first injection and 90 days after the second
injection. These calculations show that the concentration of Lucentis™ can be continuously
maintained above a minimum inhibitory concentration of about 4 ug per ml with the 50 uL.
injection into the device. Additional injections can be made every 120 days for several years to
deliver the therapeutic agent to treat the patient. The injections can be made more frequently or
less frequently, depending upon the minimum inhibitory concentration, the release rate profile,

and the discretion of the treating physician.

[0627] FIG. 19D shows determined concentrations of Lucentis™ in the vitreous humor for a
first 50 uL injection into a 50 uL device and a second 50 uL injection at 90 days. The
calculations show that the 50 uL dosage of the monthly FDA approved bolus injection can be
used to treat the eye for about 90 days, and that the injections can be repeated to treat the eye,
for example at approximately 90 day intervals. The Lucentis™ may comprise a predetermined
amount of the commercially available formulation injected into the device. The filling
efficiency of the injection into the device may comprise less than 100%, and the reservoir
volume and injection volume can be adjusted based on the filling efficiency in accordance with
the teachings described herein. For example, the filling efficiency may comprise
approximately 90%, such that the first portion comprises approximately 45 uL contained in the
chamber of the reservoir container and the second portion comprises approximately 5 uL.
passed through the device for the 50 uL of Lucentis™ injected into the therapeutic device. The
initial concentration of Lucentis™ in the vitreous humor corresponds to about 11 ug/mL
immediately following injection into the reservoir device. The concentration of Lucentis™ in
the vitreous humor decreases to about 5.8 ug/mL at 90 days. A second 50 uL injection of
Lucentis™ approximately 90 days after the first injection increases the concentration to about
17 ug/ mL. The concentration of Lucentis™ in the vitreous humor decreases to about 5,8
ug/mL at 180 days after the first injection and 90 days after the second injection. These
calculations show that the concentration of Lucentis™ can be continuously maintained above a
minimum inhibitory concentration of about 5 ug per ml with the 50 uL injection into the
device. Additional injections can be made, for example every 90 days for several years to

deliver the therapeutic agent to treat the patient.

132



268 228 188 148 11 94 0.06 34.4 262 200 171 147 120 98 84 0.08 41.5 210 164 144 124 103 87 76 0.1

47.6 179 141

10

15

20

25

30

WO 2010/088548 PCT/US2010/022631

[0628] FIG. 19E shows determined concentrations of Lucentis™ in the vitreous humor for a
first 50 uL injection into a 50 uL. device and a second 50 uL injection at 90 days. The
calculations show that the 50 uL dosage of the monthly FDA approved bolus injection can be
used to treat the eye for about 130 days, and that the injections can be repeated to treat the eye,
for example at approximately 120 day intervals. The Lucentis™ may comprise a
predetermined amount of the commercially available formulation injected into the device. The
filling efficiency of the injection into the device may comprise less than 100%, and the
reservoir volume and injection volume can be adjusted based on the filling efficiency in
accordance with the teachings described herein. For example, the filling efficiency may
comprise approximately 90%, such that the first portion comprises approximately 45 uL
contained in the chamber of the reservoir container and the second portion comprises
approximately 5 uL passed through the device for the 50 uL of Lucentis™ injected into the
therapeutic device. The initial concentration of Lucentis™ in the vitreous humor corresponds
to about 11 ug/mL immediately following injection into the reservoir device. The
concentration of Lucentis™ in the vitreous humor decreases to about 4 ug/mL at 133 days. A
second 50 uL injection of Lucentis™ approximately 130 days after the first injection increases
the concentration to about 15 ug/ mL. Based on these calculations, the concentration of
Lucentis™ in the vitreous humor decreases to about 4 ug/mL at 266 days after the first
injection and 90 days after the second injection. These calculations show that the concentration
of Lucentis™ can be continuously maintained above a minimum inhibitory concentration of
about 4 ug per ml with the 50 uL injection into the device. Additional injections can be made,

for example every 90 days for several years to deliver the therapeutic agent to treat the patient.

[0629] Although FIGS. 19B to 19P make reference to injections of commercially available
off the shelf formulations of Lucentis™, therapeutic device 100 can be similarly configured to
release many formulations of the therapeutic agents as described herein, for example with
reference to Table 1A and the Orange Book of FDA approved formulations and similar books
of approved drugs in many countries, unions and jurisdictions such as the European Union. For
example, based on the teachings described herein, one can determine empirically the
parameters of therapeutic device 100 so as to tune the device to receive a injection of a
commercially available formulation corresponding to a monthly bolus injections and release the

injected therapeutic agent with amounts above the minimum inhibitory concentration for an
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a single injection up to one year, based on a minimum inhibitory concentration of about 0.5.
The minimum inhibitory concentration can be determined empirically by a person of ordinary

10 skill in the art based on the teachings described herein.

[0631] FIG. 19G shows determined concentrations of ranibizumab in the vitreous humor for
a 50 uL Lucentis"’ 1nject10n into a 75 uL device having a release rate index of 0.05. The
concentration of ranibizumab in the vitreous humor peaks at around 6.5 ug/mL and is at or
above 4 ug/mL for about 140 days. The concentration remains above about 1 ug/mL for about

15 360 days.

[0632] FIG. 19H shows determined concentrations of ranibizumab in the vitreous humor for
a 50 uL Lucentis™ injection into a 100 uL device having a release rate index of 0.05. The
concentration of ranibizumab in the vitreous humor peaks at around 5 ug/mL and is at or above
4 ug/mL for about 116 days. The concentration remains above about |1 ug/mL for more than

20 360 days and is about 1.5 ug/mL at 360 days.

[0633] FIG. 191 shows determined concentrations of ranibizumab in the vitreous humor for a
50 uL Lucentis™ injection into a 125 uL device having a release rate index of 0.05. The
concentration of ranibizumab in the vitreous humor peaks at around 4.3 ug/mL and does not
equal or exceed 4 ug/mL. The concentration remains above about | ug/mL for more than 360

25  days and is about 1.5 ug/mL at 360 days.

[0634] FIG. 19J) shows determined concentrations of ranibizumab in the vitreous humor for a
50 uL Lucentis™ injection into a 150 uL device having a release rate index of 0.05. The

concentration of ranibizumab in the vitreous humor peaks at around 3.5 ug/mL and does not

134



124 100.019.12706 1737 1347 944 542 218 0 0.02 17.2 1560 1082 880 679 478 316 213 0.04 31.5

887 648 547

10

15

20

25

WO 2010/088548 PCT/US2010/022631

equal or exceed 4 ug/mL. The concentration remains above about | ug/mL for more than 360

days and is about 1.5 ug/mL at 360 days.

[0635] FIG. 19K shows determined concentrations of ranibizumab in the vitreous humor for
a 50 uL Lucentis"™ injection into a 100 uL device having a release rate index of 0.1. These
determined concentrations are similar to the determined concentrations of FIG. 19F, and show
that the release rate index of the porous structure can be tuned with the device volume to
provide therapeutic concentration profile for an extended time. For example, by doubling the
volume of the reservoir so as to half the concentration of therapeutic agent in the vitreous, the
release rate index can be doubled so as to provide a similar therapeutic concentration profile.
The concentration of ranibizumab in the vitreous humor peaks at around 9 ug/mL and is at or
above 4 ug/mL for about 145 days. The concentration remains above about 1 ug/mL for about

300 days. The concentration is about 0.6 ug/mL at 360 days.

[0636] FIGS. I19L to 19P show examples of release rate profiles with 125 uL reservoir
devices having the RRI vary from about 0.065 to about 0.105, such that these devices are tuned

™ and provide sustained release above a minimum

to receive the 50 uL injection of Lucentis
inhibitory concentration for at least about 180 days. These calculations used a drug half life in

the vitreous of 9 days to determine the profiles and 100% efficiency of the injection.

[0637] FIG. 19L shows determined concentration profiles of ranibizumab in the vitreous
humor for a 50 uL Lucentis™ injection into a 125 uL reservoir device having a release rate
index of 0.105. The concentration of ranibizumab in the vitreous at 180 days is about 3.128

ug/mL.

[0638] FIG. 19M shows determined concentration profiles of ranibizumab in the vitreous
humor for a 50 uL Lucentis™ injection into a 125 uL reservoir device having a release rate
index of 0.095. The concentration of ranibizumab in the vitreous at 180 days is about 3.174

ug/mL.

[0639] FIG. 19N shows determined concentration profiles of ranibizumab in the vitreous
humor for a 50 uL Lucentis™ injection into a 125 uL reservoir device having a release rate
index of 0.085. The concentration of ranibizumab in the vitreous at 180 days is about 3.185

ug/mL.
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[0640] FIG. 190 shows determined concentration profiles of ranibizumab in the vitreous
humor for a 50 uL Lucentis™ injection into a 125 uL reservoir device having a release rate
index of 0.075. The concentration of ranibizumab in the vitreous at 180 days is about 3.152

ug/mL.,

[0641] FIG. 19P shows determined concentration profiles of ranibizumab in the vitreous
humor for a 50 uL Lucentis™ injection into a 125 uL reservoir device having a release rate
index of 0.065. The concentration of ranibizumab in the vitreous at 180 days is about 3.065

ug/mL.

[0642] The optimal RRI for the concentration of ranibizumab at 180 days for a reservoir
volume of 125 uL and a 50 uL injection of Lucentis™ can be calculated based on the equations
as described herein, and is about 0.085. Although the optimal value is 0.085, the above graphs
show that the reservoir and release rate index can be tuned to provide therapeutic amounts of
ranibizumab above a minimum inhibitory concentration of 3 ug/mL with many values of the
RRI and reservoir volume, for example values within about +/-30% to +/-50% of the optimal

values for the predetermined quantity of Lucentis ™ formulation.
p q y

[0643] Table 4E shows values of parameters used to determine the ranibizumab

concentration profiles as in FIGS. 19K to 19P.

Table 4E.

Diffusion coeff (cm2/s) 1.0E-06
Initial Loading (ug/mL) 10000
Reservoir Vol (ml) 0.125
PA/TL (mm) varied
Half-life (days) 9
Rate constant, k (1/day) 0.077
Vitreous vol (ml) 4.5

olume injected (mL) 0.05
[Time step (days) I 0.
[Time between refills (days) TEG
Refill Efficiency 100%

[0644] The therapeutic concentration profiles of examples of FIGS. 19B to 19P were

determined with a nine day half-life of the drug in the vitreous humor of the human eye. The
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device volume and release rate index based on the volume of formulation injected can produce
unexpected results. For example, with a clinically beneficial minimum inhibitory concentration
of about 4 ug/mL, a single bolus injection corresponding to a one month injection can provide a
therapeutic benefit for an unexpected three or more months, such as four months. Also, for a

20 clinically beneficial minimum inhibitory concentration of at least about 1.5 ug/mL, a single
bolus injection corresponding to a one month injection can provide a therapeutic benefit for an
unexpected twelve or more months. The clinically beneficial minimum inhibitory

concentration can be determined empirically based on clinical studies as described herein.

[0646] Although the examples of FIGS. 19F to 19K assumed a filling efficiency of one

25  hundred percent, a person of ordinary skill in the art based on the teachings as described herein
can determine the release rate profiles for filling efficiencies less than 100%, for example with
90% filling efficiency as shown above. Such filling efficiencies can be achieved with injector
apparatus and needles as described herein, for example with reference to FIGS. 7, 7A, 7A1 and

TA2.
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[0647] FIG. 19Q shows determined concentrations of ranibizumab in the vitreous humor for
a 10 uL concentrated Lucentis™ (40 mg/mL) injection into a 10 uL device having a release rate
index of 0.01 and in which the ranibizumab has a half life in the vitreous humor of about nine
days. These data show that an injection of 10 uL of concentrated (40 mg/mL) Lucentis™ into a
10 uL reservoir device can maintain the concentration of Lucentis™ above at least about 2
ug/mL for at least about 180 days when the half life of Lucentis™ in the vitreous is at least
about nine days, and that the device can provide therapeutic concentrations for an extended
time of at least about 180 days when the minimum inhibitory concentration comprises no more

than about 2 ug/mL.

[0648] FIG. 19R shows determined concentrations of ranibizumab in the vitreous humor for a
10 uL concentrated Lucentis™ (40 mg/mL) injection into a 10 uL device having a release rate
index of 0.01 and in which the ranibizumab has a half life in the vitreous humor of about five
days. These data show that an injection of 10 uL of concentrated (40 mg/mL) Lucentis™ into a
10 uL reservoir device can maintain the concentration of Lucentis™ above at least about 1
ug/mL for at least about 180 days when the half life of Lucentis™ in the vitreous is at least
about five days, and that the device can provide therapeutic concentrations for an extended time
of at least about 180 days when the minimum inhibitory concentration comprises no more than

about 1 ug/mL.

[0649] FIG. 19S shows determined concentrations of ranibizumab in the vitreous humor for a
10 uL standard Lucentis™ (10 mg/mL) injection into a 10 uL device having a release rate
index of 0.01 and in which the ranibizumab has a half life in the vitreous humor of about nine
days. These data show that an injection of 10 uL of standard commercially available (10
mg/mL) Lucentis™ into a 10 uL reservoir device can maintain the concentration of Lucentis™
above at least about 0.5 ug/mL for at least about 180 days when the half life of Lucentis™ in
the vitreous is at least about nine days, and that the device can provide therapeutic
concentrations for an extended time of at least about 180 days when the minimum inhibitory

concentration comprises no more than about 0.5 ug/mL.

[0650] FIG. 19T shows determined concentrations of ranibizumab in the vitreous humor for a
10 uL standard Lucentis™ (10 mg/mL) injection into a 10 uL device having a release rate

index of 0.01 and in which the ranibizumab has a half life in the vitreous humor of about five
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days. These data show that an injection of 10 uL of standard commercially available (10
mg/mL) Lucentis™ into a 10 uL reservoir device can maintain the concentration of Lucentis™
above at least about 0.25 ug/mL for at least about 180 days when the half life of Lucentis™ in
the vitreous is at least about five days, and that the device can provide therapeutic
concentrations for an extended time of at least about 180 days when the minimum inhibitory

concentration comprises no more than about 0.25 ug/mL.

Example 10: Calculations of target device characteristics for a device releasing drug from

a suspension

[0651] Triamcinolone acetonide is a corticosteroid used to treat uveitis and other discases
involving ocular inflammation. A 4 mg intravitreal injection of a suspension of triamcinolone
acetonide may be administered to patients unresponsive to topical corticosteroids. Calculations
as described herein were performed to determine the characteristics of a device that would

release therapeutic amounts for an extended period of time.

[0652] Consider a device with 10 uL reservoir volume loaded with 0.4 mg using a
commercial drug product (40 mg/mL triamcinolone acetonide). Calculations were performed
using a value of 19 ug/mL for the solubility of triamcinolone acetonide measured at 37°C in 0.2
M potassium chloride and a diffusion coefficient of 5 e-6 cm?/s representative of a small
molecule. The target release rate is | ug/day based upon published clinical data. As an
example, consider the 0.2 media grade stainless steel characterized in Example 8 with P/F =
0.12 and a thickness of 0.5 mm. Using these values, the calculations suggest that therapeutic
release rates could be achieved with a device containing a porous cylinder with an area of 5
mm?. This could be achieved with a cylindrical device having an inner diameter of 2 mm and a
length of porous tubing of | mm. Alternatively, the end of the device could be a porous cup

with height of 0.8 mm (0.5 mm thick porous face plus 0.3 mm length) of porous tubing.

[0653] Assuming a typical value of 3 hours for the half-life of a small molecule in the
vitreous, these calculations suggest the device will achieve a steady state triamcinolone

acetonide vitreous concentration of 0.12 ug/mL.

Example 11: Calculation of release rate profile for a therapeutic agent suspension

disposed in the reservoir and released through the porous frit structure
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[0654] FIG. 20 shows a calculated time release profile of a therapeutic agent suspension in a
reservoir as in Example 10. Triamcinolone Acetonide concentrations in human vitreous were
determined for a 10 uL device with RRI of 1.2 mm and shown. The calculations were based on
the equations shown above for the suspension. The profile was generated with numerical

5  simulation. Assuming a constant delivery rate of 1 ug/day starting instantancously at T=0, the
concentration in the vitreous of a human eye can reach within 99% of the steady state value in 1
day. At the other end of the drug release profile, the simulation shows the vitreous
concentration when substantially all of the solid drug is gone; more than 99% of the dissolved

drug is delivered within a day.

10 [0655] Assuming a typical value of 3 hours for the half-life of a small molecule in the
vitreous, these calculations indicate that the device will achieve a substantially steady state
triamcinolone acetonide vitreous concentration of 0.12 ug/mL in the rabbit or monkey (vitreous
volume of 1.5 mL) or 0.04 ug/mL in the human eye (vitreous volume of 4.5 mL). The steady
state vitreous concentration are maintained until there is no longer solid triamcinolone

15  acetonide of the suspension in the reservoir. As shown in FIG. 20, a device with a 10 uL
reservoir volume and Release Rate Index of 1.2 mm can produce substantially constant drug
concentration amounts in the human vitreous for approx. 400 days. Additional experimental
and clinical studies based on the teachings described herein can be conducted to determine the
release rate profile in situ in human patients, and the drug reservoir volume and release rate

20 index configured appropriately for therapeutic benefit for a target time of drug release. The
substantially constant drug concentration amounts can provide substantial therapy and decrease
side effects. Similar studies can be conducted with many suspensions of many therapeutic
agents as described herein, for example suspensions of corticosteroids and analogues thereof as

described herein.

25  Example 12: Measured of release rate profiles for Avastin™ through the porous frit
structures coupled to reservoirs of different sizes and dependence of release rate profile

on reservoir size.

[0656] FIG. 21 shows a release rate profiles of therapeutic devices comprising substantially
similar porous frit structures and a 16 uL reservoir and a 33 uL reservoir. The release rate

30 index of each frit was approximately 0.02. The release rate for two therapeutic devices each

140



WO 2010/088548PCT/US2010/022631 Radius squared 0.09 0.3 0.4 0.7 1.3 2.2 2.53.25.1 8.8 12.6
Radius (mm) 0.3 0.5 0.6

10

15

20

WO 2010/088548 PCT/US2010/022631

comprising a 16 uL reservoir and two therapeutic devices each comprising a 33 uL reservoir

M at approximately

are shown. The device comprising the 33 uL reservoir released the Avastin'
twice the rate of the device comprising 16 ul reservoir. These measured data show that the
release rate index and reservoir size can determine the release rate profile, such that the release

rate index and reservoir can be configured to release the therapeutic agent for an extended time.

[0657] First Study: The data were measured with a 16 uL volume reservoir as follows: 25
mg/mL Avastin™; Frit #2 (0.031 x 0.049”, media grade 0.2 um, 316L SS, Mott Corporation);
Substantially similar materials as Example 8 above (Teflon heat shrink tubing and silicone
septum); 37C; Data is truncated when one of two replicates formed a bubble. See data in Table

5A below.

[0658] Second Study: The data were measured with a 33 uL reservoir as follows: 25 mg/mL
Avastin™; Frit #2 (0.031 x 0.049”, media grade 0.2 um, 316L SS, Mott Corporation);
Machined from solid beading, closed with a metal rod; 37C; Data is truncated when one of two

replicates formed a bubble.

Table 5A. Measured Release of Avastin™ and RRI.

Volume (uL) Device | RRI(mm) | SS (ug/day)2

33 1 0.015 0.35
33 2 0.018 0.16
16 1 0.018 0.05
16 2 0.022 0.06

Mean 0.018
%CV 16%

[0659] SS is the average of the squared difference between predicted and measured rates, and

%CYV refers to the coefficient of variation, a known statistical parameter.

Example 13: Measured release rate profiles for Avastin™ through the porous frit

structures.

[0660] FIG. 22A shows cumulative release for Avastin™ with porous frit structures having a
thickness of 0.049”. The experiments used: 25 mg/mL Avastin™; Frit #2 (0.031 x 0.049”,
media grade 0.2 um, 316L SS, Mott Corporation); Machined polycarbonate surrogate with

screw; Reservoir Volume 37 uL;37C. The device number and corresponding RRI’s for each
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tested device are listed in Table 5B below. The determined RRI based on measurements is
0.02, consistent with the model for release of the therapeutic agent as described herein.
Although some variability is noted with regards to the measured RRI for each test device, the
RRI for each device can be used to determine the release of the therapeutic agent, and the

5  porous structure can be further characterized with gas flow as described herein to determine the

RRI prior to placement in the patient.

Table. 5B
Device |RRI(mm)| SS (ug/day)2
1 0.029 26.0
2 0.027 8.5
5 0.018 3.7
30 0.013 0.1
31 0.013 0.1
32 0.015 0.7
33 0.022 30.5

Mean 0.020
%CV 34%

10 [0661] FIG.22B1 shows cumulative release for Avastin'™ with porous frit structures having
a thickness of 0.029”. The experiments used: 25 mg/mL Avastin'™; Frit #3 (0.038 x 0.029”,
media grade 0.2 um, 316L SS, Mott Corporation); Machined polycarbonate surrogate with
screw; Reservoir Volume 37 uL; 37C. The device number and corresponding RRI’s for each
tested device are listed in Table 5C below. The determined RRI based on measurements is

15 0.034, consistent with the model for release of the therapeutic agent as described herein.
Although some variability is noted with regards to the measured RRI for each test device, the
RRI for each device can be used to determine the release of the therapeutic agent, and the
porous structure can be further characterized with gas flow as described herein to determine the

RRI prior to placement in the patient.

20 Table 5C
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Device RRI (mm) SS (ug/day)2
9 0.033 0.7
10 0.044 10.8
13 0.030 0.7
27 0.043 15.8
28 0.033 2.6
34 0.030 0.9
35 0.027 0.3
36 0.034 5.5

Mean 0.034

%CV 19%

[0662] Table 5D shows an update to Table 5B showing experimental results for up to 130
days. Similarly, Table SE is an update to Table 5C. In both cases, the RRI was determined by
fitting the rate data from each device. For the analysis of data up to 130 days, the first data

5  point is excluded from the fit because the model assumes the maximum delivery rate occurs at
time zero while there is some startup time often associated with measured release profiles. The
startup time may be related to the time it takes to displace all of the air in the frit. Use of

different techniques to displace the air in the frit may reduce the startup time.

[0663] This carly data has some noise that appears to be related to experimental issues such

10 as contamination from excess protein that is present on the screw from filling the device and
was not completely rinsed off at the start of the experiment. The contamination appears to
occur randomly as receiver liquid may rinse off the protein while transferring the device from
vial to vial at some timepoints but not others. A more accurate assessment of RRI can be
obtained by using devices that had fewer or no outliers, as indicated by low values of SS.

I5  When this is done, the RRIs from Table 5D and SE are 0.014 and 0.030 mm, respectively.
Similar values for RRI are obtained from data up to 45 days and data up to 130 days,
supporting the validity of the model.

Table 5D
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Up to 45 Days Up to 130 Days
. SS SS
Device RRI (mm) (uglday)™2 RRI (mm) (uglday)*2

1 0.029 26.0 0.032 13.7

2 0.027 8.5 0.028 5.5

5 0.018 3.7 0.014 1.7

30 0.013 0.1 0.021 4.8

31 0.013 0.1 0.022 9.3

32 0.015 0.7 0.023 3.4

33 0.022 30.5 0.028 16.4
Mean 0.020 0.024
%CV 34% 24%

Mean for
S9<2 0.014 0.014
Table SE
Up to 45 Days Up to 130 Days
. SS SS
RR
Device RRI (mm) (ug/day )2 I (mm) (ug/day)"2

9 0.033 0.7 0.034 4.4

10 0.044 10.8 0.034 2.0

13 0.030 0.7 0.044 11.6

27 0.043 15.8 0.045 6.8

28 0.033 2.6 0.031 0.5

34 0.030 0.9 0.030 0.7

35 0.027 0.3 0.029 1.3

36 0.034 5.5 0.034 59
Mean 0.034 0.035
%CV 19% 17%

Mean for
SS<2 0.030 0.030
5 [0664] FIG.22B2 shows rate of release for Avastin™ with porous frit structures having a

thickness of 0.029” as in FIG. 22B1. The rate of release can be determined from the
measurements and the cumulative release. The outliers in this data can be related to

measurement error, such as contamination that provides a signal in the mBCA protein assay.

[0665] FIG. 23A shows cumulative release for Avastin™ with a reservoir volume of 20 uL.

10 The experiment used: 25 mg/mL AvastinTM; Frit #6 (0.038 x 0.029”, media grade 0.2 um, 316L

SS, Mott Corporation); Machined polycarbonate surrogate with screw; 37C. The determined
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RRI based on measurements 1s 0.05 mm, consistent with the model for release of the

therapeutic agent as described herein.

[0666] FIG. 23A-1 shows cumulative release to about 90 days for Avastin™ with a reservoir
volume of 20 uL as in FIG. 23A. The RRI of 0.053 mm corresponds substantially to the RRI of
0.05 of FIG. 23 and demonstrates stability of the release of therapeutic agent through the

porous structure.

[0667] FIG. 23B shows rate of release as in FIG. 23A. The release rate data show a rate of
release from about 5 ug per day to about 8 ug per day. Although the initial release rate at the
first day is slightly lower than subsequent rates, the rate of release is sufficiently high to
provide therapeutic effect in accordance with the drug release model. Although there can be an
initial period of about a few days for the release rate profile to develop, possibly related to
wetting of the interconnecting channels of the porous structure, the release rate profile
corresponds substantially to the release rate index (RRI) of 0.05. Based on the teachings
described herein, a person of ordinary skill in the art could determine the release rate profile
with additional data for an extended time of at least about one month, for example at least about
three months, six months or more, so as to determine the release rate profile for an extended

time.
[0668] FIG. 23B-1 shows rate of release as in FIG. 23A-1.

[0669] FIG. 24A shows cumulative release for Avastin™ with a 0.1 media grade porous frit
structure. This experiment used: 25 mg/mL Avastin'™; Frit #5 (0.038 x 0.029”, media grade 0.1
um, 316L SS, Mott Corporation); Machined polycarbonate surrogate with screw; Reservoir
Volume 20 uL; 37C. The determined RRI based on measurements is 0.03, consistent with the

model for release of the therapeutic agent as described herein.

[0670] FIG. 24A-1 shows cumulative to about 90 days release for Avastin™ with a 0.1
media grade porous frit structure as in FIG. 24A. The release rate of 0.038 mm corresponds
substantially to the relase rate of 0.03 of FIG. 24A and demonstrates the stability of release of

the therapeutic agent through the porous structure.

[0671] FIG. 24B shows rate of release as in FIG. 24A. The release rate data show a rate of

release from about 2 ug per day to about 6 ug per day. Although the initial release rate at the
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first day is slightly lower than subsequent rates, the rate of release is sufficiently high to
provide therapeutic effect in accordance with the drug release model. Although there can be an
initial period of a few days for the release rate profile to develop, possibly related to wetting of
the interconnecting channels of the porous structure, the release rate profile corresponds
substantially to the release rate index (RRI) of 0.03. Based on the teachings described herein, a
person of ordinary skill in the art could determine the release rate profile with additional data
for an extended time of at least about one month, for example at least about three months, six

months or more, so as to determine the release rate profile for an extended time.
[0672] FIG. 24B-1 shows rate of release as in FIG. 24A-1.

Example 14: Determination of Therapeutic Device Size and Lifetime based on Minimum

Inhibitory Concentration /n Vivo of Therapeutic Agent

[0673] Numerical calculations were performed to determine therapeutic device sizes, release
rate profiles and expected therapeutic agent concentration in the reservoir. The concentration
in the reservoir may correspond to the useful lifetime of the device, or time between injections

of therapeutic agent into the reservoir or other replacement of the therapeutic agent.

[0674] Table 6A shows the number days of therapeutic agent is released from the device with
concentration amounts at or above the MIC. These number of days correspond to an effective
lifetime of the device or effective time between injections into the device. The calculations
show the number of days of the extended time release based the RR1 and MIC for a 20 uL
reservoir volume having a drug concentration disposed therein of 10 mg/ml. The RRI ranged
from 0.01 to 0.1 and the MIC ranged from 0.1 to 10, and can be determined with experimental
and clinical studies as described herein. The half-life of therapeutic agent in the vitreous was
modeled as 9 days, based on human data. The Cmax indicates the maximum concentration of
therapeutic agent in the vitreous humor, for example within a few days of placement or
injection of the therapeutic agent in the device These data indicate that the device can
maintain the concentration of therapeutic agent for about 756 days, 385 days, 224 days, and 62
day for MIC’s of 0.1, 0.5, 1, 2 and 4 ug/ml, respectively. For example, the therapeutic agent
may comprise Lucentis™ having an MIC of about 0.5 and the device may maintain therapeutic
concentrations of the agent for one year. These numerical data also show a concentration of

therapeutic agent released from the device within a range of the current clinical bolus

146



structure, and Device OD may use smaller frit Example 15A: Calculation and measurement of small
release rate profiles as a model for a therapeutic agent released through the porous frit structure 5106831
Studies of the rélease 6P tiGrescein from reservoirs through porous frit strubfuldS W& ES A ducted so as
to determine the release of small molecule drugs through the porous frit structure. The fluorescein model
shows that the porous flit structures and reservoirs as described herein are suitable for use with small
molecule drug deliver. The release profiles of AvastinTM, Lucent's" and BSA in conjunction with the
fluorescein datangh@vnih@btheponeusdOhkiixstibeiuresmandieseyniis canhbe Rsedfor.susiained release of
many drugs. moleeules and harangulic agents ot magy moleqular welglts and siges: 105341 FIC. 254
shows cumulative release Tor fluorescein rough a 0. media gra%Fe porous frit Structure. The experiment
used: 2 mg/nil. Rlasregcéintsovitat-Frit'42 (0.031 x 0.049", media grade 0.2 um, 3161- SS, Mott
Corporation); Machined polycarbonate surrogate with ISscrew; 37C. The fluorescein samples were
assayed by UVI4&rbArresar 20 dinary shilith R pratereerddrcTHedsterhindaiRRING Aketabiity
measuremaents ¢s 1008 iepAsistephwvitth the nmege! forreleaserafithe thefapentic ageais asdescribed
herein. 106851 16, 4841 sHoWs cumulalive felsase 0,about 00 days fon orescein tiough. a 0.2
media grade porous frit structure as in FIG. 25K The hear based upon the first inir data. WO
2010/088548P GYOISPO OAL2H3 Bpeines wasc OngReriwiamhidadedeeRRI to release for 90 days (excluding
the first point) is 0,026 mm. These data show stability of the rate of release and that the porous frit
structure can bé &l for LMD FRE G I e ElRE N R FMYE MBI cBRSAENvS Bk chbinati®fs thereof.
106861 Fla 2513-shows rate @treleasenasdmFIG. 25A. The release rate data show a rate of Srelease
from about 1.0 lig per day to about 1.8 ug per day. Although the initial release rate at the first day is
slightly tower than subsequentTqtes, thg rate of release is sufficiently high to provide therapeutic effect in
accordance with the drug releas¢ model. Although there ¥En & &h initial period of about a day for the
release rate profile to deve op ppssibly redallte:i o,wetting Df the ntgrcgnnect nqﬂch annels of the porous
structure, the release rate prol?ﬁe tarrésponds| 10Substantially to the release fate index (RR1) of 0.02.
Based on the teachings desaribdd here|ny & pgrsan pfoidinasy- skildh in fthe arf could determine the release
rate profile with additional dafaTeran exended 1ime Nty Tar example at least
about three months, six mgrths-prrrere—se-ap-te-ee prefitg for an extended time.
106871 FIG. 25B-I shows rald tf réldase &< i} PG, R5AL 1 15E xantfle [158: Nle8sured release rate
profiles for Lucentistrough thelpqrous frit stpudqtures.| 120 | 93 65 40 0

D.0% 104 170 124 103 23 61 42 14

0.1 119 146 102 02 75 58 42 30

10

[0676] Table 6B. Shows calculations for time (days) above the MIC for a therapeutic device
comprising a 20uL. Volume, Vitreous T1/2 = 9 days, and Drug Conc. in Reservoir = 40 mg/ml.
The embodiments of Table 6B include similar components to the embodiments of Table 6A

15  and the improved time above MIC achieved with concentration of 40 mg/ml. For example, the
time above the MIC can be 1079, 706, 546, 385, 225, 95, for MIC’s 0of 0.1 0.5, 1,2, 4, and 7
ug/ml, respectively. For example, the therapeutic agent may comprise Lucentis™ having an
MIC of about 0.5 and the device may maintain therapeutic concentrations of the therapeutic
agent for about 2 years. These numerical data also show a concentration of therapeutic agent

20 released from the device within a range of the current clinical bolus injections. For example,
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[0688] The experiments used: 10 inglinia LucentisTIVI; Machined poly(methyl methacrylate) surrogate
with screw; and a Reservoir Volume 30 uL, 37C. All porous frit structures are 316L SS, Molt Corporation.
Data shown are measured data from all devices except for a few ZOSampleg(frT]g{Ssz%)\ﬁéch:‘éither bubble
growth or low receiver volume. [0689] Table 617 shows results for 39 out of 48 devices were included in
the table and graphs shown below. The data from the in vitro studies shown in Table 6E show that
LucentisTM can be delivered with the device having porous frit structure. 'The diameter ranged from 0.03
I" to 0.038", anéhthenengii:rafgacsinonm40,.035¢a hkORRhesmedia gradespogediiramiOatend.3, 25and
the RRI ranged from 0,014 to 0,090, The data show very low xariability suitable in in vivo human
reatment. vath TS DA/ HeIG T50A 0 P i Lt MR Lt i e
configurations mygasured, 106904 Attheughsame of e MeARMISMENSWere sxsided, tisifgusion is
appropriate and associated with in vitrotesting cqqditions that differ substantially from the in vivo model.
Five WO 2010R6885A8PRSTi0 5200 D100 3E A8Vicds Weresexeilded ils B btiBbRé Graiii @de), and
four were exclugae iluecto reieeivas vottime isSurstaironatinngpoininfos thatdevicer(Bio)atdhelaiter can be
an experimenta%loec[)rorlgflsfs(‘:sgc:ti%1:1(;l Wllgpg e v_olumet nge_ recgvgr below the assumed value due to

% C? € 101 llSCdlIl C elaé)eu 1C ACVICC

evaporation from mlgaequa ealy sealed vials o due to pipetting error. In some instances the in vitro
experimental Stesh apRaralys. £aNh6, STASINE 4. puRNRA dQEMAtion that may difr substantally from the in
vivo model as the living eye can resorb oxygen from the therapeutic devices. Bubbles can form as
receiver fluid is'h&&t80Y 8 37€ B Yas concentrations are greater than their solubilities at 37C. To
minimize the oceurance of bubble formation, receiver solutions were degassed before insertion of the
devices. These’ eXperhllcnta frvitrostudies stggest thrat dcgaooillg of 1CDQIIIP:CD camne helpful with the
in vitro assays. 10691{1 Tablg¢ 6E. FrfDimensions Media@radeg(Rm) RRI (mm) %CV Number of
Replicates Dia Lengt

RRI | Emax | o 0.5 I 2 4 7 10
(ng/ml)
001 | 84 | 1079 | 706 | 546 | 385 | 225 95 0

0.02 15.1 626 440 360 280 200 135 93
004 | 259 361 268 228 188 148 115 94

0.06 | 344 262 200 174 147 120 98 84

0.08 41.5 210 164 144 124 103 87 76

0.1 47.6 179 141 125 109 92 79 70

10

[0678] Table 6C. Shows calculations for time (days) above the MIC for a therapeutic device
comprising a 50uL Volume, Vitreous T1/2 = 9 days, and Drug Conc. in Reservoir = 40 mg/ml.
The embodiments of Table 6B include similar components to the embodiments of Table 6A
and the improved time above MIC achieved with concentration of 40 mg/ml. For example, the

15  time above the MIC can be 2706, 1737, 1347, 944, 542 and 218, for MIC’s of 0.1 0.5, 1, 2, 4,
and 7 ug/ml, respectively. For example, the therapeutic agent may comprise Lucentis™
having an MIC of about 0.5 and the device may maintain therapeutic concentrations of the
therapeutic agent for more than about 2 years. These numerical data also show a concentration
of therapeutic agent released from the device within a range of the current clinical bolus

20  injections. For example, the Cmax ranges from 9.1 to 64.7 ug/ml based on the RRI from 0.01
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to 0.1 respectively, such that the maximum release of therapeutic agent such as Lucentis™ is

within a safe range for the patient.

[0679] A person of ordinary skill in the art can conduct experiments to determine the stability
of the therapeutic agent such as Lucentis™ in the reservoir, and adjust the size of the reservoir,
time between injections or removal. The therapeutic agent can be selected and formulated so as

to comprise a stability suitable for use in the therapeutic device.

Table 6C. Calculations for Time (days) above MIC (50uL Volume, T1/2 =9 days, Drug Conc.

in Reservoir = 40 mg/ml)

MIC (ng/ml)

RRI | ™3 | o1 | o5 ] 2 4 7 10

(ug/ml)
0.01 9.1 | 2706 | 1737 | 1347 | 944 | 542 | 218 0

0.02 172 | 1560 | 1082 | 880 679 478 316 213

0.04 | 31.5 887 648 547 446 346 265 213
0.06 | 43.8 635 476 408 341 274 220 186

0.08 54.8 501 381 331 281 230 190 164
0.1 64.7 417 321 281 240 200 168 147

[0680] The examples shown in Tables 6A to 6C can be modified by one of ordinary skill in
the art in many ways based on the teachings described herein. For example, the 50 uL reservoir
may comprise an expanded configuration of the reservoir after injection of the therapeutic
device. The reservoir and/or quantity of therapeutic agent can be adjusted so as to provide

release for a desired extended time.

[0681] The porous frit structure as described herein can be used with many therapeutic
agents, and may limit release of therapeutic agent that has degraded so as to form a particulate,
for example. Work in relation to embodiments suggests that at least some therapeutic agents
can degrade so as to form a particulate and that the particulate comprising degraded therapeutic

agent may have an undesired effect on the patient, and the porous frit structure as described
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0.01425% 2 106921 FIG. 25C shows cumulative release to about thirty days for LucentisTM through
a 0.2 15media %ade PoLUS frit structure having a diameter of 0.038 in and a length (thickness) of 0.029,
contesponding 15 A ¥EMERE M ate of 0.061 as shown in the second row of Tat'))féTélll—gz 14898Y FiG. 25D
shows rates of release of the devices as in FTC. 25C. 106941 FIG. 25E shows cumulative relasc to about
thirty days for LucentisTM for 30 iii, devices having a RItEs front about 0.090 to about 0.015. 20106951
FIG. 25F shows rates of releaseht. de \ ces asFT 25 E. WO 2010/088548PCT/US2010/022631 106961
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structure and résBrvoir as descnbéd fierein. For example, the media grade, thickness, diameter and

reservoir volumgGan be inep E%&&%lfégﬁﬁ*éé@&%l §f‘ﬁl‘&%§/‘\§/ﬁ%r&xﬁé‘éﬁﬁ%‘?&c‘é}{%‘éqo‘?ﬁiﬁiﬁ’cqeﬁ_fiﬁime above a

predetermined targeted minimum inhibitory concentration. When combined with the AvastinTM and
Fluorescein daBsCof&sscayid Siidmrahiaestatabrabase b AEnike s i ehdBadite s9ét many
therapeuticsagesisrcensistenthyitbnthindielease mpdrkamdesariped hamirnpxamped idScanning Electron
Micrographs of Earpus £l Structyres 10106971 EIGS 204 a0l 298 sow scanning elaciian microscope
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material, respeétivegyreiie samimeyeizli erratribie savple b wedersheainksd drobauid it @drpBration and

comprised 316k siaiess slechidhesspmpleswate maghanicaty fragtinedrsa.asdeshevdthe porous
structure and intercopnectin ggrg;els \(f\)/ithigigg r];aterial to release the themgeutic agent. The
T5micrograph FABBESHEN & Bty ST anHEc e @ S Re 0 D UGS of the firs
su_rface and _opén'mgsocut theweoohdisuface, @6@&@@1%@ m@wf avBhshpwiscdemimgal tbetror_l
microscope images fEom sHRGESLPRAPHE Hitkstnaupssehmediagradeof 8.2 anhR Rifespectively,

from the samples of Figs 26A and 26B. The images show a plurality of openings on the surface
connected Withlwaﬁﬂé?%d?méaw@‘lémﬁwémglm ied S OBEIATEITE 96 87 ENERTBE Ay TSGR Frit Structure
Mechanical Flowhd esting:tadade ntifyhRdroeisdviit Sty cturep @ditablenfosidsegfawittnihherapeyticidgent
Delivery Devicesd 0e90h.Ts el charac'aUslins of campls, alemenis,canie dalsmingd by
subjecting the fit to a number of mechanical tests, mc\udlng but not'llmlted to pressure decay and flow.

25 These tésts ¢att Bectombibanditpiragrbnesia s infdintistisn crorhexuthplie #reRPMso as to
determine the releasedquieiile fdhe devices. thesetastacan hecusrd Withhapareus:structure positioned
on the therapeutictdevliceas_ot a 1to ula%t_ify 21:Io%)/v $h£ou91h the porous structure of the da viﬁg and determine
suitable of the 58?03111%63 fucture. Simitar tests can be’used 10 qcﬁglnﬁfyl%ﬁlél f)éar%es structure plﬂglr to

mounting on thétHerdgeutic fdeviempkt [Ebstsamena¥ thephieeapabtientially fixed diameter, or

alternatively can be expandable, and may comprise fixed or expandable retention structures, as

20  described herein.

Table 6D.
Frit OD (mm) 1 0.5
Frit Length (mm) 1 1
Frit Vol. (uL) 0.785| 0.19625
Vol Res (uL) 0.4 2 4 8 16 27 31 39 63 110 157
. 0.1962
Vol Frit (uL) 5 0.19625 0.785 0.785) 0.785 0.785 0.785 0.785| 0.785 0.785 0.785
Vol Device (uL) 0'5962 2.19625( 4.785 8.78516.785| 27.785| 31.785| 39.785/63.785| 110.785| 157.785
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WO 2010/088548PCT/US2010/022631 devices can be evaluated with the gas flow of the porous
structure mounted on a partially assembled therapeutic device, for example as a azualit control check In
some embodim(‘e)vn(fsz,ofﬁ/e B\ test can be performed on the partially assembled GPEUBS e%?ﬂ?ally assembled
therapeutic device prior to insertion of the therapeutic agent into the reservoir and prior to 5insertion into
the patient, so as to ensure that the porous structure is suitable for release of the therapeutic agent and
affixed to the device, for example a support of the therapeutic device. 107001 These tests may utilize a
variety of workirgdflisigisakeut |wilbiowpst likedy use.4 readily availabie|gaszsich ag|airsof nitregen. Tosdate,
flow and pressiralidetay)tests havie beehsised &) idertify differentifrit chfaracteiistizs|thatdnay bé.5
correlated to otRErmest resulis Beéh ad theniiéal10d( lacal@gicd gefoprBi@ndeS(Blixtubidg 107@1 1 Each
of the test meth R%ign#%ﬂ%\/e may.os¢ amenhanicdl aonnection afdhg test spesimemnto thedest hardyvare

-

and a number gftechmquesihave beenmrexploredand Illpil%/ed. Frese fixturegmctudeabpthaameans of

A1

reliably securingtte specimen (Sugh BRdieahdEReNETaliie TStubng, etastc tubig, press fitg o Telatively
rigid components, etc.) and @ meanspef igoupling (such|as a |uer, barbed |ining,|quick conngct coupling,
etc.) that allow [convenient apd repfafdblesattaeRmBnenIeiesan ndeieare. Test Hardware [L07021 Each
of the desired tsts ¢ be- dpvelode gaid dormmicr bt Avaiabie Saltfions . or 20by assembling readily
available instrumentation to freate|austamyiestRE ABgeMeRta Again, bath of these papproaches have
been evaluated. A working system|wilbearsistrofiausneans far conrjecting a testf specimen, g controllable
source (usually, but not limited to p@?ﬁﬁ@?‘& fifanometer (ar other pressure measurement|{deviceg), and
one or more transtucers (PresSuresipw, & el BSEH dR BBERATE the test tomnditipns adfor gather data for
further analysig. 75Example [17A. Riessuieddgeayd@sitiatdentify Porous Strugtures| Suitalgle for Use with
Therapeutic Drug Delivery Devices®)Wo2GHee88548FDTAIS2010MB 226319 0703] FIG. 24 shows a
pressure decay-test-and-test-apparaiuitordd Cwith s SHElEHIIb-so-asto-identify-porods-ti-it
structures suitable for use with therapeutic devices in accordance with embodiments described herein.
107041 One method of pressure decay testing is performed with the hardware shown 5schematically in

FIG, 28. An initia BreRSY4R 1T ARAIIRMD A HIERYS IR TR VR QHIRIIE SQUIGE: PHEMIAS A SHIHAGFrFOMPressed

air, compressed nitrogen, etc. The manometer may be confi%l;red to display simply the source gage

pressure, or thé REARHHEPEHHHI GRS e B iy YR TEFICEISe side of the fixtured specimen is
normally open osphere, creating a pressure which will decay at a rate determined by the properties
L S o A oS o s e LEb b Ry u T

of the frit: bein e Instantane asu press nsducer that
converts and summiegnglstgd]ab to ® dettaimine the release of small molecule drugs through the porous frit

structure. The fluorescein model shows that the porous frit structures and reservoirs as

described herein are suitable for use with small molecule drug deliver. The release profiles of
Avastin™, Lucentis™ and BSA in conjunction with the fluorescein data show that the porous
10 frit structures and reservoirs can be used for sustained release of many drugs, molecules and

therapeutic agents of many molecular weights and sizes.

[0684] FIG. 25A shows cumulative release for fluorescein through a 0.2 media grade porous
frit structure. The experiment used: 2 mg/mL Fluorescein sodium; Frit #2 (0.031 x 0.049”,
media grade 0.2 um, 316L SS, Mott Corporation); Machined polycarbonate surrogate with

15 screw; 37C. The fluorescein samples were assayed by UV absorbance at 492 nm with a plate
reader. The determined RRI based on measurements is 0.02, consistent with the model for

release of the therapeutic agents as described herein.

[0685] FIG. 25A-1 shows cumulative release to about 90 days for fluorescein through a 0.2
media grade porous frit structure as in FIG. 25A. The mean RRI based upon the first four data
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acquisition module (DAQ) that transfers data to a computer. The rate of pressure drop is then recorded
and can be use(‘jN fogocg/r(%gqrison to the performance or other flits or an acce]ptabilit
requirement/specﬂica]tlon.Sll}glis comparison may be made by grossly comparl%Td%eIB Be&lle at a given
time, or by directly comparing the output pressure decay curves, 15107051 An example test procedure
would pressurize the system to slightly greater than 400 mirdlg as displayed by the manonieter. The
computer and DAQ are configured to begin data acquisition as the pressure drops below 400 nunfig, and
a data point is takenr appowamatelyevesy RIQAsecardm: Whils dhetasticamberstoppgdsat@ay time, it is
likely that standard discreet pqints alpng the course of pressure decay data would be selected so as to
allow direot 200 B pa e O T o e e e B R 5500 mmig, and
from 400 mmHgstd 2OOMatkY - ErdahiyksyirdaReerdaeel Olstiagr T estcraniieniing Fsroefs Structures
Suitable for Use with Therapeutic Drug Delivery Devices. [0706] FIG. 29 shows a pressure flow test and
test apparatus §iB%ble - 4S8 Withva perfus! s it BHiTE s As TdiderEty Horoissha staictafes suitable
for use witls therapgutio devieas naceerdancanyii snpedimsnts deserbedihieseinle1Q 1éhiUsing a
similar hardwart%estelt fllcs)\é\fithrp lihe test specimen ca also b%%rf]?r%ctenze Int |sh'£l§I|?§30the source

. 1 _Hﬁ)d hily lower than 'subscquent rate CT asc IS sutfigien
pressure is constantfy reygulat%cf 0 a known pressure and the flow of a working tlaid s dllowed to flow thru

a mass flow metey@adhtiansehestiset tixageeditaest fitthase Wa ricpey08854PIETIISPOTCHZRGRL in the
pressure decay;tgsi, fhe spesHinchareiensticr At the it Geterming thabsats at mkich theqworking fluid

will flow through the system. For addiﬁio tEaccuraf%, ress t the otherwjse open end of the fixture
a

re
test: flit may be'PEJUFATSY 5 S tPATRE BaAtkBrELS é‘,‘%éﬂa’f BIEfSrS e Prasstite GPSP Scross the
specimen. 810708 @by tettinglmaydaveladiditag@doverpresstretdebaytdstingpduetortie

instantaneous nafuye pi s Meiadn Rethetdhaninaiing i 06.QrersureHe diaRdigdfanidaru a sample

should stabilize quickly enabling testing of large number of samples to be performed in rapid fashion,
10709] In an eX8hBIETERIHIEE QiR | ATEHONAME BORbrES Sy iRtk hERNY SUBHIHAHBS 68y stem with a
constant sourcenptigissiire®@t.30 psig @nanaiiconsiantbaak pregtuke of Hpsigediheacest fluid would flow
through the test frit at a characteristic rate (which is dependent on the pressure, but is expected to be in
the 10-500 seefi6@ihgd) s imiddsied myctherohass fowhitete¥ABxample 17C: Determination
olTherapentie Release Rate Based on Gas How 107101 Table 7 shows a table that can be used to
determine!feledbxmiind pRs ks wrsdrmeleapermésarnfiles dos Inrmmbasethorvghe o s fiss such as
oxygen or nitrogepdfikeugh the porous structure. The flow through the porous structure can be measured
with a decay time of the gas pressure, for with the flow rate across the porous structure with a pressure
drop across thg@sspusTiiii Stputtsers ascdesrhpadl NereintisThe lowhiate pnd REly casdhegiateymined

based on the megia qrags oL e material.for exampless commercial

on e mg e, Iy, AVRIAIE Mmedin arpge materia
20available from Moit Corp. The t%erapeutlc agent can be measured't rougﬁ the porous structure, or a

similar test moléeuMotrherpafisPind2in FBpVeE mersinedath & RRAFdp Asa staTVfiRHe porous frit

structuresghowpmpiasad Rnah& taarhingsidessriied Rerains a.pessam of ordinary skill in the art can
conduct experiments to determine empirically the correspondence of flow rate with a gas to the release

rate of the theragesgtic ageatsR2bhMadiaEsace’0.t(071.)8 devices were included in the table and graphs
shown below. The data from the in vitro studies shown in Table 6E show that LucentisTM can
be delivered with the device having porous frit structure. The diameter ranged from 0.031” to
0.038”, and the length ranged from 0.029 to 0.049. The media grade ranged from 0.1 to 0.3,
25  and the RRI ranged from 0.014 to 0.090. The data show very low variability suitable in in vivo
human treatment, with the %CV below 10% in all insances, and less than 3% for four of five

device configurations measured.

[0690] Although some of the measurements were excluded, this exlusion is appropriate and

associated with in vitro testing conditions that differ substantially from the in vivo model. Five
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Length (n.) Table 7. RRIFlow 300 Decay 200 Decay 0.2 0.031 0.049 0.019 106 256 0.2 0.038 0.029

0.034 0.10.038 0.029 0.014 81 201 0.2 0.038 0.029 0.033
WO 2010/088548 PCT/US2010/022631

devices were excluded due to bubble growth (10%), and four were excluded due to receiver
volume issues at one timepoint for that device (8%). The latter can be an experimental error
associated with the volume of the receiver below the assumed value due to evaporation from
inadequately sealed vials or due to pipetting error. In some instances the in vitro experimental
5  test apparatus can be sensitive to bubble formation that may differ substantially from the in vivo
model as the living eye can resorb oxygen from the therapeutic devices. Bubbles can form as
receiver fluid is heated to 37°C and gas concentrations are greater than their solubilities at
37°C. To minimize the occurance of bubble formation, receiver solutions were degassed
before insertion of the devices. These experimental in vitro studies suggest that degassing of

10 samples can be helpful with the in vitro assays.

[0691] Table 6E.

. . Media

Frit Dimensions | Grade | RRI Number of

Dia Length (Um) (mm) %CV | Replicates
0.038” 0.029” 0.3 0.090 | 2.1% 6
0.038” 0.029” 0.2 0.061 2.8% 14
0.038” 0.029” 0.1 0.039 | 2.3% 5
0.031” 0.049” 0.2 0.021 9.9% 12
0.031” 0.049” 0.1 0.014 | 2.5% 2

[0692] FIG. 25C shows cumulative release to about thirty days for LucentisTM through a 0.2
15  media grade porous frit structure having a diameter of 0.038 in and a length (thickness) of

0.029, corresponding to a release rate of 0.061 as shown in the second row of Table 6E.
[0693] FIG. 25D shows rates of release of the devices as in FIG. 25C.

[0694] FIG. 25E shows cumulative relase to about thirty days for LucentisTM for 30 ulL
devices having a RRI’s from about 0.090 to about 0.015.

20  [0695] FIG. 25F shows rates of release of the devices as in FIG. 25E.
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3178 157 WO 2010/088548PCT/US2010/022631 1(17 1 11 The above partially populated table

shows the amo%l(t) a‘g]l((j)/nsasts%e of frit data that can collected. It is contemplated Tto uz%(l-:-o%gzrgg form of
non-destructive tesﬁng ?l.e. hot drug release testing) so as to enable: 5a) QECI’éE%IVIng inSpection testing

of flits b) QC final device assembly testing 107121 One of ordinary skill can demonstrate a correlation
between one or more "flow" tests and the actual drug release testing which relies on diffusion rather than
forced gas flow. The data suggests that flow testing of frits can be both repeatable and falls in line with

expectations. O[0¢tik3] Pnelimibary éestingealsyindicates dhakioe tesfifot tasfiralonacansoeigupstantially
similar to the fri an assembled device. Example 18: Determination of Minimum in Vivp Inhibitory
Concentration of CLLbHbat B e F TR R 5 s A et A g Boce of
Lucent(500ktg)vieastiretst medntieiirairanjettishivan b showd s e eiferetivetivn psaueinghsymptoms of

patients sufferingfroorwetiihysthe helawdinical studiemindicatadhall@ Jewvelccanesilration can be
used to treat wet AMID. A device as escri(?g therein can be used to treat AMD with a m'\?imum inhibitory

concentration ifVive I8 HUMSR BatHEE TSt IR iFE e A rhiiEs Ar SURLTHEHCARHEEhonds to the
500 fig monthlycbolasinjectidvhekr opekampieGira g taste Mtisich 2Qinjectiods < dre daladd shimistered so as to

obtain a concenfrafiap PRMIGSYD R IPNYMARS IPRERY fancH IR JRBIR 4dRandh&in 1ah above.
10715! The study was de%%ned to detect quickly a positive response to LucentisIM treatment. A reduction

of retinal thickn@€<55%h RRfCALISHHSEIE Fesponse to Lucentisu therapy and a marker of drug effect

that can be used to c&uicky identjfy a positive effect of driq)treatment 25The reduction in retinal thickness
corresponds to SRR UEHD EHOm \Rsisisr ks @ ,ﬂfgllﬁ\]x/rﬁcgéuﬂﬁﬁe&udy assessed the

conton eI ) TS 1 S RIETLE SSSUS o e sy eeton
of porous frit structures of 0.2 media grade and 0.5 media grade porous material, respectively.
The commercially available samples were obtained from Mott Corporation and comprised
316L stainless steel. The samples were mechanically fractured so as to show the porous
structure and interconnecting channels within the material to release the therapeutic agent. The

15  micrograph images show a plurality of interconnecting channels disposed between openings of

the first surface and openings of the second surface.

[0698] FIGS. 27A and 27B show scanning electron microscope images from surfaces of
porous frit structures of media grade of 0.2 and 0.5, respectively, from the samples of Figs 26A
and 26B. The images show a plurality of openings on the surface connected with

20 interconnecting channels as in FIGS. 26A and 26B.

Example 17: Porous Frit Structure Mechanical Flow Testing to Identify Porous Frit

Structures Suitable for Use with Therapeutic Agent Delivery Devices

[0699] The relative characteristics of sample elements can be determined by subjecting the
frit to a number of mechanical tests, including but not limited to pressure decay and flow.

25  These tests can be combined with drug release rate information, for example the RRI, so as to
determine the release profile of the devices. These tests can be used with the porous structure
positioned on the therapeutic device, so as to quantify flow through the porous structure of the
device and determine suitable of the porous structure. Similar tests can be used to quantify the

porous structure prior to mounting on the therapeutic device. At least some of the therapeutic

154



[0716] OCT (Optical Coherence Tomography) imaging was used to asses the condition of the region of
the macula at the back surface of the treated eye. The OCT technique relies on the measurement of
certain propertievgoo%%ﬁﬁ? Efse{%]. echo time, intensity of reflection) that has be& UIREIY H e area of shidy
and can measure very small amounts of reflected light. Because 5these cellular features are essentially
transparent it is possible to use OCT methodology to generate three dimensional representations of the
area. 107171 The anatomical region of patients suffering from wet AMD typically involves disturbances to
the structural makedipof thewarieus.ealulaglayersptihplback sutfacenofithel eya paatably including areas

of retinal thickening eiteninyolying accumulations.of subrsfingl JOfuid. In more advanced sages these
areas of fluid aécumulation otten invoive cysﬁlﬁg Fformation easﬁi/ eva}(ua?eg via 18?9 07181 The OCT
images generatéd fiavitesseancarvaiolan v Hrousispeseimibsbasustitai hasspatistegarding the
condition of they@pgiamicalviegipnobinterast Pne taepehfe GleiMageHRAMANSESR RRgsaphic map of
the entire region of the macula. This imaqet %e i%referred to 15as the "maﬁ%ﬁg%r cube”. TF&macular cube

OCT images ar8SBRBI Ay 58 B iEgaY NPT e EELE O 81&?%?1%8 f image
provides an indibatiprviof ereralideffogrhphieakthe: diseasealdsionipocatd theThese:madglasecube images
were used identify regions of the macular of interest. 107191 'The regions of interest were analyzed with a
two dimensiond78presErsstiorisonanatoe sy iseceioroofitdlrediman wall arendkinaiairrdiscan location

of the OCT imagg; i theseud &slaReRRIHII_EES I POssIkIQ I diaw agateel vdocat araas of interest
more specifically. ng OCT scans were carefylly selected to directly compare ¥he thickness and
anatomical strulkNL o SR LRESTIRHINGS 18LBHY Sre ARe PR Pt P OHE b HRdE S assessing
the effect o8 injectdrdrsglinciudifgaareduction in sub-retinal fluid. 75107201 Macular cube images and
OCT scan images were measured before and after Lucentisni treatment for each patient enrolled in the
study. The OCFixteiieg were measured the day after injection and at 2-3 days post injection. An
ophthalmologist reviewed the OCT images from the patients enrolled in the study, and patients were
considered to HAVR1A r&5BAERY 1 LBEBATHAYE Mt IMHETNTADETIEEURTSOE MRSy SR YlRTRase in size
of the lesion 30fsen ena ot metaef ihepasbnjeatinexamibaiionslodnd employed. These
2010/088548P9T{]U6820 0(49%%95}% [[972110':'9; §pA | shows an example of an OCT ina%
i K

l'1|al’ cube OCT
mciu cans SCCUSIH t edSé)emmen S Ch as necat recovera

image used to ié’éh?lfi/ a region of interest (black arrow termine the response to freatment. [0722]

FIGS. 30B-1, 301812 elatig0bms sienduintexdnipidyofadsermeshOCT seahdmayges htesdined at

pre-injection, opgday PAsLBIRGIPHANG Qne \waskdpesipniectien. tespectively didsesdions of the region of

interest. [0723] Table 8 shows the results for i Wpatients enrolled in the study. The patients received doses

from 5 to 20 tad REGHRSHFSRHIRY To AT T UBEMEi concentrations in the vitreous from I to 4 ug/ml. Based

on the above queesrti%a?’ osigive response was identified in all 9 patients. In at least some instances with
the

the 5 urn injection, 8léase in size of the lesion was noted 10approximately 2-4 days post- op, and

the decrease ws bsianiighi, alienaled iy one et OSAD. GONSIStAN NI he.anRiXigpately 9 day

in vivo half-li le of LucenhisTM. These data indicated that the MIC for a suStained release device may be
approxima®ly PYgPerPHreriadly iRl st oy B RTPALY? KRR R e HARERBBtfet#2the MIC can be
lower for a sustaines releass asdeskiikaddareindkan theddohissiriection desasibed withyeference to the

MLC study. 15 her, studies.gan.bs condueieeiby ane arorinary okl in the,based gn,he teachings
described herein to detérmine empirically the 8 r'a sustained release device and cumulative effect of
the drug over tHeEERHEIST (@EHSE PTFaTIS Xxesurement device), and one or more transducers (pressure,

flow, etc.) used to measure the test conditions and/or gather data for further analysis.

25 Example 17A. Pressure Decay Test to [dentify Porous Structures Suitable for Use with

Therapeutic Drug Delivery Devices.
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[0703] FIG. 28 shows a pressure decay test and test apparatus for use with a porous structure
s0 as to identify porous frit structures suitable for use with therapeutic devices in accordance

with embodiments described herein.

[0704] One method of pressure decay testing is performed with the hardware shown
schematically in FIG. 28. An initial pressure is applied to the system by an outside source such
as a syringe, compressed air, compressed nitrogen, etc. The manometer may be configured to
display simply the source gage pressure, or the actual differential pressure across the specimen.
One side of the fixtured specimen is normally open to atmosphere, creating a pressure which
will decay at a rate determined by the properties of the frit being tested. The instantaneous
pressure may be measured by a pressure transducer that converts and supplies a signal to a data
acquisition module (DAQ) that transfers data to a computer. The rate of pressure drop is then
recorded and can be used for comparison to the performance of other frits or an acceptability
requirement/specification. This comparison may be made by grossly comparing the pressure at

a given time, or by directly comparing the output pressure decay curves.

[0705] An example test procedure would pressurize the system to slightly greater than 400
mmlHg as displayed by the manometer. The computer and DAQ are configured to begin data
acquisition as the pressure drops below 400 mmHg, and a data point is taken approximately
every .109 seconds. While the test can be stopped at any time, it is likely that standard discreet
points along the course of pressure decay data would be selected so as to allow direct
comparison of frit flow performance (e.g. time for decay from 400 mmHg to 300 mmHg, and

from 400 mmHg to 200 mmHg.)

Example 17B. Pressure Decay Test to ldentify Porous Structures Suitable for Use with

Therapeutic Drug Delivery Devices.

[0706] FIG. 29 shows a pressure flow test and test apparatus suitable for use with a porous
structure so as to identify porous frit structures suitable for use with therapeutic devices in

accordance with embodiments described herein.

[0707] Using a similar hardware set-up, flow thru the test specimen can also be characterized.
In this test, the source pressure is constantly regulated to a known pressure and the flow of a

working fluid is allowed to flow thru a mass flow meter and then thru the fixtured test frit. As
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in the pressure decay test, the specific characteristics of the frit determine that rate at which the
working fluid will flow through the system. For additional accuracy, pressure at the otherwise
open end of the fixture test frit may be regulated to control the backpressure, and therefore the

pressure drop across the specimen.

[0708] Flow testing may have advantages over pressure decay testing due to the
instantaneous nature of the method. Rather than waiting for the pressure to drop, the flow thru
a sample should stabilize quickly enabling testing of large number of samples to be performed

in rapid fashion.

[0709] In an example test procedure, a regulated compressed cylinder would supply the
system with a constant source pressure of 30 psig and a constant back pressure of | psig. The
test fluid would flow through the test frit at a characteristic rate (which is dependent on the

pressure, but is expected to be in the 10-500 sccm range) as measured by the mass flow meter.
Example 17C: Determination of Therapeutic Release Rate Based on Gas Flow

[0710] Table 7 shows a table that can be used to determine release of therapeutic agent, for
example the RRI, based on the flow of a gas such as oxygen or nitrogen through the porous
structure. The flow through the porous structure can be measured with a decay time of the gas
pressure, for with the flow rate across the porous structure with a pressure drop across the
porous frit structure, as described herein. The flow rate and RRI can be determined based on
the media grade of the material, for example as commercially available media grade material
available from Mott Corp. The therapeutic agent can be measured through the porous structure,
or a similar test molecule. The initial measurements measured the RRI for Avastin™ with the
porous frit structures shown. Based on the teachings described herein, a person of ordinary
skill in the art can conduct experiments to determine empirically the correspondence of flow

rate with a gas to the release rate of the therapeutic agent.

Table 7.
Media Length 200
Grade 0O.D.in.) (in.)  RRI Flow 300 Decay Decay
0.2 0.031 0.049 0.019 106 256
0.2 0.038 0.029 0.034
0.1 0.038 0.029 0.014 81 201
0.2 0.038 0.029 0.033 31 78
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4  Treatment Effect Yes Yes Yes Yes Yes Yes Yes Yes Yes Observed?

WO 2010/088548 PCT/US2010/022631

[0711] The above partially populated table shows the amount and nature of frit data that can
collected. It is contemplated to use some form of non-destructive testing (i.e. not drug release

testing) so as to enable:
5 a) QC receiving inspection testing of frits
b) QC final device assembly testing

[0712] One of ordinary skill can demonstrate a correlation between one or more “flow” tests
and the actual drug release testing which relies on diffusion rather than forced gas flow. The

data suggests that flow testing of frits can be both repeatable and falls in line with expectations.

10 [0713] Preliminary testing also indicates that the test for the frit alone can be substantially

similar to the frit as an assembled device.

Example 18: Determination of Minimum /n Vive Inhibitory Concentration of Lucentis™

in Humans

[0714] Although administration of the standard dose of Lucentis™ (500ug) via direct

15  intravitreal injection has been shown to be effective in reducing symptoms of patients suffering
from wet AMD, the below clinical studies indicate that a lower concentration can be used to
treat wet AMD. A device as described herein can be used to treat AMD with a minimum
inhibitory concentration iz vivo in human patients (hereinafter “MIC”) with a smaller amount
than corresponds to the 500 ug monthly bolus injection. For example, 5 ug Lucentis™

20 injections can be administered so as to obtain a concentration profiles in sizu in humans in

accordance with Table 4D and FIG. 19A above.

[0715] The study was designed to detect quickly a positive response to Lucentis™ treatment.
A reduction of retinal thickness is an indicator of positive response to Lucentis™ therapy and a
marker of drug effect that can be used to quickly identify a positive effect of drug treatment.

25  The reduction in retinal thickness corresponds to subsequent improvement in vision. Hence,
the low dose MIC study assessed the condition of retinal thickness both before and after

patient’s exposure to low dose bolus administration of Lucentis™, so as to determine the MIC.

158



WO 2010/088548PCT/US2010/022631 [0724] FIGS. 31A and 31B show experimental implantation of
therapeutic devices into the pars plana region 25 of a rabbit eye. Approximate g)rlotoz%pes of the device

ly 4
as shown in FIG' SRS PEEF were implanted into the rabbit eye. The retenES#gﬁuc?(?re 3t each devices

comprised a substantially clear and transparent oval flange 122 positioned on the sclera under 5 the
conjunctiva. The clear and transparent flange 122 permits visualization of the interface of the scleral
incision and narrow portion 120N of the retention structure, such that sealing of the retention structure to

the sclera can hereypluationogihel retaatiac: Stouciein of) eashigevisaalse carmnpriseaniaccestmport 180

having a substantially cear,epeliable barror 184,50, 85 to permit datk fied visualization gf the location of

the implanted debice. The narrow portion he Tetention Structure 1S iISpose under the

transparent flargrassnaddriee180 hapctHes 0V 4EEhape sbadbefine ey nardoeisuontion bithecretention

structure. 1072gl.Jhgae:studiesshaweddbat thasstantipmsiiucturacomarising e ayakiiange and oval
narrow portion can seﬁl the incision formed '\n the sclera and permit dark field vi?#%li ation of the

implanted devidd™TRg HEVICA LR 1 SpA e J¥EREErY R R At Yor SAMbeeY ©
15superior/tempaorate trrinférientemporptbypestchibaf theaimplant can be disposed temporally and under
the eyelid so as to have a mini rival effect on vision and appearance of the patient. 107261 While the
exemplary embld@diflentdhavdossen weseridedtisnsoniéctetdivmhy wayMP exaealiie mntr¢or clarity of

u Ederstandingk,)dlaaﬁgalfaéeﬁlgultm Hﬂ%@nﬁawmal@qqgiﬁﬁ% Wﬁt}as\@ggﬁf Q&%@W?ﬁﬁ%%mnﬁ arkl)d i
C anges may e em ed. .nce,t e scope of the pres nt Invention s u e limite Soey yt e
ended i B R TS b1 TSR TG RS NS SR e o s eve

for prolongéd triéatmientot thy ayed ttrzendthyodreompfisidgecumyberforofiing e sloncdgstikective test on at

least one poroug, SiIHGINIEs e NANesiiustye test selected from the group consisting of a gas flow rate
test, a bubble point test, and a pressure decay test; obtaining from the non-destructive test at least

one performange7igsultrier tioer ahleastane.RAMUSSHHSIHES led ofMEASH tDg-A Aiffusionsate.fea drug
through the at least oneeg.oro%s strgctureft%obtain a rleasure diffusio correlating the at

rate; an
least one perfolMantEVe i st e AR 85t s A8 F8rsd r%%‘ﬁ%t%r@?&ﬁ%@%ﬁ‘%%’&%ﬁ%ﬁd%}%ﬁ? rate so as to
form a correlatiormprise2 a Tipegnethouasoirttclaimrd rdfeitinef e mpridinghiperfegating thesfsonddestructive

test on at least 3 §ROORM RArEHR SHYUEHHER (ar cube OCT images are typically displayed as color images

and in the case of the macular cube the image provides an indication of overall topography of
the disease/lesion location. These macular cube images were used identify regions of the

macular of interest.

[0719] The regions of interest were analyzed with a two dimensional representation of the
20 cross section of the retinal wall at one longitudinal scan location of the OCT image. In these
“OCT scan” images is it possible to interrogate very local areas of interest more specifically.
The OCT scans were carefully selected to directly compare the thickness and anatomical
structure of specific sites within a lesion, pre and post treatment, for the purpose of assessing

the effect of injected drug including a reduction in sub-retinal fluid.

25  [0720] Macular cube images and OCT scan images were measured before and after
Lucentis™ treatment for cach patient enrolled in the study. The OCT images were measured
the day after injection and at 2-3 days post injection. An ophthalmologist reviewed the OCT
images from the patients enrolled in the study, and patients were considered to have a
responded to Lucentis™ treatment when the OCT scans showed a decrease in size of the lesion

30 from one or more of the post-injection examinations.

159



obtaining from the non-destructive test at least one performance result for the at least a second porous
structure; and redicting based on the correlation a diffusion rate of the drug through the at least a
second porous &Fﬁ%:?ho/eosfgg/gbtain a predicted diffusion rate. 3. The metﬁgagé{ng)r%o At ]2, further
comprising identifying the at least a second porous structure as suitable for assembly with the therapeutic
device. 4. The method as in claim 2, wherein the predicted diffusion rate corresponds to the diffusion
rate of the drug through the at least one porous structure. 5. The method as in claim 2, wherein the at
least one poroysryctera.isomaniutactured frene arfiisomapataciticing ot andapherginthrmifeast a
second porous structure {S-fr%@ﬁ&e first m%rj;ﬁfa?ctunn%ot. 6. The {'n%mod as in claim 2, further

.. rcgion or In S ITO ‘mine the response to treatm . .
comprising measuring a Cﬁﬁu on rate or a ? roug thepapfeast a second porous structure to obtain a

second measurgd diffusien raig anggomparing the,secandmeasurad diffusion iete, o, iig predicted
diffusion rate. 7. The method as in claim 6, wherein measuring is performed prior to manufacturing the
device with the "8&EYfd potsUBIStHIen . day PESTIRISGHRABE S ek ERIRHIERR KT RIEHSENAG is
performed aftersoasisfacinyingithe tawcet with the second porous structure. 9. The method as in claim
2, further comprising manufacturing the device with the second porous structure without measuring a
diffusion rate ofl@r2i¥lg Thbbugbhtives atcleasttafset prikporoud]stricturetatyd Tomparingtediedpredicted
diffusion rate. .. T O, E_beﬁ?%f'ilésb%n‘%!ﬁfg‘lﬁ%@?ﬂﬁ@%&!??m%&%ﬁ%&%‘éﬁ I£stiFR&ipsmed on the at

least one porous structure prior to assembling the at least one porous structure with the therapeutic
device. 11T MbtRSEr A8TANEIAMAY A STHHERSIRAHE R SFsRAFSE N aHIA REEE TS RO RHET SN e at least
one porous strugtuse efter attarst parialys agsempbiing thedairteasinane pommussstiuehdieadth the
therapeutic device. . 12.The method as in claim 11, wherein the. gt least partially assembled
nerapee dovibg oL B A Bote g s S el SR AR N AR o n claim
1, wherein the nefi-desRumGHvE: Wik iqumorriadcds Hday dliyyeontFifiridestorstestserdpsceipt of the at
Ieastdone porouﬁtﬁém&iw% f@@l?%@@f@ﬁ;ﬁ%@%leaﬁ: é&-ic%h@ay&thﬂﬂfﬂatgglamglpé%t}ﬁ@meh
non-destructive test is performed as a quality control.inspection test after final assembly of the therapeutic
s T g TR e el

device. 15°7HE INETREH R85 bIERN"E Y WHAPBIRRS A aBse Cav oA st % '88Ls not involve
drug release thrdegh thdeatridashonm gurots sttucirstion destGbdl thérageuticedethedfasivdactured

according t the, MEINGH AL LA Lonductehiby HE MEHAG-aSIN Hlai 2 Whareinhg Alleast one porous
structure comprises_a first population of porous structures. e method as in claim 17, wherein

18. Th
the at least a sEE¥RBPITEL KHREREeSMprSaY 4" sddEndepatiaind Bi9srdaY SAtdures.

cumulative effect of the drug over the time of release.

Table XX
Patient # I 2 3 4 5 6 7 8 9
Lowest Dose
Administered 10 1 20 | 20 5 20 5 5 5 5
(ng)
Estimated Initial
Dmg Conc. in ) 4 4 | 4 | | | 1
Vitreous
(ug/mL)
Treatment
Effect Yes | Yes| Yes| Yes| Yes| Yes| Yes| Yes | Yes
Observed?
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[0724] FIGS. 31A and 31B show experimental implantation of therapeutic devices into the
pars plana region 25 of a rabbit eye. Approximately 4 prototypes of the device as shown in
FIG. 7A to 7B-6F were implanted into the rabbit eye. The retention structure of each devices
comprised a substantially clear and transparent oval flange 122 positioned on the sclera under
the conjunctiva. The clear and transparent flange 122 permits visualization of the interface of
the scleral incision and narrow portion 120N of the retention structure, such that sealing of the
retention structure to the sclera can be evaluation. The retention structure of each device also
comprise an access port 180 having a substantially clear penetrable barrier 184 so as to permit
dark field visualization of the location of the implanted device. The narrow portion 120N of
the retention structure is disposed under the transparent flange, and barrier 160 has the oval

shape so to define the narrow portion of the retention structure.

[0725] These studies showed that the retention structure comprising the oval flange and oval
narrow portion can seal the incision formed in the sclera and permit dark field visualization of
the implanted device. The device can be implanted temporally in the patient, for example
superior/temporally or inferior/temporally such that the implant can be disposed temporally and

under the eyelid so as to have a minimal effect on vision and appearance of the patient.

[0726] While the exemplary embodiments have been described in some detail, by way of
example and for clarity of understanding, those of skill in the art will recognize that a variety of
modifications, adaptations, and changes may be employed. Hence, the scope of the present

invention should be limited solely by the appended claims.
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Claims:

1. A method of manufacturing a therapeutic device implantable in an eye for prolonged
treatment of the eye, the method comprising:

performing a non-destructive test on at least one porous structure, the non-destructive test
selected from the group consisting of a gas flow rate test, a bubble point test, and a pressure decay
test;

obtaining from the non-destructive test at least one performance result for the at least one
porous structure;

measuring a diffusion rate of a drug through the at least one porous structure to obtain a
measured diffusion rate; and

correlating the at least one performance result of the at least one porous structure to the
measured diffusion rate so as to form a correlation.

2. The method as in claim 1, further comprising:

performing the non-destructive test on at least a second porous structure;

obtaining from the non-destructive test at least one performance result for the at least a
second porous structure; and

predicting based on the correlation a diffusion rate of the drug through the at least a second
porous structure to obtain a predicted diffusion rate.

3. The method as in claim 2, further comprising identifying the at least a second porous
structure as suitable for assembly with the therapeutic device.

4. The method as in claim 2, wherein the predicted diffusion rate corresponds to the
diffusion rate of the drug through the at least one porous structure.

5. The method as in claim 2, wherein the at least one porous structure is manufactured
from a first manufacturing lot and wherein the at least a second porous structure is from the first
manufacturing lot.

6. The method as in claim 2, further comprising measuring a diffusion rate of a drug
through the at least a second porous structure to obtain a second measured diffusion rate and
comparing the second measured diffusion rate to the predicted diffusion rate.

7. The method as in claim 6, wherein measuring is performed prior to manufacturing
the device with the second porous structure.

8. The method as in claim 6, wherein measuring is performed after manufacturing the
device with the second porous structure.

9. The method as in claim 2, further comprising manufacturing the device with the

second porous structure without measuring a diffusion rate of a drug through the at least a second
porous structure and comparing to the predicted diffusion rate.

162



10. The method as in claim 1, wherein the non-destructive test is performed on the at
least one porous structure prior to assembling the at least one porous structure with the therapeutic
device.

1. The method as in claim 1, wherein the non-destructive test is performed on the at
least one porous structure after at least partially assembling the at least one porous structure with the

therapeutic device.

12. The method as in claim 11, wherein the at least partially assembled therapeutic
device includes a therapeutic agent contained in a reservoir.

13. The method as in claim 1, wherein the non-destructive test is performed as a quality
control inspection test upon receipt of the at least one porous structure from a manufacturer.

14. The method as in claim 1, wherein the non-destructive test is performed as a quality
control inspection test after final assembly of the therapeutic device.

15. The method as in claim 1, wherein the non-destructive test is a test that does not
involve drug release through the at least one porous structure.

16. A therapeutic device manufactured according to the method of claim 1.

17. The method as in claim 2, wherein the at least one porous structure comprises a first
population of porous structures.

18. The method as in claim 17, wherein the at least a second porous structure comprises
a second population of porous structures.
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