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 r%tlé/ in Aalg Ieasg some instances the druthgl%\%f be delivered less Pften than would be

ideal, such that at eag 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 with,a.neerle rashitsiBaRlusRelvenaf the.dig woith:manbedass dathanideal in at least

some instances, For example, with a bolus injection of drug, the _ .
20 For example, embodiments of the present invention €an be used to deliver therapeutic agent to

one or more of the following tissues: intravascular, 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.



concentration of drug in the vitreous humor of the patient may peak at several times the required
therapeutic amount, and then decrease to below the therapeutic amount before the next injection. 100081
Although some Wnop?ghq/%gﬁ%es have been proposed, many of the known ddVileSAY 0%f:deficient in at
least some respects in at least some instances. At least some althe known implanted devices do not
provide sustained release of a therapeutic drug for an extended period. For example, at least some of the
known implanted devices may rely on polymer membranes or polymer matrices to control the rate of drug
release, and masf thenknewndpembianes it falicesImanbaincomBpatibleuithratdaast some
therapeutic agents,sich a5 23ionic druge and aras molecular welght protein diugs jn.at lsast some
instances. At least Some oOf the kKnown seml-pérmealf)l'e po?ymer membranes may have perr%eability that
is less than ide&f fohtprs et aebefirsleagencs kugeelpioleesdlenveishepromirg dndiend MRtibodies or
antibody fragmemis, Als@eMmitikiindelationite emhadiments:6fithe RresanfioveRtianalsersuggests that at
least some of the knqwn semi-permeable mglgeg,ranes can h&ve a;{)er eab}ijlit é%al rge 30molecules that

may vary over T ald A TS RE SO e B ThE I OW s IS e HHaLHIR W aPa O
2010’088548P@Bﬁ14§29n19’°%?§ 1,620 be somew ?‘iﬁ{z’i‘%;]'c?e %‘{ﬁpoﬁhﬁ‘ 1%@%&%'9 Se Jorgxionded periods
can be less thah 1déal in at least some iNstances. ,&thoug caplllarytubes have een suggésted for drug
release, work irlpstaticiugy Emthe disnartd of M prekertirmsentiorns oelyeistiadae fiviadieo Vg Eapillary

tubes can be legsithan ideatoiakdeashsermadnstaneasadey igrannlerassibly dugaierubpig.formation and
5partial clogging. 100091 At least some of th .l})nown irlgcflanta le dev(ijces C?%Eeslflt in pafiient side effects
in at least sonicgfﬁlgfﬁﬁEE%lWﬁé RSV °:IEM‘ HE RIS TS AR S T8 WS Y LBHYItEH BFthe eye. For

example, &0 least someofuthectmineptjallyavailgblesmalinmnoleotle drudods|very idgvicestheay result in
patient side effecfs SUCh A GANARS HEYHSAWBHARCHIREIPIESPHIE - L RAZZRRSH QLRIWEEGd Vision in at

least some instances. Although corticosteroids and analogues thereof may be delivered with an implanted

device to treat HASHITIFALORSHRHMOY BRI BrafiertanPeiie€a4fian ideal such that the patient may

develop a cataract in at least some instances. 100101 Although at least some of the proposed implanted
devicos may PN b IFORHOR DSHAL S TIERS Shi HBRA T SFELarAS DECSR Hjethon mto an
implanted devicejcainrceailibe dtiieash sorvdltisksdfsinfedtids fititlvey patientrig avledsnsprddnstances. Also,

in at least spmernsianess.the drushrelRaseateLtandmplenter dryics.cam change qQer time, such that

the release rate of the drug can be less than ideal after injection in at least some instance. At least some
of the proposed TSI BEULEE Mgy HEP B HRBIHIEE K8IHY B MiFfn?: EHE HERGS Pbinfection to the
patient. For example;dahieastisome aitthedahopdsadadew ted thai nalyapauporesoand capiltacieskmay allow
microbes such gﬁep&qgria to pass through the capillary and/or pore, such that infection may be spread in
at least some instances. Also, work in relation to embodiments of the present invention suggests that at

least some of thgpEpPosabinRlantas feNIcRSiQ RALHQYITR AesyRIR RIGIRALOR fraw;the patient's

immune sgstem, such as from 25macrophages and antibodies, thereby limiting the therapeutic effect in at

least somé st 1B RORYHE RGBT AU I HE Ge M ABIY 18 1700id8 fSFdved therapeutic
devices and metioasdhatovsréome mblerstusaimel ofiths: alb o vie teticie nicieS@fathextandwdn therapies, for

example with improye dryg, gl?%?%@&%ﬁ%%?%%%ﬁiﬂﬁ Mg melanicd ayeE pilxipnded time. WO
2010/088548PC T/U$2010/022631 SUMMARY OF THE INVENTION

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

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



100121 Embodiments of the present invention provide therapeutic devices that deliver therapeutic
amounts of a therapeutic agent for an extended time to the posterior segment of the eve, for example an
extended time of Stieaet about 1 month. The therapeutic device may Sredubt HEE uzezz6ri}c]y 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 reservoir of the
device rather than into the eye. The therapeutic device can be configured to replace the therapeutic agent
when the deviceaisbimplacitaek atlerstyartatliiivdthisathewr yerafdhieppatienanihigdherapealsicidevice may be
Loimplanted in fhe eye, 56,85 10, exiad rough e sdlera.qldhe eve, and (e, nerapeutic feyice may
comprise a con]talner and a port or peng rabie barrier con |gure<§ receive a quan |fy of tlherapeutlc
agent. The therspégticoatiermdoasn e blberdsim the doimmmegdrsianilavapsgr exdinplebss piacing a solid
insert through the prhta tha insideof tha.cartaioe o) By injgctiogisiiarmwalion otshe.tharareutic agent
through the penetragl barrier into the container. The 5 therapeutic device may comprise a binding agent
that reversibly 8F P&l gg%%WCouples to the therapeutic agent such that the therapeutic agent is released
from the devic e extended ti 10001 In ma badiments, the therapeutic device is configured
1 provide comiie rEISas G e e B RClS SP et Aacr b Tt R 8 endec
time of at least 208 sponthgatepsexain ple Biprhth st ehdivatitidel fregd éntgabh ijedtionsitie the
therapeutic devige aud siskptinfactionsanbesubsiantially searsaseshiimaddiionakembesiments, the
therapeutic device. is confi urrfd to rovidPe c%tinuoggls release of therapeutic qyantities of at least one

%{i C, 1

therapeutic agefit 187 AN EREhIBPHRE & ST ORI B Hr YRS Y PRArS dY S84t 3 years.
25[0014] The thierapestic devickeycam eat bafiguredimtmersy Maysigh reteasecthdthedapduticcagent for the
extended time aneljpay, CORWISE:Al 6L PR AHAN ARG AR SIPNAAIERITHEHS, &RAIQUS structure, of

a porous surface sized to release the therapeutic agent: for the extended time. For example, the
therapeutic deviEd &5 A SHEBHEHSHSOS St iE R 1S Taledss theé tErapd bt 'S5 Mrough the porous
structure for thenexitenged period. The porous structure 30may comprise a sintered material having many
channels, for example interconnecting channels, WO 2010/088548PCT/US2010/022631 extending
around many pHHtiidles atthergldaidesiclerothéthd he pordussticture) ivraynep ppriseaifirsttside comprising

a ﬁfSt_ plurality Qﬁ@@ﬁ@é’é%e%H@L%@&@i&h&&ﬁ%ﬁW%a@Qﬁiﬁ‘j&%ﬁmﬁéiﬂqlﬁﬂmjﬁ&@%& sarond.plurality of
openings to couple to the vitreous humor. The interconnecting channels may extend between each of the

first plurality of BEERTYs b (e HFSt Sfd8rdhtPaiEH BrRe 'selsnasitisity 6P oféhlfs Sfthe second side
SO as to maintaimsteleask: i ibectherapeuticagesbifrodglctherporoigs struciucesifcr example when at least
some the openings are blacked, Lne AOrRUSRITHGIINS £aR.Re gt aprmaiitainslcase pfthe therapeutic
agent through the interconnecting channels when tissue or cells cover at least a portion of the openings,
for example whd ! BeryaBoseicratenisdifsyisFEl O R RIS td WM IHE U &strvoir | Orefilled,
[0015] Thegherapgubs denicaiany E6MRiisel@ ietestiomsbaaiypoponiigisiecioneonpleigpdhg sclera to
position the contajner for deliveryof the iherapentic agentinto thawitreots humer, of (e ee, such that
the conjunctiva may extena over %ﬂe retention strictlire when the device is m?p antéd so 83 to inhibit the
risk of infectionstshiikapiafistivanthaliowgedasst foatih sodevittangith 158ecreaksadrelskoftinfection. For
example, the retepl@mstruciuEe FRAcaMIies & flangenaxiending pltyvand fRpblagemeniketween the
conjunctiva and sclera and a narrow portion to fit Will;hin the incision through the sclera. The narrow

portion to fit the TESIS AP EINHHHSEAI BIBISGAMR KPOLL S BRYTIAI BrBYRS SIFSH 3P f5d MRision. The
elongate &dss-seatiphalcprofilensizetctotfittivg Incisigritcaheiamprovefiiaet fit afithe smplantedcdevice to the

sclera' incision, and
[0011] In light of the above, it would be desirable to provide improved therapeutic devices

and methods that overcome 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.



20may seal the huplant against the sclera along the incision. The elongate cross sectional profile of the
narrow portion can be sized in many ways to fit the incision. For example, the elon%ate Cross section may
comprises a firsw&rzr‘])é?{g%%ﬁfonger than a second dimension and may comp]FFsT BREEPHEle 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 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 axissandn sreane Tur/eNalpRgI@second axis different than the first
curve. 10016 a mbodiments, the reservoir. of the therapeutic device is flushable and/or
roilable. This g0y Boc e SR SO o e e LSHEA: SYES BB Sgent Sofrom the
patient by flushihgarretigapinsrmitheeserioireshtier therdpulstcitievicaaathisritigpewo of the
2010/088548P Gyl/ 45 2043022634 WRling o the therape yticoagentioks slininated fipxy the patient.
This removéal can be %%vganta%eou in cases (ig%ere the patient has an adverse drug reaction or benefit

from a pauge il &Ry LoMEMEsFERHEd {8 AL ST HOTHAY M FHE LB e 6F (AR LN and release
rate of the poropsrsirtictl i eaimivettbnedrtpsceive afvdiiome ofuaccommmerciatiypavailalies Sformulation,

such that the therapeuiic agentkanie iFrieAsRIIbRBEXIGRIRY LME- AT FXARRIC. thevolume of

commercially available therapeutic agent may correspond to a bolus injection having a treatment duration,
for example ondFHBRHHC SR HE PSSRV In & BlAE iBrehse Reti afat BT tside Hie'formulation
volume can extemndatheltieatmeattdusatiomnofhthe, injetie phviohuntd by adactir @fakleagt-about two, for

example figm onGMANDua of more manihs, IOIROLIL TG helapeic e masqmerise a frt

narrow profile configuration fof placement, and a second expande ile eliver the drug with the
reservoir when BOSRGEEGH tHBIEYE. 06 R SRErRDIENtHePIR BREE YRR R dorTray vorprBE Hexible barrier
material couplegidaaipont. Suchthapdhe: hasrieamateniat ancisurpaihean bemsxparded from a first

narrow profile conf{é%] Frgé/;%% égr}ér:% ?I?&Ongg etﬁpo%gg%ge Bofltlgt%gmég%rgpt%g.cérﬁ% rés?l#t%pgrt.ﬁcan provide a

. €Xa Injecting a
substantially condt ume in the expan configuration, suc e device ¢an be tuned

with the porousfetmydtiire ahiticekprandilslegrastrpoihith aceie tivduviemmeodhtivensgreaitid Bgent formulation
and so as {to relgasg{irrarsitic AmaHRRIL IR Isndad time Tie Jheraneulic sdgvicemRy comprise a

porous barrier extending around the container with channels sized to pass the therapeutic agent from the
container therethFSagH AR ZorS iHAM L FifgTARSH b &S St Bl dF g s e 8T Bt BetAe container or a

macrophage ortother immune cell into the container. 100181In 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 corfigjliied lrontoid cthbothexatse ttictkagastiThie eontainelidured ifigaredt koreiwase the

therapeutic agepfiRia, NRMPERES RN HEOF Alitharapautic AmeuRs fas-an sxiandethiinme.dQ@91 In many
embodiments, the therapeutic agent comprises molecgles having a molecular wejght from about 100

Daltons to*about 1%085; 00 B SRS ™BFD01 1A Wik SeBSaRn e A tHBIAPS (B RGEHt comprises
molecules havidgyadmoletikal weighinfrombabdst:208 D ditonsdd dbeudiliond ddltdnscnidyGe

2010/ 088548P%El&f)@t%m\qgg@%énﬁgured to provide continuous release of therapeutic quantities of at
least one therapeutic agent for an extended time of at least 12 months, or 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,



100211 In many embodiments, the therapeutic agent comprises a corticosteroid or an analogue thereof
The corticosteraid or the analogue thereof may comprise one or more of trimacinalone, trimacinalone
acetonide, dexa%%ﬁ%%%sﬁtsefsdexamethasone acetate, fluocinolone, quocinot]Z)%TéUaScZ:%%%%,%g% analogues
thereof. 100221 In many embodiments, the therapeutic agent comprise a VEGF inhibit 100231 In many
embodiments, the therapeutic agent comprises a macromolecule having a molecular weight from about
10 k Daltons to about 400k Daltons. 100241 In many embodiments, the macromolecule may comprise a
VEGF inhibitor ctagdmaeroin@lasuemayccampiigecanehaiiaorerefpriiRedies.ar anfibady-ffagments. The
one or 10more of,fne anfibadies or{he antihod.fragments, somprize, G WM, Infibitor, T (TGIE inhibitor
may comprise anibizamab. The VEGE TAhibitor aytomprise Bevaeizuma .d'lahe inhibitor may
comprise VEGFamipisiog esearijsle aibe depnmn 00 281 hterhnyi epabodiments heneterraonsetiotecule
comprise complement fagikdii0edoln manyrembedipnants, e fharaperiic agentcanRuse &
complement factor inh&?it r. 15100271 In many embqdjments, container comprises g reservoir volume
it Bhdi s e

sized to contairt & T P fiGRPSP S PEUhE Uit BO2EYHH MEARY SMBOUIFETHE the volume
to contain the liggeid formghatio poiswithin @rrafigefuoml <1 @hgh 0l @O k0detitpe[OQR3drb lovdny.

embodiments, the GORFAINEYI& RIZEH O LaRtRIN oM, AReKLQ- OPh Mg 19, akRuLAA3A MEnak therapeutic

agent, for example sized to contain from about 0.1 mg to about 10 mg of therapeutic agent. The container
may sized to coRERTTRSHSEARES RGOk (g BY e AP AROEGR AL HHRPEVARIiAYT can be sized to
contain from ahauin@10%/ g tte plrout $tmcnot tharppaudicdagenikd:0030intnndahy embadiments, the
container ﬁpd tpeeﬁm ‘rapeutic agent are configured to 25release 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 @ {Spraneusic-AusL GaN ke SoRligiR dadtelfase i eraReHila RasAL o gustain 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 2R PHO/TSSSASPEFAIEIHTO/02DE 1 TS thePapu e Hyenitean B ebhfigured to
release the therapeuticuabent tbesusiaintfromghaund.& aghv ket adoutbtue when didlkieviberapeutic agent

in the vitreous Rymar gL ihe t%%k%%q.?tﬂeﬁgi@ﬁ o?%?é%igjm' E‘o%%ni%%iﬁ%%iéﬂS\Qtf(ic‘Jl?t‘S)%ﬂ%'&g%getm‘ﬁ comprises

at least about 1 month. For Sexample, the extended time may comprise at least about 3 months, The
extended fime HraiFesMprise! Hiffeat At e RGNt THE R ESAMETIMERBYSE driipiEse at least about 12

months. The extapelasstine Mmap cpmphise: ativast aboukkScmantiisclhe.axtendastmednay momprise at
least about 24 m%r‘lth%. 10032]1 m maﬁ%empodi ents, the thera evice further comgrises a binding
1 ﬁ ¢ ¢ Scle p& N

] » ] eutic d I
agent to 0coupls 1o e theraneune B ESESUEh thit Tha theranal ?c%ég‘ér% S released rdm the container

for the extended airac Tiees Isiatiing! agdne sy ol grisecpaeticlEe ofareteiedsstivetioirrdimgfdgent may

comprise a pH geasifve AiNdRgAIeREmHRS LIRdNG pAETL PRaY-aNRKISE Asalleansiiivenbinding agent.
The bindin%% agent ma}/ comprise a pH sensitive Pinding,age,nt configured to reversibly ouQJle to the
therapeutit ageRtal 4 ﬁ'ben‘fﬁﬁ%gié‘%’é‘?étb‘ﬁ BEIBLT 8" BF dava"s Shftgneate cross sectional profile

of the narrow portion 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



15 release the therapeutic agent at a physiologic pH of about 7. The pH sensitive binding agent can be
configured to reversibl(}/ coggle to the therapeutic agent at a phi of about .5 to about 6.5 and to release the
therapeutic agemoa%oall f)%?/ssﬁologic phi of about 7. 100331 A stabilizer may extend relRR&S Yr the
therapeutic agent. The stabilizer may comprise a buffer disposed within the container to decrease the pH
within the container when the device 20is placed in the eye. The buffer may comprise a macromolecule
having a molecular weight of at least about 2 k Daltons. The stabilizer may comprise an erodible material.
The erodible matgfigl ey deergasadhg-pHowbendihaiaierahedes, 10034hinamanyembodiments, the

container compyiges,a [eservolr having ,canacivfrom, about 0,00.5.66 10 Abaur2rcc [0 delver
therapeutic amounts (%F?he erapeutic agepnt or eafgex en eé"tlme ang Wﬁereln ?ﬁle evice comprises
a volume of no thesreythrancabeutcdredde 1 mdinigrickdaistéhsionuofthetesssaivel thé idsvicads inserted.
100351 In manyrerbedimententie 1838 MAN has & CRRACIYHIFUT.ARe QP08 seatar@bout 0.6 cc to deliver

therapeutic_amqunts of the therapeutic agent for the extended time and wherein the WO
20101088530 CTRILBEC 55 A AL B HHESEA I b T R ABOL R o minimize

distension of thexeyduviver thadeviekyigvimbbitaticraf@0863 dentmaayycembopaidrieatsy lthertherapeutic device
comprising a lepgi extending aueh He.SeieiR MBI%EQ%&’!H@[%ME’W%%@‘!J@?el%g‘ifél{bs within a

range from about 2 fo 12 mm. 5The length can be within a range from about 4 to 6 mm. 100371 In many
embodiments, tHECHSVIEE TS UBHIBHER LA FRTEAT SH St BeFer LR et CriBAiREr and configured
to couple to thevstigkebtoartain dhe: cantainer @ioldast paifiiliyonithie thateye mide méentiontdstructure may
comprise an extension coupled to the container and extending outward from the container to extend

between the scléva7and tirelcomjunctil@ite netainhfthe coOntaimery Thefitetentignrsinndiure may comprise a

collar. The collaj may. fomprise Ancxpaniabie £RlBuH0038 Jh many FmPRAIBIERiRy the device iiinher

comprises an injection port extending to the container and having a channel extending through the sclera
to receive an infSEHiSAE BT Bt S5uRR o i HHEUERLTHET WherP IR EohikinBIiE Hiflanted at least
partially within hbiheavitcepids founsarport)eude ieetin ay:fist herecianmpdsepponeed ecstqartdctimitipenetration

of the needl whA s MEIPRRKE ARsnl S epled i s cRnialar: ARG Sn g pe disposed

on a distal end of the container opposite the injection port." The injection port may comprise a smooth
upper surfate CORMRINGE FoHpTaBErHB AP FatsEveBNRIHESVA thoBB Tty AR Etbaiehes, the device

further comprising @-hactesisidahagenh aopnd ats2Qieastadapinn.elf-atsauter sutase afdhe device to
inhibit bacterial \%Egnwtrgﬂl}?rll the outert' %{_ﬁ%}%%b 100401 In magé/sgmbodiments thteS ge_\(til%e further

. crapeutic agen 1% anq_ﬁo astor erapeutic.amou ?1 .
comprises a sponge to encourage tissue ingrow h. € sponge may comprise a bac ericidal agent.

Alternatively, thexispdrigemnayhdeceraprisée s dsaegioitpli sgertons baogl ixisndishy @mbddiments, the

device further comprisesith SRANLE MAleHAMNRregraiRd Wit ihebacIRNicHaLRoRblaRURHAe portion of
the outer surface. The sponge m y comprise coI,agen nd the bactericidal agent may comprise

sliver, th e2C00II aboelﬁqu)l%lé wﬁ}ﬁ%&%\gﬁ bacterial cell out ofathe container or a macrophage or

other immune cell into the container.

[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.



WO 2010/088548PCT/US2010/022631 100421 In many embodiments, the container comprises a plurality
of chambers connected with a plurality of channels to linearize a rate of release of the therapeutic agent.
[0043] In another %%%%]é{sgsh%odiments provide therapeutic device to treat aﬁcgﬁléscz:%w %Zrzlg?r%g a vitreous
humor. The device comprises a therapeutic agent and a binding agent. The 5 therapeutic agent is
reversibly coupled to the binding agent such that the binding agent releases therapeutic amounts of the
therapeutic agent into the vitreous humor of the eye for an extended time. 100441 In many embodiments,
the binding agepband thentherapeudienagenhane:sigadifopijectipniia soiveatsinymar of the eye when
the therapeutic agent s reversibly copied to,d0the binding agent and wherein the pipding agent is
configured to réleage ?herapéu ic amounts o’fdtﬂe ?ﬁerap utic agen]t fBr°at 1Bast Asout s mdnths. The
binding agent napacoripRis drangizes ohp acird aripials s 100 denpmedh paimindiasaliy ifuseattonand at least
about 5 mu sucihalibe-therapestinagant eauRled to the binding agent: is retained in the vitreous humor
for the extended time. The binding agent may comprise particles having a size of no more than about
15100 MU to migunzge lightiscatiesamndnad, ibasicadeutiSainsusiptRattiiedrarpsidtic agent coupled to the
binding agent is retained in the vitreous humor for the extended time. 100451 In another aspect
embodiments pii2idle drthengpeuitigitevicetto tetipenté therapeutidsagentatocan keyddiawing a sclera and a
vitreous humorm'gﬁkgtﬁiﬁ%%ﬁpmig@&ﬁ falentRnstrusiurasRrfigHrgd to couple to the sclera. A container

is coupled to the retention structure 70and configured to hold the therapeutic agent. The container

comprises a chabhgr th, heldl therherpeutic Aoeninand.a harrieiadnhibitiew,af the: tharapeutic agent

from the container. The barrier comprises at: least one QEL?n,ing to release the theraﬁeutic agent to the
vitreous humor TATSPSITE Lt et FRTR His PR i ISR E AN Bod B BAGY thaeli kb EPE S e ase the
therapeutitfagentintd tireavitvedius drumanthodydiaghenst teaptiona \dp@RimgibitdchefapdiicFamounts for an

25extended timg, 109461 10, mANY. RDAGAMANTE,ING RTINS GRIPRUBET 2 AIRSS . 100471 In

many embodiments, the porous structure ma¥lcompr|se a porous annulgr portion and a porous circular
end. WO 2010)0€85 188y ms2erat 328 54 1 e dp sx3iaply HboaiRients, the bather comprises a
material to inhibit substantially the release of the therapeutic agent from the container and the material is

shaped so as t¢'d&the ThEY SR80 GRSBHAM MY HE PAIESLE REPHET SPRRIRTSHEAE™ 100491 In many

embodinients, lilaﬁzl% rrier compri ega sub%}tlarﬁiall non-porous material to 5inhibit subs a,gltially the
many embodiments, the therapeyt Oagﬁ t comprise a complement [lact I 1N11D1LOT. .
release of the t erageutrllc agén rom the contaimer. Lo n many embbdiments, the'barrier comprises

2 tube ang she Rggoys SHG e COMRAIIRES ARIRUIRL sk cisnossd near e end g ybe. | 1001511 1n

many embodiments, porous Structure comprises a remova ge configured for placement and
removal when th@lddrianiatiopsitibaditirpeHEce\Rs™ind the retention structure 10is coupled to the sclera to
retain the barrier. %0052] In another aspect embodiments provide a therapeutic device to deliver a

therapeutic agefiP48lan YR Namrgiragisrdhanal umAteeie iUt TAd BERHaeRiL Mtlia i ®sfigured to

couple to the sctenal Autontasiner isoadupled to the retention structure and configured to hold the
therapeutic agent and a binding agent. A porous barrier is coupled to the retention structure ISand the
rigid container. [PH29 porousabarrigoditendstisubstamiallysaoundditeicootairient 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



[0053] In many embodiments the therapeutic agent and the binding agent are configured to release the
therapeutic agent at therapeutic amounts for a sustained time. [0054] In many embodiments, the device
further compris&oa%qg]éosﬁ%ﬁe opening formed in the container, and the ope%'r?éulssz%llo e %lch that the
therapeutic agent and the binding agent are 20configured to release the therapeutic agent through the at
least one opening at therapeutic 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 eeMpinet sf-antihadyconigratiandiRdhacontaipari skl taintany @mhodiments, the
porous barrier rises pores sized to pass, the therapeutic agent from the container to t?e vitreous
oo, 10057118 TRATy B Ata (oI, tha DB Ha o ol SR R BT ot 20 me
to release the thexapeutic agent and no more than about 200 mui to inhibit at least one of WO
2010/088548PCT/US2010/022631 bacterial migration out of the container, macrophage migration or
antibody migratitf Ihto th@arahadi w819 fxiRadsy ERbeRmPattstisesivtd Befier Emprises a
flexible materiabxampROH b inanyhembhodiments, dhes.poiaus baieiscamnpsisasiantintiatable balloon
configured Sto inflate when, the, therapeltic agent s, injected into the container, 9060, In many
embodiments, the container comprises a rigid material to retairr the erapeutic agent and the binding
agent. [0061] In" hsanicedpbbaimentsotisigontithiereomSrisety. mMakekeslsd stantialy denpesnetable to the
therapeutic aggptans,atieasi@ne opening sized to release the therapeutic agent. 10[0062] In many
embodiments, therapeutic device further comprises an injection port sized to receive a needle. 100631 In
another aspecteosbpdimeanis pravdenantoafRpriiticcdeyikeito Aelivetaihaapaiticiggarhiean eye having
a sclera and a vitrepus humor. A retention structure ijs configured to couple to the,sclera. A container is
counled 10 he oL e S P R e e
The container ¢bapisdsddifat Ehaphiskpgodsoldeeenursaatiecsgenmaigitrh baererdodnaibit flow of the

therapeutic ageptfromthe eontainesivEgmbauierconpisesial least AR QReNInG: sitediadelease the
therapeutic agent. A second@ré%m eris cou#led to the container through the at Iea?t one opening. The

second chamb&t 14 XiHglred 8 BB R A\ HFBBUE AR SFHHPSE JH S Sel RSP 185 U8e opening.
The first at 20 leastibhecopeninghatidtire gecanat at deastrine dpenirld mlevsizéditabreledisedthe
therapeutigsagepfintoib & vilreaus daupar Jprouah she, sesond @b least pReARenINgdiibesapeutic amounts

for an extended time. 100641 In many embodiments, the second chamber comprises a volume sized to
line ize release FABSHEHEY MPSURHIC B SAERITBUGA HFE Bttt Y AR bRk BYEmify?2%5{dB5] In another
aspect, embodiméniscprovide aanpthad @ sustapigdidogg galivieryoto 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 th@083¢ corntamercsmetaixtediwdttrihefsbtetarapheiceptaindihconiphise snayfirgnpastion of

therapeutic ageni eyesRiRYAHMRAHOB R MIQZRAQLARBR4BRGT IHS20LHA2283  he device

20 is placed in the eye. The buffer may comprise a macromolecule having a molecular weight of
at least about 2 k Daltons. The stabilizer may comprise an erodible material. The erodible

material may decrease the pH when the material erodes.

[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



binding medium. The first portion of therapeutic agent is released from the first binding medium and
through container to the vitreous at therapeutic amounts for an extended time, The binding medium is
removed from the cOntanar: The binding medium is replaced with a second’ Siﬁgﬁ%go%oez fdh and a
second portion of the therapeutic agent, wherein second portion of the 5therapeutic agent is released
from the container for a second extended time. 100661 In many embodiments, a protective barrier is
inserted with the container and the protective barrier is disposed substantially around the container to
inhibit at least qReief @hpatesial pgration, mdRaGHIRBaGE Migratiamiat andanindy Migration into the
container. 100671 Iqhmggy embodirg&nts, first binding medium comprises at least one of a first insert, a

. . h 't . C . . . .
10first fibrous struc uree, a %fr%%ﬂfﬂy, or a first liquid and wherein the second binding medium comprises

at least one of %ﬁ?&P”ﬂliHﬁS&teﬁb%%ﬁ%ﬁsﬁG{eo%érz?‘ﬂi@dﬁ@%@vi@e%gﬁ%?é ﬁé}%&g&%g@ﬁ&ﬂg digigh, 100681 In

many embodiments, the liquid first binding tnedium is removed w e second binding medium is

replaced. 15[008991 ANy EATBBHIRTERT MR RSt Biensd! i edilitha BtfetiwdaeedédHlt liquid is
replaced tosminimizenyolumechangesrwitbindhaeye 4[Qa7@kIn many embodiments, the first binding
medium is removed when the second liquid is replaced to decrease volume changes within the eye.
100711 In manjoesipodimentssitiedinstnoindindg mediuthcisoemoved whetoiherseoandligjuidds 20replaced
to inhibit distengjon Qf. € &X¢ kA (%H 5 BENY SHRAMEN R R RIS MeH WD Gampgses an insert

and wherein the insert is removed before a second insert is inserted. [007/3] In another aspect,
embodiments préViddhs BsvicEaE HRTI0R FEHHErABRURIMGER RS HEoiNtasAEr ih B Abtsariinsadihartially in
the eye. The dexicedsannptiaes adiishcbamber 2 5e¢anfigukechtstoredbaitherapainia agenttand a
second chambey.configured:io recelve allauid from.ihe senialner. Anclopgas, stiigure gxtends distall
and comprising at jeast orie channe coupie fo the first champer and the second chamber. WO
2010/088548P Mgt 0/h22631 100741 In many embodiments, the device further comprises a first
one way valve coupled to the first chamber and the at least one channel. The first one way valve is
configured to pH¥S¥he tASRIPTROLEHEWIRE 4 187 BTt RS ehaber adierasEending fanlisit flow into
the first chambesrginethel chanpal aviien thecsiiesahihesfifst ehiambeat tockeasagAosegond one way
Svalve can be callpled fo the, secqr ﬂt}?eh&%*é’%ﬂ:ﬁ&He%ht‘ﬁeaédr%%‘?tao@‘?n?*]%] Q(ila't I8 SS’%% g.9ne way valve
can be configuredrt inhibit low of the therapeutic agent into the second cham efwhen a size of the first

chamber décretsestaadsty permitielivintortheigdis sansiamberctsrrianéo divahpeloftien téhsize of the

first chamber ingreasesed 8RR Jp-many-ambricnantse the diishatleast areichapnahamprises a first
channel and a le second %hemnel The first channel is cqupled to the fimgchamber to inJa%ct the
eco

therapeutic ageMPaAd L <LBHAALHS SPICEST SRRGYS s ‘BECERURRa M Be FYS4PRRHLI hto the second
chamber when thetherapeatid agentisfijectetigr00 76 ]placamethends gecteembadiments provide
therapeutic device to deliver a therapeutic agent to an eye having a sclera and a vitreous humor. A

retention structUfi3f configiuetiterdBetimplacdatiec SBiier. cagviaebdsiaaigibtest tiewstehtion structure
and configyred tashlshthéh of an outer surface of the device to inhibit bacterial growth along the outer

surface.

[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.



therapeutic agent. A stop is disposed inside the container. 100771 In many embodiments, the retention
structure is conﬁwqured to receive a needle. 100781 In many embodimentspthe stop comprises a
concave surface diretted ward the retention structure such that fluid is mixed’ I\/J\ﬁﬁg?rq/ Y& -Lontainer when
a substance is injected 20with the needle. 100791 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 substappaRway fien ¢ atileas, ancexitiperto2pfRe8Hpn-anptiehaspesctemhadiments provide
a therapeutic devijce to release at least one therapeutic agent i atient. The therapeutic device
Comprises & coMlAN S LS A S A aadt ST TRe &1 oLl SHe Herathbic agent. The
container compyjes, a ESEHAIN With A Yelime. SEed FACRUAIRA eI RRSYHE AURRIL Bl ihe At least one
therapeutic agent for release over the extended time. The container comprises a rigid porous structure
comprising a WO #03¢7b8851 sBe f9Y So1mrnes 6 31ctreRie s aiiadtipliee 3fdh ddpled to the
reservoir and canfigiereid igcielsase thskapeyticl anmeusiisial heakieashane thedaeitic: agentior the
extended time. 100811, In many smbadiments, the ontainer comprises,a Aenelaple barrier gpnfigured to
receive an injection of at erapeutic quantﬁy of tie at least one herapeuﬁc agevnt, and ?ﬁqucontalner
comprises a bafifigr coupled to the penetrable barrier and the rigid porous structure to contain the at least
one therapeutic agent. 100821 in many embodiments the barrier is coupled to the penetrable barrier
comprises a tub®Hhod3 MAHNTERY LRAGH Tk eHES A AL B AR (R EREEIS R B ATPriLEs Bheedle stop.
10[00841 in manyaimbedimenisothruppnefrable batitarneompiises cagepiym eofigwaeasta receive and
pass a needle, and.the septum is configured to.seal when the needle is removed. [00851 in many
emmodime s, e e P e R e
channels. The titichpepsuiscsigeitifreatisastahoair figietend thdioHRERes cany ramatsubseitimly fixed
when the therapgiligagantiisi inested intaithes 8sarvQll aMith RhIEARISOME AIESHUres100861 In many
embodiments, t?ﬂe ri%id. orous strl]J((:?;ure C(?Fmﬁrises a thickn.es& .Wi(i}hin.a ran%e frorp about 0.1 min to about
A K

6 mm. 100871 IRFERY HEBBAHMRALEC the girpSrSTS ST S mpHERE BYRRZRELS within a range

from about 0.5 emntodiboat Bhmbm@0108881 4 vmmanycembddiments, dhiecrigidopovoub astiaboture

comprises;a hay Qaﬁﬁ&mm%n%@@é%fm 1@5&%9:99@H&@QM%@H%é%é%éﬂté@%e\{i%ﬁﬁ%dme rigid
ardness ﬁgrameter within a range from about 200 Vickers to about 240

porous structure may comprise a
Vickers, [OOSQf‘Tﬁ%éiHS}”é?ﬁS‘SHiﬁ\@Lﬁg‘,eﬂw‘@ i SN SRLERLTE S8R 8 surface area within range

from about 2 m éﬁﬁ)t 0.2tmm(A2 . 25[0 901tin many embodime ts,.thcta' %?(Ld orQus StI‘LthtUI‘e
comprises a low fésIstaRéBYSFGH S T8 BAHOLL SRIRFe MES REHpTTeL & BSFOLt A8 RN the low
resistance to flegerT heapeyo bsvstactuleameay acompriseuanplurliityl ofiintempnsre etimgchlannels extending

between WO %@1%%9@%%%9549%\9@!@%@%@13 A container is coupled to the retention structure

20 and configured to hold the therapeutic agent. The container comprises a chamber to hold the
therapeutic agent, and a barrier to inhibit flow of the therapeutic agent from the container. The
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.



openings of a first side of the porous structure and openings of a second side of the porous structure to
maintain the low resistance to flow. Inter-connections among the plurality of interconnecting channels can
maintain the low2&AREE o flow when at least some of the channels are bfoCKed'8156811 in many
embodiments, the low resistance to flow corresponds to a resistance no more than a resistance of a
needle sized to inject the therapeutic agent into the reservoir, 100921 In many embodiments, the low
resistance to flow corresponds to a pressure drop across the porous structure of no more than about 30
mm Elg when thei8prapeutis ageblisdhigehedal e pressise: iapraCtosmibie pesaussyueture may
comprise no morg (nag about 20, mm, g yhen the herapeul agent s iniscled such,(hat apiysician can
determine the presence Of DIo age ein erconnecﬁng channels when the erapeutic agent is
injected, [0093RincAibene enshivdimeniegstiies pregserecdusptacross the porous structure corresponds to no
more than a pressure drop of 35 Gauge needle to inject the therapeutic agent. 100941 In many
embodiments, t848lesSUreHrepRiBSE thEnbrBirs SRR cHPEEBBHYS B PRECES MBiéithin a pressure
drop of 35 Gaugmibresde:havinga QR sizedieripiect he thesapauticnagest into the reservoir. [0095] In
many embodiments, the rigid porous structure comprises a resistance to flow of an injected solution or
suspension thrégtia thintygacgeodesatie, suckathat @jpeptiers ofigaidngchstigmoos suspension through the
rigid porous strg&%%g §EQ&EF&?H@U&E&HPA?&A’V'&%%&%‘?t'%%'HPJ)%.” or 20suspension is injected into the

reservoir. The reservoir may comprise a vent. [0096] In many embodiments, the volume of the reservoir

comprises from@qyt Sk 2RRULARAR Yook &ssolution Ars1spension lths atilkashape therapeutic

agent to release the at least one therapeutic agent for the extended period. [ 00 97] In many
embodiments, tRERBIEMTA SR HE TRLE B BAFILEEdSPONT ARSI 168 GY ¢ A DBABHER BT HHYf% solution or
suspensiolof theatpleast tnedherapeuiictagbntito. release the at least one therapeutic agent for the
extended period. 100981 In many embodiments, therapeutic device further comprises a retention
structure affixed52he bontetinepsnsd covfidguredstoreodplethoratclaasiams tisdtleatrubtrecofche patient

WO 2010/088548RGT 1t/ S2040(A2263 fonthe.axtendehperiosk- Jhealleashone Jisswa.stcture may

comprise a sclera of an eye of the patient and wherein the rigid porous structure. is pllsPosed on at least a
portion of the cEMBINEY 1S FEldAsE HEBPIEASE BRE tHE AP ETIRIGY EFHIHES tHE WEsurethie BXtbiided period.
The rigid poroushstnuctiregcanabe dispbseazon.ab lpastiatportion efitfielcotiamentorsieasedhe at least

one Stherggeutic Agentintg,at|5ast NS, 8ISV ikyeQuRUmOr, 118, ASERLANMMEN dhe choroid, the

sclera or the retina of the eye for the extended period. 100991 In many embodiments, the rigid porous

structure is dispegeq omadistaLpemiaef therantrinerlRelsaar heiakleash anathararautic agent into
the vitreous humor for convective transport to the retina of the eye for the extended period. 10101001 In

many embodim&lsCthe NFRPPEIo IR LA HEMR U iIZPSURY Bh B BTBURAIBbrtion of the container to
release the at | ne therapeutic.agent into the vitreous humor to couple to one or more of a ciliary
body of a trabel i mUAHOMR SFHE Sy TOLOLE I HAry SOt GHIe 6 SO SASIL Sructure
comprises a sutfacentrientedddwardrantakgetaisaigh bitte Syeapgiongoritondr intiegagentBf0102] In

many embedimenisy e fgd-RQI MHISIRIECHIHE. COMNPHSRS tSHTace sieptethawaNcrapeutic

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



from a lens of the eye and toward a retina of the eye when positioned in the eye. 101031 In many
embodiments, the ri%id Qrous stiucturc comprises a surface oriented away from a lens of the eye and
toward a retina gﬂﬁelg/ygs%sinhibit a cataract when positioned in the eye. 25&?1654?]0 1y ?%1%?%{/
embodiments, the at least one tissue structure comprises a conjunctiva of the eye and the retention
structure is configured to extend outward from the container between the sclera and the conjunctiva to
retain the container for the extended period. The container may comprise a penetrable barrier and
wherein the pengtfabienbgriinanddhadetention stiuciig:am eackh coafightedto:minimize wrosion of
surrounding tissues.when positioned in an eye. The 75 retention structure can inhibit or prevent the

. cantainer., . - .
device from moving into the eye during refilling. The retention structure may extend outward from the

container and C[‘aﬂb%éiS%%L%?%%%‘ai%feﬁ‘tsslﬂﬁ%&%&%%%&%ﬁ%ﬁg%@& ®.18SelskA.y1a a standard suture.
WO 2010/088548PCT/US2010/022631 101051 In many embodiments, the rigid porous structure

comprises a plyggkty of figichPerayisitelures&aupiad o Eﬂﬁﬂﬁ%%ﬂﬁ@ﬂ%&%ﬁiﬁ%‘%@éﬁg@@%e the at
least one therapeutic agent for the extended period. 101061 In many embodiments, the rigid porous
structure comptsBA TSIl POrduEELR MG FE RS MofBE AYid porous structure may comprise at
least one of a j&é( d h?lix ora t%p%.couplei%)to the reservoir and_co(yfi %Jr.eq tto _r?leaﬂs]e the at least one
therapeutic agen ?o thé extended p)lénrffgéi lﬁ’ﬁallﬁlefn%)ﬁvg?ﬁ%aoa%erﬂ S the Te€seNolF and the porous
structure are cdhfigereiet iprelendehterdpeuticramounts of the at least one therapeutic agent
corresponding to a concentration of at 10least about 0.001 fig per ml of vitreous humor for an extended
period of at lea${¥but tHreBYABRESENFOTOBT IFPRTERSS esstmemedcTinesvegariailydmacresdtous
structure are capfigiiReheuirlease thetpautishanelnissokthe aldeashonrtherapeutis. agent
corresponding to a concentration of at least about 0.01 fig per ml of vitreous humor and no more than
about 3001fig peroed|forlamaidbeextiedidedipeiioshaftatdedst about thngeisaonthscdihe pesaivairtand the
porous structure, (%zla\;leg% &%péigured to release therapeutic amounts of the at least one therapeutic agent
corresponding to a concentration of at least about 0.1 itg per ml of vitreous humor. The reservoir and the

porous structurg gy} beconfiguietl 0 JaIRARANA MArAIAaN.ARAU R RS RELIN Pk the- fXifRded period of

at least about three months. 20101091 lii many embodiments, the at least one therapeutic agent
comprises a préfSiH SrEPEYLORY BSd S8R oY (ratsHt BT0st e ASERIBLTBR IS HEE 241101 In many
embodiments, therdt least ehedharapeitic agenpiednphisescatvi Gladnkibitocoh@Fbtd dnhwiany

embodimeryts, fie. g1 6A%1 QNG PIAPAIG ARRLEAMPIIZES At Sast A IRATRN ol anantlagry and a

molecular weight of at least about 10k Daltons. The at least one 25therapeutic agent may comprise
ranibizumab. THS HrlepgitisretHetape bticiagent HoaleompHsdhsepseiisiean ivpehsdeanehe therapeutic

agent may compiise/AtliteiEapiten: [Qdst Zhdnpomny arobadisnantshihe-rgsanisandAhedpaious structure
are configured to release thi%

: agoe%g‘ic amoun_tsaof %})e at Iefsttone thera eHﬁic agen(} orr s{ponding toa
concentration of 4t WG S0H07088548BET I SI01B10% 2831 1684t Aotito. 1 G5 S8 VitrSous humor.
The reservoir asrhfiserpbiocasteiethire taausdwoprfidiuresh tosretad sé pptroesrentareadbatit® aig per ml for
an extendegl parod Htableast Akakt & HANIR1QKL 3D dNIPaRYERROHIMERi. eipspivaiLaNd the

porous structure are configured to release . ,
into the vitredus humor through the second at least one opening at therapeutic amounts for an

extended time.

[0064] In many embodiments, the second chamber comprises a volume sized to linearize a

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
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5therapeutic amounts of the at least one 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 twelNe MOKthe: ‘The reservoir and the porous structure can be cgﬁﬁlé’&rzén B 8Ltase
therapeutic amounts of the at least one 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 10per ml for an extended period of
at least about twelve months. [0114] In many embodiments, the interconnecting channels of the rigid
porous structurgiiasiaed . limit arsize-abmalectipspassed thoughithencharmelsiafithe rigid porous
structure. [0115] In. many,embodiments, the channels of the rigjd porous structure c rise.a hydroget
configured to I L B TR B s e B R A SRR S tere T
hydrogel can béiednfigiadtndsgase wefadhscorianterapebiidiag st tompresiaee frividaseedmprising a
cross-sectionalsizen@hnimeradhar-ahept&mnd bR hydreos mayicempiisena yrieh eoment of at least
about 70%. The hlydro el may. comprise a water content of no more than about 90% to limit molecular
weight of the at LS Wit AL AP A GG U SBBEJOR DAREHY FHE SIdHBGel may comprise a water
content of no Mgigdnan, about S5 o Jimit, 20molecularweight gf the atieast ane theyapeutic agent to
about 100k Daltons. The ﬁygﬁoge may comprise a water content within a range from about 90% to about
95% such that thetestiaahaigcoi s nsore gedbrtaterb apasohfigonemes Pasy Ranibisuenabland substantially
not pass Bevacizumabal@lteh!n marnpembsinesis: hheaRaskizumal comprisessambizurnab

comprising a 25recombinant humanized IgGl kappa monoclonal antibody Fab fragment designed for
intraocular use [@oe7yhereianthenfianibieu abstd canfigusat focbingttesandihibi she tialpgietactivity of

human vasgulay. engothelial growth factor A (VE F-A’Zﬂa d wherein t%e Ranihizumab has a molecular
wetgnt of Sopr ol g K B (1 50T B SRR TS oSSk IOR L By
embodiments, tfepascEizgrstneonphees! insetonibinehigHaHive mbsrselshalng Cragatsdy
configured to bing @ and inhibits the biologic activity of human vascular endothel ial growth Factor
(VEGF) and wherein bevactizumab comprises human framework regions and the
complementarifpgsiermining, reghotisnehts, mulige aniibodyibeantiguied:ttmbind oMK Teandi wherein the
bevacizutnab hgﬁ%(fl m%lgaclgrlr?r weighédof approximately 149 k Dattons. 101181 In many embodiments, the

1n IS IC cCd. . .
porous structure con%prlses a por%sﬂy, a thickness, a channel parameter and a surface area configured to

release theapelyigymaunia far e fR0deCReriach TR RAIASILMBYEAMATIFE QAR a range

from about 3% to about 1070%. The porosity may comprise a value within a range from about 3% to
about 30%. Th&PBFELity FBYPESHINES shisee \Winhg F4hge from about 5% to about 10%. The porosity
may comprise a value within a range is from about | 0% to about 25%. The porosity mgé/ comprise a value

within a range i9%/0M aBSR™Y GHAS S50 B P e BTN AR SdiREAtS CtRRIIRIHE! parameter
comprises a fit patametedcorsespanoinchdite thiehtortwasity of the channels. 101201 In many
embodiments, the channel parameter comprises a fit parameter corresponding to an effective length of
interconnectingl @hahn ks resae noliprg firsnisatfie dirsidedh gaedovo usrstraetd rehiy theecsond lsidi! 6f the porous

structure. Ihe gffactivedenatk aftbinteraanegcting channels may correspond to at least about 2 times a
thickness of the porous structure. The 70effective length of the interconnecting channels may correspond

to at least aboufdMesanany 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.
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thickness of the porous structure. 101211 In many embodiments, the rate of release of the at least one
therapeutic agent corresgonds to a ratio of the porosity to the channel parameter, and the ratio of the
porosity to the ALY %g?é%eter is less than about 0.5 such that the porouPscng&%?ﬁ?erze%]ases the at
least 750ne 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 porousstrugtune releasesdimaiteast RIrdMatapautipagentiar the exiendedagriado The ratio of
the porosity (o {je chanel pRrameter can belcns, O 20A0I08ACRGT/IS2010/0336 31, (an about
0.05 such that the porous structure releases the at least one tﬂerapgutlc agentn ot the extended period.
[0122] In many teeripetinagsey, Whencharne thafashehemn boripicsssavhivk bf Beveast @b it The value of
the channel patameser moayHcompiRe dldeastaRytice e cllannelRarameiel-pay aramprise a value of
at least about 5. 101231 In many embodim nhspﬁor%g%trucfure comprises a release, rate index

i d Sl

determined®with 5Pt Bf TREPSSr SRy SALIATd B TR PorOlis SIS S Wiided by the
channel parametéretime's: adhickness oftthe floroushstrimtpetitrredhickonebs sexteddinglacrobsnthe cross
sectional area. Jhe, PAOHS SIHABUSI PRYCOMRHS FahlR BAS iR IR RdSX LIAMPLER h@p 10about 5.0 mm.

The porous structure may comprise a release rate index of no more than about 2 mm. The porous
structure may cOrBRsEhaTEE 48 ARSHEEKBIRE HEIEHan about 1.2 mm. The porous structure may

comprise a rele ate index of no more than.aboyt 0.2 mm. The porous strycture may comprise a
release rate ind0l 81 nd B EHAUBSIOE i st bRt U] RN g HBnAas P Base rate
index of n(b(}nqlseothsjrvlammcﬂt Oi%fmthS{@mmum%@nyee?hﬁmmmwt@, itija:cﬂlarﬂmm_immid porous
structure are sizeghig RaSTbE AlJERSLANEIRERREU G AUSRS ML IAG MAISGeS havings polecular
weight of at least about LOU Daltons. . 101251 In many embodiments, the channels of the rigid porous
structure are si2dgnd pHEE R ISR DR HFErapeutic agent comprising molecules having a molecular
weight of at Ieaft ggou 2050k Daltons. 01d26 In many embodiments, the channels of the rigid porous
structure comphaeSlintSt3BAREHRGERERAEIE 8§rﬁf§ﬁlldee&q]gaﬁgggctﬂeevﬁ? [84st'sHe therdseiitic agent
among the intergoniriectingcdranmns!scFhrarnidid poudstrerctire maypcemprise gramiswdigid material and
wherein thg interegRNgeHing channels &xiend JhjgasiRactally REeUn dhe SRR Had radaaterial to

pass the at least one therapeutic agent through the porous material. The grains of rigid material can be
coupled togeth&FFPOLI Gresach HiEhE ‘Hfﬁffﬁgelfﬁtg‘?&'ﬂ)%?f@alﬂﬂ"channeIs can extend at least partially
around the loci iﬁf %elac ment. 10[)1271 In mEn%/ embpodiments, the Ezoromas structure cogﬂ]grises a sintered
material. The shiterad nARERAS R EAHEIES 'GIIHL G HIATEH A WHISH IREGPAS"E6Mprise an average
size WO 2010@§?§1485%T41U%288' 1/0(—:2n%s6 :t%l:ll'eg on%orpnoaesé[sh a Qog‘g)a%%tsgr(%aléérgf -gc gdstlcmf%{ ghgn aterial may
comprise grains o aterial In which the grains cpomp ISe an average size of ho more than about 10 urn.
The sintered meXepAtayctomprBehardingd shmmatenahin thitentzisgrams coppiprisaiainiesietage size of no
more thamabouyih wnnddag sintered material may comprise grains of material in which the grains
comprise an 5average size of no more than about 1 urn. 101281 In many embodiments, the sintered
material compri®e39grainsrahynaiesidhearsespootiigie amediagase of Ho moerethan ahowil0,1. The
sintered materi@ocr:rg_){né)gis s grains o mag%{ial corresgondingtho a Qa&adia Q[P?éja .%1;300 rgg)r(%et }Shan about 0.2,

) }] ontaimer when the su acelsmefedwn ¢ needle, an
The sintered materia may comprise grains o materia corresponaing to a media graae of no more than

10about 0.3. Thecaiptereal faabe sansmeseBrappisd giatits efnraterialics fexpothdinis e dstistee

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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grade of no more than about 0.5. 101291In many embodiments, the channels are sized to pass
therapeutic quantities of the at least one therapeutic agent through the sintered material for the extended
time. 101301 Invrvnoaznoy}oéor%g%%iments, the channels are sized to inhibit penet]r)gt%'rlls%)ql%%%%es ISthrough
the sintered material. The channels are sized to inhibit penetration of bacteria through the sintercd
material. 101311 In many embodiments, the sintered material comprises a wettable material. The sintered
material may comprise a wettable material to inhibit bubbles within the channels of the material. 20[0132]
In many embodimnentss ihe Sinteredinaieiiat camprises aileast oy ata eladsakatmsiie a glass or a
plastic. The sintered {nattﬁllrial may (():Itljemlprljses a sinter. dtggrenpe%ﬁietg material and the composite material

. amounts ot the at cutic agent for c. . . .
may comprises tWo of more oflet?}e Meta , the ceramic, the glass orttll% plastic. The sintered material may

comprise the mgtghand, Ihe, Metal MaY.GRMRr iéo%téhl'&gc%'i ?EJJ%%JEUQHi@%n%&?%ﬁ%?gﬁet@%’ cobalt

chrome, etgiloy, hastealloy, ¢-276 alloy or 25Nickel 200 alloy. The sintered material may comprise the
metal and the &Y By ESH RIS HTeast i aIsrdrahibsatdtar|osp Mesmaltigag yr 1 BI. The sintered
material comprisesaa@micsct hesinietes madenalcampbsesiie glass: dfia sitesetinatetial
comprises the pla}ls?tic,éh%glastic c%‘mlprisipg a wettable coating to inhibit bubble formation in the channels
and wherein WO'2310/0 %aﬁéglé ﬁJ@%iO?%%‘GSl the plastic comprises at least one of PEEK,
polyethylene, PaPIPPYIaRE PRI, ROMSHIARE RANAGIAIE RALMEIARRYals, g polyamide. [0133]
In many embodiments, the at least one therapeutic agent stored in the reservoir of the container
comprises at le¥8f one of a solid comprising 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 BPfAst 'SR NS plmE Ly At ARdSPRY HHUFEER COPPA IS FLS8I¥bly bound to the at
least one erag@gi aglent. 101%4(31,. in mar e[nbt?ci)irngn.t.sé the device is :?ized tofga_s;? tthrough a lumen
of a canntila. 1 In another aspect emboliments provide therapeltic’ device o refease at least one
10therapeutic agemtdnts! aspatiestdhavinttiz retina Flhentfrrap éuticdevicehconsdlisescaremdtainer to
contain a therapeutic amount of the at least one therapeutic agent. 'The container comprises a reservoir
with a volume Si§ho Eomeaincantiodiapristib oihantitl of thic sl Joastsne erapatpidsayent for release over
the extended timercbAg-cRAQIRRIERMPIIRAS R RIOUS IRHUGHF S 6@ BRIiSING A iaknesgiansdatsurface area

coupled to the r%servpir and config{gjred.t?l release IStherapeutic amounts. of th% at Ieﬁst one therapeutic
C, anae S (ian 1'em]af1_|n stostantia IXF when the therapeutic agtf,nttlﬁ 1njecte 1ntf) he TESCIvalr
agent for the extended time. € porous structure IS aisposead on a distal portion o the container. A

retention stiuctwiéhist dosipleticorthasontainer to couple to a sclera of 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 flowl¥t&fle Vitreais HRPER2E GE361 AFRENERTTE ARTHEFESS tHa thRget fokatidfrbEthe retina
corresponds to mepvasaularizationefiadesion coupled to the target region of the retina. 101371 In many
embodiments, the therapeutic agent comprises a macromolecule and wherein

[0087] In many embodiments, the rigid porous structure comprises a thickness within a range

from about 0.5 mm to about 6 mm.

20 [0088] In many embodiments, the rigid porous structure comprises a hardness parameter
within a range from about 160 Vickers to about 500 Vickers. The rigid 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
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the porous structure comprises interconnecting channels sized to pass the macromolecule. [0138] In
many embodimentsi the therapeutic agent comprises a steroid and wherein the 25porous structure
comprises a suracd ShEheed away from a lens of the eye to inhibit formatioh of & CatATACe 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 WO
2010/088548PCT/US2010/022631 contain a therapeutic amount of the at least one therapeutic agent.
The container coRipiises a figseiodr witRaowekimesized tp&antaiT ashenapeltia taqnatitysof the at least
one therapeutic,agent for releasa oy, e gxlended (me, Tho coniainer, Gomprises, i pofous siructure
Comprising a thickness and a sur?ace area couptle 0'the reservolr and ¢o igure fo'release
Stherapeutic aristinesnsttine dralemst Gnenheirapiytievarehtdoe tedlexteherer tieré sThegddrous structure is
disposed on a praxinakRrotier.gf 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 eye to deliver the therapeutic
agent to ong orjmor¢ ofihe cHianydiadynes; adrabeetitamaasmvertoatipameye tordseainglaucaora. 10[0140]
In many embo ir[nents the theF%p%géig Sa}gee({}%comp{'%e Brosta Iapdin r a prostaglandin analog.

a
an a redistance cC fsler cufic agent 1into the reservaqir.™ . .
101411 In another aspect empo iments provi é a metthoé 0 %re Ing an eye O? a(havmg a vitreous humor

and a retina. A faeft lqgation of IGiksina &5 Idenfligd for %?ﬁ)@%ﬁeéo‘ﬁ%‘ﬁ@@BFeis%l?Qﬁi-'&iB”ed1 and the

container has a therapeutic amount of a therapeutic agent. The 15container comprises a porous structure
to release therdSEWtIEGRBRITEIIFHE e date funrBrapbeliendde i farttrdhesersyte425mé The porous
structure is positieaed Ththe iiieatispuirogy tat polotativn arvayaly ebmiliedatingite Halives e therapeutic
agent to thg target |peation ith convective faw of ine.viiapus ymer,, 103424, Inmany.embodiments,
the target location cégmprlses choroidal néovascilarization of a 70choroid of the eye co pfea to the target
location of the itineckisd ofliesenteivranhepeinecayehtrcomprves dmetromaledede to treat the choroidal
neovaseularization.i0143] In many embodiments, the therapeutic agent comprises a macromolecule and
wherein the com4iiér i&dBRIpISE RS He  Srarirg S A aR A H SIS AR DBFHIT S HUEL R 4IdRG % flow path

of the vitreous msmanaxignaig:towand 1hetapgettacaiianc25iAdipkuanather aspect embodiments
provide a therapeutic device to release at least one therapeutic agent into an eye of a patient. The
therapeutic deVigg9¢pmiprisey arcontaines thcontaincaltherapsutic pomauntrotithe atlepshdire therapeutic

agent. The £oniainer SOTAUSER BRSO NID AL SZecin SO A beIRRRYLR Aentiy of the at

least one therapeutic agent for release over the extended time. The container comprises a rigid porous
structure WO 285£0}0885BSETAYS2010/022631 comprising a thickness, a surface area and
interconnecting channels coupled to the reservojr and configured to release therapeutic amounts of the at

least one therapeunt aJeRETSF Y SREHILECTIRE RHS HGId bEFO R RATRI e BB &8N &' diltal portion
of the containeltpaelcasgitheatigassionehtherhpéhitiy ggenhintbctheleyer Adoemnetiabld durier is coupled

lo the reservoiraand dispeasd,an Adiarmal Rorion,e! he,caniainer i iscelRANeqlianof the at least

one therapeutic agent. A retention structure is affixed to the container and configured to couple to a tissue
of the eye dldieSRiEHPIIP tRecEtéHaY Feffagir- 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



[0145] In another aspect embodiments provide a method of treating an eye. A container comprising a
reservoir and a&enetrable barrier is placed at least partially through a sclerg of the 1Oe2\£ej wherein the
reservoir (:omprlsgs2 UHE At 1east one needle is passed through the peneﬁgylgs%(groﬁﬂer %d the
conjunctiva disposed over the penetrable barrier. A therapeutic amount of' at least one therapeutic agent
is injected into the container. The fluid in the reservoir is substantially removed from the container when
the therapeutic amount is injected. 101461 In many embodiments, the fluid comprises a buffer. 1S[0147]
In many embodisnentsxthadiueicamprisescattleast goe sheiapauiic agpnk:O 148k lor many enkodiments,
the at least one fecdle pepelrales he penalraple parrier &t alecis ofpenclation: fhe. mefhad further
comprising rem%vmg the ‘atieast oné needle fromtfhe pen%?ra [ barrier [I%)OM%IT n many emebodiments,
the container compdgeshs pididsporetkesiptatie g tiaraih Ore fifighe eyttades eesedthEharigidst one
therapeutic agept-fiemithecontainendsanadansded pergdshrtdeashabeutiieennanths 4Ard the rigid
porous sintered material comprises a needle stop disposed opposite the penetrable barrier. [01501 In
many embadimBHEEHE STRHRGHEHERR LIS HUEHE LR VA RS KBS ST Witk i injection o
a solution in resplonsa theagpatiefitheactiontte theatdépsiane 25therapeutic 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®48l thé&rapaytienagdneo19e 1igr mrapys embbeimehtsowiboatl drst opsignafdpeutic agent
injected into the gRARINGHACKAPISES BlsieastiRNeehR sUsRensiaR ofselidmalticles.ehthaiat least one
therapeutic agent, a WO 010./08%&]348PC /USZOlO/ér) 2631 solution of the at least one therapeutic
agent, at least SARPRErSIAUIL AY T 8 8o IHEA A BXIHIERSESE at least one therapeutic agent reversibly
bound on parti 0152] In another aspect, embodiments provide. a deyice to inject at least pne
therapeutiago tlo ot B e R e R B s o
chamber to holthaatisrtsetaie lgprantityideat RgshonpretHe BEpRiLtie Atferitreatddasosircawddle is coupled to
the chamber ang ComRyisHIaG: aifist bemen sizaddadnisghinsiat teastyne therapeutic agent into the
container and a second lumen sized to receive liquid from the container when a quantity of at least one
therapeutic aggot ig jinjecteschy ebldadiestnanysgnpoadinentstheaplrash aneneadiecoimpiiges a first
needle coupledat{;gl the 10chamber and a second neeglLeecoupled to a receptacle to receive the liquid

. t dint . C
ejected from the container when the at [east one tﬁ%rap@ﬁtlc agent is injected. 101541 In many

embodiments, fagaf leashonenasdle sammisesadisineadie coppled.to the:shamberand.a second

needle coupled to a receptacle under vacuum to receive the liquid ejected from the container when the at
least one theraPaltit SeHths mfettd B 0155 M har SRR THEFHEE lumen extends to a first
opening and the second lumen extends to a second opening, the first opening spaced apart from the
second opening’&th (HAFHHE AEGRISITHE Hsritaih 8P S aLtRt ST RERTS A St Witeh THEGEMity of the at
least one therafeuticlageritis injeatddoJ@iboidimandthesyape thhémbaedimentshpnpsiacadhergdpeutic device
to release at Ieg%one 20therapeutic agent into a vitreous humor of an eye of a patient. The therapeutic
device

20 [0104] In many embodiments, the at least one tissue structure comprises a conjunctiva of the
eye and the retention structure is configured to extend outward from the container between the
sclera and the conjunctiva to retain the container for the extended period. The container may
comprise a penctrable barrier and wherein the penetrable barrier and the retention structure are
each configured to minimize erosion of surrounding tissues when positioned in an eye. The

25  retention structure can inhibit or prevent the device from moving into the eye during refilling.
The retention structure may extend outward from the container and comprise at least one of a

suture hole for attachment to the sclera via a standard suture.



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
WO 2010/08834% : i RCHUS2010/02263)

agent for release over an extended time of at least one year. The reservoir C ises a’volume of at least

about 10 uL, The container comprises a barrier coupled to the 25reservoir 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 amguntg ofikhedt deastipradhaerapeudtivrgeri-iothesmgendad limap:pb atijeapbone year, the

porous structure is coupled fo % container to release the at least.one therapeutic agent into the eye. A
Fotontion WO 201 D10 BB IR S ATOIo IR IR & S 10 0 oo s i 5 hguren o
couple to a sclera b thiccedas oftke patient for the extended period. [0157] In many embodiments, the at
least one therapeutic agent comprises ranibizumab. 101581 In many embodiments, the at least one
therapeutic agefil ¥ImprisEapevaedEoEsdE 1igiheRipus HBE IR SPHY e ameldstd HAK fedheutic agent
comprises stergidgnirenstereidals, @ntijofrRmaianes.antbianiies glatcame FeRINESSXQl a
neuroprotectives, [0160] In many embodiments, the quantity comprises at least about 2 and wherein
the extended 115 CoL S R O e R e
therapeutic agerta@drdpised. at least about 100 Daltons. 10[0161] In many embodiments, the quantity
comprises at least about 20 uL and wherein the extended time comprises at least about two years and a
molecular weigHt87 the Ay stohpditRetidpBaties YR e b Mp PRBY S TeAScFO RN KB t6l585¢ 101621 In
many embodimaatsehr auamityocarnprises aldaasipbout @ iubranpondigseintha@xtendad time
comprises at least aan t I% e years néi molecular weight of the at least one 15therapeutic agent
comprises Bt Ioaar Aot D e B e R S T a2 et abour
30 tiL and whergititfise 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 pi¥le drrsmparIteteths ey W BERGrs SotHErapEreegErt ns'@itreous
humor of an eya@hpepatigntulieftherapeistiondemes asimnpsisesoarepoiaingrda cortaimadhefapeutic
amount of the gt least on ineraneutic agent, The container samprises, 3 tesenvolr witha,yolume sized to
contain a therapeutic quahtltf/l% at least one tsnerapeutlc agent for release ovét'an extended time. The

container édmptisesied partd oEauptethbouhiéree seentir- i disprosednd|tkgaplsasuetpe oo the
reservoir containgi i Re e RiRIRhRIANSHIG AGSIN Within thateserveiipAROLOUSs SHMGHIFRIGERPTiSINg a

first side having com risin? agirslt gluzglitk/ 0[ ogenir%%s IS .cougl dto th hreservoir an(grg second side
comprises a setSHY PILFANR *of o Sehige'S cBapre Vet imol: TRETRTETEORTESIY channels
extend betweenteatheofthe: firstiglurdlityrot openings: (Mithebfirst! Side @n deacthof tm&elgendd WO
2010/088548P G {MSRLAUN2263 L aluality 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 tq@@gplertonasSclersoaflthe.eve: af the:patientiprie.extendssirariofetcin 501651 In many

embodinients, the rg:eaﬁre of Eg%é%z’rg@gﬁytifc agent hroitirﬁpn%?t (forous 5structure is maintained when

partially blocke8Ri eﬁré ficfEss n %%tnyaétrﬁ 34 & release of the therapeutic agent

through the porgiyggiryciure is maiatained when.parialivDiscked with particles, 1044740 many
embodiments, the release of'the therapeutic agent t rougeh the porous structure is maintained when

partially blockegyyqih PAIHIEIG &RSBB{&%HQ,%%HEM&%&%%EE%Q% IBRIAREVHG A%eNE- QY AgQregated

therapeutic agent. The particles may comprise the
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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degraded therapeutic agent, and the degraded therapeutic agent may comprise a conformational change
of a molecular structure of the therapeutic agent such that efficacy of the degraded therag)eutic agentis
less than the thewgﬁghq/@tgé%nt. The particles may comprise the degraded t Fé'f)sezﬂ%%oézgéﬁt and the
degraded therapeutic agent may comprise at least one altered | 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 therapeutic agent and wherein the aggregated
therapeutic agasisceroprisesaplunality afanslpeules vhdhadhaiapealic pgent s[RLER] tanpany
embodiments, the release of the therapeutic agent through the porous 20structure is maintained when a
portion of he ST e bl R AL et AL g AT SR s aspecr,
embodiments prowitie 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 onel{hbthputieBpeRe B b SistEar ey CorpRamgrarederivic HRRCalBIshe &¥8efto contain
a therapeutic quanijiyof ahleast anectharapeutichagpaitforFalcase-guaiing exdensedtine dihe container
comprises a bagrier coupledto the feservolr and disposed along at least 3 portion,Gf Ihe reservoir
container to contain erapeLﬁi% agent within the reservoir. A porous Structure’ comprises a first side
having comprisivityad¢itscapd Coupiedtouie Tesarvoibsandarsscontagiibheding dreedondabea to WO
2010/088548P Gohti kA 10/0R2Q3%LAN4RIR tnthavirerus: Rumere Adlap ate Rhthetheiapaitic agent

through the porous structure %ec eases less than a per.cent amount when the firﬁt area or the second
area are decredSS BT BEFELHE NG A% BroRUGH SHTRIIRTE HHLAE B THAEREIRLY £ couple to a
sclera of the eyeofitHer patiernfiord tive @kt adeds pxodysh@17@1LM many embodiments, the flow rate of
the therapeutic agent through the porous structure decreases less than the per cent amount when the first
area and the sd8bhtl ataananrs dakrdmudsijhdoemneeringreivimel JolLherEi nrapys smbbeiments, a flow
rate of the therapeyiticiagientthrotabItbaRYFRUS! throvliH Blu IS HRCIERSES IRSS fhansflve @t cent amount
when the first area or the second area are 10decreased by the five percent. [0172] In another aspect,
embodiments plonisie artherapenticiteyicetho friaade dtileasti©Operdhesapauticcagpnidatoyarvigeous humor
of an eye of a patient, TG feranedtic devies.comerisgs, 3.69niainer.e sontan.a erpeutic amount of
the at least one ?hegapeutlc agent. The Container comprisegs a reservoir with a vollme sized to contain a
therapeutiEquatigiies: af hedstrstsheather apigiecd depsfoihreldazs vdhanpextienged ¢meriTing container
comprises a bagfigfcaruRISsbiaitheresarvainiand Sispess thalonapideastonRorirnetithe - rasgrvoir
container to contain therapeutic agentfwi{hin the re %{r)rv%[}e% goro S structure comprises a fir%} side

Voir a

having a first pltFaRty o SPERIFYS oS ha't "RES BN G HAVING 2R EBhY plurality of
openings to couplate: thenviten 88% timiorit Intercdanecighgod e ddsseste tiak frpentthegfins to A0opturality of
openings on thgfirsf.sidR ta{beRecanchRIvAIR: QS PRERINGSAN hesReRNESid6 IR senRegheach of the

plurality of openings on the first side with each of the .pluralit%/ of openinggs)ﬁon the second side. A retention
structure S affikedD e BstahEF AN SoMighrER T e aPIE b B Ui Drtitasey R oftHEBitient for the
extended periochaf0dori3}rise many embadimetits; thedifsinphalityocornphieed stoleasttalnobt | 0 openings on

the first side a”&Eﬁﬁe%eo(‘f‘%ﬁ‘éjp@%{@'@B‘éﬁéf?ﬁ‘ﬁ%@%%ﬁf?g%\%@% RROW, 10, 0RGAINGS %}B‘Rtﬁﬁ%%gpﬁk‘!e 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 §e& At e interconnecting channels. WO 2010/088548PCT/US2010/022631

[0116] In many embodiments, the Ranibizumab comprises ranibizumab comprising a

25  recombinant humanized IgG1 kappa monoclonal antibody 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 wherein the

Ranibizumab has a molecular weight of approximately 48 k Daltons.
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each of the at least about 20 openings of the first side is connected to each of the at least about 20
openings on the second side with the interconnecting channels. [0175] In many embodiments, the first
plurality compriggg W& Bbout 40 openings on the first side and the second f}flsﬁgm/ﬁ}zég%prises at least
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 openings on the second side with the interconnecting
channels. 101761 In another aspect, embodiments provide a therapeutic device to release at least one
therapeutic aggot info anvieausbetmanef ar syeehapatienbrkhcathesapaitic ideviepcomprises a
container to cop{{ariln HA [a(e?éjt@ﬁ)a our olfl_tg? %tnlﬁ%St one tt11 (?rateegltiq a enEiVTthe qlcl:rtljantainer
comprises a resenvoir with-a volume sized-to Contain aot%erapeuﬁc qeua%ﬁﬁ/ of at léast oner{herapeutic

agent for releasesevir anlehetindedvitictpheVdsrtaimd mdsmiprisesciziarhiepspupletumathe reservoir and
disposed aAlongﬁ%@%ﬂ@&g@@ﬂ@ﬁh@&ﬁ@%J@ﬁfgm&ifgg@ﬁ&@eﬁﬁi@gqegﬁiﬂstfsﬂ@f@w%_@%ay witlhig theh
reservoir. A porous structure comprises a first side having. a first plurality of openings coupled to the
reservoir and a‘SBEENE i IE%Fﬂerséﬁgaﬁds‘?é%%ﬁla T@%ﬁffgﬁwrﬁ 0 éﬁiﬂ“ﬁiefb‘l@g ‘6@%8§he vitreous humor.
The porous matepi@ixoomybyi$és lpBeriicles sintered to form interconnecting channels extending between
each of the first plurality of openings of the first side and each of the second plurality of openings of the
second side. RéI&ESe dnthantherapdutiaagenPaBugthecsorous StrRIANBIEOT RSt substantially to a

distribution of sizgsnef jheaineird Matetal_RdA MRS LY ofthe Hinigtatc-maleHal@pave a 20percolation
threshold. A retentilgdgfstruct r% is affixed to the container to couple to a sclera of the eye of the patient for
: |

e
the extended p&HEY TET794: 1N THAAY S BBUAHBRYSS the Mt ibUt SR e8FALPoRaL 1o ‘é‘t(yl%lé%l{tabout ten
sintered p&bticlé8’dispospd deiweenthefisst phiralitytioh e penin ffomntlothié ®ecehduphifalityief openings to
maintain fe'easﬁo%FWé&BfH&@a%ﬁl@Wﬂ%ﬂaQ%@FrB?IQB%oQ& §e (rsi RPeRNgsRI g ApSRsond

openings is partially blocked. 101781 In another aspect, embodimentsgrovide a therapeutic device to

release at least 8RB et APRGHE ATHPIO SIRRBIL HIM S HoahZeye dis ARt PR ERBFSPeutic device
comprises a comtainemithcontaipeasthenapeuitic @anoubbaf2bme.at least one therapeutic agent. The
container comprises a reservoir with a volume sized to contain a therapeutic quantity of at least 30one
therapeutic agdfil 18 rdleaseyoveradnmexternbechtime . pRhewolhnmepcorsesiigrasitoa crospondliy
2010/088348P ¢, I{ld 22010022631 156qlRnal dimension of the container and a height of the container. The
container comprises a barrier coupled to the reservoir and disposed along at least a portion of the

reservoir to conairuiherapaklic AGRMHWILIMIREFRSEHRIR A RYAMSSIUAIHRGRIRPHSRS Rillsside
coupled to the reservair and a secqond side to couple to the vitreous humor. T(peg rous structure
comprises a 5thicRheSS Sterding 18%%?@3%5‘%?2?2?3@ %’ﬁﬁnﬁ[ﬁléggéoé%ﬁ TSP ERA &B8sectional
dimension correspondifpteandsea of trepfirsissidecand dihartecofthengbednia: sidacdnecongss-sectional

dimension of the, EKAUS SIS CPMRIRES %d%%i%@QHE%MQSP&%2B¥B%‘éﬁ%ﬁﬁ%@“ﬂt'}fé”a! dimension
of the container to release the therapeutic agent for the extended time. A retention structure is affixed to

the contaif®r & EBUpIR t8 % R Bral BFtHRY R s SO HATIBAY ROFHBOIOEX B HHET btk [BRSS) In many-
embodiments, thelcressstctonakdimension of the porous structure comprises at least about twenty
percent of the cross-sectional dimension of the container to release the therapeutic agent for the

extended time. [00260 1l imrmanyrémboditadghtsathef cebssesé thiordt dimengionpofithegeotous structure

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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15comprises 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 releast At 1e4Bhe therapeutic agent into a vitreous humor of an Pe(ilTe(Uo %l%%lzgﬁlt. The
therapeutic device comprises an expandable container to contain a therapeutic amount of the at least one
20therapeutic agent. The expandable container comprises a first nan-ow profile configuration for insertion
into the eye and a second expanded profile configuration having a reservoir sized to contain a therapeutic
amount of the ahdeasb@reotheiapeiticagents Jihe expandallecantainercompisas apnmumstructure
coupled to the %e%lgle%ir (ticlglorilease the at least one therapeutic agent. An expandable retention structure
comprises a first narrow profile configuration for 25insertion at least partially into a sclera of the eye and a

second expandg Bofilg &Qﬁig}ﬁ%%ﬁ%eh‘?sc%Q&%ﬁ%*}%rﬁﬁ!%@ c%ﬁﬁﬁﬁ%gg}’gvémeeo%?%@ﬁQQL%trEte”“0”

structure is affixed to the expandable container to couple the expan e container to the vitreous humor
for the extendediniel fOF 8% {HARAHRAEARBGHIAS AESIRFHE 8k [SAHAARIE TetdlitOANSHLRYUFE KE MpYises a
resilient 30mateuabeemprisiogRne:af mote0f metal, thermoplastic, shape memory material or Nitinol.
WO 2010/088548PCT/US2010/022431 [0183] In many embodiments, the expandable retention structure
comprises a firg0 2aensionaiy cotplintonss|purenssidecofithe sptexa andeassecondexieasioneto couple to an
upper side of the, gclerg,, 1018451 MANY SHRQAIMENES..{0e JISL SIS ISR ERTRURRS & fiRnge extending

distally in the 5first configuration to pass through the sclera and wherein the flange extends laterally' in the
second configufAtiss tBREWAHE HE1Eha GETKRSSSOBS PRROHTTY b Jefitheskis st lertinh acERtdhSion
comprises a flanges exiendingdaroxigaihpinshedirshesnfigwationtepassdhiaughr adubeninhan insertion
tool and wherein, fe-flange xtends aterallyinfe.second,configuration o Gouple o ne salgra. 10101861
In another aspect, embo iments’ prowae a therapeutic device 1o felease at least one t erapeutic agent
into a vitreous MumorhsirarPayEa¢Erpatie R Mhsthapigseuriécdedds efosnmprisdympbexphhdible container

comprising a firshHasrow frefilecanfigmration fendnsadiomiriothe aye-and aacondnexpanded
configuration comprising a reservoir to.contalin a therapeutic amount of the aél?ast one therapeutic agent.

The expandablBCORETNEH EoMib FEPHE 8Ag i HIPEUL St L& B EIEL TS the Gl f8ast 68 Herapeutic
agent and an expandalbieybampnistoaintitbit rele askofthe mbledsneheutiedapeuntic agent. An expandable
support is affixed to the porous structure and the expandable barrier to couple the porous structure to the

reservoir Wwhen @ Hontaimemhesbeibnesysa Hitedanakqitat ogidneexp antabreare terdon Rirtittere

comprises a firgt nasrow pratijRerniiguratiap:fan inastianatdeastpastiallainie assleraelthreye and a
20second expapcéel%%rofile configuration to couple to the sclera of the eye. The expandable retention

structure is affixg ﬂ%s‘expandable container to couple the expandable container to the vitreous humor
for the extendeﬂﬁifgje. }91871 Irrrllbmgn em adiments mgeegg?%;dable suppart com rses aﬁijlesilient
S P .

. many ¢ , 1€ channels'™ Orous structure arg §1Z 0 pass
material comprising one or more o metaf, thermop as%c, sh memory material or Thtnol. 75101881 In

many embodimiéhtastipie egrasHabiest ppoprcthitprisyles hroiieamamsulr poetioel ahldast dbstdl annular
portion, whereigg piitaiily of members extend between the proximal annular portion and the distal
annular portion.

[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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WO 2010/088548PCT/US2010/022631 10189] In many embodiments, the plurality of expandable
members separate between the proximal annular portion and the distal annularUrp]ortion when the
container comp??é%%ot]ﬁ/e(z)sgiﬁganded configuration. 101901 In many einbodié 2S.O,I%Oezzt 3é-rapeutic
device further comprises a penetrable barrier 5supported with the proximal annular portion. 1019111In
many embodiments, the rigid porous structure is supported with the distal annular portion. 101921 In
another aspect, embodiments provide a therapeutic device to release at least one therapeutic agent into a
vitreous humor @frameyerRihaRatientunt hethargedtic daviea:l 06apIREgRsna containgritosmmain a
therapeutic amqunt.of the, 2t least one herapsillc agent, The confainer comprisgs, 2 (eseruir with a
volume sized to contain a erapeutic quantity of at least one tlll"lerapeUtlc agen{ or releasé over an
extended time. WmetEAHGHNSAG SrEIRE1 S iaffiked thethiaieoeraipetcten coike fiva daleraost this eheubf the
patient for the extandad tmer-d he ketantAN-SHYENIE LRMPHRRS I ANEXIBASIANLQiROLRIH IRaR Uupper side
of the sclera. The retention 15structure comprises a portion to receive the sclera under the extension. The
portion comprisBSALFWIGRT SRESHARGAUS ¥t direction and a second width extending in a second
direction. The fi 'ﬁz\ﬁ/'dtkﬂni% %eg}rﬁ‘?roté}%nntt@e sequtg% Q{Vi%ttréf'all%ng%elsn many nrqn%(r)lgd'ments, the portion
comprises an elongate Crossisec |onanrbmeShavmg the first widt eﬁenaing éalong a first axis and the
second width eseeieiaedElg a2 dseatrcb ARIST[OL U] IFPoHERY -e R SdlitiethBatiial sepisFomprises an
elliptical cross-segHopahRiQfilehavipehtine; fisst widihxieveingaiensna skads afthagliptical profile and
the second width ex.tendinv\g? along a second axis of the elliptical profil ﬁé%% %lgjn many embodiments,

portion comprisB& A AN EW PYHISHERAUITS TREHPEE GTGHROSIYBE TP J&F JWsAE {5 Kal dimension of
the contaih@r anebhievihgltives secohaaddih sized spat erdnanfanctoss-sactipnadidintensioticof the

container to se%}ﬂg ncisian.ofihe.sslg@swith the cross-sectional profile. WO
2010/088548PCT/US2010/022631 101961 In many embodiments, the narrow portion comprises a recess

extending substaitiallyianasic-Hhe, marcen pertinnRAWERERIR thesracrSstRMRHsassa thickpess sized to
receive the sclera. 10]]}971 In many e b‘(%?‘i ents, the exte s'onhcom riﬁies a first extension width
extending in Sthe TR g@ﬁ%%'(éﬁ%?}/ét £ d{%xiglﬁ%legnmv‘?/ti%ﬁﬁ QKRG tHE Second direction, the first
extension width greater than the second extension width..[01981 In many embodiments, the extension
comprises an LHLal BT R by S bt e R S e efiptica
profile and the duengittesdayaishngietialexierdirgdiongsizabionbizkissiaive e profitezt 0[0199] In
many embodimgptsaitheicentainer comprises 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 compii$gs| a ciessrseciotialduefile bawng adicsihdisiapie acrassachasaconadistance across

greater than the.fi{st égistg?nc? across and Whereti)rll thetfirsf tdis.tﬁmq(%i bqlignqﬁl. SHlbstﬁ\ntia,ISy ¥vti}tlh the first
width and the s%ggﬁ? |?neéf?sf8?1yacg%%résfsalggﬁ%neeglasarkl)asté)nlﬂa'l 3} With the second width to decrease
visual interfereriééci@201.1 In many embodiments the cross-sectional profile of the container comprises

an elliptical profile. . . . .
200 [0132] In many embodiments, 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 may comprises two or more of the metal, the ceramic, the
glass or the plastic. The sintered material may comprise the metal and the metal may comprise
at least one of Ni, Ti, nitinol, stainless steel, cobalt chrome, clgiloy, hastealloy, c-276 alloy or

25  Nickel 200 alloy. The sintered material may comprise the metal and the metal may comprise at
least one of stainless steel 304, 304L, 316 or 316L. The sintered material comprises a ceramic.
The sintered material comprises the glass. The sintered material comprises the plastic, the

plastic comprising a wettable coating to inhibit bubble formation in the channels and wherein
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[0202] in another aspect, embodiments provide a method of treating an eye having a vitreous humor and
a sclera. A ther%)eutic device is provided to release at least one therapeutic agent 20 into the vitreous
humor of an eye &%&lﬁé{’ﬁ%%ﬁ The therapeutic device comprises a container and A TeteRtion 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 incisieipeempisipgse 2%lengih SHERRING Rlongdeadpss plenacat.thayeyaiand a width, the
length greater tha}nsghl% vevidgl].él(;p £ eong?ipneeg iascpqstié[iorl]edlirgltrﬂéae eye to release the therapeutic agent. The
narrow portion bt the retention structdre’s' a ign d with the e]ilongate incision such that the first longer
distance across piands suhstantialy.alone e elonaringlsign and e sepand sarer digtance across
extends substantially across the width of the incision, WO 2010/088548PCT/US2010/022631 10203] In
many embodinfRfainHE Pareseiah sk eidithsrsrantianyha e thens e setiEeted thoroid of the eye
and a pars plicatauaibihemyesaadhvhecain dhedengtuaf he incisipons @reatgrithania distancaacross the

pars plana between the choroid of the eye and the pars plicata of the eye and wherein the length of the
eision is oer B S B A L B B L B ments, e
eye comprises eagistjarcivEbAneWitrelir Bdcpetentidisrepaitiurecebmprises an extension having a
distance across greater than the longer distance of the narrow portion and wherein the extension is
positioned betwBbH the selam: AP #EcEbnjinEaVAS Todeshitman dtieiehspertraibeiditients provide a
method of treating_an eye of a patient. A 10 therapeutic device is provided comprising a reservoir and a
therapeutic age[ﬂ?%ﬁ%p BERYRErTRCer ARRSIREHE PTe bR S dRY sy 8 I ssfetide th® therapeutic
agent. Théharnbwaportiongohtheoretentiorhstingtureiin.alignaédmithtih écelongateringi siomsuch that the first
longer distance geross gxtends suhsiantiky Along he slongate incisiomand e seeqnsishorter distance

across extends substantially across the width of the incision. 1IS102061 In another aspect, embodiments
provide a meth&d 6T teitihg ¥ e Brd P AaRALT A hsmRpEaaeaEnicd e pfdnden chsTpRidiNy a container
and a therapeuti¢:agenttispased mdthinthel cantanercdhenthempestic Ageaiscompiises a half-life within
the container of gt \¢ast,a0020. daye when melanicd: T container ispostioned In e, gve o release
the therapeutic agé)nt, erein the eye is treate with'the ﬁ1erapeutic agent forat least about 90 days.
20102071!fh aribtrieedspoeeuaimpictireaest provivepcnistrsdtdptibatrgndpddiacoffaqutievit. A therapeutic
device is providgdGaaRrisipekal @seivai phd & Urerapemtinagentdispasad Within thapiesesvrir. The
therapeutic agent comprises g half-life witEti the regervoir of no more than abouiBO .ola)gsgt hen
ye'l

implanted. The €8HtAA&E S BOSIHSHEETHY g“’e% P BELE (ReRARHS ST agEhiO TRV S treated with
the therapeutic @gentior atthedstrabout 180 daysrd 008k im af dthetias pett cembudinilentsfprovide a
method of treatjpg.an.syenafa.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 jigpintadmine-haldifgewithin thesesermeir iswekstantialygreater than a corresponding
half-life of the ther%?eugi: a?tgent g/hlen injectqd ddirehctlly into the vit{ehous..The container is WO
2010/088548PETN35201671022631 B%%?ﬁi?ﬁ@& RIS e%? CtoRT8aSd ﬁfgt{ﬁ%rapeutic agent, and the eye is
treated with th peutic agent f ratLe t about 180 days. 102091 In many,embodiments, the
therapeutic agout i a Sl oA S AL ey SHBe R Eee S e od of
manufacturing gesrapetite BresfitwtocraldasenactisapantsaiedtoRyadismmeagved Coupled to a
porous structure. A container is provided to contain the therapeutic agent. The porous structure is coupled
to the containefO18H 111 [FPRYRPetTBE i BhRSTHRE S S4ENHTOHENIES A8 ate AR S F@1Exse rate of the
therapeutizsagentthsaugtuthe paposs stiudhdearb{@Ra2ily ilomanyhe oThiedisrantahtbie fgasaisomeasured to

etermine a resigjance,io fIoN.of {18 ROPHSFITUure:

[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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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 pressure drop
across the poroh”sofgls%%gfﬁ?e 102151 In many embodiments, the gas is méasurad With ¥ olume of gas
passed through the porous structure per unit time. 102161 In many embodiments, the gas is measured
before the porous structure is coupled to the container. 20102171 In many embodiments, the therapeutic
device comprises a support structure and the gas flow is measured when the porous structure is affixed to
the support struchsie: 1M&Bduti: Byt enRadiments. thergrstflaweis. Measurednafish e before the
porous structure is cou&l%g to the co.ntglper and tgl%dewce theratfgelﬂ)tf] comprises S%%Q(%rt and wherein

. ICSCrvoir a volumg Si1zcd 1o con crapecuti quan at | St C Utic
the gas flow is measured a second time w er]at'ﬁe POrous s rictu IS arfixe %o the pport. WO
2010/088548P@XAy 8§20 0/92268 thd 0249ted iimpotihecasipaet, ompodinaissrivieera method of treating

an eye having ay/ifpaaus NnekeA Adantit.of afounyrtion At therapeulis auaptisineatag.into a
therapeutic_device, and the thera%eutic evice is tuned to receive [fjge qﬂﬁwat}( 102Fﬁ01 In another aspect,
Bhtimor. A'for

embodiments prSVIBE A ABEHEE St BeatiNe B e HAVIAG ¥ 8D RormaREieH of a
therapeutic agentuisyravilgdsdha therapeutipagentfiscapablenftreatingntiieigye witeupdid soinjections.

The formulation;has @,6RKRSRAPAING.RENAA PRINESN RARNIALINA. Deles I NsERRS toitigat the eye and

each of the bolus injections comprises a volume of the formulation such that each of the bolus injections
corresponds to Ar&¥ide G tretapEUtRPESifastidaons Fres QG AR IeB A RbIHY o treat the eye. A
therapeutic devieglis dQpiakidsd tetraagitheoaye with an injection of the volume of the formulation into the
device, and the device comprises a container having a chamber to contain a volume of the therapeutic
agent andl& md@héHisrm toarel eade dine: the tapdutipagent fromriheishamberfdathevdtreous humor. The
volume of the cantaingr and.ihg,release mechanism are tuned to treat the eye with concentrations of the
therapeutic agent in the vitreous humor within the range for an extended 15time with each injection of the

quantity, and the e1iendesdime £ompeisesiahdeasranaut igrdhe rerfind a4 0223 inmany embodiments,
the chamber comlprisecﬁ a subs antiall}/ fixed volume angltthe releas ratfeél%pfechanism comprises a
€

substantially rigit} SRS B hANRIH (&IBESS BFHY iePs el S emt A5 vE tREIHirium inhibitory
concentration forth@extemdedtimewithceach20imjectibargicatplanalityt of infectionsc 1@AR2THn many

embodiments, thirGleasEMRchARIRTCAMATRES NS QIHPRIR Rl-aANRYS ffile 2 ReIMERble membrane, a
semi-permeable membrane, a caglllai‘?/ tube or a tortuous channel, nano-structures, nano-channels or
e

sintered nano-paTiRRLc 28po s Ry B0 difmtS iR B a s Rshia i cifigHSes the porous fit
and wherein 25tha@arauscitico mpridesatiporosiiyo cdkossrsbctionglcateagandoatihickresg ddorelease the

with convective flow of the vitreous humor.

[0142] In many 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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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 formulation. WO

2010/088548PC 1138200122631 10225] In many embodiments, the volunh& GV AL ¥bHSiher comprises
no more than the volume of the formulation. 102261 In many embodiments, a first portion of the injection
passes through the release mechanism and treats the patient when the formulation is injected and a
second portion of the 5 formulation is contained in the chamber when the formulation is injected and the
concentration ofdiRgrapgutiaiagre, nsthesdtirausdiumebisstithin theéangeppftheribesapeasitic
concentrations for the extended time omg&i&cir}l%g&r!%a%ttﬁbot% 2M/i(:e &Fe_ eriod. 10%2017%In many

. nd conti ured l'elease{ cra C, once CI etlff agen .
embodiments, fhe volu e o he container comprises fesst an the volume o the |njecte8 formulation and
wherein a first gsitigadoftisethsjgetbrrpassaycthrodigpotkie vekedistl Tomieekharisaonihen theckmnulation is

injected and a sgcanehRQHioNLiJasi fQunmIRiomis goNfaprd b the.shammbeipiaen dhedeiyiation is
injected. 102281 In mang/ embodimer\ts, averéf is opened to exchar%%e materi%éqgr%osed within the

chamber with tRB4/RRIEY F8FAHURYER' BRGSO S S Vhio SRS 18/ paLe FBHIBS through the
release mechamhsnpelbe 62201 Anawangnemisodinreritsicthe Uslumeianctilembéginadismoapé: tured to

release the thefrpeuticironceRtiRtiRwWithindbesengsa ferthe extended time based on a half life of the

therapeutic agent in the vitreous humor of the eye. The eye may comprise a human eye and the half life
can be determipadyasghanihedall ifsselithentipraneuicne@entinthgRuman exe.ohhambalf life of the
therapeutic agent masy comprise at least abmﬁ ope hour, Ior§xa);néple Forlﬁﬁzt?th%éa#e tic %% nt
comprising a sAIRHGRECUTS T8 HATRRS SFIRE tRETSDE R SgR AR LB ANSEEASHE B four days,
for exampl@® forea¢herapeutic @gemnticopnpnisisg dlarga rivekecuterct 2 30dadsed iwtioeh sspect, embodiments
provide a methgd, of treating A0.AxehaN|he AU TSRS TR ARG AREY G deviGreis RiRvided having a

chamber sized to contain a volume of a 25therageuti.c agent and a porous structure coupled to the

chamber. An infEquMie ANl ORISR BEE S dRISHE iMPh L6 TR a ToMmAUId i Hofesctietapeutic

agent, the injectosubemipitiBing movalviecaothplethtaritierat iaastiengduiaemolhe thecapeutic device is
coupled to the injector with the at least one lumen extending at least partially into the therapeutic device.
A first portion ofh#formutatiomisadjected timtdlthbcevamben itien the valve is open to exchange WO
2010/088548PCT/US2010/022631 material disposed within the chamber with the first portion formulation.
A second portidAl47 thel foramylaidpdisninje cleolidenrtnesgapidis s Sty phissigebulation through the
porous structure. 102311 In many einbodinients, a part of the first portion passes through the porous
structure 5whetP#&lvalpdrny ipabeldprihdsatlsat prrherdisnrpsEass. hopss Tahlhamy eibodiments, a

part of the secaséhpoerioinpasse shthieugl thehpproussliiycitirewiancthe valvadscldsethanaethe second

portion is mjeCt;e)(—(:jrietrable barrier.

[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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102331 In another aspect, embodiments provide a therapeutic device for treating an eye having a
vitreous humor. The therageutic device comprises a reservoir and porous structure 10tuned to release for
an exetended tiMie %ﬁleorlg%seﬁg[ic amounts of a therapeutic agent injected into the FaaEGi#* 402341 In many
embodiments, the porous structure comprises a release mechanism, and the reservoir volume and the
release mechanism are tuned to release the therapeutic amounts of the therapeutic agent for the
extended time based on a half life of the therapeutic agent in the 15vitreous humor of the human eye. The
half life of the thekapauifchagerbimay eampeiae: atdaast rbauhenRbpuitidap@xample-fasma therapeutic
agent comprisin%%C mall n]olecule The h%iIf life of the tper&R%Hti% agl nﬁ may comprise at least about four
etfo

es or,at least one therapeufic agent reversi 1CICR,
days, for examB ra {herapeu IC agepnt comprising a a¥ge molecule. 102351 In another aspect,

embodiments pyasie g meshod of irealing AREGYE RANING ANRERUS ZANNTIRE 6 INaREutic device is
provided comprising a reservoir and porous structure tuned to release therapeutic amounts of a
therapeutic age¥eRbih s BtanerPtifachag lraritnsr r bhaidpe thfcuy die i€iffs SEBPINES the reservoir, and
the therapeutic agebtisorieasad Hipnithqiiungd raspraoimandppEMisgHiicturefor sherexiended time.
[0236] In another aspect erqﬁo imen%fs (provide an.apparatus tq freat atqhee)@lgg\(inr% %G\:/rigg%gtlﬂcs 25humor.

cou 0 thé chamber and comprising a {0 1njec S
The apparatus COf%prSGS a therapeutic dne%lce omprising reserv0|rjto contain a t%erapeutlc agent and a

porous structuregeAhinijéetrname firdtacisepnt &remdiacddesirdichbmbbirendhacieisooneeieadle
comprising a firgtduaesy andag secanchhdmrneandsthg.fikst 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 vghszlispasechy\Wed 2040108 848 ReT (S2QUQ/022e 3t theicheiraniplceeeive material
from the regervalr when the.alu s open, andiass eranetiic agent traush dhe parous structure when
the valve is closecﬁ’gz In‘another aspeé)t, embodiments provide a method-of treating an eye having a
vitreous humor SeaIemMEf thefer fPasfatisriberaRatib kzgmab s ttécted into a therapeutic device, the
5volume is within a range from about 40 to 60 uL. The concentration of Ranibizumab of the formulation is
within a range ﬁ‘b‘r?f'hbc?ﬁf@% RgImAntstRertheetRaciRfaelfoiT EBHIpTIR EE Lfrdlg P REHIB 20 nab within a
range from abotHathéetaraiaoiuctho mginfRanddizuinakphbie Maaibimmnak it celeaseddnithgrapgutic
amounts for an f%derplgled fime of at |%%%‘{ %boil;t onths. 10102381 In many embodiments, the

. m the container whc—:ntI ?S ?n%'tm—:rap utic a%:]pf_ls 1réje ted. |,
formulation comprises a commercially available formulation ucentism" and the volume corresponds to

a monthly folugqfisetian of abaut A Clkuseriaion and.acendeatiation offne Ranihizymab in the

vitreous humor remains at least about 4 ug/inL for the extended time. 102391 In another aspect,
embodiments progiye 14 #rietRBY Brivastiie Hi epeni TP Ret B B S ised P RRSHG LS Tt ner
comprising a resenupiidancha ensicabieubasianat leastqaartialyhthyeugihy a Selesal@fisthacye, wherein the

reservoir comp{hses a Iuid.eﬁ thera teéjtic amount of at least one therapeutic agent is injected into the
t

container. The %?ggléﬁtfi(ﬁgamgﬁrﬂte cgr'responds to a bolus injection to treat the eye for about one month

and therapeutiq fugntities efibe. eransdlinRoe e sisassd fiomihe gapfainer fesat least about two
months to treat the eye. . . . _ .
20  therapcutic 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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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 comprising a drug reservoir, a porous structure and a
retention StI‘UCtLWeO, h &R Rtion structure comprising an elongate CI’OSS-SG(?'[FOTAI&? p())rlc%‘ijlzez.6 An incision is
formed through the sclera and extending along the pars plana region. The therapeutic device is advanced
into the sclera with the elongate cross-sectional 25profile aligned with the incision along the pars plana,
and the elongate cross-sectional profile seals the incision when the elongate cross-sectional profile
contacts the sclefiank024:kkai loany cradimanis fihelignment stiuctuteocanpyisesta: ganéarmable
flange dispose%(])_ er thtee:n%le%q %toe cross-sectional profile and wherein the conformable flange contacts
and upper surface of the sclefa W?fen the elongate cross-sectional profile contacts the sclera. WO

2010/088548P(qh 445201 /02201 A 02Ae Tl D MBNY SIORRAINGIS, LES¥S SRNREEES Afonunctiva and

the method further comprises forming a first incision through the conjunctiva at a first location. The

conjunctive is mgd tq,exRRSEPSIRAIRIR ALaSecebrIecaiR TR InGsignstirough hg.sclera is formed
at the second location, and the incision through conjunctiva is slid to the first location to cover the

Simplant atsthe gesond llogationandiseatdhadacisiannt 043k dnanethesasprstiampgdiments provide an

apparatus. The aﬁg)ara(tju? comprﬁes a therapeuytic .deviFe comprising a shape changin drug reservoir, a
no t81'01 a ts a?tl- n ?1]’11 atorics tibiotics ga.].l 01‘[{.?1 reatments o neuroprotectives. o
porous structure and a reténtion structure, and cannul&. The therapeutic device'is positioned within the

cannula. 10244 y) manvAmBadmants. e dhsiapeulinAeviassamplizes an slpagaig nauow shape for
10insertion into the sclera and wherein the device IS configured to expand to a second e]ilongate wide
shape for retentfpifdHES SIRFRT2 A5¢aM FPAK Y Bt b 80 it e SEighi P EBMPriess @thin elongated

shape when insgstgskihtaugh taaseleraand:cemplisepanextended, ballooned shape, when filled with
therapeutic agent. 15102461In another aspect, embodiments provide a therapeutic device to treat a

patient. Thé dewee1¢ompiising: mitedhscios, ibleasing thefgpredtia &asounis 00 althadapeutia agent for an

exf[ended pe,riog)'(tended time C mprBisF&%ﬁe[gsl% %%5'5\1)' elz}!'s%rEdTlTln%ch%y\\z/vléll\l E% § [tﬁgg't? l]eanlt%hclj ShOW_S an eye
suitable for incorporation of the therapeut 20accordance wit bodiments of the present invention;

102481FIG. IAhestRsiiec agpid patitiesdélaes ihplakitédakeast partially within the sclera of the eye as in
FIG. I; 102491 FIG. IA- - | and 1A-1-2 show a therapeutic device implanted under the conjunctiva and

extending throd§h®He SBIBADIGPERMBENS tHS ABSHHCBRRE TS WATeR Himbr et tHE 8o 25as to treat
the retina of thexitndedardanaepwitl arithadivnentsefyihes prasentiaveationg Q2 81 Hiast he2 shows

structures qf a fi Vi nfiqur I in an eye as in FIGS. IA-l and |A-1-1
Q Hi)@f Retic, device configured for Rlacement,in y ’
according to em Ao pp o %re%enttli%ventl%n; WO 2010/088548PCT/US2010/022631 102511 FIG.

IA-2- | shows ayifigegpaytic.ApVissoiardad IO Aminserignsatmila, ipwhigh ihe.deviceigemeprises an

elongate narrow shape for insertion into the sclera, and in which the device is configured to expand to a

second elongate Wide dHApE R RSt 4P R S v fiafify i BHBOLqRg;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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5102521 FIG. 1A-2-2 shows a therapeutic device comprising a reservoir suitable for loading in a cannula;

[0253] FIG. IB s&ovgglagpeagpeutic device configured for placementin an e eTaIsJS!EIOE)Igs. é,%-l and 1A-1-1,
in accordance With &mbodinients of the present invention; 102541 FIG. | LRSREUL Y erapeutic device

configured for placement in an eye as in FIG. IA- 10l and | A- -1, in accordance with embodiments of the
present invention; 102551 FIG. IC-A shows at least one exit port,according to embodiments of Ic present
invention; 102561 FIG. 1C-1 shows a method of removing a binding material, according to embodiments
of the present ipnefttoRT dpaddgddiikl Caeddt 2i@nd insatiingdbadhe rrpeutipagentwithasacond insert
having the TA bound thereon; 102581 FEIG, IC-3 shows syringe being filled with a commercially available
formuntion of (RSB IE eI B RD e e an e e e A SRR Svbodiments:
[0259] FIG. ID shevstaaherapellitic devitthcortiigufedtio cpkisemimmion an eye as in FIG. IA- 201 and | A-|
-1, in which the device comprises a plurality of chambers and channels connecting the chambers so as to
linearize the rel@488! oflfh@%?gﬁegwaea@éﬁﬁ re5os 0 rahrEPSHEW S tHEPABR ticPEViEe configured for

placement i aRteyeiRS dMmkKamet Alcand ity bldorahicinhthatdevice comprises a needle stop located at
the bottom of the therapeutic device; 25[0261] FIG. 1E-1 shows a therapeutic device configured for
placement in a0@ye] asimiaieSniAtihang fifk-telsain whichithepdeicgcomprigesha meedie stop located at

the bottom of the WQ. %%Qé@ﬁﬁ?&@ﬁ’ﬂé%%éﬁ%%%&%& ergpeutic device and the shape of the device

encourages the movement of the therapeutic agent within the chamber of the therapeutic device; [0262]

FIG. 1E-2 ShOV\fﬁl%’F’Peﬁ%ﬁ%%&ﬁ%&%ﬁ%@%@%@!ﬁ& u@ﬂc%@e‘ﬁyﬁn%ﬁéﬂ tﬁé@&“ol@'l and IA-1-1, in
which the device comprises a needle stop located in the middle of the 5therapeutic device; 102631 NG.

1E-3 shows a tHEYSHEUS CANARE LEhAYBREE TS PR AhRH UG e g P ERBEO™MRY 8hd 1A-I- 1, in
which the devic& geieprisespauneeglet siog togatedtintipeunicdiaofiheptheckpeuticdepice éad the shape

of the device e'&8%‘45%8%%%&?93&%Qﬁ@f@‘@e%&ﬂﬁ&%eﬂﬂ%‘é&{mﬁ} s ghamsh Qg dngrapeutic

device; | 0[0264] FIG. | E-3-I shows a top view of the therapeutic device configured for placement in an
eye as in FIGS hanes:of g opBacHiGsDIEHENE B theeredipareRitsB b TiseeY b ihtidretfttrthe therapeutic
device, in accordanganvityembodinanthofhtheppiesesinnVErtiiticles {02@0pHsc BA &hawsda collar

suitable for Inc?ﬁ@r%rpaeggp an\l(!:tnl’E Eli:lrllg tﬂ(l,edrgg[r)ae(}i!:g%h%%%gﬁiciggent 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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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 simuliapeoshe Mjeaiud hamdiremnoye matiariad frempthaedevigendiaykt floubBshaws a

therapeutic device comprising a micro loop channel; [0272] FIG. 5C | shows a therapeutic device
oG = o R S T R AR B L G ST oDS e a7 P O B Lo o
therapeutic devigerebpapirisingé cdileidnshanime OB 24N XFI® BPcshivinst anexplridabicary dontractible

structure to retai thebsiapr WicRosatard RRKUter rigid casing to couple to the sclera; 102751 FIGS.
5E shows a membrane disposed over an exit port of a therapeutic device; 5102761 FIG. 5F shows a

therapeuticsdevicE7T6pmprising ansdaidanmens lranextlampethanioutheferapeuiicidepeais102771 FIG. 6A
| shows a thera&%‘éﬂ_‘c device colmgr{silrggaa contaj[r‘]jleroggtv‘i)vr}%naﬂpeeﬁggratabIedtgglerrsieecrog%s;pgsed on a first end,

I'C ACCIcascs ICS a C pCr,ccn arca an I arc .
a porous structure disposed on a secon énd 1o release therapeutic agent for an ex ended period, and a

retention structdeereaspdprisimgpairextensivh | Oprotruding outward from the container to couple to the

sclera and the c&?unctiva; 102781 FIG. 6A-2 shows a therapeutic device as in FIG. 6A comprising a
rounded distal éNd1L 027 o enEEigRBHS AR O SistRertRatfte WSATGIReH 5F BOS¥ined release with

a device as in Ktactoh;decrd8280% Fifa f6B pdrshavsiiercannecting: channels extenadirg frfom a first side

to a seconlq) sidgeclr%gfet & Ppraus structure as in FIG. 613; 102811 FIG. 613-2 shows a plurality of paths of
the therapeutic agen% alo?f]g the wﬁercorinecting channels extending from a first side to a second side of

the porous Str“ﬁiWSlaslmafdﬁe?-a 22088t HRCRRY s Qtd: 3w Llogkaer of (e openings

with a covering and the plurality of paths 200f the therapeutic agent along the interconnecting channels
extending fromtaemg%tglaég@tdmo 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

15  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
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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second side of the porous structure as in FIGS. 613 and 613-1; 102831 FIG. 613-4 shows blockage of the
openings with particles and the plurality of paths of the therapeutic agent along the interconnecting
channels extenafﬁgz?ﬁg%sg#ﬁst side to a second side of the porous structurd Q¥R PIEE*B13 and 613-l;
15102841 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. 613 and 6B-1; WO 2010/088548PCT/US2010/022631 [0285]

FIG. 6C shows @digifltposolssshnscine pshinds| G 1aBisconporatadenta @ satara(thacklcka286iu FIG. 6D,
shows a rigid POFouS structug as in FIG. 6B c%ﬁ)llgd with a. resggvoiti for sustained release; 102871

t \ i )
FIG. 6E shows a r‘f&?é“ﬁ%sr%s struc udresz1 aes\"l/rl]t‘:t Ecggrrlﬁf)rlln an a hollow body or 5tube for sustained

release; 102881,HiG. SF, SRS G ROTNS SRR ASIFIG A3 campriang Anaringer helical

structure for sustained release; 102891 FIG. 6G shows porous nanostructures, in accordance with
embodiments; firs1880t fIGeortalve WyerapEatiel feviceb prRRF ISPt terthtifeidves material

from 10the Hevieenastahinie tisthssapautieagens fmte fie deviceoarcceingata emhbodimenisydi02911 FIG.

7A shows a thej&‘%%{ﬂg g%wt e g&rpr%rlsﬁggv%tﬂ%%%%gﬁj%tctglre %nglngepenetrable barrier as in FIG. 6E, with

the penetrable barfier c%uplfe to an Injector to inject an fenove material from the device, in accordance

with embOdimeﬂiﬁﬁ}o%%%%o'fﬂg-?Z&&,S&Wﬁi%ébﬁER-B\%HQ% 91%1\’9{8&1&9?@%(:‘% 1921 /0IGFIOfNGdle comprising

a stop 15that positions the distal end of the needle near the proximal end of the device to flush the
reservoir with ej&EERRIET Hefiid TOr(iEssh S ghothey peFewetfrnstriitiberaps Hicdiyshce with
embodiments; coh(283lakclataitd2is bewsna: thergpeudienttemics eRMmpbsingha hasgltablearrieiccoupled to

an injectorl fo inéect and remave material from the device %L{gh that th qujuid in the j S?gé _}r IS

20exchanged with The Injeted formulation, in aceordance with embodimants: (02841 FIG 71541 shows a

side cross-sectitNahrIFUSE agiefapeimecdeyice egamdrisinpcreléptonsnucRIFeIHaYaieross-section

sized to fit in an&lpRIMLHORIKIARITRRGEHERNGR NI RIPOFIBEAIS the rdQ27A:5GEinéB2 shows an
isometric view of the therapeutic device as in FIG, ZB-}&; 75102961 FIG. 7B-3 sh(%ws a tog)av.iew of the

therapeutic devita 48 IS rBE TDYE T HIG 7B A EhoRE A 8 CHEs SOSMHSH AT VR SI6R the short
side of the retentiost strudiyref optheghevapeditictiievsevas imd-4GecpB diddN@nprising a second
2010/088348P ([ {L] B20AN 203 {02381 Fle v k3w RhAWS PPt gl ibsherapsitic,device as in

FIG. 7B-1 implanted in the sclera; [0299] FIG. 713-5A shows a cutting tool comprising a blade having a
width corresporithiS it BerifreteIst iR ARk eaatRE Penatarop tike sl 8k Ation structure

portion; openings of the first side and each 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-

30



5103001 FIGS. 7B-6A and 7B-613 show distal cross-sectional view and a proximal cross- sectional view,
respectively, of a therapeutic device comprising an elongate and non-circular cross-sectional size, in
accordance Witmé)n%%]d)lsnglséﬁts; 103011 FIG. 7B-6C shows an isometric vievﬁlcg{?ﬁéo%ﬂ@z%é%éutic 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 therapeutic device as in FIG. 713-6C; 103031 FIG.
713-6E1 shows a side view of the short axis of the narrow neck portion of the therapeutic device as in

FIG. 7B-6C; 103QddnkilGméB-6ier showstasitayiensightbetlengmxieofiihecbaniow angkipgriion of the
therapeutic devicglgias ion1 FII% 7%3-_(30 %?[O%gél FOIG 7lB-6thhac§¥\és ap (r)gxim%l %is%\]% (yiil_etwc%f gllg therapeutic
device as in FI@%. ?E?—é&; 6% 61 Ii-elfé B oﬁg?(f.(l?fﬁ- T SHdwW expf)o&edl assemb?y dr}awings for the
therapeutic devigtaasuifc FESS WIhBLEC 5T BUGFA PIO3E ARG T Sunpsisowsi s dspagitédsiéotierapeutic

device comprisiaga0iexRENGABIA El@éﬁ@%&ﬂﬁlte{éaehélﬂﬂr&&i@@ﬂfﬁéﬂ %@Mﬁﬂﬁﬁn&gﬂi @Méﬂ&!‘s‘ for extended
release of the ther ent, 70in accordance with embo%r@nts; 103081 FIG. 7C-IA shows the
IG.

eutic a .
distalond pOrtioEFHRS SUSRUTE PEDS AL FHE b s 6 Recr A Fesaeree e B P A 60S
disposed inside-thesparrdieg 168) ancao€drdance dvithdenthodindinss{OBLOJ &I Chea@sstSshows the support

1605 disposed é&lﬁ&&iﬁheom@[é&ﬂ[éa&ﬁlaﬁw‘éoﬁﬂﬁs@s N REGUHRANES YIRADPAJIRRISHQ _
2010/088548PCT/US2010/022631 103111 FIG. 7C-2 shows the expandable therapeutic device as in

FIG. 7C1 in a n#6W BRoHIEcoMiyiratibor st PRRESHE 28 Oh A& e EiahaRbI <\ FéTailutic device as
in FIG. 7C1 in amexpandedxatatilenconfigiucationplO3 :3tEHoSthé Eyd Af anchaiGrd 43 gleow an expandable
retention %uctg{?@n&@gpn%rdance with embodiments; 103141 FIG. 7D shows a therapeutic device
comprising a porous structure positioned in an eye to deliver a therapeutic agent to a target location on

the retina, in aggqrdangg with embediments.! AIR3LELEIG (Eshows Adsranaulicidevice comprising a

porous structure located on the device to deliver a therapeutic agent to one or more of the ciliary, body or
the trabccular riBAWEHWHE PULiItTsTEant 4 eyde fiscertitd Witk shbiotitite 163161 FIG. 7F

shows therapeutieadeiicend@pcaoimiarising peroushstucture 150 oriented to  release the therapeutic
agent away from the lens and toward the retina, in accordance with 15embodiments; [0317] FIG. 7G
shows a kit conipr#ding la plaveméndiinsttsirtentoss-contennbdinandienthictepeutic dewiseavithin the

container, j§ acGarIANGE Witk GBRCHITE AR A PR G- B AN TRRALYQIS WLk SxiiRefts of defined

diameters fabricated from | unL syringes with Luer_LOKTM tips and needles of varying diameter, in

accordance Witf?l%s%m‘b@ﬂfﬁl?é}lﬂg;agem 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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103191 FIG. 8-1 shows the needles attached to syringes as in Fla 8; 103201 FIG. 8-2 shows the
reservoirs placed into vials; 103211 FIG. 9 shows cumulative release throuq}h the needles of varying
diameter; 1032 A BB YR ows release rate as a function of area; 193231 EIEUTURGHES reservoir with
a porous membrane fabricated by cutting off the fuerLok tip on a 1 naL syringe; WO
2010/088548PCT/US2010/022631 [0324] FIG. I | shows the delivery rates from two replicates of a
reservoir as in FIG, 11; 103251 FIG. 12 shows the cumulative release of fluorescein through cut-off
needles ; [0326pHS. 16 showsibedaumtilatyexigliease afiB:8én preteintbsapghassiteredREOUS titanium
cylinder; s103271 Flj. i113-?.0show(§etgﬁ me sure((ji cumulgstiv§ releqse of ? A of FIG 1 mF%sured to 180
P e orl(ljpu% ¢ of the

days; 103281 th)GC.0 1A SRows the cumulative refease of BSA pr%?éllnot T & magked smtcred porous

titanium cylindexcltaCondition 1, in accordance with experimental embodiments;; 103291 FIG. 15

shows cumulative release of BSA protein through a masked sintered porous 10titanium cylinder at

Condition 2, in Hi&8tdalcBanitrreadaRtREntz BiiissERHERLTO3SOIHI@ 21 6598 diskibiafve release of

BSA protein throngtvafimaskedisinisretopaionsstitanivmm CytindehatitGradition Slaterascargance with

experimental ersr(]:tggncgme tS:: [[03311 Fl(lée. 17 shows cumulative release of BSA through 0.1 media grade
1

: t :
sintered porous Stainless' %le% Oélyﬁ?nc e ; ‘§[81§§§ "FIG. | 8A shows cumulative release of BSA through 0.2

media grade sitfé$et poroyasystaiprdsrcstadheytinie cx1083B LEEist8Bknens tudiudatioe ralbase of BSA

through 0.2 megiagragie sinteradRaipasssiriniass 1ateel hANGLE I8 SaYshercin 8R3IALEIC. | 9A
compares calculaﬁ@ﬁuce@tisr %harmacokin tics profiles t(i%the Zoﬁ%‘rarmacokinctics profiles predicted for
e

the device in EXa Y OB EE IO SR BRSO iSRRI RO AEERtrations of ranibizumab in the

vitreous hlﬂmord@rgg@ irst 50 uL Lucent' "'dén ection mgg gth uL reservair of tpe devlce and a second 50

uL injection at in‘accorddnce with embodiments: ' [0336] FIG. 19¢ shows determined

concentrations OF RISz HEsALHP the sredusien men R &f ) Birerts 0 b thajentis dérjection into a 32 uL

reservoir of the dgyise aRdeapaaeand ok Iigaian At Srdaysoln pearrdatrcawith esphadimants;, WO

2010/088548PCT/US2010/022631 3.03373. FIG. 19D shows determined concentrations of ranibizumab in
the vitreous hurer]ltoortP&eye and a second expanded configuration comprising a reservoir to contain a

therapeutic amount of the at least one therapeutic agent. The expandable container comprises a

[5  rigid porous structure to release the at least one therapeutic agent and an expandable barrier to
inhibit release of the at least one therapeutic agent. An expandable support is affixed to the
porous structure and the expandable barrier to couple the porous structure to the reservoir when
the container has the expanded configuration. An expandable retention structure comprises 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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a first 50 tiL, Lucentis I'M injection into a 50 JO- reservoir of thc device and a second 50 uL injection at 90
days, in accordance with embodiments; 103381 FIG. 19E shows determined concentrations of
ranibizumab in e estis Bumor for a Sfirst 50 tit, LucentisTm injection intba 501" 184& W oir of the
device and a second 50 ith injection at 130 days, in accordance with embodiments; [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; 10[0340] FIG. 19G
shows determinerkgpnceptiagions @l FrpikizepPRi I ftBecxiiaeASNHmoE i@ HOMctueamtiisum injection
into a 75 uldevice naying, 8 elease aif index,pl,0.0% Inaceoriance wilh embodiments; 103411 FIG. |
911 shows detérmined concentrations o?hranlsblzmna in'the Vitreous humor for a 50 UL Eucentisrm
injection into a LOBskdRoMitRUIEING a release rate index of 0.05, in 15accordance with embodiments;
[0342] FIG. 191 shows determined concentrations of ranibizumab in the vitreous humor for a SOuL
Lucentism1 injd@48H intd Berpsmpodanies HAviRg e reicsssisafdrRtie0 8P oses? nsteblumte with
embodiments; suppPS4bwitlGhd Yloshawstatarpaimed. concentrations of ranibizumab in the vitreous humor
for a 2050 uL LucentisTM injection into a 150 uL device having a release rate index of 0.05, in
accordance witfoempodimenys; f034i4]criGthkOKgshowsidetecmin édggneenivatiohs Gftramibidamab in the
vitreous humoréglqigéo uL Lucentisrm injection into a 100 uL device having a release rate index of 0.1, in
accordance with embodiments; 25[0345] FIG. | 9L shows determined concentration profiles of
ranibizumab in fhig)¥itraqus Jinabier, 8 didkh4GR5VIET MHBIGRHAR dta.ad 2adil.reservQis device having
a release rate index of 0.105, in accordance with embodiments; WO 2010/088548PCT/US2010/022631
103461 FIG. 19RTaRBNS TERE S fed EOHE AR ALO PrafiIEs dR HEA bt B AT tHe 4Rt Ebus humor for a 50
ulf_. Lucen@isimanjedtion iwadnt2b dMntaesetvoipaeideebaviol)ia releaseratkeinplexiofig:393 hin

accordance with, 6mRQAIMENtss 1033/Ck BE: AN SIS IS e minedicpneaRAlion D alles.of

ranibizumab in the vitreous 5Shumor for a 50 ut, LucentisTm injection into a 125 uL reservoir device having
a release rate iRBRRYBFOIES ST BLESrUACR With BrivBaul iRt T0SUBT RIS UoK sHEWS '@ékermined
concentration pseftlescofoanipiz twmabléf hrahdtrgossthumamntasata: Mdhdddaantis T inaation into a 125
uL reservoir de\S/ice havin[g a.release rate iqdex o{ 0.075, in ag%gr&%nggcygrigh @ﬁgtrxgtgirtrilglnts; | 0[0349] FIG.

tructure COMprises an extensiopn to coyple to an tppe ..
| 9P shows detérmined concentration proﬂles of ranibizumiab in the vitreous humor for a 50 uL Lucentisim

injection it a IPBYe FesEmEsi Hevidenaviag s falealse radeintiox o W6 Shirpaitcoramriesswith

embodiments; 193%0ddFlGed B2 shows: determingd cancantiatiorgfsianii zpeak: imthaodtreous humor

fora 10 uL con%ﬁgg%ttev%&hj%ggrg%lgptﬁg tr&gs(égcl)_l? dlr\y%(t:}t]{on into a 10 uL device having a release rate

[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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15index of 0.01 and in which the ranibizumab has a half life in the vitreous humor of about nine days, in
accordance with embodiments; [03511 FIG. | 9R shows determined concentrations of ranibizumab in the
vitreous humor 1P "1 %t Eoncentrated Lucentis™ (40 ing/mL) injection into'a YO 4&HEY having a
release rate index of 0.01 and in which the ranibizumab has a haEflife in the vitreous humor of about five
20days, in accordance with embodiments; 103521 FIG. 19S shows determined concentrations of
ranibizumab in the vitreous humor for a 10 uL standard LucentisTm (10 mg/m.0 injection into a 10 uL
device having gosiepsenateynadeoahQd, asddrowhichithesanibizumab Rasanbalf iiesarhelyitreous

humor of about nine yS in accardanc vgith .erHledimentS' 7_.5103]'3]3]1(HFIG..I93. shows d%termined
. alf)und NAITo pOthlﬁn and wherein the recess COTB)M ¢s g thickness sized to rece i%t ¢
concentrations of ran ibizumab'in the vitreous humor for a 10 uL standar ucentlslmt mg/ML)

injection into a 9¥¢tA. 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
2010/088548P AT 20n 070 26 {34} HIGXFOLNDHE R EatcLiAteer it Peldd8e BFBiTREdP a therapeutic

agent suspension fiisadieseidminda aceaddanasiomith @mbegimenistHO3obhFiec2bsiawsseumulative
release for Avag)ﬂg'l’sli\é wit Flherré%%eﬁltzilc evices (Fofgegrilsin .ghllbstantially similar porous fit structures and a
16 ut. reservoir and a 33 M. Servoilr; 03561 FiG. 22AsHows cumulative release for Avastinim with

porous frit strugiigs haying,a éﬁi&@ﬁ%ﬁt&ftgeoeﬁ%ﬁsi‘%%gc%ﬁf & 13(1)% 3%%% cé:ﬁgk’élzﬁl‘é%mﬂlgt@ﬁeefﬂ%le ase for Avas

inn with porous frit structures having a thickness of 0. L 2B-2 shows rate of release
for Avastin' wittFBeRI0R FitShrereirbieifng g Araomiibss bris g poetds pdehe seooml 9xtepi9v1 FIG. 23A
shows cumulativiitieteasaifgraivastieddMaii afresenvaicaigismie. 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. 21A; [0361]
FIG. 23B show§iaty ofineleagemisitinkels, 23Apic{A362InptGEes23Bosk-shoivsabpeobiaeleagedssin FIG.

23A-1; 103631 BiG, 4R SNOWS CURUIAUNG FRICASEI AVASHN tHI & Q:h mediggrade porous frit

structure; [0364] FIG. 24A-1 shows cumulative release to about 90 days release for A astin with a 0.1

media grade pqiRyg frit SHGIUGRAARIGHR 462010303 iR Z4B Shews iateRalielease:af the
devices as in FIG. 24k [0366] FIG. 24B-| shows rates of release of the devices as in FIG. 24A-1; [0367]

FIG. 25A showd'SAREARY PRELSETE! HGRSSASIATHSHGh D BeAEY LsGrEda Poroly s SR ture;
103681 FIG. 25k Tiishdwshcuimuligtive sielgase fig alob thon daysthiomflulor eseeih dinrousgin acto® is

[5  aligned substantially with the second width to decrease visual interference.

[0201] In many embodiments, the cross-sectional profile of the container comprises an

elliptical profile.

[0202] In another aspect, embodiments provide a method of treating an eye having a vitreous
humor and a sclera. A therapeutic device is provided to release at least one therapeutic agent
20 into the vitreous humor of an eye of a patient. The therapeutic device comprises a container
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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25media grade porous frit structure as in FIG. 25A; WO 2010/088548PCT/US2010/022631 [0369] FIG.

25B shows rates 8f relt?agg of the devices as in FIG. 25A,; [0370] FIG. 258-11) shgwglr%zezs6 qf release of the
devices as in FI& fg}g-(f; fd%?l] FIG. 25C shows cumulative release to abou(ﬁfu?tzy ays fdr LucentisTAI

througha 0.2  media grade porous frit structure having a diameter of 0.038 in and a length (thickness)
of 50.029 in.; [0372] FIG. 25D shows rates ofrelease of the devices as in FIG, 25C; [0373] FIG. 25E
shows cumulative rclase to about thirty days for LucentisTN1 for 30 uL devices having a RREs from about

0.015 to about (D&Y; [D3ddhF-tabedmehows pateplafreleage ofiherdeviaas asna Gy 2Ry LA[0375]

giﬁ!' eldges ofsporous frit

FIGS. 26A and ZQIBOI‘SIIEOAI%[F] ganning ae'%lc-tr%a%'gﬁﬁgg%ea'ré‘%t‘é’%frﬁ?h@ fractu QOeR Q!
the St th 1 & the'l

a C .
structures so as %O snow ructure or tne porous structure to release erapeutic agent, in

accordance witBrediibdinehitenfoIPER G Bas PRMAE 2 showserniilg efecndhamierodiwie images
from surfaces offRRreus il stuetkies dnsacsardanas with grpadivnants; idalQ3 il ghows a

pressure decay test ! test apparatus for use with a porous structure so as to identify porous frit
structures suitabf&¥ST USEWith therapeutic devices in accordance with embodiments described herein;

[0378] FIG. 29 Mls 3 Kfressure flcaw test nd test a paratus suita[lble f%r use Wit[tn} a porous structure
. . many embodiments € &yC COmMprises a conjunctiva a WNerein Tetentio .

so as to identify porous frit sﬁ"uctures suitable for us with the peutic devices in e()accordjance with

embodiments dégieive dongieies, O3 RIS (2 VI0j A-disshonacEseXeFiep I8 ftehl ST dstgrardibe OCT

image used to igdeptifpa-isgion ehintarest blackaiipmiand deterningdbaseshensectrireatment;

103801 FIGS. 30B-1, 30B-2 and 30B-3 show an example of a series of OCT scan images .asured at
pre-injection, ooy pastkimectipn.anrthbnemveskpRosicinjactingd orspastvelyyoffzhsections of the region
of interest'I G@md . WO 2 19/088548PC;J’/ S2010/022631 L0381£Fllfg;s. 3 I{A and 3,113 s(p?lws.experimental
. . crapcutic acvice 1S proviacd comprisSing a rescrvolr a a therapcutic agent dl 0sca theren.,
implantation of therapeutic devu;g Into the pgrs pfana region 55% a rabbit eye wit wsualelzatlon of the
device sealing the edordedmericnadnal drethies flarirassrite dbgirmialir vigtialiZat oarehemeripinted
thereapeutic deyice AR OESECRIPTIENQRIEE iV VENTIR M2 103824 MAtbouahnspecific

reference is made to the eliverty of nﬂlaqromgle ules comg).risinﬁq ,
across extends substantially along the elongate incision and the second shorter distance across

extends substantially across the width of the incision.

I5 [0206] In another aspect, embodiments provide a method of treating an eye of a patient. A
therapeutic device is provided comprising a container and a therapeutic agent 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 therapeutic agent,

wherein the eye is treated with the therapeutic agent for at least about 90 days.

20 [0207] 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. The therapeutic agent comprises a half-life within the reservoir of no more than
about 30 days when implanted. The container is positioned in the eye to release the therapeutic

agent, the eye is treated with the therapeutic 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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antibodies or antibody fragments to the posterior segment of the eye, embodiments of the present
invention can be used to deliver many therapeutic agents to many tissues of the boda/. For example,
embodiments of {Ré Op}?éoggsrﬁsinvention can be used to deliver therapeutic ag]()a%/ PR EEhded period to
one or more of the following tissues: intravascular, intra articular, intrathecal, pericardial, intralmninal and
gut. [0383] Embodiments of the present invention provide sustained release of a therapeutic agent to the
posterior segment of the eye or the anterior segment of the eye, or combinations thereof. Therapeutic
amounts of a therapelticrage sy candeselpasrehpotoithgsireeus hymprieftheweyehsuahatithe
therapeutic ageant rc;tafnl_b?ltrg{]g}porét?gub at least one of diffusion or convection to ISthe retina or other
ocular tissue, stich as the chorold or ci ersy body, for therapeutic effect. [0384] As used herein the release

are index encorgases, A2/ NNRIE.P KORPIREALNE ARIGRIY, & Samplisgs an effective area, F

comprises a curve fit parameter corresponding to an effective length and L comprises a length or

thickness of thq&(iﬁ?usié%lﬁﬁléf%sﬂé@@ Sniteidhe 6@@6@% ﬁﬁ:‘t%cjﬁ‘G?Mﬁﬁ@t&%w{ﬁ@réﬂéiﬁc‘ﬁ mm unless
indicated otherwise and can be determine 20by a person of ordinary skill in the art in accordance with the

teachings deschbetf HTGHC DESEPALTEET hetdits 'SUMATNED 3RS RBMP SLEe Felease of
therapeutic amountsiof iapraciive ingoedientothariherapautic agepofonanrextendedypérdad bftime. The
sustained releage 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

25combinationggieot, %%?%&ﬁim%hﬁé%m & iherapericagsnhielRirad R wihig trade name
encompasses one or more of the formulation of the therapeutic agent commercially available under the

tradename, the' SR G 1EdiRCR B SISy available formulation, the generic name of the active
ingredient,[ el tgﬁ%q]zilequle comfggisén{g tfget ctive .ingredie tf Wp.2010/088§48PtCE{US 010/022631
103871As use r in,nsfnmaﬁ1 rnumerals indicate Simiar s rlﬁ)c?ﬁreéglgfﬁ /o Simiar’s é);%vs(.) 88] The
therapeutic agemtrenagtivetwgntained 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 therdiddtic Hy@aty £ 8hepensiorisfatherapeiritvddentisr i Stisperaiontdne tidrapeutic agent,
for example. ExgsoplesQftheiapguticiagants suitable for use in accordance with embodiments of the
therapeutic device are described herein, for example with reference to Table | A below and elsewhere.
103891 The thgtapdutimagentdmnaydbampige gamaatemoleculs, fpreexample anantiqeyoos antibody
fragment. The t&e{{%%ytic tnacrornolecule may comprise a VEGF inhibitor, for 10 example commercially
available Lucentisim. The VEGF (Vascular Endothelial Growth Factor) inhibitor can cause regression of
the abnormal bjgegkyessels ANduBRAUEMERLAL &I%@&waﬁ@i{ﬁhe@asﬂa%ﬁagab(?a\égé@%&@m@r of the eye.
Examples of VEGF inhibitors include Lucentisim, Avastinfm, Macugenrm, and VEGE 'Trap. 103901 The
therapeutic agei H&SHCERTEMSE A Molecules such as of a corticosteroid and I1Sanalogues thereof, For
example, the tfza&q%?utfc cortic)osétegoid may comi)rise one or more of trimacinalone, trimiaginalone
acetonide, dexaiethasBrs e nARALHAY St HSLROBRE RSNSOI S tHE & Bnalogues
thereof. Alternativebnmer.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, |&PatirfR 1[Bstdortipiy croeistients, SeiansibicslsnianiompdweanibPrahtateiib 2t Hatalanib, for
example, 1039%ds Tla& thafapeutic.agen PaycemRiise aarmartitYERKipsiarewisagent. Anti-VEGE
therapies and agents can be used in the treatment of certain cancers and in age-related macular
degeneration. Eearsples ahantinc@Gndherapguio aganis suitableifartiuseiloacaerpadee with the
embodiments deseribed hereiningluds, gne or more of monaclonal.anfibodies such as gevacizumab
(Avastin™) or anti ogly derivatives stch as ranibizumab (Lucents" , Or sma molecules that inhibit the
tyrosine kinase¥ ktipt At ooV EGESE asdeqatiils (haedhs Pyreuritings (Stefrgd sofafenib
(Nexavar“}saxitipigo@r pazopanib. [0392] The therapeutic agent may comprise a therapeutic agent
suitable for treatment of dry AMD such as one or more of Sirolimus" (Rapamyein), Copaxone (Glatiramer
Acetate), WO 2010/088548PCT/US2010/022631
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Othera'TM, Complement C5aR Mocker, Ciliary Neurotrophic Factor, Fenretinide or Rheophcresis. [0393]
The therapeutic agent may comprise a therapeutic agent suitable for treatment of wet ~AMD such as
one or more of K| 58W%%58(Quark), Sirolimus" (Rapamycin), ATG003; 5R565ﬁ]esr200}10ﬁ%WEGF Trap) or
complement inhibitor (POT-4). 103941 The therapeutic agent may comprise a kinase inhibitor such as
one Or more of bevaciztunab (monoclonal antibody), BMW 2992 (small molecule targeting EGFR/Erb2),
ectuximab (monoclonal antibody), imatinib (small molecule), trastuzumab (monoclonal antibody), gefitinib
(small moleculgp2nanibizusiak:{ mpaecianat anHeoshy)ipegaptanib (seaal danglacuiey, saraienrib (small
T e ST TO e Sk (GRal el Slathib (gl malecylel, o ot (oral
molecule), lapa inib (smg} mc?(ecu e), panlfurrmrnagpfmondgcfbna'l ANt oay , vandetani (small MOICCU
le)or F7080 (targetirgNEGRRAVEG FRINsHibepoicdyleveniimercially available from Esai, Co.) 103951
The amount of therapeutic agent within the therapeutic device may comprise from | 5about 0.01 mg to
about | mg, for w&mmérmegmgw% s9hpdRsUIdarElap BT AR STAIS DRI thRYRESUtiESaYent for the
extended timne, fomexamplenalieast S0 daysulibeextangeddineTnag copppiisa:aitlsashedays or more,
for example at ¢ag}, 160, davs ot foI,XAMPIS. ALIgASLL YEAL, o least, 2ears o Al icasl 3sars or more.
The target threshold %heraﬁeutlc concentration of a t?merapeutic agent SUch A Picénts™ in the vitreous
may comprise apéasthe tdrapetsiiowondenatiftiercond chdighitdiit bFop axentpile Terriget thiwshold

concentration ngay, e @mRtisgoli QR ARAULO L HBIMLIEG AReHER g b JRisthe: extendeddispaiwhere the
upper value is based upon %?l ulations shown in Example 9 usi ublished data. The target threshold

g
concentration i§ WY GEREHAEAT A tHUS AT VA P othErH ?é)“g%uﬁ‘cﬂéeé%‘?ﬁ"stfc[%@%ﬁ The delivery
profile maytbe ponfidistedtirnniany wways 4o iofstairma fierapeutic Dendfititomithetbudtainedmélease
device. For exapieyian SMasat L e e iAREMIC AR, RALREINSEIGH Bmh%é}%@%é& monthly

intervals so as to ensure that the concentration of thera&eutlc device is above a safety protocol or an
efficacy protocdPfbt TS HHPRJa GG Bt PR FrsiR WIS B Ied8 AR LG IBE into the
container. The sulstangdhkeleasmaamd@sult inemiaproveddeliveryoprefildand migy result in improved

results. For exac%}@&nt!ﬂ?on‘!‘é?ﬁ&%@{%%ﬁﬁé‘ﬁgé ﬁé‘ﬁ%&ﬁ&&!ﬁ%ﬁﬁﬁ& SANGEALANIQN Rf herapeiiic agent may

remain consistently above a threshold amount, for example 0.1 tiglinti, for the extended time. 1037] The
insertion méthddnayietrp e iiteciifiy @avge mbtisedeitedisicomeriscrnelapaipsstdaiiee. For
example, a singie jRjestion of LucentisTm may be injected into the Stherapeutic device. [0398] The
duration of sustained delivery of the therapeutic agent may extend for twelve weeks or more, for example
four to six montiigArpmia singlenihsditiansoftindrapeutioagent intobiae el caaihetutiheadéttice is inserted

into the eye of e, Refiga, L300 (R, MEERENIE AGRNTIIRYAGHEIGIAH IR MATN Ry O as fo provide
a sustained | Orelease for the exten e(:}l:)tlme. For example; the therapeutic device may comprise a
therapeutic ageRETAPRIEC BTG G SRt THEB H1RGENe AL R fRTSBesiHandsa fitre Buiiigured to
couple releasabyceidievessibivig thathesiapeutic agent, such that the therapeutic agent is released for the
extended time after injection into the vitreous humor. The particles can be sized such that the particles

remain in th_e vimems hpmmﬁyoérﬂb_ecﬁylalfartﬂaeema&nﬁi@ﬁaﬁm.c])ﬁﬁ&ﬂdﬁ@]?ﬂ'&m tim*gap:femiﬁcﬁlg@mm may be
delivered with %ﬂ% SoTRIANEN f‘at&‘%nﬁ}ég-nﬁ%1@&?&&%1—%&%%95&1%Q‘I%U%!?w AeYicg.camhgimplanted at

least partially within the sclera of the eye, so as to couple the drug délivery device to the sclera of the eye
for the extendePpRniBErBY s nTHEAtHEkagTeiRtie efbliEe-MEIF €émprise a drug and a binding agent. The

drug and bindin agent can be configured to provide the sustained release for the extended time. A
membrane [%22 | 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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20or other diffusion barrier or mechanism may be a component of the therapeutic device to release the
drug for the extended time. 104011 The lifetime of the therapeutic device and number of i,njections can be
optimized for pa‘ﬁgnﬁo%r%(gf%gnt. For example, the device may remain in p|aCPeCII(4P%12?i]f%/?I%T2]6é} of 30 years, for
example with AMD patients from about | O to 15 years, For example, the device may be 25configured 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 @k bsast (hGnyeatsnwithnrdQ k) deionsontac ey tbreenporths) iarsusiathed release of the
therapeutic agent. WO tZt%)19({{(_)8%5t48PCT/U82010/022631 104021 The therapeutic device can be refilled

in many ways. l‘f%}lrélﬁé)mp e, e ﬂfé)Papeutic agent can be refilled into the device in the physician's office.

[0403] The therggeytic geyice éﬁ%}écﬁ%@@{fE%E&%&‘tﬁ%@%ﬂfjé’&ﬁn?[?%s%?}’tﬁj& HAHLPYES, for example the

physical characteristics of thé therapeutic device may comprise at least one of a 5 dnig delivery device
with a suture, pOSHIBRHTHEY BAd Ay SALMNACidin LTSRSt i Pdiisaicd ArisembRBRY ffdbsrial. The
device mays compris gofesebvaimeapagityckomeahouh hOabrea itoahou & 2desdforexaraplatfsam about
0.01 cc to about Q1 g¢. and aer%el\/it < Vj?%“oms%ﬁf 00, MoIE than ADoUl-5 66, ’ﬁaVéEEEEE%m% May,pe performed
for device volumes la ger%hgn .1 cc. The engrﬁw of the device ay not in effere with the patient's vision
and can be depentiestsndititOsivapeivngiié getiterasweelhagtiediocation of the implanted device with
respect to the elye. The length of the device may also depend on the angle in which the device is inserted.
For example, allEdgth &f theyewieed ettt ohApASEf 8MNSISERE B YocB RS ST AR ¥HETS96f the eye is
about 24 mm, atdenjegcaxtendingonanmatethan aRopdriomen fiom;tbeosgiermd matiae wmireadsemay have a
minimal effget on.pafient visien 18404044 Frbodiments may samprise-many. omipations of implanted
drug delivery devices. The t%erapeutlc evice may comprise a d?ug ande)ln Ing agent. The device may
also comprise &pligebichsfhaneembinahafPopering siniftssion barrier, a diffusion mechanism so as to
release therapeutic amounts of therapeutic agent for the extended time. 104051 FIG. 1 shows an eye 10
suitable for incdPR&Phtidh BrIHSTRarPEtitic JEVIdeoPERRI & exPbies RaeAkdseosshy e HY 22 configured
to form an imagemithe ietingizecdde eanmeaancad extend e adinbusstd of fhe @yeiranpdrtha Ihnbus can

connect to a sc!gra 2h4 ﬁ)f tqe eye. Apbcrgsn[jﬂunctiva 16 of the eye can be disposed over the sclera. The tens

can accommodate to focus on an o aject seen by the patient. The eye has an iris 18 that may expand and

contract irysesigass, o1 fght, T AIR0 ARTANRES AGoRRIRh 2R AIsRosAAIRe Belwsgn the sclera 24

and 25the retina 26. The retina comprises the macula 32. The%ye comprises a pars plana 25, which
comprises an eXSRTE 6L AFERIGHB IR R &tnestid toF prisedrdmehiacretB atBH, isredsimple anchoring,
of the therapeuiicdguitie akoR: astleserbachbgkeiot thbeypamhplananggionpmay comarise satefa and
conjuncitva dispo between the. retina and cornea..The.therapeutic device can be positioned so as to
extend from the L e AT T I Lot A B e e e e
therapeutic agehted#df & rdidssberdprottheecitraey smnTiest a\ira 20207088528 HOTNISRBTe226 31 30,

such that the tharapeuticaganbaFivesatdha reiina andehereidsder therrpguticaliect.an the macula. The
vitreous humor of the ege comBris a if%ui dis O?’Tgfbet een the lens and the. retir]a, The vitreous

) t least t four : a ther it t y ;
humor may corﬁ%’ﬁ e convection cufrents to defiver eolﬁergbaé’ﬁﬁécfﬁg%tc%%glﬁlﬁ%%uaf °510406.1FIG. |

A- | shows a therapeutic device 100 implanted at least partially within the sclera 24 of the eye 10 as in
FIG. I. The therapeutic device may comprise a retention structure, for example a protrusion, to couple the
device to the sd&¥I THe @ﬁ@@pew@td@vh@éimyséy%{m a method of treating an eye having a vitreous

humor. A therapeutic device is provided having a chamber sized to contain a volume of a

25  therapeutic agent and a porous structure coupled to the chamber. An injector is provided
comprising at least one lumen to inject a formulation of a therapeutic agent, the injector
comprising a valve coupled to the at least one lumen. The therapeutic device is coupled to the
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

38



through the sclera into vitreous humor 30, such that the therapeutic device can release the therapeutic
agent into the vitreous humor. 10104071 FIGS. IA-and IA-1-2shows a therapeutic device 100 implanted
under the Conju}]NC(Ei\ZI%I%%%gﬁ% extending through the sclera 24 to release a t SFA%Sezﬂ%P Oézg%ﬁt I10into
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 configured for placement along the sclera
and under the conjunctiva, such that the conjunctiva can cover the therapeutic 15device and protect the
therapeutic deviggelalbidphenheithecapadte aganhd i dpdinaarteaninteidhe AevesdfIdidherconjunctiva
may be lited ayay, incleed, orpuncied with, a,needie (g access e erapedltic device, The eye may
comprise an insertion 0 he tendon 27 6f the superior rectus muscle to couple the sclera of the eye to the
superior rectussigdete. 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 posterior to the tendon, posterior to the tendon,
under the tenddP2H with FaS4BPaepEtat pracEeAt Smee theraise die we Vit ro4c8 1 Wile the
implant cars be pasitipnesiaithgoeyeaiiti Masycuwdyridark injeetation to embodiments suggests that
placement in the pars plana region can release therapeutic agent into the vitreous to treat the retina, for
example therad@2tiz] ageniangmpbisingean, agiiveoingeadiend 2acomposadiodighgbemalacules. 104091
Therapeutic agﬁm&?régvﬁéﬂt%@@af% H%‘f’oé’!m&ﬁ]{i&&é&ﬁ B&QM@@@J&@% 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 ing{@#@pt of theuiberapeytinagrnind fRemulatinnqfihe herarsHic.agemt gcommercially
available formulation of the therapeutic zi%ent, a 30é)hysician prepared formulation of therapeutic agent, a

pharmacist prepay&d ForFLEH S tHE RS BE L5/ ABLEAEBET S S5 0/05 SBROIRT SHTHE agent, or a
commercially avaitd e dorvflatiorexafithérdpeuticcagent havingtanfextipienttid hethajapedticoagent may
be referred to wjth generic name or a trade name, for example as shown in Table IA, 104101 The
therapeutic device 100 can be implanted in the eye to treat the eye for as long as 5is helpful and

beneficial to thgeaalieninmemexamRleibe davics GRRRR dMAlBRIRLior Alleashabaris ¥ease such as
permanently for the life of the patient. Alternatively or in combination, the device can be removed when no

longer helpful JFEHERA RSy A RSk S TvE Rt R R c1BefS ElessqReshsHBRL saetnfe S S¥therapeutic
device 100 configunedtforglacententireai éyamasaiaddchalAHE, ofAd dheaunehitd-decht Tihbedevice may

comprise fatentn.sityGlie diap. A karauple s deies A0 e Aeleray A eYample. & pralrusion

disposed on a proximal end of the device. The device may comprise a container 130 affixed to the

retention struct&Puf 96 My fnsirgledieathfereRan s thPApENEC sgahmPivuicahhsddbitained within

a reservoir 140pfaicaxaimiple aghambercdagrietinrasbypac tsitadagy, I3Q.ofipr tleviaerdheticontainer 130

may comprise aggp%ous structure %SQH%?m rising a porous material 152, for example a porous 15glass frit
r

ter L6018 i efodse s

154, and a barri ease of the therapeutic agent, for example non- permeable membrane

162. The non-pyryeable MEPiane. | Ak GMRLIse.a suhsianralynoueable.maleyle! 164. The

non-permeable membrane 162 may comprise an opening 166 sized to release therapeutic amounts of the
therapeutit’agdht™ero T8F thdaektdinded tnieP THEH SROUS Sta A TPE (SO AR ESMFISEE (HEi8ss 150T
and pore sizes eoafigtheshbutconjisnatiaT 2hsiibcine apenighesmas ithfeleageathierapeutic amounts of

the therapeutic t1”;]lgrentuftci)cr ;[hen%t%]ne(ggeg ;h%ﬁhggeegv%qﬁaggg{h%?zg may comprise, reseryoir rr114t1}g)e having a

. pe crapcutic t 1S release.
chamber with a vollime 1 2 sized to contain a therapeutic quantity of the ?herapeutlc agent 110 for
release over th&esdardBifine PPHaIdEHERTMARY Bemptiseddimsedle stop 170. Proteins in the vitreous
humor may enter the device and compete for adsorption sites on the porous structure and thereby may

25contribute to fHeteleRs@UPthtRESE GO A BRRTIHE HE ARFBRIE Y B o B CORTEANEA 3t theous

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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reservoir 140 can equilibrate with proteins in the vitreous humor, such that the system is driven towards
equilibrium and the therageutic agent 110 is released in therapeutic amounts. 104121 The
non-permeable TR ARARE 4f62, the porous material 152, the reservoir 140,%%%1{15126(3"r0é%2r16t}|5n structure
120, may comprise many configurations to deliver the therapeutic agent 30110. The non-permeable
membrane 162 may comprise an annular tube joined by a disc having WO
2010/088548PCT/US2010/022631 at least one opening formed thereon to release the therapeutic agent.
The porous maigfighebd MY compiise ai e tarperaisgiassmilitdbdi ansa-eugdlatienddisposed
thereon. The reser\{%ilr 149 ha be sQa e changing for eas osfegpsertion, i.e. it may assume a thin

: Yor " R 12 .
elongated shapege urlﬁtf:)jLL sert Oﬁotlsrts)ﬂlg%uf e sce:(%eqr% and then assume an extended, ballooned shape,

once t Sis filed i therapsilic.a0ents AR KNG RRIHE SHPUEARR: 630, RS,EANTGUIRL IR many ways
to release the therapeutic agent in accordance with an intended release profile. For example, the porous
structure may cBHpfise ¥optreasstetmtlreonbiRerBiiraity BisHeriga BR2Paves Specfatifg the
reservoir and a.pluraity Witigipanings Gehiaseaoricsidafacing ébecvitreousdirRams Mithbay pibkality of
10interconnecting channels djsposed therebetw sp as to couple the openings of the first side with the
openings of the SR L B b S g e TS oo s CRAATED tmay
comprise one oFsiEbiR i hipurAedlle mentsrape B ose - perbreablentaerbrahevashatéidal having at
least one hole gispesahiberain.nangwbapngsls sRRNMCRARNelSRichahinpafigidmalerial, laser etched
nano-channels, a Cﬁgillary channel, a plurality of 5capillary channels, one or more tortuous channels,
tortuous microcH3N Is, sintered nano- particles, an open cell foam or a hydrogel such as an open cell
hydrogel. 1041 . LA-2- | shows therapeutic device 100 loaded into an insertion cannula 210 of an
iertion Apart 00T A e e or inaerton into
the sclera, and fiermiciontos ldegis is ewhiigurdens wxisarn ddia Seeoidy dotg dtePowidetshiape for
retention at leagt Raftialivde thegelesash4dlor I RS2 ahows heraratticorviem A0 comprising
reservoir 140 suitable for Ioa(%igi in 2 cannil ,. In which the reservoir [40 comprises an expanded
configuration. 1621 8°BIE Y TS IHdWsceHe egetbrﬂ% device 100 configured for placement in an eye as in
FIG. I A-1and | A,L- 1, The device comprises retention structur 0 to couple ta.the sclera, for
omexample sl i (1 S R e 80 b o, S e, RS et 110
comprisingthe th@rapeLitie Aeht oMoy eontaified awrtin AibedesresmpaSmgoh!prernmedBle material
164.A porous mateiial.leRis sigResed:atthg gistalendrebiiaitube 8 ta povideR sHstaingdrelease of
the therapeutic gg%ent al'htherap.eutic concentratjons for the exte de% Eeriod. The nonéﬁeerme?able material

164 may extend istafiy SFRTHHCHE PPl I 9ot 068 EP 107320881 MAt8RAT 152 so as to
define an opening toloeuptetitretporeuhaeatdrad {62 to¢meovitrealihdrapnaronhenitihe delice is inserted into

the eye. [0417]he,ibe 68 anddetentignstivaiie daddpaide sonfigvtsddaiescaivs: aglass rod, which

is surface treated, and the glass rod can be injected with therapeutic agent . When the 5therapeutic agent
has finished elytiggfor thenexendged titaothadad sanike iapiacest withid; A8\W EOfhe cye having a
sclera and a pars plana. A therapeutic device is provided comprising a drug reservoir, a porous
structure and a retention structure, the retention structure comprising an elongate cross-
sectional profile. An incision is formed through the sclera and extending along the pars plana
region. The therapeutic device is advanced into the sclera with the eclongate cross-sectional
25  profile aligned with the incision along the pars plana, and the elongate cross-sectional profile

seals the incision when the elongate cross-sectional profile contacts the sclera.

[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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[0418] The device 100 may comprise therapeutic agent and a carrier, for example a binding medium
comprising a bindinzcha%ent/to deliver the therapeutic agent. The therapeutic agent can be surrounded
with a column cb”r%prllsﬂlnsgs?f%olid support that is eroded away. 10[0419] FIG (fg/ lé?‘lzc())\ll\‘}éo%'alz?ﬁerapeutic
device configured for placement in an eye as in FIG. | A- | and |IA- | -I. A binding medium 192 comprising
a binding agent 190 such as glass wool may be loaded with therapeutic 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 thepapputis agentfeotha-axiended o rkhe:Ringingimedivme102ad ihriapeutic agent
110 15 can be aspirated to replace the binding medium and therapeutic agent. The binding medium can
e at leat one ST Lol o7 a8 e AT ALl A o T s A TR clomsect
such that additivaagdiieeapeistibcaglsnt darrtsenddivered fldmineiseadhvuin]jdeted dindifegipéaium
comprising thergpeulinageitos MmeMmbrana-hIk-Gam benfisRRsad aues themariphebh af thetherapeutic
device 100, The membrane 195 may comprise methylcellulose, 70regenerated cellulose, cellulose
acetate, nyfon, BUINCAHEI LB ?/f%{é‘ﬁ%ﬁé%FS%tmlgﬁésj(’(PUE), polyethersulfone, and polyvinylidene
difluoride (NDFy e therapgulic.deyice maycomprise;barrier 160.shiaped,sueh hat opening 166
comprises an exit port. The therapeutic agent ma be releaded t rough a feast one 6f a diffusion
mechanism or &eisreetio daneehamsming hehaphsbergisiz drugnesesnfiguration Siuekitpmds may determine
the release rate@fffis 2htherapaitic AGENtTROSSXPRIRNAY CoppRlise@ crnMesticmnast, for example at
least one of an osmotically driven convection port or a spring driven convection port. The exit port may
also comprise godaylanpathiemiicinthe therapepticiagentmaeiRparality atachanshibebe released
under certpjn pisical o chemical sondiions.. o[04201 £, Acs shows alJeast qne extport 167 the
exit port can be disposed on the 30device 100 1o allow iquid o flow frdm insidé the device outward, for
example when fifdd $82nw/Or 208 0/088548 P TYUS2010/022631 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 ac@@4slpolt TBYiER hEEEH dRtTBIRHEPAIPTSF ek SR slang dehthrnc XBERIBIFEIR or in the
alternative, whendhghtherapeuticdderipesis fiigchddie Lubtanis piptheplevitr ey bie:fipsiad into the
vitreous of the gggﬁ 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, Theybiing agsqL LA con e AR WHNANRRUIR: (404281 EIG I shiqus a method

of inserting the therapeutic agent with a second binding agent 190 having the therapeutic agent 110
bound thereon. dFHEStFRRPRPETIEESSPLEXO18 IRjEmat g as Ataifsrepstyisrasat d@ie for sustained
release over thexexi@ndeddime. 104231 FIG. IC-3 shows syringe being filled with a formulation of
therapeutic agent for injection into the therapeutic device. The needle 189 coupled to syringe 188 of
injector 187 can be used to draw thBRpEUNESAGERT KO (b MlE: daoRvali&IGELOC. The container | IOC may
comprise a corygtialyAAIRRIE FABIANRLRYGNAS ARAE Wifk 3iSERUM. @ slulg dose | Scontainer,

or a container suitable for mixing formulations. A quantity 110V of therapeutic agent 110 can he drawn
into injectdP 18 PICFAjsEtgH! iﬂfg‘fﬁ'é“ﬂ‘?égr%f)@ﬁﬁéeéeé\ﬂ'@éef%“positioned within the eye. The quantity 110V
may comprise a predetermined quantity, for example based on the volume of the container of the
therapeutic devitte" 1102 'k nfeRaed IRESIGR ?ﬁYbCfHE‘R)ﬁPé%{FéT‘?ﬁ%%aﬁ“ﬂgé"é%ﬁfﬁ?esfﬁéadﬁantity 110y
may exceed thehvelumeiofKQthe container so as to inject a first portion of quantity | | OV into the vitreous
humor through the therapeutic device and to contain a second portion of quantity 1 10V within the
container of thd th#fthpé&ifiicldelicemh N -Cantmnerthaamiivalr dompribatediortsuatoprivrorvef the
therapeutic agepliLiRnding deoruiation bAAk MaXCOMBERS @ aemMacialyoay ailable fermylations of

therapeutic agent, for example therapeutic agents as described herejn and with reference to 25Table

|A.exampleb of SRR B8l it Y EFAAHARSHE thTRosyIsa s o aresent mvention;

[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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for use in accordance with the embodiments described herein include LucentisTm and Triameinolone, for
example. The fqrtnulation E1IOF may be a concentrated or diluted formulation of a commercially available
therapeutic agem?f@rlgggﬁgle Avastinim. The osmolarity and tonicity of the VittEati hiFASEt can be within
a range from about 290 to about 30320. For example, a commercially available formulation of Avastinirm
may be diluted so as to WO 2010/088548PCT/US2010/022631 comprise a formulation having an
osmolarity and tonicity substantially similar to the osmotarity and tonicity of the vitreous humor, for
example within @xsngeritonabouhd@e ienabgui4lyfar example abaist 300 aflsm. (Mildeie therapeutic
agent 110 may gomprise. an osmalamy. and lonjeity substantally,similarie the wirgous umor tne
therapeutic agent 16 mgy COmprise a bhyper 0s otic SolULION relative to the vitréous humor or a hypo
osmotic solutiofs reltirectbieraRABEOUSSPRITbTIoNZplerssie rapedimapeaiin i irstanraaly soHduct
experiments baged,on the teachings described herein so as to determine empirically the formulation and
osmolarity of the therapeutic agent to provide release of therapeutic agent for an extended time. 104241
For example, indbe Unitesl States pbtineaticaphicantislotiapiive ingrediest sanibiztnada)isesupplied as a
preservative-freae a%%eurizl_e solution in a single-use glass vial designed to deliver 0.05 inL of 10 mg/mL
Lucentistm aqueous solution with 10 mM histidine tIC1, 10% a, u-trehalose dihydrate, 0.01% polysorbate
20, atph | 5-5. g fsuroRgathe bsenisim fomulatien eande.svsiantaly simiar i dhedpmulation of the
United States. 104251 For example, the sustained release formulation of Lucentis RI in development by
15Genentech ah#Br NdvhrtistGePagreimp HsanpRe iRerE e tRIcPEGERt THEEIRR in to the device 100. The
sustained release formulation may comprise particles comprising active ingredient. 10426] For example,
in the United StAt8] AVASHAT I {BEVARTARTA) IS K5 5roletrs HPhtRshca ag &na fieikical trials are
ongoing fditAMDarfbtt Santen thechmmertiaidoliitiontis ftipHhBs2rs dlutioivfor intravenous infusion.
Avastinlm is supplied in 100 mg and 400 20mg preservative-free, single-use vials to deliver 4 rriL, or 16
mi. of AvastinTt238 ing/mLY.-Trddetnigprodusitisfdrmedated in 2d@dngcotseefiéhaloswtdinydrate, 23.2
mg sodium phagphiats,(monobasic, monohydrate), 4,8 mg sodium phosphate (dibasic, anhydrous), | ,6
mg polysorbatc 20, and Water for Injection, USP. The 400 mg product is formulated in 960 mg
a,a-trehalose dipyskpter92.8omgisediumdhesphate (Ingohasie, Mmemnah ydiatéhekd imngisasivm
phosphate 25(d0ip sic, anhydrousz)ﬁ'6,4 mg polysorhate 20, and Water for Injection, LISP. The commercial

formulations are &l %Pé%s?ﬁtfbv(?%. of 0.9% sodium chloride before administration and the amount of the

commercial for io ed-varies. ient.and indjcati se . i cribed herein, a
person of ?)grdin@r%/@s ilﬁrﬁhgéﬁgt?gsﬁ%%{ﬁeg I’?lli%é %%Fn%q!agt%r%egg tﬁ\?asgﬁ%%drtnn%ﬁrﬁg@ﬁ%%ﬁérapeutic device
| 00, In Europe bv@dal&Esanfm formulation can be 30substantially similar to the formulation of the United
States. WO 2010/088548PCT/US2010/022631 10427] For example, in the United States, there are 2
forms of TriamdHSfIne iSed i iHjRetaBl&8oRTiNE! tA& AR AEHTYR Bt YHE HERKIBIBIIAEO T He aectamide
is approved for tinditgvitrie altnjet orjsciivthetdls. tHhepagkidmide is ibealativevingredietiiniantdikIVARIS
(Allcrgan), 8 mg triamcinolone acetonide in 0.1 int (8% suspension) in a vehicle containing 5w/w percents
of 2.3% sodium ¢} &lurditatd D0sB3% sthdiapauchldride; @3%usotiiomiplrosphaten dibasia [1G4%-sodium
phosphate,ymonghasic: @ndwates, tmtldz‘@csceamﬁ@és'm@%mny TheaestAmide isAlS0 dhmagtive ingredient

in TriesenceTM (Alconzt, a 40mg/m1 suspension. 104281 A person of ordinary skill in the art can
determine the BRFERPRY ISP HTdRAMEHIFGILE RSP0 e Jiearstidsstiation of the active ingredient in
solution can be mined 10 and used to determined differences of osmtharity from t olarity in
thess formulati 0 or LMo RS ot IOAEE S4B IR AL IR KSeentrated (or
suspensions), thé-trasidrity canidiffiercirbatddvecosonoiasitya 164R0T e forhautatibettofithEttapeutic agent
may injected in;gem]g@tg%@%g{evice 100 may comprise many known formulations of therapeutic agents,
and the formulation therapeutic

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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15 agent comprises an osmolatiry suitable for release for an extended time from device 100. Table B
shows examples of osmolarity (Ostn) of saline and some of the commercially formulations of Table IA.
104301 Table Iggﬁoﬁorﬁgr?%f Calculations Description Osm (M) Saline (0. %Tlg%)éoﬁﬁ%?gﬂ)hate Buffered
Saline (PBS) 0.313 LucentisTM 0.289 AvastinTM 0.182 Triamcinolone Acetonide (Trivaris-Allergan)
Triamcinolone Acetonide (Triessence -- Alcon) 0.342 Isotonic’ Triamcinolone Acetonide (Kenalog -
Apothecon) Isotonic* 'As described in package insert 20104311 The vitreous humor of the eye comprises

an osmolarity ofhabptiit?WREOSIA 10 ahgilo SRE MQsEndoorpel atlonswehihe wpeuiicragent having an
osmolarity front aebn?lxjr}i §0ﬂ§nc sm tq_ ag%;%?@z}o mO%'lr%vare substantially isotonic and substantially
iso-osmotic Witﬁgrespec o 'the aW’ / Bagﬁlétﬁ 1952010/022631 vitreous humor of the eye.

Although the fofauiationslisies In TR B, sybstaniaysadsmetic aug sgtoneifiespect to the

vitreous of the eye and suitable for injection into the therapéutic device, the formufation of the therapeutic
agent injected ih‘ﬂoltﬁédth'éré'del]’m‘f}lﬂég\/ib%%H%@WB&%M@%&@P—%MP@)%‘? Wi hypo-osmotic)
with respedt to thedonigityeand; Sosmolarity of the vitreous. Work in relation to embodiments suggests that
a hyper-osmotic formulation may release the active ingredient of the therapeutic agent into the vitreous
somewhat fastgo2aitjallylwhemn ikbosclutdsraidhe tyectac 16 pmudiiionlaguititiratenwith 4hie 68na3olatiry of the

vitreous, and that 3 [yppAOBMAG, IRIMHIAHRR SUSAAR A LW FRIMT M pRYSeATR: fificiNgrIngredient of the
therapeutic agent into the vitreous somewhat slower initially when
therapeutic device and the shape of the device encourages the movement of the therapeutic

agent within the chamber of the therapeutic device;

10 [0264] FIG. 1E-3-1 shows a top view of the therapeutic device configured for placement in
an eye as in FIGS. 1E-3;

[0265] FIG. 2 shows an access port suitable for incorporation with the therapeutic device, in

accordance with embodiments of the present invention;

[0266] FIG. 3A shows a collar suitable for incorporation with the therapeutic device, in

15  accordance with embodiments of the present invention;

[0267] FIG. 3B shows biocompatible material impregnated with an anti-bacterial agent on
the therapeutic device to inhibit bacterial growth along the device from the sclera to the

vitreous humor;

[0268] FIG. 4A shows released fragments of antibodies, and FIG. 4B shows antibody
20 fragments reversibly bound to a substrate, in accordance with embodiments of the present

invention;

[0269] FIG. 5A shows a therapeutic device coupled to an injector 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;
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10the solutes of the injected formulation equilibrate with the eye. A person of ordinary skill in the art can
conduct experiments based on the teaching described herein to determine empiricall the appropriate
reservoir chamber vollie ahd porous structure for a formulation of therapem’lc %Zé)}] %2366(1)sed in the
reservoir chamber, so as to release therapeutic amounts of the therapeutic agent for an extended time
and to provide therapeutic concentrations of therapeutic 5agent in the vitreous within a range of
therapeutic concentrations that is above the minimum inhibitory concentration for the extended time.
104321 FIG. IDjeiwvs Fithe@paidtic dendes 100 eanfiguiesttaiplacasientinegn eye as in FIG. I1A-1 and
IA-I-1, in which the device comprises a plurality of chambers and channels connecting the chambers so
as to linearize tfe 1dleds& of h dhe rapepiici age atd AditstcohBrapenz0 182AImay tormpiise &¢aservoir
having a first volume ggt&q@égfgag}g %eg(ﬁﬁ)?%qﬂ%@&y of the therapeutic agent. For example, the

therapeutic agent comprises the active ingredient contained within the reservoir. A second chamber 132B

can be disposefhghsfallyiiesthg: first.ehamberMithsdirat-Apeningi connseling. the firsishamber and the

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

The second chaaphsir 25CDHPEISRS: @ SREPAGVAIMINE cSuphidhaktherdpertisrgridsiempesanly stored in

the second chatmetlggreﬁgca 3 thoc éinearize, for example toward zero order, the delivery of the therapeutic
agent. A seconci' opening can éxtend from the second chamber toward the vitreous humor. 'The first

opening, the s 9 o&qair&gngl the §§cgnd vo!ymg can be sized S0.a3,t linearize tp,et q)ﬁalivery of the
therapeutic agzlﬁt?g]r the sustained release’ gltlttllgle%bee:lﬁﬁg é\%ﬁ% Tor the extended time. 30More than one
therapeutic agettiédrbeorsderadiinienthe teerapeiie talibesh Sutrrerrdsaditetkesdr more therapeutic
agents may be iixgd teggthereninjecied dpaisepamie Chambers W mprising an extension
2010/088514(1)8PCT/U§.2010/022(161$%H1194331 Additional chambers and oEeninﬁs can be disposed on the

e

. rotrudin utwar t container to couple to_the sclera and the conjlinctiva; .
device to linearfze the §e(1|very 0] o?rug. tor examB‘Ie, a third chamber can be (ﬁSposed distally to the

second chamb e 0 ning ¢an couple the secopd.chamber to the third ¢ r..For
cxample, a Tou B B B B O e e
the third chambygs Ajd the; FarrthoeRamber 40434 h AddiionallyQrin (g.altarnative Whe.therpeutic device
may comprise at least one gate to provide for sustained drug delivery. The gate can be moved from
"closed" to "opé‘ﬁ"“p@ﬁtigﬁ;using magnetism or by applying electrical current, For example the gates can
slide or twist. T}]?% ates can be spring-loaded, and may comprise a pump that can be re-loaded. The
10gates may colRlise M GAOtE BUIHS GORSE TR RS RS e TaPAD A Selide SeRRgiFed for
placement in anfelie msows FIGSrtAslimbid AB;|, in which the device comprises 100 needle stop 170
located at the bottom of the therapeutic device, The needle stop that may be included in the therapeutic
device to keep th8ijedtiontfedievigoriaphtyenenthtinhthh tbergpeaitipotgiloRedeimaging the exit port(s)
166 of 15the thefiapentic caviaenkOQ Jhgineatia starwilldssitably beade.glsmatarialehsufficient
rigidity to preve_ntﬁ:r a%an ement of the injection needle past a certain level in the therapeutic device.
Additionally or ifi geseil rﬁ%&i\élg],lthe length of the injector's needle may be designed so that it may not
penetrate throu d sibly, damage the exit port(s).of the therapeutic device, 10436 shown in
Flos. 1 and T d e S e e P W et
device. FI&S. 1€ e tRupetig aEn8alosl dig Btispaptivditharelthaichdaigifienddiresdidostops placed in
the middle of the devigae Thadreslle steRuRay hedesignaddrsisuch a manner as to function as a flow
diverter for the therapeutic agent. The shape of the needle stop may encourage the mixing of the
therapeutic aggotssith the restaofhidies fiuidisapreseit dpethigginngs shaoens ef theathetapetitiofdevice.
75104371 FIG. 1E-1 shows a therapeutic. device configured for placement in an_e s.in FIGS. IA-1 and
AL, n i T R B B D AR PR RE R device
and the shape 8t theieweridvarages thel fovBriaehtBflthe therapeutic agent within the chamber of the
therapeUtISSdev[ll?ZeS}]oo’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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WO 2010/088548PCT/US2010/022631 [0438] FIG. 1E-2 shows a therapeutic device configured for
placement in an eye as in FIGS. 1A-1 and | A-1-1, in which the device comprises needle stop 170 located
in the middle of %?1‘84‘?6%43tic device; 104391 FIG. 1E-3 shows a therapeuR[FcT/ S 0c:z(%?fﬂgured for
placement in an eye as in FIGS. 5IA-I and t A-I-1, in which the device comprises needle. stop 170 located
in the middle of the therapeutic device and the shape of the device encourages the movement of the
therapeutic agent within the chamber of the therapeutic device; 104401 FIG. 1E-3- | shows a top view of
the therapeutic|dess¢e sonfigurasfor placpoient imrmeys ATt S HobiboRitdDiQ44 1L E1E tiighows an
access port 180 suitable for incorporation with the therapeutic device 100. The access port 180 may be
combined with {hzstherapeutic devicesidesssibedshereir,foinéxangile wjthd efeiencetowkiGS. 1A-1 to 1D.
The access por&lggﬁxegq:qu%%gsed on a proximal end of the device. The access port 180 may comprise an
opening formed In the retention structure 120 with a penetrable barrier 184 comprising a septum 186
disposed theregghghe FRAKESH RO R RRbecanfialred-fer gehyagenhessaniynctiva 16 of
the patient and above the sclera 24. 104421FIG. 3A shows a collar 128 suitable for incorporation with the
therapeutic’deVitt 16 S HEEIRSN structure 120 configured to couple to the sclera 24 may comprise
the collar 128. oll omprise.an expandable coll 0104431 FR]. 3B shows, bjocompatiblc
matoria mpreq atEh il A AR A B 41016 A he e AR bt D0 B T bacreria
growth along thiéraewvicéofromiathedselerseto 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 (R&YollEHerfOrihe WiaehrHp Bt HeatEsan A prEgheadthvithbebisattericide agent may
extend around at least a 25portion of the outer surface of the device. The anti-bacterial agent may
comprise a portfTYf tiétetehadn SiFERmYI§ 967 SHER it therdrificka baHEMayEhI BI¥PERRd at least
partially within the &seletawdhiejdhendayice dsgasaradinta the, eyerdind 41dnbl@inbAtghows released
antibodies comprising antibody fragments 410 and a substrate 420 comprising binding agent 190, and
FIG. 413 showg@A1antiédy 4rsigme atb 4@ uilY Gc208 0/088548ROTHIS2010/0226 3T revertsibly bound to a
substrate 420 withbinding roeRt 1904k Ascatsansswith mbadiments of the Rresenfinyention. The

anti-body fragments can be reversibly bound to the substrate comprising the binding agent, such that the
bound antibody FAGHEME dredn BeuiliBrRIMARTHR SRSURT Shtibody fragments. One of ordinary skill in

the art will recognize many 5substrates comprising bindin ent to.reversibly bind at least a portion of an
antibody baced Uthe L0t o (RSa APREEES RIS GBI G SAIASHAY TR O Bariculates

used in chrdmatteg repitynstehlasil Mderoie nep dkButy|thd HCxBuyd podte MactovReap DEAReSUpport, CHT

Ceramic, Hydrqxyapatitedh YRe dbnMAGHRPHEMEM s YRBaEh MagseiRrien Methyl THESuRRt, Macro-Prep
Ceramic Hydroxapatite Type 11, LIINOsphere S Cation Exchange Support, 10UNOsphere Q Strong

Anion Exchang¥ S HeHmidEro-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
eroniis mol e o A A s KBS T R VRIS & i drcmhilic
packing materiahifragon telanvardnd ppeeatusa raad érfromodlyd nytiatbatib) linad binbsrasoreiprotein than
silica. Othey capgigaies wak g b knewr aieidhaseknewledoeaRleiRube@ss:

[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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10445] 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 toa s(}/rinsqe 188. 104461
FIG. 5A-1 show® 3 %ﬂg/g%(seﬂstic device 100 coupled to an injector 187 to injec(fgﬁjéz%)fe%%ve material
from the device. The injector may comprise needle 189 having a first lumen I89A and a second lumen
189B configured to insert into a container of the device. The injector may simultaneously inject 510
therapeutic agent into and withdraw 520 liquid from the device. The injector may comprise a first one way
valve and a segopgpneuayB/aleeouplea iovibe frshdunaepdand dhacsesonditmsn, raspaectively.
25[0447] FIG. SIBtEQg)étlve?aa therapeutic device comprising a microloop channel 530. The microloop
channel may extend 1o a first port 530A and a second port 53013, such the therapeutic agent can be
injected into thegitgh poftfoexamRic T ARINIING ABSTh. AN oNARI MARHalG GHAMA liauid
comprising binding agent, can be drawn from the microloop channel 530. WO .
2010/088548P & RSSPOED AN 6B o488 e e st H oI M SRy 8B OB EBiprising a tortuous
channel 540. The tortuous channel may comprise extend from a first port 540A to a second port 540B,
such that the t%?gﬂbuﬁ&%éﬁr%ﬁfﬁjﬁﬁ% B SRR FOREY TORMUAS AR AT O example liquid
comprising the finding agent;spactibd ydkdwithérepatiiedseco nonghanieedn 50449 hnditenSCeRlshows a
therapeutic deVJF&s%é&Rﬂ%i@%@} tortuoys cailed channel 550. The coiled channel 550 can extend to an

exit port 552. A needle | 89 can be inserted into the port 180 to inject therapeutic agent into device | Oft

[0450] FIG. 5D ghg1ys e pandakie i cantactible, SFutuigpbitodeiaimiba Jhgraneytic agent and an

outer rigid casing 560 to couple to the sclera. The expandable structure 562 may 10comprise a

membrane, such SeAt WHSTHHE SRS HAE S BIMELT- A NI PustBir R Y 4pHYSgm, or a hag. The outer
rigid casing. ma n tantiglly around.the structure 562 and.may.compri ning to release
icuid o e vIHEis RirhaT e s SUUELE Lk b R 5 TR TRrEg G iR inside

chamber of the 650 peenmaledal s drawn o (e sitielre ANd e SEle fonagls. 1510451)
FIGS. SE shows a membrane 550 disposed over an exit port 552 of therapeutic' device | 00. [0452] FIG.
SF shows therdptitid dedieed o0ebpriBifig:a tubular membrane 572 clamped onto the therapeutic

device over side ports 570 of device 100. 104531 When the protective membranes have pores of 0.2 urn
diameter, they #h3b o fioré-2otithea1arges Y MHEDrOEIES OF IRTSFEEMIRTER AP CoMprise a model
for delivery of thetherapeuticagantlicorBxatnple, molecular weights and diameters of models of proteins

of therapeutic interest are (a) | gG 150 kDa 10.5 nin
15  [0305] FIG. 7B-6F shows a proximal view view of the therapeutic device as in FIGS. 7B-6C;

[0306] FIG. 7B-6G to FIG. 7B-61 show exploded assembly drawings for the therapeutic
device as in FIGS. 7B-6C to 7B-6F;

[0307] FIG. 7C-1 shows an expandable therapeutic device comprising an expandable barrier
material and support in an expanded configuration for extended release of the therapeutic agent,

20  in accordance with embodiments;
[0308] FIG. 7C-1A shows the distal end portion of the support 160S as in FIG. 7C-1;

[0309] FIG. 7C-1B shows the support 160S disposed inside the barrier 160, in accordance

with embodimetns;

[0310] FIG. 7C-1C shows the support 160S disposed along the inner surface of the barrier

25 160, in accordance with embodiments;

46



(I1) BSA 69 kDa 7.2 rinri (c) Fah fragment of IgG 49 kDa hydrodynamic diameter not reported 104541
Therefore, solutions of theraﬁpeutic compounds in the size range of igG and BSA should flow relatively
easily through et 0[5008r8e54size protective membranes used to stop passag]écgflf)saztg%g/%%%]nd other cells.
WO 2010/088548PCT/US2010/022631 104551 Binding Materials/Agents may comprise at least one of a
chemical binding agent/material, 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 exappie argiass-benslss glasspweabrni:alassidadvibe sHifacgscanine Salerivapzadavith at
least one functionr%J roup so as to impart the binding agent or material with the potential for at least one
of ionic, hydrop%oo lf%%,lgtrl |ﬂ’oaﬁinity binding to at least one therapeutic compound. [0456] The binding
agent may comgiss, a bipdegradable materiali LR fxample dhe-indegiadation, hinding, o a
combination of the previous processes may control the diffusion 10rate, [0457] The binding agent may
comprise ion eXEpRRGENEFHHS 0N 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
diethylamir?oetk@/? bH calbdxy ety fuifcBraPyratpe 8o ar e by adrtdHasPcombtise a pl |1
sensitive bindingragéinterfor 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 cti¥iglret Gorlexbenple thouuivthatatiee ppinpfivinghernatmegatives ohargecdfithie binding agent
decreases causing @ AeeceaaR UpAIRdingeishe.Resitivehs chatser i gnant.raleass af the therapeutic
agent. A target buffer can be provided with the binding agent to reversibly couple the binding agent to the
therapeutic age‘?‘l’f.bq‘ﬁgler%\tfe of release can be controlled, for example slowed down, by using insolubility of
the buffer [3 thegiraous; Aliematyely,or in compination the, elution, can be lmifed by iino a porous
membrane or a physical property SUCh 38 SZE S aN opnenmé, fﬁ'l%léf e n'exchange may comprise
positive or negaltiveddndskehanderap048GicTHaobindingratreriithaaylisonhpiiser tyde ptvobsic interaction. For
example, the biRding AYQMLMAVIGORRIISE &l Jeart.enghindingHehydrarhabic pockets, for example at
least one of methyl, ethyl, propyl, butyl, t-butyl or phenyl functional groups. WO

2010/088548P B4 201L0/0R 263s L4GLL T hieinding. agpndimay camprisaaffisity far.example at least

one of a macromolecwlar affinity.or a metal iolatli]gn affini(}y. Ex mple§. can include a hydroxyaparitc, or
1‘?lease ¢ th 1‘a£et t1c ahg'ent away from the lens and towar; %he re l{ﬁ’ n acci' Eg(é: .
chelated metal, for example zinc. Iminodiacetic acid can be chelated with’zinc. 1 The binding agent

may compiise atrieetmonie; of the following functions: charging,

[0317] FIG. 7G shows a kit comprising a placement instrument, a container, and a

therapeutic device within the container, in accordance with embodiments;

[0318] FIG. 8 show reservoirs with exit ports of defined diameters fabricated from 1 mL
syringes with Luer-Lok™ tips and needles of varying diameter, in accordance with

20  embodiments;
[0319] FIG. 8-1 shows the needles attached to syringes as in FIG. 8;
[0320] FIG. 8-2 shows the reservoirs placed into vials;
[0321] FIG. 9 shows cumulative release through the needles of varying diameter;
[0322] FIG. 10 shows release rate as a function of area;

25 [0323] FIG. 11 shows a reservoir with a porous membrane fabricated by cutting off the Luer-
Lok tip on a 1 mL syringe;
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Srecharging or elution, The charging may comprise a porous material injected therein so as to release the
active ingredient. The(Porogs matter may have an extremely large inert surface areabwhich surface area
is available for B?/r%%ﬂb./ 0Ff‘ﬂsewrecharging may comprise removing carrier + th'é%%%ﬁ% é?ézeﬁ; and adding
freshly "charged" carrier + therapeutic agent. 104631 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, e.g. to reduce interaction of therapeutic agent + carriers. 104641 Additionally or in the
alternative, a sygtainedranugidelivery tsystamofihe therapeuwigiagentmmayeomprse rieig delivery
packets, e.g, mierospheres, that are activated. The packets can be activated with at least one of
photochemical pstigationGthershavadivvationaor ¢S iacegt ddatierei]0k6bE T he- tierapidistic device may
comprise at least one structure configured to provide safety precautions. The device may comprise at
least one structi¥@¢b pFéveht stoeadtconaofiivacebpbragd3oAattueririnnugk calitwithimtbies reservoir body;
bacterial penetigtiqn,QiyIgipal detachment. 2010466] 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, subcutaneusgyjintratusculabvisiiRpetitanRestuiniianasaledeuneb Antratiieaakiiptsanvassuky, intra
articular, perica(gdiaJ, intraluminal in organs and gut or the like. 104671 Conditions that may he treated
and/or preventeﬂyﬁSing the drug delivery device and method described herein may include at least one of
the following: h hilj ther blood disorders, gr isorders, diabetes, leukemia, hepatitis, renal
failure, HIV infeﬁ:‘%ﬁ hﬁ%q%%oﬁgﬁ}fsgsmgt%f V%g%g%%%gfég%%ﬁgéﬁﬁyaarlrrl%kg élr?géf}r?e deatninase
deficiency, hypeptensismisepstitiads ek Cardsipmuina Wigdaes sty RS ran8elbrssis; Graves disease,
systemic lupus erythematosus and rheumatoid arthritis, shock and wasting disorders, cystic WO
2010/088548PtFAIE 260162983 BT Rictods MiBRdrciE NCRENISS ks babs HEAMPAEISTY bowel
disease, gastroiiiesiineaylordetheC caticer, degenetaiivey diseasas ciralmaotinlide systemic conditions
such as anemia, and ocular diseases such as, for example, retinal detachment, proliferative retinopathy,
proliferative dial¥éfi¢] refilopdihlodegendasiive:tiseas® S/apowar tisegse s)okolusions] miegtion caused
by Spenetrating;trapmatifiimiity cSdaehhatmilissieR A5 BNARSSOMS/ YIS infection, post- operative

infections, inflammations such as posterior uveitis, retinitis or choroiditis and tumors such as neoplasms
and retinoblastpsy | 104681 Examplamahtheransulioraganisd dhatamayhe.deliverssbhydhe
therapeutic device 100 are described in Table IA and may include Triamcinolone acetonide, Bitnatoprost
10(Lumigan), RAH ?ﬁﬁ?ﬁgﬁocﬁﬂgghtiﬂm), Travoprost (Travatan, Atcon), Timotol (Timoptic, Merck),
Levobunalal (B n, I rg Brimonidine (Alpha Aller an), Darz lamide (Trusppt, Merck),
Brinzolaride (aE) Ao A e B s A 2 S R by e
therapeutic devigenipgisgel avfiisletics such as tetracycline, chlortetracycline, bacitracin, neomycin,
potymyxin, gramicidin, cephatexin, oxytetracycline, chtoramphenicot kanamycin, rifampicin, ciprofioxacin,
tobramycin, gematilcifl @rytitormycintand enieimee Anttinbarsduth Bedimspils e ¥t miconazole;
anti-bacterials sti¢hias stifonarnides, ISwltagiazine, sutfacetamide, sulfamethizole and sulfisoxazole,
nitrofurazone and sodium propionate; antivirals such as idoxuridine, trifluorotymidine, acyclovir,
gancielovir and[i3tetferbi. ditlatiengenios:Buticds sadinty ehomogiysatesantéikelingidmethapyritine,
20chlorbhepiragie, Y IAIIDG AL ERE. A RIRPRENRYHAAMINS. gnt-inflammatories such as

hydrocortisone, hydrocortisone acetate, dexamethasone, dexamethasone 2 | -phosphate, fluocinolone,

medrysonc, prognisplones pregRisalonashirhrsrhate. misdaisalong Assiate. IHQeiRRione,

betarnethasone, and triamcinolong; non-steroidal anti-inflammatories such as saticylate, indomethacin,
ibuprofen, diclotdH&c HUtHiBretEh afiSIFkIRELA "detaREeLeis Budn 8 28 hEsgREnHe, naphazoline
and tetrahydrozojtngomaidticdandhantioleticrestérasesdsuehias pilocarpine, salicylate, acetylcholine
chloride, physostigmine, eserine, carbachol, diisopropyl fluorophosphate, phospholine iodide and
demecarium briiide; miyarlaticheueHetsnaitropinacsuiifzitenscyclop eratolaben omgtropinensedpolamine,
tropicamidg;, eucairapine AR HYUrRN@IIPHRIAMING; [YARTHONIMEHCRSUEN AR GRINSPRNINE;

antineoplastics such as 30carmustine, eisplatin and fluorouracil; immunological drugs such as vaccines
and immune injection at 90 days, in accordance with embodiments;
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stimulants; hormonal agents such as estrogens, estradiol, progestational, progesterone, insulin, WO
2010/088548PCT/US2010/022631 calcitonin, parathyroid hormone and peptide and vasopressin
hypothalamus rt‘a‘fngé)ilr?é)%étgor; beta adrencrgic blockers such as timolol mang{S,S VBRIl llel and
betaxolol licl; growth factors such as epidermal growth factor, fibroblast growth factor, platelet derived
growth factor, transforming growth factor beta, somatotropin and fibronectin; carbonic anhydrase
5inhibitors such as dichlorophenamide, acetazolamide and methazolamide and other drugs such as
prostaglandins [es®iprostag iBmsinsvantd prestaglandinupipes aksifihenthetapeutisuagents faown to
those skilled n e, arpwhiph, are.canable o contialled, sustaingd elease nio, e gye i fhe manner
described herein are also suitable for USe In acCordance wi Bo iments of the présent invention.
10104691 The thiertpeiRd dgentn aQartayceoriprseehawmismore of the following: Abarelix, Abatacept,
Abciximab, Adalimumab, Aldesieukin, Alefacept, Alemtuzumab, Alpha-1- proteinase inhibitor, Alteplase,
Anakinra, Anisti&biBlse FEntiTERbOKiIS FARRSH RARRATAHORSAS ABRMEHIC At rEitk RSh Haginasc,
Basiliximaly Begaptermin.uBeviatizumaln into a BatulindmotratimdypecdafBottisnasd akin Type B,
Ca-proinab, Cetror .Ii>r<l,a(t3?igH>éimab Chor&g&%”%ﬂ?”%gi I%g% Coagulation Factor 1X, Coagulation factor

Vila, Collagenal':{lé(fC ortico ropzms,’ OaSC)(l:ﬁlﬂ‘Opln, ycelnc}sporlne,SDad | izumab, Darbepoetin alfa, Defibrotide,

Denileukin diftitgy fcspepessil, RO A RIS R0 AllR, BEHIEUMAL: Rialikumab, Spfuvirtide,

Epoetin alfa, Eptifibatide, Etanercept, Exenatide, Felypressin, Filgrastim, Fotlitropin beta, Galsulfase,
Gemtuzumab oZbtfahEiitiS atissHer ﬂ%é&}‘%@@ﬁ%&@ﬂﬁ%é@ﬁ%ﬁﬁﬁ%fﬁt‘?é%é%r‘gﬂ?r, iFuman Serum
Albumin, llyalureoigase Weritwnesaabsddursulfase, | mrnune globulin, Infliximab, Insulin Glargine
recombinant, Insulin Tyspro recombinant, Insulin recombinant, Insulin, porcine, Interferon Alfa-2a,
Recombingnt, I&tééroRl Alferashéreadmbinant conterferdmatfbcaivizyinie fehonadfaw himterféron alfa-n3,
Interferon beta-|bylpterferon gammardf kERIHAIN, derpiglde, Hujtarin.alig,Mesasrrmin, 25Menotropins,
IVitromonab, Natal izumab, Nesiritide, Octreotide, mai izumab, Oprelvek OspA lipoprotein, Oxytoein,
Palifermin, Palitfs0iase PERRIRRIME P egademase bovine, Pegaptanib, Pegaspargasc, Pegfilgrastim,
Pcginterferon alfa-2a, Peginterferon alfa-2b, Pegvisomant, Pramlintide, Ranibizumab, Rasburicase,
Reteplase, Rituiithb, &St RGeSO LENA S L FRRR PR By BN SEM A SIBLRHin iodonated,
Somatropin 30reg®nbinaat;iStéegtokinase, T Hifadtelasehdéripardtice rathyrdtragin 08lfay, Tositurnomab,
WO 2010/%885240%@%;{53%@]59@&%@1@&; rastuzumab, Brofollitropin, Urokinase, or Vasopressm. The
molecular weights of the molecules and indications of these therapeutic agents are set for below in Table

1A, below. [047g}dAe iherapeutic:AdRRtAHITOEYCAMRFIRS PRRIGL MR PiramReMNdshabact by binding
members of the immunophilig family of cellular proteins. Such compounds are known 5as"immunophilin

binding compoafids: MHMAthop M BIHERG contbslings TAUtuR ISR N SIRREE S the "limns” family of

compounds. Exaneplescoflithnsigatinpownds that may be used include but are not limited to cyclophil ins
and FK506-binding proteins (FKBPSs), including sirolimus (rapamycin) and its water soluble analog
SDZ-RAD, tacrtiiitils, Elferbinsheypitvietnolih asn@aratipng (inapetiz) e 2884 v igRead et B T-578

(Abbott Lakoraterigs)..bOL87 Ll I tns fasmily f cempands imsy Be Hasddndos, Gompositions,

devices and methods for the treatment, prevention, inhibition, delaying the onset of, or causing the
regression of aAYigYaMES Y848 iSeases and conditions of the eye, including choroidal

[0344] 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, in

accordance with embodiments;

25 |0345] 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, in accordance with embodiments;
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neovascularization. The limns family of compounds may be used to prevent, treat, inhibit, delay the onset
of, or cause regression of AMD, including wet AMD. Kapamycin may be used 15to(Prevent], treat, inhibit,
delay the onset Pt %:%‘ff§(594§egression of angiogenesis-mediated diseases B MRS bithe eye,
including choroidal neovascularization. Rapamycin may be used to prevent, treat, inhibit, delay the onset
of, or cause regression of AMD, including wet AMD. 104721 The therapeutic agent 110 may comprise
one or more of pyrrolidine, dithiocarbamate 20(NF.kappiLB inhibitor); squalamine; TPN 470 analogue and
fumagillin; PKC¢paefeirikinasea hhinhiaitonsnddednadidrdiiendkinase fikilitanissbihibitansiuy EGF receptor
kinase; protcospme inhibitar ch asVetcadeL TM. (bortezomib, for.injection; raniquzumab
ity bt SRRt i B ek S ——
receptor antagardstsofsuePaiw esesdidpeptidié einbadorists of vitronectin receptor-type integrins; .alpha.-
25v(.beta.-3 integrin antagonists; .alpha.-vi.beta.- | integrin antagonists; thiazolidinediones such as
rosiglitazone orl¥fglitaZ et Nt tsrboie THEINERTG e -HitEife RSB IatErerBrhardeted to (NV by use
of dextran and matal earsinationcpigManicepshalionmn detiveckiaapriiPitdh)yiandastatinagngiostatin;
tumistatin; canslt%tinﬁﬁ@gg@g\g&%ﬁlgﬁe\;ﬂ cet niéieﬁ tr!a_mcinolone; tetrathiomolybdate; RNA silencing or
[

RNA interference ‘ii&e or angiogenic fac ofr:?, 3 1|1n§Pu§jing ribozymcs that target VEGF expression;

Accutane. TM. (33giS FQENQILAGIN AbmiYQ 30%%849%0%%&%@;/&5%%%%%%%&'\WF&BES1 including but

riot limited to quinopril, captopril, and perindozril; inhibitors of NiTOR (mammalian target of rapamycin);
3-aminothalidofBier FERtoX ke Bihndirskgadna didtocdidRienes danfeharies rasoigenase
inhibitors such asifhegaiensan etecamib; dideiepatmwibcoxib, NS398, celecoxib, vioxx, and
(E)-2-alky1-2(4-methanesulfonylphenyl)-1- 5phenylethene; t-RNA synthase modulator; inetalloprotease
13 inhibitor) acgepkolinEstévasadankibitornpoiassituniretianmefiblo ckenspencovepdilirvigpumine analog of
6-thioguanine; qylic peroxide ANQ:2: (egombinand).arsinine.deiminass:spidalasareshings-allate;
cerivastatin; analogues of suramin; 1411EGF trap molecules; apoptosis inhibiting agents; Visudyne.TM.,
SNET2 and othd?{Sketd S8nsiti 2eirdamie i A &) B iR&Swith photodynamic therapy (PDT) 10inhibitors of
hepatocyte growth facto ”r(ﬁantibodies to the growth factor or its receptors, small molecular inhibitors of the
c-met tyrosine KiHa%k, frtfic @RS RTS BIRISRIESH  RIRR) Of0a 37 R HET St S GUAL 2D may
comprise a combifatieanaithratiidr theraPé (ticragentsigndi thenapiet) ihaladinch it petdimitedito agents
and therapies ysglul fas dhe, featment Al ANKINIRRSTIR AnaRAYARCHILiZRUA N PRTIGHIBEY: GANV.
Non-limiting examples of such additional agents and therapies include pyrrolidine, dithiocarbamate

(NF .kappa.13 ifRBit8rctnsitiik cmpMinedisinalogue and furnagillin; PKC (protein kinase C) inhibitors;
Tie-1 and Tic-2 kinase inhibitors; inhibitors of VEGT receptor kinase; proteosome inhibitors such as
Velcade. TM. (b8rRYondif o riBetd A FERIBErL ERReHs RICBRAE NP FHe dBrBF XHEBLHEL B d to the
same target; pcgaptanitdiacdgenctitid})! (frorsotin ingeeiptoinantagahistsjsuchilfasdyslicgpeptide
antagonists of Vitioneeyn (eeeRIHYRBILRIIASNIGAUR RRtaaonisSyalRNamRe G zhdMtagrn
antagonists; thiazolidinediones such as rosiglitazone or troglitazone; interferon, including
.gamma.-ifiterférai 8t drteifarsh Yilfgateadis eV by use of dextran and metal coordination; pigment
epithelium derived Euitor (PEDF); endostatin; angiostatin; tumistatin; canstatin; anecortave acetate;
acetonide; trianttindlonle! 'é?ét?gﬂ’ﬁé%6?98&5%‘3%%2@@?I8?fc?ﬁQaB‘PﬁN‘l€k?dPe?f‘éP’éﬁﬁ%°é‘s(ﬁ‘N}&f)f8f Angiogenic
factors, including ribezyrhes thatntar'yet V BSB lexpiessiomtAcdtandcTivt. {18rgis retinoic@acid); ACE
inhibitors, incluging, By RetimikedhiondHinantl, sapondh preRerndoz il dbiRiters LLARR AR, (mammalian
target of rapamycin); 3-aminothalidomide; pentoxifylline; 2-methoxyestradiol; colchicines; AMG-1470;
cyclooxygenasdaVihiBitSrerderds Hithepare s Fofecoxib, diclofenac, 30rofecoxib, NS398, celecoxib,
vioxx, and_(E)-2-alk I-ng -rnethanesulfonylphenyl)-1- ph_enyletlhene; t-RNA synthase modulator;

inetall oprozt aséﬂi hh b[ﬁolj’%FCWéﬁlgfﬁ{gléTg SQAcentrations o 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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WO 2010/088548PCT/US2010/022631 inhibitor; potassium channel Mockers; endorepellin; purme analog
of 6-thioguanine; cyclic (Perpxide ANO-2; (recombinant) argininc deiminase; igalIocatechin-3-gallatc;
ccrivastatin; anam?gﬁoég/ or 5sﬁgramin; VEGF trap molecules; inhibitors of hepaﬁpgc{}t]ézgo}oo/\‘}vztﬁ%ctor
(antibodies to the growth factor or its receptors, small molecular inhibitors of the c-met tyrosine kinase,
5truncated versions of ITGF e.g. INIK4); apoptosis inhibiting agents; V isudyne.TM., snET2 and other
photo sensitizers with photodynamic therapy (PDT); and laser photocoagulation. [0474] The therapeutic
agents may be [@seql in @onpingtinn withcalpbarmaceuiically e ceptablepcaities suehgsisiorn mample,
solids such as starch 1gelatin ﬁu ars %alt raf!.%ums such as acacia, sodium alginate and carboxymethyl

TeServolry in accgrdartce with embodirnents. - . "
cellulose; polymers such'as sificone ru er; |qU|as such as 10sterile water, saline, dextrose, dextrose in

water or saline; gandensiafian oAUl AL ASIOLAL AR ellilens Xide A alycend, gt of a lower
molecular weight fatty acid; lower alkanols; oils such as corn oil, peanut olil, sesame oll, castor oil, and the
like, with emulstHRFS Y S bRTOBT Bitghycatereint a Fatl 3RV F ahPRoSpHaifae Qich as lecithin,
polysorbate 80, and the like; glycols and polyalkylene glycols; agueous media in the presence of a
suspending 15448, ﬁ#@&%ﬁ%%&fmwa&a% dityls@itlose Sadra AYaitioMERSddIm alginate,
poly(vinyl pyrrofiddmeysarid.8#¥iitar compounds, either alone, or with suitable dispensing agents such as
lecithin, polyoxyethylenc stcarate and the like. The carrier may also contain adjuvants such as preserving,
stabilizing, wettifdf7émElSifyitig hgents omothty vethtesd fatensals. 10450 Thditherageutibadevice may
comprise a confajpancQfigusestto hold at least one 20therapeutic agent, the container comprising a
chamber to hold the at least one therapeutic agent with at least one opening to release the at least one
therapeutic ageos4e theitremsts thoworanst RasSErUCHHE 1 30plRead witkintheeahleast one opening.
The porou strl%ﬁitéfmr% S1509 &bag,pgsrprplgi[ ?zﬂgﬁd tortuous, porous material such as a sintered metal, a
sintered glass or a Sitered polymer with 4 defined porosity and tortuosity that controls the rate of delivery
of the 25at leaglygng therapeutigagent,io, (e VIRUSHuar Jine figid porols siigtuesyRrovide certain
advantages over capillary tubes, erodible polymers and membranes as a mechanism for controlling the
release of a theaREHtiGRYSANOT é}gﬁetaltﬁqmmeréfa@m%&%va%% fhasesadveniages inglide the ability
of the rigid porous structure to comprise a needle stop, simpler and more cost effective manufacture,
flushability for c‘l%lé‘mﬁﬁf&r()d‘écﬂéﬂgﬁfﬁ‘éﬁﬁér prior to or 30after implantation, high efficiency depth filtration
of microorganisr(ps Provig?dé% the WO 201 /088548?%%?32010/022631 labyrinths of irregular paths
within the struct® and §reat& oSG LR es Hi& 16 YReater hardness and thickness of the structure
comparedltDo a [gg raﬁ%gé%r_?dshtgfl% Sprg&(rg}erglgngé[%.i Iﬁ?ﬂ?i%}%‘ﬂy’ when the rigid porous structure is

manufactured from a sintered metal, ceramic, glass or certain plastics, it can be subjected to sterilization
and cleaning pigeegurescsyeh as Rheahokfadiation basedsieriizationand depyragenasian.that might
damage polymer and other membranes. In certain embodiments, as illustrated in example 9, the rigid
porous structurd™@fbe configured to provide a therapeutically effective, concentration of the therapeutic
agent in the vitreous for at least 6 months. This release profile provided by certain copfigurations of the
rigid porous strifttfiths EIAsES 5 DSy adeios ik i ?%Feﬁ)émﬁrﬁl%‘a}‘??aq%/?ﬁﬁﬁ“éucwlﬁbathe 10eye
where larger dévicesdmayaddtesrondmpairweisions j0476] FAG. 6A | shows a therapeutic device 100
comprising a container 130 having a penetrable barrier 184 disposed on a first end, a porous structure
150 dispoged olf¥Sectid et thorel eaiseahetegsentithadentdorsan Elikielthed period, and a retention
structure 120 comprising an extension protruding outward from the container to couple to the sclera and
the conjunctival%¥8%he fdktetfdingsprotrtrsion o iprecretémidiyistrictiirE lfiadt Cofhprise a diameter 120D.
The retention structure may comprise an indentation 1201 sized to receive the sclera. The container
[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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may comprise a tubular barrier 160 that defines at least a portion of the reservoir, and the container may
comprise a Widtuf for example a diameter 134. The diameter 134 can be sized within a range, for example
within a range oM ABGIEY'S to about 4 ram, for example within a 20 rangepﬁ(g{%sé%lgﬁ?tz 1% 3 mm and can
be about 2 mm, for example. The container may comprise a length 136, sized So as to extend from the
conjunctive to the vitreous to release the therapeutic agent into the vitreous. The length 136 can be sized
within a range, for example within a range from about 2 to about | 4 mm, for example within a range from
about 4 to 10 ajuzend ¢an. hembouis fatisnfiercexasnple dhhe valunre®@fahe reservoir may be substantially
25determined by an inner cross sectional area of the tubular structure and distance from the porous
structure to the[p&Tigtratile. DaB-ieshdherietentiorr structucelmayseomptiSe2an dnnular extension having a
retention structure diameter greater than a diameter of the container. The retention structure may
comprise an indé¥ithtiohlEoAfigushed touretkive: tiskeasclerabpkieh el extendiorrdEMdsbetvend the sclera
and the conjuncfive, Jhe.ReRsI %@J%n%ﬂﬁ%%ﬁ@g%%ﬁ[&?& SRoseriumdisReaedha.ariximal end of the
container, in which the septum comprises a barrier that can be penetrated with a sharp object such as a
needle for mjecli8A’dfthe therapeutic agent. WO 2010/088548PCT/US2010/022631 The porous
structure may c ise_g.crqss sectional area I50A sized to releas erapeutic agent for the
extended perio@%ﬁ?%%h@%&%ﬁvg S F%Sc(?ﬁlrgefgborfn%g?/(gg}ﬁ%srfgénaﬁgig;?é%e coupled to the reservoir 150
Sland a Secorﬁ%? t%f@%'ﬁs&?owsecb{rlﬁ{ﬁzﬂyse {I'e%)s g é%hgtftﬁisljlységgsrpoal’iﬁge%qﬁ f%rfgé tu’i‘r?a 5159A1
and the second side may comprise a second area 150A2. The porous structure may comprise a thickness
1051. The poroffyisaiving maRY comprixai dikhietdpusdiy0104781 The volume of the reservoir 140
may comprise from about 5 M. to about 2000 tit. of therapeutic agent, or for example from about I1) id. to
about 200 M. of thEtapElitic?abebt Vi cseal e ther dseliticsgent §i6redn the reservoir of the container
comprises at least one of | Oa solid comprising the therapeutic agent, a solution comprising the
therapeuti%gagé?ﬁ?g]suglpcé% &1 Ushaphsy” t?'lcé"{ﬁ@?aeﬂ%:grt?g agent. Particies® Bngﬁsﬁﬁlée%eg%ﬁserapeutic
agent adsorbedfiperecrijiostpatticiesoreverdibly thosind tothéthh eapeutici cgerit. Eorexample, reservoir

may comprise g,sHspension,pfa.costicosteraid sheh As,iamcinolone acetonide to treat inflammation of
the retina. The reservoir may comprise a buffer and a suspension of a 15 therapeutic agent comprising

solubility withinasrange-feasmanomib Ha T i abait JOQ sUsh-AS fEpM ARRYLHA/MT.doabout 40 ughnL.

For example, the therfc[Peutic agent may comprise a suési%gnsion of triameinolone acetonide having a

solubility of apgFIXIMATER 1 gh LTS PHENS BT S39EU5AER implanted. [0480] The release rate index
may comprise values, and the release rate i d}ex ith the 20suspension may be somewhat higher
tha for & Bolutlod T iy BeA e T By et e R R R SO S about
5, and can be ri@ mdvedingiy Ao 210 sfoe exeriplebroonbie WA thatseci it 8caerd in apeandeesnbodiments
may be no morg thamakeut ki SeiBsdtacteigase the therapeutic agent with therapeutic amounts for the
extended time. 104811 The therapeutic device, including for example, the retention structure and the
porous 255_trucmsesrnay[<bezsiaaﬁv_boa_@afsslﬁiarmxgIfba lhen afacaiheatenid 04822 Wineapoious structure
may comprise aficedle ston (ol ity penerration sl sedie, The poroussirugiuie may comprise a
plurality of channels configured for the extended release o the therapeutic a%jent. he porous structure
may compise avdgidasisterdoemzdmsnialdivg iddieieteristics suitable for the sustained release of the
material.

[0379] FIG. 30A-1 shows an example of an OCT macular cube OCT image used to identify a

region of interest (black arrow) and determine the response to treatment;

[0380] FIGS. 30B-1, 30B-2 and 30B-3 show an example of a series of OCT scan images
.asured at pre-injection, one day post-injection and one week post-injection, respectively, of

25  sections of the region of interest; and
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WO 2010/088548PCT/US2010/022631 104831 FIG. 6A2 shows a therapeutic device as in FIG. OA
comprising a rounded distal end. 104841 FIG. 63 shows a rigid porous structure as in FIG. 6A. The rigid
porous structure” Psﬁnc%or%ﬁ??ses a plurality of interconnecting channels 156.P'FﬁéU5%)0r13 %8 ucture
comprises a sintered material composed of interconnected grains 155 of material. The interconnected
5grains of material define channels that extend through the porous material to release the therapeutic
agent. The channels may extend around the sintered grains of material, such that the channels comprise
interconnectingjessanneatsExtending thoughvihe Rams.maigiahib 48 hkrhetigidverpustetructure can
be configured for injection of the therapeutic agent. into the coptainer.in many ways. The channels of the
gt porous stEEHH S G RO 100 Btar el R A S B e DRSS Sgent s ijected
into the reservaoirowith prédssihied]anie angidapolioldsy sraletiirencuriprisebeiddhdrveBs pararmeter within a
range from about 160 Vickers to about 500 Vickers. In some embodiments the rigid porous structure is
formed from sintered stainless sté¥i M4 EBRBrSEE KR dd15dPaYdtétMithin a range from about 200
Vickers to aboyn2¢d] Viekrssgihnseime erabodimenisitdshprefersstdoiminhibiioejeatioreitend Stherapeutic
agent through the.porous structyre.during filling or refilling the reservair of the therapeutic device with a
o, In these ehL T s A S ROt oSl L s R RS o flow of an
injected solutioRreicsUspetisionathPougt sothiHycymane theerlalisehnthsn epticnues shibiedwidition or
suspension threyghithe rigichPaIeuS S et iRR Ui At IRhiRited whe e SRichsQlbtigR.Ar rskispension
is injected into the reservoir of the 20therapeutic ge ice. Additionally, these embodiments may optionally
comprise an eVACUHSIT VRS A SALT ﬁSLétPg 8‘\(73?}“5&8%?6?/6{8 i1ke) Tfofﬁ“?oafg&ﬁ?é’te filling or refilling
of the resefvoirint@4864d, Phecreselvoiramdthepbgous structure can be configured to release therapeutic
amounts of the therapeutic agent in many ways. The reservoir and the porous structure can be
25configured td $&8hsé mmdpentic tivoriatenointratine rapddticagent coprsspbadingneacesatientration of
at least about Oglikigppgeh ok vitkepushumeniaranextendesResiask of atdeash ahauthige.pronths. The
reservoir and t %)orous structure can be configured to reI%ase therafr)eu.tic amounts o IElhe therapeutic

agent corresponding 'S ERNEHatC AR AT RS AEBURST St DO HIt O Vit ey OSBRI AP SR no more
than about 10 sgopehanthfohanpextended perisdrafPosatddasttdbvoutithpédifficnthsr ddnedfierapeutic agent
may compyise af Jeast.a g entaf Al NRRALHOSBRASEC I HP AR 0102483 ) antikady and a molecular

weight of at least about 10k Daltons. For example, the therapeutic agent may comprise one or more of

ranibizumab or jpsgAcizamaky MEaMalivalkRrin-cammbinalirpadhe theapeMiG agenhpRyseamprise a small
molecule drug suitable réor sustained rﬁ;lease. The reservoir and the porous structure r!‘gag)he configured to
release therapdUlic BarmcURtR ST AR thefapetitic ageRPESTHESPORdinG 18" S CORLERTEOATF df'least about
0.1 ug per ml ofWireoustutinod ardmprines pd dingih @bbigkkOsud e ponddortantextentiednpendthof at least
about 3 months. 9t 3¢ 16R5hABRAKRE) MRS TN EesERVAIl-and HigROSAURSIEUGHES GRBEFARfigured to

release therapeutic amounts of the therapeutic agent corresponding to a concentration of at least about
0.1 ug perthl oPVARSHL REFEPYN kD Mibrethirn s slardoid Tsgerhrs A Bt hded period of at least

about twelve m g or at Iegit about two é/dea{s or at least abOLit thre? Xears. The reserv?ir and the
@) As use eremn., sustgl rglease epcompasses release of ther: Uutic, amounts an
porous structure may also be conhgure 0 reiease fheref’peuﬁc amounts of the fherapeu?lc agent

corresponding tote concaltratidn bfrapteastaino fitrGrodxiigded raicdfofitreoud runmeriand dkaisnore than
about 300 lig pef.kfesanedandrdneriod of @t least ahoulid MR RF Rimenhsnends months or 24

months.
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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104871 The channels of the rigid porous structure comprise a hydrogel configured to limit size of
molecules passed throu%h the channels of the rigid porous structure. For exam Iei the hydrogel can be
formed within the CRENNETS and 'may comprise an acrylamide gel. The hydr(];ﬁ% MR 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 20therapeutic 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 Dedgms. AheshyeregekmayrcamptamivaiemaaManicwithiaa sangslframpabout 90% to
about 95% such that the channels of the porous material are configured to pass Lucentisim and
substantially ndopggis Awastinfipeu2b[Q288hThecrigitaperoushsirachdneonaycampiise Scompasite porous
material thal cagfARd 0] JIDEHDAY deAuide sanasald TReRl.shargs A0R GRDTanallans. For
example, the porous material can be a composite of a metal, aerogel or ceramic foam (i.e., a reticulated
intercellular str@éﬂﬁﬁ@llhtxﬂmwﬁ*&ﬁ%smwﬂbPﬁtgwa?étiﬁﬁéﬁebﬁﬁé&é@f@ SfGVIEBHITABIRIR Bf pores
passing threuglithersiotune thétpeusiy ugtureiotheavplls oixthepkells themseaivesdeingdsubstsntially
continuous and. non-porous, and the volume of the cells relative to that of the WO
01010885430 T BB D D g TS At e & b B RtF e RES YRS density of
the intercellulargthuctaiais tedghilsar Aistit 36! pereénttheoretical density) the through pores of which are
impregnated with a sintered powder OF aerogel. The thickness, density, porosity and porous
characteristics 3$% fiddr cbipeieageroteyhataiar earrHaRliedd ESHgHE WA Hedired release of
the Stherapeutignagedit.fh@48R] Einliadinentscoropusedemeaihoehpfisoaking rmHibagrab(.e.,
single-component) porous structure. T ethod may comprise.ntroducing particles i mald having 3
cesred shve B B B B A S Rt rowiman
porous channelBpiihgs kywsstptects thefrdsabpoiimal bieedvesrglslafihingravsiogaliey ubieosilmet channel
openings to coygladQl the virears Rumasfithe &ye. B alipiality oEblinginrtcavities extending into the

filter from the proximaj,ppenin sﬁgnd(?\pé r g of blind outlet cavities extending into the porous structure
from the outlet CH&T el oRp?éﬁ‘i'ﬁg‘@%. THE'mM ?91% 1%gher includes applying pressure to the mold, thereby

causing the pariclgg togofiere and.forma,single, sampenent and.siering ie somponand ig form the
porous structure. 'The partlclee can f%%e pressed an . co ere to _orm the component without the use of a
polymeric Bind@papstohdgero U seiictole bamhparomsedrsatrseemdamy tpifcrazeimatg. 04901 The

mold can be origptednvesticalinwithithe frReniathesandrishesackpwaid: andhmetabhewER! having a
particle size of less Ih?.n 20 micrometers can be i trggtuced irlto the cavit thro%%h thﬁ open ind of the
A } B

mold while vibratiRY TS hBIE s SEARVRELTHEEAT R ary ot kit i paeRiNG 8P th e 515t 'in the
cavity. A cap car herplagedgmtheoperpothertgnd sfkinesmoldhiamdqressueis appledaio the mold and

thereby to the metahpWdRLIP, thaitawtnie GaYse e eial RAVdRIHColRIm MR derm Rycup-shaped
powdered metal structure having a shape corresponding to the mold. The shaped powdered metal

structure an b8 RAGY SIS THRHIBIE: G Qe B U Sin 458 BUL SKIERIG metal porous structure.
25104911 The porous structure can be incorporated i e device. by a press.fit into an
mpermeable SIS SH BN S ROANGLTBET S RUHkS BT the ol Sebtore. Other
means, such ashwejdingnknowts tanthosecdkillbd tinaiheEreicandie asedstanihcorpordtectheaoolkous structure
into the device. Allenativelyx ghi-cormbinatien: m%pawg%geqm%@tmqw ShCRBREfrWEM in a mold
where a portion of the mold remains with the shei%%d WO 2010/088548PCT/US2010/022631 powdered
metal structure BheMHESRTEE AT BEtHE GEVREEHE RIS Hdvaregra gatiberies e d400d seal
between the pdsousistragire and he devicedy104820vEheckleaseivatenb therapedtie agenilthrough a
porous body. sif}&5.a SINAIRRARLUS MElel SUCHE AL ARCIRHS SlBRs SHNRINEE.May e, described by
diffusion of the o t_?]e. > therapeutic agent within the porous structure with the channél parameter, and
with an effective'BiffRiSiot ok it EtD ANGIIHE diFfEsioN L OEMERMPSE the therapeutic agent in the liquid
that fills the reservoir multiplied by the Porosity and a Channel Parameter of the porous bo(cjzly: Release

Rate = (D P /1A RTER B TFREHHS B SRR S ARSSERAF Suitable for treatment of dry

AMD such as one or more of Sirolimus™ (Rapamycin , Co axone ™ (Glatiramer Acetate),
pamy P
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10cv = Concentration outside of the reservoir or in the vitreous D = Diffusion coefficient of the therapeutic
agent in the reservaoir solutlon P = Porosity of porous structure Er= Channelfparameter that: may
correspond to a‘?/ortzuog({y parameter of channels of porous structure 15A = N 021%)0 1oud'structure L =
Thickness (length) of porous structure Cumulative Release =1 - cR/CRO =1 - exp ((- D PA | FL AIR) 1),
where t=time, Vr=reservoir volume 20104931 The release rate index can (hereinafter R RI) be used to
determine release of the therapeutic agent. The RRI may be defined as (PA/FL), and the RRL values
herein will havendnits' bf oompuniess@tireBnse indicatedcMaryp ot the pamauscsHdetires used in the
therapeutic del%er tﬁlewces described here have an RRI of no more than about 5.0, often no more than
about 2.0, and can B N6 more than about 1.2 mm. 25104941 The channel parameter can correspond to

an elongation OFO%]paﬁ@Ih@?thﬁE%@@ﬁHﬁa@%%Hl&){ %'ee{r‘ﬁl%%@{ RUIBH Euﬂ%%%%r YGHUE of fig POrous

structure may cowgsrlse many mterconnectln channel S, and the channel arameter can correspond to an
effective length’t ﬂ*ﬂé&ﬁ%?%éhﬁ@lﬁ@éﬁﬁ?&)é@l’ &H@li‘ﬁélrﬂlér‘éénné‘%fﬁ?@éﬁahr?eT@B‘??the porous

structure frem theztasen/distErothe sivaapissideimnanrateased. The channel parameter multiplied by
the 30thickness (length) of the porous structure can determine the effective length that the therapeutic
agent travels al@agdihelintehcaponedting channels: fromatkiexesehvoiniside to the vitneoesfside. For example,

the channel pa’b%%%‘r%n@o%%%’éi&i‘ar5a8t%59§§"%ﬁ§%vt99'§5‘%£&%ﬂ%&Qmeﬁv%gﬁﬁé%@%%ﬁ'de an effective

increase in length traveled by the therapeutic agent of about 50%, and
2010/088548PEHIIED IDRISAR 181 20dyInimatndk (SHROLUBUE RISl IR SR RIS that the
therapeutic agermhtragej:‘gawﬁg (haalmtﬁmnrwqﬁnglrzmﬁrusre{@ﬁmmrmemeaerwpireguﬂ.eaﬁﬂ)t@elmtreous side

corresponds to abo eI ameter (f). of at st,about. res St
P(? blecule soa nl-l; n| akdﬁnsa 1n1bf)s aﬁirflefalh Sun ?rarc%(snhe ﬂ;lqea?

interconnecting channgls tha provr A SHEchve M ease ength travele erapebtic agent of

about 1009%, saﬂdtf@ubésmhmﬂiréklﬁomeergh{ﬁfmHenthleceﬁ‘éclﬁvetlrehgthatqhetlihbmpéunéla@ent travels

along the interqannecting ehasyaels framdhe ra%en\rﬁme%rﬂe)&e thegvilieQusnside GPResandR(o at least
about 2.0 mm. ASCEP orous structur com al%y onnecting channels that provide many
n TS TOR Bt

alternative path P oofr?ﬁlgrﬁ%r%\f)va' e of some of the channels provides no
substantial chaﬂ%?%[]‘n effectlve izl\th Ien th tgrrpwgpl Ig%e%)rous g.Oﬁtructure as the. alqernatlve
ne

ClL1 VICC
interconnecting ¢ S are avar a tthe rate sion t rougr]rh %he p%rous structure and

the releaséSof tAeoth8rdbagtie dgeht a1e &r@gmianwmﬁtarﬁeeﬁmﬂvsdmﬂeeprhecmélefare blocked.

[04951 If the regRnyel RAKKINIS BHNRANE QIBAMA, YiseRsityISinilattoowaler, ﬁﬁ@eye%&&qrrﬁ@e diffusion
coefficient of the ther%Peutlc E@f TA in water at the tem rat r{gg EI interest m used The

following equatlBh S8R BELEe e HOE ofiff ?%rﬂp&e FC 8?3)‘[ 55 #ed value of
DBSA.20C = 6.yk@&-Atdm/2 ferrbgvmkwﬁwnaalbummernﬂrratetrgalttﬁfﬁ@l@mah@tdmalm alnéEnpakye Res 2008):

DTA, 37C= DBSA Y0 LARCAATE (MINESAT MWTA) Rty colIAESISESIQ IhepalRcular weight o

either BSA or the test compaound and 11 is he viscosity of
concentration of 0.1 ug/mL. For example the target threshold concentration may comprise

from about 0.1 ug/mL to about 5 ug/mL for the extended time, where the upper value is based
upon calculations shown in Example 9 using published data. The target threshold concentration

is drug dependent and thus may vary for other therapeutic agents.

[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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20water. The following lists diffrision coefficients of proteins of interest. Compound MW Temp C Diff Coeff
(cm"2/s) BSA 69,000 20 6.1E-07 BSA 69,000 37 9.1E-07 Ranibizumab 48,000 20 6.9E-07 Ran bizumab

48.000 37 1.0E08 BeVAE > fmab 149,000 20 4.7E-07 Bevacizumab 149,00

10

15

20

25

10/088 5CT/US2010/022631

concentration of therapeutic agent may remain consistently above a threshold amount, for

example 0.1 ug/mL, for the extended time.

[0397] The insertion method may comprise inserting a dose into the container of the
therapeutic device. For example, a single injection of Lucentis™ may be injected into the

therapeutic device.

[0398] The duration of sustained delivery of the therapeutic agent may extend for twelve
weeks or more, for example four to six months from a single insertion of therapeutic agent into

the device when the device is inserted into the eye of the patient.

[0399] The therapeutic agent may be delivered in many ways so as to provide a sustained
release for the extended time. For example, the therapeutic device may comprise a therapeutic
agent and a binding 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 after injection into the vitreous humor. The particles can be sized

such that the particles remain in the vitreous humor of the eye for the extended time.

[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 within the sclera of the
eye, so as to couple the drug delivery device to the sclera of the eye for the extended period 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
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
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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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(9(/)OIS Yich as triamcinolone acetonide having a molecul&r %\%\?é?é%tz%%]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 withifptoe) matesiabrdheRarasitycepmpdsasdanvalis WHRINRrangepfeom: akhoscatic to 5 about

70%. In other embodiments rgsity comprises, a value with a range from about 5% to about [0% or
from about 10%‘%%1% a(r)lugféf;-‘fa/tb3 g rg%r%eexézger%lﬁ?el rtg?’rf)sh Stl)(ﬁﬁ%%l% 0 about 20%. Porosity can be determined
from the weight apd MaGIOSCORICMONME.QF. A RE MEASHIEGhYIA NITAYER AT AUFQIpHANLA497] The
porous stnicture may comprise a plurality of porous structures, and the area uSed in the above equation
may comprise tH&EBMBinekY Hrakebrrasiihitisantyisrporsaaistautseey BAYB]ST Ael @bpiteliparameter may
comprise a5fit p@@maﬁeérgaﬁasamﬁiﬁlguteréhpowuiuﬂmqgtyn_afsthegcﬁﬁmﬂ&lﬁviE@_ﬁ & keowpapedosity, surface
area and thickngss of e suface, paramelcr, the curve fit pRrameler, EL which may, GoFspand to
tortuosity of the chanhels can be determined based on experlmentaﬁ easurements. The parameter

PA/FL can be ubed!iddedaminertple isaasived dstalnebotsi@ase. prdfildcand wisnahias bR, A, F and L
dﬁtermilned. ThadRte sk Q‘;é@.aﬁevﬂfe;&ﬁnw%@Ds@g&@%mhﬁﬁH@f@@@&ﬁrﬁ@sﬂa@@ﬂé&fﬁtbﬁ aﬁﬂ?ﬁ&é to tf(;eS .
channel parameter, and the ratio of the poragsity tqQ the channel parameter can be less than about 0.5 suc
that the boroue G LS B g AT e LRGP U BRI B I EBP Y the rato of
the porosity to tthepchditimel parametet iss lbsdohagnnabiolt Mploréddexamplb tegsdhanhalbpet D2 20such
that the porous,stiuelrgd leasssPadhapnauicRaspidar ihe.exendadneriodihe.ghannel parameter

may comprise a value of at least about 1, such as at least about 1.2. For example, the value of the
channel param&taFRiGy LIPS af St BHARTPES TSR BEI0IS B Eu8t B, UrBHHzS dmprise at
least about 5. Tdye shanneldpanamedteiceartbe inithinaramnge dsom @ibouf-dnilthe aboatnl®iHor example

within a range f&ﬂ%@qﬁ?&%@ 12 l9 1?1991%1'_5&{% &%Bsé%’?i e% s Ogt_d_inary skill in the art can conduct experiments

based on the teachings described herein to determine empirically the channel parameter to release the

therapeutiesagegtaf amt;bt@m9@%%@9@@.{@@&@%&%@%&@ Asatedas medelgriginates from the

description of mass transported in units of flux; i.e., rate of mass transfer per unit area. For simple

geometries, sudi LA PBIBHLYISE BHHIOURISE HIais HrpRAHLE AR Yo L5t S5 04V IRIGEW the area
corresponds tonhedage of dhe:iWdn2(h0/p8854 8 EMNAVE BAT0/02 2661 disacamd ke shickoess, L, is the

thickness of the dize. QL FIQKE SRMRIEKIRUBSIIER SHGY AR BRIRYSiRRAY 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 whgigstherRpeUtin AOSRLAXIS INBROTOUS LRS- BHPHANL A MRMRL Gan ke figrivgd to describe

the release rate as a function of time b%; relating the change of concentration in_the reservoir to the
release raf8 del&ibedWBIoE S RS oD EPHERERES RabitiBRISTIm ErapLntié b SRS the
concentration irxtedeservadinid 4nffokneydnaad ditioim tireceoneentratiandhrithetrefadiveng fluid or vitreous is

considered ”egéi%fﬁl e50Y 7 Qharolving the dufstentalspuation and rgarangementyiglds Mg dollowing
equations describing 10the concentration in the reservoir as a function of time, 1, and volume of the
reservoir, VR, féf an object seen by the patient. The eye has an iris 18 that may expand and contract in

response to light. The eye also comprises a choroid 28 disposed the between the sclera 24 and
25  theretina 26. The retina comprises the macula 32. The eye comprises a pars plana 25, which
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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release of a therapeutic agent from a solution in a reservoir though a porous structure. cR = eft exp(4- D
PA / FL VI]) t) and Cumulative Release = - cR / era 15105011 When the reservoir contains a suspension,
the concentratio‘ﬁ(fnz?le%%srs\?é?r, CR, is the dissolved concentration in equiIibriﬁ%T(}vJﬁﬁofﬂ/gzégﬁd (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 expacimentallyiy: preasusing consentrationsimthevitieons humanthatrelctmatherapeutic
effect. Thereforc, (here s valus inyextending predictions.of release fater.(o precctions, of goncentrations
in the vitreous. A one’-compar?men% model ma§ be Used to describ8 elimination of erapeutic agent from
eye tissue. TM 2E105081vOGprs iRy cRinzmisisistagion ottkerapelgticcageribsgnariaggeticent
sinvolves a bolysipjesiianR. 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 haditite fari@nikizuRciabashappeoniaaialy B aysinbatmabitanditheimanikey (Gaudreault
o) anc S SVl ATEN: Lespuinim eepiate iest e Mirss alime. B eppramaley 1S i
2010/088548P &T/yS20¢ 0/022889nple et cahciditiadcconbepriatontsitBa3pagficticfavcarvplersdndection of
0.5 mg Lucentigyl inteniheigyenef arearkeyaobhie cenesntiatiendecayiioi@ ilkeousscancentration of 0.1
ug/mL after about a maonth. 105041 For devices with extended release, the concentration in the vitreous
changes slowly BBSTh&ETH M Gy AHEHS ﬁ“.‘ﬂ%rdm can be derived from a mass balance equating the
release rayg frop, g deyice (descrinad by quations, abovel withbr elimination rate from the eve, k ov
Rearrangement yields the following equation for the concentration in the vitreous: cv= Release rate from
device / k Vv. 10508 ttSheatkcréladise taraghohe scldesiddwvitisaacsoligiopewitherapd@tistagent decreases

10exponentially, with.times dheoerncenikaiian il heditirous Heareases. exranaapiale withdtheesame rate

constant. In other words,, vitreous.concentra}tll n decreases with a rate con?ﬁant ual to D PA FL VR and,
hence, is depefiEriCoR T OPELBrHhe WOralie LALLM THE USRI F S PESERS. 105061
Since the releaslerathcisckeraot deddrdm@mdevteawithhdlsugpansioncof thenapeetibclibagpntithe vitreous
concentrafion Vﬁé‘vﬁ!égnlazzl%'f@&'m@@@% dentqdhe rﬁi@@\%éﬂ‘t‘ﬁé”(ﬂ!n@lﬁ&%%%ﬂtthﬁ) aReriasef the porous

structure via the ratio, PA / FL , hut will be independent of the volume of the reservoir until the time at
which the drug 18°¢Hti ¥ PEESBILCTHE BRANNEIS O M i orb e SR IHE Gatr BE°dfzed in many
ways to releasatbedmie ndedgtherdpautic dgent. kor @xariplenthecahanifels ahthe 2igid thorous structure
can be sized superior rectus muscle to couple the sclera of 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

20 tendon 27 and one or more of posterior to the tendon, posterior to the tendon, under the tendon,

or with nasal or temporal placement of the therapeutic device.

[0408] While the implant can be positioned in the eye in many ways, work in relation to
embodiments suggests that placement in the pars plana region can release therapeutic agent into
the vitreous to treat the retina, for example therapeutic agent comprising an active ingredient

25  composed of large molecules.

[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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20to pass therapeutic agent comprising molecules having a molecular weight of at least about 100
Daltons or for exam})Ie at least about 50k Daltons. The channels of the rigid porous structure can be
sized to pass th‘gr%p?—:'ll%?éseslﬁsent comprising molecules comprising a cross-sg‘cl?[TllolhséPlsOl/zOezg?lno more than
about 10 mn. The channels of the rigid porous structure comprise interconnecting channels configured to
pass the therapeutic agent among the interconnecting 25channels. The rigid porous structure comprises
grains of rigid material and wherein the interconnecting channels extend at least partially around the
grains of rigid niatepaliiopass she dherapatlic AgriitHenghibe Pereusc-matesiak lEhpgsains of rigid
material can beegcolugle%d {ggﬁ'f@er e"%lt‘i% all_%q[ lofaaﬁzeage me t and wherein the intertc_%%necting channels
extend at least parﬁaﬁy’ around the 1ociot attachinent. 85811%%%1{%12515&3/0 016/022631 105081
The porous strggtuirel arcshesanpolpbialoe 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 Withiflla reifgecrpry it ©. 0% Gk inpapStiuteLio fereehsmp dofranonZtigimt, to
about 4 ughAnt, smapfio suppiessifiameaation.irFthexanglinarchonitcahQR0ap el porausastructure
comprises a sinferd materialy, The sintered malpiakmay,comprise rains ofmatetialp whigh the grains
comprise an average size of no more than about 20 urn, IE r examp e, the sintered material rmay comprise
grains of materfaf #evidsichnthergraivs cdmiprisorgsavépbit erdigecteinbfon retenan dibsuraliontrn, an average
size of no more than about 5 10urn, or an average size of no more than about 1 mu. The channels are
sized to pass tr{%bbuﬁécqdé}n%iﬁ%%WéﬁfH@ttﬁ%%agélmﬁepabt&ﬂ%Fsd@ﬂ ARSIt RIRSEEIAT fBAthe
extended time basedionithe grain size dhihe sinteretheateriahanchpintrssiagipasameaters2such as
compactiop forge, ad fime, and Jemneratiie In,the, funace: The shannely can be sized 1o ippibit
penetration of micfobes Inc uding bacteria ahéffung spé)res tﬁrougﬁ)%e sintéred matenal. 15105101 The

sintered materidféetprisals acoERfbibry peaterisl 16 dntaibir badpiEsodithibetisecriRiniierswe tR8-material.
10511] The sinteredimaigsialicamprisesmpldlarslRugakenMetal cah crramiGn i glass aramiastic. The

sintered material comprises a sintered composite material, and the compgsite material comprises
o or more of HHAHECT TR STARIE! the SRS OPHHSPHALEE A HEC Smple e T8k bre of NI, T,
nitinol, stainlessgye@hinchedipgraltostsisuchla8 odpr80dt, [B161onBitBE | fobaltechrgme, eigiley,

haStef_i”OW 53'27gﬁa%”ﬁ’b{ 954',“395%'&Q%ﬁl'@(){toﬂ%bﬁﬂ'eﬁ@&?@dﬂﬂ@ﬂéﬂa ﬁb{cc%%?iﬂri%ﬁ_e%a‘ﬁ%{@%% The sinte.red.
material may comprise a glass. The plastic may comprise a wettable coating to inhibit bubble formation in

the channels, aRftTHE I AST ALY ' @Omphist BPRESE DR &6 BB lfe Meh e iisne SEbERKS olyethylene,
polypropylene_, pﬁimmhmkebEEpmhyﬁﬂyréheTmmhmafhﬁmab& qpahy(aﬁ_ny_ladie,mnywmthmquta;iﬁg pedyamide.
105121 "The “95'9?%‘%59-91%a%g%%ﬁlé[)%mﬁé{n%%mH?%&PJ%&%H&YC%EEQ'%B%?Hr% SHYGiurgR coupled to the

reservoir and contigured to release the therapeutic agent for the extended period. For example, additional
rigid porous stroeiRiesEARYe HISPHHSPABIg b Container 10f BREmipte tPRIEHE bINtPRNRBAtTher may
czsgmc%zeS mne8 pgrﬁ?um@trwﬁ%gel,?gd gd’t(gfi@éﬂw’t?lilaﬁé%adﬁﬂdﬁw&tﬁaﬂle;ﬁ{}?utic agent for ';he ol

1 548PCT/US201 1 be disposed along a distal partion of the container, for example alon
2 tubular WS B AL Eon ey TSI OTTE B bt Sy 0 L B LSREAT: [dihdse therapoutc -
amounts of the Whikrapbtiitizadénecitove thesanviviiairaninbivhtdeyleormsaneragion o fon ielasadee time based
on bolus Sinjectjpns fdhetherapruiiciagrnl kalpexamplaltheyoome:oftheichrrpeb @f thgdeservoir

can be sized with the release rate of the porous structure based on the volume of gﬁ bolus injection. A
fje

formulation of dRerASelic AgenteHit BRI BUiEs REP LA PId"S RASWH ThAvit8 iOWformulation.
The therapéuticagenitcantherdapablétlofipeatingsthe dye thvithpoolus:@ejedtionspsucid thdtthe formulation

has a correspopding,perigd REaRR.CACHHY G AP AIUS INGRIARS O Sah i e¥ R Rl exAmple the
bolus injections may comprise monthly . _ _ _
towards equilibrium and the therapeutic agent 110 is released in therapeutic amounts.

[0412] The non-permeable membrane 162, the porous material 152, the reservoir 140, and
the retention structure 120, may comprise many configurations to deliver the therapeutic agent

30  110. The non-permeable membrane 162 may comprise an annular tube joined by a disc having
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injections. Each of the bolus injections comprises a volume of the formulation, for example 50 uL,. Each
of the bolus injections of the therapeutic agent may correspond to a range of therazgeutic concentrations
of the therapeut‘l)(v:oaﬁoé?{f) Within the vitreous humor over the time course betv&ggﬁulsnjég/t?czﬁss,] and the device
can be tuned so as to release therapeutic amounts of 15the 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 inhibiteryacoicapatio it tieatihe ey fak examploatitcashabmy shreghtlaand ithe values of
the range of theyapeutic concentialions,can be gl lpast about, 3 uolmii, The therapeutic, device can be
20configured to treat the eye wi anplnject no he mont?nlcy vo]ﬁjme of the formutation Into the device, for
example throughstieo e trals| eclshpriechPrangis spoir dfinbrsteontainemhvusssiekariive elimgdedain a volume
of the therapeuti R9&N {QhLXAMAIR 3 We RNF:aMechaRisManreleaedthaithsiapeypc sgent from the
chamber to the_viftr Qus, huR%or. 105141 The volume of the container and the release mechanism can be
tuned to treat the 5%8 FEIR RS et Putic agent with vitreous concentrations within the therapeutic
range for an ex d time with each injection of the guantity corresponding to the holus injection, such
that he conceriattn aP T e Lo e L e e I A e ot
therapeutic corsntiatiers dnekcothpriseisidelealsesheraiifimimeirniblto Acaunaertratiors. e extended
time may compgisgpatdeasi-ahautivicentha carrspandingReriadef the: brlus3RINIRGIARS.iF he release

mechanism comg{ises ope 0£ more of a %orous fit, a sinter orous WO

ed . .
2010/088548PET/HIBIFIE/G5 SRS " O& HisHHLhINS MdhsiPa ét,regégg]’ﬁﬁr}ﬁ%%@a?bq%‘%é%%frane, a capillary
tube or a tortuows clhamrehgdnorstsWpres, thembecianseks or sinpéréd npendrparfidiesirffordexample, the
porous frit maymml?éi%&%@%ﬂ%@%e%&éé&&?@%hﬂﬁ%’sm& HirkRessiiP releasribe therapeutic

agent for the extended time. The volume of the container reservoir can be sized in many ways 5in relation
to the volume oFHEjéctebHorHAEE LM AAETRA Blek IRTge AR e dBiufiE o RRIBEEY formulation,
smaller than thewahinne, afninjecieshiofpultionohsithBipoiialticie samecasniis Melwnaahinjected
formulation. For,uamples e elima. oL e cananennRY.CompiiaR, MR MAfe. A figgolume of the
formulation, such that at léast a portion of the formulation injected Into the reservoir passes through the
reservoir did coPHSESANBYIRSTAECHBNT (o tiert Tote!hAtIBIUIMTERBIBN sadsEYBRife of the
reservoir is increaseds, theogmeuntelifeimulation.relerseantopthecayeyitgugh the porous structure upon
injection can decrease along with the concentration of active ingredient of the therapeutic agent within the
reservoir, and tjtd r¢leass rave indehoearhbepncieasack applopitately so iastoopravideathereapeutic
amounts of theraneitic 3060t {0 SXRRARAUINE. FY SYAMRIE, R olime. of the reggrvoir of the
container can be 5greater than the volume corresponding to the bolus injection, so as to provide
therapeutic am8UAtOfIN et apcuit ive' HidrtidrsreR aamies hip simandvrit asrerfeeaerFolume
corresponghng toi@ Ruepthily ivjastionotiseentisy m.irocexample, the formulation may comprise
commercially available Lucentisfm, 50 uL, and the reservoir may comprise a volume of about 100 tiL and
provide therapgoditsyitreus seheentrationsapatiedstiaboil Sugfixidg fosrcRQsiX saanitaslwitih 50 uL of
Lucentsim injeieg) pig i ierervalh (A4E1The hambsn mex. samRdse 8 SHRStANiAl fxed volume and

the release rate mechanism comprises a substantially rigid structure to maintain release of the

therape_utic QQ%E?J?OVPIHFQ @EH&W&%#@@Q@{@&&%‘F@%@E@M@%Pﬁl%ﬁﬁé}g%ﬁjaﬂ@ﬁe%% gREN injectior_1 of
a plurality of injections, 25105161 A first portion of the jinjection may pass through the release mechanism

and trat the patléhit WHeH ‘tHe' fohRfulaYiSh S RIEEEa ca e 8 BECHHd TIORIGHIRE (R HaffSn can be
containedif thechambieswhentthedorm atdtibnbisitjeici@domprises 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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105171 F10. oB-1 shows interconnecting channels 156 extending from first side 150S1 to second side
150S2 of the porous structure as in FIG. 613. The interconnecting channels 156 30extend to a first
opening 158A1,‘%052é)é((])/ﬂ§f5(§6ening 158A2 and an Nth opening 158AN on thECWf52010/022631
2010/088548PCT/US2010/022631 first side [SOS I. The interconnecting channels 156 extend to a first
opening 158131, a second opening 158E32 and an Nth opening 15813N on the second side 15052. Each
of the openings of the plurality of channels on the first side is connected to each of the openings of

plurality of channglsifin shesseaondrsicen spahnhat @fipetive jergthisavried aloag thecchannals is greater

5than thickness\,)v ]I}ST(I)&I.GEh%C%r}zSaPHQgL[ ?alrn m 'geer can be within a range from about 1.1 to about 10, such that
the effective length is within a range from a out 1.1 to 10 times the thickness 150T. For example, the

channel Pafamfdﬁ’{ﬁa”ﬁ‘é ABoYEd ANAINERAGRINAPPHE o RUhARALING RHGCUYE 12095 corresponds
(oat least about 5 times the thickness 1501. 105181 FIG, 613-2 shows a plurality of paths of the
therapeutic agehbishong e ofatetcdibealies crdriels BireRdvtPrbifrRe s eide 15091%6 a second
side 1505250f tieppraitSghintciay eraséd EHlGS 61 handaddt imEhapludakitymfrgaibsicomprises a first path
156P1 extendir}g from the first side to the second side, a second path 156P2 extending from the first side
to the second Sld% and a third path 156P3 extending from the first side to the second side, and many

additional pathg, {3 effﬁ'&hé%Q@tibgiﬁ"g‘fcéal%]fii{éh[%?%ﬁ‘eﬁ’ti‘c RLGENG RN APAINI LIRAM,PS I

substantially similar, such that each opening on the first side can release the therapeutic agent to each
interconnected 'BEERIMECERHE SR BN SRR TR HSETARRLITPE I APSHALH PRI RAH RS FRISEd to the

sintered grains @f snasenaldanchth eothantetgikai-exiendsaspoichine sivteded material. The porous
structure may comprise randomly oriented and connected grains of material, packed beads of material, or
combinations the4eif. 6. dldashoelspahameteic2lean befiglatdddopthestmicture ot thamshitered-grains of

material and cofrgsponqing NHEEGORNGEHNY FHANRGIRRATOSIRGRE NS MAFUR A0d.Rereolafigp threshold.

Work in relation to embodiments shows that the percolation threshold of the sintered grains may be below
the porosity of #feErdusHrithstragitiFesstich Brstae iR BHGHRF IhteHLEHMSEtSHPThe sintered
grains of materia@ocamgpudevicte] tiaisponapied hénnelak and thegrainstoan tbedriaated 25to provide
desired porosity and channel parameters, and PRI as described.hereig. 105191 The cha parameter
ana effectve e T e R B T e Channe
parameter! éan & §raapap i TrRip Withindngngd ormdbeupatcteeaodhs ondneigdatthe effective

Ibength is Witrf]lin @ﬁ?egsl@dap&lxelosiﬂﬁkﬁe@ Jimes &eg mi&kf)ﬁ&%tlﬁﬁﬁr@gtbmg fth@aﬁ)@ih@mg@hﬂ%ﬁ@amleter may
e greater than 5, for example 30within a range from about 1.2 to, 10. For example, the channe
emater can B So el B ST D Al SR EH O JD S eGSO GUR th the
effective lengthbismdhgutcdi@rto@Prinme shthiepthickmess Y60TmPonexaimplehedperindantalttesting has
shown the chanpg}parampeiencapRaltRM-aReut Hd te.abekt 168 S ihatdbeaffactivaangth is about

1.4 to 1.8 times the thickness 150T, for example about 1.6 times the thickness. These values correspond

to the pathd of {FERHAKHSK YRSt s &riate Y PRiRe PSR AP UHE MY ¥8F BT, for example, to
the pgths of_ chwms,_amuﬂ@hpakf&mj drﬂqd@roif_nm'aiheﬁalﬁﬂﬁﬂﬁzﬁ](%mlﬁhg whowsititlatkagenay the
openings with %&%ﬁﬁﬂ%&%ﬂ&)%ﬂﬂéﬁ%}}?w}%‘{tgp‘é’ﬁi%%% 9&%‘%5&?9@?%81@%9&%'89&%9

interconnecting channels extending from a first side to a second side of the porous stnicture as in FIGS.
6B and 6B-I. A ity SF peltiscsBrrem® BRieris fb M MsPSIIas e CursritPsidectstiple the first

side to the secand sigiewhere anecoifibesidesiscoxerehasdehiihnalktihe flowseatecisfanaintained when one
of the sides s paraly couered, 108211616 084 snows Bloskage of the openings with pagticles 156PB
and the plurality o]i‘aBa hs 5t thie t erapgu]ftlc aﬁen?lgliong the'interc nn’ecfing cRannels’ex ending from a
First side to 150snuwicatiddsiden spriiecporoas Strugting dsviy FOGSCBB peid B¢l cTheoplmaditsof paths |

56PR extend frogmpscfiraividejanheageond sidgratple thadissiaigds-iaiihasecendisidewhere one of

the sides is covered, (fuch that the flow rFte is m,alntainéad when one of the sides is partially covered
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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105221 FIG. 6B-5 shows an effective cross-sectional size 150DE and area 150EFF corresponding to the
plurality of paths of the therapeutic agent along the interconnecting channels extend'nngrom a first side to
a second side O\Nﬁ%éoﬁ%?%tﬁs/swstructure as in FIGS. 6B and 613-1. The effectiV& 1648 ¥&idhal 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 25maintained when the channels are blocked on the first side and the
second side. 105233dThe figifiRamus strezinecan e shapadand.rmaldessin dnanyiwaysdesexample
with tubular shapes, canical shanes, dises and nemispherical shapes, Fhefigid poraus sticture may
comprise a molded r|g|8 porous’s ructure. The moide n%.é porous sfructure ma comprises at least one
of a disk, a heliscoegtuloecompled sertha.résiitiona Anar coffiliataty sefdwsdhthdampdrapedtic agent for
the extended peyieghMVR204URBSOAS RS TR AL A R4LE 31 LBR241E)G (P thshws a rigid porous
structure as in FIG. 6B incorporated into a sclera( tack 601 as described in U.S. Pat. No. 5,466,233. The
sclera] tackscomanses aibead 662)va eenitialqasntion 603 anddnmpagt0044 Thenpoist mayamprise the
reservoir 605 and the.rigid porous. stryctyre 606, as described above. Th r ructure may comprise
e molded comia R B e B e O F R & ey o i
combination, théetigenhe: bbcronfinedea0s 251G sPirghdwsheapiadiity 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. ThelMéthpdiltic Yeviskoesmprded of iasanpsife frsipeditanithe! heflsestndgent and an
10impermeableraidchpeseRamus odiehsuitagebit 4gdiie resenioihisccaupledierapsigic oenotis structure

615 that eﬁgenq)s to.a |(§tatl end 617, Tg% rilgtiﬁi Qrous structure co rises an expos dt.area 616 on the
. C mée% cd Into a container O C (Aﬁ/ICC Or Sus am%(? TCICASC OVCEr 1NC CXICT e% 11mMe.
distal end to release the therapeutic agent, and the impermeable and non-porous outer surface may

extend to the digilgnd: 403261,60G: GHbLSHANSH IO RIS SIELIS B3 PHIG 6 deorporated with
a delivery 15device for sustained release as described in U.S. Pat. Pub. 2003/0014036 Al. The drug

delivery device BERIORIBE 5 IRFEISBYE 668 Gn The polkimdT errplsh P ariowsuiSsdyresetbipled to the
inlet port. The halo ked comprisascmanyopeningsbtd othahallow@ Jolutominiected intg the inlet port

to pass from the figllow bod,into, balIen 049, The balloon, semerisgs a.distal.end pid disposed
opposite the injectlgn port. The E)a %o_n comprises a biuraﬁty of the 2 rigid porous %truct.ures 607, as
described @boveenRart of srrestirelityioblsdpouyvigdostrutaines domiprised HYiref durfaeeiexposed to the

interior of the ballgen @andPrseeandistrfacaGoniaured daisemachtheviparsicTie galculated area can be
the combined area of tlcle ﬁlﬁ@:gy of porous rigid structures as noted a 271 FIG, 6F shows a

ove. 10
rigid porous strA&UIE s B inddfBRaTEY {/\l/ﬁ d'RoniRear az%rﬁé)ﬁf/”r‘ﬁl@?ﬁp RS 18F sustained
release as describeplérbdde8 oPHIe NdurGe DT 5ntTihe ndihditheapenamisercmialy) eodprisemaidielical shape.

The non-linear pEBELASLOR QURIRGIS: 29a 048 10U RiRY A ens, B20-The noRingar member
a

may comprise a lumen 621 filled with therapeutic agent so as to comprise a reservoir 622. The porous
structure 893 cHf BT B cai&Er L RATBOA G ARAIH AL AN RIHENITSP 1 hurea Ll eHEN rapeutic
agent. The porousaositutivire maybenataiedcahagditionaf raalierhBilvevlocatiensobitie stahelinear

member. For Véﬁ%-a%%ﬁ’!l%%%é?P&E’éﬁé&%}%%%ﬁ%%%%ﬁ%@gf%ri?l'h'l%%'%}’ QbPQIaK BLiglHeS may be

3
disposed along the non-linear member at locations disposed between the cap and élsta end so as to
release therapegtitt Ay nt st tralditerLSFHUMGPRRIES tHeBaS Hadysitoliel Ryaiiat thedclera,

therapeutic agent, for example therapeutic agents as described herein and with reference to

25  Table 1A. Non-limiting examples of commercially available formulations 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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105281 FIG. 6G shows porous nanostructures, in accordance with embodiments. The porous 5structure
150 may compri‘%e %0%%5%2%’ of elongate -nano-channels 1561\IC extendinq)(f:ro/msa})fi)r%t side 15051 of the
porous structure {8 BYEENY side 15052 of the porous structure. The porous LU ﬁoﬁdlmay 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 nin across, to about 101000 nm across, or larger. The channels may be formed
with etching of thepraterialnfonexanapie: ithographis etahing:rf thesmatariadinling chanselsmay comprise
substantially straight channels such that the channel parameter F comprises tl, an )yarameters
ren A and I L e L o e e g E R P e R e ane
the thickness ofiamgthabpuhdfanblis siv(utethe thsppseagine Id6roeas wmmctsr enlSoeHayycmhprise
interconnecting:flafg-shannekifemarampie faradnvitiaminiRigt nanoumatesialy Q3R kThe injection
of therapeutic agent into the device 100 as c\{}esc;ribed erein can be gerformed before implantion into the
eye or alterhatiVehy WHERtHE THEPAFAIHE HeVice i MHdUREE TR B SURISHIYESA £ RIS Yows a
therapeutic dewige:d@heoupledrtosan injediorry Ol thatreanoves mdterialpfrome thebaedice thnd injects
therapeutic agepf fA2. QNG HRYISE < NEdIeRIaN RICkS R SRENE MediRA0B.ARdJalils therdpiector with

fresh therapeutic agent. The therapeutic agent is injected intothe therapeutic device. The spent media is
pulled up into tHETHERS AP RIS P eoMpTieRs WisRispeRREGT & 8%, 25105321 The injector

' formulatjon of therapeutic a%%nt 702 and a second

701 may comprise a first container. 702C to contain
oo 70 o S e THe M) S T A e e o A ato that the

removal of §pemniniheniaaBDB eqwiprising mrrateyiai/frdrvetherdonthinen nesemgir-ofthlestherhpeutic device

can remove paﬁé@@@é@tﬁﬁ@ﬂ&&%?@?ﬁﬁpsﬁﬂ‘?HgAﬂ‘E%TQJn'ﬁl@"a [RRREHES FOMPTIsRAQfigagnegated
therapeutic agent such as WO 2010/088548PCT/US2010/022631 protein. The needle 189 may comprise

a double lument Fdeti& Witk EeRplas ity A R GuBEd 18 WECHREE COntAML P andPFEEPSHE b EA Eoupled to the
second containgnaugtvihanspenbsmedidy/G3ipasses: fiomulhéotaftamenirassmieir of device 100 to the
injector. A valve 703V, for example a vent, can be disposed between the second lumen and the second
container, Whe[94R8| valive is:5ppe thandtherdpiutic gentiminétiednsgernn dediepZ@8tirpm the container

reservoir qisthe (RRrARSHIGILE WEe. HAORASSER IR SRS CONIAINGS QNG HiaciatyRUGhghat at least a

portion of the spent media within the therapeutic device is exchanged with the formulation. When the

valve is closed QctHE e FlSatRi Sy LHIGR PR ERRP B ORI T Rer RS BRI EGL Rt basses from the
reservoir of the therapeutic device into the eye. For exampig, a first portion of 10 formulation of
roranote s B e R o CHE T U & RSl tha the firt
portion of the formedatiodniszexdhanigachivithimatenagdidisposddvithindheae dervaimtheaalalve is then
closed and a segaRAPHINT 05 LR IRFMUAHAR FJNertRLINR HBrAPeULG HRYIGE 9 gt at least a

portion of the first portion passes through the porous structure into the eye. Alternatively or in
combinatidfl, a PERIGIFOFtNE EetoHHE BttforebrBititied Wriul4tth thayPhes troligHthe Ptrous
structure when the sepontl partiemiganjeiatedDinty dheteaodchbhsecon @ portigrodfiiarphudabian injected

when the valve |s ¢l Irespo, f iQn 0 e norous
(RSGIOSER MAY FOHGRRONE 10, %ﬁﬁl%’]}%%h%'{%%ﬂf& i@?@gﬁﬁ%% niee

structure into the vitreous humor to neat the patient immedia e needle’189 may

comprise a duat(utienVaseée s istaiple Hy deearpriadiits7oredredda 60e cpaHBtn below.
[0534] FIG. 7A showvs@ $harapsuticdeviss k@l covpeddamndnieetor, 102 tadeiaaimprokphaqve material
from the ice. . The injectgr may . comprise a two heed stem configur % o.nsert into a container of
the devioe Tha i Tetor o e e e SR oL h P HESSS 705 (e
injection needldpiwiiksionstaet awirg it Lidioat OHE 2Bdbwice ibiide bt arver daoosith inwedie tH06 (the vent
needle). The injgedion srerdlemayRe fORER tion used varies by patient and indication. Based on the

teachings described herein, a person of ordinary skill in the art can determine formulations of

Avastin™ to inject into therapeutic device 100. In Europe, the Avastin™ formulation can be

30  substantially similar to the formulation of the United States.
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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. 7.AY ghzoWéO%?ﬁserapeutic device 100 comprising a penetrable Barher %%S(Bfégl}%o 30an injector
needle 189 comprising a stop 189S that positions the distal end of the needle near WO
2010/088548PCT/US2010/022631 the proximal end of the reservoir 130 of the device to flush the
reservoir with ejection of liquid formulation through the porous fit structure, in accordance with
embodiments. Fpnexamplexdhglinjactorieedismaycomprisemsivgieilmopolioeedielhaving a bevel that
extends approximately 0.5 mm along the.shaft of the needle, from the tip of the needle to the annular
Gportion of the HBSHIE Th B Cartas Lo Posk it kg Dk BERGTE such that he
needle tip extermdig aitsplppstineen1BOYD. inies teetrasdrvoicrsdfingr bsnthe TEAYRAP the needle from

]Ehe StOtI? to tge mlﬁggiﬂhz% m'gllfﬁﬁﬁ%@fomﬁa%&ﬁg@im@. bﬂ[l[ii(?g%@déﬂ&@' iloﬂj?rﬁct%ﬁi’éﬁi%&%iiﬁg\g/ithin 3 range
rom about 0.5 to about 2 mm. The reservoir rnay extend alon axjs of the therapeutic device distance
witin & rarige FORBSLEFi0-3 A RSG5 STEPS GLARARy b1 N o ABUH within
range from abodib2@ctd .8t 200 ptokphaxampleahouh &0 utrgeh be tinfettediimtatitive ffierapeutic device
with the needle.fip.dispoged opdnedisialeadndieyume of (R JESEMRAILEANBE RS Ihan the injection

volume of the formulation of therapeutic agent, such that liquid is flushed through the porous structure

150. For exampiR2ie reSeRmibMAYGRMRIISE thYaltitae WithinR rangenbreny akests€0 to 40 uL, and Sthe
injection vqum%oft e ligui ent may.comprise about 40 to 100 yL, for

for ulati(% of therape é%ca | ld
oxample about BETIAEBE3LHE FETY AL SRS bRy HEER: b ABRaR e e e barrier
coupled td & need|est8® dt @mimjettdifcFOt¢pahjecodmdyrérmote materialfrometheddvicesuah that the
i in the eyl 305 E451aNGE W 119 IGSIER ORI, TG AResl coppings o least

20o0ne lumen and may comprise a concentric double lumen needle 1891)1 with a distal end coupled to
the inner lumertto MBERtSAMHEEORC8T te tsaPRutic agent into the therapeutic device and a proximal

vent 189V to receive liquid into (ihe ne ;ue when the formulation js inJ%cted. Alternativ%l , the vent may
correspond to A 4knihE S HLRRR] LREBF e AT TR 1 (RE MSEHG HHEFHHE AnePRtimen may
comprise a proximatispenydtovimjéonthierapeofit 2Bagent fontmidadidr intovdgieximaippartion of the
container fgserygifs 1ong{L MorkiR elgtiandadhs (pieston emReUimen R ndicates ihato. g efficiency

of at least about 80%, for example 90% or more can be achieved with injector apparatus and needles as
described abovE? SPOYOSXAPIRET ?%%9!%%&%%8@&?&%&%&%éweﬁ%&lgp@m?elaé%e 100
comprising a 30fetesition structure having a cross-section sized to fit in an elongate incision. The
cross-section WO 2010/088548PCT/US2010/022631 sized to fit in the elongate incision may comprise a
narrow portion [26N]of fetentiBn structure 120 that is sized smaller than the flange 122. The narrow
portion 120N sized to tit in the elongate incision may comprise an elongate cross section I20NE sized to
fit in the incision. The narrow poPENIY@NGHEYASAtrise a cross-section having a first cross-sectional
distance 5across, or first dimengl8HaPH ang d ¢ i558 Mstance across, or second
dimension_al width, in which the SCcE epéé%gﬁéed(;gé%?ce af.noss isgreater|than the second _
cross-sectional distance across sgptnat the marrow portrom 120Ncotgggses an elongate cross-sectional
profile. 10539J The elongate crogs,seetion T20NE of the narrow portiog 430N tan be sized in many
Triamcinolone Acetonide (Trivaris-Allergan) 0.342
Triamcinolone Acetonide (Triessence - Alcon)  [Isotonic*
Triamcinolone Acetonide (Kenalog - Apothecon) [Isotonic*

aline (0.9%)

*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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10ways to fit the incision. The elongate cross section t 20NE comprises a first dimension longer than a
second dimensign and may comprise one or more of many- shpes such as dilated slot, dilated slit,

lentoid, oval, ov‘o)vig,zglr%%fgpﬁ%al. The dilated slit shape and dilated slot shapé) Hgff%‘%}?{g@ﬁ%}]d 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 comprise a first curve along an first axis and
a second curve along a second axis different than the first curve, 105401 Similar to the narrow portion |
20N of the retentinRstrugioref thesgontatheldiesRmeinmayampiiseTameassseationatipnofite- 105411
FIC. 7B-2 showg ag isemelric Yiewpf {he Nerapetic deyige as i, FIG 18-, 20109421 1, 78-3 shows

a top view of the It1?1erapeu IC device as G 78: .TB%% Efes: aﬂg shows a side cross sectional view
along the shortSideroftindereteritiofrstetigreodithtiererape agkndadieedastinti Gerpeatic 8441 FIG. 7B-5
shows a bottomxiewighthe thergpausisgevies AL RIGHyHB-dimalgntes it he soerams305451 FIG.
7B-5A shows a cutting tool 710 com#lrisin a blade 711 ha\lgtng%a width 71%écorﬁespondin9 to perimeter

160P of the bartiBITEL AN dthd BeHineter BONB!Bt &M B Bo e FHk thtRG 81¥4n be sized to

the narrow portiormiR0iNsmascteasetikthaiadisiodiwithitte harrpwiporntion mthdre theecasrow portion is

positioned againgh IngS¢1ela i GRLIE*AMAIG: LR WG F03HQRSIBR G /02 cha 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 n&HREFHSIHORIEBR UEGP &IPS BORS ARt ST Srahe e of BAFFRFEB0 may
comprise aboutta mmsugaeﬁjatttds’te}pehm@niaﬁgfﬁ@Bteompﬁis@ﬁlmmuﬁlmﬂumdqthﬂmmﬁaw portion
perimeter 0Nﬁe%%%e%%m@%ﬁe%%%énmm-ﬂJ De IR SidauRf dhe Rlade (10 Ay FORRT 'ﬁ]e 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 narrowisoriGATNPIAHSIRSEIRSRLS Basirhetdherictmhing beibrd Bowid) JesHiphise a size slightly
larger than the ingisieniamet thppprimatatebhenasvopeitiand pood6iharetentionsitetig comprises

a narrow section 120N .havingda short.distance 120NS %nd a Iong _distan%e 1 20NL so as tofIiBin an

. .. thergpeutic,agent'disposed in reservolizchamber, so as to, release therapeutic amounts the.
elongate incision aalgng iy pars If)(fana of the eye. The rétention structure co prises an extension 122.
The extension dfthpcréeriohfstrarctyiad20meonddnipesy slsHorertistianoacaeiosens 2P Bt wifong
distance apyoss 223 tRlignedunvithihe.shart distanse lid 2= ansiigRandisianee. 1e2Niigfithe narrow

portion 120N of the retention structure 120. The narrow portion 120 may comprise an indentation 1201

sized to 15receiVd HE S EABFS" TOBAY | FEICSMBEANY 7B-6B show distal cross-sectional view and a

proximal cross- jonal view, respectjvely, of thera ic device 100 comprising a non-circular
cross-sectionall'%:ffizgg.P T%&pé\%ﬁ}éostsrﬁc%}gg i‘g Qgﬁ“gj l#occé) e@udﬁdﬁ%ig%é eé%cri‘ pﬁrér]lnoe ot 'the therapeutic
device, and thefilétehtidrasdrlbtiire 12@hedrhivedtyeatedron wyrokiraal pdiomfrs20dkbrapdutic device

100. The barrieg haQ Aefines i Siesabrase Vi3 IhTRe RauienlA0-Addesemoin 1304 mayirach
comprise an elliptical or oval cross-sectional size, for example. The barrier 160 comprises a first

cross-sectiOnal distaliie SEIBLE ASEHUGT 130PaAGS! S8CHRY 2 FOBE B0t BISHRGIEIS HEaHer 85 Feservoir
130, and the firgtediptancegacroBsr maynpikiendiacrpssia dgarg (majosyatkisaofianiellipsenasohthecdecond
distance across,may Rxietdfrossa st minen AXis2ohihe-elimses T isiRiangatian.ef the device

along one direction can allow for increased drug in the reservoir with a décrease interference in vision, for
example, as the" i sparcBither BipdeedinBe syl Qubbeaistas shitRate Ectisiferatee of the pars
plana region of iy éxterdingushiistaintialp¢rangund thecoimianohibe gyesaoddbenaor axis of the
ellipse can be aligned radially with the eye so as to decrease interference with vision as the short axis of
the 30ellipse extaibie (onard e A aT s A gy AR s S P SR sight. wo
2010/088548P SRS 5/ 622631 Ah 6t g s apirdaerotigh réfefeheanio hidararsitisliptidal or oval

cross-section, magysiasRectianalsiesoand Shapessanie vsad suchrsiestangulaiyyith a short
dimension extending toward thg(Pu il of the eye an tl]e long dimension exteinding a(&(,)n the pars plana
¢ VO ¢ the

the seco 1n nat % COn ume can be sized so as to linear 1VCT
of the eye. 5105481 the retention s Ritliret may comprise structures’ corresponding ' Sfucture of

the 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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cross-sectional area. 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 n%%"é?{%sﬁéé", such as rectangular, oval, or elliptical, and thePt%T{SS&PsltO 12&%cross can
correspond to the long distance of the reservoir and barrier. The retention 10structure 120 may comprise
the narrow- portion 120N having an indentation 1201 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 @izt |aagi{eiajen.anis-Ofihepellipsecextendipgsia thetirat dixectionand @second short
(minor) axis of the ellipse extendipg in the secgnd direction. The lon is can be aligned, so as to extend
15circu mferentla(fﬁ:lyV %Pgﬁfgtl%ﬁelg%irg %Ig)ﬁ%m %efhae%el@eghgrr%?h%agh8&%&5%:%%%@’ atlﬁzfﬁee%%og%as to extend
toward the pupitlefitbrs. eyée sersidioacting erieitarlothofeevitehpobeetntivetiutehambed Weth visual
gxaminﬁtion bythepieatinghvisiciss-A054dik foku aaaﬁ%@m/ﬁ@zlgr&ﬂm%]@;a%;ﬂ@%@ftiﬂgecsherape_uticl
evice having a retention structure comprisi narrow portion with an elongate cross-sectiona
size 120NE. 70%@%‘6??@?%—3@%%@8&/@% Eﬂqi@éf?é%%be ew of the therapeutic device as in FIG. 7B-6C.
105511 FIG. 7B shows. a side view of the short distance ].20NS of the narrow portion 120N of the
therapeutic e 1o TS T DAL AE Bt S R Ao | 20N, o
the narrow portisit 120Rvisicts shdrapddiieedelicey10bagin @I 7R6E fan5881e¢ @.“PB6F shows a

proximal vie of faedbeiRREUtSARMIEEASyIAPHI(3nd BebEeallQPRAL FiB:xABHRGHO JalG c4Bshlshow exploded
assembly drawin 00 as in FIGS. 7B-6C t

s for the therapeutic device 7B-OF. The assembly drawings
of FIGS. 7B-6GFlG | FEE8T1 ARG PR 1 RN SHRRRS i W02 B e e, Fospectively, o
the elongdt¢ W\@<201Q/088548RTCTHISRPL0022631 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 exampl84Hd séptiuhE eaaybe theseprad dgry Hseedenscddpr RROCTINE ipanatiatienddfrier may

comprise an elagti¢ sategial sizedisuchinrl the.papeirabley abadensandednseHad ptadhe.access port
180. The penetrablgle barrier may comprise one or more %Iastij:(]511 %t.erigls such as sjloxane or rubber. The

pentrable barridP TSy RO PSS S 85 ko TRl RS pEHBHABIE PP AR G ERES I8 Phe
penetrable barrikr ihB4tivraycedin pfiiseomipevetetdng ppengntiBdR sizet to Sealtth exdqoess) Hotol 80. The

access port 18G0f e JERRYQI[CODERITRE 3N, GRS By BRvEIad diRRRLSTace i@ gagage the
beveled rim 10and seal the penetrable barrier against the access port 180 when the tabs 184T engage an

inner annular oF BIYRGER ErahHERIF IR BERESTIRICT Y Berikimebia BaRiBlshimihs REARSHES an
opaque materialgfar exddnjple: Aygreiy hatétak tfof, exaliglé silibongs suchrikdtdhe pendisalel barrier can

be visualized by,thg paygn _é‘e’é@u‘iﬁ%ﬂﬂ%@!‘é’%%ﬁib%p?é%gg Ihe LERGVRL SPRAINGALAAf g device may

comprise a rigid biocompati
[0436] As shown in FIGS. 1E and 1E-1, the needle stop 170 may be positioned at the

20 posterior end of the therapeutic device. FIGS. 1E-2, 1E-3 and 1E-3-1 show other embodiments
that may include needle stops placed in the middle of the device. The needle stop may be
designed in such a manner as to function as a flow diverter for the therapeutic agent. The shape
of the needle stop may encourage the mixing of the therapeutic agent with the rest of the fluids

present in the inner chamber(s) of the therapeutic device.

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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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 a]gent is released with the rigid
48. . . : GLUS20T0/022631

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 20example transparent, such that

the chamber of reservoir 140 can be visualized when the device is loaded with therapeutic agent outside

the patient priofissnplartation, dawexampigsnnen-injectad with afgpmulatiomohtherapauticsgent prior to
implantation in ge physejan's office. This visualizatian of the reservgjr 140 can be helpfut.to ensure that
e reservor 146 1 DRt Ary TR i e MO 5y e Vg A SRR oror 0
implantation. THeRBeisedgvigccontainer may comprise one or more of many biocornaptible materials such
as acrylates, polymethylmethacrylate, siloxanes, metals, titanium stainless steel, polycarbonate,
polyetheretherl8iSfk (BEEKY; higeti RsiapsysR dtnyere ferephitinties poe 11) 2pSKAtidel 16S.
potyamide-fmides palypropylena, viatysuifana: payipiaihaned petyyinyide nedlvonide oalE bfitheThe
biocompatible %atgrie%tligfdgylec éea%grtgoisrhgoeng?wgrdgg com rarliseeS no tigag%ttgfgsrgssive 30material such
as one or more oefra%ry ate, polyacryfate,p met l]ymet acraylate, Q2010708 ?LGS ‘6‘"’?/?3%“2010/022631
polymethlymethigeny kitdippiv vhansofabathuneteiodsiierane. The reservoir container 130 can be
machined from a piece of material, or injection molded, so as to form the retention structure 120
comprising flanfé4*2 SHeét theelovigite? i o So e M FropNEderiS ARIHtired ORPAFEBMblise a
translucent materigksiych th@s the-physician can visualize tissue under the 5flange to assess the patient
and to decrease appearance of the device 100 when implanted. The reservoir container 130 may
comprise achajidel extdadihshatong axissi OQA 1RO ruithid aloc@ssiportkBOmiohphr dusaptnuctdeeidb0, such
that formulation fpjesigd) pla.deieetf sanrlRleass nAsealanca it s alume ghthg reservor

and release rate of the porous structure 150 as described herein. The porous structure 150 can be affixed
to the distal end’SftHErHSRIRTErAIA&CE R 00} ToloehAmeARAtRS gIRFe MAREF THIRASR? BF PESHIRhation, the
distal end of thed@senvoik coatainelicdso pray SomPTise pisimespdiam etensizadhoreeaaibe the porous
structure 150, and the reservoir container,130 may comprise a stop topostion t orous,structure 150 at
2 predetermined 5L 2N (18 ALl 2o Taad 1 Hame R e, M R BOL oF 140, 105571
FIG. 7C-1!Shovescass esparidaiiie therapetitd denleesmou eetrphsivigierpandasietbapaes Sidaterial 160
and support 16Q%,48 @R Lxpanded 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 10442 | Theiexparkaiie deuce’sempEsesaieigotiminsivibitant2dcaicspandadle reservoir
140. The support 160S may comprise a resilient material configured, for compression, for mple
resiient metal o B B R T anceat
The expandablé et ehprisadsea poradeerefittie 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
penetrablébarri®t4psa. iEH: tHe BRpakisarembGUFSiGHR! tReraeiitd Kidssainanyébagroth®a majority of
the optical patho@«ahtiepaiient 2b[0HSS]idHiaSpRat 1605 afdhethadaacdtthcanr prowdethe
substantially constant yalume gl e eservar i (e expanded; confiuration. The, substantally constant
volume, for exampele - 25%, can be combined with the release rate mdex o?xt%epporous structure 150 so
as to tune the exRpagIEd rabifolPinaciord ascstrierrentsy iee Vsiurmersftedapgtie &yent idde injected
into the therapeyiice ABNitR anAaaritenatainthhe: Basiat i Quurnep BRI A ThIN CRmpliant
30matena£’5f0r ;e)())(l%QIP (l)? t%ergl?t@lg{gggé (a)'%1 tgletggwsc%PH%g a]fl?iplgicct:earll‘]aluar e%ttgl%yb(%mglris%%opg?T%g 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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WO 2010/088548PCT/US2010/022631 expanded configuration so as to define the reservoir chamber
having the substantially constant volume. [05591 FIG. 7C- IA shows the distal end portion of the support
1605. The supp‘évr(t) f@ﬂ@sﬁséﬁ comprise struts that extend to an annular fland)g Elgéé)ﬁﬂf%é%upports the
porous structure 150 5on the distal end of device 100. 105601 FIG. 7C-113 shows the support 1605
disposed inside the harrier 160 so as to provide the substantially constant expanded volume of the
reservoir chamber. 105611 FIG. 7C-1C shows the support 1605 disposed along the inner surface of the
barrier 160 so astesp9\Heghthe substantialy €onstamhexpanded woldroriafdtheitesepsinchamber. The
10support 160 can be bonded. to the barrier | 60 in many ways, for.example wijth a ndging agent such as
alte o resin, of AR e BATEOan 5 The SR P TR e me Pt  he SRAE o parier 160,
105621 FIG. 7Comphigpgsthhdindina et s utehapBgtho e 4a6bpdp fagine G chuniBinay o profile
configuration suitafedaiduse i iiaction banenrdpiPP 6] iGhe 4a-3ighQWsHthe gxRandable therapeutic
device as in FIG. 7C-1 in an eﬁgdggg)roﬁle configué@tion, suijtable for retention, forde ample with the
sclera. 105641 FREBCHEARTERE 7EU RO AIT EXPANPABIE Stk BRSPS 782 ¥ RE Ekpandable
retention structoneliz92:dangsdaiseetdithcihefexpaird ablerthegapealiticdevidedZ30rtonlnith msubstantially
fixed reservoir apd caRiaipey device andlesqBeAiaRAvR iR mpaRlabik AR IaR Sifee 792

esi

comprises many compressible or expandable or resilient materials or combinations thereof. The
expandable reteREGH SRYEIFE P CORpHdd AP Xt {Nb R PPot: Matredrncaxpenyl et Harrow profile
configuration toMhe @Rpsideshconfiguratiarcfoy gxammovpitbrtabs aind Hamgas: Coppprsing resilient

material. The UBRREARISN a0, nslned rexiall and dhedisia pouian.san hednelned dtaly, suh

that the retention structure 75expands to engage opposite sides 0 sclera. The resilient material may
comprise a thefgplastientrateMalitiand N ihisearoaNrdpe RBIfOISN mahsnar, A ieathibiidations thereof
[0565] FIG. 7D shewsdhepapeaisic: desiee: Syaaipprisingypeiausisitictoreribesifioaesin an eye 10 to
deliver a therapeutic a%e%t?é%g targ%t Iocdalti non }(Plr nea{;.the rettin r?_6 fﬁr exa Aple .vyo d
2010/088548PETUE20T0M2 BB Chiotdidalnedvaschia Urization of 4 lesion on' OFnear the retina. For
example, the |e&iompplag cohgiride et dimdroreiguekiimgthioldihep. biuicrpddaeparatibbe dhve retina from
the choroigsrelated 3@ ReOVRIcHIBIZaHQMLRS corresponding vascular tissue associated with blood supply to
the retina, and the ncovascular tissue corresponding to the lesion of the retina may be targeted. 5Work in

relation to embagimentsimdisaiesithatthrvitraeuschonaudR oftihr@yel g1ay Benprisepeamyective current
flows that extend along flow paths 799, The convectjye flow paths may comprise f hannels. Although
small molecule Rt L BT Ao & &I Iaeon e e Rt Sk A R patihs.

therapeutic agentcarmerdity large molecules, for example with antibody fragments or antibodies, can be

delivered substantially with the 10convective flow paths as the molecular diffusion of large molecules in

the vitreous hutld#fanibe-sémehnis iolarreidis daviar h8lexinks. trosesicThE heiapdistiendevice can be
sized suchghatpamusnsterielirenldo dspasitiapad-eiongay 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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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 15agent to the retina. The
porous structure" é)a%]OB]éoscﬁssﬁosed on a distal portion of the therapeutic devigg,ng Zé)i%%fﬁé]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 retinfy43@for @xaABPIEsEOWESRANAING dovactesionoapasthe dhetapsutiendenviae. 10Q can be
positioned along the pays plana or other locatign. such that t rapeutic agent s released to the target
Fogion. 105671 HIE 51 TR e A S e b e T B TS on a
proximal portiothefiitierdetidcedet dalive factisy ape tivdisg ept indHevadmoracotheciianplsody or the
trabecular meshypakyisRipRIaBRIed R 1h& e¥e: JheRAUmSHUGIE LREhean be 25located near
retention structure 120 such that the porous structure is positioned in the vitreous substantially away from
the flow paths gadandingitd setinghoas naiedeboyesvihiepappivs st ustusescandielacatesbontaside of the
therapeutic devigs. 50,359 tslease. e, erapeiic, adent fonarfl (gt issue, Wjlemany therapeutic
agents can be used, the 1'Eherapeutic agen({ may comprise a prostaglandin Ofana 0g, such as bimatoprost
or latanoprost, $8fF thictihkeRothEsapeutictagertciPbe released toward one or more of the ciliary body
or trabecular WO 2010/088548PCT/US2010/022631 meshwork when implanted in the vitreous humor
with the retentidffeHuctife eBUPRG 6 fvecsddls apdsenterib AT S Oth iy Esbife JesiPs ™50 comprising
porous structurggdsQuarientedtadaleass: the tbemprutchagenial Ihawayntieir thaderssapedtgward the
retina. Fon gxample, {he siherapeulic.aaenid 0 may comprisa asterpid;and e steroid can be released
from porous structure 150 away from the Tens and toward the retina. For example, the porous structure
can be oriented!iabitgarerdrbasis hOowcoighé wrerapalits ided stestialblrer sl oftpsrygs Structure 150
can be oriented,at leastRastialimtoparssthadetiRaignd awaytardhelens. Jarexamplenalong a flow path
as described above 0as to treat a tar%eére%io.n of the ret'gla. }'2}% 10barri§r 160 can extend between the
porous structur& REY SHTIHE JEHS OFERES SYSTUASH A STmeE SLHS fRaPrek 8%8%?{}%%%%@&{&; agent
toward the lensfcanthesinhititechiwith ParriercL60atThe retention structure | 20 nay comprise a long
distance across and a short distance across as described above. The porous structure can he oriented in
relation tolthe SHépl hndlighgodistaneasnsibrensxxehdisnesct 2e cspicr thearthé outdesiparief ¢otetis structure
150 is oriented gjpl5least 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[e4kit] 7 8PIGORRpitisiNg: i PIRCANE&R JaSTUELR D saucontaiteibr8, sapdlatparapeutic
device 100 dls%%%egl é/\ﬂ}hm thgcc ntainer. Tlag re%egxgglgfodfeyilcee rapeutic deviced 100 disposed in the

. crapcu evICe Over Si Q . .
container may comprise a %on-therapeutlc soIBtlon, or example 20saline, such that the channels of the

porous structurg, gomprS.fighid water, L inhikitbubRle farnation when, the fopmulation ef.ferapeutic
agent is injected into the device 100. The kit may also comprise the syringe 188, needle 189 and stop
1898 to ins@rt tHETTHaERE Hi3tdha R ANt didtish e At TRe A BSERV &F d€iMe¥ ik above. The kit
may contain instiiepioins fgensE F8AImpRenvRYICONRIphE: anmthinercllOGhearmpsisingadomulation of
25therapeutic %ent. 5701 T'ﬁjﬁNING OF TILERAPEUTIC DEVICE FOR SUSTAINED RELEASE BASED

ON AN NJECTION'SF A FBRMULATION
(a) 1gG 150 kDa 10.5 nm
(b) BSA 69 kDa 7.2 nm
25 (¢ Fab fragment of [gG 49 kDa hydrodynamic diameter not reported

[0454] Therefore, solutions of therapeutic compounds in the size range of IgG 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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105711 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 30comprise a
substantially fixé”oovzc())lllﬁ]%sg,s 18r example within about +/-30% of an intended BFeT/U\%?j /022631
2010/088548PCT/US2010/022631 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 thejapssyticragang basadhemihadhaliitenfibetherapautic agrntidal thedaye. The device volume
5and release rate index colmfrise a[%mgters that can be }imed tqeqct%thef\r b%se on the voluine of
é oI an, ¢ TOS C I t

formulation inje%ﬁeen rar\lﬁt th Satlll}lﬁ[i%ao fﬁe”fﬁg’%grf)teoﬁt%agggﬁt In the eye. The fo g%l?ﬁanealuations can be

used to determingivdraPwutipcd e ivadyay agaetaly sqitabie forlasmigtiviecdeviced Rren= Vr(dCr/dt) =

-D(P/VIL)Cir whese-Batsok Rate iof release Nt therapsuis ageotfrendeyiss 1AChzqenceatrstion of
therapeutic_agent in reservoir Vr = volume of reservoir D Diffusion ﬁgqst nt PA/TL = RR1 P = porosity |

5A = area T = tOHUGERY Y ELA AT BT SAFAINGET BB A S UTRARANS HIREES BHThe IRREE e = (njection
Volume)(Concehtrationtialf feoxniedsition J/Viokith ydr@ri i dnitial @dhcentriation im agsenvaie following injection
of formulation ZQE: &ﬂl@%ﬂ%o\é%:‘me =50 Ida Cr0 = (0,05 inTa)(10 nrig/mL)/Vr (1000 Lig/ 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 bajgeg onHhe: MitreQus Y MEQUIEE) i RBIsdranIARviea KV ¥G-Yhgre, Mitir volume of
vitreous (about 4.5 mI2 Cy = lC)orgjcentration %f. therap%al}lltic ag.ent in vitreous o
biodegradation, 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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5k = rate of drug from vitreous ( proportional to | / 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. d(‘,&f\(llla?li‘goasf)sﬁrsoximately 0), Cv = (Rate from device)/(kVv) Sin%%T((WilsO/%ZB%{antially
constant, the max value of Cv will correspond to conditions that | Omaximize 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 = Oat a given time.  Rate =
500(x)exp(-x0 FoiEIg (X neheneifeQza tapash@iafexpy(-x) dadifRade)iok sOoo(x) f(X)OxI=
500(1-xt)exp(-xt) For a given time, t, d(Ra et?/ x,=.0 Wrﬁen 1-xt = 0 and xt.= 1 The rate is maximum when
NP AT L R e BB T T S VD RIS the ighes
Cv at a given timightlasetmsafofothrx aprimzanR RiningPiagiic)fad sagiveshdad vasaginthe ratio (Vr)/(RRI)=
(Vn)/(PA/TIL) = Dt will determine the optimal rate at the time. 105721 The above equations provide
approximate opfiftfizled aabay! e hnBRYCEIBIE AR AR iRaicdiPMirgtyAL s Brttiite optimal
values of Vs angtfhavidingdnelfinal. opiinetasia ue carmpepe ngonadditionah paranmeiers ssucth as the filling
efficency. WO, 20103864SPCTAICP0101022831 105731, The aboye pajalmters gan b used to
determine the optlmaf ﬂ‘?, and the ﬁme'rapel}j)tlc evice canbe tuned to the’ volime of formulation injected
into the device #ith whidhdeeaessepydirvolabhefaninéieasthearshingee Wwithirpapot <1AvEEY% of the optimal
values, for exampie H1R0%6-afithe ARtmal Maldasshor-exampteafatan patipalicalease rate index of the
5porous structure and an optimal reservoir volume sized to receive a predetermined quantity of
therapeutic aggoie|g. Bt Wlutisa asyteoaghieve thatapeltis cancanirpbiang ainaig agsaintmyaninhibitory
concentratign 191 & pisdetermined exended fime.such a2 90.davs, he madimim, volyme, of the reservor
can be limited to no More than about twice the optimal volume. This tu Ing o?t e reservoir volume and
the porous strutsdires o e iijeetder vorwreastthe ckocdnmercially available timnulation can increase the
time of release of therapeutic amounts from the device as compared to a much larger reservoir volume
that receives thd48dhe Wity ebihherdyysat apieinghen s frmahatioh O XRh SER iy examples
as described hagein showapootsddt Staue bk ad) d. feserugiihealt met itaeditagethendpdgesive a quantity
of formulation and provide 15lease, far.en extended fime. ihe, ROFOUS STUGIUTE Aed with the Sreservoir
may comprise one or more ofa porous fit, 4 permeable membrane, a seml-permea%le membrane, a
capillary' thbe dredesrtdafiss 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 a@‘¥65nluné%@%;?%ﬂﬁ%‘f@%%&9@?&&%@8&%@ﬁﬁ@%}&{ﬁﬁ?@%ﬁréeémqﬁ cquantity of the

formulation and4rlegse:ihesapetiiciamaunts fomprise at least one structure to prevent at least one of
macrophage or other immune cell within the reservoir body; bacterial penetration; or retinal

detachment.

20 [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, subcutaneous,
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
25  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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20an extended time, 105741 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/Do = gptimal RR1, such that the
optimal RRI at %58 %fall?/gslsss?:\&oout 0.085 for the 50 uL formulation volume injegfrégsiﬁ%)/ﬂ%é&(}j]evice. The
corresponding Cv is about 3.19 ug/mL at 180 days based on the Rate of drug released from the 25device
at | 80 days and the rate of the drug from the vitreous (1( corresponding to a half life of about 9 days). A
device with a container reservoir volume of 63 uL and RR1 of 0.044 will also provide the optimal Cv at
180 days sincefibgdistiacafsV ol RAIdd, isalso hptiraah hlheagh asvaptimaksaluecardadetermined, the
therapewtic devige, can be tyned o proyide. therapeuiic smounts.of drugiat.a.argeted fime, for example
180 days, with many valués ot the resenvoir %dvo ume and many values of the release rate index near the
optimal values, dorasxhsesks sithiss.dbotramp oot detadptirnabial reaialtbiaughtitiervd I sf the
reservoir can bg; substantiahinVR20LAA88R48RGTLHSR040/022681, fivad ithe volume:atihe reservoir
can vary, for example within about +1- 503%&5hrq ith.an e }gg%(;@ble reservoir.such as a balloon reservoir.

105751 The halFfifd B hEUY i S v i? \6r°Uf AR B GStRIINEY Ba88Y on the
therapeutic agemeamiddidcyposofngipe)hori@xamblespasare; reblit, octmios ke yh suchtthatdhendgshalf life may
be determined haged Qn ihespaciesiabine&ys, 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 eyes, for exarnply by a

factor of about jwsd akleasisamadRsiancasRon axampliay theballilefithenhasanguiiciagent Lucentis”
(ranibizumab) ¢ rabe bout n'ne,ld s.in th humans and about two toé%) ,da}/s in the rabbit and
monkey animal HoUGAE AT SHaI b AL ek diF s TR I8l HUHEP B the human eye can
be about tWo td threigandRenénzcah eabt drigdvopmoin thevaiankeyand rabbit @nimetimodels. The
therapeutic devige gan be.ted i ierah i YpIus .o iarmainphasad- on sl ifrof therapeutic

H

agent in the human vitreous humor, or an animal vitreous humor, or combinations thereof. Based on the

teachings deschlBtPHePdic!a: BEvEol B Griiary skitin tédieediraateiimmd emsititalRithe 15 half life
of the therapeutiatagenidrdhe ey pasatcanding typicofrelielanditheithenapeuiiaagelivs.such that the
revervoir and p ture be tun e .as v | f lation and
provide therape%%ﬁ%é%%&%gg%ﬁé% g&t%%%%}gﬁt%n{;g@ él)%%gﬁl%é%l\l%}gﬁe g\rérgglﬂeryfy%l[é% 76%1%[6. 8 shows
reservoirs \With eXftrpEPeaicelefiiet dianidiaai b APAtEa eI PRRSHh GESYMS Luar loRTi¢itips and
needles of varying shagigie antifg peedles e iommrdtond tatahleopthaf-B.twhnalviigre2 mm extended
beyond the neestall?ohub. Q/Ie;[ﬁallﬁll:)&ljrrs were remoy d u&dr%rét%i?nécroscfzolp%oﬂe 8-1.shpws the ngedles

namid ine, spylfacetamide, s ¢ands azole, nitrofurazpne an
attached to syringes which were fhen fited with a solufion of 2.4 nlg/Lm filiorestein sodium, molecular
weight 576 Da,sifpiopphiatet@3riyifels (@peetrdarnClemitdlsoR 21 cBadybley wasreikdoriowed and the
syringes were agiuaieal toh RS IBRI& IQ disRanSKIRAR e NG ShaRe Afdhent@siiing,ceservoir is shown in
FIG. 8-1. The firsfﬁexpanded region is defined by th; inside of the needle hub and the tip of the syringe.

The secortd exSaRtRd VSN i€ RGBE thE LY ARG & T RO RBTAPVAAME O F e TLUBBN 1S 0"£A 4ith,
105771 Once tithattptheigutsitiel ok tespeservairs weradinsedcoflexoegs:fluerzisobinphyt80submerging in

PBS. WO 201¢0R848R GdioRd Y8Rl EhELRnE 4 -ihgé’gﬁaﬂé‘, FERRLYRIE Rlaged into 4 mt vials

containing 1.5 mL buffer at room temperature. Collars cut from rubber tubing were placed around the

syringe barrels T3 PoERIBHMe toB BT I resEN Hir s AR (HERETgHROFBLER RAENAS P #oid any

pressure differeatialiald)entiops ohdhe ivigts fae ¢ Sefaled, Withiparatilin deiaoidremapotatitmtAtiperiodic 5

intervals, tﬁe reserﬁ/qoir gﬁ(lalree rgg\f]ed t0 newy \éi%ljl% cons 'ningnbltlffer. ggeﬁ% noun eggsf(!:ucﬁ)&%ggin transported
t

das C1l ?e N daZz0l1Inc an 0Z011NC;NIOLICS an .
from the I'eSEFVOIIPt I’gU tﬁe exit port was eter?,mne By measuring the amount: of tluorescein in the

vials via absorptisaariisitsiécliit (a9 HinlnEsdpijte thy oragne Releasarbitfotespemthrough Exit
Port 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,

72



Reservoir Number Needle Gauge Needle ID (mm) Area (mmA2) Release Rate (ug/day) 18 0.838 0.552
10.8 2 18 0.838 0.552 9.4 3 23 0.318 0.079 1.0

10

[5

20

25

30

WO 2010/088548 PCT/US2010/022631

calcitonin, parathyroid hormone and peptide and vasopressin hypothalamus releasing factor;
beta adrenergic blockers such as timolol maleate, levobunolol Hcl and betaxolol Hcl; growth
factors such as epidermal growth factor, fibroblast growth factor, platelet derived growth
factor, transforming growth factor beta, somatotropin and fibronectin; carbonic anhydrase
inhibitors such as dichlorophenamide, acetazolamide and methazolamide and other drugs such
as prostaglandins, antiprostaglandins and prostaglandin precursors. Other therapeutic agents
known to those skilled in the art which are capable of controlled, sustained release into the eye
in the manner described herein are also suitable for use in accordance with embodiments of the

present invention.

[0469] The therapeutic agent 110 may comprise onc or more of the following: Abarelix,
Abatacept, Abciximab, Adalimumab, Aldesleukin, Alefacept, Alemtuzumab, Alpha-1-
proteinase inhibitor, Alteplase, Anakinra, Anistreplase, Antihemophilic Factor, Antithymocyte
globulin, Aprotinin, Arcitumomab, Asparaginase, Basiliximab, Becaplermin, Bevacizumab,
Bivalirudin, Botulinum Toxin Type A, Botulinum Toxin Type B, Capromab, Cetrorelix,
Cetuximab, Choriogonadotropin alfa, Coagulation Factor IX, Coagulation factor Vlla,
Collagenase, Corticotropin, Cosyntropin, Cyclosporine, Daclizumab, Darbepoetin alfa,
Defibrotide, Denileukin diftitox, Desmopressin, Dornase Alfa,Drotrecogin alfa, Eculizumab,
Efalizumab, Enfuvirtide, Epoetin alfa, Eptifibatide, Etanercept, Exenatide, Felypressin,
Filgrastim, Follitropin beta, Galsulfase, Gemtuzumab ozogamicin, Glatiramer Acetate,
Glucagon recombinant, Goserelin, Human Serum Albumin, Hyaluronidase, Ibritumomab,
ldursulfase, Immune globulin, Infliximab, Insulin Glargine recombinant, Insulin Lyspro
recombinant, Insulin recombinant, Insulin, porcine, Interferon Alfa-2a, Recombinant,
Interferon Alfa-2b, Recombinant, Interferon alfacon-1, Interferonalfa-nl, Interferon alfa-n3,
Interferon beta- Ib, Interferon gamma-1b, Lepirudin, Leuprolide, Lutropin alfa, Mecasermin,
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

recombinant, Streptokinase, Tenecteplase, Teriparatide, Thyrotropin Alfa, Tositumomab,
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4230.3180.0701.25300.14 0.0150.6 6 30 0.14 0.015 0.6 [0579] The initial release rate

(averaged over 0.5-401d/a0§/83g4is proportional to the area of the 15exit port opepirggé(z)(ggglgpe cumulative
amount released IS HEY s is shown in FIG. 9. The amount released in 8 W rar{gea 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 IC. 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 cuttis@Ahhath e tdtenkalpitipnKimie nges:-cifie and abthesynngaesismoothed and

beveled. A nylon membran uith 0,2 U ot size was placed over (16 end af fhe qyringe, and secured
with a piece of sificone tu%lng. e inner diametar of th syringe was 4.5% mm, yielding an exposed

membrane are 6 e RIS Y Shat. i f ing/mL bovine
corum b B, S A g B G e W

2010/088548P CTANS 2102 26 Y1 (WHRROBIALER A PhEVEHPTRIRBYES tHECAIFRMATHAFUSH A S mall
amount of the liguichthiasghiihe mamntrapeuntbe putsiteBfithemeapdriapaand myiirgaiasminsed by
submerging briefly i ter, The reservoirs were then placed into | 5 ml.. vials containing 5 mt. PBS. The
tops of the vial Lt S R T BB o s e SR R By e
Sreservoirs wer@ameved tocriew viisl contalpnht RS Diflsibndineorighs tivd ri&Rir e diag determined by

measuring the araaHS AERSARALACRUMMARL I he yiakhviaabs erpiam !, viskiedight (280 run). The
interest it VS g, oA S SHIEF &Y 00 KoM W b Rt Cweh T GGUH BEHSt membranes
with pore ?lf es [92‘91]2 LLFPIC 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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10Example 3 105821 An experiment was performed to screen chromatographic media (Bio-Rad) for

binding to Human | OC% Jackson ImmunoReseareh, ChrornPure), Col LIITHIS wereﬁpacked with the ten

media listed beldW AR Were equilibrated in 20 mM acetate buffer pH 4.5. ThbIEYS? é%zrzg}ﬁrep [-Butyl

HIC Support Macro-Prep DEAE Support CHT Ceramic Hydroxyapatite Type 140 urn Macro-Prep CM
Support Macro-Prep Methyl HIC Support Macro-Prep Ceramic Hydroxapatite Type 11 40 um UNOsphere
S Cation Exchange Support UNOsphere 0 Strong Anion Exchange Support Macro-Prep Hign S Support
Macro-Prep Higim@iStpperidibs Hab8alihhenidbitobaliguatsof, hirtgubdantibostybin20omntibacetate
buffer pH. 4.5 were gravity-driven through the column and the collected. solytion was assessed
aualtatively or T ARG g BB e ety e RS &7 RS SR B Vacro-prep

CM Support , MatstocPrsp/ g B 8 pporerateniattioipeps CarrmipdgaroxafearabT ¢iseoft@g.um 20each

successfully boyrd 496, \pisosequepths, PR Was washed thiaughithe coliynaeapd-the 1gG was released
from all thrﬁqe of these media,. WO 2&10/088548PCT/U 2010/02 6.3#%. Future Exit Port Studies 105841

The experimentd Fe&tPHS TR EXABIRE M8 U Kt BdtR Kt RGRAHST £SO SISIE tHE S pact of mixing
induced by eyeimhdvementshnaddition| thelexperidoemdcanbeperibmméd-dtiandyitenapéranirc where

delivery rates %kﬁ%&%%%@&&qlpﬁﬁig%ﬁﬁé@amﬁmg&f@a@ﬁ@gﬂéyﬁm {eR-atdighesitemperature.
105851 Diffusion rates of BSA (MW 69 kDa) should be representative of diffusion rates of LuceutisTM

and Avastinfm, GrIBgsT ProtemL Wi EADTRY Sich SOPkTsY, PRE iRy Seratkat-ékberiments could
be repeated to eaifirmdndividuatdelisarycratesiof these ihedapeupicoagenisid OtoH8GRIDgvice prototypes

closer to thg e’Eﬁ?@ll@?Qﬁ.edp%%%pt%eg%%ih%ct?8§’(>{n%fb§&?e%tﬁ{%t%‘ﬁ&lﬁ %’a@t&?B{ iﬁé‘%@%é@@‘_ﬂ%@'s (eg.

titanium or stainless steel) or polymers (e.g., silicone or polyuréthane). Exit ports of defined areas can he
created via abl&tiereiephotoletthirbe earmhijins el kithe cags Bt polinar e f i sottdNEdn also be created
by molding the material with a fine wire in place, followed by removal of the wire after the poI?/mer is
cured. Access pbHE115C8H BEAPFILEAFTLihY MERTBRNES bF ISR B ISy tstharacwisagfaStops and
flow diverters cami bie:fabicic ateld ditgnumetaliaital tigiggplastid.therapies useful for the treatment of

angiogenesis or neovascularization, particularly CNV. Non-limiting examples of such

15 additional agents and therapies include pyrrolidine, dithiocarbamate (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 antibodics
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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105871 Device prototypes can be tested with methods similar to those described in Example I. Drug
delivery rates can be measured for pristine devices as well as devices that have been refilled. Methods
such as absorbant&" Mkt idrescence can be used to guantitate the amount of %%Pfé)pz)fﬁgﬂtic agent that
has been delivered as a function of time. Enzyme-Linked ImmunoSorbent Assays (EL1SA) can be used
to monitor the stability of the biological therapeutic agent in the formulations at 37C and can be used to
determine the concentration of biologically active therapeutic agent delivered as a function of time. Future
Membrane Stugiem2&1p&88 L mxpatirentskeayithhepeniarpiedwviihl e empeiokeandidatias to identify
membranes that |) would be.a barrier.to bacteria and cells withoyt much resistance during.refilling; 2) may
contibute 1 CORg 10 A e P A BEUE DL S e ST il
Candidate membisesswotid hiave BoFetsiyawlogdes: i foshoallepapiiroziehitigatier simd okithe

therapeutic ag%&%e@r&@ﬂﬁfyc%fr ﬁi(iw&‘e%éiﬁ&é?ﬁrmq&@oﬁ?a@%ﬁi&tﬁﬂ@ﬂ?ﬁ(@@@n@ﬂ?ﬁ%&%ﬁl&ﬁs@?nor solution
and a receiver solution to measg&icpermeatign rates. an?djtion, WO 2010/08 548P%£2(\/L\;ﬂ832010/022631
t

performance of THESHIEARELREA B et tad N AR SIOIER YL TG mdhOEs dilin s was done in
Example 3. [0589} Rdrooscnyémirsanéspbotidy molisdéccaliu(BB8 aseddies mpiancpalyieashonate, and
poly(tetrafluoroothylene) (PTFE), in addition to regenerated cellulose, polyethersulfone, polyvinylidene
fluoride (PVDF)#éVeldpingBipriifigBotmuationseha conditionsv h500nopsatrrdliacapriabbnditions
Ef’sl\ij? been 3@%&?& yienthe %@?@éﬁ&ﬂ&@é’ﬁmrﬁi&Qs@f@%@laﬂﬁ%@ﬁ?ﬁ%@ﬂ%lfﬁf?ﬁ%ﬁa%@%ﬂaﬂing the

inding media in place or with binding media injected along with the therapeutic agent. Formulations can
e promaredt wilt B UHE B PRSI aRG FHOHE AT ATH BT e air BB RO simitary
to the methdd usedeim Exasajphe, Id<k0591 dcAdditionah rredis iotasnfonbindingohoiudé casterexthange and
bioaffinity Chro%@%ﬁ&@’o@&gi@q?ﬂ??c&@_l@rl%m%‘?@i|%@Pl¥%ﬁ&§&9@9{ HEEAealihgare) that bind

r

proteins with high capacity, and a hydrophilic packing material from Harvard Apparatus made | 5from
poly(vinyl alcorBlfBe&t BIRAE thBtEPR G RAIA NSRS BB CaiaRIA S W6 D& SR & those
knowledgeablesinline arta O8]y chrakge arf3oi ood)lok matduatei dheuoingihg icfianiobodybice ¥edia. For

example, binding of afibogy would hs gxRgsied N afermulatienwith gatonic exahange. media at an
d d

acidic ph. As the pH becomes more neutral, the antibody may be released from the media.
20Formuldfions'eBHAPhextastise st rovhasyastic Lo oty bbb Tice sod few iiBiths). Once the pit
has become nepdrakimiepgieasenef antinady: tampsbedbivrivgamedia couldudiive apighpg rlaase rate,
resulting in a morq}égpst%nt relf:ase I’Elt l;{)roflle. 1058?(1% Ilé{lgﬂg(glqgemggla itself rtg%ya(fj}ave ome

buffering capacsilflf/: Could B3t un ﬁsﬁ a)l}%tl%f'c?glcal utler diffuses nYtSlfﬂéo evice. Tff El]

Alternatively, thiedoanpiksionneotiidilirthede dtbaffenwiitlyiadneifering chpacitedalestedsto dominate during
the first few months. With time, the formulation buffer will diffuse out of the device and physiological buffer
will diffuse into ¥/ evitls RERESUARIGEFIAY LLRBIHYE SPHRINGWeREE N SIBRIGRAF BEPTCe., neutral). The
kinetics of2this ehasgatcapde moditaiad bynyseiat a palmerichbuftas, svithseohigher paolrciglar "eight
buffer remammg/ilt?l ygf’(‘—:ast one opening to release the at least one therapeutic agent to the vitreous humor and
porous structure 150 placed within the at least one opening. The porous structure 150 may
comprise a fixed tortuous, porous material such as a sintered metal, a sintered glass or a
sintered polymer with a defined porosity and tortuosity that controls the rate of delivery of the
25  atleast one therapeutic agent to the vitreous humor. The rigid porous structures provide certain
advantages over capillary tubes, erodible polymers and membranes 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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WO 2010/088548PCT/US2010/022631 device for longer periods of time. Polypeptides are attractive as

biocompatible pol %eri/gslgqtgers because they degrade to amino acids. Buffers /%reoog)ggrz%l near their pKa.
The table below VIS e p?%a of the side chains of amino acids of interest. Table 3 AMMS Acid pKa of

side chain L-Aspartic Acid 3.8 L-Glutainic Acid 4.3 L-Argininc 12.0 L-Lysine 10.5 L-Hisirdine 6.08
L-Cysteine 8.28 L-Tyrosine 10.1 105951 The formulation could include a polyester, such as PLGA, or
other biodegradable polymers such as polyeaprolac tone or poly-3-hydroxybutyrate, to generate hydrogen

ions for a finite rRaUMsof tivagudhedegiadationrateucould henmadulstedhiifer exampledelanging the
composition or mgltfﬁlclﬂlar Weiiglgtsl%t e PLGA S?Lrj]ch tplat Ehe de ra%at%[jon [ comf[%]eted within a 10few
0

: - Fedlt : - )
months, contrlbehrhng 0 read Ing neu lrléi:ICﬁTf in the 7ast few months ¢ ed%?l\ylenr?. g%] The pH could also

be modulated eteltivehbynickdlyths tigdbrerels ctrogiurpraminiBipchddeomarnioe o meshsarmalsie materials

such as platinugn.ey sitalnlgssiatas!; Wakes-RudrQbais erstira@itheieirstindprintarfacesand the products
of hydrolysis are hvdronjum ions at the anode H%On%BQXdrOX Iionﬁ at the cathode. 15Ratiopale for Device

S
Length 105971 AR 8RR LI a8y S L SRR tRiSH SBBELTPRIA Th i I0eitreous so as
to minimize intenfenerioeswlithcvisiorenthoslddétion adtibestrisedbe nefiviagd tb thaveitheodevigseiextendiynto the

vitreous since thep,frug:cap Brlrleased faistanceniamethenualls iie Blahs. Mactamalecules, such as

antibodies, are primarily eliminated from the vitreous by- a convection _ . .
the vitreous for at least 6 months. This release profile provided by certain configurations of the

rigid porous structures enables a smaller device which is preferred in a small organ such as the

10 eye where larger devices may alter or impair vision.

[0476] FIG. 6A1 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 therapeutic agent for an extended period, and a retention structure 120 comprising an
extension protruding outward from the container to couple to the sclera and the conjunctiva.

15 The extending protrusion of the retention structure may comprise a diameter 120D. The
retention structure may comprise an indentation 1201 sized to receive the sclera. 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. The diameter 134 can be sized
within a range, for example within a range from about 0.5 to about 4 mm, for example within a

20 range from about 1 to 3 mm and can be about 2 mm, for example. The container may comprise
a length 136, sized so as to extend from the conjunctive to the vitreous to release the
therapeutic agent into the vitreous. The length 136 can be sized within a range, for example
within a range from about 2 to about 1 4 mm, for example within a range from about 4 to 10
mm and can be about 7 mm, for example. The volume of the reservoir may be substantially

25  determined by an inner cross sectional area of the tubular structure and distance from the
porous structure to the penetrable barrier. The retention structure may comprise an annular
extension having a retention structure diameter greater than a diameter of the container. The
retention structure may comprise an indentation configured to receive the sclera when the
extension extends between the sclera and the conjunctive. The penetrable barrier may comprise

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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70process rather than a diffusion process. (sec Computer Simulation of Convective and Diffusive
Transport of Controlled-Release Drugs in the vitreous Humor, by Stay, MS; Xl%, .12 RandoIPh, TW; and VII
Barocas, Ph-inn“ﬁ)ezs‘.)]f%%ﬁ,%(l), pp. 96- 1 02.) Convection can be driven bypfﬁéUgré)é%zr@:benerated 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 WO 2010/088548PCT/US2010/022631 likely
that drug will be convected towards the back of the eye and the central retina, as opposed to a device

with ports flushmthdhaoieheadikeldaelivaiig serssaltiha thermpoutisragenidetenpaiiphrialretina.
Example 4: Cogw egtrif%c_)t ofe Pterrelz e| teedi(\)/g. Measured Release Rates for a Reservoir with 50ne Orifice
105981 The release s{udey descriokd'in Example | using 23 and 30 gauge needles was continued through

ten weeks, Thegasyits AIC comparsa withsg HIL?P'@%'E’{SJ@Q QQ&Q&_%&;Q@_&%ﬁ’eQ&&%%‘é‘%‘i@otfPPsH‘sthe reservoir to

the release rate from the reservoir based upon'Fick's Law of diffusion. This simple model assumes the
concentration i@ JSBABHEIS AP ditd theP tobhdenthadbi irtHaaeeNArY fAdIEHor Atreous is
negligible. SolvirgAhedifierenial eipationeyisidschectollawiag cunnlative seleasaafia therapeutic agent
from a reservoir With.é)ene f(l)rificeesz qcnullahtive Relegse =]-cR/eR0O =1 - gl)g%DtA |_5 ]5) t), where: cR =

' A

. .compri a thic C.pOorous struciure ma comprisc . .
Concentration in repservow'\/lﬂ =Volume ofpreservow :'Bn%sm coe?flmen(i = Area of orifice L =

Thickness of orffjegs} = ﬁ@\%%%&@?t%gJrefé@oiil?4%‘|?ﬁé’¥3c$ﬁ%%érﬁldlﬂti\é‘&l@§1%’Ebt I6GPSRR 1Ntg he vials over

10 weeks and the predicted cumulative amount release. These data show that the release from model
devices generallfapidisadith fhdoreripletrRitetP i iRid nidaednithhel ) thstaptatstieg parameters.
Example 5: Release of protein through a cylindrical sintered porous titanium cylinder 75106001
Reservoirs weré"ﬁ‘gﬁ}icft‘éedttr?di%e%}?iﬁ%e@éS PIaCS BT SePuPBUE taFRDRS FREEFS VHiEb I 8 Applied
Porous TelchnodoglescdmerjdidgthCorpgraticragnChasidibisenmparsing\ietallusgioal) agdnese were sintered

porous cylindera, i afiamgter ot 082 shes,and,a hickness o6 0, AReneheneppred from ttanium

particles. The porosity is 0.17 with mean pore sizes on the order of 3to 5 micrometers. The porous
cylinder is chara&i@hsdhasm.Pmedidesograsiekoesrdingte theemstiis fehts [T ISUBBRC PSRV T'he porous
cylinders were prassHhipinioasiegvassnachineccionrdedich Lha-sliepvesexposedeanaqntire planar face to
the solution in thef\l reservoir ?ﬁld thte otq%r entire planar face.to the frfecei\éer solution in the vials,
. Intlammation o ¢ retina. € TCSCrvolr may comprisc a bu Cr and a suspension ofa
corresponding to
15  therapeutic agent comprising solubility within a range from about | ug/mL to about 100 ug/mL,
such as from about 1 ug/mL to about 40 ug/mL. For example, the therapeutic agent may
comprise a suspension of triamcinolone acetonide having a solubility of approximately 19

ug/mL in the buffer at 37C when implanted.

[0480] The release rate index may comprise many values, and the release rate index with the
20 suspension may be somewhat higher than for a solution in many embodiments, 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 more than about 1.5, and in many embodiments may be no more than about 1.2, so

as to release the therapeutic agent with therapeutic amounts for the extended time.

[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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WO 2010/088548PCT/US2010/022631 an area of 1.9 square millimeters. The tips were cut off of | mL
polypropylene s%rin es and machined to accept a polymer sleeve with outer diameter slightly larger than
the inner diametel 4 W{%S%Sy*ﬁnge. The porous cylinder / sleeve was press-fitpi(ﬁ?(/)Ut?ﬁzglPﬁooz ed syringe.
106011 A solution was prepared containing 300 mglinf, bovine serum albumin (BSA, Sigma,
5A2153-00G) in phosphate buffered saline (PBS. Sigma, P3813). Solution was introduced into the
syringes by removing the piston and dispensing approximately 200 microliters into the syringe barrel.
Bubbles were tapgepl toibestopsanelsaiiwap @xpessec out tiEougk dheRareuseylisderstdikan BSA
solution was expressed through the porous cylinder until the syringe held 100 uL as indicated by the
markings on th¢0g$4ing €101 ekpre ssed BSAsolutionwwaswified off Tidangd dheruinsedty $6dmerging in
PBS. The reserygiis et e PIAGRA IR M VAl Gomaining g.mbRRR Alrogm iemperature. Collars
cut from silicone tubing were placed around the syringe barrels to position the top of the reservoir to
match the heightF PBGCrRECSIEetHE fibHICRENTSIERIREY il Arersidy- sErodtaanstsisher to avoid
evaporation. Atgpgriocienintarvalgidhenrasarmaiiswaie tmovectio penvials cantaifliagRBS. The amount of
BSA 15transported from the reservqir through th rous cylinder was determined by measuring the
amount of BSA I TRe Wiale hing & HEATnT PO ALl FE (res Ao MHE08) A TS shows the
measured cumiliatibenreleeprob B8RO @ csintere ¢ ng tranthihdpsccanh topediction from the
model describing release through a porous body. The Channel Parameter of 1.7 was determined via a
least squares fiigdéﬁlveéfﬁetﬁlélmgkﬁé%falfa P2 BRRBSHEHEN MIRTHISH EXEBTRPSIHESSFE Pétous
cylinder has eqthalcaneascexpaseevaytheresaavaiserdhecgivingoso kitienirtheal banpelcParameter
suggests a tortugsity of 1.7 for porous titanium cylinders prepared from 0.2 media grade, 106031 FIG.
31 ehow S tne e e R R, AR e S ¥ES e e
Parameter of 1/8awaEc dEe Fraid@arois drisise squaressfit vednrsepprra2s mihsur s gafandtiie model

(MicroSoft Excalo Thig&orsespondd oiafkeleassiRate,budax af B2k npo- sinaaitigdnorts.gylinder has
equal areas exposed to the reservoir ?nd receiving solution, the Channe}! Parame%er cofres 85'ds to an

effective path 18I GRS PEFATETP S I RPART SOGYBSIs S HPS I St 4 8t poretieHieattium
cylinders prepaveckérom hun?dtisickaslel 88ExampleltnRelgaserokprdteimthiroughtimasked sintered
porous titariumyeyliRdes, JHAR0AH ARBRAER GRS 2040276311 A6 RESRIMIES, Weie: fabricated from

syringes and porous sintered titanium cylinders similar to that described in Example 5. The porous

sintered titaniuMERATSHCTSaEB R R Hise A BOrBUS R SBIBRTEIHE. RO ROES TSR OF Chand
Eitieninann Met@hhuﬁgieal)d@_ad@diammﬁmagbﬁﬁédmeh}tﬁﬁbid(mmioﬁ @ﬁﬁ@ﬂmcrhi,r_@ megéa grade of 0.2
and were prep%re‘%‘a1?@&%%%?&1%&%%9%%%%8%0M@n%?drs%%%lé;& m%go{{‘é‘mﬂ@ﬁg{a B&g‘%é&%‘ﬁétﬁ’]@ fhe order of 3 to

5 micrometers. The porous cylinder is characterized as 0.2 media grade according to measurements of
bubble point. THEPaRbUY dymbiedsviirarejshedytimninte SRSVO8 thadhise drfrofs et mTHdbsleeves
exposed ane emtiigrelanailace tdtheoseiytiondnths tpaeroi-2ngitbe ntherpnticamiananfasge to the
receiver solutiop.fn the,viale, orrespanding o an area 9l gt sauare, 10 millmeters, The fips were cut: of
of 1 mL polyear‘bonate syringes and machined to accept a poﬂymer sfeeveswith outer diameter slightly
larger than the iafseyadiameter of the syringe. The porous cylinder! sleeve was press fit into the modified
syringe. A kapton film with adhesive was affixed to the surface exposed to the receiving solution to create
a mask and ded?88@e thBeaxsEutizafeac RYHpE fiFseEisethe Giiawist B thasmAsIans44c0.062 inches,
exposing an area@h®lodtbatirrepttitmeiars adhewgeeiving selutivandnia secansase: thewdiameter of
the mask yas 0,027 inehes, expasing an.ares, of 0.3 square millimeters, [0603] Fhree conditions were
run in this study: 00 é inch diameter maélf(, 50 ut, donor vo ungl’e, at. room erﬁperature in order to
compare with resesssipsionith Urieaisikedt fdrogiseeyiinefens tauE amml 523062 irclvdidaieter mask, 60
uL donor volume, st }AEhaRdmBhA0AR TdRehh fiameteh aakdlitile HANQY MAlMR 188 R1&scl he syringes

were filled with ?11 . . . .
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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solution containing 300 mg/mL bovine serum albumin (BSA, Sigma"A2153-000) in phosphate buffered
saline (Sigma, P38131)d similar to Example 5. in addition, 0.02 wt% of sodium azidc (hSi ma, 438456-50)
was added as a%?ezé)er@gﬁs\fg to both the BSA solution placed in the reservolrs and & Oé@ﬁ?%g placed in the
receiving vials and both solutions were filtered through a 750.2 micron filter. This time, the amount of BSA
solution dispensed into the syringe was weighed and the amount expressed through the porous cylinder
was determined by rinsing and measuring the amount of BSA in the rinse. Assuming unit density for the
BSA solution, thgriaoagunt dispenrskd wamildiSittad Mo(CRdiiaont) BRItk 20mplc, 3hd thécpadition 2).
Subtracting off the, amount in the rinse yielded,a figal reservalr volume QfA03 +1; 2, (Condition 1) and
3058 Al- 2 tit, (aﬁ)ndfﬂoyn QT%e FESErVoIrs were then placed into mL, vials containing 1 mL PBS at 37C
in a heating blogknArgieriodicthsiepoals, atratrags QAo gy eHb et ol n dwasaigble/QOr sustained
2010/088548PCTUMS2ARUA2R63 Lisoianings RBS @Atk BEAmaRcaRtratigusiuepdetermined in the
receiving sqlutions usir(lﬁ]ége method described in Example 5. 0606.39FI . lél%fsh(ﬁ)ws he cumulative

54t EhEMSh

release of BSAPIBIRH ThY A B THAKER SRTSF B B0 U FHASTIFRY 61] ($862 inch
diameter mask il 00 Hikodshonemcimne, meroban Bhen pe ratueelnisifasterxthadr diperrededse [tasough an
umnasked porays, eWipdem i Ne 3R XReRRd arka(daRiiram X amRIesai Risdictigns are also

shown using the Channel Parameter of 1.7 determined in Example 5, BSA diffusion coefficient at 20C
(6.1e-7 cmis), rESERIBRAVORIHHE O THOAl ARAUHE rBa BF TS NG ATIE CORTIRINENSdSEd to the receiver
solution (A=1.9«nrimnthe afeaaftheoporous: pylinder exposerlitacthadesenvaint{A=dshmailgThe data for
the 10masked por lj tche ' a ) ervair. Hence,
s s e S R e Tor the
dimensions of tKES{IERYLEEFIFaEY. TOBOTIVRIGN NS MOTPEsHE el IANVE t Sree@BI S BEA protein through

a masked sintergehROiQus HiaD id F DEIRE atzpBEit aRca: (064 dnGR ia et Rbaskn 602 lestonor
volume, at 15 377%&. 'I;h%figur atlsot_dis‘t%a]}/sopre ictions usin t’ghet%banonel_Pa}r metertofdl. determined
in Example 5, é‘g?&l |f?usl|168 coefficient at 37C C9a.ller-]9 PP "reservoir vollime of 58 L. and the area of
the porous cylimdapéspudeditebthie Fawwie 56 utiom A=2 nemtheyioritherihea of the porous cylinder
exposed to the reservoir (A=3.4 mmZQAg_ain, the data for this masked porous cylinder matches more
closely with’ lard¥8dtealdg b i thiee regd ROBRUSTHEC s SiRENsy dhHe2d qardsiitd tRdiibdel at two
temperatures suppefisdiaibgmadelinspipotatasdberiiest afjamnpataliie.. LREQRIniE b shows the
cumulative release of BSA protein thrgugh a masked sjntered parous titanium cylinder at Condition 3
(0,007 inch din N SE T e A R A e i Ctons wsing the
Channel Parantetipgsf tompletermiridet AeRSE A fsles5088 AMiffusiosxsvelficlentdt @20n®.1e-7 cm2/s),
reservoir volumgaphrd tilvald sherigashihe Rorauseyinder exparedinthrigesivge solution (A=0.37
mm2) or the area of the porous cylinder exposed to the reservoir (A=3.4 mail. This mask achieves a

release ratd colPSEBSHEASTS QiaHE VLAY inl BeAVESA S AP E R PELE S B AL FESRIGir and the area
exposed to the treceivert 86futiohmi coimbihatioeofdhbadsulisin GBS, td5tendl V6kderhonstildie 30that

slower release i&r&{%%é‘?}{%g U&lg&& MK ADGHEXRARES A-SPAHSHAIGAL9ING FEGIVE5 SR WO
2010/088548PCT/US2010/022631 106091 FIGS. 13-16 show an unexpected result. Masking of the area

of the porous iSRS YohsPrsoye Brisdel fHecanpedst Brasdrifetborand sthstridlydet@ased the

release rate lesswthan'the corresponding change in area. The release rate through the porous structure
corresponds substantially to the interconnecting channels of the porous frit structure disposed
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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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“iﬂtéorlc%%ﬁ%gting channels corresponds substantially to an StV RR Y 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 10release is dependent upon the
interconnecting channels, the release rate can he maintained when at least some of the channels are
blocked, for examiple:Withneovekegs ahaspentiosaf the pewus Blluaiye ohbleckioguef-atRettien of the
interconnecting. channels with particles. Example,7: Release of protein thrqugh sintered porpus stainless
ctoel oylinder (HatT BN b 1) TETURLOT B e et B DS Bt T B b sintered
porous stainlesy Siaeliaylioersdavaitaisiectrdhe Appiises Rigrolis TaehnolodiegomehamerrCoiporration or
Chand FisenmanniMe@iwaitaboriichacsLylinducalvito ciameiarith liruinchdaeddhickagss 0.188 inch
prepared from 31 6L stainless steel particles. The porous cylinder is characterized as 0.1 media grade
according td mESERBMEHE"5F bubble point. This study was performed with these 20large, off-the-shelf
porous cylinderﬁ'ﬁgr a% rea ofnltszc[)nm;i;rel :9{19@ r Otgotih[gg%%teglijz% ttehe rﬁfséstive %p[ggr;elrtiggn f OA media
grade stainless'steel. 1 6111 These devices were prepareé usmgg‘lia eflon-1TP heat'shrin tubing (Zeus,
437950) and a PoPaisgusits SHsnkclioUinathenpors usieylinde ol lonatendrarthavsstolvsistépared
septum on the gthgr BREENUSIMERAO T3 Silisansmaldad i b5 ingt diamesei Fhe reservoir
25volume (46 +/- 2 uL) was determined from the difference in Weigh(gbetwee(p m%e%tg s#/st ms and
systems loaded’ With" @goﬁ"?}%% WAL SR estﬁﬁ%é?ﬁﬁhvé’ fha SRS PRE Rl Ring a
vacuum. Tiie systembaverkofiremstevifizadely theaiingio RHOF of Bipsydor dibrahinwigssublrierged in PBS
in m'crocentr'fflga%i%ég%%alaﬁ%m_%pEﬁ%tﬂfm@@%m@mp%ﬁ@-Jw&ﬁﬂ%n&sﬂtﬁﬁm&fdnserted into

the septum to displace the PBS with BSA solution. One was used to 30inject the BSA solution and the
other was bent G tsa a4 % VRIS PIR HRPIEET PB S QT ZH1tesBsABETTIOBH20/022631
Sufficient BSA ﬁﬁhtidndwﬂ&im@meg_peeiﬁhth@ Mmdlgdhubrelﬁﬁhmwﬁgfmﬁe @pmmxmad?ebyela@dlfﬂnﬁi_milgr_to
Example 6, th?a%ﬁéﬁeaé‘gnp%aﬁ%%aéﬂﬁ&iﬁg%%%bql%n%df&?% BRIl CANeR %’ﬂg’éaéﬂf%%? Q,ing/ini.

BSA. The devices were placed into 1.5 inI. microcentrifirge tubes containing 1 mi. and kept at 37C
in a heating blokkPPistby drehfEoeUBifYg (HERESE Withavsfite st hpachsle fobiadptdhs) hrere used to
suspend the depieas inribeP B watlbithel hettemaliihe septummpproximately the same height as the
PBS. The concentrations in the first tubes contained BSA from the filling process and were discarded. At
periodic intervajg49be dBviceddvencmouaddo creva liyibas condaininthd? BE! disgokee BSAdignaentrations
were determined.jn, e, (eeaiing spliians Hsing (hmmethad dsscbed in xamele, dRO012L FIG. 17

displays the measured cumulative release o through the 0.1 media grade stainless steel sintered
titanium discs. SiHEe e pibikssagerenisoh dteaiaithwsiel sroRiciing dsaold 4e ashicimaibalaiiglé parameter of

Porosity diidedbpfaharrelkRamBmiel pas datemminedbyleast savepesdit of the pedeldatie data,
Since the sinter%otl orous st(%ucture IS %)é}g)ndrigal the Channel Parameter can b%intergregevcli as the

Tortuosity, T, and PiT was t5determiné %be %é) g%?dg? oaafjo .eligbatr(r)\p(ealg:e dlease o tp?:octeiﬁythrough a

sintered porousstaimess wridinoytiduide ¢phediangrtuia 0 2psDELI PErdtoty petdeviveswbrsiiabricated from

tubing and sintgrggkROFRYSSLRIBIRSS SIRQL CYlipders (pwilable fiom Applisd Boreusnbeshnslagies, Inc.,

Mott Corporatiop or qand QFilis nm%nn Metallurgical) thict] are cylindrical with diameter 0.031 inch, and
thickness 0.04§ he mold, and sintered to obtain a porous Sintered metal porous structure.

25 [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
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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 %‘é?ezr%ol/ﬁ)se%f%om a previous study with a large diameter 0.2 Medig Zd)rlg/ é263o]rous stainless
steel cylinder (data no shown) and predictions based on the model 25described herein. The area of each
face of this porous cylinder is 0.5 mm2. 106141 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 sepiuFuenthaotesendbON s MER 401 3nsilicone meldedstem 0,113 inch
diameter). The reservoir volume (171 uf.) was determined from the difference in weight between empty
30systems anda%/ls?t\/el%saﬁ?é) %?%h%ﬁﬁ%g%é) BBS \S/%g%%\ e%@‘%ﬁ'ﬁ?ﬁerging the systems in PBS WO
2010/088548P(l,dJS2040{02263 1 anchlrawing, aNACHHM.PIY ARSI NalS SUPReAEBS In
uncrocentrifuge tubes and sterilized by heating togZSOF, I§ psi for 15 minutes in a pressure cooker (Beni,
9760). Two 30 iakedeL ieteaRsEred ftotiHE gt firte byt Eesior P e was used to
inject the PBS anehfhetiothenwashbent aoduisedasawenthAlienweighing he.RBSilled-deyvices, two 5
new needles werg inserted through the sep and sufficient BSA solution was injected tq fill the needle
b of the vent L AT, S TR A TS ot DS S s FEac
Example 7, 106151 IGer @A ispilies thehmBamireduiedinidiative Peleasersf BS Adkrsighihe 0,2 media
grade sintered porous stainless steel cylinder. A single parameter of Porosity divided by 10Channel
Parameter was &t Riaed 160/ a2 15y letat éql‘j‘%i‘f’é% fit of the model to the data. Since the sintered
porous strp&tur%“ig Oﬁﬁﬁm%f)g@%:?&%%ﬁel Parameter. can be interpreted as effective length of the
interconnecting ¢hanuefs 15 tay corfeshond the. Torliosity, ' Using the. Porosity of 0.17 determined by

t
the vendor, the[eﬂ%];lyslgl)f%@cé)ﬁ;oia E?ﬂ%c ] Anel that m eyntclt.%lrresponréotlo t%bg%%rtuosity was determined to

be 1.4. FUther@“—O@aliB'éi B%ﬁén@{)ﬂ%lﬁ‘aﬁ&ﬁ%%ﬁ& PIRRSIeAseRate: 'm%)n%ﬁsoo%gél&lllll- [0616]
FIG. | 8B displays,¢thg-measured cumulative release of BSA through the 0.2 media grade sintered porous

stainless steel gylinden fapd@RdaysaAesingle parameter of Porosity divided by Channel Parameter was
determined to be=0ThQ e dedshgualesrdiisofitineumodel to the data. Since the sintered porous structure is
cylindrical, the Channel Parameter can be 20interpreted an effective length of the inter-connecting
channels that nfayngttresBelsesto-the Roriiosity, aFr Usidg e Pdnodiydr3.17 determined by the vendor,
the effective chEnHBICEYTGHSSeRHEittERconnecting channels that may correspond to the Tortuosity was
determineg to . Fyrthermare, this corresponds.to Al ratio (Release Rate In of 0.038 mm.
Erample 8. At Sont o T Fas e e e A S s

concentrations OF@artidiapentic Agditicany be proaicesd yhSeo endithe BRLzIBPrhgEstrbetMerein. Table 4

shows the valuggi@fthgrparaneiaswanpiiReiRueasthpb SR dudirauaiom 2 SimulRtien 3,
Simulation 4, aq .SimLéIatjon % Ti%gﬁllf-lille and yitrequs voluntke rrespond.to a monkey model (J.
| :

C
elivery devices descr ere.haye an of no more tha 1t g\a ften no mare fian .
Gaudreault et a ..,\ﬁl%C Inica armacokinetics of Ranibizuma rﬁu(fi'a 23 alter a single Intravitreal

Administration, drve St Bebhthadmohvis Ban 2006;! £46n726-733) (Z. Yao et al., Prevention of Laser
Photocoagulation WO 2010/088548PCT/US2010/022631 Induced Choroidal Neovascularization Lesions
by Intravittéal DB of [RaiBIPahRat T IEYHIBIFBIGRe M dhkeyNERYO Dho 9 b stide tDo0sY i The

parameter PA/RLcGanr BRMAIMRGER 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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determine the release rate profile. For example, the value of A can be about | rnm2, the porosity can be
about 0.1 (PA=0.1 minZJ and the length about 1 mm and the channel tit 5parameter that may correspond
0

to tortuousity can D& LhERY (FL=2 ntm), such that PA/IL is about 0.05 mm?’ S\T;é%%%ﬂ/ oia %3r]dinary 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.
Parameter Values Simulation 1 Values Simulation 2 Values Simulation 3 Values Simulation 4 Values

Simulations Diffusione@effidci?és) 1QEREtht. 006 ¢ leAEhQBat 1O B8 LR thitial bieading (ug/mL)
10000 10000 Elhg 191 cgcojh(r)lgc(:)t%g 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¢ = Dasaoc (Maoc / Maze) 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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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 (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
Vitreous vial (mwggbwmsssm PCT/US2010/023631

[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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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 indicatesdfatiadelus injectian O3 imglitdEentisrdiaintRinga MieeUSIgpRcentration
above 0,1 ug/naL for abput a month ther using the measured or calculated, Cmax. This is consistent
with motly O R SeB SO Lh S b e e e e Al PR
2010/088548P @ty uaG/0z2681t ¢ue20he Biroutaicty 5nd dheepbrbe tdhthiepeleid casnuses thahe
experiment desggibgd,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 LucentisTm, the loading dose
corresponds to[#58@f thennQiédemusseintlydinje ckedrimonthiycfsalaw atiamsnthiah pradict by tre orits;
concentrations @E‘Q@ﬁ%ﬁe Sgpat this dgvice ith ono-th@r of the montf&léls d se may. ‘mﬁilptain dlaucentisINI

. t he rel m
therapeutic concentrations for about & months. While half of the dose is delivered in the hirst month and

more than 98%meialingsresPHIIe S HYTSP thier apalitic kay/8ls pregtiiipe iImAetirae for B ionths. 106211

The ability of theiglevicento-raleassitherapewicireentferaniexiendedime can de: Baseribes) by an
effective device half-lif%}i For the device in Example 8, the ef_qu%give gozvice half-life is 29 days for delivery

of Lucentis TM.>PhA8 &V A SAHT CBIRHGRARY 15§ ERRERDH YF the Ke QNP SIS S NS S BB¥%us structure
with an apiroptiateoRaffattonachihe vesthe desirécheffectivierivalf-difé v olahte @ Sivtutatidn.fofime (days)

Predicted Rate 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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(ug/day) Predicted %CR Predicted Vitreous Conc (ug/mL) 0 1.9 0.0% 4,9 10 1.9 3.8% 4.7 20 1.8 7.5%

4.5301.711.0% .1.4 40 1.7 144% 4.2
WO 2010/088548 PCT/US2010/022631

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.

86



501.6 17.7% 4.0 60 1.5 20.8% 3.9 70 1.5 23.8% 3.7 80 1.4 26.7% 3.6 90 1.4 29.5% 100 1.3 32.2% 3.3

110 1.3 34.8%
WO 2010/088548 PCT/US2010/022631

[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
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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
5  inrelation 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
10 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
15 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

20 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.

25 ]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

30  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

93



1101 757.5% 4.21201560,7% 3.9 130 1 4 63.6% 3.6 1110 1.3 66.3% 3.3 150 1.2 68.9% 3.1 160 1.1

712k 2.817010 73.3%
WO 2010/088548 PCT/US2010/022631

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 122S 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

97



Time (days) Predicted Rate (ug/day) Predicted %CR Predicted Vitreous Conc (ug/mL) 0 3.89 0.0% 9.83
10 2.64 32.2% 6.67 20 1.79 54.0% 4.52 30 1.21 68.9% 3.06

10

15

20

25

WO 2010/088548 PCT/US2010/022631

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.

[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
structure 120 may comprise the narrow portion 120N having an indentation 1201 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
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.
[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.

[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
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

Cr = concentration of therapeutic agent in reservoir

Vr = volume of reservoir

D = Diffusion constant

PA/TL =RRI

P = porosity

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
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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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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[0573] The above parameters can be used to determine the optimal RRI, 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 +/- 50% of the optimal values, for
example +/- 30% of the optimal values. For example, for an optimal release rate index of the
5  porous structure and an optimal reservoir volume sized to receive a predetermined quantity of

therapeutic agent, e.g. 50 uL, so as to achieve therapeutic concentrations above a minimum
inhibitory concentration for a predetermined extended time such as 90 days, the maximum
volume of the reservoir can be limited to no more than about twice the optimal volume. This
tuning of the reservoir volume and the porous structure to the injected volume of the

10 commercially available formulation can increase the time of release of therapeutic amounts
from the device as compared to a much larger reservoir volume that receives the same volume
of commercially available injectable formulation. Although many examples as described
herein show a porous 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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[0578] FIG. 8-2 shows the reservoirs placed into 4 mL vials containing 1.5 mL buffer at
room temperature. Collars cut from rubber tubing were placed around the syringe barrels to
position the top of the reservoir to match the height of buffer in the vial to avoid any pressure
differential. The tops of the vials were sealed with parafilm to avoid evaporation. At periodic
5  intervals, the reservoirs were moved to new vials containing buffer. The amount of fluorescein
transported from the reservoir through the exit port was determined by measuring the amount

of fluorescein in the vials via absorption of visible light (492 nm).

Example 1
10 Table 1C Release of Fluorescein through Exit Port

Needle Release

Reservoir | Needle ID Area Rate
Number | Gauge (mm) | (mm*2) (ug/day)

1 18 0.838 0.552 10.8

2 18 0.838 0.552 94

3 23 0.318 0.079 1.0

4 23 0.318 0.079 1.2

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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was replaced and moved to remove the air and to push a small amount of the liquid through the
membrane. The outside of the membrane and syringe was rinsed by submerging briefly in
water. The reservoirs were then placed into 15 mL vials containing 5 mL PBS. The tops of the
vials were sealed with parafilm to avoid evaporation. At periodic intervals of 0.5-1 day, the

5  reservoirs were moved to new vials containing PBS. Diffusion through the membrane was
determined by measuring the amount of BSA that accumulated in the vials via absorption of
visible light (280 nm). The delivery rates from two replicates are shown in FIG.11-1. This data
suggests that therapeutic agents of interest with molecular weight on the order of 100 kDa will

transport easily through porous membranes with pore sizes of 0.2 um.

10 Example 3
[0582] An experiment was performed to screen chromatographic media (Bio-Rad) for
binding to Human 1gG (Jackson ImmunoResearch, ChromPure). Columns were packed with

the ten media listed below and were equilibrated in 20 mM acetate buffer pH 4.5.

Table 2.

Macro-Prep t-Butyl HIC Support
Macro-Prep DEAE Support
CHT Ceramic Hydroxyapatite Type | 40 um

Macro-Prep CM Support
Macro-Prep Methyl HIC Support

Macro-Prep Ceramic Hydroxapatite Type Il 40 um

UNOsphere S Cation Exchange Support

UNOsphere Q Strong Anion Exchange Support

Macro-Prep High S Support

Macro-Prep High Q Support

15
[0583] Then, 0.5 mL aliquots of 1 mg/mL antibody in 20 mM acetate buffer pH 4.5 were
gravity-driven through the column and the collected solution was assessed qualitatively for
color change using a BCA™ protein assay kit (Pierce). Of the media tested, Macro-Prep CM
Support , Macro-Prep High S Support, and Macro-Prep Ceramic Hydroxapatite Type 11 40 um
20 each successfully bound IgG. Subsequently, PBS was washed through the columns and the IgG

was released from all three of these media.
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WO 2010/088548PCT/US2010/022631 [0622] Z. Yao et al. (Prevention of Laser Photocoagulation
Induced Choroidal Neovascularization Lesions by Intravitreal Doses of Ranibizumab in C%nomolgus
Monkeys, ARVC' 9088 8BSt et 0906) have performed a precl Mica! study t& RIS 5 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 inhilpies-thexd@wichmmgat of Grade IV CNV lesions. Table 4D shows predictions of

LucentisTM vitr copcentrations for the lowest total amount of Tueentismi investigated (intravitreal
et of 5 o oo R e e SO . R ST R
harmacokineti@piarprpietensy ¥isteddncTabye AN TIsis aath idicane shtharitrig ot peceseafgrtacdchieve the
p P ¥y

high Cmax of a:0xedNe:-siRGIeROMS IRIRENER e den e RetherrpeUBChA2R kG epmpares this
predicted profilﬁgﬁ{h that éet%llc ed for the device in Example 8. This data further supports that the
[

release protile fIOM S HEE L OrHRAEE With embodiments of the present invention may be

therapetic for geqs phowt & manths, Jha APl BiSdion OO0 1d correspars 1o 8 80 bolus
injection of LucentisTm that can given at monthly intervals, and the range of therapeutic concentrations of

Lucentismi (ranlibiauitabyid thesitreoa bxesmerdisiidbby pO@%gitlo dBie shsisivty inhibitory
(therapeutic) conganliatioa-afakauhd bugimtatahauh mantn.ikexample; Jhe-Rinigupainhibitory

20concentration corresponding to the lower end of the range of therapeutic concentrations in the vitreous
humor can be d&t8fimined empirically by one of ordinary skill in the art in accordance with the examples

described el or examel, 7195 does sty ofa sercs of s eentis: piseYons, 5 ug sach. can be
administered so as to provide a coricentration in the Vitreous of at least about ug mi, and the
therapeutic berfsffebfithedhijeatiopislatsesieding PhHiotbadcharamly meble-4Dsitfiane ¢days) Predicted

Lucentis Vitreoys|&eikalldd/Bkidfdrks OfQRH@Bara can be created via ablation or photo-etching

techniques. In the case of polymers, exit ports can also be created by molding the material with
a fine wire in place, followed by removal of the wire after the polymer is cured. Access ports
15  can be created using membranes of silicone or polyurethane. Needle stops and flow diverters

can be fabricated from metal or a rigid plastic.

[0587] Device prototypes can be tested with methods similar to those described in Example
1. Drug delivery rates can be measured for pristine devices as well as devices that have been
refilled. Methods such as absorbance and fluorescence can be used to quantitate the amount of
20  therapeutic agent that has been delivered as a function of time. Enzyme-Linked
ImmunoSorbent Assays (ELISA) can be used to monitor the stability of the biological
therapeutic agent in the formulations at 37°C and can be used to determine the concentration of

biologically active therapeutic agent delivered as a function of time.

Future Membrane Studies

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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performance of membranes can be tested in device prototypes using methods similar to what

was done in Example 3.

[0589] Porous membranes could include cellulose acetate, nylon, polycarbonate, and
poly(tetrafluoroethylene) (PTFE), in addition to regenerated cellulose, polyethersulfone,
polyvinylidene fluoride (PVDF).

Developing Binding Formulations and Conditions

[0590] Once media and conditions have been screened via the batch or flow-through
methods, devices can be fabricated containing the binding media in place or with binding
media injected along with the therapeutic agent. Formulations can be prepared with the desired
excipients, and therapeutic agent delivery rates can be monitored similarly to the method used

in Example 1.

[0591] 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

to those knowledgeable in the art.

[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, the antibody may be released from the media.
Formulations could be tested that provide acidic pH for finite durations (i.c., a few months).
Once the pH 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.

[0593] The binding media itself may have some buffering capacity that could dominate until
physiological buffer diffuses into the device.

[0594] Alternatively, 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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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 therapeuticzbenefiidaratileiast abeupiwpcmpiathse Jhecdeyiseiebimeiandthedeacous structure
lcgfformulat#'on nd Qﬁovidﬁ SLf%t ig{)&fg rease for an

can be be tuned (g ecelve e redetermind volume,of formulation and provide.

extended time. A éltgonaf"tunlngeof%he device can include the hair-iite of the fhgrapeu‘fic agent in the eye,
for example ninelgayisstoint 0Kase hissidastatheotntmimgids inhibitesy concentration of the therapeutic
agent as determined based on the teachings as described herein. [0625] FIG. 1913 shows determined
concentrations of Lucentis” in the vitreous humor folf 8Pf#st 50 tiL injection into a 25 uL device and a
second 50 uL injection at 90 days. The calculations show that the 50 ult dosage of the monthly FDA
approved bolus injection can be 15-used®¥¥ésidne eye PEHHSINIEYBY and that the injections can be
repeated to treat the eye, for examip Qfﬁ??&%ﬁ‘%e!y 90-day-ifjie —TFHe LucentisTM may comprise a
predetermined amount of the comrpet ?%._%Aé%é‘ii.%%'.ef mtation fjected-info the device. The
commercially available formulationfof Lut.f_lﬂjlﬁg?n%ab aconcentt allbogu ofranthizumab of 10 ing/mL, although
other concentrations can he used forexamplg gs.described hergit betow with reference to a 40 20mg/mL
solution of injected ranibizumab. T pradelgrmiipe ampunt corgsponds tojthe amount of the monthly
bolus injection, fbr example 50 ult. [The ThefaRgHHC device may ¢omprise a substantially fixed volume
container rgservoir having a volume of 25 uL, such that a first 25 ult portion of the 50 Mt injection is
contained in the reservojr for sustained and/or controlled release and a second 25 uL portion of the 50 uL
injection is pasti ol ehE BRICLE SIRE I 2ANTYEloHELd e e VS W% it bolus. The
filling efficiencypoftierinjedtiorpimioathel devicermpaly-ddmprise legs tthangt089%; landotive resdovair volume
and injection valyme, camheradiustad Rased:n the fllingwetliciengydn,aesordanse withhg feachings
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described herein. For example, the filling efficiency may comprise approximately 90%, such that the first
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[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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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 alert 362t dghnkiabd 8ehdaysiabiesthenfinstdnjaatiosyanadddf.daysaftenthessppond injection.
These caloulations show,(at ihe genceniraion ot ceniizim.can be canlinyously maintaine above a
minimum inhibitory” concen ration of about l?g per mPwith the 50" ut Injection mto theé device. Additional
injections can bennhele! fsmexample every 90 days for several years to deliver the therapeutic agent to
treat the patient. 10106261 FIG. 19C shows determined concentrations of Lucentis" in the vitreous humor
for a first 50 uL EnfEpakitifterapaviym gelicdigsd w-Mean soRslensRush far & Beteryplandththan 90 days.
The calculationeshorifidet the 50 Li 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 9Cs8i@ly iftervatascThell deentisd M maygdompise2d piddetenmineddmount of the
conunercially ayailable,farmulption iniectad intaiihs deyiser e Redsierming, ameuRt carpsponds to the
amount of the monthly bolus’injection, for example 50 ul,. The therapeutic device may comprise a
substantially fixedSFERARR B HamET YREABHTREYRG S FoIthe Kreszoibastbrprdtiskfivs@32UL portion of
the 50 tiL injectipmuis@ontaineeh i thede ssvviais ine suisiaineshandies contraledrefeasenanieka second 18

uL portion af 20the 50 uL injection is passed through the porous structure angd released into the vitreous
Wit an 18 0L DO AL S e ek oL e BRI S Yoo
and the reservoirelds| thn & Beitiigjestivlatis ifisese ahdjecaieiste aepriseonr ehe fiing e ffiesenticsn
accordance with the teachings described herein. For example, the filling efficiency may comprise
approximately $09vatikhRRiSEthE firstBieRlion!comiisEs 5appidkimately 29 ut, contained in the chamber
of the reservoir _%\iner ?ntd the second portion comprises approximately 21uL passed through the
device for the 50 ul of Fucentisthi injected into the therapeutic device, The initial concentration of
FucentisTm in éﬂﬂ;ﬁg%ﬁ URQE Gorresponds to about 45 ug/mL immediately following injection into the
reservoir devicey The.gopgaRiration of Lucentisim in the vitreous humor decreases to about 4 ugMLL at
90 days. A 30secomng & dik dpjgatien of Lucentisi'm approximately 90 days after the first injection
increases the corcanifation to about 50 tigl mL. The concentration of LueentisTM in the vitreous humor
WO 2010/M88548PCT/US2010/022631 decreases to about 4 ug/mL at 180 days after the first injection
and 90 clays afté¥%%le dé€ond ihjectibncithdsevealoulations:shiow dhiat thés concEhtrationef thecentis” can
be continuously,maintgingd 2ROy MINRLR iRhikitan, cenceniratian ofahgyf fdd Revital with the 50 uL

injection into the device. Additional injections can be made eve%lzo days for several years to 5 deliver
1

the therapeutic EgeHAt G #es tHE Pudbht RRdsisLRrgHs Badrbyihagadhdres 84 ReMiPBFIgss frequently,
depending upon, the minimum inhibitory concentration, the release rate profile, and the. discretion of the
weating physicEN PRI RERSS PR R A Uil SAtEeS a2 ap HEARNENSTRERE vitroous

humor for .a firs L injection into Qu vice and a second 50 uL in? tion at 90 days. The
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Fﬁléulrﬁjceyctlon can be used to

treat the eye fofapbNOlaa)sP BettPgTartHedbjeksis banBeltrepeataderoofrehtih Elegangar example at
approximately 9@.gayintaryalgest ReUERALIS 0N AN CAMREISeR LIRARISF BT D@d Bmawi:Rf the
commercially available far iop injected into the device. The filling efficiency of the injection into the
device may sorTCR T ar OB 1 P BB TEdErmE S IR R LB ST aciustod
based on the filing effitiencyrinfacodrdasroaetith the teaohingsdessibadchversihaFb? exdmple, the filling
efficiency fgay cRIMPISE ARRTHNRIRMNIAYe rsushithatine firshRALIGN LRORIRES-@pRIaxiately 45 la,

contained in the _ _ , o
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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chamber of the reservoir container and the second portion comprises approximately 5 uL passed through
the device for the 50 ILL of Lucentisfm injected into the therapeutic device. The 20initial concentration of
Lucentisim in thg Qiffe80E Mimor corresponds to about Il ughtiL immediatel;}) ?&48%?&8{ ?ﬁfg%ltion into the
reservoir device. The concentration of Lucentis” in the vitreous humor decreases to about 5.8 tig/mL at 90
days. A second 50 tiL injection of Lucentis" approximately 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 25tighnkrat dBvdays-aftelithediest ljeptiavrand 8Q eayspiterthiepseeenginjectan. These
calculations shaw{hal fhe concentration glLucents, cane coniinuoushmainianed agoye g minimum
inhibitory concentration of about B U per mi with the 50 ti Injec fon tothe device. Adaitional injections
can be made, fof @ranmpiselmryaousiayknfsr sdvemaiyearstditdalivdctnediisapeute agent to treat the
patient. WO 2010/088548PCT/US2010/022631 106281 FIG. | 9E shows determined concentrations of
LucenlisTM in tHé%treduw hiiffor oPrarirst seriniAfettfomantd AsmtitcaevriB aHE B28edtsso tit,
Micction at90 deays3T0ve calpulappas siranednalitberss |kacdnsage of feumantalyiftiBduappmyed bolus
injection can beised fo iat the, eye for anout, 130 davs, and that Ihe, inigctions;gan, be fepeated to treat
the eve, 5for exam fe'at agproxma%eﬁiy Vi day intervals: The Lucentls may comprise a predetermined
amount of the comaebeislyRpkiksbietoapradtiohdrijectedian toas e rIevieo Ir e dilih e fficiancy of the

injection into theydRyicerMASAMRIISsn &3S hasdQ0¥e RMdHb BFeSeEYRiivOlmenancinieatien volume
cart be adjusted based on the tjlting efficiency in accordance with the é?ﬁ?ﬁgnq?ﬁ described aergin. For
example, the fim%%u BT RIRY %568 Kee’approXitately ‘909s, 8 AL LEBSHREN Lomprises
approximately 48duihecoontaihed subthegiham BB of thecresenmirccottainkbrcahdthésboong portion
comprises approialay 5,1 pRasEeshiRtomat e deyis: (of 150 tin Al bHesntis pinieripd fnto the

therapeutic device. The initial concentration of Lucent's” in the vitreous humor corresponds to about 11
tigmL immediat&lyXON&wiAG o5 s tHePREBA/STF OO Ee M8 BESREEh RSN SP HEEMYS in the
vitreous humor ideiageises do daboiitshugiind satvid 3scaysp pArseaosid SQtitratnjectiopeobditcentis

approximately 130 days,after (081 @&iglﬁgyeod‘t&'}l%_(ﬁ@?fa‘?sscﬁ%‘?a%%‘ FRYAHAN [0, ah0ytska ug/ mL. Based on

these calculations, the concentration of Lucentis" in the vitreous humor decreases to about 4 uglinL at
266 days after tHematahfeetichcard yodhyR gty trracsie colierijaatidricmHebbydncaritisagshow that the

concentration 20efusueeBigTivieanbespatinponstymaintainad abauea 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 @8udaysior. s2vesakyeansioucelivenihetherlape wiGagehiigiresintheatient. 106291

Although FIGS, 213,19, 19F Mmake[sl6Iengs t}:% (i)HL%%Fig&&-PJiEé’@@A% aly.RvalRgle ?Jﬁ}h?h%he'f

formulations of Lucentis”, therapeutic device can be similarly configured to 25release many

formulations of thenié Pasutier aférty ielespimsdyinarsmt Toresdihprevaithitefaraneet rtrabe 1A and the

Orange Baok ofhk xddapmairesbiorxtdatigins andpsiditasynagks of /pproved-dpigs! id tanryceauntries,
unions and jurisdictions.suc as thqheE&tjﬁgg%?g Union. For exanwlle b sgplgn the teact;lln s described

. ar, %ecelvm solution, t arameter syggests a U’OSlé . 6)(5%01'01,15 AlTiuim .
herein, one can determin& empirically the parameters oftherapeutic device 1 0 as to tune the device

to receive a injettiodeufracB@cdmmebdatiydavaitdble tbrmulation corresponding to a monthly bolus
injections and release the injected therapeutic agent with amounts above the minimum inhibitory

concentration fO}6431 Wf2010/688548P0PAYSI ODIOEDE 39 @xecH did tirhid 6f bt Teastiaéut Ho months,
for example, atdeastrabouhihceramesihs fop @ mplenticabpul faw smarths: borwexample.

25  measured data and the model (MicroSoft Excel). This corresponds to a Release Rate Index of
0.21 mm. Since the porous cylinder has equal arcas exposed to the reservoir and receiving
solution, the Channel Parameter corresponds to an effective path length channel parameter of
1.6 and suggests a tortuosity of 1.6 for porous titanium cylinders prepared from 0.2 media

grade.

30 Example 6: Release of protein through masked sintered porous titanium cylinders
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[0630] FIG. | 9F shows determined concentrations of ranibizumab in the vitreous humor for a 50 uT
Lucentis" injectign.into a 50 ill, device having a release rate index of 0.05. The 5concentration of
ranibintinab in tREAVIESHE Humor peaks at around 9 ugitnt and is at or above ¥ H%ijn%(lfo%?sébout 145 days.
The concentration remains above about | ug/mL for about 300 days. The concentration is about 0,6
ug/mL, at 360 days, and can be suitable for treatment with 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 gamonrefardinanyt0skitindiparthased-an tbeteachingsidasshbachbarein. 106311
FIG. 190 shows,determined coneenirations elanipizumat in the.yieous humon for,,50 b, Lucentism
injection into a 75U ewce%avmg a release rate index of 0.05. ﬁl e concentration of ranibizumab in the

vitreous humor/sieidied Bemtsuredhe Boggimincandds apwpabover4 haitifomzno diaald gass) THde

concentration remains.abpyeRbait, hiiginrdeJoraboiy ih@l%@%@bésgra&ﬁ&%lzﬁlﬁ W p’i‘é‘l@éff\&i determined
concentratilglns f ran ibjzumah i{éé?ﬁ]vitreous humor for a 50 uT LucentisTM injection into a 100 uT
ing

device havihg a FeleH&d VARG BDRIEOSHNE SoHcaHb AT8R RS T KB 20ME ST IRE Witrdous humor peaks
at around 5 ug/titlhrametéss at lor mbovedindg/mi doraboutd 460dlaysliT bedoncerdiration remains above
about 1 ug/mL for, meneShan3a0:8aysRNELIS,BRAVE Hindde M Al B3R AHRYS s 1033 h R Gn k3, ghows

determined concentrations of ranibizurnab in the vitregous humor for a 50 uL Luccntis” injection into a 125
uL device havidd 4 feld4serues SRRSO irT RE G st ohIF ambbsurian I the YrdBtls humor
peaks at aroundn:3 plgtdntaand dees siotreglaloan exeeed 4 wgmonding ©omncesairetionskentains above

about | UQ{i@t' fﬂﬂ1'1‘51%%}!‘%ﬂe%?pé%n?@%scﬁ{‘%ﬁfﬁ?%&%&c&%ﬂ&&fy 9969§X§ 11939%%@(}' t!): L(C;cel)%‘;a shows

determined concentrations of | izuma 1e vitreous humo .ér a 50 uT Tucentis" injection into a 150
tiL device havirky¥Releisac atéhipdexdsr T E5s i cbise thratbhivivahmisitrsinsthesitr8sus humor

peaks at aroungodeasughide aNik8RESHtcWR RLOLOEBHABK S TIAIS 201102 263 lvarualerexceed 4

ug/mL. The concentiation semains,aboye.abaul, 1 ultm, formore dhan 360 daye and.fe abput 1.5 uglint
at 360 days. 106 Seh Shows determined concentrations of ranibizuman in the vitreous humor for

a 50 ut, Lucentigtbisistion Inthat00ase. tevivenbavindha relkases thfeAnebdxsof asifhaseBdétermined

concentraiions REeSIMUALIORR desarened | %@@ﬁmﬁtigrass&foEACéas%%e anchsbpyy thatthe velease rate
index of the porous structure can be tuned with the device volume to provide therapeutic concentration

profile for an exteAAESHmE RBIEARAISEO Y dodBtig tHESilime of the reservoir so as to half the

concentration of hefanelic agentin the vilreous, the feleaseaate Jndex can be dpyblod,so,o5 to provide
a similar therapeutic concentration profile. 10"rne Eonte tration of ranibizumab 'in the vitreous humor
peaks at aroundoduog/milrcanttégptretushoveddrigavinpior atfbuesta®idaysh Thaastatemwation remains

above about 1 ggénalcrz% BRAWHRA0 sy 2liNe: CRNEERUANRNS ADAMR-& Kotk 85360, dayss. 10636]

FIGS. 19L to 19P show examples of release rate profiles with 125 uL reservoir devices having the KRI

vary from Zbout G065 bt omes 68utnianat vauecdevidds atbettibgerstersddisr®ithe 50 tiL injection
of Lucentis" andopriayide:saistaimad relgaseabave aminmnuay istibianycomentoatiomipiapiaast about
180 days. These galculations used halflife in.the vitreous of 9 days to determjne the profiles and
100% oficiency T TSI DL EE 1o OE B R e o AP SN tarbiouab
in the vitreous Hbigror. foi84 S5 i) Wascetdkid airjectisry e &0 228 tic sk rebitidericehaving a release rate

70index or 0-1Q~'§seT\hfﬁ-§5&ﬂ%@tP@@%aQé@ﬁi 'E%'lé%eé}biﬁ% thesvitkeaus lileSdays fﬁté*é@ltﬂré’m%% ug/mL.
106381 FIG. 19N1 shows determined concentratioQBSrofiles,of ranibizumab in the vitreous humor for a 50

uL Lucentfs" injeetBi S S 25 10 Pes EH BT YBYRIPRAVIRY U Pl EBEE FAIB SR BPEE 068, The
concentration of¢ahibiztuhéab iméhe vitpensis dirb @ dayiswabelit@11W4s dg©mniined by rinsing and

measuring the amount of BSA in the rinse. Assuming unit density for the BSA solution, 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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106391 FIG. I9N shows determined concentration profiles of ranibizumab in the vitreous humor for a
SOuL Lucentis" injection into a 125 tiL reservoir device having a release rate index of 0.085. The
concentration of tHIBIZURIAD in the vitreous at 180 days is about 3.185 ug/r]r)ﬁj_T/ 10022631
2010/088548PCT/1352010/022631 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 ranibizumab in the vitreous at 180 days is about 3.152

ug/mL. 51064 1cbird@int PR Shansdeder odinedicansentiatien pialiles alsanibizmnrahidodhesigreous humor
for a 50 uL Luc%rgtli%(larﬂoigj&%tig&lﬁtgha aln%ﬁeug_ reservoir device having a release rate index of 0.065. The
concentration of ranibizumab inthe vitreous at 180 days is about 3.065 ug/mL. 106421 The optimal RR1

for the concentygyigy) offanipizyman;At 180 davs ke E%ﬁ?éxoﬂi-g‘{%'&'r[]ﬂ%l%fh]azéa&eé‘ﬁqta&o ul. injection of

Lucentisim can be calculated based on the equations as described herein, and is about 0.085. Although
the optimal val(i8R'0 085! he! abeheogréptis' SAORZtak temeserslh ARY rerkase Yaltehdbeesn be tuned
to provide therapaptiatamnas pisotranibizumabtabayr & minkranpsbikitenneancemntratiancof 3 ug/mL with

many values of the KR1 argécil {aeggﬁ\l/%i{ volyng ’J%Eieﬁam le values within gg%gle % to +1-50% of the
r i 1

i R %
optimal 15valuesitor aerefl) etermlne?fn&)u% tity- 0 ucentisum formufation 431 TabIe 4E shows

values of paranéietsicisea toldefermine thBTanibzsinatydnicentt 2006 (Orbfiesnas InfiBSirl9K to 19P.

Table 4E.  Diffysian caafbdem2is) hk08r HitRl-Qadinaidt QP A0 ResavQiiial (9 125 PATL
(mm) varied Half-life (days)

mm?®) or the arca of the porous cylinder exposed to the reservoir (A=3.4 mm?). The data for the
10 masked porous cylinder matches more closely with larger area exposed to the reservoir. Hence,
this mask with width of 0.7 mm is not sufficient to reduce the effective area of the porous

cylinder for the dimensions of this porous cylinder.

[0607] FIG. 15 shows the cumulative release of BSA protein through a masked sintered
porous titanium cylinder at Condition 2 (0.062 inch diameter mask, 60 uL donor volume, at

15  37°C). The figure also displays predictions using the Channel Parameter of 1.7 determined in
Example 5, BSA diffusion coefficient at 37°C (9.1¢-7 cmz/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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9 Rate constant,k (1/day) 0.077 Vitreous vol (mt) 4.5 Volume injected (mL) 0.05 Time step (days) 0.1
Time between refills (lda % 11:10 100% Refill Effideric 20106441 The therapeutic concentration
profiles of exam‘gfééoo?/ &% 8 198 to 19P were determined with a nine day AR /t%ezz%]rug in the
vitreous humor of the human eye. The WO 2010/088548PCT/US2010/022631

[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
5 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

10 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)

15 [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

20 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

25  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

30  inject the BSA solution and the other was bent and used as a vent for the displaced PBS.
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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 wice %Oéo%sﬁfes shown in the graph at the extended times, and With & Q?.%%éy half-life, the
concentrations will be approximately half the values 5shown with the extended times. As an example, a
drug half life of eighteen days instead of nine days will correspond to a concentration of about 1.4 tig/mL
at 360 days instead of about 0.6 lig/nth as shown in FIGS. 19F and I9K. This scaling of the concentration
profile based og@nigeheifdifesdntha wilkesusican be useddadtunedhasaluimeppd shistainediiglease
structures of the (herapeuic device, for example in,combination with. the minimum,jnhibitory
concentration. Sﬂ\ﬁﬁougﬁ the above examples were caicutated fr CucentisTm, Similar calculations can
be performed feprbarapLutitaagdehmant ridibtideiscas wasotised ineréin o mascapsplefage described

herein with refefgReesiRafiiia kit Ai964rLBasedon the ﬁ@zﬁﬁ@B%@Wé?%ﬁsh%ﬁ%@u@iﬁgfﬁgﬂ of ordinary

skill in the art can determine the release rate index and volume of the therapeutic agent based on the
volume of 15 féifiatishlsHERis TRt e aBYR S el FFiifitiRr RHISi ) Co HEBRtFATOM T HIS tuning of the
device volume asttbrielgasestateningero basedyohdbeneolciohe BitkoPBildtierrinjestad @arnpreduce
unexpected reslts For examples with aclinisally. henelieiaminimum, iibitos: canseniiation,ef about 4
ug/mL, a single bolus injection corresponding to a one month injection can provide a therapeutic benefit
for an unexpectSHitRIEETEIIAYTE hemtHsbsuchtag RE M SRtHES Bizd CRHcEPoiMiesny GEiiRidl minimum
inhibitory conceniatiosRfdt Jelasbabaitslil ueinid RsingeiRelusimiestion corresponding to a one month
injection can provide a therapeutic benefit for an unexpected twelve or more months. The clinically
beneficial minineat2inhitony doptentratiorcani benldierminkrase nipifealtyobgsed on aliniieal studies as
described hereig, 0G4 Ahaugh.ihs FAATRIES OGS Ao 9K assumatadiing gliciency of one

25 hundred percent, a person of ordinary skill in the art based on the teachings as described herein can
determine the retB&IETHYS st e T ARG clertRssY b ¥i{rARY 10D ctrER2F S pRANvith 90% filling
efficiency as shewmakave, Buehdilingrificieneias canmheagshieredhwitiibiagabappaaiusiand needles
as described herein, for example with reference.to.FIGS. 7, 7A, 7Al and 7A2.

2010/088548P ‘/’ﬁj’éi%fgfo%ﬁ %é%’%‘jti’:‘|E?.“|b§dj‘%ﬁ"é%&%déé%?nﬁ?ﬁ‘é‘asé%hce%f{}r{\al{ﬁ&%asof ranib zumab in
the vitreous hudstirfoned Qg caveiedrirated Lucentis” (40 mg/rd.) injection into a 10 ut, device having a
release rate index of 0.01 and in which the ranibizumab has a hall' life in the vitreous humor of about nine
days. These da¥adRBIf EhBelsAsTéerpisiBrhough drinssicdmeatas YamleryAtee) Qliedat smrtd a 510 ul
reservoir devicgeae arpintain the concentration of Lucentis” above at least about 2 uglinL for at least
about 180 days when the half life of Lucentisim in the vitreous is at least about nine days, and that the
device can proVigetherapeutic dovicentrati daisitorcafirextendedtinmef @t jeast ataolitsi 8Gdays when the
minimum innibitopy G0ARNIAHOR GRMATIRES AR AL HAD.AROHE2 HEIRCL, HARARABL . | OR shows

determined concentrations of ranibizumab in the vitreous humor for a 10 uL concentrated Lucentisim (40
mg/mL) infectiokiifrEam &g HEsicd MaVifigTa releddentaehdaac st 6.1 s indatickngse tahtizumab has
a half life in theivitrpaipsrbaimen of @batihfide Waypartiorserdatdshow atan dnectianaf £ oL of
concentrated (40, poimb) Lucents' inio. 210, Li essrioir devia can mainiain dhe. oneentiaion of
LucentisTm above atleast aboutT ug or &t least about 180 days wWherr'the half lite of Lucentis" in the
vitreous is at leastapBrdRrevtapsoradctintamagdvies eamepiovidadnsidpe litigccbnaent@fions for an

ehxtendt?d time Qfe@#'%@a‘éie%ﬂﬂfs [ﬁﬂrﬂ@sﬁ%ﬁ\é‘ém%ﬂéﬂ?ﬁr@ﬂﬁ%@%Mp&ﬁmx&&@%@@tﬁbﬁ&ﬂﬁqgéﬂﬁ% no more
than about 1 ughTh, 106491 FIG. 19S sho etermined congentrations of yanibizumab in the vitreous
humor for%ZOi%sffib_e,gsﬁgﬁﬁlai%l iﬁfé%ﬁﬁ%ﬁ%ﬁiﬁf ﬁ%ﬂ%fﬁ’ﬁﬂ'}"é&%ﬁgﬁ’iﬁ%ﬁ 8" device having a release rate
index of 0.01 and in which the ranibizumab has a half life ir vitreous humor .of ab ine days. These
data show that 8 ecl o T8 e o e e oA SRRy A v 2 16
uL reservoir det1Be adri hvaimtaintieidncantiatidn pfrpucehtideaBovs atdeadtabeanesrigihL for at least

about 180 days,whendhebathdifenaf huseniish ingbileiviieiais &l (st ahouhpine days, and that the
device can provide theraﬁ)eutigﬁggcen ration§ for an extended tigltn@e of at IeasLtal?out 180 days when the
ion

minimum inhibits¥ CBhEERPafibh Comprlses AE MRS RS ABoT 68 iR e eht between empt

30  systems and systems filled with PBS. The PBS was loaded by submerging the systems in PBS
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106501 FIG. 191 shows determined concentrations of ranibizumab in the vitreous humor for a 10 tiL
standard Lucentisfm glo ing/mt.) injection into a IC) M. device having a release rate 30index of 0.01 and
in which the ranibiztMAb has a half life in the vitreous humor of about five [US2010/022631
2010/088548PCT/US2010/022631 days. These data show that an injection of 10 uL of standard
commercially available ( 10 mg/ml) Lueentis” into a 10 fit, reservoir device can maintain the concentration
of Lucentis [NI above at least about 0.25 ugMat. for at least about | 80 days when the half life of
LucentisTm in thel vitiepids iseall eastrabeutfivec-aaymnangethatrbe ideviaecani previdedhsgapeutic
5concentrations for.an extended ti least ahout 180 days when the minimum jnhibitory
concentration cEIELL 1 THEr e A O 050 L GH L R e T5. N L oP tal 0 device
characteristics fofandelisevreleasing! driegtromptas uspétisicia i@ 5dilTizimemolenesa¢ atonide is a

eortieosteraid yge@iQ Hheahtyeilis,ARdathen d8aases JRIMRIMNG AGHIAIPEIRMALRNA 400 intravitreal

injection of a suspension of triamcinolone acetonide may be administered to patients unresponsive to
topical cortitostrdRISIEERURIRSHE Q& et iBetrmare M dvarEssaiiBrnea iy Yerarise té dihracteristics
of a device thatiwoutdircieasé therapeutipariourds forfidn Extended pediodl obfitmecxXpo6m2it &onsider a
device with 10 yl, E%%%Q’%&XBBJ loaded with 0.4 mg using a | 5commercial drug product (40 mg/mt.
triameinolone acetonideg. Calculations were performed using a value of 19 lig/mL, for the solubility of

triameinolone aggianidemeasting i3 Enit.t M RRIRRRIL I CRIosdesand: 8, 8ifTHHEIen crefficient of 5 e-6

cm2/s representative of a small molecule. The tagr‘ge_t release rate is 1 ug/day based upon published
clinical data. ASZASKHRH@EBRSTAR The B BAR: graldes R REBP LY AYSH4LY in Example 8
with PT = 200. Ihand|®ihickne ssofl @chnminml tsing ithegéeyvakigsrdhi oflbulatiorissihggest that

therapeutic relegse rales,cou %&%ﬁ%ﬁjﬁ?s‘ﬁ%‘é }é’iéi?liﬁqql%}{iicﬁleceH&ﬁ‘%’%ﬁ%&%‘f&éwﬁ] GYinASKwith,an area of 5

mm2. This could be achieved with a cylindrical device having an inner diameter of 2 nun and a length of
porous tubing oTEGHYA |REBYABHGERCTIBNSAENSCHRENGBVIRE BAYRPHEROTOIRSUECEUPSIIT nergist of 0.8 ram
(0.5 mm thick parqusdase piusQdcmimdangth): ot RIS tiing c 2506538 AssumiRgGEfypical value of 3
hours for the halfife of A smallmolectie In the witreous, fese caloulations suddest the device wil
achieve a steac?y stte friamcinolong acetonide vitreous concentration Gf 0.1 ugﬁf’ntr.1 xample 11:
CalculatiohSof rBivdseatad knlofie Retcd ivxiad tid agent suspension disposed in the reservoir and
released through the porous frit structure WO 2010/088548PCT/US2010/022631 106541 FIG. 20 shows
a calculated tin86/kasEprstielsplavhBrapetsticdgent dtispetaseia dBeEn®Bithdia Bsdimple 10.
Triamcinolone Ae@tonife coRcentsalions bLaniMeas weke detgravasthiar aflirisigevice with RRI
of 1.2 mm and showy, The caiqulations were based on the sayations, shown aboyg Jof e suspension.
The profile was generate with nimerical 5simulation. Assuming a constant elivery rate otipl ugiday
starting instantaednis|yiateTROs it asormeerr rationini sve lideohshefEma darapetaaaneach within 99% of

the steady, gtatg,wapadn dndasecMdhe atharieng of thendeugeralsase piafiley thesipysatinnshows the

vitreous concentration when s,ubstantial%i/E all of the solid er@,ai%gone; mor an 99% of the djssolved

e
drug is delivereGWiYa day o655 AL Mg & presl SRS HEF e HARARE B small

molecule in theof 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

119



vitreous, these calculations indicate that the device will achieve a substantially steady state triamcinol one
acetonide vitreous concentration of 0.1 2 ug/mL in the rabbit or monkey (vitregus volume of 1.5 mL) or
0.04 ug/mL in t%%ﬁorwg)gsg% (vitreous volume of 4.5 mL). The steady stateVitrests €oi&htration are
maintained until there is no longer solid triamcinolone 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 angliglini calsstidies oased azihenteasbings deseiithadgeisr ranibieuaanduicted to determine
the release rate profile in situ in hu iepts, an rug reservoir V. e and release rate 20index
configured apperco%lr(l)g@r%}lfor ?ﬁg%%emu%&%aé{%gegﬁ?ﬁﬁﬁaﬁ tﬁa{%‘gétimg ks Trll(‘jgﬂre eggec.a’?‘rgg vsaltljltgsft%z:g)ntiaIIy
constant drug céteanteatiorckase tritrdopiovidesmsthatialuhel Apypmbdaiesdava’sibe effects. Similar
studies can be garducted withomany duspensiahs:of MaRyherrevticAarNis as.Agggtibed herein, for
example suspensions of corticosteroids and analogues tger of sugeg, ribed herejn. 25Example 12:
Measred of releHE Al BMIE TP T SR Gt B LS 1 BEUCH ALK o reservoirs of
different sizes ahduti@féndencepofsrelebsdirate ghidfiletonareserdairsine. chp6H61HIE 282, shows a release
rate profiles of herapeytit deyigescRTRrisinghskPaiARtial:d reRIMIBF ROMUS [k RtEUCIMSS AN & 16 M.

reservoir and a 33 tiL reservoir. The release rate 30index of each frit was approximately 0.02. The release
rate for two theF3|58tRitRIEOLRAS Cehthaes DL ABELAEEPE TS 2010/022631 comprising a 16 uL
reservoir and two therapeutic devices each c:ompriﬁjrélqlgek1 3 uL reservoir are shown. The device
comprising the 33 ut, reservoir released the Avastin*at approximately twice the rate of the device

comprising 16 f#; - o p ir size can
determine the rfeleasgcrate profile, spcihihabihe releasebrajesinderxand sameindapibacadigured to

release the the[@ipeuhicagenidor an extestded tine.1 Da6o / 1|FIrsbsoady] 1 heobata Were .neeasulled with a
16 uL volume rd@hese s: 45 m AviasliiPPfR: Frit: 42900931 [x 0.04%* m diiﬁe D.2 urn,

h-0pdiag (Fe W
316L SS, Mott gﬁﬁmﬁr‘g’wﬁﬁ?;%ubst ntiafly Similar mafShials hs Example|8 atdye (Teflor Bat shrink tubing
and silicone sep&ia} @#9; Data isiuncam whien onesof tWo repiicate$ formed a ifubblessSeeldata in
Table 105A belfate [06E8]. S6cond Jtudye.ZPhe data Webeé mdasubediwith] a 384 regervlirts foflows: 25
inglinL Avastin'ly u j @2 unh 318° SS IMott'Sorpokatiod)> Madhined from
solid beading, closed with a metal rod; 37C; Data is truncated when one of two replicates formed a
bubble. ISTabld8A8IMJa51iat RersHEs o stincafg R R pbse] 8548 LR gEcE R squared
difference betweenrpidtiotedtandimbasuced +ateskandifgCyhredessitecthe Coeticiedttof Mafibdfion, a known
Statetica parameiSlned nfERIRG M RRa islease FIE AR IuMASIDLIR ljouoh the porous

frit 20structures. [0660 shows cumulative release for AvastinTM with porous fit structures
having a thickn&sdierauoel rrbiktperitkiised e galoslaiphimax Arsden heAes. o804 media
grade 0.2 Lgn, 3Bkt SusMokk cipgeatinnnMashitedpaly. cCadaonatasudfegatmwith seiew,; Reservoir
Volume 37 UL;ng_\C' The dewce%%umb%alr~ and -CQWESBOQHJH%BRES far each WO

2010/088548PC TIPSl 1BI55 3B S testetf Hivice ialisted 1 Table 5B Balsh TR detéMited RRI based
on measuremeh?§’is X0COZ, wbisisteftavittrahie arrdde Moo d e askcotitieatidrdpeuiis tyyerftas e scribed

herein. Although,geme variahility isviatesd withdaaads:tothe. measured KRt fasachiastdevice, the

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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RRI for each device can be used to determine the release of the therapeutic agent, and the 5porous
structure can be further characterized with gas flow as described herein to determine the RRI prior to
placement in the' Patitht®*rable. 513 Device RRI (mm) SS (ug/day)2 0.029"56/§%9%%78'5 5 0.018 3.7
300.0130.1 0.0130.1320.0150.7 33

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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0.022 30.5 Mean 0.020 %CV 34% 10106611 FIG. 22B1 shows cumulative release for Avastin I'm with

porous -frit structures havm a thickness of 0.029". The experiments used: 25Tm 2%11'6 60\\2/ast|ncm Frit #3
(0.038 x 0.029", N IRGhE gra e 0.2 urn, 3164, SS, Mott Corporation); Machlnegﬁ ohale surrogate

with screw; Reservoir 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 fireneasuigdiRRI J@ﬁ@@@ﬁﬁi&&&lﬂ%@@ﬁcih@eﬁ?Bltlﬁ@feﬁ@ihrﬁﬁt\lcﬂ@&ﬁmheBJ@ﬂQ)IEO determine

the release of t her c agent, and the or tructure ca furt rchara ri ith gas flow
as described heQrelnI%o (? l(ieethdﬁ]a% elLVR}Ill Vﬁ)rlludr fo\zsélés“rﬁrégn ?ﬁotﬁe%ﬁgtlelﬁtc %éﬁ%‘ﬂ’
2010/088548P@WUlem%@ﬂﬂ@méel@@ﬂmmy%wwgm tag‘/jgaglmg@tgge COl‘reSpondS 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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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

WO 2010/088548 PCT/US2010/022631
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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%CV 19% [0662] Table SD shows an update to Table 5B showing experimental results for up to 130
days. Similarly, Table 5E is an update to Table 5C. In both cases, the RR1 was determined by fitting the

rate data from e‘g&z%lé%%ses?

For the analysis of data up to 130 days, the firsP §AE

22631

6‘8‘?{? 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 different techniques to displace the air in the flit may
reduce the startup time. 106631 This early data hassame noise that appears to be related to
experimental issues such 10as contamination from excess protein that is present on the screw from filling

t. The contamination appears to
ng the device from vial to vial at
be obtained by using devices

lis is done, the RRIs from Table

| are obtained front data up to 45
SD WO

e RRI (ram) SS (ug/clay)*2 RRI

the device and was not completely rinsed off At the staginuilékienéperimen
occur randomly as receiver liquid mgy rinse off the protein while|ta Iscft%g
some titnepoints but not others. A mopre acculgge assgpsment of %ﬁ&&gﬂ
that had fewer or no outliers, as indigateghby |owrsalueprafdmdlSVidaga th
SD and SE are 0.014 and 0.030 rumj,_respsctivekydgin)ilarealiuds daymiR]
days and data up to 130 days, suppquting the{validity qf tHEModel 4%hle
2010/088548PCT/US2010/022631 Wp-g45-Daybpto-13lDays Hivie

0 T3 T 322% 17~ 3.33

(mm) SS (ug/day)A2 30 11 44 2% 274

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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Table 4C3
Simulation 3
Predicted
Predicted Vitreous
Time Rate Predicted Conc
(days) (ug/day) %CR (ug/mL)

0 3.9 0.0% 9.8
10 3.6 7.5% 9.1
20 3.3 14.4% 8.4
30 3.1 20.8% 7.8
40 2.8 26.7% 7.2
50 2.6 32.2% 6.7
60 24 37.3% 6.2
70 2.3 42.0% 5.7
80 2.1 46.3% 53
90 1.9 50.3% 49
100 1.8 54.0% 4.5
110 1.7 57.5% 4.2
120 1.5 60.7% 3.9
130 1.4 63.6% 3.6
140 1.3 66.3% 3.3
150 1.2 68.9% 3.1
160 1.1 71.2% 2.8
170 1.0 73.3% 2.6
180 1.0 75.3% 2.4
190 0.9 77.2% 2.2
200 0.8 78.9% 2.1
210 0.8 80.5% 1.9
220 0.7 81.9% 1.8
230 0.7 83.3% 1.6
240 0.6 84.5% 1.5
250 0.6 85.7% 14
260 0.5 86.8% 1.3
270 0.5 87.7% 1.2
280 0.4 88.7% 1.1
290 0.4 89.5% 1.0
300 0.4 90.3% 1.0
310 0.3 91.0% 0.9
320 0.3 91.7% 0.8
330 0.3 92.3% 0.8
340 0.3 92.9% 0.7
350 0.3 93.4% 0.6
360 0.2 93.9% 0.6
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0.023 3.4 33 0.022 30.50.028 16.4  Mean 0.020 0.024 %CV 34% 24% Mean for SS<2 0.014 0.014

WO 2010/088548 PCT/US2010/022631
Table 4C4
Simulation 4
Predicted
Predicted Vitreous
Time Rate Predicted Conc
(days) (ug/day) %CR (ug/mL)

0 3.89 0.0% 9.83
10 2.64 32.2% 6.67
20 1.79 54.0% 4.52
30 1.21 68.9% 3.06
40 0.82 78.9% 2.08
50 0.56 85.7% 1.41
60 0.38 90.3% 0.95
70 0.26 93.4% 0.65
80 0.17 95.5% 0.44
90 0.12 97.0% 0.30
100 0.08 98.0% 0.20
110 0.05 98.6% 0.14
120 0.04 99.1% 0.09
130 0.02 99.4% 0.06
140 0.02 99.6% 0.04
150 0.01 99.7% 0.03
160 0.01 99.8% 0.02
170 0.01 99.9% 0.01
180 0.00 99.9% 0.01
190 0.00 99.9% 0.01
200 0.00 100.0% 0.00
210 0.00 100.0% 0.00
220 0.00 100.0% 0.00
230 0.00 100.0% 0.00
240 0.00 100.0% 0.00
250 0.00 100.0% 0.00
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 SE Up Up Deice RRI (mm) SS (uclelay)A2 RRI (mm) SS (urlday)*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

WO 2010/088548

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

127

PCT/US2010/022631



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

5.50.034 5.9

10

15

20

25

WO 2010/088548 PCT/US2010/022631

[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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Mean 0.034 0.035 %CV 19% 17% Mean for SS<2 0.030 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 JeteMined from the measurements and the cumulative release The outiials in this data
can be related to measurement error, such as contamination that provides a signal in the thBCA protein
assay. 106651 Ida 23A shows cumulative release for AvastinThl with a reservoir volume of 20 10The
experiment used: 25 img'mL, AvastinTM; Frit #6(0.038 x 0.029", media grade 0.2 um, 316L SS, Mott
Corporation); Machined pol?.,/carbonate surrogate with acrew; 37C. The determined WO

2010/088548PCT/US2010/022631 RRI based on measurements is 0.05 mm, consistent with the model

for release of the therapeutic agent as desfribed hgPegdicted 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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106661 FIG. 23A- | shows cumulative release to about 90 days for Avastin TNI with a reservoir volume of
20 iii. as in FIG. 23A. The RR1 of 0.053 min corresponds substantially to the RR | of 50.05 of FIG. 23 and
demonstrates S%Biﬁ?ﬁ%(}sﬁ%srelease of therapeutic agent through the porou]éCsTt/r'ﬂ% 218671 FIG. 2313
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 releaspemapelr Mthaughriheiecainberanhinitialpetiadbabesing feveaays farthe release rate
profile to devel nossibly related to wetting of the interconnecting channels of the po structure, the
Felease rate ol e by o e B e IR T e
teachings deschibvedayefeir,uspersomaehohdinzryyskille ehemwleedulddetomfiatise rseeibaate profile
15with additionghdatadianam exisrdsshtimeet atdgastabauhonaaanthiferexampliexgtdeast about three
months, six monthﬁ:}jﬁ(’)gl 1&rﬁore, SO fas to ten:gin.e the release rate profile For an extended time. 106681

€

FIG. 23B-I 3hoW&" P LR iR FIET RN SR RS, D A AN SREWE S RLatRe FeldXse for Avastin
rm with a 0.1 médiacgradtecpbedbsthiit 20strucide éicTapisexparifitght aided! 2npmgylinddarbstinte Frit #5

(0.038 x 0029'6&&%@'%ﬂ?ﬁ@%@%e%&oﬁ%ﬁ@wﬁ%@ckﬂ% &%ﬂ@&@&i%&iv’\g%@%&Qt&%ﬁ?@rb&%@oﬁumgate

with screw; Reservoir Volume 20 uL; 37C. The determined RRI based on measurements is 0.03,
consistent with HEWRSGE S RS sSR! ivatafs an ekt dsgedckiaer hardis oL AT 89G. 24A- 1
shows cumulatis@ tacatiettio days seleaserfpeAivagtingin withya, Joi Kamedidmgrade faerous frit structure

as in FIC. A (1he (eleaseate, 010038 Minsrtespands aubsiatially o e elgse rate of 0.03 of FIG.

2-4A and demonstrates the stability o re ease of the therapeutic agent throughthe porous structure.
106711 FIG. 24B'gReNps tanecoPrelesnisachn s FIdsghad iieitelease rate data show a rate of release from

about 2 ug per daﬁo about 6 ug per day. Although the initial release fate at the WO o
2010/088548P AT 261 0/6 22 870 A T e RRRERF RS IRY TR SRisse dt Bt PHRUS THEPAERTGY release is
sufficiently highfiiet providejthesapautic eifectiricacadrdancalwithithe driug reasemodel. Although there

can be an initial, period,of s%li‘é‘v"\’hgf"%% g eleasenaiz RiliedR %%‘{-838? PB&%%EA& &!g%%doéo wetting of

the interconnecting channels of the porous structure, the release r rofile corrésponds 5substantially to
the releas&ratéIHAEX RIS 67003 BrsUHBYs tARdBAEHin Hicaiatr i dhERsHE BipBrabHoPErdinary skill in

the art could detgring tha rpleasasate prefileinviibadditienakeatd fananexiendadiéme:ghiatdeast about
one month, for example% :F]lt least abo tthr%%m%nths, iX mont a or more, so as“t]o determine the release
rate profile for Ah&tended time. L iy N ﬂ‘fﬁflf shows Tate of reléase as in F16. 24AMY. | OExample
14: DeterminationisbiRrerapbiitic Déview Sizehand dofetiratibasédiohiMinineim d nhibitorg Gorentration In

Vivo of Therapgtic AdenirhQ63NumetsahcalaitiongwamrPeHarmadJa.slatermins.therapeutic device
sizes, release rate profiles an%{,expected therapeutic agent concentration in the reservoir. The
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amounts at or above the MIL These number Of'd?-/'s correspond to an effective lifetime of the device or
effective time bBHEBRTiH]E lohs Tt tRdSHDIRR S HetheAleisraayifer sustained and/or controlled

release and a second 25 uL portion of the 50 uL injection is passed through the porous structure
25  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
30  second portion comprises approximately 27.5 uL passed through the device for the 50 uL

injected into the therapeutic device. The initial concentration of Lucentis™ in the vitreous
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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.
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[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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extended time of at least about two months, for example, at least about three months, for

example, or about four months, for example.

[0630] FIG. 19F shows determined concentrations of ranibizumab in the vitreous humor for a
50 uL Lucentis"™ injection into a 50 uL device having a release rate index of 0.05. 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, and can be suitable for treatment with
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

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"™ injection 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

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

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

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
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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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a 2010 _, Volum‘()-:‘v, Vzigr%%gjsséﬂéllz = 9 days, and Drug Conc. in Reservoir = 4(%m /n;lo.lmzezgr]nbodiments of
Table 6B includ® Sif4? components to the embodiments of Table 6A | Sandt %mp ovVed time above

MIC achieved with concentration of 40 mg/nil. For example, the time above the MIC can be 1079, 706,
546, 385, 225, 95, for NEC's of 0.1 0.5, 1, 2, 4, and 7 ughnl, respectively. For example, the therapeutic
agent may comprise LucentisTm having an NEC of about 0.5 and the device may maintain therapeutic
concentrations phkiog the@peutihagemiéanab@unt yearmn Presesimeicaintaton alsa islow a

concentration qﬁ nggquﬁeaué\lf %ggnt 20rﬁJ[e1ased frorgthﬁ%ge}éice Witl’lllirgi a ircaeq%gir(l)f y}g é:alégrl_ert]é[ clinical bolus
injections. For example, d 1%[5@854@1’:9&%@ 20101022631 the Cmax ranges }rom §,4 to 47.6 based
on the RRI fromnde@ Pi6-071. réBpevtiraljatsua thibienabarifunieolssaid O dherpbatcidgént such as
Lucentis is withig,a safe range for the patient. [0677] A person of ordinary skill in the art can conduct
experiments to determine the stability of the therapeutic agent such as LucentisTM in the reservoir, and
adjust the size gl regervoip, htimedbeinern ivjrchionsoepremavakahhe-ihermpeaenticiagent can be
selected and fogmu(lﬂega%% Q ge%'{rrhlﬁppise a uSt?l‘l?”tity wi}l%?‘le fgrvlojsredégitg atvhlera r%%gc criaet\éice. Table 6B.
Calculations for e ((days) above MIC {5‘53,8_,1{/00 ume, 1729 days, [‘)rug CBNc. In Reservoir = 40
mg/m0  IVRC ifggrmi§-POR 1 Tcnsarcagiiiy of 1apigzgmab 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

10 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

15 values for the predetermined quantity of Lucentis™ formulation.

[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 0.1
[Time between refills (days) TEG
Refill Efficiency 100%

20  [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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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
times, and with a 4.5 day half-life, the concentrations will be approximately half the values
5 shown with the extended times. As an example, a drug half life of eighteen days instead of

nine days will correspond to a concentration of about 1.4 ug/mL at 360 days instead of about
0.6 ug/mL as shown in FIGS. 19F and 19K. This scaling of the concentration profile based on
drug half life in the vitreous can be used to tune the volume and sustained release structures of
the therapeutic device, for example in combination with the minimum inhibitory concentration.

10 Although the above examples were calculated for Lucentis™, similar calculations can be
performed for therapeutic agents and formulations as described herein, for example as

described herein with reference to Table 1A.

[0645] Based on the teachings described herein, a person of ordinary skill in the art can
determine the release rate index and volume of the therapeutic agent based on 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 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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a suspension

[0651] Triamcinolone acetonide is a corticosteroid used to treat uveitis and other discases

10 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

15  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 =

20 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.

25  [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
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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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240 200 168 147 10106801 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 exam Ied the 50 uL reservoir
may comprise a‘r)‘{%iplg/r? esdsconfiguration of the reservoir after injection of tﬁg%esrzaﬁ)%?ftzl?::‘(]jevice. The
reservoir and/or quantity of therapeutic agent can be adjusted so as to provide release for a desired
extended time. 15106811 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 exampeiVieekisndelatigntorcrohedimendstsuggeskRinatat easiasomectherapeutic agents
can degrade s to form a particulat d that the particulate comprising degraded therapeutic agent
e an URES Ll SO T O SO S e P ror S no e TR o
2010/088548P &ithys2eroyoraadiliaraiptehaythrdezds pattianyafiled KRN paabutstesicadhs inhibit
potential side effrets QfdegtadedathsrapeuticasenhlRdalIableRihshpwsiexamplea aksizes of
therapeutic_devices that can be constructed in accordance with the teacé?i s described herein, so as to
provide a StitaBEVGIIFIE B 18 B0 SrESARTSIF TR thE CA AT ST SRS 4B S RAY Emprise
many lengths, Ridths@and Htwoteres 88 desoribed herein. For example the frit outside diameter
(hereinafter "OD") can be configured in many ways and may comprise about | mm, for example, or about
0.5 mm. The length of the frit (thickness) may compigé-adbut 1 mm. The volume of the flit can be, for
example, about 0.785 uL, or about 0.196 ul_, for example The volume of the reservoir can be 10from
about 0.4 uL to about 160 uL, for examy !e'?ef;’?‘?é \ @%%%TB tﬁ%(;‘.g%?é‘ﬁehtic device can be from about 0.6
uL to about 157 uL, and can be positiongdgmanyygys;forexgmpte{with a lumen and may comprise a
substantially fixed vol tune reservoir or gn expanpabl@ge3ervoig,7The ¢ross sectional width of the device
may correspond to many sizes, for example3thany 1&@li$ and thé tadiug can be within a range from about
0.3 mm to about 3.5 mm, for example. TThe tosg-s8&fidn widthPednd cdrresponding diameters of the

- o A3l 0010 o 07 e i :
device can be within a range from about-8-&inmtegbgtt~magFhedength of the device, including the
porous structure, container and retentiofTStructule camn bg many Sizes|and can be within a range from
about 2 mm to about 4 mm, for exampld. INredeyiceoranay] comprise a pubstantially fixed diameter, or
alternatively can be expandable, and may #&priselfiedlor expandable retention structures, as

20described herein. Table 60. F . v . .
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
35<o 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 05

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<o 0.030 0.030

5 [0664] FIG.22B2 shows rate of release for Avastin™ with porous frit structures having a
thickness 0of 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
5 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

10 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

15  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
20 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
25  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
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injections. For example, the Cmax ranges from 2.1 to 11.9 based on the RRI from 0.01 to 0.1
respectively, such that the maximum release of therapeutic agent such as Lucentis™ is within a

safe range for the patient.

[0675] A person of ordinary skill in the art can conduct experiments to determine the stability
5  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 6A. Calculations for Time (days) above MIC (20uL Reservoir Volume, T1/2 = 9 days,

Drug Conc. in Reservoir = 10 mg/ml )

MIC (pg/mi)
RRI | “R% | gy 0.5 1 2 4 7 10
(pg/ml)
oot | 21 | 756 | 335 | 224 | 62 0 0 0
ooz | 32 | 467 | 280 | 200 | 119 0 0 0
004 | 65 | 281 | 128 | 148 | 108 | 64 0 0
no6 | 26 | 200 | 147 | 120 | 3 65 40 0
nog | 104 | 170 | 124 | 103 | g3 61 42 14
01 | 115 | 146 | 109 | 92 75 53 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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the Cmax ranges from 8.4 to 47.6 based on the RRI from 0.01 to 0.1 respectively, such that the

M

maximum release of therapeutic agent such as Lucentis' ™ is within a safe range for the patient.

[0677] 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 6B. Calculations for Time (days) above MIC (20uL Volume, T1/2 =9 days, Drug Conc.

in Reservoir = 40 mg/ml)

MIC (ug/ml)
Cmax
RRI 0.1 0.5 | 2 4 7 10
(ng/ml)
0.01 8.4 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

[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
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

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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herein may at least partially filter such particulate so as to inhibit potential side effects of

degraded therapeutic agent.

[0682] Table 6D shows examples of sizes of therapeutic devices that can be constructed in
accordance with the teachings described herein, so as to provide a suitable volume of the drug
reservoir within the container and such devices may comprise many lengths, widths and
structures as described herein. For example the frit outside diameter (hereinafter “OD”) can be
configured in many ways and may comprise about 1mm, for example, or about 0.5 mm. The
length of the frit (thickness) may comprise about 1 mm. The volume of the frit can be, for
example, about 0.785 uL, or about 0.196 uL, for example. The volume of the reservoir can be
from about 0.4 uL to about 160 uL, for example. The volume of the therapeutic device can be
from about 0.6 uL to about 157 uL, and can be positioned in many ways, for example with a
lumen and may comprise a substantially fixed volume reservoir or an expandable reservoir.
The cross sectional width of the device may correspond to many sizes, for example many radii,
and the radius can be within a range from about 0.3 mm to about 3.5 mm, for example. The
cross-section width and corresponding diameters of the device can be within a range from
about 0.6 mm to about 7 mm. The length of the device, including the porous structure,
container and retention structure can be many sizes and can be within a range from about 2 mm
to about 4 mm, for example. The device may comprise a substantially fixed diameter, or
alternatively can be expandable, and may comprise fixed or expandable retention structures, as

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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(4) Device OD may use a smaller porous fht structure (5) Length reduced to drive OD to

WO 2010/088548 PCT/US2010/022631
Radius squared | 009 03 04 07 13 22 25 32 51 88 12§
Radius (mm) 03 05 068 08 12 15 16 1.8 23 30 35
OD (mm) 06 1.13)] 1203) 1.7(3) 2303 3.02) 32(2)] 36(2)4502)] 592)] 7.12)
(Drﬁr‘r’])Length 206) 2.5(5) 4.0(1) 4.0(1)4.0(1)| 4.0(1)| 4.0(1)| 4.001)|4.001) 40(1) 4.001)
(1) Fixed penetration
upper limit

(2) May use non simple cylinder design to decrease
incision length, for example expandable reservoir
(3)OD accommodates 1mm diameter porous frit
structure and satisfies incision length limit

(4) Device OD may use a
smaller porous frit
structure

(5) Length reduced to drive OD to
accommodate porous frit structure
(6)Length reduced to drive OD to accommodate porous frit
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

5 |0683] Studies of the release of fluorescein from reservoirs through porous frit structures
were conducted so as to determine 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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provide therapeutic effect in accordance with the drug release model. Although there can be an
initial period of about a day for the release rate profile to develop, possibly related to wetting of
the interconnecting channels of the porous structure, the release rate profile corresponds

10 substantially to the release rate index (RRI) of 0.02. 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.
[0687] FIG. 25B-1 shows rate of release as in FIG. 25A-1.

15  Example 15B: Measured release rate profiles for Lucentis™ through the porous frit

structures.

[0688] The experiments used: 10 mg/mL LucentisTM; Machined poly(methyl methacrylate)
surrogate with screw; and a Reservoir Volume 30 uL; 37C. All porous frit structures are 316L
SS, Mott Corporation. Data shown are measured data from all devices except for a few

20 samples that showed either bubble growth or low receiver volume.

[0689] Table 6E 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 0.031” 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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106851 FIG. 25A-1 shows cumulative release to about 90 days for fluorescein through a 0.2 media grade
porous frit structure as in FIG. 25k The mean RRI based upon the first finir data WO ,
2010/088548PC 11J820101522631 points was 0.02 mm. The mean RRI to r'é?gélésez%orj(%%hys (excluding
the first point) is 0,026 mm. These data show stability of the rate of release and that the porous frit
structure can be used for stnall molecule delivery or large molecule delivery, or combinations thereof.
106861 Fla 2513 shows rate of release as in FIG. 25A. The release rate data show a rate of Srelease
from about 1.0 ligvpes day taaheutdSdeupst dayvihithipyghdheinitiald eleased ate atitheifiist day is
slightly tower than subsequent rates, the rate of release,i fficiently high to provide therapeutic effect in
coortance wit L b T AT RSO Tt G B S S o S 2 iy for he
release rate prafifediateievelope poswislgfidrieditsnhelingho pibariptertohdiectny whzrtinelS e the porous

structure, the rejgasfisaie Ruafile sarseanonds kasubstantialiyote- thedelease ratendex (Rt of 0.02.
Based on the teachings descriped herein, %a%%ﬁs%? of ordiEatg/é sl%lb‘%n the art Cﬁ)lljlfd deﬁgrmin,e the release
rate profile With SUAABRAI AP For BH BREYea HiFE3H At IBULPRLEUFOHETRBIY 5P RUKHDIE At least
about three momthk] sixhmonthscge raoressb @y gendeter thireethpensledsecrat8ypridfie fof@am extended time.
106871 FIG. 258:];shawsiraig.qldglense asin.FlG.2pdrotoExamale AaBmNisanpd.elease rate

profiles for Lucentistrough the porous frit structures. &0688] The experiments used: 10 inglinia
LucentisTIVI; Machin&8i BENR ety sHERISCRIIBTEY IS IPFBYAfE AR SEr S0P Y WeREKEMNSH Volume 30 UL,
37C. All poroushitibrstiueturas afie: ddGLeS ThidolixpoipotationviDataishowin are theasuitdata from all
devices e>ﬂ5eptsf§)nr1 qefseé/gn%%%rrﬁ 1“3\% i&nqétlesaov%eodasesiatlpser 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 ingg§Q stygigssghown 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", and the length ranged from
0.029 to 0.049.[The media grade rapged from 0.1 10 .3, Z5and the RRTranged from 0,014 to 0,090, The
data show very Iov»gvtaﬁiabilit%/, suitabjeNtediavivo hum%r treatment, with the¢ %CV below- 10% in all
insances, and lessthan 9% st our piaradeleviddReonfigurationdwiekesiatld. 106901 Although some of the
measurements|wefdizxcllideeNdHis exlisitn |s BpMogriahe ¥nq ReRkkaEREN with in vitro testing conditions
that differ substanjighy-framdheén vivo godel. Fiygn WWO,2010/088548PCJI/US2010/022631 devices were
excluded due tl‘b'ﬂ'b'bTe_g(L;OW[h (X0%), andfourwere gxctudeq due to Tecgiver volume issues at one
timepoint for that Bé&A€e (898)0FPe Iatte}-¢an|bB-Bhlexperfiifental ertbr associated with the volume of the

receiver below th%_ggguzjedoy@ige due go,evapgiir frompingdequately sealed vials or due to pipetting

error. In some i revitroexperimentat-Stestappar sensitive to bubble formation
that may differ subdtahtially d649the in ¥iwo mdbe? hs|th® Wing eyel@an r¢sorb oxygen from the
therapeutic dew:c”%_soﬂ{epleaai&f’? nT1 8,81 rf(fbl‘ari élu d bsggzé ed t? 7C and gas _concentr.atlons are
greater than thetrSotubitittesat 37C o mintmize-the-ocetranceof formation, receiver solutions
were degassed before insertion of the devices. These experimental in vitro studies suggest that

degassing of 1Q5apples §ass P RIR W 0GRS A3TRNS A8 [ ARG REMAHI RIS pSIoNs

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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Media Grade (Pm) RRI (mm) %CV Number of Replicates Dia Length  0.038" 0.029" 0.3 0.090 2.1% 6

0.038" 0.029" 0.2 0.061 2.8% 14 0.038"
WO 2010/088548 PCT/US2010/022631

[0696] These above experimentally measured data show stable release of the LucentisTM for
30 days for a wide range of frit diameters, thickesses and media grades consistent with the
release rate model of the porous structure and reservoir as described herein. For example, the
media grade, thickness, diameter and reservoir volume can be tuned to provide sustained

5  release for a predetermined period of time above a predetermined targeted minimum inhibitory
concentration. When combined with the AvastinTM and Fluorescein data, these data show that
stable release can be achieved for extended times for many therapeutic agents consistent with

the release model as described herein.
Example 16: Scanning Electron Micrographs of Porous Frit Structures

10 [0697] FIGS. 26A and 26B show scanning electron microscope images from fractured edges
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
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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 106921

FIG. 25C shows _cumulative release to about thirty days for LucentisTM thrOItJ(%h a 0.2 15media grade

porous frit strucmPezﬁla?{})l%ngg diameter of 0.038 in and a length (thickness) dt ./gﬁ&lggﬁ%%ss‘}ponding toa

release rate of 0.061 as shown in the second row of Table 6F.. 106931 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 releasehtice Yaesaskitad &ithWe 201008854 BRGIK/ 9204032763 bl HpAadIThese above

experimentally measyre data §ho&/é/wstgt%loelz_ g§A§a§e of the LucentisT fgrl%o daélg f%r) ) H\{\éirg[g range of fit

. : ¥ | trol
diameters, thickesses an e}%%%llécgradpeé Consistentwith the release rate model of the porous structure
and reservoir adeléseribgddnerens PFoncshamtsi@attily assembled or substantially assembled

therapeutic device prior to insertion of the therapeutic agent into the reservoir and prior to
5  insertion 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.

[0700] These tests may utilize a variety of working fluids, but will most likely use a readily
available gas such as air or nitrogen. To date, flow and pressure decay tests have been used to
identify different frit characteristics that may be correlated to other test results such as chemical

10 or pharmacologic performance.
Fixturing

[0701] Each of the test methods above may use a mechanical connection of the test specimen
to the test hardware and a number of techniques have been explored and employed. These
fixtures include a both a means of reliably securing the specimen (such as heat recoverable

15  tubing, clastic tubing, press fits into relatively rigid components, etc.) and a means of coupling
(such as a luer, barbed fitting, quick connect coupling, etc.) that allow convenient and

repeatable attachment to the test hardware.
Test Hardware

[0702] Each of the desired tests can be developed using commercially available solutions, or
20 by assembling readily available instrumentation to create a custom test arrangement. Again,
both of these approaches have been evaluated. A working system will consist of a means for
connecting a test specimen, a controllable source (usually, but not limited to pressure), a
manometer (or other pressure measurement 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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media grade, thickness, diameter and reservoir volume can be tuned to provide sustained 5release for a
predetermined period of time above a predetermined targeted minimum inhibitory concentration. When
combined with the AV388R T/ and Fluorescein data, these data show that SEBIEPEIEEEE %A be achieved
for extended times for many therapeutic agents consistent with the release model as described herein.
Example 16: Scanning Electron Micrographs of Porous Frit Structures 10106971 FIGS. 26A and 26B
show scanning electron microscope images from fractured edges of porous frit structures of 0.2 media
grade and 0.5 mdR grade paiaus maiskiat despeactivelycihg sommesicisdy availzblasampies were
obtained from Mott Gorportion and comprised, 20k stainless sicel, The samples,were mechanically
fractured so as 10 Show the-porous structure and in erconnecting channels within the matenal to release
the therapeutic ‘EigesmbPhengBeriesodrapbeictages show a plurality of interconnecting channels disposed
between openings of the first surface and openings of the second surface. 106981 FIGS. 27A and 27B
show scanning [8fddiroPReigreEes pemirale s fram Slrm ey BrpsronEthstidiresisredia grade of 0.2
and 0.5, respedciivetytfcamn theisanyples ofifrigsrdodandppbli thhe: inagadshovuripluality afcapenings on
the surface connectedwith Jainierqonnecting channels.as b Fi8%,26.4,and.288. Example 17: Porous
Frit Structure Méchanicar Elow Tes ing'to rflcfentl?y Borous Erit Structuras Suttable for Use with Therapeutic
Agent Delivery wicesrheho 5onkes eekstiveseharactetiativl difsaenpie retssmerig cathberdeteemined by
subjecting the fibte adpempber of rreghanicalitestsndnelbding Byt nphdited dar easuir: descay and flow.
25 These tests can be combine(? with dr(éj grﬂilftf?se rate ir%f rmatjon, for %ﬁa le the RR', so as to

: c

determine the r&lEaSE2 S ABRME SrHe davi BERTHS QAR B8 UL HIER- the P8FBNE 'SP U ture positioned
on the thetfpewticdevioey so msatorefliantifyrdiovvecthroslylcthibap ovouststmuttupe | of theaeMice datd determine

suitable of the oIS SrHEIHIE (SATIARIESEHEA0 RE Usedda Aantiy. the BPRUS SUHSHERTOr to

mounting on the therapeutic device. At least some of the therapeutic WO .
2010/088548P EFAISAAOIH2 OB T HETiCUBRARCB Ao aRFARIHAtH T AL THHW Bf B9ESPBPIUX structure
mounted on a pagtiatiyasseeibiedithe repecticpdaviaeniobexaaile asalgualipacontielpetieak n some

embodiments, @g%@yy} fest, CRn Jﬂ% °?§r%ﬁ%ﬁﬁ%}%%mw%LX“?gﬁ%WL%M substantially assembled

therapeutic device prior to insertion of peutic agent into the reservoir and prior to 5insertion into
the patient,sSo §g7iR eNAYrE R RRLCUR RIMGIH BriSsiakle %Jﬁ'ﬁ%%lﬁf} RiNeiaReMic agent and

affixed to the device, for example a support of the therapeutic device. 107001 These tests may utilize a
variety of workifigias R oLt MRERMIKE al AsAaRPAVARAHIY YAS S (e SL e B PTtPdlén. To date,
flow and pressuredgday {esis heterb eenisdehtado entifiyciffé ranitfb char adierigijcsxinatdayay be

correlated to other esld eSUIIR SUFR RS:E %&PE%%'bje(%f’orpB@aaé[‘éﬁ%'l%&i‘Pt PselEL%TWB‘H%?%E%MIQ&%WO11 Each

of the test methods above may use a mechanical connection of the test spécimen to the test hardware

and a number GPIBERMBEES KewecE e BXpIorsay sl BiipibYettlcrirdse fixie e ndstle a both a means of
reliably semuringothgaspecimen fsughdshealrecoverahle d-5iybiog, @@sticHubitopragsditadnto relatively

rigid componenfs, elg) anda megns, of qupling

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
25  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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(such as a luer, barbed lining, quick connect coupling, etc.) that allow convenient and repeatable
attachment to the test hardware. Test Hardware 107021 Each of the desired tests c' n be developed using
commercially avafasi %Soglslfﬁons, or 20by assembling readily available instrlmeRtAtIon 18 treate a custom
test arrangement. Again, both of these approaches have been evaluated. A working system will consist of
a means for connecting a test specimen, a controllable source (usually, but not limited to pressure), a
manometer (or other pressure measurement device), and one or more transducers (pressure, flow, etc.)

used to measusg theptesiconditions andipegathesdata fassfurthe ranelysisns bExamplevlicAtRressure

Decay Test to Identify Parpus, Structure uitabie for_ Use, with Therapeutic Dru livery Devices. WO
20101085545 C U T ISR 70 I S s D R TR g s for
use with a poroerssaristef tedoxscttssoBrtifypor s At serewitivd e bitehipie soru gadiithofiaer dseutic
devices in accosdance wiihaeregifretsdescribed herein. 107041 One method of pressure decay
testing is performed with the hardware shown 5schematically in FIG, 28. An initial pressure is applied to
the systemiby qorositsitiesoustrsshshhascadinges 6ampressedaidy esmpresseadiritrogen, etc. The
manometer maybe, eonfiqurad (0 dispIy, IRl e, saulee 4298 preseurs. ot the, aglual differentia
pressure across the specimen. One side of the Tix uredqspem%en is hormall open to atmosphere,
creating a pres8upeNhidhu it taleibiay atekataabbrareicoblrtrenprelse afesar s éofe: iseingedsted. The
instantaneous 10piggswigdmay 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 cfiTisg useehfexeampayisastdoutbe parfainpnee akther fids-avan acsaptability

requiremem/specificatiotg. This.comparison maélolg%in%d%nb A %%gféyigog%pggig\lgetgglpress%% at a given

. . System with a.constant SOUrce pressur 1
time, or by directly comparing the ou put'pressure deay curves, LAN exampie test procedure

would pressurizestiaidysesie flovsihtghghe aeetrftianuderpiea iy s idispiidd dpareerhambsieter. The
computer and RAQRkEGORMiIgPEed R BRGINIdAtE antidisition RS e RessHEe RS eVHARE, nunfig, and
a data point is taken approximately every .109 seconds. While the test can be stopped at any time, it is

likely that standexsnthsciget peicisalangntbETaRuEpRR{cREBS I R AR B dpda walldobe selected so as to
allow direct 20comparison of frit: flow performance (e.g. time for decay from 400 mmHg to 300 mmilg, and
from 400 mmH7 BO0TatrieHghokxamaple that@akbe sseteoldecayilesidasdde iy RotiougeStrtietures

Suitable fqUse il THERREYIC PAS LRIV Deviger. JVRALFIG 2o MRUmHRIRFSHe flow est and

test apparatus suitable for use with ?‘g&)rous 25structure so as to identitY porous fl-it structures suitable

for use with thetapdtiic Gt/ % THAEES R RRERIWINSHHDGERTRtasHE SR8 di6pEime 67 B £49sing a
similar hardwargssiirtxofl auntheifibe tastspectingmcan aisabectasaetesize dondtisdast, the source

pressure is congiap ieguialed 12 g knowr pressuie fd (e el aerkog i s allpgpd to flow th
a mass flow meter and then thru the tixtured test fit. As
the media grade of the material, for example as commercially available media grade material
20 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.

25 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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WO 2010/088548PCT/US2010/022631 in the pressure decay test, the specific characteristics of the frit
determine that rate at which the working fluid will flow through the system. Far additional accuracy,
pressure at the ‘gtﬂez?\}vﬂ(gses%%en end of the fixture test: flit may be regulated I Elouﬁtzr%llofﬁzé%éckpressure,
and therefore the pressure drop across the specimen. 510708.1 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, 10709] In an example test procedure, a regulated compressed
cylinder would supply the [0system with a constant source pressure of 30 psig and a constant back
pressure of t pdiy.1The Tastiflond puaididyflomithroiughdheotesthfritrada charactecistiéritatea(hichnis

dependent on the, PIRISYI, J%H’éeil%p%&%%“{fge@o%% 100600 RRAM E@é?ﬁ%?é m?&?#rl%%ﬁ}! the mass

flow meter. Example 17C: Determination olTherapentie Release Rate Based on Gas How 107101 Table 7

shows a table tifatREIDE e determine release of therapeutic agent, for 15example the ART based

on the flow of a g_:;as such as oxygen or nitrogen through the porous structure. The flow through the porous

structure can b& nRaSred it e diceds tinse b tiie gas pressure, for with the flow rate across the porous

structure with anrg%erégbgro acros%ltgne Qporous frit structure, as described herein. The flow rate and
etermine

cvice asscm testin . . \ .
RR1 can be d ased on the me |aggrade of the material, for example as commercially' available

media grade maygrial 29avaiaRIRdIoOm Ml SaR.Le SiARSNIc.a4eNl RORS meaged oush he
porous structure, or a similar test ofecuTe. %.e Initial measurements measured the RRI for AvastinTM
with the porous?fistBreitiatdsistip\inse Badesvgrcthis teaehilitiss naderisethHeiuisd 95dlBnIdE ordinary skill
in the art can candugtexpanmapisttatdetermine.ampideniip dhestosrrsprodancawahiiQpesatewith a gas to
the release rate of the therapeutic agent. 25 Media Grade 0.D.(in.) Length (n.) Table 7. RRIFlow 300

Decay 200MDeday18]2 PLBIDLHE8:Aihd Yso 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 Vivo 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 iz 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.
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[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 properties of light (¢.g. echo time, intensity of reflection) that has been
directed at the area of study and can measure very small amounts of reflected light. Because
these cellular features are essentially transparent it is possible to use OCT methodology to

generate three dimensional representations of the area.

[0717] The anatomical region of patients suffering from wet AMD typically involves
disturbances to the structural make-up of the various cellular layers of the back surface of the
eye, notably including areas of retinal thickening often involving accumulations of subretinal
fluid. In more advanced stages these areas of fluid accumulation often involve cyst-like

formations easily evaluated via OCT.

[0718] The OCT images generated in the study enabled of various types of assessments to be
made regarding the condition of the anatomical region of interest. One type of OCT image
comprises a topographic map of the entire region of the macula. This image type is referred to
as the “macular cube”. The macular 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
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.

[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

from one or more of the post-injection examinations.
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WO 2010/088548PCT/US2010/022631 1(17 1 11 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 rel‘évgszé)?gg%ﬁ?é% S0 as to enable: 5a) QC receiving inspection tggﬁﬁugs ot ?(ﬂ%zg)'}]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. 0[0713]
Preliminary testng glsarindivates dhatdhe deshior dhan fiv@one:can de-sobstantialsaimilaedathe frit as an
assembled devli_ce. Exiﬁrﬁ%{es}(%ia[ggﬁa[@i{\%(ip€ %IIMire]i{nul[Q inn\S/eivtg IIQQJII%EQW Concentration of Lucentisni
in Unmans 107141 Alt ougeh administration o %e standard'dose 01‘t Lucenf(SOOktg) via direct
LSintravitreal injesign hasdegp shayunta he glfective n Tedising SuTRIQNS &f Patisnis.sulfering from
wet AMID, the below clinical studies indicate that a lower concentration can be used to treat wet AMID. A
device as descHSEHREREIPICAHBECN s (5 Xrest-Fnesi it hRiATRSE RO RSB CeTREEHYFAXIBh in vivo in
human patientsé¢baseinatienMbe of wikhess smaller amount than corresponds to the 500 fig monthly bolus
injection. For example, 5 rug LucentisTm 20injections can be administered so as to obtain a concentration
profiles in situ ifpAkdhafsbie dctondahce with fdablattkbD andlEdGn heAnatyovighe 1R7#AISS khesilidy was
designed to deteeLahigkly & ROGIIvE TIRAMSE 1o keenisIMreatment. Aedellonelietingl fickness is

an indicator of positive response to Lucentisu therapy and a marker of dr#fg effect that can be used to
quickly identify @ pdsitite Bt CBRf AR e Rdh? PSTHE FEdgBtforFh et tiathBieBielbonds to

subsequent improxeMeit inviseE witenges theilpwtdaseMikersisidy aissesgeddiienconditieq of retinal
thickness poth before a ter patient's exposure to low dose holu ministration of Lucentisrm, so as
o determin the MG TS 201 08 P AT OIs SR eT D St (BEal Coheinos
Tomography) iRy WA 1 Hesesrhensrtlifidayd thie fegidicot thecentie Ula Hicsseliack surface of
the treated eyejjfihgiQGhdgchnidus religs.ardhameasuemantehsaidaingpentiesahlight{e.g. echo
time, intensity o/{ rgleﬁtion) that has beel? directed at.the area of@'&d andlcan measure very small
amounts of reflESY GHPBHEAEEE BiYEE BT RGBS Al SUSeHHR TaHISRPEHE RS Possible to
use OCT methodeiegys i gehetdiachreendhmenisionalcteprésentationt of tthenareéatht O71L7shifthe anatomical
region of patients, gifferinQsTamWeANRYPIGAIlY InvalyES distHiances in thesituaial make-up of the

various cellular layers of the back surface of the eye, notably including areas of retinal thickening often
involving accun%ﬁ&'t’i‘b‘?ﬁ’é%‘%i?r%?fﬁ‘&i"T@ﬂﬁ’i&‘]’lﬁﬁ‘lhﬁ8?%“&&95?1&%‘%?&6@%%%?@%%5&% fluid accumulation
often involve cysisliketifarofatiosfateasily exaltatedoid @ECite. 107181 The OCT images generated in the
study enabled of various types of assessments to be made regarding the condition of the anatomical
region of interest, One type of OCT image comprisdstéet8pographic map of the entire region of the
macula. This image type is referred to 15as the "macular cube". The macular cube OCT images are

typically displayed as colpr irpgggl?# | 2l 3l a4lslel 71819

Lowest Dose
Administered | 10 | 20 | 20 5 20 5 5 5 5
(ng)
Estimated Initial
Drug Conc. in
Vitreous
(ug/mL)
Treatment
Effect Yes | Yes | Yes| Yes| Yes| Yes| Yes| Yes | Yes
Observed?

160



and in the case of the macular cube the image provides an indication of overall topography of the
disease/lesion lgcation. These macular cube images were used identify regions of the macular of interest.
107191 'The red)lvtg)nzs%o(%ﬁse4r8est were analyzed with a two dimensional repre')s%ﬂpétzlgw/g%ztﬁé 20cross
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 treatment4for thespsirpase of Bseessigiheeiiastpniinjestodrigdnauding aireduetion in
sub-retinal fluid, 75107201, Magular, eubs Images and O] #can mages piere measyied before and after
Lucentisni treatment for 6ach patlenf enrolted inthe sfhcfy.y he B%Figlmages were measured the day after
injection and atfB Haye Post infeetionlapndopletHis bt rébicwen thes OCTimags floiiche patients
enrolled in the stischrisand RatightaweIe.considpreskin: baraanrspondeddp-b yrentigniraaigent when the
OCT scans shoﬂ%ed a decreaé_i in size of the lesion 30frol%one or more of the post-injection

examinations. WG 816188548 ANS SHTBITT> 83120 72 AFETES KoK FEIRO\0S A BYHRTSI& of an OCT
inacular cube OB RdRTagedisedao! identifypartieyici B linterestritackaraw pahdideserhmipeftthe response to

treatment.  [0728]G157 SrR @R fo #3700 ROL3:EHOWE AR LXAMRIG.OLA SPUSS AL QE Tigrcan images

measured at pre-injection, one day gost-injection and one week post-injection, respectively of 5sections of
the region of infFBRESIEPPSTraBIE 8XHEWE HHS oLt G PABHEMNPBITE e SHRRE e patients
received dosesdiraniddtoi2QItagicaaf espoadingotxinitia  biutcé dtismni chraantsatiansadin thevitreous from |

to 4 ug/ml, Basgd P%et%}%nas@%‘éﬁu%rigecff%oé‘eH9§HéY?h%%?ﬁ%Ba%%nW‘Té?]&%,eMU A0 3B PREHENES, In at least

some instances with the 5 urn injection, the decrease in size of the lesion was noted 10approximately 2-4
days post- op, afiPtise detefasdbonasosupatattiaihateentiarad B bhe week post-op, consistent with the

‘approximately 9mda% in vivo half-li le of LucenhisTM. These data indicated that the MIC for a sustained

release device e Hsr Sy Ut T SrLRs SRS HHe spapasg e Qyalianes AAd0¥eh cumulative
effect, the MIC earvbedonvarciorsaas ustaineidréease iashdeserired hareindtiaridlde baliigtinjection

described with IRISIRAREAPNS MGl AT SIUPIER 3010 SAOAEIG b ong,er ordinary sidl i

the based on the teachings described herein to determine empiric e MIC Ibr a sustained release
device andcunitiPstioE efeerdy fiddrlig cepeidaiHe shyehsasw arapie bodipatisriemporally 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

20 invention should be limited solely by the appended claims.
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7 8 9 Lowest Dose Adininistered (jig) 10 20 20 520 5 Estimated Initial

CLAIMS

1. A therapeutic device to treat an eye of a patient, the eye having a posterior
chamber and a sclera, the therapeutic device comprising:

a rigid-walled, refillable reservoir having a volume, the reservoir adapted to
reside in the posterior chamber when the device is implanted in the eye;

arigid, porous structure having a plurality of interconnecting, irregularly shaped
channels, the porous structure located at a distal region of the reservoir and tuned to
release a predetermined rate profile of a particular therapeutic agent from the reservoir
through the plurality of channels and into the posterior chamber to treat the eye for an
extended period of time;

a proximal cap portion positioned proximal of the reservoir and adapted to be
positioned outside the sclera when the device is implanted in the eye, the cap portion
comprising a retention structure and a penetrable, non-permeable barrier to introduce the
therapeutic agent into the device without any need to explant the device during
introduction of the therapeutic agent into the device; and

a neck portion positioned between the cap portion and the reservoir portion and
defined by a reduced cross-sectional dimension relative to the reservoir and the cap
portion, wherein the sclera is positioned about the neck portion when the device is

positioned in the eye.

2. The therapeutic device of claim 1, wherein the porous structure and reservoir
chamber are tuned to release an additional quantity of the particular therapeutic agent
through the porous structure over a second extended period of time with the
predetermined release rate profile after the additional quantity of the therapeutic agent

has been introduced into the reservoir after the extended period of time.

3. The therapeutic device of claim 1, further comprising an initial quantity of the

particular therapeutic agent within the reservoir prior to implantation into the eye.

4. The therapeutic device of claim 1, wherein the channels of the rigid porous

structure comprise intersecting, substantially fixed channels.
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Drug Conc. in

Vitreous (ag/mL) 24 4 4

5. The therapeutic device of claim 2, wherein a volume of the refillable reservoir
remains substantially unchanged, the rigid porous structure remains rigid and the
channels remain substantially fixed when the reservoir is pressurized with injection of

therapeutic agent into the reservoir.

6. The therapeutic device of claim 1, wherein the device extends along an axis so as
to extend through the sclera and a choroid into the posterior chamber, and wherein the
penetrable barrier of the proximal cap portion is located on a proximal end of the
reservoir so as to allow refill of the reservoir with advancement of an injection needle
through a conjunctiva and the penetrable barrier without the needle penetrating the sclera

or choroid.

7. The therapeutic device of claim 1, wherein at least some of the plurality of

interconnecting channels intersect at a plurality of locations.

8. The therapeutic device of claim 1, wherein the rigid, porous structure comprises a

sintered material.

9. The therapeutic device of claim 1, wherein the rigid, porous structure comprises a

sintered metallic disc.

10. The therapeutic device of claim 1, wherein the rigid, porous structure comprises

at least one of a metal, a ceramic, and a glass.

11. The therapeutic device of claim 1, wherein the rigid, porous structure comprises a
thickness and a surface area corresponding to a rate of release of the therapeutic agent

over the extended time.

12. The therapeutic device of claim 11, wherein the thickness extends between a first
side and a second side of the structure, and wherein the plurality of interconnecting
channels extends between the first side and the second side and wherein the plurality of
interconnecting channels of the rigid porous structure comprises interconnected,

substantially fixed, tortuous channels having an effective length extending from the first
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Treatment

Effect Yes Yes Yes Yes Yes Yes Yes Yes Yes Observed?

side of the porous structure to the second side of the porous structure, the effective length

greater than the thickness of said structure.

13. The therapeutic device of claim 1, wherein the interconnecting channels of the
rigid, porous structure are configured to permit the therapeutic agent to pass among the

interconnecting channels.

14. The therapeutic device of claim 1, wherein the rigid, porous structure comprises
rigid sintered grains of material and wherein the interconnecting channels extend at least
partially around the rigid sintered grains of material to pass the therapeutic agent through

the porous structure.

15. The therapeutic device of claim 1, wherein when implanted, the proximal cap
portion is adapted to rest against and conform to a curvature of the sclera and to reside

underneath a conjunctiva of the eye.

16. The therapeutic device of claim 1, wherein the therapeutic agent comprises a half-
life within the reservoir of at least about 20 days when the device is implanted, and
wherein the device is adapted to remain implanted in the eye and to treat the eye with the

therapeutic agent for at least about 90 days.

17. The therapeutic device of claim 1, wherein the therapeutic agent comprises a half-
life within the reservoir of at least about 30 days when implanted, and wherein the device
is adapted to remain implanted in the eye and to treat the eye with the therapeutic agent

for at least about 120 days.

18. The therapeutic device of claim 1, wherein the reservoir comprises a volume and
the rigid porous structure comprises a release rate adapted to provide the therapeutic
agent with a half-life within the reservoir when implanted into the eye, the half-life
within the reservoir substantially greater than a corresponding half-life of the therapeutic
agent when injected directly into the vitreous and the half-life within the reservoir

corresponding to release of therapeutic amounts for at least about 120 days.
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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. 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 5 the
conjunctiva. Theldear dhd traiasperedetiangecio? pevimitsividalizativriiotthe ¢arepfce of the scleral

incision and narrgywRRytILM EZANOf hadetentionstiusiurestieh that-sgaling Plthg Lgtention structure to
the sclera can be evaluation. 'The retention structure of each device also comprise an access port 180

having a substarfgiyLiEarBerut I batarakRrEshs to permit dark field visualization of the location of
the implanted device. The narrow portion 120N of 10the retention structure is disposed under the
transparent flan andTgarLier 160. has the v?l.sh e soto efir}]e theI narrow partion.of thg retention
Sucture. 107258 hes e T e e B YA e and ovan
narrow portion caarsesletrieirseision fotmetiifictiiosisiesd) ahthiseaenitedank tleslanglsgatizgtitn of the
|mp|antqd devicgrJhe ﬂ{%\/'ﬁgqf%ﬁr!h!é%%ﬁﬁ%ﬁquﬁ%qboﬂéé%ﬁ‘siﬁ@o@%@ﬂ&éﬁi SxRMRle
15superior/temporally or inferior/temporally such that the implant 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 embozlimenthbaweabean desceibedimsome igetail (Hoymayr aflexarmple: anddandlarity of
understanding, those of skill in the art will recognize that a variety of maodifications, adaptations, and
changes may berBomblLy R e e e S e R B TR Sotery by the
appended claim@ar@naenisd whkrehe fepeatticotidicertsitreattamcbyenol pripatintistivesalenhaving a posterior
chamber and a 5918{3@0?@%Uﬂecfﬁp%tih%ﬁy'ﬁﬁl%%% IS4P%ble of ?eréggﬂfgvml%qgmﬁ%@ﬂa@@é%ﬁ,&VOIr _havmg a
volume, the reservoir adapted to reside in the posterior chamber when the device is implanted in the eye;
a rigid, porous sl‘rlifc‘fﬁ@?l&ﬂlﬂ’?&%plurality of interconnecting, irregularly shaped channels, the porous
structure located at a distal region of the reservoir and tuned to release a predetermined rate profile of a

particular therapeultic agﬁ,*nghfrom the (Eeservqu thro&:g\g the. PIHraIity of channels and.into the posterior
9[ . erapeulic V1€ce O .clalm h@l‘el the porous SF’U.CIUI‘G COH&%I‘]S@S d . .
chamber to treat the eye Tor an‘extended period of time; a proximal cap portion positioned proximal of

the reservoir andddaptatt todse positiopedhsotdidet the wolera when the device is implanted in the eye, the
cap portion comprising a retention structure and a penetrable, non-permeable barrier to introduce the
therapeutic agent into the device without any need to explant the device during introduction of the
therapeutic agentinto theedBUISIHRCe Vice P hd@pbriBR P8 IRy BEEEN s 4P Wition and the
reservoir portionsand defiiedbyagieduses aiosesgetionagdinmensiondelativepiodherigsedvoir and the cap
portion, wherein the selera te pastioned abaut the, neck portionwhen.the deviceie positioned in the eye.
2. The therapeutic device of caim , W ereirt ’epporous Structare and réservoir chamber are tuned to
release an additionakquespitydofitheapaiticUtalctherdpauticragpait ttgoughdhéporots stiuotere over a
second extended,pefiiod,ef fimgaaith theprsdeterminadd sleasatats: piefile. aftaritbe.addiional quantity of
the therapeutic agent has been introduced into the reservoir after the extended period of time. 3. The
therapeutic device of claim 1, further comprising an initial quantity of the particular therapeutic agent
within the reserveir. priorfetimplantatinicioftbrieyes, ¢hdibm therRpeuticcexigenaf claim 1, wherein the
channels of the rigid, parayis,siructure comprise iniersecting, substaptially fued channels. . The
therapeutic device oF QA ) Whérein'a vofuine of the remllable TeServair remains Subs antially
unchanged, the tigidipotous strotouirensemangeigiduiedighe.channels remain substantially fixed when the

reservoir is pressurized with injection of therapeutic agent into the reservoir.

25. The device of claim 1, wherein the rigid porous structure comprises a first side
having a first area, a second side having a second area corresponding substantially to the
first area, a thickness extending between the first side and the second side, a porosity, and
a channel parameter corresponding to a release of the therapeutic agent from the reservoir

to the posterior chamber of the eye.
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6. The therapeutic device of claim 1, wherein the device extends along an axis so as to extend through
the sclera and a choroid into the posterior chamber, and wherein the penetrable barrier of the proximal
cap portion is located on a proximal end of the reservoir so as to allow refill of the reservoir with
advancement of an injection needle through a conjunctiva and the penetrable barrier without the needle
penetrating the sttera dhehbrsietutic dhecerdrelpauticvdwyice e eraimiar Wiseredatigtageast some of the

plurality of interconipgeting channels Jnterrestiah a Riwality.of teaskiens. (Savbeitbesapputic device of claim
1, wherein the ri%i porous structure comprises a sintered material. 9. The therapeutic device of claim 1,

d
wherein the rigid, ﬁE‘i’Bf‘J%@tM&WB DS OHSEE LG R ST RBeANR 1Qi0E IR IRL RIS Bevice of claim
1, wherein the rigi@fiporous structure comprises at least one of a metal, a ceramic, and a glass. 11. The
therapeutic device of claim 1, wherein the rigid, porous structure comprises a thickness and a surface
area corresponding to a rate of release of the therapeutic agent over the extended time. 12. The
therapeutic deviéd of cltimtharapehBeelevibreahitknebsidstemdsautedar ahfirapasidesand a second side of

the structure, ango%ﬁ%@é%ﬁ%%ﬁﬂ%?éi&ﬂrﬁf;&ﬂ?ﬁ@%@ﬁiﬂ&xg@@ﬂﬁﬁlﬁa%f@ﬁg§-91%M§§£119&%JH§} side and the
second side and wherein the plurality of interconnecting channels of the rigid porous structure comprises

interconnected, JapdtdAtANY Axdd MBI oOLAHARSER R AM BREE i0BaBAGh @REEHBIMY from the first
side of the porousBIrgciIrectadifiecsacanthsid®,of lelparous stideuradheueftactivel fagth greater than
the thickness of said structure. 13, The ther, ic deyice of claim 1, wherein the interconnecting
channels of the RoAt BotoL b BHaraleie coira o aatnnt A O ong the
interconnecting chanaikise] AnTihagivgrapesitierddvic A of-eleiwednavhensivothes.righd; 098rdiks structure

com_prises rigid ﬁ@@%i%[@ﬂ%&fdﬂ%ﬁ&@&@ﬁrw&ﬁf @IH&Q‘%&G&%&Q%&QW&&B@%‘& fat least
partially around the rigid sintered grains of material to pass the therapeutic agent through the porous

structure. 15. THEtErapdtticgevics ordiaim - Wmsrsi WhdEib Blantta PHHE Hrdxitel cap portion is
adapted to rest againstfandrcanformr aARMEtUra @bthensaleiaanchio, reside gnderneadhis, conjunctiva of
the eye. 16. The therapeutic device of claim 1, wherein the the utic agent comprises.a half-life within
the reservoir of 2L TBLSl TBoCt SUPEADR e e e e A B PSRRI, acpredtto
remain implanted ixithéyeye\aRdtedinreat thenehwsvth(ihentineraip &latistage fefopathebspbolit 90 days. 17.
The therapeutic devieetclainn, yyg\gggj(ri\og@&I@@gﬁg%{g@gg&t@gﬁgg%@&rg@ﬁﬂgwithin the reservoir

of at least about 30 days when implanted, and wherein the device is adapted to remain implanted in the
eye and to treat fFféa@S?’é‘{XﬁfFPH]i‘éct‘rgéﬁ‘gpgﬂﬁ%‘%@é’ﬂt%}t‘%{tlﬁgag?%toff@%ﬁﬂlal§PJ‘FH@‘E??érapeutic
device of claim 1cwhegeaiReheoresenvair fRomphsesabalnme angkthe gitl porops stikGoeLomprises a
release rate adapted to provide the therapeuyti ent.with a half-life within the reservoir when implanted
o the oye, the WAL i HE 2Lt STl DTSt A et B R LT e of the
therapeutic agenPeshientinjadib dire EbpiletdithbiUitre doss mnpr thenh Biflifealithimeheirégengoir

corresponding togglease.oftherBRRUNC /MOBALE oAt IRast AROHRAR dayam bOET RS therapeutic device
of claim 1, wherein the porous structure comprises a porosity, a thickness, a channel parameter and a

surface area confifurédi¥6: fetesiser theFRYEGHEAniolNR ol s eskbras e PRSI X9t iRe therapeutic

device of claim 1%1yphesein ke ehan) elparame el aompiises aditiparBREser corresponding to an
effective length qf interconnecting.ch s extending from a first side of th rous structure to a second
side of the poro:}ilus ?ﬁ%(f%)rllee g&‘*“ﬁ?%r‘a% r?%%ﬁ%la‘u%@ t&ér%/gllclzléa% I(I:ﬁlai&n?}ﬁ ’% e(éeet?r%%%fﬂljé rate of release of the
therapeutic agerfothroughtber povoissstplatiurecedreespohidsctgen rationdfithetgoresitiitottheahannel
parameter and VAR A OLIERRKRSIbB G GhARRSLRAATRIGHIS I6ahanaigy! 0.5 such that

the porous structure is capable of releasing the 'theralﬁaiut‘lc agent for the extended period. 22. The
therapeutic devidBIBrEanasulimErarsinsdcseratinaat dritiia by iseanbietaadesylite index of no more
than about 5.0 matomBndhiekerapgitic daviegeadclaitatrouhareinatire:cesBveit, corpiises a volume
sized to contain tpﬁ q%ar}){tit otPthe thlera][%eutic ent lfOf relgase ver a pre eterm}negj extended time and

. .. a- ecombinant, Interferon altgcon-1, Interferon alfa-nl, Interferon alfa-n .
wherein the rigid, porous structure comprises a ickness and a Sufface area corresponding to a rate of
release of the thérapemictage ht.dndnighergimihe- VolUapetand theiradenol ¢eteaseilcdreespdnd, to a half-life
of the therapeutlﬁ&@dﬂéﬁ%&gﬁm%ﬂﬁ dhereprulisidrvical Sl e N WIsIRRshe half-life

ntia

corresponds substantially to a maximum rate at the predetermined extended time so as to provide
therapeutic concBREFAERTs Vit traiapttiie Neetit. Oogeqiie deprieronetaitre \whidréiPhhe rigid porous
structure comprises a first side having a first area, a second side having a second area corresponding
substantially to the first area, a thickness extending between the first side and the second side, a porosity,
and a channel parameter corresponding to a release &®he therapeutic agent from the reservoir to the
posterior chamber of the eye. 26. The therapeutic device of claim 1, wherein the particular therapeutic
agent comprises a molecular weight within a range from 100 Daltons to about 1,000,000 Daltons and
wherein the molecular weight corresponds to the predetermined release rate profile. 27. The therapeutic



lipoprotein, OT-551, Oxytocin, Palifermin, Palivizumab, Panitumumab, PDGF inhibitor, PEDF (pigment
epithelium derived factor), Pegademase bovine, Pegaptanib, Pegaspargase, Pedfilgrastim, Peginterferon
alfa-2a, Peginterferon alfa-2b, Pegvisomant, Pentoxifylline, Perindozril, Pimecrolimus, PKC (protein
kinase C) inhibitors, Pramlintide, Proteosome inhibitors, Pyrrolidine, Quinopril, Ranibizumab, Rapamycin
(siroliums), RasbineadeinReteplds & xRetimaPstifumamt PRetineid s |, Ritwxieab, RNAT (RN AGRterference of

angiogenic faCtOF@DB%?g}Q&beﬁéﬁéiglﬁﬁ&é}ﬂ%d%&QQ)@E%‘&H&M%@'B&Q&@P@&B%%S&VQramOStim
SDZ-RAD, Secretin, Selective inhibitor of the factor 3 complement cascade, Selective inhibitor of the
factor 5 com pIerﬁ@ﬁ‘i‘s@&?@éﬁl’ep eSLlEAxEmi SR RisTan e ﬁ%ﬂ'ﬂfﬁ%‘f?‘?{?&fﬁg&éﬁ CEYIIARS reformulation
(rapamycin), siRRAtdxidiechePsyinthetic, ]F{?EE’eﬁﬂ)ﬂmJMPSGrtmﬂtemmlrasom)bmmpﬁqlaalmhﬂnee
Streptokinase, SHnltlnlb Tac\[]qbtmus Tene gtﬂ%pgse Te ar%}yde Tetﬁathlo le ny(b ate. T yrotropin Alfa,

t
Tie-1 and Tie-2 klnase |m1|b|tor§ O‘Ifséc Fg)nl WL? orﬁa r?alg ue, rastuz imab,

Triamcinolone adetomidensT, rBWs‘Z@nBeﬁwgtawhnummmdﬁ@ﬁlmmﬁaﬁwla%‘é@an|b Vasopressin,
Vatalanib, VEGF, feeeptarkinase inhikitelHE Gl f@rivY igval feydf-Madulaton AC YaAR49, Vitamin(s),

Vitronectin receptor antagonists, or Volociximabe.
Calcitonin, Sargramostim, SDZ-RAD, Secretin, Selective inhibitor of the factor 3

complement cascade, Selective inhibitor of the factor 5 complement cascade, Semaxanib,
Sermorelin, Serum albumin iodinated, Siroliums reformulation (rapamycin), siRNAi
molecule synthetic, FTP-801i-14, Somatropin recombinant, Squalamine, Streptokinase,
Sunitinib, Tacrolimus, Tenecteplase, Teriparatide, Tetrathiomolybdate, Thyrotropin Alfa,
Tie-1 and Tie-2 kinase inhibitors, Toceranib, Tositumomab, TPN 470 analogue,
Trastuzumab, Triamcinolone acetonide, Troglitazone, Tumistatin, Urofollitropin,
Urokinase, Vandetanib, Vasopressin, Vatalanib, VEGF receptor kinase inhibitor, VEGF
Trap, Visual Cycle Modulator ACU-4229, Vitamin(s), Vitronectin receptor antagonists,

or Volociximabe.
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