POSTERI OR SEGVENT DRUG DELI VERY CROSS- REFERENCES TO RELATED APPLI CATI ONS

[ 0001] The present application clains the benefit under 35 USC 119(e) of US
Provi si oD 20pypisszat i on Nos. US 61/ 148,375 fil ed Januar pCZiS200022631
entitled, "POSTERI OR SEGVENT DRUG DELI VERY"; 61/174,887 filed May 1, 2009,
entitled "POSTERI OR SEGVENT DRUG DELI VERY"; 61/261, 717 filed Novenber 16,
2009, entitled "POSTERI OR SEGVENT DRUG DELI VERY"; and 61/284832 filed on
Decenber 24, 2009, entitled "POSTERI OR SEGVENT DRUG DELI VERY"; and

61/ 299, 282 filed January 28, 2010, entitled "POSTERI OR SEGVENT DRUG
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STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT
[0002] NOT APPLICABLE

15 BACKGROUND OF THE INVENTION
[0003] The present invention relates to delivery of therapeutic agents to the posterior segment
of the eye. Although specific reference is made to the delivery of macromolecules comprising
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 body.
20  For example, embodiments of the present invention can 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.



a high density of cones, such that the user can perceive color inmages with
hi gh vi sual acuity.[0005] Unfortunately, diseases can affect vision. In
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can affect vision is age-rel ated nmacul ar degeneration (hereinafter AMD).
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[0008] Although some implant devices have been proposed, many of the known devices are

20  deficient in at least some respects in at least some instances. At least some of the 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 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



for the extended rel ease of | arge nol ecul ar wei ght proteins such as
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instances the drug release rate of an implanted device can change over 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 implanted devices may not be implanted so as to minimize the risk of

20  infection to the patient. For example, at least some of the proposed devices that rely on pores

and capillaries may allow microbes such as bacteria 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 the proposed implanted
devices do not provide adequate protection from the patient’s immune system, such as from

25  macrophages and antibodies, thereby limiting the therapeutic effect in at least some instances.

[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.



devi ces do not provide adequate protection fromthe patient's inmune
system such as from macrophages and anti bodies, thereby limting the
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[0013] In many embodiments, the therapeutic device is configured to provide continuous
release of therapeutic quantities of at least one therapeutic agent for an extended time of at least
20 3 months, for example 6 months, such that the frequency of injections into the therapeutic
device and risk of infection can be substantially decreased. In additional embodiments, the
therapeutic device is configured 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 clongate 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,



t herapeutic device is configured to provide continuous rel ease of
therapeutic quantities of at |east one therapeutic agent for an extended
time of awoOlew#is8y® nonths, or at |east 2 years or at | @a3ius3ogmpanes1t [ 0014]
The therapeutic device can be configured in many ways to rel ease the

t herapeutic agent for the extended tine and may conprise at | east one of an
openi ng, an elongate structure, a porous structure, or a porous surface
sized to release the therapeutic agent for the extended tine. For exanple,
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refil'ted™ 615] The therapeutic device nay conprise a retention structure
configured to couple to the sclera to position the container for delivery
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conprise an elongate cross sectional profile sized to fit the incision. The

el ongat e crlepding gl@@ftardoﬁqaplaaern@ﬁqt pgween the conjunctiva and sclera and a narrow portion to fit
within the incision through the sclera. The narrow portion to fit the incision may comprise an

elongate cross sectional profile sized to fit the incision. The elongate cross-sectional profile
sized to fit the incision can improve the fit of the implanted device to the scleral incision, and

20  may seal the implant 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 clongate
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 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.

[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



sized to fit the incision can inprove the fit of the inplanted device to
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extended time. The therapeutic device may comprise a porous barrier extending around the
container with channels sized to pass the therapeutic agent from the container therethrough and
20  to inhibit migration of at least one of a bacterial cell out of the 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.



t he device can be tuned with the porous structure and expandabl e reservoir
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fluoci nol one, fluocinolone acetate, or anal ogues thereof. [0022] |n many
enmbodi Mepj@4] t I rahEEABSH b Ats AHE MacORRIRCLR &y, MEEFsd ANWERIF iQhibith0033] In
many enbodi nents, the therapeutic agent conprises a macronol ecul e having a
mol ecul amagesinghcuierioay esyautse 00¢ & ek od Artitiodica bouttibedy frkgierits. ob. one®024] | n
many | GG TEFHS undd8idBE LR TRE RS 6o IR OB Sy AGHEILANHRL @ty The
macr onol ecul € may conpri sé one o mBre of ~antibodres or antibo y Tragnments.
The one dhitior enagfcoinpasaRiritiodhss The VIHEF amhibitoo chayfcomgrimnBsacianmpab. Sdeca VEGF

inhibito e. VEGF i nhi bitor conpri se ni.bi zunpp. The VEGF inhibitor
nmay conrer’iEé?g]%B HET PAnEHIP R-ntii B8 iCetpri se VEGF trap, for
exanpl e Aflibercept . [0025] In nany enbodi nents, the macronol ecul e

conpri se [Bap| énpnny fa pdments, the macromolecule comprise complement factor.

[0026] In many embodiments, the therapeutic agent comprise a complement factor inhibitor.

15 [0027] In many embodiments, container comprises a reservoir volume sized to contain a

liquid formulation of the therapeutic agent.

[0028] In many embodiments, the volume to contain the liquid formulation is within a range

from 10 uL to about 100 uL.

[0029] In many embodiments, the container is sized to contain from about 0.001 mg to about
20 50 mg of therapeutic agent, for example sized to contain from about 0.1 mg to about 10 mg of

therapeutic agent. The container may sized to contain from about 0.5 mg to about 1 mg of

therapeutic agent. The container can be sized to contain from about 0.05 mg to about 1 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



[0026] In many enbodi ments, the therapeutic agent conprise a conpl ement
factor inhibitor. [0027] In many enbodi nents, container conprises a
reservoi rwoahumsssBzed to contain a liquid fornul ati on @CTiuseowioez6apeut i c
agent. [0028] In many enbodi nents, the volune to contain the liquid
formulation is within a range from 110 uL to about 100 uL. [0029] In many
enbodi nents, the container is sized to contain fromabout 0.001 ng to about
50 ng of therapeutic agent, for exanple sized to contain fromabout 0.1 ngy

to about tﬁ]eoth&"gpéﬁftic taglé:ﬁrt aRe éoﬁﬁgﬁ?@% reldd& RO ﬂfe?zip@ﬁ'fc J5Nt ht§ sg&8n tﬁ%nf‘é%'a{nai n

fromabout 0.5 ng to about 1ng of therapeutic agent.” The container can be
si zed t o0Qorgmlto fvautyd abouit oxthe rerapettss agootuin thangtrefusthmonve the axtaadeht .

[ 0030] Irt\»1 many enbodi nents, the container and the therapeutic agent are

confi gure&neto rel ease the therapeutic agent to sustain fromabout 0.1 ug/nL
to about 10 ug/nlL of therapeutic agent in the vitreous hunmor for the
ext ended (493~ IrAenE gRpadinents dhe cxtended HBICLoBREIFGS 2 lasiabedn BetBoRet gured to

rel eage thengibanapeiided ideMy doprpidS hiabdit S50 aAks. Fhd cOAdTH thR ut 4

ug/ mL of the therapeutic agent in the vitreous hunor for the extended tine.
The cont apmpriscan drbiaboicr mpeths i dhagemded simeppaycemfirge peldast abquell 2awathshe

t her apeutd in.fr . / {5 f .1 he
t hor apout's Ao Ent (% TREChis O RRRN 1¥ st The b8 R WnaPity of o
many enbddstmboti24 hérehext ended tine conprises at | east about 1 nonth. For
exanple, the extended tinme may conprise at |east about 3 nonths. The

ext ended [§03 Wﬁ&aﬁ%@iﬂﬁ&ﬁﬁleﬁt&, the€aRtapaRRUcvRe MRMHPSompriga 81HI8RAGEN IS T8 May
conprise at [east about 12 nonths. ‘Phe extended time nay conprise at | east

aboutl 018 corme testhe thgepenticeagaricuel that thetherapapid agentas rdleased frem dlag coptpings farhs .

0032] | i S ! j
bi nii hg. SseniohdETRRC, FRON Rk A8 A BB RN R Ao T CRTRPE IS
agent i snraglcempsast £ pldnerisherebamntig) apent. fihe bidtengeagkeandadedmpriae a Fhlesdnkind: ng
agent na

.conprise particles of material. éhe bi. ndi.ng agent C rise a
oH sensi PINGEEEERG G° RIS SRS, SOGITRGE AgHE SRy tiBpH reat orlpeddBnsi ti ve
reversibly couple to the therapeutic agent at a non-physiologic pH below 6.5 or above 8 and to
15  release the therapeutic agent at a physiologic pH of about 7. The pH sensitive binding agent
can be configured to reversibly couple to the therapeutic agent at a pH of about 5 to about 6.5

and to release the therapeutic agent at a physiologic pH of about 7.

[0033] A stabilizer may extend release of the therapeutic agent. The stabilizer may comprise
a buffer disposed within the container to decrease the pH within the container when the 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



bi ndi ng agent. The binding agent may conprise a pH sensitive binding agent
configured to reversibly couple to the therapeutic agent at a

non- physiwbaegionsgi4sbel ow 6.5 or above 8 and to rel ease Phe/USh@0ApRALt i C
agent at a physiologic pH of about 7. The pH sensitive binding agent can be
configured to reversibly couple to the therapeutic agent at a pH of about 5
to about 6.5 and to rel ease the therapeutic agent at a physiol ogi c pH of
about 7. [0033] A stabilizer may extend rel ease of the therapeutic agent.
The st abighyizeLoneCOHIRNNE 8f Ao RISES @lin MicPSRd tinirinte S RRLR G  t O
decrease the pHwthin the container when the device is placed in"the eye.
The buf f erhenthe dswieprs isgerigdmacr onol ecul e havi ng a nol ecul ar wei ght of at

| east about 2 k Daltons. The stabilizer may conprise an erodible material.
The er Odi[?gﬁh M ﬁfahﬁhmﬁ@yméﬁe,rtﬁaﬂﬁrabb@icpidehempMngmteﬁgﬂhﬁkteﬁdmgel&oug}DOM]

I n many enbodi ments, the container ¢ rises a reservojr ving a_capacity
f r om abotft® gletornddptogthe WHgeHs mog a%t%ggqnig%lﬁ vithEy et remapeitinte [§Mmtne

t her apeutring | 4g#Ntn be%ithiea BxEERGRALEE o 3NAmWher ei n the device conprises a
vol ume of no nore than about "0.25 cc to mnimze distension of the eye when

t he devi Ls inserted, [.0035]..1nR ma nbodi nents,. the reservoir S a
Capach ty 10035, AR EpekiRgdRlmd B TR M RERRAb RN Srehih (RERLIRNPIR 2 i o
of the tkier@peaiict end@afiguicdto tdipleay tiendieh foi rominahd coMignaianlchsiodanilge

conprises .a.volune of no nore than about 0.6 cc to mnim ze distension, of
the eye \)WZ‘HI ’?‘F\ EY U eVISHEICTRON ULy fUBBET 21 FXFRHIN @?Bgléitﬁ%ﬁﬁtcg?mtnﬁéand

t her apeutk@ndlBY b&t®afPARH HIR! P tadhek &NGidhdeh@RE G el 81dahe EhBuREl£iAANM
into the vitreous hunor and the length is within a range fromabout 2 to 12

mm  The IherpyniinganTereigntion sirugtrange compiscabwlier. 4 egobanmey (COUBEE an n many
enbodi ne ice further conprises a retention structure coupled to
t he contg%%gg&gﬁgﬂg%nfigured to couple to the sclera to retain the

cont ai ner, | east partiall ithin the eye. The retention structure_ may
conpri se [gﬁ’%bxﬁ%ﬁ’?fl ﬁmfe%ﬁﬁrﬁéa%%g%@ BRSO RBFSS A lléﬁ‘itlé’ﬁdﬁoﬁgj’xﬁﬂg‘ﬁéf‘dthfﬁr om
the cont @pmigihet HdestiaRd cRAINESRAIRR BBk thedBidratth feceRRIaHMGEINA of O Tet ai n
the container. The retention structure may conprise a collar. The collar

may conpilicsapentic eaepitndeaibl the sontpiger when the container is implanted at least partially within

15  the vitreous humor. The device may further comprise a needle stop to limit penetration of the
needle when the therapeutic agent is injected into the container. The needle stop can be
disposed on a distal end of the container opposite the injection port. The injection port may

comprise a smooth upper surface configured for placement under the conjunctiva.

[0039] In many embodiments, the device further comprising a bactericidal agent around at
20  least a portion 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.



[0038] In many enbodi nents, the device further conprises an injection port
extending to the contai ner and having a channel extending through the

scl era t owpeow/oses4an i njection of therapeutic agent to Pefiuskomhe2ssont ai ner
when the container is inplanted at |east partially within the vitreous
hunor. The device may further conprise a needle stop to limt penetration
of the needl e when the therapeutic agent is injected into the container.
The needl e stop can be di sposed on a distal end of the container opposite
the inj egijaon PRftany Insodlﬂﬂeﬁgtth%r@ﬁﬁér BRYrisQ %Hﬂﬁé@tg%f%ﬁﬂ?ﬁ&e‘i’s HRRElepur face
configured for placenent under the conjunctiva I'n many enbodi nents,
t he deV|@@mﬁuﬂmhbeé@hgnm§nmgnﬁﬂﬁa@t%ﬂDﬁ%ﬂ@kﬂé@bﬂ@map@mmdgaﬂ | east a
portion of an outer surface of the device to inhibit bacterial growh along
the out enoed] f as enothQ@4RLt érﬂbdﬂ&ﬁ%t@ﬁ?@ﬂb ﬁlﬁﬂzi;ﬁutld fhevicday es ahht banhpridigpr i ses
a sponge to encourage tissue ingrow The sponge nay conprise a

bact er i cPAHOHYBHRO" Alhe dPHist FRRBIMFSS § HETRRUHGE R RoYnRmiscPs el g

bact exi cidadpcagesent ik Q@éﬂs‘blﬂl Boupdito %@&H&lﬁ? Qée%t suich @nd el lﬁi%lﬁ%lﬁéehﬁreleases
conprises a sponge mat erial” i npr egnat ed h™t he bactericid agent around
t he por t ithenapefitic #reounts @rth%ihlﬁlfaa@élc agpre 1efp drrgatreus dningl ofthy exoloppi exdensisill agen
and the pggter|C|dal agent may conprise sliver, the collagen inpregnated
with the siTver, [ 0042] In many enbodi nent s, the contai ner conprises a

plurality of chanbers nected with a lurality of channels to linearize a
rate of ?f@l“éhsén Hlnnwa ¢ @F%tﬁég‘f P’é‘d%éﬁ‘?ﬂt a{lfgél&é CTRFUHA BB SSpE Y

enbodi Me;sctidh b d&itddas BRAS dEhA8¥ AR IR thEBAutRAgEY & ﬁgém'blysdoﬁﬁle@-to

Vi treous hunDr The device conprises a therapeutic agent and a binding
agent0 Tithe hlwbn&?ﬁﬁat gl velepaein thesblmbv&a&qnmsyoe&m(b@ releaselileranents aryoenieat

such tha [ r eutic
agent 1 nits e e pO% PR leali SRR ROMNE ARG, SIRUIAS - Bl S R RO

many enboﬂnﬂﬁmhsbmthembmnd»mgnmgenghandnﬂhmdhhbmﬁpbmﬂ6¢magehmumﬂﬁ si zed for
injection into.a vitreo h t of the .eye when the therapeutic agent is
Fever si bR E SUPHE bl TH A TR HUPHS AN B agent | <
confi gur egeh@dtBhE AR iNBRARRHL by SiRpL ?)aﬁ’ifcles having a size of no more than about

15 100 nm to minimize light scatter and at least about 5 nm such that the therapeutic agent coupled

to the binding agent is retained in the vitreous humor for the extended time.

[0045] In another aspect embodiments provide a therapeutic device to deliver a therapeutic
agent to an eye having a sclera and a vitreous humor. The device comprises a retention
structure configured to couple to the sclera. 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.
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the therapeutic agent for at |east about 3 nonths. The bindi ng agent may
conprise a size of no nore than about 1000 nmto mnimze |ight scatter and
at | east wbaoto/dsssam such that the therapeutic agent coupCedstaowbe3bi ndi ng
agent is retained in the vitreous hunor for the extended tinme. The binding
agent may conprise particles having a size of no nore than about 100 nmto
mnimze |ight scatter and at | east about 5 nm such that the therapeutic
agent coupled to the binding agent is retained in the vitreous hunor for

the ext enging, t ih!irﬁran;{/ gﬁgédimkﬁ'ts,f?}ﬂ%é}ﬁér %%Hﬁﬁ&s £abediing M}Ebipéu‘%’tiﬁ%l@ the

t her apeuti c device el1ver a therapeutic agent to an eye having a sclera

and a vi relesesf thathsrapeTheagtet/ires throroptainse gndithe enatarial srshaptedise psiroededionfhicgur ed
to coupl & ltegsttrklleoscgerg. lébéuscﬁw%ttﬁ‘eirgeﬁuii:esl e%gt)upl ed to the retention structure
and configur S 41T P RO THESY Ry ape%etl ¢ agent. The container conprises a
chanber to hold the therapeutic agent, and a b%rrier to inhibit f|low of the
t her apeul {M49hgdninapy GRPRHBCRISINGPHEFT CORMEISE A FPERNEIMFPNPELUS MAERER one

openi 89t thikiedB3aRHANEhd RELAPGURL heRPaR: debnelrhfn WelchQMer hunor. A porous
structure is disposed between the barrier "and the chanber to rel ease the

t her apeut gent into, the vitrepus hunor. through e at | east one opening
bt 1 nor agor S abRbopdelly AE AT TR PHSh O a o SRR MSGr nanco.
t he por ousmpitiges @ tciit@arcdisipdisiERaed dcagtheead bf the tufe0047] I n many enbodi ments,

t he porous structure nmay conprise a porous annular portion and a porous

circul ar (qyaq) [ @0ABhy LitboBM¥ntS THRPEls TR M Hre c%ﬁ@ri?@%%ﬁBv&a‘Pé‘&'%ﬂriﬁg@c&lf@ﬁﬁeﬁr' al
to inhibit substantially the rel ease of the therapeutic agent fromthe
cont ai neforahatempet andremoval when thhdpeir spoaisiongs idéhd qye and gheaptentecassiruoies
open!lgg tisocoru feg?osﬁletsag atth?ertgg?l%tﬂa%ieq’gent' [0049] | n nany errbOd' ments, the
barrier conprises a supst ant | al 1 y non-porous material to inhibit
subst anti(?ﬂHﬁlY. the rel ease of the therapeutic agent fromthe container.

y

[0050] I I T agnresemiadamenss progide @ Shaspnelie deyige g delivrg 2 dhsenssiious

St T uct ur @oGRIPAI §8haing hisCldtadihd divikcots BRASC REGHioh Bu@RE i9donkiBerel Uhe.
[ 0051] In many enbodi nents, porous structure conprises a renovable

cart ri dgeowdnfo thusaddaf dreoplainseisearplahty the risndion wiieqiure lhed penfiguend tp fold the
posi ti On%re{p%utri&?geﬁy eﬁld%rbqn&lng aée%{. €x &)bl%ﬂs %&1{191011;5 %Bli)led to the retention structure

15  and the rigid container. The porous barrier extends substantially around the container.

[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 comprises at least one opening formed in
the container, and the opening is sized such that the therapeutic agent and the binding agent are
20  configured 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 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
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is coupled to the sclera to retain the barrier. [0052] In another aspect
enbodi nents provide a therapeutic device to deliver a therapeutic agent to
an eye hawongloass@Bera and a vitreous hunor. A retenti oRCIUSAENOLE3] S
configured to couple to the sclera. A container is coupled to the retention
structure and configured to hold the therapeutic agent and a bi ndi ng agent.
A porous barrier is coupled to the retention structure and the rigid

contai ner. The porous barrier extends substantially around the contai ner.
[0053] | B,aBiy nﬁgfaggh BB he doRRide N ARPHLECMAGERN RBGiHAS nhkAGLNHA@ENt are
configured to release the therapeutic agent at therapeutic anounts for a
sust ai nedontpirer. [ 0054] | n many enbodi nents, the device further conprises at
| east one opening formed in the container, and the opening is sized such

t hat t he[00%8] apetiahg ciapedincaBdhé p&rotl hahiaigoapends sfllitombicgdl ed to rel ease
the therapeutic agent through the at | east one opening at therapeutic
amount s figyso} ey SR AnDEHmkhEBhe hABRSarkidl IRV QRGHHANEIN Sallcbh SoRfuRLS
barrier is configured to inhibit at | east one of bacterial mgration into

t he cont & méete wheo tiopthergpeutic geerttisoinjectstl onto ithe wottrei.ner or ant i body
mgration into the container. [0056] In many enbodi nents, the porous
barrier ¢@e0]i $£mappe@Bodiméad, thoc@asgferichbaptifi8 hapedinarialgefétafnrtem t he
container, to the vitreous hunor. [0057] In nmany enbodi nents, the porous
barrier sEPEPEGEaeest Pdithe kipgsgaeerht | east about 10 nmto rel ease the

t herapeutic agent and no nore than about 200 nmto inhibit at |east one

of bact er i(#61hi dn mehy Ambedimefits t the candmneicamprisasaonaerira gebstang alit inmsrogable
anti body. . m.gration.inta the. container. [00 Ay ny., enbodi nents, the
or ous. bR nsag B RED B BBGaine FPSfTY o GRB e TREES Mo ront s,
t he rous harrier conpri.ses an inflatable_ balloon configured to inflate
Wnen%) he [9%2} ape e e ng@{neiﬂéa tﬁﬁﬁwlééewﬁ @ﬂgﬁecoewﬁ%ﬁ W PICCH OB, Si4cH Prany
enbodi mreptSivetcfiONt ai ner conprises a rigid material to retain the

t herapeutic agent and the binding agent. [0061] In nmany enbodi nents, the

cont ai ner[m)%gr'prhil aothd agp‘@%% errrilk?oldinslgn S f)r%(flltdie %ltllle\faﬂelqgg (rier{/ri"caéqlo Qeliver a therapeutic
agent to an eye having a sclera and a vitreous humor. A retention structure is configured to
couple to the sclera. A container is coupled to the retention structure and configured to hold a
15  therapeutic quantity of the therapeutic agent. The container comprises a first 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 sized to release the therapeutic agent. A second
chamber is coupled to the container through the at least one opening. The second chamber is
configured to couple to the vitreous humor through a second at least one opening. The first at
20  least one opening and the second at least one opening are sized to release the therapeutic agent
into the vitreous 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 [0065] 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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to the therapeutic agent and at | east one opening sized to rel ease the
t herapeutic agent. [0062] In many enbodi nents, therapeutic device further
conpri seswearoimjsgwBi on port sized to receive a needl e. [PO0ABRoM2BADE her
aspect enbodi nents provide a therapeutic device to deliver a therapeutic
agent to an eye having a sclera and a vitreous hunor. A retention structure
is configured to couple to the sclera. A container is coupled to the
retention structure and configured to hold a therapeutic quantity of the
t her apeutj iRgffinm THee SRPHEHBR b HEABLIRES if fiatedhan iR itbiflahd the
t herapeutic agent, and a barrier to inhibit flow of the therapeutic agent
f r om t he nedmnainiethrough eoriyzinet te thecompyus sederapeltisagtouniy doropeniandedtiimedTho
rel ease the.therapeutic agent. second aprber i s coupled tq the container
hrougn PHaEHAREH ishoPdEkm e NG T6 TR g niaff B EllaceR e SR
coupl e t oirdig nédiieand a bevond pdiioo ufihe shesgeoticageht, vasin @oendpenomef. thdhe
first _at |east . one opening and the second at | east qne opening are sized to
rel ease {HFEAPCHET 258U T eaé@%ﬁ?tﬂit R "HFough the second at
| east one opening at therapeutic amounts for an extended time. [0064] In
many enbch{It%iantI@manhemb@bmn@tsmmemvech@nﬁﬁril%@ser@dwth}h@cmteze@ ang thej neari ze
a rel eas - - | C: r : - : east one
peni ng. ProBess Sih o at-a e R M R G EEE R o o B
sust ai nedadernitd ndglative aymdceophagomigeationror ag gniidy afig@tioeine thavomginar. scl er a
and a vitreous hunor. A container is inserted at |least partially into the
vi treous §u7Pr 1Rha ﬁ@m@&ﬁm@h’t@]‘ﬁr’éﬂ’@ﬁdiﬁé‘&e&iﬁﬁic’%)'nﬁﬁirsesla%#}éa@ttcﬁfe%%g findt fifdedthe

co

sclera. The contai ner nprises a first portion of therapeutic agent

rever8i bifiyst &bty sguatereae fiist Suiny. el i digstgtlidumd whiseeirf the secopd bindgng noddium
ther apeu%b@gﬁ%ﬁg{ lchs? oﬁeei)teaas%g&ld];iﬁg)ew Ellg coMi Eiﬁltoup %tg&;r%?, ag‘%gér}ﬂrglﬁﬁg(gtath{e%g%h_rhe

cont ai ner vitreous at erapeutic anoun exten
bi ndi ng hgdidum i s renoved fromthe container. The binding nmediumis
replaced with a second bi ndi ng nedium and a second portion of the

t her apeufd0s8f9¢R nany\BRb&diMe S8R HR@ Hikdt BMhdRHg thdiBurh RefeARes WherABE Bdcohd
rel eased fromthe container for a second extended tine. [0066] In many

enmbodi mentsinggngshign écieplpecdbarrier is inserted with the container and the
protective barrier is disposed substantially around the container to
i nhi b5t §060Eadh mangembodiments, the first binding medium is removed when the second liquid is

replaced to minimize volume changes within the eye.

[0070] In many embodiments, the first binding medium is removed when the second liquid is

replaced to decrease volume changes within the eye.

[0071] In many embodiments, the first binding medium is removed when the second liquid is

20  replaced to inhibit distension of the eye.

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

1s removed before a second insert is inserted.

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

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

coupled to the first chamber and the second chamber.
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bacterial mgration, a macrophage mgration or an anti body mgration into
the container. [0067] In many enbodi nents, first binding medium conprises
at | east wWOeowmiosss4Bi rst insert, a first fibrous structuPeT/ts2010/0%163E] urry,
or a first liquid and wherein the second bi ndi ng medi um conpri ses at | east
one of a second insert, a second fibrous structure, a second slurry or a
second liquid. [0068] In many enbodi nents, the liquid first binding nedium
is renoved when the second binding mediumis replaced. [0069] In many

enbodi Mef§e4) t B ndahy é&b?Ai&gﬁte%h@&@lh&%ﬁ@rrcet ved ek %]\/S@Fve@guﬂlém dis

replaced to m nimze volune changes wthin e eye. [0070] I'n many

enbodi methesfirst dhempénamtl th atdéasigoneedanngd. i Bherfantoone dvaxhvelvetiheongiguisd do pasgthed i s

repl aced t o _decrease vol ume nges within the eve. [.0041] .1.n

erbod et TRLARREO TR GORDASP oS! Rl GimbO Y dhB U™, qui 1 s

r epl aced chambeh lfiiohi the dhaiheinghednhoiizd ffehefist cladbéRincteaseannyscesrdadic et s, t he

bi ndi ng nmedi um conpr and erejn the insert is renoved before

. . :
a second YPINS &3 bg %OHP@ g(? Ehgg?éoﬁgg%ﬁlber ﬁmﬁh%tah(gﬁst fupehannele Hhe ascoah oRe Brbvi de

a devi ce yhQe 88 hV/@nfiduk &S ARBULI W HAROthetBeicCRRAEhO8Re dcO AHafBedhhdreast
partially in the eye. The device conprises a first chanber configured to

store t heize Rbthg Siesitchambey dpercasghenddo peshtlo e ifatiersceprfchgubedranp theecei ve a
liquid T%gﬂ%%pfgﬁﬁﬁégkgg¥teﬁ@“?ﬂﬁﬁ%?ﬁﬁgﬁ%%”Cture extends distally and

conprisin one channel coup o the first chanber and the second
chanber . 4] I'n many enbodi nent.s, the device further caonprjses a first
one way e &%H‘BP%BX‘P%‘EE?%@S%? i etfERb R iy ﬁ%maffseﬁéglgf}t%éhw@em&ﬁne|.
The fipr stcRRg ch@Mely Ah¥ @irdt Sh&RRT is Qb RE foQhPRSBHaBf RERRAGKE iheraplfRtagihien a
size of the first chanber decreases and inhibit flowinto the first chanber

f r om t he aehthgsedondgbannghis caypted tofthg sgeorfd ¢hemberra girey flpiddnte dkcesscon chambeid one
way val v EBEQEH%%MBLQQxﬁ%i@@ﬁe&econd chanber and the at | east one
a

channel . € Seco one~way ve can be configured to inhibit flow of the
t her apeu er. when.a si.ze qf .the first . chanber

' gent into the second cha .
decr easedE TR upRREF SIPIPE NV SE T BHLABAE 1 ABliet haicrapcuic
agent to an eye having a sclera and a vitreous humor. A retention structure is configured to
15  couple to the sclera. A container is coupled to the retention structure and configured to hold the

therapeutic agent. A stop is disposed inside the container.
[0077] In many embodiments, the retention structure is configured to receive a needle.

[0078] In many embodiments, the stop comprises a concave surface directed toward the
retention structure such that fluid is mixed within the container when a substance is injected

20  with the needle.

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

away from the at least one exit port.

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

release over the extended time. The container comprises a rigid porous structure comprising a
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channel when the size of the first chanber increases. [0075] |In many
enbodi nents, the first at |east one channel conprises a first channel and a
second chworeelo/os3sae first channel is coupled to the firgCTalsampo®e2686D i nj ect
t he therapeutic agent and the second channel is coupled to the second
chanmber to draw fluid into the second chanber when the therapeutic agent is
injected. [0076] In another aspect enbodi nents provide therapeutic device
to deliver a therapeutic agent to an eye having a sclera and a vitreous
hunor . AgG@lR dnl sSHANGHY SubRd GOMEHAURSH ah@ GRIEE! hOILRE 1Rel R A
container 1s coupled to the retention structure and configured to hold the
t her apeutinouetgehthe aplestt ope thsragiewwoment fontbi detended twamt ai ner. [0077] |1 n nany
enbodi ments, the retention structure is configured to receive a needle.
[ 0078] | moosany IemandefBstiments,tBe Sdnddin& @ORIHHSSS pRnEbdlebae G oh@ecdior ect ed
toward the retention structure such that fl?id is mxed wwthin the
cont ai nefCCRNEAN #UeGH98 04 A dsTaps Ui ueBt Pt Wit Ieapieons dlasgians utis egsno pnd fhepany
enbodk Me b saintN@nERIRER] BEficrcBIREd REfe BinchBRIS baRRBaRkitht ri?fag;or(_ﬁ@ sRESre to
material fromthe container when the substance is injected with the needl e,
and t he aonthiadka atdenst eitherppeutipagméd di stal to the concave surface such
that the concave surface directs the injected substance away fromthe at
| east ongo0s2| t Ipaihy chO8BMEntkthabatibek cagpert tieadiriaabaripr @wipdieesa
t herapeutic device to rel ease at | east one therapeutic agent into a
patient.“*ﬁe t herapeutic device conprises a container to contain a
t herapeutic anmount of the at | east one therapeutic agent. The contai ner
conpr i se$0083} edemany pmwpdimentsithé ugd porque direciure spmaiises @ nepdle sipput i ¢ quantity
of the at |east one therapeutic agent for rel ease over the extended tine.
The ¢ont §08d] Comany s@Bodimenty) te palcablse BiruConi@iseOMpphsn bghfRufddakness and
a surface area oupled({o t he reservoirfand confi gure to({elease
t her apeuf§€VARBYRTS adredihandfhe sepiyi 13 RonfigHEsddp i Moo BemEcH!o s PHEVEx t ended
time. [0081] In many enbodi nents, the container conprises a penetrable
barrier ¢M86] glm edny embedieicnie, thirchanpels of a rigid pereusstragivistdonpgseent i ty of t he
at | east . i t t iner ri arsyjer
coupl od 1FAEERER L REEs L, IO AR ROR o g e
channels can remain substantially fixed when the therapeutic agent is injected into the reservoir

15  with at least some pressure.

[0086] In many embodiments, the rigid porous structure comprises a thickness within a range

from about 0.1 mm to about 6 mm.

[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 areca 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

15



contain the at |east one therapeutic agent. [0082] In many enbodi nents, the
barrier is coupled to the penetrable barrier conprises a tube. [0083] In
many enmbodlOreerw@sss48he rigid porous structure conprises RCHASAI16/03160].

[0084] In many enbodi ments, the penetrable barrier conprises a septum
configured to receive and pass a needle, and the septumis configured to
seal when the needle is renoved. [0085] In many enbodi nents, the channels
of the rigid porous structure conprises interconnected substantially fixed

channel s o, s rdfg'fﬂstl%ﬁfe%'f'%e%?diﬁtsffﬁ&ux%%ﬁd bEIRd ofh St @nd@Bide bR HBAEE! s can

remain suBstantlaIIy fixed when the therapeutic agent 1s injected into the
reser voi strydturi t@mairleealstheéwmesgﬁrca@sswféow[D@@@pnmemtlmwn@gbbﬁplmm}sof t he

rigid porrﬁ%r%or%sr}er%tlflr%ﬁ a?lbegsaga]pv I]ilall’ltall’ln pow re%}st%r?ce 0 when a{f‘[]egq slz)rtil(e)%]fﬁlbOUt

0.1lnmmto a he ri por ous Structure
conpr i seshantRiagkslesgkedw t hin a range fron1about 0.5 mMmto about 6 mm
[0088] In many enbodi nents, the rigid porous structure conprises a hardness

par angt efogsirf hirdn@nyg @I'ﬂg@dlfn&@tm tAORME redi®@nM 6 KB HScohRsRAMo DRYstYh&KBliSore ThE
rigid porous structure may conprise a hardness parameter within a range

f r om abothan200sisskef 8 ne fafbmsﬂtto ject hectkerppeutip @980 nte thereseyvosmbodi nment s,
the rigid porous structure conprises a surface area wthin a range from
about 2 N@UOAR) It mafy 2ZmbodiAnts, thORXOesibtandean Yloerdoadspoaid ®,a pri@uicidgopd por ous

structure conprises a lowr S|stance w. The orous structure may
conpri se aamﬁgtﬁﬁg?fpys StgICiH R o Hean %\RP?@ST%&%%EVQ 1 Be SR hREPbi ous
Struct ur enb@Ry. TREPFkSfe @ro? labllodd thé o1%f1s LtRIcBE RRPESHhbING fohanBels Bykiendi ng
betmeenopenlngs of a first side of the porous structure and openings of a

seconfl singe Hgfwhandhqpbewpentistagenttisnmeccted shell thetd physkien|camdetesiing thaoeesensef | ow.

| nter- ?O%Fﬁlghf %W%fﬁl’%‘?ﬁgrc%ﬂl%cﬁl'éé‘@ﬁhhéﬁ/ Rln %@tﬂfe"ra}%ﬁt”ce%gﬁmﬂg Tuﬁ?tﬁ el s can

mai nt ai n resi stance e channel s are
bl ocked. % 1] I'n man nmbodi nts, t e Iom1rﬁ5|stance to fIOM/corre%Ponds
to ar esi[ c & gy EnRo iments, the pressure drop across the porous structure corresponds to n

more than a pressure drop of 35 Gauge needle to inject the therapeutic agent.

[0094] In many embodiments, the pressure drop across the porous structure corresponds to no
15  more than a pressure drop of 35 Gauge needle having a length sized to inject the therapeutic

agent into the reservoir.

[0095] In many embodiments, the rigid porous structure comprises a resistance to flow of an
injected solution or suspension through a thirty gauge needle such that ejection of said solution
or suspension through the rigid porous structure is substantially inhibited when said solution or

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

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

least one therapeutic agent for the extended period.

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

least one therapeutic agent for the extended period.

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

affixed to the container and configured to couple to at least one tissue structure of the patient
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than a resistance of a needle sized to inject the therapeutic agent into
the reservoir. [0092] In many enbodi nents, the | ow resistance to flow
correspormie 2bmw/@spaBessure drop across the porous struct rce/uskomm22e8r e t han
about 30 mm Hg when the therapeutic agent is injected. The pressure drop
across the porous structure may conprise no nore than about 20 mm Hg when
the therapeutic agent is injected such that a physician can determ ne the
presence of bl ockage of the interconnecting channels when the therapeutic
agent i's idheClGfled bAIREITH e [ NE TRAGLARELS mab NEnRAESTUIE OF APoRIARS the
porous structure corresponds to no nore than a pressure drop of 35 Gauge
needl e t patiamt et whdveinttheerigig @atous staupeure is digoset onl af lepatraypastitroali the eergaingrhe
pressure. dr ross.the porous. structure caordesponds, o no re.than a

bt easur o DR 328 15 PREBHTI RN & SETGRRCEN R BamR Biidfe

t her apeubpbusagerture birbd digposab@r atdéast a pEOSDHT tha commeravbaclisediatas Jeasthoacri gi d
porous structure conprises a resistance to flow of an_ injected sqlution or
suspensi SHTAPRRARAT RNt 0 “ﬁlﬁlﬁ’g@eﬁ’été?ﬂ“éh‘é?}efh therpgequs bugtep @%qq*oga@adﬁe

sol ut i onsQkrah BHREBEIVT thdEyRUBNhE BRehidedipdri@r ous structure is substantially
i nhi bited when said soluti'on or suspension is injected into the reservoir.

The reserypi i vent.. . o . © I - L ume
of the r B0 o T TRbAAGefhs A R Ry T PO G TER Epork O of B 01
or suspensitoinciab rélbec dic dt &astononierifeetiageut ine thg entcotChuntdrdas@nt igivat | east
one therapeutic ent faqr. the exLended Beri&ﬂ. [0097] In many enbodi nents,
the vol uf@Pertip e el thecye dordhs 8endef BR5i%bout 10 uL to about 200 uL of a

solution or suspension of the at |east one therapeutic agent to release the
at | é8st (G981 t hemape embedizgetptthe ggidtpeeous streqideds gepdsedion § pEI8al partieaRy
enbodi nent s ' ' - I - [ re
artixed 5 s AR Bk EC oot IR E AR 1R B b ST RLABROTREMERE OB,

st ruct ur enobr nbie gfatcilant baty drherabxtubndedhpeaikiodthe chhe at | east one tissue
structure may conprise a sclera of an eye of the patient and wherein the

rigid poi@wi) st HehyE@bbEMEhS RAS ALIdPIrAk shr®@sit cBmPASd QR Jridficd @Al ner
to rel ease the at |east one therapeutic agent into the eye for the extended

peri od. ThEgetitgiue Pdicatys vdep netitieneddmthelsgc.di sposed on at | east a portion of
the container to rel ease the at | east one
15 [0102] In many embodiments, the rigid porous structure comprises a surface oriented away

from a lens of the eye and toward a retina of the eye when positioned in the eye.

[0103] In many embodiments, the rigid porous structure comprises a surface oriented away
from a lens of the eye and toward a retina of the eye to inhibit a cataract when positioned in the

eye.

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 penetrable 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.
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t herapeutic agent into at |east one of the vitreous hunor, the aqueous
hunmor, the choroid, the sclera or the retina of the eye for the extended
period. [WO20jo/dsss4sany enbodi nents, the rigid porous stPaEiuse@oioz26di sposed
on a distal portion of the container to release the at |east one

t herapeutic agent into the vitreous hunor for convective transport to the
retina of the eye for the extended period. [0100] In many enbodi nents, the
rigid porous structure is disposed on a proximl portion of the container
to rel ea?@l()rsf'e I@ﬁlahf %ﬁ%o&ﬂl@ntrs hﬁé ﬁgﬁ%ircﬁls Q&M re! cgltnﬁrlée'g% p“fﬁrﬁl‘itﬁ%@'ﬁ fElLHE'P(FuSt Y
couple to one or nore of a ciliary body or a trabecul ar E of the
eye. [ Ol(stll]lctmrns ccamicddoiwdisepraisandtchefigurgl © rploassuke dtleagcengrtberepmpe bgms a
surface 8 ; agmulgmg;d a target tissue of the eye when positioned in the
eye. [01 1% ﬁ p ﬁbOdlnents the rigid porous structure conprises a

surface orlented away froma Iens of the eye and toward a retina of the eye
when posil?%08hedn many ﬁ@b%‘y’é‘emfdﬁ)%ldlmf%ﬁ\}u‘é’tﬁ%ﬁaﬁlﬁﬁ?ﬁs§‘ meled gid PO ous

Strchurgn&ﬂﬂﬁrWﬁ@ﬁmﬁkaQgﬂﬁ&ﬁm%%h%&h&ﬂnéwﬁﬂmﬁEQH!@m&%ﬂ@oﬁgd&$%lﬁM§o@@d
toward a retina of the eye to inhibit a 'cataract when p05|t|oned in the

eye. [0104F cpnplnéwh@rﬁg@dpmm eonfigheed 4¢ rdleaas the ghlsasdtoss therapeytisoagantefor the
conpri se i tiva of the eye and the retention structure is
conflguréﬁé?&%g&ﬂgid outward fromthe contai ner between the sclera and the

conj uncti v o retaln cont ai ner for the extended period t ai ner
may corrpr[‘?@g a THBRRY F%E?‘gmﬁ%ltﬁart eresdngr %Pﬁmﬂlﬁémt?élﬁgf‘?ea"BP@glﬁﬁfﬁ T&r3%nd

the ret epfdQRudd LHHGINY & (R & 18REEhARGHHIUE 86k rt CorfdsPorillitLiotl @at@Ra®dn of at
surroundi ng ti ssues when posSI tioned in an eye. The retention structure can

i nhi BPt  deastabeyteh0 1t heeped @y jof Eitiepamhuminy ifergpn; axten dechrerieg of duleash gbauéthirgd i ng.
The retentjgp structure may extend outward fromthe container and conprise
at | east one of a suture hole for attachnent to the sclera via a standard

suture. [ &@%} n nangmgggodlne ts, ther orous structh & j.ses a
pluralit Ro]RV ) m§]E‘tF1I t PEYOEs 8(130 O PHETFE & SOBIETER Y reledse
confi gur egrd fuﬁ@irﬁ@tﬁ@s $thiBe AlledsE@Rtth@BReutib 85aP 83 dsporRBRIM af @hcdnfiti@xéapded
peri od. I n many enbodi nents, the rigid porous structure conprises a
nol ded r e@ptcpbpbtrQ)Q.lsug per ml of vitreous humor and no more than about 300 pg per ml for an
15  extended period of at least about three months. The reservoir and the porous structure can be
configured to release therapeutic amounts of the at least one therapeutic agent corresponding to
a concentration of at least about 0.1 pg per ml of vitreous humor. The reservoir and the porous

structure can be configured to release no more than about 10 pg per ml for the extended period

of at least about three months.

20 [0109] In many embodiments, the at least one therapeutic agent comprises a protein or

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

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

bevacizumab. The at least one therapeutic agent may comprise Aflibercept™

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

therapeutic amounts of the at least one therapeutic agent corresponding to a concentration of at
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structure. The nolded rigid porous structure may conprise at |east one of a
disk, a helix or a tube coupled to the reservoir and configured to rel ease
t he at | ewet20mvs834Ber apeuti c agent for the extended periPau/USp@LO7I631 N many
enbodi nents, the reservoir and the porous structure are configured to

rel ease therapeutic amounts of the at |east one therapeutic agent
corresponding to a concentration of at |east about 0.001 ng per m of
vitreous hunmor for an extended period of at |east about three nonths.

[ 010_8] I %a%@ﬁuﬁﬂpﬁgbmt Oc'f’Vit}é&%_S h&R&T Viflere @R AG tROFPHUR sthéRldh Geare
configured to rel ease therapeutic anounts of the at |east one therapeutic

agent corerspondd mgeaso na noonthentbatt il B g pfr mt for emsticredsd peri@l oflat fgstpdputfl  of
vitreousnp%ﬁgr and no nore than about 300 ng per m for an extended period
of at |edS¥"Bbout three months. The reservoir and the porous structure can

be configured to rel ease therapeutic agﬁgnts of the at |eas oqg
t her apeuffid3hgdhmapy FRBAHBRYS1EC TS8CTHOE BREBRPPIS SiHIcsC gic qoaHgieaiogeleass. 1 ny

per nk Ofh¥ddehlGOMR W B the dNEast GRAAMBDutiB Bk B&re@ﬁ&mﬁﬁ% Rlal SR EB GAGF o€
configured to rel ease no nore than about 10 ng per m Tor the extended

peri od ofcastabpuidst uabeun! aftviteeeusrbwmnersand[n0 nO@} than aheuty OegtpetinhEonas, t he at

wer ght _of SRR bEa Ao BOMRNT iR, RS e o eI PR G A TR B
| east oneoifiiiraite uélese dgedpeuttommainsed the MEEst drrehthdrbpanric agddl ddrfespondimyty

enbodi nents, the at |east one therapeytic. agent conprises at |east
f ragment AGPIEATEHY Yk a5 4oL Ot il of megvﬁ%wfgﬁd PeeFS o HEue

Dal t 9ps. pdingl @k ah Bastde@Perid S AR ILEuRIERE BRYhsCONPr i se 1 ani bi zumab. The
at | east one therapeutic agent may conprise bevaci zumab. The at | east one

ther ape”I‘[&ﬁAfgzﬁFala{}?émgngRlEﬁt§,e[?é°‘fn'teitrP&1%8&Hl (i 1409}%%3%1!5 ngﬁé‘éfmﬁﬂ%’gﬂe”ﬁ”t S

t he reservol orous structure ar€ configu ease
t her apeusized snbuint sizobf mbkecalts passitthoogh thhehapelstdaf theadgd poroos staspondi ng t o
a concentration of atleast about 0.1 ug per m of vitreous hunor. The

reservoi [o@ABH YRR EAYSIHEANGhEIRNEAS 0P GERI dBs@udBre BhPASEa RRIORN €
than about 10 ug per mM for an extended period of at |east about 6 nonths.
configured to limit a size of molecules passed through the channels of the rigid porous
15  structure. The hydrogel can be configured to pass the at least one therapeutic agent comprising
molecules comprising a cross-sectional size of no more than about 10 nm. The hydrogel may
comprise a water content of at least about 70%. The hydrogel may comprise a water content of
no more than about 90% to limit molecular weight of the at least one therapeutic agent to about
30k Daltons. The hydrogel may comprise a water content of no more than about 95% to limit
20  molecular weight of the at least one therapeutic agent to about 100k Daltons. The hydrogel
may comprise a water content within a range from about 90% to about 95% such that the

channels of the porous material are configured to pass Ranibizumab and substantially not pass

Bevacizumab.

[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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[0113] In many enbodi nents, the reservoir and the porous structure are
configured to rel ease therapeutic anounts of the at | east one therapeutic
agent corweopuwdBilg to a concentration of at | east abourCO/UB2ug/opmB1 M of
vitreous hunmor and no nore than about 10 ug per ml for an extended period
of at |east about twelve nonths. The reservoir and the porous structure can
be configured to rel ease therapeutic anmounts of the at | east one

t herapeuti c agent corresponding to a concentration of at |east about 0.1 ug
per m  ofigiMir} I €RHSNPURBEiARRs R BRLEIZANANCHRUES 4 RclPbREA: HiinahEd an

ext ended period of at |east about twelve nonths. [0114] |In many

enbodi memomocloigd [§@k atibohneofigwygd éhiaind &l andofihibitethe byl aipatiouy oshunat ure ar e
sized to_lim.t a size of cu assed through_the channels of the rigid
por ous. st PR eRotER a8 SEOHTBARA R CHAD-LAG FRERE Rl (G o

por ous sftifateivarkeregonpindst@e sorhyldmegetityaRtdingimed gioas bf Mntirige &itibedyf

nol ecul es passed through the channels of the rigid porous structure. The
hydr ogel Ce¥HUE et tangrFéLaF ! ‘ﬁ‘éf‘é%mtﬂﬁebeé{?“?‘%%@’thaéﬁé“‘ﬁ??él 4 BER ef agent
conpri si BEHBRIRAEN €45 EPARGIsSI Ng a cross-sectional size of no nore than
about 10 nm The 'hydrogel may conprise a water content of at |east about

70% The o] r e f e ut 90%to
(i ¢ ol O8] ot e SERES U rotBhSimERR! e P IREE aI8hs 82800 *Sok
Dal t ons. chdmchpatinegeal andayudarpidasenfigwad errelasttearhpaitic amonms éortthan about
95%to limt | ecul ar wei ght of the at |east one therapeutic agent to
about 106KTSHEHES %%953%53& CORBYIST & IpINE SENE Afap et B APRH AR
rangeof r o0y Ak oRRK hidy @baptiscOPXLsUsihih B3ingt RO AR S0 ok BV PALEUS
material are configured to pass Rani bi zumab and substantially not pass
Bevaci zuirel9sity may epmpriscragijucarioe b ange srom 4heurEinithpboyih®oc dhpporogisy may
rani bi zu - ISl - 14 i I I -
i1 body TR o P 8 ERE T DR Tholl 10N B 05 R Rl RS ffPhec
rani bi zuaeblue svithond ragpe sdrdnoatimund0% oo alswaht Rki bit t he bi ol ogic activity of
human vascul ar endothelial growth factor A (VEGF-A) and wherein the
Rani bi zunghopasn &aﬁ%kﬁ%ﬂiﬁém\é\ﬁhg ManfEl pRRRRX cBRbALY a4f pkralRick 0feshOddldd | N
many enbodi ments, the bevaci zumab conpri ses a reconbi nant humani zed
nmonoédf on#t the datuogitt piybelghamaelsi gured to bind to and inhibits the biologic
activity of human

[0120] In many embodiments, the channel parameter comprises a fit parameter corresponding

to an effective length of interconnecting channels extending from a first side of the porous

structure to a second side of the porous structure. The effective length of the interconnecting

channels may correspond to at least about 2 times a thickness of the porous structure. The
20 effective length of the interconnecting channels may correspond to at least about 5 times a

thickness of the porous structure.

[0121] In many embodiments, the rate of release of the at least one therapeutic agent
corresponds to a ratio of the porosity to the channel parameter, and the ratio of the porosity to
the channel parameter is less than about 0.5 such that the porous structure releases the at least
25  one therapeutic agent for the extended period. The ratio of the porosity to the channel
parameter can be less than about 0.2 such that the porous structure releases the at least one
therapeutic agent for the extended period. The ratio of the porosity to the channel parameter
can be less than about 0.1 such that the porous structure releases the at least one therapeutic

agent for the extended period. The ratio of the porosity to the channel parameter can be less

20



vascul ar endothelial growth factor (VEGF) and wherein bevaci zumab conpri ses
human franmework regions and the conplenentarity-determ ning regions of a
mur i ne arwoOkzotyossssfi gured to bind to VEG- and wherei n Phe/usemaorswdmab has
a nol ecul ar wei ght of approximately 149 k Daltons. [0118] In many

enbodi nents, the porous structure conprises a porosity, a thickness, a
channel paraneter and a surface area configured to rel ease therapeutic
anounts for the extended period. The porosity may conprise a value within a

range frem,abolo. 6%%%1?&1%%%01%%/ %tru-Elﬁﬁe RIERS thy afB¥st GAMEI &R ¥t 'i'@r the thin
a range from about 3% to about 30% The porosity may conprise a val ue

wi t hi n acktandsd periodn about 5%t o about 10% The porosity nay conprise a
value within a range is fromabout 10%to about 25% The porosity may

conpri se[@22p! Uemahy BinBodmeangRe tifinhélParaatescohPfivdsa valno b al203t at5<ﬂ1119] I n
many enboglnents the channel paraneter conprises a fit paranete
cor r espordf Hyue 8f thashangek RisAmsr TBFY qamPprishaiast about &1 3hy Chaﬁnﬁmﬂm@ter may

enbodi mephSpridcheyharelcaRananet er conprises a fit paraneter correspondi ng
to an effecglve l'length of interconnecting channels extending froma first

o o AR TR YR LS e R SFRAD R BB MBBHE e,
about 2 tyittesragio bhihe m@sﬁy ‘@fhesf. NEofdeoOtidab il’é&l cf tlhé poronhenehfredivided byemgt h of

the interconnecti ng channe ma rrespond to at | east about. 5 tines a

t hi cknes §ﬁ kRS Res & |2 E‘Efiﬁ%/%fctﬁf‘ BTQQT S s I?gB‘EﬁS ﬁ’éﬁ‘?{l‘i‘ng fHess tg‘“t e of
rel ease @fost fiRtidhal hRas Trh@ﬁ@roﬁsl”'ﬁfu%ﬁ%lﬁlb cHERNE aGOERTRE AR X LPnénodd then Of the
porosity to the channel paraneter, the ratio of the porosity to the

chanh@| pboudddtam. jThe perys @ﬂﬁmﬁuranmutcompssmtelﬁa@mte in¢ex Qaosyge drapabeuie
rel eases n{rﬁ.eTf’i‘é SRS TrPRR %@;‘? %éte'a‘%e@%%%t En%rex%PS feetﬂﬂ?%h REIhogy, The

rati o of e po osity tot neI parane can ess an about 0.2
such thaﬂhtbanpomnmaushmycbmpﬂwnehkaﬁﬁswﬁmkx&fnbeaséﬂmmebmméﬁapmuﬂme agent

for the extended period. The ra i o of t%3 orosity to th@ chan araneter
can be | 8L9UE HEIHRBEY COMRTI Ay e??f’aff‘tetl &%PB&%"T% B APRHE 8- L 1Bie ]E%é at

| east ongudigt aRSWohrise a release rate index of no more than about 0.05 mm.

15 [0124] In many embodiments, the channels of the rigid porous structure are sized to pass the
at least one therapeutic agent comprising molecules having a molecular weight of at least about

100 Daltons.

[0125] In many embodiments, the channels of the rigid porous structure are sized to pass the
at least one therapeutic agent comprising molecules having a molecular weight of at least about

20 50k Daltons.

[0126] In many embodiments, the channels of the rigid porous structure comprises
interconnecting channels configured to pass the at least one therapeutic agent among the
interconnecting channels. The rigid porous structure may comprise grains of rigid material and
wherein the interconnecting 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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agent for the extended period. The ratio of the porosity to the channel
paraneter can be | essthan about 0.05 such that the porous structure

rel eases wbeosnrosB&ast one t herapeutic agent for the extectas2@entwdr [ 0122]
In many enbodi ments, the channel paraneter conprises a value of at |east
about 1. The value of the channel paraneter may conprise at |east about 2.
The channel paranmeter may conprise a value of at |east about 5. [0123] In
many enbodi nents, porous structure conprises a release rate index

det er m ngdnyroft @af QéduPz@ﬁmt N8ie BAFRS htelid MRS Bnfphi0S §riR0F hARAL! AngacPf the
porous structure divided by the channel parameter tines a thickness of the

por ous sﬂmuumu$eHtheanhvwkm%QSHéX®emuﬁﬁ@nabmn§§unhéﬂwwusgfée@kn@hmhyarea.

The porous struct.ure a release.rate
about 5. omBRE S R G BB B i S A PR Bl PR Rl o

nor e t has vaboThe s2ntarmi mbleiapobp tempsiise yedinly & maEyrid dnphick ehegrbial easgriscahe
i ndex_of no nore than abqut é 2 mMm The porous structure nmay conprise a

rel eade PRTASS FrefeX PO 1RBRROY HA about 0.2 mm The porous structure may
conprise a release rate index of no nore than about 0.1 nm The porous

struct ur é0128) dompny S@b@dlméme,atb@sm@teé mateieat cofipngss govies afmzatersbout 0. 05 mm
[0124] I Q& gx?ﬁgg%ds adé b ﬁ%&"cﬁé Sadlit 0. i‘e%rﬁé Qhr‘éreﬁ%ﬁé{%l %(%I{lﬁr(fﬁtegr € are

sized to pas One era euti c ag
havi ng a gfmhseaflﬂﬂlmrla\hm@?lpormiﬁn@lb alreaBd glafil@blﬁnd 1kde Imintabﬂﬁt 0 2 (Ihzﬁjntdrétl many

enbodi nent s, . t he channel s of he rlg us stru tu e S|zeﬂ to pass
the at | S&&griabRay CHBPISSHAIPTO é@aéf"ﬁla 8%*%% H%gtor?o‘?“% eﬂ W Bg bl ecul ar

wei ghd ohb@it oleagte saRatd makkalRahy @isprist @ﬂa%@]ofh{htémworﬁéap&fmﬂgeteta%nedﬁehe

channel s of the rigid porous structure conprises interconnecting channels
conf i gur &tde of pagwra then ahouf @4st one t herapeutic agent anong the
i nterconnecting channels. The rigid porous structure may conprise grains of
rigid maf@roal Immdnyvhmbmiimentb ght cliaand e aneactd rtgpashﬂ]era@blstimiaemtsa)f tHeadist
partially arou the .grain i gi.d teria} pass Hﬂe at | east one
Pher apeutss QR OUgH DHBep o e ra R for W GRAhEnSt 1« grd materi al
can be coupl ed together at |oci of attachnent, and t he i nterconnecting
channel s[0130] Inmany embodiments, the channels are sized to inhibit penetration of microbes

15  through the sintered material. The channels are sized to inhibit penetration of bacteria through

the sintered material.

[0131] 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 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, elgiloy, 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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can extend at least partially around the loci of attachnent. [0127] |In many
enbodi nents, the porous structure conprises a sintered material. The

si nt er ed waterwmBs4say conpri se grains of material in whiPCh/ush@ogemsdns
conprise an average sizeof no nore than about 20 um The sintered materi al
may conprise grains of material in which the grains conprise an average
size of no nore than about 10 um The sintered material may conprise grains
of material in which the grains conprise an average size of no nore than
about 5 B pIdE PSS GleARLRL bAERRORRIBIAS @RbSTeR potphead,al i1 whi ch
the grains conprise an average size of 'no nore than abou? um [0128] In
many enbodiyserens, polyrerydite tpelhyekthmatydate.alr pelymprdeses grai ns of materi al
corresponding to a nedia grade of no nore than about 0.1. The sintered

mat eri al [@IGBPr I8 aBngt@absEmeits, At erleat oahéapqon dipdg sfoteddn fiede&rgiiasiehof no
nore than about 0.2. The sintered nmaterial may conprise grains of material
cor r espoRtAECT WMPTIREHt eagrag OF a ol s nerbgatdsistenedhegaperte aginhiter ed

mat er sal soRot OMmsaf B 108t He hBhSNkiBhe GRTS KSRABGH BOMP iR B Al Ragbade of
no nore than about 0.5. [0129] In many enbodi ments, the channels are sized
to pass thsesnapletiagent, garaiales eoraprisofg thhet laast pegiberapendictagent agsoubdddhergemior

t hr ough . S I r..t e e jme. [0130] In many
enbodi e F%CI%% Ee&%%ﬁoi}h@ng tg?}lee aféli)efls'eté)g?(t)he?%ﬁgtgﬁ 2&e%{énet ration of m crobes
t hrough the sintered terial. The channels are sized to inhibit

penet r at i{¥4bf I%E@%F%ﬁ“ﬁﬁr@%’gﬂﬁe 5%0651? R G iap e lupmgn 843 cqrpuidany

enbodi ments, the sintered material conprises a wettable material. The
si nt er ed [WeSkr ilmhnatley asppeperslimeniepiozigh ehommpeatiq ¢dvicedo reiisbiptlcistbid es
Wt hll()‘ t r‘[‘heer %Qat?cn?eéeﬁt i%Ioe;[ ha?ierrﬂq{a {nl %l 1} tiI{aQ %%hhére?pe%@ %{ev?crgbc%gnl Iirigepstasmn{ari]r%r to
sintered materia conprises a East One of & metaf. @ ceramic, a glass or
a pl asti contdine thérapenrie dmomiterf kel at teayt ono tpidpsesc @esl. Nitercedtadeniasprises a

material and the _ conposite materi al conpri ses % or nore_of the netal,
the cer affEvopgtg HhwnG g RS Bhngaic By o t\ﬁoﬁa@ &pst ane helPeitpr i se
t he net alg@ gortrbigasiRy & theBMefRIBeS Thatoht@RSE coi}Ris®f a Mrousltructiid i nol ,
stainl ess steel, cobalt chrome, elgiloy, hastealloy, c-276 alloy or
comprising a thickness and a surface area coupled to the reservoir and configured to release
15  therapeutic amounts of the at least one therapeutic agent for the extended time. The porous
structure is disposed on a distal portion of the container. A retention structure is coupled to the
container to couple to a sclera of the eye and position the porous structure at a location of the

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

the vitreous humor.

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

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

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

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

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

of a cataract when the steroid is released.

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

therapeutic agent into a patient having a retina. The therapeutic device comprises a container to
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Ni ckel 200 alloy. The sintered material may conprise the netal and the
metal nmay conprise at |east one of stainless steel 304, 304L, 316 or 316L.
The si nt ewedormsessBal conpri ses a ceram c. The sinter edPomtUsSeé1alo2zsonpri ses
the glass. The sintered material conprises the plastic, the plastic
conprising a wettable coating to inhibit bubble formation in the channels
and whereinthe plastic conprises at |east one of PEEK, polyethylene,

pol ypr opyl ene, polyim de, polystyrene, polyacrylate, polynethacrylate, or
pol yam q%ontgig]a‘?tgaraﬂe@ltigﬁﬁ)ﬂuﬁ'@P%' AR Sme ttﬂ%?ap%ﬁtié_ fg%ﬁ{ m%oﬁﬂaﬁfe@&ﬁ‘ﬁgﬂs@s agent
stored in the reservoir of the container conprises at |east one of a solid
conpri si mggetvie vath 4 edgne sined tolventapeuthiwpagemuantdy sbihai loast contheiaptuiy t he at
| east ong é[nk[] 3rd eelf'steio%eratgee n)Etendaed TP a2 i08 GRS | %fse toqgusattrulct%raeSt one
therapeu?gc agen?, particl'es conpri sing The at "reds ne t%erapeutic agent
adsor bed coiprignna thicknparahd alsesadeavarcdupley tdxbe rdertyoir ahid c@ifigumdsd rademte

t herapeutic agent. [0134] In nmany enbodinents, the device is_sized to pass
t hr ough Arapvre %Pflmaltsc%fﬁ%wg?asr @fégqrawwﬂaﬁ%ﬁtnﬁ fyr t%%@@iﬂ%d? RPSUbr ovi de
theFapeU%ﬁ&xﬁ%Yd&$xk&1&?&ﬁﬁ&ﬁmﬁboh@ﬁ§&ﬂﬁﬁﬁnﬁhﬁiap%REMSnaﬁﬁﬁhehﬂkﬁp@dRﬁF'e“t
having a retina. The therapeuticC device conprises a container to contain a

t her apeutheccoginingnto elipketiea aeleaed die aynend pesitagpehe peroapencturcTia leetipaicher
conpri se r i i .V j 0 Al LC quantity
of The: s SFETNE br ekl el ohl pERolY LAY B N BBRUIE T e
The cont aicslevork @ffpifcicye so @eqp@laattsnast ruct ure conpri sing a thickness and a
surface area coupled to the reservoir and configured to rel ease therapeutic

amounps ei14ohe [@aheasbodnents RRE ARRYEIE RBRFompBEestRoRxdIacles £ 1 me. The
porous structure is disposed on a distal portion of the container. A

ret ent i ofrostaglsadinragalog. coupl ed to the container to couple to a sclera of
the eye and position the porous structure at a | ocation of the eye to
del i ver f0lgl} hén apehbdriaspcagentodioyas proaidt amgetiodr efgicatingodn dykef ndbvingaw t h

convective flow of the vitreous hunor. [0136]. I n.many odi nents, the
Carger | SEEOMSHIGH DS b Aot ESHHSS o SErERT SRTEA o a 1 esi on
coupl ed tgnthingr it poERSnct MR QIntdiMte hheh theApeltRkddunt 6F SBEMp&RRagideMhs, the
therageutlc agent conprises a macronol ecul e and wherein the porous

st r ud ur EORHRPTGOFWEISER RATRWHHEEUTTY Telpasa Hherapedticanoungs ¢flxattlepst one
macr onol %ﬂp@uﬁc agent for the extended time. The porous structure is positioned in the vitreous

humor at a location away from the retina to deliver the therapeutic agent to the target location

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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[0138] In many enbodi nents, the therapeutic agent conprises a steroid and

wherein the porous structure conprises a surface oriented away froma | ens
of the eywoto10oski4it fornmati on of a cataract when the ®Cemseaoios268el eased.
[0139] In another aspect enbodi nents provide therapeutic device to rel ease
at | east one therapeutic agent into a patient having a retina. The

t herapeutic device conprises a container tocontain a therapeutic anmount of
the at | east one therapeutic agent. The contai ner conprises a reservoir

with a valupgsist 2 8ckhOssCONRR aRa taﬂ(?fn@é?@dﬁhk&in%gﬁgﬁﬂelsyco led REhatesk 98t one

t herapeutic agent for release over the extended tine. e cont ail ner

conpr i sesndcqdizowd tetalanst thempewippmiaintygf shet #hileakirmms shesapguac asgenf toe éhear ea

coupl ed L0 ARG [GSHLNVOLE paARL: SANLIOMLSSS 8 1 8lERRELSE ARSHLL G ATRYRLS Of
the at | &ast one therapeltic agen or ot he” éxtenbed T Pe. € porous
st ruct ur ehd & lddbtso siedapeoti @agenOXitdmht cpOrA paiet@ble bhgice Grivaplagto thArdgsetveit i on
structure ié,i cou(gl ed to.tqe cont %i ner to couple to a. scl erﬁ of the eye and
posi t ? on 2RhESPRSFG R 2 BraxifealeEion;ot thq aRneE P IGFCIY Han BiFstienotdhe fi/east Pive

t her apeuticaREENM gchO 2 R8ertlon RRE@WRTs 41iRcFio! th@E BRI Wn@ EorfighfARE M 10 2
meshwork of the eye to treat glaucoma. [0140] In many enbodi nents, the

t her apeutissicagéwteye ohthe ipgleant or phosteagbdperiad- or a prost agl andi n anal og.
[0141] In another aspect enbodi nents provide a nethod of treating an eye of
a havi ng[@148] t Teeushdrusmct anisbdamered progide A nicaliqgiadf tleadds inogyeofA ddnenieet i na i s

identified for treatnent. A container.is positioned, .and. the container has
a t her apEOPPESIBRBIRETVOR alédi‘ﬂ%qﬁgﬁ@ﬁgf‘%wéﬁ ced gigast Btialbnibrough prlicrgd the

por oy SEydlGiHdfcen the rés%fv%ﬁr%%m%ﬂﬁ‘és%ﬁﬁﬂ&.i At RERVAL Secfe it PRsal thk®@Bthoone
t herapeutic aglent for the extended tinme. The porous structure is positioned

in the viperadivbls bauie pndathe gonjvrciivh dispaska pverrtbppensaable bimar. t4 thieneyier t he

ther apeu%h%ulﬂ%?gf 18%_53 Sﬁx@ﬁlﬁﬁlﬁ%&?agh@qgﬁlheg&d%goﬁl%ec%\/a%&' )fﬁ% ﬁhlﬁ‘% ﬂfe rEsQ?Vo.ir

vit reous hunor. n odi ment's, e target cation conprises
chor oi dalis subge@mtly ranozdtfoonthofcostambiowhindhofhetdpeuteyanamauligdettd t he tar get
| ocation of the retina and wherein the therapeutic agent conprises a

macr ondl eeUee YR nlah@ehbddiResBahOfFRAlcoRPAYRASNRS 1 zat i on. [0143] I n many
enbodi ments, the therapeutic agent conprises a nacronol ecul e and wherein

15 [0147] Inmany embodiments, the fluid comprises at least one therapeutic agent.

[0148] In many embodiments, the at least one needle penetrates the penetrable barrier at a
locus of penetration, the method further comprising removing the at least one needle from the

penetrable 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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the container is coupled to the sclera and sized to position the porous
structure along a flow path of the vitreous hunor extending toward the
target | owet2omwnssj4®144] | n anot her aspect enbodi nents pPoTiuseoia/oetsar apeuti c
device to release at | east one therapeutic agent into an eye of a patient.
The therapeutic device conprises a container to contain a therapeutic
anount of the at |east one therapeutic agent. The contai ner conprises a
reservoir with a volunme sized to contain a therapeutic quantity of the at

| east ong,[hh&] SNAYALT 1EasROR VherhPutiC BLGRSR 1Y nc HiFaR¥ i C R adsbiTRd od N€

container conprises a rigid porous structureconprising a thickness, a
sur f ace asmialeandatileseonecherepduiingzahaavaesitdy bowmdloagattwlashe reservoir and
configured to rel ease therapeutic anmounts of the at |east one therapeutic
agent fofomshp exheskiedsgectyembbdimenits @rdlidear duvicesd it b leastibspsapedio a

di stal portion of the container to release the at |east one therapeutic

agent i nf& H¥O @ yentaiperRosiiopeditdeagtpariiadly withip gigsved hesleyie coBREEYdi r and

di sposed ;Rimier B Rl TeherBROGE Qinfly JthE1EARhAIREHIR doBREI AMMGeRorHceML ion Of
the at | east one therapeutic agent. A retention structure is affixed to the
cont ai nerounid! todhd ¢hgmbetendeoppuping atfiostaumérsyzed tofnjedigheey éeagifone hergpatiient

for the g%{n? %Q$ﬂle%%£{a81gf ar{doals%alndbﬂm%@ OLOFL, ARG qui RO QLB g)ﬁ'eﬁjg a

nmet hod of ®treating an eye. A contalner conprising a reservolr and a

penet r ablgearbiay of @1castsonpltikegatuat agedaistinipaed.i al |y t hrough a sclera of the
eye, wherein the reservoir conprises a fluid. At |east one needle is passed

through {é3peneifagPb@boamEhE! th@idedshonCRBIMREMpMss AiIfRRISEH: BYRled D ehe
penetrable barrier.” A therapeutic anmount of at [|east one therapeutic agent

i s iApecrbambonend ¢ preopdncdiormoppled e fecenterld fo re¢revertbg Bawidiccted fiopbde ant i al |y
renmoved %ﬁﬁgh&hﬁmgﬂﬂé HggiPﬁﬂggaggﬁcgggﬁﬁgﬁgg%g.anDunt is injected. [0146]
0 he urdc urfe

In many e Iments, nprises a r. [0147] In many

enbodi e .. the fluid conprises at | east one therapeutic ent., [0148] In
many b Qb dE fnaP%EmB?‘ﬂ’inB%té’ttﬁ%ﬁ@e%@&ﬂ nge HB‘PPlaieéé‘efEﬁéleb‘ﬁ%%ﬂPé@é‘I @ Marrier
at a | ocyBarRfer RERNEEBhA ARRdIt R8P RBINPR cEpEAUNBTdE PAMEINSD Rebelve IRV §ibQedt

| east one needle fromthe penetrable barrier. [0149] In many enbodinents,

t he cont &opeihe egnppersrlenghe jtdeagt pnsrtberapaiipeemét insetedi al configured to
rel ease the at | east one therapeutic agent fromthe container for an
ext emnfled [0155] In many embodiments, the first lumen extends to a first opening and the second lumen

extends to a second opening, the first opening spaced apart from the second opening such that
the liquid of the container is substantially replaced when the quantity of the at least one

therapeutic agent is injected.

[0156] 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 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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period of at |east about three nonths, and the rigid porous sintered

mat eri al conprises a needle stop di sposed opposite the penetrable barrier.

[ 0150] | rwoenw/is8338di nents, the at | east one therapeuti eCagsaoioz26enoved
fromthe container with an injection of a solution in response to a patient
reaction to the at | east one therapeutic agent. An additional anount of the
at | east one therapeutic agent nay be injected into the container to resune
treatment of the patient with the at l|east one therapeutic agent. [0151] In
many errb@tgﬁdﬁ@tlssafﬁ;{&?toefﬁe ¢ RBRher 3E céﬂf%ﬁ%BQHkbL&l@ﬁ%%lekﬂﬁﬁé &f dr @ﬁ iB&
cont ai ner conprises at |east one of a suspension of solid particl es of the
at | east forke tHierdageatiddc agent, asol ution of the at |east one therapeutic
agent, at |east one therapeutic agent adsorbed on particles or at |east one
t her apeuf01G7pgenmahe v@bsdibkiyts kbl fide Bhoahétpdgis agdid toRprided rafiitiedb. aspect ,
enbodi ments provide a device to inject at |east one therapeutic agent into
a cont ai f@IsgPOSh faffp @ﬂb@&lm'eﬁ@sthe RAELst Shd herdbduic Rodid %orﬁﬁﬁses bbecHaMhEe
conprises a chanber to hold a t erapeutlc quant|§ t east one

t her apeu st 9 ou anb 2y and

corpr o W27 nf tmbPT o SdFs BRE) Gt el B el S haet PR et ¢ agent
into the nGMrﬁidll@,r andindflansenens] ahmmeﬂibssgIZﬁd)nIaQrd’a&@ﬁ&ﬂts\/(& nein@ptotectivesn t he
contai ner when a quantity of at |east one therapeutic agent is injected.
[0153] | RorgRny I@HBQ% EB&iSents Nfe %San'n%ﬁc%tmp?l@@s NESH BT SRR ih iRt

needl e coupled to the chanber and a Second needl e coupled to a receptacle
to recei vetended tingeanprisped et dovntiwongatsand ainredeculpheaighhef the af leass bonone

t her apeu gent i ecte 154 ey enbodi ments, the at | east one
needl e cghﬁﬁwsgéaen %mlrmﬁg%%?g[%gﬂ%#mdﬂ¥ "the chanber and a second needl e
coupled to a receptacle nder vacuumto receive th uid ejected fromthe
cont ég ned0AEn [f panyempedients, fhc ﬂwrléypf@mnrléesa?giﬁ?ﬁ %Quﬁ f@dfvh@[r@&@m

many enbeeiARA e ddhriskd & ledstUBR t%t}%ﬁllq 9ndl @ ndd1dculad ’ive%lﬁ?@ﬂ tHQ a@Bgt bhe s eC ond
lumen extends to a second opening, the first opening spaced apart fromthe
second opfempsutisagsht ¢omanriseswas ldaps out ¥k Phkkonsont ai ner i s substantial |y

repl aced when the quantity of the at |east one therapeutic agent is

i nj ect ed [016RL564 mlany ambbddimentd ARE tiuanatth@ehipiise £ 1qastboaie3 lault feinalpetihitle: devi ce

to rel ease at |east one
extended time comprises at least about three years and a molecular weight of the at least one

15  therapeutic agent comprises at least about 100 Daltons.

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

therapeutic agent comprises at least about 10 k Daltons.

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

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

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

extend between each of the first plurality of openings of the first side and each of the second
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t herapeutic agent into a vitreous hunor of an eye of a patient. The

t herapeutic device conprises a container to contain a therapeutic anount of
the at | eset20mmssidBer apeuti ¢ agent, the contai ner conpr PSITAS2@002258T VOI 1
with a volune sized to contain a therapeutic quantity of at |east one

t herapeutic agent for rel ease over an extended tinme of at |east one year.
The reservoir conprises a volune of at |east about 10 uL. The cont ai ner
conprises a barrier coupled to the reservoir and di sposed along at |east a

portion ofurfifg of ERAMEILF thE LRl BRE tJ MmO AldAsd iﬁh@&%ﬁb&&i@%&ﬂtthﬂ%émh@ t he

reservoir. A porous Structure conprising a thickness, a surface area and
channel s ppwug stuplturd when partialhelsleckedi A mivdticostfuctue saffixedrte fheawatairietoapeut i ¢
anount s qf tlh,[e A Iraeatst}l one &, erahpreltuftir agteﬂ%j dfori ahe extended tinme of at

| east on§m§€%fi %ﬁ% %or%ﬁ%a%tr%% ﬁreolsegoﬁpf%&mf8'the container to rel ease

the at |east one therapeutic agent into the eye, Aretentjonstructure is
affi xed 14 65he [&BRIUFRE? laﬁ%rsffgwae@ﬁ? efdhe Berptipica et troggh BELoBSt he eye of

the patiepfcthiRhis hiiBsch SRR PaRBl) 88ckdOdial partifledrany enbodi ments, the at
| east one therapeutic agent conprises ranibizumab. [0158] In many

enbodi ne the at | east. _one therapeutic.agent.. conprjses, hevaci zumab.
Loty ity - BE pith BRSNS, hORIAREN hE uREPN IR bREE BE ERREL T
st er oi ds strinmins tiemeinthitded ,whh tphitia fl} Blvokddoritlepartielad. i bi oti cs, gl aucoma
treatments or neuroprotectives. [0160] In rmany enbodi nents, the quantity

ConpriseTﬂﬁ#{|@@ﬁhnﬁQ@H&&@@mﬁhh@ﬂﬂmw@ﬁﬁﬁéﬂwﬁﬁ@mﬁ%&EHQQ%ugﬂﬁEp%R%EriSes at

| east about two years and a nol ecul ar wei ght of the at |east one

t her apeusirectargenmaiptimedivdes pattialle hlockedowith paddeDeimmpisgrg qno pexjord of many
enbodj e t [ r Ll 20. ul and wherepn the
ext ontioq op e L BHARL ubory SPRILAER oGP bac Ml AL PR 1 o
t he at | daghd@inBerbprariapguit,iand dgattiradodribctapesicaigenteast coalpdidé a tehflrnbdalohans.

[0162] In many_enbodi rents, the quantity conprises | east, about, 30 uL and
Wher i n € WDEERE & ARG ET FHEICEBHBE e diraeugasept s e Thiees S e

nol ecul afheBiid aght i Qs Bfan tIRAREraPRRC b PG APRUpArGCIBORRY cHRPIRE tRERgflded ast
about 100 Daltons. [0163] In many enbodi nents, the quantity conprises at

| east abdisrapsatiqageamndibrdagasled Hisrapgiiersnt mneoremispiet ses oag alfesekst about
thr €§s ye%ﬁesmi@ﬂq)oﬁd E‘.Péh‘%ﬁéi ltl?er mX‘i%&ﬂ&} onIfle ﬁl@l%p@thiclaggrﬁtsuaﬂﬁat 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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t herapeutic agent conprises at |east about 10 k Daltons. [0164] In another
apect, enbodi nents provide a therapeutic device to rel ease at | east one

t her apeutwo 2agasss48nt o a vitreous hunor of an eye of a pariusne10/071s81

t herapeutic device conprises a container to contain a therapeutic anmount of
the at | east one therapeutic agent. The contai ner conprises a reservoir
with a volune sized to contain a therapeutic quantity of at |east one
therapeutic agent for release over an extended tine. The container

CONpr i SegoahIDRTthe GhireERURMER. WNIdWDEd SSRE ¥Rldhe @t Sh RS HRIpBRMs dudifiast a
portion of the reservoir container to contain therapeutlc agent w thin the
reservonduxawpbkaubmsap@nﬁuﬂ@m@mhwhwswnﬁﬂaamapsﬂw§¢@mdhavwﬁgk@0ﬁﬁﬂﬂW|ng a
first pl M alelr Eé’nt oulﬁ %SUBE truc!t{f%e IS afﬁx dttQ ?herc%s Eve(r) oupl%t 2 38&3" thseI de
conpri ses dsecond ptuf al P’ of "6 1o P ¥ &bus “hirvor .
The |nteeg@ﬂhﬁ@pmn@tﬁh&mnekﬁd@kmﬂmd betmeen each of the flrst plurality of
openings of the first side and each of the secondplurality of openings of
the secons7n ld@n hfamyram&afn@mg Qh@%\% raE ofﬁﬁe R AREM M EhAARAhd frQuah the
porous structure when partially blocked. A retention structure is affixed
to the ceomecimdecreasegssgpthen the par @@t ememrwh@meleefyet apda and ghqpgeonsipred ase t he
ext ended y enbodi nents, the release of the therapeutic
agent thggg&%8$ﬁ%lgégg%§ls gﬁgture i s mai ntai ned when partially bl ocked
with par Ies 0166 nbodl the rel ease of .the therapeutic
agent t i dh i aBY)F%‘B%‘P e eSO ar REsPRGE %ﬁ%ﬁﬁrﬁa@% hePOgPUS| ocked

W th par tirgdi@e dediPkBd lesd tRakBRY ar&eacahﬂseﬁtt&henttheﬁfsehleaeethe%eaohe alch@fapeutic
agent through the porous struc%ure i s mai ntained when partially bl ocked

wi t hlpar deatassd bpthsivsipaggedine or nore of degraded therapeutic agent or
aggregat ed therapeutic agent. The particles may conprise the degraded

t her apeuf0172hgéntnotirdspcoe endgdiadad pidvadeaptipaut@dgenice roayleamp tdasteona

conf or mat i onal changg»of a nDIecuIa{ stru ture of ﬁ?i»therapeutlc agent
such t hat"EIPFIIGREF B he THRIGHBE Ot HeP S apﬁt&eﬂagz hPRPFRE LY AN t he

t her apeutbgpageatcontdiner B0t LferdBdutic AMBUASST thf 1eWRARGafNBE ARAU Tik
agent and tﬁe degraded therapeutic agent may conprise at | east one altered

cheni cal cPUMEcTAQEIPTIS¢Ha resdnecinplth e P bisneoized fecqriin ahamnctiagentitysiehleatat
effi ¢8cy oﬁé thte ? I%garg@ﬁi[qgr Jei%%ea&%%ﬂ %{éagﬁ@hnfes Tlh9§§ntaln%0%?lsésmetga%9&m Ic

agent. The par may conprise
coupled to the reservoir and dlsposed 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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aggregat ed therapeutic agent and wherein the aggregated therapeutic agent
conprises a plurality of nolecules of the therapeutic agent. [0168] In nmany
enbodi mrerwe,20toss8348| ease of the therapeutic agent throu@dTiuseo1p0e286
structure is maintained when a portion of the first side or the second side
is blocked with a covering material. [0169] In another aspect, enbodi nents
provide a therapeutic device to rel ease at | east one therapeutic agent into
a vitreous hunor of an eye of a patient. The therapeutic device conprises a

cont ai Nk, dhQ raRt dal dbobd R GRAMES 6f RERHALIAOTs éoﬂﬁec@éd tb %Q&ltof‘?lﬁkeattl&‘étr ARBEULT C

agent, the container conprising a reservoir wth a volunme sized to contain
a therapéﬁppmlwmtthtt sccoid side Wah gte inotipstinpehmnids.agent for rel ease over
an extended tine. The container conprises a barrier coupled to the
reservoi 01FSH Gh 5ROS eGlbedieBas ahe figdpluraitpeinprizos ffledshebones®speaings oneal ner
to contain therapeutic agent wthin the reservoir. A porous structure
conpr i sedis SKf pad theisgrond RNTHYY compiics phigash apqyt 49 anrné%gseadbq waordsiderad

reser yoi ba@f it & 2GRMUbodt AfoJRANLNEF Be FiRE SH isAoRRet GO U HLfiIR: di@sVitbheous
hunor. A flow rate of the therapeutic agent through the porous structure

decr eased0opgungsmarthasqgend sdnwith thsunteropheastingiehannglst area or the second
area are decreased by the per cent anount. A retention structure is affixed
to the cQit7a| nei ah@hdaskce embodmﬁ:ﬁﬂs@rcaudbfa thbapaye dofict tverclpadd & iMastfome t he
ext ended ]{)erlod [0170] I.n ma d| ments, fhe fl‘liorg rate of the

t her apeut éapﬁbté%gefl‘rll%’t?gﬁ“?‘ﬁ’é %H‘PBB AP PER B te CRGBERECYHSLEViERan t he per

cent amoyphpMRea chGinkt toTbn@neAhaR 1&1@%n}%ﬁﬁm@h@dt%s%r§ thegi-aas senbyThe
per cent am)unt [0171] In nmany enbodinents, a flow rate of the therapeutic

agent 0t heorfghen qﬁ?@lejl@@W@S@mlumth poliaersized s cnsan atheggpepiiqeuaptty dfehleaginount
when the fl {h%{ tﬁ:aaég Cfg)lhl%le%gc(g}égar?%ﬁ&ldgﬁ Bnf e%@%ﬁ%&ﬁn?ryc H})‘?lsécf' MGR&T cent.

[0172] In anot h I'ments provide a therapeu eviceto
rel ease abuﬁlﬁhtstthmeervdneamhhmosm zﬁg@m I¢ast Op@tivi df thouseivumoonteihciatn eye of a
patient. The ther aBeutl c devic rises a container to co [

ai cufie a W 1nt€ e ture 1s€s R‘IsatI K ?}ﬁ I
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or a eas

15  plurality of openings to couple to the vitreous humor. The porous material comprises particles

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.
Release of the therapeutic agent through the porous structure corresponds substantially to a
distribution of sizes of the sintered material and a porosity of the sintered material above a

20  percolation threshold. A retention structure is affixed to the container to couple to a sclera of

the eye of the patient for the extended period.

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

25  second openings is partially blocked.

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

30  one therapeutic agent for release over an extended time. The volume corresponds to a cross-
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one therapeutic agent for release over an extended tinme. The contai ner
conprises a barrier coupled to the reservoir and di sposed along at |east a
porti on oVOothw/asex8r voir container to contain therapeut PCTASNM/02d6Bhi n t he
reservoir. A porous structure conprises 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 hunor.

I nt erconnecting channels extend fromthe first plurality of openings on the

first si g@cti%ﬁal%dﬂﬁerﬁﬁﬁ%@heoéoﬂfa%e;r b¥d Qﬁciglﬁ%@itﬂé%nf%ﬁ%e}.%e%GHtgfﬁgr SnfifistOa

connect each of the plurality of openihgs on the first side wth each of

t he pl ur &hiriey cobladpe Hiengsrom dndalispesdradong ad eastA posti@nifi threstryeic tougostains

af fi xed t,0 the.container and configured t.o couple to a.sclera of the eye of
The pat i SnrniGyCRhADED (BGTAM JRR0s YR Bl L e R Bled WY ot
pl ural i t Yeseooiirang @Secdhd bidasd caplub tHO/io@en hogsr. Orhetgoeodsistretui cdepaisg at he

second plurality caonprises at |east about 10 openings on the second . side
and edch MFknepexgnding pstwesp fllfi‘tf“iﬁf@ﬁiﬂhf‘g%ec%‘?d e spefion KRR od

to each Qf)nésﬁgn(ﬁﬁ%]!o%satreaa&@w firdOsi QPEIA AGFeaQT (RN RcHRGAND ThHedfosWisddfiohd1e

i nterconnecting channels. [0174] In nany enbodi ments, the first plurality
conpr i sedimgnsiop®$ theagiopms sguctysenmngscsohleasi@abputtegt pes¢eneolthel croptesosbeshd
plurality: i t i nd. si ndeach
o 'the atiaaer oL B ePhuberRrsPRodh F-RRRRAER Bal BR.ARATAE PLARGERECCE of
t he at | easdturalxoaffix@Dtodlxecuintdiser oncdupl: s @Golach ditldkecywiof thetfadentrdrethe onnect i ng

chann8I3.<%q%%5%$£n many enbodi nents, the first plurality conprises at
| eastV ab&¥ENHE B¥eni ngs on the first side and the second plurality

conpri ses at |east about 40 openings on the second side and each of the at
| east abd@k79h0 lnpeny pgsodmenthdhe prost-sesiienal fincasanetthe @oroys stEedref t he at

| east ab I DO h L. de Wi | I i
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devi ce t ecleast dagberapeutie agint tmmehd dxemdpétitnec agent into a vitreous hunor of
an eye of a patient. The therapeutic device conprises a container to

contai n 0M80Er &R Bldhy EmBEMMBALs Ghe EAISs-RbtibRA8InAREn bNAE pBRKE seuckgent . The
cont al ner conprises a reservolr w th a vol une Si zed to contain a

t her 4peutPBPEIsa At lcasy adut Firty persent ghthecHep-agrdignsl dimensiom of ghe GopfaEws & over an
EXte”dEdr&&g?ﬂFFﬂﬁm&%ﬂFQ%Q@ﬁn?ﬁﬂ@&&ﬁ@&ﬁ cbarrier coupled to the reservoir
a east

and di spose ong at a portion of the reservoir container to

[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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contain therapeutic agent wthin the reservoir. A porous structure
conprises a first side having a first plurality of openings coupled to the
reser voi rwarediozss®sond si de conprising a second pl ural i PgTAS2€p®RI6AYS t O
couple to the vitreous hunor. The porous material conprises particles
sintered to forminterconnecting channel s extendi ng between each of the
first plurality of openings of the first side and each of the second
plurality of openings of the second side. Release of the therapeutic agent

through (AR3POIRHENy E&H&&ihﬁ%ﬁ’ts,lctﬁé Eﬁ%ﬁ%‘i’ére&‘dﬁéﬁ ARichAl LomprRc@a it E;Et'hl?b%ﬂi on of

sizes of the sintered material and a porosity of the sintered materia

above a perapledbiadewersidssi thedsclern anstasstomslexensios tae@ipleso ah ipedide of thee
container to couple to a sclera of the eye of the patient for the extended
period. [9177] In many enbodiments, the distribution corresponds to at

| east about ten sintered particles disposed between the first plurality of
openi ngs (434 A mepy gRBOPMERE the ger?Xtaﬁm VYIS gt sxiEnGing digely rthehe
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ext ended KRG latgidly Iy fh Fecopd COULEIRe 1 6oWICiodis¥ld? i onal di nensi on of the
contai ner and a height of the container. The container conprises a barrier
couplled 1 8phe In anashay obnech aabedingnis @spvadeonigerapeutis devicatoglepses lagt anhe
reservoi LNt her. t1 t . W thin.thete e f. or ous
structurgﬁ% ﬁ%g?%%gp%&ﬂTﬁggﬁgﬁ%gmggﬁ%1%%%%gp@ﬁgmrg%%@g%ﬁgh%ﬁ%égpsecond si de
t o coupl eomprigehen expanégls cdnttingr .corhhasipgh s nsirow ptafil €cadigpratise foransettionkness
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the eye e patient
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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extended tinme. [0179] In many enbodi nents, the cross-sectional dinension of
the porous structure conprises at | east about twenty percent of the

cr oss- secwpanalossi4gensi on of the container to rel ease tReTiUsSROIQPR268] c agent
for the extended tine. [0180] In many enbodi nments, the cross-sectional

di mrensi on of the porous structure conprises at |east about thirty percent
of the cross-sectional dinension of the container to rel ease the

t herapeutic agent for the extended tinme. [0181] In another aspect,

embodi ”9'[161%9Pr Whﬁﬁy @Ing&ﬁfn_@ﬂ@}{hé ﬁlufiﬁiY}} §exhfhdaBle SRS B! sebﬁ@t_%tbe%n the

t herapeutic agent into a vitreous huror of an eye of a patient. The

t her apeupiaxirgwnsdacmmen selshadisekpantiabbwios emtathsaontamer ombisas e
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cont ai ner onprlse§ AP st narrow profile configuration for insertion into

the eye and a second expanded profile confjguration having a reservoir
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agent s ngngﬁggQQQQ&gnggﬁhggﬁﬁkn?Qﬁﬁhjses a porous structure coupled to the
reservoir to release the at | east one therapeutic agent. An expandabl e

retentio uct ure conprises f.irsst narrow profile nf.i gur.ation for
| moort i il ! ah hfy SRPRIES, e Ll Pord I MO Ppp it BY R BB e
profile eonifohguration to couple to the sclera of the eye. The expandabl e

retention structure is affixed to the expandabl e container to couple the

expandabli® 92 pntahRRkeraOhebt emBbAinRAN SIS thE@pedii@lc et RNARIsddt IBist Jn@182] I n
many enbodi nents, the expandable retention structure conprises a resilient

mat er i al theomgniicigegt iofeer Girconsthamor ofast &, of & netianbpl sthiepewisalpeicere mor y.

mat en al O rl}gets Iarclzgrlltai[ng ?(’:1) tlafrll RO eqlrfritg%gllo%tn(}f%’m £ rﬂe%stexrrgq}?qup@u? C Eeeﬁi?. ntllleon

structur & Conprises a first extenston to couple to a 1 ower 'side*of the

scl er a awnontainse@aipiisexd ensvanwith agoliplessied t@contip e thesapdeti Ofuahtiey Eat kaa.
the first ensign co i

[0184] In ny enbodi ments e ri ses a.fl ange
xt endi nGMUTEREF 4 AEANG He chAToot eEBh PG S0 SN At 6 PSS FRABABHEHE (€ dier a
and wher ghitainbeolcb@no £:1@nesthl afEsahd Yatleht fobtreeREAN GAOT TIRULRHLIQN tO
couple to the sclera. . . .
structure comprises an extension to couple to an upper side of the sclera. The retention
15  structure comprises a portion to receive the sclera under the extension. The portion comprises a
first width extending in a first direction and a second width extending in a second direction.

The first width is greater than the second width.

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

20  second axis.

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

extending along a second axis of the elliptical profile.

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

with the cross-sectional profile.
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[0185] In many enbodi nents, the second extension conprises a flange
extending proximally in the first configuration to pass through a | unen of
an i nsertworrotoasis4and wherein the fl ange extends | at er alPCy/uspomioe26second
configuration to couple to the sclera. [0186] In another aspect,

enbodi ments provide a therapeutic device to release at |east one

t herapeutic agent into a vitreous hunor of an eye of a patient. The

t herapeuti c device conprises an expandabl e contai ner conprising a first
narrow pr[lﬁf%]l € 1 ARhY OMb&dineRts [RE ndrARERSHON chfthRet B eece¥@ xRRHing sSREARGMy
expanded configuration conprising a reservolr to contain a therapeutic
anount ofrouhé thetnatreagrortomennt vdherqe theirece ssgemtprisdrethekpess dabd ® reonvethaer
conprisesd%Brigid porous structure to release the at | east one therapeutic
agent and Sn'expandable barrier to inhibit release of the at | east one

t herapeutic _agent. An expandabl e support is affjxed to the porous structure
and t he é&lﬁé{hdélbmé%amb?@me% (O EEE B INTONPEs e AstTst XEREpigp &vieth cxisadingdbr voi r

when §he geomb@liRefioharl 4 ReoRPRANGSH w@Rlk@HIIAL iPMe s IRadARKhe ffset ention
structure conprises a first narrow profile configuration for insertion at

| east parckicadidnywidth greatesbhethe sofont lgsteeyien wilth.-a second expanded profile
configuration to couple to the sclera of the eye. The expandabl e retention
st ruct ur ¢0198] afifi insey cibodilmente xpaadabion @aipiisdsrrellipricalguplile hahieg exFandabl e
container to.the vitreous %unnr for th ex@enqid tinme. 0187% | n many

¥ Fliiadc &

enbodi meFEENSIPHEIdR FRiig 2ong mivs ixit Pyogidq @fidéhff sqeadpyigsion

conpri si RE4ARRAIngRIoRg BkedbRE akis of MeTRRLAS IMe. Shape memory material or
Nitinol. [0188] In many enbodi nents, the expandabl e support conprises a

pr oxi, pal | ar rtinn.an .stal annul.ar  portion, [ ei lurality
or e 833 3haBRL HhBR AP P L hor UMMl MRl P oni S RERoln £ 112
annul ar EotdntOfcrpRh8Ih s¢donddidnedTinocks Fesates thahhke filstudisthndeyacalss.expandabl e

menbers separate between the proxi mal annul ar portion and the distal

annul ar  peo 0Mn WRRY chbEiHeRS ahO EEntARATRbINDASeslaRBo LA PARHSID6RR L EHE AtHran.
[0190] In many enbodi nents, the therapeutic device further conprisSes a

penet r abKistaneg adress agdip penonédistanehaaress gprabx ithralthafirudistengsaerdsopmd yioren] | n
many - embodi fent; §anck 1eaildndd SLRARAHR Wi HEHWSilid Y BRAELST dihbRidnerdll &t al

annul ar
15  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 eclongate 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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portion. [0192] In another aspect, enbodi nents provide a therapeutic device
to rel ease at | east one therapeutic agent into a vitreous hunor of an eye
of a patiwot10fises48her apeuti ¢ devi ce conpri ses a cont ai RET/USR01000163i N a

t herapeutic amount of the at |east one therapeutic agent. The contai ner
conprises a reservoir with a volunme sized to contain a therapeutic quantity
of at | east one therapeutic agent for rel ease over an extended tine. A
retention structure is affixed to the container to couple to a sclera of
the eye @f205e (RAhEBhbIRMeAOanENLS PARH AR cirdBiRf SN HBR; Bk IcUChUTEen
conprises an extension to couple to an upper side of the sclera’ The

r et ent i on chomicefithecysomng ripssoligatp of theorie bl whareinvlee kegh ot theicivierdier t he
extension. Th ortion conprises_a. first wdth extendi ng in first.

i roctt o8l ARTRHE TRk s LAt InS SR e Tier

W dt h i s oftheateind Whdicihhige Beabhodthslitiidion {sG18dkd tfitda ihcBidnoditHie tHeparst he
portion conprises an el ongate cross-sectional profile having the first

wi dt h? exPBREPHECEYOng a first axis and the second width extending al ong a
second axis. [0194] In many enbodi nents, the portion conprises an

el i pti c&20d} ods ey cinbedimepis.che Pxe dempriag & ¢eayunitivt andivdickeie sheapiditti al ong a
first axi t l.ipt] - files. t i dt h _ext endi ong a
second- axtuctye b Rafip eI PR bl FuBi s BRANCIN B da Bt SROGAOTE
conpr i sesam@owaoitiowapdwheein thavitagidoe pdsiti@icd wetkichn giczeldrd kg canjlaltiea.
cross-sectional dinmension of the container and having the second w dth

si zed smfdiog{ TR Rer @5 ReE w286dihRAB pridEBNSEMABd 6f trdifg 6P By RO MGIatib@. S€al an
incision of the sclera with the cross-sectional profl.%e. [0196] I n many
enmbodf ne thesapentedaygernppropised conpiasore? fosagoig ande BsBpewicasditibdspesddsherami al |y
around t OW - ' - ri I C. S

ol Zed t o s g P BbatRRa A BHELT:Rule e IEERARISRNN 1RERpRol PheRBED
conpr i sesheaefenti@t stextuens iabgnadi vditththe xtoagae ngisiam sublethii ths firdilorget distanend a
second extension width extending in the second direction, the first

ext ensi ofACRFHTHIGR s Brahaonele BeetmERRenen i shratnors et Stross

extends substantially across the width of the incision.

15 [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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[0198] In many enbodi ments, the extension conprises an elliptical profile
having the first extension width extending along a first axis of the
el i pticavoppofisBasand t he second extensi on w dt h ext endcmgisadiongzeal second
axis of the elliptical profile. [0199] In many enbodi nents, the container
conprises a cross-sectional profile having a first distance across and a
second di stance across greater than the first distance across. [0200] In
many enbodi nents, the container conprises a cross-sectional profile having
a first distanasn #9s® RNGscns AERPLul SEANGE BELASS ndAEAKWRh thdMBapdificf i T St
di stance across and wherein the first distance 1s aligned substantially
wi t h t heagént §ar apedstiabouid 80 dayssecond di nensi on across is aligned
substantially with the second width to decrease visual interference. [0201]
| n many ¢o2eofi me sy cihbeditems shs tetipomil agpitabipas@fratibeugamt ai ner conpri ses
an elliptical profile. [0202] In another aspect, enbodi nents provide a
met hod ofg1peath REHtRS a§YLt, PRYbMeheRts PrdviOHR YIB! mBNHaRuidiy LthBraphtic
t herapeutic device is provided to release at | east one therapeutic agent
i nt o bhe dyvits wodlsadewrtherapsfutiongay eAghs & mesired toupiigo aperaup ettdtercddvi ce
conpri S€3 r%ai%grnlt a%or\]/ed’ed%’] gon hih (I:“hte‘%ﬂetria Oe%ti%%relill tyre oar'I)I];si s)t(r%gtu%eolstchue le(:(ﬁgttﬁei ner.
The reteftion st Pucture conprises PN fow 'poretl?on Having a Pis I"onger
di st ancecathigsis extending in a first direction and a second shorter
di stance across extending in a second direction. The first |onger distance
i's great egrypam, gy SA6QNHSBAN 8fs idhRhRRGE o dORNAINEAIAL A HACLBHhen IS forned
in the sclera, the 1ncision conprising a |l ength extending along a pars
pl ana of thompewyeaggnthepugh dierporeusstrieinigt h greater than the width. Th
econtainer is positioned in the eye to rel ease the therapeutic agent. The
narr o p@s2i2zpn Iomahhembadtigphts ahe gisrisiGicauecd t6 daleirgined ravistdnct brefl@l ongat e
i ncision such that the first |onger distance across extends substantially
al ong t h&YOUHHG4TESi nci si on and the second shorter distance across extends
substantially across the width of the incision. %0203] I n many enbodi nents,
t he par s [R13ha lereendgbedimeninfthe gastis aichspred witlya firsé preyrirbetadestiinge adoy oi d of
the eye g@c%ng p&{u%g[l iS%ggn%tlg&ethe eye and wherein the length of the
incision’is gPea ef “than a distance across the pars plana between the
choroid the eye and the par li.cata of the eye and wherein the |ength
of the i @%lél o H%FWB?F{}@S&ME? E%S i Fga§UER Wit PIRFTURT $OP Reropiipg porous

15  structure.

[0215] In many embodiments, the gas is measured with a volume of gas passed through the

porous structure per unit time.

[0216] In many embodiments, the gas is measured before the porous structure is coupled to

the container.

20  [0217] 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 structure.

[0218] In many embodiments, the gas flow is measured a first time before the porous
structure is coupled to the container and the device therapeutic comprises a support and
wherein the gas flow is measured a second time when the porous structure is affixed to the

25  support.
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pl ana of the eye. [0204] In many enbodi nents, the eye conprises a
conjunctiva and wherein the retention structure conprises an extension

havi ng a woO0evBses4acr oss greater than the | onger di stan®eeTafS2elo®21%ar r ow
portion and wherein the extension is positioned between the sclera and the
conjunctiva. [0205] In another aspect, enbodi nents provide a nethod of
treating an eye of a patient. A therapeutic device is provided conprising a
reservoir and a therapeutic agent disposed therein. The container is

post Ui ongghign GREEHE ok, ehBAHFchRPrVARI ARG 6 AGEAL an NEHARLAMBAK! | ON
of the retention structure is aligned wth the el ongate incision such that
t he firsthuhmongiquditisy efcrmaglebesoidhereprtic sghd isaniertad info althempethedwiongat e

i nci sion r%%et h?a seegonedvicsehlts) tng(?)todriest.an%e across ext ends substantially
across tAE W gﬁeh 15 (f?lue i ncisron. ff‘d‘éf‘o fq}ln ariot her aspect, enbodi nents
provide a nmethod of treating an eye of a patient, A therapeutic device is
provi ded [%%3fpr 18 prrghes agnsit SMRRFIMSAY paOthfiafear BpB0f PEIreRaR N AYSHYEER ISR N t he
cont ak nefqymIhea FHaTBRRBHGLE § tReREHCRY ik PRYiRANTHE Heldpeui¥ ddehtls tRbLE YRt ai ner
of at |east about 20 days when inplanted. The container is postioned in the
eye to rékesgdhe pixe wilebapeinidactonsgdie forwhidation has heorespporideng pesigtl detvigen h t he

t her apeut,] or..at | o) y 0207] . ,
enbodi ma%lf]cgl Ogglgé\)%oé‘fés lé]eﬁae(frﬁg(ga% t?lferegjgta?%agcgin&&e[eboﬁg lée%&n?gﬁ%gg%s ? ﬁ’gfr%gr%euti c
devi ce i sf hcdvindddionangr thsi dcagh af the seluy oij¢ctiandeoaret fradapeliahge agbatpaitisposed
Wi thin the reservoi The therapeutic agent conprises.a half-]Jife within

t he reseﬁelaﬂemfﬁfonﬁef the peet Huihe XEEOES Y49 Fetttneyienpt RRRBHUICHRYCE Bt ai ner

i's pogi t ipAReRditdutReneHR With in8hRESSH JMRe {1@haBeUt fGnRULIN inth AR RYRe] Md
treated with the therapeutic agent for at |east about 180 days. [0208] In

anot her #¥pkEice compows rEARtINgT kpyinger dhambeiro gophinta whimaef the thejpperic agent
patient. i i i i ri.Si i

Pher apeuti® ELARRYH LT RRE oL Bp Al R OTEARR h LIS (Pt RONOM AT TS
conpr i sesolntealf thd doh@inar tiind the tdlense eselianainr areirerditorpéaticaye withe hal f life

ithin the reservoir.is substantiall eater than,a correspondin [flife
ot Tha ¢ AerRR RS LT et e Bl P s B e Gotengs Y a5 sRtnde !
cont ab NekinleSAasédch afi@dioh Bf tHRQUENRY 1M 1R &embed fife LHAPARE Ut lesst agaRtwicand t he

eye is treated with the therapeutic agent for at |east about 180 days.
the period.

[0221] In many embodiments, the chamber comprises 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

20 injection of a plurality of injections.

[0222] In many embodiments, the release mechanism comprises 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.

[0223] In many embodiments, the release mechanism comprises the porous frit and wherein
25  the porous frit comprises a porosity, cross sectional area, and a thickness to release the

therapeutic agent for the extended time.

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

twice the volume of the formulation.
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[0209] In many enbodi ments, the therapeutic agent conprises ranibizumab.
[0210] In another aspect, enbodi nents provide a nethod of manufacturing a

t her apeutwo 208misg8®8t 0 rel ease a therapeutic agent. A ga®Crasceasensed
coupled to a porous structure. A container is provided to contain the

t herapeutic agent. The porous structure is coupled to the container. [0211]
In many enbodi nents, the gas is neasured to determne a rel ease rate of the
t herapeutic agent through the porous structure. [0212] In nany enbodinents,

the gas j @22@86@{1' frﬁgy Eﬂb&tﬁﬁl@ﬁt@ tﬂ@vﬁufn@%fﬁfe%eﬁt@lnEchrﬁﬁ?Wesoﬁo Itﬂgl% R @S

structure In many enmbodi ments, the gas is nmeasured with a first
pressureVahHE(ﬁﬂmdbﬂmMMEHand a second pressure at a second tinme. [0214] In
many enbodi nents, the gas is neasured with a pressure drop across the

por ous s{¢226} Urlﬂmaflﬁ)arhﬁc}dlhlﬁrrl]tmr’:ﬁ‘rsﬂfdm&ii oA Bjectibepges theupeasuclesiewi th a
vol une of gas passed throu t rous structure per unit tine. 216] In
many enbawh%ﬁlﬁnganqug%wg@nh‘éa@hﬁ%éow 3P 1%%%6@%%8@9%3%9%0?

coupl ed FQnfullfiof NUALMRI: in E&%%Z&lbérnvmnb{e ﬁ)%@l@h&?@ﬁfﬁect&d‘ﬁldttﬁ@!@&fé%?du%n
devi ce conprises a support structure and e gas flow is neasured when the

por ous s®f therapegtic @e@tfm theedtreays hivaosig pspt_hm ths tf«"mge ofithe thqrarug] cangenteatipns
embodi mepf g, . &Hgnd?&‘ c8¥¥ﬁh§1 g%ﬁ%é’s'i St%’ou?t\L o ghé? before the porous
structure 1s cou al ner

evi'ce therapeutic conprises
a suppor mhereln asured a second ti en t he
por ous sﬁ‘???rzfu#%magy ?ﬁ@gn% ¢ Heluwg ﬁgﬁwomlzlmomwsawawgﬁ% fgh pelypme of
enbodi MeSinRERY f R IR bAPFIhOLintd BRE AdMGorPEY tBY BjddaMh Ps@ tMiohieMdSclBMEDr . A
quantity of a formul ation of therapeutic agent is injected into a

t her dpeumcchansyi when thadomhiationes mjsstediand dewdonéd ppiion ghthd fernulatiosiive t he
quant i tycoitg’%&%ﬁh@c}ﬁlﬂ%’ep%fﬁl@?&Enula‘%fiﬁ'ﬂ?sdfnﬁ%{%hs provide a method of

treati ng a avi n
[0228] In many embodiments, a vent is opened to exchange material disposed within the
chamber with the injected formulation and wherein the vent is closed to pass the first portion

through the release mechanism.

15 [0229] In many embodiments, the volume and the mechanism are tuned to release the
therapeutic concentration within the range for the 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 determined based on the half life of the therapeutic agent in the human eye.

The half life of the therapeutic agent may comprise at least about one hour, for example for a

20  therapeutic agent comprising a small molecule. The half life of the therapeutic agent may
comprise at least about four days, for example for a therapeutic agent comprising a large

molecule.

[0230] In another aspect, embodiments provide 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
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hunor. A fornulation of a therapeutic agent is provided. The therapeutic
agent is capable of treating the eye with bolus injections. The formul ation
has a corwepovidssg peri od bet ween each of the bol us i njPETISN®/0L1B3t r eat
the eye and each of the bolus injections conprises a volune of the

formul ati on such that each of the bolus injections corresponds to a range
of therapeutic concentrations of the agent in the vitreous hunor to treat
the eye. A therapeutic device is provided to treat the eye with an

i nj ecti of@fial BigpakOd WikRinQhe EMEHEPHTH k@tﬁ&e"bdrmrpf_ohﬁﬁa%v'&@ecoaalﬁo&ibﬁofiev' ce
conprises a contalner having a chanber to contain a volune of the

t her apeuthecforgdationsim thjecteveeharths mlvoischisedivepashiormleti empéduaugh thegemeusf r om t he
chanber to %&g vitreous hunmor. The volune of the container and the rel ease
mechani sfare tuned to treat the eye with concentrations of the therapeutic
agent in the vitreous hunor within the range for an extended tinme with each

i nj ecti ofV%H] t A GERADPeYMeRFg RAPTEhG BitRAten PRss dhSrElsBs PaTovs 8EMWE hout

tw cest hg R QA Iveli VA8l ohd HBRYoRTRAE Mi&ted he chanber conprises a
substantially fixed volunme and the rel ease rate nmechani sm conprises a

substanti rigid structure to intain rel ease of .the tlcl}era eutic agent
Sbove t ndirhi M Hemn B BHFYHS LRt R Ruf PR b B pPRE i ¢ Sach
i nj ect i ostradtura whleh il vatwe 1©&lobdd aad thesasond] 022 is Ifjedt@ny enbodi ments, the
rel ease nmechani sm conpri ses one or nore of a porous frit, a perneable

menbr ane 0335 €M aRRRTEGRLE ABHRNRAR prévidaPihblapliticlddtite RIr tRafif UGS
channel , nano-structures, nano-channels or sintered nano-particlés. [0223]

I n many éatogk Firepss hune. 1ok dwswontcdramesmnposgs rirsssvoitradporays strfigtite and

wher ejn th or ri I [ OS] Cr.0S iqgnpal .ar . and a
b cthes STEARPERIRAF b s SRR AT R RHRE Y SR R BB R 980 %
many enbaddimenid;, the vol unme of the container conprises no nore than about

twice the volunme of the formulation.[0225] In many enbodi nents, the vol une

of the cogisa| N nfaBPBMbSERAS, tIOP& oh@MchREcoMriiEEa Rlicatd@clRn A atld @B
[0226] In many enbodi nents, a first portion of the injection passes through
t he r el eagservoir 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

15  vitreous humor of the human eye. The half life of the therapeutic agent may comprise at least
about one hour, for example for a therapeutic agent comprising a small molecule. The half life
of the therapeutic agent may comprise at least about four days, for example for a therapeutic

agent comprising a large molecule.

[0235] In another aspect, embodiments provide a method of treating an eye having a vitreous
20  humor. The therapeutic device is provided comprising a reservoir and porous structure tuned to

release therapeutic amounts of a therapeutic agent for an exetended time. A quantity of

therapeutic agent is injected into the reservoir, and the therapeutic agent is released from the

tuned reservoir and porous structure for the extended time.

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

reservoir. The second chamber is coupled to the second lumen with a valve disposed
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mechani sm and treats the patient when the fornmulation is injected and a
second portion of the fornmulation is contained in the chanber when the

f or mul at iwo 20w/a088§48ct ed and the concentrati on of therapeatrius2ageede3i n t he
vitreous hunor is within the range of the therapeutic concentrations for
the extended tine conprising at | east about twi ce the period. [0227] In
many enbodi nents, the volunme of the container conprises |less than the

vol unme of the injected fornul ation and wherein a first portion of the

| nj eCti OmPARRASn tFRUIDmhFaf B4R ARG IRAAAhSIMUOR0. bk AIlalHcPBokiR
injected and a second portion of the fornmulation is contained 1n the
chanber whan thrbeghftbe perbag stowturgwherj the valale isfcd®28] | n many enbodi nents, a
vent is opened to exchange material disposed within the chanber with the
i nj ected [t{lnnnu Eﬁhl%]@ﬁbrafﬁcw’@@bedifglehﬂg@rm[ a IinSt]thl os@ehtih® alg)maﬁe;sjhalvh% af\iriﬁsdﬁls
portion through the release mechanism [0229]. In many enbodinents, the
vol ume afimPhed et e derardation pd fapigizapp asiaicelyd lﬁtﬂéﬁ%@?ﬁilgg‘ﬁ’éﬁ%@ﬁt ration

wi thi g tReuHRNGGithra Iﬁﬁ@ ©3th psiedo td G@u]p.af?ﬁ'étj%d?l@erﬁrah@ﬁ bf RidfiBiz@hat H&he

t herapeutic agent in the vitreous hunmor o e eye. The eye may conprise a
human ey é&randationes wWahih ajrprfge froamalisat §éa ¥ migneld sbelsbat thaingdssiopgdphplidet e of t he
t her apeut | ] [ f.life of - eyt | c agent
may corrprr“%egl?g‘g &Flezg@? b gvgt(})l u%n%ﬁ%e %%B ragaﬁ(()) Pﬂj&? glr)rl%l)tloé6 1?18 rorf gg?llq%le}r%{é%guﬁléc agent
conpri si Rgnidizmmablis rizheduh eheraphetihahdunks foearoéxtédaed timerod peludst sbagent nmay
conprise at |east about four days, for exanple for a therapeutic agent
conpri si BYS arge nol ecul e. [0230] In another aspect, enbodi ments provide
a method of treating an eye having a vitreous hunor. A therapeutic device

i s plBvi d&38havn mgmacwbediivents.dhy Edmplgtionpemapiiscaa yonugsiably agaidhbr apeut i ¢
agent andy fuRAlaP1 SHEMULA EOURLAL e Rechfs SRARERy Wil BIERLLE: dofur 50
provi ded conprising at Teast one lunen to I nject a formulation of a

t her apeutiLofagenitis 't e a copesitatiocofithe Renihgumaly al the viteu leandraochhies &t | east
one lunmen. The therapeutic device.is coupled to the injector with the at

| east ond2FiAREH! %ﬁdﬁﬁ@cﬁ¥w?%%§FmbartialIy into the therapeutic device. A
first portion of the fornulation is injected into the chanber when the

val ve isl@38h foarstetiaprgeramepdimendipspyddeedmoihohphireaies emayterhewnethod he
fir Sts pOE&lﬂBHSCE Bfa%lg%tcloﬂﬂinefb‘ccﬁﬁﬁ‘%ﬂ% Jal%getr{/cﬂlnarﬂif a penctrable barrier at least partially

through a sclera of the eye, wherein the reservoir comprises a fluid. A therapeutic amount of at
least one therapeutic agent is injected into the container. The therapeutic amount corresponds
to a bolus injection to treat the eye for about one month and therapeutic quantities of the

therapeutic agent are released from the container for at least about two months to treat the eye.

20 [0240] 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 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 elongate 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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the fornmulation is injected when the valve is closed to pass fornul ation

t hrough the porous structure. [0231] In many enbodi nents, a part of the
first porwDanopssses t hrough the porous structure when rhe/vsadwe2i6s1 cl osed
and the second portion is injected. [0232] In many enbodi nents, a part of
t he second portion passes through the porous structure when the valve is
cl osed and the second portion is injected. [0233] In another aspect,

enbodi ments provide a therapeutic device for treating an eye having a

Vi LT eous ¢uBpr 1o Higy Exﬂ%cﬁ&@h’t‘é e %%Vdoﬁﬁn%&@édnﬁﬁ%n@a doRSRL ¥Oihbd ARhcPOr OUS

structure tuned to Tel ease for an exetended tinme t herapeuti c anounts of a
therapeupompaqeﬁunum;eﬁmedwwmmdmwhélﬁegemumnwaa[@ﬁ@mkwmﬂmnﬂﬁycembmdwnmhts,

t he porous S uctur ?GS a(IF ease ChanISH} aﬂ erv I
d)VF C SC ra d sccond 10ca neis1o ou§ C SC F' orme
vol une an ease nechani smare tune O rel eas era eu

anmount s dfe %ﬁﬁ’ldﬂh@\lﬁﬁ@,@mﬂlﬂ&: iagisioh tHrovight doajuaxdivensl elgd ﬁoltﬂ@ﬁﬁﬁﬁ)@ﬁldﬁl’to ao%alt}fe life
of the therapeutic agent i.n thﬁ v}%reous hunor of the human eye. The half

life of tHRRRGHEMgsEeAnddosepan bistiSe at |east about one hour, for

exanple for a therapeutic agent conprising a snmall nolecule. The half life
of the tH&43pedn a@tlmjemechegvlb@@mnﬁs eeovaie dng@prratibo e spparatebappgpripesra exanpl e

for a th?ﬂ%agag{fﬁd e’ c%l\llaﬁ t%%%‘ r%ﬁ%%‘%&%l‘ﬂ orl)&’szshﬁrilmle LnRRot her

aspect, 'S provi eye aving a vitreous
hunor . Theeritharsapeuitel qudenmde The mmpmxecﬂemomrposmmgedemtlﬁﬁ drevahiuland por ous
structure tuned to rel ease therapeutic amounts of a therapeutic agent for

an exet engd] t ifBran bR kb, B tHeht Elﬁ&edé'ﬁzi& c@ﬂﬁlnsks b8 cloRLREhAFhv Mape the
reservoir, and t he therapeutlc agent is released fromthe tuned reservoir

and por olrscrion e trecscleny andiehessin ehwiedw@ isrpenfipwed 8) expandiect sseqndapioneste,

enbodlnegh§ @thﬁﬁaﬂuﬁﬁEﬁh%EHﬁito treat an eye having a vitreous hunor.
The appara onpris erapeuti c device conprising reservoir to

contain r eutic t an orous structure ect or has first
chamber i‘??égﬁ ilg eieteheyy ]Fts éﬁﬁreé TVPIE SAPPIGYES @ a8 08*‘9’%647%4@%?" g ’élsefrfeﬁs
| umen anehguGe6e fdlerh AR BomPids bk téddedbalbeH¥@8hape, when filled with therapeutic

agent.

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

extended period.

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

20  accordance with embodiments of the present invention;

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

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

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

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

as in FIGS. 1A-1 and 1A-1-1, according to embodiments of the present invention;
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coupled to the first lunen to inject the therapeutic agent fromthe first
chanber into the reservoir. The second chanber is coupled to the second

| umen w twoaowalssmasdi sposedt her ebet ween to recei ve mat ePCaluskelomeiche
reservoir when the valve is open and pass therapeutic agent through the
porous structure when the valve is closed. [0237] In another aspect,

enbodi nents provide a nethod of treating an eye having a vitreous hunor. A
vol une of a fornulation of Ranibizumab is injected into a therapeutic

device, f@&1yolrae A5 WHRLA tﬁeréﬁﬁg@?éxﬁ&%é&e o 40 iﬁs@rti%ﬂ chrrulal which the

concentration of Rani bi zumab of t ormulation is wthin a range from

about 8 dovidQcangrists arsdetgatdrarrontsbapafoegis¢onn ovahcissles:, andwivgheh tRadévicz umab

within a.range from abo 0.4 to,about .Q, of ni bi. zumab... The

Rani bi 2 i PE R ERDRR b el R B i Sl e R M B s Y Ftreor o

| east abetltrad nont hs. [0238] In many enbodi nents, the fornulation conprises
a commercially available formulation of Lucentis(tm) and the vol une

cor r espongiss2f 0 FaG AL $hoR-LYSrAREE i RR: @fnpAlRYt 0Qrii Rftatid EEMddplctin) and
a concentration of the Rani bi zumab i n the vitreous hunor renmmi ns at | east

about 4 agimulfor the extended time. [0239] In another aspect, enbodinents
provide a nethod of treating an eye. The nethod conprises placing a
cont ai ne0XSAPIFIG] 1y stvwsesherupdutic devdcacqnéinaitet b ptademenit i@ an 8je 4s6AFIG. 1A-

partially through a sclera of_ the eye, erein the reservoir conprises a
f1 uid. A¥taﬁér1§p§-&tm@%&§@ﬁw&h e@@OS@&&%H&W@%ﬁW% agent is injected

into the container. The therapeutic amount corresponds to a bolus injection
to treat [925d] eyéGf ¢ shavsutthearcutio deticaenfighed dpralademenfuann eyd essn GGt e

t her apeut;i ent are rel ed fromth ntainer. for. at | east about two
nont ﬁg t cl) af‘ (ri ggf ﬂﬁ ’nlg ag(iloé& "Fggﬁtgfrqrbﬁdlééﬁgﬁﬁg?nea@%s&ttl,nv%tl %’di ments provide a
met hod of treating ye, the eye having a sclera and a p pl ana. A

t her apeutl'?ZéSBeﬂ@el G2 HPys e BB R @CC&H@%@ cdiyayo! the p6vBhs
structuren@fgo@ retention structure, the retention structure conprising an
el ongate crosssectional profile. An incision is formed through the sclera

and extend n I regton. .. r. ti Vi I
advanced 1ath £ & PGl FeRpRaPsh Lo Ge OBLAR Rl iRl o
wi t h t heof theipsdseit iadetign;t he pars plana, and the el ongate cross-sectional

profile
15 [0257] FIG. 1C-2 and inserting the therapeutic agent with a second insert having the TA

bound thereon;

[0258] FIG. 1C-3 shows syringe being filled with a commercially available formulation of

therapeutic agent for injection into the therapeutic device, in accordance with embodiments;

[0259] FIG. 1D shows a therapeutic device configured for placement in an eye as in FIG. 1A-
20 1 and 1A-1-1, in which the device comprises a plurality of chambers and channels connecting

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

[0260] FIG. 1E shows a therapeutic device configured for placement in an eye as in FIGS.
LA-1 and 1A-1-1, in which the device 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 an eye as in FIGS.
LA-1 and 1A-1-1, in which the device comprises a needle stop located at the bottom of the
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seal s the incision when the el ongate cross-sectional profile contacts the
sclera. [0241] In many enbodi nents, the alignnment structure conprises a
conf or mabWwe 2hicasgsdi sposed over the el ongate cross-secPrconskopnefodi e and
wherein the conformabl e flange contacts and upper surface of the sclera
when the el ongate cross-sectional profile contacts the sclera.[0242] In
many enbodi nents, the eye conprises a conjunctiva and the nethod further
conprises forming a first incision through the conjunctiva at a first

I ocat i onp The,GOMWIRGHH iR %%Wﬁ@d%e%&ﬁﬁ@ge& bR rﬁ&deﬁ{eﬁt &Iﬁh@th&%&ﬂfé _
| ocation. The i1 ncision through the sclera is forned at the second | ocation,

and t he kgaitsiithm thé cloufier obthf theeapevtee deyics) id to the first location to cover
the inplant at the second | ocation and seal the incision. [0243] |In another

aspect, ¢ooeafli FeO! KE-p Rt CethanpapRalaict Sonflnedappslb ettt QomRSE seﬁl HGS.

t herapeutic device conprising a shape changing drug reservoir or ous

st ruct ur é8ahandl4-deleft WBISh Sherdsyics camprisey a@sieiptap loppied imibe gpidd]e Pf: evice is
posi t sonegd Wb devide cannula. [0244] In many enbodiments, the therapeutic

devi ce conprises an el ongate narrOM/shape for insertion into the sclera and

her el SBRAICYGeLLE EANLANESSLALAPRNG AR P RERNMPLORIRL & desshare

for rete era nrany eéservorr
conpri segAal i m-el IQ mgaheﬂ tishdpc \vb@prisen aaeécﬂd stbp toobgd irt the nsddle bhthand
conpri ses an extended, ballooned sh%pe when filled with tEera eutj c agent.

[0246] | Mhesmstiedevissad the shamsodi hetrvice spernragss herpeaisaieft i o treat

a patleng enl REBthIEUE CRINSRPBF ths kHieh éga§n§whgr rel easi ng therapeutic anmounts of
a therapeutlc agent for an extended perlod BRI EF DESCRI PTI ON OF THE

DRAWI 6' GSJ(;Z%%@”FIE ! 1% 3]1 s%h\?fwg 18}5 %f ﬁzﬁ'tlrie n%PDﬁtl 8CVICC c%ﬁfig re(?%org)ﬁ]acgrtneﬁt

t her apeuti evi e, i n accordance nent s
i nvent i oan eyORABFIGES.GE-3,A-1 shows a therapeutic device |nplanted at | east
partially within the sclera of the eye as in FIG 1; [0249] FIG 1A 1-1

and | A JoxsphevGa §Haesanabddsepsteiesle fttmhanp&dudNWRE tHeifer&R0LY BGtEY f

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 simultancously inject

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

[0272] FIG. 5CI1 shows a therapeutic device comprising a tortuous channel;

43



and extending through the sclera to release a therapeutic agent into
vitreous hunor of the eye so as to treat the retina of the, in accordance
wi t h enboslOrrerisssB t he present invention; [0250] FIG PATAIS101082631
structures of a therapeutic device configured for placenent in an eye as in
FIGS. 1Al and IA- 1-1, according to enbodi ments of the present invention;
[0251] FIG 1A-2-1 shows a therapeutic device |loaded into an insertion
cannul a, in which the device conprises an el ongate narrow shape for

i nserti opyi-Aj OFtId?esé?éh%(xéa tl?éi‘&be'uﬂc &é\h&efhoh{b%sﬂ%‘é'c%ﬁed ShafiRd}f 1 gured to expand
to a second el ongate w de shape for retention at |east partlally in the

osor vor 1041 F?P%I? SR AR ah SRR FpbEt fE BT R fhu peemt

t her apeutahd:md@ytbﬁeglaez[sfmggurceﬁbléthh@[g@ae;rrent inan eye as in FIG IA 1 and
A~ 1-1, in accordance with enbodi ments of the present invention; [0254]

FIG 1C 20995 @IG@%’%%%%@@Mh&%%@éd GHF 8l i orpé%%ﬂéutlb'aeﬁﬂe eye as in

FIG IA 1 and IA- 1-1, in accordance w th enbodi nents of the present

oo rongazel? B S pﬁggéﬁt&fwﬁs aded ﬁ%%%%%j%@%@ﬁ%@ﬁmbfﬁ%%é%ﬁﬁ%e AR

renovi ng tlerdpetitild dgidept eri al | accordl ng to enbodi nents of the present
invention; [0257] FIG |1C2 and inserting the therapeutic agent with a

second i ngeRl ey 01 §H&€Vs-5'%hctf%90 H@&%ee&ﬂlpr{s %é@on{: [fer hi&lgﬁ’ hﬁé&ﬂ@ta@lﬂ I'nge

being fil'led with a comrercially available fornul ation of erapeuti c agent
for inj eb@nﬂ@hdnsmscd phe ﬁtﬂﬁenthpemmuc sdwur@ehsr)pwdm@cspdmd@edm tehaaeenbodl ment s;

[ 0259] FuG. | uti.c, de |c fﬁlconf |r% ed f or. .pl ace in an

eye as in Cﬁp&u l(i %C fOI' 3.1’1 C)i G&l(fgpirlod A1l V\%I‘C e COII’IBI'IS ansexs naSI()[Sll ur al i ty

of chanbersruding Cﬁhh&ﬁdléﬂoﬁl tho omeaibentg colpte whhahedrs aﬁ@th&%oﬁjﬁndtlvﬂearl ze the
rel ease of the therapeutic agent; [0260] FIG |E shows a therapeutic device

confi gur gsb78Pr FRGaCRTRAbwWE DRMpEME RSickBs [ 198, chAvhpRbite Ll/fbunﬁeé-dlsia[‘eﬁ’&"” ch
t he devi ce conprises a needle stop |ocated at the bottom of the

[0279] FIG. 6B shows a rigid porous structure configured for sustained release with a device

as in FIG. 6A;

[0280] FIG. 6B-1 shows interconnecting channels extending from a first side to a second side

15  of the porous structure as in FIG. 6B;

[0281] FIG. 6B-2 shows a 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 6B1;

[0282] FIG. 6B-3 shows blockage of the openings with a covering and the plurality of paths
20  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;

[0283] FIG. 6B-4 shows blockage of the openings with particles and the plurality of paths of
the therapeutic agent along the interconnecting channels extending from a first side to a second

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

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

first side to a second side of the porous structure as in FIGS. 6B and 6B-1;
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t herapeutic device; [0261] FIG IE-l shows a therapeutic device configured
for placenent in an eye as in FIGS. |Al and I A~ 1-1, in which the device
conpri seswea 20a8B8st op | ocated at the bottom of thet herapastélo/oesi ce and
t he shape of the device encourages the novenent of the therapeutic agent
wi thin the chanber of the therapeutic device; [0262] FIG 1E-2 shows a

t herapeutic device configured for placenent in an eye as in FIGS. | Al and
A~ 1-1, in which the device conprises a needle stop located in the mddle

of the theigapedCod vk ridi@283hs fhfeurd & iR F@@O@ﬁ 1&0%%%@%&5 s%leqjeﬁ\fé

configured for placenent in an eye as in FIGS. IA-I and I A- V\,hlc

t he devi need st o i f the th rapeutl C
dovi ce. alfthe TiAade BrUERE=GDHER LRI HLEG 1B ShOSSIR gh e o"

t her apeutsﬁ@aia@ﬁeteagathl n the chanber of the therapeutic device; [0264] FIG
1E-3-1 shows a top view of the therapeutic device configured for placenent

In an ey '@I@'@sho%%a%guﬁ Pabrd stﬁ'c%re 1?1@%’56]3'190@9%%% Rl 5y lbl € for

incorporation with the therapeutic device, in accordance wth errbodl ment s
of the ptusdertsustainedrdlenss; [ 0266] FIG 3A shows a collar suitable for
incorporation with the therapeutic device, in accordance wi th enbodi nents
of the piressnt FIGVEdhoos a righotbusddtlactudasshoV6. dB aaaipaty dio-livebelidliahl

i npregnat ed wi t h an an |-bacter| al agent on the therapeutic device to

i nhi bi t BEEMWEITH SUFRBG FF1e8Sng the device fromthe sclera to the vitreous
hunor; [0268] FI G 4A shows rel eased fragnents of antibodies, and FIG 4B
shows an{0289Hy Fi&agfmelmves poes mgndskyctband aterdanseiysh Ieafoedirrientsaccor dance

wi th enbodi nents of the present invention; [0269] FIG 5A shows a

t her apeuf0290feFIGE7 ﬂmb&ﬂerh}ﬁbuaﬂ degeaiupled t@an mgetdr tHan eshapesinatriagesth 1 nt o
t he devi ce; [0270% FIG 5A- 1 shows a therapeutic device coupled to an

i nj edPor }tedleg}cpnap g}ﬂ]eé:wlgq:r?pquﬁf: @ggnt 1nto the device, according to embodiments;

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

material from the device, in accordance with embodiments;

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

with embodiments;

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

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

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

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

[0297] FIG. 7B-4 shows a side cross sectional view along the short side of the retention
structure of the therapeutic device as in FIG. 7B-1;
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and renove material fromthe device; [0271] FIG 5B shows a therapeutic
device conprising a mcro |loop channel; [0272] FIG 5C shows a therapeutic
devi ce cowproryesgs4d t ortuous channel ;[0273] FIG 5C2 sheas/ts2eleempeut i c
device conprising a coiled channel; [0274] FIG 5D shows an expandabl e and
contractible structure to retain the therapeutic agent and an outer rigid
casing to couple to the sclera; [0275] FIGS. 5E shows a nenbrane di sposed
over an exit port of a therapeutic device; [0276] FIG 5F shows a

t her apeuf§RgfleviGer. 8 RGNS Bitigh LR Wrate MBI ARA-GLAANEEIQN 1 iflanted

t herapeutic device; [0277] FIG O6A shows a therapeutic device conprising a
cont ai nemn thavélay; a penetratabl e barrier disposed on a first end, a porous
structure disposed on a second end to rel ease therapeutic agent for an

ext ended [(299] 0GIGATBISA shewentuttifg Slol tiahptisth gC-OBTRAd ISivig anidexdoeRspodding to
protrudi ng outward fr%m.the c%nt ainer to couple to the sclera and the

conj unct ikFperimstey 8f the beyrics Andthe perjgetsr ofi{hs BPENY FEegel SEXYS PPHIOR G A
conprising a rounded distal end; [0279] FIG 6B shows a rigid porous

st ruch ur ¢0390hf iIFYuP tB-pbdrand (Bt} shonl disthleasss-safticmalyidewind @ prsimal CRISG.  GA,
102801 FLGio0ffvich, SARUR.ILAL &F LOANSSHNA, £ORNNS! S 2! SRHGH M A fb St
side to as8cond sia8 of “Phe porots struc greras’s it P ;nfﬁﬁgi FI G

6B- 2 showmsasqativfiAlsiztyin @écopdinbs with etbedibieetsapeut i ¢ agent al ong t he
i nterconnecting channels extending froma first side to a second side of

the por 0‘[’@303{ I §6d U 68S$hdWs i $Sine BB v R ﬁhe%a%glﬁgj deFicCha iR 3 rSOR0E

bl ockage of the openings with a covering and e plurality of paths of the
t her apeusirecterg evith aal chomgatetseossneasiond e cinianeprddnan methsmbedisredisng from a first
side to a second side of the porous structure as in FIGS. 6B and 6B- 1;
[0283) FI[6302pBHIGSTDEGD shbwckdial edd tibe ofpenhagsuvit tévigeadastin €1@s7B6d; t he
plurality of paths of the therapeutic agent along the interconnecting

channel s [@oBENFH AT E-6EMSRovS 4 Sde BbISFHR sBor? 869 0Fhe hd oW hedkhforPOH GUfe
structure as in FIGS. 6B and 6B-1,;
therapeutic device as in FIG. 7B-6C;

[0304] FIG. 7B-6E2 shows a side view of the long axis of the narrow neck portion of the
therapeutic device as in FIG. 7B-6C;

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-6I 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;
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[0284] FIG 6B-5 shows an effective cross-sectional size and area
corresponding to the plurality of paths of the therapeutic agent al ong the
i nt er conneot2nrugssdrannel s extending froma first side toPaTAScand2zBde of

t he porous structure as in FIGS. 6B and 6B-1;[0285] FIG 6C shows a rigid
porous structure as in FIG 6B incorporated into a scleral tack; [0286]
FIG 6D, shows a rigid porous structure as in FIG 6B coupled with a
reservoir for sustained release; [0287] FIG 6E shows a rigid porous

struct ur qAg) | 1] 28R GOmPLlshbiA AL RO 10 FIERFCT B HERAHRA

rel ease; [02388] FIG 6F shows a rigid porous structure as in FIG 6B

conpr i si nonfegumasien] | near helical structure for sustained rel ease; [0289]
FI G 6G shows porous nanostructures, in accordance w th enbodi nents; [0290]
FIG 7 shesR] a FIGeT@P_hibWCthe expapdatdOthetpeuticledite af jngdiGOTCH hedn ¢xpamieds
material fromthe device and injects therapeutic agent into the device,
accor di ngrafdc exphisHiaeMt s; [0291] FIG 7A shows a therapeutic device
conprising a porous structure and a penetrable barrier as in FIG 6E wth
t he péneftHB]| e FabriletAcodFletB shovam dxppmlablsretentidnrirmeturea naccendancs witht er i al
fron1theeglg&%%hwin accordance wth enbodi nents; [0292] FIG 7A shows a

t her apeuti c devi'e coupled to an injector needle conprising a stop that

positions the distal end of the needl e near the proximal end of the device
to flush@Hal r E&&r TR shoWs & HerapRIEE i HCOFOMBIHINER RBPMATHEFEPOSHOBEGR A he

porous frid toscfe[iu&_tal'{ﬁ@rapéuﬂc &P fcﬂ@ﬁfg%t WehdbnesadimBatis acdoPBdd whh G 7A2
shows a therapeutic device conprising a penetrable barrier coupled to an

i nj ect or cmbodlinjeatst and renove material fromthe device such that the Iiquid
in the reservoir is exchanged with the injected fornulation, in accordance
Wi t h1enmb@ai18enEFsG. THORMMs afhapetBe ddvish@ndpriaingiad®rarsessetsedbdaasdaln the ew of a
t herapeutic devjce copprising a retention s%%uc.ure aving a cqﬁ%s-section
i zed t o dFYiEe focliHerd) tg%@%%w PR K Q1 Or moraelciBF AR MW Oh eS8 YNt s ;

l[:?é95]7BFh%gh\;ﬁk%V&ﬂ%%ti@&diﬁﬁﬁ%ty&i iff a¥dofin8 withembb@hRRGU i ¢ device as in

[0316] FIG. 7F shows therapeutic device 100 comprising porous structure 150 oriented to
release the therapeutic agent away from the lens and toward the retina, in accordance with

15 embodiments;

[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. §;
[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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[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 revervionssaBructure of the therapeutic device asPCH/USR@G0/071831 1;
[0298] FIG 7B-5 shows a bottomview of the therapeutic device as in FIG
7B- 1 inplanted in the sclera; [0299] FIG 7B-5A shows a cutting tool
conprising a blade having a wiwdth corresponding to the perineter of the
barrier and the perineter of the narrow retention structure portion; [0300]
FI GS. 7B-[@Q4P”¢IG.BI—16-BSW%QBQ%}Y Iﬁ{eQ%ﬁlst%trbﬁf&%e_s Yt SWsaRGir 8s Rrmi _ﬁfﬁ'
crosssectional view, respectively, of a therapeutic device conprising an

el ongat e nen-~cjy gul ar. cross-sectional sSize,. in accordance . w th

erbod meATeRl [ 35117 B sl B fatAn S R P PR LR R B her apeut i <
device having a retention structure with _an el ongate cross-sectional size,
in accor M@g W h! ethea theemgtativo sese pf BSA PEOtEID tigBsls? nigresPerowsnd vi ew
of the thenapReHiifgedevice as in FIG 7B-6C [0303] FIG 7B-6El shows a side
view of the short axis of the narrow neck portion of the therapeutic device

. A , : i de. Vi he | ' f
The narr da2b o 1P Hwsith Cne T AREnRITVE et BE YA SRy, i@ e fRE S 2]

FI G 7B-@kysshows a proximal view view of the therapeutic device as in FIGS
7B-6C;, [0306] FIG 7B-6Gto FIG 7B-61 show expl oded assenbly draw ngs for
the ther speg]i ¢F1deM G8wa%hd AnfildfSe rd 866t BIA PRot8E thloBFP Inafle@Psinféed 1 shows
an expandabl e t herapeutic device conprising an expandabl e barrier materi al
and suppopetoup htaannespadded Cootifipy Ly iatrenddnoe weh taprieebntad bebhedmehtst he
t herapeutic agent, in accordance with enbodinments; [03 08] FIG 7C 1A
shows t h(f(}3ii9]rslt @HGelr’]ﬁdshp% ci@olatiec Ite[tgsé(bfm proieﬁlﬁ)?r@%r}]ﬂ al’hl;zﬁkéﬁ sifteredporqu@309]
FIG 7C 1B shows the support 160S di sposed inside the barrier 160, in
accor dan&&nin pylagsodiGeatiten 2 mf@]rdmceawﬂ%ezp%@%\ﬁglbpﬁl@egﬁppor t 160S
di sposed al ong the inner surface of the barrier

[0330] FIG. 16 shows cumulative release of BSA protein through a masked sintered porous

titanium cylinder at Condition 3, , in accordance with experimental embodiments;;

[0331] FIG. 17 shows cumulative release of BSA through 0.1 media grade sintered porous

stainless steel cylinder;

15 [0332] FIG. 18A shows cumulative release of BSA through 0.2 media grade sintered porous

stainless steel cylinder;

[0333] FIG. 18B shows cumulative release of BSA through 0.2 media grade sintered porous

stainless steel cylinder for 180 days;

[0334] FIG. 19A compares calculated Lucentis™ pharmacokinetics profiles to the

20  pharmacokinetics profiles predicted for the device in Example &;

[0335] FIG. 19B shows determined concentrations of ranibizumab in the vitreous humor for a
a first 50 uL Lucentis™ injection into a 25 uL reservoir of the device and a second 50 uL

injection at 90 days, in accordance with embodiments;

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

injection at 90 days, in accordance with embodiments;
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160, in accordance with enbodi ments;[0311] FIG 7C 2 shows the expandable
therapeutic device as in FIG 70 in a narrow profile configuration; [0312]
FI G 7C wehowssiie expandabl e t herapeuti c devi ce as i nPET@GS2MQI02i681 an
expanded profile configuration; [0313] FIGS. 7C-4A and 7C-4B show an
expandabl e retention structure, in accordance with enbodi nents; [0314] FI G
7D shows a therapeutic device conprising a porous structure positioned in
an eye to deliver a therapeutic agent to a target |ocation on the retina,

i n accor ¢eep W& ﬁﬁﬁﬁqlsr&%ﬂrﬁmk@é&ﬁkn@n@m Zﬁaf%'ﬂ%ﬁla@ irf JB@R/ﬁfé%Hé hnfmdlGY! ce

conprising a porous structure |ocated on the device to deliver a

t her apeutmﬁrstégelmhtcent@ne 1ro¢ct1m) o o0 uhecwivdiaefithddudycecand eisecond dBakul ar
meshwor k . wh en n% ée'u onle(gl |n t he e% bl . acgordance wi th enbodi nents; [0316]
FIG 7F JHBWS BSUP g8 ™ GBS Rsi ng porous structure 150
oriented to reI ease t he therapeeﬁlc agent away fromthe | ens and tovvard t he

retina, i19938kclGalvEeshfive Heterbaer FRaSE atlp@%qf?nlbﬂizembz@@%wg%s hgyngor for a

conprksi gkt 30REAGRERAT IHSHLH ROL 50 /LGARMYiMhe @Rfbe@nd REERREYH LE device
wi thin the container, in accordance with enbodi nents; [0318] FIG 8 show

reser voi irgeaionat 133&]daypon@@oaiand%fvlthemb@kilmmer s fabricated from 1ml
syringes with Luer-Lok(tm tips and needl es of varying dianmeter, in
accor dan¢@s3g t rEI@thHhm@ﬂ&emﬁlﬁéiﬂ&]nc&itﬁno&df rafibwembtha theetices Mintcached t o

syringes as in Fl Gy8; 320 G 8-2 ows the reservoir aced into
vial's; é@?&]hﬁ?fés ng&m% %ﬁé{)&% dggice Eﬁ‘%%%%@%%@b%mfl%"fsr?e@d fes of
varyi ng di@eief with @388dinfche 10 shows rel ease rate as a function of area;
[0323] FIG 11 shows a reservoir with a porous merrbrane fabricated by

cutt Il()‘ 9 ?(H40L2%]léuﬁ)r sho%fs de{epml d gonc]reqitrﬁ Bé O ?n’nﬁo%% i tlhg‘vgle%_ué (g)rvfgr the

delivery'rat rom tes’'o reservolr
a 50 uL Lucentis" 1nJect10n into a 75 uL device having a release rate index of 0.05, in

accordance with embodiments;

[0341] 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, in

15  accordance with embodiments;

[0342] 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, in

accordance with embodiments;

[0343] FIG. 19]J shows determined concentrations of ranibizumab in the vitreous humor for a
20 50 uL Lucentis™ injection into a 150 uL device having a release rate index of 0.05, in

accordance with embodiments;

[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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[0325] FIG 12 shows the cunul ative rel ease of fluorescein through cut-off
needles ; [0326] FIG 13 shows the cunul ative rel ease of BSA protein

t hr ough awei2ntogsedspor ous titani um cylinder; [0327] FI GPCIAS2019/l002631 t he
measured cunul ative rel ease of BSA of FIG 13 neasured to 180 days; [0328]
FIG 14 shows the cunul ative rel ease of BSA protein through a nasked
sintered porous titaniumcylinder at Condition 1, in accordance with
experinmental enbodinents;; [0329] FIG 15 shows cumnul ative rel ease of BSA

protein Ea 0¥48)9k1@. 1A Kﬁﬂvssde'fhtrﬁ'in%q cBﬁ’JeﬁHﬁlotn' ﬂr@f‘l’eéléﬂ* Iﬁbﬁ'blz'[lﬁ'ﬁﬁ 11134he GRRALS 1 on 2,

in accordance wth experi rrenta enbodi nents; [0330] shows
cunul at i Wempefoeade ubfLLB@AISpr m]@qtlnnurh@ aughuk rm@loerdiesuccnh@rl@a phsasesitd i t ani um

cyl i nder ance wi th experinental enbodi nents;;
[0331] Flulgt 0886% lnacco%‘fl(éetl ve© rg?erélgrétsof BSA t hrough 0.1 nedi a grade

sintered (?or ous_stai nl ess steel gyl i nder; [0332] FIG. 18A shows cunul ative

rel ease $34BbAHHr Yphoys sleicamingd Genegriration pedfdes o srnibicimpbinihewiseaysee|

cyl i ngder h,f@3R3h Sﬁh@Luje@rﬁls@hﬁﬁ&n%Hm% at by gL r&kR3ARIOke BRAnd NFQUGh Q. 2 nedi a
grade sintered porous stainleSs steel cylinder for 180 days; [0334] FIG

19A conpardss of 808%lmpedrdaneewitth siibedimphfar macoki netics profiles to the
phar macoki netics profiles predicted for the device in Exanple 8; [0335]
FI G 19B[638ys Fiet BOnhoed dernarid taickonsionprofie dfiranibiabmimintthevivebuseous

hunor for a a_first uL. kycentis(tm ction, i 25 uL reservoir of
e devi bugnir 3 TakJaucub uLnJ?%lpaiftt? 662%{15 GRS eVaCﬁﬁad%? ERAFICeT A t h
enmbodi Nne Rk of 0838 ]in K Grdab @Gyl ewsodekekm ned concentrations of ranibi zumab
in the vitreous hunor for a first 50 uL Lucentls(trr) injection into a 32 uL

resep oir t d c
L ootion iRy t MG ORE Son a0l BB ANl E IS LA AlmBin G el
of rani bihambafer arsomheLuteﬁtrs%ugedeﬁmto fhaes aLfra:sres/TmrEdévmth:hmn@mtdlalsa: ftect i on

into abs r voir of the device and a second 50 uL
9nd%x of 8 %g in accordance with embodiments;

[0350] 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
15 index of 0.01 and in which the ranibizumab has a half life in the vitreous humor of about nine

days, in accordance with embodiments;

[0351] 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

20  days, in accordance with embodiments;

[0352] 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, in accordance with embodiments;

25  [0353] FIG. 19T shows determined concentrations of ranibizumab in the vitreous humor for a
10 uL standard Lucentis™ (10 mg/mL) injection into a 10 uL device having a release rate
index of 0.01 and in which the ranibizumab has a half life in the vitreous humor of about five

days, in accordance with embodiments;
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injection at 90 days, in accordance with enbodinents; [0338] FIG 19E shows
determ ned concentrations of ranibizumab in the vitreous hunor for a first
50 uL Lucwotosyassd4si njection into a 50 uL reservoir of rhe/usevmooe26and a
second 50 uL injection at 130 days, in accordance wi th enbodi nents; [0339]
FIG 19F shows determ ned concentrations of ranibizumab in the vitreous
hunmor for a 50 uL Lucentis(tm injection into a 50 uL device having a

rel ease rate index of 0.05, in accordance with enbodi nents; [0340] FIG 19G
shows  defgysj NG CRNGSAL A /bl AR d Yine 2R LI ZHNBRE b PhetdpCurkd dokbRQMSHALBR { OF @
50 uL Lucentis injection into a 75 uL device having a release rate I ndex of
0. 05, i nracwordanceordinch vetiivotioderents; [ 0341] FIG 19H shows determ ned
concentrations of ranibizumab in the vitreous hunor for a 50 uL

Lucent i s{0385] i Hl@cll dowk dtuauiatikdRladbe @eniveeinhawithghd@apeati€astccs ab@piisigex of
0.05, in accordance with enbodi ments; [0342] FIG. 191 shows determ ned
conaent r ATGREA D SR IO RS T T HEg B HRIBA GO WL BocTyp
Lucentis(tm injection into a 125 uL device having a rel ease rate index of
0. 05, 5i n [66br FGcR Avktowsenvotitimerelease fod 24atinF|' Gith@ous fovrrudereshaiingd
concentr ti(i:oréssSO 0 4@nj bi zumab in the vitreous hunor for a 50 uL

Lucenti s??n]in I'njection into a 150 uL device having a rel ease rate index of
0.05, in_accordance with enbodi nents; [%)344] Fl.G .JBQK shows det er m ned
concent r 835dhs F&e- 7241 BhOrRAIRUlabve Fdeast freoiastituntifh paspusfrisgirygfures having
Lucent i s@tgmikdeN &aid@n. into a 100 uL device having a rel ease rate index of
0.1, in accordance w th enbodi nents; [0345] FIG 19L shows determ ned
concentr fn RIGTINES Rl d ANIPLEUIR Rl AL L BEMYIT SOUS, (ORI o820, Ul
Lucentis r# injectioninto a 25°UL Tes8érvoi rV'dehi ¢e havi ng a rel'&dse rate
i ndexoof tlckdks ofi0rn2at aommddace2®vlt h enbodi nent s; [ 0346] FI G 19M shows
determ ned concentration profiles of ranibizumab in the vitreous hunor for

a t50 uL ke3oDt ik$Gi 742 HMWARuIMfBvarcldRe Bk AVBSEITY Qifh A8W-ESr Nhoor 2 fiel ease
rate

[0360] FIG. 23A-1 shows cumulative release to about 90 days for Avastin™ with a reservoir

volume of 20 uL as in FIG. 23A;
[0361] FIG. 23B shows rate of release as in FIG. 23A;
15 [0362] FIG. 23B-1 shows rate of release as in FIG. 23A-1;

[0363] FIG. 24A shows cumulative release for Avastin™ with a 0.1 media grade porous frit

structure;

[0364] FIG. 24A-1 shows cumulative release to about 90 days release for Avastin™ with a
0.1 media grade porous frit structure as in FIG. 24A;

20  [0365] FIG. 24B shows rates of release of the devices as in FIG. 24A;
[0366] FIG. 24B-1 shows rates of release of the devices as in FIG. 24A-1;

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

frit structure;

[0368] FIG. 25A-1 shows cumulative release to about 90 days for fluorescein through a 0.2
25  media grade porous frit structure as in FIG. 25A;
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i ndex of 0.095, in accordance with enbodinents; [0347] FIG 19N shows
determ ned concentration profiles of ranibizumab in the vitreous hunor for
a 50 uL bwoento/msgi4) injection into a 125 uL reservoir ®eviuseolhariody a

rel ease rate index of 0.085, in accordance with enbodi ments; [0348] FIG
190 shows determ ned concentration profiles of ranibizumab in the vitreous
hunmor for a 50 uL Lucentis(tm injection into a 125 uL reservoir device
having a rel ease rate index of 0.075, in accordance with enbodi nents;

[ 0349] FI @69]’19'1?I§hﬁ@s}f3%?£t5@ NG cSQRE MR ek O iRFRGI 15 of rani bi zuneb in
t he V|treous hunor for a 50 uL Lucentis |nject|on into a 125 uL reservoir

device h rate in i e wth
enbodi mem@ﬁp %&é%ﬁ?%‘oﬂsgaegﬂo@eaﬁe?ﬁh S(E:‘Solrrllc%gﬁt ?%?ﬁ()ns of rani bi zumab
in the vi treous or uL concent rat ed Lucentis(tm

i nj ecti o037t o FéG 1%35CquhOaYé&Pl@@laﬁéme#@seaw@ép@é%@yrdaYSefor Haf’ee%tlﬁ?Mcshr@ggh aHx)% in
whi ch t he, AN HMZIRR fﬂ@s?ru%tup@lllefwﬂgeftﬁaﬂn&&@ﬁ) orsgtlh%ﬁala 1éﬁ%fmlihlaineal?gpt ni ne

days, in accordance wi th enbodinents; [0 FIG 19R shows determ ned
conceht r &028ms; of rani bi zumab in the vi treous hunor for a 10 uL
concentrated Lucentis(tn) (40 ng/nmL) injection into a 10 uL device having a
rel ease M@72] i FUEX250J sHOwQ Tatanel reRasstvif e dehizes anhFiGLIl has a half life in
the vitreous hunor of about five days, in accordance wi th enbodi nents;

[0352] Fid373]9F16 "owssdet enmhnget: &&@&%@b%ﬁttthﬁ&sda% fd’r @ﬂb@hé’?‘l@f‘%r Byt he

vitreous hunor for a 10 uL standard Lucentis(tm O ng/m.) iInjection into
a 10 uL devitesdhahiagiaRR G frerh ebew Or0dD ¢o alraieR.086; 0. 01 and in which the
rani bi zumab has a half life in the vitreous hunor of about nine days, in

accor dan¢es™ t FlesedshowntAss JfOSoa3E oFthcdeilifds SHOWREG.ASEET m ned
concentrations of ranibizumab in the vitreous hunmor for a 10 uL standard

Lucenpi s(iamk) ( FGIW R dnd ZHBes%bv%aﬂnﬁﬁg%l@ctr%ﬁ nHbrod& bﬁﬁa QYo nfr&d &?g%@ rate

(
i ndex of OO!L and in which the rani bizumab has a %%lfelnthe vitreous
hunor of o&beraus frit euaiaysso dsro slevothd ahsesungiof Itheeqmmstmcrttng 10 63643 thel G 20

shovs 2 gal Gl &t St WIRBELEASGPLRIAGeRE @ therapeutic agent suspensi on

[0376] FIGS. 27A and 27B show scanning electron microscope images from surfaces of

porous frit structures, in accordance with embodiments;

15 [0377] FIG. 28 shows a pressure decay test and test apparatus for use with a porous structure
s0 as to identify porous frit structures suitable for use with therapeutic devices in accordance

with embodiments described herein;

[0378] FIG. 29 shows a pressure flow test and test apparatus suitable for use with a porous
structure so as to identify porous frit structures suitable for use with therapeutic devices in

20  accordance with embodiments described herein;

[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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reservoir, in accordance with enbodinents. [0355] FIG 2 1 shows cumnul ative
rel ease for Avastin with therapeutic devices conprising substantially
simlar p¥OQOR/@88I48 structures and a 16 uL reservoir an@Ca/u32010i022686€r voi r;
[ 0356] FI G 22A shows cunul ative release for Avastin with porous frit
structures having a thickness of 0.049"; [0357] FIG 22B- 1 shows

cunul ative release for Avastin with porous frit structures having a

t hi ckness of 0.029"; [0358] FIG 22B-2 shows rate of release for Avastint

with por o581 y iFG§ty I%Céﬁﬂt!lrﬁﬁ S}E@MIE @ﬂ)e‘?ﬂﬁema?hﬁiﬁ%ﬁatﬁ;n cQ Tl%%euﬁ‘@dévnctht@thQZB' 1

[0359] FI'G 23A shows cunul ative release for Avastin wth a reservoir
vol une ofa3@lank redi@BB0f arkighit QBAvitH viskdiaaticounithcadeivice swéllng@h;veelmgaabout 90

days for .Avasti ) oi r_vol ume. 2 L.as in

o561 FEASLNEL AL Ml BACERY LR Befantiailin FsuBaliifif05 4
shows rate of release as _in FIG 23A-1 0363151 | G.__24A shows cumnul ative
rel ease for Avasti n(tnPE\M/%IHEQ%ESiCWJ;IQ d? EﬂNV&%TIp}Nt structure;

[ 0364 F'[@SZ?”f%lth%u%h%‘é’&ﬁ% WoRelAdd ¥ Bati€ @S BeliRrPOaHicrdfo HaNS Jo%llip@@r*hﬁ f or

Avastin(tm wt medi a grade porous frit structure as in
[ 0365] FR®IboRES o hikedy énag@elm torthp pesteriapfegnimat dethe crs caodimepsGf thr4 A;

[ 0366] FI %serégrg'e%%grpg\ﬁﬁoe u%%ftt% £ 1vefr‘?+a%g§1?er§§euﬁ{?§%e% b%%%%%ﬁ%leé‘oﬁh&o@“ L

[ 0367] FP ows cunmu ive re orescei rou
medi a gr &deexpatpby smbodinests ol dieypt&ent[i03H8EPn Edndbe REAt0 dhhshah&apnmu hgdnit Ve

rel ease to about 90 ays for flu ein through a 0.2 nedia de porous
frit str E}EF’&F%&J&WP Qe 05 BR1G @%B@f‘ﬁlﬁ}”@g tisﬁ%"sg%\?s%asi’ ?regltf&faﬂgcé‘faéase of the

devi ¢@s @siratechll RricdMdl, ih@AdRInaFAfd o®SB-1 shows rates of rel ease of the
devices as in FIG 25A-1; [0371] FI G 25C shows cunul ative rel ease to about

thirty d?()lﬁ?y]( O"]Enjrb%(aﬁﬁg‘n'tssc;&%é ﬂ%g)elﬂgﬂwgnt%n%rowde 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 therapeutic agent can be released into the vitreous humor of the eye,
such that the therapeutic agent can be transported by at least one of diffusion or convection to

15  the retina or other ocular tissue, such as the choroid or ciliary body, for therapeutic effect.

[0384] As used herein the release rate index encompasses (PA/FL) where P comprises the
porosity, A comprises an effective area, F comprises a curve fit parameter corresponding to an
effective length and L comprises a length or thickness of the porous structure. The units of the
release rate index (RRI) comprise units of mm unless indicated otherwise and can be determine

20 by aperson of ordinary skill in the art in accordance with the teachings described hereon.

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

25  combinations thereof.

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

ingredient, or the molecule comprising the active ingredient.
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medi a grade porous frit structure having a dianeter of 0.038 in and a

| ength (thickness) of 0.029 in.; [0372] FIG 25D shows rates of rel ease of
t he devi cwe 2aw/i885481 G 25C; [0373] FI G 25E shows cunul aCirus2e1ei022s81 t o
about thirty days for LucentisTM for 30 uL devices having a RRI's from
about 0.015 to about 0.090; [0374] FIG 25F shows rates of rel ease of the
devices as in FIG 25E;, [0375] FIGS. 26A and 26B show scanni ng el ectron

m croscope i mages from fractured edges of porous frit structures so as to

show t he ggf7piC N RePherkifl SsiMAEAHSn P41 Hlﬁié[zl{g%i?&é@arrsﬁh&ﬁl%ﬁ’ ahd6r SiRfLARSULT C

agent, in accordance wth enbodi nments; | FIGS. 27A and 27B show

scanni ng tron nm croscope, i nages from surfaces of poroys frit

truct o ABF L TR R RC R R S BT DG 5oy B SR bl cxeps s sur e
decay t estithaflrcb@Sdir appptistigibe tOitaidSendichiinieer P ThO theraptiitliCdgdfiten$,0coagpris®
identify porous frit structures suitable for use with therapeutic devices

i n accor ddMERIionIudntSaluHeR 5 haRREHICHEEN R FUsPFISINEE RERCTINCHIIC 288NEHGs a

pressyr e qfshOMoh ®8h t1RRDhESIgcADRAAIMBICS Ekﬁrﬁﬁlk@offtﬁ&af%‘iﬁc‘ﬁ%&ﬂﬁs RitAOE PlSuse
structure so as to identify porous frit structures suitable for use with

t her apeut eccdulgicsexsith embasipeniapltbe Wicrdpeetirdsdiorer deseieied hictsad ferexainple [ 0379]
FI G 30A- . a f cul ar cube OCT inage used to

i denti fywelll%rrg%?e\é?le%?r% ir%tfek?égg&(%?glé%errgng and determ ne the response to
treatment; [03 FIGS. . 30B- 1, 30B-2 and 30B-3 shaqw an exanple of a series
of OCT s %}?5! ngrg_ééhe@gm%sea& mgy %Qmm}%etmaﬁfﬂm%lﬁ@i‘dgv eﬁ%@?ﬁéiaﬁja@md&?fand one
week pOSTanﬂiHHgg(ﬁta RBnt. "M8S RRFAJMUEE YracrBhoRSEIL 'n%?%oﬁl&)riﬁé”'@VE@@! iARbREr, fopt erest ;-
and[ 0381] FIGS. 3l A and 3 | shovvstgﬁperl menfal inplantation of therapeutic
devi ¢@ | sxamplpeopaersiably anallabgliusantes o he VESHMasawas Enidothelgl SuawibAzciooh of

t he devi¢g. ! | LOCL S| 1 ield

vi'sual | 200 R e e e AP e LA G B8 AR NP T o o
THE | NVENT¢A8MN [nBBB2 Jvitdbtihlowngdr of leciyki Exaeples e CEGF snhisiches inolutlb &udeatisVer y of
macr onol %%gétgl&M,cl\glgngier?ﬂ M? gnd VEGF Trap.

[0390] The therapeutic agent may comprise small molecules such as of a corticosteroid and

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

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

[0391] The therapeutic agent may comprise an anti-VEGF therapeutic agent. Anti-VEGF
therapies and agents can be used in the treatment of certain cancers and in age-related macular
degeneration. Examples of anti-VEGF therapeutic agents suitable for use in accordance with
the embodiments described herein include one or more of monoclonal antibodies such as

25  bevacizumab (AvastinTM) or antibody derivatives such as ranibizumab (LucentisTM), or small
molecules that inhibit the tyrosine kinases stimulated by VEGF such as lapatinib (Tykerb™),

sunitinib (Sutent™), sorafenib (Nexavar' ™), axitinib, or pazopanib.

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

AMD such as one or more of Sirolimus™ (Rapamycin), Copaxone™ (Glatiramer Acetate),

54



anti bodi es or antibody fragnments to the posterior segnment of the eye,
enbodi nents of the present invention can be used to deliver many

t her apeutwo 2agasssist o many ti ssues of the body. For exampirasS2@wbemsnent s of
the present invention can be used to deliver therapeutic agent for an
extended period to one or nore of the follow ng tissues: intravascul ar,
intra articular, intrathecal, pericardial, intralumnal and gut. [0383]
Enbodi ments of the present invention provide sustained rel ease of a

ther apeUbtﬁe@@’e@mefénkﬂﬁcﬁﬁéﬁl%éke?fcﬁ%@%}otﬁi i8Ry Feffetihfie opNt €ri or
segnent of the’eye, or conbinations thereof. Therapeutrc anounts of a

t her apeufRihcorgents. can be rel eased into the vitreous hunor of the eye, such
that the therapeutic agent can be transported by at |east one of diffusion

or convege3odN tThe tiveapestid xgeno[hayaédmrnseeulheaﬁpehhs s¢dt sistdbll fastrdaffert botwei d or
ciliary body, for therapeutrc effect. [0384] As uysed herejn the rel ease

rate i ndeMBIBEHISANE @5 MO #@D%‘Qﬁ%@ﬂa@awﬁr?%@s t WRansEPEEN 1T G0 onpr i ses

an ef § eClRlo¥& A8 (VEGEATRY) 0 8SmplemhMBhibitbr (PBTANEL €r corresponding to an
effective T'ength and L conprises a length or thickness of the porous

structur ﬁﬂ 9IE Tﬁm tsa Ce)Iltlct he ell eg‘osrr? r{s%t rllagejle}(nbg P}/gllc aggn (I;rlrrslere%?l ts of mm
unl ess | d3 te }feﬁé)rvms and can pe  determne y a person of “ordinary
skil | ijn ﬁe‘hﬁlzafrﬂ'ab (mommSmieedyM BIBWI2092 @a{ahin@ng.schg’e?bgﬁGﬁﬁﬂﬁﬁm) [ 0385]
As use erein, sustain rel ease enc ease O tic
amounts SFUSHRRAROURAToRE oMY Tatin ﬂo(gﬁléﬁgﬁ)iw taa@télﬁrm%(fm o Butlended
period ohnfioa®), g'm%ne KhAl REIEc1 O] RADEUNRY (RBRQIRAS Sntfdolip) égageﬁlbr(eha@se of
the active ingredient, zero order rel ease of the active ingredient, or

ot hed0 ki rr@tl@ce ).cbrafaieasallandecute). dasatiiesiabneoleqle) spitioriiemal moldculest

order, i e ent
referred &gﬂgfﬂﬂﬁhﬁ dﬁshéﬁgmg)%%%ggggégkgqggnnﬁégre §¥&£ﬁk?$%@hgﬁnﬁﬂbn of
t he ther @pemttcilcmala@mbbdyoommdmﬁmaI(d;ryalhmaleblab)loeEmﬂme(ltarg&mgt\rmGFRBe
active in nt. of the ble formul ati on, the generic

A Sl oG Bi e g ot 1361 650 s i

name of | e conprising the active
i ngredient. %0387 As used herein, srnllar nunerals indicate siml ar
st ruct ur $&398hd/The agomat| o thesanspic aqeoesel]lmﬁrfreth@mm@séerlpemag eomprigyfrase

cont g ”e%(‘lﬂtbfb‘l'}nﬁ g%i&%g%’ﬁﬁl 3{* Eh(fléﬁﬁsm Y as58 gHR & R fUufle BmbERELY O! 1

conprising the co e therapeltic agent nay conprise
the therapeutic agent for the extended tlme, for example at least 30 days. The extended time

may comprise at least 90 days or more, for example at least 180 days or for example at least 1
year, at least 2 years or at least 3 years or more. The target threshold therapeutic concentration
of a therapeutic agent such as Lucentis™ in the vitreous may comprise at least a therapeutic

20  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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a formul ati on such as solution of therapeutic agent, a suspension of a

t herapeutic agent or a dispersion of a therapeutic agent, for exanple.
Exanpl es wO 20tva8sqeut i ¢ agents suitable for use in accoPdausSeomiords31

enbodi nents of the therapeutic device are described herein, for exanple
with reference to Table I A bel ow and el sewhere. [0389] The therapeutic
agent may conprise a macronol ecul e, for exanple an anti body or anti body
fragnent. The therapeutic nacronol ecul e may conprise a VEG- inhibitor, for
exanpl e _eOfITRi-floaldrihAHRIAARIA hHE RAdP(hThton PG00V E P LYRRE4h AN Fo Ot hel i al
Growt h Factor) inhibitor can cause regression of the abnormal bl'ood vessels
and i npr evanpat).lofg/ml sfoothewkendeddimased into the vitreous hunor of the eye.
Exanpl es of VEGF inhibitors include Lucentis(tn), Avastin(tn), Macugen(tn,
anthEGF [(fmap T[h@&&@ﬂnoﬁfneat%ddaﬁ@p@md pir@e agamh% Bﬁl}ése?ﬁfmhé Scﬁlteﬁﬁﬁ:dft}fém ecul es
such as of a corticosteroid and an ogues t her eo For exanp e

t her apeutieEaneBiit devist EPLFRIIE 2 s REETBHRS Loteesr e gy bE ipsicd i tB?\e

tri magi nglenru@cglaRi de, dexanet hasone, dexamethasone acetate,

fl uoci nol one, fluocinolone acetate, or anal ogues thereof. Alternatively or

In Co.nb : Wgs The% 1% 10 of sustla%%Hd ?VCOf oft tﬁee ]Ehep %gltltllcce}%fegtent dcigrb Vsee a

tyrosi ne errn npri sing one or axi-t osutii ni b,
cedi r ani yeckkagatiorg) fbr eﬁfﬂp@i font 10, sixg@bnths frbih, a digd Ingérkion bﬁi;haffapéutlb ,agent into

| estaurtini nilotini senmaxani sunitinib, toceranib, vandetanib, or
vat al ani ¢ BPeé‘Sbﬁﬁﬂ?eégV’[%Sﬂg‘Tieﬁ?ﬂ@t? Hereypelte 2%Fent may conprise an

anti-VEGF therapeutic agent. Anti-VEGF therapies and agents can be used in
the treal®®it dihe él@rapailtrm wnt@msb%ldﬁdlvmﬁrda@@wmewww mnﬂoardedesg@wewht i on.

VE\Axamf{) es req%g dcgr tﬁe ge% Ly ﬁmae‘p%§1t ggee ﬂ}es[h 14,80 dgwgeorgl ompr%se 24691430 g €

he e scrlb e oné or nonhocl ona
ant|bod|egmﬁummaaﬁwb@wgenzWhabmﬂﬁgaghnmquﬁﬁmaﬁiﬁhﬂﬂymﬂﬂauxaﬁgme&usuch as

rani bi zumab (L nol ecul es that inhihit the tyrosine

ki nases. SORMIHESDY ‘%/E@Eléfdgﬂ‘eééefﬁ%%t: PRy S@%ﬂ%ﬁg qﬂer@awiwﬁ P ( sut ent
), soraf enédded f‘&ﬂ'&‘%@&enﬁed kb hitdt iBject®dn IRRZRPAREOus HuBRS. Zﬂhemﬁlcﬂﬁ%ﬁﬁp@!ﬂ%é&
agent may conprise a therapeutic agent suitable for treatnent of dry AMD

such as 6w thet thppastigdes rsmaw)] ip thesvirrap Amper of) the euplax Bexiedlest imeymer
Acetate), O hera , Conplenent C5aR bl ocker, Cliary Neurotrophic Factor,
Fenr ébi ni[@®0pr 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
20  or other diffusion barrier or mechanism may be a component of the therapeutic device to

release the drug for the extended time.

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

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

three months) for sustained release of the therapeutic agent.
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Rheopheresis. [0393] The therapeutic agent nmay conprise a therapeutic agent
suitable for treatnent of wet AMD such as one or nore of REDD 14NP (Quark),
Si r ol i musworpio(iBsgzanmyci n), ATG003; Regeneron (VEGF Tr appCorusecanpbmaent

i nhibitor (POT-4). [0394] The therapeutic agent nmay conprise a kinase

i nhi bitor such as one or nore of bevaci zumab (nonocl onal anti body), BI BW
2992 (small nolecule targeting EGFR/ Erb2), cetuximab (nonocl onal anti body),
imatinib (small nolecule), trastuzumab (nonocl onal antibody), gefitinib
(smal | ooyl ahe e dRR LABORGHRAY mAR! VBRI b eﬁ%ﬂﬁ@ttl?c'}hg‘agreﬁﬁgl |

nol ecul e), sorafenib (small nolecule), dasatinib (small "nolecul e),

suni ti ni beggnd pal be neblletmicethe devitomitid physwrald offred. ecul €), nilotinib (snall

nol ecul e), lapatinib (small nol ecule), panitunmumab (nonocl onal anti body),
valndet ?ni[(tnoep methk ttlmladpeauiu &)vwl glrﬁ&%&f prikamgeyd bagi)gv[ﬁo%&dw ]n\d@g]iiwl a&fi‘bﬂtbsf, for

nol ecul e comercially avail able from Esai,  Co. 5] The anount 0

t her apeuﬁ‘%{n%l@gﬁtphmlfﬂicharf‘?{%“%tlﬁ%%tg%E]Ffaé’ek‘f&&?e&é?er‘i’%@’ COBREFS ddeast P ABout

0.01 5O HRaRAYLry HeliBe witRh sENATBLS dHEEMd s?z(iﬁ%%urch At ABioh s REMb&E, and

t herapeuti ¢ amounts of the therapeutic agent the extended tinme, for

exanpl e &iocpapaiiblgmageyls Theldeviex mendempiiscraesrayoicepiiysieoraabius 4405 90taday s
or nore, I t S , at
| east 2 ﬁéﬁt g %gc;%[@tr %fagﬁapsl % %gﬁlyaebéﬁtg()'gfgcn%)%éf)&t%le@% g@%&ﬁ%ﬁé@%ﬁ% %éi}oﬁg%peut iC
concent r gian@bowR2 @. tAheragemy intayageotfosuelfoadevidtcc@nine larpertthen Wi te.eOs nmay
conprise at |east a.therapeutic¢ concentration.aof 0.1 ug/nlL. For exanple the
target tHPSEHYITRE LoiRedmty f%ﬁ?%wtﬁmﬂglg T Sttt .dip@&fwnttﬁe about 5

ug/ myof okhdph@r axtRMde ths bl tWNBERIoh BEHYRRBRnNAIMAC ®ithASBELt UPBB eye. The
cal cul ati ons shown in Exanple 9 using published data. The target threshold

concent r dngdrofitke digg nepapdsedienendeidthe pgle resyhigh the device stipwrtedhBerapeut i ¢

agents. T ! : i : i KL i .

R L i S P LR T S

exanpl e, epnisabowt2d noh, 4 deyidehrateagiep hb magtah abay 6enifrigethe edeiantto thdhe

cont ai ner .. at nont Eell% i nt ervalgse SO0 as to.ensure that the concentrati on of
|

t her apeut’{TEOHRPRE 825 MG AR U YD ol or an efficacy protocol for

t he therapeutic agent, . o . . .
15 [0404] Embodiments may comprise many combinations of implanted drug delivery devices.

The therapeutic device may comprise a drug and binding agent. The device may also comprise
at least one of a membrane, an opening, a diffusion barrier, a diffusion mechanism so as to

release therapeutic amounts of therapeutic agent for the extended time.

[0405] FIG. 1 shows an eye 10 suitable for incorporation of the therapeutic device. The eye
20  hasacornea 12 and a lens 22 configured to form an image on the retina 26. The cornea can
extend to a limbus 14 of the eye, and the limbus can connect to a sclera 24 of the eye. A
conjunctiva 16 of the eye can be disposed over the sclera. The lens can accommodate to focus
on 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  the retina 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  torelease the therapeutic agent. The therapeutic agent can be released into the vitreous humor
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for exanple with nonthly or |less frequent injections into the container.
The sustained release can result in an inproved delivery profile and may
result i rwonpronseddsr esults. For exanpl e, theconcentrati eaTafS2eth@empeUt | C
agent may renmain consistently above a threshold anount, for exanple 0.1
ug/nm., for the extended tinme. [0397] The insertion nethod may conprise
inserting a dose into the container of the therapeutic device. For exanple,
a single injection of Lucentis may be injected into the therapeutic device.

[ 0398] Th@ s%k'l'i ﬁlta{ @8 tl%frap%ﬂﬁé @geﬁﬁ%ld@s' dt Yife! thrpaf anH Qﬁoﬂonﬁ rf@tgﬁé{%f)&ltlégﬁ’@ét offie

extend for twelve weeks or nbre, for exanple four to six nonths froma
si ngl e i msenlai dhe W)lftTCD‘hFdTUa[pEle the cageempiises o litihid d@ewedéwtm'@n thehlensdadite i s

i nserted |nto he.eye .of the patient, 399 1..Th y be
del i ver edetl Q- TEIC VltI'e US hutI(I)OI' maytcom I'ISC CO & alOélL(jJu Cal’l |S’le ] 1V$eas{ehelf3.8 aéren%

extendedtdﬁﬁﬁmmﬁbr exanple, t he therapeutlc devi ce may conpri se a
therapeutic agent and a binding agent. The binding agent may conprise snal

partigl eg 04%{"‘ iFgdr B4 1tsBow oM BleBipt &l ERSRBI1YO Bh mﬁy@aﬁbm Yarlif! WRhih Gy apeut i c
agent, such that the therapeutic agent is re?ease for the "'extended tine

af ter i npderi2grefihvtayctifes i kltedudhh ﬁwmpeuwvwamay@@mrlefamrewtlgn z@@ﬂgac h
that th f ded
a € £<8r%}¢5ﬁrﬁl§%ts%er apen 0' &)ugllgqhe;/ de‘ivﬁc%?@ﬁlegb‘ll ¥ Qe éﬁe\?ﬁ{eﬁ‘}{g dg e rﬁ%ﬁ en €

tinme. gen Ivere evic anted
int he eyteoudhahe sclanpite yittcbes lelmokg me&uwﬂ’[aytlﬂehdrq&uﬁadexb@: danptladst ek at | east
partiallﬁlmjthln the.scLera of the eye, so as to couple the drug delivery
devi ce t PFWEULCIEPENEFthE KUreQUSIUNY- { he ext ended period of tine. The
therageutlc device may conprise a drug and a binding agent. The drug and

bi ndilfg ¥t EXASbleA- édnﬁndglwwslnwsm giaprartic [devise §9i tedengastae f or t he
ext ended y be a
conponentB%QEﬂWélgﬁg?%ggﬁ?%%hp gﬁﬁkg%%k}e4@gg§§%htﬁ%m&%nga%g@ﬁg§g¥¥gnded
time. [ O040dpushendrideffithecyofl Otsbes tohmaamemétlm ofl éheicye. almdthempherc defiice 100

i njections can he optlnlzed for nt trea nent For agl)%ﬁr t he device
a1 emaP Y AR BOR chEE | Posh A5p SS dromisiongRafeY (o PREAND"
pati ent s afohQ MRcARRH anBGinkier tﬂ}@cd’rﬁ@{cﬁva keéh B¥AAPLSuricha SRVICE thBMcRPeutic
configured for an inplantation duration of at |east two years, with 8
i nj ed?i Oﬁgw(:q)zﬁ@d)r@t@@trtbe therapeutic device 100. When the therapeutic agent 110 is inserted into

the device 100, the conjunctiva may be lifted away, incised, or punctured with a needle to

access the therapeutic device. The eye may comprise an insertion of the tendon 27 of the

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 110 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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three nonths) for sustained rel ease of the therapeutic agent over the two
year duration. The device nay be configured for inplantation of at |east 10
years w two42010/08ga8t i ons (once every three nonths) for ®OTtusReen2168l ease of
the therapeutic agent.[0402] The therapeutic device can be refilled in many
ways. For exanple, the therapeutic agent can be refilled into the device in
the physician's office. [0403] The therapeutic device may conpri se many
configurations and physical attributes, for exanple the physical

char act efic3dgetie Qlent, BLa E&%&%ﬁﬂ&'a@alﬁ%w BRI R Gt dhodnPRRinOfRe Of 2

drug delivery devicé wth a suture, positioning and sizing such that vision
i s not i mpapicetd Thatlebriyicocongsat inhy be refitreditawith Breerdawvinser wanade oampe.ifse a
reservoir aC]ﬁamt fro abqgt 0.005 cc to about 0.2 cc, for exanple from
about 0. 61*¢ 871 ¢ and a device volunme of no nore than about 2

cc. Avitrecto forned for. device volunes |arger than 0.1 cc.
The | engl$#18F ¢ éﬂ&é%neeféc ﬁ%werwp Cpmbeifriptedsinithe 5o gatti ﬂé%%yesfow%inaﬁ\%and

can be d%%mmnd%néﬂ&1wﬁe§a%ntth& A8MpeShe @e%laéeclah b@ﬁnﬁmedﬁ%{ @yt of the
i npl anted device with respect to the eye. The Qgth of the device may al so

depend ombquié yapgl wich ps mlim@mﬁmlhéordé@/hf%)f ithe paﬁs@r @rnafgely ex ampeinbinagionengt h
of the d?ﬁ“ eglfg%é(ng 1%8{ k/éda wLén 1];% @ﬁg&#theﬂ‘)f&l%r ger{gln clﬁﬁfoq(fr at%{%ﬁ%&l tﬁgﬁe&l%{lt of the

eye is abou evi ce om't he
sclerain itr have a nlnlnal atient visian.

[ 0404] Erl@&af nms Arfgﬁﬁe%ﬂﬁcg%e%n@e%%ﬁcrﬁ’ai% ﬁ‘ﬁﬂéﬂt%@eﬁﬁeﬁ‘g‘n an

del i very ogexd ia@$GS . Te 1 hen apsidt i 4 1 Je VIR Qe URY nfaf @&h?ﬁfe Iéteﬂﬁdigst@@ﬂlr@lmlong
agent. The device may al so conprise at |east ohe o nmbrane, an openi ng,

a_di 0 usicowlbtedesee 100 @iths seliroforexemals %m%%sl%dlﬁlwse(b%m@n% eapelhe c
anount s %Ex{l&g ef}%pd%wcle § 06‘91% 1r1set h(f% F%rﬁe? rl‘%@ fo TXE th& 9 4&1‘7’]0n 's?n%%ur% 1580\’\5 an
O no e

eye 10 sul | e Tor |ncorp rape evi ce e eye has a
cornea lAnandvainkgedizn Iomamp@uheﬁﬂbdlmc ﬁgnnm HN, daniag eommmechmthmtal merdfc The

o co o o 1 Tt Spimelecy et by iferd ver Surer Al Cele et b CRESER bver

the sclefs cmgn!;eemﬁorgmt@eﬁlmwrfmgfa%uﬁls At 04, eSitex@BR aprduie
pati ent. ge eye has an iris 18 that may expand and contract In response to

i ghts Tekbsefs léﬁawd@@ﬁﬁwé@%toanl@htsmiwe QEthéT@mé@F pg¢8t. hEteRaEplemre- scl er a

24 and permeable membrane 162. The non-permeable membrane 162 may comprise a substantially

non-permeable material 164. The non-permeable membrane 162 may comprise an opening 166
sized to release therapeutic amounts of the therapeutic agent 110 for the extended time. The
porous structure 150 may comprise a thickness 150T and pore sizes configured in conjunction
20  with the opening 166 so as to release therapeutic amounts of the therapeutic agent for the
extended time. The container 130 may comprise reservoir 140 having a chamber with a
volume 142 sized to contain a therapeutic quantity of the therapeutic agent 110 for release over
the extended time. The device may comprise a needle stop 170. Proteins in the vitreous humor
may enter the device and compete for adsorption sites on the porous structure and thereby may
25  contribute to the release of therapeutic agent. The therapeutic agent 110 contained in the
reservoir 140 can equilibrate with proteins in the vitreous humor, such that the system is driven

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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the retina 26. The retina conprises the nmacula 32. The eye conprises a pars
pl ana 25, which conprises an exanple of a region of the eye suitable for

pl acenentwandiwmss®at i on, for exanpl e anchoring, of the PhEnspawem3itevi ce
100 as described herein. The pars plana region may conprise sclera and

conj unci tva di sposed between the retina and cornea. The therapeutic device
can be positioned so as to extend fromthe pars plana region into the
vitreous hunmor 30 to release the therapeutic agent. The therapeutic agent
can be r el gaS6f bithhelHndl héeoMS LMARNROmeSPGRictBat:, e pbgs ARGHLI Gragent
arrives at the retina and choroids for therapeuticC effecP on the macul a.
The vi t r ewysomprier angdnntthepayes gassprii belsand al dirquiaderdi dposathireomeElre t he | ens
and the Letl Bf o Jiey e LhERUS NHAPE TRY FOIPRIRS COMYSCLIAN ST 8018

del i ver the ther ape&'tl o anen T the*racul™. PO‘ZFO ]mé?ll S T shows ™ 4

t her apeuthape dexihg hsdiOn thiplghnhedlad ahd@hst apamnt bakityndsid] tulloodddeshssd, ena i24 of
the eye 10 .as in FIG 1. The therapeutic device may conprise a retention

st ruct ur & TG Withtheapentis agends r usi on, to couple the device to the sclera.
The therapeutic device may extend through the sclera into vitreous hunor
30, suchl943t (The potows stpetire ¢5¢ean teeconhigrred inangy Wi te rdqaaptgthatapgyent i nt o

the vitr - 7] . c k- n - | - 28 iC

devi ce 18%g?E%#gﬁﬁggkgﬁgﬁ%“gk§§%5%F%%%?%@%’ﬁ%#§%ﬁm§%p§ﬁﬁﬁﬁﬁgﬁﬁ¢%§3ﬁfthe
scleag 24°mp““ﬁ“fﬁﬁsfa?ﬁhﬁ“ﬁf?@m”ﬂ?a?@mﬁOﬁ&ﬁmﬁﬁmﬂ?ﬁﬁﬁm&mm??@“g“ﬁEQQHEBOthe
eye SO as fo.tre e retina of. the eye. The erapeutic devic may
conpr i se vaTs BlEHHY Opgflwgé%?ée%?%S@agﬁ%ﬁw@ﬁwwnmow SPBRTEORY | gur ed

for ppaceBebnRLONScHReISEkREa ABdbiNdsS sd K80 6&311@!% %bé&ﬁm%s%ffﬂ% fib@didd he

conjunctiva can cover the therapeutic device and protect the therapeutic
devi ce 100th thineneninge of the seqead side. fagermpleosipisradhized mekriphtlhepreoudevi ce 100,

the conj unglin(a sy BEmbhld 6 PIRYe of ERER. AlnBERELIAR ML NpA Need e o

access t erapeuti evi ce. e eye nay conprise an Insertion of the
t endon 2"heafbrireea supenl lowvinget taast oma doleelidposedabptia, tdne-chadretsanoio-dhhenedy e t o

t he superjor,rect scle. Th evice 100 nm e sitioned j. n
oeatt pekletd bl pEL Fiser UG R el e G bR A aliS T35 and one
or npse QhpiPAFLRIIeK, &R drAforé AMEONs chaRSIE fdrifoud Midr&@ahRN eidterdNMb- t he

tendon, or with nasal or tenporal placenent of the therapeutic device.
particles, an open cell foam or a hydrogel such as an open cell hydrogel.

[0414] FIG. 1A-2-1 shows therapeutic device 100 loaded into an insertion cannula 210 of an
insertion apparatus 200, in which the device 100 comprises an elongate narrow shape for
insertion into the sclera, and in which the device is configured to expand to a second elongate

20  wide shape for retention at least partially in the sclera;

[0415] FIG. 1A-2-2 shows a therapeutic device 100 comprising reservoir 140 suitable for

loading in a cannula, in which the reservoir 140 comprises an expanded configuration.

[0416] FIG. 1B shows therapeutic device 100 configured for placement in an eye as in FIG.
LA-1 and 1A-1-1. The device comprises retention structure 120 to couple to the sclera, for

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

extended period. The non-permeable material 164 may extend distally around the porous
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[0408] Wile the inplant can be positioned in the eye in many ways, work in
relation to enbodi nents suggests that placenent in the pars plana region
can rel eawo 20tven8sfa8uti c agent into the vitreous to trearCrhis20epsal for
exanpl e therapeutic agent conprising an active ingredient conposed of |arge
nol ecul es. [0409] Therapeutic agents 110 suitable for use wth device 100

i ncl udes many therapeutic agents, for exanple as listed in Table | A, herein
bel ow. The therapeutic agent 110 of device 100 nay conpri se one or nore of
an acti ve, kgl ech &N (QlefilintRENiAP R ublcaRE N roudni@fidubatd @R vRfeohdumor

t herapeutic agent, a commercially available formulation of the therapeutic
agent, awbhy#icglcaie priegatcdchtd therewkat i on of t herapeutic agent, a pharnaci st
prepared formul ati on of thetherapeutic agent, or a conmercially avail abl e

f or mul at i[@n7pf ThBeubapeshhd rad@eioh st Jd2@mae%e cpifBitiked tdhecivharadpeudd, c agent
may be referred to wth generic nane or a trade name, for exang}e as shown

in Tabl e Whxh ip guriass treafed. PR epdass red e e ddctebVith erReriinespt e ieR tene eye

to treat tﬁe%eﬁﬂ@%geﬁf hA%inisRB@elffor for AR! Ricnbie Pide IENRLIEH 8 reﬁaﬁlcw‘@dtﬁﬁ'fnkﬁnt .
For exanpl e the device can be inplanted for at |east about 5 years, such as

permanentd¢d; for the life of the patient. Alternatively or in conbination,

t he device can be renoved when no | onger hel pful or beneficial for

t r eat menf04aB] t Mae datite N0 miPéobdrisk kerapkd Ragghomsl asdafrite | for esingle 4 biadmpeut i c
devi ce 100 configured far .. Iacenegi.in En e¥e as in Flgs. A1, IA-1-1 and
| A-1-2. TRt BHRE PERT fostedne B hstaperitciesnty J6° thyrapstiit aecphean

devi ce 1@Qshfonb&l ®h %almi_fn%n?ﬁ%gla%o@d RIpRbit ik ARrdlicaR@aed on a proxi nal
end of the device. The device 100 nay conprise a container 130 affixed to

the rgtentj u re 120, An.. i.ve ingredicent. far. .ex l e . apeutic
agent 111804190 JGRE Mo R A o B EE Hopsh b FUETEE B MO SR o
132 defi nedd by-b1coniading mediath B2 dohgridiay iadéndingwcaordauctess glae woaymay

conprise a pqrous, structure 150 conprising a poroys .material 152, for
exanpl e he Hgﬁ%‘ﬁ “B?*%’é’e‘f“ﬂq qgeqislyl 0 ptig toa‘nlc?éi‘g?ri ‘é‘FO ti)%ée‘f“be i Fﬂlﬂﬁgiail ACEP L of
t he ther 3ap@UThCIAURN1O nf %oﬁ%ﬁ&ﬂ&ﬁ&ﬂgn&&ﬁ&ﬁﬁ@hﬁaﬂﬁﬁﬁbﬁ@ﬁu&ﬁ%aﬁﬁ@e
non- per neabl e nmenbrane 162 nay conprise a substantially non-perneabl e

mat er i al thegpeutihagenoler fercisagiddimenbieaiedingmeginyn ERmpdithesanshtiopent iy 166
sizedsto c%rﬂgé@sﬁ&#g@ﬁ)r APELE & bHIRIh&Rh ahd el DEIRPRYL GnB8ainddiligr the

ext ended
can be at least one of flushed or replaced when at least majority of the therapeutic agent has

been released, such that additional therapeutic agent can be delivered from a second, injected
binding medium comprising therapeutic agent. A membrane 195 can be disposed over the
periphery of the therapeutic device 100. The membrane 195 may comprise methylcellulose,

20  regenerated cellulose, cellulose acetate, nylon, polycarbonate, poly(tetrafluoroethylenc)
(PTFE), polyethersulfone, and polyvinylidene difluoride (PVDF). The therapeutic device may
comprise barrier 160 shaped such that opening 166 comprises an exit port. The therapeutic
agent may be released through at least one of a diffusion mechanism or convection mechanism.
The number, size, and configuration of exit ports may determine the release rate of the

25  therapeutic agent. The exit port may comprise a convection port, for example at least one of an
osmotically driven convection port or a spring driven convection port. The exit port may also
comprise a tubular path to which the therapeutic agent may temporarily attach, and then be

released under certain physical or chemical conditions.

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

30  device 100 to allow liquid to flow from inside the device outward, for example when fluid is
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porous structure 150 may conprise a thickness 150T and pore sizes
configured in conjunction with the opening 166 so as to rel ease therapeutic
anount s ovothw/ask@Bapeuti ¢ agent for the extended tine. PChaSeanvaiodaer 130
may conprise reservoir 140 having a chanmber with a volune 142 sized to
contain a therapeutic quantity of the therapeutic agent 110 for rel ease
over the extended tine. The device may conprise a needle stop 170. Proteins
in the vitreous hunor nay enter the device and conpete for adsorption sites
on the paiausy i HOhLForARA HOIRRYIRK of YALE kPG LRNLOS o8l FRRGNGkcd
therapeutlc agent . e therapeutic agent 110 contained in"the reservoir 140
can equi lintp ﬂatd@Vwr:t Tﬂhfpﬁlgtaecut@ demice hay ¢bmpassam 490950 port é&@fprulfq adtionhad/ey st em

is driven to |ibrium the ther 1 ased in
et apeat At v et ety i B R bhE P B PO SRl Rl BORE

mat er i al isli%Blled, e doacets\obile dbdoe n@p@etﬂlneherdehtemmej vdtte@isfofitfelye. 120, may
conprise many configurations to deliver the therapeutic agent 110. The

non- per ng@bh e MeabIA@NghdELa H@%o&%ﬁ&&ﬂ%g%lﬁdlﬁgb@mﬁ@lbeAhQédiePE%buﬁleé' sC
havi ngat | east one opening formed thereon to release the therapeutic agent.

The por otsa sainge il §§ ofi@piniealpr ¢ hgani byansgricd mtuimacepismotis 8gloaths therapeutis4 and a
clroul ar a@nd: feRRe SghaEERT 04 LG ERFINPMm LRy be Shape- changing for

ease of inser I'n"el'ohgat ed shape duri ng

|nsert|on thro clera hen .as une an ext ended balloon d shape,
once it (%2 2@ Mf?ﬁﬁ?\ﬁse? %@agpimaij&ﬂ% eﬂee&a@}merﬁ%enbﬁwowg 86598 ure 150

can be copdiuiLest 190 hﬂﬁﬁ% t%’aeM&aﬁéﬁnE ﬁéé%ﬁ@ﬁ) bAiRd HNSERP St Iter AREAE addidt can
accordance with an inten rel ease profile. For exanple, the porous

st r udPur &e irmgetedoniord @@taalepéﬁ%gﬁths deies for suskanddrigleasepiverr the pxtyndstl tiggeni ngs on
a first side facing the reservoir and a plurality of openings on a second
si de faci0u23} h&1@i 1C-8chewnuymings being filled pithie @ridujatioh of tHeespeaitnegehd fog

channel s . di sposed t herebetween so_as Ie t he openings_.of th i rst

si de wi t FUEHION G e %famuﬂ?ﬁewgf‘eqﬁﬁdles&aig& P A o ﬁtné%ﬁﬁ?gi d
mat eri al caJmude@E@&tﬁw&hér%Hé 8gchd 01 (TBRYmM QUSRS 1 e me dBRtaghePf 16T Ry Neabl e
menbrane, a sem - per neabl n%rane a material having at |east one hole

di sposed CORBTiE] arporrﬁ@m@a&m‘r@rliéblg confainer. B 8 bettistvaRerisapRng asingiletdasat eri al
| aser s et ¢had Rapo; CHANRS! ﬁrtab@e ﬁ?ﬁhilhgﬁ&mﬂﬂ%ﬂs@' gﬁad?lb” v 6%&5 &api llary

channel s, one or nore tortuous chann tortuou ochanne sintered
nanopart lagdrne$ 10 can be drawn into injector 187 for injection into the therapeutic device 100

positioned within the eye. The quantity 110V may comprise a predetermined quantity, for
example based on the volume of the container of the therapeutic device 110 and an intended
injection into the vitreous humor. The example the quantity 110V may exceed the volume of

20  the container so as to inject a first portion of quantity 110V into the vitreous humor through the
therapeutic device and to contain a second portion of quantity 110V within the container of the
therapeutic device 110. Container 110C may comprise a formulation 110F of the therapeutic
agent 110. The formulation 110F may comprise a commercially available formulations of
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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an open cell foamor a hydrogel such as an open cell hydrogel. [0414] FIG
1A-2-1 shows therapeutic device 100 | oaded into an insertion cannula 210 of
an i nsertworzospssi4at us 200, in which the device 100 conpcirasgolan2msbBongat e
narrow shape for insertion into the sclera, and in which the device is
configured to expand to a second el ongate wi de shape for retention at |east
partially in the sclera; [0415] FIG 1A-2-2 shows a therapeutic device 100
conprising reservoir 140 suitable for loading in a cannula, in which the

reservoi ko0 CORRMISESH BR i RaRMSArtPad OMER g%&ant[ie@@%ﬁhilﬁlt@_thelolg‘rlngﬁ?irﬁ_ |

t herapeutic device 100 configured for placenent in an"eye as in F

and | A- 1and tofilvety @é theoatraumpringe forreatple ivothisa range froes abo@ 286 te el 844, dott he
sclera, for ex | lush with the sclera, and.the barrier 160 . .conprijses a
Cube. 168 SRR AR dod Rl b I SheBGieRt Paachl ol QRirlsEln DEREATRR 35°, &
cont ai nedonidityhsubstintiatly $m8lac anthe bvBiebgs Mompetheeabdpeuticigeni A0 MbAconfpris@aous
material 152 is disposed at the distal end of %he tube 168 .to rovidﬁ a
sust aP nedYPEERLEC siuttondelptieg 9 dhqyifreousJaROT 4t 2 RYROrosPIoliE FRULIHERHYE R Pons

for the extBRdRMACTA Adsonldr@rdiRdty BRIIME&RI 6 (HREEAdRL expBAMBRY bexlBRthdi stal Iy
around the porousmaterial 152 so as to define an opening to couple the

por ous midaehipgy desgbed herehesodstte defornipgiptppirigiibnthe Famgagion end esmalarety wéthei nt o
h . LT .16 d I - b fi d
the eye tﬂé?%ﬂeér}w %ééﬁtr %g)?c?v\}\?lﬁ %ﬁ%& oﬁtﬁér?ﬂ%hh@?gezlgfoggfl Egg%%%qm@y € contigure

to receive a I's surface the gl ass rod can be

injected w.t her apeuti.c_agent When t he t herapeyfi c .agent has fini shed
el ution 1{@24“?05%3&}?3%&1 e digiteq ﬁ&‘tﬁ}s8gA6‘%ﬁﬁlcﬁyg~“F S IR PRIAHEw T od.
[0418) Thaislemhas isLQBph@basePRehaavd-Res, aRat dotutRd et siapd-ac GREJ Vigr , for
exanpl e a bi ndi ng nedi um co r|S|n%aa bi ndj,ng agent to deliver the

t her apeutlpegnegéndelivene 0p nér@?;kamg/@ gegsntic amapus selpidemelisly | Mrivh higtidia urm
conpri si a id r4 I(So AV - 9] 1
therapeu?ﬁ%’H%@?EgU%%ﬁ@%éﬁpﬁgﬂ%évﬁﬁfgﬁgﬁg%t Iﬁag%9§$g13§h?‘eéﬁ%?ﬂ%ﬁﬁsl and
| A- 1-1. féntilatichegn bedibsamtiDy sooiqprno therfgrnaunldziondif g EigedtStdt&0 such as gl ass
wool may be | oaded with therapeutic agent 110 prior to injection into the

devi ce t g428ph FaNcRGHRS $hebthind@Rlcalb RorAaMticR o A0 HBRY Y 6O BBloptcht i ng,
| eak, and barrier functions to deliver the o . .
15  Genentech and/or Novartis, may comprise the therapeutic agent injected in to the device 100.

The sustained release formulation may comprise particles comprising active ingredient.

[0426] For example, in the United States, Avastin' " (bevacizumab) is approved as an
anticancer drug and in clinical trials are ongoing for AMD. For cancer, the commercial
solution is a pH 6.2 solution for intravenous infusion. Avastin™ is supplied in 100 mg and 400
20  mg preservative-free, single-use vials to deliver 4 mL or 16 mL of Avastin™ (25 mg/mL). The
100 mg product is formulated in 240 mg a,a-trehalose dihydrate, 23.2 mg sodium phosphate
(monobasic, monohydrate), 4.8 mg sodium phosphate (dibasic, anhydrous), 1.6 mg polysorbate
20, and Water for Injection, USP. The 400 mg product is formulated in 960 mg a,a-trehalose
dihydrate, 92.8 mg sodium phosphate (monobasic, monohydrate), 19.2 mg sodium phosphate
25  (dibasic, anhydrous), 6.4 mg polysorbate 20, and Water for Injection, USP. The commercial
formulations are diluted in 100mL of 0.9% sodium chloride before administration and the
amount of the commercial formulation 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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t herapeutic agent for the extended tine. The bindi ng nmedium 192 and

t herapeutic agent 110 can be aspirated to replace the binding nedi um and

t her apeutwo 2agas8348 The bi ndi ng nmedi um can be at | east omeTafS261v0gised or

repl aced when at least majority of the therapeutic agent has been rel eased,
such that additional therapeutic agent can be delivered froma second,

i njected binding nmedi um conprising therapeutic agent. A nenbrane 195 can be
di sposed over the periphery of the therapeutic device 100. The nenbrane 195
may conpiaHe) Mebhyl.aehd, aﬂ s @mt@&ga&%rﬁ&&%&@kdr&g QF?rlarﬁ@h&Hh@%‘%d% etate,

nyl on, pol ycarbonate, poly(tetrafluoroethylene) (PTFE), polyethersulfone,
and pol yvijeryatil ceheticons f theiarctahede(dRYDI) hexTtveoni dre rldantthmiddevimpeowrd yorconpr i se
barrier (o] nln 6 rlses a The
Cher apeul e BRRER B a Ay eod BB Rrd e B RIS SR hl R REN RS, on
nechanlsnAnﬁngn&e@unmﬁmﬁﬁﬁﬂamm&mukiﬂelnunb$%suﬁkﬂﬂmﬂamdvaﬁaémgmnmhgon of

exit orts may det ne the rel ease r the t The
exi t ortwmrce{sﬁ%ﬁf?ré%%? B bel PR oﬁ"f Sqdzwmék@a ¢ Sodichupmbats an

osnot i caljingsierd. y£0 scAmYhbipARtcPRbAoHaSic Band R dtd}Ipid F7'0Vt6 "7 LRAUESLELANTROrt . The
exit port may al so conprise a tubular path to which the t herapeuti c agent

may t enpeeiaiidy issaltostbp actiygdngredient e Triedeneed dd (Alsor a d@ng/ail fuspysiocal  or
chemi cal conditions. [0420] FIG |1C A shows at |east one exit port 167 ,
the exit [p@8] caperiie dioschﬁmgdkldinn tieewrttier ide@rmie tHewsailolavity for cickel to fl ow

frominside the device out for npl.e when. fluid isi d intqQ an

injecti oﬁorﬁb‘ﬁ%“oﬂ% %&ﬁ‘f@ﬁﬁé 0 Wlf’éaUBP Og/ﬁ’éﬁ‘c’éYF inFEdicpt ig ge tl%%CJéFQ‘jI ety s

i nsenpedahdhRdid8etbigmh&rdiffiRBeds e Bﬁﬁﬁyﬁty@rﬁﬁﬁk%lm IS PERY foRRulAiHRC E6S S

port 180 for injection and/or renoval or exan%Ie a septum Additionally
Vi

or in thexanplermatidgme aptvast spre of ﬂ)érfafﬁéﬂﬂtm@sﬁlé éé0¢C§nﬁﬂé¢d (or ggppensig@s),

cont ent s ;0f i dinto the vitreous of the eye. [0421]
FIG IC F% &ngqudﬁﬁbg%xyﬂggﬁgéﬁn “a binding agent 194. A needle 189

coupl ed 88 of .an injector 187.can.be inserted into an access
corr! 380 88y p Y e R Fubn Ok o ek R R i AT doke D T
aspi r at edompiide Bar¥A@EWA foln@dAhs bf Eerap&ati agHAVNA tHEDRAHaRIn thetggiutit ng t he

t herapeutic agent 110 with a second binding agent 190 having the

t her 4peuBBt sejEPHisCE 1D OBRRIAEY SHIEFELIRT refense o ap plendaddingyEem dé‘élﬁe B0.  Tibkct ed
into a CoRLALNEExatPest ob G HEMIER) PSS S ALRRD IR &ASEOMEY fhRGIashended

t1 ne
of Table 1A.
[0430] Table 1B.

Summary of Calculations

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

*As described in package insert

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

about 340 mOsm are substantially isotonic and substantially iso-osmotic with respect to the
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[0423] FIG |C 3 shows syringe being filled with a fornul ation of

t herapeutic agent for injection into the therapeutic device. The needl e 189
coupl ed twoyrwosgas188 of injector 187 can be used to drawush@wapmsatic
agent 110 froma contai ner HOC. The contai ner HOC may conprise a
commercially avail able container, such as a bottle with a septum a single
dose container, or a container suitable for m xing fornmulations. A quantity
110V of therapeutic agent 110 can be drawn into injector 187 for injection

into t hev¥ﬂ%ﬁ@lﬁﬁﬁgri& Nk C @\ltill_gl%hgﬁé fJTfnﬁﬂﬁgnsVﬁsttte' iR THHE 18Y:Re sul ﬁnﬁeﬂ@ngé-t y
110V may conprise a predetermned quantity, for exanple based on the vol une

of the cosmafiqand igftomhwith iespagduthicyitcous ekethd ¢ amdduneblé for epdagniintp dlest i on
into the . vitreous hunpr.. The exampl e the guantit oV exceed t he
vl o oA TR TR rorkl1F S 3T el ARG Infechiado TRYnEESRI L0FG
i nt o t he cai be Ip@eRomit (Dpet-bvnautighott gotonr (@peoidbdntotid® with eespad td the ca@tigiai dhda

second portion of quantity 110V within the container of the therapeutic
devi ce 1 Pemolediiofithroftregys: MERFK dbifHtion Lo embiments fysghsts heje kypep-pamotic

t her apeutrh s 8RR inal Heastge {BL AL o Adh O FR¥uGOIRA 56 Be CRRBRY Ci al |y
avai l abl e fornul ations of therapeutic agent, for exanple therapeutic agents

as descr styaevhns faston itiallywhan thesadutenhelethe mycrsag fernpyatiaiaquilibrite Wit thexanpl es
of commerci al . id. rayl at | - Ry &e i ) i

accor dan¢ g&l@{nﬁ{uﬁ tht\tg% %ﬁgdél i Jnr@ﬁ{;gs{ aglé'g(gr% ?%Eé%aé%r el trll(?[% T 2 ﬁ%g%sglg e nhag ?ﬁfq?%sgand
Tri anti ndicaeaye ingredexasithetheipeutfcargomt iatoithnviird€s somywha sboweo hdedityralicad or

diluted fornmul ati.on of a.co rcial ly, availabl e therapeut]c ,agent, for
examiie AFaeRG At MienGa SERRTOD Egutnate v e Eye. ok PERGY 0f SRBRRSHLior can
be Wi t hi fhedarf @RGBnducOMRAMALs BRRATA tiReathing2fscrtRl hexan®ldeerdingonmer ci al |y
avail abl e fornulation of Avastin(tn) may be diluted so as toconprise a

f or mul at c@Ritisaly Ay aapropa e raeivey chapber gplvaicrand e atnegtye fyr adformplaiionef t he
osnol ari : L.Ch: : Ltr r W1 hi nge
From aboticrBfs A ies gl RErotir eI TB b 1ol SERTRS Gyl phBlls Br i

t her apeuthetapaginigedtdor amyxtesiep tineend o penolk drarapeugnchrcentiativhyofshdyspeanci al |y
simlar to the,vitreous. hunor, t t her apeut i ent 110 may, conpri se a
myped SosHgE & G HteBh PR G ias o S O Pt b o B BRiD e o

sol uti on iftehitthy VéncbRrdtldg fori thé @ausichumRr . A person or ordinary skill in the
art can conduct experinments based on the teachings described herein so as

to deter %43%] e'iﬁ]?d}.r f[?@ﬂdvsys Jtﬂ@raﬁ&ﬁlwkﬁ& 3] &%ﬂgﬁ%ﬁ?&r%d&%eﬂfm taHgye as in

FIG. 1A-1 and 1A-1-1, in which the device comprises a plurality of chambers and channels
connecting the chambers so as to linearize the release of the therapeutic agent. A first chamber

20 132A may comprise a reservoir having a first volume to contain the therapeutic quantity of the
therapeutic agent. For example, the therapeutic agent comprises the active ingredient contained
within the reservoir. A second chamber 132B can be disposed distally to the first chamber,
with a first opening connecting the first chamber and the second chamber. The therapeutic
agent can diffuse through the first opening into the second chamber. The second chamber

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

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

two or more therapeutic agents may be mixed together or injected into separate chambers.
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t herapeutic agent to provide release of therapeutic agent for an extended
time. [0424] For exanple, in the United States of Anerica, Lucentis(tm
(active iwQretymssi48r ani bi zumab) is supplied as a preservarivsesmnes3t steril e
solution in a single-use glass vial designed to deliver 0.05 nL of 10 ng/nL
Lucentis(tm aqueous solution with 10 mM histidine HO, 10% a, a-trehal ose
di hydrate, 0.01% pol ysorbate 20, at pH 5.5. In Europe, the Lucentis t

formul ation can be substantially simlar to the forrmulation of the United

St at es. E%Z}.F] A'%fa’[tlo%éladmln%ers taﬁ'(? iResk (‘ilg‘dc%@@@n fhe'dplkatd 18RaMe the

Lucentis(tm in devel opnent ent ech an Novartis, may conprise the
t her apeutdﬁlcveageﬁthe drige Epewanmlet, ) tlmhbcldmbﬁt@nb@ @ispaive distd byt iechee@ideas e
formJIatl articl s r|S|n tiy d| 0426] For
exarpl o, C e TR R Sp Pl b RuE Ak Bafid BBt P od ae an
anti cancexarﬁmuga fatudh thantet dncial dliproseall cﬁst@lll}EtOQh\@‘(hlrﬂghzfrﬁHSerﬁd\ﬂBlrd openisacumer , the
COhTTEI’CI al solution is pH 6.2 sql n for intravenous infusion. Avastin
is §upﬁP1?”é’8“g?1thi]@(Yh g%lfr?ddﬁlffofo 'é? Fvative-free, single -use vials to
dellver 4 nL or 16 nmL of Avastin t (25 ng/nL). The 100 ng product is
f or mul at é¥#38h 24ditipgaldy er intlhdvdicontivy |tlnfyth¢rap@tlc 2gvige mgy sodpiismaprosimat e

b t . 1.6
g ol yo & RSB RAY Sped e Tl 1 BROSHAR R R oy BT R SRRITL
f or mul at @dsitioh @b} WEgr@tiem for Bjﬂa;bpfhﬁiﬁg d]ehtyidiil&ﬁ,lﬁ’ﬁntQ lﬂoﬂempe‘mﬁie tgdnepbnms;pkiabe

b h d te di hat d b dr.o
é”ﬁnﬁgaz'\ﬁ%gﬁf}ﬁo 56 b%%?ammaéﬁ fraalﬁﬁ'r%fff?@ ig aS%%P ha asbédﬁﬁ%aﬂe? affe a

formpat i Qt@§m§§,@mgbﬂ1§étagd)sfneml9% of 0.9% sodi um chl ori de before
adm ni stratl on and the anount of the commercial formulation used varies by

et ent s, ndaat Gt HIREHAN. HORd ERFDLNITAGRREHLRIA JREG I, FRGECT SO

of ordin he ar can determn ons o
i nject intel arhlen&rbeluhn thhWheGEvﬂ:@@ombﬂseEuf)@)pe}:,dletdn@ mﬂasd:atafd dt olienulttatn fn can

be subst n aII S|mlar to the fornul ati on he United States 4271 For
exanpl e, thstectn d vige s?%gé‘e SR Mt glag bs i ?dﬁé ”b"rhe%?eif%ﬂ’?ﬁfl‘h %(‘r?éL 3%%1 in

i nj ect ablﬂfé ifRkttN RR8le 18Y GoaCRhONItHES tRDHgH 5}@1 ﬂwm«y%@lagldg the k@ pRARYH AHE 6 | S

approved for intravitreal injections in th The acetam de is the

acti Ve | mgrtBerprautic daviqy) 09arihs neadle stpp sl desgfahly b@rniwdﬁr@if p8tagial efcaffaiige in
0.1 nm ( %Oé?(ﬁ‘tl}ﬁ& ﬁl%%érﬁ Me dd¥ate MR i ﬁ%@ﬁ@ﬂ JALe[e} past a certain level in the therapeutic

device. Additionally or in the alternative, the length of the injector’s needle may be designed so

that it may not penetrate through and possibly damage the exit port(s) of the therapeutic device.

[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.
LA-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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w w percents of 2.3% sodi um hyal uronate; 0.63% sodi um chl oride; 0.3% sodi um
phosphat e, di basic; 0.04% sodi um phosphate, nonobasic; and water, pH 7.0 to
7.4 for iwpeotwmsss48The acetam de is al so the active i ngPEaUSa010i022631
TriesenceTM (Al con), a 40nmg/ mM suspension. [0428] A person of ordinary

skill in the art can determine the osnolarity for these formul ati ons. The
degree of dissociation of the active ingredient in solution can be

determ ned and used to determ ned differences of osnolarity fromthe

mol ari ty [a438f hes€. b @H(;\@stél‘Pi@lscheLEQrde%)é@B&lffgure%%lsf)lg&'iﬁeﬂgm% elyggssfn 15eRe of

t he fornulatlons may be concentrated (or suspensions), the nblarity can
di ffer fddnl aivel dnplimawhich the[d@&@@]commsefs oredld stop &) lof:atcd]mrth@maddlfwﬁg@ nt may

|njectedtmyt%uﬁ§&£$ eutlc devi ce 100 may conprise many known fornul ati ons
of therapeu e C agents, and the fornulation therapeutic agent conprises an

OSﬁD|atlré%§UItab|e for relﬁgse for an extended tine from device 100. Table

| B shows [M38hpIFES- Bi-3 889%% Epeytieglsy o Fondigursddonplacesspingn aypas in Fl

conmesCi qktyaﬁ@rmhaaﬂ fanRh ofe dbaRk %OIlnﬁ‘lseE Q43 st%'ﬁbJr(ﬂobﬁed §%H@R1'idﬁlé3$fthe
Cal cul ati ons *As described in pack age insert 431] The vitreous hunor of

the eye tiempehtsedevane apd thsl shppa of taf d%{b@@m@@@emmm@mbmftth@@@raMm
Fornulatlgﬁgwg tﬂg E fmgg% Eﬁ%@é@ an osnol arity from about 280 nmOsm
st an

t o about mare su y i Sotohi ¢ and substantially iso-osnotic

with respect t vitreous humgr of the e Al t hou fornmul ati ons
listed i K04Rbi %I‘fleﬁ%ﬁé Sglawgf‘aqmlawmeé%g%av? éeVé%Fogg%‘F ¥ PRCFRHAR pect
to the vihepoMsneiGthe-gye and suitable for injection into the therapeutic
device, the formulation of the therapeutic agent injected into the

ther Fpeu {ilge\ﬁlé gh%r\}vs%% ahé/eggpc% ﬁ{]é()csu tQIXlQ?(Kr 119050 (;[rilt?’() With h¥9f9€%29%%lﬁtcfc device

(hypo-os respec toni Cli ari e vitreous.
Wrk in nef. aTheoen:cm perti8dinta® vk sombigge stith thmtaéraﬁedmyplemmdm&rlhedﬂﬂrenulﬁati on
eutic agent into the

may rel ease the ve in t of t ther
Vi T cous CEBPRAD TrTE CrD] G IJOMeEl%Fﬁéceé Ut way Be Tprsed A  ppaymal
formul at gio L@y dvid. ahe aWels KR0St pr Y aPbpdnliRy ¥HhddEAWS re®Afod hat a
hypo-osnotic fornulation such as Avastin(tnm) may rel ease
structure 120 with a penetrable barrier 184 comprising a septum 186 disposed thereon. The
15  access port may 180 be configured for placement under the conjunctiva 16 of the patient and

above the sclera 24.

[0442] FIG. 3A shows a collar 128 suitable for incorporation with the therapeutic device 100.
The retention structure 120 configured to couple to the sclera 24 may comprise the collar 128.

The collar may comprise an expandable collar.

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

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

the sclera when the device is inserted into the eye.

[0444] FIG. 4A shows released antibodies comprising antibody fragments 410 and a
substrate 420 comprising binding agent 190, and FIG. 4B shows an antibody fragments 410
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the active ingredient of the therapeutic agent into the vitreous sonmewhat
slower initially when the solutes of the injected fornulation equilibrate
wi t h the woeolodspasson of ordinary skill in the art canPcorusee/o22eperi ment s
based on the teaching described herein to determne enpirically the
appropriate reservoir chanber volune and porous structure for a fornul ation
of therapeutic agent disposed in the reservoir chanber, so as to rel ease

t herapeutic amounts of the therapeutic agent for an extended tine and to

provi de thgfane H{gﬁrﬁl 16 AREERL{ALO AR kﬁﬁdih%‘&ée%?%, ifaRORBhce Wit ﬁﬁbdﬂ!iﬁlérﬁé)blis

wi thin a range of therapeutic concentrations that is above the m ninum
i nhi bi t othye ewtEnyerdonohhé anti-bdrly feagnentiedn bé rayersfbiBRind ke Be shiiBteivows a
t herapeutjc devige, 100 confi qured.f.or plac t.in an eye as 0. Fl G . | A
and e et F pide ) S SR o RhEERIR e Br R S SRuliBishl Ry
channel s tleambeaid dangibbdiefrginasiie rGnesd oadindrg skillne diciaziewillrecogalze asay of t he

t herapeutic agent. A first chanber 132 y, conprise a reservoir having a
first J voFthlaEs CuBpisisPingiae perat %émrw@ygg%%tﬁwt HPOTHPRRO ar’i’e@rn&g%‘iﬁl?aéedagent .

For exanp ene ttfidod 8ERAB hGeiRISRINPRRIR bidES thdifa ﬁﬁ% in¢gade PaftR AR bised in
contained within the reservoir. A second chanber 132B can be di sposed

di st al | y chiemappgraphy stuck psarideero-Rignt hBetyF HKs burnostnMagrockyam BEA i prhg, €T st
chamber - e e i n [ ough
tho 111 st bR hERoRR i TREL Mol e R e A RO A E AL bt 2
second voMaenePrephaniib &tydtdxepaipetypecll AgeOtphes: $ Entar Btdhhygestvppad i n t he
second c er s s to, l.inearize, for e le t rd.zero or , _the

et 1uBr y Y Phe R S alarip EagREs Sutner oA o0 TEn G- Shpd: Gt M4BT he
second chaghersdpp¥@r Addifienal itddRaY $eshEIBIndinkNBelhdd ioh cRRRRENGI Hiélﬁ’ﬁﬁigﬁo_nd
opening and the second vol unme can be sized so as to |inearize the delivery

of the t KbioaEEEraPRY aigditbaseston hisy dsepduly préymery swapet €oE Heelthepey thatbindye| s
Cor th ; C = . .
or the gﬁ&ﬂ%ﬁ%g{%ﬂﬁc@%&ﬁnﬁ@qu ﬁﬂﬁ;*f)tﬁﬂgl?%e&sieﬁalaf%ﬂha%% Rg%el&&ﬁ?ﬁlsgéj I nto

the therapeutic Such a case Wo or nore therapeutic agents
may be nifvoedpdlygetyhacotmi) thatjbéntsebre ptateis épasdice. @thanbedidattO43d} bAddown onal

cha rs.and eni ngs .can be di sposed on the device to |linearize the

delrg ry“ﬁ&o$ﬁ§m3@ﬁ%?mg%gmgﬁ le, a third chanber can be disposed distally
to the second chanber. The second openi ng can couple the second chanber to
the thir 04RhnEEE. Srshovetasrpprelic devieutrosplafiiniceion | betodnigiobedrdiist al | y
to the t Qg&ﬁl 1 FO P & ntaifer tiBb HEHERERLED IrffAljector 187 may comprise needle 189 coupled

to a syringe 188.

[0446] FIG. 5A-1 shows a therapeutic device 100 coupled to an injector 187 to inject and

20  remove material from the device. The injector may comprise needle 189 having a first lumen
189A and a second lumen 189B configured to insert into a container of the device. The injector
may simultancously inject 510 therapeutic agent into and withdraw 520 liquid from the device.
The injector may comprise a first one way valve and a second one way valve coupled to the

first lumen and the second lumen, respectively.

25 [0447] 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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connect the third chanber and the fourth chanber. [0434] Additionally or in
the alternative, the therapeutic device nmay conprise at | east one gate to
provi de fwo 0umB8348ed drug delivery. The gate can be noved/dSeamio2zBobsed” to
"open" position using magnetismor by applying electrical current. For
exanple the gates can slide or twist. The gates can be spring-I|oaded, and
may conprise a punp that can be re-loaded. The gates may conprise an
osnotic punp. [0435] FIG |E shows a therapeutic device configured for

pl ace_rrent[044'ﬂba'ir1@)/ﬁ-@§h6\9s frk@ReuticArelic@N6b Edipkising 4 BridlisCRatRBs AL VIHRe
conprises 100 needle stop 170 |l ocated at the bottom of the therapeutic

devi ce. Thaoneddheclgnayronipaise eragndoeorn pdirsiged SHHA the seched ppe MO sddvthete t o
keep the . injection needl e 189 fro enet.ratin hr h.an ossi b

danagl ng I MASERFC sBTF o Belsh A BRI AR VGBI PP e o
stop w | lligaidsbmphibiyg b bimiies afenf cirbbedrawh fioh thekddotd etdnnéli gi dity to prevent
t he advancenent of the injection needle past a certain level in the

t her apeutagofleviGescAdfbwd PltapYuiRldebite bLoBp&it 8 RAbbYLooiltdEndnRIGs0. ahe t he
injector"s needl e nmay be designed so that It nmay not gsnetrate t hrough and

possi bl y ceifadedentch &5esantexsod tq &) expf parhe 2t Hencedleultdd canlby ingerted[10@3B] P& shown

in FlIGS. \ . . 70 b iti d h
Ip(r;st eri orlg(ghogrﬂ&d tsﬁljé‘pffuhlggé%ggfﬂ%) ?eﬁéé\zﬁ)coé. FlmiGé EEE)(ZJ,SI ELIE?geangt 1'I[E- g- 1 show

ot her enbodi men hat may i nclude needl e stops placed in the mddle of the
devi ce. %Oheéﬁg% Sﬁ&m@da@éiaaﬁi&ﬂlw%@&@ﬁmﬁf%éﬁﬁ%re%t oMottt on as
a flow dipyef h&d ad &Iteltrl?d ERETEH0US boupROBhe scldie B atfablc@uigRMe@ ngdyop nay

encourage the mxing of the therapeutic agent with the rest of the fluids
preséft icpmphiss 4 merabraph shdheds(ag leagfone a bamke p dpkenn; ¢ flgebicaeserod4d7] FIG | E-|

shows a uti c, dewi j - for i i GS.
A1 and ERREE O £ B AU RE B R A AR b 0

t he bott and ohy theptiseenapenihg © drusedauadmitd the vekapehwiortwien devitaetuenis our ages
t he novenent .of the therapeutic agen ithin the chanber of the therapeutic
devi ce 16@%9@3@1(1 P i P%Smm%ﬁl#ﬁgﬂ%eﬁ e heoie & B AT Bt

pl acenentrohithaBr@cand i srh@Sie chmbsand 1A-1-1, in which the device
conprises needle stop 170 located in the m ddl e of the therapeutic device;

15 [0451] FIGS. 5E shows a membrane 550 disposed over an exit port 552 of therapeutic device
100.

[0452] FIG. S5F shows therapeutic device 100 comprising a tubular membrane 572 clamped

onto the therapeutic device over side ports 570 of device 100.

[0453] When the protective membranes have pores of (.2 um diameter, they are 20 or more
20 times larger than the proteins of interest, which may comprise a model for delivery of the
therapeutic agent. For example, molecular weights and diameters of models of proteins of

therapeutic interest are

(a) IgG 150 kDa 10.5 nm
(b) BSA 69 kDa 7.2 nm
25 (o) Fab fragment of IgG 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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[0439] FIG 1E-3 shows a therapeutic device configured for placenent in an
eye as in FIGS. 1Al and 1A-1-1, in which the device conprises needle stop
170 | ocatwo 2010/088%8m ddl e of the therapeutic device andPChasshape2esf the
devi ce encourages the novenent of the therapeutic agent within the chanber
of the therapeutic device; [0440] FIG 1E-3-1 shows a top view of the

t herapeutic device configured for placenent in an eye as in FIGS. 1E-3;
[0441] FIG 2 shows an access port 180 suitable for incorporation with the

t her apeufyasfeyiaind erilRer AGRERS, (Fbﬂ{ptrlsé-§lqe£§?-¥nebﬁ LARRIALGnEh t he

t herapeuti ¢ devices described heréin, for exanple wth reference to FIGS.
A1 to hgmmmhmﬂabceggmp@lmnwmgab@Hdrspwgeuoom1dﬂﬂﬁ@&hﬂhmd@gdgoﬂOthe

deVi CE. iﬁg]&? oﬁ%seﬁtygeos Otf blnt%lngbe‘ggnt ma CrOIIl’lsp?]fgg CBESIIHC&U%H C(())I{'lg(}%gd 0 t he retent I on

structure penetr rier nprisin Um 186
d|sposedbkhb@ﬁ@ﬂﬂeﬁh@nﬂpﬂﬁﬁﬁm@@éhtgmybéﬁﬁ @awcmnﬂbgmgbdmbdrAphﬂﬁ@nnnmeunder
t he conjgnctlva 16, of the patient and above . .the ﬁllera 24. [0442] F g%
shows®a dgiiatizedwih aileash pretipgionahgrgringt 3ttP dRPHF TR biineassntap bl adhi ce

100. The tf&foedihOidr SLEMESM &F idml, HBRPhEBIE &R biRFRYRiRlitDtoldhRagGher @ 24 may
conprise the collar 128. The collar may conpri se an expandabl e col | ar.

[ 0443] FHerapg@isemmmoubd.oconpati bl e material inpregnated with an
anti-bacterial agent 310 on the therapeutic device 100 to inhibit bacterial
growm h alj@isg] t Mae deMdigergtitanayt dvenpsst ebdtgraddbd: Materigdosr Enampie, tﬁléhe

bi oconpati bl e materi.a conprise collagen, for exanple a n sponge
312, and%toﬁlégréﬁiﬁtionbl?iﬁélﬁgn [ CAgRRt oy E Mogépws\?%%ﬁq? ﬁ@ SaiftRne e

col | agenyaidhe bi oconpatible material inpregnated with the bacter|C|de agent
may extend around at | east a portion of the outer surface of the device.

The anti er - r A ure
120, sucE&?ﬁLtTPEéugﬂﬁﬁi %%ﬁéfla r%ggﬁgxa%'g%%%%@%dbgg‘%%§%q£éag%|a %8&
within thmmsmk&faﬁwhﬁamﬂ@enmewpﬁeaBSnmmwmmﬂgmﬂaunkmwthn@yﬂwe¢H%@¢4F0FIG. 4A
shows relea .anti bodi es..conpri Si t i bod ments 4 n ubstrate
420 conprefagv a igh W&B?ﬂbgeé‘g‘é‘h%t a@boneéﬁél Y@mlaéeté Sugar ﬂxygﬁﬁ]w%w tipnalgrent s
410r ever gidupy. bound to a substrate 420 with binding agent 190, in
accordance w th enbodi nents of

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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the present invention. The anti-body fragnents can be reversibly bound to
the substrate conprising the binding agent, such that the bound anti body

f ragnent swerzeiovassagui | i bri um wi th t he unbound anti body fPragisecws2268ne of
ordinary skill in the art will recognize many substrates conprising binding
agent to reversibly bind at |least a portion of an antibody based on the

t eachi ngs descri bed herein. Exanples of binding nedia may include

particul ates used in chromatography, such as: Macro-Prep t-Butyl H C
Support, Mg OTBE%%d 1§QQBQ%E1r&%ﬂﬁ€ﬁ§Qﬁ}8@nﬁM§&@é¥ﬁ&é&ﬁ%e Type

Macr o- Prep Support, Cro- Prep hy Support, Macro-Prep Cer ani ¢
Hy dr ox apatactomofgopiar rffinitNCs pleeal eh®tmtafﬁmty5&74aam@@ c8umelnde 2 hyliosppetie, Q
Strong Ani n cro aQrt and Macr o- Prep

Hi gh-Q Sﬁpépﬁgxﬁﬂgzpﬁn§ﬁdﬁqezdm OPMC%R””“ﬂﬁrﬁafﬁﬁgF%éﬁm&b i on exchange
and bioaffm ty chromatography nedi a based on a hydrophilic, polyneric
support (462 ]—|eérl%‘€ RESHE) S HARDLIOMPTIST Bt E1hanaiithe %ﬁjlarrlreafp%row C}ﬁ%ﬁgalga

hydr ophi kécea@efgmr@gltlaﬁt ehd a{arglﬁgma rsﬁrﬁrléé ARPSIHhMHS TRt dd BRI Y nyl

al cohol) that binds nore protein than silica. O her candi dates woul d be
known t or¢lérss Ehclaativi iadigdiabt. ellicrpordve nzatter mﬁph%]anﬁr@mﬁzx lyhowsrtishigacgpeut i ¢
device 1 [N ther. into
cont at net oSk S e EELRART QU A Lo IR L SRS Nnhd

coupl ed bmxﬁrsﬁmnn@endﬂﬁngbﬂﬂd&ﬂngﬁ&%bﬁéh&g&ﬂhmﬁmﬁ+nhﬁmapauhg@udevrce 100
coupled to an injector 187 to inject and remove material fromthe device.
The i nj eqiB] Maye CRABA hid§ BRBHLE: BFPodiRY FGx@mpleuBboundBRitidBHneds @nSecond
| umen 189B configured to insert into a container of the device. The

i nj edPor bregmasichaliar ananris) diffisigre@iugsiov it ettereatit chargsesenditinns cgnpH @ t hdr aw
520 I'qukglgéﬂﬁ%&ﬂ%n%?ﬁ#ﬁiemu:gftgﬂzﬁﬁ%&e”ay conprise a first one way val ve

and a second one way va cou frrst | umen and the second | umen,
respectr [ 0447 IG. 5B shows a thera t device co i ging a.
m cr ol ooi‘%ﬁbn g% y 418 thi aﬁrﬂmaazsp AHelAR O ﬁelém%rt%gﬁﬁr ﬁ‘iﬁ?ge'ﬂlfrt
530A and, %ﬂﬁﬁﬁ?@gmﬂﬁﬁimﬁ@Qﬁne%H&Qk&b%giBﬁ&@gﬁkkﬁQhﬁgﬁﬁ&mQ&@db?héﬂkﬁ&&ed
i

into the rst port, for exanple a bin ent, and
can be actlvated with at least one of photochemical actlvatlon thermal activation or

15  biodegradation.

[0465] The therapeutic device may comprise at least one structure configured to provide
safety precautions. The device may comprise at least one structure to prevent at least one of
macrophage or other immune cell within the reservoir body; bacterial penetration; or retinal

detachment.

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, subcutancous,
intramuscular, intraperitoneal, intranasal, dermal, intrathecal, intravascular, intra articular,

pericardial, intraluminal in organs and gut or the like.

[0467] Conditions that may be treated and/or prevented using the drug delivery device and
25  method described herein may include at least one of the following: hemophilia and other blood
disorders, growth disorders, diabetes, leukemia, hepatitis, renal failure, HI'V 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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flowabl e material, for exanple liquid conprising binding agent, can be
drawn fromthe mcrol oop channel 530.[0448] FIG 5C 1 shows therapeutic
devi ce 1080commssaB8Ng a tortuous channel 540. The tortu®as/ush@anneisdnay
conprise extend froma first port 540A to a second port 540B, such that the
t herapeutic agent can be injected into the first port and fl owabl e
material, for exanple liquid conprising the binding agent, can be drawn
fromthe second channel. [0449] FIG 5C 2 shows a therapeutic device

conpri si BgrRist BEttok’é)iﬂﬁ)l&Qrﬁée,eéro‘ﬁﬁ@'aﬂgéseﬁlﬁﬁampﬁg%r}p%dre@%s%@néh@!roiﬁé@tirﬁa@-ﬂr ext end
to an exit port 552. A needle 189 can be Inserted into the port 180 to

i nj ect t hthcapmyeis.olegeemitive disoasdeiaomali0oltip[cGa8ohicrio@litism shbwsamgmia, and

expandabl e ;and cont acti ble structure 2.t0 retain the t.herapeuti. ent
and-an- oarul SRR Ba P b G PR B e Al BE i e

st ruct ur diabbiz meayopatiypidgsferativeatittagy) @asclde fis@Sesabedl@asis, iafveti@f cansdity, a
bal l oon, a flexible reservoir ﬁ dgﬁﬁhra m o[ a bqg. The.ﬁgter rigid
casin@ nﬁ?m%&m%%ﬁmgﬁﬁ§ﬂ@HD®ﬁW#? e UHYSUCRES SRIOGERUP &Y BHDIC A CEyPSEnpri se
an openi RPeh@vd ileRASR, baMb bR Qe BepobtetibR SN HMRItis\WR 8Rorb AR sSht Ughdt e s
expanded and to draw vitreous hunor inside a chanber of the casing when
mat eri al sich aymgomladpsmdrefeoblaptgeraur e and the structure contacts. [0451]

FI GS. 5E shows a nenbrane 550 di sposed over an exit port 552 of therapeutic
devi ce 1(®168] 0452ihpk} & thbfapshiewgerith et (aghetrhaychbddvivered bO thecberppdusic degviee

t ubul ar rane 572.c onto the therapeutic device over side ports
570 of dﬁﬁ@@mgeﬁmtﬁy G&éﬁé]%%lfﬁf‘@?&é’?wgloi?&ﬁﬁ?%ﬂéée’I‘?é%toB@Ftes of 0.2
um dijgne{BimighNeRa@bRudlo AlucbRIsEVY, TRRSplod! (FedvatalaNIchRe TRAAL B osC,
interest, which may corzggﬂse a nodel for delivery of the therapeutic agent.

For exanmlask)notvebunadgl g Sllgrgan)d Bamoneking (@dphngarel/dlceganp Rereqlagidef
Cheraveut i LALALSE] A SIS A A SRR i (0
that may be delivered by the therapeutic device include antibiotics such as tetracycline,

chlortetracycline, bacitracin, neomycin, polymyxin, gramicidin, cephalexin, oxytetracycline,

15  chloramphenicol kanamycin, rifampicin, ciprofloxacin, tobramycin, gentamycin, erythromycin
and penicillin; antifungals such as amphotericin B and miconazole; anti-bacterials such as
sulfonamides, sulfadiazine, sulfacetamide, sulfamethizole and sulfisoxazole, nitrofurazone and
sodium propionate; antivirals such as idoxuridine, trifluorotymidine, acyclovir, ganciclovir and
interferon; antiallergenics such as sodium cromoglycate, antazoline, methapyriline,

20  chlorpheniramine, pyrilamine, cetirizine and prophenpyridamine; anti-inflammatories such as
hydrocortisone, hydrocortisone acetate, dexamethasone, dexamethasone 2 1-phosphate,
fluocinolone, medrysone, prednisolone, prednisolone 21-phosphate, prednisolone acetate,
fluoromethalone, betamethasone, and triamcinolone; non-steroidal anti-inflammatories such as
salicylate, indomethacin, ibuprofen, diclofenac, flurbiprofen and piroxicam; decongestants such

25  as phenylephrine, naphazoline and tetrahydrozoline; miotics and anticholinesterases such as
pilocarpine, salicylate, acetylcholine chloride, physostigmine, eserine, carbachol, diisopropyl
fluorophosphate, phospholine iodide and demecarium bromide; mydriatics such as atropine
sulfate, cyclopentolate, homatropine, scopolamine, tropicamide, eucatropine and
hydroxyamphetamine; sypathomimetics such as epinephrine; antincoplastics such as

30  carmustine, cisplatin and fluorouracil; immunological drugs such as vaccines and immune

stimulants; hormonal agents such as estrogens, estradiol, progestational, progesterone, insulin,
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[ 0454] Therefore, solutions of therapeutic conpounds in the size range of

| gG and BSA should flow relatively easily through 0.2 um pore size

prot ect i WeOrzermnssi1es used to stop passage of bacterial @ad/useenen022631
cells.[0455] Binding Materials/ Agents may conprise at | east one of a

chem cal binding agent/material, a structural binding agent or material, or
an electrostatic binding agent or material. The types of bindi ng agent nmay
conprise a classification conposed of n on bi odegradable material, for
exa_rrpl e %Elcﬂérﬁﬁﬁ)aﬁ%’}g&d hOHASR a‘ﬁ@@EptRfe afld gils%ﬁrcessriﬁ’ Hypd%ha‘iéfﬁlisargl%asq fa%r;_ .
derivatized wth at | east one functional group so as to Inpart the binding
agent or bptatdrehealgioliledketssactpesttamelplahaltae, latobhresht Hdned bétaxaeli ldgl; growth

hydr ophobj or . bi gaffm bi.ndi 0 at..l east .one t.he euti.c ¢ ound.
baser Thistp iy CRGRME el BElR?, iRy bRk rRRT M EEPEE SR

exanpl e, fidae, thamteairgdadwhactbi bk, Rgmatotrogin andriibioatdt@ncabordihanhytiavd ous
processes may conirol. the diffusion rate. [0457] The bi ndi agent y
corrpr?selri}’él?i%é%%’r‘igﬁbg‘f’ﬁlﬁmﬂfwl %ﬁf’%ﬁ?gﬁ’ﬁ?&ﬁ@%ar}%‘?@t& Hdea 3?%%?&%8&1 of a
functi onal p@&@bRndiAs, R FEASIIAIMES BHPHIsHY1BHinG &Rt VehPFheRGRAkd MRnghar ge.
For exagg;e, ion exchange with at |east one of diethylam noethyl or

car boxyminewn tof thesetskdled in e ottphicl] @4 5@Jablprd contrdicdgsusigmad ralepye momibeicse a pH
sensitiv i.ndi indi t - ' ed to
ol ute «noh SoBtine A8ERe nhely SYATPLGubliTy A% RaPRRE w REDRRLARIN ABHLPC
a pH froprabouivedtibro about 6.5. A cation exchange bindi ng agent can be
configured, for exanple, such that at a pH of 7, the net negative charge of

the bpndijngopoamnt des8asaentAVShAG A HRE bEASEnR oPtHGLIMGyIAE: ABRcIROSi tively
charged drug and rel ease of the therapeutic agent. A target buffer can be
provi ded Abptapentybastingb nydadigumabt 8ldeglgdiin, Aefpcesuplentyzymabi Alghad- agent to

t he ther 1 G . a rel: ; - da f |l e
Sl oned Ao L. A E .U TR A A ERTRE P g MmBREP

Al t er nat iglobbiym,okprotmic,ohdoitmadinan Asparaginedel BasilbamabaBdechpieiman, Boyacigumap, a

porous n%?\paﬁi%]deln,cﬂ’otl?lilﬁpr}/ ’P(I)chr?' ll"y;?er X, (I;t%ﬁnusfrllj %gxigsfy%e %i, égprgfnaﬁrbe%%?eﬂxpg'

15  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,

20  Glucagon recombinant, Goserelin, Human Serum Albumin, Hyaluronidase, [britumomab,
Idursulfase, 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-1b, Interferon gamma-1b, Lepirudin, Leuprolide, Lutropin alfa, Mecasermin,

25  Menotropins, Muromonab, Natalizumab, Nesiritide, Octreotide, Omalizumab, Oprelvekin,
OspA lipoprotein, Oxytocin, Palifermin, Palivizumab, Panitumumab, Pegademase bovine,
Pegaptanib, Pegaspargase, Pegfilgrastim, Peginterferon alfa-2a, Peginterferon alfa-2b,
Pegvisomant, Pramlintide, Ranibizumab, Rasburicase, Reteplase, Rituximab, Salmon
Calcitonin, Sargramostim, Secretin, Sermorelin, Serum albumin iodonated, Somatropin

30  recombinant, Streptokinase, Tenecteplase, Teriparatide, Thyrotropin Alfa, Tositumomab,
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[ 0459] The ion exchange nmay conprise positive or negative ion exchange.

[ 0460] The bi ndi ng agent may conprise hydrophobic interaction. For exanple,
t he bi ndiwQ 2agasss48ay conpri se at | east one binding to rgunspéobems3pocket s,
for exanple at |east one of nethyl, ethyl, propyl, butyl, ?-butyl or phenyl
functional groups.[0461] The binding agent may conprise affinity, for
exanpl e at | east one of a macronol ecular affinity or a nmetal chelation
affinity. Exanples can include a hydroxyapatite, or chelated netal, for

exanpl e g uhdh MAAFAGEI S 1A6kidacalt PRopIGIRT Bk WhiklZi AGehts OBl The

bi ndi ng agent may conprise at |east one of the follow ng functions:
char gi ngmalaolvaryd mgications|af thesnthepeutshagents ag stefpr bdopwnn $ebla [ pobdos.
material injected therein so as to release the active ingredient. The
por ous rrmaml] lr)r}w tﬁwafef g@d’leag%ﬁt Il@rflﬁi}ycdnﬁfrr]'ge ohd @' ho8 W t@spomethat ddbgh surface
area is available for_ binding. The recharging nmay conprise renoving carrier
+ ther apgmdivfs RGPS OliRe TBRERGRG Ly faEHY pT @%Wéﬁr@&em% DUFR emnoundRag KBV ¢
agent s [Qé@%hn%ﬁﬂﬁﬁh%hﬂﬁ%c%ﬁ%o&ﬁﬁpﬁhéﬁm%mﬁﬁﬂFgﬂﬁ%&mn%gﬁuﬁKﬁﬂﬁkﬁnM&Q%Bﬂd

[

bi ndi ng agent that can be renoved. For exanple, ffu5|ontéplug flow) of
vi t r eous lifrated tathg Elimosi drmily o€ corepayndsp Hxawplee dileaus enmenoands bat rady hehsedipeut i ¢

drug der s b Ktk AN L ANRS aFicOR AP BETFKERY, RRERS o7y
packet s, seolgnusfrapaosgpingaekits witat solibée @atig\sARA DI her@dacksetwrdamsbe

activated. with. at e of chem cal ~actijiyvation, thermal activation
or bi ode@f%?fé‘{]}nﬂiﬁz &?33%%&}7?@)’&28%%% fiaé%&a@ﬁ@ﬁ-@f@g%iﬁwm%ea east one
structure configured to provide safety precautions. The device may conprise
at | é8st (Gl stlhadimys éarmgy ofr copwarndstmayepsised ethe fompasttpphalgeicet angt her

. Sl N g . g™ Cinal
det achmog b Faft GrfnbRaFENa bn. 10Kl RA SeRhe BRRE B o e ¢ 1o, ™
appl i cat rensssion of hiezitidysis-@etieted doutses aaf coaditions sft thaty mcbfdirgdy digsoidey

i nclude at | east. one g& Zntr?ocrhg;, oral, suhcutapeous, |ntranﬂ cul ar,
i nt r aper PESHERTATZANAT A Jis Tl omPREI PRI SCq R Ak Sftath biint r a
articul aldelap e R8¢t @ aJr caﬁs@trég@éddf('ﬁh RAAMD, i9E1d@ng W@ﬂﬂl\/ﬂb‘.tRe@)ElmSIJﬁﬁ nﬁdyl‘&-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; protcosome
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 (RNA1) of angiogenic factors,

30  including ribozymes that target VEGF expression; Accutane. TM. (13-cis retinoic acid); ACE
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[0467] Conditions that may be treated and/or prevented using the drug
del i very device and nethod described herein may include at |east one of the
f ol | ow ngwohernaski4Bi a and ot her bl ood di sorders, grow hPdiraseaens631

di abetes, |eukem a, hepatitis, renal failure, HV infection, hereditary

di seases such as cerebrosi dase deficiency and adenosi ne deam nase
deficiency, hypertension, septic shock, autoimune di seases such as

mul tiple sclerosis, Gaves disease, system c |upus erythenatosus and

r heumat ol ghidHd-diddidne SRAGKIARA WRBIHPAL, g@ﬁ%gﬁﬁaﬁeﬁﬂﬁzhﬁfiﬁlgﬁiﬁﬁg 8f mr@Rt ose

i ntol erance, Cxohn'sg%lseasea i nfllamat ory li sease, gastrointestinal
or ot her (mamuelisn tatstjeivepanyons; SHagemsledidomrdgupeantoxifyllinepl-meghosy estriadiol;

condi tions, such . nemha nd. ocul ar, .di seases such as,. for .ex e

ot nal *SQeBERR AR ETEED s RAR SR A RS AR 2 DGt RS ol R Bl B

r et i nopatdficoxite )NS308 aiclevexibli Beas end (B Lealkdr2 (dinseasesifongiphdngl)ons, i nfection
caused by penetrating.traumatic,injury, endophthalmtis such as

endogeno Ry ERNArsRbpG OGSt MsilpRilgRe \_@rfflg'é’tt?féﬁ“sefy@ﬁ?’lna%iﬁi ons
such as PGSR RftashiviR dhhsnel bREKN: leh§or@Pel 6 PhRhdidal sy F¥khlodIBIiSe; SYal as
neopl asns and retinobl astoma. [0468] Exanples of therapeutic agents 110

t hat may PhexidelAN@2e Gegpyntuppmt ) diginme datiivasdespigadlodyerhi- & caldate ceeastatin, Tabl e

| A and j Tri agei onj . Bimat. AN ,

Ran; bt zuggBo L e ey T BBy Moo TR AR Oy VAR

( Ti nopt i enENearekother lpavtobumaizets, WBehagarhe vdtd eith ahjtpdBaimiothedpn PIHAL, phagan,
Al'l ergan), .Dorzol.am de (Trusopt rck).,, Brjinzolamde (Azopt, Al con

ndal 87 on BRI B 6Y:¢ BRI Bior i gedibs Shae Ol e B et Sl

t her apeutidtectRY ifhfoiloRCHUREC-BTRE tyRdsPid 1GSas8 URMcASd {&LIOACYAIGR ;eﬁ_. NK4). _
chlortetracycline, bacitracin, neonycin, polynyxin, gramcidin, cephalexin,

oxytetra { Ngy - i Col i i.f anmi ci i Xaci
Cobr anye T LLC The GLBLARDIEH £8 mSAMIKEL DeobbibiRl Chilon) BLANRRIEURS
anphot er iaod theBpandnoidiog drtalot Jimatad io dprots @nd dlesapsu abefalsfos the fiea@amndesS,

sul f adi azi ne, sul facetam de, sul f amet hj zo| nd..sul fi soxazol

ot rof ur g SEa i BR Rt oy v, APeEe SEROHSeEitchi ne.
trifligor qtyifbehl BeentsAEMcha@¥its indadehyetddidine, diftodaffagiateaNFKa FmBiiﬁﬁibmgeni cs
such as sodlun1cron0%%ycate, ant azol i ne, mnet hapyriline cﬁ or pheni ram ne,

h
pyri | ani iealagpeiPN he aalpepe @%@m@gﬂhﬁdé’ﬂﬁ%@rotgﬁﬂqmaﬁ@ Chinkiritors di-stch as

EYSngthaIitiegé’ s MAHRGA! hhBABE oRSHA RecplPIANEL IASRAS m I BHGL BRRaRe 2

Velcade. TM. (bortezomib, for injection; ranibuzumab (Lucentis.TM.) and other antibodies
directed to the same target; pegaptanib (Macugen. TM.); vitronectin receptor antagonists, such

20 as cyclic peptide antagonists of vitronectin receptor-type integrins; .alpha.-v/.beta.-3 integrin
antagonists; .alpha.-v/.beta.-1 integrin antagonists; thiazolidinediones such as rosiglitazone or
troglitazone; interferon, including .gamma.-interferon or interferon targeted to CNV by use of
dextran and metal coordination; pigment epithelium derived factor (PEDF); endostatin;
angiostatin; tumistatin; canstatin; anecortave acetate; acetonide; triamcinolone;

25  tetrathiomolybdate; RNA silencing or RNA interference (RNA1) 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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fl uoci nol one, medrysone, prednisolone, prednisolone 2 1-phosphate,
predni sol one acetate, fluoronethal one, betanethasone, and trianti nol one;
non- st er owoab10z088348nf | amat ori es such as salicyl ate, i n@CoFAISREOI022631

i buprofen, diclofenac, flurbiprofen and piroxi cam decongestants such as
phenyl ephri ne, naphazoline and tetrahydrozoline; motics and
antichol i nesterases such as pilocarpine, salicylate, acetylcholine

chl oride, physostigm ne, eserine, carbachol, diisopropyl fluorophosphate,
phosphol ifigyit B ARsARLHIRNE GREKHNRIATI:; p'[IMHé inBld oGt SHRRuATn ALy QRI Ne

sul fate, cyclopentol ate, homatropi ne, scopol am ne, tropicam de, eucat ropi ne
and hydr ostpaio X Qi frecor@ym)mngmmtdpm:gn@ampl@éloeepwhep%gal&pée cerivastatin;
IanmtT:JEgFgglaégéu%g 0 suu(r:ebmll"rjii}]/%g%sﬁzr%szrrlé? edu%ecsglfrll 1b|1 ors of Q}:()Sjatté #Eﬁoérgw{haf%%of antlbcrdleasgen ts
such as esthe@genk facatar adira@kptofst ﬂgzﬂBltnaIebtﬂﬁhahhlbﬂﬁl@@éﬂiee:lilﬁél&yrosme kinase,
insulin,calcitonin, p hyr0|d hor none agg pepti de and VaSﬁPreSSIn

hypot hal SRt ‘feé%%qsr@ ct-8ri K e PROPIHTRBIPYINE 28PiE ReFUyBud M- a9 E( 7 At ol

mal eat e, oliRY ARG Xtz i oRayeat & | (PD@; Ak MasEaHoRIcSagtitfidn as
epldernaﬁ grgaﬁh Paéfor lfﬁﬁfob?ast gfnﬁ?ﬁ faZtor Sﬁﬁ%tefe?ﬁhe}Pved growt h

fact or, f
carbonlc anh dﬁ%ggQ%ﬁ%ﬁ%y%%n&%%%' 18&}%1 ﬁﬁggép‘@%g %ng%h?h %&%¥%ﬂe
nethazolamrﬂEmmhdsdbhﬁmn@kugﬂmSmmmiasmpmpgﬂagiamﬁwgﬂamamgmpsmﬁhagh@md;ns
and prosta Ian recursors %ﬁf t her eutlc ts Kk

skilled £ lt“Hé mceﬂo%w@e@ plosg o W%%’l"hég %%lgtfaq%dw é‘é Sinto

the eye lstréntehf.—?ataaml% ReE6d f8dohenal derdh @mﬁiesamaéushﬁ&i l?roaLQﬁs S@stbioil
accordance with enbodi ments of the present invention. [0469] The

t her apeuenécthylens 0xidQ ligaiyd edvaepil irdestep aga Weﬁﬁwéecalﬁr whight ity acilngwenbar el i x,
Abat aceptdlkaﬁﬁ 361k TRy s ﬁ&b E%'Bt #@%ﬁl&% k eirﬁqg\é’hke NG T ARG

Al pha- 1- pro ‘el nase In tep ase kinta ni streplase,
Ant i hermopinihl ds endrae biodi; gljmetldet Mﬁyhedgbrcalphlosphau@qomh s lenithidy milysortareds),

Aspar agi n asi | i Bevaci z Bivalir tul i num
o 9L AP e 1BE ol AP H P b P SR B et Pt b ey

Chor i| 990Ra&®t fho@amhpd, batiufrea®bkwahdtByl cdREdser soliim KRAGHaA, kuhacdidte, Vi | a,

Col | agenase, Corticotro Cosyntropin, Cycl osporine, Daclizumab,

Dar bepoeppky(\awlayrrmqnsfmq Sef@ﬂarmempmérm& Hthar #lpng, ex Withswirl EEsnHng pEnfas e
Al fa, Dr Otsﬁ(gl%g%cnthﬂll, B&yoﬁ%‘rﬂyﬁe%g gi%?l’ate and the like. The carrier may also contain adjuvants

such as preserving, stabilizing, wetting, emulsifying agents or other related materials.

[0475] The therapeutic device may comprise a container configured to hold at least one

20  therapeutic 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 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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Ef al i zumab, Enfuvirtide, Epoetin alfa, Eptifibatide, Etanercept, Exenatide,
Fel ypressin, Filgrastim Follitropin beta, Gl sulfase, Gentuzumab

ozogan ciwp 2@ eaBsianer Acetate, G ucagon reconbi nant, Geps®Eskén/o2idanan
Serum Al bum n, Hyal uroni dase, |britunomab, |dursulfase, |Imune gl obulin,
Infliximb, Insulin dargine reconbinant, Insulin Lyspro reconbinant,

I nsulin reconbinant, Insulin, porcine, Interferon Al fa-2a, Reconbinant,
Interferon Al fa-2b, Reconbinant, Interferon alfacon-1, Interferonalfa-nl,
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Paliferm Pal a Qvi ne ap

pogaspar (iR WAHTBR B BT ire EFRETRICL N s dfrorc EARRL Selic oo,
Pegvi songhiks OIF?j’e&ﬁhlﬁMstlﬁhi‘;t cRabt hitzacraabo stEaBkumrm@ﬁ@elﬁarﬁaeg pptamess, fich uxi mab,
Sal nmon | citonjn, 8 o )St | ecretln Ser nor el i Serum al bum n

m
i odonat edeat SHHHAIGE PASH SEHHBIIRRRNC @%W%&S%tmnnﬁ%mlgiﬂéawgémo guer and other

Ter i par ategfranthy roleHaiR dhBlifnfonts] @Sillh 4 FRIBR T4 ASE ozttﬁer@l@ld ﬂé&&jscgkrhuhfeqmw
Ur oki nase, or Vasopressin. The nol ecul ar weights of theé | ecul es and

i ndi cat i dagonffeurddes erqvikeragherapgugicalljesftostivg, eorpsntritipn %&edhﬁrawunabg@t A,

bel ow. [ %Aé?\Qt]r?o-[lQ ??r I?Fea%’t%erﬁsﬁtﬁs aﬂﬁg}elejag‘%?@% éa(f&;mgd %ﬁ%e&)tlgﬁl & %%Ft?on% fof the

conmpounds th I mun

cel lul ar ngrdqioeomstruﬁumb eﬁmhqmwmhﬂeﬁdeendewdwh m@refermmmaphialliorgahlsnm asghe
corrp?bmds no i1in bi nﬂl ng ounds include but are not limted to

t he "Vi mi¥® Virdhiq! %"e ViEBHPOL f&! “E‘%%i‘ 8% of |inmus conpounds that may be
used include but are not limted to cyclophilins and FK506-bi ndi ng proteins
(FKBPs) , [9476] u&i‘[ﬁg&éi $}®WSrﬁﬁhefel?eélﬁaﬁ?@?%l)oomﬁlpflﬁ@g\ﬂ/&t)@tﬁl@blWaélf’ﬁrﬁal og

Cact oy, PG sHHR 1 £4 ALY o TREL Dl By 1 1 s et %ﬁé‘ '
conpoundso ripsdthetapadiciagert e ammxpmded pemmi andemecesomnstoictved lrimis)rrfpmnmng he
treat nent reven

Feqr esor sheBiog iRk ekl S e dub e WEoR gl o RE Bye,

i ncl ydi nghe beedifabroRaavASEHE @dtérﬁﬁhlsﬁﬁbtufghﬁhy' dofipsisd Afahitedl2@ONMPRUNds may
be used to prevent, treat, inhibit, delay the onset of, or cause regression

of AND, irq{@qt@a,sﬁgctg@tmmmppﬁi)wéprﬁat IyZQém receive tfle 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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to prevent, treat, inhibit, delay the onset of, or cause regression of

angi ogenesi s- nedi at ed di seases and conditions of the eye, including

chor oi dalwopeowassuBari zati on. Rapanycin nay be used to pCEWS2410/02268A01L ,
inhibit, delay the onset of, or cause regression of AMD, including wet AMD.
[0472] The therapeutic agent 110 nmay conprise one or nore of: pyrrolidine,
di t hi ocarbamat e (NF. kappa.B inhibitor); squal am ne; TPN 470 anal ogue and
fumagil lin; PKC (protein kinase C) inhibitors; Tie-1 and Tie-2 kinase

i nhi bi t ofge HbidlE BidcAls nfail AT 1sera_e(98§§ts9(5tiolf151ne@§ae}fSOQré?}eﬁcfé QB ﬂlré't}l?érﬁ [fc such
as VEIcade.?Nl (bortezonib, tor injection; ranibuzumab (Lucentis.TM) and

ot her anbgdnddirdke eliterdled petiado t he sane target; pegaptani b (Macugen. TM);
vitronectin receptor antagoni sts, such as cyclic peptide antagoni sts of
Vi t ronec0477] ed@phporout ypetirdl 8PN sompradehfarstsidd/ cobpled to the irdde8QIri 150 S1
antagonis%i; .algha.-vl.beta.-l.integrin ant%gonists; t hi azol i_di nedi ones
such as PBSH HIPRAYERE GHPERHICiviELER &30 Nt IdEfBH SHC MayQogwrisg? first arca

. gam®. - iR L1 KRS @R sQlond Sikie Ha? rc_@ﬂﬂﬁltiﬁ!' LLL&H 48 YK 2DYrHY %@rdﬁg sEheRkrE %ﬁlyand_
metal coordination; pignment epitheliumderived factor (PEDF); endoStatin;

angi ost acpmpriseunthickadsh h051C ahlst porous; stragtorsonamveemmeist atliemetee UM de;
triancti nol one; tetrathionol ybdate; RNA silencing or RNA interference (RNA)
of angi oQ®IT8E fraetvoluge of iied reshirvigr r400aay comsprish &bnt doges ulVEGEboaxPessi ¢,

Accutane. TM (13-cis retinoic acid); ACE nhibitors, ingcluding but not
limted RSTHGPHOHER of @aﬁ%ﬁﬂ? ?r,o Bmp‘grEliIntd’c?g’PPtl 20 %Pﬁ‘ihf’f&P?gB@g?ﬁfm
(mammal i an target of rapanycin); 3-am nothalidom de, pentoxifylline;

2- met hox &0t adihetherapghtehagshinssered AMBe repdrPOir of {hel contripgeermeaisehidtilidst orefsuch

as nepafenac, .rofecoxib icl.of enac, rof ecoxib.. 9 I Xl.b, Vi oxx,
and 18 - 50 o RIbY st B S S b s BB RS Ly e hase
nmodul at osuspomdi@l oo Bingakethd@ penisiabertopartidesatoylptivbk itiethtapasie agehi bi t or;
potassiun1cq%§nﬁl bIockehé; end%% el lin; Eﬂ%ine anal o Ipf 6- t hi oguani. ne;
cyclic p@f¥kidddARes. of PrHEEtels iR §ouad & hF HsTapspt 3gqak, For example, réservoir

epi gal | ogake6MipAscr 8RbdmloR 0of & @bit¢aSteadill Bichak &l AEES oRf acStehRABireaY EGE tTap
nmol ecul es; "apoptosis 1 nhibiting agents; Visudyne.TM, snET2 and ot her photo

sensi ti za&Hmgiionef theyetea. Jdedesgivol mooowysaipeiferiad apyspemim of 4 nhi bi t or s
of hepat r ' ' t 0 '
receg org%>¥ %%?{ﬁﬁ%f%k q%?%f%ﬁ@g#fgggﬁ%?£§(QQ%?%%ﬁﬁﬁeﬁégghéﬁf@%ggé%hnh
t r uncat educhessgioonsbonf 1 bginletogbok)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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[0473] The therapeutic agent 110 may conprise a conbination with other

t herapeutic agents and therapies, including but not limted to agents and
t her api eswo=efouissf4er t he treat nent of angi ogenesi s or necvamseubaricanti on,
particularly CNV. Non-limting exanples of such additional agents and

t herapi es include pyrrolidine, dithiocarbamate (NF.kappa.B inhibitor);
squal am ne; TPN 470 anal ogue and fumagillin; PKC (protein kinase C
inhibitors; Tie-1 and Tie-2 kinase inhibitors; inhibitors of VEG- receptor

ki nase; ps4aspoFRaEs ANRHostQfiGa Al d8GcMR! iR 26 6-'131\/&011(115}%&&3}1%{1}'1% Fi41 end.

i njection; rani buzumab (Lucentis.TM ) and other antibodies directed to the
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use of dexfikaft i@l RAH RAlkRNd bR p&BLd Mgk #8Eivald factor
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acet oni déherapeitanagenol Gigechannstsrmaayhixsendlapdyad tles simiiad grdivnafinmgerel, sRapthat
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VEGF expres retinoi ors,
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i nhi bitors such as nepaféenac, rofecoxib, of enac, rofecoxib, NS398,
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t- RNA sy - ; i nhi hj S
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ar gi ni ne .dei mi nase; . epi gal | ocat echi n-3-gall ate; ceriyvastatin;, analo s of
U an n: BUBMERA S i1 SUF G0 CPRRT P 6T HEREISCYLE: b ROWE HoRAEPBr 200
(ant i bodivgskelsotabsut 240 Widkets2ah 6mOEmbSAmERS BRE Preforred ARInhiHMRY &Ebh Bf the
inhibitors of the c-net tyrosine kinase, truncated versions of HG- e.g.

NK4) 15 apdisrapshiéc agent thraugh gheargeens struapissyging g, or sofite G acsevric! fivot o
sensi ti Z @S it N RAALARYARC 1 4?1%3@%0(1%%% th@PfhondS OF @%tﬁoqggs%uu&n-

[0474] The tpherapeutl c agents may be used 1 n conjunction
phar mac ewbinpadel ayresistempttablow of an injected solution or suspension through a thirty gauge

needle such that ejection of said solution or suspension through the rigid porous structure is

substantially inhibited when said solution or suspension is injected into the reservoir of the
20  therapeutic device. Additionally, these embodiments may optionally comprise an evacuation

vent or an evacuation reservoir under vacuum or both to facilitate filling or refilling of the

TE€SETVoIr.

[0486] The reservoir and the porous structure can be configured to release therapeutic
amounts of the therapeutic agent in many ways. The reservoir and the porous structure can be
25  configured to release therapeutic amounts of the therapeutic agent corresponding to a
concentration of at least about 0.1 ug per ml of vitreous humor for an extended period of at
least about three months. The reservoir and the porous structure can be configured to release
therapeutic amounts of the therapeutic agent corresponding to a concentration of at least about
0.1 ug per ml of vitreous humor and no more than about 10 ug per ml for an extended period of

30  atleast about three months. The therapeutic agent may comprise at least a fragment of an
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carrier such as, for exanple, solids such as starch, gelatin, sugars,

nat ural guns such as acacia, sodium al gi nate and carboxynet hyl cell ul ose;
pol ymer s woch1oasss8| i cone rubber; |iquids such as steri PeTas2@0/ 0234l i ne,
dextrose, dextrose in water or saline; condensation products of castor oi
and ethylene oxide, liquid glyceryl triester of a |ower nol ecul ar wei ght
fatty acid; |lower al kanols; oils such as corn oil, peanut oil, sesane oil,
castor oil, and the like, with enulsifiers such as nono- or di-glyceride of
a fatty agiihdyahd @ iRRQERPAkigHEoSH ¢ s@BohE®k IDHIBns. PRI ¥R AR NAL e #Qrapiitd t he

| i ke; glycol s and pol yal kyl ene gl ycols; aqueous nmedia in the presence of a
suspendi agerageptcompose axanmploss ofsienibizmmeb phosvyperetthsh. caltdrodtosky, orsodi um

hyal uronat e, . sodi um.al gi nat e al y(vinyl rrolidone) and.simlar. .
comoundeo i Y B g fen Rl (bRt PHA USRI B ot s

| eci t hi nrelgntyOhyetdiydiemel tht patoat enande trfag bk céefiguldiao ededst eerdpaytial so
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conpri se p@ of OieBhdIindr @Rd hGHoBShhRaltRk do 8t ptiaaslor ANEiENRE RS dfGat RAGNT , the
container conprising a chanber to hold thé at |east one therapeutic agent

with at kbeass rmshsopehleay abeytdehenbse Tiwacwtvoiremdthopreoustiabepemendeagent to
the vit r%&#@gu@éﬂ%&el% t}Pe?e{p%Ht?c %@ﬁ%@ﬂﬁe &1?8}[)81@%%%‘)(@8%@@@?{15@0% | east one

openi ng. porous structure conprise a us, porous

mat er i al cenehtré®nafat lohse et (et per anl st nitreswchugloaasd o marsthat groadl pog yer

W th defin or osi and, tortuosity that controls the rate of delivery
of (AL aper BEGE RE RSl pRR ¢k et eEh Bt nBa Tl GhE e gt
por ous Stlerabncepouﬁﬁﬁre@@@Mb.dmh@ﬁgér%iﬂa@nﬁan@gﬁmﬁﬁé m@fRlsb batonfiguR@se erodible
pol ynmers and nenbranes as a nmechanismftor controlling the release of a

t her apeuf§leasagsmpewic ap@Rpisofthoiherapaiticnaed semespendes foceconydaton ol 4 Atasges
i ncl ude il [Gi r '

Stop. oi porsP o tynte A of A bl P REHT B A Mol A GORPRIFE, & RERELS

cl eani ng perodiecit togsfiabgutel bigths @ré monthgool2 @mbiths oi 2pmemtbat i on, hi gh
efficiency depth filtration of m croorgani sns provided by thel abyrinths of

i rregsl ano43a; hIhwichddindls o the St dUIpdrbiiLstABRr JERBIBE 2 hOMYSEIRBESEEtIANGE eat er
har dness and t hi ckness of the structure conpared to a nmenbrane or erodible

pol ymer #&e Pf seolepdas pasedhropgh disehanngls of ithyiegipeprousstacpiiet Kprexpgple, the

Can bo. s b oar ea P B g R R L oS I A PR hg o=
hydrogel comprises a water content of at least about 70%. For example, the hydrogel may
comprise a water content of no more than about 90% to limit molecular weight of the

20  therapeutic agent to about 30k Daltons. The hydrogel comprises a water content of no more

than about 95% to limit molecular weight of the therapeutic agent to about 100k Daltons. The
hydrogel may comprise a water content within a range from about 90% to about 95% such that
the channels of the porous material are configured to pass Lucentis™ and substantially not pass

Avastin™,

25 [0488] The rigid porous structure may comprise a composite porous material that can readily
be formed in or into a wide range of different shapes and configurations. For example, the
porous material can be a composite of a metal, acrogel or ceramic foam (i.e., 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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heat or radiation based sterilization and depyrogenation, that m ght damage
pol ymer and ot her nmenbranes. In certain enbodinents, as illustrated in
exanpl e 9vothw/e88yy8d porous structure nmay be confi gur ed PCo/Uyseaviogs3n

t herapeutically effective, concentration of the therapeutic agent in the
vitreous for at least 6 nonths. 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 eye where | arger devices

may a! t _elina(t)erriai fH?ﬁhfg tMd §élp\9alls[bgﬂ’1§%c}ﬂhgt th&BersD fARitH of e rirﬁ%éﬂdlﬁ sHaulike 100
conprising a container 130 having a penetrable barrier 184 di sposed on a
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t he scl etla fanticdlygosttopprotcinhtesal chh®e exticindicogfopn atithubd dnired reldase sfahent i on
structure may conprise a dianeter 120D. The retention structure may

conpr P se DEHPCHH3RE i on 1201 sized to receive the sclera. The container may
conprise a tubular barrier 160 that defines at |east a portion of the
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6, .si.zed so, as to extend fromthe conjunctive the vitreous to
rel ease PHETHECHYS shigeleshine roupiide drearebiry: a it P Gt o
si zedoW HiHlA cBadm@GRnink®fo @XPIFNS EreWitkdbud hdmbBsTdR: &ycONp B ofbilng iAbout 1 4
mm for exanple within a range fromabout 4 to 10 mm and can be about 7 mm

or exanpeatic ngipiz 1 oprethe pragitpal ppenipgs, sitbs plardlitaef Blindevletni ned by
f paticsirtendimig upfe thsf filfds dropeibe pragirpal pes, 8iyba plaralitaf Blind epdet db
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the. por ou R ARG iUl SIS SN bERIN, BAShaREE | oM
conpr i se fiatheameliday apphtienpicssurdiavhaugold, thetebptawsimgshe proticlestodiobere ed fogmeat er

than a di ameter of the container. The retention structur conpri se an
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a septum di sposed on a proximl end of the container, in which the septum
conpri se§ORUHgFYCHEE can be formed substantially without machining.

[0490] The mold can be oriented vertically with the open other end disposed upwardly, and
metal powder having a particle size of less than 20 micrometers can be introduced into the
cavity through the open end of the mold while vibrating the mold to achieve substantially

20  uniform packing of the metal powder in the cavity. A cap can be placed on the open other end
of the mold, and pressure is applied to the mold and thereby to the metal powder in the cavity
to cause the metal powder to cohere and form a cup-shaped powdered metal structure having a
shape corresponding to the mold. The shaped powdered metal structure can be removed from

the mold, and sintered to obtain a porous sintered metal porous structure.

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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that can be penetrated with a sharp object such as a needle for injection
of the therapeutic agent. The porous structure nay conprise a Cross

sect i onalweanen/mB8A8 si zed to rel ease the therapeutic agent/udSesionkms3ext ended
period. [0477] The porous structure 150 nmay conprise a first side coupled
to the reservoir 150 SI and a second side to couple to the vitreous 150S2.
The first side may conprise a first area 150Al and the second side may
conprise a second area 150A2. The porous structure nmay conprise a thickness

105T.  The,RALRY fhedl SHTIHE EndBYSmMEOHR bSfe 8o\l Slay IRQRvadkd4@lin The vol ume
of the reservoir 140 may conprise tfromabout 5 uL to about 2000 uL of

t her apeuttlocageatoodyealfptwesndnppeofsrstmrctaboand thodayicet o about 200 uL of
t herapeutic agent. [0479] The therapeutic agent stored in the reservoir of

t he cont §492] qoopslesesatadbs theapdutiongemthraughtd pado@sivay] sichngs 4 figtetddgoapsut i C
agent, a solution conprising the ther apg}uti C ﬁgent a .susF nsi.on conpri si ng

t he t her A& Eiectygone POoRs gli%&ﬁ%@cfeww FAgsorined phdiftapien el e gkt adsor bed

theregn, 4RfaRERd ddeheRithiR YRS i QlsYstrBQURyHPhE Rk BES ARG SnAORNAN offQive
exanpl e, reservoir may conprise a suspension of a cortico-steroid such as

t ri anti ndifonenaeeffisisntiequeloiotthediffusioh beptieienton theftherpreutieaganain ik Bqwid gt v oi r

sof ubi 11 T e o B d e RERSI ) b BB PO R s
from about . lug/ nlL t@%]?z%gyér(m u%{g:émgr%r exanpl e, the therapeutic agent may

conpri se Rglea hsi FrantyY acet oni de having a solubility of

appr oxi mék El4PREQUGHPMD T°$TYWe buffer at 37C when inpl anted. [0480] The

rel edSe Fatd&anaeEsRing Qté‘é?r?f‘ih§éesﬁﬁ’ﬁy0\‘7&1@éé’}tfeahﬁ the rel ease rate index

wi t h t he DsupiémsororpcHpyenb el the thofpartitigghein thavgperf@r s@utgsl ution in many
enbodi neRtsPorbgity abparmpbk etructite r el ease rate i ndex may be no nore than about
5, and c&r Ghenmd pammeter Hahmap ourtrespoi@ tofagortesapphremaer nbehentdiaef mbawst 1. 5,
and i n mamycterbodi mrents may be no nore than about 1.2, so as to rel ease the
t her apeutAl € Aagasttpovduks Btridi@apeuti ¢ anounts for the extended tinme. [0481]

The t her apethicEncdelénpeh) of pelouditAgnirer exanple, the retention structure and
the porous structure, may be sized to pass through a |unmen of a catheter.

[0482] ThenRefRUReRhiUCT ULR/CRBY- COMPI(-S8PA /MRed))]) SRR that limts
penet r at i oR;Qf VihesheGH Gume

20  [0493] The release rate index can (hereinafter RRI) be used to determine release of the
therapeutic agent. The RRI may be defined as (PA/FL), and the RRI values herein will have
units of mm unless otherwise indicated. Many of the porous structures used in the therapeutic
delivery devices described here have an RRI of no more than about 5.0, often no more than

about 2.0, and can be no more than about 1.2 mm.

25 [0494] The channel parameter can correspond to an elongation of the path of the therapeutic
agent released through the porous structure. The porous structure may comprise many
interconnecting channels, and the channel parameter can correspond to an effective length that
the therapeutic agent travels along the interconnecting channels of the porous structure from the
reservoir side to the vitreous side when released. The channel parameter multiplied by the

30  thickness (length) of the porous structure can determine the effective length that the therapeutic
agent travels along the interconnecting channels from the reservoir side to the vitreous side.

For example, the channel parameter (F) of about 1.5 corresponds to interconnecting channels

that provide an effective increase in length traveled by the therapeutic agent of about 50%, and
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The porous structure may conprise a plurality of channels configured for
the extended rel ease of the therapeutic agent. The porous structure nmay
conpri se worog/sa8nt ered materi al having characteri sti ®eSTAIs2a10obm3f or t he
sust ai ned rel ease of the material.[0483] FIG 6A2 shows a therapeutic
device as in FIG 6A conprising a rounded distal end. [0484] FIG 6B shows
a rigid porous structure as in FIG 6A The rigid porous structure 158
conprises a plurality of interconnecting channels 156. The porous structure
CONPr i Se90:3) Sinff RIKPorBRS Shrii@hre SRRRIGE Rhgth Mo e QRRGSLAL 2 iR 1sLAgh Of
material. The 1 nterconnected grains of %erl al define channels that” extend
t hr ough ﬁhmnipmoou@tlnap@nnels fiom &leteeasyelrtside te theviprous side egreaspond¥heatwirinnel s
gg‘%pfi(ggqsna;?ziglﬁ r(#elc n%arr]egrﬁerteer I g? ellet)% agﬁ a ong %e rrlre%‘}ladr}g'is ?%mter%ongacstmﬁaﬁebnaﬂg@el_ S

[ 0485] Thiet piogidd aﬁ@ﬁbuszesﬁdreme it lengthrabgeconthic gwr@ﬂuﬁ@aigenmtemmomow t he
t her apeuti agent o the container |n. many ys. The channel s of the

ri gi d° poPBUEr &l E‘FEP%BVS %WFQ@ ;{%\?ngﬂ‘ﬁaw? eEpeRbatTal E%iken t he
t her apeutaloﬁg A Rterdofind Bhg SRl cls Romh hb s8R NS th¥vitfoRS §8S Mrfosp IS td 4¢9i d
porous structure conprises a hardness paraneter within a range ]fjrom about

160 Vi ckégast abgutah mm. 589 thyipekas strudtyye sompriserbdl wﬁmcgnrmhteng thghielpdeious

struct Lo pr dv?t%ehl 51@%%61%58@1? A F e(flea?é gf'otgé fes 2life] ef'i‘t“gl oCIHED Xgécfr‘ﬁc dar d”ess

par anet e n range from a I ckers ers.
sone enbohhnme]tstpmwdes in® sWs@fnﬁle@ldngeOn ithdd fRectiveepatic tength tlﬁl‘buglhﬁe tpbmuapeut i c
agen rous structure durin illin

i gor el e REE AR et Gt <at s b pibLS i bbreh e | he

channel s tighudthic pbiBlFstRRIPYSnBthE HILE Bf thO MRIdpSRticageRSdrs bGatidly f | ow of an
injected solution or suspension throug}ﬁh a thirty gauge needl e such that

ej ect i onmeNEACEWE oM thyr chatrglen k¢dhr ough the rigid porous structure
is substantially inhibited mhen said solution or suspension is injected
into the[0495kr Ubthe rstrvbhieolifier apgutdus odbasiacescofiddiimilantalwaysr, thheslee for the

nbodi t t tl t t
Feservor ATEEogRE TP BECRCLt Esfir R AU £ e el PrfRS B Che

resenyoi he ufdd4PRd follBRiMeRYBANR dan @@ qsefdhs eaﬁﬁﬁyﬁle%ﬁmcawo@ff&%t he7e0mfohgur ed
to rel ease therapeutic anmounts of the therapeutic agent in many ways. The

r eser voi theanchstiee vploe oliDssibsdrct.liee/ @adis be bovine serum albumin in water at 20°C
(Molokhia et al, Exp Eye Res 2008):

Dra. 37¢ = Dgsasoc M2oc / M37c) MWasa / MWra)'” where

MW refers to the molecular weight of either BSA or the test compound and m 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 =4.8to 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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configured to rel ease therapeutic anmounts of the therapeutic agent
corresponding to a concentration of at |east about 0.1 ug per m of

Vi t r eous Wworeoro/d8sF48an ext ended period of at |east about PChrsSeowmdededs. The
reservoir and the porous structure can be configured to rel ease therapeutic
anounts of the therapeutic agent corresponding to a concentration of at

| east about 0.1 ug per m of vitreous hunor and no nore than about 10 ug
per m for an extended period of at |east about three nonths. The

t her apeutideROGmt piYis GATRIE SemAhsc 8381y LIAIARAL aQhafRARLLRAG AN 8

nol ecul ar wei ght of at |east about 10k Daltons. For exanple, the

t her apeusirfacagesatconagurebivpelcss tharepeotic ampentofor therixbinderedriodr The paoily umab.

Al ternatively,or in coenbipation, the t.he eyt i.c agent, ma rise,a small
ol ecu e " Sy taBF RS Rrdfind P LBE e fon Rl R S RE 07 ous

st ruct ur extrdinpeitbiarnhé gutcedl. tThempelrag eorhpredeapeblint evithinimnhge Bdmtabeut 3% to
t herapeutj c agent corresponding to a concentration of, at | east about_ 0.1 u
L AR i ' ' ,0- 1 ug

per ofOQNt HeROUHICHD hoP@ot N ARMRHSS VEdredythfangs frpwabgyp S

ext ended (PP hRbr Bbm 88 108DRMbod 7PN R ForRkadble HRASILAP P, tSatiRNDES. The
reservoir and the porous structure can be configured to rel ease therapeutic

amount s Gprosiecarhwrdepremiticd fepgethe weaght exbopdipyegpPIcy ol senbe Bchsyredofia at

| east ab - of vitreous hunor and no nore than about 10 ug
per m fgﬁﬁggné%#%ﬁﬁggmgLriod of at |east about twelve nonths or at | east

about t rs.or at | east about three years.. The reservoir and the porous
struct u\rﬂi‘_’%gﬁ Theaotiys SBHTG U §OTB e @ﬁ@@%ﬁ@p@%ﬁﬁféﬂfaﬁaﬂm o0

t her apeuts the ABGRteqEATINGRROVHIPRLe tHR BmbRE Rt batH-PMurity ¥F ph@astrrRest 0. 01
ug per m of vitreous hunor and no nore than about 305 ug per m for an

ext ended o f I ! .or 24

ot hs. [ a8b THR gh Bhst AR AR core0 Y OB BorRines (ABAISS

hydr ogel ofthefchgueld Fooa knawit paosiyz aurtate arh ecdithéknpa o éd stifs@ygmnidae, the

channel s of hpe rigid por.ous structure. For exapple, the h gr&gel.c n be

formed wietHE R PHAMEKERnEEn 1Ry C?r‘ﬁiﬁp%ﬁﬁrt?@é)sﬁ%o ghapels &% § CFHE Yy dr ogel

conpri sepaid\WalRperhitL Mea@freéntd. ERSt padhd@iér PAIYE. chiPbe @¢aAPHQerntiRethRYy dr ogel
conprise a water content of no nore than about 90%to |limt nol ecul ar

wel ght s Susienelsicorratiennditbe wthistot BoR. Dand bidsterred. hj ot
CorpE | Sl LI Ly 0y IR AL R
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 1, 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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hydrogel may conprise a water content within a range from about 90%to
about 95% such that the channels of the porous material are configured to
pass Lucewoizg(wosps4and substantially not pass Avasti n(tnpCT[uB4@8j0226he ri gi d
porous structure nmay conprise a conposite porous material that can readily
be formed in or into a wide range of different shapes and configurations.
For exanple, the porous material can be a conposite of a netal, aerogel or
ceramic foam (i.e., a reticulated inter cellular structure in which the

| Nt eri or gRebhS IRNRMLCTCRMACHIRH.L O BeaMlcIPordn b hplel El4ikciAls, BRINGS a

passi ng through the volune of the structure, t he cel

t hensel vesrobebedy is tlbsthapd ¢fzd mcatodpomﬁl@@ffaﬁd/emlp@ Malys in @h‘deetnrtbe M@a une of

the cell %Vhrereeltﬁ‘tl V&t Qod & hema‘stbeoléll al {he area er t%erapeutlc aéent efcﬁgt:l]lngbgﬂfh

t hat the overa ??W%%ﬁgg?nen$mtﬁﬁmﬂo erc%ﬁ?d ar structure

30 per cepbrouhibatyet i cal den5|ty) t he through pores of mhlch are i npregnated
wth a sintered powder or aerogel. The thickness, density, porosity and

porous chgyoaft A !n%&lél%n 0 ddried td MALriROMPRKak @ rROFOMS RN Rt kifHe Blafigg vari ed
to conformwth the desired rel ease of the therapeutic agent. 04891
Cc

Enbodi mettescheegeprticorccatratianhino theotsomedd ﬁ@gh%mlqamr@t}rdascr(hed ebove. This model
singl e- C%&BQ‘{Q? A E%luﬁ’fr{ &L{ﬁergﬁeru!dgtd n?wh-el_ &h a grgraﬂ&%{ h tﬂgpesér%glr 1{Unrif2) %p,"9

particles in S|re S e porous structure. The
shape i naddides tia cmnoeﬂmzrabn mrtde dzeéiivimigrfglicaowlmemﬂs iig goneitlcpd axgligle pmr:o(ubs

channel qpeni ngs .t uple to e reservoir di end defi

plural i t§ Binegtls mcRrenabradn G f??@@n%n%widg ﬂE“ofoﬁlﬂ‘éf”\%eﬂP%ﬁ‘é g?ﬁfi gof the
eye, 18 Pk @hbdn¥ra@dn Rl thdsdrbifhs £AMbGIES tBXd endi REluhRte® tHeschvdit &7, forom t he
proxi mal openings, and a plurality of blind outlet cavities extending into

t he por otdease pﬁ@ﬂ@ra@emm@ﬁmﬁ@r@aWlétlortlﬁ@rm@lwcurpfémlgbgasporwtw@vmd further

i ncl udes applying pressure to the nold, thereby causing the particles to
coher e ang=fcaraxpa(-$ PYl/ ELGOPPNENt , and sintering the conponent to formthe
porous structure. The particles can be pressed and cohere to formthe

conponentan®Chimalativé Relcsse 0f c@ Rl ynmeri ¢ bi nder, and the porous structure
can be fornmed substantially w thout machining. [0490] The nold can be

oriented ysyif i Gldnitnddd %Qv&i?@orﬁﬁ?é‘? E&{s o%“ﬁle%ﬁ&%ﬁ%n‘{{?‘{’@sé%}f %e&%émt al

powder £V|ng a particle size o m cronmeters can i ntroduced
i nt o t hedissolved concentration in equilibrium with the sohd (1 €., 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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cavity through the open end of the nold while vibrating the nold to achieve
substantially uniform packing of the nmetal powder in the cavity. A cap can
be pl acedwonrrotodmsssapen ot her end of the nold, and pressuPeTits2@pfpbiedd to the
nold and thereby to the netal powder in the cavity to cause the netal
powder to cohere and form a cup-shaped powdered netal structure having a
shape corresponding to the nold. The shaped powdered netal structure can be
renoved fromthe nold, and sintered to obtain a porous sintered netal

porous Sbféd?&wrﬁmtfap&%%lmfﬁ%n BEL 3 u DAL QS SRR IS SBT)s B TLRERISPOLAS ed

into the device by a press fit into an inperneable structure with an

openi ng d@rﬂwgﬁa ewnkey. ghowodengatianglecaysite awittdous drmcprdratigs o80.1 wetnalr aftert her
nmeans, h (as Idlng, known to those skilled in the art can be used to
|ncorpora f‘he porous structure into the device. Alternatlvely, or in

combi nati on, the owdere net al s{ructure can be forned in E d where a
portion &0he Frpileyices pas r?étewi%qfe HE> SNpRUDBARET BANTEEEIUSS m&% tP&land

becones Rafhtind. If he FEUHGEa mbAbBealBY dBGyRANVERh %@%aﬂc@ e@&lf'lh§‘t’lier}gle§s6900d
seal between the porous structure and the device. [0492] The release rate

of t her apdetion thydeice (dessubed by gwatens abody widwibhelasination rﬁteefﬂé@ltlp@md@cvrret al
Structure ofed, gefn?e%g%[ﬁ?ﬁe % 15\%%% Sanoﬁ‘%é!r tﬂ%c&%%&t{e{n%ﬁ ?ﬁ%t ﬂ%eofu sion of the

of the therapeu ous structure w iannel
paraneter, and with an effective dlffu5|on coefficient equal to the

di f f usi off¥ cgélFf‘sleé?térf‘ionbg V45 % Yer apeutic agent in the liquid that fills the
reservoir multiplied by the Porosity and a Channel Paraneter of the porous
body: Rel®¥Sk Ratce the r(:éas}@ ratefjonpa d@ﬁ‘@eov'ythﬁS@utiW@rtéeramRti&amthmQaS@ti on in
reseryoir n t4 00N he re (104 h VI reous D
= Diffusio n"né%“e@?’ .“gl?lgttHPg tf? %ﬂ%lgyrit‘%l“?lgmet&% .t“%r%a‘ése%t%m o "“e““alﬁ/ o ém uti on
P = Por osarhyratd copstimui @héruedrts, eltﬁauatmnaefatlpﬁdmmswwnﬂn atatreghstar ¢ggsipond

to a tortuQsjt amet er han els orous ructureA:Ar of
por ous i B P b PEIER ;3@ Pheiroethe prrget trigure and e

volume of the reservoir.

[0506] Since the release rate is zero order from a device with a suspension of therapeutic
15  agent, the vitreous concentration will also be time-independent. The release rate will depend on
the properties of the porous structure via the ratio, PA / FL , but will be independent of the

volume of the reservoir until the time at which the drug is exhausted.

[0507] The channels of the rigid porous structure can be sized in many ways to release the
intended therapeutic agent. For example, the channels of the rigid porous structure can be sized
20  to pass therapeutic agent comprising molecules having a molecular weight of at least about 100
Daltons or for example, at least about 50k Daltons. The channels of the rigid porous structure
can be sized to pass therapeutic agent comprising molecules comprising a cross-sectional size
of no more than about 10 nm. The channels of the rigid porous structure comprise
interconnecting channels configured to pass the therapeutic agent among the interconnecting
25  channels. The rigid porous structure comprises grains of rigid material and wherein the
interconnecting channels extend at least partially around the grains of rigid material to pass the
therapeutic agent through the porous material. The grains of rigid material can be coupled
together at a loci of attachment and wherein the interconnecting channels extend at least

partially around the loci of attachment.
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Cumul ative Release =1 - cRIcRO=1 - exp ((- DPA/ FL VR) t), where t =
time, Vr=reservoir volune [0493] The release rate index can (hereinafter
RRI ) be wwecdotomsssBer m ne rel ease of the therapeutic agear/ustie/oRkB1 nay be
defined as (PA/FL), and the RRI values herein will have units of mm unless
ot herw se indicated. Many of the porous structures used in the therapeutic
del i very devices described here have an RRI of no nore than about 5.0,
often no nore than about 2.0, and can be no nore than about 1.2 mm [0494]
The chanpgdggpanamphis GARnGOLAERRGVS, hidy BB oo Rgath PleRE tihfudabhical fbihe

t her apeuti c agent released through the porous structure. The porous

st r uct ur en petyndedriprs afat leastybouitsermonthewtth aghardmenineisounantiglibe otivaithe]
parameter._can correspond.to an effective | ength that the therapeutic agent
ravers srSRaofiet RIRAR Sl fulth LSRG uEPhPnebal AL PFEREL T oot he
reser voi ngsilddort xainpl fink 04 aigdnk it@gbooh ¢ ng/dl, sasew. supressahamahtigananet er

mul tiplied by the thickness (length) of the porous structure can determ ne
t he e?feéﬁm9§hp€ﬁbth that the therapeutic agent travels along the

i nterconnecting channels fromthe reservoir side to the vitreous side. For
exanpl e, [4998] cH&anetoupsirustise epmpises afingseslmateris. dbe siaspeshesteriy may

i ntercon I - | de. .ecti i e .ol h
travel od By iR Ao ABSE R yy BRI eSS b iBoh A b EECOAR e by o
struct ur @0tuhe ek tectply.ehd @mgidd nihaial idag comerispesibs of ageriil ih whwdltbe glating t he
i nterconnecti.ng channels fromthe re ervq;r side to the vitreogggfgde

cor r espofiF8PYRy “REYHPEL S18° AR BrtYE ﬂ&%ﬁ’aﬂifﬁ‘é"i T04p-4Rel §REq e modpore abgWoyt 2
COr r @5 PORMS of £h 4VRERE SRADLES MBE: HARAYAL B ufnhathe RhAMHardd@fth B&dsiti@afcnse ease
in length travel ed by the therapeutic agent of about 100% and for a 1 mm

t hi ck porbusitiss plithe theeapewie agknidatougl thesnverpd materiak feethe ksteagrsutinebased o
travel s 0 i L: - L L Si t he
e R e B L
conpr i sesinrany téinmieegtao nm detfiumgea Harrvbhmetstvat bprsiawd Wenlmmperakheomalt | ve pat hs
for rel ease of .the .therapeutic agent, ockage of sone af the channels

b ovi des Btk B SRy Sl Hokesdb EETRS s NsBEMRelth bt hr ough ¢ he
porous structure as the alternative interconnecting channels are avail abl e,
such1#hal0x18k (The singredymptenialicompripgsduttitablsangiesiad tesing ioit pub blee wihia thie

rel ease Qf.1BE FRHENARSEY; I ¢ agent are substantially

[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  atleast one of Ni, Ti, nitinol, stainless steel including alloys such as 304, 304L, 316 or 316L,
cobalt chrome, clgiloy, 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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mai nt ai ned when sone of the channels are bl ocked. [0495] If the reservoir
solution is aqueous or has a viscosity simlar to water, the value for the
di f f usi orwoaefofissi«ent of the therapeutic agent (TA) in RETAS2@0/021$81
tenperature of interest may be used. The follow ng equation can be used to
estimate the diffusion coefficient at 37C fromthe neasured val ue of

DBSA, 20C = 6.1 e-7 cn2/s for bovine serumal bumin in water at 200C

(Mol okhia et al, Exp Eye Res 2008): DTA, 37C = DBSA 20C 0l 2oc / hs7c)

(MABSA / b%ﬁ%s"ed glo\ﬁ@ %rd?stMéftﬁ)B%'f ﬁletcgnt_tahﬁr, 'T%pll e@(ﬁﬁﬁbﬁraléﬁﬁi aq]gﬁlllllﬁ)lf si(feivstalle)_rf tfRSA or

the test conpound and h 1s the viscosity of water. The followmng lists

di f f usi onotweérf i ci ents of proteins of interest. Small nol ecul es have a

di ffusion coefficient simlar to fluorescein (MW= 330, D=4.81t0 6 e- 6
cn/ s fr 818} aythe Mergeutad devihabmbRame® 03leastGhdrhpeupp am36ntd 0Pthe tieddpeati@npl e,

the smal|l nol ecul e may conprise a glucocorticoid such as triancinol one
acet oni d@EHAHPHG the WMEERT RROTRIY SARCCRTratigR ot afh@%?“ﬁ@i@@? %q‘wé BArBs

Struckur ¢,GRoRE SRS tRrpOHRSINr. Fr LRNGHE /&Sy ol@nE HAMB BharRR: 8IBL 8LscADH @
surface area configured to rel ease therapeutic amounts for the extended

peri od. Thebpuradusitinthe eeleast ravagf tho nprobssrugtysobassd oy theoohwapefribtk bejust o t he
fraction.of vaoi . Of n t.endi it hin rial. The
porosity e %)Crtrlf))gi ge@P@ﬁgté?nu%ﬁa\t}mﬁ?rgﬁen %8%%1}13%1 ?er%%%g%%mlg{)&é%n b%eaalg@&v 70% In
ot her entadiviteal igjcctibrefopatliagot. yTieahphpses ageny adiie: capitic af tr@ngg tHeregmwathout
5% to about 10%or fr abour 10%.t o, about 25%. or for exanple from about
15% t o abbl Hé%f%omiasv%g}i%tﬁhf‘c Fmplatiohas A ROFEsPOPHIBRPEH %éwmeagﬁhef the

NBCT Q§CORb ks HPHIRs @rtrafifc Bfe. "RASKERH: edbholistihjeaths 4R c@ﬁ?ﬁé&hbﬁﬁly[ 0497]

The porous structure may conprise a plurality of porous structures, and the
ar ea used¢diionheEashof &edwlitinieefionsyompiigss p seluntgef dhenformeation &y cgamply §0
plurality;o - ; I t conprise a
fit par ai(rl\lét fgra a@%ﬁ#i@%&%%ﬁ etr?g&t%z()ftﬂ%egtﬁ? %lr)?uyggfg%{/m%&ecp Hgﬁ%ﬁgﬁ)nag{agg@%for a known
por osi t y thesapehtacenaceatiamcbfithd thknpagicaert vathsutht ageopahanatees the ieecur ve

fit paraneter, F, which.ma orrespond to tortuosity of the channels can be
det er mi nEABEREHeTHNESHAT: DT HETan PEERT 0 SR et e diatns OGRSl be

used 50 @RitBEEPAEC G 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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desired sustained rel ease profile, and the values of P, A, F and L

determ ned. The rate of release of the therapeutic agent corresponds to a
rati o of wbeopmsesBty to the channel paraneter, and thePcattseoiof216he
porosity to the channel paraneter can be |ess than about 0.5 such that the
porous structure releases the therapeutic agent for the extended peri od.
For exanple, the ratio of the porosity to the channel paraneter is |ess
than about 0.1 or for exanple |ess than about 0.2 such that the porous

struct ur ¢;f eLeaResIc hitgntr AR @E’cqﬁﬁtﬂeﬁn@ﬂ)%elfngfan& Qlecaﬁff tal%/ntqﬁéjo%ftﬁ%s The

channel parameter may conprise a value of at [east about 1, such as at
| east abehdnngl, BanoFgrucixeanmine;chtirelsyalsingered naneepactivdgsn dlor mmmh@tt@rpmys

conpri se at | east abou abaout conprlse
R T

l1.1to alagfuft fokQhe éMndeak ampl @hewbdlning ofl tHeaog@inkt RERTaMIO tin Ha szzetian ahoytvaps A
person of ordinar in the art can cond$ct e perlnents bgmfd on the

t each? ngd" HERLER VFI .%‘ thegnigeted formpationangd Fah ?/fgf’fh@a%Wéﬁ(ﬁ r anet er

to rel ea%ﬁeét&?fohh@l"aﬁ&? YhnhGerdQtRinhe fr&lﬁm@'&f1n5€c?é@1%ﬁmﬂ§tic%a§1esu'b§’t5ﬁlaﬂl&%é dafre
[0499] Theé area in the nodel originates fromthe descrlptlon of “mass

t r anspor eethejvalus afsnjegted famaulation Forregpmplof thpmglyme oa Hisfeontasisr mancempiissa.

For si ﬁpkg élg)ﬁé; FE{l E}ﬂe%’lurﬁé"gﬁ?ﬁ%n%uﬂﬁ{n? lslﬁchdt'hgt at OI? (Ftlérp 2 fo E?lﬁ{ ﬂgl?bl ©

sl eeve o I cknéess e area corresponds one ace edi sc and
t he t hi ckijes&] into, the sestdveir phdsekthemigh die rbshaevcdll &l coElphse“smrlﬁ)h(sonipbtﬁm to treat

geo ri s such as orpus bo in the shape.of a runcated ., Lhe

ar 1 odbi v o lwd@ﬁ% { henghtast e Srabt ieraed HorSuat ERRguAen
enters th@cRed RUbc BRAY gﬁi tHeHjércﬁfs @ﬁucyt«tﬁ@ﬁlgoﬁ RSB Ui decRASMloXW 1S thche
porous body. [0500] A nD can derived to describe the rel ease rate as

a funct i épnesnirationef petiviedpgredian of ﬁ@ therapryEic agend Bitbivihe Eseryair dhearcleascer voi r
to the reledse, Ll & HESRE 9&90@1?4? so 4810 rS(R heﬁﬁﬁéﬁﬂ?%m%u&%%%ﬁpaﬂw

therapeutlc agent where t € Cco ratlo € reservolr Is uniform
add|t|onag@héndbﬂ@@atkénnmnanamh@kndmawmmmpﬁﬂmnakmwuvfﬂmemumnHSmnbe

consi dered neqli Iﬁ = 0)...Sol v the. di.fferenti al ation and
onr | Sngaraht tyndrawTehelortritige di R s & Fp e i et enaRit rat i on
in the reameimordr abkad abbirGlvie don@fs, for BRample 6 AFHOWIREN Bfjectib voRERT VOI I', VR,
for release of a therapeuti.c, agent fron1ﬂdsolut|on in a reservoir though a
por ous s CPIEsPeRdAng 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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CR =CRO exp ((- DPA/ FL VR) t) and Cunul ative Release = 1 - CR/ CRO

[ 0501] When the reservoir contains a suspension, the concentration in

reser voi rwoCm0/i88548he di ssol ved concentration in equili lpeciroseewoioeeshe solid
(i.e., the solubility of the therapeutic agent). In this case, the
concentration in the reservoir is constant with tinme, the release rate is
zero order, and the cunul ative release increases linearly with tinme until
the tine when the solid is exhausted. [0502] Therapeutic concentrations for
many OPhRALHAL G shier ARGHLGnARERL ShaBs PS AGLATTMRM BHARE | SR altoonY
measuring concentrations in the vitreous hunor that eficit a therapeutic

ef fect. Thered 61882 anHen Ath spananaues 38BN @xthe netiond side ¢80t iloak obthe roe¢rewe)f rates

to predi concentrat | n.the vitreou one-. nodel
oy b uBi 0 St EPRER o e A S AR o e AR R e e

[ 0503] Cdhamasls onmliemvmdrsa&l SL&dﬂhambﬁ’éd’tﬁJEIIﬁigt}thravtefedraamgwhd chaagdnisgrateh as
Lucentis t |nvolve 5131 ﬁ ctlon Abolﬁ%ﬂlnjecmnlntoth Vi treous

may be mihie thigkngss Hpetey cap;be pyithip g raage rpmaboug L. Lto about 10,

0. 693/ halgehl thét@h@éf@ecav&ﬁﬁgthm HABA o/ rande MICEBLUYY. 111§ 1D BifhcY teltBiOkiR sy D3R, AS
an exanple, the half-life for ranibizumab is approximately 3 days in the

rabbi t afdr exampho Hiceharehpaipaelar ¢andye ahpyt loamd tioe myssmahowlﬂ%rsgcl( gidbait i s(tm
package i.Bs&r, Ea)leilgghceﬁly ﬁonﬁ?ﬁ)sat e%Lt%uﬂssmﬁg’.ot’h%h $.5 nL for the rabbit

and nonkey an uman e pregl cts an initial
concentr ug/mL for a b S i tion of 0.5 Lucentis into
the eye 'iglgrn%ﬁﬁé '2fﬁ?‘§s L BHEdRY ?éfafqﬁﬁf%ég?fépeﬂlficég?ﬂtf‘ltoggﬂ? concentration
of 018 uUgHisbofcb@ie MRS @téﬂamgmorﬁQ%@&hd&qsosiﬁwacs%@oﬂ@sﬁd& 1%5,@6%@ rel ease,

the concentration in the vitreous changes slowly with tinme. In th
si t uat i omorogs piiéIre e HE S pydeBflr dic alweldys obpdthneeannsigess firvgpati é5(rPéI ease

rate fro@k%ﬁ&ng%f&ﬁ %%?%85 {o%ﬁé’sé%nc?ﬁ&@'a's d%gf?lvl l“"re%tp?&n\%efr%'tﬂ% Rapion

rate fro ear rangenment yi e ng equation for
t he concemdt tathe (Sﬂlond stdhend/a thilquagh 15693 =xtRedieg fremrtht Grst sidertodby kawend sike, W .

gggg? ] dglé{ll S he?d({ltlonaf‘pa?hs aII'h ff%ct%nagtlgg elagl(;"okl\%lrsr| paa[h E?lslélct:(;n a‘%f P2t epn r‘[ﬁ‘i?((i:3 utic

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 thereof. 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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exponentially with time, the concentration in the vitreous decreases
exponentially with the sane rate constant. In other words, vitreous
concent r avpaniodssi48ases with a rate constant equal to DPPAUS2HL/0¥YR3ENd,
hence, is dependent on the properties of the porous structure and the

vol une of the reservoir. [0506] Since the release rate is zero order froma
device with a suspension of therapeutic agent, the vitreous concentration
will also be tine-independent. The release rate will depend on the

properti @SR b, besugﬁ)ﬁfayﬁle %Ef%é{ﬁiteqér%tﬁlfs%b&hq R (Ptzlmg)sqthé t}H:knesstbTWFH be
i ndependent of the volune of the reservoir until the tinme at which the drug

i's exhauskauple, [@B@ﬂ]len”rﬁées@hahwedhswoﬁhet dhenndl girdmptsr cansbesfremgbant é.4danbis
si zed | Ny nl}fzh e?f%he e(r%lfectel'\\aeeler(lﬁeih iS a%oI nlt EFngtl'%n%g{h% ﬁness ?‘?ﬁmfor eﬁgr lexa‘erI €

t he channe S ructure can S1'784 ass erapeutlc
agent COﬁ‘pdiutSlmgnefmheﬂlhﬂkﬁ&sha\hbs&g/ahleﬁmdrﬁﬁsp(brﬁir to\tled jgiis dfﬁhe&thahmroﬁbhhé 100
Daltons or exa | east about 5 k Daltons. Th nels of the
rigid pors’é‘EFse $IANIS %teeglnartﬂemgx SBEFSPYI 0L SXAPRIF B dhsthe @S&E@ ngls P ng

nol ecul e$GRABEIRIAthaitrial 0SS- sectional size of no nore than about 10 nm
The channels of the rigid porous structure conprise interconnecting

h | t
el < (R 46t 208080 ge bIFEBRGHLCROP TR S PR DEPREFRIPE LS
wherein lphltﬁs bhihe tleptpaetid agegt dbanthe irﬁereoﬁneadlgaihaﬂmasdxtq@larnrglfahﬂl y fiast sidacb t he

grains of rial to ass t he_t peutjc agent thr porous
mat eri al 2 3(15&%. ﬁ@lewwa‘? TR R FJP% B@%lup‘? 8 raﬂ@ge 255 | oci
attagh nea&teﬁdlﬁoww BisNsilidR thORLEPHREEIpRALE NANGEE B BXERDAJ lle bvﬁ@f%tone
partlally around the |loci of attachnent.[0508] The porous structure and

reser voi pf hayidseiscordrguneutheioche Epwaate ivneingingd odsn eneof e sides iapaigthended
time of af Jeast about six nmonths with a therapeutic anmount of
gl ucocorticoid of corresponding to an in situ concentration within a range

from abo 0 g out 4 ug/ L, .for anpl e f 0.1 ugqg/ t @ about
2" vy - e Pl sh SuolP e abidl Dot ined PTGt PrcL Rrb i P gBESY The
por ous stpatug bEMhe t&%ﬂéﬁﬂl@@sn@alsﬁg}h@ iRéhc ot i g@hannbiieexS&dnain@ R ABtREildako May
conprise grains of material in which the 8ralns conpri se an average size of
no nbPe BRePNd e the porous structure as in FIGS. 6B and 6B-1. The plurality of paths 156PR

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 150EFF

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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20 um For exanple, the sintered material may conprise grains of materi al

in which the grains conprise an average size of no nore than about 10 um

an aver age020ma88§48no nore than about 5 um or an aver age€TAiS2@008268D noOr e
than about 1 um The channels are sized to pass therapeutic quantities of

t he therapeutic agent through the sintered material for the extended tine
based on the grain size of the sintered naterial and processing paraneters
such as conpaction force and tinme and tenperature in the furnace. The

channel s () D&16! &Sthdv ok BbouPEARKEAL! ATI6] 6l ARCR.d M) 4l dhacteri a
and fungal spores through the sintered material. [0510] The sintered

mat er i al 66bapddsemzdan Wet.tPabNo. oGR8 5| Thesscladlitdgktcompbidsadcad 604, n ceitenl
channel s_of. t mat er | [B511]. The sintered pater) r.i.ges. at | east
one or ariich s TRLEPAS sos | BRAFLCIAG SRS LEO- TRV G ant PR B L ey
conpr i sestractsk B0 hedescivguadbbie Trtppralstruand mdyeoapipos otdcdrbeicilal

conprises two or nore of the tal], the ceramc, the glass. or the plastic.
The net aF“%‘t‘Fﬁ?‘F“é‘E% a gharp 88§Pnﬁ‘ée‘;off)f Nyscrtiqq inte;theipatignt. gﬂtalinﬁ‘il%ﬁ‘éiéorslfleel

i ncl udi ngo@hin®iysh, leap Asy RO0Aun®@4L, 316 or 316L, cobalt chrome, elgiloy,
hast eal | oy, c-276 alloy or Nickel 200 alloy. The sintered material may

ay conp(28r o T A S S B RLE o T E b B TR BB PR Rk forp RSl 251 €
channel s dranttlitvdre dplias far susnEyedolpse & eestibbe@msl. SoPe. 6. HI2y3Ohdahe et her

ket one ( PEEK), .pol yethyl ene, pol ypropyl ene,. pol yi m de, polystyrene,

pol ycar b&ﬁéﬁngtlfg@q%&P B 2 fsﬁr‘gyﬂlfe@ﬁ&e Fyaipde %Pfamtvaﬁ?fa@é PB512] The

ri gi doPorahsm3htld ahdidh-FoRYuscRi®@ sk cd 18] thatdséoiels doupled (PPFiLdofduk UCt Ur es
coupled to the reservoir and configured to rel ease the therapeutic agent

for the exewwdédS fut pendstop dishens @l7. dddirtibpripussigryronsessiraeeisie can
be di .Spoﬁf‘eg 636 Ot thl 1Ga1ERA 1 RLNGEe thl ‘a{ereﬁ%gtgﬂoi%%mt d e %ﬁérmteg'ﬁe Qﬁd‘ﬁcﬁf-gb% JTey
t t addi ti ona an

conprise the porous structure, and an porous structure e
di sposed oalcongfaac diag tatengprthe distabénd he cont ai ner, for exanple along a
tubul ar sidewall of the container. [0513] The therapeutic device can be

tuned t Q[G&bﬁf’iml SIS ERRAUL i G d pORUOtucre hdid HIBESRRRYEJofat@DR 1L 2 aBIRNey t he
m ni mum i nhi bitory concentration for an extended tinme based on bol us

i nj edfi odevies for pestainpshralsaseras desgbed In WEr PatxBippP@3/(HAOY o linkhofughe chanber
of the r g@l?\re\l}phévice 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-lincar 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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can be sized wth the release rate of the porous structure based on the
vol ume of the bolus injection. A fornulation of a therapeutic agent can be
provi ded,wbaniossd¥pl e a known intravitreal injection forguitseéion226Ihe

t her apeuti c agent can be capable of treating the eye with bolus injections,
such that the formul ati on has a correspondi ng period between each of the
bolus injections to treat the eye. For exanple the bolus injections may
conprise nmonthly injections. Each of the bolus injections conprises a

vol une Ofexérﬁiﬂeg?lﬂi’ﬂltﬁbf ous s@rﬁcﬁ@%yeoeﬁgsp%ed MhQBOE-HﬁeapﬁleHﬁcf &} ections
of the therapeutic agent may correspond to a range of therapeutic

concent r &crters difposdieetren dipeeapiand dgtashendriat dsitereldnee thictapewsivsaghminoto tayver t he

time cour se bet ween ,i nj.ections t Vi CRcan be tuned so as to

vitreous hu orr{)vhenjtﬁ'\e ap 1S ds"[af)rr]1%I haei'\nsgﬁle SC .
rel ease the apeutic amount'® "oF e ‘tiﬁ%rapeutl C ‘agent such that the vitreous
concentrations of the rel eased therapeutic agent fr.omthgi device are within

the rangdV3Bl ¢ FEF Qe haves RO AARISHET IS 1B RCeRENER B SPOAMSYShding gorous

i nj ecki 0RBuctfiRN 56 %AYRbRprifEplhABHAR Wik Gte AARNENBNs TOERXE b2Bndin Db
inhibitory concentration to treat the eye, for exanple at |east about 3
ug/ m., andetlpeS vefltheporots stmeturategesceodndiskdsr 2082 pT ihe porvvestucaire.ohke papuse at
| east ab .t her. I | C filaur o] eat the
B T L e S o T
devi ce, haw cempripd embkinmughintehdomperredsrsati & dodisnmnéeter. . ThEhkam@serf\igd anof t he

cont ai ner, has, a chanber to contain a volune of. the therapeutic agent, for
exanpl e SBAMIEIS MG FOMPHIGHARCTHPR ACTPSS) Z sxanle ﬁpwﬁabfeml? AGGENT° 98 t he

charpgr 11000 R aViokd, B8PSR UTRY chahfid thhy BB Goredl With @il teORkR}iANSforand the
rel ease mechani smcan be tuned to treat the eye with the therapeutic agent

wi th vi t ceouRle Etwewnbic gtchngol i hitarialndhe pleanagla oray somariggesubgipnty sitriehided
time wt | Qj.ecti ti cQr ondi S

oot 1 o abeH ER b thalicl AR ot R SRNCRA B phnklSs BELMPma. | e
Vi t r eous thckmess arderaitins cwir¢spomd toltbe camgeedodrodsksectameldrecoftba clenhelabndths and

conprises .at |least the.mninuminhibitory concentration. The extended tine
may corrp?}f@g‘eﬁstorﬁ‘éf@lOQB]%B?TOPW%&{%e correspondi ng period of the bol us

injections. The rel ease nmechani sm conpri ses one or nore of a porous frit, a

si nt éf ed [(FBPbudihe ipproug stpistip AR BayreomprasantcEcoBRasfingBIOsABNE SR aRBlC o
capi | I ar y, 1 11R&i@' Sqntfn%tny@gﬁla@ngpnel , hano-structures, nano-channels or
0

sintered nano-particles. r exanpl e, the porous
[0530] The injection of therapeutic agent into the device 100 as described herein can be
performed before implantion into the eye or alternatively when the therapeutic device is

implanted into the eye.

20  [0531] FIG. 7 shows a therapeutic device 100 coupled to an injector 701 that removes
material from the device and injects therapeutic agent 702 into the device. The injector picks
up spent media 703 and refills the injector with fresh therapeutic agent. The therapeutic agent
is injected into the therapeutic device. The spent media is pulled up into the injector. The

injector may comprise a stopper mechanism 704,

25 [0532] The injector 701 may comprise a first container 702C to contain a formulation of
therapeutic agent 702 and a second container 703C to receive the spent media 703. Work in
relation to embodiments suggests that the removal of spent media 703 comprising material
from the container reservoir of the therapeutic device can remove particulate from the

therapeutic device, for example particles comprised of aggregated therapeutic agent such as
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frit may conprises a porosity, cross sectional area, and a thickness to
rel ease the therapeutic agent for the extended tinme. The volune of the
cont ai nerwpeswossi48 can be sized in nmany ways in rel ati @oTius2¢10822681 une of
the injected formulation and can be | arger than the volunme of injected
formul ation, smaller than the volunme of injected fornulation, or
substantially the sane as the volune of injected formulation. For exanple,
t he vol une of the container nay conprise no nore than the volunme of the

For mul at i,Ain S #HndARL 1 88tmdy&@Rfpride PAGIHIORNRL nE&{geO (30 AUr@tinAh (dipRALS thel Nt O

the reservoir passes through the reservoir and nprises a bolus injection
to treat firtieopaneemd 2 sevawdilamen gouphd te He svaindrentoinet, echrtbgepensinredias/03

I ner easegassgsht?orgr‘ghbeuc%%rlta(i)r{er ];e%grqfu }r%% Idé)Vrllcer \erE’Eg‘ ﬁl%qnjteﬁto%. hg v%%% 76?{/ Oflfl) er:]xatmrf)?ef zp orous
structuretpon injection can decrease along w he ‘Concentrati’on o

acti ve i ngitechineiatdipbsddietidee tiapetdddduage mid th sdtofid theainas aV v the vandist he

rel ease rate i ndex can be increased appropriately so as to provi
t her edpe (PFLAEHBTARCE G AEIA BrIBIS iiseeféé%?ﬁ‘ta ?Oé?f“t“ﬁ C&P@WGE@S“?W%?Q&&

exanpl e, g 40 phRed RIRE ¥RbAd Qntdifte of MRUFLASY, s&cthf @ BhEARFtidahan
the vol une corresponding to the bolus injection, 'so as to provide

t her apeutf theapent prediafwpithig thel teerapcuip desticdf is grechangadhsith the for 9he Whepdint hs,
wth an ipjecti i I v, i.ni L.

Cucent 1 sCRag ™ P S0 HERERIELAC RERN: A C 2 pERth the BUBEOE e s

avai | abl érohuthe ristisOirf theSkeraglentiadelitchiatorths eyev dor cxamyple afipsti oetian ofol une  of

about 10Q ulL,and pr.ovi de.therapeutic vitreaous concent.ratjo of at | east
S bout03 SR P ER YR HERGRE e e B aSaes St o Brertbe ik 6 he

reser voi pperd Qof Bat R ir&HAFRAIO ARY AR dNSIE c RchabRRitvAt ingdetiy didpyed wiglinme and
the rel ease rate nechanismconprises a substantially rigid structure to

mai nt ai n thedpgeagan; gie ok 15 thep slosest and aggernd resspeofithrefopnmptiemas imegtes mky y

concentr at | - - i I g ect | f i of
R e
rel ease mewttaningmtilemyct Adtatnativedy paihicembinatien atpoeidhar whd stémlpoirtsoni of] ect ed,

and secan rtion of the formylation can pbe contained in the.chanper
hen 13 ho TIOTHLRREHGeT ny R SPRGER PoBeap pRelie iR R ihat PtigR SORRECY ng
channel s igk&eheayt emad fQohd SoRibn 6SforBnldRonlinRSled twhen 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 simultancously 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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second side 150S2 of the porous structure as in FIG 6B. The

i nterconnecting channels 156 extend to a first opening 158Al, a second
openi ng NsBAR1Ms8S48aNn Nt h openi ng 158AN on thefirst sidePCHAS2010/Dkas31

i nterconnecting channels 156 extend to a first opening 158Bl, a second
openi ng 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

ef fecti vend %0ahA Ll ELs M AP B FenCHRANRED SubiSthIr&eLSlr WilkAhedibh Ok RGHES

150T. The channel parameter can be wthin a range fromabout 1.1 to about
10, such ferharatioh ¢hrefighetbe porous Grgtrictins, miacérirdange mathgambodiorangsh diet exanipl¢,o 10
times t NG L ekPESAI R ooniRlke EXAIRned REqRNANRE!, RALAMRLEL AN e about 1
and the poro%| y a out 20" 2 P StcR at the effectrve I'éngth™corresponds to
at | east aphoxiima®ely 0.58sm tahdg iy hiih ©$ the hodle fipShSTip bf e n6BHZtoIhOwR T

pluralLity of paths of the therapeutic agent . along the interconngectipg
channel s PEYOBQ ffﬁdle#l%nﬁae o en isgégfs%g?sﬂme@a%e&alﬁaxw the p S%F t he

POr OUS S ik e We 8188 p kitehids@toflisand 8BS intb ik RS A deriabd BRihl ffe;%qmr i ses
a first path 156PI extending fromthe first side to the second side, a

second pé#henegedls Bpmethe steithdretipand theghickpass okthg pencgrablhbagise omwhiphdee stopl a
third pa - i r i i Q - i nd many
add t1 onbE R RGP ol B 0P e ol phEPrielep i RO IR e B0
P2 and t bkis df pattieriRutic dsudestigmice atithyn srampd &om abuet tol8ahmeacholopeni ng on
the first side can release t t her apeut.ic agent tq ea i nt erconnect ed
openi P EATPREEBwnSTE TR AEEEPSHED GRSt foait SR AP C S be
rel ated toarhfeasdudbenedadb@inftetcdfintdahEthb@bedid detibe with amnekedle tipakispexddend
around the sintered material. The porous structure may conprise randomy

or i ent ed theristelonde dherolymaohdiesescrmpirenn aF lespier iy ineels wiumeeldht al , or
combi nat Ef&ﬂﬁuéﬁgﬁ ro?ﬁlferagyﬁfc a%gﬁtf‘élﬁh tlﬁﬁlﬁig‘ﬁﬂqseﬂusﬁﬁg@ﬂzg&r%ﬁwqh@]%cﬁgust Quubfife Sor ucture
ed g o) t and c Img I'n

of the sinter rain eri al orrespon erconnecti ng
channel s Fopomowpid, yheatsertver may ermaise aantinperitioh atrarga fitolhr @olo2@to Adbarlk and

relatpon _ta enbodi nents.shaws t.hat .the rcolation threshold of t

e 47 oq s R S6BF DUl K T i08 of e inh Bhec e Sabdl i o,
such thatiot be, ohetnglsatiueshiughl y inter-connected. The sintered grains of
material can provide interconnected channels, and the grains can be

sel ect ed édsﬁgfrei@#}.cjﬁx-@%ﬁ!)&éagt&%@&iéd&vﬁ:@@o&ﬁﬁﬁ%& pARGAFE bERr AR 23S

descri be
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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[ 0519] The channel paraneter and effective length fromthe first side to
the second side can be configured in many ways. The channel paraneter can
be great ewotzhewnsgs4sand within a range fromabout 1.2 to &boats2&002263uch t hat
the effective length is within a range about 1.2 to 5.0 tinmes the thickness
150T, al though the channel paraneter may be greater than 5, for exanple
within a range fromabout 1.2 to 10. For exanple, the channel paraneter can
be from about 1.3to about 2.0, such that the effective length is about 1.3

to 2.0 tipesiditen i F&RERInAR0T mal %mﬁ[)fs%rﬁﬁlaﬁo\x?ﬁpﬁfﬂ TRRE @Fred R RYAHAS

shown the channel parareter can be fromabout 1.4 to about 1.8, such that

t he ef f ed2? thet iserrgd bmilder dipouhe flangetl32.1TBe vdrrovsparhien  HIN kineskte it B0the f or
exanpl e apout. 1.6.times the. thickness. These v .COr[ and. to.the paths
of the crantse Siebics TP e b SIBERS prg 6 Son' FRhER AR BB Bisht s honc.
f or exanfihe patr®v ptr@iopalhis nofy comprised Sosr@utich patigediveads-seétiomat dsthde.

[0520] FIG 6B-3 shows bl ockage of the openings with a covering 156B and

t he p% ur 4FEy O ler%}frﬁgﬂawa?% i M ESHeRiE0sEg fona) %%@CF AFOPmPEFEkhect i ng

channel s agx&RRALNGIdI R Rich tHeFirsthdle-sEQioRaSREANRE a8lo6E:s Qfcatel BraR MHSond
structure as in FIGS. 6B and 6B-1. A plurality of paths 156PR extend from

t he firstross-grstipenl distanseawoss se¢hobatictbepireow pertipp 1 3N gomiprises an plengrdeeash-si de
wher e onga:% %@%ﬂﬁgdes is covered, such that the flowrate is maintained
when one’of 't Sides is partially covered. [0521] FIG 6B-4 shows bl ockage

of the o ings.wih particles 156 the plurali of paths .of the
therapeuﬁ‘?sgﬂ'ﬁgiﬁf e&ﬂ%ﬁw&oﬁ%@ﬂ%f@g\%@g? HﬁT‘E’Ea?{H@P é&ﬁ&f% %’ﬁj’ﬁf“? BRI first
side1ho a586PMdhSindBiodl ThBEloRSIOMDsSdcbliH wo@qucs)_maﬁisEé st BB cAGn BRzdr The
plurality of paths 156PR extend fromthe first side to the second side

coupl e t Henfajseeandgligensian andenayecopmwiEsesprteorwiae ef Baey et fieh g5 didaied gofgover ed,

such tha%%g%fﬁt::ﬁgyéo{(%g%éj évoﬁ@iopélﬁbfei‘%?. Tﬁeeﬂlla?éaesli?ghagpgnéhig‘??% J4& sﬁﬁﬂf% ly

covered shows an ective cross-sectional size and
ar ea 150EéiFespond ®shosidpasgyldre tisdue aplumeaivihtty cuwsfang dildtsd. oF het Itoidhsbampeant | ¢

agent al ong the,jnterconnecti.ng channels extending froma first side to a
oo s PestPnd 1 iSRRG e 7 B Endhy o SRCER A oW RS bt ve

Cr 0s$5seebmpiala Akearef alddpean Mbexe0MISGkidHd cahRanMeles seeddesRUMES chtGhdnhe

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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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 wb208l088%8 can be substantially naintai ned wherCrhiS2elhaesal s ar e
bl ocked on the first side and the second side. [0523] The rigid porous
structure can be shaped and nol ded in many ways for exanple wth tubul ar
shapes, conical shapes, discs and hem spherical shapes. The rigid porous
structure may conprise a nolded rigid porous structure. The nolded rigid
POrous Sty e 75 & JRYMBASIRoREhedhlflof AR IpeARR P 6@ G (B&barReNRI0 20d QbR ohtibe
coupled to the reServoir and conflgureé)to rel ease the therapeutic agent
for the éxifehthedeparicott(NI5F4he mir@w pEtign beN.aF oricghmiplgotho ustssie diratetaref as i n

FIG 6B incor ated.ipnto a scleral tack 601.as.described.in U S _.Pat. No.
5, 466, 235 HhedSelbr 4 Pk LB Ut N MBS PEHRE T Vol OB ePe s03 and

a post 6@Hout thempasitthdiatroopgtioms eririder IGSBIP\IRdy cobPbisantebut Benrhl Thawilh ous
structure 606 as descri bed above, The porous structure nmay, conprise a

mol ded coht eEe Bl @F@y RPPTY 2ROWNAP SPE}bﬁlébfﬁ?F MU LLCAYFISPTEAPETBR i nt o
the pati wm%éelﬁeﬁmae& b ot @mnh Bo £O0RENA 188 sioh REthlthPndfR)y RGP veubed.

[0525] FIG BE, shows a plurality of rigid porous structures as in FIG 6B
i ncor por Atlethafively, perdngier IPOP jof baryic O oey damrprisa 8 s sleghtlydigersthahedescri bed

in U S ﬁ%%mngﬁpﬁgs?Zﬁmﬁg%ﬁﬂinﬁmkgﬁ#%ﬁﬁytiC devi ce conprises a reservoir

613 to contai erapeuti c age and an i nperneabl e and non- porous
outer surfac 4. The reservoir i.s coupled to rigid porous structure 615
t hat ext é‘;?géft c%a I Etog SURHHrCE PP WF@W&%WQ&Q@PP’W&@&%“ dsHBFS ses an
exposgd apeRs BPa Rgldn@indé $TENL 84k th Git (rPd A& atBeitiB. mﬁg el fars3a8atof y@nd

t he i nper meabl e and non-porous outer surface may extend to the distal end.
[0526] FrG- BB rstepie drucivgd epnpasetan atangendgd &Be gxiersiag of ¢ ieisabepor at ed
with a deli ice. al I ' . Pub.
2003/ 0013558 A 2P RAT e ARPY SRl R EPSEnR OERERRRR s 1% ol

t he pr oxiwitlthestdrtatidaree 12PNHunddy dBGace tiiNIed thondhev potied 1p@Y vf thThe

the i nl ot it Pa-Raalr Tl PERRY RATe g o R at Rl S0 A% bal 1 Gon

conpnseseRivditigt @lerend 6 11 di sposed opposite the injection port. The
bal | oon conprises a plurality of the

[0547] FIGS. 7B-6A and 7B-6B show distal cross-sectional view and a proximal cross-
sectional view, respectively, of therapeutic device 100 comprising a non-circular cross-
sectional size. The porous structure 150 can be located on a distal end portion of the
therapeutic device, and the retention structure 120 can be located on a proximal portion of

20  therapeutic device 100. The barrier 160 defines a size of reservoir 130. The barrier 160 and
reservoir 130 may each comprise an elliptical or oval cross-sectional size, for example. The
barrier 160 comprises a first cross-sectional distance across reservoir 130, and a second cross-
sectional distance across reservoir 130, and the first distance across may extend across a long
(major) axis of an ellipse and the second distance across may extend across a short (minor) axis

25  of the ellipse. This elongation of the device along one direction can allow for increased drug in
the reservoir with a decrease interference in vision, for example, as the major axis of the ellipse
can be aligned substantially with the circumference of the pars plana region of the eye
extending substantially around the cornea of the eye, and the minor axis of the ellipse can be
aligned radially with the eye so as to decrease interference with vision as the short axis of the

30  ellipse extends toward the optical axis of the eye corresponding to the patient’s line of sight
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rigid porous structures 607, as described above. Each of the plurality of
porous rigid structures conprises a first surface exposed to the interior
of the bawbaor/msiisa second surface configured to conta®CTiuseowioeze8bus. The
cal cul ated area can be the conbined 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-1linear body nenber 618 for sustained

rel ease as described in U S. Pat. No. 6,719, 750. The non-|inear nenber may
conpri se ggoh thgﬁtllplfs h@l@rﬁm fﬂ‘k@et@ﬁ’&: ik hiagafo chalccﬁ%vglecr&s@ l‘é@étﬁ)ﬂ 1n@nyP Cap 619
on the proximal end %he non- 1|1 near may conprise a | umen

filled mpuh&sﬂmpm@@u@smuh@amﬁcsobeewd@udnnmwna@u@rm@hemh@mdumﬂewnThe porous
structure 62 n S Qn. a S end 624 no

Co rel easu fdint fRarSuSsiPEsEe . bl iiheRh S Rhvbl Rl RN bt
addi ti ondie 9. al ternative Iocatrons of the non- | i near nenber Forexanpl e a
plurality of porous structures may be disposed along the non-linear nenber
at | ogat ijgNg] diTsPes&diocR’iWasR ltzb%na%/%n@ﬂﬁle dhtids BREspAIAS td Qrchir €8S e
therapeutic agent into the vitreou$s hunor when the cap is positioned

agai nst cress-sestiend aruQ 5o8xapipk, teGxshees | pbmey sompimsst firsicdisiaees acijops and a
accordan

ol ur al €y sf SRR e T PRl BB A g A SRR B 1508
of the pdmeuswmﬁmum&pcmnmﬂwaumgsmnﬂsshdemkaﬁﬁgmnﬁ(thOdepmﬁlehdﬂﬁﬂung. The

por ous structure 150 conprise a ri erial hol es. f or ned
t her eon, d5HACt HEo G SOOI SRS 1B st Shab TS RS0 L EiGRioR
di amgper srddigeda iR S/%Bmgflsetth@nmﬁ&ﬁﬂﬁ@t(ﬁ\l H@an%%ﬁérﬁ@tuﬁl 1@0{7&&&1&@ acr oss,
for exanple from about nm acr oss, to about 00 nm acr oss, | ar ger.

The chanaelugd amgeoges Hosk A thirmpeudie élhi’lﬁ‘y ag fleserlecdrowe. i B md@rtat@;aal%l ad

| ithogra ter T

Subst ant Cayefiicit P22 08 Gl LOSPIRS Hricp A SVTAOAE WM EOIPLE axis of 1 (oo
about 1, thmﬂM@hexmamagenheﬁﬂﬁdeaxwmaa@ds@hn@ﬂnessumm)hﬂmgfmebumgrrespond to
t he conbrned crosg sect¢g€ e @ the c aqﬂelsland t he thickness or

| engt h oFXtFP.‘En%B‘r fisccepq fheepR:. ?‘“0 BHTXH A Yot Bied W FIREHFR! 150 may
conpnsse cirmr?reeeﬂugﬁtrbmhe pRQpEAABNBl2yc, 288 (1R6BORLEs baT Fedightd b & 181 nt er ed
nano- mat %)r(tler?d 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 120N with an elongate cross-sectional size 120NE.
20  [0550] FIG. 7B-6D shows a distal end view of the therapeutic device as in FIG. 7B-6C.

[0551] FIG. 7B-6E1 shows a side view of the short distance 120NS of the narrow portion
120N of the therapeutic device as in FIG. 7B-6C.

[0552] FIG. 7B-6E2 shows a side view of the long distance 120NL of the narrow portion
120N of the therapeutic device 100 as in FIG. 7B-6C.

25 [0553] FIG. 7B-6F shows a proximal view view of the therapeutic device as in FIG. 7B-6C.

[0554] FIG. 7B-6G to FIG. 7B-6I 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-6I show isometric and thin side profiles views, respectively, of the elongate
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[ 0530] The injection of therapeutic agent into the device 100 as descri bed
herein can be performed before inplantion into the eye or alternatively
when t he wbensayssisBc device is inplanted into the eye. [POFABROIBIOR63IT shows
a therapeutic device 100 coupled to an injector 701 that renoves nmateri al
fromthe device and injects therapeutic agent 702 into the device. The

i njector picks up spent nedia 703 and refills the injector with fresh

t herapeutic agent. The therapeutic agent is injected into the therapeutic
devi ce. ThRioRASHNE %?%e%afr@w@)‘él’tio%%f YR e RhGord Richid BRI rTheFH@raf)eﬂtle abate may
conprise a stopper nechanism 704. [0532] The injector 701 nmay conprise a
first codP@hasem cl@Rgutt oxicdBdAi n a fornul ati on of therapeutic agent 702 and
a second container 703C to receive the spent nedia 703. Work in relation to
enbodi meMss5Eugheptitiablatbairiee 184 rmveahmpfe thpeptunireah Be S tclanidthsadags port
material fromthe caontainer reservoir t he therapeutic device can renove

particul 482 TROPAPEHRPIE PREFISTBRY FRNRIisG PR élaSthotFlaté%lr%HF SRR R IEE | sed of
aggregat%Qn&h&ﬁ@QQH%hﬁdﬁﬂﬁﬂ&aéaﬁb &@P@PPﬁkan&hﬁkﬂ%@@h%m%&%n%ﬁ&:&Qﬂﬂr'Se a
doubl e lumen needle with a first Punen cougfr to the first container and a
second | mmeleewpnzé@rwtlbsmh@s skxamdorgubleai hag pendiabla bamier H@pénmplfmdalzs 703
passes fr, 0 i C A val ve
703V. for 1§£‘} 0 r% a(fn t'ﬂe @e&?lrable%ﬁﬁ{)e}[% the Q(tcegﬁ(\ﬁ]t fwe@e et%r??lole Qeg%l(e)n n and t he
second ce%mlse@rbevvlbénpﬁdﬂemvbﬂmlml top@rht}&mdcdsheasrathTlm a&g@@poﬂtsm of ect ed,

spent nmedia 703 .from.th ont ai ner. reseryv of the thera devi ce 100
passes t qfﬁ%%%%ﬂ?&l%ﬁé@%FOlaPﬂﬁewebﬁiVﬁlfgePleﬁf SUTERO PHAET g‘FLbF’ %ffmg
portion @hd §daethe PeMiirabRMaichbdiha tﬁemecésbemmwwh@n HeVis e 8iB eughangmer Wi th
the formul ati on. Wien the valve is closed and the therapeutic agent is

i nj ect ed anzplior elopgate thannel af e agpessPpe. dhenencpaldls barricr birfh mpecqragsewoi r of

t he ther i g

for mul at {Bs B 16exafibf 4 By Mifral Br THAFR Hieofty b ORI v ce
100 when bbiner vaal beevisualingolery tbaipdichtatd ttchengd physicigporti on of the fornul ati on
is exchanged with material disposed within the reservoir; the valve is then

cl osed ag@ssﬁ] S ke RekeROIricbARnef 13076 thOddVitleahdyald fpﬁlsé thﬁltlﬁ&okﬂikﬁble her apeuti c
devi ce 100 such that at |least a portion of the rst portion passes t hr ough

the pér ottasiaf thet giends ptlgast fremgheretontion sirwatirg & hesigid perewrbupatg sieh that
portion gf. IE&?V&F&MISQSOJ édbgﬂantﬁglly 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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injected formul ati on may pass through the porous structure when the second
portion is injected into the eye. The second portion of fornul ation

i nj ect ed wbeniwdsesssal ve i s cl osed may correspond to a veCums2ab/otmsnul ati on
t hat passes through the porous structure into the vitreous hunor to treat
the patient imrediately. [0533] The needle 189 may conprise a dual [unen
needl e, for exanple as described with reference to FIG 7A2 shown bel ow.
[0534] FIG 7A shows a therapeutic device 100 coupled to an injector 701 to

i nj ect aBglyﬁf%fm}yrﬁetﬁﬁﬁ'ﬁﬁ'ﬂ.e%ﬁMﬁ\ﬂ&ﬂbB?gcagﬁdﬂa&%r sf[&@lné.njfﬁézﬁe%wémé’orﬁﬁﬂ&?rl%_@r ﬁea two

needl e system configured to inserf into a contalner of the device.

i nj ect or camle wachimaddreoaplege pPhijnatetialt oranmpieant heldedsn s tohoou die reteetidn r st
needl e 7Q t he,hnjecti.onynee i.Le withdraw ng | i g oM.t h evi ce
Througn (R blTah BRELAEn DGR Yo ind B fortl g liioh 1 IAE, rhOMaago3° )
be | ongelmagnrdmprisdnenshicsitahdt@ial suchrieitatic phyaioiah leen vieidlize éeslk @ndle theaci | i t at e
renoval qof prior material fromthe device. The vent needl e may, al so_be

iy o %Pﬁ ﬁge

at t ached TPREHOFEEHUAT PY AR PESTESF SRRAFEINCD BYichElet hea mplkag iy
devi ce. [Q838lr cbhner 130 rﬁegﬁmis@_atcﬂﬁfn@p&%ﬂdﬁlgfilzdﬂf%isll@gA%@ fHeSHcBds @

penetrabl e barrier coupled to an injector need 89 conprising a stop 189S
t hat posippitdR@ taprsousissueiireeldd, ich tive featatien maetechiatoplegier Bl camit tefeasche
reservolt, Qc%? d%cet\ﬂiﬁ{ ﬁ%‘%ﬁlﬁléo‘h di ?e?v{nha%dr&%%e‘f&ﬂe of Motk GEi @R 18 o4 1 QUi d
formul ation ]hroug € porous frit structure, In accdrdance with

enbodi nedtsrib&blicraxaipt poroth@rictire titocanrve edlixed n@she clistgd ehd of theimpaigice | unen

needl havi.n evel that.  extends approximately 0.5 pm.al ong,t shaft of
the ABeateviry b Frespme arniafis rhBarBReD o R arbiuttian B ARFORTLH Bhe need e.
The st op r&aioR okt mEH ] FNHaPQihrise B thndt GBGcRANsiZd t& r@kivichg: RESE @rustueh t hat
the needle tip extends a stop di stance 189SD into the reservoir as defined

by the | éAgtand die resrevaipramtainer d SHinan €0PIYs A HOR REOPTR ARBOTORESIIRIEK Ry of
the pene ﬁa?éa'eﬁgﬁﬁ‘lt% |gehiond %‘P{@hﬁﬁl Eﬁt?sosés%d%&zagﬂgg&t%

| inatsYe B feslidPPG 46 7 OM
about 0.5"to abou e reservolr nmay ex along an axis of the

t her apeut | evi e(slis ance Wt hj range f.rom ahout 4 to 8 ABvo.Iurre
compr 1 ai RS2l qEARCTCY ShEvY pand Bl R on dai T S PARgE TRBIABBITeR0. o
about 5 206haktrial {60 arsapHIre] @ISAH bn Shalle CRMfiBEralitY RF bREndedtledshf tHaer apeuti c
device with the needle tip disposed on . .

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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the distal end. The volune of the reservoir can be |l ess than the injection
vol unme of the fornul ation of therapeutic agent, such that liquid is flushed
t hrough twie 2puvisssisst ruct ure 150. For exanpl e, the resePCoius20mp2260NPri se a
volume within a range from about 20 to 40 uL, and the injection volune of
the liquid formul ati on of therapeutic agent may conprise about 40 to 100
uL, for exanple about 50 uL. [0536] FIG 7A-2 shows a therapeutic device
conprising a penetrable barrier coupled to a needle 189 of an injector 701
to i nj ectyanded &MPYEANBE &1 Aath dfiht REISY RS Givih Ak shigarib ML shstat t he
reservoir 130 1s exchanged with the injected formulation. The needle

conpri sesolimel east one | umen and nmay conprise a concentric double |unen
needl e 189DL with a distal end coupled to the inner lunmen to inject

f or mul at i[@8%9pf FIGe7C-harsapesithcdiskdend podibe of he stifprtaBes! The fepbe a6 thag

proxi mal vent 189V to receive liquid into the needl e when the fornul ation
i's i nj ecCRFPTIS Strasihaticyeny to anpanylaptlangs, 60 hakpwRerts (§e aproBpERIcHEE & t he

di st ak egdgQfdisthenliRPgsviliman of the needl e and the outer [umen may
conprise a proxinmal opening to inject therapeutic agent forrmulation into a

pr .OXi mal [(%?T%Li %?GOJ;C-IIBGS S %iSIl;.] Sort! 608k }/s%)if)ged ilLS(i) e?’tﬁl be\ll\‘rﬁrerKI(!OnsoraeL[ciatrioxg'rAet o the
i njector ‘e di ment’s 1ndi cates at a fitring erficrency of a ast about
80% f or tlexabphiaf) Yotanoexpandalvdienactthewservoir thambyrect or appar at us and

needl es as descri bed above. [0538] FIG 7B- 1 shows a side cross-sectional

view of @ pPeus] fe-devhees heQusRrIcnS idRGos dafing Mhd @RerSUFMGIdtR Raydng a
cross-section sized to fit in an elongate incision. The cross-sectionsized
to fit iA6Q hreasthoryadethy pdistinoa lymepstewregpamsied solnae ob thepeseryonrchapt. dihe
retengion str ure, 120 that . i ized smal | er n.the flan 122, Th
nar 00 ptEEE S ShRp<r IRl by Byt PR e ok SO bBICH AR Bl .,
el ongat e sedhas et rési) ol RthEhesinZliegntlimgf The buppblid 608 carsbaodispodéteomtae r ow
portion 120&%n§g Qonﬁ{ise a cross-section having a first cross-sectional
di st ance “4E1g95PaGET H9% st di nensi onal width, and a second cross-sectional
di stance across, or second dinensional width, in which the first

cr oss- sed¥563halFldi Ei-dnbevaibe oxpanfablytheepeytictdeaise e asiaddfad’ €rlos g ngeewi onal

di st ance ASHERShRHEph Otank1G: 185 ARALLh Rlch?ON compri ses an el ongat e

Crosssecti ona
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 thereof. The expandable retention structure 792 comprise an extension 120E that
can expand from the narrow profile configuration to the expanded configuration, for example
with 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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[ 0539] The el ongate cross section 120NE of the narrow portion 120N can be
sized in many ways to fit the incision. The elongate cross section 120NE
conpri sesw@a 2biwmsss4di mensi on | onger than a second di nensiPom/tse@omeae3conpri se
one or nore of many shpes such as dilated slot, dilated slit, lentoid,

oval, ovoid, or elliptical. The dilated slit shape and dil ated sl ot shape
may correspond to the shape sclera tissue assunes when cut and dilated. The
| entoid shape may correspond to a biconvex | ens shape. The el ongate

Cr 0ss- seghdBfiaCleol ARUAREEAnRAT RS S re@MRE F&Ba aFbd dxinpUihg fesRInApgy, an
first axis and a second curve along a second axis different than the first

curve. [ 0sapiiseSingior anore nckheg, field mgwbqpdmigion sephting of thehiefinadtaamthicghoroid
structure,. t cont ainer. .reservoi.r conmpri.se a crossrseciional profile
Pobas) rreatB SO AL RBELY Lol GOl REALLAREr PACbLET AR 8T |

FI G 7B- the re(i2b 4] thE hCovasdad tishirwsrraspoa@iny tethe tfsichh thidhretiapaay betagewidce as
in FIG 7B- 1. [0543] FIG. 7B-4 shows a _side cross sectjonal view along the
shor t 2 si JEoTgfn fq[l?élorlé?%fﬁ Qppert ngigagss dhab fhepviigequp Bpapet ?fjég%l@ﬁ B HURTEC F) G

7B- 1. [ QedkALtive @rredBlovsSavkicid ARhE AWHagl 700, ThEcdRBERREINW FatldleMAce as in
FIG 7B- 1 inplanted in the sclera. [0545] FIG 7B-5A shows a cutting tool

710 conpepwpngy ovhihagecly 14lthengh naal mglepules zapbadaliversg el fangpt {asatiay ofriee er
160P of Lrer i 0 of ) { @n. The
cutting oo 28 EardRe RF kIR B R R sk s AL PRI B

i nci si onexarhipie wiivh andbaddyvikagorehis on amitedict han badelowrquoubstaniailg withghd i oned
agai nst the sclera. For exanple,. t idth. 712 onpr,ise about one half
o L RE" pbprEt e o po T lsgl b QFtgh o5 ABOL OB e et Mimgr can
peri met epe IGRANLR o ehandrad W d&uldson 160N. For exanpl e, the outside

di aneter of the tube of barrier 160 may conprise about 3 mm such that the

Toone. oy ehpr e SSRGS Bt B huc 98 betpl ALY BRV S BEMBRUATRET <.
about 3 mrflosugith thiatditgrewanici Brgonlocaivprof sesrcdm. dfenhagpdoay hgugt eanger | net er
At or nat 7R SRf TrdPar o oG fi B o) el faprent SedhIBLrt ght 1y
| ar ges t Bgdnt td¥Be 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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i ncision and the perineter of the narrow portion. [0546] The retention
structure conprises a narrow section 120N having a short distance 120NS and
a long diwDanm#sg28NL so as to fit in an el ongate incisiPom/isk@n®2168e par s

pl ana of the eye. The retention structure conprises an extension 122. The
extension of the retention structure 120E conprises a short distance across
122S and a |l ong di stance across 122S, aligned with the short distance 122NS
and |l ong di stance 122NL of the narrow portion 120N of the retention

struct ur ¢,1200k Win RAPRAN RPME L R0k O TNV BOMP i SRioARrhAASRbAIEPR 1201
sized to recelve the sclera. [0547] FIGS. 7B-6A and 7B-6B show di st al

cross-sestltmnal view and a proxi mal crosssectional view, respectively, of
t her apeutic device 100 conprising a non-circular crosssectional size. The

por ous s{e368] ureG 1HOshoan theagcotad@dccomoaothpttiag p&idds gaictir® NSOdridnkd to
t herapeutic device, and the retentjon structure 120 can be | ocated on a
proxi mal 'Peast fsribgrrrte peme ity evaeier theler angrivgdth shing dipr gaipledhe si ze

of reser Yli%iréfpelll:f’(pa%eﬂ_hﬁl oRA%yY dRprisQ sRAHJ, 1188 BVRIr5id L300 b&RYe a8aCHoR ORI S€ an
elliptical or oval cross-sectional size, for exanple. The barrier 160

conpr i sestrectiierl 8¢ awppFemgbeltchomal towhisktaneinacFosganplsethy oprous goictndera
second cLo33SRE ARt (HSLANER AH AERCLBIBIRL ke LR oA NG it di st ance
XI% en(§: across a | ong maj or axl s OITC an e? | pse ar?g t

across my e e second
di st ance saartasd Siraan exdrencdac fasg padiaih asvtard thenotina aadias/apfrotihle &nk,ifpse. Thi s

el ongati on of the device alo ne direction can allow for_ jncreased drug
inthe r§§3éPR}BPIPnW?]ﬂW£a&&gr‘%g‘§g’eg APBIFEARHCE A L Fen 9%@1? Gilitpl & s
the mBj obadih $6(PfantcRRn8blisRSSHEFOrdRS s@hdt@Bado aMPHE Ak batheYeyivhbn fnhifanted
circunference of the pars plana region of the eye extending substantially

around t Hechdbitnelgasefof theeapeyies aggnidowhid the lsay camdiegnlybitedieitebariigskdOc dhe be

al i gned i.all 1 - I : i i sion as
he shor (o aure Kpithd e EEnRS, SRk YERE FTR R RRUEHRANR M S Ve
cor r espodeicnyed dovheTlxaparem stisicturcn@ndt osiexthd trhehitigi td the shpurpard.lowd t hough

reference.is nma to an. el lipti r oval .crqQss-secti on, ny .
L oese pe ittt Qediof WD s o SN SRS et ARE ottt et
shor t5di MRBSjam1eX6wead et @V@idthiddpahP By padfwidnenelty aRentd 6 th@Rgntion

di nensi on extendlng al ong the pars plana of the e¥e. .
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 110C 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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[0548] The retention structure 120 nmay conprise structures corresponding to
structure of the cross-sectional area. For exanple, the extension 122 may
conpri se WORDrgBsHBst ance across and a second di st ance &CTAES3010M226R1 t he
first distance across greater than the second di stance across. The
extension may conpri se many shapes, such as rectangul ar, oval, or
elliptical, and the |long di stance across can correspond to the |ong

di stance of the reservoir and barrier. The retention structure 120 nay
Conpr i se 4t {fniAad faAW POt OThd AMNERY iHAGeRR oi R BE 3k PRitl AR RALENiMx
around an access port to the therapeutic device, as described above. The

i ndent at soas 20ltasarkl bripaicaget 2 ampytepdehtimo pypsiagaalhreredtérithan thal or oval
profile with a first |lon jaqr)..axis.of the ellips xt.endi.ng..in t.he
Prrst i MettheBnit B o R liohys ki ol Qo R R R AR IS g 1 1
t he secofigraictcidearbasddhen thohglf ifd & thathepeaiciagagdn 8o cgs. The é&xicendlume

circupferentially along the pars plana of the eye, and the short axis can
be al Pgnétd ARGy @H&)ﬂrﬁ%ﬁ%{ﬁﬁe&ﬂﬁéﬁmﬁ? be'fnd W@efgfrﬁ%asgf@hthf Hakme s

ori ent at ifGihPitiof &Yt &8 HIAnCRIL PR Haicahithietc Wodinvhs bad. BxaBlia\@hbon by the
treating physician. [0549] FIG 7B-6C shows an isonetric view of the

t her apeutfleatigaysandchissd tegletermine shrransntis deviest narasnatesprpiifablerfgr @inmarthodevpsr t i on
120N with an el ongate cross-sectional size 120NE. [0550] FIG 7B-6D shows a
di stal emrdtet ¥wdof/df) reDi(P&(TApEnti ¢ 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 thgrdiRE ARA dfGeldRKIoE treRpehtlt dobhe froiBubkee [ 0552] FI G 7B-6E2 shows a
side view of the long distance 120NL of the narrow portion 120N of the

ther?B?“kﬂQ-dﬁ%i1§i&9%%ﬁ§ in .FlLG YB-gg%mlOSSB] FIG 7B-6F shows a proxina

vi ew' Vi ew of CFHE Fhar Apeuticadi e e SEVR FlG 7B-6C. [0554] FIG 7B-6G to

FIG 7B-6| show expl oded assenbly draw ngs for the therapeutic device 100
as in FI CE™ YPBUBCOLISSSTEIBE. The assenbly drawi ngs of FIGS. 7B-6G FI G
7B-6H and FIG 7B-61 show isonetric and thin side profiles views,
r espect i Wef Piffesion ¢pastentongat eporti on 120NE of the narrow portion of the
retention structure 120N. The therapeutic device 100 has an el onagate axis
100A. [ OPAJJL ¥RRIpenetrabl e barrier 184, for exanple the septum can be
inserted into the acess port
P = porosity
15 A=area
T = tortuosity = F = channel parameter.
For a substantially fixed volume injection,
Cr0 = (Injection Volume)(Concentration of Formulation)/Vr
Where Cr0 = initial concentration in reservoir following injection of formulation
20  For Injection Volume = 50 uL
Cr0 = (0.05 mL)(10 mg/mL)/Vr (1000 ug/ 1 mg) =500 ug/ Vr
Rate = x(500 ug)exp(-xt)

where t = time

x = (D/VI)(PA/TL)
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180. The penetrable barrier nmay conprise an elastic material sized such
that the penetrable barrier can be inserted into the access port 180. The
penet r ablwolarwises4smay conpri se one or nore el astic mat @Craissosmeis3ns

si |l oxane or rubber. The pentrable barrier may conprise tabs 184T to retain
the penetrable barrier in the acces port. The penetrable barrier 184 may
conprise a bevel ed upper rim 184R sized to seal the access port 180. The
access port 180 of the reservoir container 130 nay conprise a bevel ed upper

surface wQﬂpggﬁggmhggeQ@H@k@gxﬁgn1and seal the penetrable barrier against
the access port 180 when the tabs 184T engage an i nner annul ar or el ongate

channel C ) ort netrable barrier 184 may conprise an
opaque n§{8%?2?3 ﬁ%& PR Y% a%8Q y material, for exanple silicone, such

t hat the penetrable barrler can be visual i zed by the patient and treating
physi ci afhe[e0%ssvolrHE Af ydEOYDIAPOUEnt Bner 130 of the device may conprise a
rigid bioconpatible material that extends at |east fromthe retention
st r uct ur €vt-ocankentratign df therapeigicsigenict witepussuch t hat the reservoir conpri ses
a substantially constant volunme when the therapeutic agent is released with
the rpgi @ parcaifsingt fioif tvitfe@uSOprdportiOndleé DY RalNlifk oFidalky ie vitrloagse rate profile,
for exanple when the patient noves. Alternatively or in conbination, the

reservoi koL@RLRANSh apBpiY f&%@&h&ﬁuﬁéht%&tdegé}lﬂeb{ hEf NGRS 84 VEndTRE er i al
such that the reservoir container 130 can be translucent, for exanple

transparemmmnsdthanb@numh@hmnaﬁﬁewhownhESEKMDdEW@AGfmaWMbmndvﬁmal|zed when
the device is | oaded with therapeutic agent outside the patient prior to

i mpl ant atOven(Rakofiomxavipd)gkwhen injected with a fornulation of therapeutic
agent prior to inplantation in the physcian's office. This visualization of

the resegyql %V%‘i@s&@t@n@ﬁl NehQbH! thl Mhak %ME & EDain E&‘?esb&%ﬁt‘b‘é%h&tlén‘%c’chéts

properly filled wth t erapeutlc agent by the treating physician or
a35|é@annmanm@¢ﬂEdCMm@maﬂﬁaRWUﬁ Aihgnwe$mﬁvmwﬁHuoﬁmmumBﬁmmtyuméﬂprﬂ&b one

or nore bIOCO

pol yret hy e RERLEPLS gL TRAEh: Bl S el e Py bR R rm ey e
poIycarb@ﬁ@hﬂwmh&kﬁ@kh@ﬁﬁtherketone (PEEK), polyethyl ene, polyethylene
terepht hal ate (PET), polyimde, polyam de-im de, polypropyl ene,

ponsuIfgﬂgﬁengyyﬁﬁ;gagpmﬂgolyvinyIidene fluoride or PTFE. The
bi oconpati bl e nateri of the reservoir container may conprise an optically

transm S?{a%/e = 500(x)exp(-xt) = f(x)g(x) where f(x)=500x and g(x) = exp (-xt)

15 d(Rate)/dx = f’(x)g(x) + f(x)g’(x) = 500(1-xt)exp(-xt)
For a given time, t, d(Rate)/dx = 0 when 1-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 = V1/(Dt)

Therefore the highest Cv at a given time, t, occurs for the optimal RRI = (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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material such as one or nore of acrylate, polyacryl ate,

nmet hl ynet hacr ayl at e, pol ynet hyl net hacryl ate (PMWR), pol yacarbonate or

si | oxane.wOheiwmss&svoi r contai ner 130 can be nachi ned f PomtSB2@i0ALB3DF
material, or injection nolded, so as to formthe retention structure 120
conprising flange 122 and the el ongate narrow portion 120NE. The flange 122
may conprise a translucent material such that the physician can visualize
ti ssue under the flange to assess the patient and to decrease appearance of
the devi gfs7aP0 THRGHCHRIANGE canlieLERAINRincGRNb AR RRESDATRY nEARISe 2
channel extending along axis OOA fromthe access port 180 to porous
structur ée\mﬁfocanéudhnetdhathef\@iumﬂ dtfpmmllatrqnemtegtdd inte thedlewcmtm@@lewaﬂ be

rel ease |n accorPance wi.th t thp er.voir ease rate of
reservolr volurme an ease raeln about /-g of the o tlma alues F
the porouS structure %61 escrl be nhere 1e poré’us st7UctUre 150 can

be affi xeghrisie ttha&00 sitthd olﬁnﬁbmﬁlubdaeﬁ‘cﬁ}aeuhple ﬁ:lea/ﬂ aRindd) sledsoratemdagpbdfethwv t h
glue. _Alternativel y%ﬁ[ﬁl n conbi natjon, the distal, end of the%éeservm r

cont aP nePORPEDSEREIIIE AR U ISSHNRY valugiretase 1aTesaiye f aredgierniped awatidous

struct ur enolfluti@iidnt BG. SE@SErHBQL fo LA AHHREIpcdROcIMBItGANR b8 e AmtifRnt O
postion the porous structure 150 at a pr eé)et erm ned | ocation on the distal

end so asnhiljtogepongentsation deie Iedrtaiadnedicxienddd tirag soh @b PO days, the@sBIhWE| G 7C

1 shows gty ?}%gﬁ%oeg%%l{]&%%g%%l{eﬁ FEY b ¢ é?@abco% 1EeS{hQ% 91?%%94 erfarrier

mat eri al I'n an expanded con gur arr or extended
rel ease aininge thdf\e:sapﬁutzblnmgﬁd\the th@semmdedt}Emfactgdmanmenf than store an

i ncreased am) ti.c ent exa about 30 uL to
about 01 ogemereTHl SR E ey FOdnibing A< Bae & Bl A BTGt P, E0UES 120, an
expandablt@n @8 @EMed ds chtarci® a SHBR Mirfer HEOS oA BRI RAT r8&ives HRSdalle&Blume
material configured for conpression, for exanple resilient netal or

t her nopl &§eqremengjaily raﬁ%&ablﬁemyctablﬁéorawb@émamhéowhppmnewyle@és gespibaghen
expandedy, Hhes g&pagﬂ?)‘ﬂ :ff}t Qﬁ%{u‘f@a Y538 dﬁ@?nﬁ% QiR thef {o éeWeed (ﬁégﬂfg ofPosed

on a distal Ixed to t e expandabl e support. e ex
devi ce nmrrrmdmlpmasrépla)mi(hcrelezsss fpomtexk@0cd throe, tmmpmsesnmmte tanq:dsmﬂln thabl e
barrlg 184. I n the expanded conf tguratiﬁ t he vice,i S substanti ahfgy

cl ear> f r SAFEOHAFErOMPTST O "SPF PEAPORY KGR Bl HRPTBRt OSBRI
support he&brafe, 4 bpilkay tubelor 4 @R eadcHnMM] KhRoratibet anho-Bhdnck @nsihardd vol une
of the reservoir in the expanded configuration. The. supst anti al | y const ant
vol une, Pajo- %ﬂ:ﬁ @nd 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 (V1/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 uLL 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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+/- 25% can be conbined with the release rate index of the porous
structure 150 so as to tune the expanded reservoir and porous structure to
t he vol urwoabiovdsessapeuti c agent to be injected into thePChasape®ricdl devi ce
as described herein. The barrier 160 may conprise a thin conpliant
material, for exanple a nenbrane, and the support 160S can urge the barrier
160 to anexpanded configuration so as to define the reservoir chanber
havi ng the substantially constant volune. [0559] FIG 7C |A shows the
distal erdoRhd IdHInObr hBFsSUBPRAAS vk OB oxTABISHRRRLboOOS (TRY, GAARA | S
struts that extend to an annul ar flange 160SF that supports the porous

st r uct ur exgabGatderraséreoid sethals adatoafrestsvdice 100. [0560] FIG 7C |1B shows the
support 160S di sposed inside the barrier 160 so as to provide the

S UlCDE.St agt i[@ﬂglsy hqthe Shhlﬁlﬁfe ﬁxmdldgd% nélg Ngf&uQBurié&ﬁ)lfﬁl&S@I’e\ﬁ@lﬁ be aéiaﬁb@ddfbag&ﬁﬁﬂf ] ]

FI 7C- 1C shows the s ort 1 i sposed al ong the inner surface of the
barrier ighgaradcpgeny ﬁl&%ﬂ PR C¥y 6%&%@?1&hupﬂaEdfﬁ%ltlh?ﬁm@%m&@lat%‘i Gme of
the resepy@iif Iﬁggaleat)&rtermm% b%b%ﬂﬁfthe 4&@16§@f‘th@%y@%lde%gmpfé. tWen Pakdst @ncl60 in
many ways, for exanple with a bonding agent such as glue or resin, or with
t her mal  bointil agdely e haligdopf the 6@Sipewle dgenidh dpogtgous rhumhecmhesahd@erdharbar rier
160. [0562] C I I i.ce in
G 7C ?C%r huﬁlagiexgs fo% 6§QR%Y§ bﬁrqef%(gﬁlfoﬂg;agtt?fg trllrl.I %dg%%? %{h{e 1*18? ceg F eQar%Sle

i nj ect i orhd habfdife ofﬂﬁ&l&]raﬂ%hﬁ:‘c aglt Buc&hﬁsr%‘[ (tdnﬁnzammmdz&btbeabbhmlﬁ@myts |m:thdeV| ce

as in Fl 7C- 1 in. an ex de rofile configuratian, suitable fo
ret ent i oRUMPRFYR RPY w? OPﬁg >§dﬁl degabyigrg Afonkpyemapmadels, fﬁeahs show

an_expandaicales aheniIF BR i# tHeUGkdbus hd@ér of tREh@XRALRB Be mueﬂf&d @Mh@t hygkur e
792 can be used with the expandabl e therapeutic device 790, or with a

subst ant iad Fan ticiapeet ane devnipithe mprkey ond sibhe enige) modelas Thetherappsie dsbisoean The
expandabl,e[,.eh &nLa0e $E YRS r%ﬁneﬁ%m% hicdon tH@ﬁ'&ff TR HRSRLRL RO, ent i

expandabl e or re5|$len mat erlags or |na I ons thereof. %%e ex é%ble
retentloﬂmﬁhmumhﬂnwu?ﬁmnc@npm1ammdhn&mnehamonoi&ﬁﬁnhhamsdanxéxﬁamdohan1the
narrow profi

i 1 abeoshins FaE i APt Ry L SR RERIT bRt b i s n can

be imel i Rg@ 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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proximally and the distal portion can be inclined distally, such that the
retention structure expands to engage opposite sides of the sclera. The
resil i entwoabsrvissd48may conpri se a thernopl astic nateri alPCTaSe@9iokicant
nmetal, a shape nmenory material, and conbinations thereof. [0565] FIG 7D
shows therapeutic device 100 conprising porous structure 150 positioned in
an eye 10 to deliver a therapeutic agent to a target |ocation on or near
the retina 26, for exanpl echoroidal neovascul arization of a | esion on or
near t he 4] NF1GHRD SAXAMRL fosclvBfs bESIAROTBKL GAPEIRiAY e SHL BRI puCkl i ng,
fol di ng, bending or separation of the retina fromthe choroid related to
neovasculremh teatpesiturofCa bry @ fromdiublger vieseg ivenc pldcsd aroumd tho syrmgsdamtls o bl ood
supply tq t.he retin and t he. neovascyl ar . ti.ssue. corresponding to the

oo on ofotie BEHT HE P TG ERE Al AT PSR! LPRINE B PRah S

i ndi cat ediffdaaitial. The Yopk € e S/iditwere s8ledivith beragine tonmypidanpsrhsen. Ao puesalic ve
current flows tgat extend al ong fl ow pat hs 799. TQ %ggvective | ow pat hs
may conprie¥als) Ba EHRREYEC MVERSURIY SAEICOMABIMedITEs 10sAmeunlifugersedi t o a
target | @aaRlfoRBd Rbmitherei&ldiPtrdfhithe AGCRIHORNCR MM d b endabi@WRRE Afount

t herapeuti c agent conprising |large nol ecul es, for exanple w th antibody

f r agment of Brorageeinhp dhcegals gharpbpwpiael ¢fveridd lightydPammy.al [y with the convective
fl ow paths as the nol ecul ar diffusion of |arge nolecules in the vitreous
hunor camkxhmpsonewhat | ower than small nol ecul es. [0566] The therapeutic
devi ce can be sized such that porous structure 150 is positioned along a

fl owipat h extendi ng tovakid 18 RaEHeof FRGRESHRA thFovgh@ENiepdrda. The therapeutic
agent can be rel eased along the flow path, such that the flow of vitreous
hunor transports the fherapeuti c agent to [the refina. The|porous structure
can be di sposed on a distal portion §%eage t her ap ice, for exanple
on a distal end, and tRgmREl NQidie 13Uifan b&esi elivery for the
extended time. The rel eyl [Sthid Ur fnmPd Gair2Pe l@padypd |on the proximal .
The therapeutic device 100 can bg SilzgdsSUcCh gshal T yg goor pus structure is
positioned in the fl oWw pagch [COMgESPORERY (gO556NE Ttagget fegion. The
surgeon may identify a tTafget| regi on 95 Of gd?g reti pg, 1or exanple
corresponding to a | esion and LRe (hggapeulyFodevi ce,100| can be positioned
al ong the pars plana pr of her| I ggat i o [quUCN fJ3gt [T hegEher apeuti c agent is
rel eased to the targef region. @567 oAl G | fe5NMPWs §perapeutic device 100
conpri sing porous stracture 150 tocated on a

ey ic de
eﬁgﬁ%ed(

[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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proxi mal portion of the device to deliver a therapeutic agent to one or
nore of the ciliary body or the trabecul ar nmeshwork when inplanted in the
eye. The wonrouw#ssisuct ure 150 can be | ocated near retenPCconsseomeiedre 120
such that the porous structure is positioned in the vitreous substantially
away fromthe flow paths extending to retina, as noted above. The porous
structure can be |located on a side of the therapeutic device so as to

rel ease the therapeutic agent toward a target tissue. \Wile many

t her apeuty,¢ 1 BARBY §n&1ﬁ9vetéleco lﬂéﬁ&be thdSr LRELIRNGE LifaPAEHnt TRhe HADRN thBeRthe
prostagl andin or anal og, such as bimatoprost or |atanoprost, such %hat t he
t her apeumemba@@nfhfc@mswb@ofrtm geBbtine ondsxtingnevasrinsedriy sobmt:ﬂgelgdlrieﬂamy body or
trabecul ar an ed, i Ly gous hu ntion
structureé gﬁﬁh} 856{“’“%3 i eP%‘i“’ed[lﬁg’a‘asrm{: Sitnil I%Ihié\f?%hrehﬁpu s 4 ce
100 conpkiatd wge péﬂi@umtbpaﬁrhlﬁlfrmro&w&ﬁl&vﬁ)pdrﬁTﬁHEAt pe:ndded agseld drfe() 3-henppleut i C
agent _110 away fromthe lens and toward g tin ?g@exa | e, the

t her apeut FSETVAGR HETCTRQY HES NS0 S Qataining B IE!‘ UsiAp el P& e

rel eased dEkREMAPEPHSastitihy bR uABd BYRMhaf £ QUIbRGdif B B8y QWaphidanE
retina. For exanple, the porous structure can be oriented relative to an

axi s | OOnisgfle light (289errrab€£h@ feivgsiates fromhavoggplenates pgeshowvn poFbu sl -4t Tigdalr e 150
b
ean be, OFh e Phel 3Rl AL LG B IR LETTR, B, AUY ) iy 0L LIF

t ar get I‘ﬁgnsqmrt@ﬁsﬁyhhroluglhpMus fﬁbmbiaaesrwehipdre@lzesaasf extand bet ween t he porous
structure 160 and the I ens of the eye when inplanted such that rel ease of

t her apeutgxanptient toward the lens can be inhibited with barrier 160. The
retention structure 120 may conprise a |long di stance across and a short

di st ance [§¥2bs \rexpeiaertivse dedpoied. o Teengdrauyogephie mgdie (BenmReb for i ented i n

| at t t t hat
{he- out o7 o0 LFRER ATt T AL REERA b RS EPRIARS AT S 7

is oriente east
t owar d tltieteletnedna liated baloormdiveee Equilibrad in AheM iddeatd lorityr gHst ance of the
retention structure extends along the pars plana and the short distance
extends toward the pupil. [0569] FlIGralfie shows a kit 789 conprising a
pl acenent instrunent 750, a container 780, and a therapeuti c device 100

di sposed Wi thin the cpgL&: W‘e‘stdtVltF-IICBBFdoMU' r—of tfe therapeutic deviced 100
di sposed in the contalner may conprise non-therapeutic gol ution, for
exanpl e 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 II 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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saline, such that the channels of the porous structure conprise liquid
water to inhibit bubble formation when the formul ati on of therapeutic agent
i s injectwo 20miossisBe devi ce 100. The kit may al so conpr ipsg/ush@odyrednge 188,
needl e 189 and stop 189S to insert the needle tip to a nmaxi num stop

di stance within the reservoir as described above. The kit may contain
instructions for use 7891, and nmay contain a container HOC conprising a
formul ati on of therapeutic agent. [0570] TUNI NG OF THERAPEUTI C DEVI CE FOR
SUSTAI NER,REFATP SASERiGN AN | NJECTI ON OF A FORMULATI ON [ 0571] The

t herapeutic device 100 can be tuned to deliver a target therapeutic

concent r #584h E&l@femeeinmmsmbed heEXﬁ@mnlml ofcarf lpy lep¢adetd with agifation @deXipmr@ t he
deVI ce. Il’pe I n tel)((jll’lvol’l(ﬁj b emo Cr Iel’slteh’l dde{bSt n I a'CI'I ES can% rmed for
exanpl e \Mtﬁlp out &/ 5&)8? &N a ot ndedipreaé rmne arge P'Uve. The
vol une okt bdie terﬁpeemmwhata@elbery&med/omdtm &cb&tdﬁb@&ﬁ@hﬁﬂba@ed tqdmfaaser as to
rel ease tQﬁgtherape tic agent for an extended tine substantially greater
than ? he HFUSIonFRRE 2thigher BINPSTOEr espondi ng bol us i nj ection. The device can
al so be tuned to release the therapeutic agent based on the half life of

t he t her #8881 | Oiffguen ratas of BE AWM 6Pridad shawed by sprpsentaing of difbgive ratas @f i ndex
conprise S T™C agﬁﬁﬂ S t
fornulat%%%gﬁg?gé%L%&%ﬁ% fgﬁbﬁgﬁﬁgﬂﬁg of 't 8f4£%¥§§@ Eﬁ %%%M?ﬁ t he eye.
The fol | Salettgd expeainicasosldvehepeueddo @ faatiadimidog dehedrﬁpﬂwdfﬁheéeﬁle@@eutlc

par anmet ers SU|tabIe for tuning the device. Rate = Vr(dCr/dt) = -D(PA/TL) Cr
wher e Raf&™S-Rate of rel ease of t herapeutic agent from device O =

concentration of therapeutic agent in reservoir Vr = volune of reservoir D
= Di 10 usil®86t ofsvieaprapeyms clospRjo the empusthipeits espribedgn g bpdy of thetpatsst qople F =

channel BREATREE] from metals (e.g., titanium or stainless steel) or polymers (e.g., silicone or

polyurethane). Exit ports of defined areas 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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For a substantially fixed volune injection, CO = (Injection

Vol une) (Concentration of Formulation)/Vr Where CrO = initial concentration
i n reserwsOrofoaisBssi ng i nj ection of formulation For | njecriuseaovokaeae = 50
uL O = (0.05 nm.) (10 nmg/ L)/ Vr (1000 ug/ 1 nmg) = 500 ug / Wr Rate = x(500
ug)exp(-xt) wheret =time x = (DVWr)(PANTL)Wth a nmass bal ance on the
vitreous W(dCv/dt) Rate from device = kWCv where W = vol une of
vitreous (about 4.5 m) Cv = concentration of therapeutic agent in vitreous
k = rat e gl 1o S RIMMALIQAMN Be fesﬂeﬂqp@ervtlde%@tbtybé)s &sn{g fahbds dih@arqb wlkug 1 n
wtreousf For the situation appropriate for the enbodi nents as descri bed
her ei n whas do@vintemaplesd. subst anti al | y const ant and changes slowly with tine
(i.e. dCv/dt is approximately 0), Cv = (Rate from device)/ (kW) Since kW

i s subst aoEs9pl IPysrdm@n&haﬂatnes thed MRlude atlligosefacéte\ylidn, porycaboIRE ah®
conditions that maxim ze % e Rate fromthe device, At a given tine since

i nj ect i oROPHEBRTREHalsree(t1d Fe. In adghoriayggoncrad ‘}?HR]P?ﬁJHP](XchFréuHﬁHﬁnd at the

t he val ugog(”@hgg;@tﬂugﬁ@é/(ml:the maxi mum r at e. The opti mal val ue of x
satisfies Rate)/ O at a given tine. Rate = 500(x)exp(-xt) = f(x)g(x)

where f( ) )/dx f (x)g(x) + f(x)g'(x) =
500(1 -x evagf’)‘“ﬁg’g‘?-‘g )ﬁormlugaéﬁn§ &bo m&(‘g{at e)/dx = 0 when 1-xt = 0 and xt
=1 Thle I[(}f/%] [ @mamﬂialrm/ﬁelmlﬁ@[sya}e(wnr):ér%eé via thFBﬁtﬁﬁoﬁﬂMemhmﬁg}UnE,

ti P. t Dt) T t t . [
O e P Bt B il hi e b e i Ae? i hindhg? 91 Ve

media injected along with the therapeutic agent. Formulations can be prepared with the desired

10 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
15  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.

20  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.

25 [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.e., 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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Vr. Also, the ratio (Wr)/(RRI) = (Vr)/(PA/TL) = Dt wll determne the
optimal rate at the tinme. [0572] The above equati ons provi de approxi mate
opti m zedwoabuwassidat, when conbi ned with numerical si meCaSRS/0225aN

provi de optimal values of Vr and PA/TL. The final optinmm value can depend
on additional parameters, such as the filling efficiency.[0573] The above
paraneters can be used to determne the optimal RRI, and the therapeutic
device can be tuned to the volume of formulation injected into the device
With a dewiceror &HEMRIodYHHHAE PRNPeRIcE a8k AtiSe A Wl6dnWalibic DoRRRME +/ - 50%
of the optinmal values, for exanple +/- 30% of the optimal values. For
exanpl e, bfiders ecaopt themilegralegasminoaicalsi Pefésrs e ophmabmaoibsirgiKauthateeleand an
opti mal servoir velu sized .to receive,a predeterm ned quantity of

Cher apeubFRVAlsB e 18 gFRe i b o BSR 1 af B8 T er apeut i o concent rat i ons
above a mninuminhibitory concentration for a predeterm ned extended tine
such as 90 days, the maxi mum vol une of? G reservoir can be linmted to no
nore than about twice the optinmal volume. This tuning of the reservoir

vol ume and the porous structAmimotArid he | njp&stiddidechaime pf the comercially
avail abl e fornul ati on can iLn&spaaeAdithe {i ne of 3r8el ease pf therapeutic
anounts fromthe device|asLcaopaiedcitio a nuch Uagrger reservoir vol une that
recei ves the same volumge of coymrik alTy availghhe 1 njectable fornulation.
Al t hough many exanpl es as deSCI{QRd Nerein Shoy; & por oup frit structure and
reservoir volune tuned 'Oge[]'g_ﬂilstdgherece ve a ggggtity of formulation and

provi de rel ease for an exter “'ecu e, —the—porog structure tuned with the
1 1 cno Mo oF - r}-’r&remen‘ Al nAyr N1 8; t PaY

reservoir my cOnprise ¢re—ef fbtc of —arpereus fHi—a er meabl e nmenbr ane,

a semni - perneabl e nenbr ane—a~cdff iM%y tube or—a tortuclus channel,

nano- structures, nano-channels or sintered nano-particles, and a person of

ordi nary 1g395| | ThB f§RiA0h 60 i LR PolR st udiBlsaaToA /R bfhef BRUAGAGDIST T CS,

for exanple a release rate index, so ds to tune the one or nore porous
st r uct ur eslyawss subleas/pilyneprolagtone oe poly-3- hslrepyantyiats, togerehede hysiroggdnaensdnr and

rel ease t.herapeuti c..a nts for..an extended tj .11.0574] As, an _exanpl e, the
o ooy ER BRSBTS R ndd et Q0 e Bl BRT RS |
125 uL. Beaspekitioh drintolednbi evedtht af tho PEGAVKHdH thatth@@dgradatioRislcompleedd wikteh at he

opti nal
P rirg few months, contributing to reaching neutral pH in the last few months of delivery.

[0596] The pH could also be modulated electrochemically. Suitable electrode materials
include inert or non-consumable materials such as platinum or stainless steel. Water hydrolysis
occurs at the electrode interfaces and the products of hydrolysis are hydronium ions at the

anode and hydroxyl ions at the cathode.

15 Rationale for Device Length
[0597] At least some device designs do not extend more than about 6 mm into the vitreous so
as to minimize interference with vision. In addition, it can be beneficial to have the device
extend into the vitreous since then drug can be released a distance from the walls of the globe.
Macromolecules, such as antibodies, are primarily eliminated from the vitreous by a convection

20  process rather than a diffusion process. (see Computer Simulation of Convective and Diffusive
Transport of Controlled-Release Drugs in the vitreous Humor, by Stay, MS; Xu, J, Randolph,
TW; and VH Barocas, Pharm Res 2003, 20(1), pp. 96-102.) Convection can be driven by the
pressure generated by the secretion of aqueous humor by the ciliary body, with flow in the

vitreous directed towards the retina. With exit ports extending into the vitreous, it may be more
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RRI at 180 days is about 0.085 for the 50 uL fornulation volune injected
into the device. The corresponding Cv is about 3.19 ug/nL at 180 days based
on t he Rawe 20fo/d8u48 rel eased fromthe device at 180 day®cCans2ailem2r6at e of

the drug fromthe vitreous (k corresponding to a half life of about 9
days). A device with a container reservoir volune of 63 uL and RRI of 0.044
wll also provide the optimal Cv at 180 days since the ratio of Vr to PA/TL
is also optimal. Although an optinmal value can be determ ned, the

ther apeutik gy dRY R &meQenéée&a%mdp{he%ha@oftm@éﬁ%attﬁecceaﬁm@ﬁlﬁ Al ofibug at a
targeted tlne for exanple days, with many ‘'val ues of the reservoir

vol une ataa dmge wigh perts fofsh twhﬁa th@gleh@bkqijad@menn@momedrthct therappiticragbntyathges,
for exang lﬁkﬁ@%n about +/- 50% of the optinmal val ues. Although the vol une
of ther se9v0|r C&n be substantial | yfi xed, the volunme of the reservoir can
vary, for exanple w thin about +/- 50%as with an expandable reservoir such
as a bal IEéal’i‘PF“e‘ée(F%P?“SOPG’@?STd“Fﬁ@ VﬁéYIFaSI“F?CbRBIFaSteI%‘tﬁsr fi?@ aiReseyQInNIth eous
hunor sof gheRK& can be determ ned based on the therapeutic agent and the
type of eye, for exanple human, rabbit or naney, such that the half life
may be d 1 ased the ) or exa VVth at

| east soﬁ%SQEEQ%’rgaﬁefuﬁ¥ﬁawﬁ lnlﬁ? fIFH§ HEPépé%F$em£g%n in the

v} tr gous cbutimed ﬂﬁmsugllheershedfkts €Thdrbaitts hay contparid vﬁﬂﬁSmloﬁfQ ﬁelem%rmh A ]é ?hallng? af f ?ct ﬁr

of about two in. at |east sone insiances.. For exanpl e -1 e t he
t her apeuPRECRGHIN 1} HedRierwyi ifyhq e ﬁ?%?’ftﬁ%}heéﬁgﬁ%g%&mpoﬂu% n the
human ey %1fﬁﬂﬂ)na%}§ts1ﬁlﬁ‘l@ nffef é%bﬁméi"%ﬂ@ cdrﬂeﬁtﬂ%oﬁ Ak besBRGir TP RYmARH 'fﬁ%l

nodel s. For small nolecul es, the hal fe in the vitreous hunor of the
hunmah0 ey €orcgntraswnap thetreqaiang Buidier @éreh@w geglieable aholymgdbsodiffersnballsguationn t he

rmnk.ey a ﬁzlc{sq %)fotllo% tnu'lﬁg?qg%eﬁeasg £a b g&%%ﬁ%gkﬁaﬁx ?ef%g&gp \{qﬁle(;ntlé%?gicé 0

receive ornu i on base herapeut|c
agent in _the human vitr gﬂno vi treous hunor,
combi nat CHAVIATNE Relspse B EJ%J ]‘:1e égﬁﬁ&ﬂgcrl bed herein, a per son of
ordinary“ki% | in the art can determine enpirically the half Ilfe of the
therageuPRC‘ @@ﬁmﬂﬁWnW%gsﬁy@Tbased on the type of eye and the therapeutic
agent? siaiT Yhametfieeseasr voi r and porous structure can be tuned together
so as t oDrebeffyseont ¢pefficidintine of fornul ati on and provide therapeutic anmounts
for the éxtdmched orifice. EXPERI MENTAL

L = Thickness of orifice

t = Time

20
[0599] FIG. 12 shows the cumulative amount released into the vials over 10 weeks and the

predicted cumulative amount release. These data show that the release from model devices

generally agrees with the trend predicted by this model with no adjustable fitting parameters.
Example 5: Release of protein through a cylindrical sintered porous titanium cylinder

25 [0600] Reservoirs were fabricated from syringes and sintered porous titanium cylinders
(available from Applied Porous Technologies, Inc., Mott Corporation or Chand Eisenmann
Metallurgical). These were sintered porous cylinders with a diameter of 0.062 inches and a
thickness of 0.039 inches prepared from titanium particles. The porosity is 0.17 with mean pore
sizes on the order of 3 to 5 micrometers. The porous cylinder is characterized as 0.2 media

30  grade according to measurements of bubble point. The porous cylinders were press-fit into
sleeves machined from Delrin. The sleeves exposed one entire planar face to the solution in the

reservoir and the other entire planar face to the receiver solution in the vials, corresponding to
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Example 1 [0576] FIG 8 shows reservoirs with exit ports of defined

di aneters fabricated from 1nL syringes with Luer-Lok(tm tips and needl es
of varyi nyodnewmss®a8. The needl es were trimred to a totalpCirarsgelo/ogfe3B nm
where 2 mm ext ended beyond the needl e hub. Metal burrs were renoved under a
m croscope. FIG 8-1 shows the needles attached to syringes which were then
filled wwth a solution of 2.4 ng/nL fluorescein sodium nolecular weight
376 Da, in phosphate buffer (Spectrum Chem cals, B-210.). Bubbles were

renoved apg.ch %@1%@&4}9&@1&&% a4l wad @Qre Bt @@oﬁbhﬁ%&yﬁb@n&ﬁ%ﬁl QL. The

shape of the resulting reservoir is shown in FlG |rs expanded
regi on i snadeihidimchcbypt b ipelyimes sldeveofitht hrserrvbakiter shighthaladzer Hen thepnuodr didnacter
syringe. secon anded regipon is_ insi t.h Y1 ....The total volune
of "t ne’: el BB SRR I GPRAN R Ao SE AN Fa MR A TS B pal: T
reserv0|rs were rinsed of excess fluorescel by subnerglng i n_PBS, [0578]
FIG 8-2[W0ds 4 spdutigeaspasnaedsonamng 0 dn%mhb(w%ﬂ SETUIS AP AN H (B SEA

buf fes ataon QQUDG?H%B%HAfeeouf@d'sﬁlﬁ& @85 élgﬁﬂ‘ P%h?? SoluiBh Rds WefoRuRlaaged
around the syringe barrels to p05|t|onf top of the reservoir to match

t he hei glthe sofingagfoyeempying He pister artdcshmml@g apyopmeisly 408 miicfolieareintd he. The
tops of thieikals) WA SGAL S 1nPRLARILILS A%l dy SYARRLES I hordil

peri odic nterva reservoi rs we I'ning
buf fer. Thiéndarmiiot BSA solution &g ekmestse@ﬁsmhtﬂmdpdwmmwlhéer ety eyringt heldugh

t he exit was . det m ned b suri.n e anoun uorescein . in.the
vial s vi AB8kE st B’tdicé}ﬁ’d ths ks o Sytla%‘ztfﬂﬁfxpf%% i sohiGE FES Testaetnse
of Fhgor %ﬁ&ﬁieﬁ' rlhékrdmgfgshblﬁéﬂgtngPﬁ PRS[ PR Rkeries Wtk ticdlpldcell 8RS & nf1atigls( aver aged
over 0.5-4 days) \P% oportional to the area of the exit port opening.

[ 0580] Tﬁ@nt@mmglm Seatreit teﬂme@&yecﬁqlhr&w fremsiilggoge fubinghpsap plagedrr@mdg
The anou t 1fA‘H g y
rate was %(f esﬁlgb%@%ggls i &@("ﬁfg E 1feE lgtocrg?t%@é@tee ﬁi{vveen gghfgﬁﬁ 4.5
days and tubsng’ ﬁq_ansmd@ﬂhe wmlstaidlaaolsEIveE h:Ga stilzp)pes oaveid h&npoﬂahen |Art|pbn@dic rel ease
rate s ?‘rﬁgrl;/e?l)s(,l tﬂg}e%ér\ém?s W r% rrrtlcgvgn?o netvs(‘/) Vlta{g coral"[ 1n1ng01;B§ h[‘laie amount penl ng.

15  transported from the reservoir through the porous cylinder was determined by measuring the

amount of BSA in the vials using a BCA™ Protein Assay kit (Pierce, 23227).

[0602] FIG. 13 shows the measured cumulative release of BSA through a sintered porous
titanium disc and a prediction from the model describing release through a porous body. The
Channel Parameter of 1.7 was determined via a least squares fit between the measured data and
20  the model (MicroSoft Excel). Since the porous cylinder has equal areas exposed to the reservoir
and receiving solution, the Channel Parameter suggests a tortuosity of 1.7 for porous titanium

cylinders prepared from 0.2 media grade.

[0603] FIG. 13-1 shows the measured cumulative release of BSA of FIG. 13 measured to 180
days. The Channel Parameter of 1.6 was determined via a least squares fit between the

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 areas 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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Example 2 [0581] FIG 11 shows reservoirs with a porous nenbrane fabricated
by cutting off the Luer- Lok tip on 1nlL syringes. The end of the syringe
was snootweadosvidsiaevel ed. A nyl on nmenbrane with 0.2 mm porasgipe226as pl aced
over the end of the syringe and secured with a piece of silicone tubing.
The inner dianeter of the syringe was 4.54 mm vyielding an exposed nmenbrane
area of 16 nm. The piston was renoved so that approximately 100 nL of 300
ng/ mL bovi ne serum al bumi n (BSA, Sigma A7906- 100G in PBS coul d be added.

The pi st WF RRRLAGRAV AR S iRYEd bR n%ﬁﬁ?éé%n& Egroﬁé EinRAG dghiRHI Midiesmal |
amount of the liquid through the nenbrane. The outside of the” nenbrane and
syri nge waslar inbetdlebyribsd bmExagnmie S bFliegforgusismtered Bieniufheylindge favailabde fieme t hen
pl aced int o, 15,0k vials containi n. PBS. e tops of t i al e
Ceatea wheRiALP b TENEoIEER G 0Bk Pofocki™R g Lhind EfSclon BB MG S
day, t heardessstereif 098Maich, Mbvkdeds@f DHAO wich| smedinteaidaionq.2RBSweE) prEpisedn

t hrough the nenbrane. was_det erm ned by .neasuring.the amount qf BSA that
accumtl ati@ HAVEHPIGPS T4 BOraBY &w Srithgpeapiporeyizes |0P3‘|lﬁ0r 80 3y, The

del i very pfiabRRictd TR h¥Rul ERUGAL BRrAN&G iAW 2 inRbdf Sadclekedrdinghb S dat a
suggests that therapeutic ‘agents of interest w th nol ecul ar 'wei ght on the

or der of meeQrmentswl hubbleagpolie pes@isicylindersovigrh Ppros Buistnsedyeamedhingdifromor e
si zes of 582 i - n
S o o T SRTEL B LTR), AP ARETA MRS AR LELTRE 0y ce?

| munoResetae phynaiGac owRhie epcivE@ablnins inwhe &iaka chedpmdiny tohea atenfieidigaaki st ed

bel ow.and were equilibrated i cet ate buffer 4.5. Table 2.
vy 50 pr Gt Encrt e tipen et b Pl o oL By G B NS AR mekRn el et
Hydr oxya?/gﬁyhtees@mewﬁh Sflerin e Big RieRrdeMnaH PRAAer Ma@erRt e syBhdy IThéll C

Suppor t cro-Prep Ceram c Hydroxapatite Type Il 40 um . .
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 decrease the
exposed area. In the first case, the diameter of the mask was 0.062 inches, exposing an area of
15 1.9 square millimeters to the receiving solution. In a second case, the diameter of the mask was

0.027 inches, exposing an area of 0.37 square millimeters.

[0605] Three conditions were run in this study: 1) 0.062 inch diameter mask, 100 uL. donor
volume, at room temperature in order to compare with reservoirs with unmasked porous
cylinders in Example 5; 2) 0.062 inch diameter mask, 60 uL. donor volume, at 37°C; and 3)

20 0.027 inch diameter mask, 60 uL donor volume, at 37°C. The syringes were filled with a
solution containing 300 mg/mL bovine serum albumin (BSA, Sigma, A2153-00G) in phosphate
buffered saline (Sigma, P3813), similar to Example 5. In addition, 0.02 wt% of sodium azide
(Sigma, 438456-5G) was added as a preservative to both the BSA solution placed in the
reservoirs and the PBS placed in the receiving vials and both solutions were filtered through a

25 0.2 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, the
amount dispensed was 113 +/- 2 uLL (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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UNGCsphere S Cation Exchange Support UNGsphere Q Strong Ani on Exchange
Support Macro-Prep High S Support Macro-Prep H gh Q Support [0583] Then,
0.5 L alwqQuotosssf4sl ny/ nmL anti body in 20 nM acet at e buPCEruspHoA2B3Ner €
gravity-driven through the colum and the coll ected solution was assessed
qualitatively for color change using a BCA(tm protein assay kit (Pierce).
O the nedia tested, Macro-Prep CM Support , Macro-Prep Hi gh S Support, and
Macro- Prep Ceram ¢ Hydroxapatite Type Il 40 um each successfully bound |gG

Subseque QEﬁtXmmP @’% e tHEBYE LohlnRkigths bRG: GQLHIMS! iR rE&@wh% g%lﬁ‘@(ﬁls ru?ihg ased

fromall three o t hese nedia. Future Exit Port Studies
exper i methesnetbedddshaizbdiim EExapiplSes 1- 3 can be repeat ed mnth agltatlon to
explore the inpact of mxing induced by eye novenent. In addition, the

exper i menddor ari@ el ptioive irtnaillative dylcdse 6PBS Atpusteinwhengh gighskedrsintdrad es woul d
be expected to. be hi gher based qun faster diffusion rates at_ higher

t enper at BPEUS LY diert Genditon hi O 2gncipdametimgss. RPhYL dprasval g2t room

repr e§enrt@fﬁlsevﬁu@i ls%sftérlﬂ%dnqrie fe@éage%thpcfugh WR %ﬁﬁmﬁ&a &moagl elyuﬁ\\aas\mﬂm{ﬂe@me gl obul ar
proteins with kDa, respectively. Sel'ected experinents

coul d be exmﬁedaare@l (dcatﬁ %@nﬁxnmplieridl Rrpdiciadins gl dlspeshypwhn gsiag tl@fChahe@é’atarmteapeut ic

body of PhbpeicBRveEBUPHTE Y% BuFREh b B SPB T LR Sl ERRb, " T

st ai nl essophRAII) 0@’61L,De@1ki)ﬂi@z§r§a §Bth@porotd ¢yl BERE:xPHscR @ hdr&lcRanelutidaX(iAt-19or t s
of defined @reas can be created via ablation or photo-etch |ﬁﬁ]techn|ques

In the c&#¥®)sr thsarspmdthe posustcy pester §xrosefl t&lt%%re%”ve;lf EXTRHMY)
mat efpal Wkdy Rrdds r&glu‘MeE ﬁla'tcfﬂesoﬂnaf‘eeolosfeﬁ/' WitVgeePYreh BARNAL toQBe Ee@é’rvéﬁ!r r}f‘en@é ter

the polyner 1s cured. Access ports can be created using nmenbranes of
si | i cone thos mpsH yith Bflld’ihné() 7TNeed ®tstibipsnaiededucothediffeeti teers: afdhe peofsabri cat ed

from netal .asti 058 vi ce prototypes can be tested with
met hods STHRGE %”hg‘i‘ﬁ% Lo esfghrl?{))rausgﬁlhganpl

[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 uLL 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 (9.1e-7 cm?/s), reservoir volume of 58 uL, and
the area of the porous cylinder exposed to the receiver solution (A=1.9 mm?) or the area of the
porous cylinder exposed to the reservoir (A=3.4 mm?). Again, the data for this masked porous
cylinder matches more closely with larger area exposed to the reservoir. The consistency of the

20  data with the model at two temperatures supports how the model incorporates the effect of

temperature.

[0608] FIG. 16 shows the cumulative release of BSA protein through a masked sintered
porous titanium cylinder at Condition 3 (0.027 inch diameter mask, 60 uLL donor volume, at
37°C). The figure also displays predictions using the Channel Parameter of 1.7 determined in
25  Example 5, BSA diffusion coefficient at 37°C (9.1e-7 cm?/s), reservoir volume of 58 uL, and
the area of the porous cylinder exposed to the receiver solution (A=0.37 mm?) 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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1. Drug delivery rates can be neasured for pristine devices as well as
devices that have been refilled. Methods such as absorbance and

fl uorescemoeomAssize used to quantitate the anmount of thecapseatioo2zmgent that
has been delivered as a function of tinme. Enzyne-Linked |Inmunosorbent
Assays (ELI SA) can be used to nonitor the stability of the biol ogical
therapeutic agent in the fornmulations at 37C and can be used to determ ne
the concentration of biologically active therapeutic agent delivered as a

function ét%‘w[ | F8Gs UL I §oWBmaaRs Rl YRS Ma@ﬁlﬁgbf@éa%a'dm{&t;ﬁ) GRYk@ be

perforne a range of candl ates to 1denti menbranes that 1) woul d be
a barri estrmisurbaca@tol drcma tb@tﬁp@sw atrtmﬁthmmhusr%@pwtfadﬂ@@a@mlrthmglqa&f fald i ng;

2) may C ibute to controlling the er thethera eutic
agent ; ag gﬁan\l;\hoeu(ioareﬂ)eo 1 6COM at%ll e e cf’as rta{ee%rlr%) ran QRS cfglﬁave por e
Si zes of cOr&pomdsaubsanialleto thapwre@mhctn@ dhbgnedd afehporbinefrit ftarcapedispasedgent s.

A variet of fixtures can be used to secyre a nenbyane between a donor

Sol Ut F on DEREBIRdERSHRBS{ Bh 6T VRE A8 SHEfE SR AT raeiver

addi ti onspEfib0LANAS (R rafEsRERNRSs &ﬁl'ﬂtalﬁf‘edtvﬁ&h%q)ohfanﬁYﬁeCﬁ)rMscﬁf@&MRﬁﬁe using
methods simlar to what was done in Exanmpl e 3. [0589] Porous nenbranes

coul d i nebysaed. clie|rate o6 eclepse pithe lntﬁwrmﬁctlrmﬂhywﬂwﬁfamndsamstantlally to an
poly(tetr roet r ,

Dol ner BRI E SR B Rbor DuP g e GRS SR 7 sgee

For mul at hoaof mdnté‘xmdmdctlmg\shabﬁa%/}thmhepmﬁh arvatute ssohdivh abng. Ravibe eest

scre iath ch or flowthrou evices c n befablcated
cont AP FECERE GPRBIERGRE A B SEIBE S bri A G 8 T EEEed. al ong
wi t h t he wihgEeIRAY bdike HOBOEhanfels ARél S IkON FoCEANMPER: WitIE QARG WF i Portibe ofi@si I ed
exci pients, and therapeutic agent delivery rates can be nonitored simlarly

to the nmeptosdstsae PRoOlPERDPER nortipmeiThe ngTeRrmpe gl chimngisaviffoparades. f or

bi ndi ng i nclude, ion exchange and bioaffinity chromatography nedi a based on
a_hydr oplixhmplghlReterse of proypgiorthrouh shivardet ipoasus)stdinless spechdylprdet émndiawi t h

hi gh capamc{ . 1)and a hydrophilic packing material from Harvard Apparatus
made

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 316L 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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from pol y(vinyl alcohol) that binds nore protein than silica. O her
candi dat es woul d be known to those know edgeable in the art. [0592] A
change i wpHooastssnodul at e t he bi ndi ng of anti body to medits201Bo268Kanpl e,
bi ndi ng of anti body woul d be expected in a fornulation with cationic
exchange nedia at an acidic pH As the pH becones nore neutral, the

anti body may be rel eased fromthe nedia. Fornulations coul d be tested that
provide acidic pH for finite durations (i.e., a few nonths). Once the pH

has becoRBreu B@l@ soffliSn @b ﬁﬁe%@e&f) fdnht Rk HubVmHdRnPlon ?bﬂ&gmﬁ%&y% fupul d

drive a higher release rate, ‘resulting in a nore constant release rate
profile. Sp@ﬁgsqEXMBNDﬁN@ﬁ@@Aﬂﬂ%BBS¢@mwmaMQ¢mhavuk§mdﬂkbu@hemlng capacity
that coul d dom nate 0 i.cal huffer dj into the. deV|ce

[ 050a] Aros Rt oy *Obie PRERT 2P R bt Phetlble B Rur PPoebFE

bufferi n@&@@@ﬁathgSQhEPBSdmﬂ QeptopB 7Pat g adiéaﬂl@olbémpfebéssdf sfiRvhdBInRStightV t h
time, the fornmulation buffer will diffuse out of the device and

physi 8l odit ¥ath ipsiderofitukg hole dorfsepfy@) Wetegiseho yerand éhe depvicshinghe PBpagthithe j n a
h f thi
change Ofbotﬂgr‘g s ?&uﬂ%}ﬁ%ﬂo?in%él{} ?4 stﬂe (h>%/1 t as tﬂ%ﬂl?? alﬂie cc;lr_lraﬁnt#a'tlgﬁst Gfe O I'S

change can y use of a pol rlc a hi gher
nDIeculaﬁhmmﬂghtmhmﬁ@bBSAéWElﬂmm@n@nﬂoﬂﬁdeuIWQeﬂGpMﬂﬂh@epm@aﬁ¢Umgvditmd

Polypeptldes are attr ctlve s bi oco meric buffers because, t he ey
flog) ace. £6 Samirae oS el aR OuPEORDR A e B Rab Sl e S ol o
lists then m&aedafwﬁgr@modeuﬁﬁgmhesne;ﬂiodamameam HEsangfle 5.nt er est. Table 3.

[ 0595] The formulation could include a polyester, such as PLGA, or other

bi Od‘?gra‘ﬁ@@bﬁy@%)’ﬂﬁd@kﬁ%‘%ﬂe ﬁ%asﬂf%'d%%ﬁﬁ[a@ikzé‘?élé%@@ S&%r)ﬂ T%l RYgnaxyhytyrate,

to generate hydrogen iors for a finite anount of degradation rate
coul d begnﬁda%amsdmbvsuﬂ@tdewmnpi@&mc&angmngonhéydbmpugavmbhkdhmnﬁkecular

vei ght Ofg%ﬁ({% tbthGmee fl Smlg meter og?’ rogll a%' 9 C%arg)ell ?arflm\%}vgﬁ%ﬂ% R a few

nont hs, neu of

del i very detcBDi96] byl h@st l@h‘he@&&itd)fﬂie&ﬁod&@td@d dzhtat ﬁdce&h@ﬁhtfeﬂﬁlhﬁl’ﬂu@ atrhotureSwi t abl e
el ectrode materials_include inert or. non- cgnsunable materi als such as

pl at i numcylindgical feddanngl Eaameigg £ b ipisrrsrtyd psthe dotpesiy: T1ane PET 8@¢ r ode
i nt effacgseanited RHRGAAUShS70f hydrolysis are hydroniumions at the

Example 8: Release of protein through a sintered porous stainless steel cylinder (media

grade 0.2)

[0613] Prototype devices were fabricated from tubing and sintered porous stainless steel
cylinders (available from Applied Porous Technologies, Inc., Mott Corporation or Chand

20  Eisenmann Metallurgical) which are cylindrical with diameter 0.031 inch, and thickness 0.049
inch prepared from 316L stainless steel particles. The porous cylinder is characterized as 0.2
media grade according to measurements of bubble point. This porous cylinder was obtained as
a custom order with properties determined from a previous study with a large diameter 0.2
media grade porous stainless steel cylinder (data no shown) and predictions based on the model

25 described herein. The area of each face of this porous cylinder is 0.5 mm?.

[0614] These devices were prepared using Teflon-FEP heat shrink tubing (Zeus, 0.125 inch
OD) and a hot air gun to shrink around the porous cylinder on one end and a custom prepared
septum on the other end (Nusil MED1 4013 silicone molded to 0.113 inch diameter). The
reservoir volume (17 +/- 1 uL) was determined from the difference in weight between empty

30  systems and systems filled with PBS. The PBS was loaded by submerging the systems in PBS
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anode and hydroxyl ions at the cathode. Rationale for Device Length [0597]
At | east sone device designs do not extend nore than about 6 mMmminto the

Vi treous WO 2a8/0885481 ni m ze interference with vision. |npPaadiseéion2263t can be
beneficial to have the device extend into the vitreous since then drug can
be rel eased a distance fromthe walls of the gl obe. Mcronol ecul es, such as
anti bodies, are primarily elimnated fromthe vitreous by a convection
process rather than a diffusion process (see Conputer Sinmulation of

Convecti ygy @ﬂﬁ@lt@bef J/é&ﬁﬁﬁ{engir &Q&QQ&EreQﬁbr@&%&ﬁ QJ ﬁ@m@ﬁfcﬁﬁ%ﬁn%g‘é%e’s Bnd he

vi treous Hunor ol ph, TW and VH Barocas, Pharm Res
2003, 206teyilizqoigy I@auﬂg)@ 2ﬁ0‘t]b riﬁeeltfpolrﬁ mamtdsen alpremme bx;olmlh(@an, @§6er Ewo

T The. v SIS Ve CREIL B GETEE o B PR it WBEPD. (o e Gkt shil i nt o

the vitreQusss idd theythBewitedt dddals¥d hhabentlr Ager Wdidhilehe PRY G le@dediowaivids t he
back of the eye and the central retina, as opposed to a device with E)lorts

f 1 ushdwi PRV ORI e inspiked tyrq&éh Fhﬁ’éﬁ?tﬁ@l g sl fent BeAwsplutign et ingectegdntillt o t he
peri pher gl. Je@&l% Ao oﬁ)ﬁ@%‘[% &pé !13! %@Fn the'%rﬁﬁthﬁl%%gta‘i/@ of %@%&?@nﬁﬁk ease

Rates for a Reservoir wt ice [0598] el ease stu escri bed
i n Exanplle sﬂmﬂssﬁgarﬁp'leand 30 gauge needl es was continued through ten weeks.
The results are conpared with a nodel relating the change of concentration

in the resaASYOIFIGE BA Higplhy tBasRaduaddeubl@imivt R@cdse SEBSAIthrobas#d oupardifi ck' s
Law of di ffu5| on. This sinple nobde] assunmes the concentration in the
reser voi BIA08 SUTERGIPusRpiRIESS Stcshedmdsiad siiels prramecr of For ety gvdadity or

vitregus dhgn&@séﬂagﬂe!%k @«aT &Qéﬁ&hﬁ&i thRe Oqubfy%a%f‘éduﬁJes ﬁg&&a&lé Qv 16 kibsdathe

followi ng cunul ative rel ease of a therapeutic agent froma reservoir with

one ori f Sowe tleumitrad pmumh@as’elsxymndrw@l?/tmannql Para@nqmer(c@n boingerpretedViR) t) ,

wher e: tr ion in ser erv

Di ff USi ngf_ V_F flﬁ;n(gﬁl f’%fle Rrédhnké ing cﬁannels\{ﬁlt may correspongl the rtu0s1jfy TDUsmg
the Porosity of 0.17 determined by the vendor, the effective length of the channel that may
correspond to the Tortuosity was determined to be 1.4. Furthermore, this corresponds to a

15 PA/FL ratio (Release Rate Index) of 0.0475 mm.

[0616] FIG. 18B displays the measured cumulative release of BSA through the 0.2 media
grade sintered porous stainless steel cylinder for 180 days. A single parameter of Porosity
divided by Channel Parameter was determined to be 0.10 by least squares fit of the model to
the data. Since the sintered porous structure is cylindrical, the Channel Parameter can be

20  interpreted an effective length of the inter-connecting channels that may correspond to the
Tortuosity, T. Using the Porosity of 0.17 determined by the vendor, the effective channel length
of the inter-connecting channels that may correspond to the Tortuosity was determined to be

1.7. Furthermore, this corresponds to a PA/FL ratio (Release Rate Index) of 0.038 mm.

Example 9: Calculations of Lucentis™ concentrations in the vitreous

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 (thuFabV?2) after a Single Intravitreal Administration, Invest

30  Ophthalmol Vis Sci 2005; 46: 726-733) (Z. Yao et al., Prevention of Laser Photocoagulation
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A = Area of orifice L = Thickness of orificet = Time [0599] FIG 12 shows
the cunul ative anount released into the vials over 10 weeks and the
pr edi ct edwounm/@sisge anount rel ease. These data show t haCTiuseomwebmwase from
nodel devices generally agrees with the trend predicted by this nodel with
no adjustable fitting paraneters. Exanple 5: Release of protein through a
cylindrical sintered porous titaniumcylinder [0600] Reservoirs were
fabricated from syringes and sintered porous titaniumcylinders (avail able
f'rom Applj & PORQYRIANGERAQ LRI -8 Fon 1| difons biVBthavHRAPOSRE bPRaRbizERANE Ei senmann
Metal lurgical). These were sintered porous cylinders wth a dianmeter of
0. 062 i n€hyesmalgds MonkéyskABYS A09abgset PAehed hp papucedP Affdneanibeaniiedto
particl e%'etegr_rrl]'e %rr(e)l%glste)faties 091161 7F(y¥i egierl]mrﬁgatﬂe PaALEo .ane? boeqﬁ)tup £ %Qdﬁlre of 3to5
i cromet ers.  The porous C\})fl nder’'i°s"Charactert 2ed ‘480" Y medi a’grade
accor di ngotosityemsitrabowtt 5 (Fof=bubbl*parpitha tengfhh®omar @usandyhd ¢hdeiia finer e
press-fit into sl eeves machi({]ed fromDelrin ng( sl_gevef] exposed one entire
YrdFLR

pl anar f AFETEET FREMEY FOFSSBANY 1] PO US G EnPSiap g él}chélilﬁtil’%éﬂprsanar

face 10 LBGRtHBBEHEA Tl%e%dﬂ_tdf%fﬂiﬁa{?y*slhﬁ itY tRlaft caf QEEASRO B p Al PRE aRh €2 Of 1.9
square mllinmeters. e tips were cut off of 1nL pol ypropylene syringes and

machi ned Ppesiaedesth andpbhynepfit paraiaster fgr exicnslgt a¢leasi ahihe dherafiepyhadopt foathger

t han the | ro di. t SY[LI The.porous cylinder / sleeve was
press-fi tehl%ﬁ e(()i ﬁghgﬁn%sgﬁpﬁtehﬁ tgl‘l;épﬁ%ég&gﬁ%%ﬁel& sol uti on was prepared

contai ning 300 ng/ nL bovi ne serum alngubr?g (BSA, Sigma, A2153-00G) in
phosphat e buffered saline (PBS, Sigma?°'f §13). Sol ution was introduced into
the syringes by renoving the piston and dispensing approxinmately 200

mcrolitérs into the syr{ngd®8srrd . ‘Bl ek WEES t abpet?4ed the Y gs i air
was expr &%teﬁn t+ hr n?/u‘i 1n§rn'£a_t Im ign IMWALO r? %Wu@quﬁr %J‘Tiﬁ Ioan‘-)n

Diffusi ( /)n;l\ oud 008 | ar 0506 ; ELDGy i had Oke
A LA Rk 1 S L W1 A 0 e
| ndi cat efpbar drvs (T! <1 9P OMg i€ SYriidge.” The iRl esped gapi Sprublph Was
wi ped of PARIGmM)EN TTNSEP0Y oSHOMEN QT JH3o4 M FDog o451€ [ ESEHYOT TP Wlh7 ThEn
pl aced i {Hfif (dhls)Vi @l s TPNtap g Ny |2 Mh gBBS |t g tEmpeyg@t ur - (Ofstarp cut
from sil [EeBndEdibkGPET § Pleased ar oumge4t he SYbbéuJe parpess tp poeskiiop the

top % t hareb@sermgl r t o pat ch.st he |hel gid of| PBSI5 The] sil1s80ne 15

[0618] Table 4B shows the vitreous concentrations calculated for a 0.5 mg bolus injection of
Lucentis™ injected into the eye of a monkey using equations described herein and the half-life
measured for the monkey listed in Table 4A.. The first column used the measured Cmax
(Gaudreault et al.) while the second used a calculated Cmax based on the dose and volume of
15  the vitreous. The average concentration of Lucentis™ is about 46 ug/ml. The minimum
therapeutic concentration of Lucentis™™ is about 0.1 ug/mL, which may correspond to about
100% VGEF inhibition (Gaudreault et al.). Table 4B indicates that a bolus injection of 0.5 mg
Lucentis™ maintains a vitreous concentration above 0.1 ug/mL for about a month whether
using the measured or calculated Cmax. This is consistent with monthly dosing that has been

20  shown to be therapeutic in clinical studies.
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tubing fit
evapor ati on.

At periodic intervals,

inside the vials and al so served as a stopper to avoid
the reservoirs were noved to new vials

cont ai ni NYJORB®/08§338 anount of BSA transported fromthe PeTArSz@ion216ar ough
t he porous cylinder was determ ned by nmeasuring the amount of BSA in the

vials using a BCAT Protein Assay kit (Pierce,

23227) .

[0602] FIG 13 shows

the nmeasured cunul ative rel ease of BSA through a sintered porous titanium

disc and a prediction fromthe node

body. The Channel

cyl i nder has equal ar
t he Channel Paraneter
cylinders prepared fr
measured cunul ative r
Channel Paraneter of

nmeasured data and the
Rel ease Rate | ndex of
exposed to the reserv
corresponds to an eff
suggests a tortuosity
0.2 nedia grade. Exa

porous titaniumcylin
and porous sintered t

5. The porous sintere

‘macu to—the—res

sugges
D MT (Phe
b | (@@

(M croSof t Excel)

descri bing rel ease through a porous
Parameter of 1.7 wgg,dgRerm ned via a | east squares fit
bet ween the neasured data and the nDdeI

Si nce the porous

L S PRdicutwitesoiut Y
oAt asiflg Mdas Chb
pf BSAugimLFl G 1

3 VUI 3 G.IIU et

Oredictéd Vdreo o
0%JonElLsing Eaic 1
3 orasWeadL)t 0

ei ving sol ution,
ous titanium
shows t he

180 days. The

Technol ogies, Inc., N
a dianeter of 0.082 i

and were prepared fro|

pore sizes on the ord
characterized as 0.2

The porous cylinders Wereg pr

sl eeves exposed one e
the other entire plan

corresponding to an af

[0619]

[. 6 owas| det ermagmed viala [ easBisquarées fit between the
nodel (M croBefes Excel]). Tipss.1corregponds to a
0.21 nm_Sineerg he porlous cgbirhder has equal areas
Di r 3and| recei VB.AY sol ut]i on. 'hé&8 Chanhel Parameter
pct i4ve path | 8B8%h channel pdPadreter |of 1.6 and
of 91 6] f or m45851< titgnium 8324 nders prepared from
hl e 6G- ol casd4A8 protgin t h@g'ﬁ’?gh masked si ntered
Her d1 06041 Re2B/lairs ere £5388 catell from syringes
-La%Lun i : i '-a;-;oﬂﬁ $cribed in Exanpl e
e ol piflers (quaiiadi from opl | ed Porous
LU L 1 vr AL1 J1 NATUTEU _ o 1, T LAY tal | ur gl Cal ) had
1bh1;; hibkﬁ;E% of—6—§39—ngf i;a reqli a grade of 0.2

; ' —IhepoiPyty 3 0.17 with nean
T3 to 5 g 3y oneteNs. Thggorous|cylinder is

[FEtisT gy ade acEay dimg ¢

O TMEAdgUAQH CITETIL

$ of bubbl e point.

ESS 1115 gt o St

EVES mg i ned

fromDelrin. The

T TE P

anar Tage 10 1

€ sol gi/gon 1N

the reservoir and

A EE

1O thel4recel ver

sol uklggn 1 N

he vi al s,

ea1®f .4 square 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

Tables 4C1, 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

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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mllimeters. The tips were cut off of 1nmL pol ycarbonate syringes and

machi ned to accept a polyner sleeve with outer dianmeter slightly |arger

t han t he wonero/dsaset er of the syringe. The porous cyli Rd@Usoisioemse was
press fit into the nodified syringe. A kapton filmw th adhesive was
affixed to the surface exposed to the receiving solution to create a mask
and decrease the exposed area. In the first case, the dianeter of the nmask

was 0.062 i nches, exposing an area of 1.9 square mllinmeters to the
recei vi ngoe3@| UisiRfMatidds @or:?e%ﬁ&fafg t&@l%%eVIE&%Sgd ARL @fpeﬂfneﬁ%sé@o%h iNBRarp1027
i nches, exposing an area of 37 square mllinmeters. [0605] Three

condi t i osThiedeviearmdiaresehyar mlurdglof 1) ulpagbporpyscitrudivenabecterraskyy POOFIuE
donor vo oom-t erature. | rder. to re.W.th rese with
pree e b S e R e SR S R
donor volthen®®, ulagur@hly irfeteddpodhi§2Calcmetomditiemptedict Maekus cﬁﬁceﬂtradmaﬁdlmé ume,
at 37C. The syringes were fil sol uti on cont ai ni;pg 300

W th
bovi né s &R MRIiFA! f{%@ﬂhlrépéﬁﬁmomg OS§ARYY THNB RO IsHSe %IPF?PéPTé“d sal i ne
(Sigma, B3&LAkatiods MrlaBbutlcnEHRIMVIRIchal ot tiRARsE IsQRliv@edB the PosPhoa@dingm azi de
(Sigma, 438456- 52 was added as a preservative to both the BSA sol ution
pl aced i marhthan88erdebyered airfumenibs, MBS pshae sycls may el begwinjdinggl for amenghid bot h
solutions were filtered through a 0.2 micron filter. This time, the anount
of BSA s@62t| omhdiabilignsfabe dantic tb hﬂeasytﬁer@euw@genﬁoghedctamlddtihe cambeint

expressed thro ht or Qus ' d s deter sing ,and

measur i ngestcrf o ?665 meﬁﬁé}& (dexice Fﬂ?\gtth‘a %‘i“thd?Vd?e the BSA
sol utponpafrine. AV0WAYs B aARRELS L%@mils% Thfe-dedict! ban(&%%gﬁ@@bylkel@dmn B6trs/ - 3
uL (Condition 2). ubtractl ng off the anount in the rinse yielded a final

r eser voi resgpbiinvelugte anda peraus Strugtuie GoHdint dpprepLiptedfdFB & achicvg thadegichdi t i on
The t, re then placed into 5 nL vials containing 1nL PBS at
37C in a ﬁ§§{vl}é%lfg é(l)\gk At periodic intervals, the reservoirs were noved to

new vi al scont ai ni ng PBS and the BSA concentrations were determned in the
recei ving solutions using the nethod described in Exanple 5. [0606] FIG 14
shows the cunul ative rel ease of BSA protein through a masked sintered
porous Titaniumdisc at Condition 1 (0.062 inch dianeter mask, 100 uL donor
vol une, at roomtenperature) is faster than the rel ease through an unmasked
porous cylinder with the sane
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exposed area (data from Exanple 5).

Channel
at 200C (WO02eto88:R/ S) ,

Predictions are al so shown using the
Paranmeter of 1.7 determned in Exanple 5, BSA diffusion coefficient
reservoir volune of 100 ulL, andPChasasriea21s81t he

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).
mat ches nore closely with | arger area exposed to
this mask with width of 0.7 mmis not sufficient to

t he masked porous cylinde
the reservoir. Hence,

r

The data for

reduce the effective area of the porous cylinder for the dinmensions of this

porous cylinder.

t hrough a masked sintered porous tit?ghg
mask, 60 uL donor vol ung,

raneter of 1 7 determ
le-7 quﬁimgja,tiog aselﬂlgi q

i nch di aneter
predi ctions using the Cha
di ffusion coefficient at

the area of the porous cy
) or the area of the poro
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| arger area exposed to th
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[0607] FIG 15 shows the cunul ative rel ease of BSA protein
ylinder at Condition 2 (0.062
37C). The figure also displays

ned in Exanple 5, BSA
vol ume of 58 uL, and

br solution (A= 1.9 mm

bservoir (A=3.4 mMm).
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of the data wth the
porates the effect of

g lggy |

€ O €t
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PO2OUS

TTEam
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dern sat
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dogor

VOl une,
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4h¢e 1

igure al so displays

nneqo Pa

ramet er

o14.48, (

degerm

ned in Exanple 5, BSA

di ffusion coefficient at
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| ere C
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€SepVvol

r volunme of 58 uL

and the area of the porou

5 cad | nder1.®2xp

DSB08% O

t he.or eq

ei ver solution

(A=0.37 mMm ) or the area

pf Tthe

poricds

cy?3.8le
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td to the reservoir

(A=3.4 mm ). This mask ac

hi e’es

a r'ed ea

5 e26.8b e

coBbesy

onding to an

effective area in between

thed ar

ea ekpo

e2P-3%
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brvoir and the area

| 1469 o

A-Fon

i $¥ad% 0

n oB3th

b results in FIGS. 15

exposed to the receiver s
and 16 denonstrate that s
exposes a snaller area to
unexpected result. Mskin
to decrease the exposed a

el eake

<34:8%|

by od.2115]

ng a mask that

FI GS. 13-16 show an

rit structure so as

lecr eased t he rel ease

rate

0 b i3% oh [ ﬁ-ﬂﬂQ]
0 rma bf3% e sor3ds 1

40¢ b nal-barh 2.0 :

50 | 11 'Zkgi %;
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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| ess than the correspondi ng change in area. The rel ease rate through the
porous structure corresponds substantially to the interconnecting channels
of the powousioiassi4sst ruct ure di sposed between the first Psirds2expexed to the

reservoir and the second side exposed to the receiver solution,
rel ease is maintai ned when a portion of the porous frit
rel ease of the interconnecting channels

the rate of

structure is covered. The rate of

such t hat

corresponds substantially to an effective area of the porous frit

structure,

-

and the effective area may,goscespond to an effective area of
the interconnecting channels within the por ous structure as shown above.

As

the rate of release is de
rel ease rate can be maint
bl ocked, for exanple with
bl ocki ng of a portion of

Exanpl e 7: Rel ease of pro
cylinder (nedia grade 0.1
t ubi ng and sintered porou
Appl i ed Porous Technol ogi
Metal lurgical) which are

0.188 inch prepared from
cylinder is characterized
bubbl e point. This study

porous cylinders with an

resistive properties of 0
devi ces were prepared usi
and a hot air gun to shri
custom prepared septum on
0. 145 inch dianeter). The

i 'i'ﬁ1u|aﬂbr?2 cofteet

i ng channel s, the

he channel s are
b porous structure or
with particles.
st ai nl ess st eel
bre fabricated from

available from

Chand Ei sennann

55 inch and thi ckness

bs. The porous

t o measur enents of

e, off-the-shelf

racterize the

el . [0611] These

i ng (Zeus, #37950)
s on one end and a

013 silicone nolded to

L) was determ ned

fromthe difference in we
PBS. The PBS was | oaded b
vacuum The systens were
m nut es, subrerged in PB
cooker (Deni, 9760). Two

fid systens | oaded with

PBS and drawi ng a

2500F, 15 psi for 15

ced in a pressure

CIIuUcCIIt
m_jlcll T east—spne—of—t
cover gge of al| porti ophprbicidad
I he i ntlgireqaeglti ng champaus
[ eTitel r ORGR S| Fre@iERE | PQoAY'S
E8R1LJ] (Jgrday)of Y escRIeY i (GemLYW
5 spal nl esse steelp.ogy! | NAgsS
£s,1d ng. , Mdtt] Corper at 1006 Of
cyl 20ndrfi cal.3 w | haziivangt €3.30. 1
31630 stlai nl.ess| s44eb par2.i4! 6
as4@. 1| ned? a prad®e accor2h ng
wascbherlf ored Wi $42% hesel 8tar
reed of| 120.6mm | n6&¥eer t BT h4
1 fedila dradel st sl 2 ed
g et llon-FEp pZﬁ-9:/Qh i n%<04r ul
Nk %&g| nd &%g pgﬁgggré SVIRKE
tH otlherO-Sndl (83,7 | T heiyO ?f
A0, 102 .L&S-Z%m 2098
az20, L 0.2 " [ 903% 1, 048 |
BI t3 N U \lvﬁf2l A3 Ildgzyoo/D_y |9 COI@ Al
Y SyBTe gt hes SRt prre o
ey StEeTTg T ZSH $soe 1t|o_|2;7 1
T 68T Or OCRTTT T [ T 881, Ve, 0t =
PUY%70 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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needl es were inserted into the septumto displace the PBS with BSA

sol uti on.

One was used to inject the BSA solution and the ot her was bent

and used W 201v88348f or t he di spl aced PBS. Suf fi ci ent BSAPs®IUsté10/0226a6

injected to fill
to Exanple 6,

t he needl e hub of the vent to approxinmately full.
t he BSA and PBS cont ai ned sodi um azi de and t he noni nal

Simlar

concentration was 300 ng/nL BSA. The devices were placed into 1.5 nL
m crocentrifuge tubes containing 1nL PBS and kept at 37C in a heating

bl ock.

Pieces of silicone tubing (tigkehet with inside of tube,
septun) were used to suspend the deV|

hol e for

ces |n the PBS with the bottom of the

IminYad

septum approxi mately the afre f |g||L aSsitiRnEPy e goncentrations in the
first tubes contai ned BSAfromtire—f+ii g—progess—<ang were di scarded. At
periodic intervals, the dpvices [were noved to hewaicttlés contai ni ng PBS and
the BSA concentrations wefe det drpydi@ed) N t he [ &srlové Mg sol utions using the
nmet hod descri bed i n Exanp| etime [|06kat H Hredidtéd fli TRhay$ t he neasured
cunmul ative rel ease of BSA thaeydhglay)O} 1xordi p (@§mde |st ai nl ess st eel
sintered titaniumdiscs. [Bnoe tjhe Frosi oY% P| 188n0f] available fromthe
vendor at this tine, a sipgl® pdrarsd er| of7.5KRor psi by dijvi ded by Channel
Par anet er was determ ned py 20eadt sxparesi44% pf 8he fodel to the data.
Since the sintered porous|stductlures.is cy20.8%ir | car.g the Channel Paraneter
can be interpreted as the| Tofdudsit3d8 T, 2nt-P/ T Wds determ ned to be equal
to 0.07. Exanple 8: Releage % drotZf n k h#2digh| a 8int éred porous stainless
steel cylinder (media grafde € 2)| [ #8413]| P¢lei%t ypebdevilces were fabricated
fromtubing and sintered par®is {st &hl elksd28%el c&fi nders (avail able from
Appl i ed Porous Technol ogi ps,8dnd bt c#3arhti B3 of Chand Ei senmann
Met al [ urgical) which are pyl3%hdedicald wifh? "/}zl.mgt_ef;a._()B 1 inch, and
P4 ) ’

t hi ckness 0.049 inch prep reﬂgofrom};ﬁ& s34 O/"" b9t ol particles. The
porous cylinder is charac cr152%c 331'50. 2 "6'0“7°/* ;ragé agcording to
measur enents of bubbl e po fts g TS —Pptops 63"@%' ".de% wer$ obt ai ned as a custom
order with properties detpernyge f.1(3..a PEERLOpS gsud) with a large
di aneter 0.2 nedia grade OT78%'S st a1|2|| CPSe5096 ] CHH! mfler (data no shown)
and predictions based on [tezgodet—UESCTriPER, TETeL_he area of each face
of this porous cylinder i 7 10 73.3% >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% 1.4

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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[0614] These devices were prepared using Tefl on-FEP heat shrink tubing

(Zeus,

0.125 inch OD) and a hot air gun to shrink around the porous

cyl i nder w0 20mr#8833d and a cust om prepared septum on thePorhiseoieneefNusi |

MEDI 4013 silicone nolded to 0.1 13 inch dianeter).
1 uL) was determned fromthe difference in weight between enpty

(17 +/-

The reservoir vol une

systens and systens filled with PBS. The PBS was | oaded by subnerging the
systens in PBSand drawi ng a vacuum Dry devices were subnerged in PBS in

m crocentrifuge tubes and sterilizedrhy.heating to 2500F, 15 psi

for 15

mnutes in a pressure cooker (Deni, 9760). Two 30G needles were inserted

into the septumto fill t
PBS and the ot her was ben
filled devices, two new n
sufficient BSA solution

approximately full. The r
Exanple 7. [0615] FIG 1
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Caazri el

Rasang

ter was determ ned to
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t he.7e0d
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Since the sintered
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drigal ,

t H@1Ch

hNBRY% Par adred er

can be interpreted

as effective length of th

e i4xer

cofriféct

néB.¥hai

ne?.88 t |

at may correspond the

Tortuosity, T. Using the

Por &5 t

v &f560.

784E* el

mi héd

y the vendor, the

effective length of the c

han®fel

t h&t38nm

8u8% ed

the Tortuosity was
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t hef9mor
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stai nl ess steel cylinder
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pl ays the neasured
sintered porous
iter of Porosity

by | east squares fit
ructure is

an effective |length

o the Tortuosity, T.

he effective channel
spond to the

di vi ded by Channel Para btgﬂz:gsf:png: fxﬁﬁaf :0,935
Of t he rmdel t O t he dat a- \J|1l30aC (9 II% O?I LIL \ 3 rM/ IJ U Uol 6 D L
. . . bv, 0
Cy| i ndri cal , t he Channel Pal,]ﬂ.olct 1 Ov.oau Do EE ST PTEEF
of . the inter- copnect i ng cphat |5|5:i S t ioc_:et Ry o™, 1 t‘apo)_ogj t
Using the Porosity of 0.7 dgiermged by 63785, VETTURh, ¢
| engt h of the inter-connectiRg Capngt S|t i, ;
Tortuosity was determ nedTQgghe 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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1.7. Furthernore,

this corresponds to a PA/FL ratio (Rel ease Rate |Index) of

0.038 mMm Exanple 9: Cal cul ations of Lucentis(tm) concentrations in the
vi t reous WO@Lj0sF3¥e vi treous concentrati ons of a therapearius2ageeded3tan be

predi cted based on the equations described herein.

Tabl e 4 shows the val ues

of the paraneters applied for each of Sinmulation 1, Sinulation 2,
Simulation 3, Sinulation 4, and Sinmulation 5. The half-life and vitreous

vol une correspond to a nonkey nodel

(J.

Gaudreault et al.

Precl i ni cal

Phar macoki neti cs of Rani bi zumab (rhufghViysafter a Singl e Intravitreal

Adm ni stration, Invest Ophthal nol \/ Is Sci 2005; 46: 726-733) (Z. Yao et
al ., Prevention of Laser PhULuuu gttat+g &N dl%dhgd—eheﬁl dal
Neovascul ari zati on Lesi ons—by—tntravi-t+ea—bosgs—of—Rgni bi zunab in
Cynonol gus Monkeys, ARVO |2009 abptract P906). The pargneter PA/FL can be
varied to determ ne the rlel ease fate profile. For exanple, the value of A
can be about 1mmR, the pdrosity pan be @about O|prdditfeed 1nmR2) and the | ength
about 1nm and the channel| fit parmsaitedalthat mjyvieeusgspond to tortuousity
can be about 2 (FL=2 mm,| sui&de t haRaRA [kreditealpoutond. J5 nm A person of
ordinary skill in the art| qasysyel aigdage| evpeR i ¢ajubynL) He area, porosity,
| ength and channel fit paranmeter]| fos.1exiendsd felieaze [of the therapeutic
agent for the extended perioth based3.pn {hel2eachi 6% descri bed herein.
Tabl e 4A. [0618] Table 4H sh¥®¥ns [ he2.§ited8%concehirdti ons cal cul ated for
a 0.5 ng bolus injection |of 3cehti30injebted iint®02hg eye of a nobnkey
usi ng equations described_het®kin| antbt he BhP%-I|i f &% redsured for the nonkey
listed in Table 4A.. The [fir2} cpluhd useBfhe |meddlirad Crax (Gaudreaul t et
al.) while the second used_af%allkul b8 ed! CARY%hased?n It he dose and vol une
of the vitreous. The average@cgn&eu&ﬁat oflaf luckBlidt is about 46 ug/m .
The m ni num t her apeutic oncihtrat i 5B o 32 48n4 is1Pe dphout 0.1 ug/ mL, which
may correspond to about 100",1%%/“_ g: Hb tgo,$b/°”laué.*99éa;|t et al.). Table 4B
i ndi cates that a bolus i jecﬁh‘cn ch'g.S > e AtESH) maintains a
vitreous concentration a oveny tog 5t ug4'§opmt gsgrotit h whet her using the
nmeasured or cal cul ated Cnex: 13d'" i@_Z CO |>95a5¢7:||t V\b_£6l ront hl 'y dosi ng that
has been shown to be ther@EpeggTC[ T ¢t T YT Ggtheo, StTUU &5 1abl e 4B.

150 0.1 97.2% 0.29

160 0.1 97.8% 0.22

170 0.1 98.3% 0.18

180 0.1 98.6% 0.14

190 0.0 98.9% 0.11

200 0.0 99.2% 0.09

210 0.0 99.3% 0.07

220 0.0 99.5% 0.05

230 0.0 99.6% 0.04

240 0.0 99.7% 0.03

250 0.0 99.7% 0.03

260 0.0 99.8% 0.02

270 0.0 99.8% 0.02

280 0.0 99.9% 0.01

290 0.0 99.9% 0.01

300 0.0 99.9% 0.01

310 0.0 99.9% 0.01

320 0.0 100.0% 0.00

330 0.0 100.0% 0.00

340 0.0 100.0% 0.00

350 0.0 100.0% 0.00

360 0.0 100.0% 0.00
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[0619] Tabl es 4C1, 4C2, 4C3 4C4, and 4C5 show the cal cul ated concentration
of Lucentis(tm in the vitreous hunor for Sinulation 1, Simulation 2,

Si nul at i omO2p108is8a4Bat i on 4, and Sinul ation 5 respecti velPgT/UBh@9®22685Ul t S

i ndi cate Lucentis vitreous concentrati ons nmay be naintai ned above the

m ni mum t herapeutic |level for about a year or nore when rel eased froma
device with porous structure characterized by PA/FL < 0.0225 mm and a
reservoir volume > 10 uL.[0620] Simnulation 5 corresponds to the devices
used in ;{mzﬁxaevaa@ml @?&feﬁﬂlaﬁ&meer%m%% ﬁtlomﬁlcg@@h&eldaﬁd a reservoir
volunme of 17 uL and porous structure characterized Al FL 0.047 mm
When t hi Nedeascderizagioh baglews hyi Intrastitress hroses(af rhanlbumabomﬂvn@ndgwcoqu&s ponds

to 1/3 of fg %26@% gl strgcl’f 69%@%h2>(lel n}fgﬁte?dat;ﬁecﬁ'm cfgg?t%éé:,at\?\n dlij {??‘r%{n%t t hat predi ct

vitreous concén rons i ndicate one- |r8 of the
nmont hl y dﬂ"ﬁﬁcmeumnﬂiﬁT?ﬁIdnsd4u®9iiﬁmcslgﬁmf}10ﬁl<i‘¢§$ thpeldadsao ¢ 00N eRivieatidrostdagenr about
6 nonths. Wiile half of the is deliver in the first t.h and,ore
than 989PBYPFARgPEHOTLFCHMARFHP Fﬁ@ﬁa{}{é&m%de BRYpECUpEzatian; ( ﬁﬁo‘@ desidint ai ned

for 6 mRhRSnodcPRAMHeed Hwalb bk tfa{e\%t fohemee vitkeittedl ihRLEASE LRkt JiIc agent

for an extended tinme can be described by an effective device half-life. For
t he devi d@sqs tesEdaapipketdy lrﬁllt’mteéﬂfeebtvﬂoern@té@if@éad@éVfCNVfl@slqw Dablardly shavesy

gdeliver Y pf ﬁﬁse&tﬂ%éﬁt@““ vm‘éusdfr c&iftralioht ¢ fafw%%%s%ﬁﬁ qm%%i?t &@ﬁﬁ@m of the

reservoi F ous s ropria
achi eve tirhestd@mdr(&niraemfedahjleme)nhﬁlsfugl anf day S a,bﬂ &141@ Ihbﬂmb%@ﬁ?sﬁagﬂhe cdu@8danl e

4CATahl e AC5] 0 o et  al Prevent.i of ocoagul a i an
o areP O Uingh) RE S istic P g iy ab R g ity P eyt
Rani bi zup@kyt hBcetd cBdSe MR MKBYSmMaNPAD. 2 BR%iIS ba1aEinj OB Jiditeo per f or ned

a preclinical study to determne the |owest efficacious Lucentis(tm dose
in cynondlcgpsutionkeys that | eads to 100% prevention of |aser

phot ocoagul ati on treatnent-induced Grade |V choroidal neovascul ari zation
(CNV) | e$0@3F. FI@) | 9Phesnpanaehis paslidieimoSkovith that fhedicted éor dint deviee ANVD.

Intravitreal jinj on .of Lucenti t all doses tested co et el

i bi t e EREded B dpaRE PP Bh] Frefiesf ot fES T At b B g it
predist i emBodilnehid GE fHel preséhtt ihRAUSN GRY GE Meidleh@Nfor hokast Bgouk 6WRSkhst athal anount
of Lucentis |nvest|%ated (intravitreal injection of 5 ug QQVhda ys 1, 6, 11,

16, 2 1 awgleagpctiqpadtR§0 pasossnandsdna SB@E&OI%é@eﬁ@péﬁf ﬁuéﬁw hiAtrae GRicRet i c
paramet e §mbﬁtﬁfngteir\@l S, Tal @e %ge Ihfhérag&}tl% oRAGREGER o PAlentit™ (ranibizumab)

in the vitreous extends from about 100 ug/mL to the minimum inhibitory (therapeutic)
concentration of about 0.1 ug/mL at about 1 month, for example. The minimum inhibitory

20  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

25  described herein.
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is not necessary to achieve the high Chmax of a 0.5 ng single bolus
injection in order to be therapeutic. [0623] FIG 19A conpares this

predi ct edwpnrofo/dsesssi t h t hat predicted for the devi ce i nPEXArspdie/oe63Thi s
data further supports that the release profile froma device in accordance
wi th enbodi nents of the present invention may be therapeutic for at | east
about 6 nonths. The single injection of 500 ug corresponds to a 50 uL bol us
injection of Lucentis that can given at nonthly intervals, and the range of
therapeutic concentrations of Lucent i§ylsgni bi zumab) in the vitreous
extends from about 100 ug/nlL to the mnimuminhibitory (therapeutic)
concentration of about 0.1 ug/ for exanple. The m ni num
end of the range of

can be deterim ned

i nhibitory concentration corresg%qglxdshiiigucijgkr

t herapeutic concentrations in

My !

enpirically by one of ordinary—skgttin n accordance with the
exanpl es descri bed herein. For prnplc, a:ygbc doges study of a series of
si x Lucentis(tn) injections, Y Uugyeagt, TaEgDe adni ni stered so as to
provi de a concentration in thdg vizTegus ofjgt Tedst about 1 ug/ni, and the
t herapeutic benefit of the injfect4ong assesged as| descri bed herein. Tabl e

4D[ 0624] The concentration prd

TIT®S ¢f a tiwer apeuti c agent conpri sing

Lucentis were determ ned as sl

owng bel

ow baised on

t he teachi ngs descri bed

herein and with drug half-1ifg
eye. The exanpl es shown bel ow
formul ati on Lucentis(tm and t
results, and that a vol une of
injection into the device as
benefit for at |east about twdg
structure can be be tuned to r
formul ati on and provi de sust ai t ended tinme. Additona
h

tuning of the device can inclu .aLL%%ELe—QL t he therapeutic agent in

15
t he eye, for exanple nine days f@? 3 the m nm mum i nhi bitory
concentration of the therapeutp ¥ = I ned based on the
t eachi ngs as described herei n.8g25—F+& (5Ju sHows det er mi ned
\'4 I

1
I
C

of 7. ni pe dayst or Lucentis(tn) in the human
for8injlecti o of tlhe comrercially avail able
he $ing day I f lijfe show unexpected
forlful ati on 1e@rrespgonding to a nontly bol us
esdii bed herdd®n canl provi de t herapeutic

midt hg  The43evi cel vol une and the porous

t he r?r@dn'r erfm ned vol une of

concentrations of Lucentist intg—vit uqqmuuuu. for a
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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first 50 uL injection into a 25 uL device and a second 50 uL injection at
90 days. The cal cul ati ons show that the 50 uL dosage of the nonthly FDA
appr oved Wol2o0n)/a88j48cti on can be used to treat the eye f@cTalsouy/02B3days,
and that the injections can be repeated to treat the eye, for exanple at
approximately 90 day intervals. The Lucentis t nmay conprise a predeterm ned
amount of the commercially available formulation injected into the device.
The conmmercially available fornulation of Lucentis has a concentration of

rani bi zupg4pf Th cORcMkatiodl prALIS aOthE&%ﬁeu@i]? ag&n%a@%ﬁggs%&ﬂﬁ?@ wged for

exanpl e as described herein below wth reference . nmg/ mL sol ution of
i nj ect ed detamnibed arsibwn Phlewpraedeerethaicachiagrodestribed hesspanddsitht drug half-difoet  of
the mont Bl B S| LALGEM . {0l XA eoaf ol dDELRETBRRILEG AR YlcE may
conprise a substantia Fy i'xed VOl e contarnar teservoir Navi hg a vol une
of 25 uLcomteRidllatvaidabld fosihuldBoriLuqeatid Mand afe diledfMhalfllife stjoecticapedal
contained in the reservoir for sustained and/or controlled rel ease and a
second 25l aaf Ve R aspufaiion FTTESPORSENS 1§ aﬁ%@%@&Oﬁ% AYEGH RE Bor ous

struct ur ge@Bdad RkGARE Heret @nph& it thé@pMRic WehdTit Ford1dddt BB US o middghsf ki Ng
efficiency of the injection into the device nmay conprise |less than 100%

and the degesvaime 91_2;% herporpe strusfure patobr Reohuareo censiviséhapipdiieradnddadunaef t he
filling ?%rh{éﬁdftiﬁﬁfé%{% B&gﬁi@%ﬁ&tﬁﬁg&f‘eaﬂ fhlat &‘?e&d@@ﬁﬁfe.”%%dﬁ@rfagfdﬁ%gg%r é%'vﬂb-e For

exanpl e, i'Cl ency nay conprise appr oxl ma Y such 't hat
t he firstapochidethedalfiife ste dppapontinaical iy tR2ev, fok examilahinedaysifot he chanber

of the containgr reservoir and the second porti.gn conpri.ses approxi mately
27. 5101 ASSEG ¢ APOUGH PRETHE A o) FOReRRTBim of the {FSRASBlC PRI he

t her apeuldbercifNddORsedldiftht RabhiAds £RESMLA AébAN of Lucentis in the _
vi treoushunor corresponds to about 60 ug/nmL inmrediately follow ng injection

‘nto th : o . . G 1
uror  dedy 3L ed Mg AEHRR ge R FERSERRGRb oM Aesht TR IS R R bEELS
Lucent i s{irsrp0appnjoxtiomanela25a0. dtays aafl heecont &0 ulrigjectionj 280 days. iTher eases t he

concentratiaon.to about 63 [m.. The concentratjon of lLucentis(t in the
o7t r ous crlaBiodeRne de B Uit It R ORSRRN DA SRl PR e bF s

i nj egti onscand 1R tHays® fBf ARt dMeayS eGANBht iKY iBREHSN carl BERBeRe] ©Ulcat theBge, Show
that the concentration of Lucentis(t can be copfinuously nuintained above

a ni ni muAiKAMBicEbrRPreEmesht (ddydntcorlsadbalusentiy “p@pY MR Rrgdstearmingd

iecje ?;t '98 Aot f ttﬁ.éecoﬂﬁ?fé-rgigﬂy AL a1k &f L QMR SR dggcermﬂl%’cofn?ﬂerﬁélﬂym le

available formulation of Lucentis™ has a concentration of ranibizumab of 10 mg/mL, although
other concentrations can be used for example as described herein below with reference to a 40
20  mg/mL solution of injected ranibizumab. The predetermine amount corresponds to the amount
of the monthly bolus injection, for example 50 uL. The therapeutic device may comprise a
substantially fixed volume container reservoir having a volume of 25 uL, such that a first 25 uLL
portion of the 50 uL injection is contained in the reservoir for sustained and/or controlled
release and a second 25 uL portion of the 50 uL injection is passed through the porous structure
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 uLl 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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days for several years to deliver the therapeutic agent to treat the
patient. [0626] FIG 19C shows determ ned concentrations of Lucentis(tn) in
the vitrewoxotunsssssf or a first 50 uL injection into a 3PCulUSdavioem3and a
second 50 uL injection at a tine greater than 90 days. The cal cul ati ons
show that the 50 uL dosage of the nonthly 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 exanple at approximtely 90 day intervals.

The Lucepfins: &o Qngg)Wﬂoﬁ%%ﬁﬁlﬁqﬁ%ﬂﬂg\%ll?mhjee@{ioﬂ & GerEseiral |y

avail abl e fornmulation injecte into t he e pr edet er m ne anount

cor r espoddgcg. ol tehroneamrainen of Luchesisno it th yittsohukurngrjdscteassn fo ftont B agpileat50
uL. ‘The Gbhar Apeuld G, JSYLL & %% SPIRIL e ZHRFEANL 0Bl s JeX G Ar¥TEion
cont ai ner ‘reservoir aV|ngJa vol'unme o BZmBi, Steh “that® B i rst™3Yut
portion dfcrédabe thOcatkcenthition té ghout 63 e@miLaiThe dondentrittonrod s acatmisi™ fnahe sitisdw ned
and/ or cgﬂtrol

| ed rel ease_and a second 18 uL portion of the 50 uL injection
i s passe lfnﬁli6@&5@&86&8&%?%}183&%@}@_&f§9%¥5ﬁ%ﬂﬁ%ﬁ fgﬁg@&cm @}4]%‘530/? ?"ﬁ%&ﬁfjs Wi th
an 18 U'—s%b&'%xfiec-ﬁhﬁ. Thddk icRGuiefiddsGhew ehat e RGN GLIIIRARTO 4R devi ce may
conprise less than 100% and the reservoir volune and injection volunme can

be adj usterfinygesymomtaingsl qbpy¢ ¢ papiwuf ishibiery dopceatiaydefrmbeuty ugper g with
t eachi ng ri ejin. . F L Lk ffic
conpr 1 oo Tisponc AP GGl ac IO, | RARIRIF il gah p MhaE 1o} CLEBRY o TRY90

appr oxi mdbhwl fyr 29cual yaontb aichied thathtéhpeutibagbe ko ofat thegatieger voi r cont ai ner and
the second portion conprises approximtely 2 1 uL passed through the device

for tihe Pb2e} @HGLHULEMHOWS UclcRhiREd E6hckitERiohder TlREHRDE Ui fhe vARGLEBIMIST a
initial concentration of Lucentist in the vitreous hunor corresponds to

about 45 figgy SHuLiipsesthindniel as 2} doudersgd pnpeet SO LM antmé a tiawereatirthaledd ce.
The conc r ab - 1S, | jfre I about 4
byt s B i @Rl SRRV R S0 ddsbdtpe AURL dloRABASEH A EPDU,
days aft erfedtioe chn bstseil g et tlereye harabasteX® dahie acd timetht igedtons tan @hopkdated0 ug/

nL. The concentration of lLucentis.in.t vitreoys humnor decrgases to .about 4
Ui Lt (S BGT dlera bt A appeR it 36 ik S TSR SRS e Bugong

i nj e¢si 0n.prebioRHBiInCAhGUIRLI BRSoFMAACAINAEvallige ERRGRALA atjécdl iafo thelgamdd s can
be continuously mai ntai ned above a mnimum inhibitory concentration of

about 4 U§e pedcipmmiy rowHeonespgnds tajhccamaynt plthe moplxjealpciaiccenifern onal
I njectl ORRaryHE sHGLMade th%}’a‘f)@{ticld?egicg Wy cfo%r@eeé/ ?L{b@ﬂanﬂfeﬁ@rf%eHQlolume 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

131



deliver the therapeutic agent to treat the patient. The injections can be
made nore frequently or |ess frequently, dependi ng upon the m ni num

i nhi bi t oryocorassisgat i on, the rel ease rate profile, andpCharSdiwoersi on of
the treating physician. [0627] FIG 19D shows determ ned concentrations of
Lucentis(tm in the vitreous hunor for a first 50 uL injection into a 50 uL
devi ce and a second 50 uL injection at 90 days. The cal cul ati ons show t hat
the 50 uL dosage of the nmonthly FDA approved bolus injection can be used to

treat th@eg¥fed f%rab@@c%g/lﬁg A @8’(§day§ﬁﬁelttl?@ﬁr& {hgec'tlgh etd 9(5)&8@ %ﬁ& thesdceReat ed to

treat the eye, for exanple at approxi mat el day |nt ervals. The Lucenti st
may conpiijewioa. Eh@d@abulmlmdhawmhmthecﬁoncdmefan@mfe[mmalsl y cavld ¢ombheously

forrrulatlon tedintothe eV|ce The..f ffici f
o e B bl B ne Bl b doReh Bl bR BESHOE |
vol une afmgedtioh &b itlenleviek uAEditianal g e tbink sdretsk Ibﬁt&&de@/nlmhﬁysf fol kévietnl @édrs @ ency

i n accordance h the teachings descrlbe herei n. anple t he f||||ng
ef fic? engahwayleéﬁmqu% AR IR EE @Ee 0 d e WRCHORY AP %f’ I‘?é‘)éP o5t %ﬁe{l‘i off

conpri seg.sa RGN ITRIptMifbupsk tEORiAhMEdniiRitdrh SotRARRN, AL rdifRe LRSFIVRL
contai ner and the second portion conprises approxi mat ely 5 uL passed

t hr ough ehéthdeliscresion of the fsatBe physiofanl ucent i s(tn) injected into the
therapeutic device. The initial concentration of Lucentis(tm in the
Vi t r eous [062Tpr FEOr 1985 gondsicteanmbod udncddtratighsrbf Luveril Atiethy vitadohoimgr for a

injectio o the reservo device. The c entration éLuc tls(tn) in
t he vitrgaﬁﬁgbﬁaﬁwcta)@dw@;fé&l Vi agef@nﬁgﬁﬂiﬂl@fcw 2430 557 1B6cond 50 uL
i nj eqdi 0QaIBflatidHRBAGW BHak Mo %mr&mg%f%evm&gh@%m Té] pr8VedtddBusiiheston Ah @6t i on
i ncreases the concentration to about 17 e concentration of

Lucent i s@sagtoitigatithecys for ehousdhdaysranddlat ébﬁsle@cttl@samm repeged ig/tiert e c480 days
after the f gr% st Be e

cal cul at :j)(())rnelgEl hlgv%p%ﬁ)géil%ﬁtee concg,nt rat }Sor?th g?“ E%gléntlﬁlgygom@&%g r%:)do%‘ﬁetr %ﬁ%gusl y
mai nt ai nemommwme&omMrmum a\mhiaﬂsie Ifco:rngulatmna:rqmterthmﬁoahe déviabdite fBlingg per m

ith the L ject t e. devi ce. t' na I,hj ections can be
mde, ' 1 oF B PEMEFGIoaimh Syelt isF TGSl B Lok ElR e e

t her a@euwbmn@%aﬁnjé@loh B8Rl A b@@(ﬂ]bﬁ@d bds0H 318}he|‘ﬁlﬁ?ﬂg d8EieBiomScelplpcaivad
concentrations of Lucentis in the vitreous hunor for a first 50 ulL

i nj ect i ofheitpachings describeddrcysiv e Farirampeths Adlimretficicngyj et ¢ 90 days. The

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

20 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

25 ug/mL at 180 days after the first injection and 90 days after the second injection. These
calculations show that the concentration of Lucentis™ can be continuously maintained above a
minimum inhibitory concentration of about 5 ug per ml with the 50 uL injection into the
device. Additional injections can be made, for example every 90 days for several years to

deliver the therapeutic agent to treat the patient.

132



cal cul ati ons show that the 50 uL dosage of the nonthly FDA approved bol us
injection can be used to treat the eye for about 130 days, and that the

i nj ecti orwocan/ises48epeated to treat the eye, for exanpl ecatusappneemat el y
120 day intervals. The Lucentis(tn) may conprise a predeterm ned anount of
the commercially available fornmulation injected into the device. The
filling efficiency of the injection into the device nmay conprise | ess than
100% and the reservoir volume and injection volune can be adjusted based

on the f idezing PG ie JH §OG¥ d:bt:@rlrﬁ’iﬁ&i)&??&ﬁﬁti%st &F 1tlEn ks PRGN IR HESIAIM B EE:

herein. For exanple, the filling efficiency may conprise approximately 90%
such t hafiirgt k8 uLiinjs¢tiqpontoiacyd Wodqyrdesed aapqond 2D mhtisikgtionsit Q0 dexsntldcned in t he
chanber qf, the reservyoi ntaj ner d th d _portion conptises

ppr oxi maral S fals SRS 1R fog S Aol AR hORNE SR Sl TR e

i nj ect ed ubgiltto tichrahé Herfapsisit C300RYs,0ad thhl ehelifiettioak cavcepéatal tb dRatahe tyecent i s
in the vitreous hunor Qorrfspon s.to a ou% 11 ugh@L i mredi ately foll ow ng
injec?ioﬁ“ﬁﬁ?@pFﬁémﬂggﬁF@@3? Y dervie TG MEEHET at PORCBRPTSGent i s in the

Vi tr eous phiapRFmEES LBESR S IR cBRRtcidlyfhMbl@forhdRtid@HFected iRRIANGVRQ. tlhe

injection of Lucentis approximately 130 days after the first inLection
i ncr easedillingeetieproatf thetingptiqarontpgbeidevi® may comprispipsethand09 heand the

cal cul ati_gQns,.: 0 i f i i Vi unor
Gocr onae RO BRmRONGTALIAN Aud! o 4E AT E4 kb didffl LESRHS AUTEN o
days aft accordacsetbiid teavhagt desaribddiesen.c Bbiotxhapleoths filivgyeffibiadcytrhey
conceptration of Lucent, e conti nuousl y. mai nt ai.ned, ahove a
R A L S L R et L R Aot sl

i nj ecti 0QohtAhed tnhBe devikPof the elistiveR AbnthinkemditRNE ceRpREoBMriskor exanpl e

every 90 days for several years to deliver the therapeutjc agent to treat
the pati émroximpg2op uhpessd growahdis: dooe fppthe b ikt b upettisr emissicdantoiieect i ons
of commenei allc @e‘é?df' gfl% Gnif? 1fco£3%‘ﬁtr?tﬁb%]' Jr thdqmhal tﬁ@@in%us%b‘fr?d%bﬁéss&;ﬂﬁds

t herapeutic ‘device 100 can be simlarly configured to rel ease man

f or mul at toat®udf 1 tgmltinencpeely fdlosgeningcasn tesibe rdsedohreleceice, Thior exanpl e

with reference to E bl e |4 and the Orange Book of FDA approved formulations
and 46 m FRIBEHIED of TR v Bd ur Dou I RaH TooEhePEd BB A A
j uri sdi ckéng 56 UL finjaionlvg LEtn@ipeadppkdXinitelyFGn dayadrih the rasaiden ihfi€ases
t eachi ngs descri bed herein, one can determne enpirically the,.

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

20  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

25  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

30  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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paranmeters of therapeutic device 100 so as to tune the device to receive a
injection of a comrercially available fornmulation corresponding to a

nont hl y bwbus10/08ga8t i ons and rel ease the injected therapemtseoa®ersst wit h
anounts above the mninmuminhibitory concentration for anextended tine of
at | east about two nonths, for exanple, at |east about three nonths, for
exanpl e, or about four nonths, for exanple. [0630] FIG 19F shows

det erm ned concentrations of ranibizumab in the vitreous hunor for a 50 uL

Lucenti s ekt@h(fegttin%nof' a@ie%st%bé@c thb n%‘(ﬂscﬁ)r bayhflg a@léa&'a%@ai@hﬂ'e@hf%nih@%f‘ of 0.05.

The concentration of ranibizumab in the vitreous hunor peaks at around 9
ug/ L andxdrgplator ebow howenahthsgforicxdnapleabout 145 days. The concentrati on
remai ns above about 1 ug/nL for about 300 days. The concentration is about

0.6 ug/ mMeso] 360G deFsshoaR deteiinfibcdhutdtabibss Jfeanibizeaiimenhe Witlebuschusion gdrea
i njection u to oneg,year, based on a m ni num i nhi bi torg1 concent ration of
about 0. 80 URHACERTS miMSSHRRIT? £ 8P YL dsKice At ing ¢ Beasaiadee]

enpi r 5cak;blyceﬁefatﬁmma%%mgﬁam%m&yo@ uhdor wks h€ar8iidd d)@g@ﬂi 290 lst fier Eﬁﬁ%hl ngs
described herein. [0631] FIG 19G shows determnm ned concentrations of

r ani bi zurrats/tith farlabowti 1t dayss Thgreoncehtaticn rs@amb abeysaeheutd (ugmpLifer abori 9 i nto a
75 .UL. de\élﬂ\{c)e Tri!l% R@c%nf’%%t o%l 1?% %t b%tu%/rhﬂ %%00({359 agg,’ aa%%uﬁw%ﬁ&tt{ gl;n!le%P w?[fl

rani bi zu reous h s at aroun is a
above 4 uglntgt: 1ﬁpbu oﬁég)eadabesed a'rhmnmﬁmumhhlatto@monmmaam dhove tebout 1

ug/ mL for_ about 360 0632]. FI G, 19H shows determ ned conc rations
of ani bilht HEB R Ph@ltemqo gada Whﬂ&%tegn%zf%@pwe@h"h APETRyn ?fﬁ]f ton
intoja 1@@1Mﬁtlﬁ%¥t‘&§ed@vth@g:a@hlﬁ%s|d%:@csrﬁ)eﬂﬁh%iﬂ.ndex of 0.05. The concentration
of rani bi zumab in the vitreous hunor peaks at around 5 ug/nL and is at or

ol e 1 of R o i S A AR cdNEERRAST AL Aol FTAL SR BURNR Fa8E)

FI G 191 ashobslwdetntes’ thmjeﬂhon omc et ruatdenms hafing amldmsa tmmindemoﬁ(h% VIiter eous

hunor for a 50 uL Lucentis jection into a 125 uL de avi.n a rel ease
rate i ndEXSSRIFIORST rapiiz "?]PCIQ S PR hynoF B Bf%wa% g %Wﬁ@ P & is huror

peaks at a%&%/ﬂL@oMoﬁi—l@rﬂi §oBi% (aterRdtad re%{an%@@@dabﬁuugﬁghm fohgbout
conc?gtr%%(l)gn remai ns above agout lug/ nL for nore than 360
ays.

[0632] FIG. 19H shows determined concentrations of ranibizumab in the vitreous humor for
a 50 uL Lucentis™ injection into a 100 uL device having a release rate index of 0.05. The
concentration of ranibizumab in the vitreous humor peaks at around 5 ug/mL and is at or above
4 ug/mL for about 116 days. The concentration remains above about 1 ug/mL for more than

20 360 days and is about 1.5 ug/mL at 360 days.

[0633] FIG. 191 shows determined concentrations of ranibizumab in the vitreous humor for a
50 uL Lucentis™ injection into a 125 uL device having a release rate index of 0.05. The
concentration of ranibizumab in the vitreous humor peaks at around 4.3 ug/mL and does not
equal or exceed 4 ug/mL. The concentration remains above about 1 ug/mL for more than 360

25  days and is about 1.5 ug/mL at 360 days.

[0634] FIG. 19]J 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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days and is about 1.5 ug/nL at 360 days. [0634] FIG 19J shows determ ned
concentrations of ranibizumab in the vitreous hunor for a 50 uL Lucentis

i nj ecti orwOnbw/ss80 uL devi ce having a rel ease rate inaex/usko10/o00%31 The
concentration of ranibizumab in the vitreous hunor peaks at around 3.5
ug/ nmL and does notequal or exceed 4 ug/nL. The concentration remains above
about 1 ug/nL for nore than 360 days and is about 1.5 ug/niL at 360 days.
[0635] FIG 19K shows determ ned concentrations of ranibizumab in the

Vi LT eous U cdcltd @ué/QLLU '—Tﬂelé%ﬁé‘étn{r%dﬂlieﬁﬁfn's oV HbBud DAL Ybr HA6NIths ¥V N9 @

rel ease rate I ndex of 1. These determ ned concentrations are simlar to
t he deteﬂnﬂmn@l$@m©ehﬁm&mﬂom§6@ﬂaﬁiCi 19F, and show that the release rate
i ndex of the porous structure can be tuned with the device volune to

provi de l[(iﬂilS]ip@IGi DI sHuoR rikfeahinod c@icofmtidtiens of ragibiz@niae hodd viticoes hir@sr for
exanpl e, doubl i ng,t he vol ume of the reserv0|r SO as tg hal f the

concentrét & [oicentiver gPestion dntagdhY vl deyipehaying aislrese fafrdnde ddsle These i ndex

can be doublgfcdmsntiBoR AY bﬁﬁla@t&h@ﬁét@ﬁmﬁé’kﬁé@@%ﬁ&n%@@nngatath:Ehow
profile. The concentration of ranibizumab in the vitreous hunor peaks at

around 9 thagtheirelagsd rits inglex of thg perews 4tragdyraricarf ogr tuagsbwith theglegigg solumpigdo

concent r SR REREE AR ERIbE e b e B st PP et b show
exanple5vomnmeﬁﬂ&sexraﬁEmpmoéhMé&wmmﬁMm&ﬂﬁmuEﬂmeq&nu@hgdeMh@emf@mwﬂﬁg t he

RRI vary from about 0.Q65 t bout , ch _that these devices
tuned t o {eseiAeNdREC elmuﬁﬁ &89 t8r?r‘b‘f19%%€ﬁ?f @Ffaaﬁﬂawﬁ%%na@tlm?%fned

rel eage gie¥encantitoh B MnifAIRIL iR kM GROGR MumdE hQRs hodld J @ASE 88U 0180
days. These cal cul ations used a drug half life in the vitreous of 9 days to

det er mi nebevset yyvkifbreaboantitS 1D, Blfet jonraaionienains abayerhonbhug/ rberiboet G
19L shomgoggééqugﬁgn% ?ﬁgﬁggﬁkhpg %Hﬁﬂ%@ﬁme ani bi zumab in the vitreous
hunor for “u i i i

ucen I nj ec uL reservoir device having

a rel eas e i 5. The co ntration nj mab i.n the
7 £ reous 190k 56 Gy 195 3 S TEUSE e fise 0 et RO SRR et or i ned
concent r gkViedd Hav Rk ltlﬁeﬂ%Rpiﬁar& &0 MILEHITRGE I 1 ab&iR OVIOH!T SRH Shall tHIRY ddvRes Bre2bhddL
Lucentist injection into a 125 uL regservoir devi ce having a rel ease rate

15  toreceive the 50 uL injection of Lucentis — and provide sustained release above a minimum

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

20  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

25  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.

135



i ndex of 0.095. The concentration of ranibizumab in the vitreous at 180
days is about 3.174 ug/nlL. [0639] FIG 19N shows determ ned concentration
profil es WO 20emiskd48unab in the vitreous hunor for a 50 ®CTUSC@NORBB1
injection into a 125 uL reservoir device having a rel ease rate index of
0.085. The concentration of ranibizumab in the vitreous at 180 days is
about 3.185 ug/nL.[0640] FIG 190 shows determ ned concentration profiles
of rani bizumab in the vitreous hunor for a 50 uL Lucentis injection into a
125 uL T ‘F@@@}’O'FITGd@G %\J@%%feﬂﬂln@d E&lc@ﬁ?ﬁloﬁ %{’cﬁilésrtqerﬁnﬁ?ifzurgakpglﬁhe Vi Iﬂ‘éous
concentration of rani |zuna in the vitreous at 180 days is about 3.152

ug/ nL. [ beded foEh GO uLdRcettions Hd@itlen mtoned% oh a:gnmoa“tde@lne profg & @ea@ef rate

rani bi Zuma‘(fgx OPObI?? "Ylllet (go%oel“l%angrmo) ran {zuma e VI ueclei\sn;[ltl 1?6 r%q ?%IIQQ into a
125 uL reservoir device a Ferdase’rate im 65 e
concent r agineln of ranlblzunab |n the vitreous at 180 days is about 3.065
ug/nL. [0642] The optimal RRI for the concentration of ranibizumab at 180
days for | (?64&’35 @101 9P MY B e@hindPRnbint@NGh BroBils e rdnili 8GhdaR tRf vikiiggnt i s(tm
can be cal cul ated based on_the equations as described herein, and is about
0.085. Ahumoutph atSHelIdptcmmF vadagien igo @ 128 8L reshevoglsigviee Qa\alpﬁw@rem@wa@mat t he
eser VOl R hBkeast. (ALELAATS SRR AR.LUNES IR BB SLARTIIGS |
anounts of tani bl zunab tory concent iron of

wi t h manygmdl.ues of the RRI and reservoir volune, for exanple val ues mnthln
about +/-30%to +/-50% of the optinmal values for the predeterm ned quantity
of Luceng d6l} ”)Thf:% mblqimomr thk @6ARhtr IR & rdfoishaNsat MR uess Bf a RA&RIGBL er s

used to determ ne the rani bi zumab concentration profiles as in FIGS. 19K to
19P. lfabveluge of I @%nh]andrh &0 uhemagwatof Euewie e ngandreicalsulgred fopsednghe @wahfmSes of

FI GS. 19§s hé%c%@é?i ﬁ’é@&r? 9§Esez[] %{W&%S\M Allaj]o%lél? lee%?)ggﬂ% %%ef is I0'08? tﬂg IS(R/% gga{ gg | es

t he vitreous uman eye IC concen’tra ron-p

can be seslvedat theaseobdand eclvdst tatds imde;hednfbelturieel tObrdVlrtE thérepeapeambontagent i n

the eye. regl(l)glzuer%l(a rg%losé a Vr}nli}lipnu?nningfb%g}yec%gcecrila ‘[1(r)1na(|)ff 3u /mi w1%hhr%ar?yoga(i1?ers]to% al}el onin
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) 45
\Volume injected (mL) 0.05
[Time step (days) | 0.1
[Time between refills (days) T8O
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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these exanples will be approxinmately tw ce the values shown in the graph at
the extended tinmes, and with a 4.5 day half-life, the concentrations wl|l
be approxwoabwiogsizal f t he val ues shown with the extende®CTiusesL)/02%38N
exanple, a drug half life of eighteen days instead of nine days wl|
correspond to a concentration of about 1.4 ug/nL at 360 days instead of
about 0.6 ug/nL 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 Lie el Uitk Sioddied beL@RGN SLdoHRhtY §5h Bl talt8ifl behapeut i c
device, for exanple in conbination with the mninuminhibitory

concent r dterapautigdaechivingle ¢yse Faboswempés anthlao sightsee denhdlilifst & compentrafomnni st
simlar cal cul ationscan be perforned.for, therapeutic agents and

For mut at el SRR Al Elcr? ST s Vs SRR G FRER W fleds

r ef er enceinies, ahdlhigh d 445 dhOkAblifeBes eon@ntrithvds elhbb hppgsxithacty hddxtle henai n, a

person of ordinary skill in the art cap determne the rel ease rat ndex
and vl uﬁ%OWthﬁglet%PQ%wsc AR I hgkél?ﬁlef AR Gt on

i nj ect ed njRid@yd VA GRNESRAIRNE cHHBARIT I0R Bb R 1 ATt/ GO ACEIN dadb IRRad Fdbdut UNi Ng
of the device volune and rel ease rate index based on the vol une of
f or mul at Pérng/m}-es slawrcad 1o otilicanduEx pdies ssalligeefithe eoncendratien prppilebased eh a

clinical iy, Renqfd 6l @k vﬂ?eghm%efﬁgédoéotr@{e%hé?9&8&@%@%&9&%&& BRA GuldgLFL. 2@
single boltrs injéection corresponding to a one non |njec?|on can provide a
t her apeutlicchérepeitic defice, f@arexuimnpgk pe corainativneeittothe nmnenumminhistoryseomberamtibur

nont hs. Al so, for a clinically bepeficial mnimim.inhibitory concentration
of a0 e A TOLEE Gors HUPAES whre g s B Lem Lot Qi RElptTthg ¢ o &
one nont ReiftinRAtrbOReapdutie heMitHIgh dFotnMAARRE Us H&schBIa e din, froF cxampngxpect ed
twel ve or nore nonths. The clinically beneficial mninmminhibitory
concentré@Wﬁhﬂkﬁﬁﬂb@”@é?@ﬁﬁ$%§ﬂT%W%h¥icalIy based on clinical studies as
descri bed herein. [0646] Although the exanples of FIGS. 19F to 19K assuned
a filling0ebii dasnioon tbé teactengsuleserédd percoenpersen paordmaryokilbimdhavat yanski | 1 i n

the art based on the teachi ngs as descrijbed herein can determ ne th

ol case AREEBY Bt geeFar ngeR AndhJolBRF oF g TRsrab i S W T 98 BY, ORBHC W arpl
Wi t h 190%rtulldtiag i§édteCin®NBY d&s cS4HaAWRINAR@N enhilstoE c drickhttafign € This GhBREbRBe Can
be achieved with injector apparatus and needl es as descri bed herein, for
exanpl e WeYire Ydlwae ainbielaase mieaadexpbaseron thewolypg 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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7A2.[0647] FIG 19Q shows determ ned concentrations of ranibizumab in the
vitreous hunor for a 10 uL concentrated Lucentis (40 ng/nL) injection into
a 10 uL dwoi2ew/ds88ng a rel ease rate index of 0.01 and iPaTWis2el/ 0281
rani bi zumab has a half life in the vitreous hunor of about nine days. These
data show that an injection of 10 uL of concentrated (40 ng/n)

Lucentis(tm into a 10 uL reservoir device can nmaintain the concentration
of Lucentis(tn) above at |east about 2 ug/nL for at |east about 180 days

when t he i lFiGen ggj sﬂo%?i@{ehﬁi(&moﬂc@nﬂ’ﬁﬁné/ bt B EBHSmaE ifthe VRADEs RRRM NI Ne
days, that t he devi ce can provi de therapeutic concentrations for an

extendedaﬂDnéwmhmamnwéé@pmmbou@ﬂlﬁﬂnﬁayBuWhemnohéOMLnknunhamhgbnﬂﬁﬁqﬂne

concentratj on.campri ses; .no,nor e tha t% g{ nk IR shows
e hd in Whic ramblz 135k as Mal { the vitteous oro a 0 nlne
det er ni néet concen oS OF TPERFBIS G | e V|treous unor 10 uL

concentraaﬁﬂ’Mmgﬁﬁmjﬁkamm@A&gmghﬂkflomL&ﬁbmﬁﬁnmmabmarﬂﬂnﬂ&Lﬂewm@%4MaM1ng a
rel ease r@te |ndex(§;.0.01 and.in which the ranlblz b has, a half life in
the vPtrdBUs TRGREIT Gics 5Eymamiajt &9@”“?ﬂ€?é’&&?ﬂ“§ ‘Wﬁéteﬁﬁabﬂléctlon of

10 uL of yeaNCRILI RELdodift Q3084 hk WIS 1FE ofﬂﬁ&nﬁsTMQn‘tﬂe Jl@&ﬁl'éYsOAtﬁeagleV' ce
can maintain the concentration of Lucentis t above at |east about 1 ug/nL

for at | ebett nuisclays. 280thdbihs dotencanpeoidg theqapgusicspneentretans $or anrextendedsi t r eous

concent r ATcAREP Ay shF AFUR A el R sHHAGS SRR PLRY AR R OSHERRIA

m ni num ithaniaboit@ryg/mbncentrati on conpri ses no nore than about 1 ug/niL.
[0649] FIG 19S shows determ ned concentrations of ranibizumab in the

Vit @Qus [¢Y48P" FiQ! 19R HwdkdeRHAMEBREShCbMERDAY Sf rhdiBiZIBAN ) the RitREkd RindrF60a @ 10
uL device having a rel ease rate index of 0.01 and in which the ranibizunmab

has a hallf uLicpecenfatehbugdntis eddd nrimb) ingfetign e 2 AP v devigs havinges elasg wisshow
that an EI{H n$ %H)@ﬁ] af?(i 1:{1]\9111 th% arﬁ&%ﬁtﬂ% ﬁlas%mffg hfaljhE ¥1t1%¥1§§ ﬂlﬁpclr%f gﬂ'&lt ﬁgé )

Lucenti s I nto reservolr device can nmalntaln e concentration
of Lucentdnygs( tﬁil)eseerbm/@lowtthtttetasmjeabmutf 10 ub ofigdurkentraed (3110 mgam) Labotis ™8 adays

when the life Lucentl e, vi Lreous bout n|ne
days, - and0pheserg e Ca Baitn B caReb it ER e s oneBie POERO AR o
ext emged utghﬁlpfd@tat Rhst kBas 1| s@BAtwhd Ghtayslira e Nudn s ™M iR i redul it 1 @kY

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
20 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
25  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

30  index of 0.01 and in which the ranibizumab has a half life in the vitreous humor of about five
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concentration conprises no nore than about 0.5 ug/niL. [0650] FIG 19T shows
determ ned concentrations of ranibizumab in the vitreous hunor for a 10 uL
st andar d wocerwassy#sn) (10 ng/ L) injection into a 10 ulLPpdewise@oh2z63ng a

rel ease rate index of 0.01 and in which the rani bi zumab has a half life in
the vitreous hunor of about fivedays. These data show that an injection of
10 uL of standard commercially available (10 ng/nL) Lucentis into a 10 uL
reservoir device can maintain the concentration of Lucentis above at |east

about 0. 23 g/l Ja@f sty th@c%ﬁtmjéaﬂ)‘dtof 1§QL%¥t§nM@ eor{nlﬁ@rcmly avhildbg (@ i)

Lucentis(tm in the vitreous 1I's at | east about five days, and that the
devi ce carg/pkplicetis Men@plel@tulcree@medwmqaom@mtmn flesncomxergmtienof Lupeniaf  at

| east about L mum,in conc fi ncnmlses no
nor e thanH?aVbeoag?e a% %%m%nnq_g/m@%rrf%lleasﬁa&ou@a#a P%nntgl g%ﬁtfglaero et “devi cé'

char act ethestifréss fisdt las%mutcﬁtverchbzgaﬁd e thedgvite mmoﬁ'dsﬂﬁﬂ@bml’t [ 0651]
Tri anti nol one acet nide is st er0| d used to eat uveitjs.and ot her
ﬁieﬁft ﬁg’ Pwﬁi E@t

di seades CPWB‘WI"H@ BenreEEn 99??3 bautyl 8fglaysy £ PERMYHPROHP YN of a

suspensi @pnRhtrdtlon@RpNRsAVENGE BlARLAR OBYudhgr adm nistered to patients
unresponsive to topical corticosteroids. cul ations as described herein

I
el cave ERepa. P GRTRENRS bR CORLETRNH T Br R EE ool e,

a devi ceawu$pgendionulL reservoir voI urre | oaded vvlth 0.4 ng using a comerci al
drug product (40 ng/ L triancinol one acetonide). Cal cul ati ons were

per f or "egogsd| NAr@n¥abife %et&%délﬁla%rtfc%teﬁoﬂﬁus%@k&t@éa't h@é&t@:ﬁndtdth&rai%ﬁh‘ék one
acetoni de neasured at 37Cin 0.2 M potassiumchloride and a diffusion

coef P ci amolgg eeudar dnftammaiionepriane nitavitigeal afectzonsefe suspepsiee of slanhelongr get
rel ease ¢ ?&{%@m%@lﬁl%gé(ﬂﬁ%spe?éftg YR &HE’%{){%G edtoct!) leggﬂtlcgﬁéfgfds Aéxl%ﬂlaﬁér?srml €,

consi der ade stainless racteri ze

with P/ Fa;d@cﬂ]&ed&mlelmwbm p:ekfnﬁﬁai tofde@rbinmthe dHStan'@rﬂ;tlmss)éa‘dashueﬁlat Wdﬁlﬁd

cal cul atleg ihu%%est t hat era eut| rel eafse rates could be achieved with
a devi ce ﬁ‘@tlcaa“b W‘fdrP area of 5 nmR2. This could be
achieved with a cylindrical deV| ce haV| ng an inner dianeter of 2 mmand a

| engt h 00653} o ¢onsideyiadsvise wWithnk ulcsarerayolyae yoadedwith Qe B8 usingadevi ce coul d

be a 1RO QUmneHial 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 1 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 1 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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with height of 0.8 mm (0.5 mmthick porous face plus 0.3 nmlength) of
porous tubing. [0653] Assum ng a typical value of 3 hours for the half-life
of a snalwormioassi4® in the vitreous, these cal cul ati onsPsugges/oeisdl devi ce
wi |l achieve a steady state triantinol one acetonide vitreous concentration
of 0.12 ug/nmL. Exanple 11: Cal cul ation of release rate profile for a

t herapeutic agent suspension disposed in the reservoir and rel eased through
the porous frit structure[0654] FIG 20 shows a calculated tine rel ease

profile ¢fesa) t o6 2REMLIWE a AR MatcE 't'i%_{éef@féhs%'bréﬁﬁle B § ARBIVRL aglt dulp iR £ 10.

Trianti nol one Acetoni de concentrations in human vitreous were determ ned
for a 10reservdaws maljlwrmnie RRI Tmmm(ﬂommﬂ\@ml@mme.mrﬁhensaaIhounlaawit@p@s weree
based on ((Jlgttc]rentﬁﬁgd‘l%tr 1, QS SIoWn (ARAUE Jr% LIE,RURRERST “calé{ﬁ‘a iRl QL1 Yas)
generated W nunerical sinulatrion. sumng a constan elTvery rate of
lug/ day steadguativghs sinstiraatoan é@uld JuspdnsibrOThe p@fitoweLgent@tddorith munidigalvi t r eous

of a human eye can reach within 99% of the steady. state value in ay. At
the of he rsméfﬁ'ﬁlo&f gfﬁ’f&“%ﬁ %QOI%S@PE%@C%@F i°& & UEidRY stafting I“?agﬁ"}néa_r’i‘e@ﬁg(/\%t T_ﬁbetq‘e

Vi treous gREAIEH HRA IR oBARShANye@hh Yeadh lithfn JBEoSME bidadlr de LSugRNe;
nore than 99% of the dissolved drug’is delivered within a day. [0655]

Assumi ng day-tAtpheethencall géthsfdrgs istvasesprple, thsinhdatfon|shéws e vérosral | ol ecul e

in the VIcBlfcl%gtlﬂﬁ{onr\@v%%%?B;S?Eln%?flfalll SfRe F(ﬂ% &5 & oﬁ&t &Jé' aqeﬁ)\él’/(?(?f ﬂ% hilsso?\(/\eraii eve a
substantially steady state tri1antinolone acetonide viireous concentration
of 0. 12 dgignk delivetddevittabbiday.or nonkey (vitreous volunme of 1.5 nL) or 0.04
ug/mL in the human eye (vitreous volune of 4.5 nlL). The steady state

Vi tr @Qus [§g3RF EMNsE@hin@ R t7i€al RRIUBHAB RS s WhHthd hdl NBe®T b SmAR nlodRAR inSRl 1 d
trianti nol one acetonrde of the suspension in the reservoir. As shown in
FI G 20, vdregesyithese oglewatipng mdigate thatdhe diviicoppil | agicghaisuRstaatzadly sRatestpigdex of

1.2 1 Dl ; i . 1 £ts. in th
uman vi aR SRS SRIRE 3ty doh BRRRRANE .12 HEAORGANEE: bORoAR D Sou 1 e
st udi es bawed odn.Sthk) ereb@higigd. iddsdninbecyb erigcous valunteerfdond Ly tThd steady

determ ne, he rel ease r %t e profile in Ei ui.n hl:g)man Hyent s, ;and the drug
reser voi Mo St pisfisdal apismei ol et BRloETABRY BRSNS 1 or
t her apeutigoh@nefthd sdspénsontia kigatsedi® AQkhslint Fel easaievitbevigubmtant i al |y
constant drug concentration amounts can provi de substantial therapy and
decr eas e reservoir volume and Release Rate Index of 1.2 mm can produce substantially constant diug
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 sifu 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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side effects. Simlar studies can be conducted wth many suspensi ons of
many therapeutic agents as described herein, for exanple suspensions of
corti costwoanuwssssd anal ogues t hereof as described hereiPoT/US2@0PLE3L2:
Measured of release rate profiles for Avastin(tm through the porous frit
structures coupled to reservoirs of different sizes and dependence of

rel ease rate profile on reservoir size. [0656] FIG 2 1 shows a rel ease
rate profiles of therapeutic devices conprising substantially simlar
porous fjd ﬁstlﬁé’é?tlG'ﬁﬁ%es@ﬂglradn&@vé’{-hefa'foccﬁf d%'vfcesa&gh%oﬁ 1é*l £9§ﬁLYé§er01rThe

rel ease rate I ndex of each frit was approxi mat el he release rate
for two eivehapeuilheddes weprisiag tiwoidpl @swgomrelﬁsed_thﬁ ésefrtmor at aupdoximetely

t herapeutjc devices .ea [i.Sin uL. reservoir The devrce
conpr |t e S 148 B AL R SORP T B B ATAGE MR G St IRkl |

t he rat erejéaséhaee dﬁvxmeilesnmm szd@nlBtetthink elsercleaierrate Phefsle, slirela&raruhd re;leetsa show
t hat the release ate i.ndex and res rvoj r can deternine the rel ease
rate profd'f BACKFRATCEHNQIT PP oop BEe Pareleareﬁbeﬁle@ﬁautwe?eewar 0 ighdpgtime.
configured to rel ease the therapeutic agent for an extended tinme. [0657]
First St (@571 Thesdendy: ide dateweesametburidiwitipa 1Guly volpleugrsrvioase follivrs: 3%

foll ows a P »it

urn, 316% ﬁgbf%{o#%((tbrrggrlr d’(gg e‘{l%?l%?rlws“?nmg’@% S e]rtfté)?éoqgt% anpl e
8 above Giﬁbs‘tdmiralljnelanlashmenklstauExmgplaﬁdrbsvd (rreﬁmeh&esiﬁuﬁwblﬁgﬁhd fAtamei S

truncated when e_of | i cates a bubbl Se ta in | e 5A
bel ow. [ S¥E]: éggoﬂeras%fawategrréwaareo Péerﬂr&a%?%wambﬁb@e%eﬁetarﬂéﬁb §oi r

as fohl owa:pekRy. M/ ML Avastin(tm); Frit #2 (0.031 x 0.049", nedia grade 0.2
urn, 316L SS, Mtt Corporation); Michined fromsolid beading, closed with a

pubbl o, TPL SR b BT MORIR I I SR RAPE P eb el ¢ e

aver age GhmmhéMsmua@qdoal&memehaaxhe@mé@@2mnednémSﬂ]ﬂnd(heasmnmﬁ rates and

UV refe icjent of variati wn. statis net er.
Bl o Mched SSreanp b ElEn cloat i bieioasd 376 AT s RS bReb BN
porous f kddlicates formed a bubble.

15 Table 5A. Measured Release of Avastin™ and RRI.

Volume (uL) Device | RRI (mm) | S8 (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

20  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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structures. [0660] FIG 22A shows cunul ative rel ease for AvastinTMw th
porous frit structures having a thickness of 0.049". The experinents used:
25 g/ L woastoes§sukM  Frit #2 (0.031 x 0.049", medi a gr ade/uB2@00263B816L SS,
Mott Corporation); Machined pol ycarbonate surrogate with screw, Reservoir
Vol unme 37 uL; 37C. The devi ce nunber and correspondi ng RRFs for eachtested
device are listed in Table 5B bel ow. The determ ned RRI based on
measurenents is 0.02, consistent with the nodel for release of the

t her apeutiseqageint aR%isA8%E ThieIBMRIE. NFhcAltHAHGN RRAPRsVdhiAbihkhnd & not ed
with regards to the neasured RRI for each test device, the RRI for each
devi ce cl2perngisedt wigh thetrerdel foe rel¢rse pethe Hweapofitic dgent dsalcapdad heemgent , and
t he poro structure .can be further characterized as, flow as
descr bed WEPE T R RIS pot haR g B ISP B KB SR B e
Tabl e. SBRIG&GLEh Hvize AR BE usdiawaletetiniut dicirvieaseelf @rsRerbpoutidvugasit,iant thwi t h
porous frit structures having. a thickness of_ 0.029". The experinents used:
25 g ni PAPHS BFEHAyan krf’rﬁlfthifé’hef@?t%@wlﬁ% godlow arelgpeivget Befeingo Serng 5L ss,
Mott Cor Ml%h'b%) ladvRehd inee @kycar bonate surrogate with screw, Reservoir
Vol une 37 uL; 378 The devi ce nunber and corresponding RRI's for each
tested device are listed in Table 5CT%§]I o4 The determ ned RRI based on
measurenents is 0.034, consistent wt the nodel for rel ease of the

t her apeuti c agent as descri herein—ALthoygh—seore variability is noted
with regards to the rreasure?eg??r‘ R%%’“H t%@%%%ﬁi—ce, the RRI for each
devi ce can be used to deterip “e2 R .g;bﬁa‘e Bt ke—t her apeuti c agent, and
t he porous structure can be [f et s epterizzee— th gas flow as

descri bed herein to determ rre—tyeRRE Gt pr—tg pracenent in the patient.
Tabl e 5C] 0662] Tabl e 5D shows gy updgigs tPTaigie 58 showi ng experi nent al
results for up to 130 days. [STRptaftygoidapte sz 7S n update to Table 5C
In both cases, the RRI was dJetegm medoby [ tltadw the rate data from each
device. For the analysis of [data up to I3P days, thne first data point is
excluded fromthe fit becauqe Mg [rodebo apsunmes Thel maxi mum delivery rate
occurs at tine zero while therecvs|sama sfartup tine often associated with
nmeasured rel ease profiles. The

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”,

t.

Q
19
A =

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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ease |1s S

day is slightly
?%lently high to

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.

15

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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t eachi ngs descri bed frergrm S T Uh 70T d T oBaSKI T 1 4iT t
determ ne the rel ea$® T € QT O 04a€ W UIp si00 Tigyaat [dat aof Oor
time of at |east abQUU g€ TOTGFBo T[0T ©xanp| € oad ! st 1 edou}
SI X 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 55 0.034 59
Mean 0.034 0.035
%CV 19% 17%
Mean for
S8<2 0.030 0.030
5 [0664] FIG.22B2 shows rate of release for Avastin'™ with porous frit structures having a
thickness of 0.029” as in FIG. 22B1. The rate of release can be determined from the
measurements and the cumulative release. The outliers in this data can be related to
measurement error, such as contamination that provides a signal in the mBCA protein assay.
[0665] FIG. 23A shows cumulative release for Avastin™
10 The experiment used: 25 mg/mL Avastin

™. 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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nonths or nore, so as to determne the release rate profile for an extended
time. [0672] FIG 24B- 1 shows rate of release as in FIG 24A- 1. Exanple
14: Det erwOrrato/isss48f Ther apeuti c Device Size and Lifeti meThss@d022s3M ni mum
I nhi bitory Concentration In Vivo of Therapeutic Agent [0673] Nuneri cal

cal cul ations were perfornmed to determ ne therapeutic device sizes, rel ease
rate profiles and expected therapeutic agent concentration in the
reservoir. The concentration in the reservoir nmay correspond to the useful

l'i fetimepgfphha oqefﬂéagﬁemgﬁts ﬁs'(ﬁ@a' BEt \G@I%%tén@lw%tﬂ'lé)[ﬂ§dé?ffor PRIRREHII C agent
into the reservoir or other replacénent of the t herapeutic agent. [0674]

Tabl e 6Atshapastic dgeniasdosaribdderef t her apeutic agent is released fromthe
device with concentrati on anounts at or above the M C. These nunber of days

corresponebesp FNGefF et ishowes dunfuditiveeelofse thsbodevd ¢a/s or fkaect wieh § iaervbet ween
injections intg_the device. The cal cul ati ons show t he nunber of dagg»of t he

ext ended VoI of &P ahs ThEKE 33 And hRBRI 9480 enp sprresponsts substangially; i the BBI ate

havi ng a @54 FEQMBeMI R AftrdisSRBARI f e Ee%a@e of théigpéﬂil{c Bbent TRBudthe r anged
from0.01 to 0.1 and the MC ranged from0.1 to 10, and can be determ ned

wi t h expepionesitufurand clinical studies as descrlbed herein. The half-life
of therapeutic agent in the vitreous was nodel ed as 9 days, based on human
data. Theodempx FiGAl3Baghes/s trdte oNBkdakaiy ia 6NG EXBA. aflicatleafe rhto @n@apRow heatagent in
t he V|tre

nor, for ex le within a S.0 l.a e nt or ection
of the tH ?aé&g gboy v&p?f?"?%ab@@b B& P g&ﬁ‘ﬁ@h%ﬂﬁ%’r{f TGt ﬂéﬁ%evi ce
can mai mf?fltlaaﬁi Beshgﬁ%ﬁﬁl%%fﬁhﬁ Qbs ueﬁﬂﬁfe@ﬁﬁ@fa’tecoﬁgl%zme i Q{fﬁamgfthlgﬁé days, 385
days, 224 days, and 62 day for Cs of 0.1, O. 1, and

res pé@t i wegvyde theyppaaag aifba In merdtah@r\wﬁethl@ |d6Jgarg@nfte medel. céhimughéhm easvhel a(t m
having ar 1Ml%elq£q} 91? %ld{lt epfetrif gfotr rf'l?e 1%Fe\£§e rgte é/ﬁlg% &]etvglop C{%cfgghﬁprgﬂ{eld%

concentra ent one year. ese numer ta al'so show a
concentramnﬁ@cﬁﬂmﬂh&ﬁ@pﬂ@imgcmgmﬂsofék@mﬁmds&mmmrﬂheuﬁﬁmecmammﬁhln a range

of the current clinical bolusinjections. e l e, the Cmax.ranges from
o 1 to Tioe BB B TR R rotes oo OF R oBisel 61 1 abivet et ¢ he
Maxi mm gedceiB&eh@éint Hgir@R@ifol dinAg 8l i8S Hehraduldi@Riing thSreWatdvaft Rosiaf e
range for the patient. [0675] A Person of ordinary skill in the art can

condiit @ﬂﬁb@dﬂﬁl@m@atacfoa@ @(ﬂf‘rﬁdﬁ@ ipg of aftlgast phauyone 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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of the therapeutic agent such as Lucentis(tn) in the reservoir, and adjust
the size of the reservoir, tine between injections or renoval. The

t her apeutwo 2agasss48an be sel ected and fornul ated so as POTASAEOISEIA
stability suitable for use in the therapeutic device. Table 6A.

Cal cul ations for Tinme (days) above M C (20nL Reservoir Volunme, T1/2 = 9
days, Drug Cone in Reservoir = 10 ng/m ) [0676] Table 6B. Shows
calculations for tine (days) above the MC for a therapeutic device

conpri si pg ﬁa}zgrﬂ-l%ﬁﬁ%} IHW@Y thM'l Elfb‘gé&ﬁ%nt%{eg the %t@&%@leas%ngsﬁl&gnt%?n f;Fon

Reservoir = nbodi ments of Table 6B include si'm
conponenpgwmbthﬁennmb@ﬁbmmma®mnhn¢abmeﬂ©Ah@m@kmhgﬂ®®$r6hbd@hﬂhneahdvgmwlC

achleved t.h ¢ f xa ahov he
v C can BUAGsEOTSEERNEO Rl 48T profiElo GHATR, fosyb) 5l iq RREHE ST
7 ug/ m tHeaﬁqaﬁmhnecehg chdn@éls eRthapbdus ‘sﬂnﬁ:tﬁrhahameaatse aitagefik coryspoadpr i se
Lucentls(t an M C of about 0. th vi ce nmay  mai nt

t her aﬁeuﬁl %!Ye‘i‘fglﬂ%lfe %Fsratfflng%e(wmfapp@utﬁaée%%ﬁlﬁ t?aﬁPm%@ﬁPH@dﬁ’@éﬁ% a
These nupekieaf ordRhs RiIBR BRIANCAIEAEETES AL kQBasPtard PRGARPSHE LddiRGRNata

rel eased fromthe dévice within a range of the current clinical bolus

i nj ect i offiey.anfeatendscatimt ef 4t fieasCbant nanp@h. fioimeaple af fagrbeutihse droomhst fie RRI
fromo0.0 otn%s%lr_?no"ree%Q%sCtto'&é?er%éﬁle%' J%leta% adr?lgﬁl eﬁﬁécﬁ%ﬁ@ of therapeutic

agent suc ucentrs s w na sa e patient. [0677] A
person o in the art can conduct experinents to determ ne
t he stabJWﬁ?ﬁ gfét%l i éﬁﬁ&&ﬁﬁﬁﬁﬁﬁnéﬁghgéé'Lucentis in the reservoir,

and adjust the size of the reservoir, tine between injections or renoval.
The tfBer Epempllqzl%Mmuamwfsﬂleéemwlcmwecﬁim@tIeléietsme based gnddinpnpge a

stabilit evi ce. Table 6B.

Cal cul at %‘%ﬁgitégﬁé%gﬁg{?gg@% ?/é‘}gg)\?e hl\ﬁe@%?ggfﬁggvgl unme, TI/ 2 = 9 days, Drug
Cone in v ir = 40 i 0678]. Tahl e 6C. .Shows cal cul ati ons for time
(days) alf@g %@W@f%&%@#@&%@ﬁ%ﬁ’r@eﬁ& gy TaQP‘HEj VISR FECBIICHTR,

Vi treous gkt fn%ﬁ?es%ngl a¥ectedficbrdetie £RAECINBIRESH UOhE résedBir MIh&toncdktfation
enbodi nents of Table 6B include sim]|ar conmponents to the enbodi nents of

Tabl e 6AImthg reshEojirpyspEgsroNfEo B gsdulNifetine bf @9 daviog. OhtIBE MR HU¢EANDf 40
my/ mlS Fgﬁ@%ﬁ?@ﬂ&lc gétqﬁt{)ttfég% %Qﬁygr c;tﬁ'% r%ic%eﬁ%'ﬂt 8%h@%98pe&%%§entl347 944,

542 and
[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 RRI and MIC for a 20 uL.

20  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

25  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

30 therapeutic agent released from the device within a range of the current clinical bolus
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and 7 ug/m, respectively. For exanple, the therapeutic agent nmay conprise
Lucentis(tm having an M C of about 0.5 and the device may naintain

t her apeutwo 20oms&¥IBr at i ons of the therapeutic agent for Pooris2ealameabout 2
years. These nunerical data al so show a concentration of therapeutic agent
rel eased fromthe device within a range of the current clinical bolus

i njections. For exanple, the Crax ranges from9.1 to 64.7 ug/nm based on
the RRI fromO0.01to 0.1 respectively, such that the naxi mumrel ease of

t her apeuqﬁ EctREE NEorIWAfpRSih @ﬁ%&trér%eé %oﬂ’{' A Pid 1% BRESoR AR R blog (pali ent .
[0679] A person of ordinary skill T n the art can conduct experlnents to
det er mi necspértivstyapich nhaytl@fmamumhelﬁ@p@tﬁthecapagmﬂgesmhh asLucguenit iiswithinhe
reserv0|r and %QHH t&ﬂ? size of the reservoir, tine between injections or
removal . ?ﬁ erape% I'C agent can be sel ected and formul ated so as to
conprise a stablllty sug&able for use in the therapeutic, device. Table 6C.

Cal cul at I¥Hs] 1 gy Persdpert CEHEYEY S@Hdwemﬁ@a(lse@@cwpaﬂ@emfriq determinfhe stabifipy o
Cone kn B?ﬁl% N @ifeutfc AQnME{cHL) LLAGAOM Jlﬂ?e BXRTR, 8Rd S AW szc AR ERsBvif, 0 6C
can be nodified by one of ordinary skill in thé art in many ways based on
t he t eachimegstvkes cwpdiods peicaioral. F thelsaawlcelgerttl@en Bosaldctadenmd fargivlateeasp as
conpr | Setoa@onggm@g%a%wmﬂagmﬁsg B DS, LEsaryQir after injection of the

therapeutlc réservoir guantity  of therapeutlc agent can

be adj us e S S rovi Ie se f |red ex ded_tine, [0681]
The por odgPlf ki Cacrfied lﬁﬁf@fi ?‘b%va%ﬂ@?@% P et yebimanT 1 n%ﬂ%r

t her apeutprgg @g&ph§Ra§ﬁ@Hnam)h@nﬁﬁ rel ease of therapeutic agent that has
degr aded so as to forma partlculate for exanple. Wirk in relation to
enbodi ments suggests that at least sonme therapeutic agents can degrade so
as to forma particuldte and that the parmqugﬁﬁe conpr|5|ng degr aded

t herapeuti c agent [may lhave an undesired effect on the patient| and the
porous frit struct agmgesct | be rei n may, at| | east paftiqally filter such
particul ate so as ?%ﬁiﬁhﬁ%®1 %gtaﬂ?fal gide %ffeéfs oﬁ d=q;§ded t her apeutic
agent. [0682] TabI@DQE shows exahpkes| abs gi zes ofnthenap=UM|c devi ces t hat
can be const r uct ed—rjaceordarcetwthrthetteachnRgsradeset+bed) herein, so as
to provide a suitabBt®e |voltime Bf | HE" dr ¥ rledkrvoit wi tthi p t°he| cont ai ner and

such devices may cqmr| ses many; | pngt his, 14 |dtidis |anre 0 0
006 | 2.6 209 147 120 93 63 40 0

0.0% 104 170 124 103 a3 61 42 14

01 119 146 109 o2 75 58 42 30

10

[0676] Table 6B. Shows calculations for time (days) above the MIC for a therapeutic device
comprising a 20uL. Volume, Vitreous T1/2 = 9 days, and Drug Conc. in Reservoir = 40 mg/ml.
The embodiments of Table 6B include similar components to the embodiments of Table 6A

15  and the improved time above MIC achieved with concentration of 40 mg/ml. For example, the
time above the MIC can be 1079, 706, 546, 385, 225, 95, for MIC’s 0of 0.1 0.5, 1,2, 4, and 7
ug/ml, respectively. For example, the therapeutic agent may comprise Lucentis™ having an
MIC of about 0.5 and the device may maintain therapeutic concentrations of the therapeutic
agent for about 2 years. These numerical data also show a concentration of therapeutic agent

20 released from the device within a range of the current clinical bolus injections. For example,
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structures as described herein. For exanple the frit outside dianeter
(hereinafter "OD') can be configured in nmany ways and may conpri se about

| mrm for weanmmss4er about 0.5 nm The | ength of the friPCT(UShol0ke®3s) nay
conprise about 1 mm The volume of the frit can be, for exanple, about
0.785 uL, or about 0.196 uL, for exanple. The volune of the reservoir can
be fromabout 0.4 uL to about 160 uL, for exanple. The volunme of the

t herapeutic device can be fromabout 0.6 uL to about 157 uL, and can be
pOSi U1 onGl & TANYe RS 8.411017 BEATRISR M RRI Aok B EITRLLS fafthe
substantially fixed volume reservoir or an expandable reservoir. The cross
sect i onamaginairh radéase hethdepewe ageyt sudr asdggons A?CS wigny a safe emnge ffortheratvpt. e
many radii, and the radius can be within a range fromabout 0.3 nmto about
3.h5 (rjmn f[@H77PX@gj§Hrﬁ)n 0Ebﬁi1ﬁdr9$l$ﬂliﬂ?teia@ﬂ’baigﬁcdﬁdhcﬁﬂ@)eﬁﬁiélﬁtgﬁpdﬁﬂﬁb iviing: tElé aaﬁmeyr s of
t he device can be within a range fr about 0.6 mmto about mm The

| engt h op?{hﬁéheaw%%agqnhwba? H@C@H%ﬂgaﬁwgse«;‘f%e%? ust e zg Orfél?e TSFEVOI,

retensi ofpRtyeHedeH i eGRAs BereMRMN. Tihé BRr@RAHCARNDENWe kL Ae@arlPRERIHAT apout
2 Mmto about 4 nm for exanple. The device nmay conprise a substantially
fixed di &neaeprise gstagilitesmablievel ysedathetecranepandaince, and may conprise fixed
or expandable retention structures, as described herein. Table 6D. Exanpl e
15A: Cal qublattBoQalknidtiomestT @readhysphbSaMIC (26LEasturh@tTa/ P+ ofdaye HragCandrodel
for a therapeutic en el eased through the porous frit structure [0683]
Studi es #tR @qqgvo,lrg%(g % fl uorescein fromreservoirs through porous frit
structures were conducted so as to determ ne the rel ease of small nol ecul e
drugs through the porous frit structure The fluorescein nopdel shows that
t he porous frift strjucturep and reservoi rsl\@ﬁ de;cb i bed herein are| suitable
for use with gmal | rmlecuedrug del i ver é 8%ease profiles of
Avastin(tm, l.ucentla and _goA rm[conj upcti o W tirrne rfooresgei n data
show t hat the |prRRDYS sonudt w.es |and rasezvol rst cgn be ysad fpr

sust ai ned rel gase df# R/ drugd. noldculesland therapdutic Lmu_\_s of many
mol ecul ar wei ghg §; gndg gi Zp§ 74 36%]5 II Gup 2bAghawsygurful g i Ye gel pase for
fluorescein tipougd—a—0-2 } porobs—frik strdctured The pxperinent
used: 2 ng/ n |F).oprlesicei n| seadi Ym44Br it 36@ [ 0288 |1 2000.|]0495, | 93

004 | 259 361 268 228 188 148 115 94

0.06 344 262 200 174 147 120 98 &4

0.08 41.5 210 164 144 124 103 87 76

0.1 47.6 179 141 125 109 92 79 70

10

[0678] Table 6C. Shows calculations for time (days) above the MIC for a therapeutic device
comprising a 50uL. Volume, Vitreous T1/2 = 9 days, and Drug Conc. in Reservoir = 40 mg/ml.
The embodiments of Table 6B include similar components to the embodiments of Table 6A
and the improved time above MIC achieved with concentration of 40 mg/ml. For example, the

15  time above the MIC can be 2706, 1737, 1347, 944, 542 and 218, for MIC’s of 0.1 0.5, 1, 2, 4,
and 7 ug/ml, respectively. For example, the therapeutic agent may comprise Lucentis™
having an MIC of about 0.5 and the device may maintain therapeutic concentrations of the
therapeutic agent for more than about 2 years. These numerical data also show a concentration
of therapeutic agent released from the device within a range of the current clinical bolus

20  injections. For example, the Cmax ranges from 9.1 to 64.7 ug/ml based on the RRI from 0.01
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media grade 0.2 um 316L SS, Mttt Corporation); Machi ned pol ycarbonate
surrogate with screw, 37C. The fluorescein sanples were assayed by UV
absor bancwoapiMaB2s4eam wit h a pl ate reader. The det er m ne@CRRIS2@922$3DN
measurenents is 0.02, consistent with the nodel for release of the

t herapeutic agents as described herein. [0685] FIG 25A- 1 shows cunul ative
rel ease to about 90 days for fluorescein through a 0.2 nedia grade porous
frit structure as in FIG 25A. The nmean RRI based upon the first four

dat apoi nts ‘{\@éspgctglg ﬁr"mch-ﬁtfh@ HEG ALK iR rERade®)F %&%eﬁt@g ag%Qt Ql@ly 8s (feRligding the
first point) 1s mm These data show stability of the rate of rel ease
and thatWnﬁel@@ﬁbumgéﬁrﬂwsmn@@ture can be used for small nolecule delivery
or large nol ecul e delivery, or conbinations thereof. [0686] FIG 25B shows
rate of f[@79pser ﬁe&sdnl’bflﬁhﬁnar? Sl id e ditedag aseiucad:cdatats shdtéeraicxhe sability

rel ease from about 0 ug per day t .about 1.8 ug, per day. Al though the
initial Péthéé%f‘éanea%a%@@t 58 af LP%@Eltlaayn ithe TeFSTEHE: |a9d P‘BV\% ﬁhq%rpféwgmm
ratess t tfiﬁlerb'é’gvﬁ'eeﬁfmjE&ioﬁ@&erehr%vﬁuﬁfhb SHeBPehive etﬁegrbatﬂ@)e @él@(‘/tb(flj%ldt foshARRHLS &s
effect in accordance wt drug rel ease nodel . Al though there can be an
initial peeinmiisof staboiy SIataula;fomzsp in the thestnsaedsvacee profile to devel op,
possibly related to wetting of the interconnecting channels of the porous
st ruct ur gabk €. Celcelagensrfat Binfar (dhys) ebdeMESEOND S/ duths tTark + aldays, Doug Qenc.

rel ease rate index (RRl) of 0.02. Based on the teachings described herein,
a person“bgaﬁPﬂ?%aféngﬁ?ml inthe art could determine the release rate
profile with additignal data for an extended tine of at |east about one
nonth, for exanpple gt | eaqt about three nnné? Fihx nont hs or nofe, so as
to determ ne the release rlate profile f or M4 @? ded tinme. [068)] FIG
25B- 1 shows r gteof lt:lt: Sseasy T A e 25—t Exampe— 58— vt ur ed

rel ease rate pnogrt4gs Crgs Luycenfig6t m thaugp the4po ous flriftg sfructures.
[ 0688] The experinerﬂé@' gqd: 10| no/ ml} Lucepti sTM Machi ned fpol y(jret hyl

met hacryl ate) gug gn Resgr oiz» Vpl 30guLf 37C. Al
por ous frit strm‘{)urpt ‘ar 270§C i 7 E%A%(‘wre%%r:flj%% 1%2 thwn are

nmeasur ed data fr@UQc|h7QE4IQQ@ =nggpt koo B d@w|sampl ps3iichat 2showed eit her
bubbl e growt h @—ex—+eecerrer—yptire1—10eSp—Falte—6eshewd—+est t s for 39
out of 48 devi des04dr @lisnd saed| i st e suab| edaend graphs26s | 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

10 [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.

15 [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

149



shown bel ow. The data fromthe in vitro studies shown in Table 6E show t hat
Lucenti sTM can be delivered with the device having porous frit structure.
The di amewerzorozsgad from 0. 03 1" to 0.038", and the | engCh/usasngmeéit om
0.029 to 0.049. The nedia grade ranged fromO0.1 to 0.3, and the RRl ranged
fromO0.014 to 0.090. The data show very low variability suitable in in vivo
human treatnent, with the %V below 10%in all insances, and |l ess than 3%
for four of five device configurations neasured. [0690] Although sone of
the neasyrepBlPaielEpftAlyUARs sudiHafi Bkl Ao rhilAPRIGRIA] iEcrRll @Ssoci at ed
with in vitro testing conditions that differ substantially fromthe in vivo
nmodel . Fidvgddadi thaspantic egakcl uded due to bubble growh (10%, and four were
excl uded due to receiver volune issues at one tinepoint for that device
(ﬁ%. Theodsat E) qlrabm@M)hstI@waﬁxaemollaMflrﬁmat gftherraparticaﬁsi@ed t@ateﬁ?%é ténstrbered Bl unr:s of
t he recei ver below the assuned val ue due to evaporation frominadequately
seal ed vP&Io&dFEe Wik ﬂ%edeaﬁﬁwéﬁ fle555 bk hegrn, spRs &opreVids & suifbés vl wae Pﬁt% 4o
exper s nems@ﬂvoir%ﬁhh?@@?mwér SRAVUBEISARS h%&}é@mbﬁseﬁgﬁ%&! 1BndtRY, WRdthOhdt hat may

differ substantially fromthe in vivo nodel as t iving eye can resorb
oxygen f sowterieas deeerdisd dicicon. deoy icxample Bigldbl ewsidadiamgien{hesemadicei VBT) danbied i s
heat ed t ' reat t ' | ubi Ljties at
376, To SR S0R oRED SRDAETRLP LA B S TR chB, bRk B3Rt hts ere
degassed Idngthosfehd fiis éthickoessphay fendeviab@s .l nline Tac exlpetiofertfal canrbeyfdir o

studi es su st _t hat_degassi n f es ca helpful with the in vitro
assays. fzs@g%@? al?awﬁ)em% L, P }8#?@%@%%@@@% Rfahs EPHSE A Bbout
thirty days fwnt dyeend bisoM sdroUshe@ni? TRt SdRe m@fa?aﬁicfdewce sddpicture
having a dianmeter of 0.038 in and a length (thickness) or 0.029

cor r espofi@migpond.g ukdo abase 15 Ale 29 can benosiipnshavinanyvisefos exasmic witvaof
Tabl e 6E; ] ! - - i in FIG
25 1 o6 RElmbzgingfiseh SIMRGIR B8R b ERTR06 M RpRNLE GRRY
Lucent i sTht txss 0tioral dédth ofthe davicoigran ciRispend to omnglsomas, 1O S8 pteonatycadii,

0.015. [ 06(?% FI.G 25F shows rat lcgrs of r % gase 0 ttzl}e devifces as i hFI G
25E. [ 069819 T &eUBDS ALY FHER T 3o Wik (Lt hat'a S Mgty St EBIBIr dPGase of
t he LacentdssIdibRividiR afl@ysirdspindengisifettd 0@ theQevike tdn W willah @ sngetfinckesses
and nedi a grades consistent with the o .

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

20  described herein.

Table 6D.
Frit OD (mm) 1 0.5
Frit Length (mm) 1 1
Frit Vol (ul) 0.785 019625
Vol Res (ul) 04 2 ) 8 16 271 31 39 63 110 157
. 0.1962
Vol Frit (uL) 2 019625 0.785 0.785 0785 0785 0.785 0.785 0.785 0785 0.785
Vol Device (ul) 05962 219625 4.785 8.785/16.785| 27.785| 31.785) 30.785(63.785110.785 157.785
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rel ease rate nodel of the porous structure and reservoir as described
herein. For exanple, the nedia grade, thickness, dianeter and reservoir

vol une cawiokelovosssd t o provi de sustai ned rel ease for a pcedstewmesed peri od
of time above a predeterm ned targeted m ni numinhi bitory concentration.
When conbined wth the Avasti nTM and Fl uorescein data, these data show t hat
stabl e rel ease can be achieved for extended tines for many therapeutic
agents consistent with the rel ease nodel as described herein. Exanple 16:

Scanni ngREEEIFAEd Y1 C6.8T apiasg] Of 0P 083] FIig SLIiCTBEES BYBYEN FI Gy 2644
and 26B ROGW &FAMMT &Y eCT T Mo 0S6@Pe (1 EgaS| T aR) T gl ULSH SUggS 0% 5
porous f g &hTuct AT AHTE) KT S ) P & 3”325 362 % 52PY598). 7.12)

mat eri al De{/EaﬁFF]LLI Vel % e COIiereralrlty avdl I ab dafifplres] wel £ ODL al TIieu

f rom Mot {mépr por at i|ohP@hd L¥kprt-Uel AB| 48 ki ‘hq)(&s"' %t)ee‘lo(”ﬁt@”saf‘rﬁ“és e
mechani calTy fractyred $0 as {0 shpw Tt g pofous gtrucfure jand
i nt er confrecting chignmmet il Bhdrigonmat i af t o (et ease the therapeqtic

agent. The m crograph i qpgasmehow a plufalify of|intefconnecting channel s
di sposed| bet ween ogeni n{s) Mdy ds& forf dirh3é cySittief as@ynaddbcpent ngls of [the decond
surface. | [0698] FI GS. 2fisiondengdhBosdxampls esgandabie resep@irr on nji cr oscope [i nages
from surfaces of pgrous [(BXODtacsinmueiaigs ésmafanmeted perogerfatde of 0. 2 and 0.[5,
respectijely fromlthe deiugitraanddatighesncisignepginlimER  The | nages! show!a
plurality of openings off*x}saice BPmayasednnecied w th i pterclonnegting
channel s| as in FI G$. 26§Um. p?@ﬁ”“txanp e 17: Pofous Frit [Strugture
Mechani cpt—H-ow—Festinoyr Bt rtetttesSuttabteor—Yse
wi th Thefapeutic Adent [ éﬁﬁﬁg 3%ﬁ§£gnﬁﬁg 9] The re|ative charactgristi|cs
of sanpl gefements can @L%&kﬁr@&ﬂc@@%dweéry FeSthiate ot it toOl a number of

mechani cal tests, ijncl ut&rn@urbtgndn@t.caq)mnntaeggetseqapgre&sure decay and flfow.
These tests can be conbined wth drug release rate infornmation, for exanple

the RRI, so as to deternmne the release profile of the devices. These tests
can be used with the porous structure positi oned on the t her apeutic devi ce,
SO as tOqu%fﬁﬁ %?/ @X\{{l%tl n mea rQl%r O%‘Sﬁlt @ur%fel#ger IEOI}?GS a% Iﬁgdeq?(g
det er mi ne"sul € porous struc ure S Can e Used

quant i f y atth@rapeutic agent released through the porous frit structure

e

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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porous structure prior to nmounting on the therapeutic device. At |east sone
of the therapeuticdevices can be evaluated with the gas flow of the porous
st ruct ur evoorwmsss48n a partially assenbl ed therapeutic @#eviusegiofeze3exanpl e
as a quality control check In sone enbodi nents, the flow test can be
performed on the partially assenbled or substantially assenbl ed t herapeutic
device prior to insertion of the therapeutic agent into the reservoir and
prior to insertion into the patient, so as to ensure that the porous

Struct ur goinfs il g @h TRE nled RRSR ﬁfeage%r M‘&Jy@@é&élddﬁlg%@ﬂ{st B&Ha%‘ 0.bx¢d to

the device, for exanple a support of the therapeutic device 700] These
tests maynut Thisedata shaw stebyityodf thorakd efgelchsgiadd | thabthe peirduls fnmvcﬂurd@hﬂoe use a

readily avai u as_air n|t pressure

docay {0V EDATLBRR-DEER B ol HIRRE e PR Rl BB 11 oot

may be correlated to other te? results such as chem cal or Eharnacologlc
E é

per f or mat880l FifXe A thgope 789 Pt kst BinfHe Pést Theatkpdatadapshomy s &f a
mechapi ¢ glic£ORBRLCHLAN Ofig ba%akfe@abo%p@@lag% b8, tﬂ%oﬁ?%hehﬁﬁﬁ’l"i@fe@se@% af

number of techni ques have been explored and € These fixtures
i ncl ude &hedostray indighdy bfwar dlanabbspaet tatdsnige trfne 0§1f9€@senlé suifisigatly highlieat

recovera?%osll&e#gér? atlgleﬁ\éctt 1193(;(;8 H&vw %%%,rl,{gsr%%ﬁge%gdeﬁ e)xﬂﬁéuﬁ ebée (%ia%fb%tatni ng,

conmponent’s | ‘'uer
qui ck comrgdtpedodipf dbogt a @tnym) thb Iﬂaéasalrdteptoﬁdﬂwelﬂwﬂm pasxibly epged bl eating of

attachnent to the test. hard Test Hardware [0702] Each of th desired
tests caﬂl%ate&@%}%ﬁrcaa%ah%iﬂﬁ\é?% RRENUE PEytyFe-d ql‘[éfﬁ lé‘“]sR{P iCQHEsPopgs

assempl i @@osfa%aglm}l%taé@léagéoﬂaﬁe ihS RRITESHBED. %s&&o&ﬂ@@éa%hﬁg@&b%&%@dt}%ﬁn a
arrangenent . of these approaches have been evaluated. A wor ki ng

Aga
syst em wiPpIsoE @Tg@rﬂlﬁl@f}@ﬂ(ﬂbmﬁh%m cqudd defeimmecthi nejease rase pr0§be‘@ithr@ddltl@al data
control | ahl & SRHAGE:LYFHRIL tab%Httcsﬂ%%orJéﬁ ot &R a?ie%&fagés Jhre@nﬂ&% gyt er (or

ot her pressure neasurenentz%eV|ce one or nore ucers (pressure,
fl ow, et monthssecchorg soreasuicermme thesteasont frofilo oramdkendghtiher data for
further analysis. Exanple 17A. Pressure Decay Test to ldentify Porous

Struct ur egesPHi Fad! BH-Okhddatd dficldRehapeutl esAnug Del i very Devi ces. [ 0703]
FIG 28 shows a pressure decay test and test apparatus for use with a

poroys S‘E‘XH%‘HJ f5B: 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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so as to identify porous frit structures suitable for use with therapeutic

devices in accordance with enbodi mrents descri bed herein.

[0704] One net hod
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conpressed nitrogen,

may be configured to display sinply the source gage

or the actual

of the figdikisabkrs Qﬁ%(ﬁﬁ'ﬁué & BIRb

decay at a rate det er m ned

differenti al

pressure across the specinen.

One si de

J)\%thql?@%) LAd %ﬂ%@@gcﬁyde@ Hl?eaito'r&gm%r

by the properties of the

frit bei Nglutr@smds atﬁhetlmnmlatn@aﬁ@bd@mr(&%é»ufhﬁ latigr doe bﬁeasmmebsﬁl e essur e

transducegoth
(DAQ t hat> tF

kil

ansfers

Al of

erts an

C \é()aPmC O

SSUITL

gthse Qc%wer elow%hlﬁﬁana

t(f) Va{i1 ed(ﬁle%o gva

kon nodul e
I's then

g

pressu

r ecor ded imdelpuaady sraledseds aSerue a:@mpaﬂtmg erfioit, dntsblﬁe pefah@afsrrhmmezzz@(f e;Qiehﬁfenn‘ar its

or

an_acce
by grossi§

PtabllIHHBB

eqU|renent/§

£ ARESTVE &SR

eC|f|cat on

eformatignyf

T s conpar n
feféPbW“all}‘ gfem

y be nade

© ¢ottar i ng

t he out plfﬁodalra%st&uﬁ@ng@;%aaén%amyg&oﬁ@é]thmeﬁismg&m&sBupml@&@ﬂ%ﬁn woul d

pressurize the systemto sl
manomet ercceivhefledaphrated tadd

108 S MR RY A ARl T

the pres
every

q?mté

y greater than 4

mmHg as di spl ayed by the

s eonsonfatpns ey aretddinihdnscdutalitpgiosi tion as

can

b@fgqo

0

ppe

eaql%{l %e@e?ééf:ms?lhﬁoﬁs%?e?g d@g@@{eﬁXI mat el y

is likely

t hat st arodmajm@hrsm efahe poiicts sTiekoagetimentabiungeo ahdipy eggest ehaddgaysidadfa woul d
rlson of frit flow performance (e.qg.
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Exanpl e 17B. Pressure Decay Test to Identlfy Porous Structures Suitable for

be s?bected Y] a

or S%r@&lasycafﬂr S

time

Use wit h[069d} agebleio®. Drug Del i very Devi ces.
flow test and test apparatus suitable for

to ident
devi ces
simlar

char act er

15

20

el B

1 rect CO

¢ f’b”%‘@és

fy porous frit gtructures suifable flor use w
n accor dance wi §hMefidogi nent s| descrifped herei
1&&&5’ EOSIONSn | f Gradet hr RRIhe t est  sjpéerihenof
i z&%h Length (Um) (mm) | %CV |Replicates
0.038” 0.029” 0.3 0.090 | 2.1% 6
0.038” 0.029” 0.2 0.061 2.8% 14
0.038” 0.029” 0.1 0.039 | 2.3% 5
0.0317 0.049” 0.2 0.021 9.9% 12
0.031” 0.049” 0.1 0.014 2.5% 2

[0692]

[0706] FIG 29 shows a pressure
use with a porous structure so as

th therapeutic
n. [0707] Using a
an al so be

FIG. 25C shows cumulative release to about thirty days for LucentisTM through a 0.2

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]

[0694]

devices having a RRI’s from about 0.090 to about 0.015.

[0695]

153

FIG. 25D shows rates of release of the devices as in FIG. 25C.

FIG. 25E shows cumulative relase to about thirty days for LucentisTM for 30 uL

FIG. 25F shows rates of release of the devices as in FIG. 25E.



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 nass

fl ow nmet ewoant/aska® thru the fixtured test frit. Asin tiReTAISes®NLB3UECay
test, the specific characteristics of the frit determine that rate at which
the working fluid will flow through the system For additional accuracy,
pressure at the otherw se open end of the fixture test frit may be

regul ated to control the backpressure, and therefore the pressure drop

across t %%Pe@hgﬁﬁboi@gﬁgﬂlm@t@w& R ut AU PN BRI ALNIY FIRSL Q¥R TR GRS UT €

decay testing due to the instantaneous nature of the nethod. Rather than
wai ting Bodayser predesangs qf(frlﬁdlmpetetsh@mbsm arrecha gradgsl consiktontlvethsthabi | i ze

qui ckly en ablin ti er. of.sa 0. be perfaor
fapid § actise b Egr i o S R R Rbis 8 AR ABed Rrlf Py m”%n%lreessed

cyl i nder nwdisl @ac&upﬁﬂmeﬁsh@aw@tmmmlﬁvcﬂﬁrﬁstzﬁme tﬁmﬂ't@@r(pjﬁ(ﬁﬁﬁl@lﬁﬁled)f 30 psig
and a constan back ess The test. fluid would flow.through
the test§ ?48? o AR é’Flil%‘I ?élm%i@v?mﬁ‘éﬁteﬂgln&wémm&ﬁuw@ Pf®¥sur e,

but is expeeh®iohO Wign! BnibiiRd a0 ASSERTMARZSD uGSsRRARH, BRsd¥atd HRWBSS
flow neter. Exanpie 17C. Determ nation of Therapeutic Release Rate Based on

Gas Fl owsfblprdpastapn be Fehityodor gxteadiddimessfpr wany therapguig agentgeqnsisteinhwith el ease
of ther aﬂ%%fe&se%ﬂ&ﬁi ag {e}(%&lb%é%g;[%he the RRI, based on the flow of a gas such

as oxygen or nitrogen € porous structure The fl ow through the
porous s uct an he asur d wth decay tine of the gas pressure, for
with the 'lj"r]}( écwlagg qacfron dicsearaphs efckqrpus Byt Rtryctesssure drop across
t he porous frlt structure, as described herein. The flow rate and RRI can

be déPer M6t Eﬁéﬁ%artdﬂé%dmcgmmeelwon ECTYBAOPE itadges fr@m feacarpl edgss
coner ci %k éé/rogsvﬁ't sf?l?étlﬁgggﬁ% %g%?%%?%cﬁ%rn Ihiqu%(ﬁw gllahggér%u{ 1];1 u ; %Epe%ﬁ(lay The

t her apeut’l agen can oro
sim | ar fTastommketllyavaildbée SampldsMerﬂﬂﬁ&ﬂé@ﬁ‘éﬂﬁtﬁﬂomﬁmr@dnhhl(éC(RRbrlSEd)r

Avastint wth the poro frlt structures ased o teachlngs
foscr i bed Hertaiss S&ar Be e iF Rk oy 1o i g cas e B
exper i meRfscti® af@ R rBdSctBFRIhEAfed! Withih AR £AEHL SPRNIENGE t&irapfehl%/\ég'eﬁtt ernei th a
gas to the release rate of the therapeutic agent. Table 7.

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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Medi a Length 200 Grade O 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 8 1 201 0.2
0.038 0.0202010088548 1 78[0711] The above partial |y populParas2aialobm3shows

t he amount and nature of frit data that can collected. It is contenpl ated
to use sonme formof non-destructive testing (i.e. not drug rel ease testing)
so as to enable: a) QC receiving inspection testing of frits b) QC final
devi ce assenbly testing [0712] One of ordinary skill can denonstrate a

correl at 'd@vﬂcé%%%@ E‘va@ﬁh@e@x!‘vltﬁ@feegas fbQWF tHeSRchs @ﬂﬁ“’ctﬁﬂe%&ﬁ%eu% Jangyel ease
testing which relies on diffusion rather than torced gas flow. Thé data

suggest s asshmbleﬂlthﬁmnegstt dngeeoforferirle eamqiydith otritrok elpaehtlabblee ambodimichts, i n

i ne W|t tatl nserﬁgrme%%]ﬂtPr eal LAt blee ting.al Sﬁyl ndi %ﬁt Les that the

es can ass o1 sll stant a
t est for aroRe ¢an bes ant a y sim to’ the'Prit as an

assenbl edmkqmu@cedevibemt ® ﬂ&m@e@fahemhaﬁpemm a@éntvhto |tlmmdrvmﬁfmdqoridn g bitory

Concentration of centis(tm in Human 0714] Al t hough ni stration of
the standfsFidiogdyat "Waﬂa@eﬁﬂ gsdp ere(@efdﬁ@yorf?v%sﬂalﬂuéf‘clrg SO ?ea{;’]if foi@as of Hf ect i on

has beeny Whtid RreREarRfafF@edditY thel dvicB FBEEREhpRY I RIpBI® 0Pthe %é&ﬁﬁ@d@%@f ering

fromwet A the below clinical studies indicate that a | ower

concentr zﬁf (99[] o G[%re]seb[?sty%%q uttl]%_?t r\%%%‘wvﬁkvor % ﬂﬁ\d? eo\{llt il ﬁl%stqq(%?dsg %%a@iﬂ ein

can be use trea imumin concent on I'n vivo in
human patvahbk daberchianairioenittopdtrC' Yo tdté, Hlosv eﬁmtqird:semealﬂmyrtéststlkm bearusedponds

to the 50 thly. bolus injection. For X ucentis
injectio R Aot At S e b %t%ng ofishRaHErIFS 15°8F I8 i n
situppn Iayﬁmﬁaédmdgggggmﬁl@ﬁ& with Table 4D and FI G 19A above. [0715] The
study was designed to detect quickly a positive response to Lucentis

treat mamFixturlng

[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, elastic 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 Identify Porous Structures Suitable for Use with

Therapeutic Drug Delivery Devices.
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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

i denti fy woposvasme ef fect of drug treatnent. The reduc®PCcoruszononetsdnal

t hi ckness corresponds to subsequent inprovenent in vision. Hence, the | ow
dose M C study assessed the condition of retinal thickness both before and
after patient's exposure to | ow dose bolus adm nistration of Lucentis(tn),
so as to deternmine the MC [0716] OCT (Optical Coherence Tonography)

i magi ng 3PSHEGI & GBRES p H&?urgg&gkrté@%(ptfestta?ﬁarﬁtﬁgf&rﬁsé)\f&fltﬁQ%of&g%tﬁE the

back surface of the treated eye ue relies on

measur eneans @fldfm@rﬁt pdrpusirio p)teuwtture‘ssmthblle ifgrhitse @ethgherwlqbc tiéwiees in adcersigingey of
reflectlon&lt 1ned%d%cﬂhe9%re0ted at the area of study and can neasure
very small' anbunt Pet dlllght Because these cellular features are

essenti al transparent i s possible to use OCT nethodol ogy to generate
three di M§ offe mféltﬂdésf@ﬁﬁsa@rfﬁéﬁwd?sﬂpaé I&Ff@Hned[Wﬂith bephvasnEhod®i cal regi on

of pati egiiRnaHEdIgrih e fzrgo mmiuaﬁb@sstuyaofs faﬁ}!)ﬁaa th mé%lyyt@l% bﬁ’ aRlMERRNGESe bient he
structural make-up of the various cellular |ayers of t back surface of

t he eye, anaoswbigy, qomplr@d@dmr apwpressgfl nitecgemaitc. t HiegRaneimetpr ofay da coniigired tag
accunul ahisﬁ%ﬁa{ Ip&i Eﬂcggl}%&*r&sgre éﬂh??iﬁal?%e@%ﬁg%régsﬁ% cr(gsg & 1?1@1? of

fluid accu cyst eva ed via
OCT. [0713&sﬁh©fﬁﬁmhmﬁagq&c@&mesamﬁduymphh@zmhuﬁmmenahhmgaqﬁawmfmamﬁltypes

of assess ts to be nmade .re t he copdi.tion of the anatom cal region
of interddl gefexé‘t%gﬁa%d%?m@?ﬁgq %1%8 s Iy bﬁ@ga@sﬁ%ﬁi he MR SO YShe

enting regisae ﬁﬂ‘aytb@%leaaﬁéodg Jﬂagsﬁrd @@Q&Jc%ﬁ’ihﬁt doﬁv&esfa@larsﬁﬁblfega@ﬁgnalh@a'daﬁcul ar
cube". The macul ar cube i mges are typically displayed as col or images

and in tBequisse Beduln Qe thabiransfpsedathie 4 qmg@tq}sr &be wésso esswaudw1§&wnof
overal | &&B%ﬁ%g@ga e &s?@foqlc&?l Er?bfoh?é{hﬁ'ea LB c%tﬂ-eg%ﬁﬁ or gt Héc?g%@]@fme

|nages were use entity regi ns 0 macul ar I nt er est
regi ons umuummamssmnﬂenmnaﬁhkyzmgmwphhﬂ@ktmmwdbygn$MQmampmmnﬁhspn$anéan of
the cross section @he retinal i tudi nal scan | ocation of

n
the OCT PRRGE 1M Ot RedEcilpeqmaypgt ?Wﬁ@‘&?r?séung gs8i'5fe to interrogate

very |l ocal areas of interest nore s§r0|f|cally The OCT scans were
car eflfil | Y0H8] edexampledpst @eackdure Hiopllrmscsswazerthe Biciasty shakflyagrsatenhento0

mmHg as displayed by the manometer. The computer and DAQ are configured to begin data
acquisition as the pressure drops below 400 mmHg, and a data point is taken approximately
every .109 seconds. While the test can be stopped at any time, it is likely that standard discreet
points along the course of pressure decay data would be selected so as to allow direct

20  comparison of frit flow performance (e.g. time for decay from 400 mmHg to 300 mmHg, and
from 400 mmHg to 200 mmHg.)

Example 17B. Pressure Decay Test to Identify 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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structure of specific sites within a lesion, pre and post treatnent, for

t he purpose of assessing the effect of injected drug including a reduction
i n sub-reaevorralo/dsB8d. [ 0720] Macul ar cube i mages and OCPCIA®R010MRIFEE Wer e
measured before and after Lucentis treatnent for each patient enrolled in
the study. The OCT inmages were neasured the day after injection and at 2-3
days post injection. An ophthal nol ogi st reviewed the OCT i nages fromthe
patients enrolled in the study, and patients were considered to have a
respondedg}, {;@ l‘ééﬁﬁ’@ﬁéc%&ttég tihd s%@&ﬁ@@l’iar%@fﬁtl%sh@f it e RARInS RAVRA: & WES @ase i n
size of the Ipe5| on fromone or nore of e post-injection

exam nat wongng 0uRnyillFlo@ thgegh the sykioms Fanachkmrpl ecofcppregTe ptdalotereisbe OCT

e VoSt Bl Lt 89,0, R AH S BLAS RSl SRR P

exanpl e @fesaurs éropasros thosdectii@n i nages neasured at pre-injection, one day
post-injection and one week post-injection, respectively of sections of the

regi oy 0f[070'9{ e'F?&if tes1[u§§71%§5} hah@RliGar 2D OVES pYeQ%JrE @@éékffte%nﬁgﬂueqtoﬁﬁé ! en;s

enrolled in the study. The patients received doses fromb5
correspo Mmgmmlsmam efl the medhntli Rathendenweting dershe pressves ﬁ@ldmredmﬂdw i1 to

4 ug/ m fl‘% sf?dﬂﬂé iy blﬂPe%Lflc@g're%a%;ilhg%esﬁ C@&’fﬁ\’c}é ﬁﬁ?hgrsﬁ%&ﬁnﬁm%sbe p%%l?&l{dngd In

all 9 paflen I'nject1on,
decr easein rapglfashi@f. t he | esi on was noted approxi mately 2-4 days post- op,
and the decrease was substantially attenuated by one week post-op,

consi st end7om t tn Elli]@xa%ﬁﬂ)é' ¥ Iﬁr@ée@hﬂé @re‘éﬁ]‘éteﬂ'&oﬂlb%@sela%wmde'r f}&%umfsuiaﬁl‘}@lﬁkt I S( t ”)

These data |nd| cated that the MC for a sustained fel ease device ma

appr 6®i mayssdny withgagpopsiant spuree picesyise ofR9) Hsmeanﬂwoamrufoa@ RIgEsHIe afdypsigav ea
curul at i

descri beY glgrug:%ﬁotu ér}g%}ﬁ[h‘s%ﬁﬁgtseptﬁﬁ gc (irh(%{]a%{ (ralgttl:érsrilél %S %a&l ﬁ@e?lgﬂlgglet o the
M C st udyressue,tblneis espaettidas be anthb é 0-500 duat adgd)yas arvaswed oy thie nasy flskinidteri N t he
based on the teachings described herein to determne enpirically the MC

for a sughampedi 7@l IRA&EiASNHIE6f PRG Cgéiﬁl&'@élédé@l&ftéﬁ%d% ¢Rerighug over the
time of release. Table XX[0724] FI 3 1A and 31 B show experi nent al

ir QEL?[“ g[lﬁeﬂﬂkptrra%@efs%?\%y& ltaj)ledtﬁé(tj c%ﬁ%e llégs.g[dg ’ii?tﬁml?gé §e1&1's98ﬁh£1%géu?i@ia§§ntpﬁor a

15 exe;mple the RRI, based on the ﬂow of 33/ gas such as oxygen or nitrogen through the porous
structure. The flow through the porous structure can be measured with a decay time of the gas
pressure, for with the flow rate across the porous structure with a pressure drop across the
porous frit structure, as described herein. The flow rate and RRI can be determined based on
the media grade of the material, for example as commercially available media grade material

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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FIG 7A to 7B-6F were inplanted into the rabbit eye. The retention
structure of each devices conprised a substantially clear and transparent
oval fl amnye20028g0a8i ti oned on the scl era under the conj roTtise@o/071s81 cl ear
and transparent flange 122 permts visualization of the interface of the
scleral incision and narrow portion 120N of the retention structure, such
that sealing of the retention structure to the sclera can be eval uati on.
The retention structure of each device al so conprise an access port 180
having a substantially clear penetrable barrier 184 so as to permt dark
field visualization of the |ocation of the inplanted device. The narrow

portion of.the retention str re is.di sposed under e .transparent
Prange. 30 Thart b kgt Al PRt Bt Ran el PRERERAAAR ke BRFERY £7on
of the reblgtddomnt istontehplard td 0s30e Thrasef nuitsesctish eseak (ikatotdhg Rhent i on
structure conprising the oval flange and oval narrow portion can seal the

i nci si on '$SBRHEE 35 i $RBlCscl era and permit dark field visualization of the

i npl ant ed devi ce. The device can be inplanted tenporally in the patient,
for efanp) Geperingrispestportetting obfrits nf eri or/ t enporal |y such that the

i npl ant can be di sposed tenporally and under the eyelid so as to have a

m ni mal  &f f@Ctinginlevics heembBRdesgipgear ance of the patient. [0726] Wiile the
exenpl ary enbodi nents have been described in sone detail, by way of exanple

and for %ml OORor BRESES 8N dhiD GomdrOSE a brrSikhidd bdtRednhe 3F ot +owr&eagni ze
that a variety of nodifications, adaptations, and changes may be enpl oyed.

Hence, t hed heopwaloirug redcape wstengt whiplyetics emdisiveiah cathes thanforced gasofley.yThgy t he

appended 4Gl aj, n%‘st%?ﬂlovsv &b NERid Sin v b%‘fﬁ AL ueturidcfa@sei\r’l' g vﬁ% eq(ﬁleét%’t%rns.a
t her apeut' ¢ At t0 an eye-having a sclera and a vitreous humor, the

device comprising: .a container configured to_hold_ the therapeutic, agent,

t he é@m éﬁé} & Fliuam/é?ftlfl%a%r%@sgwéﬂmw%éﬁf{ffe a?&%ﬁﬁnl?erﬁlg“f“ﬁé‘ﬁ%treous
hunor at (fher aPelEiCsanasisiditkyvian extended tinme. 2. The therapeutic
device of claim lwherein the therapeutic agent conprises nol ecul es having a

ol ecul a'iilx\a{l\ﬁlipgeh{&fﬂe?erpnﬁggt'il&n &Q\qin%lutmopns Vztvco) I%%HE)I’}’]'CQIQCOehPrQIQIOI%k Lﬁ@esh'tism

in Humans

[0714]  Although administration of the standard dose of Lucentis™ (500pg) 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 in vivo in human patients (hereinafter “MIC”) with a smaller amount
than corresponds to the 500 pg monthly bolus injection. For example, 5 ug Lucentis™

20  injections can be administered so as to obtain a concentration profiles in situ 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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3. The therapeutic device of claimlwherein the therapeutic agent conprises
a corticosteroid or an anal ogue thereof and wherein the corticosteroid or

t he anal ogoeotdssaef conpri ses one or nore of trimaci nalPcmais2eawiormwsi nal one

acetoni de, dexanet hasone, dexanet hasone acetate, fluocinolone, fluocinol one
acetate, or anal ogues thereof. 4. The therapeutic device of claimlwherein

the therapeutic agent conprise a VEG-F inhibitor. 5. The therapeutic device

of claim lwherein the therapeutic agent conprises a nmacronol ecul e having a

ol ecul ajgg] 9RfCT (hcaOHerchOe KoRBLLARS ihAxiAPRUS 1400 ksDotht Bt of The
therapeuJiq %eviceﬁggkclain{S %hgggénﬁﬁﬁé ﬁ%@?onn?ecdfesqonpryséla(VEGF

i nhi bi t oregigh of Themphids aipbaibick sudadeed thef traatedicye. ST hatie¢ Bicahnifyes iwhey ontbé ecul e
conpri se_one or e of antibodiegs ant,i hody .fraanment s.. 8. \Th

Cher apeutitasudbe T8t Sty A0 Rt £ RS O RRTE e W riidiens or
the anti diveyted stalgnaed of Cwiypind sen medutdvdrnbinbil hraourids offibfedtdiEligpBichwsedevi ce
of claim1 wh ﬁ@ﬁ t he contangﬁg conprises a rgﬁerv0|6 vol ume flzed to

contarn &e§ G UE FERNEELY (RBSRAREF K Serpspipledp asf OCT dncthadalagh&e apeut i ¢

devi ce Ofyeicdr@th Mrde MHRNEOMAI FPRMRAGUTR oF theGRBAL @i N the Tiquid formulation is
within a range from 10 uL to about 100 uL. 11. The therapeutic device of

laim 1 . . : . . . 1 h
about | 5010 7br ok dFuSRMBEh of Pufh Sk RO AL AMIRRIR Il 5, 1°
wher ei n dheirbantsaionks stawthrd] heakt g rod peukiicusaginkr hyers 06tk ibgek @dfatooff et ease

t he therapeuti agent. to sustain frqmabout 0.1 ug/nL to about. 10 ug/ nlL of
t her apeuﬁ?% naljgmlg‘ﬁﬁélfl%re% ?fir %refétmﬁﬁawgfo £ el ashyayatiensef Sl%%f.etm%he
t her apeutiui. deMbReedincel dhFRskhddbareas br e a8thRMERd ofitABveRERYIRS at | east

about 1 nonth.
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

15  asthe “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
20 cross section of the retinal wall at one longitudinal scan location of the OCT image. In these
“OCT scan” images is it possible to interrogate very local areas of interest more specifically.
The OCT scans were carefully selected to directly compare the thickness and anatomical
structure of specific sites within a lesion, pre and post treatment, for the purpose of assessing

the effect of injected drug including a reduction in sub-retinal fluid.

25 [0720] Macular cube images and OCT scan images were measured before and after
Lucentis™ treatment for each patient enrolled in the study. The OCT images were measured
the day after injection and at 2-3 days post injection. An ophthalmologist reviewed the OCT
images from the patients enrolled in the study, and patients were considered to have a
responded to Lucentis™ treatment when the OCT scans showed a decrease in size of the lesion

30  from one or more of the post-injection examinations.
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14. The therapeutic device of claim1 further conprising a binding agent to
couple to the therapeutic agent such that the therapeutic agent is rel eased
from t he wonoavoses4sf or t he extended tinme. 15. The ther apeutiseodaricse of
claiml further conprising a stabilizer to extend rel ease of the

t herapeutic agent. 16. The therapeutic device of claim1l1, wherein the
contai ner conprises a reservoir having a capacity fromabout 0.005 cc to
about 2 cc to deliver therapeutic anmounts of the therapeutic agent for the
ext ended P F1d. WOLT Shild BERPI:H of O Ini&FuubObETEnALe RRATPIEnfan
about 0.25 cc to mnimze distension of the eye when the device 1Is

i nser t edregiah ofthigresth@legh erow camdedetcminsfthetespamsd {o tydagmaitn t he t her apeutic
device conprising a |l ength extending through the sclera and into the

Vi treous [(M22pr FaGs. 30Ber,S0B-1 hiel 1081 thowssanwixhiipl ofl akafigef Dmcah atidge? to 12
mm 18. The therapeutic device of ¢laim1l, further conprising:a retention
st r uct ur 8<@Bipt P ¢ BUFHENCHRUAY PRY-THFHAIOB SRT PRRUVEHE ROSUREGHPR Te8eH e er a
to retai R.&ibfs SR AlolRlordtelcgast partially within the eye. 19. The

t herapeutic device of claim 18 wherein the retention structure conprises an

ext ensi ofynaHPhed Labheeont fl aslo ANd extendl Ao QLR AM A e sont ai ner
to extend bHet ween the SCf era an trPe conj unC?l va G;[O r’et al r;? e cont al ner.
20. The ubex@peais o200y ceespbndihiormitiall Lirckhey™ comgniralong irbthe ivitjcoad fr@n 1por t

extendin 0 e_cont ai per and .having a channel extendjng. through sclera to
r ecei ve 2915 Pﬁfrﬂcﬁﬁ%ﬁﬁ Bt thova geitic DOGINE TEBORE Y Fdeqlﬂféecgm{ﬂa‘% F'%hEh t he
cont ai nefht Jefist kotRE AHaBELs it BAS imPiafcbdiH, ke ddbdeRdeNn 26 oVink 1QRISyRWIRG. 21

The therapeutic device of claim1l Turther conprising a bactericidal agent

arounfl aeppresisitey pdrdayppesbforamndothe decranse fvag eubstantidlly aflenyates wyoorientcki t
bacteri al,,gr-ow {1 anQidh e agb'}oﬁfma%i{z b%g in Hf0 hﬁﬁﬁ{e?ﬁ%@&%m.crm%ﬁéf bigg of
claim1 further conprising a sponge’tfo encourage tissue | ngrow h.
indicated that the MIC for a sustained release device may be approximately 1 ug per ml or less.
As the therapeutic agent may have a cumulative effect, the MIC can be lower for a sustained
release as described herein than the bolus injection described with reference to the MIC study.
15  Further studies can be conducted by one or ordinary skill in the based on the teachings

described herein to determine empirically the MIC for a sustained release device and

cumulative effect of the drug over the time of release.

Table XX

Patient # 1 2 3 4 5 6 7 8 9

Lowest Dose
Administered | 10 | 20 | 20 5 20 5 5 5 5
(ng)
Estimated Initial
Drug Conc. in
Vitreous
(ng/ml)
Treatment
Effect Yes | Yes | Yes| Yes| Yes| Yes| Yes| Yes | Yes
Observed?
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23. The therapeutic device of claim1 wherein the container conprises a
plurality of chanbers connected with a plurality of channels to |linearize a
rate of rwbean®ssfs8t he t herapeuti c agent. 24. A theraperCirasdevioes3to treat
an eye conprising a vitreous hunor, the device conprising: a therapeutic
agent; a binding agent, wherein the therapeutic agent is reversibly coupled
to the binding agent such that the binding agent rel eases therapeutic
anounts of the therapeutic agent into the vitreous hunor of the eye for an

ext ended é(t’?'ZHF - F48S. S-ErAearfdkﬁ'Basq)i%{s&teixﬁer%éﬂtﬁgmﬁlfanﬁj_[i@ﬂ ot tg_élraﬁ\&_ﬁirc %.Eﬁcéshﬁtotfh@ di ng

agent and the therapeutic agent are sized for injection into a vitreous
hunor of patselasyecanredd offrerablieeyep duipraximgfelyt4 pretotypee piihb Hyviecasphewnim t he
bi ndi ng erein th i ndin ent 4.s. configured to rel ease
ther apeut (& Ahauntar e fre i b ReBRER 1R R Pl B SRS
nmont hs. 26ompridcdarsapeatitially diewi ahe tfaaspednt wedl flangehien giositivhel @gtatclére vadereye

havi ng a sclera and vitreous hunor, the device conprising: a retentjon
str uc? ur éhwm%afaeﬁﬁ Gieé‘b%}tﬁll EAnsRATEIY £lagg é’,er%ltsc%ﬂtrgg?ﬂ@fﬂ O%Eh?ﬁmé&fa?eooft he

retenti omeSklchf indiSorPiid A0k BRIGA 208 JTohdrctdiBort HRIARE WhiEthAA8Aing It
contai ner conprising, a chanber to hold the therapeutic agent, a barrier to

i nhi bit fdtowopfstru¢iarctipdeaplsta ¢ap ba gervationorhhe Kientiontstipeiee of eard dsaice plsp

conpri si - . J t 1 e .he

o P ous CHfiise 30Les0 o ARPRLAR | Qobh BRI B RN BRI Fe A0S0 bmC
chanber tarkrfeldeasalizitentdfeticlpetionof dgemplantttidetibe Vid nae@uspditisror20Nwfough

t he | east. one openi ng at therapeutic anmounis for  an ex ded ti . 27
e ther TRatERo 0T i Hag i P ot et A St LG ey | 205 a
gl ass frishape28 toli&int AR RPOWL et SHEY th€re@inti6h §uiBndb. Wherei n porous structure
conprises a

[0725] These studies showed that the retention structure comprising the oval flange and oval
narrow portion can seal the incision formed in the sclera and permit dark field visualization of
the implanted device. The device can be implanted temporally in the patient, for example

15  superior/temporally or inferior/temporally such that the implant can be disposed temporally and

under the eyelid so as to have a minimal effect on vision and appearance of the patient.

[0726] While the exemplary embodiments have been described in some detail, by way of
example and for clarity of understanding, those of skill in the art will recognize that a variety of
modifications, adaptations, and changes may be employed. Hence, the scope of the present

20  invention should be limited solely by the appended claims.
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porous annul ar portion and a porous circular end. 29 The therapeutic device
of claim26 wherein the barrier conprises a material to inhibit

subst ant iaDI2g100ds8s48el ease of the therapeutic agent frompChaSeanvaiodaer and
wherein the material is shaped so as to define the at | east one opening to
rel ease the therapeutic agent. 30. A therapeutic device to deliver a

t herapeutic agent to an eye having a sclera and a vitreous hunor, the
device conprising: a retention structure configured to couple to the
sclera; aygartaicienveay.ed to the retention structure and configured to
hol d the tTherapeutic agent and a binding agent; and a porous barrier
coupled to the retention structure and the rigid contai ner, the porous
barri &r extendi ng SubstArikdrapenyic devaeerie deliveer e dhrragicHes a@nt toPReYe herapeut i c
device o I i r.a i c.agent and the binding agent are
configurg%&%%h&gﬁggﬁﬁgéﬁ%&f%@?gggﬁﬁﬁ%&ggg%t at therapeutic ambunts for a
sustaBned tine. 32acdih@ntrhenfgeed iochodkethe clergfeudd agem, 8@ aohirer portfigeredaoo ous

barrier ¢ ri,se ores sijze 0 pass fhe therapeutic agent fromth
oot einef IR RaRg L EE a8 e 2 RSty hiRori Pl BEr L S iRrr ot S 30
wher esn tikR. porous barrier conprises a pore size of at |east about 10 nmto

rel ease the therapeutic agent and no nore than about 200 nmto inhibit at

| east one of bacterial mgration out of the contajner, nmacrophage mgration
or antibody nigratfon i FoMERECIGHEYFnetclagul whecwHbs DeRpeytc eV ce of
cl ai m 30 WREHEKES hdiQ81cRAEAKS 2 BRICLRF weRAPHbH 880N 0b Mal18iaBlaBoRald0a @80
configured to inflate when the therapeutic agent is injected into the
cont ad nePalt@®. The t her apeutic device of claim 30 wherein the container
conprises a rigid material to retain the therapeutic agent and the binding
agent 1, 36. whe theg apeuthfndaghie d@licbAMPPWUERNRE HERRRI,0R an

2 comprises a corticosteroid or an analogue thercof and wherein the corticosteroid or the

3 analogue thereof comprises one or more of trimacinalone, trimacinalone acetonide,
4  dexamethasone, dexamethasone acetate, fluocinolone, fluocinolone acetate, or analogues
5

thereof.

| 4. The therapeutic device of claim 1 wherein the therapeutic agent comprise

2 a VEGF inhibitor.

| 5. The therapeutic device of claim 1 wherein the therapeutic agent
2 comprises a macromolecule having a molecular weight from about 10 k Daltons to about 400 k

3 Daltons.

| 6. The therapeutic device of claim 5 wherein the macromolecule comprise a

2 VEGF inhibitor.

| 7. The therapeutic device of claim 5 wherein the macromolecule comprise

2 one or more of antibodies or antibody fragments.

| 8. The therapeutic device of claim 7 wherein the one or more of the

2 antibodies or the antibody fragments comprise a VEGF inhibitor.
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sized to receive a needle. 37. A therapeutic device to deliver a

t herapeutic agent to an eye having a sclera and a vitreous hunor, the
devi ce cowprorysgi48a retention structure configured to @ecufiSeowo216he
sclera; a container coupled to the retention structure and configured to
hold a therapeutic quantity of the therapeutic agent, the container
conprising, a first chanber to hold the therapeutic agent, a barrier to
inhibit flow of the therapeutic agent fromthe container, the barrier
conprising at |east one opening sized to rel ease the therapeutic agent, a

secong chanber coupled 1 hh@p&RIIdRIBESHT dANOLUFRekReh&t o8RG coRPRsQRENI N,
t he second chanber configured to couple to the vitreous hunor through a

second afcscwaBtvobme stisdie peptain pdigpidfemyatiqneddhe Herap@penkens and t he second
at | east one opening sized to rel ease thetherapeutic agent into the

vitrepus humor threygh $henserqmd d%fzicé 68PN R hORENhO Gojfne ttch@tfn@e?ﬁ'rﬁei ¢

anounts for an extended tine." 38. nmet hod of sustalned drug deliver to a
post e2i ofliggiddomntatmih iawithipe: thege fngn 40 stltentouamdd al.vi t r eous hunor, the
met hod conprising: inserting a container at |east partially into the

vitrepus humor of {fe eyg GUGH. Lk iE@Sgéi&’lHlt f{'vﬂ&rein‘tﬁ %&tteﬁﬁ&?%si%dttla t he
sclera, the container conprising a YTFS porti on of t erapeutic agent
rever 2i bkynteiadpheaban00.80f inggd alsun dd ng; ofelkirapentinkhgmnei n the first portion of

t herapeutic agent released fromthe first binding nmedium and through

container to the vitreous at therapeutic . .amounts f an.extended time;
St ne the bindi iy woliBebaf ARG bR B hEgindhe BRI AR b e ng
medi um WikdhapauSesRnchrb ot gng:dree eilense aRthaaseaeo agknpay duktaih fadm bibait Dher apeuti c
agent, wherein second portion of the therapeutic agent is released fromthe
cont af neMgmdy tobeRic g Bk o8 Hisempepticagentan theryseqnsaar fr the exfspdedtifiper ei n a

protective barrier is inserted with the container and wherein the
protegtive barrieriis drgnas@psidletidabf @hihy1 FhoRthd BRekRAkHNBMptiSes

2 atleast about 1 month.

| 14. The therapeutic device of claim 1 further comprising a binding agent to
2 couple to the therapeutic agent such that the therapeutic agent is released from the container for

3  the extended time.

| 15. The therapeutic device of claim 1 further comprising a stabilizer to

2 extend release of the therapeutic agent.

| 16. The therapeutic device of claim 1, wherein the container comprises a

2 reservoir having a capacity from about 0.005 cc to about 2 cc to deliver therapeutic amounts of
3 the therapeutic agent for the extended time and wherein the device comprises a volume of no
4

more than about 0.25 cc to minimize distension of the eye when the device is inserted.

| 17.  The therapeutic device of claim 1, wherein the therapeutic device
2 comprising a length extending through the sclera and into the vitreous humor and wherein the

3 length is within a range from about 2 to 12 mm.

1 18. The therapeutic device of claim 1, further comprising:
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inhibit at | east one of a bacterial mgration, a nmacrophage m gration or an
anti body mgration into the container. 40. A device to deliver a

t her apeutwo 2aga883480 a contai ner inplanted at | east par PCalusgoon2iche eye,
the device conprising; a first chanber configured to store the therapeutic
agent; a second chanber configured to receive a liquid fromthe container;
and an elongate structure extending distally and conprising at | east one
channel coupled to the first chanber and the second chanber. 4 1. A
therapeutic device, kufigh i@ OFEARIM Lo A0SRhd EhRAr@YE Byl Agha scl era
and a vitreous hunor, the device conprising: a retention structure

conf i gur edetago tﬁtbiupltle: wootatrigeatdedsepatially wihin diawye. coupl ed to the retention
structure and configured to hold the therapeutic agent; and a stop di sposed
I nsi d? the contai Ned 42 T grah 8%@?% bf:clgﬁlvaC\ghé}gl (flllealle@aﬂv\lﬁst}'m%rg' n the
retention structure is con to Fecelve a need erein the stop
conprs esompma:a anvecssusf mpled it &mmentamemdcbxtehéing eusnird 6nomghe cattaing tsuch

t hat élmdl‘i ed Wlthlnéﬂj cont 3 ggea substance is injected with
the ndedFEend AT hEIFRART CsQURRENE O g BB tbast one t her apeuti c
agent into a patient, the therapeutic device conprising: a container to
contain a therapeulza)c al'rlmhhérapéutﬂ‘chlewaft of @aigt 1 ﬁmmetdb&t;ﬁﬁmgtalncnja@&iﬂtportt he

cont aj ner corrprl Si ng a reservoir w th a vo me Si zed 0 cont a| n
t her apeufFENYBAM e ForBpinerad ?VIP%%?E‘UBF:@X{%EF’%@GPg}bSC B resdye Etf’ellnﬁ’&%@l over

the ext eBF'ﬁlgra ETR agb Qo SO BL B&Itaif QA HdnThd @ntdnd: it RRIOH SeaSl JaHEAIYT €
conprising a thickness and a surface area coupled to the reservoir and

conf i ur edthirothe gitesqgehuniar apeut i ¢ anounts of the at | east one therapeutic
agent for the extended tine. 44. The therapeutic device of claim43 wherein

the centainer conpsj sesrg, therapeutic device of claim 1 further comprising a bactericidal agent
2 around at least a portion of an outer surface of the device to inhibit bacterial growth along the

3 outer surface.

1 22. The therapeutic device of claim 1 further comprising a sponge to

2 encourage tissue ingrowth.

| 23. The therapeutic device of claim 1 wherein the container comprises a
2 plurality of chambers connected with a plurality of channels to linearize a rate of release of the

3 therapeutic agent.

| 24, A therapeutic device to treat an eye comprising a vitreous humor, the

2 device comprising:

3 a therapeutic agent;

4 a binding agent, wherein the therapeutic agent is reversibly coupled to the

5 binding agent such that the binding agent releases therapeutic amounts of the therapeutic agent
6 into the vitreous humor of the eye for an extended time.

1 25. The therapeutic device of claim 24 wherein the binding agent and the

2 therapeutic agent are sized for injection into a vitreous humor of the eye when the therapeutic
3 agent is reversibly coupled to the binding agent and wherein the binding agent is configured to
4 release therapeutic amounts of the therapeutic agent for at least about 3 months.
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penetrable barrier configured to receive an injection of a therapeutic
quantity of the at | east one therapeutic agent and wherein the container
conpri seswa 2bavas8®@B8 coupl ed to the penetrabl e barrier amdTtuseomwiogiedl por ous
structure to contain the at |east one therapeutic agent. 45. The

t herapeutic device of claim43 wherein the channels of the rigid porous
structure conprise interconnected substantially fixed channels. 46. The

t herapeutic device of claim45 wherein the rigid porous structure remains
rigid and the channels remain substantially fixed when the therapeutic
agent 1is injected p@it 0 AhigersREBE H@dié’e_thElh‘ve@h_tﬁe_@%ﬁhti@QgEﬁt Rr 8§ hindd . The
t herapeutic device of claim43 wherein the rigid porous structure conprises
a IomEre§ﬂ§®@ﬁééVﬁﬁmﬂ$@Mpmng@dTWéeﬁmémHWéﬁtic devi ce of claim 43 wherein
the rkgid porous s - rj [ ed away froma | ens of
t he e%e and tomard£%y§%@?ﬁg&gggfh%%%§%l§g%ﬁﬁ%§§@%%ﬁﬁéd in the eye.49. The
t her apeut i ¢ devi cea oéntahaicougldd whbe eitentioh etricitre mod nodeiradgo bbldninel s of t he
rigid_porous structure are.sized to limt a size of nolecul es passed

t hrough CHREPEREMHRENS MSeOPREC FYPRIHr ous structure. 50. The therapeutic
devicg of claim43 whergimnieetoRRIOWS tigkdpdatidiRngonNpri ses a porosity, a

t hi ckness, a channel paraneter and a surface area configured to rel ease

t her apeutic amounts forabHeciERidRdEHOpEf thsdherapeutiqpgent famdhetantdndeif ce of
cl al my S0 AR Elufldsify & 1B VBt fRE) B1cBle il BLRICOBRAS e ARARGLS
corresponds to a ast about 2 tTmes a thickness of the porous structure.
52. The therapeutic devapaouosstokcaradig®swhestecen thh barper aughs thanteutoe

' i.ntered material. 53.The th tic devi f claimb52
wnor &0 TSR RarE IF aflt Duar Ssle e RGARRUNE e “FlaiEnt on®i Bt e a
| east 1 onéheldpRrtiGPSHdINGs RENExtétIcotiglkR. t he sintered material for the extended
tinme.

| 27 The therapeutic device of claim 26 wherein the porous structure

2 comprises a glass frit.

| 28 The therapeutic device of claim 26 wherein porous structure comprises a

2 porous annular portion and a porous circular end.

| 29 The therapeutic device of claim 26 wherein the barrier comprises a

2 material to inhibit substantially the release of the therapeutic agent from the container and

3 wherein the material is shaped so as to define the at least one opening to release the therapeutic
4  agent.

| 30. A therapeutic device to deliver a therapeutic agent to an eye having a

sclera and a vitreous humor, the device comprising:

a retention structure configured to couple to the sclera;

a container coupled to the retention structure and configured to hold the
therapeutic agent and a binding agent; and

a porous barrier coupled to the retention structure and the rigid container, the

~ O R W N

porous barrier extending substantially around the container.

165



54. The therapeutic device of claim43 wherein the at | east one therapeutic
agent stored in the reservoir of the container conprises at |east one of a
solid compoi2siogsisRe at | east one therapeutic agent, a PoraiS2@0/0e®APri Si ng
the at | east one therapeutic agent, a suspension conprising the at |east
one therapeutic agent, particles conprising the at | east one therapeutic
agent adsorbed thereon, or particles reversibly bound to the at | east one

t herapeutic agent. 55. A therapeutic device to release at |east one

t herapeutic agent into a patient having a retina, the therapeutic device
conprising: a contgj nerThoth&@pdudicRicdict BEIARENS Wherdi@hkMipeatic bhrat ald theast one
t herapeutic agent, the container conprising a reservoir with a volune sized
t 0 coAt aPimdgmzgentapreaniiguigd antalcage e thompentic agsakat tepcpheapaNt ot 2aagent f or
rel eage QMﬁﬁn&ﬂﬁn xtended tinme, the container conprising,a porous structure
conprising a thickness and a surface area coupled to the reservoir and
configured to rel ease therapeutic anobunts of the at | east one therapeutic
agent 1for the extebtled Thatbsrapheicploviotist daimuit wherciditppsews tarric cdinptistds
portion of the ntainer: a retention structure coupled t.o the container to
Coupl & 1 055" SErERT S F el R R Bl soRe uBur fudelr o ot &

| ocation of the eye to deliver the therapeutic agent toward a target region
of thé retina w th3xonvEatthemapdutiowente dheaivi 30 ebdrsinhbmnmorous3farricFloemprises

t herapeutic devige gf cLaiquS wh reight e target Ioggtion OL tﬁg)rg&;na
cor r e$poAdS A Y ST APAHI 2 AP 18AC675¢ 41 [BEPBHUE 351 8B POMPOH LYt <Fegi on
of the reahiBaahibif at 1éast HRS FPALLHA BigMIEE ol MR @AREnR! mA@aHheOResrhitey @peut i c
agent into a patient having a retina, the therapeutic device conprising: a
cont aff neantibpdy sHemiign Wite Wecapailei c anount of the at | east one therapeutic
agent, the container conprising a reservoir with a volune sized to contain
a thejapeutic quantity pfe hiigpdkicld@as! ofSint AL ARG RORMardQomBli&RS e
over the extended time, the container conprising, a porous structure
conpr Bsi ayirdlatdhichalees camigured so miflatcevienghe thotaptwn agenttihmjactedentodha  and
configurggtnga;elease t herapeutic amounts of the at | east one therapeutic
agent “for The“ext ended tinme, the porous structure di sposed on a proxinal
portion of the container;

| 35 The therapeutic device of claim 30 wherein the container comprises a

2 rigid material to retain the therapeutic agent and the binding agent.

| 36.  The therapeutic device of claim 30 further comprising an injection port

2 sized to receive a needle.

—_—

37. A therapeutic device to deliver a therapeutic agent to an eye having a
sclera and a vitreous humor, the device comprising:
a retention structure configured to couple to the sclera;
a container coupled to the retention structure and configured to hold a
therapeutic quantity of the therapeutic agent, the container comprising,
a first chamber to hold the therapeutic agent,
a barrier to inhibit flow of the therapeutic agent from the container, the

barrier comprising at least one opening sized to release the therapeutic agent,

O 0 NN N b B W

a second chamber coupled to the container through the at least one opening, the

—_
<

second chamber configured to couple to the vitreous humor through a second at least one

—_—
—_—

opening, the first at least one opening and the second at least one opening sized to release the
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a retention structure 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

t he t her apeubionssyent to one or nore of the ciliary bodpCorusaomnaisecul ar
meshwor k of the eye to treat glauconma. 58. The therapeutic device of claim
55 wherein the therapeutic agent conprises a prostaglandin or a

prostagl andi n anal og. 59. A nethod of treating an eye of a having a
vitreous hunmor and a retina, the nmethod conprising: identifying a target

| ocatjhon gl b 5%%51 Gy tBQ(Ilt&B&aﬁLﬁ%?tthroﬁ’ﬁfjthPQ&'oﬁdl MNERGo GRAMBINEERPAKINT a
t her apeuti ¢ anoun a therapeutic agent, the container conprising a

por ols stmguntsfe anexicadwsldsec.t her apeuti ¢ anounts of the at | east one
therapeutic agent for the extended time, wherein the porous structure is
positioned in the tre - | & to
dellvgr t he therapg%tlcggéeg#ﬂﬁguﬁﬁga% gﬁgﬁ at §ﬁ£§ft o%%@%klge fl ow
of the vh&wegmsdhumnda6ﬁmomﬂmmmnamemkﬂnﬁdenmumngo rel ease at | east one

t herapeutic agent in e era euti c. devic

corpr Rt ng: a cont PR £ 6ot fbod RarEMi it R AR RELr S AE U kast one
t her apeutiia¢ ttR@6Ahinct RSctEIABY Jith Bic LCRADkcSIoNBiRr EASHTNRY 4 fiMdt pditign ¥Ol UuNe si zed
to contain a therapeutic_quantity of the at |east one therapeutic agent for

rel eade mpewreagéﬁt réﬁeélélwqor#eledf%ﬁ@bhméma é@edeewmheﬁ%gle fastrogiod PBor ous

strucgurgkg eH&e 2SN RIS Frstdi %ﬁmﬁ%ﬁ litis %ﬁﬁﬁ&Qﬂﬁﬁgbm%%m
channel s ed e reservoir and configured to ease therapeutic
anmounfs efﬂmmuwwm:Mm%m@f@nmfmhmdahmutlc agent for the extended tinme, the

rigid,porous structure.di d on a dis ortion of the container to

rel eafe the at |ea§P“8H§tﬁ§§?§ gﬁFﬁgméB L?Ef%ﬂ?%élgb , and a penetrable
barrier coupled tordpheingesetiM@ihg nRatntvEReS@dndBindingmudiiRknPotdconm of the
container to receive an injection of the at |east one therapeutic agent;

and &0r ePerion ok thsitharareurie agant.wheerin seophbpertion af the thesmmauticigengardersed coupl e

to ajfi sgiee BE cbhiSineY®r Plechh€eR@ldo8Rinef Or the extended period. 61. A nethod
of treating an eye, the nmethod conpri sing:

| 39. The method of claim 38 wherein a protective barrier is inserted with the
2 container and wherein the protective barrier is disposed substantially around the container to

3 inhibit at least one of a bacterial migration, a macrophage migration or an antibody migration
4

into the container.

| 40. A device to deliver a therapeutic agent to a container implanted at least
2 partially in the eye, the device comprising;

3 a first chamber configured to store the therapeutic agent;

4 a second chamber configured to receive a liquid from the container; and

5 an clongate structure extending distally and comprising at least one channel
6  coupled to the first chamber and the second chamber.

| 41. A therapeutic device to deliver a therapeutic agent to an eye having a
2 sclera and a vitreous humor, the device comprising:

3 a retention structure configured to couple to the sclera;

4 a container coupled to the retention structure and configured to hold the

5 therapeutic agent; and

6 a stop disposed inside the container.
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pl acing a container conprising a reservoir and a penetrable barrier at

| east partially through a sclera of the eye, wherein the reservoir

conpri seswa 2blogisss48and passi ng at | east one needl e t hr orgi/ush@ofppeasat r abl e
barrier and the conjunctiva di sposed over the penetrable barrier; and
injecting a therapeutic anount of at |east one therapeutic agent into the
container, wherein the fluid in the reservoir is substantially renoved from
t he contai ner when the therapeutic anmount is injected. 62. A device to
inject at |east one therapeutic agent into a container positioned at | east
partigally within the eyehe thB@pdeitideeice oMAiSd INGherdinGRARRE o @rdahéisa

t herapeutic quantity of at |east one therapeutic agent; at |east one needle
coupl éd renfigwecddthaerseic agwedle ephwherimghastep peaprisgsre ponspyetirfaee dirgeedt t he at
| east s oney [ NERAREHN G AOEAL: Lh fhat AESORAINAT ARY PG REARAL HIBRuRIAEd tO
receive liquid fromthe contal ner en a quantity of at |east one

t her apeutnjectabeith thesicedig.ect ed. 63. The devi ce of claim 62 wherein at | east
one needl e conprises a first needle coupled to the chanber and a second
needl e coupled to receptacle.to receive the liquid ejected fromthe
Contafner when ¢ he st -1 Safersfut frifaBaifiek Cisin B GoRhfllegan id

t her apeupitientiald therapeuticeleeias eoapridigast one t herapeutic agent into a
vitreous hunmor of an eye of a patient, the theraPeut'ic devi ce conprising: a

contaPner to cont af FOHAIRFEP SRt IAChARRSUHE 2PuRtipé thetat [cagfone BREPEHET 2858t i ¢

agent 4 t e GARIRLBSH %f%iﬂe%r{?&r Fith@SBIMR dizei Borlai¥ QlthiEncRti€ §chnti®y gront ai n
a therapeutic quantlIt)y of at |east one therapeutic agent for release over
an ex? endedt idaeong thesapehiéaagentbioe rofesas ovar dhreriaaided Boaphé sinigner cowiptiseg.of at
leaSt6abOUt 10 .UL’ the e(lzﬁnitdg)lop Ié t%?ct r'élcgrlnng%in aﬁlqugnle sranﬁgl%ﬁrlfgc%.atl‘eoa the .
reservoir and di sposed al'ong at least a portlon of the TeservoiT container
t o cont aicoupldetoalerttdreoiagendonfigiised o tchasd thsapaubic hmoaid othpar leus osé r uct ur e

conpr | si a thickness, a surface area and channels coupled to the
reser Yoi ﬂ%é%’&u%co?ﬂeflb%w’& ef‘t?“?%ﬁ&ﬁ%e t herapeutic amounts of the at |east one

t herapeutic agent for the extended tine of at |east one year, the porous
structure 44, The therapeutic device of claim 43 wherein the container comprises a

2 penetrable barrier configured to receive an injection of a therapeutic quantity of the at least one
3 therapeutic agent and wherein the container comprises a barrier coupled to the penetrable

4 barrier and the rigid porous structure to contain the at least one therapeutic agent.

| 45. The therapeutic device of claim 43 wherein the channels of the rigid

2 porous structure comprise interconnected substantially fixed channels.

| 46. The therapeutic device of claim 45 wherein the rigid porous structure
2 remains rigid and the channels remain substantially fixed when the therapeutic agent is injected

3 into the reservoir with at least some pressure.

| 47. The therapeutic device of claim 43 wherein the rigid porous structure

2 comprises a low resistance to flow.

| 48. The therapeutic device of claim 43 wherein the rigid porous structure
2 comprises a surface oriented away from a lens of the eye and toward a retina of the eye when

3 positioned in the eye.
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coupled to the container to release the at | east one therapeutic agent into
the eye; and a retention structure affixed to the container and confi gured
to coupl ewDaow/s8348r a of the eye of the patient for thePextuseadoed23seri od. 65
A therapeutic device to rel ease at | east one therapeutic agent into a
vitreous hunor of an eye of a patient, the therapeutic device conprising: a
container to contain a therapeutic anount of the at | east one therapeutic
agent, the container conprising a reservoir with a volunme sized to contain
a therapeutic quantity of at |east one therapeutic agent for rel ease over
an exjended tine, ifie CPRd@bABSuticABPICE 5 Mim 4 WRrEin e HRARNBEHS chdiels
reservoir and di sposed along at |east a portion of the reservoir container
t o codt aPhthetigidpaots truggenre gzediordinihe size sbnglepyles pastpdahiopgloihs cBanmalst ur e
conprgsiggﬂ@réﬁdéﬁnaﬁgﬁmﬁﬁying conprising a first plurality of openings
coupled to the reservoir and a second side conprising a second plurality of
openings to couple to the vitreous hunor, wherein interconnecting channels
ext entl bet ween each0.of Tlethéiapaiticplevicabi dlyimot3 whaantgspawbustshrectisier st si de
and egch q% Ehesecpng p”HrEIity %f openi ngs o%'thQ;second idedgo Taintain
rel ease 6F 'PHE°fREF AT ¢ agent’ %‘%nreoﬁagrﬁm?‘ﬁreanpoarSc%é“’es%%% UBE e 4

parti al | yhebdpeoeshouwnty fot enrtekendst peiotiur e af fi xed to the container to couple
to a sclera of the eye of the patient for the extended period. 66 The

t herapeutic device_pf claim 65, wherein.the rel ease of the therapeytic
agent Tt hr ough the. Sbr oul SPPARIFAETES REfHEWI b TR kLI SITER BT Bk ad
Wi th par iitel8shectily chafndh@irRRSIAL fo ARMLCA ORI 2 Ghad MhRBneREfRIpdrdle el ease
of the therapeutic agent through the porous structure is maintai ned when a
portidn 6FUGHE first side or the second side is blocked with a covering
material. 68 A therapeutic device to release at |east one therapeutic agent
into @ vitreous huspr ofhaMe@¥&itiRldeficPst ISR 43 VRGh R FREWkGcHRVI Ce
conprising: a container to contain a therapeutic anount of the at |east one
t her apeutpwpuaggeatsintareiematsritlai ner conprising a reservoir with a vol une sized
to contain a therapeutic quantity of at

| 53 The therapeutic device of claim 52 wherein the channels are sized to pass
2 therapeutic quantities of the at least one therapeutic agent through the sintered material for the

3  extended time.

| 54. The therapeutic device of claim 43 wherein the at least one therapeutic
2 agent stored in the reservoir of the container comprises at least one of a solid comprising the at
3 least one therapeutic agent, a solution comprising the at least one therapeutic agent, a

4  suspension comprising the at least one therapeutic agent, particles comprising the at least one
5 therapeutic agent adsorbed thereon, or particles reversibly bound to the at least one therapeutic
6  agent.

| 55. A therapeutic device to release at least one therapeutic agent into a

patient having a retina, the therapeutic device comprising:
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

v AW N

the at least one therapeutic agent for release over the extended time, the container comprising,
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| east one therapeutic agent for release over an extended tine, the

contai ner conprising, a barrier coupled to the reservoir and di sposed al ong
at | east woOporwasssasof the reservoir container to contai RCThiSe@pee6Bt agent
within the reservoir, and a porous structure conprising a first side having
conprising a first area coupled to the reservoir and a second side having a
second area to couple to the vitreous hunor, wherein a flow rate of the

t herapeuti c agent through the porous structure decreases |ess than a per

cent gmount when the fié?éro%%c&?eé&ﬁ?pré oNflicRE&RaR SsHREE 8T hhe per

cent anount; and a retention structure affixed to the container to couple
to a 3cl dracgivahamdeypafigfred aclsatei therapdute amhentest thadeldaspend hdrap@gic ager

t her apeut.i ¢, deyi c f clhaim68 wherein the flow. . rate of .the therapeutic
agent *t nrSah N HERY s 08 ol EEL S uRp A o o AL B iR of I B bRER T o un
when dhe first arearaidiohbeuseeeoshled ®ahat@tdes teaaptt by sthe ¢fehe ©enihd
anount. 70 A therapeutic device to rel ease at ] east one therapeutic agent
"o 14 vPPHHOLDE RS SBrcnd ateaylecmon&?&myem ;EeltVﬁfet%F HFapsRii FeCh ey ke

conprii Si RGe@ r&AM & tREFeth weRRbA QL& ANPLARBWItGuanRHal of the at |east one
t herapeuti ¢ agent, the container conprising a reservoir with a volune sized

to contain a therapeutic quantity of at | east one therapeutic agent for
rel eate over an ex?@ndebhathgapentisdevienelglaay S uhgieindhafgrectlopaioniadihecoupl ed

to the r ?&Frﬂ'a‘é%éslp@ﬂ& tQh%%c%@'ar%f?&gofaat1eéi&?§cl§u8?ed99'Eﬁeit@%eﬁ%gi&ﬂ%ﬁhﬁ?&fn\épi r

contalner to contain therapeutic agent w the reséervo and a porous
structure conprising a first side having a first plurality of openings
coupl &d to the resé&fvoif tharebentis dovaedo sélehse hblpist gnathswpont ageniratpiat y of
openi Rgs |l e i.f.reaus, h (.. wherein interconnecting channels
exten fP%t?ﬁnt?ﬁéﬁ?%?ée?m%ipﬁert\aftlflltapé%c(ffde‘é%gg?rﬁ%résn%i the first side to the second
pluraBity of openi agstainerttheostgiaanbkrspeddc hipowantfdetat Basttonothetdpeutid agead, i ty
of op niqg§ on.the first side with eacp of .the Eluralit% of .openi.ngs. on t he
et d° R

secontl sieEONGT SOPRAHE  GHTEO WP driaIuaf§isddo Penting RGHReANfBYaNIRT
confi gur e 4 RaSiVtR R rdRuc SchBforelease over the extended time, the container comprising,
6 a porous structure comprising a thickness and a surface area coupled to
7  the reservoir and configured to release therapeutic amounts of the at least one therapeutic agent
8  for the extended time, the porous structure disposed on a proximal portion of the container;
9 a retention structure coupled to the container to couple to a sclera of the eye and

10 position the porous structure at a location of the eye to deliver the therapeutic agent to one or

11 more of the ciliary body or a trabecular meshwork of the eye to treat glaucoma.

| 58.  The therapeutic device of claim 55 wherein the therapeutic agent

2 comprises a prostaglandin or a prostaglandin analog.

| 59. A method of treating an eye of a having a vitreous humor and a retina,
the method comprising:

identifying a target location of the retina for treatment; and

positioning a container having a therapeutic amount of a therapeutic agent, the
container comprising a porous structure to release therapeutic amounts of the at least one
therapeutic agent for the extended time, wherein the porous structure is positioned in the

vitreous humor at a location away from the retina to deliver the therapeutic agent to the target

o B e Y N e )

location with convective flow of the vitreous humor.
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of the eye of the patient for the extended period. 71. The therapeutic
device of claim70 wherein the first plurality conprises at |east about 10
openi ngs WO 20tva88348st si de and the second plurality conmpcirdasgoian2icenst

about 10 openings on the second side and wherein each of the at |east about
10 openings of the first side is connected to each of the at |east about 10
openi ngs on the second side with the interconnecting channels. 12 A

t herapeutic device to rel ease at | east one therapeutic agent into a
vitreous hunor of an eye of a patient, the therapeutic device conprising: a
contaijner to contag® a AhehaReHt 16iRBYALaseht LA oAl thh@pSIticRBentiNLARGUL i C
agent, the container conprising a reservoir with a volune sized to contain
a t he?apehit peticgh dhm therppaKic devicee@pTsie: t her apeuti ¢ agent for rel ease over
an exgended time, § 06, GONYALOREGHREARID Snofh BRIl FleaSOUPURok id Nony
reservoir and disposed along at least a portion of the reservolr cohtainer
t 0 co#t aithe dohkirep eutprisi@gerterwit bith atviolbinteeszxvocontaiandhaagpoatiogsnsgty afct ur e
conprLsi a first side having.conprising a first plurality of openings
coupl £ A8 e aRyER P arE Slgaoul o gy SPhghSeartduR roRPtRar ty o
openi ggs to couple to t&lﬁgmié)tom@@@ud@mbmpmmg giHicknb®, POIraMs arahLed i al
conprises particles sintered to forminterconnecting channel s extendi ng

bet weén &eorctingechpppeds cqupled &¢ theyessrvogpad carficustd t raleds therapspiicaneiiteach
of the s ral i j f J: | | ease
o 1 h 1 B G e R e P R Borg BT e S

subst ant ioalldystdl podiodios thei doutainentootlegicabs atdéast e thimpaitie dgemingo iheleyargdd a
poroibty of the sintered na%q;igl.above G gﬁ{colation %hresgold; and f
retemtion structure affiReq v d° PHECERPL AR T EaUA"E FBOFISLHEBR! ¢ he
eye of the papéoioh of e chitginextoeadad Jpehje@ibn of Shefut IdAsr @pehtrafeudEeNdcat ah®

rel ease at | east one therapeutic agent into a vitreous hunor of an eye of a

pati éht, the ther apEiRIIEN gENGtee aHBRELe G ggntaigecyicanhigied 1 Oypless mtigsue
t her apeulyf fheYPUMhe Bhtidnbfor e dxRATLd PR JE her apeutic agent, the contai ner
conprising a feservoir wth a volune sized to contain a therapeutic

quantity of at . o
| 61. A method of treating an eye, the method comprising:

2 placing a container comprising a reservoir and a penctrable barrier at least

3 partially through a sclera of the eye, wherein the reservoir comprises a fluid; and

4 passing at least one needle through the penetrable barrier and the conjunctiva
5 disposed over the penetrable barrier; and

6 injecting a therapeutic amount of at least one therapeutic agent into the

7  container, wherein the fluid in the reservoir is substantially removed from the container when
8  the therapeutic amount is injected.

| 62. A device to inject at least one therapeutic agent into a container

2 positioned at least partially within the eye, the device comprising:

3 a chamber to hold a therapeutic quantity of at least one therapeutic agent;

4 at least one needle coupled to the chamber and comprising a first lumen sized to
5 inject the at least one therapeutic agent into the container and a second lumen sized to receive
6  liquid from the container when a quantity of at least one therapeutic agent is injected.
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| east one therapeutic agent for rel ease over an extended tine, the volune
corresponding to a cross-sectional dinension of the container and a hei ght
of the cowmDapreésss48he contai ner conprising, a barrier ceaplisdowo2ihe
reservoir and di sposed along at |east a portion of the reservoir to contain
t herapeutic agent within the reservoir, and a porous structure conprising a
first side coupled to the reservoir and a second side to couple to the
vitreous hunor, the porous structure conprising a thickness extendi ng
between the first side and the second side and a cross-sectional dinension
corregpondi ng to aps ar eghOdevidd@ftiald b2 SihdRirpdfideadiorRRadIOtohhRecs 8EdAd si de,
wherei n crosssectional dinension of the porous structure conprises at |east
about 2t efcqsis eaptedde thelebanbead 8 seqond pegdlsaveleditom resepte¢le taiseried e diauid

rel eage [tSindden LI retention
struc?uréﬁgfbgéggﬂgg&#lg con%éﬁﬁég&ggmgghgﬁgggggggggfgggegf the eye of the
patient for the extended tinme. 74. The therapeutic device of claim73
wher el n cross- sect pbnal Adhargrsiiodende t hdegsorblasst she hetapewicogaprntees at

| east , aboyt L WENLY REh 600 Sluthers 03 SiRge sl enak, dhgRasi on of the

contaf ner 10"t &t'édse 1t e ?%é@a e adEH ot REPE Bnded tine. 75 A

t her apeuti c devi ceaténtiiftraasentaih altBaspcutio embing b fRuk lcastage Herdpoiitic fzent,
vitreous hunor of an eye of a patient, the therapeutic device conprising:an
expantiablths ©BRNST APPSRV N glt{el ReaprUTFed ta Ryt adherensatiaauangRef dbne

t her apeufdagt AQeMkapchi€a&NPRRAALIE 063Rh 3L RARAIGRAPES R 16 de fbdrSlesdabit OW
profile configuration for insertion into the eye and a second expanded
profipe compiigug avolomelohotloapt aboues@nl.ghe cerityied compeisingai n a t her apeutic
amount, of the at |east op i&%%h@%&%‘é 1€ %gﬁn}wan& 08 &é&%f%gg%l Rast B ALARE
conprising a porous structure e uple {6 the Teservor f el edse the at
| east 8 onehetraeirampetintained gedintaidthd rapoutexqgamdailiie theat@ntdigandst r uct ur e

conprésing a first narrom/grofile conf i uratbo for in ertiondaé | east
partially into a sclera? BIOPhEUENE CNP RIESIBINEN SR Fattae Praotdcgannels
10 coupled to the reservoir and configured to release therapeutic amounts of the at least
11 one therapeutic agent for the extended time of at least one year, the porous structure
12 coupled to the container to release the at least one therapeutic agent into the eye; and
13 a retention structure affixed to the container and configured to couple to a sclera

14  of the eye of the patient for the extended period.

—_—

65 A therapeutic device to release at least one therapeutic agent into a
vitreous humor of an eye of a patient, the therapeutic device comprising:

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, the container comprising,

a barrier coupled to the reservoir and disposed along at least a portion of
the reservoir container to contain therapeutic agent within the reservoir, and

a porous structure comprising a first side having comprising a first

O 0 0 N BN

plurality of openings coupled to the reservoir and a second side comprising a second

—_
<

plurality of openings to couple to the vitreous humor, wherein interconnecting channels

—_—
—_—

extend between each of the first plurality of openings of the first side and each of the
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configuration to couple to the sclera of the eye, the expandabl e retention
structure affixed to the expandabl e container to couple the expandabl e

cont ai nerwbaotomssBt r eous hunmor for the extended tine. PETASkéien2gseuti c
device to rel ease at | east one therapeutic agent into a vitreous hunor of
an eye of a patient, the therapeutic device conprising: an expandabl e
container conprising a first narrow profile configuration for insertion
into the eye and a second expanded configuration conprising a reservoir to
contghn a t hetaBRYbIuFalRNBHenBEs e ooh®AR t0MELNELRREWAHS: BG&HLutict he
expandabl e contai ner conprising, a rigid porous structure to release the at
| eastl3one t herggpéthroughdbeprroussatruetprawikatragtidbablecked.t o i nhi bit rel ease of
the gy |east one thera i%Htsér&ct%g%gr‘Xed%‘th%é AI9RPLS,SURROL L1 dh hE%ed L g the
porous structure ahd the éxpanda Pebarrier 1o coupt e the porous fucture
to the rdsgnventforthenxttiedenddi ner conpri se the expanded configuration;
and an expandabl e retention structure conprising a first narrow profile
configuration for insertion at |east. parti.al i, nt o sclera.of the eye and
5 second expanded B of | e DEAPTHGARYFDA 18 LEBPETHIE FLeSE pEs RTPERE eyo.
t he expangabtifoddttBOpodts stuctied MimhihbX fed purtidly BERO Al Rkt ai ner to
coupl e the expandabl e container to the vitreous hunor for the extended
time. 11 A therapeutic device to rel ease at | east one therapeutic agent
into & vitreous hufibr ofhficrapaitigreycpy ql@méiwﬁ?sretrh Péﬁ‘ﬂ%f Pgt%eéhﬁr%utw

COMDI b1 AGrR FORARO B0 bRk s b HEY ARGUS bGriBTBEAL ith sibe: Al skt one
therapeutic agent, the container conprising a reservoir with a volune sized
t o cont asiess hlpeked pailita eoveurgmaiteyalof at | east one therapeutic agent for

rel ease over an extended tine; and a retention structure affixed to the
contajner to coupl ggto & yselena. 8lyidds rQ¥Re of leﬁéi"éné)ﬁ&fa?&hicfag&fttiﬁg a€Xt ended
time, the retention structure conprising an extension to couple to an upper
si de ?f theoschena,ofhheye eftaemitticwnths thagtcutiedoorponyprisigga portion to receive
the Sg lera a container to contain a therapeutic amount of the at least one therapeutic agent,
4 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, the container comprising,

a barrier coupled to the reservoir and disposed along at least a portion of

5

6

7  the reservoir container to contain therapeutic agent within the reservoir, and

8 a porous structure comprising a first side having comprising a first arca
9

coupled to the reservoir and a second side having a second area to couple to the vitreous

10 humor, wherein a flow rate of the therapeutic agent through the porous structure

11 decreases less than a per cent amount when the first area or the second area are

12 decreased by the per cent amount; and

13 a retention structure affixed to the container to couple to a sclera of the eye of

14  the patient for the extended period.

| 69.  The therapeutic device of claim 68 wherein the flow rate of the
2 therapeutic agent through the porous structure decreases less than the per cent amount when the

3 first area and the second area are decreased by the per cent amount.

| 70 A therapeutic device to release at least one therapeutic agent into a

2 vitreous humor of an eye of a patient, the therapeutic device comprising:
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under the extension, the portion conprising a first wdth extending in a
first direction and a second width extending in a second direction, the
first w dwb2groeemsss t han the second width. 78. The ther apeatse@oseasdsce of
claim77 wherein the portion conprises an el ongate cross-sectional profile
having the first wdth extending along a first axis and the second wi dth
extendi ng along a second axis. 79. The therapeutic device of claim77
wherein the portion conprises a narrow portion having the first width sized
| arges than a crosg:§fghirhabnish MBASHRNHOAmbRE of ARLAIAS ond BV chfe
second width sized snmaller than a cross-sectional dinmension of the

cont af nethetngégwl camprisitg sicesrvaf withe vobinar azedite borttie achwssuteguantadf at

profi ke' le%(s)t' on]c_teer;[lp%lel{ia o focr: Q&L C\Ef\er%];l egtleral‘(!ie@tge \fg]eecr %J[anne% Qoemcr(i)sri]rg al ner
conprises a Cross-'sec iona pré?l e having a Tirs I'Stance dcross and a
second di stance across gbeatouplear thbeeskivoitandidBpaesed aloag holesst apdrtivherei n
the first distance is aligned substantially with the first width and the
second ditfeRTUH GORFAHE 1q Contip gﬁ@@e%t%%%ﬂav My TG A second wi dth to
decregse visual interfefgaes st@icthrdd iR Oirst i @AtV AR EaiRVINY 2
vitreous hunmor and a sclera, the method conprising: providing a'therapeutic
devi c® to rel epsnngsconpesdio thheeserkielr apbasdcenagjénhaving ascepral plimalisfs hunor  of
an e of a patl t i i .SINg. i and a
ot ot on ot r R bR AHARRRuBL A0 TR APER AR BB
conpiising a famrtbafipophiraity bapen@gaot the Sirstlstle ge thedb snd phealig vossen@gsendi ng
ina first diregtion gnd a second shorter distance acros tending in a
secontt i rect P SHEARIE e SPERGSRITShS B BaTerREngh e RE SBEO shor t er
distamcefornia@haﬁﬂﬁhﬁ@gﬁ@@fbp&ﬁ@%qm¢h@“kag1§&ggﬁ@, the incision conprising
a length extending along a pars plana of the eye and a width, the Iength
great®r than the whBHHHIOpsETeIEa{THgdtnthe corfempnd copfigyied wyeupls t abdegde t he

therq@gu\t?\n%?]ﬁ%?ﬁgfﬂérﬁgr}gern@m_tﬁe@(téﬁggdgézyiotaprti on of the retention structure is

al i gne ate incision such that the first |onger distance
across extends substantially along the el ongate incision and the second
short ér 71. The therapeutic device of claim 70 wherein the first plurality comprises

2 atleast about 10 openings on the first side and the second plurality comprises at least about 10
3 openings on the second side and wherein each of the at least about 10 openings of the first side
4 is connected to each of the at least about 10 openings on the second side with the
5

interconnecting channels.

—_—

72 A therapeutic device to release at least one therapeutic agent into a
vitreous humor of an eye of a patient, the therapeutic device comprising:

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, the container comprising,

a barrier coupled to the reservoir and disposed along at least a portion of
the reservoir container to contain therapeutic agent within the reservoir, and

a porous structure comprising a first side having comprising a first

O 0 0 N b B W N

plurality of openings coupled to the reservoir and a second side comprising a second

—_
<

plurality of openings to couple to the vitreous humor, wherein the porous material

—_—
—_—

comprises particles 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
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di stance across extends substantially across the width of the incision. 82
A nethod of treating an eye of a patient, the nmethod conprising: providing
a t her apewDi2eo10d88348e conprising a reservoir and a ther apeutiseoiayestl

di sposed therein; positioning the container in the eye to release the

t herapeutic agent, wherein the narrow portion of the retention structure is
aligned with the elongate incision such that the first |onger distance
across extends substantially along the elongate incision and the second
shorfer di St apa&IAGLARR EXkANAR. SMIMAANA kY oPEE AR%pklik. Mot Brddn e
incision. 83 A nmethod of treating an eye of a patient, the netho
conpi#si ng: provigstrgtue tdreasppelasilstassiicte agbstpbuteinnd saccorthasineredand a

t her apeuti c agent. disposed.w t-hin.the.contai ner, the therapeuti.c agent
compifstng' a Rarre HRERFEHY e MsdrkdSy GRRLM BPlsp bPEQbBSLBIbG32e when
i npl aat ed; and posai tdt@iion griidigre @ffideditd1eie coftaineetoeyaplt @ 4 elleasetht bee of

t herapeutic agent, wherein the eye is treated with the therapeutic agent
for a I§§§P“§H3@ﬂh9@“@%kgPe@%lA met hod of treating an eye of a patient,
the net hod conprising: providing a therapeutic device conprising a
reseryoir and a thegapeyih&aRa8OlcdcSpo8eMe W el Bnd MBrab@FRIA¢ B tTintotahe

t herapeutic agent conprising a half-life within the reservoir of no nore

t han A&boUttreaps Muy afie RYS Pl Rafeethe Aidansyds €6Vigsi gPrIBBScont ai ner in the eye

to rehease the t he% enRMthiGo B3Rh t%&ﬁe@%@ %geglt%gglek? 1ch§tAL %{éﬂeﬂtﬂ; At

t herapeutic agent tor at |east about 1 met hod of 'treating an
eye of atlpatonnter cothprismg hiesergonputh sivegmmemizpdita corgaia attheampecquantigectiac e

conprLsi a reservoj.r and.a therapeutic agent disposed within th

Cosbr voi s Conk SRR PC AR AR B h SRS mARARRR: Hirhdhebtdo o
reser goi ciiesectioml ah@diontdfieheldhiaidet gl hdiftitdf tHeoh@ERF, VIRd donfitkst anti al |y
greater than a corresponding half-life of the therapeutic agent when

i nj ec{ ed “OfPBERSy into the vitreous; and positioning the container in the
eye tg release the therapeiti GuaQ8R the WAEHBIAnk BRPEVE alohg bt RA §doMichfyrt he

t herapeutic agent for at |east about 180 days.
9  the reservoir to contain therapeutic agent within the reservoir, and

10 a porous structure comprising a first side coupled to the reservoir and a
11 second side to couple to the vitreous humor, the porous structure comprising a thickness
12 extending between the first side and the second side and a cross-sectional dimension

13 corresponding to an area of the first side and an area of the second side, wherein cross-
14 sectional dimension of the porous structure comprises at least about ten percent of the
15 cross-sectional dimension of the container to release the therapeutic agent for the

16 extended time; and

17 a retention structure affixed to the container to couple to a sclera of the eye of

18  the patient for the extended time.

| 74.  The therapeutic device of claim 73 wherein cross-sectional dimension of
2 the porous structure comprises at least about twenty percent of the cross-sectional dimension of

3 the container to release the therapeutic agent for the extended time.

| 75 A therapeutic device to release at least one therapeutic agent into a

2 vitreous humor of an eye of a patient, the therapeutic device comprising:
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86 A nethod of manufacturing a therapeutic device to release a therapeutic
agent, the nethod conprising: neasuring a gas coupled to a porous

st ruct ur evOoppoMissi4ag a container to contain the therapegCirasagent263and
coupling the porous structure to the container. 87. The nethod of claim 86
wherein the gas is nmeasured to determne a release rate of the therapeutic
agent through the porous structure. 88 A nethod of treating an eye having a
vitreous hunor, the nmethod conprising: injecting a quantity of a
fornuation of thepapelhifHiAdeRHinc B Qniit AR ARV b 21PRE 81D the

t herapeutic device I1s tuned to receive the quantity. 89 A nmethod of

t r eat # ng themapeytec dgzui, thy capaideble sostainanemprishng arfestredowanplile sbmigurgioovbdi ng a
treat g "esony B UtEHEBEY b ato R Sk kT RSO BRI G ARk A R, cho

COr r e6 pOoCckthig apBdrhmatib envee ol eaci lcaft onb ehdbgletitic agehe diclcapsdableicotainet he eye,
each of the bhqlus injections conprising a volu of the formul ation,

wher ef n SYERIHRS ?H%TOB%?%“F%?%E%% S B P8 Aelsast ghegt ?f‘&ﬁtg%le e Gpeut i ¢
concegtr atdpnmdof the therapeutic agent in the vitreous hunor to treat the
eye; and providing a therapeutic device to treat the eye with an_injection
of th® vol ume of t#iecxpandablcaricotion fugturheongasinge figherevprofils cgeligusetion
conprjse i i r, t i t he

oy sooutsanSaR el Nk ARG SRR ind Qe TAPH AR AR SHL 2 11 om the
chanbér tonfidgueativntts eapse toulmdclandf thbeye the dxhandable uerentai strhetusaiffiaidriethcand
the rel ease hanismare tuned to treat the e wi.t h therapeutic

Concbht ¢ SERBHEIG FORIBY (U FEo R R Fisd g Bangt oA edx earite
timewthyRach injection of the quantity, the extended tine conprising at

| east about tw ce the period.90. The nethod of claim89 wherein the chanber
conprises a substantially fixed volune and the rel ease rate nechani sm

conprises a substafti al Mharingide deigrdp aglgase @t least one therapeutic agent into a

2 vitreous humor of an eye of a patient, the therapeutic device comprising:

3 an expandable container comprising a first narrow profile configuration for

4  insertion into the eye and a second expanded configuration comprising a reservoir to contain a

5 therapeutic amount of the at least one therapeutic agent, the expandable container comprising,

6 a rigid porous structure to release the at least one therapeutic agent,

7 an expandable barrier to inhibit release of the at least one therapeutic

8 agent,

9 an expandable support affixed to the porous structure and the expandable
10 barrier to couple the porous structure to the reservoir when the container comprise the
11 expanded configuration; and
12 an expandable retention structure comprising a first narrow profile configuration
13 for insertion at least partially into a sclera of the eye and a second expanded profile
14  configuration to couple to the sclera of the eye, the expandable retention structure affixed to the
15  expandable container to couple the expandable container to the vitreous humor for the extended
16  time.

| 77 A therapeutic device to release at least one therapeutic agent into a

2 vitreous humor of an eye of a patient, the therapeutic device comprising:
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mai ntain rel ease of the therapeutic agent above the m nimuminhibitory
concentration for the extended tine with each injection of a plurality of

i nj ecti ors0 2010/088338 et hod of cl ai m 89 wherein the vol umeTarsdomioe26aechani sm
are tuned to rel ease the therapeutic concentration within the range for the
extended tinme based on a half life of the therapeutic agent in the vitreous
hunor of the eye. 92. The nethod of claim9 1 wherein the eye conprises a
human eye and the half life is determ ned based on the half life of the
therapeutic agent j Bodhifeht 0BMaif¥GherSRufle TRENAGE Bfe o [GalnbtheRefiEaddavi Ny a
vitreous hunor, the nmethod conprising: providing a therapeutic device

havi n¢ atlotrantercr sompebingn convai with awolumesizsl ta cotian aplearsicotiageantityaefdt a

por ous St UGN, SOURL &dlt £, (6. BaThSLL REQUI Agg an i nj ector comprising
at |east one funen to |%jec{ a Pornul‘ation of a t erapeutic agent, the

i nj ecbor conpri si ngreertiah veudad pifeddtotheltentainet @astiplonea sdkrebf theeuwpdfi ng t he
therageutic device to %@f injector with the at | east one | unen extendi ng at
| east / pafts RfIFY fpmipg cxt eﬁﬁ@reaﬁ?@a?tﬁ%twé@wet@{e SORJPESE AY CXCPIP I GOBPIEIdN of
the formy} app@Ride BF thelsBieraC HRIDESAMEDRC MBI NBgaDoRRAN0 Qe RX ARARES

mat eri al di sposed within the chanber with the frrst portion fornulation;
and i fj etndadgheexémsiondhppertiop qowprisipga figst width extordingarp fieditegtigeandsa c| osed
to pags Lormilakd, %ﬂe{%&]ﬁ?ﬂ@se&:&?dt HRLAYS tl?etﬁrwldﬁhegre & ﬁ&%.rs@c%ga‘wi&h.dev' ce
for treaflng an eye havrng a vitreous hunor, the"t erapeuti ¢ device
conprising a reservoir volume and porous structure tuned to receive a

vol ume of a fornul @.i onTlanticiapeutieldewse of dainafy ehdrein dedpdriigrecanmersapaut i ¢

anounts of a therapeutic¢c agent injected into the reservair. 95 . The
Fhor apeutBRue SRLEREHOLT pREFShWRLBERRT pidh Bubbind SERELRHY a-Rdipees a
rel ease paohani@&icaBadiMheloe: B séddsd haservoir vol une and the rel ease
mechani smare tuned to rel ease the therapeutic anounts of the therapeutic

agent for the extepded t] based on a half ljfe of the therapeutic agent
i % thd vitreous huﬂsgr O’%hetnfﬁ%ragg}lélp de\rfllce OP c%alm H wl?ereln the portion confljprluses a g

2 narrow portion having the first width sized larger than a cross-sectional dimension of the

3 container and having the second width sized smaller than a cross-sectional dimension of the

4 container to seal an incision of the sclera with the cross-sectional profile.

| 80.  The therapeutic device of claim 77 wherein the container comprises a
cross-sectional profile having a first distance across and a second distance across greater than
the first distance across and wherein the first distance is aligned substantially with the first

width and the second dimension across is aligned substantially with the second width to

[V N VS I (S ]

decrease visual interference.

| 81 A method of treating an eye having a vitreous humor and a sclera, the
method comprising:

providing a therapeutic device to release at least one therapeutic agent into the
vitreous humor of an eye of a patient, the therapeutic device comprising a container and a
retention structure affixed to the container, the retention structure comprising 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 greater than the second shorter

0 NN N B W

distance
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96 A nethod of treating an eye an eye having a vitreous hunor, the nethod
conprising: providing the therapeutic device conprising a reservoir and

por ous stwocbuwessis@ned to rel ease therapeutic anounts ofPCa/ush@oapmsat i c
agent for an extended tine; and injecting a quantity of therapeutic agent
into the reservoir, wherein the therapeutic agent is released fromthe
tuned reservoir and porous structure for the extended tine. 97 An apparatus
to treat an eye having a vitreous hunor, the apparatus conprising:. a
therapeutic devi cerEaiIdntiftafegRELiNPIn tht &1GNhAIMRisRnldfHABRYLIGAgENt and
a porous structure; and an i1 njector having a first chanber and a second
chanth@r axnidnding hlengt ponelane etithe cxomptd widily tlae ength grepignthan dedvidthsecond

| umen, the first chamber coupled to the first |u to inject the .
ther dbeuti ¢ agent TRORIHEN FPRenaiibey® Wl e el Bebdl s NEin e

chanber aeu@l @drtioa of the reectiumdstduttomnis wiigied avithahy elofgspmsBibntshet tbethyvesn t o
receiye material fromthe reservoir en the valve is open and pass
theré%eué?f@era@%tﬁ%cetaﬁmﬁwﬁeft%éukgféﬁnaa%y PR E SlBSHA N TR P Bopi oBged. o8

A met hod gafantE £a5JsRAtcAls KYRaRBYy ABrods i WA WS UG en.t he et hod conpri si ng:
injecting into a therapeutic device a volune of a fornulation of
Rani bi zumab, the volune within a range from about 40 to 60 uL, the
concehtration of R&hi bi 2ueilpdot iR BYGYGI10AR Palie ki thimathad fRBE ™Y om about 8
to 12;my/ L, such bhaksdhen|abaRkl0COTRESAS Aseholia KABkALAKIBBW thi n
a range from aboutLO. 41té3detagoht 18(% ﬁg %Ra |1)1|%§urralg aﬁ% ve\llger ein the
Rani b3 zudwboded theg¢imased i n t herapeutic anounts for an extended tine at
| east ,about 4 nonths. 99.The nethod .of claim 98 erein the fornul ation
compr faes a comer BRAANPEISFTROR iF Bieif L TBR e LBt PSRBT ¢ ne
Vol Une Cahes Penids of theaetention structure is aligned with the elongate incision such that the first

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

7  distance across extends substantially across the width of the incision.

| 83 A method of treating an eye of a patient, the method comprising;:

2 providing a therapeutic device comprising a container and a therapeutic agent

3 disposed within the container, the therapeutic agent comprising a half-life within the container
4  of at least about 20 days when implanted; and

5 positioning the container in the eye to release the therapeutic agent, wherein the
6  eye is treated with the therapeutic agent for at least about 90 days.

| 84 A method of treating an eye of a patient, the method comprising;:

2 providing a therapeutic device comprising a reservoir and a therapeutic agent

3 disposed within the reservoir, the therapeutic agent comprising a half-life within the reservoir
4 of no more than about 30 days when implanted; and

5 positioning the container in the eye to release the therapeutic agent, wherein the
6  eye is treated with the therapeutic agent for at least about 180 days.

| 85 A method of treating an eye of a patient, the method comprising;:

2 providing a therapeutic device comprising a reservoir and a therapeutic agent

3 disposed within the reservoir, the therapeutic agent comprising a half-life within the reservoir
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nmont hly bolus injection of about 50 uL of Lucentis(tm and wherein a
concentration of the Rani bizumab in the vitreous hunor conprises at |east
about 4 wyoOnL1Kisss48he extended time. 100. A nethod of tPeatisagoamedye, the
met hod conprising: placing a container conprising a reservoir and a
penetrable barrier at least partially through a sclera of the eye, wherein
the reservoir conprises a fluid; and injecting a therapeutic anpunt of at

| east one therapeutic agent into the container, wherein the therapeutic
anouny CQIHLR RO, iR R PPk YthhiDihe FsbQRirsQuskdrdiatty %ﬂagtepﬁrﬁn hebrrapostin@ne
nont h and wherein therapeutic quantities of the therapeutic agent are

r el eaged hilf-dife oftthe thorspaitveageritorheatinjbefed diraly unto theovitreushendt o treat the eye.

101 . (A method of tésie‘tlaf}nﬁnglgtknlea‘ gr:]on%}/irelér.it ee e%X?(% %?e\elllsentge e%a%l Hi& antdw%el%aflrtﬁe

6 uticagen
pl ana, the method %onprl 0: prOV|%lng a therapeutic devi Ge conprising a
drug 7eseyyBiticatcd withrtbdihedpeuictagee fand lastdbentdoalayst ructure, the retention
structure conprising an el ongate cross-sectional profile; formng an
i nci si on through t scl er nd. ext endi n | ong th ars pl ana reqion;
hvanking fhe. ther Speut fargudt arHEG AL o Jurarato e e Ero A St
Cr oss3segahddnad mpihefl cbapadihgned Wi th the incision along the pars plana, and
wherein the el ongate cross-sectional profile seals the incision when the
el ongdt e cross- sectEHHENS pEaT jqupled hp Retoys $tHETES| era. 102. The net hod of
cl ai my101 wherein o i : L nf or mabl e fl ange
dispgged over the ]?gﬁ%§%§&%$%§§?i%%%%%ﬁgf&ﬁgg%P?%igﬁﬁﬁgherein t he
conf ofmabl e fl angecaphhatdepoand supper tsithefcanteinef. t he scl era when the
el ongate cross-sectional profile contacts the sclera. 103. An apparatus,
the apparatus compgdsing;. A.hRFLARSHI &L, AGYLGR SRTPLLALAG BaBBRRE. ghanai ng
drug reservoir, a porous structure and are entyon structure; —and a
cannula, rebse eitdof the thchgeapeigentchaayh de posougesudtironed Wi t hin t he
cannul a. 104. The apparatus of claim 103 wherein the therapeutic device
conprﬁses an

88 A method of treating an eye having a vitreous humor, the method
2 comprising:
3 injecting a quantity of a formulation of therapeutic agent into a therapeutic

4 device, wherein the therapeutic device is tuned to receive the quantity.

| 89 A method of treating an eye having a vitreous humor, the method
2 comprising:
3 providing a formulation of a therapeutic agent, the therapeutic agent capable of
4  treating the eye with bolus injections, the formulation having a corresponding period between
5 each of the bolus injections to treat the eye, each of the bolus injections comprising a volume of
6  the formulation, wherein each of the bolus injections corresponds to a range of therapeutic
7  concentrations of the therapeutic agent in the vitreous humor to treat the eye; and
8 providing a therapeutic device to treat the eye with an injection of the volume of
9  the formulation into the device, wherein the device comprises a container having a chamber to
10 contain a volume of the therapeutic agent and a mechanism to release the therapeutic agent
11 from the chamber to the vitreous humor and wherein the volume of the container and the
12 release mechanism are tuned to treat the eye with therapeutic concentrations of the therapeutic
13 agent within the range for an extended time with each injection of the quantity, the extended
14  time comprising at least about twice the period.
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el ongate narrow shape for insertion into the sclera and wherein the device
Is configured to expand to a second el ongate wi de shape for retention in

t he scl erwO20B/08#s48her apeutic device to treat a patient pCriuS2aiem21581
conprising: neans for releasing therapeutic anounts of a therapeutic agent
for an extended peri od.
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90.  The method of claim 89 wherein the chamber comprises 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.

91. The method of claim 89 wherein the volume and the mechanism are
tuned to release the therapeutic concentration within the range for the extended time based on a

half life of the therapeutic agent in the vitreous humor of the eye.

92. The method of claim 91 wherein the eye comprises a human eye and the

half life is determined based on the half life of the therapeutic agent in the human eye.

93 A method of treating an eye having a vitreous humor, the method
comprising:

providing a therapeutic device having a chamber sized to contain a volume of a
therapeutic agent and a porous structure coupled to the chamber;

providing an injector 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;

coupling the therapeutic device to the injector with the at least one lumen
extending at least partially into the therapeutic device;

injecting a first portion of the formulation into the chamber when the valve is
open to exchange material disposed within the chamber with the first portion formulation; and

injecting a second portion of the formulation when the valve is closed to pass

formulation through the porous structure.

94 A therapeutic device for treating an eye having a vitreous humor, the
therapeutic device comprising a reservoir volume and porous structure tuned to receive a
volume of a formulation and to release for an extended time therapeutic amounts of a

therapeutic agent injected into the reservoir.

95.  The therapeutic device of claim 94 wherein the porous structure

comprises a release mechanism and wherein the reservoir volume and the release mechanism
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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 vitreous humor of the eye.

96 A method of treating an eye an eye having a vitreous humor, the method

comprising:

providing the therapeutic device comprising a reservoir and porous structure

tuned to release therapeutic amounts of a therapeutic agent for an extended time; and

injecting a quantity of therapeutic agent into the reservoir, wherein the
therapeutic agent is released from the tuned reservoir and porous structure for the extended

time.

97 An apparatus to treat an eye having a vitreous humor, the apparatus
comprising:

a therapeutic device comprising reservoir to contain a therapeutic agent and a
porous structure; and

an injector having a first chamber and a second chamber and at least one needle
comprising a first lumen and a second lumen, the first chamber coupled to the first lumen to
inject the therapeutic agent from the first chamber into the reservoir, the second chamber
coupled to the second lumen with a valve disposed therebetween to receive material from the
reservoir when the valve is open and pass therapeutic agent through the porous structure when

the valve is closed.

98 A method of treating an eye having a vitreous humor, the method
comprising:

injecting into a therapeutic device a volume of a formulation of Ranibizumab,
the volume within a range from about 40 to 60 uL, the concentration of Ranibizumab of the
formulation within a range from about 8 to 12 mg/mL, such that the injection comprises a
weight Ranibizumab within a range from about 0.4 to about 0.6 mg of Ranibizumab, and
wherein the Ranibizumab is released in therapeutic amounts for an extended time at least about

4 months.
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99 The method of claim 98 wherein the formulation comprises a
commercially available formulation of Lucentis™ and wherein the volume corresponds to a
monthly bolus injection of about 50 uL of Lucentis™ and wherein a concentration of the

Ranibizumab in the vitreous humor comprises at least about 4 ug/mL for the extended time.

100. A method of treating an eye, the method comprising:

placing a container comprising a reservoir and a penctrable barrier at least
partially through a sclera of the eye, wherein the reservoir comprises a fluid; and

injecting a therapeutic amount of at least one therapeutic agent into the
container, wherein the therapeutic amount corresponds to a bolus injection to treat the eye for
about one month and wherein therapeutic quantities of the therapeutic agent are released from
the container for at least about two months to treat the eye.

101. A method of treating an eye, the eye having a sclera and a pars plana, the
method comprising:

providing a therapeutic device comprising a drug reservoir, a porous structure
and a retention structure, the retention structure comprising an elongate cross-sectional profile;

forming an incision through the sclera and extending along the pars plana
region;

advancing the therapeutic device into the sclera with the elongate cross-sectional
profile aligned with the incision along the pars plana, and wherein the elongate cross-sectional

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

102.  The method of claim 101 wherein the retention 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.

103.  An apparatus, the apparatus comprising:

a therapeutic device comprising a shape changing drug reservoir, a porous
structure and a retention structure; and

a cannula, wherein the therapeutic device is positioned within the cannula.

182



WO 2010/088548 PCT/US2010/022631

104.  The apparatus of claim 103 wherein the therapeutic device comprises an
elongate narrow shape for insertion into the sclera and wherein the device is configured to

expand to a second elongate wide shape for retention in the sclera

105. A therapeutic device to treat a patient, the device comprising;:

means for releasing therapeutic amounts of a therapeutic agent for an extended

period.
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