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DIAGNOSTIC METHODS AND APPARATUS

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application is related to and claims the benefit of priority under 35 U.S.C.

119(e) of U.S. Provisional Application Serial Number 61/502,157, titled, "Diagnostic

Methods and Apparatus," filed June 28, 201 1; U.S. Provisional Application Serial

Number 61/503,492, titled, "Diagnostic Methods and Apparatus," filed June 30, 201 1;

U.S. Provisional Application Serial Number 61/538,736, titled, "Diagnostic Methods and

Apparatus," filed September 23, 201 1; and U.S. Provisional Application Serial Number

61/595,618, titled, "Diagnostic Methods and Apparatus," filed February 6, 2012. Priority

of the filing date of June 28, 201 1 is hereby claimed, and the disclosures of the

provisional patent applications are hereby incorporated by reference in their entireties.

BACKGROUND

[0002] The present disclosure is generally directed to diagnosis and treatment of disease

such as disease of the eye.

[0003] Prior methods and apparatus for treating tissue of the eye can be less than ideal in

at least some instances. Although examination of the tissues of the eye can provide an

indication of the condition of the eye, in at least some instances the tissue of the eye may

indicate disease progression later than would be ideal. In at least some instances, it may

be beneficial to treat the eye or modify treatment before tissue of the eye is altered by a

disease of the eye. In at least some instances, the tissue of the eye can be damaged with

progression of an eye disease and treatment of the eye may not occur until at least some

damage to tissue has occurred.

[0004] At least some of the current methods to access the vitreous humor of the eye can

be more invasive than would be ideal. Intravitreal taps and microdialysis can rely on

insertion of a needle into the vitreous humor of the eye, and may not be well suited to

diagnose the condition of the eye of a patient in at least some instances.

[0005] In light of the above, it would be desirable to provide improved diagnosis and

treatment of diseases such as diseases of the eye. Ideally, these treatments would



decrease at least some of the deficiencies of the prior art, and provide diagnosis and

treatment.

SUMMARY

[0006] Some embodiments described herein provide improved methods and apparatus to

treat diseases such as diseases of the eye. In many embodiments, a fluid of a device

implanted in the eye is received in a container, and one or more components of the fluid

of the implanted device identified to treat the eye. The components of the fluid of the

implanted device may comprise one or more components of the eye or one or more

components of a formulation placed in the device implanted in the eye. The components

of the eye identified from the liquid of the implanted device can be used in many ways to

treat the eye, and may comprise one or more components of the aqueous humor or the

vitreous humor of the eye. In many embodiments, the eye can be treated based on one or

more markers of a disease of the eye, such that the eye can be treated based on the

markers prior to substantial damage to tissue of the eye. The marker may comprise one

or more of a genetic marker, a genomic marker, or a protein marker. In many

embodiments, the marker comprises a protein corresponding to one or more of a genetic

marker or a protein marker. In many embodiments, the device implanted in the eye

comprises a reservoir chamber to store a therapeutic agent and a porous structure coupled

to the reservoir chamber to release the therapeutic agent into the vitreous humor or the

aqueous humor of the eye. The volume of the chamber and the release rate of the porous

structure can be tuned to an amount of therapeutic agent injected into the device. The

amount of therapeutic agent in the reservoir chamber and the amount of the component in

the eye can be related to the volume of the reservoir chamber and the release rate of the

porous structure.

[0007] The components of the fluid of the implanted device may comprise one or more

of a pathogen of the eye, an autogenic component of the eye, or a component placed in

the implanted device such as a therapeutic agent or a stabilizer such as a surfactant, or

combinations thereof. The eye can be diagnosed based on one or more of the pathogen,

the autogenic component, or the component placed in the implanted device, or

combinations thereof. In many embodiments, the treatment of the eye can be determined

based on an autogenic component of the eye such as a growth factor. The therapeutic



agent may interact with the autogenic component, and the amount of an autogenic

component can be determined based on one or more of the amount of autogenic

component, the amount of therapeutic agent, or an amount of therapeutic agent bound to

the autogenic component. The autogenic component may comprise a growth factor such

as vascular endothelial growth factor (hereinafter "VEGF"), and the therapeutic agent

may comprise an antibody fragment such as ranibizumab to bind to the growth factor.

[0008] In many embodiments, the component placed in the implanted device comprises

one or more components of a formulation placed in the implanted device, for example

placed in the implanted device with injection. The injected formulation may comprise a

therapeutic fluid comprising the therapeutic agent and a stabilizer. The amount of

therapeutic agent and the amount of stabilizer in the fluid received from the implanted

device can be measured and used to determine one or more of an amount of mixing of the

therapeutic fluid with the implantable device fluid during placement, an amount of

therapeutic agent in the implanted device prior to placement of the therapeutic fluid, rate

of release of the therapeutic agent from the implant, or an amount of therapeutic fluid

placed in the device and an amount of implantable device fluid remaining in the

implanted device. In many embodiments, the amount of time since the prior injection of

therapeutic fluid and the ratio of therapeutic agent and stabilizer can be used to determine

the rate of release of the therapeutic agent from the implant.

[0009] The components of the eye identified from the liquid of the implanted device may

comprise a plurality of markers. The plurality of markers may comprise a first plurality

of markers from a first sample and a second plurality of markers from a second sample,

and the first plurality of markers may comprise a first marker profile of the eye measured

at a first time, and the second plurality of markers may comprise a second marker profile

of the eye measured at a second time. The first marker profile can be compared to the

second marker profile to one or more of diagnose or treat the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows an eye suitable for incorporation of the therapeutic device, in

accordance with embodiments.



[0011] FIG. 2 shows a therapeutic device implanted at least partially within the sclera of

the eye as in FIG. 1, in accordance with embodiments.

[0012] FIG. 3 shows a therapeutic device implanted under the conjunctiva and extending

through the sclera to release a therapeutic agent into vitreous humor of the eye so as to

treat the retina of the eye, in accordance with embodiments.

[0013] FIG. 4 shows structures of a therapeutic device configured for placement in an

eye as in FIGS. 2 and 3, in accordance with embodiments.

[0014] FIG. 5 shows a therapeutic device loaded into an insertion cannula, in which the

device comprises an elongate narrow shape for insertion into the sclera, and in which the

device is configured to expand to a second elongate wide shape for retention at least

partially in the sclera, in accordance with embodiments.

[0015] FIG. 6 shows a therapeutic device implanted under the conjunctiva and extending

through the sclera to release a therapeutic agent into vitreous humor of the eye so as to

treat the retina of the eye, in accordance with embodiments.

[0016] FIG. 7 shows a therapeutic device comprising a reservoir suitable for loading in a

cannula, in accordance with embodiments.

[0017] FIG. 8 shows a therapeutic device configured for placement in an eye as in FIGS.

2 and 3, in accordance with embodiments.

[0018] FIG. 9 shows a therapeutic device configured for placement in an eye as in FIGS.

2 and 3, in accordance with embodiments.

[0019] FIG. 10 shows at least one exit port, in accordance with embodiments.

[0020] FIG. 11 shows a method of removing a binding material, in accordance with

embodiments.

[0021] FIG. 12 shows inserting the therapeutic agent with a second insert having the

therapeutic agent (TA) bound thereon, in accordance with embodiments.



[0022] FIG. 13 shows syringe being filled with a commercially available formulation of

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

embodiments.

[0023] FIG. 14 shows a therapeutic device configured for placement in an eye as in

FIGS. 2 and 3, in which the device comprises a plurality of chambers and channels

connecting the chambers so as to linearize the release of the therapeutic agent, in

accordance with embodiments.

[0024] FIG. 15 shows a therapeutic device configured for placement in an eye as in

FIGS. 2 and 3, in which the device comprises a needle stop located at the bottom of the

therapeutic device, in accordance with embodiments.

[0025] FIG. 16 shows a therapeutic device configured for placement in an eye as in

FIGS. 2 and 3, in which the device comprises a needle stop 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, in accordance with

embodiments.

[0026] FIG. 17 shows a therapeutic device configured for placement in an eye as in

FIGS. 2 and 3, in which the device comprises a needle stop located in the middle of the

therapeutic device, in accordance with embodiments.

[0027] FIG. 18 shows a therapeutic device configured for placement in an eye as in

FIGS. 2 and 3, in which the device comprises a needle stop located in the middle of the

therapeutic device and the shape of the device encourages the movement of the

therapeutic agent within the chamber of the therapeutic device, in accordance with

embodiments.

[0028] FIG. 19 shows a top view of the therapeutic device configured for placement in an

eye as in FIG. 18, in accordance with embodiments.

[0029] FIG. 20 shows an access port suitable for incorporation with the therapeutic

device, in accordance with embodiments.



[0030] FIG. 1 shows a collar suitable for incorporation with the therapeutic device, in

accordance with embodiments.

[0031] FIG. 22 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, in accordance with embodiments.

[0032] FIG. 23 shows released fragments of antibodies, in accordance with

embodiments.

[0033] FIG. 24 shows antibody fragments reversibly bound to a substrate, in accordance

with embodiments.

[0034] FIG. 25 shows a therapeutic device coupled to an injector to insert therapeutic

agent into the device, in accordance with embodiments.

[0035] FIG. 26 shows a therapeutic device coupled to an injector to simultaneously inject

and remove material from the device, in accordance with embodiments.

[0036] FIG. 27 shows a therapeutic device comprising a micro loop channel, in

accordance with embodiments.

[0037] FIG. 28 shows a therapeutic device comprising a tortuous channel, in accordance

with embodiments.

[0038] FIG. 29 shows a therapeutic device comprising a coiled channel, in accordance

with embodiments.

[0039] FIG. 30 shows an expandable and contractible structure to retain the therapeutic

agent and an outer rigid casing to couple to the sclera, in accordance with embodiments.

[0040] FIGS. 31 shows a membrane disposed over an exit port of a therapeutic device, in

accordance with embodiments.

[0041] FIG. 32 shows a therapeutic device comprising a tubular membrane clamped onto

the therapeutic device, in accordance with embodiments.

[0042] FIG. 33 shows a therapeutic device comprising a container having a penetrable

barrier disposed on a first end, a porous structure disposed on a second end to release



therapeutic agent for an extended period, and a retention structure comprising an

extension protruding outward from the container to couple to the sclera and the

conjunctiva, in accordance with embodiments.

[0043] FIG. 34 shows a therapeutic device as in FIG. 33 comprising a rounded distal end,

in accordance with embodiments.

[0044] FIG. 35 shows a rigid porous structure configured for sustained release with a

device as in FIG. 33 in accordance with embodiments.

[0045] FIG. 36 shows interconnecting channels extending from a first side 150S1 to a

second side 150S2 of the porous structure as in FIG. 35, in accordance with

embodiments.

[0046] FIG. 37 shows a plurality of paths of the therapeutic agent along the

interconnecting channels extending from a first side 150S1 to a second side 150S2 of the

porous structure as in FIGS. 35 and 36, in accordance with embodiments.

[0047] FIG. 38 shows blockage of the openings with a covering and the plurality of paths

of the therapeutic agent along the interconnecting channels extending from a first side

150S1 to a second side 150S2 of the porous structure as in FIGS. 35 and 36, in

accordance with embodiments.

[0048] FIG. 39 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

150S1 to a second side 150S2 of the porous structure as in FIGS. 35 and 36, in

accordance with embodiments.

[0049] FIG. 40 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 150S1 to a second side 150S2 of the porous structure as in FIGS. 35 and

36, in accordance with embodiments.

[0050] FIG. 4 1 shows a rigid porous structure as in FIG. 35 incorporated into a scleral

tack, in accordance with embodiments.



[0051] FIG. 42, shows a rigid porous structure as in FIG. 35 coupled with a reservoir for

sustained release, in accordance with embodiments.

[0052] FIG. 43 shows a rigid porous structure within a hollow body or tube for sustained

release, in accordance with embodiments.

[0053] FIG. 44 shows a rigid porous structure as in FIG. 35 comprising a non-linear

helical structure for sustained release, in accordance with embodiments.

[0054] FIG. 45 shows porous nanostructures, in accordance with embodiments, in

accordance with embodiments.

[0055] FIG. 46 shows a therapeutic device coupled to an injector that removes material

from the device and injects therapeutic agent into the device, according to embodiments,

in accordance with embodiments.

[0056] FIG. 47 shows a therapeutic device comprising a porous structure and a

penetrable barrier as in FIG. 43, with the penetrable barrier coupled to an injector to

inject and remove material from the device, in accordance with embodiments.

[0057] FIG. 48 shows a therapeutic device comprising a penetrable barrier coupled to an

injector needle comprising a stop that positions the distal end of the needle near the

proximal end of the reservoir of the device to flush the reservoir with ejection of liquid

formulation through the porous frit structure, in accordance with embodiments.

[0058] FIG. 49 shows a therapeutic device comprising a penetrable barrier coupled to a

needle of an injector to inject and remove material from the device such that the liquid in

the reservoir 130 is exchanged with the injected formulation, in accordance with

embodiments.

[0059] FIG. 50 shows a deformable visual indicator, in accordance with embodiments.

[0060] Fig. 5 1 shows the visual indicator coupled to soft tissue, such as tissue of an eye,

for example the conjunctiva positioned over the penetrable barrier of the therapeutic

device, in accordance with embodiments.



[0061] FIGS. 52 and 53 show a therapeutic device coupled to an injector, in accordance

with embodiments.

[0062] FIG. 54, FIG. 55, FIG. 56, FIG. 57, FIG. 58, and FIG. 59 show sliding coupling

of a valve to a plunger coupled to a piston to exchange a first intended volume of liquid

within the reservoir with a volume of formulation of therapeutic agent and close the valve

so as to inject a second volume of liquid through the porous frit structure, in accordance

with embodiments.

[0063] FIG. 60 and FIG. 6 1 show a first configuration of an injector to maintain the rate

of flow into device to within about +/- 50%, for example to within about +/- 25%, such

that the time to inject the therapeutic agent into device remains substantially constant

amount devices and injections, in accordance with embodiments.

[0064] FIG. 62 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.

[0065] FIG. 63 shows an isometric view of the therapeutic device as in FIG. 62, in

accordance with embodiments.

[0066] FIG. 64 shows a top view of the therapeutic device as in FIG. 62, in accordance

with embodiments.

[0067] FIG. 65 shows a side cross-sectional view along the short side of the retention

structure of the therapeutic device as in FIG. 62, in accordance with embodiments.

[0068] FIG. 66 shows a bottom view of the therapeutic device as in FIG. 62 implanted in

the sclera, in accordance with embodiments.

[0069] FIG. 67 shows a cutting tool comprising a blade having a width corresponding to

the perimeter of the barrier and the perimeter of the narrow retention structure portion, in

accordance with embodiments.

[0070] FIGS. 68 and 69 show distal cross-sectional view and a proximal cross-sectional

view, respectively, of a therapeutic device comprising an elongate and non-circular cross-

sectional size, in accordance with embodiments, in accordance with embodiments.



[0071] FIG. 70 shows an isometric view of the therapeutic device having a retention

structure with an elongate cross-sectional size, in accordance with embodiments, in

accordance with embodiments.

[0072] FIG. 7 1 shows a distal end view of the therapeutic device as in FIG. 70, in

accordance with embodiments.

[0073] FIG. 72 shows a side view of the short axis of the narrow neck portion of the

therapeutic device as in FIG. 70, in accordance with embodiments.

[0074] FIG. 73 shows a side view of the long axis of the narrow neck portion of the

therapeutic device as in FIG. 70, in accordance with embodiments.

[0075] FIG. 74 shows a proximal view of the therapeutic device as in FIGS. 70, in

accordance with embodiments.

[0076] FIG. 75, FIG. 76, and FIG. 77 show exploded assembly drawings for the

therapeutic device as in FIGS. 70 to 74, in accordance with embodiments.

[0077] FIG. 78 shows an expandable therapeutic device comprising an expandable

barrier material and support in an expanded configuration for extended release of the

therapeutic agent, in accordance with embodiments.

[0078] FIG. 79 shows the distal end portion of the support 160S as in FIG. 78, in

accordance with embodiments.

[0079] FIG. 80 shows the support 160S disposed inside the barrier 160, in accordance

with embodiments.

[0080] FIG. 81 shows the support 160S disposed along the inner surface of the barrier

160, in accordance with embodiments.

[0081] FIG. 82 shows the expandable therapeutic device as in FIG. 78 in a narrow profile

configuration, in accordance with embodiments.

[0082] FIG. 83 shows the expandable therapeutic device as in FIG. 78 in an expanded

profile configuration, in accordance with embodiments.



[0083] FIGS. 84 and 85 show an expandable retention structure, in accordance with

embodiments.

[0084] FIG. 86 shows a therapeutic device comprising a porous structure positioned in an

eye to deliver a therapeutic agent to a target location on the retina, in accordance with

embodiments.

[0085] FIG. 87 shows a therapeutic device comprising a porous structure located on the

device to deliver a therapeutic agent to one or more of the ciliary body or the trabecular

meshwork when positioned in the eye, in accordance with embodiments.

[0086] FIG. 88 shows therapeutic device comprising porous structure oriented to release

the therapeutic agent away from the lens and toward the retina, in accordance with

embodiments.

[0087] FIG. 89 shows a kit comprising a placement instrument, a container, and a

therapeutic device within the container, in accordance with embodiments.

[0088] FIGS. 90 and 9 1 show a side cross-sectional view and a top view, respectively, of

therapeutic device for placement substantially between the conjunctiva and the sclera.

[0089] FIG. 92 shows the therapeutic device implanted with the reservoir between the

conjunctiva and the sclera, such that elongate structure extends through the sclera to

couple the reservoir chamber to the vitreous humor, in accordance with embodiments.

[0090] FIG. 93 shows the porous structure of therapeutic device located in channel near

the opening to the chamber of the container, in accordance with embodiments.

[0091] FIG. 94 shows the porous structure located within the chamber of container and

coupled to the first opening of the elongate structure so as to provide the release rate

profile, in accordance with embodiments.

[0092] FIG. 95 shows a plurality of injection ports spaced apart so as to inject and

exchange the liquid of chamber of the container and inject the therapeutic agent into the

reservoir chamber of the container, in accordance with embodiments.



[0093] FIG. 96 shows the elongate structure coupled to the container away from the

center of container and near and located near an end of the container, in accordance with

embodiments.

[0094] FIG. 97 shows a cartridge comprising a container to collect a sample of the fluid

of the therapeutic device for analysis, in which the cartridge container is placed in a

packaging container, in accordance with embodiments.

[0095] FIG. 98 shows a syringe coupled to the cartridge as in FIG. 97 to inject the

formulation and collect the sample, in accordance with embodiments.

[0096] FIG. 99 shows the syringe and cartridge as in FIG. 98 coupled to the device

implanted in the eye to inject the therapeutic agent and receive the fluid of the implanted

device, in accordance with embodiments.

[0097] FIG. 100 shows the cartridge of FIG. 99 placed in the packaging container with

the covering placed over the packaging container to inhibit evaporation of the liquid of

the sample, in accordance with embodiments.

[0098] FIG. 101 shows a cartridge comprising a detachable container to collect a sample

of the fluid of the therapeutic device for analysis, in which the syringe and the cartridge

container can be separated from the cartridge, in accordance with embodiments.

[0099] FIG. 102 shows the cartridge as in FIG. 101 to coupled to the container to inject

the therapeutic fluid into the therapeutic device implanted in the eye and collect the

sample of fluid from therapeutic device implanted in the eye, in accordance with

embodiments.

[00100] FIG. 103 shows the cartridge assembly as in FIGS. 101-102 removed from the

implanted therapeutic device and the container having the fluid of the implanted removed

from the cartridge, in accordance with embodiments.

[00101] FIG. 104 shows concentrations profiles and ratios for a therapeutic agent and a

stabilizer, in accordance with embodiments.



[00102] FIG. 105 shows concentration of a component of the eye in the reservoir chamber

and the concentration of the therapeutic agent in the reservoir chamber over time, in

accordance with embodiments.

[00103] FIG. 106 shows accumulation of a plurality of components of the eye in the

reservoir chamber over time, in accordance with embodiments.

[00104] FIG. 107 shows concentrations of a first marker and a second marker in the

vitreous humor over time in response to therapeutic agent, in which the second marker is

less sensitive than the first marker to amounts of therapeutic agent, in accordance with

embodiments.

[00105] FIG. 108 shows concentrations in the vitreous humor of a first marker comprising

a molecular weight corresponding to ranibizumab bound to VEGF and a second marker

comprising a molecular weight corresponding to glyceraldehyde 3-phosphate

dehydrogenase (hereinafter "GAPDH") in response to therapeutic agent, in accordance

with embodiments.

[00106] FIG. 109 shows concentrations in the reservoir chamber of the first marker and

the second marker corresponding to the concentrations in the vitreous humor as in FIG.

108, in accordance with embodiments.

[00107] FIG. 110 shows concentrations of a first marker, a second housekeeping marker

and a third marker in the vitreous humor over time in response to therapeutic agent, in

which the third marker is more sensitive than the first marker to amounts of therapeutic

agent, in accordance with embodiments.

[00108] FIG. I l l shows concentrations in the vitreous humor of a first marker having a

molecular weight corresponding to Ranibizumab bound to VEGF, a second housekeeping

marker having a molecular weight corresponding to GADPH and a third marker having a

molecular weight corresponding to IL-6 in response to therapeutic agent, in which the

third marker is more sensitive than the first and second markers to amounts of therapeutic

agent, in accordance with embodiments.



[00109] FIG. 112 shows concentrations in the reservoir chamber of the implanted device

corresponding to the marker concentration in the vitreous humor as in FIG. 111, in

accordance with embodiments.

[00110] FIG. 113 shows concentrations of a first marker and a fourth marker in the

vitreous humor over time in response to therapeutic agent, in which the fourth marker is

more sensitive than the first marker to amounts of therapeutic agent and in which the

fourth marker is released before the first marker, in accordance with embodiments.

[00111] FIG. 114 shows concentrations in the vitreous humor over time of a first marker

comprising ranibizumab bound to VEGF, a second housekeeping marker having

comprising GAPDH and a fourth marker comprising IL-8, in which the fourth marker is

released after the first marker in response to the amount of the therapeutic agent in the

vitreous humor falling below a therapeutic amount, in accordance with embodiments.

[00112] FIG. 115 shows concentrations in the reservoir chamber of the therapeutic device

over time in response to the vitreal concentrations as in FIG. 114, in accordance with

embodiments.

[00113] FIG. 116 shows concentrations of a first marker through fourth markers in the

vitreous humor over time, in accordance with embodiments.

[00114] FIG. 117 shows concentrations of markers in the vitreous humor in response to a

therapeutic agent, in which the first marker comprising a molecular weight corresponding

ranibizumab bound to VEGF, a second marker comprising a molecular weight

corresponding to GAPDA, a third marker comprising a molecular weight corresponding

to IL-6, and a fourth marker comprising a molecular weight corresponding to IL-8, in

accordance with embodiments.

[00115] FIG. 118 shows concentrations of markers in the reservoir chamber of the

therapeutic device in response to the vitreal concentrations as in FIG. 117, in accordance

with embodiments.

[00116] FIG. 119 shows concentrations of a fifth substantially binary marker in the

vitreous humor over time, in accordance with embodiments.



[00117] FIG. 120 shows concentrations of a substantially binary in the vitreous humor

over time, in which the marker has a molecular weight corresponding to C-reactive

protein, in accordance with embodiments.

[00118] FIG. 121 shows concentrations of the substantially binary marker in the reservoir

chamber of the therapeutic device in response to the vitreal concentrations as in FIG. 120,

in accordance with embodiments.

[00119] FIG. 122 concentrations of markers in a therapeutic device reservoir having a

slower rate of release and a slower rate of accumulation than the therapeutic device of

FIG. 106, in accordance with embodiments.

[00120] FIG. 123 shows an apparatus to analyze the sample of the implanted therapeutic

device and a processor system having instructions to receive data of the fluid of the

device implanted in the eye, in accordance with embodiments.

[00121] FIG. 124 shows the sample container coupled to the apparatus to analyze the

sample of the device, in accordance with embodiments.

[00122] FIGS. 125 and 126 show fluid of the implanted device being drawn from the

sample container into a syringe and the fluid from the sample container being injected to

the apparatus to analyze the sample of the implanted therapeutic device, in accordance

with embodiments.

[00123] FIG. 127 shows components of the processor system of FIG. 123, in accordance

with embodiments.

[00124] FIG. 128 shows a processor comprising a tangible medium, in accordance with

embodiments.

[00125] FIG. 129, FIG. 130, and FIG. 131 show an injector cartridge having a container to

receive the implanted device fluid and a porous vent structure down stream of the

container such that the porous structure of the cartridge comprises a valve to provide a

bolus injection, in accordance with embodiments.

[00126] FIGS. 132 and 133 show a side view and a front view, respectively of the

exchange needle apparatus. The porous structure 703VPS of the outflow path can



provide a substantial resistance to flow of the fluid comprising liquid so as to provide the

bolus injection, in accordance with embodiments.

DETAILED DESCRIPTION

[00127] Embodiments as described herein can be combined in many ways to treat one or

more of many diseases such as diseases of the eye. The embodiments can be beneficially

combined with many known diagnostics, medicines and procedures, for example

combined with known methods of diagnosing and treating the eye with a device

implanted in the eye, and combinations thereof. Examples of implantable devices

suitable for combination in accordance with embodiments of the present disclosure are

described in U.S. Pat. App. Ser. No. 12/696,678, filed 29 January 2010, entitled

"Posterior Segment Drug Delivery", published as U.S. Pub. No. 2010/0255061 on

October 7, 2010, the full disclosure of which is incorporated herein by reference.

[00128] Although specific reference is made to the delivery of macromolecules

comprising antibodies or antibody fragments to the posterior segment of the eye,

embodiments can be used to diagnose the patient and to deliver many therapeutic agents

to one or more of many tissues of the body. For example, embodiments can be used to

diagnose the patient based on a sample from an implantable device and to deliver

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

intravascular, intra articular, intrathecal, pericardial, intraluminal and gut.

[00129] Embodiments provide sampling of a component of the eye from a device

implanted in the eye and 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

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

[00130] The diagnostic methods and apparatus as described herein can be used in many

ways to one or more of treat or diagnose the patient, and can be combined in many ways

with known treatments. In many embodiments, a diagnostic sample can be measured at a



plurality of time points, such as when the therapeutic device is implanted, and one or

more samples at a plurality of time points from the therapeutic device. A baseline sample

can be measured from the patient when the device is implanted, for example prior to

implantation with removal of a portion of the vitreous humor similar to a vitreal tap.

When the device has been implanted, the fluid of the therapeutic device can be

exchanged with a therapeutic fluid and analyzed, for example every 3-8 months.

[00131] As used herein the release rate index (PA/FL) encompasses 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 determined by a person of ordinary skill in the art in

accordance with the teachings described herein.

[00132] As used herein, sustained release encompasses the release of therapeutic amounts

of an active ingredient of a therapeutic agent for an extended period of time. The

sustained release may encompass a 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 combinations thereof.

[00133] 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. In

addition, as used herein, similar numerals indicate similar structures and/or similar steps.

[00134] As used herein, terms of sequence such as first, second, and third can be used to

illustrate combinations in accordance with embodiments merely by way of non-limiting

example. Although terms of sequence may be used in accordance with one or more

embodiments, a person of ordinary skill in the art will recognize many adaptations and

variations based on the teachings described herein. For example, the order can be

changed or one or more terms of sequence removed, or combinations thereof.



[00135] MEASUREMENT OF ONE OR MORE OCULAR COMPONENTS TO

DIAGNOSE AND TREAT THE EYE

[00136] Based on diagnostic tests of samples from a reservoir container of the device, the

therapeutic treatment can be adjusted accordingly. For example, the patient may be

diagnosed as a non-responder and the therapeutic agent changed, or the time interval at

which the therapeutic agent is exchanged can be adjusted. For example, the exchange of

the therapeutic fluid may be sooner e.g. every 3 months, or later, e.g. every 8 months,

based on the components of the sample from the therapeutic device and patient response.

[00137] The components of the eye from the device may correspond to one or more

pathways. For example, based on the diagnostic tests as described herein, amounts of

pro-inflammatory cytokines that may upregulate VEGF can be measured and compared

to one or more markers as described herein, such as VEGF. The embodiments as

described herein can be well suited to determine one or more of a genotype of a patient, a

phenotype of a patient, or combinations thereof, that can be used to diagnose and treat the

patient. The sample may be combined with genetic testing to evaluate genes and

phenotypes associated with a disease. For example, the sample may be combined with a

DNA sample, such as from a swab of the sample used to determine a genotype of the

patient, such as complement factor H-genotype. A patient having the compliment factor

H genotype can be identified as more likely to get AMD, and the treatment and marker

data interpreted based on one or more of the genotype of the phenotype of the patient.

The one or more markers may comprise markers capable of binding to each other, such as

complement factor H and c-reactive protein.

[00138] The marker measured from the implantable device sample may comprise one or

more proteins having a substantial fluctuation in amount in response to the therapeutic

agent. For example intra-vitreal amounts of the markers IL6 and GCSF can each have

high ratios of mean pre-treatment to mean post treatment, such that these markers can be

well suited to diagnose and treat the eye. The marker from the vitreous may correspond

to a component of blood, such as serum amyloid, and may comprise a component of

blood plasma. The marker may comprise one or more of the markers of Table I, herein



below. The marker may comprise a protein, or alternatively a non-protein such as a

carbohydrate, for example glucose or lactose, for example.

[00139] The marker can be a marker corresponding to a diagnosed condition of the

patient. For example, insulin may be measured from the sample of the implantable

device for patients having diabetic retinopathy, for example. Alternatively or in

combination, the marker may comprise a marker corresponding to a target of the

therapeutic agent, such as VEGF, and amounts of the marker bound to the therapeutic

agent may be measured. For example, the therapeutic agent and marker can be bound

when diffusing into the reservoir chamber of the device so as to decrease the rate of

diffusion into the reservoir chamber, and the patient can be one or more of diagnosed or

treated based on amounts of the therapeutic agent bound to the target and corresponding

rates of diffusion of the bound components through the porous structure of the

implantable device. For example, Ranibizumab when bound to VEGF can have a

molecular weight of about 93 kilo Daltons (hereinafter "kDa") and diffuse about 20%

slower than unbound VEGF.

[00140] The plurality of markers measured from the implanted device as described herein

can be combined with statistical analysis from a population of patients to one or more of

diagnose or treat the patient. The sample from the implanted device can be measured so

as to provide a marker profile of the plurality of components that can be compared with

marker profiles determined from a variety of patients. For example, data from a

population of patients can provide correlations, statistical metrics, and statistical

significance to the amounts of markers of the profile. The marker profile may comprise

a plurality of markers from the implantable device, at least about 10 markers, or 20 or

more markers measured from the implantable device, for example.

[00141] Table 1 (see Appendix I) shows examples of markers that can be received from

the implanted device and used to diagnose the eye or treat the eye, or both. The markers

can be used to determine a course of treatment for the patient, and may be combined in

many ways with the therapeutic agent as described herein. In many embodiments, the

marker comprises a molecule that is a component of the eye which can diffuse through

the porous structure into the reservoir structure. In many embodiments, the marker



comprises a large molecule that can diffuse through the porous structure of the implanted

device into the reservoir chamber. The therapeutic agent may comprise a large molecule

or a small molecule that can diffuse through the porous structure, or combinations of

large and small molecules. Work in relation to embodiments indicate that marker

molecules having a lower molecular weight may accumulate in the implanted device

more rapidly than larger molecular weight marker molecules, and that marker molecules

having a molecular weight of no more than about 500 kDa can be used in many

embodiments. In many embodiments the molecular weight can be smaller than 500 kDa,

for example 100 kDa or less, so that the accumulation rate is increased. The molecular

weight values of Table 1 can be combined in many ways to provide ranges of molecular

weights of the measured marker. Alternatively or in combination, a plurality of markers

of different molecular weight can be used to diagnose and treat the patient. Examples of

markers and amounts similar to Table 1 can be used and are shown in Molecular Vision

(Mol Vis. 2010; 16: 2175-2184, Published online 2010 October 27) available on the

world wide web (at the address

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2994336/table/tl/ )

[00142] A ratio of pre-treatment mean concentration to post-treatment mean concentration

is shown for the markers of Table 1. This ratio can be used to determine markers suitable

to indicate efficacy of treatment and markers suitable for use as housekeeping genes. The

markers having a ratio above about 1.2, for example, can be suitable for use as

housekeeping markers. Markers having a ratio above about 1.2 may be suitable for use

as efficacy markers. In many embodiments, the one or more markers from the

therapeutic device correspond to a pre/post ratio above of about 1.5, for example.

Alternatively or in combination, the pre/post ratio can be less than 0.8, for example, and

the marker risk may correspond to under-expression of protective factors, for example.

The marker profile to diagnose the patient from a sample of the implanted device may

comprise a plurality of up-regulation of pathogenic factor markers corresponding to a

ratio above about 1.2 and a plurality of under-expression of protective factor markers

corresponding to a ratio below about 0.8, for example.

[00143] A list of known Hugo symbols is provided in Appendix II of this disclosure, and

can be used to determine genetic markers and corresponding genetic mapping in



accordance with embodiments. This appendix includes genes and codenames for genes

whose expression may change upon VEGF treatment of the eye.

[00144] The markers of Table 1 and the therapeutic agent of Table 1A (see Appendix I)

can be combined in many ways to treat the eye. For example, one or more of the markers

of Table 1 can be combined with one or more therapeutic agents of Table 1A to treat the

eye. The efficacy of a treatment with the therapeutic agent can be evaluated based on the

marker, and the therapeutic agent can be changed or the amount of therapeutic agent

adjusted based on one or more of the presence or amount of the marker. The many

combinations corresponding to each marker of Table 1 with one or more therapeutic

agents of Table 1A provide many embodiments. A person of ordinary skill in the art can

conduct experiments to determine empirically which of the one or more markers can be

combined with which of the one or more therapeutic agents to beneficially treat the

patient or the eye, or both. Further, one or more marker may be combined with a

plurality of therapeutic agents, in accordance with embodiments. Alternatively, a

plurality of markers may be combined with one or more therapeutic agents, in accordance

with many embodiments. A person of ordinary skill in the art will recognize many

embodiments in accordance with the teachings and embodiments described herein.

[00145] The molecular weights of the markers of Table 1 can be used to determine the rate

of diffusion of the marker through the porous structure in accordance with the teachings

described herein. The rate of accumulation of the marker can be determined based on the

RRI and volume of the reservoir chamber of the device implanted in the eye. For

example, markers having low molecular weight may accumulate in the reservoir chamber

more rapidly than molecules with high molecular weight, and the time for the marker to

accumulate in the reservoir chamber can be used to diagnose the eye and determine the

effectiveness of the treatment. The molecular weights of the markers of Table 1 range

from about 2.5 kDa for Endothelium- 1 to about 540 kDa for fibrinogen, for example.

The lower end of the range may comprise a low molecular weight cytokine, for example

a MIP-1 alpha or MIP-1 beta. Alternatively or in combination, the lower end of the range

may correspond to Endothelium- 1. Based on the values of Table 1, the range of the

molecular weight of the marker can be within a range from about 1 kDa to about 540

kDa, for example within a range from about 2.5 kDa to about 540 kDa.



[00146] The marker may comprise a molecular weight corresponding to a molecular

weight of the therapeutic agent. For example, the molecular weight of the marker may

correspond to a diffusion coefficient of at least about half of the diffusion coefficient of

the therapeutic agent. For example, with Lucentis™ the molecular weight is about 48

kDa and a marker having a molecular weight of about 500 kDa can have a diffusion

coefficient and corresponding accumulation rate that is about half of Lucentis™. In

many embodiments, the molecular weight of the marker comprises no more than the

molecular weight of the therapeutic agent, for example no more than about half of the

molecular weight of the therapeutic agent.

[00147] For some entries in the table, ranges are shown that represent variations that may

be due to glycosylation, subunits vs. association into soluble aggregates, and binding to

other molecules. Hence, these are representative values that may be adjusted to account

for the actual size of the moiety diffusing into the device during use.

[00148] THERAPEUTIC AGENT DELIVERY

[00149] The therapeutic agent may be contained within a chamber of a container, for

example within a reservoir comprising the container and chamber. The therapeutic agent

may comprise a formulation such as solution of therapeutic agent, a suspension of a

therapeutic agent or a dispersion of a therapeutic agent, for example. Examples of

therapeutic agents suitable for use in accordance with embodiments of the therapeutic

device are described herein, for example with reference to Table 1A below and

elsewhere.

[00150] The therapeutic agent may comprise a macromolecule, for example an antibody or

antibody fragment. The therapeutic macromolecule may comprise a VEGF inhibitor, for

example commercially available Lucentis™. The VEGF (Vascular Endothelial Growth

Factor) inhibitor can cause regression of the abnormal blood vessels and improvement of

vision when released into the vitreous humor of the eye. Examples of VEGF inhibitors

include Lucentis™, Avastin™, Macugen™, and VEGF Trap.

[00151] The therapeutic agent may comprise small molecules such as of a corticosteroid

and analogues thereof. For example, the therapeutic corticosteroid may comprise one or



more of trimacinalone, trimacinalone acetonide, dexamethasone, dexamethasone acetate,

fluocinolone, fluocinolone acetate, or analogues thereof. Alternatively or in combination,

he small molecules of therapeutic agent may comprise a tyrosine kinase inhibitor

comprising one or more of axitinib, bosutinib, cediranib, dasatinib, erlotinib, gefitinib,

imatinib, lapatinib, lestaurtinib, nilotinib, semaxanib, sunitinib, toceranib, vandetanib, or

vatalanib, for example.

[00152] The therapeutic agent may comprise an anti-VEGF therapeutic agent. Anti-

VEGF therapies and agents can be used in the treatment of certain cancers and in age-

related macular degeneration. Examples of anti-VEGF therapeutic agents suitable for use

in accordance with the embodiments described herein include one or more of monoclonal

antibodies such as bevacizumab (Avastin™) or antibody derivatives such as ranibizumab

(Lucentis™), or small molecules that inhibit the tyrosine kinases stimulated by VEGF

such as lapatinib (Tykerb™), sunitinib (Sutent™), sorafenib (Nexavar™), axitinib, or

pazopanib.

[00153] 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), Othera™, Complement C5aR blocker, Ciliary Neurotrophic Factor, Fenretinide

or Rheopheresis.

[00154] The therapeutic agent may comprise a therapeutic agent suitable for treatment of

wet AMD (age-related macular degeneration) such as one or more of REDD 14NP

(Quark), Sirolimus™ (Rapamycin), ATG003; Regeneron™ (VEGF Trap) or complement

inhibitor (POT-4).

[00155] The therapeutic agent may comprise a kinase inhibitor such as one or more of

bevacizumab (monoclonal antibody), BIBW 2992 (small molecule targeting

EGFR/Erb2), cetuximab (monoclonal antibody), imatinib (small molecule), trastuzumab

(monoclonal antibody), gefitinib (small molecule), ranibizumab (monoclonal antibody),

pegaptanib (small molecule), sorafenib (small molecule), dasatinib (small molecule),

sunitinib (small molecule), erlotinib (small molecule), nilotinib (small molecule),

lapatinib (small molecule), panitumumab (monoclonal antibody), vandetanib (small



molecule)or E7080 (targeting VEGFR2/VEGFR2, small molecule commercially

available from Esai, Co.)

[00156] The amount of therapeutic agent within the therapeutic device may comprise from

about 0.01 mg to about 1 mg, for example Lucentis™, so as to provide therapeutic

amounts of the therapeutic agent for the extended time, 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 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 of

in U.S. Pat. App. Ser. No. 12/696,678, filed 29 January 2010, entitled "Posterior Segment

Drug Delivery", published as U.S. Pub. No. 2010/0255061 on October 7, 2010, the full

disclosure of which has been previously incorporated herein by reference. The target

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

[00157] The delivery profile may be configured in many ways to obtain a therapeutic

benefit 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 concentration of therapeutic agent may

remain consistently above a threshold amount, for example 0.1 ug/mL, for the extended

time.

[00158] The insertion method may comprise inserting a dose into the container of the

therapeutic device. For example, a single injection of Lucentis™ may be injected into

the therapeutic device.

[00159] The duration of sustained delivery of the therapeutic agent may extend for twelve

weeks or more, for example four to six months from a single insertion of therapeutic

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



[00160] The therapeutic agent may be delivered in many ways so as to provide a sustained

release for the extended time. For example, the therapeutic device may comprise a

therapeutic agent and a binding agent. The binding agent may comprise small particles

configured to couple releasably or reversibly to the therapeutic agent, such that the

therapeutic agent is released for the extended time after injection into the vitreous humor.

The particles can be sized such that the particles remain in the vitreous humor of the eye

for the extended time.

[00161] 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 an extended

period of time. The therapeutic device may comprise a drug and a binding agent. The

drug and binding agent can be configured to provide the sustained release for the

extended time. A membrane or other diffusion barrier or mechanism may be a

component of the therapeutic device to release the drug for the extended time.

[00162] The lifetime of the therapeutic device and number of injections can be optimized

for patient treatment. For example, the device may remain in place for a lifetime of 30

years, for example with AMD patients from about 10 to 15 years. For example, the

device may be configured for an implantation duration of at least two years, with 8

injections (once every three months) for sustained release of the therapeutic agent over

the two year duration. The device may be configured for implantation of at least 10 years

with 40 injections (once every three months) for sustained release of the therapeutic

agent.

[00163] The therapeutic device can be refilled in many ways. For example, the

therapeutic agent can be refilled into the device in the physician's office.

[00164] The therapeutic device may comprise many configurations and physical attributes,

for example the physical characteristics of the therapeutic device may comprise at least

one of a drug delivery device with a suture, positioning and sizing such that vision is not

impaired, and biocompatible material. The device may comprise a reservoir capacity

from about 0.005 cc to about 0.2 cc, for example from about 0.01 cc to about 0.1 cc, and

a device volume of no more than about 2 cc. A vitrectomy may be performed for device



volumes larger than 0.1 cc. The length of the device may not interfere with the patient's

vision and can be dependent on the shape of the device, as well as the location of the

implanted device with respect to the eye. The length of the device may also depend on

the angle in which the device is inserted. For example, a length of the device may

comprise from about 4 to 6 mm. Since the diameter of the eye is about 24 mm, a device

extending no more than about 6 mm from the sclera into the vitreous may have a minimal

effect on patient vision.

[00165] 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, and a

diffusion mechanism so as to release therapeutic amounts of therapeutic agent for the

extended time.

[00166] MEASUREMENTS TO DETERMINE IMPLANTABLE DEVICE

PERFORMANCE AND EXCHANGE EFFICIENCY

[00167] As described herein, the amount of therapeutic agent in the exchanged

implantable device fluid can be measured to evaluate the release of the therapeutic agent

from the device and to determine the amount of therapeutic fluid placed in the device. In

many embodiments, the therapeutic fluid placed in the eye comprises one or more

components of a formulation of the therapeutic agent. The components of the

formulation of the therapeutic fluid can be measured to determine the amount of

therapeutic agent present in the implantable device fluid and the efficiency of placement

of the therapeutic fluid in the implantable device. In many embodiments, a non-

pharmacologic component of the implantable device fluid can be measured to determine

one or more of the following; the amount of therapeutic agent released since a previous

placement of a therapeutic fluid in the device; performance of the porous structure to

release the therapeutic agent; leakage of the therapeutic agent from the reservoir chamber

away from the porous structure; the efficiency of placement of the therapeutic fluid

within the implantable device; or the amount of implantable fluid displaced with the

therapeutic agent. For example, the ratio of a component of the formulation to the

amount of therapeutic agent can be determined.



[00168] The measured component of the formulation may comprise a stabilizer, and a

ratio of the stabilizer to the therapeutic agent can be measured, for example. The

measured component comprises a diffusion coefficient and a molecular weight

proportional to the therapeutic agent, such that the ratio of the therapeutic agent to the

component in the implantable device fluid can be compared to determine the amount of

therapeutic agent release since a prior placement of therapeutic fluid.

[00169] In many embodiments, the stabilizer increases an amount of time the therapeutic

agent has a therapeutic effect when placed in a therapeutic device placed in a patient.

The stabilizer may comprise one or more of the following; a buffer to maintain a pH of

the formulation, hydrophilic functional groups; a hydrophilic functional group to provide

a co-solvent stabilization; a charged functional group to provide charge interaction; or a

functional group to form a complex with the therapeutic agent, so as to increase one or

more of physical stability or chemical stability of the therapeutic agent and maintain

biological activity of the therapeutic agent. The stabilizer can be soluble and may

comprise one or more of a sugar, an alcohol, a polyol, or a carbohydrate and the

functional group may comprise a hydroxyl group.

[00170] In some embodiments, the stabilizer comprises a molecular weight of at least

about 3k Daltons. The stabilizer may comprise a molecular weight of at least about 5k

Daltons, and may comprise a molecular weight of at least about 10k Daltons, for example

at least about 25k Daltons.

[00171] In many embodiments, the stabilizer comprises a molecular weight of at least

about 25% of a molecular weight of the therapeutic agent. The stabilizer and the

therapeutic agent may each comprise a half-life when placed, for example injected, into a

therapeutic device, and the half-life of the stabilizer may comprise at least about 25% of

the half-life of the therapeutic agent. The half-life of the stabilizer may be comprised of

at least about 50% of the half-life of the therapeutic agent.

[00172] In many embodiments, the therapeutic agent may comprise ranibizumab. The

therapeutic agent may comprise ranibizumab and degradation products of ranibizumab,

and the degradation products may comprise one or more of deamidized ranibizumab or

oxidized ranibizumab.



[00173] In many embodiments, the stabilizer comprising the molecular weight comprises

one or more of: HA (hyaluronic acid) having the molecular weight of at least 2kDa,

histidine polymer buffer having the molecular weight of at least 2kDa, sugar having the

molecular weight of at least 2kDa, polysaccharides having the molecular weight of at

least 2kDa, carbohydrate having the molecular weight of at least 2kDa, starch having the

molecular weight of at least 2kDa, alcohol having the molecular weight of at least 2kDa,

polyol having the molecular weight of at least 2kDa, or polyethylene oxide having the

molecular weight of at least 2kDa, so as to stabilize the therapeutic agent and decrease

release of the therapeutic agent when placed in a therapeutic device.

[00174] In some embodiments, the stabilizer comprising the molecular weight comprises

one or more of: a phenol, a protein, or a charged stabilizers such as a metal comprising

one or more of zinc ion, calcium ion, or iron ion, so as to form a reversible complex with

the therapeutic agent.

[00175] In some embodiments, the stabilizer comprises a plurality of micelles and wherein

the molecular weight of the stabilizer corresponds to a weight of each micelle of the

plurality such that diffusion of the plurality of micelles corresponds to the weight of said

each micelle. The plurality of micelles may comprise a reservoir of the stabilizer. The

stabilizer may comprise a surfactant, and a concentration of surfactant may comprise at

least about two times a critical micelle concentration of the surfactant. The concentration

of surfactant may comprise at least about two times the critical micelle concentration, and

may comprise at least about four times the critical micelle concentration.

[00176] In some embodiments, a stabilizer ,may comprise a polysorbate.

[00177] In some embodiments, an amount of the stabilizer may correspond to at least

about 0.05% by weight of a formulation when injected into the eye.

[00178] OCULAR ANATOMY, THERAPEUTIC DEVICES AND PLACEMENT

[00179] FIG. 1 shows an eye 10 suitable for incorporation of the therapeutic device 100.

The eye has a cornea 12 and a lens 22 configured to form an image on the retina 26. The

cornea 12 can extend to a limbus 14 of the eye 10, and the limbus 14 can connect to a

sclera 24 of the eye 10. A conjunctiva 16 of the eye can be disposed over the sclera 24.



The lens 22 can accommodate to focus on an object seen by the patient. The eye 10 has

an iris 18 that may expand and contract in response to light. The eye 10 also comprises a

choroid 28 disposed the between the sclera 24 and the retina 26. The retina 26 comprises

the macula 32, and an optic nerve 36 extends from the retina 26. The eye 10 comprises a

pars plana 25, which comprises an example of a region of the eye 10 suitable for

placement and retention, for example anchoring, of the therapeutic device 100 as

described herein. The pars plana region 25 may comprise the sclera 24 and conjunctiva

16 disposed between the retina 26 and cornea 12. The therapeutic device 100 can be

positioned so as to extend from the pars plana region 25 into the vitreous humor 30 to

release the therapeutic agent. The therapeutic agent can be released into the vitreous

humor 30, such that the therapeutic agent arrives at the retina 26 and choroids 28 for

therapeutic effect on the macula 32. The vitreous humor of the eye 30 comprises a liquid

disposed between the lens 22 and the retina 26. The vitreous humor 30 may comprise

convection currents to deliver the therapeutic agent to the macula 32.

[00180] FIG. 2 shows a therapeutic device 100 implanted at least partially within the

sclera 24 of the eye 10 as shown in FIG. 1. The therapeutic device 100 may comprise a

retention structure, for example a protrusion, to couple the device 100 to the sclera 24.

The therapeutic device 100 may extend through the sclera 24 into vitreous humor 30,

such that the therapeutic device 100 can release the therapeutic agent into the vitreous

humor 30.

[00181] FIGS. 3 and 6 show a therapeutic device 100 implanted under the conjunctiva 16

and extending through the sclera 24 to release a therapeutic agent 110 into vitreous

humor 30 of the eye 10 so as to treat the retina 26 of the eye 10. The therapeutic device

100 may comprise a retention structure 120 such as a smooth protrusion configured for

placement along the sclera 24 and under the conjunctiva 16, such that the conjunctiva 16

can cover the therapeutic device 100 and protect the therapeutic device 100. When the

therapeutic agent 110 is inserted into the device 100, the conjunctiva 16 may be lifted

away, incised, or punctured with a needle to access the therapeutic device 100. The eye

10 may comprise an insertion of the tendon 27 of the superior rectus muscle to couple the

sclera 24 of the eye 10 to the superior rectus muscle. The device 100 may be positioned

in many locations of the pars plana region 25, for example away from tendon 27 and one



or more of posterior to the tendon 27, anterior to the tendon 27, under the tendon 27, or

with nasal or temporal placement of the therapeutic device 100.

[00182] While the implant 100 can be positioned in the eye 10 in many ways, placement

in the pars plana region 25 can release therapeutic agent 110 into the vitreous to treat the

retina 26, for example therapeutic agent 110 comprising an active ingredient composed of

large molecules.

[00183] Therapeutic agents 110 suitable for use with device 100 may include a variety of

therapeutic agents 110, for example as listed in Table 1A, herein below. The therapeutic

agent 110 of device 100 may comprise one or more of the following; an active ingredient

of the therapeutic agent 110; a formulation of the therapeutic agent; a commercially

available formulation of the therapeutic agent; a physician prepared formulation of

therapeutic agent; a pharmacist prepared formulation of the therapeutic agent; or a

commercially available formulation of therapeutic agent having an excipient. The

therapeutic agent 110 may be referred to with a generic name or a trade name, for

example as shown in Table 1A.

[00184] The therapeutic device 100 can be implanted in the eye 10 to treat the eye 10 for

as long as is helpful and beneficial to the patient. For example the device 100 can be

implanted for at least about 5 years, such as permanently for the life of the patient.

Alternatively or in combination, the device 100 can be removed when no longer helpful

or beneficial for treatment of the patient.

[00185] FIG. 4 shows structures of therapeutic device 100 configured for placement in an

eye 10 as in FIGS. 2, 3 and 6. The device 100 may comprise retention structure 120 to

couple the device 100 to the sclera 24, for example a protrusion disposed on a proximal

end of the device 100. The device 100 may comprise a container 130 affixed to the

retention structure 120. An active ingredient, for example therapeutic agent 110, can be

contained within a reservoir 140, for example a chamber 132 defined by a container 130

of the device 100. The container 130 may comprise a porous structure 150 comprising a

porous material 152, for example a porous glass frit 154, and a barrier 160 to inhibit

release of the therapeutic agent 110, for example non-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 an extended time. The porous

structure 150 may comprise a thickness 150T and pore sizes configured in conjunction

with the opening 166 so as to release therapeutic amounts of the therapeutic agent 110 for

the extended time. The container 130 may comprise the reservoir 140 having a chamber

132 with a volume 142 sized to contain a therapeutic quantity of the therapeutic agent

110 for release over the extended time. The device 100 may comprise a needle stop 170.

Proteins in the vitreous humor 30 may enter the device 100 and compete for adsorption

sites on the porous structure and thereby may contribute to the release of therapeutic

agent 110. The therapeutic agent 110 contained in the reservoir 140 can equilibrate with

proteins in the vitreous humor 30, such that the system is driven towards equilibrium and

the therapeutic agent 110 is released in therapeutic amounts.

[00186] 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 110. The non-permeable membrane 162 may comprise an annular tube

joined by a disc having at least one opening formed thereon, such as opening 166, to

release the therapeutic agent 110. The porous material 152 may comprise an annular

porous glass frit 154 and a circular end disposed thereon. The reservoir 140 may be

shape-changing for ease of insertion, i.e., it may assume a thin elongated shape during

insertion through the sclera 24 and then assume an extended, ballooned shape, once it is

filled with therapeutic agent 110.

[00187] The porous structure 150 can be configured in many ways to release the

therapeutic agent 110 in accordance with an intended release profile. For example, the

porous structure may comprise a porous structure 150 having a plurality of openings on a

first side facing the reservoir 140 and a plurality of openings on a second side facing the

vitreous humor 30, with a plurality of interconnecting channels disposed therebetween so

as to couple the openings of the first side with the openings of the second side, for

example a sintered rigid material. The porous structure 150 may comprise one or more of

a permeable membrane, a semi-permeable membrane, a material having at least one hole

disposed therein, nano-channels, nano-channels etched in a rigid material, laser etched

nano-channels, a capillary channel, a plurality of capillary channels, one or more tortuous



channels, tortuous microchannels, sintered nano-particles, an open cell foam or a

hydrogel such as an open cell hydrogel.

[00188] The retention structure 120 may comprise a flange 122 shaped to extend along a

surface of the sclera 24 beneath the conjunctiva 16. The implantable device 100 may be

retained without sutures. Alternatively, device 100 may comprise a suture tab 124 to

couple to a suture 126 to retain the device 100.

[00189] FIG. 5 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 24, and in which the device, particular the reservoir chamber 140,

is configured to expand to a second elongate wide shape for retention at least partially in

the sclera 24.

[00190] FIG. 7 shows a therapeutic device 100 comprising reservoir 140 suitable for

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

[00191] FIG. 8 shows therapeutic device 100 configured for placement in an eye 10 as in

FIG. 2 and 3 . The device 100 comprises retention structure 120 to couple to the sclera

24, for example flush with the sclera 24, 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 structure 150 composed of porous

material 152 is disposed at the distal end of the tube 168 to provide a sustained release of

the therapeutic agent 110 at therapeutic concentrations for the extended period. The

non-permeable material 164 may extend distally around the porous material 152 so as to

define an opening 166 to couple the porous material 152 to the vitreous humor 30 when

the device 100 is inserted into the eye 10.

[00192] The tube 168 and retention structure 120 may be configured to receive a glass rod,

which may be surface treated, and the glass rod can be injected with therapeutic agent

110 . When the therapeutic agent 110 has finished elution for the extended time, the rod

can be replaced with a new rod.

[00193] The device 100 may comprise therapeutic agent 110 and a carrier, for example a

binding medium 192 comprising a binding agent to deliver the therapeutic agent 110.



The therapeutic agent 110 can be surrounded with a column comprising a solid support

that is eroded away.

[00194] FIG. 9 shows a therapeutic device 100 configured for placement in an eye 10 as in

FIG. 2 and 3 . A binding medium 192 comprising a binding agent 190, such as glass

wool, may be loaded with therapeutic agent 110 prior to injection into the device 100

through an access port 180. The device 100 may comprise binding, leak, and barrier

functions to deliver the therapeutic agent 110 for the extended time. The binding

medium 192 and therapeutic agent 110 can be aspirated to replace the binding medium

192 and therapeutic agent 110. The binding medium 192 can be at least one of flushed or

replaced when at least a majority of the therapeutic agent 110 has been released, such that

additional therapeutic agent 110 can be delivered from a second injected binding medium

192 comprising as therapeutic agent 110. A membrane 195 can be disposed over the

periphery of the therapeutic device 100. The membrane 195 may comprise

methylcellulose, regenerated cellulose, cellulose acetate, nylon, polycarbonate,

poly(tetrafluoro ethylene) (PTFE), polyethersulfone, and polyvinylidene difluoride

(PVDF). The therapeutic device 100 may comprise a barrier 160 shaped such that the

opening 166 comprises an exit port. The therapeutic agent 110 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 therapeutic agent 110.

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 110 may temporarily attach, and

then be released under certain physical or chemical conditions.

[00195] FIG. 10 shows at least one exit port 167, the exit port 167 can be disposed on the

device 100 to allow liquid to flow from inside the device 100 outward, for example when

fluid is injected into an injection port 182 of the device 100 or when an insert, such as a

glass frit, is inserted into the device 100. The therapeutic device 100 may comprise an

access port 180 for injection and/or removal, for example a septum. Additionally or in

the alternative, when the therapeutic device 100 is refilled, the contents of the device 100

may be flushed into the vitreous 30 of the eye 10.



[00196] FIG. 11 shows a method of removing a binding agent 194. A needle 189 coupled

to a syringe 188 of an injector 187 can be inserted into an access port 180 of the

therapeutic device 100. The binding agent 194 can be aspirated with the needle 189.

[00197] FIG. 12 shows a method of inserting the therapeutic agent 110 with a second

binding agent 190 having the therapeutic agent 110 bound thereon. The therapeutic agent

110 can be injected into a container 130 of the device 100 for sustained release over the

extended time.

[00198] FIG. 13 shows a syringe 188 being filled with a formulation of therapeutic agent

110 for injection into the therapeutic device 100. The needle 189 coupled to syringe 188

of injector 187 can be used to draw therapeutic agent 110 from a container 1IOC. The

container HOC may comprise a commercially available container, such as a bottle with a

septum, a single dose container, or a container suitable for mixing formulations. A

quantity 110V of therapeutic agent 110 can be drawn into injector 187 for injection into

the therapeutic device 100 positioned within the eye 10. 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 30. The

example the quantity 110V may exceed the volume of the container 130C so as to inject a

first portion of quantity 110V into the vitreous humor 30 through the therapeutic device

and to contain a second portion of quantity 110V within the container of the therapeutic

device 100. Container 1IOC may comprise a formulation 11OF of the therapeutic agent

110. The formulation 110F may comprise commercially available formulations of

therapeutic agent 110, for example therapeutic agents as described herein and with

reference to 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 110,

for example Avastin™. The osmolarity and tonicity of the vitreous humor 30 can be

within a range from about 290 to about 320 mOsm. For example, a commercially

available formulation of Avastin™ may be diluted so as to comprise a formulation

having an osmolarity and tonicity substantially similar to the osmolarity and tonicity of

the vitreous humor 30, for example within a range from about 280 to about 340 mOsm,



for example about 300 mOsm. While the therapeutic agent 110 may comprise an

osmolarity and tonicity substantially similar to the vitreous humor 30, the therapeutic

agent 110 may comprise a hyper osmotic solution relative to the vitreous humor 30 or a

hypo osmotic solution relative to the vitreous humor 30. A person of ordinary skill in the

art can conduct experiments based on the teachings described herein so as to determine

empirically the formulation and osmolarity of the therapeutic agent 110 to provide release

of therapeutic agent 110 for an extended time.

[00199] For example, in the United States of America, Lucentis™ (active ingredient

ranibizumab) is supplied as a preservative-free, sterile solution in a single-use glass vial

designed to deliver 0.05 mL of 10 mg/mL Lucentis™ aqueous solution with 10 mM

histidine HCl, 10% a , a-trehalose dihydrate, 0.01% polysorbate 20, at pH 5.5. In Europe,

the Lucentis™ formulation can be substantially similar to the formulation of the United

States.

[00200] For example, the sustained release formulation of Lucentis™ developed by

Genentech and/or Novartis, may comprise the therapeutic agent 110 injected into the

device 100. The sustained release formulation may comprise particles comprising active

ingredient.

[00201] 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™ may be supplied in 100

mg and 400 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 α,α-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 α,α-trehalose dihydrate, 92.8 mg sodium phosphate (monobasic,

monohydrate), 19.2 mg sodium phosphate (dibasic, anhydrous), 6.4 mg polysorbate 20,

and Water for Injection, USP. The commercial formulations are diluted in 100 mL 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

substantially similar to the formulation of the United States.

[00202] For example, in the United States, there may be two forms of Triamcinolone used

in injectable solutions, the acetonide and the hexacetonide. The acetamide may be

approved for intravitreal injections in the U.S. The acetamide is the active ingredient in

TRIVARIS (Allergan), 8 mg triamcinolone acetonide in 0.1 mL (8% suspension) in a

vehicle containing w/w percent of 2.3% sodium hyaluronate; 0.63% sodium chloride;

0.3% sodium phosphate, dibasic; 0.04% sodium phosphate, monobasic; and water, pH

7.0 to 7.4 for injection. The acetamide is also the active ingredient in TriesenceTM

(Alcon), a 40mg/ml suspension.

[00203] A person of ordinary skill in the art can determine the osmolarity for these

formulations. The degree of dissociation of the active ingredient in solution can be

determined and used to determine differences of osmolarity from the molarity in these

formulations. For example, considering at least some of the formulations may be

concentrated (or suspensions), the molarity can differ from the osmolarity.

[00204] The formulation of therapeutic agent 110 may be injected into therapeutic device

100 and may comprise many known formulations of therapeutic agents, and the

formulation therapeutic agent 110 may comprise an osmolarity suitable for release for an

extended time from device 100. Table IB shows examples of osmolarity (Osm) of saline

and some of the commercially formulations of Table 1A.

1] Table IB.

Summary of Calculations



*As described in package insert

[00205] The vitreous humor 30 of the eye 10 may comprises an osmolarity of about 290

mOsm to about 320 mOsm. Formulations of therapeutic agent 110 having an osmolarity

from about 280 mOsm to about 340 mOsm are substantially isotonic and substantially

iso-osmotic with respect to the vitreous humor 30 of the eye 10. Although the

formulations listed in Table IB are substantially iso-osmotic and isotonic with respect to

the vitreous of the eye 10 and suitable for injection into the therapeutic device, the

formulation of the therapeutic agent 110 injected into the therapeutic device can be

hypertonic (hyper-osmotic) or hypotonic (hypo-osmotic) with respect to the tonicity and

osmolarity of the vitreous. Work in relation to embodiments suggests that a hyper

osmotic formulation may release the active ingredient of the therapeutic agent 110 into

the vitreous somewhat faster initially when the solutes of the injected formulation

equilibrate with the osmolarity of the vitreous, and that a hypo-osmotic formulation such

as Avastin™ may release the active ingredient of the therapeutic agent 110 into the

vitreous somewhat slower initially when the solutes of the injected formulation

equilibrate with the eye 10. A person of ordinary skill in the art can conduct experiments

based on the teachings described herein to determine empirically the appropriate

reservoir 140 chamber 132 volume and porous structure 150 for a formulation of

therapeutic agent 110 disposed in the reservoir 140 chamber 132, so as to release

therapeutic amounts of the therapeutic agent 110 for an extended time and to provide

therapeutic concentrations of therapeutic agent 110 in the vitreous within a range of

therapeutic concentrations that is above a minimum inhibitory concentration for the

extended time.

[00206] FIG. 14 shows a therapeutic device 100 configured for placement in an eye 10 as

in FIGS. 2 and 3, in which the device comprises a tube 168 with a plurality of chambers

and channels connecting the chambers so as to linearize the release of the therapeutic

agent 110. A first chamber 132A may comprise a reservoir having a first volume to

contain the therapeutic quantity of the therapeutic agent 110. For example, the

therapeutic agent 110 can comprise the active ingredient 112 contained within the

reservoir. A second chamber 132B can be disposed distally to the first chamber 132A,



with a first opening connecting the first chamber 132A and the second chamber 132B.

For example, the therapeutic agent 110 can diffuse through the first opening into the

second chamber 132B. The second chamber 132B may comprise a second volume, such

that therapeutic agent 110 is temporarily stored in the second chamber 132B so as to

linearize, for example toward zero order, the delivery of the therapeutic agent 110. A

second opening can extend from the second chamber 132B toward the vitreous humor 30.

The first opening, the second opening and the second volume can be sized so as to

linearize the delivery of the therapeutic agent 110 for the sustained release at therapeutic

levels for the extended time. More than one therapeutic agent 110 can be inserted into

the therapeutic device 100. In such a case the two or more therapeutic agents 110 may be

mixed together or injected into separate chambers.

[00207] Additional chambers and openings can be disposed on the device in order to

linearize the delivery of the drug or therapeutic agent 110. For example, a third chamber

132C can be disposed distally to the second chamber 132B. The second opening can

couple the second chamber 132B to the third chamber 132C. For example, a fourth

chamber 132D can be disposed distally to the third chamber 132C, and a third opening

can connect the third chamber 132C and the fourth chamber 132D.

[00208] Additionally or in the alternative, the therapeutic device may comprise at least

one gate to provide for sustained drug delivery. The gate can be moved from "closed" to

"open" position using magnetism or by applying electrical current. For example the gates

can slide or twist. The gates can be spring-loaded, and may comprise a pump that can be

re-loaded. The gates may comprise an osmotic pump.

[00209] FIG. 15 shows a therapeutic device configured for placement in an eye 10 as in

FIGS. 2 and 3, in which the device 100 comprises needle stop 170 located at the bottom

of the therapeutic device. The needle stop 170 that may be included in the therapeutic

device to keep the injection needle 189 from penetrating through and possibly damaging

the exit port(s) 166 of the therapeutic device 100. The needle stop 170 will desirably be

made of a material of sufficient rigidity to prevent the advancement of the injection

needle 189 past a certain level in the therapeutic device. Additionally or in the alternative,



the length of the injector's needle 189 may be designed so that it may not penetrate

through and possibly damage the exit port(s) 166 of the therapeutic device 100.

[00210] As shown in FIGS. 15 and 16, the needle stop 170 may be positioned at the

posterior end of the therapeutic device. As shown in FIG. 16, the needle stop 170 may

partially define the exit ports 167. FIGS. 17, 18 and 19 show additonal embodiments that

may include needle stops placed in the middle of the device 100. The needle stop 170

may be designed in such a manner as to function as a flow diverter for the therapeutic

agent 110. The shape of the needle stop 170 may encourage the mixing of the therapeutic

agent 110 with the rest of the fluids present in the inner chamber(s) 132 of the therapeutic

device 100.

[00211] FIG. 16 shows a therapeutic device 100 configured for placement in an eye 10 as

in FIGS. 2 and 3, in which the device 100 comprises a needle stop 170 located at the

bottom of the therapeutic device 100 and the shape of the device encourages the

movement of the therapeutic agent 110 within the chamber 132 of the therapeutic device

100.

[00212] FIG. 17 shows a therapeutic device 100 configured for placement in an eye 10 as

in FIGS. 2 and 3, in which the device comprises needle stop 170 located in the middle of

the therapeutic device 100.

[00213] FIG. 18 shows a therapeutic device 100 configured for placement in an eye 10 as

in FIGS. 2 and 3, in which the device comprises needle stop 170 located in the middle of

the therapeutic device 100 and the shape of the device encourages the movement of the

therapeutic agent 110 within the chamber 132 of the therapeutic device 100.

[00214] FIG. 19 shows a top view of the therapeutic device 100 configured for placement

in an eye 10 as in FIGS. 18.

[00215] FIG. 20 shows an access port 180 suitable for incorporation with the therapeutic

device 100. The access port 180 may be combined with the therapeutic devices described

herein, for example with reference to FIGS. 2 to 14. The access port 180 may be

disposed on a proximal end of the device. The access port 180 may comprise an opening

formed in the retention structure 120 with a penetrable barrier 184 comprising a septum



186 disposed thereon. The access port 180 may be configured for placement under the

conjunctiva 16 of the patient and above the sclera 24.

[00216] FIG. 2 1 shows a collar 128 suitable for incorporation with the therapeutic device

100. The retention structure 120 may be configured to couple to the sclera 24 and may

comprise the collar 128. The collar 128 may comprise an expandable collar.

[00217] FIG. 22 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 24 to the vitreous humor 30. 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 310 may extend around at least a portion of the outer surface of the

device 100. 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 24

when the device 100 is inserted into the eye 10.

[00218] FIG. 23 shows released antibodies comprising antibody fragments 410 and a

substrate 420 comprising binding agent 190, and FIG. 24 shows antibody fragments 410

reversibly bound to a substrate 420 with binding agent 190, in accordance with

embodiments. The antibody fragments 410 can be reversibly bound to the substrate 420

comprising the binding agent 190, such that the bound antibody fragments 410 are in

equilibrium with the unbound antibody fragments 410. One of ordinary skill in the art

will recognize many substrates comprising binding agent to reversibly bind at least a

portion of an antibody based on the teachings described herein. Examples of binding

media may include particulates used in chromatography, such as: Macro-Prep i-Butyl

HIC Support, Macro-Prep DEAE Support, CHT Ceramic, Hydroxyapatite Type I, Macro-

Prep CM Support, Macro-Prep Methyl HIC Support, Macro-Prep Ceramic Hydroxapatite

Type II, UNOsphere S Cation Exchange Support, UNOsphere Q Strong Anion Exchange

Support, Macro-Prep High-S Support, and Macro-Prep High-Q Support. Additional

media to test for binding include ion exchange and bioaffinity chromatography media

based on a hydrophilic polymeric support (GE Healthcare) that bind proteins with high

capacity, and a hydrophilic packing material from Harvard Apparatus made from



poly(vinyl alcohol) that binds more protein than silica. Other candidates would be known

to those knowledgeable in the art.

[00219] FIG. 25 shows therapeutic device 100 coupled to injector 187 to inject 510

therapeutic agent 110 into container 130 of the device. The injector 187 may comprise

needle 189 coupled to a syringe 188.

[00220] FIG. 26 shows a therapeutic device 100 coupled to an injector 187 to inject and

remove material from the device. The injector 187 may comprise needle 189 having a

first lumen 189A and a second lumen 189B configured to insert into a container 130 of

the device 100. The injector 187 may simultaneously inject 510 therapeutic agent 110

into and withdraw 520 liquid from the device 100. The injector 187 may comprise a first

one way valve and a second one way valve coupled to the first lumen 189A and the

second lumen 189B, respectively.

[00221] FIG. 27 shows a therapeutic device 100 comprising a micro loop channel 530.

The microloop channel 530 may extend to a first port 530A and a second port 530B, such

the therapeutic agent 110 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.

[00222] FIG. 28 shows therapeutic device 100 comprising a tortuous channel 540. The

tortuous channel may extend from a first port 540A to a second port 540B, such that the

therapeutic agent 110 can be injected into the first port 540A and flowable material, for

example liquid comprising the binding agent, can be drawn from the second channel

540B.

[00223] FIG. 29 shows a therapeutic device 100 comprising a tortuous coiled channel 550.

The coiled channel 550 can extend to an exit port 552. A needle 189 can be inserted into

the port 180 to inject therapeutic agent 110 into device 100.

[00224] FIG. 30 shows an expandable and contactable structure 562 to retain the

therapeutic agent 110 and an outer rigid casing 560 to couple to the sclera 24. The

expandable structure 562 may comprise a membrane, such as at least one of a bag, a

balloon, a flexible reservoir, a diaphragm, or a bag. The outer rigid casing 560 may



extend substantially around the structure 562 and may comprise an opening 552 to

release liquid into the vitreous humor 30 when the structure 562 is expanded and to draw

vitreous humor 30 inside a chamber of the casing when material is drawn from the

structure and the structure 562 contacts.

[00225] FIGS. 3 1 shows a membrane 550 disposed over an exit port 552 of therapeutic

device 100.

[00226] FIG. 32 shows therapeutic device 100 comprising a tubular membrane 572

clamped onto the therapeutic device 100 over side ports 570 of device 100.

[00227] When protective membranes have pores of 0.2 µη diameter, they can be 20 or

more times larger than the proteins of interest, which may comprise a model for delivery

of the therapeutic agent 110. For example, molecular weights and diameters of models of

proteins of therapeutic interest may include the following:

(a) IgG 150 kDa 10.5 nm

(b) BSA 69 kDa 7.2 nm

(c) Fab fragment of IgG 49 kDa hydrodynamic diameter not reported

[00228] Therefore, solutions of therapeutic compounds in the size range of IgG and BSA

can flow relatively easily through 0.2 µη pore size protective membranes which may be

used to stop passage of bacterial and other cells.

[00229] Binding materials/agents may comprise at least one of a chemical binding

material/agent, a structural binding agent or material, or an electrostatic binding agent or

material. The types of binding agent may comprise a classification composed of non

biodegradable material, for example glass beads, glass wool or a glass rod. A surface can

be derivatized with at least one functional group so as to impart the binding agent or

material with the potential for at least one of ionic, hydrophobic, or bioaffinity binding to

at least one therapeutic compound.



[00230] The binding agent may comprise a biodegradable material. For example, the

biodegradation, binding, or any combination of the previous processes may control the

diffusion rate.

[00231] The binding agent may comprise ion exchange, and the ion exchange may

comprise at least one of a functional group, a pH sensitive binding or a positive or

negative charge. For example, ion exchange may occur with at least one of

diethylaminoethyl or carboxymethyl functional groups. Additionally, the ion exchange

may comprise positive or negative ion exchange.

[00232] The binding agent may comprise a pH sensitive binding agent. For example the

binding agent can be configured to elute therapeutic agent 110 at a pH of 7, and to bind

the therapeutic agent 110 at a pH from about 4 to about 6.5. A cation exchange binding

agent can be configured, for example, such that at a pH of 7, the net negative charge of

the binding agent decreases causing a decrease in binding of the positively charged drug

and release of the therapeutic agent 110. A target buffer can be provided with the

binding agent to reversibly couple the binding agent to the therapeutic agent 110. 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.

[00233] Furthermore, 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, i-butyl or phenyl functional

groups.

[00234] The binding agent may comprise affinity, for example at least one of a

macromolecular affinity or a metal chelation affinity. Examples can include a

hydroxyapatite, or chelated metal, for example zinc. Iminodiacetic acid can be chelated

with zinc.

[00235] The binding agent may comprise at least one of the following functions: charging,

recharging or elution. The charging may comprise a porous material injected therein so

as to release the active ingredient. The porous matter may have an extremely large inert



surface area, in which the surface area can be available for binding. The recharging may

comprise removing carrier + therapeutic agent; and adding freshly "charged" carrier +

therapeutic agent.

[00236] The elution may comprise a byproduct, for example unbound binding agent that

can be removed. For example, diffusion (plug flow) of vitreous to change conditions, e.g.

pH to reduce interaction of therapeutic agent + carriers.

[00237] Additionally or in the alternative, a sustained drug delivery system of the

therapeutic agent 110 may comprise drug delivery packets, e.g. microspheres, that are

activated. The packets can be activated with at least one of photochemical activation,

thermal activation or biodegradation.

[00238] The therapeutic device 100 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.

[00239] The therapeutic device 100 may be configured for other applications in the body.

Other routes of administration of drugs may include at least one of intraocular, oral,

subcutaneous, intramuscular, intraperitoneal, intranasal, dermal, intrathecal,

intravascular, intra articular, pericardial, intraluminal in organs and gut, or the like.

[00240] Conditions that may be treated and/or prevented using any drug delivery device

and method described herein may include at least one of the following: hemophilia and

other blood disorders, growth disorders, diabetes, leukemia, hepatitis, renal failure, HIV

infection, hereditary diseases such as cerebrosidase deficiency and adenosine deaminase

deficiency, hypertension, septic shock, autoimmune diseases such as multiple sclerosis,

Graves disease, systemic lupus erythematosus and rheumatoid arthritis, shock and

wasting disorders, cystic fibrosis, lactose intolerance, Crohn's disease, inflammatory

bowel disease, gastrointestinal or other cancers, degenerative diseases, trauma, multiple

systemic conditions such as anemia, and ocular diseases such as, for example, retinal

detachment, proliferative retinopathy, proliferative diabetic retinopathy, degenerative

disease, vascular diseases, occlusions, infection caused by penetrating traumatic injury,



endophthalmitis such as endogenous/systemic infection, post-operative infections,

inflammations such as posterior uveitis, retinitis or choroiditis and tumors such as

neoplasms and retinoblastoma.

41] Examples of therapeutic agents 110 that may be delivered by the therapeutic

device 100 are described in Table 1A and may include Triamcinolone acetonide,

Bimatoprost (Lumigan), Ranibizumab (Lucentis™), Travoprost (Travatan, Alcon),

Timolol (Timoptic, Merck), Levobunalol (Betagan, Allergan), Brimonidine (Alphagan,

Allergan), Dorzolamide (Trusopt, Merck), Brinzolamide (Azopt, Alcon). Additional

examples of therapeutic agents 110 that may be delivered by the therapeutic device 100

include antibiotics such as tetracycline, chlortetracycline, bacitracin, neomycin,

polymyxin, gramicidin, cephalexin, oxytetracycline, 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,

chlorpheniramine, pyrilamine, cetirizine and prophenpyridamine; anti-inflammatories

such as hydrocortisone, hydrocortisone acetate, dexamethasone, dexamethasone 21-

phosphate, fluocinolone, medrysone, prednisolone, prednisolone 1-phosphate,

prednisolone acetate, fluoromethalone, betamethasone, and triamcinolone; non-steroidal

anti-inflammatories such as salicylate, indomethacin, ibuprofen, diclofenac, flurbiprofen

and piroxicam; decongestants such as phenylephrine, naphazoline and tetrahydrozoline;

miotics and anticholinesterases such as pilocarpine, salicylate, acetylcholine chloride,

physostigmine, eserine, carbachol, diisopropyl fluorophosphate, phospholine iodide and

demecarium bromide; mydriatics such as atropine sulfate, cyclopentolate, homatropine,

scopolamine, tropicamide, eucatropine and hydroxyamphetamine; sypathomimetics such

as epinephrine; antineoplastics such as carmustine, cisplatin and fluorouracil;

immunological drugs such as vaccines and immune stimulants; hormonal agents such as

estrogens, estradiol, progestational, progesterone, insulin, calcitonin, parathyroid

hormone and peptide and vasopressin hypothalamus releasing factor; beta adrenergic

blockers such as timolol maleate, levobunolol Hcl and betaxolol Hcl; growth factors such



as epidermal growth factor, fibroblast growth factor, platelet derived growth factor,

transforming growth factor beta, somatotropin and fibronectin; carbonic anhydrase

inhibitors such as dichlorophenamide, acetazolamide and methazolamide and other drugs

such as prostaglandins, antiprostaglandins and prostaglandin precursors. Other

therapeutic agents known to those skilled in the art which are capable of controlled,

sustained release into the eye 10 in the manner described herein are also suitable for use

in accordance with embodiments.

42] The therapeutic agent 110 may comprise one or more of the following: Abarelix,

Abatacept, Abciximab, Adalimumab, Aldesleukin, Alefacept, Alemtuzumab, Alpha- 1-

proteinase inhibitor, Alteplase, Anakinra, Anistreplase, Antihemophilic Factor,

Antithymocyte globulin, Aprotinin, Arcitumomab, Asparaginase, Basiliximab,

Becaplermin, Bevacizumab, Bivalirudin, Botulinum Toxin Type A, Botulinum Toxin

Type B, Capromab, Cetrorelix, Cetuximab, Choriogonadotropin alfa, Coagulation Factor

IX, Coagulation factor Vila, Collagenase, Corticotropin, Cosyntropin, Cyclosporine,

Daclizumab, Darbepoetin alfa, Defibrotide, Denileukin diftitox, Desmopressin, Dornase

Alfa,Drotrecogin alfa, Eculizumab, Efalizumab, Enfuvirtide, Epoetin alfa, Eptifibatide,

Etanercept, Exenatide, Felypressin, Filgrastim, Follitropin beta, Galsulfase, Gemtuzumab

ozogamicin, Glatiramer Acetate, Glucagon recombinant, Goserelin, Human Serum

Albumin, Hyaluronidase, Ibritumomab, 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,

Interferenalfa-nl, Interferon alfa-n3, Interferon beta- lb, Interferon gamma- lb, Lepirudin,

Leuprolide, Lutropin alfa, Mecasermin, Menotropins, Muromonab, Natalizumab,

Nesiritide, Octreotide, Omalizumab, Oprelvekin, OspA lipoprotein, Oxytocin, Palifermin,

Palivizumab, Panitumumab, Pegademase bovine, Pegaptanib, Pegaspargase,

Pegfilgrastim, Peginterferon alfa-2a, Peginterferon alfa-2b, Pegvisomant, Pramlintide,

Ranibizumab, Rasburicase, Reteplase, Rituximab, Salmon Calcitonin, Sargramostim,

Secretin, Sermorelin, Serum albumin iodonated, Somatropin recombinant, Streptokinase,

Tenecteplase, Teriparatide, Thyrotropin Alfa, Tositumomab, Trastuzumab,

Urofollitropin, Urokinase, or Vasopressin. The molecular weights of the molecules and

indications of these therapeutic agents are set forth below in Table 1A.



[00243] The therapeutic agent 110 may comprise one or more compounds that act by

binding members of the immunophilin family of cellular proteins. Such compounds are

known as "immunophilin binding compounds." Immunophilin binding compounds

include but are not limited to the "limus" family of compounds. Examples of limus

compounds that may be used include but are not limited to cyclophilins and FK506-

binding proteins (FKBPs), including sirolimus (rapamycin) and its water soluble analog

SDZ-RAD, tacrolimus, everolimus, pimecro limus, CCI-779 (Wyeth), AP23841 (Ariad),

and ABT-578 (Abbott Laboratories).

[00244] The limus family of compounds may be used in the compositions, devices and

methods for the treatment, prevention, inhibition, delaying the onset of, or causing the

regression of angiogenesis-mediated diseases and conditions of the eye 10, including

choroidal neovascularization. The limus family of compounds may be used to prevent,

treat, inhibit, delay the onset of, or cause regression of AMD, including wet AMD.

Rapamycin may be used 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.

[00245] The therapeutic agent 110 may comprise one or more of: pyrrolidine,

dithiocarbamate (NF.kappa.B inhibitor); squalamine; TPN 470 analogue and fumagillin;

PKC (protein kinase C) inhibitors; Tie-1 and Tie-2 kinase inhibitors; inhibitors of VEGF

receptor kinase; proteosome inhibitors such as Velcade.TM. (bortezomib, for injection;

ranibuzumab (Lucentis.TM.) and other antibodies directed to the same target; pegaptanib

(Macugen.TM.); vitronectin receptor antagonists, such 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; tetrathiomolybdate;

RNA silencing or RNA interference (RNAi) 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, rofecoxib, NS398, celecoxib, vioxx, and (E)-2-alkyl-2(4-

methanesulfonylphenyl)-l-phenylethene; t-R A synthase modulator; metalloprotease 13

inhibitor; acetylcholinesterase inhibitor; potassium channel blockers; endorepellin; purine

analog of 6-thioguanine; cyclic peroxide ANO-2; (recombinant) arginine deiminase;

epigallocatechin-3-gallate; cerivastatin; analogues of suramin; VEGF trap molecules;

apoptosis inhibiting agents; Visudyne.TM., snET2 and other photo sensitizers, which

may be used with photodynamic therapy (PDT); inhibitors of hepatocyte growth factor

(antibodies to the growth factor or its receptors, small molecular inhibitors of the c-met

tyrosine kinase, truncated versions of HGF e.g. NK4).

46] The therapeutic agent 110 may comprise a combination with other therapeutic

agents and therapies, including but not limited to agents and therapies useful for the

treatment of angiogenesis or neovascularization, particularly CNV. Non-limiting

examples of such additional agents and therapies include pyrrolidine, dithiocarbamate

(NF.kappa.B inhibitor); squalamine; TPN 470 analogue and fumagillin; PKC (protein

kinase C) inhibitors; Tie-1 and Tie-2 kinase inhibitors; inhibitors of VEGF receptor

kinase; proteosome inhibitors such as Velcade.TM. (bortezomib, for injection;

ranibuzumab (Lucentis.TM.) and other antibodies directed to the same target; pegaptanib

(Macugen.TM.); vitronectin receptor antagonists, such 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; tetrathiomolybdate;

RNA silencing or RNA interference (RNAi) 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, rofecoxib, NS398, celecoxib, vioxx, and (E)-2-alkyl-2(4-



methanesulfonylphenyl)-l-phenylethene; t-R A synthase modulator; metallopro tease 13

inhibitor; acetylcholinesterase inhibitor; potassium channel blockers; endorepellin; purine

analog of 6-thioguanine; cyclic peroxide ANO-2; (recombinant) arginine deiminase;

epigallocatechin-3-gallate; cerivastatin; analogues of suramin; VEGF trap molecules;

inhibitors of hepatocyte growth factor (antibodies to the growth factor or its receptors,

small molecular inhibitors of the c-met tyrosine kinase, truncated versions of HGF e.g.

NK4); apoptosis inhibiting agents; Visudyne.TM., snET2 and other photo sensitizers with

photodynamic therapy (PDT); and laser photocoagulation.

[00247] The therapeutic agents may be used in conjunction with a pharmaceutically

acceptable carrier such as, for example, solids such as starch, gelatin, sugars, natural

gums such as acacia, sodium alginate and carboxymethyl cellulose; polymers such as

silicone rubber; liquids such as sterile water, saline, dextrose, dextrose in water or saline;

condensation products of castor oil and ethylene oxide, liquid glyceryl triester of a lower

molecular weight fatty acid; lower alkanols; oils such as corn oil, peanut oil, sesame oil,

castor oil, and the like, with emulsifiers such as mono- or di-glyceride of a fatty acid, or a

phosphatide such as lecithin, polysorbate 80, and the like; glycols and polyalkylene

glycols; aqueous media in the presence of a suspending agent, for example, sodium

carboxymethylcellulose, sodium hyaluronate, sodium alginate, poly(vinyl pyrrolidone)

and similar compounds, either alone, or with suitable dispensing agents such as lecithin,

polyoxyethylene stearate and the like. The carrier may also contain adjuvants such as

preserving, stabilizing, wetting, emulsifying agents or other related materials.

[00248] The therapeutic device 100 may comprise a container configured to hold at least

one therapeutic agent 110, the container comprising a chamber 132 to hold the at least

one therapeutic agent 110 with at least one opening to release the at least one therapeutic

agent 110 to the vitreous humor 30 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 at least one therapeutic agent 110 to

the vitreous humor 30. The rigid porous structures can provide certain advantages over

capillary tubes, erodible polymers and membranes as a mechanism for controlling the

release of a therapeutic agent 110 or agents from the therapeutic device 100. These



advantages include the ability of the rigid porous structure to comprise a needle stop 170,

simpler and more cost effective manufacture, flushability for cleaning or de-clogging

either prior to or after implantation, high efficiency depth filtration of microorganisms

provided by the labyrinths of irregular paths within the structure and greater robustness

due to greater hardness and thickness of the structure compared to a membrane or

erodible polymer matrix. Additionally, when the rigid porous structure is manufactured

from a sintered metal, ceramic, glass or certain plastics, it can be subjected to sterilization

and cleaning procedures, such as heat or radiation based sterilization and depyrogenation

that might damage polymer and other membranes. In certain embodiments, as illustrated

in Example 9 of in U.S. Pat. App. Ser. No. 12/696,678, filed 29 January 2010, entitled

"Posterior Segment Drug Delivery", published as U.S. Pub. No. 2010/0255061 on

October 7, 2010, the full disclosure of which has been previously incorporated herein by

reference, the rigid porous structure may be configured to provide a therapeutically

effective concentration of the therapeutic agent 110 in the vitreous for at least 6 months.

This release profile provided by certain configurations of the rigid porous structures

enables a smaller device which is preferred in a small organ such as the eye 10 where

larger devices may alter or impair vision.

49] FIG. 33 shows a therapeutic device 100 comprising a container 130 having a

penetrable barrier 184 disposed on a first end, a porous structure 150 disposed on a

second end to release therapeutic agent 110 for an extended period, and a retention

structure 120 comprising an extension protruding outward from the container 130 to

couple to the sclera 24 and the conjunctiva 16. The extending protrusion of the retention

structure 120 may comprise a diameter 120D. The retention structure may comprise an

indentation 1201 sized to receive the sclera 24. The container 130 may comprise a

tubular barrier 160 that defines at least a portion of the reservoir 140, and the container

130 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 range from about 1 to 3 mm and can be about 2 mm, for example. The container

130 may comprise a length 136, sized so as to extend from the conjunctive to the vitreous

to release the therapeutic agent 110 into the vitreous. The length 136 can be sized within

a range, for example within a range from about 2 to about 14 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 140 may be substantially determined by an inner cross-sectional area of the

tubular structure and distance from the porous structure 150 to the penetrable barrier 184.

The retention structure 1 0 may comprise an annular extension having a retention

structure diameter 120D greater than a diameter of the container 130. The retention

structure 120 may comprise an indentation 1201 configured to receive the sclera 24 when

the extension extends between the sclera 24 and the conjunctive. The penetrable barrier

184 may comprise a septum disposed on a proximal end of the container 130, in which

the septum comprises a barrier that can be penetrated with a sharp object such as a needle

189 for injection of the therapeutic agent 110. The porous structure 150 may comprise a

cross-sectional area 150A sized to release the therapeutic agent 110 for the extended

period.

[00250] The porous structure 150 may comprise a first side 150S1 coupled to the reservoir

140 and a second side 150S2 to couple to the vitreous. The first side 150S1 may

comprise a first area 150A1 and the second side 150S2 may comprise a second area

150A2. The porous structure 150 may comprise a thickness 150T. The porous structure

150 many comprise a diameter 150D.

[00251] The volume of the reservoir 140 may comprise from about 5 uL to about 2000 uL

of therapeutic agent 110, or for example from about 10 uL to about 200 uL of therapeutic

agent 110.

[00252] The therapeutic agent 110 stored in the reservoir 140 of the container 130

comprises at least one of a solid comprising the therapeutic agent 110, a solution

comprising the therapeutic agent 110, a suspension comprising the therapeutic agent 110,

particles comprising the therapeutic agent 110 adsorbed thereon, or particles reversibly

bound to the therapeutic agent 110. For example, reservoir 140 may comprise a

suspension of a cortico-steroid such as triamcinolone acetonide to treat inflammation of

the retina 26. The reservoir 140 may comprise a buffer and a suspension of a therapeutic

agent 110 comprising solubility within a range from about 1 g/mL to about 100 g/mL,

such as from about 1 g/mL to about 40 g/mL. For example, the therapeutic agent 110



may comprise a suspension of triamcinolone acetonide having a solubility of

approximately 19 g/mL in the buffer at 37°C when implanted.

[00253] The release rate index may comprise many values, and the release rate index with

the 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 110 with therapeutic amounts

for the extended time.

[00254] The therapeutic device 100, including for example, the retention structure 120 and

the porous structure 150, may be sized to pass through a lumen of a catheter.

[00255] The porous structure 150 may comprise a needle stop 170 that limits penetration

of the needle 189. The porous structure 150 may comprise a plurality of channels

configured for the extended release of the therapeutic agent 110. The porous structure

150 may comprise a rigid sintered material having characteristics suitable for the

sustained release of the material.

[00256] FIG. 34 shows a therapeutic device 100 as in FIG. 33 comprising a rounded distal

end.

[00257] FIG. 35 shows a rigid porous structure 150 as in FIG. 33. The rigid porous

structure 150 comprises a plurality of interconnecting channels 156. The porous structure

150 comprises a sintered material composed of interconnected grains 155 of material.

The interconnected grains 155 of material define channels 156 that extend through the

porous material to release the therapeutic agent 110. The channels 156 may extend

around the sintered grains of material 155, such that the channels 156 comprise

interconnecting channels 156 extending through the porous material.

[00258] The rigid porous structure 150 can be configured for injection of the therapeutic

agent 110 into the container 130 in many ways. The channels 156 of the rigid porous

structure 150 may comprise substantially fixed channels 156 when the therapeutic agent

110 is injected into the reservoir 140 with pressure. The rigid porous structure 150

comprises a hardness parameter within a range from about 160 Vickers to about 500



Vickers. In some embodiments the rigid porous structure 150 is formed from sintered

stainless steel and comprises a hardness parameter within a range from about 200 Vickers

to about 240 Vickers. In some embodiments it is preferred to inhibit ejection of the

therapeutic agent 110 through the porous structure 150 during filling or refilling the

reservoir 140 of the therapeutic device 100 with a fluid. In these embodiments the

channels 156 of the rigid porous structure 150 comprise 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 150 is substantially inhibited

when said solution or suspension is injected into the reservoir 140 of the therapeutic

device 100. Additionally, these embodiments may optionally comprise an evacuation

vent or an evacuation reservoir 140 under vacuum or both to facilitate filling or refilling

of the reservoir 140.

59] The reservoir 140 and the porous structure 150 can be configured to release

therapeutic amounts of the therapeutic agent 110 in many ways. The reservoir 140 and

the porous structure 150 can be configured to release therapeutic amounts of the

therapeutic agent 110 corresponding to a concentration of at least about 0.1 g per ml of

vitreous humor 30 for an extended period of at least about three months. The reservoir

140 and the porous structure 150 can be configured to release therapeutic amounts of the

therapeutic agent 110 corresponding to a concentration of at least about 0.1 g per ml of

vitreous humor 30 and no more than about 10 g per ml for an extended period of at least

about three months. The therapeutic agent 110 may comprise at least a fragment of an

antibody and a molecular weight of at least about 10 kDa. For example, the therapeutic

agent 110 may comprise one or more of ranibizumab or bevacizumab. Alternatively or in

combination, the therapeutic agent 110 may comprise a small molecule drug suitable for

sustained release. The reservoir 140 and the porous structure 150 may be configured to

release therapeutic amounts of the therapeutic agent 110 corresponding to a concentration

of at least about 0.1 ug per ml of vitreous humor 30 and no more than about 10 ug per ml

for an extended period of at least about 3 months or at least about 6 months. The

reservoir 140 and the porous structure 150 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 30 and no more than about 10 ug per ml for an extended period



of at least about twelve months or at least about two years or at least about three years.

The reservoir 140 and the porous structure 150 may also be configured to release

therapeutic amounts of the therapeutic agent 110 corresponding to a concentration of at

least about 0.01 ug per ml of vitreous humor 30 and no more than about 300 ug per ml for

an extended period of at least about 3 months or 6 months or 12 months or 24 months.

[00260] The channels 156 of the rigid porous structure 150 comprise a hydrogel

configured to limit a size of molecules passed through the channels 156 of the rigid

porous structure 150. For example, the hydrogel can be formed within the channels 156

and may comprise an acrylamide gel. The hydrogel comprises a water content of at least

about 70%. For example, the hydrogel may comprise a water content of no more than

about 90% to limit molecular weight of the therapeutic agent 110 to about 30 kDa. The

hydrogel comprises a water content of no more than about 95% to limit molecular weight

of the therapeutic agent 110 to about 100 kDa. The hydrogel may comprise a water

content within a range from about 90% to about 95% such that the channels 156 of the

porous material are configured to pass Lucentis™ and substantially not pass Avastin™.

[00261] The rigid porous structure 150 may comprise a composite porous material that can

readily be formed in or into a wide range of different shapes and configurations. For

example, the porous material can be a composite of a metal, aerogel or ceramic foam

(i.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 substantially continuous and non-porous, and the volume of

the cells relative to that of the material forming the cell walls being such that the overall

density of the intercellular structure is less than about 30 percent theoretical density) the

through pores of which are impregnated with a sintered powder or aerogel. The thickness,

density, porosity and porous characteristics of the final composite porous material can be

varied to conform with the desired release of the therapeutic agent 110.

[00262] Embodiments comprise a method of making an integral (i.e., single-component)

porous structure 150. The method may comprise introducing particles into a mold having

a desired shape for the porous structure 150. The shape may include a proximal end

defining a plurality of proximal porous channel openings to couple to the reservoir 140, a



distal end defining a plurality of outlet channel openings to couple to the vitreous humor

30 of the eye 10, a plurality of blind inlet cavities extending into the filter from the

proximal openings, and a plurality of blind outlet cavities extending into the porous

structure 150 from the outlet channel openings. The method further includes applying

pressure to the mold, thereby causing the particles to cohere and form a single

component, and sintering the component to form the porous structure 150. The particles

can be pressed and cohere to form the component without the use of a polymeric binder,

and the porous structure 150 can be formed substantially without machining.

[00263] 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 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 150.

[00264] The metal porous structure 150 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 150. Other means, such as welding, known to those skilled in the art can

be used to incorporate the porous structure 150 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 powdered metal structure and becomes part of the

device. This may be advantageous in achieving a good seal between the porous structure

150 and the device.

[00265] The release rate of therapeutic agent 110 through a porous body, such as a

sintered porous metal structure or a porous glass structure, may be described by diffusion

of the therapeutic agent 110 within the porous structure 150 with the channel parameter,

and with an effective diffusion coefficient equal to the diffusion coefficient of the



therapeutic agent 110 in the liquid that fills the reservoir multiplied by the Porosity and a

Channel Parameter of the porous body:

Release Rate = (D P / F) A (cR - cv ) / L, where:

CR = Concentration in reservoir

Cv = Concentration outside of the reservoir or in the vitreous

D = Diffusion coefficient of the therapeutic agent in the reservoir solution

P = Porosity of porous structure

F= Channel parameter that may correspond to a tortuosity parameter of channels of

porous structure

A = Area of porous structure

L = Thickness (length) of porous structure

Cumulative Release = 1 - cR cRO= 1 - exp ((- D PA / FL VR) t), where

t = time, Vr=reservoir volume

[00266] The release rate index can (hereinafter RRI) be used to determine release of the

therapeutic agent 110. 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.

[00267] The channel parameter can correspond to an elongation of the path of the

therapeutic agent 110 released through the porous structure 150. The porous structure

150 may comprise many interconnecting channels 156, and the channel parameter can

correspond to an effective length that the therapeutic agent 110 travels along the

interconnecting channels 156 of the porous structure 150 from the reservoir side to the

vitreous side when released. The channel parameter multiplied by the thickness (length)

of the porous structure 150 can determine the effective length that the therapeutic agent

110 travels along the interconnecting channels 156 from the reservoir side to the vitreous

side. For example, the channel parameter (F) of about 1.5 corresponds to interconnecting

channels 156 that provide an effective increase in length traveled by the therapeutic agent

110 of about 50%, and for a 1 mm thick porous structure 150 the effective length that the



therapeutic agent 110 travels along the interconnecting channels 156 from the reservoir

side to the vitreous side corresponds to about 1.5 mm. The channel parameter (F) of at

least about 2 corresponds to interconnecting channels 156 that provide an effective

increase in length traveled by the therapeutic agent 110 of about 100%, and for a 1 mm

thick porous structure 150 the effective length that the therapeutic agent 110 travels along

the interconnecting channels 156 from the reservoir side to the vitreous side corresponds

to at least about 2.0 mm. As the porous structure 150 comprises many interconnecting

channels 156 that provide many alternative paths for release of the therapeutic agent 110,

blockage of some of the channels 156 provides no substantial change in the effective path

length through the porous structure 150 as the alternative interconnecting channels 156

are available, such that the rate of diffusion through the porous structure 150 and the

release of the therapeutic agent 110 are substantially maintained when some of the

channels 156 are blocked.

[00268] If the reservoir solution is aqueous or has a viscosity similar to water, the value

for the diffusion coefficient of the therapeutic agent (TA) in water at the temperature of

interest may be used. The following equation can be used to estimate the diffusion

coefficient at 37°C from the measured value of D BSA ,20C = 6.1 e-7 cm2/s for bovine serum

albumin in water at 20°C (Molokhia et al, Exp Eye Res 2008):

1/3
DTA, 37C = DBSA,20C 0l2oc / c (MWBSA / M W TA) where

MW refers to the molecular weight of either BSA or the test compound and η is the

viscosity of water. The following table lists diffusion coefficients of proteins of interest.

[00269] Small molecules have a diffusion coefficient similar to fluorescein (MW = 330, D

= 4.8 to 6 e-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 weight of about 435.

[00270] The porous structure 150 comprises a porosity, a thickness, a channel parameter

and a surface area configured to release therapeutic amounts for the extended period.

The porous material may comprise a porosity corresponding to the fraction of void space

of the channels 156 extending within the material. The porosity may comprise a value

within a range from about 3% to about 70%. In other embodiments, the porosity may

comprise a value with a range from about 5% to about 10% or from about 10% to about

25%, or for example from about 15% to about 20%. Porosity can be determined from the

weight and macroscopic volume or can be measured via nitrogen gas adsorption

[00271] The porous structure 150 may comprise a plurality of porous structures, and the

area used in the above equation may comprise the combined area of the plurality of

porous structures.

[00272] The channel parameter may comprise a fit parameter corresponding to the

tortuosity of the channels 156. For a known porosity, surface area and thickness of the

surface parameter, the curve fit parameter F, which may correspond to tortuosity of the

channels 156 can be determined based on experimental measurements. The parameter

PA/FL can be used to determine the desired sustained release profile, and the values of P,

A, F and L determined. The rate of release of the therapeutic agent 110 corresponds to a

ratio of the porosity to the channel parameter, and the ratio of the porosity to the channel

parameter can be less than about 0.5 such that the porous structure 150 releases the

therapeutic agent 110 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 such that

the porous structure 150 releases the therapeutic agent 110 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 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 110 for an intended release rate profile.

[00273] 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 mounted in an impermeable sleeve of equal thickness, the area corresponds to one

face of the disc and the thickness, L, is the thickness of the disc. For more complex

geometries, such as a porous body in the shape of a truncated cone, the effective area is a

value in between the area where therapeutic agent 110 enters the porous body and the

area where therapeutic agent 110 exits the porous body.

[00274] A model can be derived to describe the release rate as a function of time by

relating the change of concentration in the reservoir 140 to the release rate described

above. This model assumes a solution of therapeutic agent 110 where the concentration

in the reservoir 140 is uniform. In addition, the concentration in the receiving fluid or

vitreous is considered negligible (cv = 0). Solving the differential equation and

rearrangement yields the following equations describing the concentration in the reservoir

as a function of time, t, and volume of the reservoir, VR, for release of a therapeutic agent

110 from a solution in a reservoir though a porous structure 150.

CR = CRO exp ((- D PA / FL VR) t)

and Cumulative Release = 1 - CR / CRO

[00275] When the reservoir 140 contains a suspension, the concentration in reservoir, CR,

is the dissolved concentration in equilibrium with the solid (i.e., the solubility of the

therapeutic agent). In this case, the concentration in the reservoir is constant with time,

the release rate is zero order, and the cumulative release increases linearly with time until

the time when the solid is exhausted.

[00276] Therapeutic concentrations for many ophthalmic therapeutic agents may be

determined experimentally by measuring concentrations in the vitreous humor 30 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.



[00277] 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 approximately 1.5 mL for the rabbit and monkey and 4.5

mL for the human eye. The model predicts an initial concentration of 333 ug/mL for a

bolus injection of 0.5 mg Lucentis™ into the eye of a monkey. This concentration decays

to a vitreous concentration of 0.1 ug/mL after about a month.

[00278] For devices with extended release, the concentration in the vitreous changes

slowly with time. In this embodiment, a model can be derived from a mass balance

equating the release rate from the device (described by equations above) with the

elimination rate from the eye, k c V . Rearrangement yields the following equation for

the concentration in the vitreous:

c = Release rate from device / k V .

[00279] Since the release rate from a device with a solution of therapeutic agent 110

decreases exponentially with time, the concentration in the vitreous decreases

exponentially with the same rate constant. In other words, vitreous concentration

decreases with a rate constant equal to D PA / FL VR and, hence, is dependent on the

properties of the porous structure 150 and the volume of the reservoir.

[00280] Since the release rate is zero order from a device with a suspension of therapeutic

agent 110, the vitreous concentration will also be time-independent. The release rate will

depend on the properties of the porous structure 150 via the ratio, PA / FL, but will be

independent of the volume of the reservoir until the time at which the drug is exhausted.

[00281] EXEMPLARY POROUS STRUCTURES FOR RELEASE OF THERAPEUTIC

AGENTS

[00282] Although the porous structure 150 may comprise one or more of many structures

as described herein to release the therapeutic agent 110, in many embodiments the porous

structure 150 comprises a rigid porous structure 150. The channels 156 of the rigid



porous structure 150 can be sized in many ways to release the intended therapeutic agent

110. For example, the channels 156 of the rigid porous structure 150 can be sized to pass

therapeutic agent 110 comprising molecules having a molecular weight of at least about

100 Da or for example, at least about 50 kDa. The channels 156 of the rigid porous

structure 150 can be sized to pass therapeutic agent 110 comprising molecules

comprising a cross-sectional size of no more than about 10 nm. The channels 156 of the

rigid porous structure 150 comprise interconnecting channels 156 configured to pass the

therapeutic agent 110 among the interconnecting channels 156. The rigid porous

structure 150 comprises grains of rigid material and wherein the interconnecting channels

156 extend at least partially around the grains of rigid material to pass the therapeutic

agent 110 through the porous material. The grains of rigid material can be coupled

together at a loci of attachment and wherein the interconnecting channels 156 extend at

least partially around the loci of attachment.

[00283] The porous structure 150 and reservoir 140 may be configured to release the

glucocorticoid for an extended time of at least about six months with a therapeutic

amount of glucocorticoid of corresponding to an in situ concentration within a range from

about 0.05 g/mL to about 4 g/mL, for example from 0.1 g/mL to about 4 g/mL, so

as to suppress inflammation in the retina-choroid.

[00284] The porous structure 150 can be comprised of a sintered material. The sintered

material may comprise grains of material 155 in which the grains comprise an average

size of no more than about 20 µη . For example, the sintered material may comprise

grains of material 155 in which the grains comprise an average size of no more than

about 10 µη , an average size of no more than about 5 µη , or an average size of no more

than about 1 µη . The channels 156 are sized to pass therapeutic quantities of the

therapeutic agent 110 through the sintered material for the extended time based on the

grain size of the sintered material and processing parameters such as compaction force

and time and temperature in the furnace. The channels 156 can be sized to inhibit

penetration of microbes including bacterial and fungal spores through the sintered

material.



[00285] The sintered material can be comprised of a wettable material to inhibit bubbles

within the channels 156 of the material.

[00286] The sintered material can be comprised of at least one of a metal, a ceramic, a

glass or a plastic. The sintered material may comprise a sintered composite material, and

the composite material can comprise two or more of the metal, the ceramic, the glass or

the plastic. The metal can comprise at least one of Ni, Ti, nitinol, stainless steel including

alloys such as 304, 304L, 316 or 316L, cobalt chrome, elgiloy, hastealloy, c-276 alloy or

Nickel 200 alloy. The sintered material may comprise a ceramic. The sintered material

may comprise a glass. The plastic may comprise a wettable coating to inhibit bubble

formation in the channels, and the plastic may comprise at least one of polyether ether

ketone (PEEK), polyethylene, polypropylene, polyimide, polystyrene, polycarbonate,

polyacrylate, polymethacrylate, or polyamide.

[00287] The rigid porous structure 150 may comprise a plurality of rigid porous structures

coupled to the reservoir and configured to release the therapeutic agent 110 for the

extended period. For example, additional rigid porous structure 150 can be disposed

along the container 130, for example the end of the container 130 may comprise the

porous structure 150, and an additional porous structure 150 can be disposed along a

distal portion of the container 130, for example along a tubular sidewall of the container

130.

[00288] The therapeutic device 100 can be tuned to release therapeutic amounts of the

therapeutic agent 110 above the minimum inhibitory concentration for an extended time

based on bolus injections of the therapeutic agent 110. For example, the volume of the

chamber 132 of the reservoir 140 can be sized with the release rate of the porous structure

150 based on the volume of the bolus injection. A formulation of a therapeutic agent 110

can be provided, for example a known intravitreal injection formulation. The therapeutic

agent 110 can be capable of treating the eye 10 with bolus injections, such that the

formulation has a corresponding period between each of the bolus injections to treat the

eye 10. For example the bolus injections may comprise monthly injections. Each of the

bolus injections comprises a volume of the formulation, for example 50 µ . Each of the

bolus injections of the therapeutic agent 110 may correspond to a range of therapeutic



concentrations of the therapeutic agent 110 within the vitreous humor 30 over the time

course between injections, and the device can be tuned so as to release therapeutic

amounts of the therapeutic agent 110 such that the vitreous concentrations of the released

therapeutic agent 110 from the device are within the range of therapeutic concentrations

of the corresponding bolus injections. For example, the therapeutic agent 110 may

comprise a minimum inhibitory concentration to treat the eye 10, for example at least

about 3 g/mL, and the values of the range of therapeutic concentrations can be at least

about 3 g/mL. The therapeutic device 100 can be configured to treat the eye 10 with an

injection of the monthly volume of the formulation into the device, for example through

the penetrable barrier 184. The reservoir 140 of the container 130 has a chamber 132 to

contain a volume of the therapeutic agent 110, for example 35 , and a mechanism to

release the therapeutic agent 110 from the chamber 132 to the vitreous humor 30.

89] The volume of the container 130 and the release mechanism can be tuned to treat

the eye 10 with the therapeutic agent 110 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 110 within the

vitreous humor 30 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 injections. The release mechanism

comprises one or more of a porous frit, a sintered porous frit, a permeable membrane, a

semi-permeable membrane, a capillary tube or a tortuous channel, nano-structures, nano-

channels or sintered nano-particles. For example, the porous frit may comprise a

porosity, cross-sectional area, and a thickness to release the therapeutic agent 110 for the

extended time. The volume of the container 130 reservoir 140 can be sized in many ways

in relation to the volume of the injected formulation and can be larger than the volume of

injected formulation, smaller than the volume of injected formulation, or substantially the

same as the volume of injected formulation. For example, the volume of the container

130 may comprise no more than the volume of the formulation, such that at least a

portion of the formulation injected into the reservoir passes through the reservoir and

comprises a bolus injection to treat the patient immediately. As the volume of the

reservoir is increased, the amount of formulation released to the eye 10 through the



porous structure 150 upon injection can decrease along with the concentration of active

ingredient of the therapeutic agent 110 within the reservoir 140, and the release rate index

can be increased appropriately so as to provide therapeutic amounts of therapeutic agent

110 for the extended time. For example, the volume of the reservoir 140 of the container

130 can be greater than the volume corresponding to the bolus injection, so as to provide

therapeutic amounts for at least about five months, for example 6 months, with an

injection volume corresponding to a monthly injection of Lucentis™. For example, the

formulation may comprise commercially available Lucentis™, 50 , and the reservoir

may comprise a volume of about 100 and provide therapeutic vitreous concentrations

of at least about 3 g/mL for six months with 50 of Lucentis™ injected into the

reservoir.

[00290] The chamber may comprise a substantially fixed volume and the release rate

mechanism can be comprised of a substantially rigid structure to maintain release of the

therapeutic agent 110 above the minimum inhibitory concentration for the extended time

with each injection of a plurality of injections.

[00291] 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.

[00292] FIG. 36 shows a rigid porous structure 150 of grains of material 155 with pores,

such as pores 155 CA1, 155CA2, 155CB1, 155CB2, that form interconnecting channels

156 extending from first side 150Slto second side 150S2 of the porous structure 150 as

in FIG. 35. The interconnecting channels 156 extend to a first plurality of openings 158A

on the first side 150S1, such as a first opening 158A1, a second opening 158A2 and an

Nth opening 158AN. The interconnecting channels 156 extend to a second plurality of

openings 158B on the second side 150S2, such as a first opening 158B1, a second

opening 158B2 and an Nth opening 158BN. Each of the openings of the plurality of

channels 156 on the first side can be connected to each of the openings of plurality of

channels 156 on the second side, such that effective length traveled along the channels

can be greater than thickness 150T. The channel parameter can be within a range from

about 1.1 to about 10, such that the effective length is within a range from about 1.1 to 10



times the thickness 150T. For example, the channel parameter can be about 1 and the

porosity about 0.2, such that the effective length corresponds to at least about 5 times the

thickness 150T.

[00293] FIG. 37 shows a plurality of paths of the therapeutic agent 110 along the

interconnecting channels 156 extending from a first side 150S1 to a second side 150S2 of

the porous structure 150 as in FIGS. 35 and 36. The plurality of paths comprises a first

path 156P1 extending from the first side 150Slto second side 150S2, a second path

156P2 extending from the first side 150Slto second side 150S2 and a third path 156P3

extending from the first side 150Slto second side 150S2, and many additional paths. The

effect length of each of first path 156P1, second path 156P2 and third path 156P3 is

substantially similar, such that each opening on the first side can release the therapeutic

agent 110 to each interconnected opening on the second side. The substantially similar

path length can be related to the sintered grains of material 155 and the channels 156 that

extend around the sintered material. The porous structure 150 may comprise randomly

oriented and connected grains of material 155, packed beads of material, or combinations

thereof. The channel parameter can be related to the structure of the sintered grains of

material 155 and corresponding interconnecting channels 156, porosity of the material,

and percolation threshold. Some embodiments allow the percolation threshold of the

sintered grains to be below the porosity of the porous frit structure, such that the channels

156 are highly inter-connected. The sintered grains of material 155 can provide

interconnected channels 156, and the grains can be selected to provide desired porosity

and channel parameters and RRI as described herein.

[00294] The channel parameter and effective length from the first side 150S1 to the

second side 150S2 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 within a range from about 1.2 to 10. For

example, the channel parameter can be from about 1.3 to about 2.0, such that the

effective length is about 1.3 to 2.0 times the thickness 150T. For example, experimental

testing has shown the channel parameter can be from about 1.4 to about 1.8, such that the

effective length is about 1.4 to 1.8 times the thickness 150T, for example about 1.6 times



the thickness. These values correspond to the paths of the channels 156 around the

sintered grains of material 155 and may correspond, for example, to the paths of channels

156 around packed beads of material.

[00295] FIG. 38 shows blockage of the openings with a covering 156B and the plurality of

paths of the therapeutic agent 110 along the interconnecting channels 156 extending from

a first side 150S1 to the second side 150S2 of the porous structure 150 as in FIGS. 35 and

36. A plurality of paths 156PR extend from the f first side 150S1 to second side 150S2

couple the first side 150S1 to second side 150S2 where one of the sides is covered, such

that the flow rate is maintained when one of the sides is partially covered.

[00296] FIG. 39 shows blockage of the openings with particles 156PB and the plurality of

paths of the therapeutic agent 110 along the interconnecting channels 156 extending from

a first side 150S1 to a second side 150S2 of the porous structure 150 as in FIGS. 35 and

36. The plurality of paths 156PR extend from the first side 150S1 to second side 150S2

where one of the sides is covered, such that the flow rate is maintained when one of the

sides is partially covered.

[00297] FIG. 40 shows an effective cross-sectional size 150DE and area 150AEFF

corresponding to the plurality of paths of the therapeutic agent 110 along the

interconnecting channels 156 extending from a first side 150S1 to a second side 150S2 of

the porous structure 150 as in FIGS. 35 and 36. The effective cross-sectional area of the

interconnecting channels 156 corresponds to the internal cross-sectional area of the

porous structure 150 disposed between the openings of the first side and the openings of

the second side, such that the rate of release can be substantially maintained when the

channels 156 are blocked on the first side and the second side.

[00298] The rigid porous structure 150 can be shaped and molded in many ways, for

example with tubular shapes, conical shapes, discs and hemispherical shapes. The rigid

porous structure 150 may comprise a molded rigid porous structure 150. The molded

rigid porous structure 150 may comprises at least one of a disk, a helix or a tube coupled

to the reservoir and configured to release the therapeutic agent 110 for the extended

period.



[00299] FIG. 4 1 shows a rigid porous structure as in FIG. 35 incorporated into a scleral

tack 601 as described in U.S. Pat. No. 5,466,233. The scleral tack comprises a head 602,

a central portion 603 and a post 604. The post 604 may comprise the reservoir 605 and

the rigid porous structure as described above. The porous structure 150 may comprise a

molded conical structure 606 having a sharp tip configured for insertion into the patient.

Alternatively or in combination, the tip may be rounded.

[00300] FIG. 42 shows a rigid porous structure as in FIG. 35 incorporated with a delivery

device for sustained release as described in U.S. Pat. Pub. 2003/0014036 A l . The drug

delivery device comprises an inlet port 608 on the proximal end and a hollow body 609

coupled to the inlet port. The hollow body 609 comprises many openings 612 that allow

a solution injected into the inlet port 608 to pass from the hollow body 609 into a balloon

610. The balloon 610 comprises a distal end 6 11 disposed opposite the injection port.

The balloon 610 comprises a plurality of the rigid porous structures 607, as described

above. Each of the plurality of porous rigid structures 607 comprises a first surface

exposed to the interior of the balloon 610 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.

[00301] FIG. 43 shows a rigid porous structure 150 incorporated with a drug delivery

device for sustained release as described in U.S. Pat. No. 5,972,369. The therapeutic

device 100 comprises a reservoir 613 which can contain the therapeutic agent 110 and an

impermeable and non-porous outer surface 614. The reservoir 613 can be coupled to a

rigid porous structure 615 that extends to a distal end 617. The rigid porous structure 615

can comprise an exposed area 6 16 on the distal end 6 17 to release the therapeutic agent

110, and the impermeable and non-porous outer surface may extend to the distal end 617.

[00302] FIG. 44 shows a rigid porous structure as in FIG. 35 incorporated with a non

linear body member 618 for sustained release as described in U.S. Pat. No. 6,719,750.

The non-linear member may comprise a helical shape. The non-linear member can be

coupled to a cap 619 on the proximal end 620. The non-linear member 618 may

comprise a lumen 621 filled with therapeutic agent 110 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 110. The porous structure may be located at additional or

alternative locations of the non- linear member 618. For example a plurality of porous

structures may be disposed along the non- linear member 618 at locations disposed

between the cap 619 and distal end 624 so as to release therapeutic agent 110 into the

vitreous humor 30 when the cap 619 is positioned against the sclera 24.

[00303] FIG. 45 shows porous nanostructures, in accordance with some embodiments.

The porous structure 150 may comprise a plurality of elongate nano-channels 156NC

extending from a first side 150S1 of the porous structure 150 to a second side 150S2 of

the porous structure 150. The porous structure 150 may comprise a rigid material having

holes formed thereon, and the holes may comprise a maximum dimension across such as

a diameter. The diameter of the nano-channels 156NC may comprise a dimension across,

for example from about 10 nm across, to about 1000 nm across, or larger. The channels

may be formed with etching of the material, for example lithographic etching of the

material. The channels may comprise substantially straight channels and the porous

structure 150 may comprise interconnecting nano-channels 156NC, for example formed

with a sintered nano-material. Furthermore, the injection of therapeutic agent 110 into

the device 100 as described herein can be performed before implantation into the eye 10

or alternatively when the therapeutic device 100 is implanted into the eye 10.

[00304] FIG. 46 shows a therapeutic device 100 coupled to an injector 701 that removes

material from the device 100 and injects therapeutic agent 702 into the device. The

injector 701 picks up spent media 703 and refills the injector 701 with fresh therapeutic

agent. The therapeutic agent is injected into the therapeutic device 100. The spent media

is pulled up into the injector 701 . The injector 701 may comprise a stopper mechanism

704.

[00305] 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 100 can remove particulate

from the therapeutic device 100, for example particles comprised of aggregated

therapeutic agent such as protein. The needle 189 may comprise a double lumen needle



with a first lumen coupled to the first container 702C and a second lumen coupled to the

second container 703C, such that spent media 703 passes from the container reservoir of

device 100 to the injector. A valve 703V, for example a vent, can be disposed between

the second lumen and the second container 703C. When the valve 703V is open and

therapeutic agent 702 is injected, spent media 703 from the container reservoir of the

therapeutic device 100 passes to the second container 703C of the injector 701, such that

at least a portion of the spent media 703 within the therapeutic device 100 is exchanged

with the formulation. When the valve 703V is closed and the therapeutic agent is

injected, a portion of the therapeutic agent passes from the reservoir of the therapeutic

device 100 into the eye 10. For example, a first portion of formulation of therapeutic

agent 702 can be injected into therapeutic device 100 when the valve is open such that the

first portion of the formulation is exchanged with material disposed within the reservoir;

the valve is then closed and a second portion of the formulation is injected into

therapeutic device 100 such that at least a portion of the first portion passes through the

porous structure 150 into the eye 10. Alternatively or in combination, a portion of the

second portion of injected formulation may pass through the porous structure 150 when

the second portion is injected into the eye 10. The second portion of formulation injected

when the valve 703V is closed may correspond to a volume of formulation that passes

through the porous structure 150 into the vitreous humor 30 to treat the patient

immediately. In addition, the needle 189 may comprise a dual lumen needle, for example

as described with reference to FIG. 49 shown below.

[00306] FIG. 47 shows a therapeutic device 100 coupled to an injector 701 to inject and

remove material from the device 100. The injector may comprise a two needle system

configured to insert into a container of the device. The injector may simultaneously

inject therapeutic agent through the first needle 705 (the injection needle) while

withdrawing liquid from the device through the second needle 706 (the vent needle). The

injection needle 705 may be longer and/or have a smaller diameter than the vent needle

706 to facilitate removal of prior material from the device. The vent needle 706 may also

be attached to a vacuum to facilitate removal of prior material from the device.

[00307] FIG. 48 shows a therapeutic device 100 comprising an access port 180 with a

penetrable barrier 184 coupled to an injector needle 189 comprising a stop 189S that



positions the distal end of the needle near the proximal end of the reservoir 140 of the

device to flush the reservoir with ejection of liquid formulation through the porous frit

structure, in accordance with embodiments. For example, the injector needle 189 may

comprise a single lumen needle having a bevel that extends approximately 0.5 mm along

the shaft of the needle from the tip of the needle to the annular portion of the needle. The

stop 189S can be sized and positioned along an axis of the needle such that the needle tip

extends a stop distance 189SD into the reservoir as defined by the length of the needle

from the stop to the tip and the thickness of the penetrable barrier 184, in which the stop

distance is within a range from about 0.5 to about 2 mm. The reservoir may extend along

an axis of the therapeutic device 100 having a distance within a range from about 4 to 8

mm. A volume comprising a quantity of liquid formulation within a range from about 20

to about 200 µΐ , for example about 50 µΐ can be injected into the therapeutic device 100

with the needle tip disposed on the distal end. The volume of the reservoir can be less

than the injection volume of the formulation of therapeutic agent, such that liquid is

flushed through the porous structure 150. For example, the reservoir may comprise a

volume within a range from about 20 to 40 , and the injection volume of the liquid

formulation of therapeutic agent may comprise about 40 to 100 , for example about 50

08] FIG. 49 shows a therapeutic device 100 comprising a penetrable barrier 184

coupled to a needle 189 of an injector to inject and remove material from the device such

that the liquid in the reservoir 140 is exchanged with the injected formulation. The

needle comprises at least 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 100 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 agent formulation into a

proximal portion of the container reservoir.



[00309] 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.

[00310] FIG. 50 shows a deformable visual indicator 189DS. The deformable visual

indicator 189DS can be coupled to a support, for example stop 189S, such that the visual

indicator can deform to indicate when the needle is positioned to an appropriate depth

189SD. The visual indicator can be used with an injector such as a syringe 188 and can

be used for injections into one or more of many tissues such as dental, internal tissues

during surgery and ocular tissues such as the conjunctiva 16 of the eye 10. The needle

189 may comprise a silicon needle, for example a 25 GA or more needle, for example a

30 GA needle.

[00311] The visual indicator 189DS may comprise a bright color and may comprise a soft

deformable material such as silicone, and may have a Shore A hardness from about 5 to

about 30, for example. The stop 189S may comprise a dark color, such that the

deformable indicator becomes visible when coupled to tissue. Prior to contact with the

tissue, the deformable indicator 189DS can have a first width 189DSW1 .

[00312] FIG. 51 shows the visual indicator 189DS coupled to soft tissue, such as tissue of

an eye 10, for example the conjunctiva 16 positioned over the penetrable barrier 184 of

the therapeutic device 100. The visual indicator has been deformed and comprises a

second width 189DSW2 that is greater than the first width 189DSW1 such that the

deformable indicator is visible when viewed when coupled to the tissue surface. Such

visual indication of coupling can be helpful to ensure that the correct amount of pressure

is applied by the health care provider and also so that the needle tips is located at an

intended distance below the surface of the tissue.

[00313] FIG. 52 shows a therapeutic device 100 coupled to injector 703 or 187. As noted

above, the therapeutic device 100 may provide at least some resistance to flow, and the

visual indicator 189DS can indicate when operator has applied sufficient force to counter

reactive force of the injection. Also, the percent mixing can be related to the accuracy of

the injection, for example with a bolus injection through the therapeutic device 100, and

placement of the needle tip at depth 189SD with an accuracy of better than about 1 mm



or less can ensure that the mixing and/or exchange amount injections may be consistent

such that the dosage of therapeutic agent can be delivered accurately.

[00314] FIG. 53 shows a therapeutic device 100 coupled to injector 703 or 187. The

injector can be coupled to a double lumen needle 189DL such that a first lumen 189A

injects therapeutic agent through an opening 189A1 near the distal end into device 100.

A second lumen 189B receives liquid from device 100 through an opening 189B1 .

[00315] FIGS. 54 and 55 show example embodiments of sliding and coupling a valve to a

plunger coupled to a piston in order to exchange a first intended volume of liquid within

the reservoir with a volume of formulation of therapeutic agent and close the valve so as

to inject a second volume of liquid through the porous frit structure. FIG. 54, FIG. 56,

and FIG. 58 show a first configuration with the injector 701 coupled to a double lumen

needle 189DL such that a second lumen 189B injects therapeutic agent 110 from a

chamber of a first container 702C into device 100. A second container 703C is coupled

to a first lumen 189A that extends to the chamber of the reservoir container and receives

liquid from device 100, such that liquid of device 100 is exchanged. A switching valve

703V can comprise a first moving component, for example a sliding component, and a

second component comprising an opening that can be blocked, for example covered, with

the moving component. For example, a piston 70IP can be moved toward the device 100

with a plunger, and the sliding component of switching valve 703V can be coupled to the

plunger and piston 701P. When the piston 701P has advanced to exchange an intended

amount of liquid and an intended amount of the formulation of the therapeutic agent 110

remains in first container 702C, the sliding component of valve 703V may cover and

block the opening component of valve 703V. With valve 703V closed, an additional

intended amount of therapeutic agent can be injected into device 100 as shown in FIG.

55, for example such that a bolus amount of therapeutic agent can be injected from device

100. A portion of the formulation of therapeutic agent injected into device 100 can be

retained in device 100 for release for an extended time. FIGS. 57 and 59 also show

example embodiments of the valve 703V in the covered configuration.



[00316] The moving component of the valve 703V may comprise one or more of many

components such as a ball valve, a sleeve, a gasket, a piston having holes, or a one way

pressure valve, a solenoid, or a servo, for example.

[00317] FIG. 60 and FIG. 6 1 show a first configuration of an injector 701 which can

maintain the rate of flow into device to within about +/- 50%, for example to within about

+/- 25%, such that the time to inject the therapeutic agent into device 100 remains

substantially constant. For example, as the release rate index can be less than about 0.5,

for example less than about 0.1, for example less than about 0.05, and the amount of time

to inject a fully substantially fixed volume of the therapeutic device 100 can be inversely

related to the release rate index.

[00318] The injector 701 can comprise a mechanism to maintain the rate of flow into the

device and limit a maximum amount of flow, for example with a spring 701 SP. The

mechanism may comprise one or more of a mechanical mechanism, an electrical

mechanism, a pneumatic mechanism, a hydraulic mechanism, or combinations thereof.

Although a mechanical mechanism is shown, the above described mechanisms can

provide similar results.

[00319] The visible indicator 189DS can be used to indicate to the operator that injector

701 is coupled to the therapeutic device 100 implanted in the eye 10 at a depth for

injection. The operator can then depress the plunger.

[00320] The plunger 701PL can comprise a telescopic joint 701TJ and a spring 701SP,

such that the joint 701TJ can be slid together such that the plunger 701PL is urged

downward to contact the stop. When the plunger is urged downward, the spring may be

compressed when the ends of the telescopic joint come together. The compressed spring

can urge the piston toward the therapeutic device 100 such that the formulation of

therapeutic agent may be injected into the therapeutic device 100 with the force of the

spring. The valve 703V can close as described above (see FIGS. 55, 57, or 59). The

second portion of the injection corresponding to the bolus injection can be injected into

the therapeutic device 100 and through porous structure 150.



[00321] FIG. 62 shows a side cross-sectional view of therapeutic device 100 comprising a

retention structure 120 having a cross-section sized to fit in an elongate incision. The

cross-section sized to fit in the elongate incision may comprise a narrow portion 120N of

retention structure 120 that is sized smaller than the flange 122. The narrow portion

120N sized to fit in the elongate incision may comprise an elongate cross-section 120NE

sized to fit in the incision. The narrow portion 120N may comprise a cross-section

having a first cross-sectional distance across, or first dimensional width 120NL, and a

second cross-sectional distance across, or second dimensional width 120NS ( see FIG.

63), in which the first cross-sectional distance across is greater than the second cross-

sectional distance across such that the narrow portion 120N comprises an elongate cross-

sectional profile 120NP.

[00322] The retention structure 120 can comprise a narrow section 120N having a short

distance 120NS and a long distance 120NL so as to fit in an elongate incision along, for

example, the pars plana of the eye 10. The retention structure 120 may be comprised of

an extension 120E. The extension of the retention structure 120E can comprise a short

distance across 122S and a long distance across 122L, aligned with the short distance

120NS and long distance 120NL of the narrow portion 120N of the retention structure

120. The narrow portion 120N may comprise an indentation 1201 sized to receive the

sclera 24 (see FIGS. 87 and 88).

[00323] The elongate cross-section 120NE of the narrow portion 120N can be sized in

many ways to fit the incision. The elongate cross-section 120NE may comprise a first

dimension longer than a second dimension and may comprise one or more of many

shapes such as dilated slot, dilated slit, lentoid, oval, ovoid, or elliptical. The dilated slit

shape and dilated slot shape may correspond to the shape sclera 24 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 a first axis

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

[00324] Similar to the narrow portion 120N of the retention structure, the container

reservoir may comprise a cross-sectional profile. The barrier 160 can have as a perimeter

circumference 16OP.



[00325] FIG. 63 shows an example isometric view of the therapeutic device 100 as in FIG.

62.

[00326] FIG. 64 shows an example top view of the therapeutic device 100 as in FIG. 62.

[00327] FIG. 65 shows an example side cross-sectional view along the short side of the

retention structure of the therapeutic device 100 as in FIG. 62.

[00328] FIG. 66 shows an example bottom view of the therapeutic device 100 as in FIG.

62 implanted in the sclera 24.

[00329] FIG. 67 shows an example 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 24. For example, the width 712 may comprise about one half of the perimeter

160P of the barrier 160 and about one half of the perimeter 160NP of the narrow portion.

For example, the outside diameter of the tube of barrier 160 may comprise about 3 mm

such that the perimeter of 160P comprises about 6 mm, and the narrow portion perimeter

160NP may comprise about 6 mm. The width 712 of the blade 714 may comprise about

3 mm such that the incision comprises an opening having a perimeter of about 6 mm so

as to seal the incision with the narrow portion 160NP. Alternatively, perimeter 160P of

barrier 160 may comprise a size slightly larger than the incision and the perimeter 160NP

of the narrow portion.

[00330] FIGS. 68 and 69 show an example 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 100, and the retention structure 120 can be located on a proximal

portion of therapeutic device 100. The barrier 160 can define 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 can comprise 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 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 10

extending substantially around the cornea of the eye 10, 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 ellipse extends toward the optical axis of the eye 10 corresponding to the

patient's line of sight through the pupil. Although reference is made to an elliptical or

oval cross-section, many cross-sectional sizes and shapes can be used such as rectangular

with a short dimension extending toward the pupil of the eye and the long dimension

extending along the pars plana of the eye 10.

[00331] The retention structure 120 may comprise structures corresponding to a structure

of the cross-sectional area. For example, the flange 122 may comprise a first distance

across and a second distance across, with the first distance across greater than the second

distance across. The extension may comprise many shapes, such as rectangular, oval, or

elliptical, and the long distance across can correspond to the long distance of the reservoir

and barrier. The retention structure 120 may comprise the narrow portion 120N having

an indentation 1201 (see FIGS. 87 and 88) extending around an access port to the

therapeutic device 100, as described above. The indentation 1201 and flange 122 may

each comprise an elliptical or oval profile with a first long (major) axis of the ellipse

extending in the first direction and a second short (minor) axis of the ellipse extending in

the second direction. The long axis can be aligned so as to extend circumferentially

along the pars plana of the eye 10, and the short axis can be aligned so as to extend

toward the pupil of the eye 10, such that the orientation of device 100 can be determined

with visual examination by the treating physician.

[00332] FIG. 70 shows an example isometric view of the therapeutic device 100 having a

retention structure comprising a narrow portion 120N with an elongate cross-sectional

size 120NE.

[00333] FIG. 7 1 shows an example distal end view of the therapeutic device 100 as in

FIG. 70.



[00334] FIG. 72 shows an example side view of the short distance 120NS of the narrow

portion 120N of the therapeutic device 100 as in FIG. 70.

[00335] FIG. 73 shows a side view of the long distance 120NL of the narrow portion

120N of the therapeutic device 100 as in FIG. 70.

[00336] FIG. 74 shows a proximal view of the therapeutic device 100 as in FIG. 70.

[00337] FIG. 75 to FIG. 77 show an example exploded assembly drawings for the

therapeutic device 100 as in FIGS. 70 to 74. The assembly drawings of FIG. 75, FIG. 76

and FIG. 77 show isometric and thin side profiles views, respectively, of the elongate

portion 120NE of the narrow portion 120N of the retention structure 120. The

therapeutic device 100 has an elongate axis 100A.

[00338] The penetrable barrier 184, for example the septum, can be inserted into the

access port 180. The penetrable barrier 184 may comprise an elastic material sized such

that the penetrable barrier 184 can be inserted into the access port 180. The penetrable

barrier 184 may comprise one or more elastic materials, such as siloxane or rubber. The

penetrable barrier 184 may comprise tabs 184T to retain the penetrable barrier 184 in the

access port. The penetrable barrier 184 may comprise a beveled upper rim 184R sized to

seal the access port 180. The access port 180 of the reservoir container 130 may

comprise a beveled upper surface to engage the beveled rim and seal the penetrable

barrier 184 against the access port 180 when the tabs 184T engage an inner annular or

elongate channel of the access port 180. The penetrable barrier 184 may comprise an

opaque material, for example a grey material, for example silicone, such that the

penetrable barrier 184 can be visualized by the patient and treating physician.

[00339] The reservoir container 130 of the device may comprise a rigid biocompatible

material that extends at least from the retention structure to the rigid porous structure 150,

such that the reservoir comprises a substantially constant volume when the therapeutic

agent is released with the rigid porous structure 150 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 example transparent, such that the



reservoir chamber 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 physician's office. This visualization of the

reservoir chamber 140 can be helpful to ensure that the reservoir chamber 140 is properly

filled with therapeutic agent by the treating physician or assistant prior to implantation.

The reservoir container 130 may comprise one or more of many biocompatible 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 material such as one or more of acrylate,

polyacrylate, methlymethacraylate, polymethlymethacrylate (PMMA), polyacarbonate or

siloxane. The reservoir container 130 can be machined from a piece of material, or

injection molded, so as to form the retention structure 120 comprising flange 122 and the

elongate narrow portion 120NE. The flange 122 may comprise a translucent material

such that the physician can visualize tissue under the flange to assess the patient and to

decrease appearance of the device 100 when implanted. The reservoir container 130 may

comprise a channel extending along axis 100A from the access port 180 to porous

structure 150, such that formulation injected into device 100 can be released in

accordance with the volume of the reservoir and release rate of the porous structure 150

as described herein. The porous structure 150 can be affixed to the distal end of

therapeutic device 100, for example with glue. Alternatively or in combination, the distal

end of the reservoir container 130 may comprise an inner diameter sized to receive the

porous structure 150, and the reservoir container 130 may comprise a stop to position the

porous structure 150 at a predetermined location on the distal end so as to define a

predetermined size of reservoir chamber 140.

40] FIG. 78 shows an expandable therapeutic device 790 comprising expandable

barrier material 160 and support 160S in an expanded configuration for extended release

of the therapeutic agent. The expanded configuration can store an increased amount of

therapeutic agent, for example from about 30 to about 100 µ . The expandable

device may comprise 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. Alternatively, the expandable support may be bent when

expanded. The expandable device can comprise 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

[00341] 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 150 to the volume of

therapeutic agent to be injected into the therapeutic device, as described herein. The

barrier 160 may comprise a thin compliant material, for example a membrane, and the

support 160S can urge the barrier 160 to an expanded configuration so as to define the

reservoir chamber having the substantially constant volume.

[00342] FIG. 79 shows an example of the distal end portion of the support 160S. The

support 160S may comprise struts that extend to an annular flange 160SF that supports

the porous structure 150 on the distal end of device 100.

[00343] FIG. 80 shows an example of the support 160S disposed inside the barrier 160 so

as to provide the substantially constant expanded volume of the reservoir chamber.

[00344] FIG. 8 1 shows an example of the support 160S disposed along the inner surface

of the barrier 160 so as to provide the substantially constant expanded volume of the

reservoir chamber. The support 160S can be bonded to the barrier 160 in many ways, for

example with a bonding agent such as glue or resin, or with thermal bonding. The

support 160S can be disposed on the outside of barrier 160.

[00345] FIG. 82 shows the expandable therapeutic device 790 as in FIG. 78 in a narrow

profile configuration suitable for use in an injection lumen.

[00346] FIG. 83 shows the expandable therapeutic device as in FIG. 78 in an expanded

profile configuration, suitable for retention, for example with the sclera 24.



[00347] FIGS. 84 and 85 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

retention structure 792 comprises many compressible or expandable or resilient materials

or combinations thereof. The expandable retention structure 792 comprises 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 expands to engage opposite sides of the sclera 24. The

resilient material may comprise at least one of thermoplastic material, a resilient metal, a

shape memory material, and combinations thereof.

[00348] FIG. 86 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 choroidal neovascularization of a lesion on or near the retina 26. For example,

the lesion may comprise one or more buckling, folding, bending or separation of the

retina 26 from the choroid related to neovascularization of corresponding vascular tissue

associated with blood supply to the retina 26, and the neovascular tissue corresponding to

the lesion of the retina 26 may be targeted. Work in relation to embodiments indicates

that the vitreous humor 30 of the eye 10 may comprise convective current flows that

extend along flow paths 799. The convective flow paths may comprise flow channels.

Although small molecules can be delivered to a target location of the retina 26 in

accordance with the flow paths, therapeutic agent comprising large molecules, for

example with antibody fragments or antibodies, can be delivered substantially with the

convective flow paths as the molecular diffusion of large molecules in the vitreous humor

30 can be somewhat lower than small molecules.

[00349] The therapeutic device 100 can be sized such that porous structure 150 is

positioned along a flow path extending toward a target location of the retina 26. The

therapeutic agent can be released along the flow path, such that the flow of vitreous

humor 30 transports the therapeutic agent to the retina 26. The porous structure can be

disposed on a distal portion of the therapeutic device 100, for example on a distal end,

and the reservoir 130 can be sized for delivery for the extended time. The therapeutic



device 100 can be sized such that the porous structure 150 is positioned such that it may

correspond to the target region. The surgeon may identify a target region 798 of the

retina 26, 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.

[00350] FIG. 87 shows therapeutic device 100 comprising porous structure 150 located on

a proximal portion of the device to deliver a therapeutic agent 110 to one or more of the

ciliary body or the trabecular meshwork when implanted in the eye 10. The porous

structure 150 can be located near retention structure 120 such that the porous structure

150 is positioned in the vitreous substantially away from the flow paths extending to

retina 26, as noted above. The porous structure 150 can be located on a side of the

therapeutic device 100 so as to release the therapeutic agent 110 toward a target tissue.

While many therapeutic agents 110 can be used, the therapeutic agent may comprise a

prostaglandin or analog, such as bimatoprost or latanoprost, such that the therapeutic

agent can be released toward one or more of the ciliary body or trabecular meshwork

when implanted in the vitreous humor 30 with the retention structure coupled to the

sclera 24.

[00351] FIG. 88 shows therapeutic device 100 comprising porous structure 150 oriented to

release the therapeutic agent 110 away from the lens and toward the retina 26. For

example, the therapeutic agent 110 may comprise a steroid, and the steroid can be

released from porous structure 150 away from the lens and toward the retina 26. For

example, the porous structure 150 can be oriented relative to an axis 100A of the

therapeutic device 100. The outer side of porous structure 150 can be oriented at least

partially toward the retina 26 and away from the lens, for example along a flow path as

described above so as to treat a target region of the retina 26. The barrier 160 can extend

between the porous structure 150 and the lens of the eye 10 when implanted such that

release of therapeutic agent toward the lens can be inhibited with barrier 160. The

retention structure 120 may comprise a long distance across and a short distance across as

described above. The porous structure 150 can be oriented in relation to the short and

long distances of the extensions 122, such that the outer side of porous structure 150 is

oriented at least partially toward the retina 26 and along the flow path when the long



distance of the retention structure extends along the pars plana and the short distance

extends toward the pupil.

[00352] FIG. 89 shows a kit 789 comprising a placement instrument 750, a container 780,

and a therapeutic device 100 disposed within the container 780. The reservoir of the

therapeutic device 100 disposed in the container may comprise a non-therapeutic

solution, for example saline, such that the channels 156 of the porous structure 150

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 789 may contain instructions for use 7891, and may

contain a container 1IOC comprising a formulation of therapeutic agent 110. The

instructions for use may comprise instructions to orient the device with the penetrable

barrier 184 in relation to the porous structure 150 during injection of the therapeutic

agent, for example with the penetrable barrier 184 located above the porous structure 150

when the therapeutic fluid is injected. The instructions may correspond to the

configuration of the fluid displacement apparatus such as the injector as described herein.

[00353] TUNING OF THERAPEUTIC DEVICE FOR SUSTAINED RELEASE BASED

ON AN INJECTION OF A FORMULATION

[00354] 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 comprise a substantially fixed volume, for example within about +/-

30% of an intended pre-determined target volume. The volume of the reservoir can be

sized with the release rate index so as to release the therapeutic agent for an extended

time substantially greater than the treatment time of a corresponding bolus injection. The

device can also be tuned to release the therapeutic agent based on the half-life of the

therapeutic agent in the eye 10. The device volume and release rate index may comprise

parameters that can be tuned together based on the volume of formulation injected and a

half-life of the therapeutic agent in the eye 10. The following equations can be used to

determine therapeutic device 100 parameters suitable for tuning the device.

Rate = Vr(dCr/dt) = -D(PA/TL)Cr



where Rate = Rate of release of therapeutic agent from device

Cr = concentration of therapeutic agent in reservoir

Vr = volume of reservoir

D = Diffusion constant

PA TL = RRI

P = porosity

A = area

T = tortuosity = F = channel parameter.

For a substantially fixed volume injection,

CrO = (Injection Volume)(Concentration of Formulation)/Vr

Where CrO = initial concentration in reservoir following injection of formulation

For Injection Volume = 50 uL

CrO = (0.05 mL)(10 mg/mL)/Vr (1000 ug/ 1 mg) = 500 ug / Vr

Rate = x(500 ug)exp(-xt)

where t = time

x = (D/Vr)(PA/TL)

With a mass balance on the vitreous

Vv(dCv/dt) = Rate from device = kVvCv

where Vv = volume of vitreous (about 4.5 ml)

Cv = concentration of therapeutic agent in vitreous

k = rate of drug from vitreous ( proportional to 1 / half-life of drug in vitreous)

For the situation appropriate for the embodiments as described herein where Cv remains

substantially constant and changes slowly with time (i.e., dCv/dt is approximately 0),



Cv = (Rate from device)/(kVv)

Since kVv is substantially constant, the max value of Cv will correspond to conditions

that maximize the Rate from the device. At a given time since injection into the device

(e.g., 180 days), the maximum Cv is found at the value of x that provides the maximum

rate. The optimal value of x satisfies

d(Rate)/dx = 0 at a given time.

Rate = 500(x)exp(-xt) = f(x)g(x) where f(x)=500x and g(x) = exp (-xt)

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 = Vr/(Dt)

Therefore the highest Cv at a given time, t , occurs for the optimal RRI = (PA/FL) for a

given Vr.

Also, the ratio (Vr)/(RRI) = (Vr)/(PA/TL) = Dt will determine the optimal rate at the

time.

[00355] The above equations can 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.

[00356] The above parameters can be used to determine the optimal RRI, and the

therapeutic device 100 can be tuned to the volume of formulation injected into the device

with a device reservoir volume and release rate index within about +/- 50% of the optimal

values, for example +/- 30% of the optimal values. For example, for an optimal release

rate index of the porous structure 150 and an optimal reservoir volume sized to receive a

predetermined quantity of therapeutic agent, e.g. 50 uL, so as to achieve therapeutic

concentrations above a minimum inhibitory concentration for a predetermined extended

time, such as 90 days, the maximum volume of the reservoir can be limited to no more

than about twice the optimal volume. This tuning of the reservoir volume and the porous



structure 150 to the injected volume of the commercially available formulation can

increase the time of release of therapeutic amounts from the device as compared to a

much larger reservoir volume that receives the same volume of commercially available

injectable formulation. Although many examples as described herein show a porous frit

structure and reservoir volume tuned together to receive a quantity of formulation and

provide release for an extended time, the porous structure 150 tuned with the reservoir

may comprise one or more of a porous frit, a permeable membrane, a semi-permeable

membrane, a capillary tube or a tortuous channel, nano-structures, nano-channels 156 NC

or sintered nano-particles, and a person of ordinary skill in the art can determine the

release rate characteristics, for example a release rate index, so as to tune the one or more

porous structures and the volume to receive the quantity of the formulation and release

therapeutic amounts for an extended time.

[00357] As an example, the optimal RRI at 180 days can be determined for a reservoir

volume of about 125 uL. Based on the above equations (Vr/Dt) = optimal RRI, such that

the optimal RRI at 180 days is about 0.085 for the 50 uL formulation volume injected

into the device. The corresponding Cv is about 3.19 ug/mL at 180 days based on the

Rate of drug released from the device at 180 days and the rate of the drug from the

vitreous (k corresponding to a half-life of about nine days). A device with a container

reservoir volume of 63 uL and RRI of 0.044 will also provide the optimal Cv at 180 days

since the ratio of Vr to PA TL is also optimal. Although an optimal value can be

determined, the therapeutic device 100 can be tuned to provide therapeutic amounts of

drug at a targeted time, for example 180 days, with many values of the reservoir 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 fixed, the volume of the reservoir can vary, for example within about +/-

50% as with an expandable reservoir such as a balloon reservoir.

[00358] The half-life of the drug in the vitreous humor 30 of the eye 10 can be determined

based on the therapeutic agent and the type of eye, for example human, rabbit or monkey,

such that the half-life may be determined based on the species of the eye, for example.

With at least some animal models the half-life of the therapeutic agent in the vitreous

humor 30 can be shorter than for human eyes, for example by a factor of about two in at



least some instances. For example, the half-life of the therapeutic agent Lucentis

(ranibizumab) can be about nine days in the human eye and about two to four days in the

rabbit and monkey animal models. For small molecules, the half-life in the vitreous

humor 30 of the human eye can be about two to three hours and can be about one hour in

the monkey and rabbit animal models. The therapeutic device 100 can be tuned to

receive the volume of formulation based on the half-life of the therapeutic agent in the

human vitreous humor 30, or an animal vitreous humor, or combinations thereof. Based

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

empirically the half-life of the therapeutic agent in the eye 10 based on the type of eye

and the therapeutic agent, such that the reservoir and porous structure can be tuned

together so as to receive the volume of formulation and provide therapeutic amounts for

the extended time.

[00359] The rate of accumulation of a component of the vitreous humor 30 of the eye can

be determined based on the molecular weight of the component and the tuning of the

therapeutic device 100 such as the reservoir volume and release of porous structure 150,

such as a release rate index.

[00360] FIGS. 90 and 9 1 show a side cross-sectional view and a top view, respectively, of

therapeutic device 100 for placement substantially between the conjunctiva 16 and the

sclera 24. The therapeutic agent 110 as described herein can be injected when device 100

is implanted. The therapeutic device 100 comprises container 130 as described herein

having penetrable barrier 184 as described herein disposed on an upper surface for

placement against the conjunctiva 16. An elongate structure 172 is coupled to container

130. Elongate structure 172 comprises a channel 174 extending from a first opening

coupled to the chamber of the container to a second opening 176 on a distal end of the

elongate structure. The porous structure 150 as described herein is located on the

elongate structure 172 and coupled to the container 130 so as to release therapeutic agent

for an extended period, and a retention structure 120 comprising an extension protruding

outward from the container 130 to couple to the sclera 24 and the conjunctiva 16. The

container may comprise barrier 160 as described herein that defines at least a portion of

the reservoir, and the container may comprise a width, for example a diameter. The

barrier 160 may comprise a rigid material, for example rigid silicone or rigid rubber, or



other material as described herein, such that the volume of the chamber of container 130

comprises a substantially constant volume as described herein. Alternatively or in

combination, barrier 160 may comprise a soft material, for example when the chamber

size is decreased such that the volume can be substantially constant with the decreased

chamber size. A soft barrier material can be combined with a rigid material, for example

a support material. The diameter can be sized within a range, for example within a range

from about 1 to about 8 mm, for example within a range from about 2 to 6 mm and can

be about 3 mm, for example.

[00361] The container may be coupled to elongate structure 172, and the elongate

structure may have a length sized so as to extend from the conjunctiva 16 to the vitreous

to release the therapeutic agent into the vitreous. The length can be sized within a range,

for example within a range from about 2 to about 14 mm, for example within a range

from about 4 to 10 mm and can be about 7 mm, for example. The penetrable barrier 184

may comprise a septum 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. The porous structure 150 may comprise a cross-

sectional area sized to release the therapeutic agent for the extended period. The elongate

structure 172 can be located near a center of the container 130, or may be eccentric to the

center. In addition, the elongate structure 172 can be inserted into the sclera 24 at the pars

plana region as described herein.

[00362] The barrier 160 can have a shape profile for placement between the conjunctiva

16 and sclera 24. The lower surface can be shaped to contact the sclera 24 and may

comprise a concave shape such as a concave spherical or toric surface. The upper surface

can be shaped to contact the conjunctiva 16 and may comprise a convex shape, such as a

convex spherical or toric surface. The barrier 160 may comprise an oval, an elliptical, or

a circular shape when implanted and viewed from above, and the elongate structure 172

can be centered or eccentric to the ellipse. When implanted the long dimension of the

oval can be aligned so as to extend along a circumference of the pars plana.

[00363] The cross-sectional diameter of the elongate structure 172 can be sized to

decrease the invasiveness of device 100, and may comprise a diameter of no more than



about 1 mm, for example no more than about 0.5 mm, for example no more than about

0.25 mm such that the penetrate sclera 24 seals substantially when elongate structure 172

is removed and the eye 10 can seal itself upon removal of elongate structure 172. The

elongate structure 172 may comprise a needle, and channel 174 may comprise a lumen of

the needle, for example a 30 Gauge needle.

[00364] The porous structure 150 may comprise a first side as described herein coupled to

the reservoir and a second side to couple to the vitreous. The first side may comprise a

first area as described herein and the second side may comprise a second area. The

porous structure 150 may comprise a thickness as described herein. The porous structure

150 many comprise a diameter. The porous structure 150 may comprise a release rate

index, and the chamber of container 130 that defines the volume of reservoir 140 can be

sized such that the porous structure 150 and the volume are tuned to receive an amount of

therapeutic agent injected with a volume of formulation of therapeutic agent and tuned to

release therapeutic amounts for an extended time. Many release rate mechanisms as

described herein can be used to tune the release rate and volume to the quantity of

therapeutic agent injected as described herein. In addition, the volume of the reservoir

140 defined by the chamber of the container may comprise from about 5 µ ΐ to about

2000 µ of therapeutic agent, or for example from about 10 µ about 200 µΐ of

therapeutic agent.

[00365] The porous structure 150 may comprise a needle stop 170 that limits penetration

of the needle. The porous structure 150 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.

[00366] Fig. 92 shows the therapeutic device 100 implanted with the reservoir between the

conjunctiva 16 and the sclera 24, such that elongate structure 172 extends through the

sclera 24 to couple the reservoir chamber to the vitreous humor 30. When implanted, the

porous structure 150 can be located in the vitreous humor 30, or located between the

conjunctiva 16 and sclera 24, or may extend through the sclera 24, or combinations

thereof.



[00367] Fig. 93 shows the porous structure 150 of therapeutic device 100 located in

channel 174 near the opening to the chamber of the container 130. The porous structure

150 can extend substantially along the length of elongate structure 172.

[00368] FIG. 94 shows the porous structure 150 located within the chamber of container

130 and coupled to the first opening of the elongate structure 172 so as to provide the

release rate profile. The porous structure 150 can cover the opening of elongate structure

172 such that therapeutic amounts are released for the extended time as described herein.

[00369] FIG. 95 shows a plurality of injection ports spaced apart so as to inject and

exchange the liquid of chamber of the container 130 and inject the therapeutic agent into

the reservoir chamber 140 of the container 130. The penetrable barrier 184 may

comprise a first penetrable barrier 180 located in a first access port formed in the barrier

160 and a second penetrable barrier 180 located in a second access port formed in the

barrier 160, and the first barrier can be separated from the second barrier by at least about

1 mm.

[00370] The injector 701 as described above (see FIGS. 54 through 59) can be configured

to couple to the reservoir placed between the conjunctiva 16 and the sclera 24 as describe

herein. The injector 701 can be coupled to a double lumen needle 189DL such that a

second lumen 189B injects therapeutic agent 110 from a first container 702C into device

100, and the first lumen 189A can be spaced apart from the second lumen 189B with the

distance extending therebetween sized to position the first lumen 189A in the first septum

as described above and the second lumen 189B in the second septum as described above.

The second container 703C can be coupled to a first lumen 189A that extends to the

chamber of the reservoir container and receives liquid from device 100, such that liquid

of device 100 is exchanged when the chamber of the reservoir container is positioned

between the conjunctiva 16 and the sclera 24. The switching valve 703V to exchange an

intended amount of liquid and an intended amount of the formulation the therapeutic

agent 110, and inject an intended amount of therapeutic agent injected into device 100,

for example such that a bolus amount of therapeutic agent 110 can be injected from

device 100 as described above. A portion of the formulation of therapeutic agent injected

into device 100 can be retained in device 100 for release for an extended time.



[00371] FIG. 96 shows the elongate structure 172 coupled to the container 130 away from

the center of container 130 and located near an end of the container 130.

[00372] FIG. 97 shows an apparatus 300 to collect a sample of the fluid from the

implanted device. The apparatus 300 comprises a cartridge 320 comprising a container

328 to collect a sample of the fluid of the therapeutic device 100 for analysis. The

cartridge container 328 is placed in a packaging container 310 to protect the cartridge.

[00373] The cartridge 320 comprises a connector 322 to couple to a syringe. The

connector 322 may comprise one or more standard connectors to couple to a syringe such

as a Luer connector or a Hamilton connector. The cartridge 320 may comprise at least

one needle such as a first needle 324 having a first lumen 324L and a second needle 326

having a second lumen 326L. The first needle and lumen are fluidically coupled to the

connector 322. The second needle 326 and second lumen 326L are fluidically coupled to

the container 328. The cartridge container 328 may comprise a window 328W to view

the contents of container 328 and the container 328 may comprise an optically clear

material. The at least one needle may comprise a double lumen needle as described

herein. A valve 703V is coupled to the container 328, such that the valve 703V

substantially closes when the volume of the container 328 is filled with sample fluid.

[00374] The valve 703V may comprise one or more of the valves as described herein. In

many embodiments, the valve 703V may comprise a porous structure 150 having a

resistance to flow of liquid greater than a resistance to a flow of air, such that the flow of

liquid is substantially inhibited when liquid contacts the porous structure 150. The valve

703V may have a resistance to flow greater than porous structure 150, so as to drive

liquid through porous structure 150 when liquid contact the porous structure 150 of valve

703V.

[00375] The packaging container 310 comprises a removable cover 314 and a housing

312. The housing 312 comprises a channel 316 to receive the at least one needle 324.

The height of the housing 312 and channel 316 are sized to receive the cartridge 320 with

the at least one needle extending along the channel 316 and the cover 314 placed on the

housing 312.



[00376] The apparatus 300 comprises an identifier 350. The identifier 350 may comprise

one or more of an optical bar code, a 2D bar code, a magnetic stripe, or an RFID device.

The identifier 350 can be located on the housing 312. Alternatively, identifier 350 can be

located on cartridge 320. The identifier 350 can be linked to a patient ID when the

sample is taken to link the sample of the device to the patient.

[00377] FIG. 98 shows a syringe 188 coupled to the cartridge 320 to inject formulation

and collect sample. The cartridge 320 is shown by way of example as being coupled to

the syringe 188, with the cartridge 320 able to be subsequently removed from the

housing. The syringe 188 may comprise a standard commercially available syringe

having a capacity suitable for injection of the amount of therapeutic agent. The syringe

188 may comprise an amount of the therapeutic agent 110 for injection into the device

100.

[00378] FIG. 99 shows the syringe 188 and cartridge coupled to the device 100 implanted

in the eye 10 which may inject therapeutic agent and receive the fluid of the implanted

device as described herein. The fluid 400 of the implanted device 100 is shown by way

of example as being in container 328 extending to a level 400L which may be visible

through a window 328W of the container 328.

[00379] Some embodiments suggests that the formulation of therapeutic 110 can be more

dense than the fluid 400 of the device 100, and that it can be helpful to inject the

formulation with the porous structure 150 below the penetrable barrier 184 of therapeutic

device 100, such that the formulation of therapeutic agent 110 directed to a location of

the reservoir chamber 140 is below the lumen 326L to receive fluid 400. The plunger of

the syringe is depressed to urge the liquid into the device 100. When the level of fluid

400 rises to the valve 703V, the flow of liquid is substantially inhibited. The valve 703

comprising the porous structure 150 can provide a user perceptible resistance to air flow

such that the formulation of agent 110 is directed to the porous structure with decreased

flow that may increase gravity based separation of fluid 400 with the formulation.

[00380] FIG. 100 shows the cartridge 320 placed in the packaging container with the

covering placed over the packaging container to inhibit evaporation of the fluid 400 of

the sample.



[00381] FIG. 101 shows the cartridge 320 comprising a detachable container 310 to

collect a sample of the fluid of the therapeutic device 100 for analysis. The syringe 188

and the cartridge container 328 can be separated from the cartridge. The cartridge

container 328 may comprise a window 328W to view the contents of container 328. For

example, the cartridge container 328 may comprise an optically clear material so as to

provide the window with the container.

[00382] In many embodiments, the cartridge 320 comprises a support component 320S

comprising the at least one needle 189 and deformable stop 189DS, in which the support

component 320S comprises the connector 322 to couple to the syringe and a connector

327 to couple to the sample container 328 when the at least one needle 189 is placed on

the eye 10. The support component 320S may comprise the at least one needle 189 such

as first needle 324 having a first lumen 324L and a second needle 326 having a second

lumen 326L. The support 320S can be formed in many ways and may comprise injection

molded plastic, for example. A first channel 324C can extend from a distal opening near

a tip of the first needle 324 to a proximal opening near connector 322 such that the first

channel 324C couples the syringe to the implantable device 100 when the deformable

stop 189DS couples to the conjunctiva 16 of the eye 10. A second channel 326C can

extend from a distal opening near a tip of the second needle 326 to a proximal opening

near connector 327 such that the second channel 326C couples the container 328 to the

reservoir chamber of the implantable device 100 when the deformable stop 189DS

couples to the conjunctiva 16 of the eye 10.

[00383] The connector 327 can be configured to couple to the detachable container 328 in

many ways. The connector 327 may comprise an opening sized to receive a neck of the

container 328. The connector 327 may comprise a needle 327N having a tip 327T.

Needle 327N can be sized to extend through a penetrable barrier 328PB of the container

328 when the neck of the container 328 is placed in the opening sized to receive the neck

of the container. The first channel and the second channel can be spaced apart so as to

separate the syringe from the container.

[00384] FIG. 102 shows an example of the cartridge 320 as in FIG. 101 coupled to the

syringe 188 to inject the therapeutic fluid 702FL into the therapeutic device 100



implanted in the eye 10 and collect the sample 400 comprising fluid 703FL from the

therapeutic device 100 implanted in the eye 10. The therapeutic fluid 702FL comprising

a formulation of therapeutic agent 110 is shown injected into the reservoir chamber of

device 100, and the fluid 703FL is received in container 328. Container 328 has

collected sample fluid 400 to a level 400L visible through window 328W. The

deformable stop 189DS may be shown in a deformed configuration such that the stop has

temporarily deformed with contact to the conjunctiva 16 so as to couple to the

conjunctiva 16 and the penetrable barrier with the deformable stop to inhibit leakage of

one or more of the therapeutic fluid 702FL or the displaced implanted device fluid

703FL.

[00385] FIG. 103 shows the cartridge assembly as in FIGS. 101 and 102 removed from the

implanted therapeutic device 100 and the container having the fluid of the implanted

sample container removed from the cartridge. The removable container may comprise

the identifier 350, such that the sample fluid 400 corresponds to identifier 350. The

identifier 350 can identify one or more of the patient, the eye 10 of the patient, and the

day the sample was removed from the implanted device by the health care provider. The

container 328 comprising sample 400 may be moved to a location having an apparatus to

analyze the sample, such that sample 400 can be analyzed to one or more of diagnose or

treat the patient as described herein.

[00386] RELEASE OF STABILIZERS AND THERAPEUTIC AGENTS

[00387] The therapeutic agent may comprise one or more of the therapeutic agents as

described herein, and the amount of therapeutic agent can be compared to the amount of

stabilizer displaced from the device implanted in the eye 10 to one or more of diagnose or

treat the patient. Examples of stabilizers and therapeutic agents released from therapeutic

devices are described in U.S. Prov. Pat. App. Ser. No. 61/415,674, filed November 19,

2010, entitled "THERAPEUTIC AGENT FORMULATIONS FOR IMPLANTED

DEVICES"; and PCT/US1 1/061535, filed onNovember 18, 201 1, entitled

"THERAPEUTIC AGENT FORMULATIONS FOR IMPLANTED DEVICES"; the full

disclosures of which and incorporated herein by reference and suitable for combination in

accordance with embodiments described herein. The stabilizer may comprise one or



more of an alcohol, a polyol, a phenol, a carbohydrate, a sugar (sucrose, lactose, and

glucose), amino acids (glycine, alanine, and proline), or amines (betaine and

trimethylamine N-oxide), for example. The stabilizer may comprise a molecular weight

corresponding to the therapeutic agent, for example at least about 20% of the molecular

weight of the therapeutic agent. The molecular weight can be sufficient such that a

portion of the stabilizer remains in the device 100 when a portion of the therapeutic agent

is released so as to stabilize a remaining portion of the therapeutic agent. The stabilizer

may comprise a high molecular weight polymer, for example at least about 2k Daltons.

The stabilizer may comprise one or more forms of cellulose (e.g.,

carboxymethylcellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxypropyl

methylcellulose, methylcellulose), chitin (e.g., chitosan), other oligosaccharides and

polysaccharides, or polymeric forms of amino acids.

[00388] The diffusion constant of the stabilizer can be determined, for example, based on

an estimate of hydrodynamic radius corresponding to the cube root of the molecular

weight as described herein.

[00389] Table 2 shows some possible diffusion coefficients and estimates of device half-

life relative to Ranibizumab.

Table 2 : diffusion coefficients and estimates of device half-life relative to Ranibizumab



Polysorbate 1227 0.026 3.39 3.4E-06 0.29 2.0 Polysorba 1227
20 te 20

2000 0.042 2.88 2.9E-06 0.35 3.3 2000

5000 0.1 04 2.1 3 2.1 E-06 0.47 8.3 5000

10000 0.208 1.69 1.7E-06 0.59 16.6 10000

20000 0.41 7 1.34 1.3E-06 0.75 33.2 20000

30,000 0.625 1. 17 1.2E-06 0.85 49.8 30,000

Ranibizumab 48,000 1.000 1.00 1.0E-06 1.00 79.7 Ranibizu 48,000
mab

50,000 1.042 0.99 9.9E-07 1.01 83.0 50,000

BSA 66,000 1.375 0.90 9.0E-07 1.11 109.6 BSA 66,000

100,000 2.083 0.78 7.8E-07 1.28 166.1 100,000

Bevacizumab 149,000 3.1 04 0.69 6.9E-07 1.46 247.4 Bevacizu 149,000
mab

200,000 4.1 67 0.62 6.2E-07 1.61 332.1 200,000

500,000 10.41 7 0.46 4.6E-07 2.18 830.3 500,000

1,000,000 20.833 0.36 3.6E-07 2.75 1660.6 1,000,000

2,500,000 52.083 0.27 2.7E-07 3.73 4 15 1 .4 2,500,000

3.94E+07 8.E+02 1. 1 E-01 1. 1 E-07 9.4 6.5E+04 3.94E+07

3.1 5E+08 7.E+03 5.3E-02 5.3E-08 18.7 5.2E+05 3.15E+08

2.52E+09 5.E+04 2.7E-02 2.7E-08 37.5 4.2E+06 2.52E+09

3.94E+1 0 8.E+05 1. 1 E-02 1. 1 E-08 93.6 6.5E+07 3.94E+1 0

3.1 5E+1 1 7.E+06 5.3E-03 5.3E-09 187.3 5.2E+08 3.15E+1 1

2.52E+1 2 5.E+07 2.7E-03 2.7E-09 374.6 4.2E+09 2.52E+1 2

3.94E+1 3 8.E+08 1. 1 E-03 1. 1 E-09 936.4 6.5E+1 0 3.94E+1 3

[00390] Table 2 shows that the molecular weight, diffusion co-efficient, equivalent

diameter of ranibizumab can be about 48k Daltons, 1.0E-6, and 5.3 nm, respectively.

[00391] The molecular weight of the stabilizer can be provided in lk Dalton increments

from about l k Dalton to about 200k Daltons and provide in a Table having about 200

rows similar to Table 2 . The parameters of Table 2 determined such as the half-life in the

device, the equivalent volume, the equivalent diameter, and % in the device at the half-

life of the therapeutic agent 110. The table may comprise a row for each molecular

weight in l k Dalton increments, and the % of stabilizer in the device compared with the

therapeutic agent 110. The table may include columns for two half-lives of the

therapeutic agent, three half-lives of the therapeutic agent, four half-lives of the

therapeutic agent, and the corresponding percentage of stabilizer remaining in the device.

[00392] The percentage at 1, 2, 3, 4 5, and 6 half- lives can be determined.



[00393] The molecular weight, diffusion coefficient and equivalent diameter of trehalose

can be about 0.4k Daltons, 5.0E-6, and 1.1 nm, respectively. The relative molecular

weight of trehalose to ranibizumab can be about 0.8%, and the relative half-life of

trehalose in device 100 can be about 20% of ranibizumab. The relative amount of

trehalose remaining in therapeutic device 100 at the half- life of ranibizumab can be about

3.1%. This decreased half-life of trehalose and amount in the device 100 relative to

ranibizumab can be related to the decreased molecular weight of trehalose relative to

ranibizumab.

[00394] A disaccharide such as trehalose can be combined with one or more of micelles or

polymeric proteins as described herein, so as to associate with the one or more of the

micelles or the polymeric proteins so as to decrease a rate of release of the disaccharide

from the reservoir chamber.

[00395] The molecular weight, diffusion coefficient and equivalent diameter of

polysorbate 20 can be about 1.2k Daltons, 3.4E-6, and 1.6 nm, respectively. The relative

molecular weight of polysorbate to ranibizumab is about 2.6%, and the relative half-life

of polysorbate 20 in device 100 can be about 29% of ranibizumab. The relative amount

of polysorbate 20 remaining in therapeutic device 100 at the half-life of ranibizumab can

be about 9.5%. This decreased half-life of polysorbate and amount in the device 100

relative to ranibizumab is related to the decreased molecular weight of polysorbate

relative to ranibizumab.

[00396] The diffusion coefficients of Table 2 can be determined based on weight for

molecular weights up to about 2.5 M Daltons, and based on size above about 2.5 M

Daltons.

[00397] The stabilizer may comprise a molecular weight that is at least about 10% of the

molecular weight of the therapeutic agent; such that the half-life of the stabilizer

corresponds to at least about 50% of the half-life of the therapeutic agent. For example, a

stabilizer 192 with a molecular weight of about 5k Daltons corresponding to about 10%

of the molecular weight of ranibizumab, the relative half life of the stabilizer is about half

(0.47) of the half life of ranibizumab. When the half-life of the stabilizer is about half

that of the therapeutic agent, about ¼ of the stabilizer may remain in the therapeutic



device 100 for an extended time corresponding to the half-life of the therapeutic agent.

For example, when the half-life of the therapeutic agent ranibizumab in the device is

about 100 days, about ¼ of a 5k Dalton molecular weight stabilizer may remain in the

therapeutic device 100.

[00398] The stabilizer may comprise a molecular weight that is at least about 20% of the

molecular weight of the therapeutic agent, such that the half life of the stabilizer

corresponds to at least about 50% of the half life of the therapeutic agent. At a time of

two half lives post-placement in the therapeutic device 100, the relative proportion of

stabilizer to therapeutic agent is about 1 to 4. This amount of stabilizer can be sufficient

to stabilize the therapeutic agent in many embodiments.

[00399] When the formulation contains a component with a substantially faster or slower

diffusion coefficient than the therapeutic agent, the concentration of the formulation

component in the Exchange Fluid can be utilized to determine additional information

from a therapeutic device 100 refill procedure. The diffusion coefficients may differ by a

factor of 2, more preferably by a factor of 5 or more, for example.

[00400] FIG. 104 and Table 3 show concentrations of therapeutic agent, stabilizer and the

ratio of stabilizer to therapeutic agent in accordance with an exemplary embodiment, for

example. The concentrations and rations can be determined by a person of ordinary skill

in the art based on the teachings described herein. The therapeutic device 100 may

comprise an RRI = 0.02 mm and a reservoir chamber having a volume 25 uL that is

substantially filled with Lucentis. According to the Lucentis Package Insert, the

formulation contains 10 mg/mL Ranibizumab, 10 mM histidine HCl, 10% α,α-trehalose

dehydrate (approx. 100 mg/mL), 0.01% polysorbate 20. Additional concentrations of the

therapeutic agent can be used, for example greater amounts of therapeutic agent. Based

upon the dependence of diffusion coefficient on size as described by molecular weight,

the diffusion coefficient of Trehalose and rate of release through the porous structure 150

is approx. 5 times faster than the diffusion coefficient of Ranibizumab as shown in Table

3 and FIG. 104, for example. The concentrations of Ranibizumab and Trehalose in the

device can be determined as a function of time using the diffusion model as described

herein.



[00401] After about 90 days of delivery, the Ranibizumab concentration in the implantable

device can be about 50% of the original concentration while the concentration of

Trehalose is less than 5% of the original concentration. The ratio of Trehalose to

Ranibizumab in the implant can continue to decline with time.

[00402] Table 3 concentration profiles of therapeutic agent and stabilizer.

[00403] The trehalose concentration in the implantable device after refill , CTE , can be

related to the trehalose concentration of the therapeutic fluid in the Refill Syringe, CTS,



and the Trehalose concentration in the implantable device fluid just prior to refill, C ,

via the following equation:

where X denotes the fraction of the concentration in the implanted device resulting from

the syringe. When the implantable device is refilled using an exchange needle after 90 or

more days of delivery, the trehalose concentration in the implant just prior to refill, CTII,

may be approximately zero and X = C T I CTS.

[00404] A mass balance can be performed on the trehalose in the system to yield:

s CTS + i CTII = E CTE + i CTE

where Vs = volume injected from syringe, Vi= volume of implantable device, V E =

volume of exchange fluid, and CTE = trehalose concentration in Exchange Fluid. This can

be rearranged and simplified (C ,= 0 and Vs = V E) to yield a measure of the fraction

resulting from the syringe calculated from known values (Vs, Vi, and CTS) and the

trehalose concentration measured in the exchange fluid (CTE):

X = (V S / V I) ( 1 - (CTE / CTS))

[00405] The ranibizumab found in the exchange fluid can be separated into ranibizumab

that came from the syringe comprising the therapeutic fluid and the ranibizumab of the

implantable device fluid that had been in the implant prior to refill. The ranibizumab

from the syringe will have the 1:10 ratio of ranibizumab : trehalose corresponding to full

strength LucentisTM. The ranibizumab from the implant will have essentially no

trehalose associated with it. The fraction, X , that had been replaced by fresh solution in

the implantable has been pushed into the receiver container comprising the collection

chamber for the exchange fluid. The resulting mass balance can be:

CRE V e = (1/10) CTE V E + X C R V I

where CRE = ranibizumab concentration in the exchange fluid, CRU = ranibizumab

concentration in the implant just prior to refill. This equation can be rearranged to

calculate the concentration in the implant just prior to refill using a known value (CTS)

and the concentrations measured in the exchange fluid (CRE and CTE):



CRII = (CRE - (1/1 0) C TE) / ( 1 - CTE / CTS)

[00406] The ranibizumab concentration in the implant just prior to refill that can be

determined using the equation above can be compared to the diffusion model predicted

value to determine if the implant is performing as expected, for example.

[00407] In addition, the concentration in the implant post refill can be calculated from the

following equation using parameters obtained via the method described above:

[00408] In many embodiments, the delivery rate after refill can be be proportional to the

concentration in the implant post refill.

[00409] The examples described herein show measurement of the concentrations of two

components in the Exchange Fluid to provide determination of the concentrations in the

implant before and after the refill process, for example when the formulation component

diffuses substantially faster than the therapeutic agent. Alternatively to trehalose or in

combination with trehalose, other embodiments having fast diffusing formulation

components include buffers such as histidine, acetate, and citrate, or other sugars such as

sucrose.

[00410] The formulation component may comprise a molecular weight greater than the

therapeutic agent such that the formulation component diffuse more slowly than the

therapeutic agent, for example. In addition, the formulation placed in the therapeutic

device 100 may comprise one or more marker components to measure device function.

The one or more marker components of the formulation may comprise one or more

molecules or substances that can be readily measured from the exchange sample by a

person of ordinary skill in the art. The one or more marker components may comprise

one or more of a therapeutic agent, a stabilizer, a second therapeutic agent, or another

measurable substance provided with the formulation to determine the device function.

For example, the marker may comprise one or more therapeutic agents as described

herein, one or more stabilizers as described herein, a second therapeutic agent comprising

a therapeutic agent as described herein, or another component such as a biocompatible

dye, for example. The marker component may comprise a stabilizer added to the



formulation that may not be necessary to stabilize the therapeutic agent. For example, a

measurable buffer component or a measurable surfactant component can be provided in a

formulation with a stable small molecule therapeutic agent, in which the small molecule

therapeutic agent does not require the buffer for stabilization when placed in the

therapeutic device 100. The marker component may comprise a measurable nutrient that

can have therapeutic benefit, for example a vitamin.

[00411] The equations above can be applied to embodiments where the concentration of

the formulation component in the implant just prior to refill was close to zero. A person

of ordinary skill in the art can apply correction factors based upon the diffusion model

described herein so as to allow the teachings described herein to apply to embodiments

where the formulation component in the implant just prior to refill is higher than zero.

[00412] A person of ordinary skill in the art can also derive equations to extract similar

information when the formulation component diffuses more slowly than the therapeutic

agent based on the teachings and embodiments described herein. Examples of slowly

diffusing formulation components can include carboxymethylcellulose sodium, and

sodium hyaluronate, for example.

[00413] The evaluation of implanted device performance and the determination of the

concentrations in the implant before and after the refill process as described herein, can

be combined with the analysis of markers as described herein, to one or more of diagnose

or treat the patient as described herein. For example, the measured concentrations of

markers and the therapeutic agent from the sample can be adjusted based on

measurements of the therapeutic agent and the stabilizer from the sample fluid collected

in the receiver container as described herein.

[00414] RELEASE OF FORMULATION COMPONENTS AND ACCUMULATION OF

VITREOUS COMPONENTS

[00415] The measurement of one or more formulation components released from the

device can be combined with the measurement of one or more components of the vitreous

humor 30 from the device to determine device function, diagnose the patient, or treat the

patient, and combinations thereof, for example. For example, the measurement of two or



more formulation components initially placed in the device and subsequently removed by

exchange, such as the therapeutic agent and another component such as one or more of a

stabilizer or a marker, can be combined with the measurement of one or more

components of the vitreous obtained from the device, for example a bio marker and a

house keeping marker as described herein. For example, the exchange fluid obtained

from the device may comprise a plurality of formulation components and a plurality of

vitreal components useful to determine device function, diagnose the patient, treat the

patient, and combinations thereof.

[00416] The measurement of the formulation components can be used to determine the

amount of one or more vitreal components in the implanted device. For example, the

amount of therapeutic fluid present in the sample collected from the implanted that has

mixed with the implantable device fluid during exchange can be determined and used to

determine and quantify the amount of vitreal component in the therapeutic device 100

prior to exchange, for example with an adjustment to the measure amount of vitreal

component.

[00417] FIG. 105 shows an example of concentrations (arbitrary units) of therapeutic

agent and the component of the eye 10 over time in the reservoir chamber of device 100

as described herein. The fluid 400 of the device 100 can be exchanged with the

formulation (see FIG. 99). Based on the molecular weight of the component of the eye

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

the accumulation of the component in the reservoir chamber of the device 100 based on

the molecular weight of the component, the RRI and the volume of the chamber, for

example. The accumulation of the component can be determined for the device tuned to

deliver the amount of the therapeutic agent. The amount of the component of the eye 10

accumulated in the reservoir chamber can be compared on a relative scale, for example.

The accumulation may be determined based on the molecular weight of the component of

the eye and tuning of the therapeutic device 100. For example, the amount of component

of the eye that has collected in the device, along with the duration of collection time, can

be used to make decisions about patient treatment. Alternatively or in combination, the

decision regarding treatment can be made without consideration of the amount of time



that has elapsed to accumulate the marker, for example based on a ratio of a marker

affected by the therapeutic agent to a marker of a house keeping gene.

[00418] The amount of component or therapeutic agent measured from the device may

comprise an amount exchanged from the device. The determined amount may comprise

a total mass exchanged from the device or a concentration, or both. The determined

amount can be used to determine the amount of the component or agent in the reservoir

chamber of the device.

[00419] The component of the eye 10 from the implanted device may comprise one or

more markers corresponding to a condition of the eye 10. The component of the eye 10

from the implanted device may include an extracellular component, such as one or more

of a molecule, a macromolecule, a protein, a carbohydrate, or a component of blood

plasma, for example. The rate of accumulation of the marker can be related to the

molecular weight of the marker and the tuning of the implanted device to release amounts

of the therapeutic agent over an extended time based on a volume of the reservoir

chamber and release structure, such as porous structure 150 (for example FIG. 99 and

FIG. 62). Increasing the volume of the reservoir chamber can increase an amount of time

for the marker to accumulate in device 100 and decreasing a release rate through porous

structure 150 such as the release rate index (RRI) can increase the amount of time for the

marker to accumulate in device 100. The endogenic marker can be a protein of the eye

10 or messenger RNA (hereinafter "mRNA") of the eye 10, for example. The mRNA

can have a molecular weight on the order of magnitude of 100 kDa or smaller, depending

on how the mRNA may fragment over time. For quantification, a person of ordinary skill

in the art can assess a "house-keeping gene" and look at relative expression levels (e.g.

IX "normal" vs. >2X "pathologic") of the marker such as mRNA to the house-keeping

gene, for example. Using this approach, one can determine a disease condition of the eye

10 substantially independent of time since refill and other parameters such as refill

efficiency, for example. The "house-keeping-gene" may comprise a gene that is

relatively unchanging with pathology of the eye 10, for example.

[00420] Fig. 106 shows an example accumulation of a plurality of components of the eye

10 in the reservoir chamber over time. The amount of vitreous component comprising



the marker within the reservoir chamber corresponds to the molecular weight of the

marker and the amount of time the marker has accumulated. For a therapeutic device 100

tuned to receive an amount of therapeutic agent and release the therapeutic agent for an

extended time, the corresponding accumulation rate of the marker can be used to

determine the presence of the marker and in many embodiments the amount of marker in

the vitreous humor 30 when the fluid of the implanted device is removed and replaced

with therapeutic agent. The marker having a molecular weight of about 2 kDa may

accumulate at a much faster rate than the marker having a molecular weight of about 20

kDa. The marker having the molecular weight of about 20 kDa may accumulate much

faster than the marker having a molecular weight of about 100 kDa. For an initial period

of time, Delta Tl, the accumulation rates of each of the three markers can be substantially

linear and proportional to the diffusion constant of each marker based on the molecular

weight as described herein. For an intermediate period of time, Delta T2, the

accumulation ratios of the amounts of the three markers can be somewhat non-linear with

the higher molecular weight marker comprising a greater proportion of the concentration

than the lower molecular weight marker as compared with the initial period of time, Delta

Tl . For the third period of time, Delta T3, the highest molecular weight marker may

comprise an even greater proportion as compared with the earlier times. Based on the

ratios of these markers measured from the fluid removed from the implanted device, the

accumulation time in the reservoir chamber for each of the markers can be estimated.

21] The measured accumulation of the plurality of markers from the implantable

device sample can be used in many ways to diagnose and treat the patient. The ratios of a

plurality of markers to a housekeeping gene, and the ratio of markers having a substantial

change in pre-treatment to post treatment amounts to each other can be used to one or

more of diagnose or treat the patient. The measured markers may comprise a marker

profile of the patient, for example from 10 or more markers, and the marker profile can

be used to evaluate the patient or treatment or both. For example, the accumulation time

of the marker can depend on when a gene switches off or on, and the measurement of the

plurality of markers and corresponding ratios can be used to determine whether a

therapeutic agent is appropriate for the patient, and whether an amount of the therapeutic

agent should be increased or decreased or a new therapeutic agent used. The plurality of



markers may correspond to intracellular RNA or DNA, or combinations thereof, for

example.

[00422] FIG. 107 shows concentrations of a first marker and a second marker in the

vitreous humor 30 over time in response to therapeutic agent, in which the second marker

is less sensitive than the first marker to amounts of therapeutic agent. The second marker

may comprise a "house-keeping gene", for example, that is substantially insensitive to the

therapeutic agent. The marker can be expressed in response to the therapeutic agent of

the vitreous humor 30 falling below a threshold amount and corresponding genomic

expression. For example, the second marker may comprise a sensitivity that is no more

than about 50% of the sensitivity of the first marker to the therapeutic agent, and may

comprise a sensitivity that is no more than about 25% of the first marker, such that the

ratio of the first marker to the second marker can be used to determine the amount of the

first marker in the vitreous humor 30 of the eye 10 when the fluid of the therapeutic

device 100 is removed and replaced with therapeutic fluid, for example. A ratio of the

first marker to the second marker below a threshold amount can indicate a successful

treatment and a ratio of the first marker to the second marker about the threshold amount

can indicate a treatment that may be less than ideal, for example. Based on the teachings

described herein, a person of ordinary skill in the art may be able to identify a second

marker having decreased sensitivity to the therapeutic agent and the first marker having

increased sensitivity to the therapeutic agent. The house-keeping genetic marker may

comprise a standard marker for cell-based preparations, such as one or more of GAPDH

(glyceraldehyde 3-phosphate dehydrogenase) or and beta-actin. The first marker may

comprise a first marker of Table 1 and the second marker may comprise a second marker

of Table I . For example, the therapeutic agent may comprise ranibizumab and the first

marker may comprise one or more of VEGF and the second marker may comprise one or

more of Tissue Factor. Alternatively or in combination, the second marker may comprise

the standard marker for cell-based preparations, such as one or more of GAPDH

(glyceraldehyde 3-phosphate dehydrogenase) or beta-actin.

[00423] FIG. 108 shows an example of concentrations in the vitreous humor 30 of a first

marker comprising a molecular weight corresponding to ranibizumab bound to VEGF,

for example, and a second marker comprising a molecular weight corresponding to



GAPDH in response to therapeutic agent, for example. The RRI, reservoir volume and

corresponding molecular weights are shown in the legend. The concentration of the first

marker in the vitreous may change substantially in response to the therapeutic agent. For

example, the ratio of post treatment VEGF to pre-treatment VEGF can be about 1.4 as

shown in Table 1, and the amount of VEGF bound to a therapeutic agent sampled from

the reservoir chamber may be compared with an amount of VEGF when the device is

implanted, for example.

[00424] FIG. 109 shows an example of concentrations in the reservoir chamber of the first

marker and the second marker corresponding to the concentrations in the vitreous humor

30 as in FIG. 108. The RRI, reservoir volume and corresponding molecular weights are

shown in the legend. The amount of first marker in the reservoir chamber can be less

than amount of the second marker in the reservoir chamber when the concentration of the

first marker in the vitreous is greater than the second marker in the vitreous, for example.

In many embodiments, the ratio of the amount of first marker to the amount of second

marker within the reservoir chamber can be determined. The amount of each of the first

marker and second marker may comprise one or more of a solid, a particulate, a solute, a

bound marker and unbound marker, a concentration of the marker, and combinations

thereof, for example. The concentration of the first marker in the vitreous may begin to

increase after 100 days. The increasing slope of the first marker from days 150 to 180

within the reservoir chamber and corresponding change of the ratio of the first marker to

the second marker shows that the ratio of the first marker to the second marker from the

device sample can be used to determine the effectiveness of the treatment to decrease

amounts of VEGF in the vitreous humor 30.

[00425] FIG. 110 shows concentrations of a first marker and a third marker in the vitreous

humor 30 over time in response to therapeutic agent, in which the third marker is more

sensitive than the first marker to amounts of therapeutic agent. The third marker can

show greater variation in the amount of marker in response to treatment than the first

marker. Each of the markers can be present initially in the vitreous humor 30 and the

concentration can decrease in response to treatment and subsequently increase in

response to decreased amounts of therapeutic agent in the vitreous humor 30 and so as to

accumulate in the reservoir chamber of the implanted device. Based on the teachings



described herein, a person of ordinary skill in the art can identify a third marker having

increased sensitivity to the therapeutic agent and the first marker having decreased

sensitivity to the therapeutic agent. The first marker may comprise a first marker of

Table 1 and the third marker may comprise a third marker of Table 1. For example, the

therapeutic agent may comprise ranibizumab and the first marker may comprise one or

more of VEGF and the third marker may comprise one or more of G-CSF.

[00426] FIG. I l l shows an example of concentrations in the vitreous humor 30 of a first

marker having a molecular weight corresponding to Ranibizumab bound to VEGF, a

second housekeeping marker having a molecular weight corresponding to GADPH and a

third marker having a molecular weight corresponding to IL-6 in response to therapeutic

agent, in which the third marker is more sensitive than the first and second markers to

amounts of therapeutic agent. The RRI, reservoir volume and corresponding molecular

weights are shown in the legend. As shown in Table 1, the ratio of the post-treatment

mean to the pre-treatment mean of IL-6 is about 7.9 and the corresponding ratio for

VEGF is about 1.4, and GADPH closer to 1 than VEGF, for example.

[00427] FIG. 112 shows an example of concentrations in the reservoir chamber of the

implanted device corresponding to the marker concentration in the vitreous humor 30 as

in FIG. 111. The RRI, reservoir volume, and corresponding molecular weights are

shown in the legend. The amounts of the first and third markers in the reservoir chamber

can change substantially in response to increased amounts in the vitreous humor 30. The

ratios to the housekeeping second marker also may change substantially.

[00428] FIG. 113 shows an example of concentrations of a first marker and a fourth

marker in the vitreous humor 30 over time in response to therapeutic agent, in which the

fourth marker is more sensitive than the first marker to amounts of therapeutic agent and

in which the fourth marker is expressed before the first marker. The first marker can be

expressed in response to the therapeutic agent below a first threshold amount and the

fourth marker can be expressed in response to the therapeutic agent below a fourth

threshold amount. The fourth threshold amount can be substantially greater than the first

threshold amount, for example, such that the fourth marker can be expressed before the

first marker.



[00429] FIG. 114 shows an example of concentrations in the vitreous humor 30 over time

of a first marker comprising ranibizumab bound to VEGF, a second housekeeping marker

having comprising GAPDH and a fourth marker comprising IL-8, in which the fourth

marker is released after the first marker in response to the amount of the therapeutic agent

in the vitreous humor 30 falling below a therapeutic amount. The RRI, reservoir volume,

and corresponding molecular weights are shown in the legend. Work in relation to

embodiments indicates that VEGF can be released in response to cell hypoxia and may be

released within about one day of cell hypoxia, or sooner for example, such that VEGF

may be released prior to one or more other markers as described herein when the amount

of therapeutic agent released to the vitreous falls below therapeutic amounts. The

plurality of markers may comprise a marker that may respond less quickly than VEGF to

disease. For example, the marker may correspond to platelet growth factor or insulin

production, for example one or more of platelet derived growth factor (PDGF), insulin

like growth factor (IFGs) or insulin growth factor.

[00430] The ratio of VEGF to another marker having a slower response to therapeutic

agent below therapeutic amounts may be compared, for example. The proportional

amounts of the markers may be used to one or more of diagnose or treat an eye 10 based

on a plurality of ratios of a plurality of markers, such as ratios of VEGF to GADPH, IL-8

to GADPH and VEGF to IL-8, for example.

[00431] FIG. 115 shows an example of concentrations in the reservoir chamber of the

therapeutic device 100 over time in response to the vitreal concentrations as in FIG. 114.

The RRI, reservoir volume, and corresponding molecular weights are shown in the

legend. The corresponding amounts of the therapeutic device 100 can change in

proportion to the second marker.

[00432] FIG. 116 shows concentrations of a first marker through fourth markers in the

vitreous humor 30 over time. The markers can be combined and measured in many

ways, and may combine known molecular weights and diffusion coefficients, such that

the patient can be diagnosed based on the amount of each marker measured from the

therapeutic fluid. For example, amounts of a first marker, a second marker, a third

marker, and a fourth marker can be determined from a sample of the implanted device



fluid removed from the therapeutic device 100 when the therapeutic fluid is placed in the

implanted device. The first marker may comprise a marker targeted with the therapeutic

agent. The second marker may comprise a marker having decreased sensitivity to the

therapeutic agent. The third marker may comprise a marker having increased sensitivity

to the therapeutic agent and a similar threshold of activation, and the fourth marker may

comprise a marker having an increased sensitivity to the therapeutic agent and a higher

threshold to activate in response to the therapeutic agent.

[00433] FIG. 117 shows an example of concentrations of markers in the vitreous humor 30

in response to a therapeutic agent, in which the first marker comprising a molecular

weight corresponding ranibizumab bound to VEGF, a second marker comprising a

molecular weight corresponding to GAPDA, a third marker comprising a molecular

weight corresponding to IL-6, and a fourth marker comprising a molecular weight

corresponding to IL-8, for example. The RRI, reservoir volume, and corresponding

molecular weights are shown in the legend.

[00434] FIG. 118 shows an example of concentrations of markers in the reservoir chamber

of the therapeutic device 100 in response to the vitreal concentrations as in FIG. 117.

The amounts of each marker within the reservoir chamber and corresponding ratios to the

housekeeping gene and too each other can be used to one or more of diagnose or treat the

eye 10. The RRI, reservoir volume and corresponding molecular weights are shown in

the legend.

[00435] FIG. 119 shows an example of concentrations of a fifth substantially binary

marker in the vitreous humor 30 over time. The binary marker may correspond to a

marker that switches substantially on and substantially off within a relatively narrow

window of therapeutic agent, for example. Detection of the binary marker in the sample

from the implanted device can indicate that the amount of therapeutic agent has fallen

below a target amount, or that the treatment has proceeded in a less than ideal manner.

Alternatively, a marker can be identified such that the presence of the marker can indicate

a successful treatment.

[00436] FIG. 120 shows an example of concentrations of a substantially binary marker in

the vitreous humor 30 over time, in which the marker has a molecular weight



corresponding to C-reactive protein, for example. The RRI, reservoir volume, and

corresponding molecular weights are shown in the legend.

[00437] FIG. 121 shows an example of concentrations of the substantially binary marker

in the reservoir chamber of the therapeutic device 100 in response to the vitreal

concentrations as in FIG. 120. The RRI, reservoir volume and corresponding molecular

weights are shown in the legend.

[00438] FIG. 122 shows an example of concentrations of markers in a therapeutic device

100 reservoir having a slower rate of release of therapeutic agent and a slower rate of

accumulation of the marker than the therapeutic device 100 of FIG. 106. The therapeutic

device 100 can be tuned in many ways to provide the rate of release of the therapeutic

agent based on the porous structure 150 and the volume of the reservoir chamber as

described herein. The amount of the at least one marker component of the vitreous

humor 30 and at least one tuning parameter of the therapeutic device 100 can be used to

diagnose the patient. For example, the volume of the reservoir chamber and the porous

structure 150 can provide a time constant for release of a therapeutic agent having a

diffusion coefficient, and the amount of marker component in the vitreous humor 30 may

correspond to the amount of marker in the implanted device and the reservoir volume and

resistance to diffusion of the porous structure 150. A release rate index of the porous

structure 150 of the therapeutic device 100 can be 0.004 for a volume of 25 uL, and

provide a rate of accumulation that is about 1/5 (20%) of the therapeutic device 100

having a release rate index of 0.02 and a 25 uL volume of the reservoir chamber, for

example.

[00439] The accumulation of the plurality of markers as described herein can be used in

many ways to diagnose and treat patient. For example, each sample of the device may

comprise a plurality of markers, and the plurality of markers assayed for each sample.

The assay for each sample may comprise a profile of the markers. The profiles from each

of the samples can be combined so as to comprise an array of marker data for the patient.

The profile of marker data from a sample can be compared with an array of marker data

from the same patient or a population of patients, so as to diagnose the patient. For

example, an array of marker data may comprise a profile of at least about 5 markers



measured from a first measurement of sample of the device implanted in the patient and

at least about 5 markers from a second profile based on a second sample of the device

implanted in the patient at a subsequent time. Alternatively, an array from a patient may

be compared with an array corresponding to a patient population, so as to one or more of

diagnose or treat the patient.

[00440] Based on the teachings described herein, the accumulation of the marker in the

therapeutic device 100 can be compared with amounts in the vitreous humor 30, for

example with an area under the concentration curve and many known integration

methods. The accumulated marker may be compared with a pre-implantation sample

such as from a vitreal tap or a sample drawn through an incision formed to place the

implant in the eye 10. The amount of marker in the vitreous humor 30 can be measured

with dialysis and the vitreal concentration of the component compared with the amount

accumulated in the device so as to determine the corresponding rate of accumulation in

the device as compared with the vitreous humor 30. Examples of experimental methods

and dialysis apparatus that may be modified so as to be suitable for incorporation in

accordance with the embodiments described herein are described in "Microdialysis

assessment of drug delivery systems for vitreoretinal targets", Advanced Drug Delivery

Reviews, 57(2005) 2080-2091, Sridhar Duvvuri A , Kay D. Rittenhouse B, Ashim K.

Mitra, Department of Pharmaceutical Sciences, School of Pharmacy, University of

Missouri-Kansas City, Kansas City, MO, 641 10, USA, Pfizer Global Research and

Development, La Jo11a Laboratories, San Diego, CA 92121, USA Received 12 September

2005; accepted 13 September 2005, available online 4 November 2005, which is

incorporated by reference herein in its entirety.

[00441] The accumulated sample fluid removed from the implanted device may comprise

or correspond to one or more biological markers as described in U.S. Pat. App. Ser. No.

12/856,394, published as US201 1/01 17083, entitled "Biological Markers for Monitoring

Response to VEFG Agonists" in the name of Bais et al., the full disclosure of which is

incorporated herein by reference, which patent application describes genes, assays and

markers suitable for incorporation and combination in accordance with embodiments

described herein. For example, the biomarker measured from the reservoir chamber may

comprise a biomarker of the plasma of the patient and correspond to one or more of



genes, R A or DNA of the patient, for example. Tables X,Y, Z correspond to Tables I,

II and III of the above referenced 12/856,394 patent application previously incorporated

by reference, and may describe one or more biological markers capable of diffusing into

a device implanted in the patient, for example the eye, and corresponding assays suitable

for incorporation in accordance with embodiments described herein.

TABLE X



Fold Decrease in
Gene Expression

CD247 3.46
CD34 6.55
CD46 2.18
CD93 5.15
CD97 2.06

CDC42EP1 3.02
CDH1 1 2.49
CDH5 2.96

CENTD3 4.21
CES7 5.68
CFH 2.38

CGNL1 2.17
CHCHD4 2.23

CHD3 2.08
CIP29 2.43

CMTM3 2.05
CNTNAP2 2.78
COL13A1 2.69
COL15A1 4.69
COL18A1 3.39
COL1A1 2.65
COL1A2 2.13
COL2A1 2.20
COL3A1 2.84
COL4A1 3.12
COL4A2 3.49
COL8A1 2.53
CSPG4 3.26
CTGF 4.15

CTTNBP2 3.00
DAPK2 2.52
DKK2 4.74

DOPEY 1 2.83
DPP 10 2.20
DUSP6 2.70
ECM1 2.04

ECSM2 5.51
EEPD1 2.82
EFNB2 2.19

EG2 14403 2.25
EGFL7 2.06
ELK3 2.73

ELTD1 3.20



Fold Decrease in
Gene Expression

EMCN 5.32
ENG 4.47

EPAS1 4.12
ERG 3.53

ERMN 2.22
ESAM 2.03
ESM1 12.54
ETS1 2.36

EXOC3L2 2.92
EXOC4 2.27
FABP4 2.75

FAM170A 2.19
FAM36A 2.03
FAM38B 4.45
FAM83B 2.58

FBN1 2.20
FBXW10 2.09
FER1L3 2.09
FFAR1 2.37

FLU 2.26
FLT1 5.82

FOXP2 2.93
FSTL1 2.20

GAPVD1 2.05
GIMAP1 2.50
GIMAP4 2.21
GIMAP5 2.29
GIMAP6 2.34

GJA1 3.44
GNAS 2.13
GNG1 1 3.38

GOLGB1 2.01
GPR116 2.58
GPR182 2.06
GRAP 2.10
GRIA3 3.55

HBA1 HBA2 2.18
HBB 2.72

HCN1 2.21
HSPA1A 2.13
HSPB1 2.22
HSPG2 4.83
ICAM2 5.26





Fold Decrease in
Gene Expression

NDC80 2.17
NIDI 5.49
NID2 10.59

NKIRAS1 2.37
NLGN1 2.85

NOTCH4 2.88
NR1I3 2.04
NRP 1 2.79
NRP2 3.67

NUDT12 2.14
ODZ2 2.52

OLFML2A 2.62
PABPC4L 2.59
PCDH12 2.85
PCDH17 2.65
PCSK5 2.91
PDE6D 2.28

PDGFPvB 2.42
PDSS2 2.83
PHCA 2.67
PHF8 3.29
PIP 2.73

PLAC9 2.64
PLCB1 2.04
PLK2 2.53
PLK4 2.15

PLSCR2 2.71
PLVAP 1.99

PLXDC2 2.21
PODXL 2.1 1
POSTN 2.20
PPAP2A 2.37
PPAP2B 6.22

PPIC 3.53
PRGl 2.44

PRKAR2 2.95
PPvKCDBP 2.72

PPvND 5.55
PROSC 2.28
PTBP2 2.65
PTHR1 2.14
PTMS 2.03
PTPRB 4.21



Fold Decrease in
Gene Expression

PTPRG 2.01
RAPGEF3 3.18
RASGRP2 2.02
RASGRP3 3.62

RASIP1 2.73
RBMY1A1 2.01

RBP7 5.83
RGS5 2.02
RHOJ 2.83

RHPN2 2.04
ROB04 3.05

SCARF 1 2.03
SCYL3 2.01

SEC14L3 2.03
SERPINEl 2.10
SERPINHl 4.09

SGK 2.28
SH3BP5 2.05
SH3TC1 2.02
SLC8A1 2.04
SMTNL1 1.99
SOX18 3.18
SOX7 2.90

SPARC 4.06
SPARCL1 2.66
SPOCK3 2.31
SPRY4 3.29
SPTA1 4.53
SRGN 2.06
STAB1 2.08

TAGLN 2.27
TCF4 2.52
THBD 2.59
THSD1 2.59

TIE1 2.30
TIMP3 3.03

TMEM88 3.39
TNNT2 2.19

TRAPPC6B 2.34
TRPC6 2.55

TSPAN18 2.20
TTC23L 2.28

UHRFIBPIL 3.08



Fold Decrease in
Gene Expression

UNC45B 2.42
UNC5B 2.38
USHBP1 4.79

VAV3 2.04
VEPH1 2.50

VIM 2.46
VTI1A 2.44

WHDC1 2.28
WWTR1 2.41
ZC3H13 2.13
ZFP36L1 2.20



TABLE Y



COL15A1
COL3A1
COL4A1
COL4A2
COL6A2

CTGF
CXCR4
CXCR7
DAB2

DAPK2
DDAH1
DUSP6
EDNRB
EFNA1
EHD4

ELTD1
EMCN
EMPI

ENDOD1
ENG

ENPP6
ERG

ESAM
ETS1

EXOC4
FABP4

FAM167B
FAM170A

FHOD1
FILIP1L

FLU
FLT1
FLT4

FMOD
GIMAP4
GIMAP5
GIMAP6

GJA1
GJC1

GNGI1
GPR182
HBA1
HBA2

HIGD1B
HLX



HSPA1A
HSPA1B
ICAM2

ID1
IFITM1
ITGA5
ITGA6

ITGB1BP1
ITSN2
KCNJ8

KDM6B
KDR

KIAA0355
KIAA1462

KITLG
KLF2

LAMB1
LAMB2
LATS2

LCP1
LGALS1

LGI1
LHFP

LTBP4
LUC7L

MECOM
MEF2C
MFGE8
MMP14
MMRN2
MNDA
MSN

MYCT1
MYQ18A

MYOF
NAALAD2

NDC80
NIDI

NOTCH1
NRARP

NRP1
PALM2-
PDGFB

PDGFRB
PDSS2



PHF8
PLCB1
PLK2

PLXDC2
PLXND1
POSTN
POU4F1
PPAP2A
PPAP2B

PPIC
PPIH

PPvDMl
PRKCDBP

PRND
PTH1R
PTPRB
PTPRE
PTPRG
RAI14

RASGRP2
RASIP1
RBMSl
RBP7

REG3A
REG3G
RHOJ

ROBQ4
SCARF 1
SEMA3F

SEPT4
SERPINE1
SERPINH1
SLC1 1A1
SLC40A1
SLFN5

SMAGP
SMTNL1
SOX18
SOX7

SPARC
SPOCK3
SPTA1
SRGN

ST8SIA6
STAB1



STEAP4
SWAP70
TAGLN

TEK
THBD
THSD1
TIMP3

TM4SF1
TMEM173
TMEM204
TMEM88
TNFAIP2
TREML4
TRIM5

TSPAN18
UHRF1BP1L

UNC5B
USHBP1
VAMP 5

VIM
WISP1

WWTR 1
ZC3H13
ZFP36L1



TABLE Z



C10orf72 *

C13orfl5 * * * *

C14orf73 * *

C15orf60 *

Clorf54 * * * * *

C3orf64 * *

C6orfl42 *

C8orf4 * *

CADPS2 *

CALCRL * * * * *

CAPG *

CARTPT *

CAV1 * *

CAV2 * *

CCDC75 *

CCDC88A *

CCND1 * * * * *

CD247 *

CD300LG *

CD34 * * * * *

CD36 * *

CD38 * *

CD40 *

CD93 * * * *

CD97 * *

CDC42EP1 * *

CDH11 * *

CDH5 * * * *

CES2 * * * *

CFH * * *

CGNL1 * *

CHD3 *

CHST15 *

CLEC14A * * *

CLEC6A * *

CMTM3 * *

CNN2 * *



COL10A1 * *

COL13A1 * * *

COL15A1 * * * *

COL18A1 * * * *

COL1A1 * * *

COL1A2 * *

COL2A1 *

COL3A1 * * *

COL4A1 * * * * *

COL4A1 * * * * *

COL5A2 *

COL6A1 * *

COL6A2 * * *

COL8A1 * * *

CSPG4 * *

CTGF * * * *

CXCR4 * *

CXCR7 *

DAB2 *

DAPK2 * * *

DCBLD1 *

DDAH1 *

DKK2 * * * *

DLL4 *

DUSP6 * * *

ECM1 *

EDNRB * *

EFNA1 * * *

EFNB2 * * *

EGFL7 * *

EHD4 * * *

ELK3 * * * *

ELTD1 * * * * *

EMCN * * * * *

EMP1 * *

ENDOD1 * *

ENG * * * * *



ENPP6 * * *

ERG * * * *

ERMN *

ESAM * * *

ESM1 * * * *

ETS1 * * * * *

EXOC4 * *

FABP4 * * *

FAM167B * * *

FAM170A * *

FAM55D *

FBN1 * * * *

FFAR1 *

FGD5 * *

FHOD1 *

FILIP1L * *

FKBP10 * *

FLU *

FLT1 * * * * *

FLT4 * * *

FMOD *

FSTL1 * * * *

GIMAP1 * *

GIMAP4 * * *

GIMAP5 * * *

GIMAP6 * * * * *

GIMAP8 * *

GJA1 * * * * *

GJC1 *

GNAS *

GNG1 1 * * * * *

GOLGB1 *

GPR1 16 *

GPR182 * *

GPX8 * *

GRAP *

GRAPL *





LAMB2 * *

LAMC1 * *

LATS2 * * *

LCP1 * *

LGALS1 * *

LGI1 * *

LHFP *

LIN52 *

LRP4 * *

LRRC3B * *

LTBP4 * *

LUC7L * *

LYSMD4 *

MCAM * * *

MCPH1 *

MECOM * *

MEF2C * * * * *

MEST * *

MFGE8 * * * *

MGLL * *

MGP * * *

MMP14 * *

MMRN2 * * * *

MNDA *

MPHOSPH8 *

MSLN *

MSN * *

MSRB3 *

MYCT1 * * * * *

MYL9 *

MYLIP *

MY018A * *

MYOF * *

NAALAD2 *

NDC80 * *

NFIB * *

NIDI * * * * *



NID2 * * * *

NKIRASI *

NOTCH1 * *

NOTCH4 * * * *

NR1I3 *

NRARP * *

NRP 1 * * * * *

NRP2 * * * *

NUDT12 *

OLFML2A *

PALM2 *

PALM2-AKAP2 * * *

PCDH12 * * * *

PCDH17 *

PCSK5 *

PDGFB * *

PDGFD *

PDGFPvB * * * *

PDSS2 * *

PHF8 * *

PIP *

PLAC9 *

PLCB1 *

PLK2 * * *

PLK4 *

PLSCRl *

PLSCR2 *

PLVAP * * *

PLXDC2 * *

PLXND1 * * *

PODXL * * *

POSTN * *

POU4F1 *

PPAP2A *

PPAP2B * * * * *

PPIC * * * * *

PPIH *



PRDM1 * * *

PRICKLE2 *

PRKCDBP * * * * *

PRKCH *

PRND * * * * *

PROSC *

PRR5L * *

PTH1R * *

PTMS *

PTPRB * * * *

PTPRE * * *

PTPRG * *

RAI14 * *

RAPGEF3 * *

RASGRP2 *

RASGRP3 * * * *

RASIP1 * * * *

RBMS1 *

RBMY1A1 *

RBMY1B *

RBMY1D *

RBMY1E *

RBMY1F *

RBMY1J *

RBP7 * *

REG3A * * *

REG3G * * *

RGS5 * *

RHOJ * * *

ROB04 * * * * *

RP4-788L13.1 *

RRAS * *

S100A6 * *

S1PR1 *

S1PR3 * *

SCARF1 * *

SEMA3F * * *



SEMA6D *

SEPT4 * *

SERPINE1 * * *

SERPINH1 * * * * *

SGK1 *

SH3BP5 *

SH3TC1 *

SLC11A1 * *

SLC40A1 * *

SLC8A1 *

SLFN5 * *

SMAGP *

SMTNL1 *

SNRK *

SOX18 * * * *

SOX7 * * *

SPARC * * * * *

SPARCL1 *

SPIC * *

SPOCK3 * *

SPRY4 * * *

SPTA1 * *

SRGN * *

ST8SIA4 * *

ST8SIA6 *

STAB1 *

STEAP4 * *

SWAP70 *

TAGLN *

TBX2 *

TEK * *

TFPI2 *

TGFB1 *

THBD * * *

THBS1 * *

THSD1 * * *

TIE1 * * *



* * * *TIMP3

TM4SF1 * *

*TMEM173

TMEM204 * * *

* * * *TMEM88

TNFAIP2 * * *

TNNT2 * *

TRAPPC6B *

TREML4 *

TRIB2 *

*TRIM 16

TRIM16L *

*TRIM47
* *TRIM 5
* *TSPAN18

UHRF1BP1L * *

UNC45B * * *

UNC5B * *

USHBP1 * * * * *

* *VAMP5

VIM * * * *

VTI1A *

WHAMM *

WISP1 * * *

WWTR1 * * * * *

* *ZC3H13

ZFP36L1 * * *

[00444] The molecular weight of the biomarker corresponding to the one or more markers

of Tables X, Y, and Z can be used to determine the rate of accumulation, and the fold

decrease in gene expression used to one or more of diagnose or treat the patient in

accordance with accumulation of the one or more markers in the reservoir chamber of the

implantable device as described herein.

[00445] FIG. 123 shows an example of an apparatus 500 which may be used to analyze

the sample of the device 100 and a processor system 600 having instructions to receive



data of the fluid of the device implanted in the eye 10. The apparatus 500 may comprise

an assay to determine the presence or quantify of the component of the eye 10 from the

fluid 400. The processor system 600 may comprise one or more components of a cloud

data storage system, for example one or more components as shown on the Wikipedia

website. The processor system may comprise one or more of many devices such as a

tablet for users of the system to enter data such as data of patient P having eye 10 with

device 100 implanted thereon as described herein. The processor system may include a

device to scan the identifier 350 at a first location where first user 4 1 is located when the

eye 10 is scanned, and the processor system may include a similar device to scan the

identifier where the sample is measured at a second location where a second user 42 is

located, for example. The first user 4 1 can be remote from the second user 42, for

example in a different building, or the first user and the second user can be in the same

building. In many embodiments, the first user and the second user can be the same user,

for example when device 500 comprises a lab on a chip located in the office of the health

care provider. The fluid 400 can be measured with one or more commercially available

assays.

[00446] The assay may comprise a known commercially available assay such as one or

more of CFH, CFB & C2 for AMD diagnostic, commercially available from Sequenom

or Ophtherion. In addition, the assay may comprise genomic profiling. The sample may

be frozen in the container with the identifier and sent to a remote location for analysis.

[00447] FIG. 124 shows the sample container 328 coupled to the apparatus 500 to analyze

the sample of the device. The apparatus 500 may comprise a component to read the

identifier of the sample container, for example. The apparatus 500 may comprise a

needle to pass into container 328 and remove the sample 400 comprising fluid 703FL

from the container 328. Alternatively, the apparatus 500 may comprise a port to receive

the at least one needle of the cartridge 320. For example, the apparatus 500 can be

configured to receive the first needle and the second needle of the cartridge and remove

the sample 400 from the container 328 attached to cartridge 320 as described herein.

[00448] FIGS. 125 and 126 show sample 400 comprising fluid 703FL of the implanted

device being drawn from the sample container 328 into a syringe, and the fluid 703FL



from the sample container 328 being injected to a port of the apparatus 500 to analyze the

sample 400 of the implanted therapeutic device 100.

[00449] FIG. 127 shows components of the processor system of FIG. 123. The system of

FIG. 123 may include cloud storage comprising one or more database storage devices, a

cloud platform, a cloud service or a cloud infrastructure.

[00450] FIG. 128 shows a processor comprising a tangible medium. Each of the plurality

of devices of the processor system may comprise a processor and having tangible

medium. The tangible medium may comprise a computer readable memory such as

RAM, ROM, or other memory. The instructions of a computer program can be embodied

on the tangible medium of one or more of the plurality of devices.

[00451] Table 4 shows an example embodiment of steps of a method 600 for diagnosing

and/or treating the patient based on the data of the fluid of the device implanted in the eye

10.



of the eye to diffuse through the porous structure into a chamber of the device.

635 exchange fluid from the chamber of the implanted device to the container.

640 determine whether fluid of the eye comprises a one or more components of an aqueous

humor of the eye or components of a vitreous humor of the eye.

645 determine that the fluid of the eye comprises a vitreous humor component and wherein

the fluid of the device comprises a component of vitreous humor passed through the

porous structure and determine the data of the fluid of the eye based on data of the

component of the vitreous humor of the eye.

650 adjust a treatment of a therapeutic agent passed through the porous structure.

655 adjust a treatment of a therapeutic agent not passed through the porous structure.

660 receive a first identifier corresponding to first data of a first fluid of the implanted

device and a second identifier corresponding to second data of a second fluid of the

implanted device and compare the first data of the first fluid of the implanted device to

the second data of the second fluid of the implanted device.

665 determine a function of the device implanted in the eye.

670 determine the function of the device based on one or more components of a

formulation placed in the device, for example with injection. The component placed in

the device may comprise one or more of a therapeutic agent, a marker to measure

device function, a salt, a surfactant, a stabilizer or a particle.

673 determine the function of the device based on measurements of two or more

components of a formulation placed in the device, the two or more components

comprising the therapeutic agent and one or more of a marker to measure device

function, a salt, a surfactant, a stabilizer or a particle.

675 determine function of the device comprising one or more of a refill efficiency, a rate of

release of a therapeutic agent, or a stability of a therapeutic agent.

680 determine the refill efficiency of the therapeutic agent wherein the refill efficiency



corresponds to a percentage of the therapeutic agent.

690 determine the stability of the therapeutic agent wherein the stability of the therapeutic

agent corresponds to an amount of aggregated therapeutic agent of the fluid.

695 determine correspondence of data of device to a component of vitreous humor of the

eye.

700 receive an input from an input device.

705 receive an identifier corresponding to the data of the fluid of the eye.

710 receive an identifier corresponding to a container to hold the fluid of the eye.

715 receive data from a fluid of a container exchanged with a chamber of a device

implanted in the eye.

720 store baseline data of a baseline fluid of the eye and compare the data of the fluid of the

eye baseline data of the eye.

725 baseline data corresponds to a baseline amount of therapeutic agent of a reservoir of a

device implanted in the eye and wherein the data corresponds to an amount of

therapeutic agent of the reservoir of the device implanted in the eye.

730 compare the baseline amount of the therapeutic agent of the reservoir to the amount to

determine function of the device.

735 compare the baseline amount of the therapeutic agent of the reservoir to the amount to

determine release of the therapeutic agent from the device.

740 determine an amount of one or more markers of the fluid of the eye to determine

effectiveness of a therapeutic agent based on the one or more markers.

745 determine a susceptibility of the patient to disease progression based on the data of the

fluid of the device implanted in the eye.

750 identify the patient for a change in treatment based on the data of the fluid of the device

implanted in the eye.



755 identify the presence of one or more markers of the fluid of the eye.

760 determine an effectiveness of a therapeutic agent based on the one or more markers.

765 wherein the one or more markers comprises one or more of a genetic marker, genomic

expression of a marker, a protein marker, a protein biomarker of ocular disease, a

biomarker having a linkage to an ocular disease, a biomarker having a linkage to AMD,

a biomarker associated with AMD, a biomarker corresponding to a conversion from

dry AMD to wet AMD, a biomarker comprising a early predictor of conversion of wet

AMD to dry AMD, or a complement cascade member.

770 wherein the one or more markers comprises a maker of expression of pro-inflammatory

cytokines comprising one or more interleukin 1-beta or tissue necrosis factor alpha.

775 wherein the one or more markers comprises a marker of angiogenesis and vascular

leakage such as VEGF.

780 wherein the one or more markers comprises a complement cascade member comprising

one or more of complement H factor (CFH), complement factor B (CFB), complement

component 2 (C2), complement component 3 (C3), complement component 5 (C5), or

complement component 5a (C5A).

785 wherein the processor system comprises instructions to receive one or more of

laboratory data of the fluid of the eye, microfluidics data of the fluid of the eye, chip

data of the fluid of the eye, or lab on a chip data of the fluid of the eye.

790 wherein the processor system comprises instructions to the lab on the chip data and

wherein the lab on the chip data corresponds to one or more of a PCR, a biochemical

assay, an immunoassay based on antigen-antibody reactions, dielectrophoresis, lysed

cells to extract DNA, cellular lab-on-a-chip for single-cell analysis, ion channel

screening, or testing the safety and efficacy of new drug with a clinical trial.

795 wherein the processor system comprises instructions to detect one or more of bacteria,

viruses or cancer based on real-time PCR of the fluid.

800 detect one or more of bacteria, viruses or cancer based on antigen-antibody reactions of



the fluid of the eye.

805 detect one or more of cancer cells or bacteria based on dielectrophoresis of the fluid of

the eye.

810 predict extension of an eye disease from a first eye to a second eye based on the data of

the liquid of the implanted device.

815 wherein the identifier corresponds to a patient identifier corresponding to data of the

patient and wherein data of the fluid of the eye is combined with the data of the patient.

820 determine a time since a prior treatment of the eye in response to the identifier.

825 determine a time since a device was last filled in response to the identifier.

830 determine a history of the patient in response to the identifier.

835 receive information of a therapeutic agent.

840 provide a library of corresponding trends of therapeutic agents and devices.

845 wherein the processor system comprises instructions of one or more of baselines,

timelines, access to marker data, marker data over time, device performance profile

over time, device release profile over time.

850 determine data of the patient based on the identifier and the data of the fluid and a prior

identifier and prior data of a prior fluid, each from the device implanted in the eye.

855 determine a therapeutic agent of the eye, a pathogen of the eye or an endogen of the

eye based on the fluid of the implant.

860 combine data of the fluid of the implanted device with a fluid of a vitreous tap of the

eye and wherein the fluid of the vitreous tap comprises material having a size greater

than channels of the porous structure of the implanted device.

865 identify a therapeutic agent of the eye based on the fluid of the implant.

870 identify a pathogen comprising one or more of a viral pathogen, a bacterial pathogen,

or a fungal pathogen.



875 identify an endogen of the eye comprising one or more of a growth factor or an

electrolyte.

880 wherein the growth factor comprises one or more of VEGF, PDGF, insulin growth

factor, or insulin like growth factor.

890 adjust treatment based on an amount of the growth factor.

895 determine an output based on an interaction of the therapeutic agent of the fluid with an

endogen of the eye.

900 identify the therapeutic agent, the endogen of the eye, and the therapeutic agent bound

to the endogen.

905 identify the therapeutic agent, the endogen of the eye, the therapeutic agent bound to

the endogen, and an aggregate of the therapeutic agent.

910 wherein the endogen comprises a growth factor and the therapeutic agent comprises an

antibody fragment to bind to the growth factor.

915 wherein the growth factor comprises VEGF and the therapeutic agent comprises

ranibizumab.

920 perform trend analysis of marker data and compare baseline marker amount of baseline

component of eye with a plurality of follow up visits at a plurality of follow up times to

determine trend of marker from baseline.

925 perform trend analysis of marker data for a plurality of markers and compare baseline

marker data of the plurality of markers of eye with a plurality of follow up visits at a

plurality of follow up times for each of the plurality of markers to determine trends of

the plurality of markers from baseline.

The processor system can determine changes in a marker amount over time in a patient.

For example, the patient may return at approximately four month intervals for a device

refill/exchange. The processor system may comprise instructions to determine and

identify trends in a marker which have accumulated over that interval of time between

visits. This trend analysis of marker change from baseline can provide increased



sensitivity to changes in the individual patient. For example, a small and potentially

relevant change can be detected within a broader band of what can be considered normal

as defined by a broader patient population. For example, the normal baseline range for

an amount of marker as determined with an assay of a patient population can be within a

range from about 0.1 to about 1.0. The patient can present sequential values over a year's

time of 0.2, 0.6, 0.9 at four months, eight months and twelve months, respectively.

Although these values of the marker can be considered normal results based on

comparison with the patient population, the trend can indicate early disease progression

based on comparison of the values from baseline and the instructions of the processor

system can be configured to identify the patient based on the trends of the marker and

report the patient and the values corresponding to the trend to the health care provider, for

example. The trend analysis and comparison from baseline can be performed for each of

a plurality of markers as described herein at a plurality of times.

[00452] The method of Table 4 can be implemented with the processor system, and the

steps shown in Table 4 may correspond to instructions of a computer program embodied

on the computer readable memory of the processor system.

[00453] Although Table 4 shows a particular method in accordance with an embodiment,

a person of ordinary skill in the art will recognize many adaptations and variations based

on the teachings described herein. For example, the steps of the method can be removed,

the order changed, or combinations thereof. Further, the steps may comprise subs-steps,

and the steps may be repeated.

[00454] The embodiments as described herein can be combined in many ways including

alternatively or in combination.

[00455] As used herein, like numerals and/or letters can denote like elements in the

drawings as will be apparent to a person of ordinary skill in the art.

EXPERIMENTAL

[00456] Based on the teachings described herein, a person of ordinary skill in the art can

conduct experiments to determine empirically assays and accumulation rates of markers

of the eye 10. The amount of a marker corresponding to a clinical effect can be



determined empirically with assays developed for the fluid sample from the implanted

device. The assay from the implanted device may comprise one or more components

from known commercially available assays. Known commercially available assays

include the known ELISA assay, fluorometric binding, array assays, beads with beads

combined with antibodies such as the Bioplex™ system commercially available from

BioRad. Alternatively or in combination, the accumulated sample fluid removed from

the implanted device may be analyzed with known methods of assay analysis suitable for

combination in accordance with embodiments. U.S. Pat. App. Ser. No. 12/856,394,

published as US201 1/01 17083, entitled "Biological Markers for Monitoring Response to

VEFG Agonists" in the name of Bais et al., the full disclosure of which has been

previously incorporated herein by reference, describes genes, assays and markers suitable

for incorporation and combination in accordance with embodiments described herein.

For example, the biomarker measured from the reservoir chamber may comprise a

biomarker of the plasma of the patient and correspond to one or more of genes, RNA or

DNA of the patient, for example. Pharmokinetic studies and assays suitable for

incorporation in accordance with embodiments as described herein are noted in a

publication entitled, "Preclinical Pharmokinetics of Ranibizumab (rhuFabV2) after a

single intravitreal administration", Investigative Ophthalmology & Visual Science,

February 2005, Vol. 46, No. 2, for example, which is incorporated by reference in its

entirety herein.

57] The amount of each marker can be determined empirically as part of assays

developed to one or more of diagnose or treat the eye 10 based on the teachings described

herein. The accumulation of the component of the vitreous can be assayed and measured

in many ways, for example with assays of one or more marker components of the

vitreous as described herein. For example, for each genetic marker evaluated having

sensitivity to the disease of the eye 10, one could determine a corresponding comparison

genetic marker that has a substantially decreased sensitivity to the therapeutic agent and

also a substantially similar relative abundance so as to inhibit over amplification of one

marker relative to the other marker. Alternatively or in combination, for each protein

marker evaluated having sensitivity to the disease of the eye 10, one could determine a

corresponding comparison protein marker that has a substantially decreased sensitivity to



the therapeutic agent and also a substantially similar relative abundance. Based on the

teachings described herein, one or more protein markers, genetic markers, or genomic

markers can be assayed and compared to diagnose or treat the patient, or combinations

thereof.

[00458] Experiments have been conducted to show displacement of fluid from an

implantable device into an injector cartridge having a container to store fluid from the

therapeutic device 100 suitable for analysis as described herein.

[00459] FIGS. 129 to 131 illustrate an embodiment of an injector cartridge having a

container 328 to receive the implanted device fluid 703FL and a porous vent structure

703VPS downstream of the container 328 such that the porous structure 150 of the

cartridge 320 comprises a valve to provide a bolus injection. The cartridge can be

coupled to an injection syringe and the at least one needle comprises a first needle and a

second needle. The injection lumen can extend to a distal end portion of the therapeutic

device 100 and vent of the outflow channel can be located on a proximal portion of the

therapeutic device 100. The injector cartridge can comprise the deformable stop 189DS

to reversibly deform when coupled to the conjunctiva 16 of the eye 10. The injector

cartridge comprises a window 328W to view the fluid of the implantable device received

with the container.

[00460] The implantable device may include an axis that extends at an angle about 60 to

70° down off the horizontal. Red solution may be contained inside the device which may

have an approximate density of 1 g/ml, while clear refill solution may have an

approximate density of 1 g/ml as well. The approximate refill rate can be 1.3 µΐ/sec. A

total of 45 µΐ can be injected into a device. In addition, the device capacity may be 25 µΐ .

This device configuration and refill condition may yield an approximate refill efficiency

of 60-90%.

[00461] FIG. 129 may, for example, show the fluid flow after approximately 10 µΐ of

injection. FIG. 129 may have been taken after approximately ΙΟµΙ had been injected into

the device.



[00462] FIG. 130 shows an example of the outflow of the device fluid 702FL after

approximately 25 µ ΐ has been injected into the device 100. FIG. 130 may have been

taken after approximately 25µ1have been injected into the device. A substantial portion

of the bolus injection may have been passed through the porous structure 150 of device

100.

[00463] FIG. 131 shows an example of the outflow and bolus 702FL after approximately

45 µ ΐ has been injected. FIG. 131 may have been taken after approximately 45 ΐ has

been injected into the device.

[00464] FIGS. 132 and 133 show a side view of the exchange needle apparatus and a front

view, respectively of the exchange needle apparatus. The porous structure 150 of the

outflow path can provide a substantial resistance to flow of the fluid comprising liquid so

as to provide the bolus injection. The cartridge comprises the deformable stop 189DS as

described herein to couple to the conjunctiva 16 of the eye 10.

[00465] FIG. 132 shows an example side view of the exchange needle. This is a bi-needle

system with the longer needle 189A doing the injection while the short needle 189B

allows the fluid to escape into the containment track. FIG. 133 shows an example front

view that shows the containment track with the porous vent at the top left end of the

track. This porous vent allows for air to escape with a low amount of resistance while

causing a great resistance to the fluid pass through. The resistance to air passing though

can create a level of pressure in the system to cause a bolus of new exchange fluid to pass

through the implantable device porous structure 150.

[00466] While the exemplary embodiments have been described in some detail, by way of

example and for clarity of understanding, those of ordinary skill in the art will recognize

that a variety of modifications, adaptations, and changes may be employed. Hence, the

scope of the present disclosure should be limited solely by the appended claims.
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Table. 1. List of analvtes detectea n pathological aqueous samples (pre-treatment) and after
intravitreal bevacizumah injection (post-treatment), suitable for use as a marker in accordance
with embodiments.



Analyte Units Pre- Pre- Post- Post- MW (kDa) Pre-treatment
treatment treatment treatment treatment mean / Post-

mean SD mean SD treatment mean

Glutathione S- ng/ml 0.1406 0.0164 0.1544 0.01 54 23-55 0.9
Transferase

Haptoglobin mg/ml 0.0005 0.0005 0.0004 0.0005 85-180 1.3

IgA mg/ml 0.0014 0.001 1 0.0015 0.0016 17-1 60 0.9
370-1000
Aggregate

IGF-1 ng/ml 1.4248 0.7489 1.4285 0.8083 7-8 1.0

IgM mg/ml 0.0013 0.0012 0.0009 0.0008 900 1.4

IL-6 pg/ml 120.2543 293.001 15.201 6 19.9646 20-30 7.9
150 Bound to

sIL-GR

IL-8 pg/ml 22.9475 30.8635 14.9900 9.5664 8-10 1.5

Leptin ng/ml 0.3806 0.5658 0.213 1 0.3830 16 1.8

MCP-1 pg/ml 638.0000 618.982 438.3750 263.5244 4-10 1.5

MIP-1 alpha pg/ml 10.3625 3.0867 9.4175 2.4535 Low MW 1.1
Cytokine

MIP-lbeta pg/ml 24.8738 20.2587 2 1.7988 14.5772 Low MW 1.1
Cytokine

MMP-3 ng/ml 0.6362 1.2937 0.6159 0.4960 45 1.0

PAPP-A U/ml 0.0526 0.0558 0.0432 0.0306 187 1.2
750-820

Prostate ng/ml 0.01 69 0.0066 0.0092 28-34 1.8
Specific 96 Complexed
Antigen, Free PSA

Prostatic Acid ng/ml 0.0260 0.0273 0.0095 0.0054 50 2.7
Phosphatase

Serum ug/ml 0.0287 0.0303 0.0134 0.0081 25 2 .1
Amyloid P

SGOT ug/ml 1.8149 0.653 1 1.3488 0.3 111 47 1.3

SHBG nmol/1 0.5 133 0.3 15 1 0.2250 0.0866 52-90 2.3

Stem Cell pg/ml 19.9938 6.1891 19.4375 2.5757 18-2 1 1.0



Analyte Units Pre- Pre- Post- Post- MW (kDa) Pre-treatment
treatment treatment treatment treatment mean / Post-

mean SD mean SD treatment mean

Factor

Thyroid U/ml 0.0293 0.0252 0.0188 0.0107 26-30 1.6
Stimulating
Hormone

Thyroxine ug/ml 0.6370 0.6607 0.3876 0.3822 6 1 1.6
Binding
Globulin

TIMP-1 ng/ml 30.9825 29.6818 22.3825 14.6893 28 1.4

Tissue Factor ng/ml 0.3724 0.0820 0.363 1 0.0698 31 1.0
Nonglycosylated
46 Glycosylated

VEGF pg/ml 679.6250 299. 134 484. 1250 346.3955 34 1.4
45 VEGF- 165

ICAM-1 ng/ml 0.7900 0.7 117 0.6971 0.41 89 80-144 1.1
Depending on
Glycosylation

200 Native
Dimer

IL-7 pg/ml 11.4175 1.5 109 12.3 125 1.1753 17 0.9
25 Glycosylated



Appendix II

HUGO Symbols:
http://www.genenames.org/data/hgnc data.php?hgnc id=2367

CRP

Approved Symbol
....

CRP
Approved Name C-reactive protein, pentraxin-related
I ; HGNC:2367
Previous Symbols & Names
Synonyms

...
"pentraxin 1", PTX1

Locus Type gene with protein product
Chromosomal Location Iq21-q23

FGA

Approved Symbol FGA
Approved Name fibrinogen alpha chain

HGNC ID HGNC:3661
Previous Symbols & Names ± "fibrinogen, A alpha polypeptide"
Synonyms
Locus Type with protein product
Chromosomal Location 4q28

CSF3

Approved Symbol ;;; CSF3
Approved Name colony stimulating factor 3 (granulocyte)
HGNC ID HGNC:2438
Previous Symbols &

C17orf33, "chromosome 17 open reading frame 33", G-CSF, GCSF
Names

"filgrastim", "granulocyte colony stimulating factor", "lenograstim",
Synonyms ;;; MGC45931, "pluripoietin"
Locus Type ÷ gene with protein product
Chromosomal

17ql l.2-ql2Location

VEGFA

Approved Symbol .;. VEGFA
Approved Name vascular endothelial growth factor A
HGNC ID HGNC: 12680
Previous Symbols & Names "vascular endothelial growth factor", VEGF
Synonyms VEGF-A, VPF
Locus Type gene with protein product
Chromosomal Location ± 6pl2



IL6

Approved Symbol I .6
Approved Name ± interleukin 6 (interferon, beta 2)
II C II) HGNC:6018
Previous Symbols & Names IFNB2
Synonyms BSF2, HGF, HSF, IL-6
Locus Type gene with protein product
Chromosomal Location 7p2 1-p 15

SHBG

Approved Symbol ± SHBG
Approved Name sex hormone-binding globulin

IGNC II HGNC: 10839
Previous Symbols &
Names ;;;

ABP, "androgen binding protein", MGC126834, MGC138391,
Synonyms TEBG

Locus Type ± gene with protein product
Chromosomal Location 17pter-pl2



CLAIMS

What is claimed is:

1. An apparatus to treat a patient having an eye, the apparatus comprising:

a processor system having a tangible medium comprising instructions of a

computer program embodied thereon, the instructions configured to receive data of a fluid of a

device implanted in an eye.

2 . The apparatus of claim 1, wherein fluid comprises a component of a fluid

of the eye.

3. The apparatus of claim 1, wherein fluid comprises one or more a

components of a formulation to treat the eye.

4 . The apparatus of claim 1, wherein one or more components comprise a

therapeutic agent and a stabilizer.

5. The apparatus of claim 1, wherein processor system comprises instructions

to identify the eye to modify treatment of the eye and transmit a signal to a physician.

6. The apparatus of claim 1, wherein the processor system comprises

instructions to identify the eye and transmit a signal to a physician to one or more of modify,

change, adjust, or change a treatment of the eye based on the data of the fluid of the device

implanted in the eye.

7. The apparatus of claim 1, wherein the processor system comprises

instructions to identify a therapeutic agent of the eye, a pathogen of the eye or an endogen of the

eye based on the fluid of the implant.

8. The apparatus of claim 1, wherein the device comprises a porous structure

to deliver a therapeutic agent and wherein the fluid of the device comprises a component of a

fluid of the eye diffused through the porous structure into a chamber of the device.

9. The apparatus of claim 8, wherein the fluid of the device comprises a fluid

exchanged from the chamber of the implanted device to a container.



10. The apparatus of claim 8, wherein the fluid of the eye comprises a one or

more of an aqueous humor of the eye or a vitreous humor of the eye.

11. The apparatus of claim 8, wherein the fluid of the eye comprises a vitreous

humor and wherein the fluid of the device comprises a component of vitreous humor passed

through the porous structure and wherein the data of the fluid of the eye comprises data of the

component of the vitreous humor of the eye.

12. The apparatus of claim 11, wherein the processor system comprises

instructions to adjust a treatment of a therapeutic agent passed through the porous structure.

13. The apparatus of claim 11, wherein the processor system comprises

instructions to adjust a treatment of a therapeutic agent not passed through the porous structure.

14. The apparatus of claim 5, wherein the processor system comprises

instructions to receive a first identifier corresponding to first data of a first fluid of the implanted

device and a second identifier corresponding to second data of a second fluid of the implanted

device and wherein the instructions are configured to compare the first data of the first fluid of

the implanted device to the second data of the second fluid of the implanted device.

15. The apparatus of claim 1, wherein the processor system comprises

instructions to determine a function of the device implanted in the eye.

16. The apparatus of claim 15, wherein the processor system comprises

instructions to determine the function of the device based on one or more components of a

formulation placed in the device and wherein the one or more components of the formulation

comprise one or more of a therapeutic agent, a marker to measure device function, a salt, a

surfactant, a stabilizer or a particle.

17. The apparatus of claim 15, wherein the processor system comprises

instructions to determine the function of the device based on measurements of two or more

components of a formulation placed in the device, the two or more components comprising a

therapeutic agent and one or more of a marker to measure device function, a salt, a surfactant, a

stabilizer or a particle.



18. The apparatus of claim 15, wherein the function of the device comprises

one or more of a refill efficiency, a rate of release of a therapeutic agent, or a stability of a

therapeutic agent.

19. The apparatus of claim 18, wherein the processor system comprises

instructions to determine the refill efficiency of the therapeutic agent and wherein the refill

efficiency corresponds to a percentage of the therapeutic agent.

20. The apparatus of claim 18, wherein the processor system comprises

instructions to determine stability of the therapeutic agent wherein the stability of the therapeutic

agent corresponds to an amount of aggregated therapeutic agent of the fluid.

21. The apparatus of claim 1, wherein the data of a fluid corresponds to data

of a vitreous humor of the eye.

22. The apparatus of claim 1, further comprising an input.

23. The apparatus of claim 22, wherein the input is configured to receive an

identifier corresponding to the data of the fluid of the eye.

24. The apparatus of claim 22, wherein the input is configured to receive an

identifier corresponding to a container to hold the fluid of the eye.

25. The apparatus of claim 22, wherein the input is configured to receive data

from a fluid of a container exchanged with a chamber of a device implanted in the eye.

26. The apparatus of claim 1, wherein the processor system comprises

instructions to store baseline data of a baseline fluid of the eye and compare the data of the fluid

of the eye baseline data of the eye.

27. The apparatus of claim 26, wherein the baseline data corresponds to a

baseline amount of therapeutic agent of a reservoir of a device implanted in the eye and wherein

the data corresponds to an amount of therapeutic agent of the reservoir of the device implanted in

the eye.



28. The apparatus of claim 27, wherein the processor system comprises

instructions to compare the baseline amount of the therapeutic agent of the reservoir to the

amount to determine function of the device.

29. The apparatus of claim 27, wherein the processor system comprises

instructions to compare the baseline amount of the therapeutic agent of the reservoir to the

amount to determine release of the therapeutic agent from the device.

30. The apparatus of claim 1, wherein the processor system comprises

instructions to determine an amount of one or more markers of the fluid of the eye to determine

effectiveness of a therapeutic agent based on the one or more markers.

31. The apparatus of claim 30, wherein the marker to determine effectiveness

comprises one or more of C5b-9, CEP, IL-6, G-CSF, Serum Amyloid A, I CAM-1, Leptin,

Glucose, lactose, C-reactive protein, PEDF, TNF, PDGF, IFG, or a marker of Table 1 having a

ratio of a mean pre-treatment vitreal amount to a mean post-treatment vitreal amount of at least

about 2 .

32. The apparatus of claim 1, wherein the processor system comprises

instructions to determine a susceptibility of the patient to disease progression based on the data

of the fluid of the device implanted in the eye.

33. The apparatus of claim 1, wherein the processor system comprises

instructions to identify the patient for a change in treatment based on the data of the fluid of the

device implanted in the eye.

34. The apparatus of claim 1, wherein the processor system comprises

instructions to identify the presence of one or more markers of the fluid of the eye.

35. The apparatus of claim 34, wherein the processor system comprises

instructions to determine an effectiveness of a therapeutic agent based on the one or more

markers.

36. The apparatus of claim 34, wherein the one or more markers comprises

one or more of a genetic marker, genomic expression of a marker, a protein marker, a protein



biomarker of ocular disease, a biomarker having a linkage to an ocular disease, a biomarker

having a linkage to AMD, a biomarker associated with AMD, a biomarker corresponding to a

conversion from dry AMD to wet AMD, a biomarker comprising an early predictor of

conversion of wet AMD to dry AMD, or a complement cascade member.

37. The apparatus of claim 34, wherein the one or more markers comprises a

marker of expression of pro-inflammatory cytokines comprising one or more interleukin 1-beta

or tissue necrosis factor alpha.

38. The apparatus of claim 34, wherein the one or more markers comprises a

marker of angiogenesis and vascular leakage such as VEGF.

39. The apparatus of claim 34, wherein the one or more markers comprises a

complement cascade member comprising one or more of complement H factor (CFH),

complement factor B (CFB), complement component 2 (C2), complement component 3 (C3),

complement component 5 (C5), or complement component 5a (C5A).

40. The apparatus of claim 34, wherein the processor system comprises

instructions to receive one or more of laboratory data of the fluid of the eye, microfluidics data of

the fluid of the eye, chip data of the fluid of the eye, or lab on a chip data of the fluid of the eye.

41. The apparatus of claim 40, wherein the processor system comprises

instructions to the lab on the chip data and wherein the lab on the chip data corresponds to one or

more of a PCR, a biochemical assay, an immunoassay based on antigen-antibody reactions,

dielectrophoresis, lysed cells to extract DNA, cellular lab-on-a-chip for single-cell analysis, ion

channel screening, or testing the safety and efficacy of new drug with a clinical trial.

42. The apparatus of claim 4 1, wherein the processor system comprises

instructions to detect one or more of bacteria, viruses or cancer based on real-time PCR of the

fluid.

43. The apparatus of claim 4 1, wherein the processor system comprises

instructions to detect one or more of bacteria, viruses or cancer based on antigen-antibody

reactions of the fluid of the eye.



44. The apparatus of claim 4 1, wherein the processor system comprises

instructions to detect one or more of cancer cells or bacteria based on dielectrophoresis of the

fluid of the eye.

45. The apparatus of claim 1, wherein the processor system comprises

instructions to predict extension of an eye disease from a first eye to a second eye based on the

data of the liquid of the implanted device.

46. The apparatus of claim 1, wherein the identifier corresponds to a patient

identifier corresponding to data of the patient and wherein data of the fluid of the eye is

combined with the data of the patient.

47. The apparatus of claim 46, wherein the processor system comprises

instructions to determine a time since a prior treatment of the eye in response to the identifier.

48. The apparatus of claim 46, wherein the processor system comprises

instructions to determine a time since a device was last filled in response to the identifier.

49. The apparatus of claim 46, wherein the processor system comprises

instructions to determine a history of the patient in response to the identifier.

50. The apparatus of claim 1, wherein the processor system comprises

instructions to receive information of a therapeutic agent.

51. The apparatus of claim 1, wherein the processor system comprises

instructions comprising a library of corresponding trends of therapeutic agents and devices.

52. The apparatus of claim 1, wherein the processor system comprises

instructions of one or more of baselines, timelines, access to marker data, marker data overtime,

device performance profile over time, device release profile over time.

53. The apparatus of claim 1, wherein the processor system comprises

instructions to determine data of the patient based on the identifier and the data of the fluid and a

prior identifier and prior data of a prior fluid, each from the device implanted in the eye.



54. The apparatus of claim 1, wherein the processor system comprises

instructions to determine a therapeutic agent of the eye, a pathogen of the eye or an endogen of

the eye based on the fluid of the implant.

55. The apparatus of claim 1, wherein the processor system comprises

instructions to combine data of the fluid of the implanted device with a fluid of a vitreous tap of

the eye and wherein the fluid of the vitreous tap comprises material having a size greater than

channels of the porous structure of the implanted device.

56. The apparatus of claim 1, wherein the processor system comprises

instructions to identify a therapeutic agent to treat the eye from the fluid of the device implanted

in the eye.

57. The apparatus of claim 1, wherein the processor system comprises

instructions to identify a pathogen comprising one or more of a viral pathogen, a bacterial

pathogen, or a fungal pathogen.

58. The apparatus of claim 1, wherein the processor system comprises

instructions to identify an endogen of the eye comprising one or more of a growth factor or an

electrolyte.

59. The apparatus of claim 58, wherein the growth factor comprises one or

more of VEGF, PDGF, insulin growth factor, or insulin like growth factor.

60. The apparatus of claim 58, wherein the processor system comprises

instructions to adjust treatment based on an amount of the growth factor.

6 1. The apparatus of claim 1, wherein the processor system comprises

instructions to determine an output based on an interaction of the therapeutic agent of the fluid

with an endogen of the eye.

62. The apparatus of claim 61, wherein the processor system comprises

instructions to identify the therapeutic agent, the endogen of the eye, and the therapeutic ag

bound to the endogen.



63. The apparatus of claim 61, wherein the processor system comprises

instructions to identify the therapeutic agent, the endogen of the eye, the therapeutic agent bound

to the endogen, and an aggregate of the therapeutic agent.

64. The apparatus of claim 61, wherein the endogen comprises a growth factor

and the therapeutic agent comprises an antibody fragment to bind to the growth factor.

65. The apparatus of claim 64, wherein the growth factor comprises VEGF

and the therapeutic agent comprises ranibizumab.

66. The apparatus of claim 1, wherein the processor system comprises

instructions to receive first data of a first fluid of a device implanted in an eye, the data

comprising a second profile of a plurality of markers and instructions to receive second data of a

fluid of a device implanted in an eye, the data comprising a second profile of the plurality of

markers.

67. The apparatus of claim 1, wherein the processor system comprises

instructions to determine data of a marker based on an amount of the marker and an amount of

time corresponding to accumulation of the marker in the implanted device.

68. The apparatus of claim 67, wherein the processor system comprises

instructions to determine an amount of the marker in the vitreous humor of the eye when the

fluid of the implantable device is removed based on a parameter corresponding to a molecular

weight of the marker and a parameter corresponding to a tuning parameter of the therapeutic

device.

69. The apparatus of claim 68, wherein the tuning parameter of the therapeutic

device corresponds to a volume of a reservoir chamber to contain a therapeutic agent and a

porous structure to release the therapeutic agent from the reservoir chamber to the vitreous

humor of the eye.

70. The apparatus of claim 67, wherein the amount of time corresponds to a

time between a first placement of a therapeutic fluid in a chamber of the implanted device and a

second placement of a second therapeutic fluid in the chamber of the implanted device.



7 1. The apparatus of claim 67, wherein the processor system comprises

instructions to determine data of the marker based on a second marker accumulated in the

implanted device and the amount of time.

72. The apparatus of claim 71, wherein the second marker comprises a

sensitivity to the therapeutic agent less than the sensitivity of the first therapeutic agent and

wherein an accumulated amount of the first marker is compared to an accumulated amount of the

second marker to diagnose the eye.

73. The apparatus of claim 71, wherein the second marker comprises a

sensitivity to the therapeutic agent greater than the sensitivity of the first therapeutic agent and

wherein an accumulated amount of the first marker is compared to an accumulated amount of the

second marker to diagnose the eye.

74. The apparatus of claim 71, wherein the processor system comprises

instructions to determine an intra vitreal amount of the first marker and an intra vitreal amount of

the second marker based on an accumulation of time of the first marker and an accumulation of

time the second marker.

75. The apparatus of claim 74, wherein the processor system comprises

instructions to determine an intra vitreal amount of the first marker and an intra vitreal amount of

the second marker based on a parameter corresponding to molecular weight of the first maker

and a parameter corresponding to molecular weight of the second marker.

76. The apparatus of any one or more of claims 1 to 75 alternatively or in

combination.

77. The apparatus of claim 1, wherein the tangible medium comprises a

computer readable memory and the instructions comprise instructions of a computer program.

78. An apparatus to treat a patient having an eye, the apparatus comprising:

a container to receive a fluid of a device implanted in the eye; and



at least one needle comprising a first channel to pass therapeutic fluid into the

device implanted in the eye and a second channel coupled to the container to receive fluid from

the device implanted in the eye.

79. An apparatus to treat a patient having an eye, the apparatus comprising:

a container to receive a fluid of a device implanted in the eye; and

an identifier coupled to the container to identify the container and the patient.

80. The apparatus of claim 79, wherein the container is configured to couple

to the device implanted in the eye and receive the fluid of the eye from a chamber of the device

implanted in the eye.

81. The apparatus of claim 79, wherein the container comprises a chamber to

hold the fluid of the eye and wherein the chamber is coupled to a lumen of a needle to receive the

fluid of the eye.

82. The apparatus of claim 79, wherein a valve is coupled to the container to

limit an amount of liquid received with the container.

83. The apparatus of claim 79, wherein the container comprises a penetrable

barrier to access the container when the fluid of the device is within the container.

84. The apparatus of claim 79, wherein the container comprises an optically

clear material to view the fluid of the device when placed in the container.

85. The apparatus of claim 79, further comprising a packaging container to

hold the container and inhibit evaporation of the fluid when the container is placed in the

packaging container.

86. The apparatus of claim 85, wherein packaging container comprises at least

one channel sized to receive at least one needle having at least one lumen coupled to the

container and wherein the packaging container comprises a cover to seal the packaging container

when the at least one needle is placed in the at least one channel.



87. The apparatus of claim 86, further comprising a cartridge comprising the

at least one needle having the at least one lumen coupled to the container, the cartridge

comprising a connector to a syringe and wherein the cartridge is sized to fit in the packaging

container when the at least one needle is placed in the at least one channel.

88. The apparatus of claim 85, wherein one or more of the container or the

packaging container comprises the identifier.

89. The apparatus of claim 88, wherein the container comprises the identifier

and the identifier is affixed to the container.

90. The apparatus of claim 85, further comprising a plurality of containers,

each having corresponding a unique identifier.

9 1. The apparatus of claim 79, wherein the identifier comprises one or more

of an optical pattern, a bar code, a one dimensional bar code, a two dimensional bar code, an

RFID, or a magnetic code.

92. The apparatus of claim 79, wherein the container comprises one or more

sensors of a lab on a chip device.

93. The apparatus of claim 92, wherein the container comprises a chip

component of a lab on a chip device.

94. The apparatus of any one or more of claims 1 to 93 alternatively or in

combination.

95. A method of treating a patient having an eye, the method comprising:

receiving a fluid from a device implanted in the eye into a container; and

identifying a component of the fluid.

96. A cartridge to couple to a device implanted in the eye, the cartridge

comprising:

at least one needle sized to extend into a reservoir chamber of the device

implanted in the eye;



a connector to couple to a syringe with a first lumen extending from the connector

to the needle; and

a container to receive a fluid of the reservoir chamber of the device implanted in

the eye, the container coupled to a second lumen extending from the reservoir chamber to the

container when the at least one needle extends from the reservoir chamber to the needle.

97. The cartridge of claim 96 comprising a connector to couple the container

to the cartridge and wherein the connector is releasable to remove the container from the

cartridge.

98. An apparatus to couple to a device implanted in the eye, the apparatus

comprising:

at least one needle sized to extend into a reservoir chamber of the device

implanted in the eye; and

a support comprising a first connector to couple to a syringe and a second

connector to couple to a container.

99. The apparatus of claim 98, wherein the at least one needle comprises a

first opening and a second opening and wherein a first channel extends from the first opening to

the first connector to receive liquid from the syringe and wherein a second channel extends from

the second opening to the second connector to pass liquid from the device implanted in the eye to

the container.

100. A method of treating a patient, the method comprising

receiving first data of a first fluid of a device implanted in an eye, the data

comprising a second profile of a plurality of markers;

receiving second data of a fluid of a device implanted in an eye, the data

comprising a second profile of the plurality of markers; and

wherein the patient is one or more of diagnosed or treated based on the first

profile and the second profile.

101 . A method of treating a patient, the method comprising:

receiving data of a fluid of a device implanted in an eye.



102. The method of claim 101 , wherein the data comprises an amount of

stabilizer from the device implanted in the eye to determine an amount of therapeutic agent in the

device.

103. The method of claim 101 , wherein the fluid comprises an implantable

device fluid displaced from the device implanted in the eye and a therapeutic fluid placed in the

implantable device such that the implantable device fluid has mixed with the therapeutic fluid.

104. The method of claim 101 , further comprising receiving second data of a

second fluid of the device implanted in the eye.

105. The method of claim 104, further comprising comparing the data to the

second data to diagnose a condition of the eye.

106. The method of claim 104, further comprising comparing the data to the

second data to determine a characteristic of the implanted device.

107. The method of claim 104, wherein the data of the fluid of the eye

comprises an identifier of a container to receive a fluid of the eye from the implanted device

corresponding to a first time and wherein the data of the second fluid of the eye comprises a

second identifier of a second container to receive the second fluid from the implanted device

corresponding to a second time.

108. The method of claim 101 , further comprising an apparatus as in any one or

more of claims 1 to 94.

109. A method of treating a patient, the method comprising:

receiving a fluid of a device implanted in an eye; and

identifying one or more of a therapeutic agent of the eye, a pathogen of the eye or

an endogen of the eye based on the fluid of the device implanted in the eye.

110. The method of claim 109, wherein fluid comprises a component of a fluid

of the eye.



111. The method of claim 109, a treatment of the eye is modified.

112. The method of claim 109, a signal is transmitted to a physician to one or

more of modify, change, adjust, or change a treatment of the eye based on the data of the fluid of

the device implanted in the eye.

113. The method of claim 109, wherein the device comprises a porous structure

to deliver a therapeutic agent and wherein the fluid of the device comprises a component of a

fluid of the eye diffused through the porous structure into a chamber of the device.

114. A method of treating a patient having an eye, the method comprising:

receiving data of a marker from a device implanted in the eye; and

determining an amount of the marker in a vitreous humor of the eye.

115. The method of claim 114, further comprising receiving data of a second

marker from the device and determining the amount of first marker based on the second marker.

116. A method of monitoring whether a patient who has received at least one

dose of a VEGF antagonist will respond to treatment with a VEGF antagonist, the method

comprising:

(a) detecting expression of at least one gene set forth in any one of Tables X-Z in

a biological sample obtained from a device implanted in the patient to provide the at least one

dose of a VEGF antagonist; and

(b) comparing the expression level of the at least one gene to the expression level

of the at least one gene in a biological sample obtained from the patient prior to administration of

the VEGF antagonist to the patient, wherein a decrease in the expression level of the at least one

gene in the sample obtained following administration of the VEGF antagonist identifies a patient

who will respond to treatment with a VEGF antagonist.

117. A method of optimizing therapeutic efficacy of a VEGF antagonist, the

method comprising:



(a) detecting expression of at least one gene set forth in any one of Tables X-Z in

a biological sample obtained from a device implanted in a patient to provide at least one dose of

a VEGF antagonist following administration of the at least one dose of a VEGF antagonist; and

(b) comparing the expression level of the at least one gene to the expression level

of the at least one gene in a biological sample obtained from the patient prior to administration of

the VEGF antagonist to the patient, wherein a decrease in the expression level of the at least one

gene in the sample obtained following administration of the VEGF antagonist identifies a patient

who has an increased likelihood of benefit from treatment with a VEGF antagonist.

118. The method of claims 116 or 117, wherein expression of the at least one

gene is detected by measuring an amount of one or more proteins of a device implanted in the

eye of the patient and wherein the amount of the one or more proteins corresponds to plasma

protein levels of the one or more proteins.

119. The method of claims 116 or 117, further comprising detecting expression

of at least a second gene set forth in any one of Tables X, Y, or Z in the biological sample from

the patient.

120. The method of claim 119, further comprising detecting expression of at

least a third gene set forth in any one of Tables 1-3 in the biological sample from the patient.

121 . The method of claim 120, further comprising detecting expression of at

least a fourth gene set forth in any one of Tables X, Y, or Z in the biological sample from the

patient.
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