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A drug delivery ocular implant comprising an outer shell (506), a drug (62) and a drug release element (530) comprising: a distal
seal member (552); a proximal seal member (556); a membrane (554) compressed between the distal seal member and the
proximal seal member; and a retainer (532) configured to retain the drug release element in place relative to the outer shell.
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(87) Abstract: A drug delivery ocular implant comprising an outer shell (506), a drug (62) and a drug release element (530) com -
prising: a distal seal member (552); a proximal seal member (556); a membrane (554) compressed between the distal seal member
and the proximal seal member; and a retainer (532) configured to retain the drug release element 1n place relative to the outer shell.
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IMPLANTS WITH CONTROLLED DRUG DELIVERY FEATURES AND
METHODS OF USING 5AME

CROSS-REFERENCE TO RELATED APPLICATIONS
LI EY This application clamms the benecfit under 35 US.C. § 119(e) of U.S.
Provisional Patent Apphication No. 62/004,824, filed May 2%, 2014, and titled
IMPLANTS WITH CONTROLLED DRUG DELIVERY FEATURES AND METHODS

OF USING SAME, whach 18 hereby incorporated by reference mn s entirety and made a

part of this specification for all that it discloses.

BACKGROUND
Figld
L This disclosure relates to umplantable mtraccular drug delivery devices

structured o provide targeted and/or controlied release of a drug to a desired intraocular
target tissue and methods of using such devices for the treatment of ocular diseases and
disorders. In certamm cmbodiments, this disclosure relates to a treatment of mcercased
wtraccular pressure wherein agueous huumor 1S permitied to flow out of an anterior
chamber of the cve through a surgically miplanted pathway, In certain embodiments, this
disclosure also relates particularly to a treatment of ocular diseases with drug dehivery
devices athixed to the cye, such as to fibrous tissue within the eye.

LUHIR] The mammahan ¢ye 15 a speciahized sensory organ capable of hight
reception and is able to receive visual mmages. The retina of the eye consists of
photorcceptors that are sensitive to various levels of hight, interneurons that relay signals
from the photoreceptors 1o the retinal ganglion cells, which transnut the hght-mduced
signals to the bram. The s 18 an miraocular membrane that 1s mvoived m controlling
the amount of hght reaching the retina. The ins consists of two layers {(arranged from
anterior to posterior), the pigmented tibrovascular fissue known as a stroma and
pigmented epithehial cells. The stromia connects a sphincter muscle {sphincter pupillae),
which contracts the pupil, and a set of duator muscles {dilator puptllae) which open it.
The pigmented epithelial cells block light from passing through the iris and thereby
restrict hight passage to the pupil.

(04 Numerous pathologies can compronuse of entirely ehmmate an
mdividual’s ability to percerve visual mmages, including trauma to the cye, mifection,

degeneration, vascular irregularities, and inflammatory problems. The central portion of
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the retina 1s known as the macula. The macula, which 18 responsible for central vision,
tinc visualization and color diffcrentiation, may be affected by age related macular
degencration  {wet  or dry), diabetic wmacular  edema, idiopathic choroidal
neovascultarization, or high myopia macular degeneration, among other pathologies.

LR Other pathologics, such as abnormalifics in miraocular pressure, can
aftect vision as well, Agueous humor 18 a transparent liquud that fills at least the region
between the cornea, at the front of the eye, and the lens and is responsibie for producing a
pressure within the ocular cavity, Normal mtraccular pressure 1s mamtained by drainage
of agueous humor from the anterior chamber by way of a trabecular meshwork which 1s
located i an anterior chamber angle, lying between the s and the cornea or by way of
the “uveoscleral outtlow pathway.” The “uveoscleral outflow pathway™ 18 the space or
passageway whereby aqueous exits the eye by passing through the cihary muscle bundies
located m the angle of the anterior chamber and o the tissuc planes between the choroid
and the sclera, which exiend postertorly 1o the optic nerve. About two percent of people
in the Umited States have glaucoma, which 1s @ group of eye disgases cncompassing a
broad spectrum of clinical presentations and ctiologies but umified by increascd
intraoccular pressure. Glaucoma causes pathological changes in the optic nerve, visible on
the optic disk, and 1t causes corresponding visual ficld loss, which can result i bhindness
if untreated.  Increased infraocular pressure 15 the only nsk factor associated with
olaucoma that can be freated, thus lowering mntraccular pressure is the major freatment
cgoal 1 all glavcomas, and can be achicved by drug therapy, surgical therapy, oF
combinations thereot,

LY Many pathologies of the eye progress due o the difficulty in
administering therapeutic agents {0 the eye in sutficient quaniitics and/or duration
necessary to ameliorate symptoms of the pathology. Ofien, uptake and processing of the
active drug component of the therapeutic agent occurs prior 1o the drug reaching an ocular
target site. Duc to this metabolism, systemic administration may require undesirably high
concentrations of the drug to reach therapeutic ievels at an ocular target site. Thas can not
only be mnpractical or expensive, bul may also result 1 a hugher meidence of side effects.
Topical administration is potentally hmuted by limited dittusion across the comea, of
dilution of a topically applied drug by tear-action. Even those drugs that cross the cornea
may be unacceptably depleted from the eye by the tiow of ocular Hluids and transfer 1o
the gencral circulation. Thus, a means tor ocular adnunistration of a therapeutic agent

a controlled and targeted fashion would address the limiutations of other delivery rouics.

.
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SUMMARY

[RGH7] Various embodiments disclosed herem can relate t0 a drug delivery
ocular implant. The ocular implant can mchude an outer shell having a proximal end and
a distal end, and the outer shell can be shaped to define an interior chamber, A drug can
be positioned within the interior chamber. The ocular 1mplant can mclude a drug release
clement configured 10 release the drug from the mterior chamber. The drug release
clement can mclode a distal seal member that mcludes at least one opening, a proxumnal
seal member that includes at least one opening, and a membrane compressed between the
distal scal member and the proximal scal member. A retainer can be configured o refain
the drug release element m place relative to the outer shell. The drug release element can
be configured such that the drug passes through the at least one opening i the distal seal
member, through the compressed membrane, through the at lcast one opening i the
proximal seal member, and out the proximal end of the outer shell.

L The retamner can include one or more tabs that can be folded to engage
the proximal seal member. In some emboduments, the one or more tabs can be folded to
engage the membrane. The outer shell can include one or more slots and the retainer can
extend mio the one or more slots and can be positioned proxumnally of the proximal scal
imember., The retainer can have a lateral Iength that 1s greater than an mner diameter of
the interior chamber adjacent the retamer and that 15 less than or equal to an outer
diameter of the outer shell adjacent the refainer.  In some cmbodiments, the mierior
chamber can include a shelf, and the distal seal member can be seated against the shelf,

L The membrance can mchude ethyvlene vinvl acetate, which can have a
concentration of vinyl acetate between about 10% and about 3096, or vartous other
concentrations as discussed herein. The compressed membrane can bave a thickness of
between about 75 microns and about 125 nucrons, and/or the membrane can be
compressed from an uncompressed state by an amount between about 2 mucrons and
about 40 nucrons, although other thicknesses and amounts of compression can be used as
discussed herem.

LI The drug release element can provide an ¢lution rate between about 15
nanograms per day and about 35 nanograms per day, although other chution rates can be
used as discussed herem. The ocular mmplant can be contigured to hold a volume of the
drug between about 40 nanohiters and about 150 nanohters, although other vohuomes can

be used as discussed herein, The ocular tmplant has a total longitudinal length of between
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about 1 mm and about 3 mm, although other dimensions can be used as discussed herein.
in some embodiments, the outer shell can mnclude a ceramic material,

LU The ocular implant can mclude at least one fliuid mtlow pathway and at
least one Hhnd outflow pathway, and the at least one thud mitlow pathway and the at least
one tud outtlow pathway are configured to deliver ocular thud to a physiwological
outtlow pathway. The outer shell can nclude an opening between the mierior chamber
and the mtlow pathway, and the ocular tmplant can mclude a seal configured to mmpede
tiuid commumcation between the inferior chamber the fluid mtlow pathway., The seal
can mclude a recess on a proximal side, and a portion of the drug can be positioned mside
the recess of the seal. The ocular uwnplant can include a flange cxiending laterally
cutwardly between the at feast one thud milow pathway and the at least one fluid outtlow
pathway. The ocular implant can mclude one or more standotls configured to reduce
compression of the physiological outtiow pathway by the moplant. In some embodiments,
the physiological outflow pathway is Schienun’s Canal.  In some embodiments, the
ocular ymplant can include a positioning protrusion configured {0 engage an implantation
tool to faciitate rotation of the mmplant about a longitudmal axis during implantation.,

3G 23 in some embodiments, the drug can be formulated as an o1l The drug
can mclude a prostaglandm, a prostaglandin analog, a prostaglandm mhibitor, a beta-
adrencrgic recepior antagonist, or combinations thereot, although other drugs can be used
as discussed hercin. In some embodiments, the drug can include travoprost.

UilIR] The ocular mmplant can mclude one or mwore retention features
configured to anchor the ocular mplant m ocular tissue. The one or more releniion
teatures can mclude a retention protrusion on the distal end of the outer shell. The
retention protrusion can be configured to anchor the ocular tmplant at a target tissuc site,

{3014 The ocular mmplant can be configured to be positioned in the
supraciliary space. The ocular mmplant can be configured to be posttioned m the
suprachoroidal space. The ocular mmplant can be conhigured to be postioned m the
supracibiary space and the suprachoroidal space. In some embodiments, the outer shell
can be flexible.

5] Various embodiment disclosed herein can relate (¢ a method of making
a drug delivery ocular implant. The method can mchude providing an outer shell having a
proximal end and a distal end. The outer shell can define an mterior chamber, The
method can include placmg a drug mito the interior chamber, mserting a distal seal

member mio the iiferior chamber, inserting a membrane into the interior chamber,

i
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mserting a proximal seal member mto the nferior chamber, pressing the proxomal seal
member towards the distal scal member to compress the membrane mto a compressed
state, and attaching a refainer to refain the meombrane 10 the compressed state.

38161 The outer shell can nclude one or more slots and attaching the retamer
can include mserting the retamner laterally through the one or more slots such that the
retainey is disposed proximally of the proximal scal member. The retainer can include
ong of more tabs, and the method can inchude folding the tabs of the retainer 10 engage the
proximal scal member and/or the membranc.

i The cuter shell can mchude at least one fluid wnflow pathway and at
icast one fluid outflow pathway. The at icast one tlmd milow pathway and the at icast
one fhuid outflow pathway can be configured to deliver ocular thud {0 a physiological
outtlow pathway. The outer shell can include an opening between the mtenor chamber
and the inflow pathway and the method can include mserting a seal configured to unpede
fluid communication between the nterior chamber the fhud mtlow pathway,

BT in some cmbodiments, the distal seal member, the membrane, and the
proximal scal member are inserted together,

LAY in some embodiments, the outer shell mcludes one or more refention
teatures configured to anchor the ocular ymplant m ocular tissue. A retention profrusion
on the distal end of the outer shell can be configured to anchor the ocular mmplant
ocular tissue.

(G287 Various embodiments disclosed hereimn can relafe to a drug delivery
coular implant, The ocular mmplant can include an outer shell having an miterior chamber
providing a drug reservoir, a distal seal member, a proximal scal moember, and a
membrane configured to be pressed between the distal scal member and the proximal scal
member such that the membrane 1 m a compressed state.  The membrane m the
compressed state can be configured to be permeable {0 a drug such that the drug elules
through the membrane. The occular implant can mcinde a retainer configured 1o maintain
the membrane m the compressed state.

3621 The retamer can include one or more tabs that are configured to fold fo
secure the retamer. The outer shell can mchude one or more slots and the retamner can be
configured to extend into the one or more siots.

30221 The membrane can melude ethylene vinyl acetate, which can have a
concentration of vinyl acetlate between aboutl 10% and about 30%, although other

concentrations can be used as discussed herein. The ocular implant can be configured
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such that the membrane 1 the compressed state has a thickness of between about 75
microns and about 1235 microns and/or such that the membrane 15 compressed from an
uncompressed state by an amount between about 20 microns and about 40 microns,
although other thicknesses and amounts of compression can be used as discussed herem.
In some embodiments, the drug reservoir can be configured (o hold a vohime of the drug
between about 4{) nanoliters and about 150 nanocliters, although other volumes can be
used as discussed herein.

231 The ocular mmplant can include one or more relention {catures
configured to anchor the ccular mmplant in ocular tissue. The ocular mmplant can be
configured to be posthioned m the supraciliary space.  The ocular mmplant can be
configured to be positioned in the suprachoroidal space. The ocular wmplant can be
contfigured to be positioned 1 the supracihary space and the suprachoroidal space.

{03241 Several embodiments disclosed herein provide a drug dehivery ocular
mmplant comprising an outcr shell baving a proximal end, a distal end, the outer shell
bemmg shaped to define an mterior chamber {¢€.g., an mtertor imen), at least a first active
drug positioned within the mierior fumen, a cap configured tor reversible mieraction with
the proximal e¢nd of the outer shell, a2 membrane positioned between the cap and the
proximal end of the outer shell, and a retention protrusion on the distal end of the outer
shell that 1s configured to anchor the ocular tmplant at a target fissue site.

[BO25] in several embodiments, the cap comprises at icast ong aperture. In
several embodiments a plurality of apertures are provided. The overall surface arca of the
one or more apertures can be selected in a particular embodiment, based on the desired
rate of elution of the first active drug from the implant.

[3G26] in several embodiments, the placement of the cap over the proximal
enid of the outer shell enables the retention of the membrane between the cap and the
proximal end of the outer shell. In some embodiments the cap 1S a press-fit cap, while
other embodiments employ a crimp cap, screw cap or other type of cap. In several
cmbodiments, the membrane 1s permeable 1o the at lcast a first active drug as well as {0
ocular Hhud {and/or the water component of ocular fluid). In several embodiments, the
membrane (once the cap is positioned) oecludes the at least ong aperture, such that elution
of the at lcast a {irst active drug occurs only through the membrane (e.g., the compression
of the membrane by the cap also fumchons to seal the ymplant to other routes of
unindended drug release).  In several embodiments, a distally positioned seal 1s placed

within the imen to nut the fhuid communication between the mterior umen and the

_6-
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ocular space to that occurnng through the membrane. In several embodiments, selected
combinations of the membrane and the dumensions (e.g., surtace arca) of the aperiure(s)
are tatlored to a specitically desired elution rate of the first active agent.

Ll in several embodiments, the membrane has a thickness of between
about 50 and about 100 mucrons. In such embodiments, such a thuckness results i drug
clution from the mimplant for a period of time ranging from about 12 {0 about 24 months.
{n several embodunenis, the membrane bas a thickuess of between about 90 and about
200 microns. In such embodiments, such a thackness results m drug elution from the
implant for a pertod of time ranging from about 24 to about 48 months.

HRG28] in several emboduments, the outer shell turther comprises at feast one
thind mmflow pathway and one fluid ocutflow pathway, and wherein the at least one fluid
mtlow pathway and one fluid outtlow pathway are contigured to deliver ocular thuid to a
physioiogical cutflow pathway. Thus, in several embodiments, the implant 18 configured
not only to provide a pharmaccutical therapy, but also a physical therapy {(¢.g., dramage).
in several cmbodiments, the physiological outtlow pathway 15 Schiemm’s Canal. In
several embodiments, the at lecast one first active drug comprises a prostaglandin, a
prostaglandin analog, a prostaglandin  inbhibitor, and/or combinations thereof.
Additionally, m several embodiments, a second agent may optionally be provided. In
several embodiments, the second {or third, etc.} agent results 1 synergistic effects when
combined with the first agent. In other embodiments, the second agent reduces once o
more side etfccts associated with the first agent.

291 Additionally, there 1s provided, m several embodiments, a drug
delivery ocular unplant comprising an ¢longate outer shell having a proximal end, a distal
end, the outer shell being shaped to define an nterior lumen, at least a first active drug
positioned within the mterior lumen, at least one fluid tlow pathway rumung from a
proximal region of the outer shell to a more distal region of the outer shell, a valve
positioned at the distal-most cnd of the outer shell, wherein the valve 15 reversibly
openabic 1o enable passage of the at least a first active drug from the mienor lumen to a
target site external to the mplant.

LIIRTH in several cmbodmments the at least one thud flow pathway 1s
contigured to deliver ocular fluid (0 a physiological outtiow pathway (e.g., supplementing
the pharmacologic effects of the active agent). In several embodiments, the first active

drug comprises a plurality of drug pellets, and the nmplant comprises at least a second
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active agent. In several embodiments, the second active agent 1s housed within a polymer
configured to polymenze and become solid or semi-solid at physiciogical temperature.

3331 in scveral cmbodiments, the second active agent 15 housed within a
micelle or vesicular structure contigured to velease the second active agent at a known
rate. In several embodiments, the second active agent i3 housed within a micelle or
vesicular structure configured to release the second active agent at a known rate and
wherem the macelle or vesicular structure 15 admixed with a polvmer configured 1o
polymerize and become sohid or semi-solid at physiological temperature. Thas, in several
such embodiments, delivery of the sccond agent to the ocular target tissuc resulis in
polvmernization of the polymer upon exposure o the normal body temperatures of the
mtraocular envivonment, thus reducmg migration of the second agent away from the
target site {thereby mmproving iis therapeutic effects).

{H0632] in several additional embodiments, there 1§ provided a drug delivery
ocular implant comprising an clongate outer shell having a proximal end, a distal end, the
outer shell being shaped to define an interior lumen with at least a first active drug
positioned within the mierior lumen, wherein the outer shell comprises a first thickness
and wherein the outer shell comprises one or more regions of drug release

HR33] in several embodiments, the elongate shell is formed by extrusion. In
several embodiments, the elongate shell comprises a biodegradable polymer. In several
cmbodiments, the outer shell 15 permeable or semi-permeable to the first active drug,
therchy allowing at least about 5% of total the clution of the first active drug 1o occur
through the portions of the shell having the first thickness.

LHIREY in several embodiments, the outer shell comprises polyurethane. in

several embodiments, the polyurethane comprises a polystoxane-contaming polvurcthane

clastomer.
B835] in scveral embodiments, the regions of drug release are configured {o

allow a ditferent rate of drug elution as compared to the clution through the cuter shell.
in several cmbodiments, the overall rate of elution of the first active drug ouf of the
mplant 1s greater n the distal vegion of the implant.  In several emboduiments, there 1s a
greater amount of the first active drug m the distal half of the implant as compared to the
proximal halt of the implant. In several other embodiments, the overall rate of elution of
the first active drug out of the implant 15 greater i the proxumal region of the 1mplant. In
several embodiments, there 1s a greater amount of the first active drug 1 the proxamal

half of the mmplant as compared to the distal half of the wmmplant. In several such

-~
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embodiments, the mmplant 15 thus configured to treat an aniterior portion of the eve of a
subject, while optionally providing (depending on the cmbodiment) drainage of ocular
tiuid to an outflow tract.

B335 in several embodiments, the one or more regions of drug release
comprise one or more of regions of reduced thickness shell material, one or more orifices
passing through the outer shell, or combinations thercet. In certam cmbodiments, the one
or more regions of drug release comprise orifices and wherein the ortfices are positioned
along the long axis of the nmplant shell,

337 in several cmbodiments, the muplant additionally comprises onc or
more coatings that alicr the rate of the first active agent clution from the uuplant.

33381 in several embodiments, at least the distal-most about 5 mm to about
10 mm of the mterior lumen houses the drug,

B339 in several embodiments, the elution of the first active drug from the
mplant continues for at least a period of at lcast one year,

Lz in several embodiments, the first active drug 1s present as ong or more
micro-tablets, wherein the micro-tablets have a density of about .7 g/cc to about 1.6 g/cc,
an aspect ratio of length to diameter of about 2.8 10 3.6, and/or minor axis of about .28 {0
0.31 mym and a major axis of about 0.8 to 1.1 mum. In several embodiments, the first
active drag 1s present m an amount of at least 70% by weight of a total weight of the one
or more micro-tablets. In several emibodiments, the micro-tablets have a surface arca 1o
volume ratio of about 13 1o 17, In scveral embodiments, the micro-tabicts have
dimensions allowing passage of the nucro-tablets through a conduit having an mner
diameter of about 23 to 23 gauge.

33417 in several embodunents, the micro-tablets are formed by utilizing one
or more of processes selected from the group consisting of tabletting, lvophbization,
oranulalion {wet or dry}, {laking, direct compression, molding, and extrusion. In several
cmbodiments, the micro-tabiets arc configured to balance osmotic pressure between the
micrior lumen and the ocular enviromment external to an unplant after uuplantation. In
further embodiments, the nucro-tablets ave optionally coated with a coating that regulates
the release of the first active drug from the mucro-tablet. In some embodiments, the
coating 15 a polvmeric coating,

38427 in several embodiments, the first active drug 18 an anti-angiogencsis
agent. In several embodiments, the first active drug s selected from the group consisting

of angiostatin, anccortave acetate, thrombospondin, VEGE receptor fyrosine kinase
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mnhibitors and anti-vascular endothelial growth factor (anti-VEGE} drugs. In sceveral

cibodiments, the antt-VEGE drugs are selected from the group consisting of
rantbizumab, bovacizumab, pegaptamib, sunitinib and sorafenib. In several embodiments,
the first active drug 1s bevacizumab,

83451 in scveral cmbodiments, the first active drug i1s a beta-adrenergic
receptor antagonist. The beta-adrencrgic recepior antagonist may be either a selective
beta-adrenergic antagonist, or a non-selective beta-adrencrgic recepior antagonist. In
several embodiments, the selective beta-adrenergic receptor antagonist 1s selected {rom
the group consisting of betaxolol and levobetaxolol, and combinations thereof. In several
cmbodiments the non-selective beta-adrenergic antagonist 1s selected from the group
consisting of timolol, levobunolol, certeolol, and metipranclol, and combinations thercoft.
In several embodiments, at least one active drug 1s used, and 1 some embodiments that at
icast one first active drug 1s timolol.

{8441 in several embodiments, the mplants as described herein optionally
turther comprise a lumen conligured to transport ocular fluid from a first location m an
¢ye to ong or more other locations, thereby reducing intraocular pressure.

[(3(45] There 1s also provided herein methods for treating an ocular condifion
of disorder m an miraocular target tissue comprising makmg an opening m the temporal
portion of an eve to access an anierior chamber of the eve, advancing a dehivery device
assoctated with a drug delivery ocular implant through the opening and across the anterior
chamber of the eve, mserting the drug debivery ocular unplant mio cye tissue, postioning
the mmplant such that at least one of the one or more regions of drug release are located
proximate an miraocular target, and withdrawing the delivery device from the eye,
whercin drug elutes from the mmplant m suthicient quantity fo freat an ocular condition ot
disorder. In some embodiments, a therapeutic eftect 1s achieved for a period of at least
one year.

{3046 in several embodiments, the intraocular target 15 m the posierior
chamber of the eve. In some embodiments, the mtraocular target 15 selected from the
group consisting of the macula, the retina, the optic nerve, the ciliary body, and the
mntraocular vasculature. In several other embodiments, the mntraocular target 15 in the
anterior chamber of the eve.

3347} in several embodmments, mserting the drug debivery ocular implant 1to
eye tissue comprises placing at least a portion of the mnplant in a portion of the eve

selected from the group consisting of uveoscleral outtliow pathway, suprachoroidal space,
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and Schlemm’s canal. In several embodiments, the drug delivery ocular mmplant 13
dehivered to the punctum.

33483 As such, several embodiments provide for uuplants for mnsertion mnio a
punctum of the eve of a subject, comprising an outer shell having a proximal end, a distal
end, the outer shell being shaped to define an mterior lumen, the outer shell dimensioned
for msertion inio the punctum of the eye of a subjoct, at least a {irst active drug positioned
within the mierior fumen, at ieast one region of drug release the proxumal porfion of outer
shell, and a distal occlusive member within the inner himen, the distal occhisive member
preventing elution of the first active drug from the distal end of the muplant.

3349 in several such embodiments, the first active drug clutes from the
lumen to the fear film of the eve of the subject by passing through the at least one region
of drug release. In some embodiments, the ymplant 18 dimensioned to be mmplanted with
the distal end of the outer shell positioned in the lacrimal duct, In some embodiments, the
mmplant 1s dimensioned to be implanted with the distal end of the outer shell positioned
the lacrimal sac. In several embodiments, the umplant 1 dimensioned to be mmplanted
with the distal end of the cuter shell positioned 1n the nasolacrimal duct.

[3350] in scveral embodiments, the at lcast one region of drug release
comprises at feast one aperture. Additionally, m some embodiments, the ymplant further
comprises at least one membrane that occludes the at least one aperture, wherein the
membrane 18 permeabie to the at least a first active drug, wherein the membrane allows
clution of the at lcast a first active drug 10 occur only through the at least one membrane.

51 ] in scveral embodiments, the at least one region of drug release
comprises a phlurality of apertures through the outer shell and positioned randomly or in a
pattcrned array throughout the proximal portion of the umplant.  As above, at least a
portion of the plurabty of apertures 18 occhuded by a membrane permeable to the first
aclive drug.

B85S} in several cmbodiments, the implant further comprises a cap
configured for reversible mnferaction with the proxumal end of the outer shell, whercin the
cap comprises at least one aperture. In some embodiments, the implant further comprises
a membrane positioned between the proximal end of the outer shell and the cap, wherein
the membrance occludes the at least one aperture, wherein the membrane 1s permeable to
the at least a first active drug, and wheremn the membrane allows elution of the at least a

first active drug to occur only through the at least one membrane.

~11-



CA 02950187 2016-11-23

WO 2015/184173 PCT/US2015/033036

53] Advantageously, in several embodiments, the at feast one membrane 18
dimensioned based on the permeability of the membrane to the at least a first active drug
and the desired duration of clution of the first active drug, thereby ¢reating a customized
clution profile. For example, m several embodiments, the membrane has a thickness of
between about 50 and about 100 mucrons. In some such embodiments, the at least a first
acttve drug clutes from the ocular tmplant {or a period of time ranging from about 12 {0
about 24 months. In some embodiments, the membrane has a thickness of between about
S and about 200 microns. In some such embodiments, the at least a first active drug
chutes from the ocular maplant for a period of time ranging from about 24 to about 4¥
months.

LUIRE) in several embodiments, the distal occlusive member comprises a plug.
in additional embodiments, the distal occlusive member comprises a one-way valve
allowing fluid tlow from the mterior humen {0 the distal cnd of the device. In some such
cmbodiments, the onc-way valve 18 configured 1o remam closed until exposed 1o elevated
tioid pressure. For example, m several embodiments the one-way valve 1s configured to
open 1 response to mstiled fluid to allow flushing of the intertor lumen to the
nasolacrimal duct. This may occur, for example if the concentration or type of drug
cluted from the mmplant is changed, or when the implant 1s refoaded.

FBOSS] in several embodiments, the implant, being configured for nsertion
imto the punctum, has a length of between about 0.5 and about 2.5 mm. For example, m
several cmboduments the unplant has a length of about 1.4 to about 1.6 mum. In several
embodiments, the implant has a diameter of about 8.2 to about 1.5 mm. For example, in
several embodiments the mmplant has a diameter of about 0.2 to about 1.5 mm. In some
cmbodiments, the mmplant bas a diameter of about .7 t0 about 0.6 mm. Advantageously,
the length and diameter of any of the mnplants disclosed herein can be adjusted 1o the
dimensions of a physiological space of a subject 1 which the tmplant 1s {0 be positioned.
In scveral embodiments, this ensures that the mmplant is positioned, and remams
positioned, af a desired {ocation.

{(3356] In several embodiments, the first active drug 1s positioned m the
proximal portion of the lumen of the implant for placement 1 the punctum. In scveral
cmbodiments, the first active drug 1s for the treatment of dry eve. For example, m several
embodiments, the first active drug 18 cyclosporning, cyclosporing A, moxiloxacm, or
combinations of those drugs (or with any of the other drugs disclosed heremn). In several

cmbodiments, the first active drug s an anti-glaucoma medication. In scveral
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emboduments, the first active drug 15 a sterond.  In several embodiments, the first active
drug facilitates fear production.

3357 There 18 also provided for a composition for the freatment of an ocular
disorder, comprising a therapeutic agent having anfi-vascular endothelial growth tactor
(VEGE) effects, wheremn the anti-VEGE agent 1s formed mto at least one micro-tablet. In
several embodiments, the anti-VEGF agent 18 lvophilized prior to formation of the micro-
tabiets, In some embodiments, the anfi-VEGE agent comprises at least 70% by weight of
the total weight of each micro-tablet, and m some embodiments, each micro-tablet has a
density of about .7 g/cc 1o about 1.6 g/ce. In additional embodiments, cach of the micro-
tabicts has a nunor axis of about .28 to .31 mm and a major axis of about 0.8 10 1.1
mm.  In several embodiments, each of the micro-tablets has an aspect ratio of length o
diameter of about 2.8 to 3.6,

{H0OSE] in addition, there 1s provided a system for adounisiering a therapeutic
azent 1o an damaged or discased ¢ye, comprising an ocular mplant delivery apparatus
comprising a proximal end, a distal end, and a cannula having an mner diameter of about
23 10 25 gauge, an ocular implant comprising an clongate outer shell having a proximal
end, a distal end, the outer shell bemng shaped to define an mterior lumen suitable for
Feceiving one of more micro-tablets and comprising at least a first thickness and
comprising one of more regions of drug release, and a therapeutic agent formed 1 at least
onc nucro-tablet, the agent having anfi-vascular endothelial growth factor (VEGE)
cticcts. In several embodiments, the anti-VEGE agent 1s vophalized prior to formation of
the micrg-tablets. In some embodiments, the anti-VEGE agent comprises at least 70% by
weight of the total weight of cach micro-tablet. In some emboduments, cach micro-tablet
has a denstfy of about 0.7 g/cc to about 1.6 g/ce. In addifional embodiments, the mucro-
tablets have an aspect ratio of length to diameter of about 2.8 {0 3.6,

LR There 1s additionally provided for hercimn methods for the mtravitreal
mection of an agent for the treatment of an ocular disorder, comprising advancing to the
surface of the sclera of an eve a delivery apparatus comprising a proximal end, a distal
end, and a cannula having an mmer diameter of about 23 10 25 gauge and contaming one
or more micro-tablets comprising a therapeutic agent having anti-vascular endothehal
growth factor (VEGE) etfects, an activator that functions 10 expel the contents of the
cannula from the apparatus via passage through the proximal end, piercimng the scleral
surface to create a hole m the sclera, turther advancing the delivery apparatus thru the

hole such that the proximal end is within the vitreal cavity of the cye, activating the
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activalor to expel the anti-VEGF micro-tablets; and withdrawimg the apparatas {rom the
cye, thereby treating the disorder by the dehivery of the anti-VEGE mucro-tablets.,

360 in several embodiments, the micro-tabicts have a nunor axis of about
0.28 to 0.31 num and a major axis of about 0.8 10 1.1 mm. In several embodiments, the
imicro-tablets have a density of about 0.7 g/ce to about 1.6 g/ce.

(3861 in scveral embodiments, the piercing of the sclera is performed using
an apparatus having a sharpened proximal end.  In several embodiments, the hole within
the sclera 1s sulficiently small 10 be self-healing,

(362 ] in accordance with several embodmments there s provided a drug
dehivery ocular implant comprising an clongate cufer shell having a proximal end, and a
distal end, said outer shell bemg shaped to define an mterior himen, and at least a first
drug posttioned within said mterior himen.  In certain embodiments, the outer shell
comprises a substantially uniform first thickness, wherein said outer shell 1s permeable or
senu-permeable to said drug, thercby allowing at ieast about 5% of the total clution of the
drug 1o occcur through the portions of the shell having said first thickness, and wheremn
said outer shell comprises one or more regions of drug release. In some embodiments,
the one or more regions of drug release comprise regions ot greater or increased clution
of permeability to the drug than the portion of the outer shell baving the first thickness.
Such regions of increased permeability may comprise one or more of the ouler shell
having a reduced thickness, one or more orifices, a ditferent material than the remainder
of the outer shell and/or other means to provide increased permeabihity or elufion of the
drug. In other cmbodiments, the entirety of the clution of the drug s through the ouler
shell, the entirety of which or one or more portions of which may be considered to be a
region of drug release.

G653 in several embodiments, there 15 provided a drug dehvery ocular
mplant comprising an clongaic outer shell having a proximal end, a distal end, the outer
shell being shaped to define an intertor himen, and at least a first drug positioned within
the mierior lumen. The outer shell preferably has a substantially uniform first thickness
that allows about 5 to 15% of the total clution of the drug to occur through the shell
having the first thuckness. The outer shell may comprise one or more regions of drug
release, wherein the regions of drug release are conhigured to allow diffcrent rates of drug
clubion as compared o ¢ach other. In some embodiments, the overall rate of elution of

drug out of the mmplant 15 optionally ditferential along the length of the tmplant.
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[ Bi364] in some embodiments, there are provided mmplants having regions of

drug release that are configured or have one or more regions that allow a greater rate of
drug elution as compared to the elution through other regions of the cuter shell, In some
crnbodiments, the regions of greater drug release comprise one of more of regions of
reduced thuckness shell material, one or more orfices passing through the outer shell, or
combinations thereof. In some embodiments, the outer shell optionally comprises
silicone and/or may have ong or more orfices passing through the outer shell,  In such
embodiments, the onfices may be posttioned along the long axis of the implant shell or
cisewhere.  In other embodmments, the outer shell optionally comprises siiconized
urcthane and/or may comprise regions of reduced thickness, and may or may not have
any orifices passing through the outer shell,

B065] in several embodiments disclosed hercin, there is provided a drug
ichivery ocular mmplant comprising an outer shell having a proximal end, a distal end, and
being shaped to detine an mierior lumen, the outer shell having a substantially uniform
first thackness and having one or more regions of a second, reduced shell thickness as
compared to the first thickness, and a drug posttioned within the interior lumen, wherein
the thickness of the outer shell 1s mmversely proportional 1o the rate of drug ehution through
the shell. In some embodiments, the outer shell of the first thickness 15 substanhially
mpermeable to the drug. Release of the drog from the mterior lumen 18 controlled at
least in part by the permeabulity of the outer shell to the drug, with regions of reduced
shell thickness having a higher rate of release.

3366] Also provided 18 a drug dehivery gcular mmplant comprising an outer
shell having a proximal end, a distal end, and being shaped to define an interior lumen
and having one or more partitions located within the mienior lumen thereby creating two
or more sub-lumens, a drug positioned within each sub-lumen. In some embodiments, at
least a portion ¢f the outer shell s substantially mmpermeable to the drug, and the outer
shell also comprises one or more regions that are more permeable to the drug relative {0
the remainder of the outer shell, and whercin release of the drug from the mderior lumen
1s controlied at least m part by the permeabihity of the more permeable outer shell regions.

[BB67] in several embodiments there 1s also provided a drog delivery ocular
implant comprising an outer shell baving a proximal cnd, a distal end, and bemg shaped
to define an mterior lmen, a drug positioned within the nterior lumen, wherem at least a

portion of the outer shell 15 substantially 1mpermeablc to the drug, and the cuter shell
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COMPIises one of more regions that are more permeable to the drug relative to the
remainder of the outer shell,

368 in several emboduments disclosed herem, there i1s provided a drug
dehivery ocular mplant comprising an outer shell bemg shaped to define an mtenor
hinen, a drug positioned within the miterior lumen, wherein the outer shell 1s comprises a
permeable material that 15 capable of conveying both a solvent and the drug through the
outer shell, wherein release of the drug from the interior lumen is inifiated by the
exposure of the guter shell 1o a suitable solvent, such that the solvent 1s conveyed through
the permeable material {0 contact the drug, wherem after contact the solvent contacts the
drug, the drug 15 conveyed through the permeable matenal 10 the exterior of the outer
shell, and wherem the conveyance of the drug 1s controlled at least m part by the
permeability of the permeable material. The ouler shell may also mclude one or more
regions of substantially mmpermeable material,

{869 in several cmbodiments, there 15 provided a medical device for the
dehvery of a therapeutic agent to a patient, comprising an device dimensioned to be
positioned at an area of a patient’s body, a therapeutic agent posttioned on or in at icast a
portion of the device, and whercin at lcast a portion of the device provides a physical
ctfect usetul toward nutigation of an unwanted side eticct of the therapeutic agent.

38707 in several embodiments, there 1s provided a drug debivery ocular
mmplant comprising an outer shell that has one or more ortfices therein, the shell bemg
shaped to define an mterior lumen a drug postioned within the interior flumen ong or
more coatings posttioned on the mterior surface of the shell, the outer surface of the sheli,
and/or partially or {ully cuvelopmg the drug posttioned within the ioterior lumen.
Embodiments may further comprise one or more of the following optional features: the
outer shell comprises a8 matenal substantially impermeable to ocular thads, the outer shell
15 substantially 1mpermeable to the drug, at least one of the coatings at least partially
ictines the release rate of the drug, and the implant 15 dumensioned such that the distal
cnd of the implant 15 positioned 1o the suprachoroidal space and the proximal end of the
mplant 1s positioned tully withmm the eve.

(G717 In several embodiments, there 18 provided a drug debivery ocular
implant comprising an outer shell that i1s optionally substantially impermeable {0 ocular
thinds and has one or more orthices therein, the shell being shaped to define an mntenor
hionen, a drug positioned within the interior lumen, one orf more coatings positioned on

the tertor surface of the shell, the outer surface of the shell, and/or partially or fully
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enveloping the drug positioned within the mterior lumen, and wherein the mmplant 1S
dimensioned such that the drug i1s relcased to a desired intraocular target post-
implantation.

{8721 in several embodiments, there 15 provided a drug dehvery ocular
mplant comprising a tlexible materal compounded or coated with at least one drug, a
flexibic tether, wherem the tlexible material myay be rolled or folded o form a tube shape,
wherem the tube shape 1s dimensioned to be placed within a dehivery apparatus, wherem
the dehivery apparatus deploys the drug delivery ocular implant to an mtragcular tissue,
whercin the tube shape is released upon withdrawal of the delivery apparatus, therchy
allowing the tlexible material, which may be i the form of a sheet or disc, to return
substantially to its origmmal shape or configuration.

387 3] in several embodiments, there 1s provided a drug debivery ocular
mplant comprising an outer shell shaped to define an interior lumen or space with one
open end, a cap dimensioned to fit within or over the onc open cnd and havmg onc or
more onfices theremn, and a drug positioned within the mterior lumen. One or more
coatings arc optionally positioned on the interior surface of the cap, the outer surface of
the cap, and/or between layers of drug positioned within the mtenior fumen.

{874 Any emboduments disclosed heremn may optionally further comprise a
honen, opening or shunt configured to fransport ocular fhud from a first, undesired
location, {0 one or more other locations, therehy reducing mitraccular pressure.

LR The implants provided for herein optionally provide differential elution
along the length of the moplant and m some such embodiments, have a rate of elution that
is greater at the distal portion of the unplant as compared more proximal regions of the
implant. In other embodiments, the implants have a rate of clution that is greater at the
proximal portion of the mplant as compared to more distal regions of the mmplant.
Moreover, mmplants may optionally addifionally comprise one or more coatings on the
wmterior and/or exterior of the device and/or on the drug contained therem, that alter the
rate of drug chution from the mmplant, the coatmgs optionally c