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METHODS, COMPOSITIONS AND DRUG DELIVERY SYSTEMS FOR
INTRAOCULAR DELIVERY OF siRNA MOLECULES
by
Robert T. Lyons, Hongwen Ma Rivers and John T. Trogden

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S. Patent Application No.
11/556,503 filed on November 3, 2006, the entire disclosure of which is
incorporated herein by reference.

BACKGROUND
[0002] The present invention generally relates to compositions, drug delivery
systems and methods to treat an eye of a patient, and more specifically to drug
delivery systems in the form of implants comprising short interfering ribonucleic
acid (siRNA) molecules, and to methods of making and using such systems, for
example, to treat or reduce one or more symptoms of an ocular condition to

improve or maintain vision of a patient.

[0003]RNA has been used for several years to reduce or interfere with
expression of targeted genes in a variety of systems. Although originally thought
to require use of long double-stranded RNA (dsRNA) molecules, the active
mediators of RNAi are now known to be short dsRNAs. Short single-stranded
antisense RNA molecules were demonstrated to be effective inhibitors of gene
expression more than a decade ago, but are susceptible to degradation by a
variety of nucleases and are therefore of limited utility without chemical
modification. Double-stranded RNAs are surprisingly stable and, unlike single-
stranded DNA or antisense RNA oligonucleotides, do not need extensive

modification to survive in tissue culture media or living cells.

[0004] Short interfering RNAs are naturally produced by degradation of long
dsRNAs by Dicer, an RNase lll class enzyme. While these fragments are usually
about 21 bases long, synthetic dsRNAs of a variety of lengths, ranging from 18
bases to 30 bases (D.-H. Kim et al., Synthetic dsRNA dicer-substrates enhance
RNAI potency and efficacy, 23 Nature Biotechnology 222-226 (2005)), can be
used to suppress gene expression. These short dsRNAs are bound by the RNA
Induced Silencing Complex (RISC), which contains several protein components
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including a ribonuclease that degrades the targeted mRNA. The antisense strand
of the dsRNA directs target specificity of the RISC RNase activity, while the
sense strand of an RNAI duplex appears to function mainly to stabilize the RNA
prior to entry into RISC and is degraded or discarded after entering RISC.

[0005] Chemically synthesized RNAI duplexes have historically been made as
two 21-mer oligonucleotides that form a 19-base RNA duplex with two
deoxythymidine bases added as 3'overhangs. (S. M. Elbashir et al., Functional
anatomy of siRNAs for mediating efficient RNAi in Drosophila melanogaster
embryo lysate, 20 EMBO J. 6877-6888 (2001)). Blunt 19-mer duplexes can also
be used to trigger RNAi in mammalian systems. (F. Czaudema, Structural
variations and stabilizing modifications of synthetic sSiRNAs in mammalian cells,
31 Nucleic Acids Res. 2705-2716 (2003)). These blunt duplexes, however, are
generally less potent. Blunt duplexes can be effectively used for longer RNAs
that are Dicer substrates. D.-H. Kim et al., supra. In this case, the duplex is
processed by Dicer to 21-mer length with 2-base 3'-overhangs before entry into
RISC.

[0006] Relatively recently, researchers observed that double stranded RNA
("dsRNA") could be used to inhibit protein expression. This ability to silence a
gene has broad potential for treating human diseases, and many researchers
and commercial entities are currently investing considerable resources in

developing therapies based on this technology.

[0007]It is generally considered that the major mechanism of RNA induced
silencing (RNA interference, or RNAI) in mammalian cells is mMRNA degradation.
Initial attempts to use RNAI in mammalian cells focused on the use of long
strands of dsRNA. However, these attempts to induce RNAi met with limited
success, due in part to the induction of the interferon response, which results in a
general, as opposed to a target-specific, inhibition of protein synthesis. Thus,

long dsRNA is not a viable option for RNAi in mammaliansystems.

[0008]More recently it has been shown that when short (18-30 bp) RNA
duplexes are introduced into mammalian cells in culture, sequence-specific
inhibition of target MRNA can be realized without inducing an interferon
response. Certain of these short dsRNAs, referred to as small inhibitory RNAs

("siRNAs"), can act catalytically at sub-molar concentrations to cleave greater
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than 95% of the target mMRNA in the cell. A description of the mechanisms for
siRNA activity, as well as some of its applications are described in Provost et al.
(2002) Ribonuclease Activity and RNA Binding of Recombinant Human Dicer,
EMBO J. 21(21): 5864-5874; Tabara et al. (2002).

[0009]From a mechanistic perspective, introduction of long double stranded
RNA into plants and invertebrate cells is broken down into siRNA by a Type Il
endonuclease known as Dicer. Sharp, RNA interference--2001, Genes Dev.
2001, 15:485. Dicer, a ribonuclease-lll-like enzyme, processes the dsRNA into
19-23 base pair short interfering RNAs with characteristic two base 3' overhangs.
Bernstein, Caudy, Hammond, & Hannon (2001) Role for a bidentate
ribonuclease in the initiation step of RNA interference, Nature 409:363. The
siRNAs are then incorporated into an RNA-induced silencing complex (RISC)
where one or more helicases unwind the siRNA duplex, enabling the
complementary antisense strand to guide target recognition. Nykanen, Haley, &
Zamore (2001) ATP requirements and small interfering RNA structure in the
RNA interference pathway, Cell 107:309. Upon binding to the appropriate target
MRNA, one or more endonucleases within the RISC cleaves the target to induce
silencing. (Elbashir, Lendeckel, & Tuschl (2001) RNA interference is mediated by
21- and 22-nucleotide RNAs, Genes Dev. 15:188, FIG. 1).

[0010] The interference effect can be long lasting and may be detectable after
many cell divisions. Moreover, RNAIi exhibits sequence specificity. Kisielow, M.
et al. (2002) Isoform-specific knockdown and expression of adaptor protein ShcA
using small interfering RNA, J. Biochem. 363:1-5. Thus, the RNAi machinery can
specifically knock down one type of transcript, while not affecting closely related
MRNA. These properties make siRNA a potentially valuable tool for inhibiting
gene expression and studying gene function and drug target validation.
Moreover, siRNAs are potentially useful as therapeutic agents against: (1)
diseases that are caused by over-expression or misexpression of genes; and (2)
diseases brought about by expression of genes that contain mutations.

[0011] Intravitreal implants have been described which include non-
macromolecule therapeutic agents. For example, U.S. Pat. No. 6,713,081

discloses ocular implant devices made from polyvinyl alcohol and used for the
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delivery of a therapeutic agent to an eye in a controlled and sustained manner.
The implants may be placed subconjunctivally or intravitreally in an eye.

[0012] Biocompatible implants for placement in the eye have also been disclosed
in a number of patents, such as U.S. Pat. Nos. 4,521,210; 4,853,224, 4,997,652;
5,164,188; 5,443,505; 5,501,856; 5,766,242; 5,824,072; 5,869,079; 6,074,661;
6,331,313; 6,369,116; and 6,699,493. U.S. Patent Publication No. 20040170665
describes implants which include a Clostridial neurotoxin. Useful implants are
also described in US 2005/0281861 and US 2006/0182783. United States
patent applications which disclose therapeutic use of a siRNA include serial
numbers 11/116,698; 11/370,301; 11/742,350, and;12/044,889. The contents of

all of these applications are incorporated herein by reference in their entireties.

[0013]It would be advantageous to provide eye implantable drug delivery
systems, such as intraocular implants, and methods of using such systems, that
are capable of releasing a macromolecule therapeutic agent comprising a siRNA
at a sustained or controlled rate for extended periods of time and in amounts with

few or no negative side effects.

SUMMARY

[0014] The present invention provides new drug delivery systems, and methods
of making and using such systems, for administering siRNA molecules to an eye,
for example, to achieve one or more desired therapeutic effects. The drug
delivery systems are in the form of implants or implant elements that may be
placed in an eye. The present systems and methods advantageously provide for
extended release times of one or more siRNA therapeutic agents. Thus, the
patient in whose eye the system has been placed receives a therapeutic amount
of an agent for a long or extended time period without requiring additional
administrations of the agent. For example, the patient has a substantially
consistent level of therapeutically active agent available for consistent treatment
of the eye over a relatively long period of time, for example, on the order of at
least about one week, such as between about one and about twelve months
after receiving an implant. Such extended release times facilitate obtaining
successful treatment results while reducing problems associated with existing
techniques.
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[0015] Intraocular drug delivery systems in accordance with the disclosure herein
comprise a therapeutic component and a drug release sustaining component
associated with the therapeutic component. The therapeutic component
comprises at least one siRNA molecule, and the drug release sustaining
component comprises a biodegradable polymer, a biodegradable co-polymer, or
combinations thereof.

[0016] The polymeric component of the present systems may comprise a
polymer and/or a copolymer and/or a block co-polymer selected from the group
consisting of poly-lactic acid (PLA), poly-glycolic acid (PGA), poly-lactide-co-
glycolide (PLGA) (e.g. R203H), polyesters, poly (ortho ester), poly(phosphazine),
poly (phosphate ester), polyethylene glycol (PEG), triblock copolymers
polycaprolactones, gelatin, collagen, poly(D,L-lysine), derivatives thereof, and
combinations thereof.

[0017]In accordance with the present invention, the therapeutic component of
the present systems can comprise, consist essentially of, or consist entirely of,
short interfering ribonucleic acids (siRNAs, also referred to as small interfering
RNAs). Advantageously, the therapeutic agent is released in a biologically active
form when the implant is placed in an eye.

[0018] The polymeric component of the present systems may comprise a
polymer selected from the group consisting of poly-lactic acid (PLA), poly-glycolic
acid (PGA), poly-lactide-co-glycolide (PLGA), polyesters, poly(ortho ester),
poly(phosphazine), poly(phosphate ester), polycaprolactones, gelatin, collagen,
derivatives thereof, and combinations thereof.

[0019] A method of making the present systems involves combining or mixing the
therapeutic component with the polymeric component to form a mixture. The
mixture may then be extruded or compressed to form a single composition. The
single composition may then be processed to form individual implants suitable

for placement in an eye of a patient.

[0020] The implants may be placed in an ocular region to treat a variety of ocular
conditions, such as treating, preventing, or reducing at least one symptom
associated with glaucoma, or ocular conditions related to excessive excitatory
activity or glutamate receptor activation or associated with, for example, retinal

neurodegeneration, such as by apoptosis or necrosis, and angiogenesis, such as
5
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in conditions such as exudative and non-exudative age related macular
degeneration. Placement of the implants may be through surgical implantation,
or through the use of an implant delivery device which administers the implant
via a needle or catheter. The implants can effectively treat conditions associated
with neovascularization of the eye, such as the retina. The therapeutic
component can be released at controlled or predetermined rates when the
implant is placed in the eye. Such rates may range from about 0.003

micrograms/day to about 5000 micrograms/day.

[0021]Kits in accordance with the present invention may comprise one or more
of the present systems, and instructions for using the systems. For example, the
instructions may explain how to administer the present drug delivery systems to

a patient, and types of conditions that may be treated with the systems.

[0022]Each and every feature described herein, and each and every
combination of two or more of such features, is included within the scope of the
present invention provided that the features included in such a combination are
not mutually inconsistent. In addition, any feature or combination of features may

be specifically excluded from any embodiment of the present invention.

[0023] Additional aspects and advantages of the present invention are set forth in
the following description, examples, and claims, particularly when considered in

conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024]Figures 1 — 4 show the in vitro release profiles for products according to

the invention comprising Sirna027 as the therapeutic component.
[0025] Figure 5 shows the sequence and duplex structure of Sirna-027.

DESCRIPTION
[0026] As described herein, controlled and sustained administration of one or

more therapeutic agents through the use of one or more intraocular drug delivery
systems, such as intraocular implants, may effectively treat one or more
undesirable ocular conditions. The present drug delivery systems comprise a
pharmaceutically acceptable polymeric composition and are formulated to
release one or more pharmaceutically active agents over an extended period of
time, such as for more than one week, and in certain embodiments for a period
of time of one year or more. In other words, the present drug delivery systems
comprise a polymeric component and a therapeutic component. As described
herein, the polymeric component can comprise one or more biodegradable
polymers, one or more biodegradable copolymers, one or more non-
biodegradable polymers, and one or more non-biodegradable copolymers, and
combinations thereof. The polymeric component may be understood to be a drug
release sustaining component. The therapeutic component of the present drug
delivery systems may comprise, consist essentially of, or consist entirely of, one
or more therapeutic agents selected from small interfering ribonucleic acid
(SiRNA) molecules. The present systems are effective to provide a
therapeutically effective dosage(s) of the agent or agents directly to a region of
the eye to treat, prevent, and/or reduce one or more symptoms of one or more
undesirable ocular conditions. Thus, with each administration, therapeutic agents
will be made available at the site where they are needed and will be maintained
at effective concentrations for an extended period of time, rather than subjecting
the patient to more frequent injections or, in the case of self-administered drops,
ineffective treatment with only limited bursts of exposure to the active agent or
agents or, in the case of systemic administration, higher systemic exposure and
concomitant side effects or, in the case of non-sustained release dosages,
potentially toxic transient high tissue concentrations associated with pulsed, non-

sustained release dosing.
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1. Definitions

[0027] For the purposes of this description, we use the following terms as defined

in this section, unless the context of the word indicates a different meaning.

[0028] As used herein, an "intraocular drug delivery system" refers to a device or
element that is structured, sized, or otherwise configured to be placed in an eye.
The present drug delivery systems are generally biocompatible with physiological
conditions of an eye and do not cause unacceptable or undesirable adverse side
effects. The present drug delivery systems may be in the form of implants and
may be placed in an eye without disrupting vision of the eye.

[0029]As used herein, a "therapeutic" component" refers to a portion of a drug
delivery system comprising one or more therapeutic agents, active ingredients,
or substances used to treat a medical condition of the eye. The therapeutic
component is typically homogenously distributed throughout the nanoparticles.
The therapeutic agents of the therapeutic component are typically ophthalmic
ally acceptable, and areprovided in a form that does not cause adverse
reactions when the implant is placed in an eye. As discussed herein, the
therapeutic agents can be released from the drug delivery systems in a
biologically active form. For example, the therapeutic agents may retain their

three dimensional structure when released from the system into an eye.

[0030]As used herein, a "drug release sustaining component" refers to a portion
of the drug delivery system that is effective in providing a sustained release of
the therapeutic agents of the systems. A drug release sustaining component may
be a biodegradable polymer matrix, or it may be a coating covering a core region
of a nanoparticle that comprises a therapeutic component.

[0031]As used herein, "associated with" means mixed with, dispersed within,

coupled to, covering, or surrounding.

[0032] As used herein, an "ocular region" or "ocular site" refers generally to any
area of the eyeball, including the anterior and posterior segment of the eye, and
which generally includes, but is hot limited to, any functional (e.g., for vision) or
structural tissues found in the eyeball, or tissues or cellular layers that partly or

completely line the interior or exterior of the eyeball. Specific examples of areas
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of the eyeball in an ocular region include, but are not limited to, the anterior
chamber, the posterior chamber, the vitreous cavity, the choroid, the
suprachoroidal space, the subretinal space, the conjunctiva, the subconjunctival
space, the episcleral space, the intracorneal space, the epicorneal space, the
sclera, the pars plana, surgically-induced avascular regions, the macula, and the

retina.

[0033]As used herein, an "ocular condition" is a disease, ailment or condition
which affects or involves the eye or one of the parts or regions of the eye.
Broadly speaking the eye includes the eyeball and the tissues and fluids which
constitute the eyeball, the periocular muscles (such as the oblique and rectus
muscles) and the portion of the optic nerve which is within or adjacent to the

eyeball.

[0034]An anterior ocular condition is a disease, ailment or condition which
affects or which involves an anterior (i.e. front of the eye) ocular region or site,
such as a periocular muscle, an eye lid or an eye ball tissue or fluid which is
located anterior to the posterior wall of the lens capsule or ciliary muscles. Thus,
an anterior ocular condition primarily affects or involves the conjunctiva, the
cornea, the anterior chamber, the iris; the posterior chamber (behind the iris. but
in front of the posterior wall of the lens capsule), the lens or the lens capsule and
blood vessels and nerve which vascularize or innervate an anterior ocular region

or site.

[0035] Thus, an anterior ocular condition can include a disease, ailment or
condition, such as for example, aphakia; pseudophakia; astigmatism;
blepharospasm; cataract; conjunctival diseases; conjunctivitis; corneal diseases;,
corneal ulcer; dry eye syndromes; eyelid diseases; lacrimal apparatus diseases;
lacrimal duct obstruction; myopia; presbyopia; pupil disorders; refractive
disorders and strabismus. Glaucoma can also be considered to be an anterior
ocular condition because a clinical goal of glaucoma treatment can be to reduce
a hypertension of aqueous fluid in the anterior chamber of the eye (i.e. reduce

intraocular pressure).

[0036] A posterior ocular condition is a disease, ailment or condition which
primarily affects or involves a posterior ocular region or site such as choroid or

sclera (in a position posterior to a plane through the posterior wall of the lens

9
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capsule), vitreous, vitreous chamber, retina, retinal pigmented epithelium,
Bruch's membrane, optic nerve (i.e. the optic disc), and blood vessels and

nerves which vascularize or innervate a posterior ocular region or site.

[0037] Thus, a posterior ocular condition can include a disease, ailment or
condition, such as for example, acute macular neuroretinopathy; Behcet's
disease; choroidal neovascularization; diabetic uveitis; histoplasmosis;
infections, such as fungal or viral-caused infections; macular degeneration, such
as acute macular degeneration, non-exudative age related macular degeneration
and exudative age related macular degeneration; edema, such as macular
edema, cystoid macular edema and diabetic macular edema; multifocal
choroiditis; ocular trauma which affects a posterior ocular site or location; ocular
tumors; retinal disorders, such as central retinal. vein occlusion, diabetic
retinopathy  (including proliferative  diabetic  retinopathy), proliferative
vitreoretinopathy (PVR), retinal arterial occlusive disease, retinal detachment,
uveitic retinal disease; sympathetic opthalmia; Vogt Koyanagi-Harada (VKH)
syndrome; uveal diffusion; a posterior ocular condition caused by or influenced
by an ocular laser treatment; posterior ocular conditions caused by or influenced
by a photodynamic therapy, photocoagulation, radiation retinopathy, epiretinal
membrane disorders, branch retinal vein occlusion, anterior ischemic optic
neuropathy, non-retinopathy diabetic retinal dysfunction, retinitis pigmentosa,
and glaucoma. Glaucoma can be considered a posterior ocular condition
because the therapeutic goal is to prevent the loss of or reduce the occurrence
of loss of vision due to damage to or loss of retinal cells or optic nerve cells (i.e.

neuroprotection).

[0038] The term "biodegradable polymer" refers to a polymer or polymers which
degrade in vivo, and wherein erosion of the polymer or polymers over time
occurs concurrent with or subsequent to release of the therapeutic agent.
Specifically, hydrogels such as methylcellulose which act to release drug through
polymer swelling are specifically excluded from the term "biodegradable
polymer". The terms "biodegradable" and "bioerodible" are equivalent and are
used interchangeably herein. A biodegradable polymer may be a homopolymer,

a copolymer, or a polymer comprising more than two different polymeric units.

10
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[0039] The term "treat", "treating", or "treatment" as used herein, refers to
reduction or resolution or prevention of an ocular condition, ocular injury or
damage, or to promote healing of injured or damaged ocular tissue. The term
"therapeutically effective amount” as used herein, refers to the level or amount of
agent needed to treat an ocular condition, or reduce or prevent ocular injury or
damage without causing significant negative or adverse side effects to the eye or
a region of the eye. Intraocular drug delivery systems have been developed
which can release drug loads over various' time periods. These systems, which
when placed into an eye of an individual, such as the vitreous of an eye, provide
therapeutic levels of a macromolecule therapeutic agent for extended periods of
time (e.g., for about one week or more). In certain embodiments, the
macromolecule therapeutic agent is an siRNA having at least one property
selected from the group consisting of anti-angiogenesis, ocular hemorrhage
treatment, non-steroidal anti-inflammatory, growth factor (e.g. VEGF) inhibitor,
growth factor, cytokines and antibiotics. The disclosed systems are effective in
treating ocular conditions, such as posterior ocular conditions, such as glaucoma

and neovascularization, and generally improving or maintaining vision in an eye.

[0040] The phrase "gene silencing” refers to a process by which the expression
of a specific gene product is lessened or attenuated. Gene silencing can take
place by a variety of pathways. Unless specified otherwise, as used herein, gene
silencing refers to decreases in gene product expression that results from RNA
interference (RNAI), a defined, though partially characterized pathway whereby
small inhibitory RNA (siRNA) act in concert with host proteins (e.g., the RNA
induced silencing complex, RISC) to degrade messenger RNA (mRNA) in a
sequence-dependent fashion. The level of gene silencing can be measured by a
variety of means, including, but not limited to, measurement of transcript levels
by Northern Blot Analysis, B-DNA techniques, transcription-sensitive reporter
constructs, expression profiling (e.g., DNA chips), and related technologies.
Alternatively, the level of silencing can be measured by assessing the level of the
protein encoded by a specific gene. This can be accomplished by performing a
number of studies including Western Analysis, measuring the levels of
expression of a reporter protein that has e.g., fluorescent properties (e.g., GFP)
or enzymatic activity (e.g., alkaline phosphatases), or several other procedures.

11
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[0041] The term "siRNA" refers to small inhibitory RNA duplexes that induce the
RNA interference (RNAI) pathway. These molecules can vary in length (generally
18-30 base pairs) and contain varying degrees of complementarity to their target
MRNA in the antisense strand. Some, but not all, siRNA have unpaired
overhanging bases on the 5' or 3' end of the sense strand and/or the antisense
strand. The term "siRNA" includes duplexes of two separate strands, as well as
single strands that can form hairpin structures comprising a duplex region.

[0042] The term "treat", "treating", or "treatment" as used herein, refers to
reduction or resolution or prevention of an ocular condition, ocular injury or

damage, or to promote healing of injured or damaged ocular tissue.

[0043] The term "therapeutically effective amount" as used herein, refers to the
level or amount of agent needed to treat an ocular condition, or reduce or
prevent ocular injury or damage without causing significant negative or adverse

side effects to the eye or a region of the eye.

2. Components of the Drug Delivery System

2.1 The Therapeutic Component

[0044]As noted above, the therapeutic component of the drug delivery system
comprises at least one siRNA molecule. Various types and kinds of siRNA
molecules are per se known to those skilled in the art, and known for treatment
of various biologincal and pharmacological conditions. siRNA molecules may be
divided into five (5) groups (non-functional, semi-functional, functional, highly
functional, and hyper-functional) based on the level or degree of silencing that
they induce in cultured cell lines. As used herein, these definitions are based on
a set of conditions where the siRNA is transfected into said cell line at a
concentration of 100 nM and the level of silencing is tested at a time of roughly
24 hours after transfection, and not exceeding 72 hours after transfection. In this
context, "non-functional siRNA" are defined as those siRNA that induce less than
50% (<50%) target silencing. "Semi-functional siRNA" induce 50-79% target
silencing. "Functional siRNA" are molecules that induce 80-95% gene silencing.
"Highly-functional siRNA" are molecules that induce greater than 95% gene
silencing. "Hyperfunctional siRNA" are a special class of molecules. For
purposes of this document, hyperfunctional siRNA are defined as those

12
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molecules that: (1) induce greater than 95% silencing of a specific target when
they are transfected at subnanomolar concentrations (i.e., less than one
nanomolar); and/or (2) induce functional (or better) levels of silencing for greater
than 96 hours. These relative functionalities (though not intended to be
absolutes) may be used to compare siRNAs to a particular target for applications
such as functional genomics, target identification and therapeutics.

[0045]In some preferred embodiments of the present drug delivery systems, the
siRNA has a nucleotide sequence that is effective in inhibiting cellular production
of vascular endothelial growth factor (VEGF) or VEGF receptors.VEGF is a
endothelial cell mitogen (Connolly D.T. , et al., Tumor vascular permeability
factor stimulates endothelial cell growth and angiogenesis. J. Clin. Invest. 84:
1470- 1478 (1989)), that through binding with its receptor, VEGFR, plays an
important role in the growth and maintenance of vascular endothelial cells and in
the development of new blood- and lymphatic-vessels (Aiello L.P. , et al.,
Vascular endothelial growth factor in ocular fluid of patients with diabetic
retinopathy and other retinal disorders, New Engl. J. Med. 331: 1480- 1487
(1994)).

[0046] Currently, the VEGF receptor family is believed to consist of three types of
receptors, VEGFR-1 (Fit-1), VEGFR-2 (KDR/FIk-1) and VEGFR-3 (Fit-4), all of
which belong to the receptor type tyrosine kinase superfamily (Mustonen T. et
al., Endothelial receptor tyrosine kinases involved in angiogenesis, J. Cell Biol.
129: 895- 898 (1995)). Among these receptors, VEGFR-1 appears to bind the
strongest to VEGF, VEGFR-2 appears to bind more weakly than VEGFR-1, and
VEGFR-3 shows essentially no binding, although it does bind to other members
of the VEGF family. The tyrosine kinase domain of VEGFR-1, although much
weaker than that of VEGFR-2, tranduces signals for endothelial cells. Thus,
VEGF is a substance that stimulates the growth of new blood vessels. The
development of new blood vessels, neovascularization or angiogenesis, in the
eye is believed to cause loss of vision in wet macular degeneration and other

ocular conditions, including edema.

[0047]Sustained release drug delivery systems which include active siRNA
molecules can release effective amounts of active siRNA molecules that
associate with a ribonuclease complex (RISC) in target cells to inhibit the
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production of a target protein, such as VEGF or VEGF receptors. The siRNA of
the present systems can be double-stranded or single stranded RNA molecules
and may have a length less than about 50 nucleotides, less than about 40
nucleotides, less than about 30 nucleotides, less than about 20 nucleotides or
less than 10 nucleotides. In certain embodiments, the systems may comprise a
siRNA having a hairpin structure, and thus may be understood to be a short
hairpin RNA (shRNA), as available from Invitrogen (San Diego, CA).

[0048] Some siRNAs that are used in the present systems preferably inhibit
production of VEGF or VEGF receptors compared to other cellular proteins. In
certain embodiments, the siRNAs can inhibit production of VEGF or VEGFR by
at least 50%, preferably by at least 60%, and more preferably by about 70% or
more. Thus, these siRNAs have nucleotide sequences that are effective in

providing these desired ranges of inhibition.

[0049] The nucleotide sequence of the human VEGF isoform, VEGF 165 is
identified as SEQ ID NO: 1, below. The nucleotide sequence has a GenBank
Accession Number AB021221.

atgaactttctgctgtcttgggtgcattggagccttgccttgctgctctacctccaccatgccaagtggtce
caggctgcacccatggcagaaggaggagggcagaatcatcacgaagtggtgaagttcatggatgt
ctatcagcgcagctactgccatccaatcgagaccctggtggacatcticcaggagtaccctgatgaga
tcgagtacatcttcaagccatcctgtgtgcccctgatgcgatgcgggggcetgcetgcaatgacgaggge
ctggagtgtgtgcccactgaggagtccaacatcaccatgcagattatgcggatcaaacctcaccaag
gccagcacataggagagatgagcttcctacagcacaacaaatgtgaatgcagaccaaagaaagat
agagcaagacaagaaaatccctgtgggccttgctcagagcggagaaagcatttgtttgtacaagatc
cgcagacgtgtaaatgticctgcaaaaacacagactcgcgttgcaaggcgaggcagcttgagttaaa
cgaacgtacttgcagatgtgacaagccgaggeggtga (SEQ ID NO:1)

[0050] The nucleotide sequence of human VEGFR?2 is identified as SEQ ID NO:
2, below. The nucleotide sequence has a GenBank Accession Number
AF063658.

atggagagcaaggtgctgctggccgtcgecctgtggcetctgecgtggagacccgggcecgcectetgtgg
14
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gtttgcctagtgtttctcttgatctgcccaggctcagcatacaaaaagacatacttacaattaaggctaat
acaactcttcaaattacttgcaggggacagagggacttggactggctttggcccaataatcagagtgg
cagtgagcaaagggtggaggtgactgagtgcagcgatggcctcttctgtaagacactcacaattcca
aaagtgatcggaaatgacactggagcctacaagtgcttctaccgggaaactgacttggcctcggtcat
ttatgtctatgttcaagattacagatctccatttattgcttctgttagtgaccaacatggagtcgtgtacattac
tgagaacaaaaacaaaactgtggtgattccatgtctcgggtccatttcaaatctcaacgtgtcactttgtg
caagatacccagaaaagagatttgttcctgatggtaacagaatttcctgggacagcaagaagggcttt
actattcccagctacatgatcagctatgctggcatggtctictgtgaagcaaaaattaatgatgaaagtt
accagtctattatgtacatagttgtcgttgtagggtataggatttatgatgtggttctgagtccgtctcatgga
attgaactatctgttggagaaaagcttgtcttaaattigtacagcaagaactgaactaaatgtggggattg
acttcaactgggaatacccttcticgaagcatcagcataagaaacttgtaaaccgagacctaaaaac
ccagtctgggagtgagatgaagaaatttttgagcaccttaactatagatggtgtaacccggagtgacc
aaggattgtacacctgtgcagcatccagtgggctgatgaccaagaagaacagcacatttgtcagggt
ccatgaaaaaccttttgttgcttttggaagtggcatggaatctctggtggaagccacggtgggggagceg
tgtcagaatccctgcgaagtaccttggttacccacccccagaaataaaatggtataaaaatggaatac
cccttgagtccaatcacacaattaaagcggggcatgtactgacgattatggaagtgagtgaaagaga
cacaggaaattacactgtcatccttaccaatcccatttcaaaggagaagcagagccatgtggtctctct
ggttgtgtatgtcccaccccagattggtgagaaatctctaatctctcctgtggattcctaccagtacggca
ccactcaaacgctgacatgtacggtctatgccattcctcccececgcatcacatccactggtattggeagtt
ggaggaagagtgcgccaacgagcccagccaagcetgtctcagtgacaaacccatacccttgtgaag
aatggagaagtgtggaggacticcagggaggaaataaaattgaagttaataaaaatcaatttgctcta
attgaaggaaaaaacaaaactgtaagtacccttgttatccaagcggcaaatgtgtcagctttgtacaa
atgtgaagcggtcaacaaagtcgggagaggagagagggtgatctccttccacgtgaccaggggtcc
tgaaattactttgcaacctgacatgcagcccactgagcaggagagcgtgtctttgtggtgcactgcaga
cagatctacgtttgagaacctcacatggtacaagcttggcccacagcctctgccaatccatgtgggag
agttgcccacacctgtttgcaagaacttggatactctttggaaattgaatgccaccatgttctctaatage
acaaatgacattttgatcatggagcttaagaatgcatccttgcaggaccaaggagactatgtctgccttg
ctcaagacaggaagaccaagaaaagacattgcgtggtcaggcagctcacagtcctagagegtgtg
gcacccacgatcacaggaaacctggagaatcagacgacaagtattggggaaagcatcgaagtctc
atgcacggcatctgggaatccccctccacagatcatgtggtttaaagataatgagacccttgtagaag
actcaggcattgtattgaaggatgggaaccggaacctcactatccgcagagtgaggaaggaggac
gaaggcctctacacctgccaggcatgcagtgttcttggetgtgcaaaagtggaggcatttttcataatag
aaggtgcccaggaaaagacgaacttggaaatcattattctagtaggcacggcggtgattgccatgttc
ttctggctacttctigtcatcatcctacggaccgttaagcgggccaatggaggggaactgaagacagg
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ctacttgtccatcgtcatggatccagatgaactcccattggatgaacattgtgaacgactgcecttatgatg
ccagcaaatgggaattccccagagaccggctgaagctaggtaagcectcttggecgtggtgcectttgge
caagtgattgaagcagatgcctttggaattgacaagacagcaacttgcaggacagtagcagtcaaa
atgttgaaagaaggagcaacacacagtgagcatcgagctctcatgtctgaactcaagatcctcattca
tattggtcaccatctcaatgtggtcaaccttctaggtgcctgtaccaagccaggagggccactcatggtg
attgtggaattctgcaaatttggaaacctgtccacttacctgaggagcaagagaaatgaatttgtcccct
acaagaccaaaggggcacgattccgtcaagggaaagactacgttggagcaatccctgtggatctga
aacggcgcttggacagcatcaccagtagccagagctcagccagctctggatttgtggaggagaagt
ccctcagtgatgtagaagaagaggaagctcctgaagatctgtataaggacttcctgaccttggagcat
ctcatctgttacagcttccaagtggctaagggcatggagttcttggcatcgcgaaagtgtatccacagg
gacctggcggcacgaaatatcctcttatcggagaagaacgtggttaaaatctgtgactttggcttggcec
cgggatatttataaagatccagattatgtcagaaaaggagatgctcgcctccectttgaaatggatggcec
ccagaaacaatttttgacagagtgtacacaatccagagtgacgtctggtcttttggtgttttgctgtggga
aatattttccttaggtgcttctccatatcctggggtaaagattgatgaagaattttgtaggcgattgaaaga
aggaactagaatgagggcccctgattatactacaccagaaatgtaccagaccatgctggactgctgg
cacggggagcccagtcagagacccacgttttcagagttggtggaacatttgggaaatctcttgcaagce
taatgctcagcaggatggcaaagactacattgttcticcgatatcagagactttgagcatggaagagg
attctggactctctctgcctacctcacctgtttcctgtatggaggaggaggaagtatgtgaccccaaattc
cattatgacaacacagcaggaatcagtcagtatctgcagaacagtaagcgaaagagccggcectgtg
agtgtaaaaacatttgaagatatcccgttagaagaaccagaagtaaaagtaatcccagatgacaac
cagacggacagtggtatggttcttgcctcagaagagctgaaaactttggaagacagaaccaaattat
ctccatcttitggtggaatggtgcccagcaaaagcagggagtctgtggcatctgaaggctcaaaccag
acaagcggctaccagtccggatatcactccgatgacacagacaccaccgtgtactccagtgaggaa
gcagaacttttaaagctgatagagattggagtgcaaaccggtagcacagcccagattctccagcectg
actcggggaccacactgagctctcctectgtttaa(SEQ ID NO:2)

[0051]One specific example of a useful siRNA available from Acuity
Pharmaceuticals (Pennsylvania) or Avecia Biotechnology under the name
Cand5. Candb is a therapeutic agent that essentially silences the genes that
produce VEGF. Thus, drug delivery systems including an siRNA selective for
VEGF can prevent or reduce VEGF production in a patient in need thereof. The
5' to 3' nucleotide sequence of the sense strand of Cand5 is identified in SEQ ID
NO: 3 below; and the 5' to 3' nucleotide sequence of the anti-sense strand of
Cand5 is identified in SEQ ID NO: 4 below.
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ACCUCACCAAGGCCAGCACITAT (SEQ ID NO:3)
GUGCUGGCCUUGGUGAGGUATT (SEQ ID NO: 4)

[0052] Another example of a useful siRNA available from Sirna Therapeutics, a
division of Merck & Co., Inc., under the name Sirna-027. Sirna-027 is a
chemically modified short interfering RNA (siRNA) that targets vascular
endothelial growth factor receptor-1 (VEGFR-1). Some additional examples of
nucleic acid molecules that modulate the synthesis, expression and/or stability of
an mRNA encoding one or more receptors of vascular endothelial growth factor
are disclosed in U.S. Pat. No. 6,818,447 (Pavco).

[0053]Sirna-027 is the designation for a double stranded siRNA that consists of
a sense and antisense strand duplexed through base pairing, wherein the sense
strand has the sequence CUGAGUUUAAAAGGCACCCATdT (SEQ ID NO. 5),
and the antisense strand has the sequence GGGUGCCUUUUAAACUCAGATAT)
(SEQ ID NO. 6). (See for example, WO 2007/133800). The sense strand is
capped at the 3’ — and 5 —ends with inverted 2’ —deoxy abasic nucleotides. The
Sirna identifier for the sense sirand is 31270, The antisenss strand is capped at
the 3 —end with two 2 —deoyythymidine nucleosides connected through 8
phosphorothioate linkage. The Sima dentifier for the anlisense strand is 31273

The chemical name for each strand of the duplexis g

[0054] Sense strand: 1,2-Dideoxy-P-ribofuranosylyl-(5'—5’)-P-cytidylyl-(3'—5’)-
P-uridylyl-(3'—5')-P-guanylyl-(3'—5’)-P-adenylyl-(3'—5’)-P-guanylyl-(3°'—5’)-P-
uridylyl-(3'—5’)-P-uridylyl-(3'—5’)-P-uridylyl-(3'—5’)-P-adenylyl-(3'—5’)-P-
adenylyl-(3'—5’)-P-adenylyl-(3'—5)-P-adenylyl-(3'—5’)-P-guanylyl-(3'—5’)-P-
guanylyl-(3'—5’)-P-cytidylyl-(3'—5’)-P-adenylyl-(3'—5’)-P-cytidylyl-(3'—5’)-P-
cytidylyl-(3'—5’)-P-cytidylyl-(3'—5’)-2’-deoxy-P-thymidylyl-(3'—5’)-2’-deoxy-P-
thymidylyl-(3'—3’)-1,2-deoxyribofuranose

[0055] Antisense  strand: Guanylyl-(3'—5’)-P-guanylyl-(3'—5’)-P-guanylyl-
(3'—5’)-P-uridylyl-(3'—5’)-P-guanylyl-(3'—5’)-P-cytidylyl-(3'—5’)-P-cytidylyl-
(3'—5')-P-uridylyl -(3'—5’)-P-uridylyl-(3'—5’)-P-uridylyl-(3'—5’)-P-uridylyl-(3'—5’)-
P-adenylyl-(3'—5')-P-adenylyl-(3'—5’)-P- adenylyl-(3'—5")-P-cytidylyl-(3'—5)-P-
uridylyl-(3'—5’)-P-cytidylyl-(3'—5’)-P-adenylyl-(3'—5’)-P-guanylyl-(3'—5’)-P-2’-
deoxythymidylyl-(3'—5')-P-thio-2’-deoxythymidine
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[0056] Table 1 provides a summary of the characteristics of Sirna-027.

Table 1: Brief description of Sirna-027

Descriptor Sense Strand Antisense Strand

5°-3’

Sgﬁﬁal BCUGAGUUUAAAAGGCACCCTTB | GGGUGCCUUUUAAACUCAGTST
(SEQ ID NO. 7) (SEQ ID NO. 8)

Empirical Cr11H60N770153P2 Cr00H249N730 146P208

Formula

Molecular 7013.13 (H' form) 6662.96 (H" form)

Weight

[0057]Figure 5 shows the Sequence and duplex structure of Sirna-027. The two
oligonucleotide strands of the siRNA duplex are shown with base pairing
between ribonucleotides of the sense (S) and antisense (AS) strand indicated as
dashes. Modifications are unpaired deoxythymidines (T), one phosphorothioate
linkage (s) and two inverted 2’-deoxy abasic nucleotides (B). The
ribonucleotides are adenosine (A), guanosine (G), uridine (U), and cytidine (C).

[0058] Thus, the present drug delivery systems may comprise a VEGF or
VEGFR inhibitor that includes an siRNA having a nucleotide sequence that is
substantially identical to the nucleotide sequence of Cand5 or Sirna-027,
identified above. For example, the nucleotide sequence of an siRNA may have at
least about 80% sequence homology to the nucleotide sequence of Cand5 or
Sirna-027 siRNAs. Preferably, a siRNA has a nucleotide sequence homology of
at least about 90%, and more preferably at least about 95% of the Cand5 or
Sirna-027 siRNAs. In other embodiments, the siRNA may have a homology to
VEGF or VEGFR that results in the inhibition or reduction of VEGF or VEGFR
synthesis.

2.2 The Polymeric Component

[0059]As discussed herein, the polymeric component of the present drug
delivery systems can comprise a polymer selected from the group consisting of
biodegradable  polymers, non-biodegradable polymers, biodegradable
copolymers, non-biodegradable copolymers, and combinations thereof. In certain
preferred embodiments, the polymer is selected from the group consisting of
poly-lactic acid (PLA), poly-glycolic acid (PGA), poly-lactide-co-glycolide (PLGA),

polyesters, poly(ortho ester), poly(phosphazine), poly(phosphate ester),
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polycaprolactones, gelatin, collagen, derivatives thereof, and combinations
thereof.

[0060] The present drug delivery systems may be in the form of a solid element,
a semisolid element, or a viscoelastic element, or combinations thereof. For
example, the present systems may comprise one or more solid, semisolid,

and/or viscoelastic implants or microparticles.

[0061] The therapeutic agent may be in a particulate or powder form and
entrapped by a biodegradable polymer matrix. Usually, therapeutic agent
particles in intraocular implants will have an effective average size less than
about 3000 nanometers. However, in other embodiments, the particles may have
an average maximum size greater than about 3000 nanometers. In certain
implants, the particles may have an effective average particle size about an
order of magnitude smaller than 3000 nanometers. For example, the particles
may have an effective average particle size of less than about 500 nanometers.
In additional implants, the particles may have an effective average particle size
of less than about 400 nanometers, and in still further embodiments, a size less
than about 200 nanometers. In addition, when such particles are combined with
a polymeric component, the resulting polymeric intraocular particles may be used
to provide a desired therapeutic effect.

[0062] The therapeutic agent of the present systems is preferably from about 1%
to 90% by weight of the drug delivery system. More preferably, the therapeutic
agent is from about 5% to about 15% by weight of the system. In a preferred
embodiment, the therapeutic agent comprises about 10% by weight of the
system. In another embodiment, the therapeutic agent comprises about 20% by
weight of the system.

[0063] Suitable polymeric materials or compositions for use in the implant include
those materials which are compatible, that is biocompatible, with the eye so as to
cause no substantial interference with the functioning or physiology of the eye.
Such materials preferably include polymers that are at least partially and more
preferably substantially completely biodegradable or bioerodible.

[0064]In addition to the foregoing, examples of useful polymeric materials
include, without limitation, such materials derived from and/or including organic

esters and organic ethers, which when degraded result in physiologically
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acceptable degradation products, including the monomers. Also, polymeric
materials derived from and/or including, anhydrides, amides, orthoesters and the
like, by themselves or in combination with other monomers, may also find use.
The polymeric materials may be addition or condensation polymers,
advantageously condensation polymers. The polymeric materials may be cross-
linked or non-cross-linked, for example not more than lightly cross-linked, such
as less than about 5%, or less than about 1% of the polymeric material being
cross-linked. For the most part, besides carbon and hydrogen, the polymers will
include at least one of oxygen and nitrogen, advantageously oxygen. The
oxygen may be present as oxy, e.g. hydroxy or ether, carbonyl, e.g. non-oxo-
carbonyl, such as carboxylic acid ester, and the like. The nitrogen may be
present as amide, cyano and amino. The polymers set forth in Heller,
Biodegradable Polymers in Controlled Drug Delivery, In: CRC Critical Reviews in
Therapeutic Drug Carrier Systems, Vol. 1, CRC Press, Boca Raton, Fla. 1987,
pp 39-90, which describes encapsulation for controlled drug delivery, may find

use in the present implants.

[0065] Of additional interest are polymers of hydroxyaliphatic carboxylic acids,
either homopolymers or copolymers, and polysaccharides. Polyesters of interest
include polymers of D-lactic acid, L-lactic acid, racemic lactic acid, glycolic acid,
polycaprolactone, and combinations thereof. Generally, by employing the L-
lactate or D-lactate, a slowly eroding polymer or polymeric material is achieved,
while erosion is substantially enhanced with the lactate racemate.

[0066]Among the useful polysaccharides are, without limitation, calcium
alginate, and functionalized celluloses, particularly carboxymethylcellulose esters
characterized by being water insoluble, a molecular weight of about 5 kD to 500
kD, for example.

[0067]Other polymers of interest include, without limitation, polyesters,
polyethers and combinations thereof which are biocompatible and may be
biodegradable and/or bioerodible.

[0068] Some preferred characteristics of the polymers or polymeric materials for
use in the present invention may include biocompatibility, compatibility with the
therapeutic component, ease of use of the polymer in making the drug delivery
systems of the present invention, a half-life in the physiological environment of at
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least about 24 hours, preferably greater than about one month, not significantly
increasing the viscosity of the vitreous, and water insolubility.

[0069] The biodegradable polymeric materials which are included to form the
matrix are desirably subject to enzymatic or hydrolytic instability. Water soluble
polymers may be cross-linked with hydrolytic or biodegradable unstable cross-
links to provide useful water insoluble polymers. The degree of stability can be
varied widely, depending upon the choice of monomer, whether a homopolymer
or copolymer is employed, employing mixtures of polymers, and whether the
polymer includes terminal acid groups.

[0070] Also important to controlling the biodegradation of the polymer and hence
the extended release profile of the drug delivery systems is the relative average
molecular weight of the polymeric composition employed in the present systems.
Different molecular weights of the same or different polymeric compositions may
be included in the systems to modulate the release profile. In certain systems,
the relative average molecular weight of the polymer will range from about 9 to
about 64 kD, usually from about 10 to about 54 kD, and more usually from about
12 to about 45 kD.

[0071]In some drug delivery systems, copolymers of glycolic acid and lactic acid
are used, where the rate of biodegradation is controlled by the ratio of glycolic
acid to lactic acid. The most rapidly degraded copolymer has roughly equal
amounts of glycolic acid and lactic acid. Homopolymers, or copolymers having
ratios other than equal, are more resistant to degradation. The ratio of glycolic
acid to lactic acid will also affect the brittleness of the system, where a more
flexible system or implant is desirable for larger geometries. The % of polylactic
acid in the polylactic acid polyglycolic acid (PLGA) copolymer can be 0-100%,
preferably about 15-85%, more preferably about 35-65%. In some systems, a
50/50 PLGA copolymer is used.

[0072] The biodegradable polymer matrix of the present systems may comprise a
mixture of two or more biodegradable polymers. For example, the system may
comprise a mixture of a first biodegradable polymer and a different second
biodegradable polymer. One or more of the biodegradable polymers may have

terminal acid groups.
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[0073] Release of a drug from an erodible polymer is the consequence of several
mechanisms or combinations of mechanisms. Some of these mechanisms
include desorption from the implants surface, dissolution, diffusion through
porous channels of the hydrated polymer and erosion. Erosion can be bulk or
surface or a combination of both. It may be understood that the polymeric
component of the present systems is associated with the therapeutic component
so that the release of the therapeutic component into the eye is by one or more
of diffusion, erosion, dissolution, and osmosis. As discussed herein, the matrix of
an intraocular drug delivery system may release drug at a rate effective to
sustain release of an amount of the therapeutic agent for more than one week
after implantation into an eye. In certain systems, therapeutic amounts of the
therapeutic agent are released for more than about one month, and even for
about twelve months or more. For example, the therapeutic component can be
released into the eye for a time period from about ninety days to about one year
after the system is placed in the interior of an eye.

[0074] The release of the therapeutic agent from the intraocular systems
comprising a biodegradable polymer matrix may include an initial burst of release
followed by a gradual increase in the amount of the therapeutic agent released,
or the release may include an initial delay in release of the therapeutic agent
followed by an increase in release. When the system is substantially completely
degraded, the percent of the therapeutic agent that has been released is about
one hundred. Compared to existing implants, the systems disclosed herein do
not completely release, or release about 100% of the therapeutic agent, until

after about one week of being placed in an eye.

[0075]In one aspect of the invention, release profiles of the therapeutic agent
are modified by inclusion in the polymeric component of release modifying
excipient. Suitable excipients are alcohols, such as cholesterol, fatty alcohols,
glycols and polysaccharides. Useful glycols include propylene glycol, dipropylene
glycol, polypropylene glycol, polyethylene glycol (PEG), sorbitol and glycerol. In
this regard, polyethylene glycol is available from industry sources as PEG 200,
300, 400, 540 Blend, 600, Methoxy 750, 1450, 3350 and 8000. Other suitable
polyethylene glycols include those having a molecular weight (MW) within the
range of about 200 to about 8,000. Fatty alcohols are aliphatic alcohols derived

from natural fats and oils, originating in plants, but also synthezised in animals
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and algae. Fatty alcohols usually have an even number of carbon atoms.
Production from fatty acids yields normal-chain alcohols-the alcohol group (-OH)
attaches to the terminal carbon. Other processing can yield iso-alcohols-where
the alcohol attaches to a carbon in the interior of the carbon chain. Useful fatty
alcohols include Cs.34 saturated and unsaturated alcohols. Exemplary fatty
alcohols include capryl alcohol (1-octanol), 2-ehtyl hexanol, pelargonic alcohol
(1-nonanol), capric alcohol (1-decanol, decyl alcohol), 1-dodecanol (lauryl
alcohol), myristyl alcohol (1-tetradecanol), cetyl alcohol (1-hexadecanol),
palmitoleyl alcohol (cis-9-hexadecan-1-01), steryl alcohol (1-octadecanol),
isostearyl alcohol (16-methylheptadecan-1-01), elaidyl alcohol (9E-octadecen-1-
01), oleyl alcohol (cis-9-octadecen-1-01), linoleyl alcohol (92, 12Z-octadecadien-
1-01), elaidolinoleyl alcohol (9E, 12E-octadecadien-1-01), linolenyl alcohol (97,
12Z, 15Z-octadecadien-1-01), elaidolinolenyl alcohol (9E, 12E, 15-E-
octadecatrien-1-01), ricinoleyl alcohol (12-hydroxy-9-octadecen-1-01), arachidyl
alcohol (1-eicosanol), behnyl alcohol (1-docosanol), erucyl alcohol (cis-13-
docosen-1-01), lignoceryl alcohol (1-tetracosanol), ceryl alcohol (1-hexacosanol),
montanyl alcohol, cluytyl alcohol (1-octacosanol), myricyl alcohol, melissyl
alcohol (1-triacontanol) and geddyl alcohol (1-tetratriacontanol). Polysaccharides
are relatively complex carbohydrates, made up of many monosaccharides joined
together by glycosidic bonds. Polysaccharides have a general formula of
Cn(H20)n1 where n is usually a large number between 200 and 2500.
Considering that the repeating units in the polymer backbone are often six-
carbon monosaccharides, the general formula can also be represented as
(CeH100s5)n where n={40...3000}. Exemplary polysaccharides include chitosan.
The excipients are generally contained in an amount of about 2 — 5 wt %.

[0076] It may be desirable to provide a relatively constant rate of release of the
therapeutic agent from the drug delivery system over the life of the system. For
example, it may be desirable for the therapeutic agent to be released in amounts
from about 0.01 pg to about 2 ug per day for the life of the system. However, the
release rate may change to either increase or decrease depending on the
formulation of the biodegradable polymer matrix. In addition, the release profile
of the therapeutic agent may include one or more linear portions and/or one or
more non-linear portions. Preferably, the release rate is greater than zero once

the system has begun to degrade or erode.
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[0077]As discussed in the examples herein, the present drug delivery systems
comprise a therapeutic component (a siRNA) and a polymeric component, as
discussed above, which are associated to release an amount of the therapeutic
agent that is effective in providing a concentration of the therapeutic agent in the
vitreous of the eye in a range from about 0.2 nM to about 5 pM. In addition or
alternatively, the present systems can release a therapeutically effective amount
of the siRNA at a rate from about 0.003 g/day to about 5000 pg/day. As
understood by persons of ordinary skill in the art, the desired release rate and
target drug concentration will vary depending on the particular therapeutic agent
chosen for the drug delivery system, the ocular condition being treated, and the
patient's health. Optimization of the desired target drug concentration and
release rate can be determined using routine methods known to persons of

ordinary skill in the art.

[0078] The drug delivery systems, such as the intraocular implants, may be
monolithic, i.e. having the active agent or agents homogenously distributed
through the polymeric matrix, or encapsulated, where a reservoir of active agent
is encapsulated by the polymeric matrix. Due to ease of manufacture, monolithic
implants are usually preferred over encapsulated forms. However, the greater
control afforded by the encapsulated, reservoir-type implant may be of benefit in
some circumstances, where the therapeutic level of the drug falls within a narrow
window. In addition, the therapeutic component, including the therapeutic
agent(s) described herein, may be distributed in a non-homogenous pattern in
the matrix. For example, the drug delivery system may include a portion that has
a greater concentration of the therapeutic agent relative to a second portion of
the system. The present drug delivery systems may be in the form of solid

implants, semisolid implants, and viscoelastic implants, as discussed herein.

[0079] The intraocular implants disclosed herein may have a size of between
about 5 .mu.m and about 2 mm, or between about 10 .mu.m and about 1 mm for
administration with a needle, greater than 1 mm, or greater than 2 mm, such as 3
mm or up to 10 mm, for administration by surgical implantation. The vitreous
chamber in humans is able to accommodate relatively large implants of varying
geometries, having lengths of, for example, 1 to 10 mm. The implant may be a
cylindrical pellet (e.g., rod) with dimensions of about 2 mm.times.0.75 mm
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diameter. Or the implant may be a cylindrical pellet with a length of about 7 mm
to about 10 mm, and a diameter of about 0.75 mm to about 1.5 mm.

[0080] The implants may also be at least somewhat flexible so as to facilitate
both insertion of the implant in the eye, such as in the vitreous, and
accommodation of the implant. The total weight of the implant is usually about
250-5000 pg, more preferably about 500-1000 ug. For example, an implant may
be about 500 pg, or about 1000 ug. However, larger implants may also be
formed and further processed before administration to an eye. In addition, larger
implants may be desirable where relatively greater amounts of a therapeutic
agent are provided in the implant, as discussed in the examples herein. For non-
human individuals, the dimensions and total weight of the implant(s) may be
larger or smaller, depending on the type of individual. For example, humans
have a vitreous volume of approximately 3.8 ml, compared with approximately 30
ml for horses, and approximately 60-100 ml for elephants. An implant sized for
use in a human may be scaled up or down accordingly for other animals, for
example, about 8 times larger for an implant for a horse, or about, for example,
26 times larger for an implant for an elephant.

[0081]Drug delivery systems can be prepared where the center may be of one
material and the surface may have one or more layers of the same or a different
composition, where the layers may be cross-linked, or of a different molecular
weight, different density or porosity, or the like. For example, where it is desirable
to quickly release an initial bolus of drug, the center may be a polylactate coated
with a polylactate-polyglycolate copolymer, so as to enhance the rate of initial
degradation. Alternatively, the center may be polyvinyl alcohol coated with
polylactate, so that upon degradation of the polylactate exterior the center would
dissolve and be rapidly washed out of the eye.

[0082] The drug delivery systems may be of any geometry including fibers,
sheets, films, microspheres, spheres, circular discs, plaques and the like. The
upper limit for the system size will be determined by factors such as toleration for
the system, size limitations on insertion, ease of handling, etc. Where sheets or
films are employed, the sheets or films will be in the range of at least about 0.5
mm x 0.5 mm, usually about 3-10 mm x 5-10 mm with a thickness of about 0.1-

1.0 mm for ease of handling. Where fibers are employed, the fiber diameter will
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generally be in the range of about 0.05 to 3 mm and the fiber length will generally
be in the range of about 0.5-10 mm. Spheres may be in the range of about 0.5
KMm to 4 mm in diameter, with comparable volumes for other shaped particles.

[0083] The size and form of the system can also be used to control the rate of
release, period of treatment, and drug concentration at the site of implantation.
For example, larger implants will deliver a proportionately larger dose, but
depending on the surface to mass ratio, may have a slower release rate. The
particular size and geometry of the system are chosen to suit the site of

implantation.

[0084] The proportions of therapeutic agent, polymer, and any other modifiers
may be empirically determined by formulating several implants, for example, with
varying proportions of such ingredients. A USP approved method for dissolution
or release test can be used to measure the rate of release (USP 23; NF 18
(1995) pp. 1790-1798). For example, using the infinite sink method, a weighed
sample of the implant is added to a measured volume of a solution containing
0.9% NaCl in water, where the solution volume will be such that the drug
concentration is after release is less than 5% of saturation. The mixture is
maintained at 37.degree. C. and stirred slowly to maintain the implants in
suspension. The appearance of the dissolved drug as a function of time may be
followed by various methods known in the art, such as spectrophotometrically,
HPLC, mass spectroscopy, etc. until the absorbance becomes constant or until
greater than 90% of the drug has been released.

[0085]In addition to the therapeutic agent included in the intraocular drug
delivery systems disclosed hereinabove, the systems may also include one or
more additional ophthalmically acceptable therapeutic agents. For example, a
system may include one or more antihistamines, one or more different
antibiotics, one or more beta blockers, one or more steroids, one or more
antineoplastic agents, one or more immunosuppressive agents, one or more

antiviral agents, one or more antioxidant agents, and mixtures thereof.

[0086] Pharmacologic or therapeutic agents which may find use in the present
systems, include, without limitation, those disclosed in U.S. Pat. No. 4,474,451,
columns 4-6 and U.S. Pat. No. 4,327,725, columns 7-8.
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[0087] Examples of antihistamines include, and are not limited to, loradatine,
hydroxyzine, diphenhydramine, chlorpheniramine, brompheniramine,
cyproheptadine, terfenadine, clemastine, triprolidine,  carbinoxamine,
diphenylpyraline, phenindamine, azatadine, tripelennamine,
dexchlorpheniramine, dexbrompheniramine, methdilazine, and trimprazine
doxylamine, pheniramine, pyrilamine, chiorcyclizine, thonzylamine, and

derivatives thereof.

[0088] Examples of antibiotics include without limitation, cefazolin, cephradine,
cefaclor, cephapirin, ceftizoxime, cefoperazone, cefotetan, cefutoxime,
cefotaxime, cefadroxil, ceftazidime, cephalexin, cephalothin, cefamandole,
cefoxitin, cefonicid, ceforanide, ceftriaxone, cefadroxil, cephradine, cefuroxime,
cyclosporine, ampicillin, amoxicillin, cyclacillin, ampicillin, penicillin G, penicillin V
potassium, piperacillin, oxacillin, bacampicillin, cloxacillin, ticarcillin, azlocillin,
carbenicillin, methicillin, nafcillin, erythromycin, tetracycline, doxycycline,
minocycline,  aztreonam, chloramphenicol, ciprofloxacin  hydrochloride,
clindamycin, metronidazole, gentamicin, lincomycin, tobramycin, vancomycin,
polymyxin B sulfate, colistimethate, colistin, azithromycin, augmentin,

sulfamethoxazole, trimethoprim, gatifloxacin, ofloxacin, and derivatives thereof.

[0089] Examples of beta blockers include acebutolol, atenolol, labetalol,

metoprolol, propranolol, timolol, and derivatives thereof.

[0090] Examples of steroids include corticosteroids, such as cortisone,
prednisolone, flurometholone, dexamethasone, medrysone, loteprednol,
fluazacort, hydrocortisone, prednisone, betamethasone, beclomethasone,
beclomethasone diproprionate, prednisone, methylprednisolone, riamcinolone
hexacatonide, paramethasone acetate, diflorasone, fluocinonide, fluocinolone,

triamcinolone, triamcinolone acetonide, derivatives thereof, and mixtures thereof.

[0091] Examples of antineoplastic agents include adriamycin, cyclophosphamide,
actinomycin, bleomycin, duanorubicin, doxorubicin, epirubicin, mitomycin,
methotrexate, fluorouracil, carboplatin, carmustine (BCNU), methyl-CCNU,
cisplatin, etoposide, interferons, camptothecin and derivatives thereof,
phenesterine, taxol and derivatives thereof, taxotere and derivatives thereof,
vinblastine, vincristine, tamoxifen, etoposide, piposulfan, cyclophosphamide, and
flutamide, and derivatives thereof.
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[0092]Examples of immunosuppressive agents include cyclosporine,

azathioprine, tacrolimus, and derivatives thereof.

[0093]Examples of antiviral agents include interferon gamma, zidovudine,
amantadine hydrochloride, ribavirin, acyclovir, valciclovir, dideoxycytidine,
phosphonoformic acid, ganciclovir and derivatives thereof.

[0094]Examples of antioxidant agents include ascorbate, alpha-tocopherol,
mannitol, reduced glutathione, various carotenoids, cysteine, uric acid, taurine,
tyrosine, superoxide dismutase, lutein, zeaxanthin, cryotpxanthin, astazanthin,
lycopene, N-acetyl-cysteine, carnosine, gamma-glutamylcysteine, quercitin,
lactoferrin, dihydrolipoic acid, citrate, Ginkgo Biloba extract, tea catechins,
bilberry extract, vitamins E or esters of vitamin E, retinyl palmitate, and

derivatives thereof.

[0095]Other therapeutic agents include squalamine, carbonic anhydrase
inhibitors, alpha agonists, prostamides, prostaglandins, antiparasitics,
antifungals, and derivatives thereof.

[0096] The amount of active agent or agents employed in the drug delivery
system, individually or in combination, will vary widely depending on the effective
dosage required and the desired rate of release from the system. As indicated
herein, the agent will be at least about 1, more usually at least about 10 weight

percent of the system, and usually not more than about 80.

[0097]In addition, the drug delivery systems may include a solubility enhancing
component provided in an amount effective to enhance the solubility of the
therapeutic agent relative to substantially identical systems without the solubility
enhancing component. For example, an implant may include [B-cyclodextrin,
which is effective in enhancing the solubility of the therapeutic agent. The (-
cyclodextrin may be provided in an amount from about 0.5% (w/w) to about 25%
(w/w) of the implant. In certain implants, the B-cyclodextrin is provided in an
amount from about 5% (w/w) to about 15% (w/w) of the implant. Other implants

may include a gamma-cyclodextrin, and/or cyclodextrin derivatives.

[0098]In some situations mixtures of drug delivery systems may be utilized
employing the same or different pharmacological agents. In this way, a cocktail

of release profiles, giving a biphasic or triphasic release with a single
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administration is achieved, where the pattern of release may be greatly varied.
As one example, a mixture may comprise a plurality of polymeric microparticles

and one or more implants.

[0099] Additionally, release modulators such as those described in U.S. Pat. No.
5,869,079 may be included in the drug delivery systems. The amount of release
modulator employed will be dependent on the desired release profile, the activity
of the modulator, and on the release profile of the therapeutic agent in the
absence of modulator. Electrolytes such as sodium chloride and potassium
chloride may also be included in the systems. Where the buffering agent or
enhancer is hydrophilic, it may also act as a release accelerator. Hydrophilic
additives act to increase the release rates through faster dissolution of the
material surrounding the drug particles, which increases the surface area of the
drug exposed, thereby increasing the rate of drug bioerosion. Similarly, a
hydrophobic buffering agent or enhancer dissolve more slowly, slowing the
exposure of drug particles, and thereby slowing the rate of drug bioerosion.

[00100] In one embodiment, an intravitreal drug delivery system comprises
a biodegradable polymer, such as PLGA, and a VEGF/VEGFR inhibitor
(particularly a siRNA). The system can be in the form of a biodegradable
intravitreal implant. The drug delivery system includes an amount of a
VEGF/VEGFR inhibitor that when released from the system, the inhibitor can
provide a therapeutic effect. For example, the biodegradable implant can
comprise a siRNA that interferes with interactions between VEGF and VEGFR.
Examples of useful inhibitors are described above. These drug delivery systems
provide prolonged delivery of the VEGF inhibitor directly into the vitreous of an
eye in need of treatment. Thus, these drug delivery systems can provide
effective treatment of one or more ocular conditions, including without limitation,

neovascularization, ocular tumors, and the like.

[00101] Embodiments of the present invention also relate to compositions
comprising the present drug delivery systems. For example, and in one
embodiment, a composition may comprise the present drug delivery system and
an ophthalmically acceptable carrier component. Such a carrier component may

be an aqueous composition, for example saline or a phosphate buffered liquid.
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[00102] The present drug delivery systems are preferably administered to
patients in a sterile form. For example, the present drug delivery systems, or
compositions containing such systems, may be sterile when stored. Any routine
suitable method of sterilization may be employed to sterilize the drug delivery
systems. For example, the present systems may be sterilized using radiation.
Preferably, the sterilization method does not reduce the activity or biological or
therapeutic activity of the therapeutic agents of the present systems.

[00103] Various techniques may be employed to produce the drug delivery
systems described herein. Useful techniques include, but are not necessarily
limited to, solvent evaporation methods, phase separation methods, interfacial
methods, molding methods, injection molding methods, extrusion methods, co-
extrusion methods, carver press method, die cutting methods, heat compression,
combinations thereof and the like.

[00104] Specific methods are discussed in U.S. Pat. No. 4,997,652.
Extrusion methods may be used to avoid the need for solvents in manufacturing.
When using extrusion methods, the polymer and drug are chosen so as to be
stable at the temperatures required for manufacturing, usually at least about 85
degrees Celsius. Extrusion methods use temperatures of about 25 degrees C. to
about 150 degrees C., more preferably about 65 degrees C. to about 130
degrees C. An implant may be produced by bringing the temperature to about 60
degrees C. to about 150 degrees C. for drug/polymer mixing, such as about 130
degrees C., for a time period of about 0 to 1 hour, 0 to 30 minutes, or 5-15
minutes. For example, a time period may be about 10 minutes, preferably about
0 to 5 min. The implants are then extruded at a temperature of about 60 degrees
C. to about 130 degrees C., such as about 75 degrees C.

[00105] In addition, the implant may be coextruded so that a coating is

formed over a core region during the manufacture of the implant.

[00106] Compression methods may be used to make the drug delivery
systems, and typically yield elements with faster release rates than extrusion
methods. Compression methods may use pressures of about 50-150 psi, more
preferably about 70-80 psi, even more preferably about 76 psi, and use
temperatures of about 0 degrees C. to about 115 degrees C., more preferably
about 25 degrees C.
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[00107] In certain embodiments of the present invention, a method of
producing a sustained-release intraocular drug delivery system, comprises
combining a non-neurotoxic macromolecule therapeutic agent and a polymeric
material to form a drug delivery system suitable for placement in the interior of an
eye of an individual. The resulting drug delivery system is effective in releasing
the macromolecule therapeutic agent into the eye for at least about one week
after the drug delivery system is placed in the eye. The method may comprise a
step of extruding a particulate mixture of the macromolecule therapeutic agent
and the polymeric material to form an extruded composition, such as a filament,
sheet, and the like. The macromolecule preferably retains its biological activity
when the macromolecule is released from the drug delivery system. For
example, the macromolecule may be released having a structure that is identical
or substantially identical to the native structure of the macromolecule under
physiological conditions.

[00108] When polymeric particles are desired, the method may comprise
forming the extruded composition into a population of polymeric particles or a
population of implants, as described herein. Such methods may include one or
more steps of cutting the extruded composition, milling the extruded composition,
and the like.

[00109] As discussed herein, the polymeric material may comprise a
biodegradable polymer, a non-biodegradable polymer, or a combination thereof.
Examples of polymers and macromolecule therapeutic agents include each and
every one of the polymers and agents identified above.

[00110] As discussed herein, the present systems may be configured to
release the therapeutic agent into the eye at a rate from about 0.003 pg/day to
about 5000 pg/day. Thus, the foregoing methods may combine the polymeric
component and the therapeutic component to form a drug delivery system with
such desirable release rates. In addition, the present systems can be configured
to provide amounts of the therapeutic agent that are cleared from the vitreous at
a desired target rate. As described in the examples, the clearance rates can
range from about 3 mL/day to about 15 mL/day. However, certain implants can
release therapeutically effective amounts of the therapeutic agent that are
cleared from the vitreous at lower rates, such as less than about 1 mL/day.
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[00111] As described herein, it has been discovered that the present
systems can be formed by extruding a polymeric component/therapeutic
component mixture without disrupting the biological activity of the macromolecule
therapeutic agent. For example, implants have been invented which include a
macromolecule that retains its structure after an extrusion process. Thus, in spite
of the manufacturing conditions, drug delivery systems in accordance with the
disclosure herein have been invented which include biologically active

macromolecules.

[00112] The drug delivery systems of the present invention may be inserted
into the eye, for example the vitreous chamber of the eye, by a variety of
methods, including intravitreal injection or surgical implantation. For example, the
drug delivery systems may be placed in the eye using forceps or a trocar after
making a 2-3 mm incision in the sclera. Preferably, the present systems can be
placed in an eye without making an incision. For example, the present systems
may be placed in an eye by inserting a trocar or other delivery device directly
through the eye without an incision. The removal of the device after the
placement of the system in the eye can result in a self-sealing opening. One
example of a device that may be used to insert the implants into an eye is
disclosed in U.S. Patent Publication No. 2004/0054374. The method of
placement may influence the therapeutic component or drug release kinetics. For
example, delivering the system with a trocar may result in placement of the
system deeper within the vitreous than placement by forceps, which may result
in the system being closer to the edge of the vitreous. The location of the system
may influence the concentration gradients of therapeutic component or drug
surrounding the element, and thus influence the release rates (e.g., an element

placed closer to the edge of the vitreous may result in a slower release.

[00113] The present systems are configured to release an amount of the
therapeutic agent effective to treat or reduce a symptom of an ocular condition,
such as an ocular condition such as glaucoma or edema. More specifically, the
systems may be used in a method to treat or reduce one or more symptoms of
glaucoma or proliferative vitreoretinopathy.
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[00114] The systems disclosed herein may also be configured to release
additional therapeutic agents, as described above, which to prevent diseases or
conditions, such as the following:

[00115] Maculopathies/retinal  degeneration: macular  degeneration,
including age related macular degeneration (ARMD), such as non-exudative age
related macular degeneration and exudative age related macular degeneration,
choroidal neovascularization, retinopathy, including diabetic retinopathy, acute
and chronic macular neuroretinopathy, central serous chorioretinopathy, and
macular edema, including cystoid macular edema, and diabetic macular edema.
Uveitis/retinitis/choroiditis: acute multifocal placoid pigment epitheliopathy,
Behcet's disease, birdshot retinochoroidopathy, infectious (syphilis, lyme,
tuberculosis, toxoplasmosis), uveitis, including intermediate uveitis (pars planitis)
and anterior uveitis, multifocal choroiditis, multiple evanescent white dot
syndrome (MEWDS), ocular sarcoidosis, posterior scleritis, serpignous
choroiditis, subretinal fibrosis, uveitis syndrome, and Vogt-Koyanagi-Harada
syndrome. Vascular diseases/exudative diseases: retinal arterial occlusive
disease, central retinal vein occlusion, disseminated intravascular coagulopathy,
branch retinal vein occlusion, hypertensive fundus changes, ocular ischemic
syndrome, retinal arterial microaneurysms, Coat's disease, parafoveal
telangiectasis, hemi-retinal vein occlusion, papillophlebitis, central retinal artery
occlusion, branch retinal artery occlusion, carotid artery disease (CAD), frosted
branch angitis, sickle cell retinopathy and other hemoglobinopathies, angioid
streaks, familial exudative vitreoretinopathy, Eales disease. Traumatic/surgical:
sympathetic ophthalmia, uveitic retinal disease, retinal detachment, trauma,
laser, PDT, photocoagulation, hypoperfusion during surgery, radiation
retinopathy, bone marrow transplant retinopathy. Proliferative disorders:
proliferative vitreal retinopathy and epiretinal membranes, proliferative diabetic
retinopathy. Infectious disorders: ocular histoplasmosis, ocular toxocariasis,
presumed ocular histoplasmosis syndrome (POHS), endophthalmitis,
toxoplasmosis, retinal diseases associated with HIV infection, choroidal disease
associated with HIV infection, uveitic disease associated with HIV Infection, viral
retinitis, acute retinal necrosis, progressive outer retinal necrosis, fungal retinal
diseases, ocular syphilis, ocular tuberculosis, diffuse unilateral subacute
neuroretinitis, and myiasis. Genetic disorders: retinitis pigmentosa, systemic

33



WO 2011/084366 PCT/US2010/059995
disorders with associated retinal dystrophies, congenital stationary night
blindness, cone dystrophies, Stargardt's disease and fundus flavimaculatus,
Bests disease, pattern dystrophy of the retinal pigmented epithelium, X-linked
retinoschisis, Sorsby's fundus dystrophy, benign concentric maculopathy, Bietti's
crystalline dystrophy, pseudoxanthoma elasticum. Retinal tears/holes: retinal
detachment, macular hole, giant retinal tear. Tumors: retinal disease associated
with tumors, congenital hypertrophy of the RPE, posterior uveal melanoma,
choroidal hemangioma, choroidal osteoma, choroidal metastasis, combined
hamartoma of the retina and retinal pigmented epithelium, retinoblastoma,
vasoproliferative tumors of the ocular fundus, retinal astrocytoma, intraocular
lymphoid tumors. Miscellaneous: punctate inner choroidopathy, acute posterior
multifocal placoid pigment epitheliopathy, myopic retinal degeneration, acute
retinal pigment epithelitis and the like.

[00116] In one embodiment, an implant is administered to a posterior
segment of an eye of a human or animal patient, and preferably, a living human
or animal. In at least one embodiment, an implant is administered without
accessing the subretinal space of the eye. However, in other embodiments the
implant may be inserted into the subretinal space. For example, a method of
treating a patient may include placing the implant directly into the posterior
chamber of the eye. In other embodiments, a method of treating a patient may
comprise administering an implant to the patient by at least one of intravitreal
placement, subretinal placement, subconjuctival placement, sub-tenon
placement, retrobulbar placement, and suprachoroidal placement. Placement

methods may include injection and/or surgical insertion.

[00117] In at least one embodiment, a method of reducing
neovascularization or angiogenesis in a patient comprises administering one or
more implants containing one or more therapeutic agents, as disclosed herein to
a patient by at least one of intravitreal injection, subconjuctival injection, sub-
tenon injection, retrobulbar injection, and suprachoroidal injection. A syringe
apparatus including an appropriately sized needle, for example, a 22 gauge
needle, a 27 gauge needle or a 30 gauge needle, can be effectively used to
inject the composition with the posterior segment of an eye of a human or
animal. Repeat injections are often not necessary due to the extended release of

the therapeutic agent from the implants.
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[00118] In another aspect of the invention, kits for treating an ocular
condition of the eye are provided, comprising: a) a container comprising an
extended release implant comprising a therapeutic component including a
therapeutic agent as herein described, and a drug release sustaining
component; and b) instructions for use. Instructions may include steps of how to
handle the implants, how to insert the implants into an ocular region, and what to
expect from using the implants.

[00119] Release of a drug from an erodible polymer is the consequence of
several mechanisms or combinations of mechanisms. Some of these
mechanisms include desorption from the implants surface, dissolution, diffusion
through porous channels of the hydrated polymer and erosion. Erosion can be
bulk or surface or a combination of both. It may be understood that the polymeric
component of the present systems is associated with the therapeutic component
so that the release of the therapeutic component into the eye is by one or more
of diffusion, erosion, dissolution, and osmosis. As discussed herein, the matrix of
an intraocular drug delivery system may release drug at a rate effective to
sustain release of an amount of the therapeutic agent for more than one week
after implantation into an eye. In certain systems, therapeutic amounts of the
therapeutic agent are released for more than about one month, and even for
about twelve months or more. For example, the therapeutic component can be
released into the eye for a time period from about ninety days to about one year
after the system is placed in the interior of an eye.

[00120] The release of the therapeutic agent from the intraocular systems
comprising a biodegradable polymer matrix may include an initial burst of release
followed by a gradual increase in the amount of the therapeutic agent released,
or the release may include an initial delay in release of the therapeutic agent
followed by an increase in release. When the system is substantially completely
degraded, the percent of the therapeutic agent that has been released is about
one hundred. Compared to existing implants, the systems disclosed herein do
not completely release, or release about 100% of the therapeutic agent, until
after about one month of being placed in an eye.

[00121] It may be desirable to provide a relatively constant rate of release
of the therapeutic agent from the drug delivery system over the life of the system.
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For example, it may be desirable for the therapeutic agent to be released in
amounts from about 0.01 pg to about 2 pg per day for the life of the system.
However, the release rate may change to either increase or decrease depending
on the formulation of the biodegradable polymer matrix. In addition, the release
profile of the therapeutic agent may include one or more linear portions and/or
one or more non-linear portions. Preferably, the release rate is greater than zero
once the system has begun to degrade or erode.

[00122] As discussed in the examples herein, the present drug delivery
systems comprise a therapeutic component and a polymeric component, as
discussed above, which are associated to release an amount of the therapeutic
siRNA agent that is effective in providing a concentration of the therapeutic agent
in the vitreous of the eye for treating the desired condition, for example in a
range from about 0.2 nM to about 5 pM. In addition or alternatively, the present
systems can release a therapeutically effective amount of the siRNA molecule at
a rate from about 0.003 pg/day to about 5000 pg/day. As understood by persons
of ordinary skill in the art, the desired release rate and target drug concentration
will vary depending on the particular therapeutic agent chosen for the drug
delivery system, the ocular condition being treated, and the patient's health.
Optimization of the desired target drug concentration and release rate can be

determined using routine methods known to persons of ordinary skill in the art.

[00123] In addition to the therapeutic component, the intraocular drug
delivery systems disclosed herein may include an excipient component, such as
effective amounts of buffering agents, preservatives and the like. Suitable water
soluble buffering agents include, without limitation, alkali and alkaline earth
carbonates, phosphates, bicarbonates, citrates, borates, acetates, succinates
and the like, such as sodium phosphate, citrate, borate, acetate, bicarbonate,
carbonate and the like. These agents are advantageously present in amounts
sufficient to maintain a pH of the system of between about 2 to about 9, and
more preferably about 4 to about 8. As such the buffering agent may be as much
as about 5% by weight of the total system. These agents may be present in
amounts of from 0.001 to about 5% by weight and preferably 0.01 to about 2%
by weight.
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[00124] In some situations mixtures of drug delivery systems may be
utilized employing the same or different pharmacological agents. In this way, a
cocktail of release profiles, giving a biphasic or triphasic release with a single

administration is achieved, where the pattern of release may be greatly varied.

[00125] In another embodiment, a delivery system comprises a
biodegradable polymer, such as PLGA, and a VEGFNEGFR inhibitor. The
system can be in the form of a population of biodegradable polymeric
nanoparticles. The drug delivery system includes an amount of a VEGFNEGFR
inhibitor that when released from the system, the inhibitor can provide a
therapeutic effect. These drug delivery systems provide prolonged delivery of the
VEGF inhibitor directly into the vitreous of an eye in need of treatment. Thus,
these drug delivery systems can provide effective treatment of one or more
ocular conditions, including without limitation, neovascularization, ocular tumors,
and the like.

[00126] Embodiments of the present invention also relate to compositions
comprising the present drug delivery systems. For example, and in one
embodiment, a composition may comprise the present drug delivery system and
an ophthalmically acceptable carrier component. Such a carrier component may
be an aqueous composition, for example saline or a phosphate buffered liquid.

[00127] The present drug delivery systems are preferably administered to
patients in a sterile form. For example, the present drug delivery systems, or
compositions containing such systems, may be sterile when stored. Any routine
suitable method of sterilization may be employed to sterilize the drug delivery-
systems. For example, the present systems may be sterilized using radiation.
Preferably, the sterilization method does not reduce the activity or biological or
therapeutic activity of the therapeutic agents of the present systems, and
lyophilization of the NPs of the invention may be employed to this end.

[00128] The drug delivery systems can be sterilized by gamma irradiation.
As an example, the particles can be sterilized by 2.5 to 4.0 mrad of gamma
irradiation. The particles can be terminally sterilized in their final primary
packaging system including administration device e.g. syringe applicator.
Alternatively, the particles can be sterilized alone and then aseptically packaged
into an applicator system. In this case the applicator system can be sterilized by
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gamma irradiation, ethylene oxide (ETO), heat or other means. The drug delivery
systems can be sterilized by gamma irradiation at low temperatures to improve
stability or blanketed with argon, nitrogen or other means to remove oxygen.
Beta irradiation or e-beam may also be used to sterilize the particles as well as
UV irradiation. The dose of irradiation from any source can be lowered
depending on the initial bioburden of the particles such that it may be much less
than 2.5 to 4.0 mrad. The drug delivery systems may be manufactured under
aseptic conditions from sterile starting components. The starting components
may be sterilized by heat, irradiation (gamma, beta, UV), ETO or sterile filtration.
Semi-solid polymers or solutions of polymers may be sterilized prior to drug
delivery system fabrication and macromolecule incorporation by sterile filtration
of heat. The sterilized polymers can then be used to aseptically produce sterile

drug delivery systems.

[00129] The drug delivery systems of the present invention may be inserted
into the eye, for example the vitreous chamber of the eye, by a variety of
methods, including intravitreal injection, such as with pre-filled syringes in ready-
to-inject form for use by medical personnel. The location of the system may
influence the concentration gradients of therapeutic component or drug
surrounding the element, and thus influence the release rates (e.g., an element
placed closer to the edge of the vitreous may result in a slower release rate). The
hydrogel suspensions can be administered via standard known needles, such as
27g or 30g needles, delivering up to about 1.5 mg siRNA per dose, depending
upon the condition to be treated.

[00130] The present systems are configured to release an amount of the
therapeutic agent effective to treat or reduce a symptom of an ocular condition,
such as an ocular condition such as glaucoma or edema. More specifically, the
systems may be used in a method to treat or reduce one or more symptoms of

glaucoma or proliferative vitreoretinopathy.

[00131] In another aspect of the invention, kits for treating an ocular
condition of the eye are provided, comprising: a) a container comprising an
extended release implant comprising a therapeutic component including a
therapeutic agent as herein described, and a drug release sustaining

component; and b) instructions for use. Instructions may include steps of how to
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handle the drug delivery system of the invention, how to administer the drug
delivery system of the invention into an ocular region, and what to expect from
using the implants.

3. Examples

[00132] The following non-limiting examples provide those of ordinary skill

in the art with specific preferred drug delivery systems and methods for making

such systems. Example 1 - Manufacture and Testing of Implants Containing

a Therapeutic Agent and a Biodegradable Polymer Matrix.

[00133] Biodegradable implants are made by combining a therapeutic
agent, such as those agents described above, with a biodegradable polymer
composition in a stainless steel mortar. The combination is mixed via a Turbula
shaker set at 96 RPM for 15 minutes. The powder blend is scraped off the wall of
the mortar and then remixed for an additional 15 minutes. The mixed powder
blend is heated to a semi-molten state at specified temperature for a total of 30

minutes, forming a polymer/drug melt.

[00134] Rods are manufactured by pelletizing the polymer/drug melt using
a 9 gauge polytetrafluoroethylene (PTFE) tubing, loading the pellet into the barrel
and extruding the material at the specified core extrusion temperature into
filaments. The filaments are then cut into about 1 mg size implants or drug
delivery systems. The rods have dimensions of about 2 mm long x 0.72 mm
diameter. The rod implants weigh between about 900 ug and 1100 ug.

[00135] Wafers are formed by flattening the polymer melt with a Carver
press at a specified temperature and cutting the flattened material into wafers,
each weighing about 1 mg. The wafers have a diameter of about 2.5 mm and a
thickness of about 0.13 mm. The wafer implants weigh between about 900 ug
and 1100 pg.

[00136] In-vitro release testing can be performed on each lot of implant
(rod or wafer). Each implant may be placed into a 24 mL screw cap vial with 10
mL of Phosphate Buffered Saline solution at 37° C. and 1 mL aliquots are
removed and replaced with equal volume of fresh medium on day 1, 4, 7, 14, 28,
and every two weeks thereafter.
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[00137] Drug assays may be performed by HPLC, which consists of a
Waters 2690 Separation Module (or 2696), and a Waters 2996 Photodiode Array
Detector. An Ultrasphere, C-18 (2), 5 mm; 4.6 x 150 mm column heated at
30.degree. C. can be used for separation and the detector can be set at 264 nm.
The mobile phase can be (10:90) MeOH-buffered mobile phase with a flow rate
of 1 mL/min and a total run time of 12 min per sample. The buffered mobile
phase may comprise (68:0.75:0.25:31) 13 mM 1-Heptane Sulfonic Acid, sodium
salt-glacial acetic acid-triethylamine-Methanol. The release rates can be
determined by calculating the amount of drug being released in a given volume

of medium over time in mg/day.

[00138] The polymers chosen for the implants can be obtained from
Boehringer Ingelheim or Purac America, for example. Examples of polymers
include: RG502, RG752, R202H, R203 and R206, and Purac PDLG (50/50).
RG502 is (50:50) poly(D,L-lactide-co-glycolide), RG752 is (75:25) poly(D,L-
lactide-co-glycolide), R202H is 100% poly(D, L-lactide) with acid end group or
terminal acid groups, R203 and R206 are both 100% poly(D, L-lactide). Purac
PDLG (50/50) is (50:50) poly(D,L-lactide-co-glycolide). The inherent viscosity of
RG502, RG752, R202H, R203, R206, and Purac PDLG are 0.2, 0.2, 0.2, 0.3,
1.0, and 0.2 dL/g, respectively. The average molecular weight of RG502, RG752,
R202H, R203, R206, and Purac PDLG are, 11700, 11200, 6500, 14000, 63300,
and 9700 daltons, respectively.

[00139] Example 2 — Polymeric Drug Delivery Systems Containing
Cand5

[00140] Drug delivery systems which comprise about 86.1 milligrams of
Cand5 can be produced similar to those systems described in Examples 1. Such
drug delivery systems release Cand5 at a rate from about 49.7 micrograms per
day to about 4970 micrograms per day. The release rates can be measured
using in vitro and/or in vivo assays as described above. Placement of the Cand5
drug delivery systems into the vitreous of an eye provide therapeutic benefits,
such as the treatment of neovascularization and the like, for at least about thirty
days after a single administration. Improvements in patient function, such as

vision and intraocular pressure, can be observed at longer time periods.

Example 3 - Polymeric Drug Delivery Systems Containing siRNA Z
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[00141] Drug delivery systems which comprise about 86.1 milligrams of
SsiRNA Z can be produced similar to those systems described in Examples 1,
above. Such drug delivery systems release siRNA Z at a rate from about 49.7
micrograms per day to about 4970 micrograms per day. The release rates can
be measured using in vitro and/or in vivo assays as described above. Placement
of the siRNA Z drug delivery systems into the vitreous of an eye provide
therapeutic benefits, such as the treatment of neovascularization and the like, for
at least about thirty days after a single administration. Improvements in patient
function, such as vision and intraocular pressure, can be observed at longer time

periods.
Example 4 - Sustained release of Sirna027 from PLGA implants

[00142] Implants are prepared as described above and composed 10-20%
Sirna027, 2-5% cholesterol ( C75209 from Sigma —Aldrich) or PEG3350, and
either single PLGA polymer or double PLGA polymer blends.

[00143] For the formulations containing PEG3350 as excipient, PEG3350
and Sirna027 are first co-dissolved and mixed in water. Such aqueous blends
are lyophilized to dry powder before being blended with PLGA polymers. The
powder blends are further processed to implant filaments through hot melt

extrusion.

[00144] For the formulations containing cholesterol as excipient, all
components are mixed and blended as powder prior to hot melt extrusion.

The analytical method for in vitro release study of Sirna027 PLGA implants:

[00145] Sirna027 implants are cut into 5-6 mm pieces and 4 pieces from
each formulation are placed in 2ml of PBS solution for in vitro release study.
Each formulation is analyzed in duplicate. The vials are placed in 37°C water
batch with gentle shaking and at various time-points, the solutions in the vials are
collected and replaced with fresh solutions. The amounts of Sirna027 released

from implants are analyzed by HPLC method with detection at 260nm.
The in vitro release profiles of Sirna027 PLGA implants:

[00146] The release of Sirna027 from PEG3350 containing-implants can be

controlled by various PLGA polymer blending ratios. Figure 1 shows the results

of in vitro release profile studies for a 10% Sirna027 implant, with the noted
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variations in PEG concentrations; wherein the samples A1 — A5 in Figure 1
comprise 10% (w/w) Sirna027 and the following components:

[00147] A1 — 5% (w/w) PEG3350 as excipient in a polymeric component
comprised of 100% RG752S.

[00148] A2 — 5% (w/w) PEG3350 as excipient in a polymeric component
comprised of 94% RG752S and 6% RG502H.

[00149] A3 — 5% (w/w) PEG3350 as excipient in a polymeric component
comprised of 50% RG752S and 50% R203H.

[00150] A4 — 5% (w/w) PEG3350 as excipient in a polymeric component
comprised of 100% RG502H.

[00151] A5 — 5% (w/w) PEG1450 as excipient in a polymeric component
comprised of 100% RG752S.

[00152] Figure 2 shows the results of an in vitro release study with PLGA
implants containing 10% Sirna027 and 5% cholesterol; wherein the samples A7
and A8 in Figure 2 comprise 10% (w/w) Sirna027 and the following components:

[00153] A7 — 5% (w/w) cholesterol as excipient, in combination with 4.25%
(w/w) of RG502H and 80.75% (w/w) of RG752S as the polymeric component.

[00154] A8 — 5% (w/w) cholesterol as excipient, in combination with 42.5%
(w/w) of RG752S and 42.5% (w/w) of R203H as the polymeric component.

[00155] Figures 3A and B show the results of an in vitro release study on
PLGA implants containing 14% Sirna027 and 2% PEG3350; wherein the
samples D6 and D7 in Figure 3 comprise 14% Sima027 and the following

components:

[00156] D6 — 2% (w/w) PEG3350 as excipient, in combination with 5%
(w/w) of RG502H and 79% (w/w) of RG752S as the polymeric component.

[00157] D7 — 2% (w/w) PEG3350 as excipient, in combination with 84%
(w/w) of RG752S as the polymeric component.

[00158] The graph in Figure 3B shows the mathematically determined
release profile for a composite of D6 and D7.
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[00159] Figures 4A and B show the results of an in vitro release study on
PLGA implants containing 18% Sirna027 and 2% PEG; wherein the samples D2
and D3 in Figure 4 comprise 18% Sirna027 and the following components:

[00160] D2 - 2% (w/w) PEG3350 as excipient, in combination with 5%
(w/w) of RG502H and 79% (w/w) of RG752S as the polymeric component.

[00161] D3 - 2% (w/w) PEG3350 as excipient, in combination with 84%
(w/w) of RG752S as the polymeric component.

[00162] The graph in Figure 4B shows the mathematically determined

release profile for a composite of D2 and D3.

[00163] The present invention also encompasses the use of any and all
possible combinations of the therapeutic agents disclosed herein in the
manufacture of a medicament, such as a drug delivery system or composition
comprising such a drug delivery system, to treat one or more ocular conditions,
including those identified above.

[00164] All references, articles, publications and patents and patent

applications cited herein are incorporated by reference in their entireties.

[00165] While this invention has been described with respect to various
specific examples and embodiments, it is to be understood that the invention is
not limited thereto and that it can be variously practiced within the scope of the

following claims.
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What is claimed is:

1. A sustained-release intraocular drug delivery system comprising: a therapeutic
component, a polymeric component and an excipient to permit the therapeutic
component to be released into the interior of an eye of an individual at a therapeutically
effective dosage for a period of time after the drug delivery system is placed in the eye,
wherein the therapeutic component comprises a compound selected from the group
consisting of siRNA Z, siRNAs comprising SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO:
3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, the
exactly complementary nucleotide sequences to each of these sequences, and VEGF-
inhibiting derivatives, fragments, and combinations thereof.

2. The system of claim 1 wherein the excipient is cholesterol or polyethylene glycol.

3. The system of claim 1, wherein the polymeric component comprises a
biodegradable polymer or biodegradable copolymer, the therapeutic component being
associated with the polymeric component as a biodegradable implant.

4. The system of claim 1, wherein said system is formulated to release at least 10%
of its active ingredient in the first two weeks following administration to the posterior
chamber of a human eye.

5. The system of claim 4, wherein said system is formulated to release less than
20% of its active ingredient in the first two weeks following administration to the
posterior chamber of a human eye.

6. The system of claim 5, wherein said system is formulated to release less than
30% of its active ingredient in the first two weeks following administration to the

posterior chamber of a human eye.

7. The system of claim 6, wherein said system is formulated to release less than
40% of its active ingredient in the first two weeks following administration to the
posterior chamber of a human eye.

8. The system of claim 1, wherein the polymeric component comprises a polymer
selected from the group consisting of biodegradable polymers, non-biodegradable
polymers, biodegradable copolymers, nonbiodegradable copolymers, and combinations
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thereof.

9. The system of claim 1, wherein the polymeric component comprises a polymer
selected from the group consisting of poly-lactic acid (PLA), poly-glycolic acid (PGA),
poly-lactide-co-glycolide (PLGA), polyesters, poly(ortho ester), poly(phosphazine),
poly(phosphate ester), polycaprolactones, gelatin, collagen, derivatives thereof, and
combinations thereof.

10.  The system of claim 1, wherein the polymeric component comprises a block co-
polymer of PEG and PLGA.

11.  The system of claim 1, wherein the therapeutic component and the polymeric
component are associated in the form of an implant selected from the group consisting
of solid implants, semisolid implants, and viscoelastic implants.

12.  The system of claim 1 which is formed as at least one of a rod, a wafer, and a
particle.

13. A method of improving or maintaining vision of an eye of a patient, comprising
the step of placing the drug delivery system of claim 1 into the interior of an eye of an

individual.

14. The method of claim 14, wherein the method is effective to treat a retinal ocular

condition.
15.  The method of claim 14, wherein the ocular condition includes retinal damage.

16. The method of claim 13, wherein the system is placed in the posterior segment
of the eye.

17.  The method of claim 13, wherein the system is placed in the eye using a trocar
or a syringe.

18.  The method of claim 17, wherein the drug delivery system is a biodegradable
implant placed into the interior of the eye that provides treatment of an ocular condition
selected from the group consisting of uveitis, macular edema, macular degeneration,

proliferative retinopathy, diabetic retinopathy, retinitis pigmentosa and glaucoma.

19.  The method of claim 18, wherein the implant is placed into the eye to treat age
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related macular degeneration.

20. The method of claim 13, wherein the drug delivery system comprises a
biodegradable implant containing an inhibitor of a vascular endothelial growth factor
interaction with a vascular endothelial growth factor receptor, and placing the implant
into the interior of the eye is effective to treat neovascularization of the eye.

21.  The system of claim 1, wherein the siRNA inhibits cellular production of a
urokinase, vascular endothelial growth factor, vascular endothelial growth factor 165 or

vascular endothelial growth factor receptor.

22. The system of claim 1 , wherein the siRNA has at least one property selected
from the group consisting of an anti-bacterial agent, anti-angiogenic agent, anti-
inflammatory agent, neuroprotectant agent, growth factor inhibitor agent, intraocular

pressure reducing agent and ocular hemorrhage therapeutic agent.

23. A sustained-release intraocular drug delivery system comprising: a therapeutic
component comprising a siRNA, a polymeric component comprising PLGA and an
excipient selected from the group consisting of cholesterol and polyethylene glycol to
permit the therapeutic component to be released into the interior of an eye of an
individual at a therapeutically effective dosage for a period of time after the drug
delivery system is placed in the eye.
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