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STEROID INTRAOCULAR IMPLANTS HAVING AN EXTENDED SUSTAINED RELEASE FOR A PERIOD

OF GREATER THAN 2 MONTES

by

CGlenn T.Huang, Thierry Nivaggioli, Lon T. Spada, Hiroshi Sugimoto, Wendy M.
Blanda, James N. Chang, and Orest Olejnik

BACKGROUND

The present invention generally relates 1o devices and methods to treat an
eye of a patient, and more specifically to intraocular implants that provide extended
release of a therapeutic agent to an eye in which the implant is placed.

Steroids, such as the corticosteroid, fluocinolone acetonide (1,4-pregnadien-6aq.,

9 a -difluoro-11B, 16 a, 17, 21-tetrol-3, 20-dione 16, 17-acetonide), are usually given
topically, systemically, or periocularly, as an injection, to treat uveitis. All three
methods of delivery have drawbacks, e.g., topical corticosteroids do not treat
diseases in the back on the eye, systemic corticosteroids are often associated with

many unwanted side effects, and periocular injections may sometimes cause globe
perforation, periocular fibrosis and ptosis.

An alternative that may circumvent the drawbacks of the above-mentioned
delivery methods is to use sustained-released drug delivery systems. In 2000, Jaffe

~ et al. reporied using compressed pure fluocinolone-acetonide-pellets-coated with—-— - - -
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silicone and polyvinyl alcohol as a fluocinolone sustained delivery device {Jaffe, G.J.
et al., Journal of Ophthalmology and Vision Surgery, Vol 41, No. 11, October 2000).
They obtained release rates of 1.9 + 0.25 ug/day (6 months) and 2.2 + 0.6 pg/day
(45 days) for the 2-mg device and 15-mg device, respectively. The duration of

5 release for the 2-mg and 15-mg device was estimated to be 2.7 and 18.6 years,
respectively. U.S. Patent Nos. 6,217,895 and 6,548,078 disclose sustained release
implants for delivering a corticosteroid, such as fluocinolone acetonide, to an eye.
However, fluocinolone acetonide intravitreal implants made by Control Delivery

Systems (the assignee of U.S. Patent Nos. 6,217,895 and 6,548,078) were only
10  partially successful and led to the development of cataracts and increased

intraocular pressure.

In addition, intravitreal injection of triamcinolone acetonide (KENALOG®) for
treatments of non-infectious uveitis, and macular edema due 1o various retinal
15  diseases has appeared o be safe and effective. '

Additional biocompatible implants for placement in the eye have 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,
20 6,074,661; 6,331,313; 6,369,116, 6,699,493, and 6,726,918.

. Other intravitreal therapeutic approaches are described in U.S. Publication
2005-0101582, filed October 14, 2004: and U.S. Publication 2005-0181017, filed

January 19, 2005.

25
It would be advantageous 1o provide eye implantable drug delivery systems,
such as intraoccular implants, and methods of using such systems, that are capable
of releasing a therapeutic agent at a sustained or controlled rate for extended '
periods of time and in amounts with few or no negative side effects.
30
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SUMMARY

The present invention provides new drug delivery systems, and methods of
using such systems, for extended or sustained drug release into 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 timés of one or more therapeutic agents. Thus, the patient in whose eye the
implant 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 consiétent treatment of the eye over a relatively long period of
time, for example, on the order of at least about two months, such as between about
two and about six months, or even for about one or about two years or longer after
receiving an implant. Such extended release times facilitate obtaining successful
treatment resuits.

Intraocular implants in accordance with the disclosure herein comprise a
therapeutic component and a drug release sustaining component associated with
the therapeutic component. In accordance with the present invention, the
therapeutic component comprises, consists essentially of, or consists of, a steroid.
The drug release sustaining component is associated with the therapeutic
component t0 sustain release of a therapeutically effective amount of the steroid into
an eye in which the implant is placed. The therapeutically effective amount of the
sterold is released into the eye for a period of time greater than about two months
atter the implant is placed in the eye.

In one embodiment, the intraocular implants comprise a steroid and a
biodegradable polymer matrix. The steroid is associated with a biodegradable
polymer matrix that releases drug, such as by degrading, at a rate effective to
sustain release of a therapeutically effective amount of the steroid from the implant
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for a time greater or longer than about two months from a time the implant is placed
In an ocular site or region of an eye. The intraocular implant is biodegradable or
bioerodible and provides a sustained release of the steroid in an eye for extended
periods of time, such as for more than two months, for example for about three

months or more and up to about six months or more.

The biodegradable polymer component of the foregoing implants may be a
mixture of biodegradable polymers, wherein at least one of the biodegradable
polymers is a polylactic acid or poly(lactide-co-glycolide) polymer having a molecular
weight less than 40 kiloDaltons (kD). Additionally or alternatively, the foregoing
implants may comprise a first biodegradable polymer having terminal free acid
groups, and a different second biodegradable polymer having terminal free acid
groups. Furthermore, the foregoing implants may comprise a mixture of different
biodegradable polymers, each biodegradable polymer having an inherent viscosity in
a range of about 0.16 deciliters/gram (dl/g) to about 0.24 dl/g. Examples of suitable
biodegradable polymers include polymers of lactic acid, glycolic acid, and mixtures
thereof.

In another embodiment, intraocular implants comprise a therapeutic
component that comprises a steroid, and a polymeric outer layer covering the
therapeutic component. The polymeric outer layer includes one or more orifices or
openings or holes that are effective to allow a liquid to pass into the implant, and to
allow the steroid to pass out of the implant. The therapeutic component is provided
In a core or interior portion of the implant, and the polymeric outer layer covers or
coats the core. The polymeric outer layer may include one or more biodegradable
portions. The implant can provide an extended release of the steroid for more or
longer than about two months, and for more than about one year, and even for more
than about five or about ten years.

The steroid of the implants disclosed herein may be corticosteroids, or other
steroids that are effective in treating ocular conditions. One example of a suitable
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steroid is fluocinolone or fluocinolone acetonide. Another examplie of a suitable
steroid is triamcinolone or triamcinolone acetonide. Another example of a suitable
steroid is beclomethasone or beclomethasone dipropionate. In addition, the
therapeutic component of the present implants may include one or more additional

5 and different therapeutic agents that may be effective in treating an ocular condition.

The implants may be placed in an ocular region to treat a variety of ocular
conditions, including conditions that affect an anterior region or posterior region of an
eye. For example, the implants may be used to treat many conditions of the eye,

10  including, without limitation, maculopathies and retinal degeneration, uveitis, retinitis,
choroiditis, vascular diseases, and exudative diseases, proliferative disorders,

Infectious disorders, genetic disorders, tumors, trauma, and surgery, retinal tears or
holes, and the like.

15 . Kits In accordance with the present invention may comprise one or more of
the present implants, and instructions for using the implants. For example, the

instructions may explain how to administer the implants to a patient, and types of
conditions that may be treated with the implants.

20 Each and every feature described herein, and each and every combination of

iwo 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.
25

Additional aspects and advantages of the present invention are set forth in

the following description and claims, particularly when considered in conjunction with
the accompanying drawings and examples.



10

15

20

25

30

CA 02565295 2006-10-30
WO 2005/107727 PCT/US2005/015113

Docket D3141-CIP
17698 CIP (OCU)

DRAWINGS

- Figure 1 is a graph showing the cumulative release profiles for biodegradable
fluocinolone acetonide containing implants as determined in 0.9% saline at 37

degrees Celsius.

Figure 2 is a graph similar to Figure 1 showing the cumulative release profiles
for biodegradable fluocinolone acetnonide containing implants with different
combinations of biodegradable polymers.

Figure 3 is a graph similar to Figure 1 showing the cumulative release profiles
tor biodegradable triamcinolone acetonide containing implants.

Figure 4 is a graph showing the cumulative release profiles for non-sterile

fluocinolone acetonide containing implants having different hole configurations.

Figure 5 is a graph showing the amount of fluocinolone released per day for
the implants described in Figure 4.

Figure 6 is a graph showing the cumulative release profiles for sterile
fluocinolone acetonide containing implants having different hole configurations.

Figure 7 is a graph showing the amount of fluocinolone released per day for
the implants described in Figure 6.

Figure 8 is a graph showing the cumulative release profiles for non-sterile
fluocinolone acetonide containing implants having different hole configurations than
those described in Figure 4.

Figure 9 is a graph showing the amount of fluocinolone released per day for
the iImplants described in Figure 8.
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Figure 10 is a graph showing the cumulative release profiles for sterile
fluocinolone acetonide containing implants having hole configurations similar to
those described in Figure 8. |

Figure 11 is a graph showing the amount of fluocinolone released per day for
the implants described in Figure 10.

Figure 12 is a graph showing the cumulative release profiles for sterile

fluocinolone acetonide containing implants having different hole configurations.

Figure 13 is a graph showing the amount of fluocinolone released per day for

the implants described in Figure 12.

Figure 14 is a graph showing the cumulative release profiles for non-sterile
fluocinolone acetonide containing implants having different hole configurations.

Figure 15 is a graph showing the amount of fluocinolone released per day for

the implants described in Figure 14.

Figure 16 is a graph showing the cumulative release profiles for sterile
fluocinolone acetonide containing implants described in Figure 14.

Figure 17 is a graph showing the amount of fluocinolone released per day for

the implants described in Figure 16.

Figure 18 is a graph showing the total percent release of triamcinalone as a
function of time in phosphate buffered saline for implants containing 30%

triamcinalone.
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Figure 19 is a graph showing the total percent release of triamcinalone as a
function of time in phosphate buffered saline for implants containing 50%

triamcinalone.

Figure 20 is a graph showing the total percent release of triamcinalone as a
function of time in citrate phosphate buffer for implants containing 30%
triamcinalone.

Figure 21 is a graph showing the total percent release of triamcinalone as a
function of time in citrate phosphate buffer for implants containing 50%

triamcinalone.

Figure 22 is a graph showing the total percent release of beclomethasone
propionate as a function of time in phosphate buffered saline for implants containing

30% triamcinalone.

Figure 23 Is a graph showing the total percent release of beclomethasone
propionate as a function of time in phosphate buffered saline for implants containing

50% triamcinalone.

Figure 24 is a graph showing the total percent release of beclomethasone
propionate as a function of time in citrate phosphate buffer for implanis containing

30% triamcinalone.

Figure 25 is a graph showing the total percent release of beclomethasone
propionate as a function of time in citrate phosphate buffer for implants containing
50% triamcinalone.
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DESCRIPTION

As described herein, controlled and sustained administration of a therapeutic
agent through the use of one or more intraocular implants may improve treatment of
undesirable ocular conditions. The implants comprise a pharmaceutically
acceptable polymeric composition and are formulated to release one or more
pharmaceutically active agents, such as steroids, over an extended period of time.
The implants are effective to provide a therapeutically effective dosage of the agent
or agents directly to a region of the eye to treat one or more undesirable ocular
conditions. Thus, with a single administration, therapeutic agents will be made
available at the site where they are needed and will be maintained for an extended
period of time, rather than subjecting the patient to repeated injections or, in the
case of self-administered drops, ineffective treatment with only limited bursts of

exposure to the active agent or agents.

An intraocular implant in accordance with the disclosure herein comprises a
therapeutic component and a drug release sustaining component associated with
the therapeutic component. In accordance with the present invention, the
therapeutic component comprises, consists essentially of, or consists of, a steroid.
The drug release sustaining component is associated with the therapeutic
component to sustain release of a therapeutically effective amount of the steroid into
an eye in which the implant is placed. The therapeutic amount of the steroid is
released into the eye for a period of time greater than about two months after the
implant is placed in the eye.

Definitions

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.
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As used herein, an "intraocular implant" refers to a device or element that is
structured, sized, or otherwise configured to be placed in an eye. Intraocular
Implants are generally biocompatible with physiological conditions of an eye and do
not cause adverse side effects. Intraocular implants may be placed in an eye
without disrupting vision of the eye.

As used herein, a "therapeutic component" refers to a portion of an
intraocular implant comprising one or more therapeutic agents or substances used
to treat a medical condition of the eye. The therapeutic component may be a
discrete region of an intraocular implant, or it may be homogenously distributed
throughout the implant. The therapeutic agents of the therapeutic component are
typically ophthalmically acceptable, and are provided in a form that does not cause
adverse reactions when the implant is placed in an eye.

As used herein, a "drug release sustaining component" refers to a portion of
the intraocular implant that is effective to provide a sustained release of the
therapeutic agents of the implant. A drug release sustaining component may be a
biodegradable polymer matrix, or it may be a coating covering a core region of the
implant that comprises a therapeutic component.

As used herein, "associated with" means mixed with, dispersed within,
coupled to, covering, or surrounding. With respect to intraocular implants which
comprise a therapeutic component associated with a biodegradable polymer matrix,
"associated with" specifically excludes biodegradable polymeric coatings that may

be provided on or around the matrix.

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 not 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 of the eyeball in an

10
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ocular region include the anterior chamber, the posterior chamber, the vitreous
cavity, the choroid, the suprachoroidal 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.

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

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 retina 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.

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; puplil 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).

A posterior ocular condition Is a disease, allment or condition which primarily
affects or involves a posterior ocular region or site such as choroid or sclera (in a

11
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position posterior to a plane through the posterior wall of the lens capsule), vitreous,
vitreous chamber, retina, optic nerve (i.e. the optic disc), and blood vessels and

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

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 focation; 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).

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
concurrently 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
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herein. A biodegradable polymer may be a homopolymer, a copolymer, or a

polymer comprising more than two different polymeric units.

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 efiects to the

eye or a region of the eye.

Intraocular implants have been developed which can release drug loads over
various' time periods. These implants, which when inserted into an eye, such as the
vitreous of an eye, provide therapeutic levels of a steroid for extended periods of
time (e.g., for about 2 months or more). The implants disclosed are effective In

treating ocular conditions, such as posterior ocular conditions .

In one embodiment of the present invention, an intraocular implant comprises
a biodegradable polymer matrix. The biodegradable polymer matrix is one type of a
drug release sustaining component. The biodegradable polymer matrix is effective
in forming a biodegradable intraocular implant. The biodegradable iniraocular
implant comprises a steroid associated with the biodegradable polymer matrix. The
matrix degrades at a rate effective to sustain release of a therapeutically effective
amount of the steroid for a time greater than about two months from the time in
which the implant is placed in ocular region or ocular site, such as the vitreous of an

eye.

The steroid of the implant may be a corticosteroid. In certain embodiments,
the steroid may be a fluocinolone, a triamcinolone, or a mixture of fluocinolone and

triamcinolone. In some embodiments, the fluocinolone is provided in the implant as
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fluocinolone acetonide, and the triamcinolone is provided in the implant as
triamcinolone acetonide. Triamcinolone acetonide is publicly available under the
tradename, KENALOG®. Another steroid useful in the present implants is
beclomethasone or beclomethasone diproprionate. Thus, the present implants may
comprise one or more of the following: fluocinolone, fluocinolone acetonide,
triamcinolone, triamcinolone acetonide, beclomethasone, or beclamethasone

diproprionate.

The steroid may be in a particulate or powder form and entrapped by the
biodegradable polymer matrix. Usually, steroid particles will have an efiective
average size less 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 patrticle size of less than about 400 nanometers, and
in still further embodiments, a size less than about 200 nanometers.

The steroid of the implant is preferably from about 10 to 90% by weight of the
implant. More preferably, the steroid is from about 50 to about 80% by weight of the
implant. In a preferred embodiment, the steroid comprises about 50% by weight ot
the implant. In another embodiment, the steroid comprises about 70% by weight of

the implant.

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 are at least partially and more preferably substantially

completely biodegradable or bioerodible.
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