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(57) ABSTRACT

Described herein are liquid rapamycin formulations.
Described herein are methods of treating or preventing
diseases or conditions, such as choroidal neovascularization,
wet AMD and dry AMD, and preventing transition of dry
AMD to wet AMD, using the liquid rapamycin formulations
described herein.
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Subconjunctival Administration of 2% Rapa-PEG-EtOH Solution
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Subconjunctival Administration of 2% Rapa-PEG-EtOH Solution
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RAPAMYCIN FORMULATIONS AND
METHODS OF THEIR USE

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 14/151,647, filed Jan. 9, 2014,
which is a divisional of U.S. patent application Ser. No.
11/352,092, filed Feb. 9, 2006, now U.S. Pat. No. 8,637,070,
which is related to and claims priority from U.S. Provisional
Patent Application No. 60/664,040, filed Mar. 21, 2005, U.S.
Provisional Patent Application No. 60/664,306, filed Mar.
21, 2005, and U.S. Provisional Patent Application No.
60/651,790, filed Feb. 9, 2005, each of which is incorporated
herein by reference in its entirety for all purposes.

FIELD

[0002] Described herein are liquid rapamycin formula-
tions for treatment or prevention of age-related macular
degeneration (AMD), by delivery of the liquid rapamycin
formulation to the eye of a subject, including but not limited
to a human subject.

BACKGROUND

[0003] The retina of the eye contains the cones and rods
that detect light. In the center of the retina is the macula
lutea, which is about 5 to %2 c¢cm in diameter. The macula
provides detailed vision, particularly in the center (the
fovea), because the cones are higher in density. Blood
vessels, ganglion cells, inner nuclear layer and cells, and the
plexiform layers are all displaced to one side (rather than
resting above the cones), thereby allowing light a more
direct path to the cones.

[0004] Under the retina are the choroid, comprising a
collection of blood vessels embedded within a fibrous tissue,
and the deeply pigmented epithelium, which overlays the
choroid layer. The choroidal blood vessels provide nutrition
to the retina (particularly its visual cells).

[0005] There are a variety of retinal disorders for which
there is currently no treatment or for which the current
treatment is not optimal. Macular degeneration and choroi-
dal neovascularization are nonlimiting examples of retinal
disorders that are difficult to treat with conventional thera-
pies.

[0006] Age-related macular degeneration (AMD) is the
major cause of severe visual loss in the United States for
individuals over the age of 60. AMD occurs in either an
atrophic or less commonly an exudative form. The atrophic
form of AMD is also called “dry AMD,” and the exudative
form of AMD is also called “wet AMD.”

[0007] In exudative AMD, blood vessels grow from the
choriocapillaris through defects in Bruch’s membrane, and
in some cases the underlying retinal pigment epithelium.
Organization of serous or hemorrhagic exudates escaping
from these vessels results in fibrovascular scarring of the
macular region with attendant degeneration of the neu-
roretina, detachment and tears of the retinal pigment epi-
thelium, vitreous hemorrhage and permanent loss of central
vision. This process is responsible for more than 80% of
cases of significant visual loss in subjects with AMD.
Current or forthcoming treatments include laser photoco-
agulation, photodynamic therapy, treatment with pegylated
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aptamers, treatment with VEGF antibody fragments, and
treatment with certain small molecule agents.

[0008] Several studies have recently described the use of
laser photocoagulation in the treatment of initial or recurrent
neovascular lesions associated with AMD (Macular Photo-
coagulation Study Groups (1991) in Arch. Ophthal. 109:
1220; Arch. Ophthal. 109:1232; and Arch. Ophthal. 109:
1242). Unfortunately, AMD subjects with subfoveal lesions
subjected to laser treatment experienced a rather precipitous
reduction in visual acuity (mean 3 lines) at 3 months
follow-up. Moreover, at two years post-treatment treated
eyes had only marginally better visual acuity than their
untreated counterparts (means of 20/320 and 20/400, respec-
tively). Another drawback of the procedure is that vision
after surgery is immediately worse.

[0009] Photodynamic therapy (PDT) is a form of photo-
therapy, a term encompassing all treatments that use light to
produce a beneficial reaction in a subject. Optimally, PDT
destroys unwanted tissue while sparing normal tissue. Typi-
cally, a compound called a photosensitizer is administered to
the subject. Usually, the photosensitizer alone has little or no
effect on the subject. When light, often from a laser, is
directed onto a tissue containing the photosensitizer, the
photosensitizer is activated and begins destroying targeted
tissue. Because the light provided to the subject is confined
to a particularly targeted area, PDT can be used to selec-
tively target abnormal tissue, thus sparing surrounding
healthy tissue. PDT is currently used to treat retinal diseases
such as AMD. PDT is currently the mainstay of treatment for
subfoveal choroidal neovascularization in subjects with
AMD (Photodynamic Therapy for Subfoveal Choroidal
Neovascularization in Age Related Macular Degeneration
with Verteporfin by TAP Study Group (1999) in Arch.
Ophthalmol. 117:1329-1345).

[0010] Choroidal neovascularization (CNV) has proven to
be recalcitrant to treatment in most cases. Conventional laser
treatment can ablate CNV and help to preserve vision in
selected cases not involving the center of the retina, but this
is limited to only about 10% of the cases. Unfortunately,
even with successful conventional laser photocoagulation,
the neovascularization recurs in about 50-70% of eyes (50%
over 3 years and >60% at 5 years). (Macular Photocoagu-
lation Study Group (1986) in Arch. Ophthalmol. 204:694-
701). In addition, many subjects who develop CNV are not
good candidates for laser therapy because the CNV is too
large for laser treatment, or the location cannot be deter-
mined so that the physician cannot accurately aim the laser.
Photodynamic therapy, although utilized in up to 50% of
new cases of subfoveal CNV has only marginal benefits over
natural history, and generally delays progression of visual
loss rather than improving vision which is already decreased
secondary to the subfoveal lesion. PDT is neither preventive
nor definitive. Several PDT treatments are usually required
per subject and additionally, certain subtypes of CNV fare
less well than others.

[0011] Thus, there remains a need for methods, composi-
tions, and formulations that may be used to optimally
prevent or significantly inhibit choroidal neovascularization
and to prevent and treat AMD in its wet and dry forms.
[0012] In addition to AMD, choroidal neovascularization
is associated with such retinal disorders as presumed ocular
histoplasmosis syndrome, myopic degeneration, angioid
streaks, idiopathic central serous chorioretinopathy, inflam-
matory conditions of the retina and or choroid, and ocular
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trauma. Angiogenic damage associated with neovasculariza-
tion occurs in a wide range of disorders including diabetic
retinopathy, venous occlusions, sickle cell retinopathy, ret-
inopathy of prematurity, retinal detachment, ocular ischemia
and trauma.

[0013] There have been many attempts to treat CNV and
its related diseases and conditions, as well as other condi-
tions such as macular edema and chronic inflammation, with
pharmaceuticals. For example, use of rapamycin to inhibit
CNV and wet AMD has been described in U.S. application
Ser. No. 10/665,203, which is incorporated herein by refer-
ence in its entirety. The use of rapamycin to treat inflam-
matory diseases of the eye has been described in U.S. Pat.
No. 5,387,589, the content of which is incorporated herein
by reference in its entirety. U.S. Patent Application No.
60/503,840 and Ser. No. 10/945,682 are further incorporated
herein by reference in their respective entireties. Another
reference whose content is incorporated herein by reference
in its entirety is U.S. Pat. No. 6,376,517.

[0014] Particularly for chronic diseases, including those
described herein, there is a great need for long acting
methods for delivering therapeutic agents to the eye, such as
to the posterior segment to treat CNV in such diseases as
AMD. Formulations with extended delivery of therapeutic
agent are more comfortable and convenient for a subject,
due to a diminished frequency of ocular injections of the
therapeutic agent.

[0015] Direct delivery of therapeutic agents to the eye
rather than systemic administration may be advantageous
because the therapeutic agent concentration at the site of
action is increased relative to the therapeutic agent concen-
tration in a subject’s circulatory system. Additionally, thera-
peutic agents may have undesirable side effects when deliv-
ered systemically to treat posterior segment disease. Thus,
localized drug delivery may promote efficacy while decreas-
ing side effects and systemic toxicity.

SUMMARY

[0016] The methods and liquid rapamycin formulations
described herein allow delivery of rapamycin to the eye of
a subject. Unless the context indicates otherwise, it is
envisioned that the subjects on whom all of the methods of
treatment may be performed include human subjects.
[0017] Described herein are methods and liquid rapamy-
cin formulations for delivering rapamycin for extended
periods of time which can be used for the treatment, pre-
vention, inhibition, delaying onset of, or causing regression
of diseases and conditions including CNV, wet AMD, and
dry AMD.

[0018] As described in further detail in the Detailed
Description section, the methods and liquid rapamycin for-
mulations may also be used for delivery to a subject or to the
eye of a subject of therapeutically effective amounts of
rapamycin for the treatment, prevention, inhibition, delaying
of'the onset of; or causing the regression of wet or dry AMD.
In some variations, the methods, compositions, and liquid
formulations are used to treat wet AMD. In some variations,
the methods, compositions, and liquid formulations are used
to prevent wet AMD. In some variations, the methods,
compositions, and liquid formulations are used to treat dry
AMD. In some variations, the methods, compositions, and
liquid formulations are used to prevent dry AMD. In some
variations, the methods, compositions, and liquid formula-
tions are used to prevent transition from dry AMD to wet
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AMD. The methods, compositions and liquid formulations
may also be used for delivery to a subject or to the eye of a
subject of therapeutically effective amounts of rapamycin
for the treatment, prevention, inhibition, delaying of the
onset of, or causing the regression of CNV. In some varia-
tions, the methods, compositions and liquid formulations are
used to treat CNV. The methods, compositions and liquid
formulations may also be used for delivery to a subject or to
the eye of a subject of therapeutically effective amounts of
rapamycin for the treatment, prevention, inhibition, delaying
of the onset of] or causing the regression of angiogenesis in
the eye. In some variations, the methods, compositions and
liquid formulations are used to treat angiogenesis. Other
diseases and conditions that may be treated, prevented,
inhibited, have onset delayed, or caused to regress using
rapamycin are described in the Diseases and Conditions
section of the Detailed Description.

[0019] In some variations, the liquid formulations
described herein form a non-dispersed mass when placed
into a rabbit eye, including but not limited to the vitreous of
a rabbit eye.

[0020] The liquid rapamycin formulations may generally
be administered in any volume that has the desired effect. In
some variations a volume of a liquid rapamycin formulation
is administered to the vitreous and the liquid formulation is
less than one half the volume of the vitreous. In some
variations, formation of a non-dispersed mass after place-
ment of the liquid rapamycin formulation in a rabbit eye or
a subject depends upon the volume of the liquid rapamycin
formulation injected or placed in the rabbit eye or subject.
The liquid rapamycin formulations described herein are
generally administered intraocularly, periocularly, intravit-
really, or between the sclera and conjunctiva.

[0021] The liquid rapamycin formulations described
herein may deliver rapamycin for an extended period of
time. One nonlimiting example of such an extended release
delivery system is a liquid rapamycin formulation that
delivers rapamycin to the eye of human a subject in an
amount sufficient to treat, prevent, inhibit, delay onset of, or
cause regression of wet or dry AMD, or CNV, in a subject
for an extended period of time. In some variations, the liquid
rapamycin formulation is used to treat wet or dry AMD or
CNV in a human subject. In some variations, the liquid
rapamycin formulation is used to prevent transition of dry
AMD to wet AMD in a human subject. In some variations,
the liquid rapamycin formulation delivers an amount of
rapamycin effect to treat or prevent wet or dry AMD or CNV
for at least about one, about two, about three, about six,
about nine, or about twelve months. Other extended periods
of release are described in the Detailed Description.
[0022] Described herein is a liquid formulation compris-
ing about 2% (w/w) of rapamycin, about 94% (w/w) PEG
400, and about 4% (w/w) of ethanol. Described herein is a
method for treating wet age-related macular degeneration in
a human subject, the method comprising administering to
the human subject by intraocular or periocular delivery a
volume of a liquid formulation comprising about 2% (w/w)
of rapamycin, about 94% (w/w) PEG 400, and about 4%
(w/w) of ethanol containing an amount of rapamycin effec-
tive to treat wet age-related macular degeneration in the
human subject. Described herein is a method for preventing
wet age-related macular degeneration in a human subject,
the method comprising administering to the human subject
by intraocular or periocular delivery a volume of a liquid
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formulation comprising about 2% (w/w) of rapamycin,
about 94% (w/w) PEG 400, and about 4% (w/w) of ethanol
containing an amount of rapamycin effective to prevent wet
age-related macular degeneration in the human subject. In
some variations the human subject is identified as being at
heightened risk of developing wet age-related macular
degeneration in the eye to which the liquid formulation is
administered. In some variations the human subject has dry
age-related macular degeneration in at least one eye. In some
variations the human subject has wet age-related macular
degeneration in one eye and the liquid formulation is admin-
istered to the eye without wet age-related macular degen-
eration.

[0023] Described herein are methods for treating dry age-
related macular degeneration in a human subject comprising
administering to the human subject by intraocular or peri-
ocular delivery a volume of a liquid formulation comprising
about 2% (w/w) of rapamycin, about 94% (w/w) PEG 400,
and about 4% (w/w) of ethanol.

[0024] Described herein are methods for preventing wet
age-related macular degeneration in a human subject having
dry age-related macular degeneration, the method compris-
ing administering to a human subject having dry age-related
macular degeneration a volume of a liquid formulation
comprising about 2% (w/w) of rapamycin, about 94% (w/w)
PEG 400, and about 4% (w/w) of ethanol, wherein the
volume is administered by intraocular or periocular delivery.
[0025] In some variations, the volume of a liquid formu-
lation is administered to the human subject by placement in
the vitreous and the volume of liquid formulation contains
less than about 3 mg of rapamycin. In some variations, the
volume of liquid formulation contains less than about 2.5 mg
of rapamycin. In some variations, the volume of liquid
formulation contains less than about 2 mg of rapamycin. In
some variations, the volume of liquid formulation contains
between about 20 pg and about 2.5 mg of rapamycin. In
some variations, the volume of liquid formulation is admin-
istered to the human subject by placement between the
sclera and conjunctiva and the volume of liquid formulation
contains less than about 5 mg of rapamycin. In some
variations, the volume of liquid formulation contains less
than about 3.5 mg of rapamycin. In some variations, the
volume of liquid formulation contains less than about 3 mg
of rapamycin. In some variations, the volume of liquid
formulation contains between about 20 pg and about 5 mg
of rapamycin.

[0026] In some variations, the volume of liquid formula-
tion is administered to the human subject by placement in
the vitreous of the human subject and the volume of liquid
formulation contains less than about 100 pL. of PEG 400. In
some variations, the volume of liquid formulation contains
less than about 50 pl. of PEG 400. In some variations,
wherein the volume of liquid formulation contains less than
about 30 uL. of PEG 400.

[0027] In some variations, the volume of liquid formula-
tion is administered to the human subject by placement
between the sclera and conjunctiva and the volume of liquid
formulation contains less than about 160 pL. of PEG 400. In
some variations, the volume of liquid formulation contains
less than about 120 pl. of PEG 400. In some variations,
wherein the volume of liquid formulation contains less than
about 90 ul. of PEG 400.

[0028] In some variations, a volume of a liquid formula-
tion described herein of less than about 50 ul. of liquid
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formulation is administered to the human subject by place-
ment in the vitreous of the human subject. In some varia-
tions, a volume of less than about 20 pL of liquid formula-
tion is administered to the human subject. In some
variations, a volume of less than about 10 pl of liquid
formulation is administered to the human subject. In some
variations, a volume of less than about 5 pl of liquid
formulation is administered to the human subject. In some
variations, a volume of less than about 1 pl of liquid
formulation is administered to the human subject.

[0029] In some variations, a volume of less than about 200
pul of liquid formulation is administered to the human
subject by placement between the sclera and conjunctiva of
the human subject. In some variations, a volume of less than
about 100 pL of liquid formulation is administered to the
human subject. In some variations, a volume of less than
about 50 plL of liquid formulation is administered to the
human subject. In some variations, a volume of less than
about 20 plL of liquid formulation is administered to the
human subject. In some variations, a volume of less than
about 10 plL of liquid formulation is administered to the
human subject. In some variations, a volume of less than
about 5 ul. of liquid formulation is administered to the
human subject.

[0030] In some variations, a volume of a liquid formula-
tion is administered to the human subject by placement
between the sclera and conjunctiva and the human subject to
which the volume is administered has visual acuity of at
least about 20/40. In some variations, the human subject to
which the volume is administered has visual acuity of at
least about 20/40 in the eye to which the volume is admin-
istered.

[0031] Described herein are liquid formulations compris-
ing rapamycin, a non-aqueous liquid component, and
optionally a water component, wherein the rapamycin is at
least about 0.1% (w/w) of the liquid formulation and the
non-aqueous liquid component is at least about 90% (w/w)
of'the liquid formulation; and wherein the liquid formulation
when injected into the vitreous of a rabbit eye delivers an
amount of rapamycin sufficient to achieve an average con-
centration of rapamycin in the retina choroid of the rabbit
eye of at least about 0.01 ng/mg for a period of time of at
least about 30 or at least about 120 days following admin-
istration of the liquid formulation. In some variations, the
liquid formulation when injected into the vitreous of a rabbit
eye delivers an amount of rapamycin sufficient to achieve an
average concentration of rapamycin in the retina choroid of
the rabbit eye of at least about 0.1 ng/mg for a period of time
of at least about 30 or at least about 90 days following
administration of the liquid formulation.

[0032] Described herein are liquid formulations compris-
ing rapamycin, a non-aqueous liquid component, and
optionally a water component, wherein the rapamycin is at
least about 0.1% (w/w) of the liquid formulation and the
non-aqueous liquid component is at least about 90% (w/w)
of'the liquid formulation; and wherein the liquid formulation
when injected into the vitreous of a rabbit eye delivers an
amount of rapamycin sufficient to achieve an average con-
centration of rapamycin in the vitreous of the rabbit eye of
at least about 1000 ng/ml for a period of time of at least
about 30 or at least about 120 days following administration
of the liquid formulation.

[0033] Described herein are liquid formulations compris-
ing rapamycin, a non-aqueous liquid component, and
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optionally a water component, wherein the rapamycin is at
least about 0.1% (w/w) of the liquid formulation and the
non-aqueous liquid component is at least about 90% (w/w)
of' the liquid formulation; and wherein the liquid formulation
when injected between the sclera and conjunctiva of a rabbit
eye delivers an amount of rapamycin sufficient to achieve an
average concentration of rapamycin in the vitreous of the
rabbit eye of at least about 0.01 ng/ml for a period of time
of at least about 30 or at least about 120 days following
administration of the liquid formulation. In some variations,
the liquid formulation when injected between the sclera and
conjunctiva of a rabbit eye delivers an amount of rapamycin
sufficient to achieve an average concentration of rapamycin
in the vitreous of the rabbit eye of at least about 0.1 ng/ml
for a period of time of at least about 30 or at least about 120
days following administration of the liquid formulation.
[0034] Described herein are liquid formulations compris-
ing rapamycin, a non-aqueous liquid component, and
optionally a water component, wherein the rapamycin is at
least about 0.1% (w/w) of the liquid formulation and the
non-aqueous liquid component is at least about 90% (w/w)
of' the liquid formulation; and wherein the liquid formulation
when injected between the sclera and conjunctiva of a rabbit
eye delivers an amount of rapamycin sufficient to achieve an
average concentration of rapamycin in the retina choroid of
the rabbit eye of at least about 0.001 ng/mg for a period of
time of at least about 30 or at least about 120 days following
administration of the liquid formulation. In some variations,
the liquid formulation when injected between the sclera and
conjunctiva of a rabbit eye delivers an amount of rapamycin
sufficient to achieve an average concentration of rapamycin
in the retina choroid of the rabbit eye of at least about 0.005
ng/mg for a period of time of at least about 30 or at least
about 120 days following administration of the liquid for-
mulation. In some variations, the liquid formulation when
injected between the sclera and conjunctiva of a rabbit eye
delivers an amount of rapamycin sufficient to achieve an
average concentration of rapamycin in the retina choroid of
the rabbit eye of at least about 0.01 ng/mg for a period of
time of at least about 30 days following administration of the
liquid formulation.

[0035] Described herein are liquid formulations wherein
the rapamycin is less than about 6% (w/w) of the liquid
formulation, the water component is less than about 5%
(wiw) of the liquid formulation, and the non-aqueous liquid
component is selected from the group consisting of any one
or more of glycerin, dimethylsulfoxide, N-methylpyrroli-
done, dimethyl acetamide (DMA), dimethyl formamide,
glycerol formal, ethoxy diglycol, triethylene glycol dimethyl
ether, triacetin, diacetin, corn oil, acetyl triethyl citrate
(ATC), ethyl lactate, polyglycolated capryl glyceride, y
butyrolactone, dimethyl isosorbide, or benzyl alcohol.
[0036] Described herein are unit dosage forms comprising
a volume of a liquid formulation as described herein,
wherein the volume of liquid formulation contains less than
about 4 mg, less than about 3.5 mg, less than about 3 mg,
less than about 2.5 mg, less than about 2 mg, between about
20 pg and about 2.5 mg, or between about 20 ug and about
5 mg of rapamycin.

[0037] Described herein are unit dosage forms comprising
a volume of a liquid formulation as described herein,
wherein the non-aqueous liquid component is polyethylene
glycol and the volume of liquid formulation contains less
than about 160 pL., less than about 120 pL, less than about
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90 ul, less than about 50 uL. of polyethylene glycol, or less
than about 30 plL of polyethylene glycol.

[0038] Described herein are unit dosage forms comprising
a volume of less than about 200 uL, less than about 100 plL,
less than about 50 pL, less than about 20 pL, less than about
10 uL, less than about 5 ul., or less than about 1 pL. of a
liquid formulation described herein.

[0039] Described herein are methods for treating wet
age-related macular degeneration in a human subject, the
method comprising administering to the human subject by
intraocular or periocular delivery a volume of a liquid
formulation described herein containing an amount of
rapamycin effective to treat wet age-related macular degen-
eration in the human subject.

[0040] Described herein are methods for preventing wet
age-related macular degeneration in a human subject, the
method comprising administering to the human subject by
intraocular or periocular delivery a volume of the liquid
formulation described herein containing an amount of
rapamycin effective to prevent wet age-related macular
degeneration in the human subject. In some variations the
human subject is identified as being at heightened risk of
developing wet age-related macular degeneration in the eye
to which the liquid formulation is administered. In some
variations the human subject identified as being at height-
ened risk of developing wet age-related macular degenera-
tion has dry age-related macular degeneration in at least one
eye. In some variations the human subject identified as being
at heightened risk of developing wet age-related macular
degeneration has wet age-related macular degeneration in
one eye and the liquid formulation is administered to the eye
without wet age-related macular degeneration.

[0041] Described herein are methods for treating dry age-
related macular degeneration in a human subject, the method
comprising administering to the human subject by intraocu-
lar or periocular delivery a volume of a liquid formulation
described herein containing an amount of rapamycin effec-
tive to treat dry age-related macular degeneration in the
human subject.

[0042] Described herein are methods for preventing wet
age-related macular degeneration in a human subject having
dry age-related macular degeneration, the method compris-
ing administering to a human subject having dry age-related
macular degeneration a volume of a liquid formulation
described herein containing an amount of rapamycin effec-
tive to prevent wet age-related macular degeneration in the
human subject, wherein the volume of the liquid formulation
is administered by intraocular or periocular delivery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIGS. 1A-1C schematically depict formation of a
non-dispersed mass, after injection of a liquid formulation
into the vitreous of an eye, as it is believed to occur in some
variations.

[0044] FIG. 2 depicts the level of rapamycin in the vitre-
ous of rabbit eyes (ng/ml) at 5, 30, 60, 90, and 120 days after
subconjunctival injection of 20 pl, 40 ul, and 60 pl doses of
a 2% solution of rapamycin in ethanol and PEG 400.
[0045] FIG. 3 depicts the level of rapamycin in the retina
choroid tissues of rabbit eyes (ng/mg) at 5, 30, 60, 90, and
120 days after subconjunctival injection of 20 pl, 40 pl, and
60 pl doses of a 2% solution of rapamycin in ethanol and
PEG 400.
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[0046] FIG. 4 depicts the level of rapamycin in the vitre-
ous of rabbit eyes (ng/ml) at 5, 30, 60, 90, and 120 days after
intravitreal injection of 20 pl and 40 pl doses of a 2%
solution of rapamycin in ethanol and PEG 400.

[0047] FIG. 5 depicts the level of rapamycin in the retina
choroid tissues of rabbit eyes (ng/mg) at 5, 30, 60, 90, and
120 days after intravitreal injection of 20 pl and 40 pl doses
of' a 2% solution of rapamycin in ethanol and PEG 400.

DETAILED DESCRIPTION

[0048] Described in this section are liquid rapamycin
formulations and methods relating to delivery of rapamycin
to a subject or to the eye of a subject. These liquid rapamycin
formulations and methods may be used for the treatment,
prevention, inhibition, delaying onset of, or causing regres-
sion of diseases and conditions of the eye including but not
limited to choroidal neovascularization; macular degenera-
tion and age-related macular degeneration, including wet
AMD and dry AMD. In some variations, the liquid rapamy-
cin formulations and methods are used for treatment of
choroidal neovascularization; macular degeneration and
age-related macular degeneration, including wet AMD and
dry AMD. In some variations, the liquid rapamycin formu-
lations and methods are used for prevention of choroidal
neovascularization; macular degeneration and age-related
macular degeneration, including wet AMD and dry AMD.
[0049] Inthis detailed description section are described (1)
liquid rapamycin formulations, (2) extended delivery of
rapamycin, (3) routes of administration for delivery of liquid
rapamycin formulations, and (4) treatment and prevention of
CNV and wet and dry AMD by delivery of rapamycin to a
subject or to the eye of a subject for an extended period of
time using the described liquid rapamycin formulations.
[0050] The term “about,” as used herein, generally refers
to the level of accuracy that is obtained when the methods
described herein, such as the methods in the examples, are
used. However, by “about” a certain amount of a component
of a formulation is meant 90-110% of the amount stated.

Liquid Rapamycin Formulations

[0051] The terms rapamycin and rapa are used inter-
changeably herein with the term sirolimus. In some varia-
tions the liquid rapamycin formulations form a non-dis-
persed mass relative to a surrounding medium when placed
in the vitreous of a rabbit eye.

[0052] The liquid formulations described herein contain
rapamycin and may generally be any liquid formulation,
including but not limited to solutions, suspensions, and
emulsions.

[0053] The liquid rapamycin formulations may generally
be administered in any volume that has the desired effect; in
some variations a liquid rapamycin formulation is adminis-
tered to the vitreous and the liquid rapamycin formulation is
less than one half the volume of the vitreous of the eye to
which it is being administered. In some variations the liquid
rapamycin formulation is administered between the sclera
and conjunctiva in a volume less than about 50 pl.

[0054] When a certain volume is administered, it is under-
stood that there is some imprecision in the accuracy of
various devices that may be used to administer the liquid
formulation. Where a certain volume is specified, it is
understood that this is the target volume. However, certain
devices such as insulin syringes are inaccurate to greater
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than 10%, and sometimes inaccurate to greater than 20% or
more. Hamilton HPLC type syringes are generally consid-
ered precise to within 10%, and are recommended for
volumes at or below 10 pl.

[0055] Insome variations, a volume of a liquid rapamycin
formulation described herein is administered to the vitreous
of' a human subject’s eye that is less than about 500 pl, less
than about 400 pl, less than about 300 pl, less than about 200
ul, less than about 100 pl, less than about 90 pl, less than
about 80 pl, less than about 70 pl, less than about 60 pl, less
than about 50 pl, less than about 40 pl, less than about 30 pl,
less than about 20 pl, less than about 10 pl, less than about
5 ul, less than about 3 pl, or less than about 1 pl. In some
variations, a volume of a liquid rapamycin formulation
described herein is administered to the vitreous of a human
subject’s eye that is less than about 20 pl. In some variations,
avolume of a liquid rapamycin formulation described herein
is administered to the vitreous that is less than about 10 pl.
In some variations, a volume of a liquid rapamycin formu-
lation described herein is administered to the vitreous of a
human subject’s eye that is between about 0.1 pl and about
200 pl, between about 50 ul and about 200 pl, between about
50 ul and about 150 pl, between about 0.1 ul and about 100
ul, between about 0.1 ul and about 50 pl, between about 1
pl and about 40 pl, between about 1 ul and about 30 pl,
between about 1 pl and about 20 pl, between about 1 pl and
about 10 pl, or between about 1 ul and about 5 pl. In some
variations, a volume of a liquid rapamycin formulation
described herein is administered to the vitreous of a human
subject’s eye that is between about 1 pl and about 10 pl. In
some variations, a volume of a liquid rapamycin formulation
described herein is administered to the vitreous of a rabbit
eye or a subject’s eye that is between about 1 ul and about
5 ul. In some variations, a volume of a liquid rapamycin
formulation described herein is administered to the vitreous
of a rabbit eye or a subject’s eye that is between about 1 pl
and about 5 pl. In some variations, a volume of a liquid
rapamycin formulation described herein is administered to
the vitreous of a human subject’s eye that is between about
0.1 pl and about 200 pl.

[0056] In some variations, a total volume of a liquid
rapamycin formulation described herein is subconjuncti-
vally administered to a human subject’s eye that is less than
about 1000 pl, less than about 900 pl, less than about 800 ul,
less than about 700 pl, less than about 600 pl, less than about
500 ul, less than about 400 pl, less than about 300 ul, less
than about 200 pl, less than about 100 pl, less than about 90
ul, less than about 80 pl, less than about 70 ul, less than
about 60 pl, less than about 50 pl, less than about 40 pl, less
than about 30 pl, less than about 20 pl, less than about 10 pl,
less than about 5 pl, less than about 3 pl, or less than about
1 pl. In some variations, a volume of a liquid rapamycin
formulation described herein is subconjunctivally adminis-
tered to a human subject’s eye that is less than about 20 pl.
In some variations, a volume of a liquid rapamycin formu-
lation described herein is subconjunctivally administered to
a human subject’s eye that is less than about 10 pl. In some
variations, a volume of a liquid rapamycin formulation
described herein is subconjunctivally administered to a
human subject’s eye that is between about 0.1 pl and about
200 pl, between about 50 ul and about 200 pl, between about
200 pl and about 300 pl, between about 300 pl and about 400
ul, between about 400 pl and about 500 pl, between about
500 pl and about 600 pl, between about 600 pl and about 700
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ul, between about 700 pl and about 800 pl, between about
800 ul and about 900 pl, between about 900 pl and about
1000 pl, between about 50 ul and about 150 ul, between
about 0.1 pl and about 100 pl, between about 0.1 ul and
about 50 pl, between about 1 pl and about 40 pl, between
about 1 pl and about 30 pl, between about 1 pl and about 20
ul, between about 1 pl and about 10 pl, or between about 1
ul and about 5 pl. In some variations, a volume of a liquid
rapamycin formulation described herein is subconjuncti-
vally administered to a human subject’s eye that is between
about 1 pl and about 10 pl. In some variations, a volume of
a liquid rapamycin formulation described herein is subcon-
junctivally administered to a human subject’s eye that is
between about 1 pl and about 5 pl. In some variations, a
volume of a liquid rapamycin formulation described herein
is administered to subconjunctivally administered to a
human subject’s eye that is between about 1 pl and about 5
pl. In some variations, a volume of a liquid rapamycin
formulation described herein is administered to subconjunc-
tivally administered to a human subject’s eye that is between
about 0.1 pl and about 200 pl.

[0057] In some variations the liquid rapamycin formula-
tions described herein contain no greater than about 250 ul
of polyethylene glycol. In some variations the liquid
rapamycin formulation described herein contain no greater
than about 250 pl, no greater than about 200 ul, no greater
than about 150 pl, no greater than about 125 ul, no greater
than about 100 pl, no greater than about 75 ul, no greater
than about 50 pl, no greater than about 25 pl, no greater than
about 20 pl, no greater than about 15 pl, no greater than
about 10 ul, no greater than about 7.5 ul, no greater than
about 5 ul, no greater than about 2.5 ul, no greater than about
1.0 pul, or no greater than about 0.5 ul of polyethylene glycol.
Formulations containing polyethylene glycol may contain,
for example, PEG 300 or PEG 400.

[0058] In some variations, the liquid rapamycin formula-
tion described herein have a viscosity of between 40% and
120% centipoise. In some variations the liquid rapamycin
formulations described herein have a viscosity of between
60% and 80% centipoise.

[0059] In some variations the liquid rapamycin formula-
tions described herein are administered in multiple subcon-
junctival locations within a period of time of one another,
including but not limited to within an hour of one another.
Without being bound by theory, it is thought that such
multiple administrations, such as multiple injections, allow
for a greater total dose to be administered subconjunctivally
than a single dose due to a potentially limited ability of the
local ocular tissues to absorb larger volumes.

[0060] Some liquid rapamycin formulations described
herein comprise a non-aqueous liquid component. The non-
aqueous liquid component may comprise a single non-
aqueous liquid component or a combination of non-aqueous
liquid component. In some variations, the non-aqueous
liquid component is glycerin, dimethylsulfoxide, N-methyl-
pyrrolidone, ethanol, isopropyl alcohol, polyethylene glycol
of various molecular weights, including but not limited to
PEG 300 and PEG 400, or propylene glycol, or a mixture of
one or more thereof.

[0061] Liquid rapamycin formulations may optionally fur-
ther comprise stabilizers, excipients, gelling agents, adju-
vants, antioxidants, and/or other components as described
herein.
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[0062] In some variations all components in the liquid
formulation, other than the therapeutic agent, are liquid at
room temperature.

[0063] In some variations the rapamycin in the liquid
formulation contains between about 0.01 to about 10% of
the total weight of the composition; between about 0.05 to
about 10%; between about 0.1 to about 5%; between about
1 to about 5%; or between about 5 to about 15%; between
about 8 to about 10%; between about 0.01 to about 1%;
between about 0.05 to about 5%; between about 0.1 to about
0.2%; between about 0.2 to about 0.3%; between about 0.3
to about 0.4%; between about 0.4 to about 0.5%; between
about 0.5 to about 0.6%; between about 0.6 to about 0.7%;
between about 0.7 to about 1%; between about 1 to about
3%; or between about 1.5 to about 2.5%. In some variations
the liquid formulations described herein contain between
about 0.1 to about 5% w/w of rapamycin.

[0064] In some variations the non-aqueous liquid compo-
nent is, by way of nonlimiting example, between about 0.01
to about 99.9% of the total weight of the composition;
between about 0.1 to about 99%; between about 75 to about
99.99%:; between about 85 to about 99.99%; or between
about 55 to about 95% w/w. In some variations the non-
aqueous liquid component is between about 85 to about
99.99% wiw.

[0065] In some variations there is optionally a water
component. In some variations the water component is less
than about 30%, less than about 25%, less than about 20%,
less than about 15%, less than about 10%, less than about
7.5%, less than about 5%, less than about 4%, less than
about 3%, less than about 2%, less than about 1%, or less
than about 0.5%. In some variations the water component is
less than about 5% w/w.

[0066] Some variations of liquid formulations includes
rapamycin between about 0.01 and about 5% by weight of
the total, and a non-aqueous liquid component between
about 95% and about 99.99% by weight of the total. In some
variations the formulations further comprise stabilizing
agents, excipients, adjuvants, or antioxidants, between about
0 and about 5% by weight of the total.

[0067] In some variations, a liquid formulation may con-
tain about 2% w/w rapamycin and about 98% w/w of a
non-aqueous liquid component. In some variations, the
non-aqueous liquid component comprises ethanol. In some
variations, the non-aqueous liquid component comprises a
liquid polyethylene glycol, including but not limited to PEG
400.

[0068] Non-aqueous liquid components that may be used
include but are not limited to any non-aqueous liquid
component as above, including but not limited to any one or
more of DMSO, glycerin, ethanol, methanol, isopropyl
alcohol; castor oil, propylene glycol, polyvinylpropylene,
polysorbate 80, benzyl alcohol, dimethyl acetamide (DMA),
dimethyl formamide (DMF), glycerol formal, ethoxy digly-
col (Transcutol, Gattefosse), tryethylene glycol dimethyl
ether (Triglyme), dimethyl isosorbide (DMI), y-butyrolac-
tone, N-Methyl-2-pyrrolidinone (NMP), polyethylene gly-
col of various molecular weights, including but not limited
to PEG 300 and PEG 400, and polyglycolated capryl glyc-
eride (Labrasol, Gattefosse).

[0069] Further non-aqueous liquid components include
but are not limited to C4-C,, fatty acids, oleic acid, Imwitor
742, Capmul, F68, F68 (Lutrol), PLURONICS including but
not limited to PLURONICS F108, F127, and F68, Polox-
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amers, Jeffamines), Tetronics, F127, beta-cyclodextrin,
CMC, polysorbitan 20, Cavitron, softigen 767, captisol, and
sesame oil.

[0070] Other methods that may be used to dissolve
rapamycin are described in Solubilization of Rapamycin,
Int’l J. Pharma 213 (2001) 25-29, the content of which is
incorporated herein in its entirety.

[0071] As a nonlimiting example, rapamycin can be dis-
solved in 5% DMSO or methanol in a balanced salt solution.
The rapamycin solution can be unsaturated, a saturated or a
supersaturated solution of rapamycin. The rapamycin solu-
tion can be in contact with solid rapamycin. In one nonlim-
iting example, rapamycin can be dissolved in a concentra-
tion of up to about 400 mg/ml. Rapamycin can also, for
example, be dissolved in propylene glycol esterified with
fatty acids such as oleic, stearic, palmic, capric, linoleic, etc.
[0072] Many other non-aqueous liquid components are
possible. Those of ordinary skill in the art, given the
teachings herein will find it routine to identify non-aqueous
liquid components for use in the liquid rapamycin formu-
lations described herein.

[0073] Non-aqueous liquid components for use in the
liquid formulations can be determined by a variety of
methods known in the art, including but not limited to (1)
theoretically estimating their solubility parameter values and
choosing the ones that match with the therapeutic agent,
using standard equations in the field; and (2) experimentally
determining the saturation solubility of therapeutic agent in
the non-aqueous liquid components, and choosing the one(s)
that exhibit the desired solubility.

[0074] In some variations, the liquid rapamycin formula-
tions form a non-dispersed mass when placed into an
aqueous medium. As used herein, a “non-dispersed mass”
refers to the structure formed when the liquid formulation is
placed into an environment, relative to the environment in
which it is placed. Generally, a non-dispersed mass of a
liquid formulation is anything other than a homogeneous
distribution of the liquid formulation in the surrounding
medium. The non-dispersed mass may, for instance, be
indicated by visually inspecting the administered liquid
formulation and characterizing its appearance relative to the
surrounding medium.

[0075] In some variations, the aqueous medium is water.
In some variations, the water is deionized, distilled, sterile,
or tap water, including but not limited to tap water available
at the place of business of MacuSight in Union City, Calif.
[0076] In some variations, the aqueous medium is an
aqueous medium of a subject. In some variations the aque-
ous medium is an aqueous medium of the eye of a subject,
including but not limited to the vitreous of an eye of a
subject. In some variations the subject is a human subject. In
some variations the aqueous medium is the vitreous of a
rabbit eye.

[0077] The liquid formulations described herein may gen-
erally be of any geometry or shape after administration to a
subject or the eye of a subject. The non-dispersed mass-
forming liquid formulations may, for instance, appear as a
compact spherical mass when administered to the vitreous.
In other instances, the liquid formulation may appear as a
non-dispersed mass relative to the surrounding medium,
wherein the non-dispersed mass is less clearly defined and
the geometry is more amorphous than spherical.

[0078] The non-dispersed mass-forming liquid formula-
tions described herein may form a non-dispersed mass
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immediately upon placement in the medium or the non-
dispersed mass may form some period of time after place-
ment of the liquid formulation. In some variations the
non-dispersed mass forms over the course of about 1, about
2, about 3, about 4, about 5, about 6, or about 7 days. In
some variations the non-dispersed mass forms over the
course of about 1 week, about 2 weeks, or about 3 weeks.
[0079] In some variations the liquid formulations
described herein form a non-dispersed mass which has the
form of a solid depot when the formulation is injected into
any or all of water, the vitreous, or between the sclera and
the conjunctiva of a rabbit eye. In some variations the liquid
formulations described herein form a non-dispersed mass
which has the form of a semi-solid when the formulation is
injected into any or all of water, the vitreous, or between the
sclera and the conjunctiva of a rabbit eye.

[0080] In some variations described herein the liquid
rapamycin formulation forms a non-dispersed mass relative
to a surrounding medium where the surrounding medium is
aqueous. An “aqueous medium” or “aqueous environment”
is one that contains at least about 50% water. Examples of
aqueous media include but are not limited to water, the
vitreous, extracellular fluid, conjunctiva, sclera, between the
sclera and the conjunctiva, aqueous humor, gastric fluid, and
any tissue or body fluid comprised of at least about 50% of
water. Aqueous media include but are not limited to gel
structures, including but not limited to those of the conjunc-
tiva and sclera. In some variations described herein the
liquid rapamycin formulation forms a non-dispersed mass
when placed in the vitreous of a rabbit eye.

[0081] Whether a liquid formulation exhibits a non-dis-
persed mass relative to a surrounding medium when present
in a subject or the eye of a subject may be determined by, for
instance, preparing the liquid rapamycin formulation,
administering it to the vitreous of a rabbit eye, and compar-
ing the liquid formulation to the surrounding medium.
[0082] The liquid rapamycin formulations described
herein may or may not form a non-dispersed mass in the
subject. One liquid formulation described herein forms a
non-dispersed mass when administered to a subject and
forms a non-dispersed mass when administered to a rabbit
eye.

[0083] It is believed that the low solubility of rapamycin
in the vitreous contributes to the formation of a non-
dispersed mass by some rapamycin-containing liquid for-
mulations described herein. The vitreous is a clear gel
composed almost entirely of water (up to 99%). As rapamy-
cin in an injected formulation contacts the vitreous, the
rapamycin precipitates.

[0084] Factors believed to affect the formation of and
geometry of a non-dispersed mass include the concentration
of rapamycin in the formulation, the viscosity of the formu-
lation, ethanol content of the formulation, and the volume of
injection. It is believed that maintaining a relatively high
local concentration of rapamycin during precipitation favors
formation of a non-dispersed mass. As volume is increased
for a given dose, formation of a non-dispersed mass may
become less favorable. Formation of a non-dispersed mass
may become more favorable as rapamycin concentration is
increased and/or as viscosity is increased. Ethanol content
affects both the solubility of the rapamycin in the formula-
tion and the viscosity of the formulation.

[0085] Without being bound by theory, in some variations
it is hypothesized that injection of certain volumes of a
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liquid formulation containing rapamycin, ethanol and poly-
ethylene glycol results in formation of a non-dispersed mass
as depicted in FIGS. 1A-1C and described as follows. Upon
injection, due to its viscosity a solution forms a spherical
globule 100 within the vitreous 110. Ethanol then diffuses
out of this globule, resulting in localized precipitation 120 of
the rapamycin within the globule. Eventually, the polyeth-
ylene glycol also diffuses out of the globule to leave a solid,
compact non-dispersed mass of rapamycin 130.

[0086] Insome variations, upon formation a non-dispersed
mass comprising rapamycin, for example, delivers the drug
continuously at approximately a constant rate for an
extended period of time. It is believed that delivery of
rapamycin from a non-dispersed mass in the vitreous
depends on dissolution of the rapamycin in the vitreous,
which depends in turn on clearance of the drug from the
vitreous to other tissues. This release process is believed to
maintain a steady-state concentration of rapamycin in the
vitreous.

[0087] In some variations, formation of a non-dispersed
mass reduces the toxicity of the injected liquid formulation
compared to an equivalent dose that did not form a non-
dispersed mass. In variations in which a liquid formulation
injected into the vitreous does not form a non-dispersed
mass, the drug appears to disperse in the vitreous body. This
can interfere with vision.

[0088] In some variations, it is believed that the liquid
formulations will form a visually observable non-dispersed
mass when injected into the eye of a subject, including but
not limited to a human subject.

[0089] In some wvariations, liquid formulations are
believed to form non-dispersed masses when injected sub-
conjunctivally. In some variations it is believed that when
subconjunctivally administered the liquid formulation forms
a depot in the scleral tissue. That is, it is believed that the
therapeutic agent is absorbed into the sclera proximate to the
injection site and forms a local concentration of drug in the
sclera.

[0090] The compositions and liquid formulations
described herein may be used to deliver amounts of rapamy-
cin effective for treating, preventing, inhibiting, delaying on
set of, or causing the regression of the diseases and condi-
tions described herein. In some variations the compositions
and liquid formulations described herein deliver one or more
therapeutic agents over an extended period of time.

[0091] An “effective amount,” which is also referred to
herein as a “therapeutically effective amount,” of rapamycin
for administration as described herein is that amount of
rapamycin that provides the therapeutic effect sought when
administered to the subject. The achieving of different
therapeutic effects may require different effective amounts
of rapamycin. For example, the therapeutically effective
amount of rapamycin used for preventing a disease or
condition may be different from the therapeutically effective
amount used for treating, inhibiting, delaying the onset of, or
causing the regression of the disease or condition. In addi-
tion, the therapeutically effective amount may depend on the
age, weight, and other health conditions of the subject as is
well know to those versed in the disease or condition being
addressed. Thus, the therapeutically effective amount may
not be the same in every subject to which the rapamycin is
administered.

[0092] An effective amount of rapamycin for treating,
preventing, inhibiting, delaying the onset of, or causing the
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regression of a specific disease or condition is also referred
to herein as the amount rapamycin effective to treat, prevent,
inhibit, delay the onset of, or cause the regression of the
disease or condition.

[0093] To determine whether a level of rapamycin is a
therapeutically effective amount to treat, prevent, inhibit,
delay on set of, or cause the regression of the diseases and
conditions described in the Diseases and Conditions section,
liquid formulations may be administered in animal models
for the diseases or conditions of interest, and the effects may
be observed. Dose ranging clinical trials may be performed
to determine effective amounts.

[0094] The formulations described herein may further
comprise various other components such as stabilizers,
adjuvants, anti-oxidants (e.g., tocopherol, BHA, BHT,
TBHQ, tocopherol acetate, ascorbyl palmitate, ascorbic acid
propyl gallate, and the like), preservatives, or diluents, for
example. Other components that may be used in the formu-
lations described herein include but are not limited to agents
that will (1) improve the compatibility of excipients with the
encapsulating materials such as gelatin, (2) improve the
stability (e.g. prevent crystal growth of a therapeutic agent
such as rapamycin) of rapamycin, and/or (3) improve for-
mulation stability. Note that there is overlap between com-
ponents that are stabilizers and those that are non-aqueous
liquid components, and the same component can carry out
more than one role.

[0095] The rapamycin may be subjected to conventional
pharmaceutical operations, such as sterilization, and com-
positions containing rapamycin may also contain conven-
tional adjuvants, such as preservatives, stabilizers, wetting
agents, emulsifiers, buffers etc. The liquid rapamycin for-
mulation may also be formulated with pharmaceutically
acceptable excipients for clinical use to produce a pharma-
ceutical composition. The liquid rapamycin formulation
may be used to prepare a medicament to treat, prevent,
inhibit, delay onset, or cause regression of any of the
conditions described herein. In some variations, the liquid
rapamycin formulation may be used to prepare a medica-
ment to treat any of the conditions described herein.
[0096] The liquid rapamycin formulations may conve-
niently be presented in unit dosage form and may be
prepared by conventional pharmaceutical techniques. Such
techniques include the step of bringing into association the
therapeutic agent and the pharmaceutical carrier(s) or
excipient(s). The liquid rapamycin formulations may be
prepared by uniformly and intimately bringing into associate
the active ingredient with liquid carriers or finely divided
solid carriers or both, and then, if necessary, shaping the
product. The unit dosage form may be ready for placement
or injection into the eye of a subject, or may be diluted in an
aqueous or non-aqueous medium prior to injection or place-
ment in the eye of the subject.

[0097] In some variations, the formulations described
herein are provided in one or more unit dose forms, wherein
the unit dose form contains an amount of a liquid rapamycin
formulations described herein that is effective to treat or
prevent the disease or condition for which it is being
administered.

[0098] In some variations, the unit dose form is prepared
in the concentration at which it will be administered. In
some variations, the unit dose form is diluted prior to
administration to a subject. In some variations, a liquid
formulation described herein is diluted in an aqueous
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medium prior to administration to a subject, including but
not limited to an isotonic aqueous medium. In some varia-
tions, a liquid formulation described herein is diluted in a
non-aqueous medium prior to administration to a subject.

[0099] In some variations provided herein are kits com-
prising one or more unit dose forms as described herein. In
some embodiments, the kit comprises one or more of
packaging and instructions for use to treat one or more
diseases or conditions. In some embodiments, the kit com-
prises a diluent which is not in physical contact with the
formulation or pharmaceutical formulation. In some
embodiments, the kit comprises any of one or more unit dose
forms described herein in one or more sealed vessels. In
some embodiments, the kit comprises any of one or more
sterile unit dose forms.

[0100] In some variations, the unit dose form is in a
container, including but not limited to a sterile sealed
container. In some variations the container is a vial, ampule,
or low volume applicator, including but not limited to a
syringe. In some variations, a low-volume applicator is
pre-filled with rapamycin for treatment of an ophthalmic
disease or condition, including but not limited to a limus
compound for treatment of age-related macular degenera-
tion. Described herein is a pre-filled low-volume applicator
pre-filled with a formulation comprising rapamycin. In some
variations a low-volume applicator is pre-filled with a solu-
tion comprising rapamycin and a polyethylene glycol, and
optionally further comprises one or more additional com-
ponents including but not limited to ethanol. In some varia-
tions a low-volume applicator is pre-filled with a solution
comprising about 2% rapamycin, about 94% PEG-400,
about 4% ethanol.

[0101] Described herein are kits comprising one or more
containers. In some variations a kit comprises one or more
low-volume applicators pre-filled with one or more formu-
lations in liquid form comprising rapamycin, including but
not limited to formulations in liquid form comprising
rapamycin, formulations in liquid form comprising rapamy-
cin and a polyethylene glycol, and optionally further com-
prises one or more additional components including but not
limited to ethanol, and formulations in liquid form compris-
ing about 2% rapamycin, about 94% PEG-400, about 4%
ethanol. In some variations the kit comprises one or more
containers, including but not limited to pre-filled low-vol-
ume applicators, with instructions for its use. In a further
variation a kit comprises one or more low-volume applica-
tors pre-filled with rapamycin, with instructions for its use in
treating a disease or condition of the eye.

[0102] In some variations, the containers described herein
are in a secondary packaging which limits exposure of the
liquid rapamycin formulation to light or oxygen.

[0103] The following references, each of which is incor-
porated herein by reference in its entirety, show one or more
formulations, including but not limited to rapamycin formu-
lations, and which describe use of rapamycin at various
doses and other therapeutic agents for treating various
diseases or conditions: U.S. 60/651,790, filed Feb. 9, 2005,
U.S. 60/664,040, filed Feb. 9, 2005; U.S. 60/664,119, filed
Mar. 21, 2005; U.S. 60/664,306, filed Mar. 21, 2005; U.S.
Ser. No. 11/351,844, filed Feb. 9, 2006; U.S. Ser. No.
11/351,761, filed Feb. 9, 2006; US 2005/0187241, and US
2005/0064010.
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Extended Delivery of Rapamycin

[0104] Described herein are compositions and liquid for-
mulations showing in vivo delivery or clearance profiles
with one or more of the following characteristics. The
delivery or clearance profiles are for clearance of rapamycin
in vivo after injection of the composition or liquid formu-
lations subconjunctivally or into the vitreous of a rabbit eye.
The volume of the rabbit vitreous is approximately 30-40%
of the volume of the human vitreous. Not being bound by
theory, it is estimated that the surface area of the retina
choroid of a rabbit eye is approximately 25% of the surface
area of the retina choroid of a human eye. The amount of
rapamycin is measured using techniques as described in
Example 3, but without limitation to the formulation
described in Example 3.

[0105] The average concentration of rapamycin in the
tissue of a rabbit eye at a given time after administration of
a formulation containing rapamycin may be measured
according to the following method. Where volumes below
10 pl are to be injected, a Hamilton syringe is used.
[0106] The liquid formulations are stored at a temperature
of 2-8° C. prior to use.

[0107] The experimental animals are specific pathogen
free (SPF) New Zealand White rabbits. A mixed population
of about 50% male, about 50% female is used. The rabbits
are at least 12 weeks of age, usually at least 14 weeks of age,
at the time of dosing. The rabbits each weigh at least 2.2 kg,
usually at least 2.5 kg, at the time of dosing. Prior to the
study, the animals are quarantined for at least one week and
examined for general health parameters. Any unhealthy
animals are not used in the study. At least 6 eyes are
measured and averaged for a given time point.

[0108] Housing and sanitation are performed according to
standard procedures used in the industry. The animals are
provided approximately 150 grams of Teklad Certified Hi-
Fiber Rabbit Diet daily, and are provided tap water ad
libitum. No contaminants are known to exist in the water and
no additional analysis outside that provided by the local
water district is performed. Environmental Conditions are
monitored.

[0109] Each animal undergoes a pre-treatment ophthalmic
examination (slit lamp and ophthalmoscopy), performed by
aboard certified veterinary ophthalmologist. Ocular findings
are scored according to the McDonald and Shadduck scoring
system as described in Dermatoxicology, F. N. Marzulli and
H. 1. Maibach, 1977 “Eye Irritation,” T. O. McDonald and
J. A. Shadduck (pages 579-582). Observations are recorded
using a standardized data collection sheet. Acceptance cri-
teria for placement on study are as follows: scores of <1 for
conjunctival congestion and swelling; scores of 0 for all
other observation variables.

[0110] Gentamicin ophthalmic drops are placed into both
eyes of each animal twice daily on the day prior to dosing,
on the day of dosing (Day 1), and on the day after dosing
(Day 2). Dosing is performed in two phases, the first
including one set of animals and the second including the
other animals. Animals are randomized separately into
masked treatment groups prior to each phase of dosing
according to modified Latin squares. Animals are fasted at
least 8 hours prior to injection. The start time of the fast and
time of injection are recorded.

[0111] Animals are weighed and anesthetized with an
intravenous injection of a ketamine/xylazine cocktail (87
mg/ml ketamine, 13 mg/ml xylazine) at a volume of
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0.1-0.2 ml/kg. Both eyes of each animal are prepared for
injection as follows: approximately five minutes prior to
injection, eyes are moistened with an ophthalmic Betadine
solution. After five minutes, the Betadine is washed out of
the eyes with sterile saline. Proparacaine hydrochloride
0.5% (1-2 drops) is delivered to each eye. For eyes to be
intravitreally injected, 1% Tropicamide (1 drop) is delivered
to each eye.

[0112] On Day 1, both eyes of each animal receive an
injection of test or control article. Animals in selected groups
are dosed a second time on Day 90x1. Dosing is subcon-
junctival or intravitreal. Actual treatments, injection loca-
tions, and dose volumes are masked and revealed at the end
of the study.

[0113] Subconjunctival injections are given using an insu-
lin syringe and 30 gaugex'2-inch needle. The bulbar con-
junctiva in the dorsotemporal quadrant is elevated using
forceps. Test article is injected into the subconjunctival
space.

[0114] Intravitreal injections are given using an Insulin
syringe and 30 gaugex'2-inch needle. For each injection, the
needle is introduced through the ventral-nasal quadrant of
the eye, approximately 2-3 mm posterior to the limbus, with
the bevel of the needle directed downward and posteriorly to
avoid the lens. Test article is injected in a single bolus in the
vitreous near the retina.

[0115] Animals are observed for mortality/morbidity
twice daily. An animal determined to be moribund is eutha-
nized with an intravenous injection of commercial euthana-
sia solution. Both eyes are removed and stored frozen at
-70° C. for possible future evaluation. If an animal is found
dead prior to onset of rigor mortis, both eyes are removed
and stored frozen at =70° C. for possible future evaluation.
Animals found after the onset of rigor mortis are not
necropsied.

[0116] Animals are weighed at randomization, on Day 1
prior to dosing, and prior to euthanasia.

[0117] Ophthalmic observations (slit lamp and indirect
ophthalmoscopy) are performed on all animals on Days 5+1,
30+1, 60+1, 90«1, and at later dates in some variations.
Observations are performed by a board certified veterinary
ophthalmologist. For animals to be dosed on Day 901,
ophthalmic observations are performed prior to dosing.
Ocular findings are scored according to the McDonald and
Shadduck scoring system as described in Dermatoxicology,
F. N. Marzulli and H. 1. Maibach, 1977 “Eye Irritation”, T.
O. McDonald and J. A. Shadduck (pages 579-582) and
observations are recorded using a standardized data collec-
tion sheet.

[0118] Whole blood samples (1-3 mL per sample) are
collected from each animal prior to necropsy in vacutainer
tubes containing EDTA. Each tube is filled at least %4 full
and thoroughly mixed for at least 30 seconds. Tubes are
stored frozen until shipped on dry ice.

[0119] Animals are euthanized with an intravenous injec-
tion of commercial euthanasia solution. Euthanasia is per-
formed according to standard procedures used in the indus-
try.

[0120] For treatment groups dosed intravitreally or sub-
conjunctivally with placebo, all eyes from each of these
groups are placed into Davidsons solution for approximately
24 hours. Following the 24-hour period, the eyes are trans-
ferred to 70% ethanol; these globes are submitted for
masked histopathological evaluation by a board certified
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veterinary pathologist. The time that eyes are placed into
Davidsons and the time of removal are recorded.

[0121] For treatment groups dosed intravitreally or sub-
conjunctivally with test article, some eyes from each of these
groups are frozen at —=70° C. and submitted for pharmacoki-
netic analysis. The remaining eyes from each of these groups
are placed into Davidsons solution for approximately 24
hours. Following the 24-hour period, the eyes are transferred
to 70% ethanol; these globes are submitted for masked
histopathological evaluation by a board certified veterinary
pathologist. The time that eyes are placed into Davidsons
and the time of removal are recorded.

[0122] Frozen samples submitted for pharmacokinetic
analysis are dissected with disposable instruments. One set
of instruments is used per eye, and then discarded. The
samples are thawed at room temperature for 1 to 2 minutes
to ensure that the frost around the tissue has been removed.
The sclera is dissected into 4 quadrants, and the vitreous is
removed. If a non-dispersed mass (NDM) is clearly visible
within the vitreous, the vitreous is separated into two sec-
tions. The section with the NDM is approximately two-
thirds of the vitreous. The section without the NDM is the
portion of the vitreous that is the most distant from the
NDM. The aqueous humor, lens, iris, and cornea are sepa-
rated. The retina choroid tissue is removed using a forceps
and collected for analysis. The conjunctiva is separated from
the sclera.

[0123] The various tissue types are collected into separate
individual pre-weighed vials which are then capped and
weighed. The vials of tissue are stored at —-80° C. until
analyzed.

[0124] The sirolimus content of the retina choroid, sclera,
vitreous humor, and whole anti-coagulated blood is deter-
mined by high-pressure liquid chromatography/tandem
mass spectroscopy (HPLC/MS/MS) using 32-O-des-
methoxyrapamycin as an internal standard. Where an NDM
was observed in the vitreous, the section of the vitreous
containing the NDM and the section of the vitreous not
containing the NDM are analyzed separately.

[0125] The average concentration of rapamycin over a
period of time means for representative timepoints over the
period of time the average concentration at each time point.
For example, if the time period is 30 days, the average
concentration may be measured at 5 day intervals: for the
average concentration at day 5, the average of a number of
measurements of concentration at day 5 would be calcu-
lated; for the average concentration at day 10, the average of
a number of measurements of the concentration at day 10
would be calculated, etc.

[0126] In some variations, the liquid formulations
described herein may have in vivo delivery to the vitreous
profiles with the following described characteristics, where
the delivery profiles are for delivery of rapamycin in vivo
after injection of the liquid formulation between the sclera
and the conjunctiva of a rabbit eye. One nonlimiting varia-
tion of in vivo delivery to the vitreous profiles is shown in
FIG. 2.

[0127] “Approximately constant,” as used herein, means
that the average level does not vary by more than one order
of magnitude over the extended period of time, i.e., the
difference between the maximum and minimum is less than
a 10-fold difference for measurements of the average con-
centration at times in the relevant period of time.
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[0128] In some variations, the liquid rapamycin formula-
tion when injected between the sclera and conjunctiva of a
rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the vitreous of the rabbit eye of at least
0.001 ng/ml. for at least 30, at least 60, at least 90, or at least
120 days after administration of the liquid rapamycin for-
mulation to the rabbit eyes. In some variations, the liquid
rapamycin formulation when injected between the sclera and
conjunctiva of a rabbit eye delivers rapamycin giving an
average concentration of rapamycin in the vitreous of the
rabbit eye of at least 0.01 ng/mL for at least 30, at least 60,
at least 90, or at least 120 days after administration of the
liquid rapamycin formulation to the rabbit eyes. In some
variations, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the vitreous of the rabbit eye of at least 0.1 ng/mL for at least
30, at least 60, at least 90, or at least 120 days after
administration of the liquid rapamycin formulation to the
rabbit eyes. In some variations, the liquid rapamycin for-
mulation when injected between the sclera and conjunctiva
of a rabbit eye delivers rapamycin giving an average con-
centration of rapamycin in the vitreous of the rabbit eye of
at least 0.5 ng/mlL for at least 30, at least 60, at least 90, or
at least 120 days after administration of the liquid rapamycin
formulation to the rabbit eyes.

[0129] In some variations, the liquid rapamycin formula-
tion when injected between the sclera and conjunctiva of a
rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the vitreous of the rabbit eye of between
0.001 ng/mL and 10.0 ng/mL for at least 30, at least 60, at
least 90, or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the vitreous of the rabbit eye of between 0.01 ng/ml. and 10
ng/ml for at least 30, at least 60, at least 90, or at least 120
days after administration of the liquid rapamycin formula-
tion to the rabbit eyes. In some variations, the liquid rapamy-
cin formulation when injected between the sclera and con-
junctiva of a rabbit eye delivers rapamycin giving an
average concentration of rapamycin in the vitreous of the
rabbit eye of between 0.1 ng/ml. and 10 ng/mL for at least
30, at least 60, at least 90, or at least 120 days after
administration of the liquid rapamycin formulation to the
rabbit eyes.

[0130] In some variations, the liquid rapamycin formula-
tion when injected between the sclera and conjunctiva of a
rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the vitreous of the rabbit eye of between
0.5 ng/ml. and 10.0 ng/mL for at least 30, at least 60, at least
90, or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes.

[0131] In some variations, the liquid rapamycin formula-
tion when injected between the sclera and conjunctiva of a
rabbit eye delivers rapamycin giving a ratio of a maximum
average concentration of rapamycin in the vitreous of a
rabbit eye to a minimum average concentration of rapamy-
cin in the vitreous of a rabbit eye less than 100 for days 30
to at least 60, at least 90, or at least 120 days after
administration of the liquid rapamycin formulation to the
rabbit eyes. In some variations, the liquid rapamycin for-
mulation when injected between the sclera and conjunctiva
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of a rabbit eye delivers rapamycin giving a ratio of a
maximum average concentration of rapamycin in the vitre-
ous of a rabbit eye to a minimum average concentration of
rapamycin in the vitreous of a rabbit eye less than 50 for
days 30 to at least 60, at least 90, or at least 120 days after
administration of the liquid rapamycin formulation to the
rabbit eyes. In some variations, the liquid rapamycin for-
mulation when injected between the sclera and conjunctiva
of a rabbit eye delivers rapamycin giving a ratio of a
maximum average concentration of rapamycin in the vitre-
ous of a rabbit eye to a minimum average concentration of
rapamycin in the vitreous of a rabbit eye less than 10 for
days 30 to at least 60, at least 90, or at least 120 days after
administration of the liquid rapamycin formulation to the
rabbit eyes. In some variations, the liquid rapamycin for-
mulation when injected between the sclera and conjunctiva
of a rabbit eye delivers rapamycin giving a ratio of a
maximum average concentration of rapamycin in the vitre-
ous of a rabbit eye to a minimum average concentration of
rapamycin in the vitreous of a rabbit eye less than 5 for days
30 to at least 60, at least 90, or at least 120 days after
administration of the liquid rapamycin formulation to the
rabbit eyes.

[0132] In some variations, the liquid rapamycin formula-
tion when injected between the sclera and conjunctiva of a
rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the vitreous of a rabbit eye that is
approximately constant at a value greater than 0.001 ng/mL
for days 30 to at least 60, at least 90, or at least 120 days after
administration of the solution to the rabbit eyes. In some
variations, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the vitreous of a rabbit eye that is approximately constant at
a value greater than 0.01 ng/ml for days 30 to at least 60,
at least 90, or at least 120 days after administration of the
liquid rapamycin formulation to the rabbit eyes. In some
variations, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the vitreous of a rabbit eye that is approximately constant at
a value greater than 0.1 ng/ml. for days 30 to at least 60, at
least 90, or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the vitreous of a rabbit eye that is approximately constant at
a value of 1.0 ng/mL for days 30 to at least 60, at least 90,
or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes.

[0133] In some variations, the liquid rapamycin formula-
tion when injected between the sclera and conjunctiva of a
rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the retina choroid tissues of the rabbit
eye of at least 0.001 ng/mg for at least 30, at least 60, at least
90, or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of the rabbit eye of at least 0.005
ng/mg for at least 30, at least 60, at least 90, or at least 120
days after administration of the liquid rapamycin formula-
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tion to the rabbit eyes. In some variations, the liquid rapamy-
cin formulation when injected between the sclera and con-
junctiva of a rabbit eye delivers rapamycin giving an
average concentration of rapamycin in the retina choroid
tissues of the rabbit eye of at least 0.01 ng/mg for at least 30,
at least 60, at least 90, or at least 120 days after adminis-
tration of the liquid rapamycin formulation to the rabbit
eyes.

[0134] In some variations, the liquid rapamycin formula-
tion when injected between the sclera and conjunctiva of a
rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the retina choroid tissues of the rabbit
eye of between 0.001 ng/mg and 1.0 ng/mg for at least 30,
at least 60, at least 90, or at least 120 days after adminis-
tration of the liquid rapamycin formulation to the rabbit
eyes. In some variations, the liquid rapamycin formulation
when injected between the sclera and conjunctiva of a rabbit
eye delivers rapamycin giving an average concentration of
rapamycin in the retina choroid tissues of the rabbit eye of
between 0.001 ng/mg and 0.50 ng/mg for at least 30, at least
60, at least 90, or at least 120 days after administration of the
liquid rapamycin formulation to the rabbit eyes. In some
variations, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of the rabbit eye of between 0.001
ng/mg and 0.15 ng/mg for at least 30, at least 60, at least 90,
or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of the rabbit eye of between 0.001
ng/mg and 0.1 ng/mg for at least 30, at least 60, at least 90,
or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes.

[0135] In some variations, the liquid rapamycin formula-
tion when injected between the sclera and conjunctiva of a
rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the retina choroid tissues of the rabbit
eye of between 0.005 ng/mg and 1.0 ng/mg for at least 30,
at least 60, at least 90, or at least 120 days after adminis-
tration of the liquid rapamycin formulation to the rabbit
eyes. In some variations, the liquid rapamycin formulation
when injected between the sclera and conjunctiva of a rabbit
eye delivers rapamycin giving an average concentration of
rapamycin in the retina choroid tissues of the rabbit eye of
between 0.005 ng/mg and 0.50 ng/mg for at least 30, at least
60, at least 90, or at least 120 days after administration of the
liquid rapamycin formulation to the rabbit eyes. In some
variations, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of the rabbit eye of between 0.005
ng/mg and 0.15 ng/mg for at least 30, at least 60, at least 90,
or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of the rabbit eye of between 0.005
ng/mg and 0.1 ng/mg for at least 30, at least 60, at least 90,
or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes.
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[0136] In some variations, the liquid rapamycin formula-
tion when injected between the sclera and conjunctiva of a
rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the retina choroid tissues of the rabbit
eye of between 0.01 ng/mg and 1.0 ng/mg for at least 30, at
least 60, at least 90, or at least 120 days after administration
of the liquid rapamycin formulation to the rabbit eyes. In
some variations, the liquid rapamycin formulation when
injected between the sclera and conjunctiva of a rabbit eye
delivers rapamycin giving an average concentration of
rapamycin in the retina choroid tissues of the rabbit eye of
between 0.01 ng/mg and 0.50 ng/mg for at least 30, at least
60, at least 90, or at least 120 days after administration of the
liquid rapamycin formulation to the rabbit eyes. In some
variations, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of the rabbit eye of between 0.01
ng/mg and 0.15 ng/mg for at least 30, at least 60, at least 90,
or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of the rabbit eye of between 0.01
ng/mg and 0.1 ng/mg for at least 30, at least 60, at least 90,
or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes.

[0137] In some variations, the liquid rapamycin formula-
tion when injected between the sclera and conjunctiva of a
rabbit eye delivers rapamycin giving a ratio of a maximum
average concentration of rapamycin in the retina choroid
tissues of a rabbit eye to a minimum average concentration
of rapamycin in the retina choroid tissues of a rabbit eye less
than 100 for days 30 to at least 60, at least 90, or at least 120
days after administration of the liquid rapamycin formula-
tion to the rabbit eyes. In some variations, the liquid rapamy-
cin formulation when injected between the sclera and con-
junctiva of a rabbit eye delivers rapamycin giving a ratio of
a maximum average concentration of rapamycin in the retina
choroid tissues of a rabbit eye to a minimum average
concentration of rapamycin in the retina choroid tissues of a
rabbit eye less than 50 for days 30 to at least 60, at least 90,
or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving a ratio of a maximum average concentra-
tion of rapamycin in the retina choroid tissues of a rabbit eye
to a minimum average concentration of rapamycin in the
retina choroid tissues of a rabbit eye less than 10 for days 30
to at least 60, at least 90, or at least 120 days after
administration of the liquid rapamycin formulation to the
rabbit eyes. In some variations, the liquid rapamycin for-
mulation when injected between the sclera and conjunctiva
of a rabbit eye delivers rapamycin giving a ratio of a
maximum average concentration of rapamycin in the retina
choroid tissues of a rabbit eye to a minimum average
concentration of rapamycin in the retina choroid tissues of a
rabbit eye less than 5 for days 30 to at least 60, at least 90,
or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes.

[0138] In some variations, the liquid rapamycin formula-
tion when injected between the sclera and conjunctiva of a
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rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the retina choroid tissues of a rabbit eye
that is approximately constant at a value greater than 0.001
ng/mg for days 30 to at least 60, at least 90, or at least 120
days after administration of the liquid rapamycin formula-
tion to the rabbit eyes. In some variations, the liquid rapamy-
cin formulation when injected between the sclera and con-
junctiva of a rabbit eye delivers rapamycin giving an
average concentration of rapamycin in the retina choroid
tissues of a rabbit eye that is approximately constant at a
value greater than 0.005 ng/mg for days 30 to at least 60, at
least 90, or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected
between the sclera and conjunctiva of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of a rabbit eye that is approxi-
mately constant at a value greater than 0.01 ng/mg for days
30 to at least 60, at least 90, or at least 120 days after
administration of the liquid rapamycin formulation to the
rabbit eyes.

[0139] In some variations, the liquid rapamycin formula-
tion when injected into the vitreous of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the vitreous of the rabbit eye of at least 100 ng/mL for at
least 30, at least 60, at least 90, or at least 120 days after
administration of the liquid rapamycin formulation to the
rabbit eyes. In some variations, the liquid rapamycin for-
mulation when injected into the vitreous of a rabbit eye
delivers rapamycin giving an average concentration of
rapamycin in the vitreous of the rabbit eye of at least 1000
ng/ml for at least 30, at least 60, at least 90, or at least 120
days after administration of the liquid rapamycin formula-
tion to the rabbit eyes. In some variations, the liquid rapamy-
cin formulation when injected into the vitreous of a rabbit
eye delivers rapamycin giving an average concentration of
rapamycin in the vitreous of the rabbit eye of at least 10,000
ng/ml for at least 30, at least 60, at least 90, or at least 120
days after administration of the liquid rapamycin formula-
tion to the rabbit eyes.

[0140] In some variations, the liquid rapamycin formula-
tion when injected into the vitreous of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the vitreous of the rabbit eye between 100 ng/ml. and
100,000 ng/ml. for day 30 to at least 60, at least 90, or at
least 120 days after administration of the liquid rapamycin
formulation to the rabbit eyes. In some variations, the liquid
rapamycin formulation when injected into the vitreous of a
rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the vitreous of the rabbit eye between
100 ng/mL and 50,000 ng/mL for day 30 to at least 60, at
least 90, or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes.

[0141] In some variations, the liquid rapamycin formula-
tion when injected into the vitreous of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the vitreous of the rabbit eye between 1000 ng/ml. and
100,000 ng/ml. for day 30 to at least 60, at least 90, or at
least 120 days after administration of the liquid rapamycin
formulation to the rabbit eyes. In some variations, the liquid
rapamycin formulation when injected into the vitreous of a
rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the vitreous of the rabbit eye between
1000 ng/ml. and 50,000 ng/mL for day 30 to at least 60, at
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least 90, or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes.

[0142] In some variations, the liquid rapamycin formula-
tion when injected into the vitreous of a rabbit eye delivers
rapamycin giving a ratio of a maximum average concentra-
tion of rapamycin in the vitreous of the rabbit eye to a
minimum average concentration of rapamycin in the vitre-
ous of the rabbit eye less than 100 for days 30 to at least 60,
at least 90, or at least 120 days after administration of the
liquid rapamycin formulation to the rabbit eyes. In some
variations, the liquid rapamycin formulation when injected
into the vitreous of a rabbit eye delivers rapamycin giving a
ratio of a maximum average concentration of rapamycin in
the vitreous of the rabbit eye to a minimum average con-
centration of rapamycin in the vitreous of the rabbit eye less
than 50 for days 30 to at least 60, at least 90, or at least 120
days after administration of the liquid rapamycin formula-
tion to the rabbit eyes. In some variations, the liquid rapamy-
cin formulation when injected into the vitreous of a rabbit
eye delivers rapamycin giving a ratio of a maximum average
concentration of rapamycin in the vitreous of the rabbit eye
to a minimum average concentration of rapamycin in the
vitreous of the rabbit eye less than 10 for days 30 to at least
60, at least 90, or at least 120 days after administration of the
liquid rapamycin formulation to the rabbit eyes.

[0143] In some variations, the liquid rapamycin formula-
tion when injected into the vitreous of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the vitreous of the rabbit eye that is approximately constant
at a value greater than 100 ng/mL for days 30 to at least 60,
at least 90, or at least 120 days after administration of the
liquid rapamycin formulation to the rabbit eyes. In some
variations, the liquid rapamycin formulation when injected
into the vitreous of a rabbit eye delivers rapamycin giving an
average concentration of rapamycin in the vitreous of the
rabbit eye that is approximately constant at a value greater
than 1000 ng/mlL. for days 30 to at least 60, at least 90, or at
least 120 days after administration of the liquid rapamycin
formulation to the rabbit eyes. In some variations, the liquid
rapamycin formulation when injected into the vitreous of a
rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the vitreous of the rabbit eye that is
approximately constant at a value greater than 10,000 ng/mL
for days 30 to at least 60, at least 90, or at least 120 days after
administration of the liquid rapamycin formulation to the
rabbit eyes.

[0144] In some variations, the liquid rapamycin formula-
tion when injected into the vitreous of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of the rabbit eye of at least 0.001
ng/mg for at least 30, at least 60, at least 90, or at least 120
days after administration of the liquid rapamycin formula-
tion to the rabbit eyes. In some variations, the liquid rapamy-
cin formulation when injected into the vitreous of a rabbit
eye delivers rapamycin giving an average concentration of
rapamycin in the retina choroid tissues of the rabbit eye of
at least 0.01 ng/mg for at least 30, at least 60, at least 90, or
at least 120 days after administration of the liquid rapamycin
formulation to the rabbit eyes. In some variations, the liquid
rapamycin formulation when injected into the vitreous of a
rabbit eye delivers rapamycin giving an average concentra-
tion of rapamycin in the retina choroid tissues of the rabbit
eye of at least 0.05 ng/mg for at least 30, at least 60, at least
90, or at least 120 days after administration of the liquid
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rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected into
the vitreous of a rabbit eye delivers rapamycin giving an
average concentration of rapamycin in the retina choroid
tissues of the rabbit eye of at least 0.10 ng/mg for at least 30,
at least 60, at least 90, or at least 120 days after adminis-
tration of the liquid rapamycin formulation to the rabbit
eyes.

[0145] In some variations, the liquid rapamycin formula-
tion when injected into the vitreous of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of the rabbit eye between 0.001
ng/mg and 10.00 ng/mg for at least 30, at least 60, at least
90, or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected into
the vitreous of a rabbit eye delivers rapamycin giving an
average concentration of rapamycin in the retina choroid
tissues of the rabbit eye between 0.001 ng/mg and 5.00
ng/mg for at least 30, at least 60, at least 90, or at least 120
days after administration of the liquid rapamycin formula-
tion to the rabbit eyes. In some variations, the liquid rapamy-
cin formulation when injected into the vitreous of a rabbit
eye delivers rapamycin giving an average concentration of
rapamycin in the retina choroid tissues of the rabbit eye
between 0.001 ng/mg and 1.00 ng/mg for at least 30, at least
60, at least 90, or at least 120 days after administration of the
liquid rapamycin formulation to the rabbit eyes.

[0146] In some variations, the liquid rapamycin formula-
tion when injected into the vitreous of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of the rabbit eye between 0.01
ng/mg and 10.00 ng/mg for at least 30, at least 60, at least
90, or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected into
the vitreous of a rabbit eye delivers rapamycin giving an
average concentration of rapamycin in the retina choroid
tissues of the rabbit eye between 0.01 ng/mg and 5.00 ng/mg
for at least 30, at least 60, at least 90, or at least 120 days
after administration of the liquid rapamycin formulation to
the rabbit eyes. In some variations, the liquid rapamycin
formulation when injected into the vitreous of a rabbit eye
delivers rapamycin giving an average concentration of
rapamycin in the retina choroid tissues of the rabbit eye
between 0.01 ng/mg and 1.00 ng/mg for at least 30, at least
60, at least 90, or at least 120 days after administration of the
liquid rapamycin formulation to the rabbit eyes.

[0147] In some variations, the liquid rapamycin formula-
tion when injected into the vitreous of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of the rabbit eye between 0.05
ng/mg and 10.00 ng/mg for at least 30, at least 60, at least
90, or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected into
the vitreous of a rabbit eye delivers rapamycin giving an
average concentration of rapamycin in the retina choroid
tissues of the rabbit eye between 0.05 ng/mg and 5.00 ng/mg
for at least 30, at least 60, at least 90, or at least 120 days
after administration of the liquid rapamycin formulation to
the rabbit eyes. In some variations, the liquid rapamycin
formulation when injected into the vitreous of a rabbit eye
delivers rapamycin giving an average concentration of
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rapamycin in the retina choroid tissues of the rabbit eye
between 0.05 ng/mg and 1.00 ng/mg for at least 30, at least
60, at least 90, or at least 120 days after administration of the
liquid rapamycin formulation to the rabbit eyes.

[0148] In some variations, the liquid rapamycin formula-
tion when injected into the vitreous of a rabbit eye delivers
rapamycin giving an average concentration of rapamycin in
the retina choroid tissues of the rabbit eye between 0.10
ng/mg and 10.00 ng/mg for at least 30, at least 60, at least
90, or at least 120 days after administration of the liquid
rapamycin formulation to the rabbit eyes. In some varia-
tions, the liquid rapamycin formulation when injected into
the vitreous of a rabbit eye delivers rapamycin giving an
average concentration of rapamycin in the retina choroid
tissues of the rabbit eye between 0.10 ng/mg and 5.00 ng/mg
for at least 30, at least 60, at least 90, or at least 120 days
after administration of the liquid rapamycin formulation to
the rabbit eyes. In some variations, the liquid rapamycin
formulation when injected into the vitreous of a rabbit eye
delivers rapamycin giving an average concentration of
rapamycin in the retina choroid tissues of the rabbit eye
between 0.10 ng/mg and 1.00 ng/mg for at least 30, at least
60, at least 90, or at least 120 days after administration of the
liquid rapamycin formulation to the rabbit eyes.

[0149] In some variations, the liquid rapamycin formula-
tion when injected into the vitreous of a rabbit eye delivers
rapamycin giving a ratio of a maximum average concentra-
tion of rapamycin in the retina choroid tissues of the rabbit
eye to a minimum average concentration of rapamycin in the
retina choroid tissues of the rabbit eye less than 100 for days
30 to at least 60, at least 90, or at least 120 days after
administration of the liquid rapamycin formulation to the
rabbit eyes. In some variations, the liquid rapamycin for-
mulation when injected into the vitreous of a rabbit eye
delivers rapamycin giving a ratio of a maximum average
concentration of rapamycin in the retina choroid tissues of
the rabbit eye to a minimum average concentration of
rapamycin in the retina choroid tissues of the rabbit eye less
than 50 for days 30 to at least 60, at least 90, or at least 120
days after administration of the liquid rapamycin formula-
tion to the rabbit eyes.

[0150] In some variations, the ratio of the base ten loga-
rithms of the average levels of rapamycin in the vitreous and
the retina choroid tissues is approximately constant over an
extended period of time. Put another way, as the level of
rapamycin in the vitreous rises, the level of rapamycin in the
retina choroid tissues rises to a similar degree when con-
sidered on the logarithmic scale, and vice versa.

[0151] In some variations, the ratio of the base ten loga-
rithms of the average levels of rapamycin in the vitreous
versus the retina choroid tissues is approximately constant
over an extended period of time of 7, 30, 60, or 90 days.
[0152] For treatment, prevention, inhibition, delaying the
onset of, or causing the regression of certain diseases or
conditions, it may be desirable to maintain delivery of a
therapeutically effective amount of rapamycin for an
extended period of time. Depending on the disease or
condition being treated, prevented, inhibited, having onset
delayed, or being caused to regress this extended period of
time may be at least about 1 week, at least about 2 weeks,
at least about 3 weeks, at least about 1 month, at least about
3 months, at least about 6 months, at least about 9 months,
or at least about 1 year. Generally, however, any extended
period of delivery may be possible. A therapeutically effec-
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tive amount of agent may be delivered for an extended
period by a liquid formulation or composition that maintains
for the extended period a concentration of agent in a subject
or an eye of a subject sufficient to deliver a therapeutically
effective amount of agent for the extended time.

[0153] Delivery of a therapeutically effective amount of
rapamycin for an extended period may be achieved via a
single administration of a liquid rapamycin formulation or
may be achieved by administration of two or more doses of
a liquid rapamycin formulation. As a non-limiting example
of such multiple applications, maintenance of the therapeu-
tic amount of rapamycin for 3 months for treatment, pre-
vention, inhibition, delay of onset, or cause of regression of
wet AMD may be achieved by administration of one dose of
a liquid rapamycin formulation delivering a therapeutic
amount for 3 months or by sequential application of a
plurality of doses of a liquid rapamycin formulation. The
optimal dosage regime will depend on the therapeutic
amount of rapamycin needing to be delivered, the period
over which it need be delivered, and the delivery kinetics of
the liquid formulation. Those versed in such extended thera-
peutic agent delivery dosing will understand how to identify
dosing regimes that may be used based on the teachings
described herein.

[0154] When using rapamycin for the treatment, preven-
tion, inhibition, delaying the onset of, or causing the regres-
sion of certain diseases, it may be desirable for delivery of
the rapamycin not to commence immediately upon place-
ment of the liquid formulation or composition into the eye
region, but for delivery to commence after some delay. For
example, but in no way limiting, such delayed release may
be useful where the rapamycin inhibits or delays wound
healing and delayed release is desirable to allow healing of
any wounds occurring upon placement of the liquid formu-
lation or composition. Depending on the therapeutic agent
being delivered and/or the diseases and conditions being
treated, prevented, inhibited, onset delayed, and regression
caused this period of delay before delivery of rapamycin
commences may be about 1 hour, about 6 hours, about 12
hours, about 18 hours, about 1 day, about 2 days, about 3
days, about 4 days, about 5 days, about 6 days, about 7 days,
about 8 days, about 9 days, about 10 days, about 11 days,
about 12 days, about 13 days, about 14 days, about 21 days,
about 28 days, about 35 days, or about 42 days. Other delay
periods may be possible. Delayed release formulations that
may be used are known to people versed in the technology.

Routes of Administration

[0155] “Retina choroid” and “retina choroid tissues,” as
used herein, are synonymous and refer to the combined
retina and choroid tissues of the eye.

[0156] “‘Subconjunctival” placement or injection, as used
herein, refers to placement or injection, respectively,
between the sclera and conjunctiva. Subconjunctival is
sometimes referred to herein as “sub-conj” administration.
[0157] By way of nonlimiting example, the liquid rapamy-
cin formulation described herein may be administered to the
vitreous, aqueous humor, sclera, conjunctiva, between the
sclera and conjunctiva, the retina choroid tissues, macula, or
other area in or proximate to the eye of a human subject, in
amounts and for a duration effective to treat, prevent, inhibit,
delay the onset of, or cause the regression of CNV and wet
AMD.
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[0158] Periocular routes of delivery may deliver rapamy-
cin to the retina without some of the risks of intravitreal
delivery. Periocular routes include but are not limited to
subconjunctival, subtenon, retrobulbar, peribulbar and pos-
terior juxtascleral delivery. A “periocular” route of admin-
istration means placement near or around the eye. For a
description of exemplary periocular routes for retinal drug
delivery, see Periocular routes for vetinal drug delivery,
Raghava et al. (2004), Expert Opin. Drug Deliv. 1(1):99-
114, which is incorporated herein by reference in its entirety.
[0159] In some variations the liquid formulations
described herein are administered intraocularly. Intraocular
administration includes placement or injection within the
eye, including in the vitreous.

[0160] Insome variations, an effective amount of rapamy-
cin is placed intravitreally or subconjunctivally to treat,
prevent, inhibit, delay the onset of, or cause the regression
of CNV, wet AMD, or dry AMD.

[0161] Intravitreal administration is more invasive than
some other types of ocular procedures. Because of the
potential risks of adverse effects, intravitreal administration
may not be optimal for treatment of relatively healthy eyes.
By contrast, periocular administration, such as subconjunc-
tival administration, is much less invasive than intravitreal
administration. When rapamycin is delivered by a periocular
route, it may be possible to treat patients with healthier eyes
than could be treated using intravitreal administration. In
some variations, subconjunctival injection is used to prevent
or delay onset of a disease or condition of the eye, where the
eye of the subject has visual acuity of 20/40 or better.
[0162] Routes of administration that may be used to
administer a liquid formulation include but are not limited to
placement of the liquid formulation, for example by injec-
tion, into an aqueous medium in the subject, including but
not limited to subconjunctival and intravitreal placement,
including but not limited to injection.

[0163] Compositions and liquid formulations comprising
rapamycin can be administered directly to the eye using a
variety of procedures, including but not limited to proce-
dures in which (1) rapamycin is administered by injection,
including but not limited to administration by using a
syringe and hypodermic needle, an insulin needle, or a
Hamilton HPLC-type needle, or (2) a specially designed
device is used to inject rapamycin.

Intravitreal and Subconjunctival Delivery of Rapamycin for
Treatment, Prevention, Inhibition, Delay of Onset, or Cause
of Regression of AMD

[0164] As used herein, to “prevent” a disease or condition
by administration of rapamycin means that the detectable
physical characteristics or symptom of the disease or con-
dition do not develop following administration of rapamy-
cin.

[0165] As used herein, to “delay onset of” a disease or
condition by administration of rapamycin means that at least
one detectable physical characteristic or symptom of the
disease or condition develops later in time following admin-
istration of rapamycin as compared to the progress of the
disease or condition without administration of rapamycin.
[0166] As used herein, to “treat” a disease or condition by
administration of rapamycin means that the progress of at
least one detectable physical characteristic or symptom of
the disease or condition is slowed, stopped, or reversed
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following administration of rapamycin as compared to the
progress of the disease or condition without administration
of rapamycin.

[0167] A subject having a predisposition for or in need of
prevention may be identified by the skilled practitioner by
established methods and criteria in the field given the
teachings herein. The skilled practitioner may also readily
diagnose individuals as in need of inhibition or treatment
based upon established criteria in the field for identifying
angiogenesis and/or neovascularization given the teachings
herein.

[0168] As used herein, a “subject” is generally any animal
that may benefit from administration of rapamycin as
described herein. The rapamycin may be administered to a
mammal subject. Unless the context appears otherwise, all
of the methods described herein may be performed on a
human subject. The rapamycin may be administered to a
veterinary animal subject. The rapamycin may be adminis-
tered to a model experimental animal subject.

[0169] In some variations described herein, a solution
comprising rapamycin is delivered subconjunctivally or to
the vitreous of an eye of a subject, including but not limited
to a human subject, to prevent, treat, inhibit, delay onset of,
or cause regression of angiogenesis in the eye, including but
not limited to treating CNV as observed, for example, in
AMD. In some variations, the solution is used to treat
angiogenesis in the eye, including but not limited to treating
CNV as observed, for example, in AMD. Rapamycin has
been shown to inhibit CNV in rat and mice models, as
described in U.S. application Ser. No. 10/665,203, which is
incorporated herein by reference in its entirety. Rapamycin
has been observed to inhibit MATRIGEL™ and laser-
induced CNV when administered systemically and subreti-
nally.

[0170] In some variations, the formulations and pharma-
ceutical formulations described herein are used to prevent or
delay onset of a disease or condition of the eye where the
subject, including but not limited to a human subject, is at
heightened risk of developing the disease or condition of the
eye. A subject with a heightened risk of developing a disease
or condition is a subject with one or more indications that the
disease or condition is likely to develop in the particular
subject. In some variations the subject with a heightened risk
of developing wet AMD is a subject with dry AMD in at
least one eye. In some variations the subject with a height-
ened risk of developing wet AMD in a fellow eye is a subject
with wet AMD in the other eye. In some variations, the
formulations and pharmaceutical formulations described
herein are used to prevent or delay onset of CNV in a subject
at heightened risk of developing CNV, including but not
limited to prevention or delaying onset of CNV in the fellow
eye of a subject, including but not limited to a human subject
with AMD in one eye. In some variations, the formulations
and pharmaceutical formulations described herein are used
to prevent or delay onset of CNV in the fellow eye of a
subject with wet AMD in one eye. In some variations, the
formulations and pharmaceutical formulations comprise a
limus compound, including but not limited to rapamycin. In
some variations the formulations and pharmaceutical for-
mulations are administered subconjunctivally to an eye with
vision of 20/40 or better.

[0171] As described herein, the dosage of rapamycin will
depend on the condition being addressed, whether the con-
dition is to be treated, prevented, inhibited, have onset
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delayed, or be caused to regress, the particular therapeutic
agent, and other clinical factors such as weight and condition
of the subject and the route of administration of the thera-
peutic agent. It is to be understood that the methods, liquid
formulations, and compositions described herein have appli-
cation for both human and veterinary use, as well as uses in
other possible animals. As described herein, tissue concen-
trations of rapamycin expressed in units of mass per volume
generally refer to tissues that are primarily aqueous such as
the vitreous, for example. Tissue concentrations of rapamy-
cin expressed in unit of mass per mass generally refer to
other tissues such as the sclera or retina choroid tissues, for
example.

[0172] The liquid rapamycin formulations described
herein may deliver rapamycin for an extended period of
time. One nonlimiting example of such an extended release
delivery system is a liquid rapamycin formulation that
delivers rapamycin to a subject or to the eye of a subject in
an amount sufficient to treat, prevent, inhibit, delay onset of,
or cause regression of wet age-related macular degeneration
for an extended period of time. In some variations, the liquid
formulation is used to treat wet age-related macular degen-
eration for an extended period of time. In some variations,
the liquid formulation is used to prevent wet age-related
macular degeneration for an extended period of time. In
some variations, the liquid formulation is used to prevent
transition of dry AMD to wet AMD for an extended period
of time.

[0173] One concentration of rapamycin that may be used
in the methods described herein is one that provides to a
subject about 0.01 pg/ml or pg/mg or more of rapamycin at
the tissue level. Another concentration that may be used is
one that provides to a subject about 0.1 pg/ml or ng/mg or
more at the tissue level. Another concentration that may be
used is one that provides to a subject about 1 pg/ml or ng/mg
or more at the tissue level. Another concentration that may
be used is one that provides to a subject about 0.01 ng/ml or
ng/mg or more at the tissue level. Another concentration that
may be used is one that provides to a subject about 0.1 ng/ml
or ng/mg or more at the tissue level. Another concentration
that may be used is one that provides to a subject about 0.5
ng/ml or ng/mg or more at the tissue level. Another con-
centration that may be used is one that provides to a subject
about 1 ng/ml or more at the tissue level. Another concen-
tration that may be used is one that provides to a subject
about 2 ng/ml or more at the tissue level. Another concen-
tration that may be used is one that provides to a subject
about 3 ng/ml or more at the tissue level. Another concen-
tration that may be used is one that provides to a subject
about 5 ng/ml or more at the tissue level. Another concen-
tration that may be used is one that provides to a subject
about 10 ng/ml or more at the tissue level. Another concen-
tration that may be used is one that provides to a subject
about 15 ng/ml or more at the tissue level. Another concen-
tration that may be used is one that provides to a subject
about 20 ng/ml or more at the tissue level. Another concen-
tration that may be used is one that provides to a subject
about 30 ng/ml or more at the tissue level. Another concen-
tration that may be used is one that provides to a subject
about 50 ng/ml or more at the tissue level. One of ordinary
skill in the art would know how to arrive at an appropriate
concentration depending on the route and duration of admin-
istration utilized, given the teachings herein.
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[0174] Generally, the amount of rapamycin administered
in a liquid formulation is an amount sufficient to treat,
prevent, inhibit, delay the onset, or cause regression of the
disease or condition of the eye for the required amount of
time. In some variations the amount of rapamycin admin-
istered in the liquid formulation is an amount sufficient to
treat the disease or condition of the eye for the required
amount of time.

[0175] In some variations, a total amount of rapamycin
less than about 5 mg is administered subconjunctivally. In
some variations, a total amount of rapamycin less than about
5.0 mg is administered subconjunctivally. In some varia-
tions, a total amount of rapamycin less than about 4.5 mg is
administered subconjunctivally. In some variations, a total
amount of rapamycin less than about 4.0 mg is administered
subconjunctivally. In some variations, a total amount of
rapamycin less than about 3.5 mg is administered subcon-
junctivally. In some variations, a total amount of rapamycin
less than about 3.0 mg is administered subconjunctivally. In
some variations, a total amount of rapamycin less than about
2.5 mg is administered subconjunctivally. In some varia-
tions, a total amount of rapamycin less than about 2 mg is
administered subconjunctivally. In some variations, a total
amount of rapamycin less than about 1.2 mg is administered
subconjunctivally. In some variations, a total amount of
rapamycin less than about 1.0 mg is administered subcon-
junctivally. In some variations, a total amount of rapamycin
less than about 0.8 mg is administered subconjunctivally. In
some variations, a total amount of rapamycin less than about
0.6 mg is administered subconjunctivally. In some varia-
tions, a total amount of rapamycin less than about 0.4 mg is
administered subconjunctivally. In some variations, a vol-
ume of a formulation is administered that contains an
amount of rapamycin described herein.

[0176] In some variations, a total amount of rapamycin
less than about 200 pg is administered intravitreally. In some
variations, a total amount of rapamycin less than about 200
ng is administered intravitreally. In some variations, a total
amount of rapamycin less than about 300 ug is administered
intravitreally. In some variations, a total amount of rapamy-
cin less than about 400 ng is administered intravitreally. In
some variations, a total amount of rapamycin less than about
500 pg is administered intravitreally. In some variations, a
total amount of rapamycin less than about 600 pg is admin-
istered intravitreally. In some variations, a total amount of
rapamycin less than about 800 pg is administered intravit-
really. In some variations, a total amount of rapamycin less
than about 1 mg is administered intravitreally. In some
variations, a total amount of rapamycin less than about 2 mg
is administered intravitreally. In some variations, a total
amount of rapamycin less than about 2.5 mg is administered
intravitreally. In some variations, a total amount of rapamy-
cin less than about 3 mg is administered intravitreally. In
some variations, a total amount of rapamycin less than about
3.5 mg is administered intravitreally. In some variations, a
total amount of rapamycin less than about 4 mg is admin-
istered intravitreally. In some variations, a volume of a
formulation is administered that contains an amount of
rapamycin described herein.

[0177] In some variations, a liquid formulation containing
a concentration of rapamycin by weight of the total of
between about 0.5% and about 6% is subconjunctivally
administered to a human subject by administering between
about 0.1 pl and about 200 pl of a liquid formulation
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described herein. In some variations, a liquid formulation
containing a concentration of rapamycin by weight of the
total of between about 0.5% and about 4% is subconjunc-
tivally administered to a human subject by administering
between about 1 pl and about 50 pl of a liquid formulation
described herein. In some variations, a liquid formulation
containing a concentration of rapamycin by weight of the
total of between about 1.5% and about 3.5% is subconjunc-
tivally administered to a human subject by administering
between about 1 pl and about 15 pl of a liquid formulation
described herein. In some variations, a liquid formulation
containing a concentration of rapamycin by weight of the
total of about 2% is subconjunctivally administered to a
human subject by administering between about 1 pl and
about 15 pl of a liquid formulation described herein.

[0178] In some variations, a liquid formulation containing
an amount of rapamycin of between about 0.2 pug and about
4 mg is subconjunctivally administered to a human subject
by administering between about 0.1 ul and about 200 pl of
a liquid formulation described herein. In some variations, a
liquid formulation containing an amount of rapamycin of
between about 20 pg and about 2 mg is subconjunctivally
administered to a human subject by administering between
about 1 ul and about 100 pl of a liquid formulation described
herein. In some variations, a liquid formulation containing
an amount of rapamycin of between about 5 pug and about 1
mg is subconjunctivally administered to a human subject by
administering between about 1 pl and about 50 ul of a liquid
formulation described herein. In some variations, a liquid
formulation containing an amount of rapamycin of between
about 20 pg and about 500 pg is subconjunctivally admin-
istered to a human subject by administering between about
1 ul and about 25 pl of a liquid formulation described herein.
In some variations, a liquid formulation containing an
amount of rapamycin of between about 20 pug and about 300
ng is subconjunctivally administered to a human subject by
administering between about 1 pl and about 15 ul of a liquid
formulation described herein.

[0179] In some variations, a total amount of rapamycin
less than about 200 pg is administered intravitreally. In some
variations, a total amount of rapamycin less than about 200
ng is administered intravitreally. In some variations, a total
amount of rapamycin less than about 300 pg is administered
intravitreally. In some variations, a total amount of rapamy-
cin less than about 400 ng is administered intravitreally. In
some variations, a total amount of rapamycin less than about
500 pg is administered intravitreally. In some variations, a
total amount of rapamycin less than about 600 pg is admin-
istered intravitreally. In some variations, a total amount of
rapamycin less than about 800 pg is administered intravit-
really. In some variations, a total amount of rapamycin less
than about 1 mg is administered intravitreally. In some
variations, a total amount of rapamycin less than about 2 mg
is administered intravitreally. In some variations, a total
amount of rapamycin less than about 2.5 mg is administered
intravitreally. In some variations, a total amount of rapamy-
cin less than about 3 mg is administered intravitreally. In
some variations, a total amount of rapamycin less than about
3.5 mg is administered intravitreally. In some variations, a
total amount of rapamycin less than about 4 mg is admin-
istered intravitreally. In some variations, a volume of a
formulation is administered that contains an amount of
rapamycin described herein.
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[0180] In some variations, a liquid formulation containing
a concentration of rapamycin by weight of the total of
between about 0.5% and about 6% is intravitreally admin-
istered to a human subject by administering between about
0.1 pl and about 200 pl of a liquid formulation described
herein. In some variations, a liquid formulation containing a
concentration of rapamycin by weight of the total of
between about 0.5% and about 4% is intravitreally admin-
istered to a human subject by administering between about
1 pl and about 50 pl of a liquid formulation described herein.
In some variations, a liquid formulation containing a con-
centration of rapamycin by weight of the total of between
about 1.5% and about 3.5% is intravitreally administered to
a human subject by administering between about 1 pl and
about 15 pl of a liquid formulation described herein. In some
variations, a liquid formulation containing a concentration
of rapamycin by weight of the total of about 2% is intrav-
itreally administered to a human subject by administering
between about 1 pl and about 15 pl of a liquid formulation
described herein.

[0181] In some variations, a liquid formulation containing
an amount of rapamycin of between about 0.2 pug and about
4 mg is intravitreally administered to a human subject by
administering between about 0.1 pl and about 200 ul of a
liquid formulation described herein. In some variations, a
liquid formulation containing an amount of rapamycin of
between about 20 pg and about 2 mg is intravitreally
administered to a human subject by administering between
about 1 ul and about 100 pl of a liquid formulation described
herein. In some variations, a liquid formulation containing
an amount of rapamycin of between about 20 ug and about
1 mg is intravitreally administered to a human subject by
administering between about 1 pl and about 50 ul of a liquid
formulation described herein. In some variations, a liquid
formulation containing an amount of rapamycin of between
about 20 ug and about 500 g is intravitreally administered
to a human subject by administering between about 1 ul and
about 25 pl of a liquid formulation described herein. In some
variations, a liquid formulation containing an amount of
rapamycin of between about 20 pg and about 300 pg is
intravitreally administered to a human subject by adminis-
tering between about 1 ul and about 15 pl of a liquid
formulation described herein.

[0182] In some variations a formulation as described
herein containing an amount of rapamycin of between about
1 ng and about 5 mg is administered to a human subject for
treatment of wet AMD. In some variations a formulation as
described herein containing an amount of rapamycin of
between about 20 ng and about 4 mg is administered to a
human subject for treatment of wet AMD. In some variations
a liquid formulation as described herein containing an
amount of rapamycin of between about 20 pug and about 1.2
mg is administered to a human subject for treatment of wet
AMD. In some variations an amount of rapamycin of
between about 10 pug and about 0.5 mg is administered to a
human subject for treatment of wet AMD. In some varia-
tions, an amount of rapamycin of between about 10 pg and
90 pg is administered to a human subject for treatment of
wet AMD. In some variations, an amount of rapamycin of
between about 60 pg and 120 pg is administered to a human
subject for treatment of wet AMD. In some variations, an
amount of rapamycin of between about 100 pug and 400 ng
is administered to a human subject for treatment of wet
AMD. In some variations, an amount of rapamycin of
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between about 400 pg and 1 mg is administered to a human
subject for treatment of wet AMD. In some variations, an
amount of rapamycin of between about 1 mg and 5 mg is
administered to a human subject for treatment of wet AMD.
In some variations, an amount of rapamycin of between
about 3 mg and 7 mg is administered to a human subject for
treatment of wet AMD. In some variations, an amount of
rapamycin of between about 5 mg and 10 mg is administered
to a human subject for treatment of wet AMD.

[0183] In some variations a formulation as described
herein containing an amount of rapamycin of between about
1 ng and about 5 mg is administered to a human subject for
prevention of wet AMD. In some variations a formulation as
described herein containing an amount of rapamycin of
between about 20 ng and about 4 mg is administered to a
human subject for prevention of wet AMD. In some varia-
tions a liquid formulation as described herein containing an
amount of rapamycin of between about 20 pug and about 1.2
mg is administered to a human subject for prevention of wet
AMD. In some variations an amount of rapamycin of
between about 10 pug and about 0.5 mg is administered to a
human subject for prevention of wet AMD. In some varia-
tions, an amount of rapamycin of between about 10 pug and
90 ug is administered to a human subject for prevention of
wet AMD. In some variations, an amount of rapamycin of
between about 60 pg and 120 pg is administered to a human
subject for prevention of wet AMD. In some variations, an
amount of rapamycin of between about 100 pug and 400 ng
is administered to a human subject for prevention of wet
AMD. In some variations, an amount of rapamycin of
between about 400 pg and 1 mg is administered to a human
subject for prevention of wet AMD. In some variations, an
amount of rapamycin of between about 1 mg and 5 mg is
administered to a human subject for prevention of wet AMD.
In some variations, an amount of rapamycin of between
about 3 mg and 7 mg is administered to a human subject for
prevention of wet AMD. In some variations, an amount of
rapamycin of between about 5 mg and 10 mg is administered
to a human subject for prevention of wet AMD. In some
variations, prevention of wet AMD is prevention of the
transition from dry AMD to wet AMD.

[0184] In some variations a formulation as described
herein containing an amount of rapamycin of between about
1 ng and about 5 mg is administered to a human subject for
treatment of dry AMD. In some variations a formulation as
described herein containing an amount of rapamycin of
between about 20 ng and about 4 mg is administered to a
human subject for treatment of dry AMD. In some variations
a liquid formulation as described herein containing an
amount of rapamycin of between about 20 pug and about 1.2
mg is administered to a human subject for treatment of dry
AMD. In some variations an amount of rapamycin of
between about 10 pug and about 0.5 mg is administered to a
human subject for treatment of dry AMD. In some varia-
tions, an amount of rapamycin of between about 10 pug and
90 ug is administered to a human subject for treatment of dry
AMD. In some variations, an amount of rapamycin of
between about 60 pg and 120 pg is administered to a human
subject for treatment of dry AMD. In some variations, an
amount of rapamycin of between about 100 pug and 400 ng
is administered to a human subject for treatment of dry
AMD. In some variations, an amount of rapamycin of
between about 400 pg and 1 mg is administered to a human
subject for treatment of dry AMD. In some variations, an
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amount of rapamycin of between about 1 mg and 5 mg is
administered to a human subject for treatment of dry AMD.
In some variations, an amount of rapamycin of between
about 3 mg and 7 mg is administered to a human subject for
treatment of dry AMD. In some variations, an amount of
rapamycin of between about 5 mg and 10 mg is administered
to a human subject for treatment of dry AMD.

[0185] In some variations, a liquid formulation as
described herein containing an amount of rapamycin of
between about 1 ng and about 5 mg is administered to a
human subject for treatment of angiogenesis, including but
not limited to choroidal neovascularization. In some varia-
tions for treatment of angiogenesis, including but not limited
to choroidal neovascularization, a formulation as described
herein containing an amount of rapamycin of between about
1 nug and about 5 mg is administered to a human subject. In
some variations for treatment of angiogenesis, including but
not limited to choroidal neovascularization, a formulation as
described herein containing an amount of rapamycin of
between about 20 pug and about 4 mg, between about 20 pg
and about 1.2 mg, between about 10 pg and about 0.5 mg,
between about 10 pg and 90 ug between about 60 pg and 120
ng, between about 100 pg and 400 pg, between about 400 g
and 1 mg, or between about 1 mg and 5 mg is administered
to the human subject.

[0186] In some variations, any one or more of the rapamy-
cin formulations described herein are administered intravit-
really every 3 or more months, every 6 or more months,
every 9 or more months, or every 12 or more months, or
longer, to treat one or more of choroidal neovascularization,
wet AMD, dry AMD, to prevent wet AMD, or to prevent
progression of dry AMD to wet AMD. In some variations,
any one or more of the rapamycin formulations described
herein are administered subconjunctivally every 3 or more
months, every 6 or more months, every 9 or more months,
or every 12 or more months, or longer, to treat one or more
of choroidal neovascularization, wet AMD, dry AMD, to
prevent wet AMD, or to prevent progression of dry AMD to
wet AMD. In some variations, the effect of the rapamycin
persists beyond the period during which it is present in the
ocular tissues.

[0187] In some variations, any one or more of the formu-
lations described herein are administered intravitreally every
3 or more months, every 6 or more months, every 9 or more
months, or every 12 or more months, or longer, to prevent
one or more of choroidal neovascularization, wet AMD, dry
AMD, or to prevent wet AMD. In some variations, any one
or more of the formulations described herein are adminis-
tered subconjunctivally every 3 or more months, every 6 or
more months, every 9 or more months, or every 12 or more
months, or longer, to prevent one or more of choroidal
neovascularization, wet AMD, dry AMD, or to prevent wet
AMD.

[0188] Rapamycin may, for example, be delivered at a
dosage range between about 1 ng/day and about 100 pg/day,
or at dosages higher or lower than this range, depending on
the route and duration of administration. In some variations
of liquid formulation or composition used in the methods
described herein, rapamycin is delivered at a dosage range
of between about 0.1 pg/day and about 10 pg/day. In some
variations of liquid formulation or composition used in the
methods described herein, rapamycin is delivered at a dos-
age range of between about 1 nug/day and about 5 pg/day.
Dosages of rapamycin for treatment, prevention, inhibition,
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delay of onset, or cause of regression of various diseases and
conditions described herein can be refined by the use of
clinical trials.

[0189] The Iliquid formulations and compositions
described herein may be used for delivery to the eye, as one
nonlimiting example by ocular or periocular administration,
of therapeutically effective amounts of rapamycin for
extended periods of time to treat, prevent, inhibit, delay the
onset of, or cause regression of CNV, and thus may be used
to treat, prevent, inhibit, delay the onset of, or cause regres-
sion of wet AMD. It is believed that by changing certain
characteristics of the liquid formulations and compositions
described herein, including but not limited to the volume,
positioning and components of the liquid formulations, the
liquid formulations and compositions described herein may
be used to deliver therapeutically effective amounts of
rapamycin to the eye for a variety of extended time periods
including delivery of therapeutic amounts for greater than
about 1 week, for greater than about 2 weeks, for greater
than about 3 weeks, for greater than about 1 month, for
greater than about 3 months, for greater than about 6 months,
for greater than about 9 months, for greater than about 1
year.

[0190] When a therapeutically effective amount of
rapamycin is administered to a subject suffering from wet
AMD, the rapamycin may treat, inhibit, or cause regression
of'the wet AMD. Different therapeutically effective amounts
may be required for treatment, inhibition or causing regres-
sion. A subject suffering from wet AMD may have CNV
lesions, and it is believed that administration of a therapeu-
tically effective amount of rapamycin may have a variety of
effects, including but not limited to causing regression of the
CNV lesions, stabilizing the CNV lesion, and preventing
progression of an active CNV lesion.

[0191] When a therapeutically effective amount of
rapamycin is administered to a subject suffering from dry
AMD, it is believed that the rapamycin may prevent or slow
the progression of the dry AMD.

[0192] In some variations, a liquid rapamycin formulation
described herein is administered in combination with other
therapeutic agents and therapies, including but not limited to
agents and therapies useful for the treatment, prevention,
inhibition, delaying onset of, or causing regression of angio-
genesis or neovascularization, particularly CNV. In some
variations the additional agent or therapy is used to treat
regression of angiogenesis or neovascularization, particu-
larly CNV. Non-limiting examples of such additional agents
and therapies include pyrrolidine, dithiocarbamate (NFkB
inhibitor); squalamine; TPN 470 analogue and fumagillin;
PKC (protein kinase C) inhibitors; Tie-1 and Tie-2 kinase
inhibitors; inhibitors of VEGF receptor kinase; proteosome
inhibitors such as VELCADE™ (bortezomib, for injection;
ranibuzumab (LUCENTIS™) and other antibodies directed
to the same target; pegaptanib (MACUGEN™); vitronectin
receptor antagonists, such as cyclic peptide antagonists of
vitronectin receptor-type integrins; o-v/[3-3 integrin antago-
nists; a-v/p-1 integrin antagonists; thiazolidinediones such
as rosiglitazone or troglitazone; interferon, including y-in-
terferon or interferon targeted to CNV by use of dextran and
metal coordination; pigment epithelium derived factor
(PEDF); endostatin; angiostatin; tumistatin, canstatin;
anecortave acetate; acetonide; triamcinolone; tetrathiomo-
lybdate; RNA silencing or RNA interference (RNAi) of
angiogenic factors, including ribozymes that target VEGF
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expression; ACCUTANE™ (13-cis retinoic acid); ACE
inhibitors, including but not limited to quinopril, captopril,
and perindozril; inhibitors of mTOR (mammalian target of
rapamycin); 3-aminothalidomide; pentoxifylline;
2-methoxyestradiol; colchicines; AMG-1470; cyclooxy-
genase inhibitors such as nepafenac, rofecoxib, diclofenac,
rofecoxib, NS398, celecoxib, vioxx, and (E)-2-alkyl-2(4-
methanesulfonylphenyl)-1-phenylethene; t-RNA synthase
modulator; metalloprotease 13 inhibitor; acetylcholinest-
erase inhibitor; potassium channel blockers; endorepellin;
purine analog of 6-thioguanine; cyclic peroxide ANO-2;
(recombinant) arginine deiminase; epigallocatechin-3-gal-
late; cerivastatin; analogues of suramin; VEGF trap mol-
ecules; inhibitors of hepatocyte growth factor (antibodies to
the growth factor or its receptors, small molecular inhibitors
of the c-met tyrosine kinase, truncated versions of HGF e.g.
NK4); apoptosis inhibiting agents; VISUDYNE™, snET2
and other photo sensitizers with photodynamic therapy
(PDT); and laser photocoagulation.

EXAMPLES

[0193] Unless the context indicates otherwise, the error
bars in the charts show one standard deviation. Where
ethanol is used, it is 200 proof ethanol from Gold Shield
Distributors, Hayward, Calif. Where rapamycin is used, it is
from LC laboratories, Woburn, Mass., or Chunghwa Chemi-
cal Synthesis & Biotech Co., LTD (CCSB), Taipei Hsien,
Taiwan, ROC. Where PEG 400 is used, it is from The Dow
Chemical Company, New Milford, Conn. As used herein,
“% wiw” means the weight of the component divided by the
total formulation weight. Some of the graphs use the expres-
sion “ul.” or “ug” to refer to ul. or ng, respectively.

Example 1—Preparation and Characterization of a
Rapamycin-Containing Solution

[0194] About 320 g of ethanol was sparged with N, for
about 10 minutes, and then about 40 g of sirolimus was
added to the ethanol. The mixture was sonicated for about 20
minutes, by the end of which all of the sirolimus had gone
into solution to form a sirolimus stock solution. A diluent
non-aqueous liquid component was prepared by sonicating
about 1880 g of PEG 400 for about 60 minutes, and then
sparging the non-aqueous liquid component with nitrogen
for about 10 minutes.

[0195] The sirolimus stock solution and the PEG 400 were
then rotated at about room temperature in a rotary evapo-
rator for about 10 minutes to mix the stock solution with the
diluent non-aqueous liquid component. After mixing, the
solution was sparged with nitrogen for about 10 minutes and
blanketed with nitrogen for about 5 minutes. After the
solution was sparged and filled with nitrogen, about 240 g of
excess ethanol was evaporated from the solution by increas-
ing the solution temperature, maintaining a temperature that
did not exceed 40° C. for an extended period of time and
continuing to rotate the solution for about 2.5 hours.

[0196] The resulting solution comprised about 40 g of
sirolimus (about 2% w/w), about 80 g of ethanol (about 4%
w/w), and about 1880 g of PEG 400 (about 94% w/w). This
solution was sparged with nitrogen for about 10 minutes and
blanketed with nitrogen for about 5 minutes. The solution
was then filtered through a 0.2 micron filter. HPLC vials
were filled with 2 ml each of the filtered solution to leave a
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head space in each container of about 400 pl. This head
space was filled with nitrogen gas and capped.

Example 2—Preparation and Characterization of a
Rapamycin-Containing Solution

[0197] Rapamycin, ethanol and PEG 400 were placed in a
container to give final concentrations by weight of about
2.00% w/w rapamycin, about 4.00% w/w ethanol, and about
94.00% w/w PEG 400. The mixture was capped and soni-
cated for 1-2 hours. The sonication generated heat, with
temperatures of up to about 40 or 50° C. Volumes of 1 ul, 3
ul, 20 pl, and 40 pl formed a non-dispersed mass in the
vitreous of rabbit eyes.

Example 3—Subconjunctival Injection of a
Rapamycin-Containing Solution

[0198] 20 pl of the solution described in Example 2 were
injected between the sclera and the conjunctiva of the eye of
New Zealand white rabbits. FIG. 2 depicts the level of
rapamycin in the vitreous on a logarithmic scale at 5, 30, 60,
90, and 120 days after injection. FIG. 3 depicts the level of
rapamycin in the retina choroid on a logarithmic scale at the
same time points. For comparison, FIG. 2 and FIG. 3 also
depict results of similar studies, performed with 40 ul and 60
ul injections, described below in Example 4 and Example 5.
[0199] In FIGS. 2-5, discussed in this and following
examples, some outlier points have been omitted. Individual
data points from the same study at the same time point were
compared to each other. When the arithmetic mean of the
data points was lower than their standard deviation, the data
points that were higher or lower by an order of magnitude
were considered as outliers.

[0200] The analysis was by liquid chromatography mass
spectroscopy (LCMS) using an internal standard.

[0201] At each time point, the average concentration of
rapamycin was calculated by adding the concentrations of
rapamycin obtained for each eye from each rabbit, and
dividing the total by the number of eyes analyzed.

[0202] The full vitreous was homogenized and analyzed.
The average concentration of the vitreous was calculated by
dividing the mass of rapamycin measured by the volume of
vitreous analyzed. Where injection is intravitreal, for
samples other than the vitreous, the sample did not include
the site of administration; thus, this measurement indicated
the level of rapamycin delivered to the vitreous via the
solution. Where injection was intravitreal, for vitreous
samples, the sample is thought to include the site of admin-
istration; thus, this measurement indicated the level of
rapamycin cleared from the vitreous.

[0203] The full retina choroid was homogenized and ana-
lyzed. The average concentration of the retina choroid was
calculated by dividing the mass of rapamycin measured by
the mass of retina choroid analyzed.

[0204] Where injection was intravitreal or subconjuncti-
val, the sample did not include the site of administration;
thus, this measurement indicated the level of rapamycin
delivered to the retina choroid via the solution.

[0205] In this experiment, between two and five rabbit
eyes were analyzed at each time point. The vitreous sample
did not include the site of administration, so this measure-
ment indicated the level of rapamycin delivered to the
vitreous. The average level of rapamycin in the vitreous at
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5, 30, 60, 90, and 120 days after subconjunctival injection
was about 1.81, 0.45, 0.39, 1.85, and 1.49 ng/ml, respec-
tively.

[0206] The retina choroid was homogenized and analyzed
as described in Example 3, with the samples taken as
described for the vitreous above. The retina choroid did not
include the site of administration, so this measurement
indicated the level of rapamycin delivered to the retina
choroid. The average level of rapamycin in the retina
choroid at 5, 30, 60, 90, and 120 days after subconjunctival
injection was about 0.14, 0.03, 0.02, 0.02, and 0.01 ng/mg,
respectively.

Example 4—Subconjunctival Injection of a
Rapamycin-Containing Solution

[0207] 40 pl of the solution described in Example 2 were
injected between the sclera and the conjunctiva of the eye of
New Zealand white rabbits. FIG. 2 depicts the level of
rapamycin in the vitreous on a logarithmic scale at 5, 30, 60,
90, and 120 days after injection. FIG. 3 depicts the level of
rapamycin in the retina choroid on a logarithmic scale at the
same time points.

[0208] The vitreous was homogenized and analyzed as
described in Example 3. Between two and five rabbit eyes
were analyzed at each time point. The vitreous sample did
not include the site of administration, so this measurement
indicated the level of rapamycin delivered to the vitreous.
The average level of rapamycin in the vitreous at 5, 30, 60,
90, and 120 days after subconjunctival injection was about
2.39, 0.65, 0.54, 2.07, and 1.92 ng/ml, respectively.

[0209] The retina choroid was homogenized and analyzed
as described in Example 3, with the samples taken as
described for the vitreous above. The retina choroid did not
include the site of administration, so this measurement
indicated the level of rapamycin delivered to the retina
choroid. The average level of rapamycin in the retina
choroid at 5, 30, 60, 90, and 120 days after subconjunctival
injection was about 0.47, 0.04, 0.01, 0.05, and 0.0 ng/mg,
respectively.

Example 5—Subconjunctival Injection of a
Rapamycin-Containing Solution

[0210] 60 ul of the solution described in Example 23 were
injected between the sclera and the conjunctiva of the eye of
New Zealand white rabbits. FIG. 2 depicts the level of
rapamycin in the vitreous on a logarithmic scale at 5, 30, 60,
90, and 120 days after injection. FIG. 3 depicts the level of
rapamycin in the retina choroid on a logarithmic scale at the
same time points.

[0211] The vitreous was homogenized and analyzed as
described in Example 3. Between two and five rabbit eyes
were analyzed at each time point. The vitreous sample did
not include the site of administration, so this measurement
indicated the level of rapamycin delivered to the vitreous.
The average level of rapamycin in the vitreous at 5, 30, 60,
90, and 120 days after subconjunctival injection was about
8.65, 0.29, 0.18, 2.00, 1.41 ng/ml, respectively.

[0212] The retina choroid was homogenized and analyzed
as described in Example 3, with the samples taken as
described for the vitreous above. The retina choroid did not
include the site of administration, so this measurement
indicated the level of rapamycin delivered to the retina
choroid. The average level of rapamycin in the retina
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choroid at 5, 30, 60, 90, and 120 days after subconjunctival
injection was about 0.63, 0.02, 0.02, 0.06, and 0.01 ng/mg,
respectively.

Example 6—Intravitreal Injection of a
Rapamycin-Containing Solution

[0213] 20 pl of the solution described in Example 2 were
injected into the vitreous of the eye of New Zealand white
rabbits. The injected solution formed a non-dispersed mass
relative to the surrounding medium. FIG. 4 depicts the level
of rapamycin in the vitreous on a logarithmic scale 5, 30, 60,
90, and 120 days after injection. FIG. 5 depicts the level of
rapamycin in the retina choroid on a logarithmic scale at the
same time points. For comparison, FIG. 4 and FIG. 5 also
depict results of other studies described below in Example
28 and Example 30.

[0214] The vitreous was homogenized and analyzed as
described in Example 3. Between two and five rabbit eyes
were analyzed at each time point. The vitreous sample may
have included the site of administration. The average level
of rapamycin in the vitreous at 5, 30, 60, 90, and 120 days
after intravitreal injection was about 162,100; 18,780;
57,830; 94,040; and 13,150 ng/ml, respectively.

[0215] The retina choroid was homogenized and analyzed
as described in Example 3, with the samples taken as
described for the vitreous above. The retina choroid did not
include the site of administration, so this measurement
indicated the level of rapamycin delivered to the retina
choroid. The average level of rapamycin in the retina
choroid at 5, 30, 60, 90, and 120 days after intravitreal
injection was about 2.84, 2.26, 0.17, 0.22, and 0.05 ng/mg,
respectively.

Example 7—Intravitreal Injection of a
Rapamycin-Containing Solution

[0216] 40 pl of the solution described in Example 2 were
injected into the vitreous of the eye of New Zealand white
rabbits. The injected solution formed a non-dispersed mass
relative to the surrounding medium. FIG. 4 depicts the level
of rapamycin in the vitreous on a logarithmic scale 5, 30, 60,
90, and 120 days after injection. FIG. 5 depicts the level of
rapamycin in the retina choroid on a logarithmic scale at the
same time points.

[0217] The vitreous was homogenized and analyzed as
described in Example 3. Between two and five rabbit eyes
were analyzed at each time point. The vitreous sample may
have included the site of administration. The average level
of rapamycin in the vitreous at 5, 30, 60, 90, and 120 days
after intravitreal injection was about 415,600; 4,830; 74,510;
301,300; and 7,854 ng/ml respectively.

[0218] The retina choroid was homogenized and analyzed
as described in Example 3, with the samples taken as
described for the vitreous above. The retina choroid did not
include the site of administration, so this measurement
indicated the level of rapamycin delivered to the retina
choroid. The average level of rapamycin in the retina
choroid at 5, 30, 60, 90, and 120 days after intravitreal
injection was about 5.36, 0.23, 1.27, 1.08, and 0.08 ng/mg,
respectively.

[0219] All references cited herein, including patents, pat-
ent applications, and publications, are hereby incorporated
by reference in their entireties, whether previously specifi-
cally incorporated or not.
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What is claimed is:

1. A method for treating dry age-related macular degen-
eration in a human subject, the method comprising admin-
istering to the human subject by intraocular or periocular
injection of a liquid formulation containing an amount of
rapamycin effective to treat dry-age macular degeneration in
the human subject, wherein the liquid formulation is a liquid
solution that forms a non-dispersed mass when injected into
the vitreous, and the liquid formulation comprises about 2%
(w/w) rapamycin, about 94% (w/w) PEG 400, and about 4%
(w/w) ethanol.

2. The method of claim 1, wherein the volume of liquid
formulation contains between 20 pg and 2.5 mg of rapamy-
cin.

3. The method of claim 1, wherein the volume of liquid
formulation contains between 20 pg and 4 mg of rapamycin.

4. The method of claim 1, wherein the volume of the
liquid formulation is administered to the human subject by
injection into the vitreous.

5. The method of claim 1, wherein the volume of the
liquid formulation is administered to the human subject by
injection between the sclera and conjunctiva.

6. The method of claim 1, wherein the volume of the
liquid formulation when injected into the vitreous delivers
an amount of rapamycin sufficient to achieve one or both of:
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an average concentration of rapamycin in the retina
choroid of at least 0.01 ng/mg for a period of time of
at least 30 days following administration of the liquid
formulation, and

an average concentration of rapamycin in the vitreous of
at least 1000 ng/ml for a period of time of at least 30
days following administration of the liquid formula-
tion.

7. The method of claim 1, wherein the volume of the
liquid formulation when injected between the sclera and
conjunctiva delivers an amount of rapamycin sufficient to
achieve one or both of:

an average concentration of rapamycin in the vitreous of
at least 0.01 ng/ml for a period of time of at least 30
days following administration of the liquid formula-
tion; and

an average concentration of rapamycin in the retina
choroid of at least 0.001 ng/mg for a period of time of
at least 30 days following administration of the liquid
formulation.

8. The method of claim 1, wherein the non-dispersed mass
is a solid depot of rapamycin.

#* #* #* #* #*



