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TREATMENT OF OCULAR DISEASE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/631,143, ?led Jul. 31, 2003. 

FIELD OF THE INVENTION 

[0002] The invention is directed to the use of rapamycin 
and ascomycin for therapeutic treatment of ocular condi 
tions, including dry eye disease. 

BACKGROUND 

[0003] Dry eye disease encompasses any condition Where 
the tear ?lm loses Water and becomes more concentrated. It 
is a common complaint, affecting three million people in the 
United States alone, yet it is dif?cult to diagnose and treat. 
The loss of Water from the tear ?lm causes a corresponding 
rise in tear osmolarity. The increased osmolarity results in 
symptoms such as a sandy-gritty feeling in the eye, burning, 
irritation, or a foreign-body sensation that Worsens during 
the day. Patients suffering from dry eye disease complain of 
mild to severe symptoms, With signs ranging from minimal 
super?cial punctate keratitis to corneal perforation. 

[0004] Dry eye disease has a chronic remitting and relaps 
ing nature and may result from a number of factors. The 
disease may be a natural part of the aging process, affecting 
15%-20% of adults over age 40. It may also result from 
pathological processes such as diseases of the lacrimal 
glands, mucus glands, and/or lipid producing glands, and 
may occur With cell in?ltration or atrophy of the lacrimal 
gland (Sjogren’s syndrome). Oestrogen de?ciency in post 
menopausal Women is also postulated to result in dry eye 
disease. 

[0005] One method to treat dry eye disease is by topical 
administration of over-the-counter drugs that serve as arti 
?cial tears. Numerous varieties of these arti?cial tears are 

available (TheraTears®. (Advanced Vision Research), 
Refresh® and Celluvisce (Allergan), Tears Natural® and 
Bion Tears® (Alcon), GenTeal® and HypoTears® (CIBA 
Vision), each of Which contain electrolytes and has varying 
pH levels, osmolarities, and surface tensions. Another 
method to treat dry eye disease is by surgery to close the 
lacrimal drainage ducts using punctum plugs. Neither 
method, hoWever, is completely desirable. Arti?cial tears do 
not have a constant ?oW rate as do human tears, and treat the 
symptoms rather the cause of the disease. Surgery has its 
attendant risks, and may not be a viable option in older 
patients. 
[0006] It is knoWn that Cyclosporin A (cyclosporine, 
Allergan Inc.), may treat dry eye disease because patients 
administered Cyclosporin A for other disorders have shoWn 
a marked increase in tear How. A topical formulation con 
taining Cyclosporin A (Arrestase®, Allergan Inc.) is cur 
rently under revieW by the Food and Drug Administration. 
Cyclosporin A is an immunomodulator, suggesting that 
immune-mediated in?ammation contributes to dry eye dis 
ease. Cyclosporin A has been used to treat various ocular 
pathologies such as glaucoma, corticosteroid-induced ocular 
hypertension, allograft rejection, infections, and ocular sur 
face disease. 
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[0007] It is also knoWn that Cyclosporin A may be used in 
the eye to treat uveitis (in?ammation of the uvea) by topical, 
intravitreal or systemic administration. 

[0008] Doses of 0.05%, 0.1%, and 0.5% Cyclosporin A 
have been reported. Cyclosporin A has good penetration into 
the cornea but not into the anterior chamber, and does not 
increase intraocular pressure or cause cataracts. 

[0009] Tacrolimus (Prograf®, previously knoWn as 
FK-506) is an immunomodulating drug that has been 
applied topically to treat a variety of dermatoses. Topical 
administration of tacrolimus at doses ranging from 0.03% 
0.3% resulted in signi?cant clinical improvement in atopic 
dermatitis after 2-3 Weeks treatment, and tacrolimus treat 
ment of other dermatologic diseases shoWs promise. Tac 
rolimus, like cyclosporine, blocks the signal transduction 
pathWay needed to induce interleukin-2 gene expression and 
thereby activate T lymphocytes. In addition to suppressing T 
cell activation, tacrolimus inhibits anti-IgE-triggered hista 
mine release and inhibits prostaglandin D2 synthesis in 
human skin mast cells. While oral administration produces 
limiting adverse effects (systemic immunosuppression, 
infection, neural toxicity, nephrotoxicity, and hypertension), 
topical administration for treatment of dermatoses at con 
centrations up to 0.3% shoWed no signi?cant difference in 
effects betWeen treated and control groups. In addition, 
tacrolimus is Well tolerated locally and only occasionally 
causes mild irritation. The use of tacrolimus to treat a variety 

of ocular conditions, including dry eye disease, has been 
reported in US. Pat. No. 6,489,335. 

[0010] Other compositions and methods to treat ocular 
conditions and enhance ocular lubrication Would be desir 
able. 

SUMMARY OF THE INVENTION 

[0011] A method to treat an ocular condition in a patient by 
intraocularly administering a pharmaceutically acceptable 
formulation of rapamycin in an amount effective to treat the 
condition. The method provides treatment While avoiding 
systemic administration of rapamycin. In one embodiment, 
a sustained release pharmaceutically acceptable formulation 
is implanted intraocularly. For example, a matrix containing 
in the range of betWeen about 3 mg rapamycin to about 5 mg 
rapamycin may be implanted in or on the eye and may 
continuously deliver rapamycin for ten or more years. In 
another embodiment a concentration up to about 200 pg 
rapamycin is administered intraocularly Without substantial 
toxicity. In another embodiment, rapamycin at a concentra 
tion in the range of about 1 ng/ml (0.0000001%) to less than 
0.1 ug/ml (less than 0.001%) is administered topically. In 
other embodiments, rapamycin at a concentration in the 
range of about 1 ng/ml to about 200 ug/ml is injected under 
the conjunctiva, or a concentration in the range of about 1 
ng/0.1 ml to about 200 ug/ml is injected in the vitreous, or 
a concentration in the range of about 20 ug/ml to about 200 
ug/ml is injected behind the eyeball. 

[0012] The method may prevent, decrease the time of 
onset, or lessen the severity of a Wide variety of ocular 
conditions such as retinitis pigmentosa, ocular irritation 
folloWing corneal surgery (e.g., LASIK surgery), age related 
macular degeneration, diabetic retinopathy, dry eye disease, 
scleritis, papillitis, and uveitis, as examples. Rapamycin may 
be administered in combination With Cyclosporin A and/or 



US 2006/0263409 A1 

tacrolimus for intraocular administration Without toxicity 
limiting effects. Rapamycin may also be administered in 
combination With antibiotics Without toxicity-limiting 
effects. 

[0013] Another embodiment of the invention is a method 
to treat ocular conditions including ocular irritation folloW 
ing corneal surgery, retinitis pigmentosa, age related macu 
lar degeneration, diabetic retinopathy, scleritis, papillitis, 
and uveitis by intraocular administration of ascomycin. 
Ascomycin may be the sole active agent or, alternatively, it 
may be administered in combination With other agents, 
including but not limited to rapamycin, Cyclosporin A, 
tacrolimus, and antibiotics. 

[0014] In one embodiment, a sustained release pharma 
ceutically acceptable formulation is implanted intraocularly. 
For example, a matrix containing in the range of betWeen 
about 3 mg ascomycin to about 5 mg ascomycin may be 
implanted in or on the eye and may continuously deliver 
ascomycin for ten or more years. In another embodiment a 
concentration up to about 200 pg ascomycin is administered 
intraocularly Without substantial toxicity. In another 
embodiment, ascomycin at a concentration in the range of 
about 1 ng/ml (0.000000l%) to less than 1 pg/ml (less than 
0.000l%) is administered topically. In other embodiments, 
ascomycin at a concentration in the range of about 1 ng/ml 
to about 200 pg/ml is injected under the conjunctiva, or a 
concentration in the range of about 1 ng/0.l ml to about 200 
pg/ml is injected in the vitreous, or a concentration in the 
range of about 20 pg/ml to about 200 pg/ml is injected 
behind the eyeball. 

[0015] The invention also encompasses a composition 
formulated for intraocular administration and dosing With 
rapamycin and/or ascomycin in a pharmaceutically accept 
able formulation (e.g., in a physiologically acceptable sol 
vent, bulfered to a physiological pH, etc.). The composition 
may be in a solution, a suspension, an emulsion, etc., and it 
may be administered in the form of eye drops, a cream, an 
ointment, a gel, an injectable, etc., to the eye and/or the eye 
lid. The composition contains rapamycin and/or ascomycin 
in an amount effective to treat an ocular condition Without 
substantial toxicity. As one example, the composition may 
contain rapamycin in a formulation for topical administra 
tion in an amount ranging from about 1 ng rapamycin to 
about 10 pg rapamycin. As another example, the composi 
tion may contain ascomycin in a formulation for topical 
administration formulated as a cream containing ascomycin 
in an amount ranging from about 1 ng ascomycin to about 
10 pg ascomycin. In one embodiment, a patient may self 
administer the composition at a prescribed dosing interval 
(e.g., once a day, tWice a day, as needed, etc.). In another 
embodiment, a medical professional may administer an 
intraocular injection. Alternatively, the composition may be 
a lipid or another type of matrix containing milligram 
quantities of rapamycin and/or ascomycin. In this embodi 
ment, the formulation is implanted in the eye and sustainedly 
releases the agent over an extended period of time. 

[0016] These and other embodiments of the invention Will 
be further appreciated With reference to the folloWing 
detailed description. 

DETAILED DESCRIPTION 

[0017] Methods are disclosed to ameliorate ocular condi 
tions in need of treatment by intraocularly administering 
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compositions containing rapamycin, ascomycin, and/or 
combinations of rapamycin and ascomycin as an active 
component. Intraocular administration provides direct 
effects to the eye While avoiding problems associated With 
systemic administration. 

[0018] Rapamycin is also knoWn as sirolimus, RAPA and 
Rapamune. It is a triene macrolide antibiotic derived from 
Slreplomyces hydroscopicus and originally developed as an 
antifungal agent. Subsequently, it has shoWn anti-in?amma 
tory, anti-tumor, and immunosuppressive properties. 

[0019] Ascomycin is also knoWn as pimecrolimus, Immu 
nomycin, and FR-900520. It is an ethyl analog of tacrolimus 
(FK506) and has strong immunosuppressant properties. It 
inhibits Th1 and Th2 cytokines, and preferentially inhibits 
activation of mast cells, and is used to treat contact derma 
titis and other dermatological conditions. Rapamycin and 
ascomycin are commercially available, e.g., A.G. Scienti?c, 
Inc. (San Diego, Calif.). 
[0020] Regarding its immunosuppressive potential, rapa 
mycin has some synergetic effect With Cyclosporin A. It has 
been reported that rapamycin has a different mode of action 
compared to Cyclosporin A and tacrolimus, tWo other immu 
nosuppresants. All three agents are immunosuppresants 
Which affect the action of immune cell modulators (cytok 
ines), but do not affect the immune cells themselves. HoW 
ever, While all three agents affect immune cell modulators, 
they do so differently: CyclosporinA and tacrolimus prevent 
synthesis of cytokine messengers, speci?cally interleukin-2, 
While rapamycin acts on cytokine that has already been 
synthesiZed, preventing it from reaching immune cells. 

[0021] Rapamycin inhibits in?ammation by acting on both 
T-lymphocytes and dendritic cells. The latter are the ?rst 
cells to recogniZe antigens. Rapamycin blocks the groWth of 
dendritic cells and a number of other cells, such as tumors 
and endothelial cells, Which are activated by the tumor cell 
releasing vascular endothelial groWth factor (V EGF). VEGF 
is a central regulator of angiogenesis (formation of neW 
blood vessels from pre-existing vessels) and vasculogenesis 
(development of embryonic vasculature through an in?u 
ence on endothelial cell differentiation and organization). 
Diseases that are characterized by abnormal angiogenesis 
and vasculogenesis, such as some cancers and some ocular 

diseases, may shoW abnormal production of VEGF. Thus, 
control of VEGF function may be one means to control or 
treat these diseases. Rapamycin has also been used in the 
prevention of smooth muscle hyperplasia after coronary 
stent surgery. 

[0022] Methods Which include administering rapamycin 
or ascomycin, either alone or in combination, may be useful 
for alleviating the effects of conditions that result in lack of 
moisture or Wetness in the eye. TWo examples of pathologi 
cal conditions resulting in dry eye include pemphigus and 
Sjogren’s syndrome, Which affect the eye by either damag 
ing the conjunctival cells responsible for maintaining the 
Wetness of the cornea and the conjunctiva, or by damaging 
the lacrimal glands of the eye and/or the meibomian glands 
of the eye lid. Other examples of pathological conditions 
resulting in dry eye include hypolacrimation, alacrima, 
xerophthalmia, Stevens-Johnson syndrome, pemphigus, 
ocular pemphigoid, marginal blepharitis, diabetes, and/or 
post-corneal surgery (including but not limited to post 
LASIK surgery). Examples of non-pathological conditions 
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resulting in dry eye include the aging process, environmen 
tal factors (e.g., dry home and/or Work environments), and 
extended use of visual display terminals (e.g., employment, 
recreation). 
[0023] The inventive method is also useful for patients 
With in?ammation and in Which generation of an immune 
response is implicated in ocular diseases or diseases having 
an ocular component. Examples include diabetic retinopa 
thy, age-related macular degeneration, retinitis pigmentosa, 
and uveitis (anterior, intermediate, or posterior). In addition, 
in?ammatory responses accompanying bacterial, fungal, 
and viral disease also affect the eye, and are amenable to 
methods of therapy using rapamycin. 

[0024] Rapamycin alone, ascomycin alone, or a combina 
tion of rapamycin and ascomycin, may be intraocularly 
administered by any route. The agent(s) may be adminis 
tered topically to the eye or eye lid, for example, using 
drops, an ointment, a cream, a gel, a suspension, etc. 

[0025] The agent(s) may be formulated With excipients 
such as methylcellulose, hydroxypropyl methylcellulose, 
hydroxypropyl cellulose, polyvinyl pyrrolidine, neutral 
poly(meth)acrylate esters, and other viscosity-enhancing 
agents. 

[0026] The agent(s) may be injected into the eye, for 
example, injection under the conjunctiva or tenon capsule, 
intravitreal injection, or retrobulbar injection. 

[0027] The agent(s) may be administered With a sloW 
release drug delivery system, such as polymers, matrices, 
microcapsules, or other delivery systems formulated from, 
for example, glycolic acid, lactic acid, combinations of 
glycolic and lactic acid, liposomes, silicone, polyanhydride 
polyvinyl acetate alone or in combination With polyethylene 
glycol, etc. The delivery device can be implanted intraocu 
larly, for example, implanted under the conjunctiva, 
implanted in the Wall of the eye, sutured to the sclera, for 
long-term drug delivery. 

[0028] Rapamycin alone, ascomycin alone, or a combina 
tion of rapamycin and ascomycin may be administered in a 
topical formulation for treatment of ocular conditions. In 
one embodiment, the agent(s) is formulated for topical 
administration to stimulate tear production by administering 
a composition containing rapamycin at a concentration in 
the range of about 50 pg/ml (0.000000005%) to about 50 
pg/ml (0.005%), ascomycin at a concentration in the range 
of about 50 pg/ml to about 50 pg/ml, or a combination of 
rapamycin and ascomycin to achieve a total concentration of 
both agents of about 50 pg/ml to about 50 pg/ml. Within this 
range the agent(s) has Wide safety and efficacy, permitting 
speci?c doses or administration protocols to be formulated 
for speci?c applications. For example, some patients may 
prefer once a day administration compared to administration 
more than once a day, so a higher concentration of agent(s) 
may be used for these patients. 

[0029] In another embodiment, rapamycin in amounts 
ranging from about 1 ng to about 10 pg is contained in an 
aqueous-based cream excipient. In another embodiment, 
ascomycin in amounts ranging from about 1 ng to about 10 
pg is contained in an aqueous-based cream excipient. In 
another embodiment, rapamycin and ascomycin are both 
present in an aqueous-based cream excipient in various 
proportions to achieve a total amount of combined agents of 
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about 1 ng to about 10 pg. The drug(s) may be incorporated 
directly into the cream in solution, or may be contained in 
liposomes or microspheres either in solution or in an anhy 
drous form. The cream formulation is usually applied to the 
eye at bedtime, but it may be applied any time throughout 
the day if the cream does not cause blurred vision. In another 
embodiment, the agent(s) is formulated as a solution or 
suspension and is applied topically in the form of eye drops. 

[0030] Rapamycin may also be administered by injection. 
Intraocular injection may be desirable or necessary, for 
example, for conditions in Which topical administration is 
either not advised or is inadequate, for patients Who have 
dif?culty self-administering medications, etc. In one 
embodiment, the volume injected is less than 0.3 ml. In 
another embodiment, the volume injected is in the range of 
about 0.01 ml to about 0.3 ml. For intravitreal administration 
(injection into the vitreous), rapamycin concentrations in the 
range of about 1 ng/0.l ml to about 200 pg/ml (0.02%) may 
be used Without toxicity or adverse side effects. In a speci?c 
embodiment, a dose of about 50 pg/0.l ml is administered. 
Injection may also be subconjunctival (into the subconjunc 
tiva), or retrobulbar (behind the eyeball). For subconjuncti 
val injection, a dose in the range of about 1 ng/ml to about 
200 pg/ml may be used. For retrobulbar injection, a dose in 
the range of about 20 pg/ml to about 200 pg/ml may be used. 
Ascomycin may also be formulated as an injectable for 
intraocular injection. The same doses as used for intraocular 
injection of rapamycin are used for intraocular injection of 
ascomycin. 

[0031] For long term delivery of rapamycin and ascyo 
mycin, either alone or in combination, and/or for sustained 
release, a matrix housing or containing the agent(s) may be 
implanted into the eye. For example, a reservoir containing 
in the range of about 3 mg to about 5 mg of agent(s) is 
estimated to be able to release about 1 pg agent(s) per day. 
At such a release rate, continuous, sustained dosing may 
occur over 1000 to 5000 days. If less than 1 pg of agent(s) 
per day is released, sustained dosing may last up to or more 
than a decade. In one embodiment, less than 50 pg/day of 
agent(s) is released from the matrix. In another embodiment, 
agent(s) is release from the matrix at a rate in the range of 
about 50 pg/ day to about 50 pg/ day. In another embodiment, 
agent(s) is released from the matrix at a rate in the range of 
about 1 pg/day to about 5 pg/day. 

[0032] A surgically implanted intraocular device or matrix 
may be a reservoir container having a dilfusible Wall of 
polyvinyl alcohol or polyvinyl acetate and containing mil 
ligram quantities of rapamycin, ascomycin, or a combination 
of rapamycin and ascomycin may be implanted in the sclera. 
As another example, milligram quantities of agent(s) may be 
incorporated into a polymeric matrix having dimensions of 
about 2 mm by 4 mm, and made of a polymer such as 
polycaprolactone, poly(glycolic) acid, poly(lactic) acid, or a 
polyanhydride, or a lipid such as sebacic acid, and may be 
implanted on the sclera or in the eye. This is usually 
accomplished With the patient receiving either a topical or 
local anesthetic and using a small (3-4 mm incision) made 
behind the cornea. The matrix, containing the agent(s), is 
then inserted through the incision and sutured to the sclera 
using 9-0 nylon. 

[0033] Rapamycin alone, ascomycin alone, or a combina 
tion of rapamycin and ascomycin may also be contained 
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Within an inert matrix for either topical application or 
injection into the eye. As one example of an inert matrix, 
liposomes may be prepared from dipalmitoyl phosphatidyl 
choline (DPPC), preferably prepared from egg phosphati 
dylcholine (PC) since this lipid has a loW heat transition. 
Liposomes are made using standard procedures as knoWn to 
one skilled in the art. The agent(s), in amounts ranging from 
nanogram to microgram quantities, is added to a solution of 
egg PC, and the lipophilic drug binds to the liposome. 

[0034] A time-release drug delivery system may be 
implanted intraocularly to result in sustained release of the 
active agent(s) over a period of time. The implantable 
formation may be in the form of a capsule of any of the 
polymers previously disclosed (e.g., polycaprolactone, 
poly(glycolic) acid, poly(lactic) acid, polyanhydride) or 
lipids that may be formulation as microspheres. As an 
illustrative example, rapamycin may be mixed With polyvi 
nyl alcohol (PVA), the mixture then dried and coated With 
ethylene vinyl acetate, then cooled again With PVA. 

[0035] Rapamycin bound With liposomes may be applied 
topically, either in the form of drops or as an aqueous based 
cream, or may be injected intraocularly. In a formulation for 
topical application, the drug is sloWly released over time as 
the liposome capsule degrades due to Wear and tear from the 
eye surface. In a formulation for intraocular injection, the 
liposome capsule degrades due to cellular digestion. Both of 
these formulations provide advantages of a sloW release 
drug delivery system, alloWing the patient a constant expo 
sure to the drug over time. 

[0036] In a time-release formulation, the microsphere, 
capsule, liposome, etc. may contain a concentration of 
rapamycin that could be toxic if administered as a bolus 
dose. The time-release administration, hoWever, is formu 
lated so that the concentration released at any period of time 
does not exceed a toxic amount. This is accomplished, for 
example, through various formulations of the vehicle 
(coated or uncoated microsphere, coated or uncoated cap 
sule, lipid or polymer components, unilamellar or multila 
mellar structure, and combinations of the above, etc.). Other 
variables may include the patient’s pharmacokinetic-phar 
macodynamic parameters (e.g., body mass, gender, plasma 
clearance rate, hepatic function, etc.). The formation and 
loading of microspheres, microcapsules, liposomes, etc. and 
their ocular implantation are standard techniques knoWn by 
one skilled in the art, for example, the use a ganciclovir 
sustained-release implant to treat cytomegalovirus retinitis, 
disclosed in Vitreoretinal Surgical Techniques, Peyman et 
al., Eds. (Martin DunitZ, London 2001, chapter 45); Hand 
book of Pharmaceutical Controlled Release Technology, 
Wise, Ed. (Marcel Dekker, NeW York 2000), the relevant 
sections of Which are incorporated by reference herein in 
their entirety. 

[0037] As another example, rapamycin alone, ascomycin 
alone, or a combination of rapamycin and ascomycin may be 
dissolved in an organic solvent such as DMSO or alcohol as 
previously described and containing a polyanhydride, 
poly(glycolic) acid, poly(lactic) acid, or polycaprolactone 
polymer. 

[0038] Rapamycin and/or ascomycin, either alone or in 
combination With immunosuppressant agents such as 
Cyclosporin A, tacrolimus, etc., may be administered 
intraocularly and Without substantial toxicity, to treat ocular 
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conditions associated With an autoimmune response and/or 
involving an antigen/antibody reaction. Exemplary diseases 
include retinopathy in diabetic patients, macular degenera 
tion, retinitis pigmentosa, in?ammatory diseases of the eye 
such as Behcet’s syndrome, toxoplasmosis, Birdshot chor 
oidopathy, histoplasmosis, pars planitis, sarcoidosis, in?am 
matory diseases of the choroid of unknoWn etiology such as 
sympathetic ophthalmia, serpiginous choroidopathy, di?‘use 
pigment epitheliopathy, Vogt-Koyanagi syndrome, pol 
yarteritis nodosa, juvenile rheumatic arthritis, other condi 
tions of the eye including uveitis (in?ammation of the uvea), 
scleritis, (in?ammation of the sclera), neuritis (in?ammation 
of the optic nerve), or papillitis (in?ammation of the optic 
nerve head) using the methods and formulations previously 
described. This may be achieved by one or a combination of 
factors, such as by sloWing disease progression, lessening its 
severity, lengthening the time of onset, etc. 

[0039] The toxicity of rapamycin, Which had been 
reported With rapamycin administered systemically, Was 
thought to limit its intraocular use. Ocular toxicity may 
manifest as a gross and/or histologic retinal and/or vitreous 
toxic reaction. Evidence of such a toxic reaction may include 
one or more of White vitreous bodies, White vitreous opaci 
ties, electroretinography abnormalities such as reduction in 
mean B-Wave amplitude in both scotopic and photopic 
conditions, occlusion of the temporal retinal vessels, and 
?brin deposits. 

[0040] In one embodiment, rapamycin alone, ascomycin 
alone, or a combination or rapamycin and ascomycin, is 
administered in an amount or at a dose that does not result 
in substantial toxicity to the eye. As used herein, a lack of 
substantial toxicity encompasses both the absence of any 
manifestations of toxicity, as Well as manifestations of 
toxicity Which one skilled in the art Would consider not 
su?iciently detrimental to decrease or cease treatment. As 
one example, ?brin deposits may be present indicating some 
toxicity, but less than substantial toxicity if their duration, 
number, etc., as determined by one skilled in the art, does not 
Warrant that treatment be stopped. As another example, 
White vitreous bodies and ?brin bodies may be present 
indicating some toxicity, but less than substantial toxicity if 
their duration, number, etc., as determined by one skilled in 
the art, does not Warrant that treatment be stopped. 

[0041] Intraocular administration of a dose up to about 
200 pg of either rapamycin or ascomycin, or a combination 
of rapamycin and ascomycin to achieve a ?nal dose of up to 
about 200 pg, does not result in substantial toxicity. This 
dose is similar to the dose of 250 pg tacrolimus for admin 
istration Without substantial toxicity, reported in co-pending 
patent application Ser. No. 10/247,220, Which is expressly 
incorporated by reference herein in its entirety. The intra 
venous solution forrn of rapamycin may be diluted to 
achieve the indicated concentration using 0.9% NaCl or 5% 
dextrose, or an organic solvent such as dimethylsulfoxide 
(DMSO) or alcohol, preferably a loW molecular Weight 
alcohol. Intraocular administration may be any of the routes 
and formulations previously described. For injection, either 
a solution, emulsion, suspension of a liquid, capsular for 
mulation of microspheres or liposomes, etc. may be used. 

[0042] To treat uveitis, rapamycin may be injected sub 
conjunctivally at a dose in the range of about 1 ng/ml to 
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about 200 ug/ml, or intravitreally at a dose of about 1 ng/ 0.1 
ml to about 200 ug/ml. In one embodiment, the dose is about 
50 [Lg/0.1 ml. 

[0043] To treat scleritis involving the anterior sclera, rapa 
mycin may be administered topically. To treat scleritis 
involving the posterior sclera, rapamycin may be adminis 
tered by retrobulbar injection at a dose in the range of about 
20 ug/ml to about 200 ug/ml and dissolved in DMSO or a 
loW concentration of alcohol. 

[0044] To treat neuritis or papillitis, rapamycin may be 
administered by retrobulbar injection at a dose in the range 
of about 20 ug/ml to about 200 ug/ml. Ascomycin may be 
administered by the same routes for the given indications 
using the same doses as for rapamycin. 

[0045] Diabetic retinopathy is a leading cause of blind 
ness. Patients With diabetes mellitus have an absolute or 
relative lack of circulating insulin and, through a variety of 
factors, frequently present With vascular changes in the 
retina. These changes manifest in retinal microaneurysms, 
small haemorrhages, and exudates, and lead to the formation 
of scar tissue. NeW blood vessels may form around the optic 
disk (proliferative retinopathy). Over time, the cumulative 
results of such vascular effects lead to ocular pathologies 
Which, ultimately, decrease vision in the diabetic patient. 
Thus, compositions and methods Which reduce these vas 
cular changes, or reduce their effects, improve the chances 
of a diabetic patient either maintaining vision, or at least 
sloWing loss of vision. 

[0046] Macular degeneration, also called age related 
macular degeneration (AMD) is a pathological condition 
that results in proliferation of neW blood vessels in the 
subretinal area. While the presence of the neW vessels 
themselves is not problematic, neW vessels leak blood and 
other serous ?uid Which accumulate in surrounding spaces. 
It is this ?uid accumulation that leads to visual impairment. 
For example, in the retina, both the large vessels and the 
capillaries normally have intact vessel Walls. In the choroid, 
the large vessels normally have intact vessel Walls, but the 
capillary Walls or membranes contain fenestrations or open 
ings. Any endogenous or exogenous ?uid present in these 
capillaries, for example, blood, serous ?uid, solubiliZed 
drug, etc. Will leak outside the vessels and into the surround 
ing area. The accumulation of ?uid can result in serous and 
hemorrhagic detachment of the retinal pigment epithelium 
and neurosensory retina, and can lead to loss of vision due 
to ?brous deform scarring. Patients With an early stage of 
AMD can be diagnosed by the presence in the eye of 
abnormal clumps of pigments, termed drusen, Which are 
dead outer segments of photoreceptor cells under the retinal 
pigment epithelium. The presence of large, soft drusen in the 
eye indicates a pre-stage of exudative AMD, and places 
these patients at higher-than-average risk for developing 
neovasculariZations, especially if one eye is already a?‘ected. 

[0047] Retinitis pigmentosa is a general term that encom 
passes a disparate group of disorders of rods and cones, 
Which are the sensory structures in the retina. While retinitis 
pigmentosa is a genetic disorder, and is not an in?ammatory 
process, one manifestation of the disease is the presence of 
irregular black deposits of clumped pigment in the periph 
eral retina. Thus, there is likely at least some immune 
component to retinitis pigmentosa Which treatment With an 
immunosuppressant drug may help to alleviate. 
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[0048] A possible mechanism for the therapeutic e?icacy 
of rapamycin and ascomycin in ocular disease involves their 
immunosuppressant activity. For example, diabetic patients 
treated With immunosuppressant drugs for reasons unrelated 
to vision develop less retinopathy over time than other 
diabetic patients. As another example, the drusen that is 
present in AMD constitutes a chronic in?ammatory stimulus 
that becomes the target for encapsulation by a variety of 
in?ammatory mediators, such as compliment. Treatment 
With immunosuppressant drug may ameliorate this reaction. 
Immuno suppressant therapy results in decreased numbers of 
circulating immunocompetent cells such as lymphocytes. 
These cells otherWise have the potential to participate in an 
immune response, to lodge Within the small capillaries and 
arterioles of the eye to form blockages and hence occlude 
blood ?oW, etc. In addition to lymphocytes, other hemato 
poietic cells may also be affected by immunotherapy, and 
include erythrocytes (red blood cells), megakaryocytes (pre 
cursors to platelets) and thrombocytes (platelets), and other 
leukocytes (White blood cells), such as monocytes and 
granulocytes. Local or in situ administration of immunosup 
pressant agents to the eye Would be expected to decrease the 
number of these cells, resulting in reduction in the immune 
response, less blockage, increased blood ?oW, and increased 
patency of the ocular vessels. 

[0049] Rapamycin, ascomycin, or a combination of the 
tWo in any of the previously described formulations, dos 
ages, compositions, routes of administration, etc. may be 
employed. The active ingredient may be rapamycin or 
ascomycin alone. 

[0050] In one embodiment, rapamycin may be adminis 
tered as described in combination With one or more knoWn 

immunosuppressant agents, such as Cyclosporin A and/or 
tacrolimus. In another embodiment, rapamycin may be 
administered as described in combination With one or more 

antibiotics. 

[0051] In another embodiment, ascomycin may be admin 
istered as described in combination With one or more knoWn 

immunosuppressant agents. In another embodiment, asco 
mycin may be administered as described in combination 
With one or more antibiotics. 

[0052] Such a combination is useful for treating ocular 
diseases having a microbial component, for example, con 
junctivitis. Antibiotics Which may be used are knoWn to one 
skilled in the art (see, for example, Goodman and Gilman’s 
The Pharmacological Basis of Therapeutics, Eighth Edition, 
Gilman et al., Eds. (Pergamon Press, NeW York 1990, pages 
1024-1033, Which is incorporated by reference herein). Such 
exemplary antibiotics are not limiting, and the invention 
encompasses antibiotics presently knoWn and unknoWn in 
combination With rapamycin and/ or ascomycin for treatment 
of ocular disease. 

[0053] Because rapamycin is administered locally to the 
eye (e.g., intraocular injection, topical ocular application), 
the undesirable effects brought about by administration of 
systemic immunosuppressant therapy (e.g., decreased 
peripheral blood leukocyte count, susceptibility to infec 
tions, hepatic and renal toxicity of the immunosuppressant 
agent itself, etc.) are absent. 

[0054] It should be understood that the embodiments of 
the present invention shoWn and described in the speci?ca 
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tion are only preferred embodiments of the inventor Who is 
skilled in the art and are not limiting in any Way. Therefore, 
various changes, modi?cations or alterations to these 
embodiments may be made or resorted to Without departing 
from the spirit of the invention and the scope of the 
following claims. 

1-40. (canceled) 
41. A method for treating an ocular condition in a patient 

comprising intraocularly implanting a composition compris 
ing a sustained release matrix and a drug selected from the 
group consisting of rapamycin, ascomycin and combinations 
thereof, in an amount effective to treat the condition. 

42. The method of claim 41, Wherein the condition is 
selected from the group consisting of a condition associated 
With an immunologic reaction, an ocular age related condi 
tion, an ocular degenerative condition, a condition associ 
ated With ocular moisture, a condition associated With post 
ocular surgery, and combinations thereof. 

43. The method of claim 41, Wherein the condition is 
selected from the group consisting of dry eye disease, 
scleritis, neuritis, papillitis, uveitis, retinopathy, retinitis 
pigmentosa, macular degeneration, pemphigus, Sjogren’s 
syndrome, Behcet’s syndrome, toxoplasmosis, Birdshot 
choroidopathy, histoplasmosis, pars planitis, sarcoidosis, 
sympathetic ophthalmia, serpiginous choroidopathy, di?‘use 
pigment epitheliopathy, Vogt-Koyanagi syndrome, pol 
yarteritis nodosa, and juvenile rheumatic arthritis. 

44. The method of claim 41, Wherein the condition is 
uveitis. 

45. The method of claim 41, Wherein the matrix releases 
the drug at a rate selected from the group consisting of (i) 
about 1 pg per day, (ii) less that about 50 ug/day, (iii) in a 
range betWeen about 50 pg/day to about 50 ug/day, and (iv) 
in a range betWeen about 1 pg/day to about 5 ug/day. 

46. The method of claim 41, Wherein the composition 
comprises from about 3 mg of the drug to about 5 mg of the 
drug. 

47. A method for treating an ocular condition in a patient 
comprising intraocularly administering by intraocular 
implantation a composition comprising a sustained release 
matrix and a drug selected from the group consisting of 
rapamycin, ascomycin and combinations thereof, Wherein 
the drug is at a concentration of up to about 200 ug/ml in a 
pharmaceutically acceptable formulation, effective to treat 
the condition Without substantial toxicity. 

48. The method of claim 47, Wherein the composition 
further comprises Cyclosporin A, tacrolimus, or combina 
tions thereof. 

49. The method of claim 47, Wherein the condition is 
selected from the group consisting of a condition associated 
With an immunologic reaction, an ocular age related condi 
tion, an ocular degenerative condition, a condition associ 
ated With ocular moisture, a post-comeal surgery condition, 
and combinations thereof. 

50. The method of claim 47, Wherein the condition is 
selected from the group consisting of dry eye disease, 
scleritis, neuritis, papillitis, uveitis, retinopathy, macular 
degeneration, pemphigus, Sjogren’s syndrome, Behcet’s 
syndrome, toxoplasmosis, Birdshot choroidopathy, histo 
plasmosis, pars planitis, sarcoidosis, sympathetic oph 
thalmia, serpiginous choroidopathy, diffuse pigment epithe 
liopathy, Vogt-Koyanagi syndrome, polyarteritis nodosa, 
and juvenile rheumatic arthritis. 

51. The method of claim 47, Wherein the condition is 
uveitis. 
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52. A method for treating an ocular condition in a patient 
comprising intraocularly administering by intraocular 
implantation a composition comprising a sustained release 
matrix and a pharmaceutically acceptable formulation of 
rapamycin, ascomycin, or combinations thereof, in an 
amount of up to about 200 pg, effective to treat an ocular 
condition Without substantial toxicity, and at least one anti 
biotic. 

53. The method of claim 52, Wherein the composition 
further comprises Cyclosporin A, tacrolimus, or combina 
tions thereof. 

54. The method of claim 52, Wherein the condition is 
selected from the group consisting of a condition associated 
With an immunologic reaction, an ocular age related condi 
tion, an ocular degenerative condition, a condition associ 
ated With ocular moisture, a post-comeal surgery condition, 
and combinations thereof. 

55. The method of claim 52, Wherein the condition is 
selected from the group consisting of dry eye disease, 
scleritis, neuritis, papillitis, uveitis, retinopathy, macular 
degeneration, pemphigus, Sjogren’s syndrome, Behcet’s 
syndrome, toxoplasmosis, Birdshot choroidopathy, histo 
plasmosis, pars planitis, sarcoidosis, sympathetic oph 
thalmia, serpiginous choroidopathy, diffuse pigment epithe 
liopathy, Vogt-Koyanagi syndrome, polyarteritis nodosa, 
and juvenile rheumatic arthritis. 

56. The method of claim 52, Wherein the condition is 
uveitis. 

57. An ocular treatment method comprising intraocularly 
administering, by intraocular implantation, to a patient after 
corneal surgery, a composition consisting essentially of a 
sustained release matrix and rapamycin, in a pharmaceuti 
cally acceptable formulation, and in an amount effective to 
enhance post-surgical ocular moisture in the patient. 

58. An ocular treatment method comprising intraocularly 
administering, by intraocular implantation, to a patient after 
corneal surgery, a composition consisting essentially of a 
sustained release matrix and ascomycin, in a pharmaceuti 
cally acceptable formulation, and in an amount effective to 
enhance post-surgical ocular moisture in the patient. 

59. A composition for treating an ocular condition com 
prising a sustained release matrix and a drug selected from 
the group consisting of rapamycin, ascomycin and combi 
nations thereof, for intraocular implantation. 

60. The composition of claim 59, Wherein the drug is 
present in the composition in an amount ranging betWeen 
about 3 mg and about 5 mg. 

61. The composition of claim 59, Wherein the matrix 
releases the drug at a rate selected from the group consisting 
of (i) less that about 50 ug/day, (ii) in a range betWeen about 
50 pg/day to about 50 ug/day, and (iii) in a range betWeen 
about 1 pg/day to about 5 ug/day. 

62. The composition of claim 59, Wherein the matrix 
comprises a substance selected from the group consisting of 
lipid, polyvinyl alcohol, polyvinyl acetate, polycaprolac 
tone, poly(glycolic)acid, poly(lactic)acid, and combinations 
thereof. 

63. The composition of claim 59, further comprising at 
least one antibiotic. 

64. The composition of claim 59, further comprising 
Cyclosporin A, tacrolimus, or combinations thereof. 


