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FIGURE 1 
Vitreous Humor Concentrations of Dexamethasone in Treated 
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FIGURE 3 v 

Vitreous Humor Concentrations of Dexamethasone in Treated Eye: 
Comparison of all Dose Levels and Dosage Forms 

1000 

+7001“ 
100 

DJ 
E — — — Quanti?cation 

a” Limit 

10 ' _._350E 

FIGURE 4 
Percent of Dexamethasone Released from DEX PS DDS Over Time for 

all Dose Levels and Dosage Forms 

%Released 
Days 



Patent Application Publication Oct. 19, 2006 Sheet 3 0f 3 US 2006/0233859 A1 

10 
\\ 20 28 

16 

\ 18 
\ 40 42 44 

34 

FIG. 5 



US 2006/0233859 A1 

METHODS FOR TREATING RETINOPATHY WITH 
EXTENDED THERAPEUTIC EFFECT 

CROSS REFERENCE 

[0001] The present application is a continuation in part of 
US. patent application Ser. No. 10/837,357, ?led Apr. 30, 
2004, the entire content of Which is expressly incorporated 
by reference herein. 

BACKGROUND 

[0002] This invention relates to methods for extended 
treatment of an ocular condition. In particular the present 
invention releases to methods for extended treatment of an 
ocular condition With an intraocular implant. 

[0003] An ocular condition can include an in?ammatory, 
neoplastic, infectious, vascular, neovascular and/or degen 
erative disease, aliment or condition which affects or 
involves the eye or one of the parts or regions of the eye. 
Broadly speaking the eye includes the eyeball and the tissues 
and ?uids Which constitute the eyeball, the periocular 
muscles (such as the oblique and rectus muscles) and the 
portion of the optic nerve Which is Within or adjacent to the 
eyeball. An anterior ocular condition is a disease, ailment or 
condition which affects or Which involves an anterior (i.e. 
front of the eye) ocular region, location or site (hereafter an 
ocular site), such as a periocular muscle, an eye lid or an eye 
ball tissue or ?uid Which is located anterior to the posterior 
Wall of the lens capsule or ciliary muscles. Thus, an anterior 
ocular condition primarily a?‘ects or involves, the conjunc 
tiva, the cornea, the anterior chamber, the iris, the posterior 
chamber (behind the iris but in front of the posterior Wall of 
the lens capsule), the lens or the lens capsule and blood 
vessels and nerve Which vasculariZe or innervate an anterior 
ocular region or site. A posterior ocular condition is a 
disease, ailment or condition Which primarily a?‘ects or 
involves a posterior ocular site such as choroid or sclera (in 
a position posterior to a plane through the posterior Wall of 
the lens capsule), vitreous, vitreous chamber, retina, optic 
nerve (including the optic disc), and blood vessels and 
nerves Which vasculariZe or innervate a posterior ocular site. 

[0004] Thus, a posterior ocular condition can include a 
disease, ailment or condition, such as for example, macular 
degeneration (such as non-exudative age related macular 
degeneration and exudative age related macular degenera 
tion); macular hole; light, radiation or thermal damage to a 
posterior ocular tissue; choroidal neovasculariZation; acute 
macular neuroretinopathy; macular edema (such as cystoid 
macular edema and diabetic macular edema); Behcet’s dis 
ease, retinal disorders, diabetic retinopathy (including pro 
liferative diabetic retinopathy); retinal arterial occlusive 
disease; central retinal vein occlusion; uveitic retinal dis 
ease; retinal detachment; ocular trauma which affects a 
posterior ocular site; a posterior ocular condition caused by 
or in?uenced by an ocular laser treatment; posterior ocular 
conditions caused by or in?uenced by a photodynamic 
therapy; photocoagulation; radiation retinopathy; epiretinal 
membrane disorders; branch retinal vein occlusion; anterior 
ischemic optic neuropathy; non-retinopathy diabetic retinal 
dysfunction, retinitis pigmentosa and glaucoma. Glaucoma 
can be considered a posterior ocular condition because the 
therapeutic goal is to prevent the loss of or reduce the 
occurrence of loss of vision due to damage to or loss of 
retinal cells or retinal ganglion cells (i.e. neuroprotection). 
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[0005] An anterior ocular condition can include a disease, 
ailment or condition, such as for example, aphakia; 
pseudophakia; astigmatism; blepharospasm; cataract; con 
junctival diseases; conjunctivitis; corneal diseases; corneal 
ulcer; dry eye syndromes; eyelid diseases; lacrimal appara 
tus diseases; lacrimal duct obstruction; myopia; presbyopia; 
hyperopia; pupil disorders; refractive disorders and strabis 
mus. Glaucoma can also be considered to be an anterior 
ocular condition because a clinical goal of glaucoma treat 
ment can be to reduce a hypertension of aqueous ?uid in the 
anterior chamber of the eye (i.e. reduce intraocular pres 
sure). 
[0006] The present invention is directed to a method for 
providing an extended treatment of an ocular condition, such 
as an anterior ocular condition or a posterior ocular condi 
tion or to an ocular condition Which can be characterized as 

both an anterior ocular condition and a posterior ocular 
condition. 

[0007] Therapeutic compounds useful for the treatment of 
an ocular condition can include cytokines and active agents 
With, for example, an anti-neoplastic (i.e. anti-cancer), anti 
angiogenesis, kinase inhibition, anticholinergic, anti-adren 
ergic and/or anti-in?ammatory activity. 

[0008] Macular degeneration, such as age related macular 
degeneration (“AMD”) is a leading cause of irreversible 
vision loss in elderly populations. It is estimated that thirteen 
million Americans have evidence of macular degeneration. 
Macular degeneration results in a break doWn or injury to the 
macula, the central part of the retina responsible for the 
sharp, direct vision needed to read or drive. Central vision is 
especially or selectively a?‘ected. Macular degeneration is 
diagnosed as either dry or Wet (exudative). The dry form of 
macular degeneration is more common than the Wet form of 
macular degeneration, With about 90% of AMD patients 
being diagnosed With dry AMD. The Wet form of the disease 
usually leads to more rapid and more serious vision loss. 
Macular degeneration can produce a sloW or sudden painless 
loss of vision. The cause of macular degeneration is not 
clear. The dry form of AMD may result in thinning of 
macular tissues, depositing of pigment in the macula, or a 
combination of the tWo processes. With Wet AMD, neW 
blood vessels groW Within and beneath the retina and leak 
blood and ?uid. This leakage causes injury to retinal cells 
and creates blind spots in central vision. 

[0009] Macular edema (ME) can result in a sWelling or 
thickening of the macular and appears to be a nonspeci?c 
response of the retina to a variety of insults. Thus, ME is 
associated With a number of diseases, including anterior or 
posterior uveitis, retinal vascular abnormalities (diabetic 
retinopathy and retinal venous occlusive disease), as a 
sequela of cataract surgery (lrvine-Gass Syndrome), macu 
lar degeneration, vitreo-macular traction syndrome, inher 
ited or acquired retinal degeneration, eye in?ammation, 
idiopathic central serous chorioretinopathy, pars planitis, 
retinitis pigmentosa, radiation retinopathy, posterior vitreous 
detachment, epiretinal membrane formation, idiopathic jux 
tafoveal retinal telangiectasia, folloWing NdzYAG capsulo 
tomy or iridotomy. Some patients With ME may have a 
history of use of topical epinephrine or prostaglandin ana 
logs for glaucoma. Macular edema involves the develop 
ment of microangiopathy, characterized by abnormal retinal 
vessel permeability and capillary leakage into the adjacent 
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retinal tissues. The macula becomes thickened due to accu 
mulation of ?uid Which leaks out of Weak blood vessel Walls 
due to a breakdown of the inner blood-retinal barrier at the 
level of the capillary endothelium, often resulting in signi? 
cant disturbances in visual acuity. The blood and ?uid leaks 
out of the Weak vessel Walls into a very small area of the 
macula Which is rich in cones, the photoreceptors that detect 
color and from Which daytime vision depends. Blurring then 
occurs in the middle or just to the side of the central visual 
?eld. Visual loss can progress over a period of years. 
Symptoms of ME include blurred central vision, distorted 
vision, vision tinted pink and light sensitivity. 

[0010] In some cases macular edema can resolves spon 
taneously or With shoW remission after a short-term treat 
ment. HoWever, in cases of persistent macular edema 
(PME), visual loss continues to be a signi?cant therapeutic 
challenge. Therapies for macular edema utiliZe a stepWise 
approach including surgical and medical methods. A ?rst 
line of treatment for certain types of ME can be anti 
in?ammatory drops topically applied. Currently there are no 
approved therapies for the treatment of PME. Macular 
edema that has failed to respond to drug therapy and laser 
photocoagulation represents a signi?cant unmet medical 
need. 

[0011] Drug therapy for macular edema can include topi 
cal, periocular, subconjunctival/intravitreal, or systemic cor 
ticosteroids; topical and systemic nonsteroidal anti-in?am 
matory agents (NSAIDs); and/or immunosuppressants. 
Nonetheless, With variable incidence, macular edema can 
persist regardless of treatment or causation resulting in 
severe vision loss. Liquid, intravitreal triamcinolone 
acetonide (available from Bristol Myers Squibb under the 
tradename Kenalog-40®) injection has been used to treat 
ocular in?ammation and macula edema. Kenalog-40® is a 
suspension triamcinolone acetonide (40 mg/mL) formulated 
With sodium chloride for isotonicity, 0.9% (W/v) benZyl 
alcohol as preservative, 0.75% carboxymethylcellulose 
sodium, and 0.04%, polysorbate 80. It is approved for 
intramuscular depot delivery for the treatment of in?amma 
tion and has been used intravitreally to treat ocular in?am 
mation as Well as macular edema due to numerous causes. 
Unfortunately, side-e?ects including elevated intraocular 
pressure, cataract, endophthalmitis (such as infectious 
endophthalmitis and sterile endophthalmitis), retinal toxicity 
and crystalline retinal deposits have been reported from 
clinical use of intravitreal triamcinolone acetonide. 

[0012] Surgical methods for the treatment of macular 
edema including laser photocoagulation have had mixed 
results. Focal/ grid laser photocoagulation for the prevention 
of moderate visual loss has been shoWn to be e?icacious in 
diabetic retinopathy and branch retinal vein occlusion 
patients, but not in central retinal vein occlusion patients. As 
a last resort, a vitrectomy is sometimes performed in patients 
Who have persistent macular edema that has failed to 
respond to less invasive treatments. 

[0013] Dexamethasone, a potent anti-in?ammatory in the 
corticosteroid family, has been shoWn to suppress in?am 
mation by inhibiting edema, ?brin deposition, capillary 
deposition and phagocytic migration of the in?ammatory 
response. Corticosteroids prevent the release of prostaglan 
dins Which have been identi?ed as one of the causative 
agents of cystoid macular edema. Additionally, corticoster 
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oids including dexamethasone have also been shoWn to have 
potent anti-permeability activity by inhibiting the synthesis 
of VEGF. Despite knoWn anti-in?ammatory and anti-per 
meability properties, use of corticosteroid in the treatment of 
macular edema has been limited because of the inability to 
deliver and to maintain adequate quantities of the drugs at 
the macular Without resultant toxicities. 

[0014] Previously, dexamethasone use has yielded varying 
degrees of success in treating retinal disorders including 
macular edema largely due to the inability to deliver and 
maintain adequate quantities of the drug to the posterior 
segment (vitreous) Without resultant toxicities. Topical 
administration of 1 drop (50 pl) of a 0.1% dexamethasone 
ophthalmic suspension, 4 times a day is equivalent to 
approximately 200 pg per day, hoWever, only about 1% (2 pg 
per day) reaches the anterior segment, and only a fraction of 
that amount moves into the posterior segment (vitreous). 
Although intravitreal injections of dexamethasone have 
been used, the exposure of the drug is very temporal as the 
half-life of the drug Within the eye is approximately 3 hours. 
Periocular and posterior sub-Tenon’s injections of dexam 
ethasone have been used, but With only short-term treatment 
effect. 

[0015] Treatment With corticosteroids must be monitored 
closely due to potential toxicity and long-term side effects. 
Adverse reactions listed for conventional ophthalmic dex 
amethasone preparations include: glaucoma (With optic 
nerve damage, visual acuity and ?eld defects), posterior 
subcapsular cataract formation, and secondary ocular infec 
tion from pathogens including herpes simplex. Systemic 
doses of dexamethasone can be as high as 9000 pg/kg/day, 
of Which only a small portion reaches the posterior segment, 
and may be associated With additional haZardous side-e?ects 
including hypertension, hyperglycemia, increased suscepti 
bility to infection, and peptic ulcers. 

[0016] Although an e?icient means of delivering a drug to 
the posterior segment is direct delivery into the vitreous 
body, the natural pharmacokinetics of the eye typically result 
in a short half-life unless the drug can be delivered using a 
formulation capable of providing sustained release. By 
delivering a drug intravitreally, the blood-eye barrier is 
circumvented and intraocular therapeutic levels can be 
achieved Without the risk of systemic toxicity. 

[0017] An anti-in?ammatory (i.e. immunosuppressive) 
agent can be used for the treatment of an ocular condition 
Which involves in?ammation, such as an uveitis or macula 
edema. Thus, topical or oral glucocorticoids have been used 
to treat uveitis. A major problem With topical and oral drug 
administration is the inability of the drug to achieve an 
adequate (i.e. therapeutic) intraocular concentration. See eg 
Bloch-Michel E. (1992). Opening address: intermediate 
uveitis, In Intermediate Uveitis, Dev. Ophthalmol, W. R. F. 
Boke et al. editors., Basel: Karger, 23:1-2; Pinar, V., et al. 
(1997). Intraocular in?ammation and uveitis” In Basic and 
Clinical Science Course. Section 9 (1997-1998) San Fran 
cisco: American Academy of Ophthalmology, pp. 57-80, 
102-103, 152-156; Boke, W. (1992). Clinical picture of 
intermediate uveitis, In Intermediate Uveitis, Dev. Ophthal 
mol. W. R. F. Boke et al. editors., Basel: Karger, 23:20-7; 
and Cheng C-K et al. (1995). Intravitreal sustained-release 
dexamethasone device in the treatment of experimental 
uveitis, Invest. Ophthalmol. V15. Sci. 36:442-53. 
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[0018] Systemic glucocorticoid administration can be 
used alone or in addition to topical glucocorticoids for the 
treatment of uveitis. However, prolonged exposure to high 
plasma concentrations (administration of prednisone 1 
mg/kg/day for 2-3 Weeks) of steroid is often necessary so 
that therapeutic levels can be achieved in the eye. 

[0019] Unfortunately, these high drug plasma levels com 
monly lead to systemic side effects such as hypertension, 
hyperglycemia, increased susceptibility to infection, peptic 
ulcers, psychosis, and other complications. Cheng C-K et al. 
(1995). Intravitreal sustained-release dexamethasone device 
in the treatment of experimental uveitis, Invest. Ophthalmol. 
Vis. Sci. 36:442-53; SchWartZ, B. (1966). The response of 
ocular pressure to corticosteroids, Ophthalmol. Clin. North 
Am. 6:929-89; Skalka, H. W. et al. (1980). E?dect ofcorti 
costeroids on cataract formation, Arch Ophthalmol 
98:1773-7; and Renfro, L. et al. (1992). Ocular e?ects of 
topical and systemic steroids, Dermatologic Clinics 10:505 
12. 

[0020] Additionally, delivery to the eye of a therapeutic 
amount of an active agent can be dif?cult, if not impossible, 
for drugs With short plasma half-lives since the exposure of 
the drug to intraocular tissues is limited. Therefore, a more 
ef?cient Way of delivering a drug to treat a posterior ocular 
condition is to place the drug directly in the eye, such as 
directly into the vitreous. Maurice, D. M. (1983). Microp 
harmaceutics of the eye, Ocular In?ammation Ther. 1:97 
102; Lee, V. H. L. et al. (1989). Drug delivery to the 
posterior segment” Chapter 25 In Retina. T. E. Ogden and A. 
P. Schachat eds., St. Louis: C V Mosby, Vol. 1, pp. 483-98; 
and Olsen, T. W. et al. (1995). Human scleralpermeability: 
e??ects of age, cryotherapy, transscleral diode laser, and 
surgical thinning, Invest. Ophthalmol. Vis. Sci. 36:1893 
1903. 

[0021] Techniques such as intravitreal injection of a drug 
have shoWn promising results, but due to the short intraocu 
lar half-life of active agent, such as the glucocorticoid 
dexamethasone (approximately 3 hours), intravitreal injec 
tions must be frequently repeated to maintain a therapeutic 
drug level. In turn, this repetitive process increases the 
potential for side effects such as retinal detachment, endoph 
thalmitis, and cataracts. Maurice, D. M. (1983). Microphar 
maceutics of the eye, Ocular In?ammation Ther. 1:97-102; 
Olsen, T. W. et al. (1995). Human scleral permeability: 
e??ects of age, cryotherapy, transscleral diode laser, and 
surgical thinning, Invest. Ophthalmol. Vis. Sci. 36:1893 
1903; and KWak, H. W. and D’Amico, D. J. (1992). Evalu 
ation of the retinal toxicity and pharmacokinetics of dex 
amethasone after intravitreal injection, Arch. Ophthalmol. 
110:259-66. 

[0022] Additionally, topical, systemic, and periocular glu 
cocorticoid treatment must be monitored closely due to 
toxicity and the long-term side effects associated With 
chronic systemic drug exposure sequelae. Rao, N. A. et al. 
(1997). Intraocular in?ammation and uveitis, In Basic and 
Clinical Science Course. Section 9 (1997-1998) San Fran 
cisco: American Academy of Ophthalmology, pp. 57-80, 
102-103, 152-156; SchWartZ, B. (1966). The response of 
ocular pressure to corticosteroids, Ophthalmol Clin North 
Am 6:929-89; Skalka, H. W. and Pichal, J. T. (1980). E?dect 
of corticosteroids on cataract formation, Arch Ophthalmol 
98:1773-7; Renfro, L and SnoW, J. S. (1992). Ocular e?ects 
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of topical and systemic steroids, Dermatologic Clinics 
101505-12; Bodor, N. et al. (1992). A comparison of 
intraocular pressure elevating activity of loteprednol eta 
bonate and dexamethasone in rabbits, Current Eye Research 
11:525-30. 

[0023] US. Pat. No. 6,217,895 discusses a method of 
administering a corticosteroid to the posterior segment of the 
eye, but does not disclose a bioerodible implant. 

[0024] US. Pat. No. 5,501,856 discloses controlled 
release pharmaceutical preparations for intraocular implants 
to be applied to the interior of the eye after a surgical 
operation for disorders in retina/vitreous body or for glau 
coma. 

[0025] US. Pat. No. 5,869,079 discloses combinations of 
hydrophilic and hydrophobic entities in a biodegradable 
sustained release implant, and describes a polylactic acid 
polyglycolic acid (PLGA) copolymer implant comprising 
dexamethasone. As shoWn by in vitro testing of the drug 
release kinetics, the 100-120 ug 50/50 PLGA/dexametha 
sone implant disclosed did not shoW appreciable drug 
release until the beginning of the fourth Week, unless a 
release enhancer, such as HPMC Was added to the formu 
lation. 

[0026] US. Pat. No. 5,824,072 discloses implants for 
introduction into a suprachoroidal space or an avascular 
region of the eye, and describes a methylcellulose (i.e. 
non-biodegradable) implant comprising dexamethasone. 
WO 9513765 discloses implants comprising active agents 
for introduction into a suprachoroidal or an avascular region 
of an eye for therapeutic purposes. 

[0027] US. Pat. Nos. 4,997,652 and 5,164,188 disclose 
biodegradable ocular implants comprising microencapsu 
lated drugs, and describes implanting microcapsules com 
prising hydrocortisone succinate into the posterior segment 
of the eye. 

[0028] US. Pat. No. 5,164,188 discloses encapsulated 
agents for introduction into the suprachoroid of the eye, and 
describes placing microcapsules and plaques comprising 
hydrocortisone into the pars plana. US. Pat. Nos. 5,443,505 
and 5,766,242 disclose implants comprising active agents 
for introduction into a suprachoroidal space or an avascular 
region of the eye, and describes placing microcapsules and 
plaques comprising hydrocortisone into the pars plana. 

[0029] Zhou et al. disclose a multiple-drug implant com 
prising 5-?uorouridine, triamcinolone, and human recombi 
nant tissue plasminogen activator for intraocular manage 
ment of proliferative vitreoretinopathy (PVR). Zhou, T, et al. 
(1998). Development ofa multiple-drug delivery implantfor 
intraocular management ofproliferative vitreoretinopathy, 
Journal of Controlled Release 55: 281-295. 

[0030] US. Pat. No. 6,046,187 discusses methods and 
compositions for modulating local anesthetic by adminis 
tering one or more glucocorticosteroid agents before, simul 
taneously With or after the administration of a local anes 
thetic at a site in a patient. 

[0031] US. Pat. No. 3,986,510 discusses ocular inserts 
having one or more inner reservoirs of a drug formulation 
con?ned Within a bioerodible drug release rate controlling 
material of a shape adapted for insertion and retention in the 
“sac of the eye,” Which is indicated as being bounded by the 
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surfaces of the bulbar conjunctiva of the sclera of the eyeball 
and the palpebral conjunctiva of the eyelid, or for placement 
over the corneal section of the eye. 

[0032] US. Pat. No. 6,369,116 discusses an implant With 
a release modi?er inserted Within a scleral ?ap. 

[0033] EP 0 654256 discusses use of a scleral plug after 
surgery on a vitreous body, for plugging an incision. 

[0034] US. Pat. No. 4,863,457 discusses the use of a 
bioerodible implant to prevent failure of glaucoma ?ltration 
surgery by positioning the implant either in the subconjunc 
tival region betWeen the conjunctival membrane overlying it 
and the sclera beneath it or Within the sclera itself Within a 
partial thickness sclera ?ap. 

[0035] EP 488 401 discusses intraocular implants, made of 
certain polylactic acids, to be applied to the interior of the 
eye after a surgical operation for disorders of the retina/ 
vitreous body or for glaucoma. 

[0036] EP 430539 discusses use of a bioerodible implant 
Which is inserted in the suprachoroid. 

[0037] Signi?cantly, it is knoWn that PLGA co-polymer 
formulations of a bioerodible polymer comprising an active 
agent typically release the active agent With a characteristic 
sigmoidal release pro?le (as vieWed as time vs percent of 
total active agent released), that is after a relatively long 
initial lag period (the ?rst release phase) When little if any 
active agent is released, there is a high positive slope period 
When most of the active agent is released (the second release 
phase) folloWed by another near horiZontal (third) release 
phase, When the drug release reaches a plateau. 

[0038] Thus, there is a need for a extended therapeutic 
treatment of an ocular condition, such as posterior ocular 
condition. In particular, there is a need for treatment over an 
extended duration, for example, time periods extending up 
to 60 days, 90 days, 120 days, 6 months, 8 months, 12 
months or more, after release of a therapeutic amount of a 
drug at an ocular site, such as the vitreous. Such extended 
treatment With an active agent can be advantageous to 
prevent recurrence of the in?ammatory or other posterior 
ocular condition treated. It can also minimiZe the number of 
surgical interventions required by the patient over time to 
treat an ocular condition. 

SUMMARY 

[0039] The present invention meets these and other needs 
and provides for methods and implants Which can provide an 
extended treatment of an ocular condition after release of a 
therapeutic amount of a drug from an implant placed in the 
vitreous and With maintenance of such a therapeutic effect 
for an extended period during Which a therapeutic level or 
amount of the drug is not present is not detectable in the 
vitreous. 

[0040] De?nitions 

[0041] The folloWing terms as used herein have the fol 
loWing meanings: 

[0042] “About” means approximately or nearly and in the 
context of a numerical value or range set forth herein means 
110% of the numerical value or range recited or claimed. 
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[0043] “Active agent” and “drug” are used interchange 
ably and refer to any substance used to treat an ocular 
condition. 

[0044] “Anterior ocular condition” means a disease, ail 
ment or condition which affects or Which involves an 

anterior (i.e. front of the eye) ocular site, such as a periocular 
muscle, an eye lid or an eye ball tissue or ?uid Which is 
located anterior to the posterior Wall of the lens capsule or 
ciliary muscles. Thus, an anterior ocular condition primarily 
a?fects or involves, the conjunctiva, the cornea, the conjunc 
tiva, the anterior chamber, the iris, the posterior chamber 
(behind the iris but in front of the posterior Wall of the lens 
capsule), the lens or the lens capsule and blood vessels and 
nerve Which vasculariZe or innervate an anterior ocular 
region or site. 

[0045] “Bioerodible polymer” means a polymer Which 
degrades in vivo, and Wherein erosion of the polymer over 
time is required to release the active agent. The Words 
“bioerodible” and “biodegradable” are synonymous and are 
used interchangeably herein. 

[0046] “Extended” as in “extended therapeutic effect” 
means for a period of time greater than thirty days after 
release of all or all substantially all of an active agent in vivo 
from an intraocular implant. More preferably the extended 
therapeutic effect persists for at least 60 days after release of 
all or all substantially all of an active agent in vivo from an 
intraocular implant. 

[0047] “Glaucoma” means primary, secondary and/ or con 
genital glaucoma. Primary glaucoma can include open angle 
and closed angle glaucoma. Secondary glaucoma can occur 
as a complication of a variety of other conditions, such as 
injury, in?ammation, vascular disease and diabetes. 

[0048] “In?ammation-mediated” in relation to an ocular 
condition means any condition of the eye Which can bene?t 
or potentially bene?t from treatment With an anti-in?amma 
tory agent, and is meant to include, but is not limited to, 
uveitis, macular edema, acute macular degeneration, retinal 
detachment, ocular tumors, fungal or viral infections, mul 
tifocal choroiditis, diabetic uveitis, proliferative vitreoretin 
opathy (PVR), sympathetic opthalmia, Vogt Koyanagi 
Harada (VKH) syndrome, histoplasmosis, and uveal 
effusion. 

[0049] “Injury” or “damage” are interchangeable and refer 
to the cellular and morphological manifestations and symp 
toms resulting from an in?ammatory-mediated condition, 
such as, for example, in?ammation. 

[0050] “Measured under in?nite sink conditions in vitro,” 
means assays to measure drug release in vitro, Wherein the 
experiment is designed such that the drug concentration in 
the receptor medium never exceeds 5% of saturation. 
Examples of suitable assays may be found, for example, in 
USP 23; NF 18 (1995) pp. 1790-1798. 

[0051] “Ocular condition” means a disease, aliment or 
condition which affects or involves the eye or one or the 
parts or regions of the eye, such as a retinal disease. The eye 
includes the eyeball and the tissues and ?uids Which con 
stitute the eyeball, the periocular muscles (such as the 
oblique and rectus muscles) and the portion of the optic 
nerve Which is Within or adjacent to the eyeball. 
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[0052] “Retinopathy” means a disorder or disease of the 
retina. Such an disease or disorder may be associated With 
an overlying condition such as glaucoma, macular edema, 
dry and Wet macular degeneration, diabetic retinopathy, at 
the like. 

[0053] “Posterior ocular condition” means a disease, ail 
ment or condition which affects or involves a posterior 
ocular region or site such as choroid or sclera (in a position 
posterior to a plane through the posterior Wall of the lens 
capsule), vitreous, vitreous chamber, retina, optic nerve 
(including the optic disc), and blood vessels and nerve Which 
vasculariZe or innervate a posterior ocular region or site. 

[0054] “Steroidal anti-in?ammatory agent” and “gluco 
corticoid” are used interchangeably herein, and are meant to 
include steroidal agents, compounds or drugs Which reduce 
in?ammation When administered at a therapeutically effec 
tive level. 

[0055] “Substantially” means at least 51%. A release of 
substantially all of an active agent occurs When, at least 24 
hours after in vivo insertion of an intraocular implant, a 
therapeutic amount of the active agent is not present in the 
vitreous. A release of essentially all of an active agent is 
deemed to occur When, at least 24 hours after in vivo 
insertion of an intraocular implant, a detectable amount of 
the active agent is not present in the vitreous. “Substantially” 
in relation to the blending, mixing or dispersing of an active 
agent in a polymer, as in the phrase “substantially homog 
enously dispersed” means that there are no or essentially no 
particles (i.e. aggregations) of active agent in such a homog 
enous dispersal. 

[0056] “Suitable for insertion (or implantation) in (or into) 
an ocular region or site” With regard to an implant, means an 
implant Which has a siZe (dimensions) such that it can be 
inserted or implanted Without causing excessive tissue dam 
age and Without unduly physically interfering With the 
existing vision of the patient into Which the implant is 
implanted or inserted. 

[0057] A method according to the present invention can be 
carried out using an implant suitable for insertion, placement 
or implantation at an ocular site, such as the vitreous. 
Suitable implant can be made using the methods and mate 
rials set forth in US. patent application Ser. No. 10/340,237. 

[0058] The present invention encompasses a method for 
treating an ocular condition. The method can have the steps 
of ?rstly inserting an implant into an ocular site of a patient 
With an ocular condition. The implant can be made of an 
active agent, and a carrier associated With the active agent. 
The carrier can be a polymer or a bioceramic material. The 
carried can be associated With the active agent by mixing the 
active agent and the carrier, dispersing the active agent in the 
carrier, encapsulating the active agent by the carrier, incor 
porating the active agent Within the carrier, and the like. 

[0059] The next (second) step in the method can be 
releasing substantially all of the active agent from the 
implant. The third step in the method can be obtaining an 
improvement in the ocular condition at a time When a 
therapeutic amount of the active agent is not present at the 
ocular site. A fourth step in the method can be maintaining 
the improvement in the ocular condition for an extended 
period of time during Which a therapeutic amount of the 
active agent is not present at the ocular site. 
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[0060] The releasing (second) step can occur over a ?rst 
period of time X, and the subsequent extended period of 
time during Which an improvement in the ocular condition 
is maintained, although a therapeutic amount of the active 
agent is not present at the ocular site, is a second period of 
time betWeen 0.5x and 100x. The ?rst period of time can be 
betWeen about 30 days and about 40 days, such as about 35 
days. The second period of time can be betWeen about 30 
days and about 180 days. 

[0061] The active agent can be an anti-in?ammatory agent 
and the carrier can be a bioerodible polymer. The implant 
can have a Weight betWeen about 1 pg and about 100 mg. 
The implant can have no dimension less than about 0.1 mm 
and no dimension greater than about 20 mm. The implant 
can have a volume of from about 1 mm3 to about 100 m3, 
but preferably the implant has a volume of betWeen about 
5-20 mm3 

[0062] The improvement of the ocular condition obtained 
by a method Within the scope of the present invention can be 
determined by observing an improved visual acuity, by 
observing an improved visual contrast sensitivity, by observ 
ing a decreased retinal or choroidal blood vessel leakage, by 
observing a decreased retinal or macular thickness, or by 
observing a reduced number of cells in the aqueous or 
vitreous humor or by determining a reduced ?are. 

[0063] The improvement in the ocular condition can occur 
at a time When a detectable amount of the active agent is not 
present at the ocular site. The ocular site can be vitreous and 
the active agent can be dexamethasone. 

[0064] Another method Within the scope of the present 
invention is a method for treating a chronic ocular condition 
by (a) inserting an implant into an ocular site of a patient 
With an ocular condition, the implant comprising (i) an 
active agent, and (ii) a carrier associated With the active 
agent; (b) releasing substantially all of the active agent from 
the implant; (c) obtaining an improvement in the ocular 
condition at a time When a therapeutic amount of the active 
agent is not present at the ocular site, and; (d) maintaining 
the improvement in the ocular condition for an extended 
period of time during Which a therapeutic amount of the 
active agent is not present at the ocular site. 

[0065] A further method Within the scope of the present 
invention is a method for treating an in?ammatory posterior 
ocular condition by (a) inserting a biodegradable implant 
into a posterior ocular site of a patient With an in?ammatory 
posterior ocular condition, the biodegradable implant com 
prising (i) an anti-in?ammatory active agent mixed With (ii) 
a biodegradable polymer; (b) releasing substantially all of 
the anti-in?ammatory active agent from the biodegradable 
implant; (c) obtaining an improvement in the in?ammatory 
posterior ocular condition at a time When a therapeutic 
amount of the anti-in?ammatory active agent is not present 
at the posterior ocular site, and; (d) maintaining the improve 
ment in the in?ammatory ocular condition for an extended 
period of time during Which a therapeutic amount of the 
anti-in?ammatory active agent is not present at the posterior 
ocular site. The inserting step is preferably carried out by 
insertion of the implant through the pars plana and adjacent 
thereto in the vitreous cavity. Altemately, the insertion step 
can be carried out by placing the biodegradable implant into 
the vitreous about 2 mm to about 6 mm anterior of the 
macular and not along the visual axis of incoming light 
through the pupil 
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[0066] A detailed method Within the scope of the present 
invention is a method for treating persistent macular edema 
(a) inserting a biodegradable implant deep into the vitreous 
of a patient With persistent macular edema, the biodegrad 
able implant comprising 

[0067] (i) dexamethasone mixed With (ii) a bioerodible 
PLGA co-polymer; (b) releasing all of the dexamethasone 
from the biodegradable implant; (c) obtaining an improve 
ment in the persistent macular edema at a time When a 
therapeutic amount of the dexamethasone is not present in 
the vitreous, and; (d) maintaining the improvement in the 
persistent macular edema for an extended period of time 
during Which a therapeutic amount of the dexamethasone is 
not present in the vitreous. The inserting step is preferably 
carried out by insertion of the implant through the pars plana 
and adjacent thereto in the vitreous cavity. Altemately, the 
insertion step can be carried out by placing the biodegrad 
able implant into the vitreous about 2 mm to about 6 mm 
anterior of the macular and not along the visual axis of 
incoming light through the pupil. The releasing step can 
comprise releasing betWeen about 350 700 pg of dexam 
ethasone from the biodegradable implant. Additionally, the 
releasing step can entail releasing about 700 pg of dexam 
ethasone from the biodegradable implant Within about 30 
days to 40 days after the inserting step. Notably, the obtain 
ing step can comprise obtaining an improvement in the 
visual acuity of the patient. The improvement in the visual 
acuity of the patient can be obtained Within about 30 days to 
about 180 days after the inserting step. Signi?cantly, the 
maintaining step, by Which the improvement in the visual 
acuity of the patient With persistent macular edema can be 
maintained for an extended period of time during Which a 
therapeutic amount of the dexamethasone is not present in 
the vitreous, is a period of time of about 30 days to about 150 
days after the obtaining step. 

[0068] A preferred method Within the scope of the present 
invention is a method for improving the visual acuity of a 
patient With persistent macular edema by (a) inserting a 
biodegradable implant into the vitreous of a patient With 
persistent macular edema by inserting the biodegradable 
implant through the pars plana and adjacent thereto in the 
vitreous cavity or alternately, the insertion step can be 
carried out by placing the biodegradable implant into the 
vitreous about 2 mm to about 6 mm anterior of the macular 
and not along the visual axis of incoming light through the 
pupil, the biodegradable implant comprising (i) about 350 
700 pg dexamethasone mixed With (ii) a bioerodible PLGA 
co-polymer; (b) releasing the 350-700 pg of dexamethasone 
from the biodegradable implant Within about 30 days to 
about 40 days after the inserting step; (c) obtaining an 
improvement in the visual acuity of the patient With the 
persistent macular edema at a time Within about 30 days and 
180 days after the inserting step during Which time When a 
therapeutic amount of the dexamethasone is not present in 
the vitreous, and; (d) maintaining the improvement in the 
visual acuity of the patient With the persistent macular 
edema for about 30 days to about 150 days after the 
obtaining step during a time When a therapeutic amount of 
the dexamethasone is not present in the vitreous. 

[0069] The present invention also includes a method for 
treating an ocular condition by inserting an implant into the 
vitreous cavity of a patient With an ocular condition, the 
implant comprising (i) a steroid, and (ii) a carrier associated 
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With the steroid; folloWed by releasing substantially all of 
the steroid from the implant, and then obtaining an improve 
ment in the ocular condition With no increase in intraocular 
pressure in the patient above about 25 mm Hg, Where the 
patient had a baseline (i.e. prior to implant insertion) IOP of 
less or equal to about 25 mm Hg. 

[0070] The present invention also includes a method for 
treating an ocular condition by inserting an implant into the 
vitreous cavity of a patient With an ocular condition, the 
implant comprising (i) a steroid, and (ii) a carrier associated 
With the steroid; folloWed by releasing substantially all of 
the steroid from the implant, and then obtaining an improve 
ment in the ocular condition With no occurrence of an ocular 
cataract in the patient subsequent to insertion of the implant 

DRAWINGS 

[0071] FIG. 1 is a graph shoWing vitreous humor concen 
trations (ng/ml) of dexamethasone over a period of 72 hours 
for tWo tabletted implants (350 pg or 700 pg of dexametha 
sone) and for tWo extrusion formed implants (350 pg or 700 
pg of dexamethasone) 

[0072] FIG. 2 is a graph shoWing cumulative percent of 
dexamethasone released into the vitreous humor over a 
period of 72 hours for tWo tabletted implants (350 pg or 700 
pg of dexamethasone) and for tWo extrusion formed 
implants (350 pg or 700 pg of dexamethasone) 

[0073] FIG. 3 is a graph shoWing vitreous humor concen 
trations (ng/ml) of dexamethasone over a period of 84 days 
for tWo tabletted implants (350 pg or 700 pg of dexametha 
sone) and for tWo extrusion formed implants (350 pg or 700 
pg of dexamethasone) 

[0074] FIG. 4 is a graph shoWing cumulative percent of 
dexamethasone released into the vitreous humor over a 
period of 84 days for tWo tabletted implants (350 pg or 700 
pg of dexamethasone) and for tWo extrusion formed 
implants (350 pg or 700 pg of dexamethasone. 

[0075] FIG. 5 illustrates diagrammatically a cross-sec 
tional vieW of an eye. 

DESCRIPTION 

[0076] The present invention is based upon the discovery 
of methods for obtaining and for maintaining a therapeutic 
treatment of an ocular condition during a period of time 
during Which a therapeutic amount of an active agent is not 
present. A method Within the scope of the present invention 
can be carried out by inserting an implant comprising an 
active agent into an ocular site of a patient. Over a ?rst 
period of time the implant then releases all of it’s active 
agent. There is then obtained an amelioration of a manifes 
tation or of a symptom of the ocular condition (i.e. a 
therapeutic effect) for a second period of time during Which 
a detectable or therapeutic amount of the active agent is not 
present at the ocular site. 

[0077] It is generally accepted that treatment of a chronic 
ocular condition requires chronic administration of a thera 
peutic amount of a suitable active agent. Glaucoma is a 
chronic ocular condition characteriZed by high (i.e. greater 
than 25 mm Hg) intra ocular (aqueous humor) pressure. It is 
knoWn that if a patient receiving topical (i.e. applied as eye 
drops) anti-glaucoma medication stops using the topical 
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anti-glaucoma medication his intraocular pressure (“IOP”) 
Will quickly revert to its former (baseline) high (unmedi 
cated) intraocular pressure raise. The period for return to 
baseline IOP is referred to as the Washout period. Well 
before the conclusion of the Washout period (i.e. usually 
after a feW hours or at most a feW days) of time there is no 
longer a therapeutic amount or a detectable amount of the 
active agent in question present for treatment of the ocular 
condition. Thus the term Washout refers to the time period 
required for return to substantially a baseline (pre-therapeu 
tic) condition, not to the time period required for removal of 
the active agent. The Washout period for topical beta-blocker 
anti-glaucoma medication is about four Weeks. The Washout 
period for topical sympathomimetics (stimulating alpha and 
beta receptors; i.e. epinephrine) anti-glaucoma medication is 
about three Weeks. The Washout period for topical miotics 
(i.e. pilocarpine) anti-glaucoma medication is about 48 
hours. Marcon, 1., A double-masked comparison of betaxolol 
and levobunolol for the treatment ofprimary open-angle 
glaucoma, Arq Bras Oftalmol 1990; 53(1):27-32. 

[0078] Additionally, it is knoWn that the Washout period 
for topical carbonic anhydrase inhibitor (i.e. dorZolamide) 
anti-glaucoma medication is tWo to four Weeks, and that the 
Washout period for alpha adrenergic receptor agonists (i.e. 
brimonidine) is also about tWo to four Weeks. Mol?no, F., et 
al., [OP-lowering ejjrect ofdorzolamide 2% versus brimoni 
dine tartrate 0.2%. A prospective randomized cross over 
study, Invest Ophthalmol Vis Sci 1998 Mar. 15; 39(4):S481. 
The Washout period for brimonidine may be as long as ?ve 
Weeks and as long as eight Weeks for a prostaglandin (i.e. 
latanoprost) anti-glaucoma medication. Stewart, W., et al., 
Washout periods for brimonidine 0.2% and latanoprost 
0.005%, Am J Ophthalmol 2001 June; 131(6):798-799. 

[0079] To con?rm and to supplement the existence of 
Washout periods, three different population of patients With 
glaucoma Were examined, as set forth by Example A, supra. 
The results set forth by Example A shoW that Within a short 
period of a day or tWo after stopping chronic use of various 
anti-glaucoma medications, the mean intraocular pressure of 
all patient populations increased signi?cantly, thereby shoW 
ing that a chronic intraocular condition requires chronic 
treatment to obtain an ongoing therapeutic effect. 

[0080] Thus, it Was surprising and unexpected to discover 
that methods Within the scope of the present invention 
permit ongoing therapeutic treatment of a chronic ocular 
condition for an extended period of time after the Washout 
periodiWhen both a therapeutic level of the active agent is 
(long since) no longer present and by Which time it Was 
expected that a return or a substantial return to a baseline 

condition (i.e. as assessed prior to commencement of 
therapy) should have occurred in the patients. Speci?cally, 
prior to the present invention it Was thought that continuous 
and prolonged therapy (i.e. chronic active agent [i.e. steroid] 
administration) Was required to treat a chronic ocular con 
dition. 

[0081] The present invention thereby permits an ocular 
condition to be treated With use of less active agent for a 
shorter duration With feWer side effects and complications, 
as compared to a treatment of the same ocular condition With 
the same active agent administered as a non-implant formu 
lation (i.e. as a liquid intravitreal injection). Thus, the 
present invention permits a short term treatment (i.e. release 
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of an active agent from an intra-vitreal implant over 10-40 
days) to provide a long term therapeutic bene?t (i.e. for 150 
days or longer after all the active agent has been released 
from the implant) With feWer side effects and feWer com 
plications due to removal of the need for chronic dosing. 
Thus a desired clinical (therapeutic) effect such as loWer 
IOP, less in?ammation, decreased retinal thickness, 
increased visual acuity, increased visual contract sensitivity, 
reduced retinal and/ or choriodal blood vessel leakage can be 
obtained and maintained for an extended period of time (i.e. 
about 6 months or longer) after intra-vitreal release (i.e. after 
a sustained release over 10-40 days) of all the active agent. 

[0082] The present invention encompasses biodegradable 
ocular implants and implant systems and methods of using 
such implants and implant systems for treating posterior 
ocular conditions. The implants can be formed to be mono 
lithic, that is the active agent is homogenously distributed or 
dispersed throughout the biodegradable polymer matrix. 
Additionally, the implants can are formed to release an 
active agent into an ocular region of the eye over various 
time periods. Thus, the active agent can be released from 
implants made according to the present invention for a 
period of time of, for example, 30-40 days. 

Biodegradable Implants for Treating an Ocular Condition 

[0083] The implants of the present invention can include 
an active agent mixed With or dispersed Within a biodegrad 
able polymer. The implant compositions can vary according 
to the preferred drug release pro?le, the particular active 
agent used, the ocular condition being treated, and the 
medical history of the patient. Active agents that may be 
used include, but are not limited to (either by itself in an 
implant Within the scope of the present invention or in 
combination With another active agent): ace-inhibitors, 
endogenous cytokines, agents that in?uence basement mem 
brane, agents that in?uence the groWth of endothelial cells, 
adrenergic agonists or blockers, cholinergic agonists or 
blockers, aldose reductase inhibitors, analgesics, anesthet 
ics, antiallergics, anti-in?ammatory agents, antihyperten 
sives, pressors, antibacterials, antivirals, antifungals, anti 
protoZoals, anti-infectives, antitumor agents, 
antimetabolites, antiangiogenic agents, tyrosine kinase 
inhibitors, antibiotics such as aminoglycosides such as gen 
tamycin, kanamycin, neomycin, and vancomycin; ampheni 
cols such as chloramphenicol; cephalosporins, such as cefa 
Zolin HCl; penicillins such as ampicillin, penicillin, 
carbenicillin, oxycillin, methicillin; lincosamides such as 
lincomycin; polypeptide antibiotics such as polymixin and 
bacitracin; tetracyclines such as tetracycline; quinolones 
such as cipro?axin, etc.; sulfonamides such as chloramine T; 
and sulfones such as sulfanilic acid as the hydrophilic entity, 
anti-viral drugs, eg acyclovir, gancyclovir, vidarabine, aZi 
dothymidine, dideoxyinosine, dideoxycytosine, dexametha 
sone, cipro?axin, Water soluble antibiotics, such as acyclo 
vir, gancyclovir, vidarabine, aZidothymidine, 
dideoxyinosine, dideoxycytosine; epinephrine; iso?urphate; 
adriamycin; bleomycin; mitomycin; ara-C; actinomycin D; 
scopolamine; and the like, analgesics, such as codeine, 
morphine, keterolac, naproxen, etc., an anesthetic, e.g. 
lidocaine; .beta.-adrenergic blocker or .beta.-adrenergic ago 
nist, e.g. ephidrine, epinephrine, etc.; aldose reductase 
inhibitor, e.g. epalrestat, ponalrestat, sorbinil, tolrestat; anti 
allergic, e.g. cromolyn, beclomethasone, dexamethasone, 
and ?unisolide; colchicine, anihelminthic agents, eg iver 
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mectin and suramin sodium; antiamebic agents, eg chlo 
roquine and chlortetracycline; and antifungal agents, eg 
amphotericin, etc., anti-angiogenesis compounds such as 
anecortave acetate, retinoids such as TaZarotene, anti-glau 
coma agents, such as brimonidine (Alphagan and Alphagan 
P), acetoZolamide, bimatoprost (Lumigan), Timolol, mebe 
funolol; memantine; alpha-2 adrenergic receptor agonists; 
2ME2; anti-neoplastics, such as vinblastine, vincristine, 
interferons; alpha., beta. and .gamma., antimetabolites, such 
as folic acid analogs, purine analogs, and pyrimidine ana 
logs; immunosuppressants such as aZathiprine, cyclosporine 
and miZoribine; miotic agents, such as carbachol, mydriatic 
agents such as atropine, etc., protease inhibitors such as 
aprotinin, camostat, gabexate, vasodilators such as bradyki 
nin, etc., and various groWth factors, such epidermal groWth 
factor, basic ?broblast groWth factor, nerve groWth factors, 
and the like. 

[0084] In one variation the active agent is methotrexate. In 
another variation, the active agent is a retinoic acid. In 
another variation, the active agent is an anti-in?ammatory 
agent such as a nonsteroidal anti-in?ammatory agent. Non 
steroidal anti-in?ammatory agents that may be used include, 
but are not limited to, aspirin, diclofenac, ?urbiprofen, 
ibuprofen, ketorolac, naproxen, and suprofen. In a further 
variation, the anti-in?ammatory agent is a steroidal anti 
in?ammatory agent, such as dexamethasone. 

Steroidal Anti-In?ammatory Agents 

[0085] The steroidal anti-in?ammatory agents that may be 
used in the ocular implants include, but are not limited to, 
21-acetoxypregnenolone, alclometasone, algestone, amci 
nonide, beclomethasone, betamethasone, budesonide, chlo 
roprednisone, clobetasol, clobetasone, clocortolone, clo 
prednol, corticosterone, cortisone, cortivaZol, de?aZacort, 
desonide, desoximetasone, dexamethasone, di?orasone, 
di?ucortolone, di?uprednate, enoxolone, ?uaZacort, ?uclo 
ronide, ?umethasone, ?unisolide, ?uocinolone acetonide, 
?uocinonide, ?uocortin butyl, ?uocortolone, ?uo 
rometholone, ?uperolone acetate, ?uprednidene acetate, ?u 
prednisolone, ?urandrenolide, ?uticasone propionate, for 
mocortal, halcinonide, halobetasol propionate, 
halometasone, halopredone acetate, hydrocortamate, hydro 
cortisone, loteprednol etabonate, maZipredone, medrysone, 
meprednisone, methylprednisolone, mometasone furoate, 
paramethasone, prednicarbate, prednisolone, prednisolone 
25-diethylamino-acetate, prednisolone sodium phosphate, 
prednisone, prednival, prednylidene, rimexolone, tixocortol, 
triamcinolone, triamcinolone acetonide, triamcinolone 
benetonide, triamcinolone hexacetonide, and any of their 
derivatives. 

[0086] In one embodiment, cortisone, dexamethasone, 
?uocinolone, hydrocortisone, methylprednisolone, pred 
nisolone, prednisone, and triamcinolone, and their deriva 
tives, are preferred steroidal anti-in?ammatory agents. In 
another preferred variation, the steroidal anti-in?ammatory 
agent is dexamethasone. In another variation, the biodegrad 
able implant includes a combination oftWo or more steroidal 
anti-in?ammatory agents. 

[0087] The active agent, such as a steroidal anti-in?am 
matory agent, can comprise from about 10% to about 90% 
by Weight of the implant. In one variation, the agent is from 
about 40% to about 80% by Weight of the implant. In a 
preferred variation, the agent comprises about 60% by 
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Weight of the implant. In a more preferred embodiment of 
the present invention, the agent can comprise about 50% by 
Weight of the implant. 

Biodegradable Polymers 

[0088] In one variation, the active agent can be homoge 
neously dispersed in the biodegradable polymer of the 
implant. The implant can be made, for example, by a 
sequential or double extrusion method. The selection of the 
biodegradable polymer used can vary With the desired 
release kinetics, patient tolerance, the nature of the disease 
to be treated, and the like. Polymer characteristics that are 
considered include, but are not limited to, the biocompat 
ibility and biodegradability at the site of implantation, 
compatibility With the active agent of interest, and process 
ing temperatures. The biodegradable polymer matrix usually 
comprises at least about 10, at least about 20, at least about 
30, at least about 40, at least about 50, at least about 60, at 
least about 70, at least about 80, or at least about 90 Weight 
percent of the implant. In one variation, the biodegradable 
polymer matrix comprises about 40% to 50% by Weight of 
the implant. 

[0089] Biodegradable polymers Which can be used 
include, but are not limited to, polymers made of monomers 
such as organic esters or ethers, Which When degraded result 
in physiologically acceptable degradation products. Anhy 
drides, amides, orthoesters, or the like, by themselves or in 
combination With other monomers, may also be used. The 
polymers are generally condensation polymers. The poly 
mers can be crosslinked or non-crosslinked. If crosslinked, 
they are usually not more than lightly crosslinked, and are 
less than 5% crosslinked, usually less than 1% crosslinked. 

[0090] For the most part, besides carbon and hydrogen, the 
polymers Will include oxygen and nitrogen, particularly 
oxygen. The oxygen may be present as oxy, e. g., hydroxy or 
ether, carbonyl, e.g., non-oxo-carbonyl, such as carboxylic 
acid ester, and the like. The nitrogen can be present as amide, 
cyano, and amino. An exemplary list of biodegradable 
polymers that can be used are described in Heller, Biode 
gradable Polymers in Controlled Drug Delivery, In: “CRC 
Critical RevieWs in Therapeutic Drug Carrier Systems”, Vol. 
1. CRC Press, Boca Raton, Fla. (1987). 

[0091] Of particular interest are polymers of hydroxy 
aliphatic carboxylic acids, either homo- or copolymers, and 
polysaccharides. Included among the polyesters of interest 
are homo- or copolymers of D-lactic acid, L-lactic acid, 
racemic lactic acid, glycolic acid, caprolactone, and combi 
nations thereof. Copolymers of glycolic and lactic acid are 
of particular interest, Where the rate of biodegradation is 
controlled by the ratio of glycolic to lactic acid. The percent 
of each monomer in poly(lactic-co-glycolic)acid (PLGA) 
copolymer may be 0-100%, about 15-85%, about 25-75%, 
or about 35-65%. In certain variations, 25/75 PLGA and/or 
50/ 50 PLGA copolymers are used. In other variations, 
PLGA copolymers are used in conjunction With polylactide 
polymers. 

[0092] Biodegradable polymer matrices that include mix 
tures of hydrophilic and hydrophobic ended PLGA may also 
be employed, and are useful in modulating polymer matrix 
degradation rates. Hydrophobic ended (also referred to as 
capped or end-capped) PLGA has an ester linkage hydro 
phobic in nature at the polymer terminus. Typical hydro 
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phobic end groups include, but are not limited to alkyl esters 
and aromatic esters. Hydrophilic ended (also referred to as 
uncapped) PLGA has an end group hydrophilic in nature at 
the polymer terminus. PLGA With a hydrophilic end groups 
at the polymer terminus degrades faster than hydrophobic 
ended PLGA because it takes up Water and undergoes 
hydrolysis at a faster rate (Tracy et al., Biomalerials 
20:1057-1062 (1999)). Examples of suitable hydrophilic end 
groups that may be incorporated to enhance hydrolysis 
include, but are not limited to, carboxyl, hydroxyl, and 
polyethylene glycol. The speci?c end group Will typically 
result from the initiator employed in the polymerization 
process. For example, if the initiator is Water or carboxylic 
acid, the resulting end groups Will be carboxyl and hydroxyl. 
Similarly, if the initiator is a monofunctional alcohol, the 
resulting end groups Will be ester or hydroxyl. 

Additional Agents 

[0093] Other agents may be employed in the formulation 
for a variety of purposes. For example, bu?fering agents and 
preservatives may be employed. Preservatives Which may be 
used include, but are not limited to, sodium bisul?te, sodium 
bisulfate, sodium thiosulfate, benZalkonium chloride, chlo 
robutanol, thimerosal, phenylmercuric acetate, phenylmer 
curic nitrate, methylparaben, polyvinyl alcohol and phenyl 
ethyl alcohol. Examples of bu?fering agents that may be 
employed include, but are not limited to, sodium carbonate, 
sodium borate, sodium phosphate, sodium acetate, sodium 
bicarbonate, and the like, as approved by the FDA for the 
desired route of administration. Electrolytes such as sodium 
chloride and potassium chloride may also be included in the 
formulation. 

[0094] The biodegradable ocular implants can also include 
additional hydrophilic or hydrophobic compounds that 
accelerate or retard release of the active agent. Additionally, 
release modulators such as those described in US. Pat. No. 
5,869,079 can be included in the implants. The amount of 
release modulator employed Will be dependent on the 
desired release pro?le, the activity of the modulator, and on 
the release pro?le of the glucocorticoid in the absence of 
modulator. Where the buffering agent or release enhancer or 
modulator is hydrophilic, it may also act as a release 
accelerator. Hydrophilic additives act to increase the release 
rates through faster dissolution of the material surrounding 
the drug particles, Which increases the surface area of the 
drug exposed, thereby increasing the rate of drug di?fusion. 
Similarly, a hydrophobic buffering agent or enhancer or 
modulator can dissolve more sloWly, sloWing the exposure 
of drug particles, and thereby sloWing the rate of drug 
di?fusion. 

Release Kinetics 

[0095] An implant Within the scope of the present inven 
tion can be formulated With an active agent (or a prodrug of 
an active agent) dispersed Within a biodegradable polymer 
matrix. Without being bound by theory, it is believed that the 
release of the active agent can be achieved by erosion of the 
biodegradable polymer matrix and by diffusion of the par 
ticulate agent into an ocular ?uid, e.g., the vitreous, With 
subsequent dissolution of the polymer matrix and release of 
the active agent. Factors Which in?uence the release kinetics 
of active agent from the implant can include such charac 
teristics as the siZe and shape of the implant, the siZe of the 
active agent particles, the solubility of the active agent, the 
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ratio of active agent to polymer(s), the method of manufac 
ture, the surface area exposed, and the erosion rate of the 
polymer(s). The release kinetics achieved by this form of 
active agent release are different than that achieved through 
formulations Which release active agents through polymer 
sWelling, such as With crosslinked hydrogels. In that case, 
the active agent is not released through polymer erosion, but 
through polymer sWelling and drug di?fusion, Which releases 
agent as liquid di?‘uses through the pathWays exposed. 

[0096] The release rate of the active agent can depend at 
least in part on the rate of degradation of the polymer 
backbone component or components making up the biode 
gradable polymer matrix. For example, condensation poly 
mers may be degraded by hydrolysis (among other mecha 
nisms) and therefore any change in the composition of the 
implant that enhances Water uptake by the implant Will 
likely increase the rate of hydrolysis, thereby increasing the 
rate of polymer degradation and erosion, and thus increasing 
the rate of active agent release. 

[0097] The release kinetics of the implants of the present 
invention can be dependent in part on the surface area of the 
implants. A larger surface area exposes more polymer and 
active agent to ocular ?uid, causing faster erosion of the 
polymer matrix and dissolution of the active agent particles 
in the ?uid. Therefore, the siZe and shape of the implant may 
also be used to control the rate of release, period of treat 
ment, and active agent concentration at the site of implan 
tation. At equal active agent loads, larger implants Will 
deliver a proportionately larger dose, but depending on the 
surface to mass ratio, may possess a sloWer release rate. For 
implantation in an ocular region, the total Weight of the 
implant preferably ranges, e.g., from about 200-15000 pg, 
usually from about 1000-5000 pg. In one variation, the total 
Weight of the implant is about 1200 to about 1,800 pg. In 
another variation, the total Weight of the implant is about 
2400 to about 3,600 pg. Preferably, the implant has a Weight 
betWeen about 100 pg and about 2 mg. 

[0098] The bioerodible implants are typically solid, and 
may be formed as particles, sheets, patches, plaques, ?lms, 
discs, ?bers, rods, and the like, or may be of any siZe or 
shape compatible With the selected site of implantation, as 
long as the implants have the desired release kinetics and 
deliver an amount of active agent that is therapeutic for the 
intended medical condition of the eye. The upper limit for 
the implant siZe Will be determined by factors such as the 
desired release kinetics, toleration for the implant at the site 
of implantation, siZe limitations on insertion, and ease of 
handling. For example, the vitreous chamber is able to 
accommodate relatively large rod-shaped implants, gener 
ally having diameters of about 0.05 mm to 3 mm and a 
length of about 0.5 to about 10 mm. In one variation, the 
rods have diameters of about 0.1 mm to about 1 mm. In 
another variation, the rods have diameters of about 0.3 mm 
to about 0.75 mm. In yet a further variation, other implants 
having variable geometries but approximately similar vol 
umes may also be used. 

[0099] The proportions of active agent, polymer, and any 
other modi?ers may be empirically determined by formu 
lating several implants With varying proportions. A USP 
approved method for dissolution or release test can be used 
to measure the rate of release (USP 23; NF 18 (1995) pp. 
1790-1798). For example, using the in?nite sink method, a 
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Weighed sample of the drug delivery device is added to a 
measured volume of a solution containing 0.9% NaCl in 
Water, Where the solution volume Will be such that the drug 
concentration is after release is less than 20%, and prefer 
ably less than 5%, of saturation. The mixture is maintained 
at 37° C. and stirred sloWly to ensure drug diffusion after 
bioerosion. The appearance of the dissolved drug as a 
function of time may be folloWed by various methods 
knoWn in the art, such as spectrophotometrically, HPLC, 
mass spectroscopy, etc. 

Applications 
[0100] Examples of ocular conditions Which can be treated 
by the implants and methods of the invention include, but 
are not limited to, glaucoma, uveitis, macular edema, macu 
lar degeneration, retinal detachment, ocular tumors, bacte 
rial, fungal or viral infections, multifocal choroiditis, dia 
betic retinopathy, proliferative vitreoretinopathy (PVR), 
sympathetic opthalmia, Vogt Koyanagi-Harada (VKH) syn 
drome, histoplasmosis, uveal diffusion, and vascular occlu 
sion. In one variation, the implants are particularly useful in 
treating such medical conditions as uveitis, macular edema, 
vascular occlusive conditions, proliferative vitreoretinopa 
thy (PVR), and various other retinopathies. 

Methods of Implantation 

[0101] The biodegradable implants can be inserted into the 
eye by a variety of methods, including placement by forceps, 
by trocar, or by other types of applicators, after making an 
incision in the sclera. In some instances, a trocar or appli 
cator may be used Without creating an incision. In a pre 
ferred variation, a hand held applicator is used to insert one 
or more biodegradable implants into the eye. The hand held 
applicator typically comprises an 18-30 GA stainless steel 
needle, a lever, an actuator, and a plunger. Suitable devices 
for inserting an implant or implants into a posterior ocular 
region or site includes those disclosed in Us. patent appli 
cation Ser. No. 10/666,872. 

[0102] The method of implantation generally ?rst involves 
accessing the target area Within the ocular region With the 
needle, trocar or implantation device. Once Within the target 
area, e.g., the vitreous cavity, a lever on a hand held device 
can be depressed to cause an actuator to drive a plunger 
forWard. As the plunger moves forWard, it can push the 
implant or implant into the target area (i.e. the vitreous). 

Methods for Making Implants 

[0103] Various techniques may be employed to make 
implants Within the scope of the present invention. Useful 
techniques include phase separation methods, interfacial 
methods, extrusion methods, compression methods, mold 
ing methods, injection molding methods, heat press methods 
and the like. 

[0104] Choice of the technique, and manipulation of the 
technique parameters employed to produce the implants can 
in?uence the release rates of the drug. Room temperature 
compression methods result in an implant With discrete 
microparticles of drug and polymer interspersed. Extrusion 
methods result in implants With a progressively more 
homogenous dispersion of the drug Within a continuous 
polymer matrix, as the production temperature is increased. 

[0105] The use of extrusion methods alloWs for large-scale 
manufacture of implants and results in implants With a 
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homogeneous dispersion of the drug Within the polymer 
matrix. When using extrusion methods, the polymers and 
active agents that are chosen are stable at temperatures 
required for manufacturing, usually at least about 50° C. 
Extrusion methods use temperatures of about 25° C. to about 
150° C., more preferably about 60° C. to about 130° C. 

[0106] Different extrusion methods may yield implants 
With different characteristics, including but not limited to the 
homogeneity of the dispersion of the active agent Within the 
polymer matrix. For example, using a piston extruder, a 
single screW extruder, and a tWin screW extruder Will gen 
erally produce implants With progressively more homoge 
neous dispersion of the active. When using one extrusion 
method, extrusion parameters such as temperature, extrusion 
speed, die geometry, and die surface ?nish Will have an 
effect on the release pro?le of the implants produced. 

[0107] In one variation of producing implants by a piston 
extrusion methods, the drug and polymer are ?rst mixed at 
room temperature and then heated to a temperature range of 
about 60° C. to about 150° C., more usually to about 130° 
C. for a time period of about 0 to about 1 hour, more usually 
from about 0 to about 30 minutes, more usually still from 
about 5 minutes to about 15 minutes, and most usually for 
about 10 minutes. The implants are then extruded at a 
temperature of about 60° C. to about 130° C., preferably at 
a temperature of about 75° C. 

[0108] In an exemplary screW extrusion method, the poW 
der blend of active agent and polymer is added to a single or 
tWin screW extruder preset at a temperature of about 80° C. 
to about 130° C., and directly extruded as a ?lament or rod 
With minimal residence time in the extruder. The extruded 
?lament or rod is then cut into small implants having the 
loading dose of active agent appropriate to treat the medical 
condition of its intended use. 

[0109] Implant systems according to the invention can 
include a combination of a number of bioerodible implants, 
each having unique polymer compositions and drug release 
pro?les that When co-administered provide for an extended 
continuous release of drug. Examples of fast release 
implants include those made of certain loWer molecular 
Weight, fast degradation pro?le polylactide polymers, such 
as R104 made by Boehringer Ingelheim GmbH, Germany, 
Which is a poly(D,L-lactide) With a molecular Weight of 
about 3,500. Examples of medium release implants include 
those made of certain medium molecular Weight, interme 
diate degradation pro?le PLGA co-polymers, such as 
RG755 made by Boehringer Ingelheim GmbH, Germany, 
Which is a poly(D,L-lactide-co-glycolide With Wt/Wt 75% 
lactide :25% glycolide, a molecular Weight of about 40,000 
and an inherent viscosity of 0.50 to 0.70 dl/g. Examples of 
sloW release implants include those made of certain other 
high molecular Weight, sloWer degradation pro?le polylac 
tide polymers, such as R203/RG755 made by Boehringer 
Ingelheim GmbH, Germany, for Which the molecular Weight 
is about 14,000 for R203 (inherent viscosity of 0.25 to 0.35 
dl/g) and about 40,000 for RG755. 

[0110] Examples of implants include those formed With 
RG755, R203, RG503, RG502, RG 502H as the ?rst poly 
mer, and RG502, RG 502H as the second polymer. Other 
polymers that can be used include PDL (poly(D,L-lactide)) 
and PDLG (poly(D,L-lactide-co-glycolide)) polymers avail 
able from PURAC America, Inc. Lincolnshire, Ill. Poly(ca 
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prolactone) polymers can also be used. The characteristics of 
the speci?ed polymers are (1) RG755 has a molecular 
Weight of about 40,000, a lactide content (by Weight) of 
75%, and a glycolide content (by Weight) of 25%; (2) R203 
has a molecular Weight of about 14,000, and a 100%; (30 
RG503 has a molecular Weight of about 28,000, a lactide 
content of 50%, and a glycolide content of 50%; (4) RG502 
has a molecular Weight of about 11,700 (inherent viscosity 
of 0-16 to 0.24 dl/g), a lactide content of 50%, and a 
glycolide content of 50%, and; (5) RG502H has a molecular 
Weight of about 8,500, a lactide content of 50%, a glycolide 
content of 50% and free acid at the end of polymer chain. 

Generally, if inherent viscosity is 0.16 the molecular Weight 
is about 6,327, and if the inherent viscosity is 0.28 the 
molecular Weight is about 20670. 

[0111] According to our invention continual or substan 
tially continual release of drug at levels corresponding to at 
least 10 ng/ml of dexamethasone or dexamethasone equiva 
lent for betWeen about 5-40 days can be achieved. 

[0112] This may be more clearly understood With refer 
ence to FIG. 5 Which illustrates a cross-sectional vieW of a 
human eye 10 in order to illustrate the various sites that may 
be suitable for implantation of an implant in accordance With 
the present invention. 

[0113] The eye 10 comprises a lens 12 and encompasses 
the vitreous chamber 14. Adjacent to the vitreous chamber 
is the optic part of the retina 16. Implantation may be into 
the vitreous 14, intraretinal 16 or subretinal 18. The retina 16 
is surrounded by the choroid 20. Implantation may be 
intrachoroidal or suprachoroidal 22. BetWeen the optic part 
of the retina and the lens, adjacent to the vitreous, is the pars 
plana 24. Surrounding the choroid 20 is the sclera 26. 
Implantation may be intrascleral 26 or episcleral 28. The 
external surface of the eye is the cornea 30. Implantation 
may be epicorneal 30 or intra-comeal 32. On the external 
surface of the eye is the conjunctiva 34. Behind the cornea 
is the anterior chamber 36, behind Which is the lens 12. The 
posterior chamber 38 surrounds the lens, as shoWn in the 
?gure. Opposite from the external surface is the optic 
nerves, and the arteries and vein of the retina. Implants into 
the meningeal spaces 40, the optic nerve 42 and the intraop 
tic nerve 44 alloWs for drug delivery into the central nervous 
system, and provide a mechanism Whereby the blood-brain 
barrier may be crossed. 

[0114] Other sites of implantation include the delivery of 
anti-tumor drugs to neoplastic lesions, e.g. tumor, or lesion 
area, eg surrounding tissues, or in those situations Where 
the tumor mass has been removed, tissue adjacent to the 
previously removed tumor and/or into the cavity remaining 
after removal of the tumor. The implants may be adminis 
tered in a variety of Ways, including surgical means, injec 
tion, trocar, etc. 

EXAMPLES 

[0115] The folloWing examples illustrate aspects and 
embodiments of the invention. 

Example A 

Rapid Loss of Therapeutic E?fect Upon Cessation of Ocular 
Medication 

[0116] To examine loss or reduction of a therapeutic effect 
(i.e. IOP loWering) upon cessation of chronic medication 
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administration used to treatment a chronic ocular condition, 
three different populations of patients With glaucoma Were 
examined. 

[0117] 1. A population of tWenty patients With glaucoma 
Was examined. It Was determined that on day 28 after the 
patients had been receiving topical Lumigan 0.03% once a 
day for three Weeks and then tWice a day for one Week, the 
mean IOP on day 28 Was —8 mm Hg from baseline. Yet on 
day 30 after 2 days With no medication administered it Was 
determined that the mean IOP of the 20 patients Was only —6 
mm Hg from baseline. 

[0118] 2. Similarly for a separate population of 20 patients 
With glaucoma it Was determined that on day 28 after the 
patients had been receiving topical timolol 0.5% tWice a day 
for four Weeks, the mean IOP on day 28 Was —4 mm Hg from 
baseline. Yet on day after 2 days With no medication 
administered the mean IOP of the 20 patients Was only —2 
mm Hg from baseline. 

[0119] 3. For a separate (third) population of 18 patients 
With glaucoma it Was determined that on day 14 after the 
patients had been receiving topical brimonidine for 14 days, 
the mean IOP on day 14 Was —2 mm Hg from baseline. Yet 
on day 15 after 24 hours With no medication administered 
the mean IOP of the 18 patients Was only —0.8 mm Hg from 
baseline. 

[0120] The results set forth by Example A shoW that 
Within a short period of a day or tWo after stopping chronic 
use of various anti-glaucoma medications, the mean 
intraocular pressure of all patient populations increased 
signi?cantly, thereby shoWing that a chronic intraocular 
condition requires chronic treatment to obtain an ongoing 
therapeutic effect. 

Example 1 

Manufacture of Compressed Tablet Implants 

[0121] MicroniZed dexamethasone (Pharmacia, Peapack, 
N1.) and microniZed hydrophobic end 50/50 PLGA (Bir 
mingham Polymers, Inc., Birmingham, Ala.) Were accu 
rately Weighed and placed in a stainless steel mixing vessel. 
The vessel Was sealed, placed on a Turbula mixer and mixed 
at a prescribed intensity, e.g., 96 rpm, and time, e.g., 15 
minutes. The resulting poWder blend Was loaded one unit 
dose at a time into a single-cavity tablet press. The press Was 
activated at a pre-set pressure, e. g., 25 psi, and duration, e. g., 
6 seconds, and the tablet Was formed and ejected from the 
press at room temperature. The ratio of dexamethasone to 
PLGA Was 70/30 W/W for all compressed tablet implants. 

Example 2 

Manufacture of Extruded Implants 

[0122] MicroniZed dexamethasone (Pharmacia, Peapack, 
N1.) and unmicroniZed PLGA Were accurately Weighed and 
placed in a stainless steel mixing vessel. The vessel Was 
sealed, placed on a Turbula mixer and mixed at a prescribed 
intensity, e.g., 96 rpm, and time, e.g., 10-15 minutes. The 
unmicroniZed PLGA composition comprised a 30/ 10 W/W 
mixture of hydrophilic end PLGA (Boehringer Ingelheim, 
Wallingford, Conn.) and hydrophobic end PLGA (Boe 
hringer Ingelheim, Wallingford, Conn.). The resulting poW 
der blend Was fed into a DACA Microcompounder-Extruder 
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(DACA, Goleta, Calif.) and subjected to a pre-set tempera 
ture, e.g., 115° C., and screw speed, e.g., 12 rpm. The 
?lament Was extruded into a guide mechanism and cut into 
exact lengths that corresponded to the designated implant 
Weight. The ratio of dexamethasone to total PLGA (hydro 
philic and hydrophobic end) Was 60/40 W/W for all extruded 
implants. 
[0123] Thus, the implant is composed of dexamethasone 
and a PLGA [poly(D,L-lactide-co glycolide)]polymer 
matrix. There are tWo siZes of the implant: one containing 
about 350 pg of dexamethasone and one containing about 
700 pg of dexamethasone. Both siZes of implant contain 
60% by Weight of drug and 40% by Weight of polymer. 

[0124] As set forth above, the implants can be manufac 
tured by a continuous extrusion process by double extrusion 
using a tWin-screW extruder. The implants can have a 
microstructure consisting of a microniZed dexamethasone 
particles homogeneously dispersed in a continuous polymer 
matrix. 

[0125] The implants can be approximately cylindrical in 
shape. The 700 pg implants can have a diameter of about 460 
pm (0.460 mm) and a length of about 6 mm, and the 350 pg 
implant can have the same diameter and a length of about 3 
mm. 

[0126] The total Weight of the 700 pg implants can be 
about 1.2 mg and the total Weight of the 350 pg implant can 
be about 0.6 mg. Weight tolerance for a population of 
implants can be about +10% by Weight or less. 

[0127] The PLGA polymer matrix can be a mixture of acid 
end and ester end polymers. PLGA molecules are terminated 
at one end by an-OH (hydroxyl) group and at the other end 
by a iCOOR group Where for acid end molecules R=H 
and for ester end molecules R=alkyl. The PLGA used in the 
PosurdexTM implant can be a mixture of 75% by Weight acid 
end PLGA and 25% by Weight ester end PLGA. That is, the 
implants Will be about 60% by Weight drug, about 30% by 
Weight acid end PLGA, and about 10% by Weight ester end 
PLGA. Both acid and ester end PLGA Will contain 50% 
lactide units and 50% glycolide units. 

Example 3 

Method and Devices for Placing Implants Into the Vitreous 

[0128] Implants Were placed into the posterior segment of 
the right eye of NeW Zealand White Rabbits by incising the 
conjunctiva and sclera betWeen the 10 and 12 o’clock 
positions With a 20-gauge microvitreoretinal (MVR) blade. 
Fifty to 100 pL of vitreous humor Was removed With a 1-cc 
syringe ?tted With a 27-gauge needle. A sterile trocar, 
preloaded With the appropriate implant (drug delivery sys 
tem, DDS), Was inserted 5 mm through the sclerotomy, and 
then retracted With the push Wire in place, leaving the 
implant in the posterior segment. Sclerae and conjunctivae 
Were than closed using a 7-0 Vicryl suture. Suitable appli 
cators Which have been used to place implants of Examples 
1 and 2 in the vitreous of human eyes are set forth in US. 
patent application Ser. No. 10/666,872. 

Example 4 

Comparison of Tablet and Extruded Dexamethasone Bio 
erodible Vitreal Implants Over 72 Hours 

[0129] Examples 4 and 5 set forth a pre-clinical study 
carried out to evaluate biodegradable polymeric implants 
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inserted in the posterior chamber (i.e. in the vitreous) of an 
eye. The implant contained the anti-in?ammatory steroid 
dexamethasone as the active agent. These implant are 
referred to beloW a “DEX PS DDS” implants. These 
implants and can be made as a tablet (“T”) or as an extrusion 
(“E”), using a continuous extrusion process. 

[0130] The dexamethasone can be used as the acetate salt 
or in the form of the sodium phosphate ester. In ophthal 
mology dexamethasone sodium phosphate has been Widely 
used for over 40 years as a topically applied solution (0.1%). 
The maximum safe dose of dexamethasone for intravitreal 
injection or for release from an implanted sustained-release 
devices is believed to be about 4,800 pg to 5,000 pg. Thus, 
the total dose of 350 pg or 700 pg delivered With the DEX 
PS DDS is a non-toxic dose. The test implant DEX PS DDS 
is a polymeric matrix designed to deliver dexamethasone in 
vivo over a time period of approximately 35 days. 

[0131] As set forth beloW, tWo animal studies Were carried 
out (a 72 hour study and an 84 day study), With the DEX PS 
DDS, using both a tablet (tableted implant) and an extruded 
form of the implant, to evaluate the intraocular and systemic 
pharmacokinetics (PK) of this intraocular drug delivery 
system. 

[0132] These experiments shoWed that both the tableted 
and extruded dosage forms can release 700 pg or 350 pg of 
dexamethasone over about the 35 days it takes the implant 
to bioerode. 

[0133] A 72 hour experiment Was carried out to compare 
the pharmacokinetics of tableted and extruded forms at tWo 
dose levels of DEX PS DDS upon implantation into the 
posterior segment (vitreous) of the eyes of NeW Zealand 
White rabbits. 

[0134] The four types of implants used in this experiment 
Were designated as 350 pg extruded DEX PS DDS (“350E”), 
700 pg extruded DEX PS DDS (“700E”), 350 pg tableted 
DEX PS DDS (“350T”) and 700 pg tableted DEX PS DDS 
(“700T”). 
[0135] On Day 0, 120 male NeW Zealand White rabbits 
each received 1 of the 4 types of test implants (30 rabbits per 
test implant) in the posterior segment (vitreous) of the right 
eye. The left eye of each animal served as a control. 
Euthanasia and necropsy Were performed at 3, 6, 12, 24, and 
72 hours after dosing. Prior to euthanasia, plasma Was 
collected for evaluation of plasma dexamethasone concen 
trations. Aqueous and vitreous humor samples Were col 
lected from the test and control eyes at necropsy, and the 
vitreous humor sample Was divided into tWo sections. The 
experiment Was carried out in compliance With Good Labo 
ratory Practice (GLP Regulations, 21 CFR, Part 58). The 
section of the vitreous humor containing the DEX PS DDS 
remnant(s) Was analyZed for dexamethasone concentrations 
and vitreous humor and aqueous humor of the treated eye 
Were assayed for dexamethasone concentrations, as Was the 
vitreous and the aqueous humor of the control eye, and the 
plasma. 

[0136] No mortality occurred folloWing implantation of 
the DEX PS DDS. Anesthesia and surgical recovery led to 
minor Weight loss in 28 of 48 animals necropsied at 24 and 
72 hours, but no other morbidity Was reported during the 
experiment. 
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[0137] As shown by FIG. 1 concentration pro?les in the 
vitreous humor Were similar for the 350E and 700E implants 
of DEX PS DDS, With peak mean vitreous humor concen 
trations observed at 3 hours (194.65 ng/mL and 912.33 
ng/mL, respectively) and 6 hours (163.40 ng/mL and 918.50 
ng/mL, respectively). 

[0138] Mean dexamethasone concentrations With the 
extruded dosage form Were considerably higher for the 700 
pg dose level than for the 350 pg dose level. BetWeen 6 and 
24 hours, dexamethasone concentrations declined, and then, 
for the extruded implants, increased from 24 to 72 hours. 
This pattern of drug release suggests that the initial concen 
trations of dexamethasone observed in the vitreous resulted 
from surface release of dexamethasone, Which led to early 
peak mean concentrations. This initial peak in concentration 
Was folloWed by a decline in mean drug concentration and 
then an increase in drug concentration With the initiation of 
dexamethasone release from the polymer matrix (see FIG. 
1). 
[0139] Initial mean vitreous humor dexamethasone con 
centrations at 3 and 6 hours Were loWer for the tablet dosage 
form than the extruded dosage form at both dose levels. 
HoWever, the tablet dosage form demonstrated higher drug 
concentrations than the extruded dosage form at all remain 
ing time points (12, 24 and 72 hours) at both dose levels. 
Overall, peak mean vitreous humor dexamethasone concen 
trations Were similar betWeen the tWo dosage forms at 
corresponding dose levels. The mean vitreous humor con 
centrations for the tablet dosage form Within each dose level 
did not change substantially over the 72-hour study period. 
Peak mean vitreous humor concentrations of dexamethasone 
Were observed at 24 hours for both the 350T and 700T 
groups (261.82 ng/mL and 716.33 ng/mL, respectively) 
(FIG. 1). 
[0140] The proportion of dexamethasone released from 
the DEX PS DDS over the 72-hour study period for the 
extruded dose levels (350E and 700E) Was consistent across 
both dose levels at approximately 15%. LikeWise the tablet 
dosage form also had similar dexamethasone release pro?les 
for both dose levels (350T and 700T), but released a 
signi?cantly greater proportion of the total dexamethasone 
(approximately 35%) by the end of the 72-hour study (FIG. 
2). 
[0141] Consistent With the greater release of dexametha 
sone from the tablet dosage form during this 72-hour study, 
higher mean concentrations of drug Were measured in the 
aqueous humor at all sampling points for both the 350T and 
700T groups When compared to the 350E and 700E groups. 
In general, for both dosage forms and dose levels, the mean 
aqueous humor concentrations of dexamethasone Were 
approximately 10 times loWer than the mean vitreous humor 
concentrations of dexamethasone. 

[0142] Plasma dexamethasone concentrations Were 
observed at all sampling points for the tablet dosage form, 
but only minimally above the limit of quanti?cation (1.00 
ng/mL). Measurable dexamethasone concentrations Were 
not observed in the plasma of animals in the 350E group, and 
plasma concentrations Were measurable, but at very loW 
concentrations, for the 700E group at 3, 6 and 12 hours. 

[0143] With a single exception, mean dexamethasone con 
centrations Were beloW the limit of quanti?cation in the 
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vitreous and aqueous humor of the control eyes for both 
dosage forms at all dose levels. The exception Was observed 
in the 350T dose control group in Which a vitreous humor 
concentration of 2.98 ng/mL Was observed at 6 hours. 

Conclusion 

[0144] Although release pro?les Were similar among dose 
levels (350 pg and 700 pg) Within each dosage form, the 
extruded dosage form released approximately 15% of the 
dose over the study period While the tablet dosage form 
released approximately 35% over the same period. 

[0145] The results of this study demonstrate that peak 
mean vitreous humor concentrations of dexamethasone are 
similar for the tablet and extruded dosage forms over the 
72-hour study period. For both dosage forms the mean 
concentrations of dexamethasone observed in the vitreous 
humor, aqueous humor, and plasma Were consistent With the 
dose levels administered. 

Example 5 

Comparison of Tablet and Extruded Dexamethasone Bio 
erodible Vitreal Implants Over 84 Days 

[0146] An 84 day experiment Was carried out to compare 
the pharmacokinetics of tableted and extruded forms at tWo 
dose levels of DEX PS DDS® upon implantation into the 
posterior segment (vitreous) of the eyes of NeW Zealand 
White rabbits. 

[0147] This experiment Was designed to evaluate the 
intraocular (vitreous and aqueous humor) and systemic 
(plasma) pharmacokinetics (PK) of tWo dosage forms of 
DEX PS DDS, tableted and extruded, With each dosage form 
evaluated at tWo dose levels. The same four test implant 
types used in Example 1 Were used in this experiment: 350 
pg extruded DEX PS DDS (350E), 700 pg extruded DEX PS 
DDS (700E), 350 pg tableted DEX PS DDS (350T) and 700 
pg tableted DEX PS DDS (700T). 

[0148] On Day 0, 312 male NeW Zealand White rabbits 
each received 1 of the 4 test implants (78 rabbits per test 
article) in the posterior segment (vitreous) of the right eye. 
The left eye of each animal served as a control. Euthanasia 
and necropsy Were performed at Days 1, 3, 7, 14, 21, 28, 35, 
45, 56, 70, and 86. Prior to euthanasia, plasma Was collected 
for evaluation of plasma dexamethasone levels. Vitreous 
humor samples Were collected at necropsy, and the vitreous 
Was divided into tWo sections: the section containing the 
DEX PS DDS remnant(s) and the remaining vitreous humor 
section Without DEX PS DDS remnants Were analyZed. 

[0149] The experiment Was carried out in compliance With 
Good Laboratory Practice (GLP Regulations, 21 CFR, Part 
58). The section of the vitreous humor containing the DEX 
PS DDS remnant(s) Was analyZed for dexamethasone con 
centrations and vitreous humor and aqueous humor of the 
treated eye Were assayed for dexamethasone concentrations, 
as Was the vitreous and the aqueous humor of the control 
eye, and the plasma. 

[0150] A subset of tWenty-four animals (6 per test implant) 
underWent Weekly ophthalmic examinations to monitor the 
polymer matrix dissolution of the test article and dissolution 
Was evaluated in all animals With test article implants prior 
to euthanasia. Dissolution Was evaluated by a veterinary 
ophthalmologist using a numerical grading scale. 
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[0151] No mortality occurred following implantation of 
the DEX PS DDS. Anesthesia and surgical recovery led to 
minor Weight loss early in the study, hoWever none of the 
animals necropsied after Day 45 demonstrated an overall 
Weight loss betWeen surgery and necropsy, indicating that 
any early Weight loss Was regained. 

[0152] Vitreous humor concentrations of dexamethasone 
Were observed in the 350E group on Day 1 (10.66 ng/mL) 
through Day 28 (6.99 ng/mL), With peak mean concentra 
tions at Day 14 (111.30 ng/mL) and Day 21 (105.10 ng/mL). 
In the 700E group, mean vitreous humor concentrations of 
dexamethasone Were measured from Day 1 (52.63 ng/mL) 
through Day 28 (119.70 ng/mL), With peak mean concen 
trations observed on Day 14 (435.60 ng/mL) and Day 21 
(527.50 ng/mL). By Day 35, mean concentrations of dex 
amethasone Were at or beloW the limit of quanti?cation (2.50 
ng/mL) for both levels of the extruded dosage form (FIG. 3). 

[0153] For the 350T group, peak mean dexamethasone 
concentrations in the vitreous humor Were identi?ed on Day 
1 (142.20 ng/mL) and Day 3 (89.58 ng/mL), With measur 
able concentrations observed through Day 56 (2.79 ng/mL). 
For the 700T group, peak mean dexamethasone concentra 
tions Were also observed at Day 1 (198.56 ng/mL) and Day 
3 (193.06 ng/mL), With measurable concentrations observed 
intermittently through Day 86 (3.03 ng/mL) (FIG. 3). 
[0154] The percent of dexamethasone released for each 
dosage form at each dose level Was determined by assaying 
the section of the vitreous humor containing the DEX PS 
DDS remnants. Overall, the extruded dosage form provided 
a more consistent release of dexamethasone as evidenced by 
the loWer standard deviations over the sampling period. For 
both dosage forms and dose levels, the mean percent of 
dexamethasone released by Day 35 Was >90% (FIG. 4). 

[0155] In the treated right eye, measurable concentrations 
of dexamethasone Were found in the aqueous humor for both 
dosage forms and both dose levels at most time points up to 
Day 28, With peak mean aqueous humor concentrations 
paralleling peak mean vitreous humor concentrations. HoW 
ever, at most time points, peak mean plasma concentrations 
of dexamethasone Were beloW, at or slightly above the limit 
of quanti?cation (1.00 ng/mL). In the vitreous and aqueous 
humor of the control eyes dexamethasone content Was 
generally beloW the limit of quanti?cation. 

[0156] Polymer matrix dissolution Was evaluated in each 
group of animals at necropsy. Complete dissolution of the 
polymer matrix Was observed at approximately 3 months in 
58% of the animals receiving the extruded dosage form, and 
in 17% of the animals receiving the tablet dosage form, 
suggesting improved polymer matrix dissolution for the 
extruded dosage form. 

[0157] In a subset of 24 animals, polymer matrix disso 
lution Was assessed Weekly. For the extruded dosage form, 
signi?cant dissolution (1-24% remaining) had occurred in 
all but one eye by Day 46. Similarly, for the tablet dosage 
form, signi?cant dissolution had occurred in all eyes by Day 
57. Complete polymer matrix dissolution Was observed by 
approximately 5 months for 67% of the extruded dosage 
form group and for 58% of the tablet dosage form group. 

[0158] In summary, both dosage forms released an equiva 
lent dose of dexamethasone, i.e., either 350 ug or 700 ug, 
over approximately 35 days, but achieved peak concentra 
tions at different time points during the release period. 
Gradual, less variable release of dexamethasone, and more 
rapid dissolution of the polymer matrix Were observed With 
the extruded dosage form. 
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Example 6 

Extended Treatment of Macular Edema With an Intravitreal 
Dexamethasone Implant 

[0159] An experiment Was carried out With a biodegrad 
able drug delivery system for implanting into the vitreous of 
the eye and release of dexamethasone (referred to hereafter 
as a “DEX PS DDS”). Such an implant can be used for the 
treatment of ocular conditions, such as macular edema. 

[0160] Implants made according to the methods of 
Examples 1 and 2 Were used. These implants form an 
intravitreal drug delivery system, Which can be referred to as 
a Dexamethasone Posterior Segment Drug Delivery System 
(DEX PS DDS®), can deliver a 350 ug or 700 ug dose of 
dexamethasone intravitreally over approximately 35 days, 
alloWing for a loWer total dose and sustained drug levels to 
the target areas. DEX PS DDS is composed of dexametha 
sone homogeneously dispersed into a biodegradable matrix 
of copolymers of lactic acid and glycolic acid, PLGA (poly 
[lactic-glycolic]acid), a material commonly used in medical 
devices such as absorbable sutures. Dexamethasone is 
released gradually into the back of the eye over a period of 
approximately 35 days. The DEX PS DDS does not need to 
be removed since the copolymer dissolves completely over 
time. 

[0161] By effectively delivering a sustained release anti 
in?ammatory drug intravitreally, DEX PS DDS can offer 
patients and clinicians a valuable neW therapeutic option in 
the treatment of persistent macular edema that has persisted 
despite intervention, While reducing the potential for side 
elfects typically observed from steroid administration 
through other routes of delivery (e.g. systemic, etc.). 

[0162] The objective of the experiment Was to compare 
the safety and ef?cacy of tWo doses of DEX PS DDS (350 
ug and 700 ug) versus observation (i.e. patients in Which no 
implant Was used) in the treatment of persistent macular 
edema (PME) persisting at least 90 days after laser treatment 
or after 90 days of medical management by a physician. 
Patients With PME associated With diabetic retinopathy, 
uveitis, retinal vein occlusion, and Irvine-Gass Syndrome 
Were in the experiment. 

[0163] A total of 306 patients, ages 212 years old, With 
persistent macular edema associated With diabetic retinopa 
thy, uveitis, branch retinal vein occlusion (BRVO), central 
retinal vein occlusion (CRVO) or Irvine-Gass Syndrome, 
persisting for at least 90 days folloWing treatment Were part 
of this 180-day study. At baseline, each patient provided 
Written informed consent and a complete medical history 
including ocular history and prior medications (Within the 
last 30 days). Potential study participants underWent mea 
surements of best-corrected visual acuity (BCVA) based on 
ETDRS and intraocular pressure (IOP), and Were examined 
for clinical signs of anterior chamber cells, anterior chamber 
?are, anterior vitreous cells, cataract, vitreal haZe/retinal 
obscuration, vitreous/retinal hemorrhage, retinal detach 
ment/tear and macular edema. Patients also underWent ?uo 
rescein angiography, fundus photography, and optical coher 
ence tomography. Diabetic patients Were tested for HbA1C 
and pre-menopausal Women underWent urine pregnancy 
testing. For the purposes of this experiment persistent macu 
lar edema Was de?ned as retinal thickening at the center of 
the fovea, visual acuity equal to or Worse than 20/40, and 
angiographic evidence of leakage in the perifoveal capillary 
netWork. 
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[0164] After signing the informed consent form and deter 
mination of eligibility, patients Were randomly assigned to 
treatment With 350 pg DEX PS DDS, or 700 pg DEX PS 
DDS, or observation. 

[0165] DEX PS DDS (350 pg or 700 pg dexamethasone) 
Was surgically implanted in the study eye of patients in the 
tWo active treatment groups. Insertion Was performed 
through an incision in the pars plana inferotemporally, 
unless contraindicated during surgery by the Investigator. 
After closure, the suture knot Was buried and subconjunc 
tival and topical antibiotics Were used prophylactically. If 
the delivery system became contaminated or damaged prior 
to insertion, it Was replaced With a neW, sterile system. 

[0166] Visual Acuity 
[0167] The visual acuity of patients in this study Was 
measured according to the standard procedure developed for 
the Early Treatment Diabetic Retinopathy Study (ETDRS) 
and adapted for the Age-Related Eye Disease Study Protocol 
(AREDS) and this study. Visual acuity testing Was required 
at a distance of 4-meters and, for subjects With suf?ciently 
reduced vision, at l-meter. ETDRS Charts 1 and 2 Were used 
for testing the right and left eye, respectively, and Chart R 
Was used for refraction. 

[0168] Contrast Sensitivity 

[0169] Contrast sensitivity, the ability of the eye to discern 
subtle degrees of contrast and siZe, is a sensitive measure of 
visual function Which can be affected by the presence of 
retinal disease. Contrast sensitivity testing Was performed as 
an additional measure of visual function using standardiZed, 
preprinted charts and standardized photopic and mesopic 
illumination by certi?ed examiners. The outcome Was mea 
sured as the loWest level of contrast at Which a patient could 
distinguish pattern siZe displayed using a sine-Wave contrast 
sensitivity vision test. 

[0170] Fluorescein Angiography 
[0171] Fluorescein angiography Was conducted prior to 
randomization to provide angiographic evidence of leakage 
involving the perifoveal capillary netWorks and at select 
folloW-up visits to assess anatomical improvement in macu 
lar edema. A central reading laboratory, FPRC (Fundus 
Photograph Reading Center, Madison, Wis.), Was used to 
perform all readings. Readers Were masked to patient treat 
ment assignments. 

[0172] Fundus Photography 
[0173] Fundus photography Was performed to assess 
macular thickness, an anatomical measure of macular 
edema, using standard techniques by certi?ed photographers 
at each site. The photographs Were assessed by masked 
readers at a central reading laboratory (FPRC). 

[0174] Optical Coherence Tomography 
[0175] Optical coherence tomography (OCT) is a laser 
based non-invasive, diagnostic system providing high-reso 
lution images of the retina (10 pm). Macular thickness, an 
anatomical indicator of macular edema, Was assessed by a 
central reading laboratory (FPRC) from images obtained at 
Baseline and select folloW-up visits. Readers Were masked 
to patient treatment assignments. 

[0176] Schedule of Exams 

[0177] Patients, including both treatment groups and the 
observation group, Were assessed according to the folloWing 
schedule: 
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[0178] BCVA by ETDRS (Baseline, Days 7, 30, 60, 90, 
180 or Early Termination); 

[0179] Contrast sensitivity (Baseline, Days 30, 60, 90 or 
Early Termination); 

[0180] Intraocular pressure (Baseline, Days 1, 7, 30, 60, 
90, 180 or Early Termination); 

[0181] Slit lamp biomicroscopy With fundus contact 
lens (Baseline, Days 1, 7, 30, 60, 90 or Early Termi 
nation) for clinical signs of macular edema; 

[0182] Slit lamp assessment (Baseline, Days 1, 7, 30, 
60, 90, 180 or Early Termination) for anterior chamber 
cells, anterior chamber ?are, anterior vitreous cells, and 
cataract(s); 

[0183] Indirect ophthalmoscopy (Baseline, Days 1, 7, 
30, 60, 90, 180 or Early Termination) for vitreal haZe/ 
retinal obscuration, vitreous/retinal hemorrhage, retinal 
detachment/tear. DEX PS DDS Was observed on Days 
30, 60, 90, 180 or Early Termination only (With scleral 
depression); 

[0184] Fluorescein angiography (Baseline, Days 30, 90 
or Early Termination); 

[0185] Fundus photography (Baseline, Day 0 [DEX PS 
DDS-treated group only if deemed necessary] Day 1 
[Observation Group only if deemed necessary], Days 
30, 60, 90 or Early Termination); 

[0186] Optical coherence tomography (OCT) for macu 
lar thickness quanti?cation at clinical sites Where test 
available (Baseline, Days 30, 90 or Early Termination); 

[0187] Vital signs: blood pressure (Baseline, Days 1, 7, 
30, 60, 90); 

[0188] HbAlciBaseline, Days 30, 60, 90 or Early 
Termination (if diabetic). 

[0190] The primary e?icacy parameter Was BCVA (by 
ETDRS) improvement at the Day 90 folloW-up visit. The 
BCVA improvement rate Was de?ned as the proportion of 
subjects Who had 2 lines or more improvement from base 
line. 

[0191] Secondary ef?cacy parameters Were: 

[0192] BCVA improvement at the Day 30 and Day 60 
folloW-up visits from baseline; 

[0193] Mean change in the BCVA in LogMAR (log of 
the minimum angle of resolution) at the Day 30, Day 
60, and Day 90 folloW-up visits from baseline; 

[0194] Mean change in measurements based on the 
contrast sensitivity evaluation performed at the Day 30, 
Day 60 and Day 90 folloW-up visits from baseline; 

[0195] Mean change in measurements based on the 
?uorescein angiography evaluation performed at the 
Day 30 and Day 90 folloW-up visits; 

[0196] Mean change in measurements based on the 
fundus photography evaluation performed at the Day 
30, Day 60 and Day 90 folloW-up visits; 
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[0197] Mean change in the retinal thickness in 1-mm 
diameter center sub?eld based on the OCT evaluation 
at the Day 30 and Day 90 folloW-up visits from 
baseline; 

[0198] Mean change in measurements based on the 
clinical signs of persistent macular edema (PME) 
evaluation by slit lamp biomicroscopy performed at the 
Day 1, Day 7, Day 30, Day 60 and Day 90 folloW-up 
visits; 

[0199] Mean change in BCVA from Baseline to the Day 
7, 30, Day 60 and Day 90 folloW-up visits. 

[0200] Results 

[0201] A total of 315 patients With persistent macular 
edema (PME) Were enrolled in the clinical study. One 
hundred ?ve (105) patients Were assigned to each of the 
three study groups, i.e., DEX PS DDS 350 pg, DEX PS DDS 
700 pg, or observation only. Five patients assigned to the 
350 pg treatment group and 4 patients assigned to the 700 pg 
treatment group WithdreW before DEX PS DDS treatment 
Was initiated due to a change in eligibility status since 
randomization or personal reasons and therefore Were not 
included Within the intent-to-treat population. Of the total 
intent-to-treat (ITT) study population (n=306), 51.3% of the 
patients Were male and 48.7% Were female, With 9 patients 
less than 40 years of age (2.9%), 119 patients in the 40 to 65 
year range (38.9%), and 178 patients over 65 years of age 
(58.2%). The mean age Was 66 years (SD=ll.9) consistent 
With the greater prevalence of eye pathologies among older 
adults. The majority of patients Were Caucasian (77.8%), 
With the remaining patients from the folloWing ethnic 
groups: Black (7.5%), Hispanic (11.1%), Asian (2.6%), and 
Native American (1.0%). 

[0202] Improved Visual Acuity 

[0203] As shoWn in Table 1, use of both the 350 pg and the 
700 pg DEX PS DDS resulted in visual acuity improvement 
of tWo or more lines in BCVA at Day 30, Day 90 and as Well 
at Day 180. All the visual acuity improvement percentages 
shoWn in Table 1 Were greater at each time (Day 90 and Day 
180) and for each type of implant (350 pg and 700 pg) than 
Was the visual acuity improvement percentage seen in the 
patients in the observation group. 

[0204] Thus, it Was demonstrated that use of an implant 
according to the method set forth herein permits a patients’ 
visual acuity to improve and that the patient’s improved 
visual acuity can be retained for a period of time long after 
the implant has released all the dexamethasone. 

TABLE 1 

Improved Visual Acuity 30, 60 and 90 Days after Placement of 
Intravitreal Imnlant 

DEX PS DDS DEX PS DDS Observation 
350 mg 700 mg group 

(n = 100) (n = 101) (n = 105) 

Day 30 BCVA 

n 89 93 94 

22 line gain 21% 22% 16% 
23 line gain 9% 13% 6% 
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TABLE 1-continued 

Improved Visual Acuity 30, 60 and 90 Days after Placement of 
Intravitreal Implant 

DEX PS DDS DEX PS DDS Observation 
350 mg 700 mg group 

(n =100) (n =101) (n = 105) 

Day 90 BCVA 

n 92 98 100 

22 line gain 26% 37% 19% 
23 line gain 13% 16% 9% 
Day 180 BCVA 

n 92 98 100 

22 line gain 27% 36.% 19% 
23 line gain 13% 19% 8% 

[0205] Improved Visual Contrast Sensitivity 

[0206] Change in contrast sensitivity, an assessment of 
visual function, Was measured at baseline, and at Days 30, 
60, and 90 using a sine-Wave contrast sensitivity vision test. 
As shoWn by Table 2, the LOCF mean Contrast Sensitivity 
Score at 1.5 cpd (Patch A) Was higher in patients in both 
DEX PS DDS treatment groups compared to the observation 
group at Day 60 (p<0.001) and Day 90 (p=0.006). The 
improvement appeared ?rst among those in the 350 pg 
treatment group at Day 30 (p=0.028), but by Day 60 patients 
in both the 350 pg and the 700 pg treatment groups expe 
rienced signi?cant visual function improvement (p<0.001 
and p=0.011, respectively). This improvement Was main 
tained to Day 90 (p=0.004 and p=0.010, respectively). A 
similar treatment effect (data not shoWn) on LOCF mean 
Contrast Sensitivity Score at 3.0 cpd (Patch B) Was observed 
for both the 350 pg and the 700 pg DEX PS DDS treatment 
groups, compared to the observation group, by Day 60 
(p<0.001 and p=0.030, respectively), and continued through 
Day 90 for both treatment groups (p=0.021 and p=0.007, 
respectively). 

[0207] Thus, it Was demonstrated that use of an implant 
according to the method set forth herein permits a patients’ 
visual contrast sensitivity to improve and that the patient’s 
improved visual contrast sensitivity can be retained for a 
period of time long after the implant has released all the 
dexamethasone. 

TABLE 2 

Improved Visual Contrast Sensitivity 30 Days, 60 Days and 90 
Days after Placement of Intravitreal Implant 

Treatment Group 

DEX PS DDS DEX PS DDS Observation 
350 mg 700 mg Group 

Change from 0.89 0.56 0.38 
Baseline at Day 30 
Change from 1.21 0.80 0.13 
Baseline at Day 60 
Change from 1.02 0.97 0.33 
Baseline at Day 90 




















