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ABSTRACT 

The invention provides biodegradable implants sized for 
implantation in an ocular region and methods for treating 
medical conditions of the eye. The implants are formed from 
a mixture of hydrophilic end and hydrophobic end PLGA, 
and deliver active agents into an ocular region Without a high 
burst release. 
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Processes used for the manufacture of the DEX PS DDS 
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Figure 12 In vitro dexamethasone release rate comparison of two Lots of 
tabletted and single extruded DEX PS DDS 
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Figure 13. SEM pictures of tabletted and extruded DEX PS DDS 
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Figure 14 Content uniformity in DEX PS DDS after extrusion from batches 
made of milled and un-milled PLGAs 
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Figure 15 In vitro Release pro?le of DEX PS DDSmanufactured by single and 
double extrusion. 
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Figure 16 Flow diagram of double extrusion process for the manufacture of the 
DEX PS DDS 
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Figure 17 Cut-Away View of the DEX PS DDS Applicator System 
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OCULAR IMPLANT MADE BY A DOUBLE 
EXTRUSION PROCESS 

CROSS REFERENCE 

[0001] This application is a continuation in part of US. 
patent application Ser. No. 10/340,237, ?led Jan. 9, 2003, 
the entire contents of Which is incorporated herein by 
reference. 

BACKGROUND 

[0002] This invention relates to implants and methods for 
treating an ocular condition. In particular the present inven 
tion relates to implants and methods for treating an ocular 
condition by implanting into an ocular region or site a 
bioerodible implant comprising an active agent and a bio 
erodible polymer matriX, Wherein the implant is made by a 
double extrusion process. The bioerodible implants of this 
invention have varying and eXtended release rates to provide 
for improved kinetics of release of one or more active 
(therapeutic) agents over time. 

[0003] An ocular condition can include a 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 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 adj acent to the eyeball. An anterior 
ocular condition is a disease, ailment or condition Which 
affects or Which involves an anterior (i.e. front of the eye) 
ocular region or site, such as a periocular muscle, an eye lid 
or an eye ball tissue or ?uid Which is located anterior to the 
posterior Wall of the lens capsule or ciliary muscles. Thus, 
an anterior ocular condition primarily affects or involves, the 
conjunctiva, the cornea, the conjunctiva, the anterior cham 
ber, the iris, the posterior chamber (behind the retina but in 
front of the posterior Wall of the lens capsule), the lens or the 
lens capsule and blood vessels and nerve Which vasculariZe 
or innervate an anterior ocular region or site. A posterior 
ocular condition is a disease, ailment or condition Which 
primarily affects or involves a posterior ocular region or site 
such as choroid or sclera (in a position posterior to a plane 
through the posterior Wall of the lens capsule), vitreous, 
vitreous chamber, retina, optic nerve (i.e. the optic disc), and 
blood vessels and nerves Which vasculariZe or innervate a 
posterior ocular region or site. 

[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); choroidal neovasculariZation; acute macular neurore 
tinopathy; macular edema (such as cystoid macular edema 
and diabetic macular edema); Behcet’s disease, retinal dis 
orders, diabetic retinopathy (including proliferative diabetic 
retinopathy); retinal arterial occlusive disease; central retinal 
vein occlusion; uveitic retinal disease; retinal detachment; 
ocular trauma Which affects a posterior ocular site or loca 
tion; 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; photocoagu 
lation; radiation retinopathy; epiretinal membrane disorders; 
branch retinal vein occlusion; anterior ischemic optic neu 
ropathy; non-retinopathy diabetic retinal dysfunction, retini 
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tis pigmentosa and glaucoma. Glaucoma can be considered 
a posterior ocular condition because the therapeutic goal is 
to prevent the loss of or reduce the occurrence of loss of 
vision due to damage to or loss of retinal cells or optic nerve 
cells (i.e. neuroprotection). 

[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; 
pupil disorders; refractive disorders and strabismus. Glau 
coma can also be considered to be an anterior ocular 
condition because a clinical goal of glaucoma treatment can 
be to reduce a hypertension of aqueous ?uid in the anterior 
chamber of the eye (i.e. reduce intraocular pressure). 

[0006] The present invention is concerned With and 
directed to an implant and methods for the treatment of an 
ocular condition, such as an anterior ocular condition or a 
posterior ocular condition 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 active agents With, for 
eXample, an anti-neoplastic, anti-angiogenesis, kinase inhi 
bition, anticholinergic, anti-adrenergic and/or anti-in?am 
matory activity. 

[0008] Macular degeneration, such as age related macular 
degeneration (“AMD”) is a leading cause of blindness in the 
World. It is estimated that thirteen million Americans have 
evidence of macular degeneration. Macular degeneration 
results in a break doWn the macula, the light-sensitive part 
of the retina responsible for the sharp, direct vision needed 
to read or drive. Central vision is especially affected. Macu 
lar degeneration is diagnosed as either dry (atrophic) 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 serious 
vision loss. Macular degeneration can produce a sloW or 
sudden painless loss of vision. The cause of macular degen 
eration is not clear. The dry form of AMD may result from 
the aging and thinning of macular tissues, depositing of 
pigment in the macula, or a combination of the tWo pro 
cesses. With Wet AMD, neW blood vessels groW beneath the 
retina and leak blood and ?uid. This leakage causes retinal 
cells to die and creates blind spots in central vision. 

[0009] Macular edema (“ME”) can result in a sWelling of 
the macula. The edema is caused by ?uid leaking from 
retinal blood vessels. Blood leaks out of the Weak vessel 
Walls into a very small area of the macula Which is rich in 
cones, the nerve endings 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 months. Retinal blood vessel 
obstruction, eye in?ammation, and age-related macular 
degeneration have all been associated With macular edema. 
The macula may also be affected by sWelling folloWing 
cataract extraction. Symptoms of ME include blurred central 
vision, distorted vision, vision tinted pink and light sensi 
tivity. Causes of ME can include retinal vein occlusion, 
macular degeneration, diabetic macular leakage, eye in?am 
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mation, idiopathic central serous chorioretinopathy, anterior 
or posterior uveitis, pars planitis, retinitis pigmentosa, radia 
tion retinopathy, posterior vitreous detachment, epiretinal 
membrane formation, idiopathic juXtafoveal retinal telang 
iectasia, Nd:YAG capsulotomy or iridotomy. Some patients 
With ME may have a history of use of topical epinephrine or 
prostaglandin analogs for glaucoma. The ?rst line of treat 
ment for ME is typically anti-in?ammatory drops topically 
applied. 
[0010] Macular edema is a non-speci?c response of the 
retina to a variety of insults. It is associated With a number 
of diseases, including uveitis, retinal vascular abnormalities 
(diabetic retinopathy and retinal vein occlusive disease), a 
sequelae of cataract surgery (post-cataract cystoid macular 
oedema), macular epiretinal membranes, and inherited or 
acquired retinal degeneration. Macular edema involves the 
breakdoWn of the inner blood retinal barrier at the level of 
the capillary endothelium, resulting in abnormal retinal 
vascular permeability and leakage into the adjacent retinal 
tissues. The macula becomes thickened due to ?uid accu 
mulation resulting in signi?cant disturbances in visual acu 
ity (Ahmed I, Ai E. Macular disorders: cystoid macular 
oedema. In: Yanoff M, Duker J S, eds. Ophthalmology. 
London: Mosby; 1999:34; Dick J, Jampol L M, Haller J A. 
Macular edema. In: Ryan S, Schachat A P, eds. Retina. 3rd 
ed. St. Louis, Mo.: C V Mosby; 2001, v2, Section 2 chap 
57:967-979). 
[0011] Macular edema may occur in diseases causing 
cumulative injury over many years, such as diabetic retin 
opathy, or as a result of more acute events, such as central 
retinal vein occlusion or branch retinal vein occlusion. 

[0012] In some cases macular edema resolves spontane 
ously or With short-term treatment. Therapeutic choices for 
macular oedema depend on the cause and severity of the 
condition. Currently there are no approved pharmacological 
therapies for macular edema. Focal/grid laser photocoagu 
lation has been shoWn to be efficacious in the prevention of 
moderate visual loss for macular oedema due to diabetic 
retinopathy (Akduman L, Olk R S. The early treatment 
diabetic retinopathy study. In: Kertes P S, ConWay M D, eds. 
Clinical trials in ophthalmology: a summary and practice 
guide. Baltimore, Md.: Lippincott Williams & Wilkins; 
1998:15-35; Frank R N. Etiologic mechanisms in diabetic 
retinopathy. In: Ryan S, SchachatAP, eds. Retina. 3rd ed. St. 
Louis, Mo.: C V Mosby; 2001, v2, Section 2, chap 71:1259 
1294). Argon laser photocoagulation increased the likeli 
hood of vision improvement in patients With macular 
oedema due to branch retinal vein occlusion (BRVO) (Orth 
D. The branch vein occlusion study. In: Kertes P. ConWay 
M, eds. Clinical trials in ophthalmology: a summary and 
practice guide. Baltimore, Md.: Lippincott Williams & 
Wilkins; 1998: 113-127; Fekrat S, Finkelstein D. The Central 
Vein Occlusion Study. In: Kertes P S, ConWay M D, eds. 
Clinical trials in ophthalmology: a summary and practice 
guide. Baltimore, Md.: Lippincott Williams & Wilkins; 
1998:129-143), but not in patients With macular oedema due 
to central retinal vein occlusion (CRVO) (Fekrat and Finkel 
stein 1998, supra; Clarkson J G Central retinal vein occlu 
sion. In: Ryan S, SchachatAP, eds. Retina. 3rd ed. St. Louis, 
Mo.: C V Mosby; 2001, v2, chap 75:1368-1375). For 
CRVO, there are no knoWn effective therapies. 

[0013] An anti-in?ammatory (i.e. immunosuppressive) 
agent can be used for the treatment of an ocular condition, 
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such as a posterior ocular condition, Which involves in?am 
mation, such as an uveitis or macula edema. Thus, topical or 
oral glucocorticoids have been used to treat uveitis. Amajor 
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 Francisco: American 
Academy of Ophthalmology, pp. 57-80, 102-103, 152-156; 
Boke, W. (1992). Clinical picture of intermediate uveitis, In 
Intermediate Uveitis, Dev. Ophthalmol. 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. 
Vis. Sci. 36:442-53. 

[0014] 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 1 mg/kg/day for 
2-3 Weeks) of steroid is often necessary so that therapeutic 
levels can be achieved in the eye. 

[0015] 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). Effect of corti 
costeroids on cataractformation, Arch Ophthalmol 98:1773 
7; and Renfro, L. et al. (1992). Ocular e?rects of topical and 
systemic steroids, Dermatologic Clinics 10:505-12. 

[0016] Additionally, delivery to the eye of a therapeutic 
amount of an active agent can be di?icult, if not impossible, 
for drugs With short plasma half-lives since the eXposure of 
the drug to intraocular tissues is limited. Therefore, a more 
e?icient 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?rects of age, cryotherapy, transscleral diode laser; and 
surgical thinning, Invest. Ophthalmol. Vis. Sci. 36:1893 
1903. 

[0017] 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 glucocorticoids 
(approximately 3 hours), intravitreal injections 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, endophthalmitis, and 
cataracts. Maurice, D. M. (1983). Micropharmaceutics 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, 








































