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LOW IMMUNOGENICITY CORTICOSTEROID 
COMPOSITIONS 

CROSS REFERENCE 

[0001] This application is a continuation in part of appli 
cation Ser. No. 11/354,415, ?led Feb. 14, 2006, Which is a 
continuation in part of application Ser. No. 10/966,764, ?led 
Oct. 14, 2004, Which application claims the bene?t of 
provisional patent application Ser. No. 60/ 519,237, ?led 
Nov. 12, 2003 and provisional is patent application Ser. No. 
60/530,062, ?led Dec. 16, 2003, all of Which applications 
are hereby incorporated herein by reference in their entire 
ties. 

BACKGROUND 

[0002] The present invention relates to corticosteroid 
compositions and methods for treating and/or preventing 
ocular conditions, such as anterior ocular conditions and 
posterior ocular conditions, as Well as for treating various 
articular pathologies. In particular the present invention 
relates to extended release and sustained release triamcino 
lone compositions, including injectable implants, for treat 
ing posterior ocular conditions, as Well as for treating joint 
in?ammation and/or joint pain. 

[0003] A pharmaceutical composition (synonymously a 
composition) is a formulation Which contains at least one 
active ingredient (for example a corticosteroid such as a 
triamcinolone) as Well as, for example, one or more excipi 
ents, buffers, carriers, stabiliZers, preservatives and/or bulk 
ing agents, and is suitable for administration to a patient to 
achieve a desired effect or result. The pharmaceutical com 
positions disclosed herein can have diagnostic, therapeutic, 
cosmetic and/or research utility in various species, such as 
for example in human patients or subjects. 

[0004] 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 adjacent to the eyeball. An anterior 
ocular condition is a disease, ailment or condition which 
affects or Which involves an anterior (i.e. front of the eye) 
ocular region or site, such as a periocular muscle, an eye lid 
or an eye ball tissue or ?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 
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 (also referred to herein synonymously as a “posterior 
segment”) condition is a disease, ailment or condition Which 
primarily a?‘ects 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 (or posterior segment) region or site. 

[0005] Thus, a posterior ocular condition can include a 
disease, ailment or condition, such as for example, macular 
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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; uveitis (including intermediate and anterior 
uveitis); retinal detachment; ocular trauma Which affects a 
posterior ocular site or location; a posterior ocular condition 
caused by or in?uenced by an ocular laser treatment; pos 
terior ocular conditions caused by or in?uenced by a pho 
todynamic therapy; photocoagulation; radiation retinopathy; 
epiretinal membrane disorders; branch retinal vein occlu 
sion; anterior ischemic optic neuropathy; non-retinopathy 
diabetic retinal dysfunction, retinitis pigmentosa and glau 
coma. Glaucoma can be considered a posterior ocular con 
dition because a therapeutic goal can be 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. neuropro 

tection). 
[0006] 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). 

[0007] Macular edema is a major cause of visual loss in 
patients With diabetes, central retinal vein occlusion (CRVO) 
and branch retinal vein occlusion (BRVO). Although laser 
photocoagulation can reduce further vision loss in patients 
With diabetic macular edema (DME), vision that has already 
been decreased by macular edema usually does not improve 
by use of laser photocoagulation. Currently, there is no FDA 
(U .8. Food and Drug Administration) approved treatment 
for macular edema associated With CRVO. For macular 
edema associated With BRVO, grid laser photocoagulation 
may be an effective treatment for some patients. 

[0008] Diabetic macular edema results from abnormal 
leakage of macromolecules, such as lipoproteins, from reti 
nal capillaries into the extravascular space folloWed by an 
oncotic in?ux of Water into the extravascular space. Abnor 
malities in the retinal pigment epithelium may also cause or 
contribute to diabetic macular edema. These abnormalities 
can alloW increased ?uid from the choriocapillaries to enter 
the retina or they may decrease the normal el?ux of ?uid 
from the retina to the choriocapillaries. The mechanism of 
breakdown of the blood-retina barrier at the level of the 
retinal capillaries and the retinal pigment epithelium may be 
due to changes to tight junction proteins such as occludin. 
Antcliff R., et al Marshall 1., The pathogenesis of edema in 
diabetic maculopalhy, Semin Opthalmol 1999; 14:223-232. 

[0009] Macular edema from venous occlusive disease can 
result from thrombus formation at the lamina cribrosa or at 
an arteriovenous crossing. These changes can result in an 
increase in retinal capillary permeability and accompanying 
retinal edema. The increase in retinal capillary permeability 
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and subsequent retinal edema can ensue from of a break 
down of the blood retina barrier mediated in part by vascular 
endothelial growth factor (V EGF), a 45 kD glycoprotein, as 
it is known that VEGF can increase vascular permeability. 
VEGF may regulate vessel permeability by increasing phos 
phorylation of tight junction proteins such as occludin and 
Zonula occluden. Similarly, in human non-ocular disease 
states such as ascites, VEGF has been characterized as a 
potent vascular permeability factor (V PF). 
[0010] The normal human retina contains little or no 
VEGF; however, hypoxia causes upregulation of VEGF 
production. Disease states characterized by hypoxia-induced 
VEGF upregulation include CRVO and BRVO. This 
hypoxia induced upregulation of VEGF can be inhibited 
pharmacologically. Pe’er J. et al., Vascular endothelial 
growth factor upregulation in human central retinal vein 
occlusion, Opthalmology 1998; 105:412-416. It has been 
demonstrated that anti-VEGF antibodies can inhibit VEGF 
driven capillary endothelial cell proliferation. Thus, attenu 
ation of the effects of VEGF introduces a rationale for 
treatment of macular edema from venous occlusive disease. 

[0011] Corticosteroids, a class of substances with anti 
in?ammatory properties, have been demonstrated to inhibit 
the expression of the VEGF gene. Nauck M. et al., Induction 
of vascular endothelial growth factor by platelet-activating 
factor and platelet-derived growth factor is downregulated 
by corticosteroids, Am J Resp Cell Mol Biol 1997; 16:398 
406. Additionally, corticosteroids can downregulate the 
induction of VEGF by the pro-in?ammatory mediators 
PDGF and platelet-activating factor (PAF) in a time and 
dose-dependent manner. Nauck M. et al., Corticosteroids 
inhibit the expression of the vascular endothelial growth 
factor gene in human vascular smooth muscle cells, Euro J 
Pharmacol 1998; 341:309-315. Thus, corticosteroids can to 
down-regulate VEGF production and reduce breakdown of 
the blood-retinal barrier. Certain steroids can also have 
antiangiogenic properties possibly due to attenuation of the 
effects of VEGF. It should be noted that although certain 
corticosteroids can apparently down regulate VEGF produc 
tion there are a number of other physiological mechanisms 
by which corticosteroids can effect the pathogenesis of an 
ocular condition, such as macular edema. 

[0012] Triamcinolone 
[0013] Triamcinolone is a corticosteroid and it has been 
reported that a saline suspension is of triamcinoline (1 mg 
triamcinolone acetonide in 0.1 ml saline) is non-toxic upon 
intravitreal injection. McCuen B. et al., The lack of toxicity 
ofintravitreally administered triamcinolone acetonide, Am 
J Opthalmol 1981; 91:785-788. lntravitreal triamcinolone 
has been used to treat proliferative vitreoretinopathy (Jonas 
J. et al., Intravitreal injection of crystalline cortisone as 
adjunctive treatment of proliferative vitreoretinopathy, Br J 
Opthalmol 2000; 84:1064-1067), as well as choroidal 
neovasculariZation (Challa J. et al., Exudative macular 
degeneration and intravitreal triamcinolone: 18 monthfol 
low up, Aust N Z J Opthalmol 1998; 26:277-281; Penfold P. 
et al., Exudative macular degeneration and intravitreal 
triamcinolone: A pilot study, Aust N Z J Opthalmol 1995; 
23:293-298, and; Danis R. et al., Intravitreal triamcinolone 
acetonide in exudative age-related macular degeneration, 
Retina 2000; 20:244-250). 
[0014] Additionally, European patent application 244 178 
A2 (Keller) discloses intravitreal injection of an aqueous 
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solution of dexamethasone and a hyaluronic acid, and a 
topical triamcinolone suspension for ear treatment is dis 
cussed in Chang H. et al., Development of a topical suspen 
sion containing three active ingredient, Drug Dev and lnd 
Pharm, 28(1), 29-39 (2002). Einmahl S. et al, Evaluation of 
a novel biomaterial in the suprachoroidal space ofthe rabbit 
eye, Invest Ophthal & V is Sci 43(5); 1533-1539 (2002) 
discusses injection of a poly(ortho ester) into the supracho 
roidal space, and Einmahl S. et al, Therapeutic applications 
of viscous and injectable poly(ortho esters), Adv Drug Del 
Rev 53 (2001) 45-73, discloses that a poly ortho ester 
polymer containing ?uorouracil markedly degrades ?ve 
days after intravitreal administration. See also US. Pat. No. 
5,770,589 (Billson) which discusses intravitreal injection of 
a corticosteroid, such as triamcinolone acetonide. US. Pat. 
No. 5,209,926 (Babcock) discusses ophthalmic use of vari 
ous amino substituted steroids. 

[0015] Known formulations of triamcinolone clear (dif 
fuses out of and/or is removed by one or more active 
transport mechanisms) from the vitreous within at most 
about 90 days, although it has been speculated that with a 
known formulation (Kenalog) the triamcinolone may be 
detectable in the vitreous for no more than four months after 
intravitreal injection. Thus, McCuen B. et al. (1981) supra at 
page 786 noted that after three months no triamcinolone was 
visible in any treated eyes. Others have reported that the 
triamcinolone present in a saline or other aqueous suspen 
sion or solution is upon intravitreal administration cleared 
from the vitreous in about 21-41 days; using opthalmoscopic 
and spectrophotometric detection means to determine dis 
appearance of the injected triamcinolone, in non-vitrecto 
miZed rabbit eyes the average clearance rate of intravitreally 
triamcinolone (0.5 mg) was 41 days, while in eyes having 
undergone vitrectomy or combination vitrectomy and 
lensectomy the average clearance rate was 17 days and 7 
days, respectively. Schindler R. et al., The clearance of 
intravitreal triamcinolone acetonide, Am J Opthalmol 1982; 
93:415-417. Using high-performance liquid chromatogra 
phy (HPLC) complete clearance of intravitreally injected 
triamcinolone (0.4 mg) in 24 rabbit eyes was observed by 21 
days. Scholes G. et al., Clearance of triamcinolone from 
vitreous, Arch Opthalmol 1985; 103:1567-1569.). Such 
rapid clearance from the vitreous can necessitate frequent 
re-administration (re-dosing) in order to effectively treat an 
ocular condition. 

[0016] A triamcinolone pharmaceutical composition 
available under the trade name Kenalog® (Bristol-Myers 
Squibb, Princeton NJ.) has been widely used off-label to 
treat various ocular conditions, including by intravitreal 
administration. Signi?cantly, Kenalog® is approved by the 
US. Food and Drug Administration only for intramuscular 
or intrabursal use, but not for the treatment of any ocular 
conditions. Each milliliter (ml) of Kenalog® 40 composition 
comprises 40 milligrams (mg) of triamcinolone acetonide, 
sodium chloride as a tonicity agent, 10 mg (0.99%) benZyl 
alcohol as a preservative, 7.5 mg (0.75%) of carboxymeth 
ylcellulose sodium and 0.4 mg (0.04%) of polysorbate 80 as 
resuspension aids. 

[0017] It has been reported that Kenalog has a 15 day half 
life in the vitreous with an effect on central macular thick 
ness being observed for up to 140 days after intravitreal 
injection of the Kenalog. Aubren, F. et al., Pharmacokinetic 
Pharmacodynamic modeling ofthe ejfect of Triamcinolone 
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Acetonide on Central Macular Thickness in is Patients with 
Diabetic Macular Edema, Inv Ophth & V is Sci, 45(10); 
3435-3441: October 2004. It has also been reported that 
triamcinolone can be detected in the vitreous up to 93 days 
after a single intravitreal injection of Kenalog (Beer P. et al., 
Intraocular concentration and pharmacokinetics of triam 
cinolone acetonide after a single intravitreal injection, 
Opthal 110(4); 681-686: April 2003), With the triamcinolone 
estimated to be potentially detectable in the vitreous for 
about 4 months. Inoue M. et al., Vitreous concentrations of 
triamcinolone acetonide in human eyes after intravitreal or 
subtenon injection, Am J Opth 138(6); 1046-1048: 2004. 

[0018] Noninfectious endophthalmitis have been reported 
upon intravitreal Kenalog® injection, possibly related to the 
preservative, excipients and/or resuspension aids present in 
Kenalog® (Roth D. et al., Noninfectious endophthalmitis 
associated with intravitreal triamcinolone injection, Arch 
Opthalmol 2003; 121: 1279-1282; Sutter F. et al., Pseudo 
endophthalmitis after intravitreal injection oftriamcinolone, 
Br J Opthalmol 2003; 87:972-974). 

[0019] Additionally, the presence of benZyl alcohol pre 
servative and polysorbate 80 surfactant in Kenalog® can 
potentially damage or be toxic to sensitive ocular tissues, 
such as retinal cells, and for this reason clinicians routinely 
Wash the triamcinolone acetonide precipitate (Which forms 
When Kenalog® is left standing) several times With saline to 
reduce the concentration of these undesirable non-active 
materials from the formulation. Additionally, methods have 
been developed to ?lter out of Kenalog® and from identical 
formulations such as Kenacort-A the preservative, surfac 
tant, and/or resuspension (suspending agents) aids present in 
these formulations. Nishimura A. et al., Isolating Triamci 
nolone acetonideparticlesfor intravitreal use with aporous 
membrane ?lter, Retina, vol 23(6); 777-779 (2003). Such 
Washing and/or ?ltering steps are inconvenient, time con 
suming, and increase the possibility of microbial or endot 
oxin contamination that could lead to intraocular infection 
and in?ammation. 

[0020] Signi?cantly, the triamcinolone acetonide in Kena 
log® 40 tends to rapidly separate and precipitate from the 
remainder of the composition. For example, if Kenalog® is 
left standing for as short a time as about ?ve to ten minutes 
a substantial separation of a triamcinolone acetonide pre 
cipitate from the remainder of the composition occurs. 
Unfortunately, such rapid settling of the triamcinolone also 
occurs With other knoWn saline based suspensions of triam 
cinolone (With or With preservatives and stabiliZers). Thus, 
if the composition is to be injected into the eye it must ?rst 
be vigorously shaken and used promptly after being so 
shaken in order to provide a substantially uniform suspen 
sion. A substantially uniform suspension (Which is not 
provided by Kenalog or other saline based suspensions of 
triamcinolone) is required in order to provide a consistent 
and accurate dose upon administration of the suspension to 
the eye. In addition, resuspension processing requires the 
use of the resuspension aids noted above, at least one of 
Which is less than totally desirable for sensitive ocular 
tissues. At least because of the potential risk of noninfectious 
endophthalmitis from use of the Kenalog® vehicle, devel 
opment of a preservative-free triamcinolone formulation for 
intraocular use to treat an ocular condition (such as a 

posterior ocular condition) is desirable. 
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[0021] Elevated intraocular pressure, that is elevated ante 
rior chamber intraocular pressure, depends on the compara 
tive rates of aqueous production and aqueous drainage, 
primarily through the trabecular meshWork. Increased 
intraocular pressure occurs from a variety of mechanisms 
such as primary or secondary angle-closure glaucoma, pri 
mary or secondary open-angle glaucoma, or combined 
mechanism glaucoma. If inadequately treated, increased 
intraocular pressure may result in glaucomatous optic nerve 
changes and loss of visual ?eld. 

[0022] Known formulations of corticosteroids adminis 
tered by a topical, systemic or peribulbar route can cause an 
increase in anterior chamber intraocular pressure. For 
example, folloWing 4 to 6 Weeks of topical corticosteroid 
administration, 5% of subjects can shoW an elevation in 
intraocular pressure of >16 mmHg and 30% of subjects may 
is shoW an elevation of 6 to 15 mmHg (Armaly M., 
Statistical attributes of the steroid hypertensive response in 
the clinically normal eye, Invest Opthalmol V is Sci 1965; 
4:187-197; Becker B,. Intraocular pressure response to 
topical corticosteroid, Invest Opthalmol V is Sci 1965; 
4:198-205). Additionally, intravitreal administration of 
knoWn formulations of a corticosteroid, such as triamcino 
lone can also result in increased intraocular pressure (Mar 
tidis A. et al., Intravitreal triamcinolone for refractory 
diabetic macular edema, Opthalmology 2002; 109:920-927; 
Jonas J. et al., Intravitreal injection of triamcinolone for 
dijjruse diabetic macular edema, Arch Opthalmol 2003; 
121 :57-61), possibly due to the burst or high release rates of 
triamcinolone from the knoWn formulations. 

[0023] As Well as causing an increase in intraocular pres 
sure, corticosteroids can also cause an increase in cataract 
formation. Corticosteroid-induced cataracts typically shoW 
an axial, posterior subcapsular opacity, Which gradually 
increases in siZe. Nuclear sclerosis is not a typical lens 
change from corticosteroids. Topical, systemic and peribul 
bar corticosteroid administration have all been associated 
With an increased risk of cataract formation (Butcher J. et al., 
Bilateral cataracts and glaucoma induced by long term use 
of steroid eye drops. BM] 1994; 309-343). 

[0024] The intravitreal administration of knoWn triamci 
nolone formulations can therefore also be expected to be 
associated With an increased risk of both elevated intraocular 
pressure and cataract formation. 

[0025] A further adverse effect from ocular corticosteroid 
administration can be in?ammation. Endophthalmitis is a 
type of intraocular in?ammation that can be due to infection 
With pathogens such as bacteria of fungi or can be nonin 
fectious. Clinical features include lid edema, conjunctival 
injection, corneal edema, anterior chamber and vitreous 
in?ammation and hypotonia. Infectious endophthalmitis can 
occur folloWing an intraocular procedure (i.e. cataract sur 
gery, vitrectomy surgery, intravitreal injection), as a result of 
systemic infection, as a result of trauma, or occur as a late 
is feature of conjunctival ?ltering blebs. 

[0026] The most common dose of triamcinolone used to 
treat eyes With macular edema associated With diabetes, 
CRVO or BRVO is 4 mg (Martidis A. et al., Intravitreal 
triamcinolone for refractory diabetic macular edema, 
Opthalmology 2002; 109:920-927). The use of 25 mg of 
triamcinolone has less commonly been used to treat eyes 
With macular edema (Jonas J. et al., Intraocular injection of 
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crystalline cortisone as adjunctive treatment of diabetic 
macular edema, Am J Opthalmol 2001; 132:425-427). 

[0027] Thus, there are signi?cant drawbacks and de?cien 
cies With the known triamcinolone formulations used by 
intravitreal administration to treat an ocular condition, 
including for example rapid clearance from the vitreous, 
elevated intraocular pressure, cataract formation, retinal 
toxicity, and intraocular in?ammation, such as endoph 
thalmitis. 

[0028] Hence, a sterile, preservative-free, sustained 
release triamcinolone preparation is desirable. Additionally, 
because corticosteroids have knoWn ocular toxicities (as 
manifested in the occurrence or development of for example 
elevated IOP, glaucoma and cataract) it is desirable to have 
a triamcinolone formulation for intraocular (i.e. intravitreal) 
use Which does not result in an increased incidence of 
elevated IOP, glaucoma, cataract formation and/or intraocu 
lar in?ammation, or Which has, subsequent to intraocular 
administration of a triamcinolone formulation, a reduced 
incidence of elevated IOP, glaucoma, cataract formation 
and/or intraocular in?ammation as compared to currently 
used or knoWn intraocular (i.e. intravitreal) use triamcino 
lone. 

DRAWINGS 

[0029] FIG. 1 is a bar graph of observed angiographic 
leakage (as assessed on a 1-5 grading scale) on the Y-axis 
versus time of the observation on the X-axis for three groups 
of rabbit eyes: rabbit control (untreated) eyes, rabbit eyes 
intravitreally injected With the 1 mg triamcinolone acetonide 
gel suspension (TAAgS) formulation of Example 8, and 
rabbit eyes intravitreally injected With the 4 mg TAAgS of 
Example 9. The grading (scale 1-5) of late-phase angio 
grams from rabbit eyes Was measured over a thirty Week 
period after intravitreal injection of either the 1 mg TAAgS 
or 4 mg TAAgS. All eyes received intravitreal injection of 
500 ng VEGF at each of the time points shoWn on the X-axis 
folloWed by angiography 48 hrs later. 

[0030] FIG. 2 is a bar graph of observed vitreoretinal 
?uorescence (as area under the curve) on the Y-axis versus 
time of the observation on the X-axis for the same three 
groups of rabbit eyes: rabbit control (untreated) eyes, rabbit 
eyes intravitreally injected With the 1 mg TAAgS, and rabbit 
eyes intravitreally injected With the 4 mg TAAgS (as in FIG. 
1). Scanning vitreal ?uorophotometry measurements of 
VEGF-induced BRB breakdown in rabbit eyes Was mea 
sured over the same thirty Week period after intravitreal 
injection of the 1 mg or 4 mg TAAgS. As in FIG. 1, all eyes 
had received intravitreal injection of 500 ng VEGF at the 
time points shoWn on the X-axis folloWed by ?uorophotom 
etry 48 hrs later. The area under the ?uorescence curve 
(AUC) Was calculated for each eye. 

[0031] FIG. 3 is a bar graph of observed retinal blood 
vessel caliber and tortuosity (grade) on the Y-axis versus 
time of the observation on the X-axis for the same rabbit 
control (untreated) eyes, rabbit eyes intravitreally injected 
With 1 mg TAAgS or With 4 mg TAAgS (as in FIG. 1). 
Subjective grading (on a 1-5 scale) of VEGF-induced 
changes in vessel caliber and tortuosity from fundus images 
of rabbit eyes Was measured over the same thirty Week 
period after intravitreal injection of the 1 or 4 mg TAAgS. As 
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in FIG. 1, all eyes received intravitreal injection of 500 ng 
VEGF at the indicated time points folloWed by fundus image 
capture 48 hrs later. 

[0032] FIG. 4 is a bar graph of observed anterior chamber 
?uorescence (as area under the curve) on the Y-axis versus 
time of the observation on the X-axis for the same rabbit 
control (untreated) eyes, rabbit eyes intravitreally injected 
With 1 mg TAAgS or With 4 mg TAAgS, (as in FIG. 1). 
Scanning ocular ?uorophotometry of VEGF-induced blood 
aqueous barrier breakdown in rabbit eyes Was measured 
over a thirty Week period after intravitreal injection of either 
1 or 4 mg TAAgS. As in FIG. 1, all eyes received intravitreal 
injection of 500 ng VEGF at the indicated time points 
folloWed by anterior chamber ?uorophotometry 48 hrs later. 
The area under the ?uorescence curve (AUC) Was calculated 
for each eye. 

[0033] FIG. 5 is a negative image of a photograph of the 
eye of a rabbit thirty Weeks after intravitreal injection of 50 
pL of the Example 94 mg TAAgS formulation. The photo 
graph Was taken With an 11.0 megapixel, digital Zeiss FF450 
fundus camera coupled to the Zeiss 481 V1supac image 
capture and analysis system. 

[0034] FIG. 6 is a ?oW chart Which summarizes a pre 
ferred manufacturing process for making the triamcinolone 
formulations of Examples 1 to 9. 

[0035] FIG. 7 consists of three bar graphs shoWing the siZe 
(diameter) in microns ot-axis) of triamcinolone acetonide 
particles in three commercial lots of Kenalog-40 vs the 
frequency of occurrence of the measured particles diam 
eters. Triamcinolone acetonide particle siZe diameter and 
distribution Was determined by laser light scattering using a 
Horiba LA 300 instrument. 

[0036] FIG. 8 consists of four bar graphs (A, B, C and D) 
shoWing the siZe (diameter) in microns (x-axis) of triamci 
nolone acetonide particles in four lots of the Example 9 (8% 
Trivaris) formulation vs the frequency of occurrence of the 
measured particles diameters. The line graph in FIGS. 8A to 
8D shoWs the area under the curve for cummulative (%) 
triamcinolone acetonide particle siZe (right hand side y axis). 
Triamcinolone acetonide particle siZe diameter and distri 
bution Was determined by laser light scattering using a 
Horiba LA 300 instrument. 

SUMMARY 

[0037] The present invention provides sterile, preserva 
tive-free, sustained release triamcinolone formulations for 
treating ocular conditions With the desirable characteristics 
of loW ocular toxicities, as manifested in the loW or nominal 
occurrence or development of an elevated IOP, glaucoma, 
cataract and/or intraocular in?ammation. 

[0038] De?nitions 

[0039] As used herein, the Words or terms set forth beloW 
have the folloWing de?nitions. 

[0040] “About” means that the item, parameter or term so 
quali?ed encompasses a range of plus or minus ten percent 
above and beloW the value of the stated item, parameter or 
term. 

[0041] “Administration”, or “to administer” means the 
step of giving (i.e. administering) a pharmaceutical compo 
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sition to a subject. The pharmaceutical compositions dis 
closed herein can be “locally administered”, that is admin 
istered at or in the vicinity of the site at Which a therapeutic 
result or outcome is desired. For example to treat an ocular 
condition (such as for example a macular edema, uveitis or 
macular degeneration) intravitreal injection or implantation 
of a sustained release device such as active agent containing 
polymeric implant can be carried out. “Sustained release” 
means release of an active agent (such as a triamcinolone) 
over a period of about seven days or more, While “extended 
release” means release of an active agent over a period of 
time of less than about seven days. 

[0042] “Entirely free (i.e. “consisting of’ terminology) 
means that Within the detection range of the instrument or 
process being used, the substance cannot be detected or its 
presence cannot be con?rmed. 

[0043] “Essentially free” (or “consisting essentially of”) 
means that only trace amounts of the substance can be 
detected. 

[0044] “Pharmaceutical composition” means a formula 
tion in Which an active ingredient (the active agent) can be 
a steroid, such as a corticosteroid, such as a triamcinolone. 
The Word “formulation” means that there is at least one 
additional ingredient in the pharmaceutical composition 
besides the steroid active ingredient. A pharmaceutical com 
position is therefore a formulation Which is suitable for 
diagnostic or therapeutic administration (ie by intraocular 
injection or by insertion of a depot or implant) to a subject, 
such as a human patient. 

[0045] “Substantially free” means present at a level of less 
than one percent by Weight of the pharmaceutical compo 
sition. 

[0046] All the viscosity values set forth herein Were deter 
mined at 250 C. (unless another temperature is speci?ed). 
Additionally, all the viscosity values set forth herein Were 
determined at a shear rate of about 0.1/second (unless 
another shear rate is speci?ed). 

[0047] The present compositions are highly suitable for 
intravitreal administration into the posterior segments of 
eyes Without requiring any Washing step, While providing 
for reduced ocular, for example, retinal, damage When used 
in an eye. The present compositions are advantageously 
substantially free of added preservative components, for 
example, contain no benZyl alcohol preservative. In addi 
tion, the present compositions advantageously require no 
resuspension aid or aids. Overall, the present compositions 
are easily and effectively injectable into the posterior seg 
ment of an eye of a human or animal and can be maintained 
as a substantially uniform suspension for long periods of 
time, for example, at least about one Week or more, Without 
resuspension processing, for example, Without requiring 
shaking or other agitating of the composition to obtain 
substantial suspension uniformity. In short, is the present 
compositions and methods provide substantial enhance 
ments and advantages, for example, relative to the prior art 
Kenalog® 40 composition and methods of using such prior 
art composition, in the posterior segments of human or 
animal eyes. 

[0048] In one broad aspect of the present invention, com 
positions useful for injection into a posterior segment of an 
eye of a human or animal are provided. Such compositions 
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comprise a corticosteroid component, a viscosity inducing 
component, and an aqueous carrier component. The corti 
costeroid component is present in a therapeutically effective 
amount. The corticosteroid component is present in the 
compositions in a plurality of particles. 

[0049] The present compositions may include a corticos 
teroid component in an amount of up to about 25% (W/v) or 
more of the composition. In one very useful embodiment, 
the corticosteroid component is present in an amount of at 
least about 80 mg/ml of composition. Preferably, the corti 
costeroid component is present in an amount in a range of 
about 1% to about 10% or about 20% (W/v) of the compo 
sition. 

[0050] In one very useful embodiment, the corticosteroid 
component comprises triamcinolone acetonide. The viscos 
ity inducing component is present in an amount effective in 
increasing the viscosity of the composition. Any suitable, 
preferably ophthalmically acceptable, viscosity inducing 
component may be employed in accordance With the present 
invention. Many such viscosity inducing components have 
been proposed and/or used in ophthalmic compositions used 
on or in the eye. Advantageously, the viscosity inducing 
component is present in an amount in a range of about 0.5% 
to about 20% (W/v) of the composition. In one particularly 
useful embodiment, the viscosity inducing component is a 
hyaluronic acid polymer component, such as sodium hyalu 
ronate. 

[0051] In one embodiment, the present compositions have 
a viscosity of at least about 10 cps or at least about 100 cps, 
preferably at least about 1,000 cps, more preferably at least 
about 10,000 cps and still more preferably at least about 
70,000 cps, for example, up to about 250,000 cps, or about 
300,000 cps, at a shear rate of 0.1/second. The present 
compositions are structured or have make-ups so as to be 
effectively, for example, manually, injected into a posterior 
segment of an eye of a human or animal, preferably through 
a 27 gauge needle, more preferably through a 29 or 30 gauge 
needle. 

[0052] Without Wishing to limit the invention to any 
particular theory of operation, it is believed that the use of 
relatively high viscosity compositions, as described herein, 
provides for effective, and preferably substantially uniform, 
suspension of the steroid component particles While, at the 
same time, being injectable into the posterior segment of an 
eye through conventionally, or even smaller than conven 
tionally, used needles. 

[0053] In one embodiment of the invention, the corticos 
teroid component is present in a plurality of particles Which 
are substantially uniformly suspended in the composition 
and remain substantially uniformly suspended in the com 
position for at least about 1 Week, preferably at least about 
2 Weeks or at least about 1 month, and still more preferably 
at least about 6 months or at least about 1 year or at least 
about 2 years, Without requiring resuspension processing, 
that is, Without requiring being shaken or otherWise agitated 
to maintain the corticosteroid component particles substan 
tially uniformly suspended in the composition. 

[0054] Compositions having such substantially uniform 
suspension of corticosteroid component particles, so as to be 
able to provide a consistent and accurate dose upon admin 
istration to an eye, provide substantial advantages relative to 
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the prior art. In particular, the present compositions may be 
manufactured, shipped and stored for substantial periods of 
time Without the corticosteroid component particles precipi 
tating is from the remainder of the composition. Having the 
corticosteroid component particles maintained substantially 
uniformly suspended in the composition alloWs the compo 
sition to provide long term dosing consistency and accuracy 
per unit dose amount administered, Without any need to 
resuspend the corticosteroid particles. 

[0055] The aqueous carrier component is advantageously 
ophthalmically acceptable and may include one or more 
conventional expedients useful in ophthalmic compositions. 
For example, the carrier component may include an effective 
amount of at least one of a preservative component, a 
tonicity component and a buffer component. In one advan 
tageous embodiment, the present compositions include no 
added preservative component. This feature reduces or mini 
miZes or even substantially eliminates adverse reactions in 
the eye Which may be caused by or linked to the presence of 
a preservative component. Although a resuspension compo 
nent may be employed in accordance With the present 
invention, in many instances, because of the ability of the 
present composition to remain a substantially uniform sus 
pension for a long period of time Without requiring resus 
pension processing, the compositions advantageously con 
tain no added resuspension components. 

[0056] Methods of treating posterior segments of the eyes 
of humans or animals are also disclosed and are included 
Within the scope of the present invention. In general, such 
methods comprise administering, e.g. injecting a corticos 
teroid component-containing composition, for example, a 
composition in accordance With the present intention, to a 
posterior segment of an eye of a human or animal. Such 
administering is effective in providing a desired therapeutic 
effect. The administering step advantageously comprises at 
least one of intravitreal injecting, subconjunctival injecting, 
sub-tenon injecting, retrobulbar injecting, suprachoroidal 
injecting and the like. 

[0057] Our invention encompasses a pharmaceutical com 
position for treating a posterior ocular condition. The com 
position can comprise a triamcinolone present in a thera 
peutically effective amount as a plurality of particles; a 
viscosity inducing component in an amount effective to 
increase the viscosity of the composition, and; an aqueous 
carrier component. The composition can have a viscosity of 
at least about 10 cps at a shear rate of about 0.1/second and 
is injectable into the vitreous of a human eye, for example 
through a 27 gauge needle. By reducing the viscosity of our 
formulation it can be injected into the vitreous through a 28, 
29 or 30 gauge needle. 

[0058] Preferably, the triamcinolone particles of the phar 
maceutical composition are substantially uniformly sus 
pended in the composition and the viscosity inducing com 
ponent is a polymeric hyaluronate. 

[0059] A detailed embodiment Within the scope of our 
invention is a pharmaceutical composition for treating a 
posterior ocular condition, comprising triamcinolone par 
ticles; polymeric hyaluronate, in Which the triamcinolone 
particles are suspended; sodium chloride; sodium phosphate, 
and Water. The pharmaceutical composition can have a 
viscosity at a shear rate of about 0.1/second of betWeen 
about 80,000 cps to about 300,000, preferably from about 
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100,000 cps to about 300,000 cps, and most preferably from 
about 1280,000 cps to about 225,000 cps. Note that the 
pharmaceutical composition can have a viscosity at a shear 
rate of about 0.1/second of betWeen about 80,000 cps and 
about 300,000 cps, and that When the pharmaceutical com 
position has a viscosity at a shear rate of about 0.1/second 
of betWeen about 100,000 cps and about 150,000 cps it can 
be injected into the vitreous through a 27, 28, 29 or 30 gauge 
needle. We have found that even With a 300,000 cps our 
formulations can be injected through a 30 gauge needle due 
to shear thinning once the formulation is in movement in the 
syringe. The sodium phosphate present in the pharmaceuti 
cal composition can comprise both monobasic sodium phos 
phate and dibasic sodium phosphate. Additionally, the phar 
maceutical composition can comprise betWeen about 2% 
W/v triamcinolone and about 8% W/v triamcinolone, 
betWeen about 2% W/v hyaluronate and about 3% W/v 
hyaluronate, about 0.6% W/v sodium chloride and about 
0.03% W/v sodium phosphate to about 0.04% W/v sodium 
phosphate. Alternately, the pharmaceutical composition of 
claim 5 can comprise betWeen about is 0.5% W/v hyalur 
onate and about 6% W/v hyaluronate. If desired the hyalu 
ronate can be heated (see Example 15) to decrease its 
molecular Weight (and therefore its viscosity) in the formu 
lation. 

[0060] The pharmaceutical composition can also com 
prises betWeen about 0.6% W/v sodium chloride to about 
0.9% W/v sodium chloride. Generally, more sodium chloride 
is used in the formulation as less phosphate is used in the 
formulation, for example 0.9% sodium chloride can be used 
if no phosphate is present in the formulation, as in this 
manner the tonicity of the formulation can be adjusted to 
obtain the desired isotonicity With physiological ?uid. The 
pharmaceutical composition can comprise betWeen about 
0.0% W/v sodium phosphate and 0.1% W/v sodium phos 
phate. As noted, more phosphate can be used in the formu 
lation if less sodium chloride is present in the formulation so 
as to obtain a desired pH 7.4 buffering effect. 

[0061] A more detailed embodiment Within the scope of 
our invention is a pharmaceutical composition for treating a 
posterior ocular condition, the pharmaceutical composition 
consisting essentially of triamcinolone particles, polymeric 
hyaluronate, in Which polymeric hyaluronate the triamcino 
lone particles are suspended, sodium chloride, sodium phos 
phate, and Water. The pharmaceutical composition can have 
a viscosity at a shear rate 0.1/second at 250 C. of betWeen 
about 128,000 cps and about 225,000 cps and the sodium 
phosphate present in the pharmaceutical composition can be 
present as both monobasic sodium phosphate and dibasic 
sodium phosphate. The most preferable viscosity range is 
140,000 to 280,000 cps at a shear rate 0.1/second at 250 C. 

[0062] A further embodiment of our invention is a triam 
cinolone suspension for treating a posterior ocular condition, 
consisting of triamcinolone particles, polymeric hyalur 
onate, in Which the triamcinolone particles are suspended, 
sodium chloride, dibasic sodium phosphate heptahydrate, 
monobasic sodium phosphate monohydrate, and Water, 
Wherein the composition has a viscosity at a shear rate 
0.1/second of betWeen about is 128,000 cps and about 
225,000 cps. 

[0063] Our invention also includes a method for treating a 
posterior ocular condition by administering (as by injecting) 
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the pharmaceutical composition of claim 1 to the vitreous of 
a human or animal, thereby treating the posterior ocular 
condition. Thus We have invented a method for treating 
macula edema by administering to the vitreous of a human 
eye a pharmaceutical composition comprising a triamcino 
lone, and a hyaluronate, Wherein the pharmaceutical com 
position having a viscosity at a shear rate 0.1/second of 
betWeen about 128,000 cps and about 225,000 cps. 

[0064] A pharmaceutical composition Within the scope of 
our invention for treating a posterior ocular condition can 
comprise a triamcinolone present in a therapeutically effec 
tive amount as a plurality of particles, a viscosity inducing 
component in an amount effective to increase the viscosity 
of the composition, and an aqueous carrier component, 
Wherein the composition has a viscosity of at least about 10 
cps at a shear rate of 0.1/second and is injectable into the 
vitreous of a human eye and Wherein the pharmaceutical 
composition releases the triamcinolone With substantially 
?rst order release kinetics over a period of at least about 45 
days after the intravitreal injection. This pharmaceutical 
composition can exhibit reduced generation of intraocular 
in?ammation, no plume effect (that is no Wide dispersion of 
the triamcinolone into the vitreous as soon as the triamci 
nolone is intravitreally injected), and cohesiveness (as 
shoWn by the retention of the form of the triamcinolone gel 
for 30 Weeks or longer after intravitreal injection of the 
triamcinolone gel formulation) upon intravitreal injection of 
the pharmaceutical composition. 

[0065] Our invention encompasses a method for treating a 
posterior ocular condition, the method comprising the step 
of intravitreal administration of a sustained release pharma 
ceutical composition implant comprising a triamcinolone 
present in a therapeutically effective amount as a plurality of 
particles, a viscosity inducing component in an amount 
effective to increase the viscosity of the composition, and an 
is aqueous carrier component, Wherein the composition has 
a viscosity of at least about 10 cps at a shear rate of 
0.1/ second and is inj ectable into the vitreous of a human eye, 
and Wherein the posterior ocular condition is treated for up 
to about 30 Weeks by the triamcinolone released from the 
implant. In this method the pharmaceutical composition can 
comprise triamcinolone particles, polymeric hyaluronate, in 
Which the triamcinolone particles are suspended, sodium 
chloride, sodium phosphate, and Water. Additionally, the 
intravitreal administration can be injected through a 27 
gauge needle into the vitreous of a human eye, and in an 
aggregate number of patients practise of the method results 
in less intraocular in?ammation than does practise of the 
same method With a second pharmaceutical composition 
Which is a saline solution or suspension of a triamcinolone. 

[0066] Our invention also includes a process for making a 
pharmaceutical composition by (a) mixing triamcinolone 
particles about 4 microns to about 8 microns in diameter 
With sodium chloride crystals, and about 35% to about 40% 
of the total volume of the Water (Water for injection) used to 
make the formulation; (b) heating the triamcinolone and 
sodium chloride mixture to a temperature betWeen about 
120° C. and about 140° C., thereby preparing a ?rst part; (c) 
mixing a sodium phosphate and Water, thereby preparing a 
second part; (d) dissolving sodium hyaluronate With a 
molecular Weight betWeen about 1.0 million Daltons and 
about 1.9 million Daltons in another about 35% to about 
40% of the total Water volume used to make the formulation, 
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folloWed by sterile ?ltration after the dissolving; (e) lyo 
philiZation of the dissolved sodium hyaluronate; (f) recon 
stitution of the lyophiliZed, sterile sodium hyaluronate, 
thereby preparing a third part; and; (g) aseptically combin 
ing the ?rst, second and third parts, thereby making a sterile, 
uniform triamcinolone pharmaceutical composition Which 
is, an opaque White gel suspension suitable for intravitreal 
injection to treat an ocular condition. Water is added as 
needed (q.s.) to make the desired gel suspension Which is 
about 80% to about 90% by Weight Water. 

[0067] Also Within the scope of our invention is a phar 
maceutical composition for treating a posterior ocular con 
dition, the pharmaceutical composition comprising a plural 
ity of corticosteroid particles mixed With a viscous polymer, 
Wherein the pharmaceutical composition has a viscosity of 
betWeen about 130,000 cps and about 300,000 cps at a shear 
rate of about 0.1/second at about 25° C., and the pharma 
ceutical composition can be injected into the vitreous of a 
human eye through a 25 to 33 gauge needle. The corticos 
teroid particles can have a substantially uniform diameter, as 
shoWn for example by FIGS. 8A, 8B, 8C and 8D. Addition 
ally, preferably substantially all (i.e. up to 90-97%) of the 
corticosteroid particles are embedded Within the viscous 
polymer. The corticosteroid can be a triamcinolone and the 
viscous polymer can be a polymeric hyaluronate or a poly 
meric hyaluronic acid. 

[0068] An alternate method for treating a posterior ocular 
condition can comprise the step of injecting into the vitreous 
of a patient’s eye With a posterior ocular condition a viscous 
pharmaceutical composition comprising a plurality of cor 
ticosteroid particles mixed into a viscous polymeric matrix, 
Wherein the pharmaceutical composition has a viscosity of 
betWeen about 130,000 cps and about 300,000 cps at a shear 
rate of about 0.1/ second at about 25° C., such that about one 
hour after the intravitreal injection only about 10% or less 
(or only about 5% or less or only about 3% or less) of the 
corticosteroid particles are present in the vitreous free of the 
polymeric matrix. 

[0069] An alternate process for making an intraocular 
pharmaceutical composition can comprise the step of mixing 
an aqueous suspension of a plurality of corticosteroid par 
ticles and an aqueous solution of a viscous polymeric matrix, 
so that the resulting pharmaceutical composition has a 
viscosity of betWeen about 130,000 cps and about 300,000 
cps at a shear rate of about 0.1/ second at about 25° C. The 
corticosteroid particles can have a median particle siZe of 
betWeen about 4 microns and about 5 microns. By use of this 
process for making an intraocular pharmaceutical composi 
tion the corticosteroid particles can have a stable diameter 
for at least three months after the pharmaceutical has been 
made and stored for three months in a syringe placed 
horiZontally at about 25° C. at about 60% relative humidity. 

[0070] Our invention also includes a pharmaceutical com 
position for treating an articular pathology, the pharmaceu 
tical composition comprising a plurality of corticosteroid 
particles mixed With a viscous polymer, Wherein the phar 
maceutical composition has a viscosity of betWeen about 
130,000 cps and about 300,000 cps at a shear rate of about 
0.1/second at about 25° C. 

[0071] Finally, our invention also includes a method for 
treating an articular pathology, the method comprising the 
step of injecting into a joint of a patient With an articular 
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pathology (such as a joint or spine in?ammation) a viscous 
pharmaceutical composition comprising a plurality of cor 
ticosteroid particles mixed into a viscous polymeric matrix, 
Wherein the pharmaceutical composition has a viscosity of 
betWeen about 130,000 cps and about 300,000 cps at a shear 
rate of about 0.l/second at about 250 C. 

Description 
[0072] The present invention is based upon our discovery 
of triamcinolone formulations speci?cally designed for 
intravitreal injection to treat various ocular conditions, such 
a macula edema. Our triamcinolone formulations have 
numerous superior characteristics and advantages, including 
the following: (1) the triamcinolone present in our formu 
lations does not rapidly settle out from or precipitate from 
the formulations. lmpor‘tantly our formulations have a shelf 
life of at least tWo years, meaning that our formulations can 
be left standing for up to about tWo years before adminis 
tration to an eye, and after tWo years the formulation can still 
provide a consistent and accurate dose of triamcinolone 
upon injection to the formulation to an eye; (2) our formu 
lations are free of preservatives and resuspension aids, such 
as benZyl alcohol and/or a polysorbate; (3) concomitantly, 
our formulations have a much reduced retinal and photore 
ceptor toxicity; (4) as Well as being sterile and preservative 
free our triamcinolone formulations can provide sustained 
release of therapeutic amounts of the triamcinolone over 
multi-month periods upon intravitreal injection of such 
formulations. Thus, our viscous suspension triamcinolone 
formulations can be characterized as sustained release 
implants; (5) intravitreal administration of our triamcinolone 
formulations is not associated With an increased incidence of 
adverse events such as elevated intra ocular pressure, glau 
coma, cataract and/an intraocular in?ammation; (6) intrav 
itreal administration of our triamcinolone formulations is not 
associated With an increased incidence of adverse events 
such elevated intra ocular pressure, glaucoma, cataract and/ 
an intraocular in?ammation as compared to currently used 
or knoWn intraocular (i.e. intravitreal) use triamcinolone 
formulations; (7) our formulations permit triamcinolone 
particles (crystals) to be released (as they solubiliZe in the 
viscous ?uid of the posterior chamber) from a discrete 
unitary location, thereby avoiding the plume effect (rapid 
dispersion) characteristic of aqueous triamcinolone formu 
lations upon intravitreal administration; (8) avoidance of 
plume formation or rapid dispersion upon intravitreal 
administration bene?cially reduces visual ?eld obscuration; 
(9) the sustained release characteristic of our formulations 
reduces the need for intravitreal administration of large drug 
quantities to achieve a desired therapeutic effect; (10) upon 
intravitreal administration, the triamcinolone present in our 
formulations can preferentially be eliminated in posterior 
direction (that is through the retina and optic nerve) as 
opposed to elimination through an anterior route (see eg 
Table 5). This can result in superior treatment of a retinal 
disease With for example reduced ocular hypertension. 

[0073] Advantage (1) above can be provided by formu 
lating the triamcinolone as a viscous, gel suspension, as 
opposed to formulating it as an aqueous or saline based 
formulation. Additionally, advantages (4) and (8) above can 
be provided by particular characteristics of our formulations, 
such as suspension of the triamcinolone in one or more 
particular high molecular Weight hydrogel polymers Which 
permit sustained release of the triamcinolone from a bio 

Sep. 27, 2007 

compatible, biodegradable polymeric matrix, and other 
implant-like characteristics to the formulations, including 
substantially Zero-order in vivo (i.e. intravitreal) release 
kinetics (see eg Table 4). 

[0074] The pluming e?fect occurs When a saline suspen 
sion of a triamcinolone (such as Kenalog) is injected into the 
vitreous. Pluming prevents visualiZation of the back of the 
eye (i.e. the retina is obscured) and also reduces the patient’s 
visual ?eld (reduced vision). 

[0075] Generally, the present invention provides compo 
sitions useful for placement, preferably by injection, into a 
posterior segment of an eye of a human or animal. Such 
compositions in the posterior, e.g., vitreous, of the eye are 
therapeutically effective against one or more conditions 
and/or diseases of the posterior of the eye, and/or one or 
more symptoms of such conditions and/or diseases of the 
posterior of the eye. 

[0076] It is important to note that While preferably the 
compositions disclosed herein are preferably administered 
by intravitreal injection to treat a posterior ocular condition, 
our compositions (i.e. those of Examples 8 and 9) can also 
be administered (as by injection) by other routes, such as for 
example subconjuctival, sub-tenon, periocular, retrobulbar, 
suprachoroidal, and/or intrascleral to effectively treat an 
ocular condition. Additionally, a sutured on re?llable dome 
can be placed over the administration site to prevent or to 
reduce Wash out, leaching and/or diffusion of the active 
agent in a non-preferred direction. 

[0077] Compositions Within the scope of our invention 
can comprise a corticosteroid component; a viscosity induc 
ing component; and an aqueous carrier component. The 
compositions are advantageously ophthalmically accept 
able. One of the important advantages of the present com 
positions is that they are more compatible With or friendly to 
the tissues in the posterior segment of the eye, for example, 
the retina of the eye, relative to compositions previously 
proposed for intravitreal injection into a posterior segment 
of an eye, for example, a composition sold under the 
trademark Kenalog®-40. In particular, the present compo 
sitions advantageously are substantially free of added pre 
servative components or include e?fective preservative com 
ponents Which are more compatible With or friendly to the 
posterior segment, e. g., is retina, of the eye relative to benZyl 
alcohol, Which is included in the Kenalog®-40 composition 
as a preservative. 

[0078] In addition, the present compositions preferably 
include no added resuspension component, such as polysor 
bate-80, Which is included in the Kenalog®-40 composition. 
Many of the other features of the present compositions, as 
described elseWhere herein, also render the present compo 
sitions more compatible With or friendly to the posterior 
segments of the eyes into Which the compositions are placed 
relative to prior art compositions, such as Kenalog®-40. 

[0079] As noted above, the present compositions include 
a corticosteroid component. Such corticosteroid component 
is present in the compositions in a therapeutically effective 
amount, that is in an amount effective in providing a desired 
therapeutic effect in the eye into Which the composition is 
placed. The corticosteroid component is present in the 
composition in a plurality of particles. Any suitable corti 
costeroid component may be employed in according to the 
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present invention. Such corticosteroid component advanta 
geously has a limited solubility in Water, for example, at 250 
C. For example, the corticosteroid component preferably has 
a solubility in Water at 250 C. of less than 10 mg/ml. Of 
course, the corticosteroid component should be ophthalmi 
cally acceptable, that is, should have substantially no sig 
ni?cant or undue detrimental effect of the eye structures or 
tissues. One particularly useful characteristic of the pres 
ently useful corticosteroid components is the ability of such 
component to reduce in?ammation in the posterior segment 
of the eye into Which the composition is placed caused by 
the result of one or more diseases and/or conditions in the 
posterior segment of the eye. 

[0080] Examples of useful corticosteroid components 
include, Without limitation, cortisone, prednesolone, triam 
cinolone, triamcinolone acetonide, ?uorometholone, dexam 
ethosone, medrysone, loteprednol, derivatives thereof and 
mixtures thereof. As is used herein, the term “derivative” 
refers to any substance Which is su?iciently structurally 
similar to the material of Which it is identi?ed as a derivative 
so as to have substantially similar functionality or activity, 
for example, therapeutic effectiveness, as the material When 
the substance is used in place of the material. In one very 
useful embodiment, the corticosteroid component comprises 
triamcinolone acetonide. 

[0081] The corticosteroid component advantageously is 
present in an amount of at least about 10 mg per ml of the 
composition. One important advantage of the present inven 
tion is the effective ability of the present compositions to 
include relatively large amounts or concentrations of the 
corticosteroid component. Thus, the corticosteroid compo 
nent may be present in the present compositions in an 
amount in the range of about 1% or less to about 5% or about 
10% or about 20% or about 30% or more (W/v) of the 
composition. Providing relatively high concentrations or 
amounts of corticosteroid component in the present compo 
sitions is bene?cial in that reduced amounts (volumes for 
injection) of the composition may be required to be placed 
or injected into the posterior segment of the eye in order to 
provide the same amount or more corticosteroid component 
in the posterior segment of the eye relative to compositions, 
such as Kenalog®-40, Which include less than 4% (W/v) of 
the corticosteroid component. Thus, in one very useful 
embodiment, the present compositions include more than 
about 4% (W/v), for example at least about 5% (W/v), to 
about 10% (W/v) or about 20% (W/v) or about 30% (W/v) of 
the corticosteroid component. For example, about 50 pL of 
our Example 8 or 9 formulation provide respectively 2 mg 
and 4 mg of triamcinolone. This is in contrast to other 
formulations (such as Kenalog 40) Which require 100 pL to 
provide 4 mg of triamcinolone. Injection of 100 pL or more 
of a ?uid into the vitreous can result in an excess of ?uid in 
the vitreous With elevated intraocular pressure and leakage 
of the ?uid from the vitreous then potentially occurring. 

[0082] The viscosity inducing component is present in an 
effective amount in increasing, advantageously substantially 
increasing, the viscosity of the composition. Without is 
Wishing to limit the invention to any particular theory of 
operation, it is believed that increasing the viscosity of the 
compositions to values Well in excess of the viscosity of 
Water, for example, at least about 100 cps at a shear rate of 
0.1/second, compositions Which are highly effective for 
placement, e.g., injection, into the posterior segment of an 
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eye of a human or animal are obtained. Along With the 
advantageous placement or inj ectability of the present com 
positions into the posterior segment, the relatively high 
viscosity of the present compositions are believed to 
enhance the ability of the present compositions to maintain 
the corticosteroid component particles in substantially uni 
form suspension in the compositions for prolonged periods 
of time, for example, for as long as 1 to 2 years, Without 
requiring resuspension processing. The relatively high vis 
cosity of the present compositions may also have an addi 
tional bene?t of at least assisting the compositions to have 
the ability to have an increased amount or concentration of 
the corticosteroid component, as discussed elseWhere 
herein, for example, While maintaining such corticosteroid 
component in substantially uniform suspension for pro 
longed periods of time. 

[0083] Advantageously, the present compositions have 
viscosities of at least about 10 cps or at least about 100 cps 
or at least about 1000 cps, more preferably at least about 
10,000 cps and still more preferably at least about 70,000 
cps or more, for example up to about 200,000 cps or about 
250,000 cps, or about 300,000 cps or more, at a shear rate 
of 0.1/ second. The present compositions not only have the 
relatively high viscosity as noted above but also have the 
ability or are structured or made up so as to be effectively 
placeable, e.g., inj ectable, into a posterior segment of an eye 
of a human or animal, preferably through a 27 gauge needle, 
or even through a 30 gauge needle. 

[0084] The presently useful viscosity inducing compo 
nents preferably are shear thinning components in that as the 
present composition containing such a shear thinning vis 
cosity inducing component is passed or injected into the 
posterior segment of an eye, for example, through a narroW 
space, such as 27 gauge needle, under high shear conditions 
the viscosity of the composition is substantially reduced 
during such passage. After such passage, the composition 
regains substantially its pre-injection viscosity so as to 
maintain the corticosteroid component particles in suspen 
sion in the eye. 

[0085] Any suitable viscosity inducing component, for 
example, ophthalmically acceptable viscosity inducing com 
ponent, may be employed in accordance With the present 
invention. Many such viscosity inducing components have 
been proposed and/or used in ophthalmic compositions used 
on or in the eye. The viscosity inducing component is 
present in an amount effective in providing the desired 
viscosity to the composition. Advantageously, the viscosity 
inducing component is present in an amount in a range of 
about 0.5% or about 1.0% to about 5% or about 10% or 
about 20% (W/v) of the composition. The speci?c amount of 
the viscosity inducing component employed depends upon a 
number of factors including, for example and Without limi 
tation, the speci?c viscosity inducing component being 
employed, the molecular Weight of the viscosity inducing 
component being employed, the viscosity desired for the 
present composition being produced and/or used and the like 
factors, such as shear thinning. The viscosity inducing 
component is chosen to provide at least one advantage, and 
preferably multiple advantages, to the present compositions, 
for example, in terms of each of injectability into the 
posterior segment of the eye, viscosity, sustainability of the 
corticosteroid component particles in suspension, for 
example, in substantially uniform suspension, for a pro 
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longed period of time Without resuspension processing, 
compatibility With the tissues in the posterior segment of the 
eye into Which the composition is to be placed and the like 
advantages. More preferably, the selected viscosity inducing 
component is effective to provide tWo or more of the 
above-noted bene?ts, and still more preferably to provide all 
of the above-noted bene?ts. 

[0086] The viscosity inducing component preferably com 
prises a polymeric component and/or at least one viscoelas 
tic agent, such as those materials Which are useful in 
ophthalmic surgical procedures. 
[0087] Examples of useful viscosity inducing components 
include, but are not limited to, hyaluronic acid (such as a 
polymeric hyaluronic acid), carbomers, polyacrylic acid, 
cellulosic derivatives, polycarbophil, polyvinylpyrrolidone, 
gelatin, dextrin, polysaccharides, polyacrylamide, polyvinyl 
alcohol, polyvinyl acetate, derivatives thereof and mixtures 
and copolymers thereof. 

[0088] The molecular Weight of the presently useful vis 
cosity inducing components may be in a range of about 
10,000 Daltons or less to about 2 million Daltons or more. 
In one particularly useful embodiment, the molecular Weight 
of the viscosity inducing component is in a range of about 
100,000 Daltons or about 200,000 Daltons to about 1 million 
Daltons or about 1.5 million Daltons. Again, the molecular 
Weight of the viscosity inducing component useful in accor 
dance With the present invention, may vary over a substan 
tial range based on the type of viscosity inducing component 
employed, and the desired ?nal viscosity of the present 
composition in question, as Well as, possibly one or more 
other factors. 

[0089] In one very useful embodiment, a viscosity induc 
ing component is a polymeric hyaluronate component, for 
example, a metal hyaluronate component, preferably 
selected from alkali metal hyaluronates, alkaline earth metal 
hyaluronates and mixtures thereof, and still more preferably 
selected from sodium hyaluronates, and mixtures thereof. 
The molecular Weight of such hyaluronate component (i.e. a 
polymeric hyaluronic acid) preferably is in a range of about 
50,000 Daltons or about 100,000 Daltons to about 1.3 
million Daltons or about 2 million Daltons. In one embodi 
ment, the present compositions include a polymeric hyalu 
ronate component in an amount in a range about 0.05% to 
about 0.5% (W/v). In a further useful embodiment, the 
hyaluronate component is present in an amount in a range of 
about 1% to about 4% (W/v) of the composition. In this latter 
case, the very high polymer viscosity forms a gel that sloWs 
particle sedimentation rate to the extent that often no resus 
pension processing is necessary over the estimated shelf life, 
for example, at least about 2 years, of the composition. Such 
a composition may be marketed in pre-?lled syringes since 
the gel cannot be easily removed by a needle and syringe 
from a bulk container. Pre-?lled syringes have the advan 
tages of convenience for the injector and the safety Which 
results from less handling. 

[0090] The aqueous carrier component is advantageously 
ophthalmically acceptable and may include one or more 
conventional excipients useful in ophthalmic compositions. 
The present compositions preferably include a major amount 
of liquid Water. The present compositions may be, and are 
preferably, sterile, for example, prior to being used in the 
eye. 
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[0091] The present compositions preferably include at 
least one bulfer component in an amount effective to control 
the pH of the composition and/or at least one tonicity 
component in an amount effective to control the tonicity or 
osmolality of the compositions. More preferably, the present 
compositions include both a buffer component and a tonicity 
component. 

[0092] The buffer component and tonicity component may 
be chosen from those Which are conventional and Well 
knoWn in the ophthalmic art. Examples of such bulfer 
components include, but are not limited to, acetate buffers, 
citrate buffers, phosphate buffers, borate buffers and the like 
and mixtures thereof. Phosphate buffers are particularly 
useful. Useful tonicity components include, but are not 
limited to, salts, particularly sodium chloride, potassium 
chloride, mannitol and other sugar alcohols, and other 
suitable ophthalmically acceptably tonicity component and 
mixtures thereof. 

[0093] The amount of buffer component employed pref 
erably is suf?cient to maintain the pH of the composition in 
a range of about 6 to about 8, more preferably about 7 to 
about 7.5. The amount of tonicity component employed 
preferably is suf?cient to provide an osmolality to the 
present compositions in a range of about 200 to about 400, 
more preferably about 250 to about 350, mOsmol/kg respec 
tively. Advantageously, the present compositions are sub 
stantially isotonic. 

[0094] The present compositions may include one or more 
other components in amounts effective to provide one or 
more useful properties and/or bene?ts to the present com 
positions. For example, although the present compositions 
may be substantially free of added preservative components, 
in other embodiments, the present compositions include 
e?fective amounts of preservative components, preferably 
such components Which are more compatible With or 
friendly to the tissue in the posterior segment of the eye into 
Which the composition is placed than benZyl alcohol. 
Examples of such preservative components include, Without 
limitation, benZalkonium chloride, chlorhexidine, PHMB 
(polyhexamethylene biguamide), methyl and ethyl parabens, 
hexetidine, chlorite components, such as stabiliZed chlorine 
dioxide, metal chlorites and the like, other ophthalmically 
acceptable preservatives and the like and mixtures thereof. 
The concentration of the preservative component, if any, in 
the present compositions is a concentration effective to 
preserve the composition, and is often in a range of about 
0.00001% to about 0.05% or about 0.1% (W/v) of the 
composition. 

[0095] In addition, the present composition may include 
an effective amount of resuspension component effective to 
facilitate the suspension or resuspension of the corticoster 
oid component particles in the present compositions. As 
noted above, in certain embodiments, the present composi 
tions are free of added resuspension components. In other 
embodiments of the present compositions e?fective amounts 
of resuspension components are employed, for example, to 
provide an added degree of insurance that the corticosteroid 
component particles remain in suspension, as desired and/or 
can be relatively easily resuspended in the present compo 
sitions, such resuspension be desired. Advantageously, the 
resuspension component employed in accordance With the 
present invention, if any, is chosen to be more compatible 




























