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Executive Summary:  
Vitreoretinal diseases such as macular degeneration, retinal venous occlusive disease, and uveitis may require repeated local administration of drugs for continued benefit.  Severe cases of uveitis may require repeated intravitreal steroid injections as well as systemic immunosuppressants since topical corticosteroids do not reach therapeutic drug levels in the posterior segment. Repeated intravitreal injections increase the potential risk for complications, such as endophthalmitis, cataract, glaucoma, vitreous hemorrhage, and retinal detachment. Recent developments of drug delivery systems allow long-lasting controlled release of steroids without the unwanted initial burst of drug and associated side effects. 
The dexamethasone intravitreal implant (Ozurdex®) is a sustained-release intravitreal implant of 0.7mg dexamethasone designed to release over a 6 month period. The dexamethasone implant received initial approval for the treatment of macular edema (ME) due to branch retinal vein occlusion (BRVO) or central retinal vein occlusion (CRVO) in 2009 and more recently was approved for posterior segment uveitis. This implant has the potential advantages of less frequent dosing, minimal side effects, biodegradability, and can be injected in an outpatient office setting.
Compared to a sham procedure, the dexamethasone implant was shown to provide patients with ME due to BRVO or CRVO significantly faster 15 letter improvement in best-corrected visual acuity (BCVA) (p<0.001), with a larger proportion of eyes achieving  ≥15 letter improvement in BCVA (p<0.001) at 30 days and 90 days, and a greater cumulative response rate (41% ).
· Ocular adverse events that occurred significantly more frequently in the dexamethasone implant groups than in the sham group were eye pain (7.4%, p=0.023), ocular hypertension (4%, p≤0.002), and anterior chamber cells (1.2%, p≤0.031). 
· The percentage of eyes receiving medication to lower Intraocular Pressure (IOP) increased in the dexamethasone implant groups from 6% to 24% by day 180 and there was no change in the sham group. Most eyes with increases in IOP were managed with topical IOP lowering medication. Five eyes in the dexamethasone implant group required a procedure to reduce IOP (e.g., trabeculoplasty, tube insertion, deep sclerectomy, or cyclocryotherapy).
· Retinal neovascularization was significantly lower in the dexamethasone implant group than the sham group (0.7% vs 2.6%, p≤0.032). 
· The overall rate of nonocular adverse events was similar between the dexamethasone implant (30%) and sham (31%). 
Compared to a sham procedure, the dexamethasone implant was shown to provide a significantly larger percentage of patients with noninfectious uveitis a vitreous haze score of 0 (47%, p<0.001) at week 8 through week 26 (p≤0.014).
· The percentage of eyes in the dexamethasone implant groups requiring IOP lowering medications was ≤ 23% through week 26. The percentage of eyes at any visit requiring more than 1 IOP lowering medication was <8%. No eyes required incisional surgery, laser trabeculoplasty, or cryotherapy for elevated IOP.

· The incidence of cataract formation was not significantly different in the dexamethasone implant groups versus the sham group (P=0.769).
· Ocular adverse events of conjunctival hemorrhage, ocular discomfort, eye pain, and iridocyclitis were not significantly different between the dexamethasone implant groups and the sham group.
Introduction
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating the dexamethasone intravitreal implant for possible addition to the VA National Formulary; (2) define its role in therapy for two indications: Macular Edema (ME) following Branch Retinal Vein Occlusion (BRVO) or Central Retinal Vein Occlusion (CRVO) and Posterior Segment Uveitis; and (3) identify parameters for its rational use in the VA.
Pharmacology/Pharmacokinetics

Mechanism of Action1
Dexamethasone is a potent corticosteroid that suppresses inflammation by inhibiting inflammatory cytokines which results in decreased edema, fibrin deposition, capillary leakage, and migration of inflammatory cells. 
Pharmacokinetics1,2
The dexamethasone intravitreal implant is a sustained-release formulation of 0.7 mg dexamethasone in a Novadur® solid polymer drug delivery system consisting of a poly (D,L-lactide-co-glycolide) (PLGA) matrix material without preservative. Dexamethasone is slowly released until the biodegradable PLGA matrix is dissolved to completion by the vitreous humor.  The PLGA matrix degrades to lactic acid and glycolic acid.

Plasma concentrations were obtained from 21 patients in two 6 month studies prior to dosing and on Days 7, 30, 60, and 90 following the intravitreal implant containing 0.35 mg or 0.7 mg dexamethasone. In both studies, the majority of plasma dexamethasone concentrations were below the lower limit of quantitation (LLOQ = 50 pg/mL).
Plasma dexamethasone concentrations from 10 of 73 samples in the 0.7 mg dose group and from 2 of 42 samples in the 0.35 mg dose group were above the LLOQ, ranging from 52 pg/mL to 94 pg/mL. The highest plasma concentration value of 94 pg/mL was observed in one subject from the 0.7 mg group. Plasma dexamethasone concentration did not appear to be related to age, body weight, or sex of patients.
An in vitro metabolism study observed no metabolites following the incubation of [14C]-dexamethasone with human cornea, iris-ciliary body, choroid, retina, vitreous humor, and sclera tissues for 18 hours.
In vivo, the release profile concentrations of dexamethasone from the implant were shown to be similar to pulse treatment with corticosteroids.2
In vivo, the release profile concentrations of Dex implant.2
	
	Cmax
	Tmax
	AUC

	Retina
	1110ng
	60 days
	47,200ng

	Vitreous Humor
	213ng/ml
	60days
	11,300ng

	Plasma
	1.11ng/ml
	60 days
	47,200ng


Dexamethasone was found in ocular tissues up to 6 months after administration of the implant. 2 
FDA Approved Indication(s) 

1. Macular Edema (ME) following Branch Retinal Vein Occlusion (BRVO) or Central Retinal Vein Occlusion (CRVO). 
2. Posterior Segment Uveitis: non-infectious uveitis affecting the posterior segment of the eye.
Potential Off-label Uses

This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).

Potential off-label uses of the dexamethasone intravitreal implant include: the treatment of diabetic macular edema, age-related macular degeneration, adjuvant therapy in postoperative endophthalmitis and vitreoretinal surgery.
Current Alternatives

Triamcinolone acetate injection (Triesence™) is a formulary item and has been used as an off-label adjunctive therapy for ME with a limitation of required repeated injections of 1-4mg as frequent as every 3-4 months.  It is associated with side effects of cataract formation and increased intraocular pressure (IOP).3 
Ranibizumab (Lucentis®) is FDA approved for use in ME with limitations of required repeated injections of 0.5mg as frequently as every month and is associated with side effects of endophthalmitis, retinal detachments, increased IOP, and thromboembolic events.4 Current VA formulary use of Lucentis® is restricted to ophthalmology/retinal specialists for the treatment of wet age-related macular degeneration (AMD). 
Fluocinolone acetonide (Retisert®) intravitreal implant is FDA approved for use in non-infectious uveitis of the posterior segment of the eye. Retisert® is a non-biodegradable implant that requires a surgical procedure in the operating theatre and is associated with side effects of marked cataract formation (nearly all eyes are expected to develop cataracts and require cataract surgery), significantly increased IOP (77% of patients requiring IOP lowering medications and 37% of patients requiring trabeculectomy surgery), scleral thinning, vitreous bandformation, and the development of cytomegalovirus retinitis and endothelitis.5
Dosage and Administration

Dosage1
The dexamethasone intravitreal implant polymer drug delivery system contains 0.7mg of dexamethasone. 
Administration1
The rod-shaped dexamethasone intravitreal implant is preloaded into a single-use plastic applicator to facilitate the implantation directly into the vitreous. Each applicator can only be used for the treatment of a single eye. Each eye requires a new applicator and a new sterile field. Syringe, gloves, drapes, and eyelid speculum should be changed before the dexamethsone implant is administered to each eye.
The injection procedure of the intravitreal implant should be carried out under controlled aseptic conditions which include use of sterile gloves, a sterile drape, and a sterile eyelid speculum (or equivalent).  Adequate anesthesia and a broad-spectrum microbicide are recommended to be given prior to the injection.
Remove the foil pouch from the carton and examine for damage. Open the foil pouch over a sterile field and gently drop the applicator on a sterile tray. Carefully remove the cap from the applicator by holding the applicator in one hand and pulling the safety tab straight off the applicator with the other hand. Do not twist or flex the tab. 
The long axis of the applicator should be held parallel to the limbus, and the sclera should be engaged at an oblique angle with the bevel of the needle up (away from the sclera) to create a shelved scleral path. 
The tip of the needle is advanced within the sclera for about 1 mm (parallel to the limbus), then re-directed toward the center of the eye and advanced until penetration of the sclera is completed and the vitreous cavity is entered. The needle should not be advanced past the point where the sleeve touches the conjunctiva.

Slowly depress the actuator button until an audible click is noted. Ensure the actuator button is fully depressed and locked flush with the applicator surface before withdrawing the applicator from the eye. Remove the needle in the same direction as used to enter the vitreous.

Following the intravitreal injection, patients should be monitored for elevation in IOP and for endophthalmitis. Monitoring may consist of a check for perfusion of the optic nerve head immediately after the injection, tonometry within 30 minutes following the injection, and biomicroscopy between two and seven days following the injection. 
Patients should be instructed to report any symptoms suggestive of endophthalmitis without delay.
Outcomes Measures 

Haller et al., also known as the Ozurdex Geneva Study Group, measured primary outcomes involving a 15 letter improvement in best-corrected visual acuity (BCVA). BCVA measured using a standardized Early Treatment Diabetic Retinopathy Study protocol.6,7
· Primary outcome of the 1st Phase: proportion of eyes achieving ≥ 15 letter improvement from baseline best-corrected visual acuity (BCVA) at day 180.

· Primary outcome of the 2nd Phase: time to reach a 15 letter improvement from baseline BCVA.
· Secondary outcomes included: proportion of eyes achieving at least a 10,11,12, 13, 14, or 15 letter improvement from baseline BCVA; proportion of eyes exhibiting ≥15 letters of worsening from baseline BCVA; the mean change from baseline BCVA; and central subfield retinal thickness.
· Central subfield retinal thickness was measured using optical coherence tomography (OCT) with an OCT2 (Carl Zeiss Meditec Inc., Dublin, CA; 1 site only) or OCT3 (Stratus OCT, Carl Zeiss Meditec Inc.; all other sites) system after pupil dilation. The average of 6 OCT images obtained at each follow-up visit (days 90 and 180) was used to determine the central subfield retinal thickness. Material obtained via OCT included retinal maps (especially the 6-mm variant and the 6 maps composing the radial pattern) and the 2 align (or align/normalize) prints from the 6 to 12 o’clock and 3 to 9 o’clock scans (“crosshairs”) in the radial pattern. These materials were sent to the University of Wisconsin Fundus Photograph Reading Center for grading. Central retinal thickness was determined from the central 1-mm macular subfield (correlation between center point thickness and central subfield thickness was 0.98).
· OCT is a noncontact, noninvasive technique standardized method of measuring macular thickness by utilizing an algorithm to calculate estimated thickening by comparing retinal thickness at several locations including the center point, central subfield, and 4 inner and 4 outer zones of the macula with a normal patient database. Cross-sectional information concerning retinal topography and internal tissue structure is obtained with 10 µm of longitudinal resolution from the time delay of reflected light using low coherence interferometry.8
Lowder, et al., also known as the Ozurdex Huron Study Group, measured the primary outcome of the proportion of patients with a vitreous haze score of 0 at week 8.9
· Vitreous haze was measured using a standardized photographic scale ranging from 0 to 4, [0=no inflammation, +0.5=trace inflammation (slight blurring of the optic disc margins and/or loss of the nerve fiber layer reflex), +1=mild blurring of the retinal vessels and optic nerve,+1.5=optic nerve head and posterior retina view obscuration greater than +1 but < +2, +2=moderate blurring of the optic nerve head, +3=marked blurring of the optic nerve head, and +4=optic nerve head not visible]. In clinical practice, the majority of patients with uveitis have a vitreous haze score < +2. 
· Secondary outcomes: time to a vitreous haze score of 0, the proportion of patients achieving ≥ 2 units of improvement in vitreous haze score, mean change from baseline in vitreous haze scores through week 26, best-corrected visual acuity (BCVA), and central macular thickness. 
Efficacy 

Macular Edema (ME) Efficacy Measures6
Haller, et al. performed a 2-phase series of randomized, prospective, multicenter, double-blind, sham-controlled, parallel-group clinical trials evaluating the safety and efficacy of the dexamethasone implant in ME associated with RVO over a period of 180 days. 
· Eyes receiving dexamethasone implant 0.7mg or 0.35mg achieved a 15 letter improvement in BCVA significantly faster than the eyes receiving sham treatment (p<0.001). 
· At day 180, the cumulative response rate was 41% in the dexamethasone implant 0.7mg group, 40% in the dexamethasone implant 0.35mg group, and 23% in the sham group. 
· The proportion of eyes achieving a ≥15 letter improvement in BCVA was significantly (p<0.001) improved at 30 days and 90 days after single treatments with either the 0.7mg or 0.35mg dexamethasone implant compared to the sham, with the greatest response (29%) at day 60. 
· The response rates in the dexamethasone implant 0.7mg group were often numerically higher than those in the 0.35mg group, but this difference was not statistically significant.

· Between-group differences in the time to a 15 letter gain were also statistically significant when each of the individual phase studies was analyzed separately in an analysis of the per-protocol population (p<0.001).
· The mean decrease in central subfield retinal thickness was significantly greater with both dexamethasone implants 0.7mg (208µm) and 0.35mg (177µm) than with sham treatment (85µm; p<0.00l) at day 90 but not at day 180. The number of eyes with retinal thickness ≤ 250 µm at day 90 was 36.3% in the dexamethasone implant 0.7mg group, 34.1% in the dexamethasone implant 0.35mg group, and 15.6% in the sham group (p<0.00l).

· A prespecified analysis of the BRVO and CRVO subgroups and key efficacy outcomes were similar to the responses seen in the overall population (time to 15 letter improvement, p<0.001; proportion of eyes achieving at least a 15 letter improvement, p<0.002; and mean change from baseline BCVA, p<0.001), but the response in the sham group was greater in the BRVO subgroup than in the CRVO subgroup in all efficacy analyses. Mean BCVA slightly improved in BRVO eyes treated with sham, but gradually declined to below baseline levels among CRVO eyes treated with sham.
· A post hoc subgroup analysis found the response to treatment was often greater among eyes with a ME duration of 90 days versus ME duration >90 days. At day 60, the dexamethasone implant 0.7mg group, the proportion of eyes improving by 15 letters was 38% in eyes with ME duration 90 days and 27% in eyes with ME duration >90 days; in the dexamethasone implant 0.35mg group, the proportion of eyes improving 15 letters was 35% in eyes with ME duration 90 days and 27% in eyes with ME duration >90 days. The peak mean change from baseline BCVA on day 60 in the dexamethasone implant 0.7mg group was 11.7 letters in eyes with ME duration 90 days and 9.4 letters in eyes with ME duration >90 days; in the dexamethasone implant 0.35mg group, the peak mean change was 9.9 letters in eyes with ME duration 90 days and 9.6 letters in eyes with ME duration >90 days. Improvements in the sham group were also greater among patients with shorter duration of ME.
Posterior Segment Uveitis Efficacy Measures9
Lowder, et al. performed a randomized, prospective, multicenter, double-blind, sham-controlled, parallel-group clinical trial evaluating the safety and efficacy of the dexamethasone implant in noninfectious intermediate or posterior uveitis. 
· The primary outcome of the percentage of eyes with a vitreous haze score of 0 at week 8 was significantly greater in both the 0.7mg dexamethasone implant group (47%; p<0.001) and the 0.35mg dexamethasone implant group (36%; p<0.001) than the sham group (12%). 
· The percentage of eyes with a vitreous haze score of 0 was also significantly greater in the 0.7mg dexamethasone implant group than the sham group at weeks 6-26 (p≤0.014) and in the 0.35mg dexamethasone implant group at weeks 6-12 and weeks 20 and 26 (p≤0.030). 
· There was no statistically significant difference between the 0.7mg and 0.35mg dexamethasone implant groups.
· The proportion of eyes achieving ≥ 15 letter improvement from baseline BCVA was 2- to 6-fold greater in the dexamethasone implant groups than the sham group throughout the study period and statistically significant at all time points for the dexamethasone implant group (p<0.001) and the 0.35mg dexamethasone implant group (p≤0.027).
· The mean improvement from baseline BCVA was statistically significantly greater at all time points for the 0.7mg dexamethasone implant group (p≤0.002) and at all time points except week 26 for the 0.35mg dexamethasone implant group (p≤0.010).
· At weeks 8 and 26, both dexamethasone implant groups had significantly lower central macular thickness (CMT) compared with their corresponding baseline (p≤0.004) while changes in the CMT of the sham group were not significantly different from the baseline (p≥0.092).

· The mean change from baseline CMT was not statistically different between the different doses of dexamethasone (p≥0.516).

For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (starting on page 13).
Adverse Events (Safety Data)
Adverse Reactions reported by the Geneva Study Group6
	Adverse Reaction
	Dex Implant 0.7mg

N=421 (%)
	Dex Implant 0.35mg

N=412 (%)
	Sham

N=423 (%)
	p value vs sham

0.35mg/0.7mg

	Conjunctival hemorrhage
	85 (20.2%)
	72 (17.5%)
	63 (14.9%)
	NS/NS

	Eye pain
	31 (7.4%)
	17 (4.1%)
	16 (3.8%)
	0.023/NS

	Conjunctival hyperemia
	28 (6.7%)
	27 (6.6%)
	20 (4.7%)
	NS/NS

	Maculopathy
	19 (4.5%)
	22 (5.3%)
	23 (5.4%)
	NS/NS

	Ocular hypertension 
	17 (4%)
	16 (3.9%)
	3 (0.7%)
	0.001/0.002

	Cataracta
	31 (7.3%)
	17 (4.1%)
	19 (4.5%)
	NS/NS

	Vitreous floaters
	13 (3.1%)
	5 (1.2%)
	6 (1.4%)
	NS/NS

	Vitreous detachment
	12 (2.9%)
	12 (2.9%)
	8 (1.9%)
	NS/NS

	Retinal hemorrhage
	12 (2.9%)
	8 (1.9%)
	10 (2.4%)
	NS/NS

	Foreign-body sensation
	11 (2.6%)
	7 (1.7%)
	11 (2.6%)
	NS/NS

	Vitreous hemorrhage
	10 (2.4%)
	13 (3.2%)
	12 (2.8%)
	NS/NS

	Retinal exudates
	10 (2.4%)
	4 (1%)
	14 (3.3%)
	NS/NS

	Conjunctival edema
	9 (2.1%)
	16 (3.9%)
	7 (1.7%)
	NS/NS

	Visual acuity reduced
	7 (1.7%)
	7 (1.7%)
	9 (2.1%)
	NS/NS

	Retinal neovascularization
	3 (0.7%)
	4 (1%)
	11 (2.6%)
	NS/0.032

	Anterior chamber cells
	5 (1.2%)
	7 (1.7%)
	0 (0%)
	0.031/0.007


NS=Not Statistically Significant; Dex = dexamethasone
a Includes events of cataract, cataract cortical, cataract nuclear, or cataract subcapsular.
The overall incidence of ocular adverse events was significantly higher in the dexamethasone implant 0.7mg group (62.9%) and the 0.35mg group (61.9%) than in the sham group (42.8%, p<0.001). 
There was no statistically significant difference in the ocular adverse events between the dexamethasone implant 0.7mg and 0.35mg groups.
The percentage of eyes receiving IOP lowering medication increased in the dexamethasone implant groups from 6% to 24% by day 180 and there was no change in the sham group. Most eyes with increases in IOP were managed with topical IOP lowering medication. 
The overall rate of nonocular adverse events was similar in the 3 treatment groups (30% vs. 29%, vs. 31%) in the dexamethasone implant 0.7mg vs. 0.35mg vs sham arm, respectively.  Five eyes (3 in the dexamethasone implant 0.7mg group and 2 in the 0.35mg group) required a procedure to reduce IOP (e.g., trabeculoplasty, tube insertion, deep sclerectomy, or cyclocryotherapy).
Adverse Reactions reported by the Huron Study Group9
The percentage of eyes requiring rescue medication was greater in the 0.7mg dexamethasone implant group compared with the 0.35mg group, except at weeks 3 and 26.  This difference was not statistically significant.

The percentage of eyes in the 0.7mg dexamethasone implant group requiring IOP lowering medications was ≤ 23% through week 26. The percentage of eyes at any visit requiring more than 1 IOP lowering medication was <8%. No eyes required incisional surgery, laser trabeculoplasty, or cryotherapy for elevated IOP.

Cataracts were reported as adverse events in 15% of the phakic eyes in the 0.7mg dexamethasone implant group, 12% of the phakic eyes in the 0.35mg group, and 7% of the phakic eyes in the sham group; differences were not statistically significant (p=0.769).
Common Ocular Adverse Events reported by the Huron Study Group9
	Adverse Event
	Dex Implant 0.7mg
	Dex Implant 0.35mg
	Sham

	Conjunctival Hemorrhage 
	30%
	16%
	21%

	Ocular Discomfort
	13%
	4%
	8%

	Eye Pain
	12%
	11%
	13%

	Iridocyclitis
	9%
	1%
	5%


Between-group differences of common ocular adverse events were not statistically significant.
Adverse Reactions Reported by > 2% of Patients in the First Six Months: Combined results from 3 initial, randomized, 6-month, sham-controlled clinical trials1
	Adverse Reaction
	Dexamethasone

n=497 (%)
	Sham

n=498 (%)

	Ophthalmic

	Increased intraocular pressure (IOP) 
	125 (25%)
	10 (2%)

	Conjunctival hemorrhage
	108 (22%)
	79 (16%)

	Eye pain
	40 (8%)
	26 (5%)

	Conjunctival hyperemia
	33 (7%)
	27 (5%)

	Ocular hypertension
	23 (5%)
	3 (1%)

	Cataract
	24 (5%)
	10 (2%)

	Vitreous detachment
	12 (2%)
	8 (2%)

	Miscellaneous

	Headache
	19 (4%)
	12 (2%)


Increased IOP in the dexamethasone implant treatment group peaked at day 60 and returned to baseline by day 180. During the initial treatment period, 1% of the dexamethasone implant treatment group required laser or surgical procedures for management of elevated IOP.1,10
The overall incidence of cataracts was higher after 1 year, in patients receiving a second injection of the dexamethasone implant.1
Deaths and Other Serious Adverse Events (Sentinel Events)
The Geneva Trial reported no statistically significant between-group difference of the overall incidence of serious adverse events.  Serious adverse events occurred in 5.0% of the dexamethasone implant 0.7mg group, 6.6% of the 0.35mg group, and 5.9% in the sham group.6
Common Adverse Events

The most common adverse events reported by ≥20% of patients:1
· Increased IOP 

· Conjunctival hemorrhage

Patients may experience temporary visual blurring after receiving the intravitreal injection. Patients should be advised not to drive or operate machinery until the visual blurring has resolved.10
For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials (starting on page 13).

Precautions/Contraindications

Intravitreal injection-related and steroid-related effects are potential complications following dexamethasone implant treatment. Patients should be monitored following the injection.
Patients should be counseled to seek immediate ophthalmologist care if the treated eye(s) becomes red, sensitive to light, painful, or develops a change in vision.1
Precautions:1
Intravitreal injections are associated with endophthalmitis, eye inflammation, increased IOP, and retinal detachments.

Corticosteroids are associated with posterior subcapsular cataracts, increased IOP, glaucoma, and secondary ocular infections of bacteria, fungi, or viruses.

Corticosteroids should be used cautiously in patients with a history of ocular herpes simplex.
Contraindications: (absolute and relative contraindications are not explicitly differentiated in the manufacturers package insert)1
1. Ocular or Periocular Infections: Active or suspected ocular or periocular infections including most viral diseases of the cornea and conjunctiva, including active epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, mycobacterial infections, and fungal diseases.
2. Advanced Glaucoma.
3. Hypersensitivity: Known hypersensitivity to any components of this product.
Carcinogenic/Mutagenic effects:1 
No adequate studies in animals have been conducted to determine the carcinogenic or mutagenic potential of the dexamethasone implant.
Pregnancy/Lactation:1 
Pregnancy category C: No adequate and well-controlled studies in pregnant women. Use the dexamethasone implant in pregnant patients only if the potential benefit justifies the potential risk to the fetus.

Lactation: There is no data on whether the ocular administration of corticosteroids could result in sufficient systemic absorption to produce detectable quantities in human breast milk. Systemically administered corticosteroids appear in human breast milk and could suppress growth, interfere with endogenous corticosteroid production, or cause other untoward effects. Exercise caution when corticosteroids are administered to a breast-feeding woman. 

Pediatric Use:1 
There are no published pediatric population evaluations available at this time.
Geriatric Use:1 
No overall differences in safety or effectiveness were observed between elderly and younger patients.

Look-alike / Sound-alike (LA / SA) Error Risk Potential
As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion: 
	Drug Name
	Potential Name Confusion

	Dexamethasone (generic)
	desoximetasone, dextroamphetamine

	Ozurdex (brand)
	Avonex, Aurodex, Azelex, Asmanex, Arthrotec


Drug Interactions

Since plasma concentrations obtained from two 6 month studies indicate that the majority of patients had plasma dexamethasone concentrations below the lower limit of quantitation, systemic effects causing drug-drug interactions would not be expected.

Drug-Drug Interactions1 
No drug-drug interactions have been identified.

Drug-Lab Interactions1 
No drug-lab interactions have been identified.

Drug-Disease Interactions1 
1. Ocular or Periocular Infections

2. Advanced Glaucoma
Acquisition Costs

The acquisition cost for the dexamethasone intravitreal implant is shown in Table 1.  These prices are Federal Supply Schedule prices, available through the VA Prime Vendor (McKesson).

Table 1.  Cost of intravitreal therapy for the treatment of non-infectious posterior uveitis
	Drug
	Dose
	Cost/Dose/patient ($)
	Cost/Year/patient ($)

	Dexamethasone intravitreal implant (Ozurdex()
	0.7mg over 6 months
	938
	1876a


	Triamcinolone acetonide intravitreal injection (Triesence™)
	40mg/ml, 1ml vial
	92
	368b

	Fluocinolone Acetonide Intravitreal Implant (Retisert®)
	0.59 µg/day over 30  months
	13,222
	5,289c


a Pricing based on expected drug release over 6 months and a high cost estimation of two implants per year.

b Pricing based on estimated 4 injections per year; cost does not include preparation costs of drawing up individual doses.
c Pricing based on expected one implant per year.
Table 2.  Cost of intravitreal therapy for Retinal Vein Occlusion
	Drug
	Dose
	Cost/Dose/patient ($)
	Cost/Year/patient ($)

	Dexamethasone intravitreal implant (Ozurdex()
	0.7mg over 6 months
	938
	1876a


	Triamcinolone acetonide intravitreal injection (Triesence™)
	40mg/ml, 1ml vial
	92
	368b,e

	Fluocinolone Acetonide Intravitreal Implant (Retisert®)
	0.59 µg/day over 30  months
	13,222
	5,289c

	Ranibizumab (Lucentis®) injection
	0.5 mg (0.05 ml) every 28 days
	1457
	18,941e

	Bevacizumab (Avastin®)

injection
	1.25 mg (0.05 ml) every 28 days
	$16
	208d,e


a Pricing based on expected drug release over 6 months and a high cost estimation of two implants per year.

b Pricing based on estimated 4 injections per year.
c Pricing based on expected one implant per year. 
d Pricing based on use of one syringe of bevacizumab 1.25mg/0.05ml from 25 syringes withdrawn from a 25 mg/ml, 4ml vial.

e Cost does not include preparation costs of drawing up individual doses.
Pharmacoeconomic Analysis

There are no published pharmacoeconomic evaluations available at this time.
Conclusions

Treatment options for retinal vein occlusion include laser photocoagulation, intravitreal corticosteroids (i.e. triamcinolone acetonide, dexamethasone) and VEGF-inhibitors (i.e. ranibizumab) .  Non-infectious uveitis of the posterior segment of the eye is typically treated with topical corticosteroids.  Oral corticosteroids are reserved for those who show resistance to topical therapy.  Studies comparing pharmacotherapeutic agents have not been performed for either RVO or uveitis.  

The dexamethasone intravitreal implant has potential advantages over intravitreal, systemic, and other implantable steroids including: extended efficacy duration thereby minimizing repeated ocular manipulations, a side effect profile comparable to other injectable intraocular corticosteroids, biodegradability, and ease of administration since it can be injected in an outpatient setting. The efficacy of the dexamethasone implant compared to other treatment options remains to be elucidated. 
The dexamethasone implant has shown to provide significant benefits of faster 15 letter improvement in best-corrected visual acuity (BCVA), a larger proportion of eyes achieving ≥15 letter improvement in BCVA, and a greater cumulative response rate over a sham procedure for ME treatment. The implant has shown to provide a significant benefit of a vitreous haze score of 0 at week 8 through week 26 over a sham procedure for noninfectious uveitis.
Longer follow-up data is needed with the dexamethasone implant, as the current data shows safety and efficacy for up to 6 months.  Currently, there is no published data concerning the retreatment of patients with the dexamethasone implant.  Data on file with the manufacturer includes a 6-month open label follow-up of the Phase III study in RVO.  All patients in the open label study (n=997) received a dexamethasone implant 0.7 mg at day 180 regardless of whether they received a dexamethasone implant or sham in the prior 6 months.  These patients received follow-up until day 360.  The responses appeared to be comparable to those noted in the first 6-month period, with the greatest improvement in those who initially received sham treatment.  Changes in IOP were noted during the second 6-month period, similar to those noted in the first 6-months.  Cataract extractions were greater in the retreated vs. single-treated populations (n=8, study eye; n=5, non-study eye vs. n=3).  There is no retreatment data available for the posterior uveitis population.  The retreatment data needs to be confirmed in a published, peer-reviewed format.
The dexamethasone intravitreal implant is an effective and viable treatment option for both macular edema and posterior segment uveitis.
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Appendix:  Clinical Trials
A literature search was performed on PubMed/Medline (1966 to February 2011) using the search terms <Ozurdex>, <dexamethasone> and <implant>. Reference lists of review articles were searched for relevant clinical trials. All randomized controlled trials and one pharmacokinetic trial published in peer-reviewed journals were included.

Ozurdex Geneva Study Group Trials

	Citation
	Haller JA, Bandello F, Belfort R, Blumenkranz MS, Gillies M, Heier J, Loewenstein A, Yoon YH, Jacques ML, Jiao J, Li XY, Whitcup SM (Ozurdex Geneva Study Group). Randomized, sham-controlled trial of dexamethasone intravitreal implant in patients with macular edema due to retinal vein occlusion. Ophthalmology 2010;117:1134-46.

	Study Goals
	To evaluate the safety and efficacy of DEX implant 0.35mg and 0.7mg compared to a sham procedure in patients with vision loss due to macular edema (ME) associated with branch retinal vein occlusion (BRVO) or central retinal vein occlusion (CRVO).

	Methods
	Study Design 

Two randomized, prospective, multicenter (167 clinical sites, 24 countries), double-blinded, sham-controlled, parallel-group clinical trials.
1267 patients randomized to study groups in a 1:1:1 allocation ratio and follow-up lasted 180 days.

Outcomes

Primary outcome of the 1st Phase: proportion of eyes achieving ≥ 15 letter improvement from baseline best-corrected visual acuity (BCVA) at day 180.

Primary outcome of the 2nd Phase: time to reach a 15 letter improvement from baseline BCVA.
Secondary outcomes of pooled data: proportion of eyes achieving at least a 10,11,12, 13, 14, or 15 letter improvement from baseline BCVA; proportion of eyes exhibiting ≥15 letters of worsening from baseline BCVA; the mean change from baseline BCVA; and central subfield retinal thickness measured using optical coherence tomography (OCT).

Prospectively planned subgroup analyses: changes in BCVA based on the type of retinal vein occlusion (RVO) diagnosis (BRVO vs. CRVO). 

Post-hoc subgroup analysis: changes in BCVA based on duration of ME at baseline.

Treatment

Dex implants 0.35mg or 0.7mg or a sham procedure.

Each study eye was pretreated with topical and subconjunctival anesthetics and prepared according to standard clinical practice for intravitreal injection. The Dex implant was inserted into the vitreous cavity through the pars plana using a customized, single-use, 22-gauge applicator. The sham procedure followed the same protocol but used a needleless applicator placed against the conjunctiva to simulate the placement of the implant. Patients were treated with topical ophthalmic antibiotics 4 times daily starting 3 days prior to and 3 days after the procedure.

Prohibited therapies included: laser/surgical treatment; topical NSAIDs; intravitreal, periocular, topical, or systemic steroids; immunosuppressants; immunomodulators; anticoagulants; antimetabolites; and alkylating agents.
Data Analysis

Intention-to-treat analysis on all safety and efficacy outcomes including patients who received prohibited therapies recorded as escape treatments. Safety analysis included patients who received study treatment after randomization and were based on the actual treatment that each patient received.
Per-protocol efficacy analysis excluded patients who received prohibited therapies considered major protocol violations.
The Kaplan—Meier method was used to analyze the time to reach a 15 letter improvement from baseline. The log-rank test was used to compare the cumulative (6 month) response rates between the treatment groups. The Pearson X2 test or Fisher exact test was used to analyze categoric variables.

Continuous variables were analyzed using analysis of variance. The Wilcoxon rank-sum test was used to compare categoric change from baseline BCVA between groups.
The comparisons for the secondary outcome measures were performed at α = 0.05 significance level. All tests were 2-sided.

Based on a 2-sided chi-square test at α=0.05, assuming a 9% improvement rate for sham, a sample size of 495 eyes (165 per group) for each study was estimated to provide an 81% power for detecting an 11% difference in the proportion of eyes that achieved ≥ 15 letter improvement in BCVA at day 180. 
Prospectively defined subgroup analyses. 

Separate analyses of the BRVO and CRVO populations were evaluated for:  time to 15 letter improvement, proportion of eyes achieving ≥15 letter improvement, and mean change from baseline BCVA.

	Criteria
	Inclusion criteria

At least 18 years of age with decreased visual acuity due to clinically detectable ME associated with CRVO (between 6 weeks and 9 months from initial diagnosis) or BRVO (between 6 weeks and 12 months from initial diagnosis). One study eye per patient was allowed. If both eyes were eligible, then the eye with the shorter duration of ME was selected. BCVA between 34 letters (20/200) and 68 letters (20/50) in the study eye and better than 34 letters in the nonstudy eye. Central subfield retinal thickness ≥ 300 µm in the study eye.
Exclusion criteria

Clinically significant epiretinal membrane, active retinal or optic disc neovascularization, active or history of choroidal neovascularization, presence of rubeosis iridis, any active infection, aphakia, anterior-chamber intraocular lens, clinically significant media opacity, diabetic retinopathy in either eye, any uncontrolled systemic disease, currently using or anticipating the use of systemic steroids or anticoagulants during the study, or any ocular condition in the study eye that would prevent a 15-letter improvement in visual acuity (in the opinion of the investigator).

	Results
	Dex implant 0.7mg treatment group, n=427; Dex implant 0.3mg treatment group, n=414, Sham group, n=426.

There were no statistically significant differences of baseline characteristics among the 3 treatment groups. 830 (66%) patients had BRVO, 437 (34%) patients had CRVO, 211 (17%) patients had a duration of ME < 90 days, 131 (10%) of patients had a history of photocoagulation, 801 (63%) of patients had hypertension, mean visual acuity was 54 letters (20/80), and mean central retinal thickness was 550 µm. 

1196 (94%) patients completed the study by day 180. 15 (1.2%) patients withdrew from the study because of ocular adverse events (2 were considered to be treatment related).

15 Letter Improvement from Baseline BCVA Data Analysis

Outcome

Dex Implant 0.7mg

Dex Implant 0.35mg

Sham

p-value 

Implant vs Sham

0.7mg /0.35mg

Cumulative Response Ratea
41%

40%

23%

< 0.001/< 0.001

Proportional Response Rateb
22%

19%

18%

Non Significant

a Time to achieve 15 letters of improvement from baseline BCVA.

b Proportion of eyes achieving at least a 15 letter improvement from baseline BCVA to day 180.
The difference between the Dex implant 0.7mg and the sham was not statistically significant at 180 days. The difference between the Dex implant 0.7mg and the sham was statistically significant at 180 days in an analysis that excluded those patients whose last visit was later than day 180.
Retinal Thickness Data Analysis
Outcome

Dex Implant 0.7mg

Dex Implant 0.35mg

Sham

p-value 

Implant vs Sham

0.7mg /0.35mg

Mean Decrease in Central Subfield Retinal Thickness (µm) at Day 90
208µm
177µm
85µm
< 0.001/< 0.001

Number of Eyes of with Retinal Thickness ≤ 250µm at Day 90
36.3%
34.1
15.6%

< 0.001/< 0.001
Subgroup Analysis by Baseline Retinal Vein Occlusion BRVO and CRVO Diagnosis. 
The key efficacy analyses were similar to the responses seen in the overall population (time to 15 letter improvement, p<0.001; proportion of eyes achieving at least a 15 letter improvement, p<0.002; and mean change from baseline BCVA, p<0.001), but the response in the sham group was greater in the BRVO subgroup than in the CRVO subgroup in all efficacy analyses. Mean BCVA slightly improved in BRVO eyes treated with sham, but gradually declined to below baseline levels among CRVO eyes treated with sham.
Subgroup Analysis by Duration of Macular Edema at Baseline. 
A post hoc subgroup analysis found the response to treatment was often greater among eyes with a ME duration of 90 days versus ME duration >90 days. At day 60, in the Dex implant 0.7mg group, the proportion of eyes improving by 15 letters was 38% in eyes with ME duration 90 days and 27% in eyes with ME duration >90 days; in the Dex implant 0.35mg group, the proportion of eyes improving 15 letters was 35% in eyes with ME duration 90 days and 27% in eyes with ME duration >90 days. The peak mean change from baseline BCVA (day 60) in the Dex implant 0.7mg group was 11.7 letters in eyes with ME duration 90 days and 9.4 letters in eyes with ME duration >90 days; in the Dex implant 0.35mg group, the peak mean change was 9.9 letters in eyes with ME duration 90 days and 9.6 letters in eyes with ME duration >90 days. Improvements in the sham group were also greater among patients with shorter duration of ME. Greater improvements in BCVA with shorter ME duration were also seen in the BRVO subgroup. In eyes with CRVO improvements in the sham group were greater with shorter duration of ME, but the response to treatment was not.
Safety Data Analysis
The overall incidence of ocular adverse events was significantly higher in the Dex  implant 0.7mg group (62.9%) and Dex implant 0.35mg group (61.9%) than in the sham group (42.8%, p<0.001). 

Ocular adverse events that occurred significantly more frequently in the Dex implant treatment group than in the sham group were eye pain (p=0.023), ocular hypertension (p≤0.002), and anterior chamber cells (p≤0.031). There was no statistically significant difference in the ocular adverse events between the Dex implant 0.7mg and 0.35mg groups
The percentage of eyes receiving IOP lowering medication increased in the Dex implant groups from 6% to 24% by day 180 and there was no change in the sham group. Most eyes with increases in IOP were managed with topical IOP lowering medication. Five eyes (3 in the Dex implant 0.7mg group, 2 in the Dex implant 0.35mg group) required a procedure to reduce IOP (e.g., trabeculoplasty, tube insertion, deep sclerectomy, or cyclocryotherapy). 

Total cataract adverse events were 7.3% of patients  in the Dex implant 0.7mg group, 4.1% of patients in the Dex implant 0.35mg group, and 4.5% of patients in the sham group (p=0.079). 
Retinal neovascularization was significantly lower in the Dex implant 0.7mg group than the sham group (p≤0.032).

The overall rate of nonocular adverse events was similar in the 3 treatment groups (Dex implant 0.7 mg 30%; Dex implant 0.35 mg 29%; sham 31%). 

	Conclusions
	The Dex implant can be tolerated with manageable increases in IOP and reduces the risk of further vision loss and increases the chance of improvement in visual acuity in eyes with ME associated with BRVO and CRVO.

	Critique
	Strengths

Strong study design with an adequate sample size.
Appropriate statistical analysis with a power analysis.

Clinically relevant outcomes of patients’ visual functionality.
Limitations

Patients were not screened for perfusion or ischemic disease.
No active treatment comparator (Lucentis®, intravitreal steroid injections, or laser treatment).
Treatment with a single Dex implant and follow-up for only 6 months; no repeated treatment documented. 

No long-term efficacy or safety data.
No ME recurrence rate data.


Ozurdex Huron Study Group Trial
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	Study Goals
	To evaluate the safety and efficacy of DEX implant 0.35mg or 0.7mg compared to a sham procedure in the treatment of noninfectious intermediate and posterior uveitis.

	Methods
	Study Design 

Randomized, prospective, multicenter (18 countries), double-blinded, sham-controlled, parallel-group clinical trial.

229 patients randomized to study groups in a 1:1:1 allocation ratio. Patients were evaluated at baseline and days 1 and 7 and weeks 3, 6, 8, 12, 16, 20, and 26 post treatment.

Outcomes

Primary outcome: proportion of patients with a vitreous haze score of 0 at week 8. Vitreous haze was measured using a standardized photographic scale ranging from 0 to 4, [0=no inflammation, +0.5=trace inflammation (slight blurring of the optic disc margins and/or loss of the nerve fiber layer reflex), +1=mild blurring of the retinal vessels and optic nerve,+1.5=optic nerve head and posterior retina view obscuration greater than +1 but < +2, +2=moderate blurring of the optic nerve head, +3=marked blurring of the optic nerve head, and +4=optic nerve head not visible]. In clinical practice, the majority of patients with uveitis have a vitreous haze score < +2. A vitreous haze score of +1.5 was used to categorize patients with a vitreous haze score > +1 but < +2.
Secondary outcomes: time to a vitreous haze score of 0, the proportion of patients achieving ≥ 2 units of improvement in vitreous haze score, mean change from baseline in vitreous haze scores through week 26, BCVA, and central macular thickness. 
Safety outcomes: adverse events, increased IOP, slit-lamp biomicroscopy, and ophthalmoscopy.
Treatment

Dex implants 0.35mg or 0.7mg or a sham procedure.

Each study eye was pretreated with topical and subconjunctival anesthetics and prepared according to standard clinical practice for intravitreal injection. The Dex implant was inserted into the vitreous cavity through the pars plana using a customized, single-use, 22 gauge applicator. The sham procedure followed the same protocol but used a needleless applicator. Patients were treated with topical ophthalmic antibiotics 4 times daily starting 3 days prior to and 3 days after the procedure.

Prohibited therapies included: systemic immunosuppressants or corticosteroids (systemic, periocular, intravitreal, or topical), non-study procedures or surgery on the study eye, and the use of anticoagulant agents within 2 weeks of receiving study treatment. Criteria for the use of anti-inflammatory agents was an increase from baseline in vitreous haze score of 1 or more units from week 3 to just prior to week 8 and a vitreous haze score of +1.5 or more from week 8 to week 26. The use of systemic immunosuppressants or corticosteroids therapies was recorded as a rescue treatment.
Data Analysis

Intention-to-treat analysis on all efficacy outcomes. 

Missing data from weeks 2-26 were imputed using the last observation carried forward method. For patients who received a rescue medication, the efficacy scores for all efficacy end points were set as missing for any visits after the rescue medication, and the last observation was carried forward.

The Pearson X2 test method was used to analyze the primary efficacy end point and the proportion of patients achieving 2 units of improvement in vitreous haze score. The log-rank test was used to analyze the treatment-group comparisons for the time to vitreous haze score of 0. A one-way analysis of variance model was used to analyze the change from baseline in vitreous haze score. The analysis of variance model was used to analyze the between-group comparisons. 
A sample size of 73 patients for each treatment group was determined to have a 93% power to detect a between-group difference of 23% in the proportion of patients with a vitreous haze score of 0 (assuming 10% of patients in the sham group would have a vitreous haze score of 0). 

	Criteria
	Inclusion criteria

At least 18 years of age with a diagnosis of noninfectious intermediate or posterior uveitis (a vitreous haze score of at least +1.5 and a best-corrected visual acuity (BCVA) of 10 to 75 letters (20/630 to 20/32). One study eye per patient was allowed. If both eyes were eligible for the study, the right eye was designated as the study eye. Patients were allowed to use the following medications with the specified conditions: (1) topical corticosteroids and nonsteroidal anti-inflammatory agents if doses were stable for at least 2 weeks prior to screening and remained stable, (2) systemic corticosteroids if doses were ≤ 20 mg/d of oral prednisone or the equivalent, were stable for ≥ 1 month prior to screening, and were expected to remain stable through week 8, and (3) systemic immunosuppressants if doses were stable ≥ 3 months prior to screening, and were expected to remain stable through week 8.
Exclusion criteria

Any active ocular disease or infection; uveitis unresponsive to prior corticosteroid treatment; use of IOP lowering medications within the last month and a history of glaucoma, ocular hypertension, or clinically significant IOP elevation due to corticosteroid treatment; IOP > 21 mm Hg at baseline; BCVA < 34 letters in the non-study eye; any uncontrolled systemic disease; if they had participated in

a previous DEX implant clinical trial; use of fluocinolone acetonide implant in the study eye, periocular corticosteroid injections in the study eye ≤ 8 weeks prior to the treatment on day 0; history of any intravitreal drug injection to the study eye ≤ 26 weeks prior to the treatment on day 0 unless it was triamcinolone acetonide at the dose of ≤ 4 mg injected ≥ 26 weeks prior to the treatment on day 0; or there was an anticipation to initiate or change current doses of systemic corticosteroids or systemic immunosuppressors during the first 8 weeks of the study.


−68

	1μm

	−35.5μm

	Non Significant



	The mean change from baseline CMT was not statistically different between the Dex implant groups

(p≥0.516).
Rescue Medication Safety Data Analysis

Outcome 

Dex Implant 0.7mg

Dex Implant 0.35mg

Sham

p-value 

Implant vs Sham

0.7mg /0.35mg

Percentage of Eyes Requiring Rescue Medication at Week 3 

1%
3%
15%
0.002/0.002
Percentage of Eyes Requiring Rescue Medication at Week 26

22%
25%
38%
0.03/0.03
Throughout the study, the percentage of eyes requiring rescue medication was greater in the 0.7mg Dex implant group compared with the 0.35mg Dex implant group, except for weeks 3 and 26.This between-group difference was not statistically significant.

Intraocular Pressure (IOP) Safety Data Analysis

The percentage of eyes in the 0.7mg Dex implant group requiring IOP lowering medications was ≤ 23% through week 26. 

The percentage of eyes at any visit requiring more than 1 IOP lowering medication was <8%. One patient from the 0.35mg Dex implant group required laser iridotomy for narrow angles. No eyes required incisional surgery, laser trabeculoplasty, or cryotherapy for elevated IOP.
Cataracts Safety Data Analysis

Baseline cataracts were reported in phakic eyes: 32% in the 0.7mg Dex implant group, 63% in the 0.35mg Dex implant group, and 49% in the sham group. Cataracts were reported as adverse events in 15% of the phakic eyes in the 0.7mg Dex implant group, 12% of the phakic eyes in the 0.35mg Dex
implant group, and 7% of the phakic eyes in the sham group; differences were not statistically significant (p=0.769). Three patients had a surgical procedure for cataract in the study eye (1 in the 
0.7mg Dex implant group and 2 in the sham group).
Other Common Ocular Adverse Events Safety Data Analysis

Adverse Event

Dex Implant 0.7mg

Dex Implant 0.35mg

Sham

Conjunctival Hemorrhage 

30%
16%
21%

Ocular Discomfort
13%
4%
8%
Eye Pain

12%

11%

13%

Iridocyclitis

9%

1%

5%

The between-group differences were not statistically significant for any of these adverse events.

There was 1 possible culture-negative endophthalmitis or uveitis flare (0.7mg Dex implant group) and 4 retinal detachments (2 in the 0.7mg Dex implant group and 2 in the sham group).
	

	Conclusions
	A single 0.7mg Dex implant was well tolerated and produced significant improvements in intraocular inflammation and visual acuity that persisted for 6 months in patients with noninfectious intermediate or posterior uveitis. The 0.7mg Dex implant demonstrated greater efficacy and similar safety compared to the 0.35mg Dex implant.

	Critique
	Strengths

Strong study design with an adequate sample size. 
Appropriate statistical analysis with a power analysis.

Clinically relevant outcomes of patients’ visual functionality.
Limitations
No active comparator (intravitreal steroid injections, fluocinolone acetonide implant). 

Study included treatment with a single Dex implant and follow-up for only 6 months; no repeated treatment documented or long-term efficacy or safety data.
No uveitis recurrence rate data.
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