Clinical Ophthalmology Dove

REVIEW

Dexamethasone Intravitreal Implant for the
Treatment of Macular Edema and Ulveitis:
A Comprehensive Narrative Review

Kamal Kishore "2, Pooja V Bhat3, Pradeep Venkatesh4, Cecilia C Canizela

"llinois Retina and Eye Associates, Peoria, IL, USA; 2Department of Surgery, University of lllinois College of Medicine, Peoria, IL, USA; 3Depar‘tment
of Ophthalmology and Visual Sciences, lllinois Eye and Ear Infirmary, University of lllinois at Chicago, Chicago, IL, 60612, USA; *Department of
Ophthalmology, Dr. Rajendra Prasad Center for Ophthalmic Sciences, AlIMS, Ansari Nagar, New Delhi, 110029, India

Correspondence: Kamal Kishore, lllinois Retina and Eye Associates, 4505 N Rockwood Drive, Suite |, Peoria, IL, 61615, USA, Tel +1 3095891880,
Fax +1 3095891885, Email Kamal.kishore|963@gmail.com

Purpose: The purpose of this review article is to provide a comprehensive review of the current applications of intravitreal DEX
implant (Ozurdex®, Allergan Inc, Irvine, CA) for a variety of ophthalmic conditions — ranging from FDA approved indications to off-
label uses. We have attempted to provide relevant evidence from the literature to help a reader develop an understanding of the
biological and pharmacokinetic properties of DEX implant, its uses, and potential side effects.

Methods: PubMed searches were performed using the terms “Ozurdex”, or “intravitreal DEX implant”, AND “retinal vein occlu-
sion”, or “diabetic macular edema”, or “uveitis”. The search was performed in July of 2021, with an additional search in October 2021.
All original English language articles were considered for this review.

Results: DEX implant has evidence of efficacy in a variety of clinical situations including macular edema associated with retinal vein
occlusion, diabetes, uveitis, and others. Safety concerns include cataract formation and progression, intraocular pressure elevation,
complications related to intravitreal injection, and opportunistic infections secondary to steroid-induced immune suppression.
Conclusion: DEX implant is a useful tool in the management of several retinal disorders. Further studies are needed for head-to-head
comparison with other treatment modalities and to determine its precise place in clinical practice.
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Introduction

Glucocorticoids bind steroid receptors in the cytoplasm, alter DNA expression and inhibit formation of inflammatory
mediators such as interleukin-6 (IL-6), IL-8, prostaglandins, and vascular endothelial growth factor (VEGF)." They also
stabilize endothelial and retinal pigment epithelial tight junctions and restore the integrity of blood retinal barrier.”
These mechanisms reduce inflammatory cellular response, vascular permeability, fibrin exudation, and scar formation.
Dexamethasone is a potent water-soluble glucocorticoid that was first administered by intravitreal injection as an adjunct
in experimental endophthalmitis as early as in 1974 with beneficial results.® It is a suitable candidate for ocular
inflammatory conditions and other disorders where inflammation plays a key role. However, it has a short half-life of
3.5 hours after intravitreal administration.” Therefore, a sustained-delivery system is needed for the management of
chronic conditions.

Intravitreal dexamethasone implant (DEX implant, Ozurdex®, Allergan Inc, Irvine, CA) is a rod-shaped implant
made of a solid biodegradable polymer (Novadur™, Allergan Inc, Irvine, CA) designed to release 700 micrograms of
preservative-free dexamethasone over a period of 180 days. It has dual-phase pharmacokinetics, initially releasing
high dose of dexamethasone peaking at day 60, followed by rapid decline in concentration between day 60 and 90
followed by a steady state at a much lower concentration that is maintained through day 180 in primate eyes.® The
byproducts of Novadur™ degradation are lactic acid and glycolic acid which are subsequently converted to carbon

Clinical Ophthalmology 2022:16 1019-1045 1019
Received: 30 November 2021 © 2022 Kishore et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
A php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 10 March 2022
Published: 6 April 2022

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-0648-2413
http://orcid.org/0000-0002-1387-1249
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Kishore et al Dove

dioxide and water. The pharmacokinetics of dexamethasone was similar in vitrectomized and nonvitrectomized rabbit
eyes, with peak concentration of dexamethasone at day 22 following the injection of 0.7 mg DEX implant.’

DEX implant was approved by the Food and Drug Administration (FDA) for the treatment of macular edema caused
by retinal vein occlusion in 2009, noninfectious intermediate, posterior and panuveitis in 2010, and diabetic macular
edema in 2014. It is also used off-label for a variety of other ocular conditions.

Methods

Multiple PubMed searches were performed using the terms “Intravitreal dexamethasone implant”, “Ozurdex” AND
“retinal vein occlusion”, “uveitis”, “macular edema” in July 2021, and again in October 2021. All original English
language articles were considered for this review, along with additional articles revealed from those articles. IRB

approval was not required for this review article of existing literature.

Injection Technique

The implant is injected into the vitreous of the eye in an office-based setting in the US.'® After ensuring adequate asepsis
and anesthesia preferably by subconjunctival injection of 2% lidocaine, the applicator is held parallel to the limbus,
pointing the bevel of the 22-g needle away from the sclera at an oblique angle. After conjunctival displacement, a shelved
scleral path is initially created for 1 mm parallel to the limbus at a distance of 3 mm in pseudophakic and 4 mm in phakic
eyes, and then the applicator is redirected toward the center of the eye until the vitreous cavity is entered and the sleeve
around the needle touches the conjunctiva. The actuator button is fully depressed until there is an audible click. The
needle is removed in the same direction used to enter the vitreous.'' Pressure is applied at injection site for about ten
seconds to prevent reflux (See video). The eye may be patched for six to eight hours after the injections. The implant is
visible in the vitreous cavity as a solid white rod-shaped structure (Figure 1).

DEX Implant for Macular Edema from Retinal Vein Occlusion

Retinal vein occlusion (RVO) is the second most common retinal vascular disease after diabetic retinopathy. A pooled
analysis of patients in the United States, Europe, Asia and Australia estimated an overall global prevalence of 16.4 million
adults, 2.5 million (15%) with central retinal vein occlusion (CRVO), and 13.9 million (85%) with branch retinal vein
occlusion (BRVO).'? Incidence of RVO increases with age — from 0.7% in younger than 60 years to 4.6% in those 80 years or
older,"® with more than 50% cases occurring in individuals older than 65 years.'* Common systemic risk factors associated
with RVO include hypertension (48%), hyperlipidemia (20%), and diabetes mellitus (5%)."®> Young patients, those with
bilateral RVO, and those with past or family history of thrombosis should be evaluated for thrombophilic disorders such as
hyperhomocysteinemia, anticardiolipin antibodies, deficiency of antithrombin, proteins C and S, oral contraceptive use,
factor V Leiden mutation, prothrombin mutation, methylene tetrahydrofolate (MTHFR) mutation, and increased blood
viscosity.'®!” Open angle glaucoma and ocular hypertension are well-recognized ocular associations with RVO.'®

Classification

RVO is classified based on anatomical location and degree of retinal ischemia. Branch retinal vein occlusion (BRVO)
occurs at arteriovenous crossing and affects one quadrant of the retina. Central retinal vein occlusion (CRVO) occurs at
the lamina cribrosa and results in retinal hemorrhages in all four quadrants. Hemi-retinal vein occlusions (HRVO) are the
rarest, affecting one hemifield of the retina due to anatomical variation where superior and inferior venous trunks merge
together prior to forming central retinal vein.

CRVO can be further classified into ischemic, perfused or indeterminate. Ischemic CRVO has been defined as >10
disk areas of retinal capillary nonperfusion by Central Retinal Vein Study Group (CVOS)."” Another set of visual
function criteria to define CRVO as ischemic, reported by Hayreh et al include visual acuity <20/200, afferent pupillary
defect, reduced b wave amplitude on electroretinography, and visual field defect on kinetic perimetry.’® For BRVO,
capillary nonperfusion >5 disk diameters is considered ischemic. These patients benefit from sectoral panretinal
photocoagulation which should be performed if retinal neovascularization develops.?'
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Figure | Ultra-wide field image showing dexamethasone implant in the inferior vitreous in a patient with lasered proliferative diabetic retinopathy and recurrent macular
edema.

Macular Edema in RVO

In acute phase of RVO, vision is affected by macular edema, macular hemorrhages, macular ischemia, or a combination
of all three. Macular hemorrhages tend to resolve over time. As of now there is no treatment for macular ischemia.
Etiology of macular edema in RVO is likely multifactorial. Increase in hydrostatic pressure in the obstructed vein results
in extravasation of intravascular fluid across the capillary wall. Reduced venous flow results in impaired capillary
perfusion, leading to hypoxia-inducible factor 1 a (HIF-1 o), which in turn upregulates the expression of endothelin-1
and vascular endothelial growth factor (VEGF), which increases endothelial permeability. Inflammation is believed to
contribute to increased capillary permeability as well. Elevated levels of pro-inflammatory cytokines, including IL-6 and
IL-8 have been detected in the vitreous in eyes affected by RVO.?*?* Macular edema in BRVO can be treated with grid
laser, anti-VEGF injections, and intravitreal steroids. Grid laser is not recommended for macular edema caused by CRVO
(CRVO Study Group Report M),** but intravitreal steroids and anti-VEGF intravitreal injections are effective.

Clinical Studies of DEX Implant in RVO

Sham-Controlled Trials

In a sham-controlled Phase 2 randomized controlled trial involving 315 patients with persistent macular edema caused by
retinal vein occlusion, diabetes, uveitis or Irvine-Gass syndrome, Kupperman et al showed >10 letter best-corrected
visual acuity (BCVA) gain in 35%, 24% and 13% patients in 700 mcg, 350 mcg and sham groups respectively at 90-day
time point with similar results across all etiologies of macular edema (Table 1). Elevation of intraocular pressure (IOP)
was observed in 11% of treated and 2% of observed patients.”> Global Evaluation of Implantable Dexamethasone in
Retinal Vein Occlusion (GENEVA) trial consisted of two identical, multicenter, multinational, masked, randomized
sham-controlled Phase 3 clinical trials that compared single injection of DEX implant 0.7 mg (n=427), DEX implant
0.35 mg (n=414) with sham injection (n=426) over a period of six months.* Improvement in mean best-corrected visual
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Table | Summary of Studies of DEX Implant in RVO with Macular Edema

Study (Year) | Design n Intervention Outcome Time Results Comments
Measure(s) Point(s)
Kuppermann Phase 2, six-month, sham- 315 Single injection of DEX 210 letter Day 90 35% (700 mcg), 24% (350 mcg) 11% 1OP increase 210 mm Hg
etal. (2007)>® | controlled RCT, persistent implant (350 mcg or 700 | BCVA gain and 13% sham gained 2 10 letters | Similar result in DME, RVO, uveitis, and Irvine Gass
macular edema, various mcg) versus sham syndrome
etiologies
Haller et al. Phase 3, six-month, sham- 1267 Single injection of DEX 2 |5 letter Various 29% gainers at day 60, same for IOP 225 mm Hg in 16% at day 60 for both doses.
(2010) controlled RCT, RVO with implant (350 mcg or 700 | BCVA gain time both doses. No difference from Returned to baseline by day 180
GENEVA ME mcg) versus sham points. sham at 180
Study Group®® Peak
benefit
at day 60
Haller et al. Six-month open label 1256 Single DEX implant 2 |5 letter Day 60 32% gainers after second 210 mm Hg IOP elevation in 12.6% after first, and
(011)¥ extension of GENEVA trial 0.7 mg at day 180 if BCVA gain injection (30% after first) 15.4 after the second. 30% showed cataract
indicated (n=997) progression after two injections
Li et al. Phase 3, six-month, sham- DEX Single injection of 0.7 mg | 2 I5 letter Various VA gainers. 35% DEX versus 12% | Duration of benefit 3—4 months. IOP normalized by 4
(2018)*° controlled RCT followed by 129, DEX implant versus BCVA gain time sham. Mean change +10.6 letters | months
two month open-label sham sham. DEX implant at 6 points. (DEX) versus +1.7 letters (sham)
extension for eyes with ME 130 months for pre-specified Peak effect
from RVO criteria at day 60
Gado and Six-month, RCT, eyes with 60 (30 | 0.7 mg DEX implant BCVA change Monthly No difference in BCVA between | Higher IOP in DEX group. All eyes in DEX group
Macky perfused CRVO with ME in each | versus PRN bevacizumab | between the for six the two groups. Bevacizumab needed second implant around 4 months. Mean 4.3
(2014)*' group) groups months group had thinner CST at one injections in bevacizumab group
month, no difference thereafter
Hoerauf et al. | Six-month RCT, RZB versus 124 Monthly RZB for three Change in BCVA | Monthly No difference in BCVA at month | 4.52 injections in RZB versus single in DEX
(2016) DEX implant for ME RZB, months followed by PRN for six I and 2. RZB superior from
COMRADE- secondary to CRVO 19 versus single DEX months month 3-6. +12.86 letters in
c* DEX | implant RZB, +3 in DEX at 6 months
Hattenbach Six-month RCT, RZB versus 126 Monthly RZB for three Change in BCVA | Monthly No difference in BCVA at month | 4.68 RZB injections versus single DEX
etal. (2018) DEX implant for ME RZB, months followed by PRN for six | and 2. RZB superior from
COMRADE- secondary to BRVO 118 versus single DEX months month 3—6. +17.3 letters in RZB,
B DEX | implant +9.2 in DEX at 6 months
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Bandello et al. | Twelve-month RCT, DEX DEX DEX at baseline and 5 Change in BCVA | 12 months | +7.4 letters in DEX, +17.4 in 2.5 DEX v 8 RZB injections. RZB superior to DEX
(2018)** v RZB in ME caused by 154, months, optional at RZB at 12 months regarding visual outcomes
BRVO RZB month 10 or I, RZB 5
153 monthly injections
followed by PRN
Chatziralli Retrospective Chart review, RZB RZB, or DEX Change in BCVA | Various CST. RZB superior at month 5 5.1 injections in RZB, 2.1 in DEX. RZB group was
etal. (2017) RZB v DEX for ME from 25, monotherapy and CST time points | and 6. No difference at month 12 | likely undertreated
RANIDEX*® | CRVO DEX over BCVA. +8.4 letters in RZB and
17 one year +6.9 in DEX (NS)
Gu et al. Six-month retrospective RZB RZB, or DEX BCVA and CST | Various No difference between DEX and | Only 3.4 and 3.5 injections of RZB in CRVO and
(2017)% comparative Study. RZB 32, monotherapy time points | RZB BRVO respectively, likely undertreatment
v DEX for ME from RVO DEX up to six
32 months
Yuksel et al. Retrospective study. RZB 44 RZB, DEX, or laser BCVA 6 months No difference at six months in all | Only 2.4 injections of RZB over 14 months, likely
(2018)* v DEX. ME from BRVO eyes. change, percent three groups. +13.5 letters DEX, | undertreatment
RZB gaining 210 +7.1 RZB
14, letters, and CST
DEX
15,
Laser
15
De Salles et al. | Retrospective study of eyes | 492 Anti-VEGF versus DEX BCVA and CST Final Superior visual and anatomical Patients received about 4.5 anti-VEGF injections, and
(2021)%® with ME from RVO change follow-up gains in anti-VEGF group for both | 1.8 DEX injections annually
(variable BRVO and CRVO
time)
Gale et al. Retrospective study of 5661 Laser; anti-VEGF or DEX | Change in BCVA | Up to 3 Anti-VEGF superior to DEX at 5.1 anti-VEGF v 1.5 DEX injections at 12 months.
(2021)*° BRVO ME patients implant years 12 and 18 months. (+9.6 v +4.5
letters)
Gale et al. Retrospective study of 4626 Anti-VEGF or DEX Change in BCVA | 12, 18 and Anti-VEGF superior to DEX atall | Injections at 12 months (anti-VEGF/DEX)=5.6/1.6
(2021)* CRVO ME patients implant 36 months | time points (+10 v +8.4 letters at | At |18 months. 6/1.7

12 months, +10.4 v +1.6 at 18
month, +11.5 v +5.7 at 36
months)

At 36 months 7/1.8
Higher endophthalmitis in DEX (0.09%) v anti-VEGF
(0.003%)

(Continued)
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Table | (Continued).

Study (Year) | Design n Intervention Outcome Time Results Comments
Measure(s) Point(s)
Manoursaridis | Retrospective chart review 11 Single DEX implant for Change in BCVA | Various 0.2 logMAR gain at 2 and 3 DEX implant was effective in RZB resistant eyes for
etal. (2017)"" | of RZB resistant ME eyes resistant to 23 RZB | and CST time points | months. Return to baseline by about 3 months
secondary to RVO switched injections up to 6 month 6. CST improvement
to DEX implant months mainly at 2 and 3 months
Georgalas Prospective 23 (13 | DEX implant baseline, Change in BCVA | 2,4,6,8,10 BRVO. Best VA at 4 months after | Reinjections sooner than 6 months are needed
etal. (2019)** | nonrandomized. Switch to BRVO, | repeated as needed at and CST and 12 first and second injections. especially in CRVO
DEX for persistent ME from 10 six month month CRVO. Best VA and CST at 2
RVO after 2 5 anti-VEGF CRVO) visits months after first and second
injections injections
Mayer et al. Prospective, consecutive, 64 38 DEX, 26 3 monthly BCVA and CST 6 months No benefit from BCB loading Recurrence of ME 3—4 months after DEX injection in
(2012)® nonrandomized BCB followed by DEX change. various groups
Singer et al. Prospective, 34 BCB followed 2 weeks Time to reinject, | Monthly +16.8 letter BCVA gain at six Retreatment in 82% at a mean of 126 days. No
(2012)* nonrandomized later by DEX, BCVA gain, CST | visits up to | months, 64% gained 215 letters comparison group
retreatment as needed change six months | at six months
with same regimen
Maturi et al. Prospective randomized 30 BCB monotherapy PRN Primary: Change | 6 months No difference in BCVA, Fewer The primary endpoint was not met. One less BCB
(2014)* versus PRN BCB+ single | in BCVA BCB (2 versus 3) and greater injection in combination group balanced by DEX
DEX one week later. Secondary: CST, CST reduction in combination injection
Repeat DEX at 4 months | number of group,
PRN injections
Giuffre et al. Prospective, 30 Same day DEX+ BCVA and CST 12 months No change in BCVA but CST Good anatomical response but not visual. Mean
(2020)* nonrandomized. ME aflibercept. Retreatment | changes reduction by 226 microns at 12 duration of ME was 25 months prior to combination
secondary to RVO allowed after 4 months months. therapy.
unresponsive to aflibercept
and DEX monotherapies
Harb et al. Prospective nonrandomized | 74 DEX monotherapy BCVA and CST 12 months Better BCVA gain in combination | No difference in CST or number of retreatments
2021y versus Aflibercept change, number group compared to DEX between the groups. Superior BCVA gain in
followed by DEX two of retreatments monotherapy combination group is hard to explain.
weeks later combination
Bezatis et al. Retrospective, 102 Single DEX implant for BCVA and CST Up to 6 Peak effect at two months (about | Retreatment in 50% around 4 months
(2013)*® noncomparative ME from RVO change months 0.3 logMAR gain)
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Korobelnik Prospective, multicenter, 375 DEX monotherapy at Primary. Change | 2 years At 6 months: DEX +5.5, DEX + | 2.6 DEX injections over two years. Mean interval 6.6
etal. (2016) real-world study in France baseline, retreatment at | in BCVA other therapies +4.2 letters. months between injections, 55% received other
LOUVRE* physician’s discretion Secondary. At 2 yrs: DEX: +20.7 single DEX, | therapy (laser or anti-VEGF). Cataract progression in
Other therapies, +4.9 multiple DEX, +2.3 DEX 40%, increased IOP in 34.4%. Switch to other
side effects, IOP plus others therapies did not improve outcomes
Capone et al. Retrospective, multicenter 289 DEX implant at baseline, | Change in Variable Peak change in BCVA from 4-20 | Mean reinjection interval 5.6 months, Increased |IOP
(2014) chart review other therapies per BCVA, CST, side | (3-6 weeks after DEX +1 line. 60% (=10) in 32.6%.
SHASTA®® physician's discretion effects months BRVO and 66% CRVO gained 22 | DEX monotherapy in 29.1%, adjunctive therapy in
after last lines others
DEX)
Eter et al. Prospective, multi-center, 573 Single DEX at baseline. Change in BCVA | 12 weeks. At 12 weeks, +7.8 letters gain, <90 days duration of ME had the best visual
(2017)*? real-world, Germany Additional treatment per | at |12 weeks Duration 34% gained 23 lines. outcomes. 19.9% received other adjunctive
physician's discretion of study 6 treatments
months
Horner et al. Retrospective, real-world, 66 Initial RZB, later DEX/ Change in BCVA | Year | and | 40% gained 23 lines at year 3 Diminished need for injections in year 3 compared
(2020)°3 single site, UK laser and CST 3 to year | (2.5 v 5.5)
Kim et al. Prospective, multicenter, 700 DEX implant at baseline. | Change in Month |, 2, | Peak benefit at 2 months Better vision gains in younger patients, worse
(2021)** real-world, S Korea Subsequent treatment BCVA, 4 and 6 (approx. 2 lines). presenting vision and treatment naive status
per physician's discretion | responder rate,
side effects
Garay- Retrospective, short-term, 11 DEX implant at baseline | Visual and Unspecified | Worse presenting vision (<60 Baseline CST 2400 microns and central macular
Aramburu real-world study anatomical ETDRS letters), first injection, volume >12 mm? predictors of 250% CST reduction
et al. (2021)*® improvement and non-chronic ME predictor of
better visual outcomes.

Abbreviations: RVO, retinal vein occlusion; RCT, randomized controlled trial; BCVA, best-corrected visual acuity; IOP, intraocular pressure; ME, macular edema; CRVO, central retinal vein occlusion; CST, central subfield thickness;
BCB, bevacizumab; RZB, ranibizumab; BRVO, branch retinal vein occlusion; NS, non-significant; VEGF, vascular endothelial growth factor.
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acuity (BCVA) was greater in both DEX implant groups compared with sham at all time points. The percentage of eyes
with >15 letter vision gain was greater in both DEX implant groups compared to sham. 16% of the eyes showed IOP >25
mm Hg at day 60 for both doses which returned to baseline by day 180. An open-label extension study of the same
population in which second DEX implant 0.7 mg was injected at six months if indicated showed similar vision gains at
two months after the first and second injection (30% >15 letter gain after the first, and 32% after the second). IOP
increase > 10 mm Hg was seen in 15.4% after the second injection, similar to the incidence after the first.>” A post hoc
analysis revealed that each one-month increase in the duration of macular edema was associated with significantly lower
likelihood of achieving a BCVA improvement of >15 letters or central retinal thickness (CRT) reduction of >200 microns
at both 6 and 12 months, particularly in BRVO patients.”® Another post hoc analysis demonstrated that improvement in
BCVA was noted as early as seven days after 0.7 mg DEX implant (10.3% DEX versus 4% sham) and duration of >15
letter improvement persisted for two to three months.’

Another sham-controlled study of single injection of 0.7 mg DEX implant in Chinese patients showed similar results.
At 2 months (peak effect) >15 letter improvement in BCVA was noted in 35% DEX treated eyes compared to 12% sham,
with a mean change from baseline +10.6 letters for DEX versus +1.7 for sham, and mean change in CRT from baseline
—407 microns for DEX versus —62 microns for sham (p<0.001 for all). The duration of anatomical and visual
improvement was 3—4 months.*

Comparative Studies of DEX Implant versus Anti-VEGF Therapy

Gado and Macky (2014) performed a randomized clinical trial of 60 eyes with macular edema from perfused CRVO
comparing 0.7 mg DEX implant with as needed bevacizumab injections over a six-month period. All eyes in DEX group
needed another implant around the 4 month visit due to decrease in BCVA and increase in CRT. Eyes in bevacizumab
group received a mean of 4.3 injections over the six-month study period. They found no significant difference in BCVA
between the groups at all time points. The bevacizumab group showed slightly thinner CRT at one month, but no
difference thereafter. They concluded that both DEX implant and intravitreal bevacizumab were about equally effective
in managing macular edema from CRVO. As expected, DEX treated eyes showed statistically significant higher IOP.>'

COMRADE-C (2016) was a multicenter, double blind, randomized clinical trial to compare ranibizumab 0.5 mg
given monthly for three injections followed by PRN (n=124) with a single injection of 0.7 mg DEX implant (n=119) in
patients with macular edema secondary to CRVO over a six-month period.>* Mean number of ranibizumab injections was
4.52. There was no difference in BCVA at months 1 and 2. However, there was significant difference in visual gain in
favor of ranibizumab from months 3 to 6. At month 6, patients in ranibizumab group gained 12.86 letters compared to
2.96 in DEX group. The authors attributed this difference to single injection of DEX over the study period and concluded
that DEX retreatment was likely needed sooner than six months.

COMRADE-B trial (2018) compared monthly ranibizumab 0.5 mg given monthly for three injections followed by
PRN treatment (n=126) with a single injection of 0.7 mg DEX implant (n=118) over a six-month period in a randomized
clinical trial. Similar to COMRADE-C, there was no difference between the groups at month 1 and 2, but BCVA gains
were superior in ranibizumab group from month 3 through 6. At six months, patients in ranibizumab group gained 17.3
letters versus 9.2 letters in DEX group.>® Both COMRADE-B and COMRADE-C recognized that retreatment with DEX
implant would be required sooner than six months in clinical practice.

A multicenter, randomized noninferiority trial compared 0.5 mg ranibizumab monthly for five injections followed by
PRN from month 6 through month 11 (n=153) versus DEX implant at day 1 and month 5 with the option of retreatment
at month 10 or 11 (n=154) in patients with macular edema secondary to BRVO. Unlike COMRADE-B, patients in DEX
group received mandatory retreatment at month 5 and optional at month 10 or 11. However, at 12 months, mean BCVA
gain was 7.4 letters for DEX versus 17.4 letters for ranibizumab. A mean of 2.5 injections were administered in the DEX
group compared to 8 for ranibizumab. Dexamethasone did not show noninferiority to ranibizumab in this study.**

A multicenter, retrospective real-life comparative study of 42 eyes with macular edema secondary to CRVO treated
with either intravitreal ranibizumab 0.5 mg given monthly for three injections followed by PRN (n=25) or 0.7 mg DEX
implant given at baseline and at six months if needed (n=17) showed no statistically significant difference in BCVA or
central subfield thickness (CST) change at 12 months between the two groups. However, recurrence of macular edema
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was noted at 5 months in DEX group suggesting that re-treatment with DEX implant is usually needed prior to six
months.** Both ranibizumab given monthly on PRN basis and DEX implant were comparable regarding BCVA and CRT
reduction in a six-month retrospective study from China. Repeat injection of DEX implant was permitted after 4 months
in this study.*

A real-world study showed comparable visual gain in DEX group compared to low frequency ranibizumab group
(+13.5 letter in DEX versus +7.1 in ranibizumab, NS) in patients with macular edema secondary to BRVO. However,
patients received only 2.4 + 1.4 injections of ranibizumab over the follow-up period of 13.9+10.7 months, which is
clearly undertreatment.®’

In a real-life retrospective chart review of 492 patients with macular edema from RVO, de Salles and Epstein (2021)
found superior visual gain with anti-VEGF therapy compared to monotherapy with DEX implant for both BRVO (+9.8
+20.4 for anti-VEGF versus —2.1423.4 for DEX) and CRVO (anti-VEGF +0.24£27.6 versus —9.7+32.6 letters for DEX) at
final follow up visit. Anti-VEGF group also had less CRT compared to DEX.*®

A recent retrospective chart review of 5661 patients with macular edema from BRVO treated with a single modality
(laser, anti-VEGF or DEX) showed superior visual gain at 12 months for anti-VEGF compared to DEX (+9.6 versus +4.5
letters).>”

A similar real-world retrospective chart review of 4626 patients with macular edema from CRVO treated with anti-
VEGEF injections or DEX implant showed superior visual results for anti-VEGF at 12, 18 and 36 months (+10 versus
+8.4 letters at 12 months, +10.4 v +1.6 at 18 months, and +11.5 v +5.7 at 36 months). Patients in DEX group received
only 1.8 injections over 36-month period compared to 7 anti-VEGF injections over the same period.*

Switch Studies

Manoursaridis et al (2017) treated 11 eyes with macular edema secondary to RVO that was resistant to at least three
monthly injections of ranibizumab with a single DEX implant and noted favorable anatomical and visual results at two
and three months with regression to baseline by month six.*'

A 12-month prospective nonrandomized interventional study treated 23 eyes with macular edema caused by BRVO
(13 eyes) or CRVO (10 eyes) persistent after at least 5 anti-VEGF injections with intraviteal DEX implant monotherapy,
repeated as needed after at least six months. They showed peak therapeutic effect of DEX implant on BCVA at 4 months
in BRVO (0.3 logMAR improvement from baseline) and at 2 months in CRVO (0.4 logMAR improvement).**

Combination Therapy with DEX Implant and Anti-VEGF Injections

Mayer et al (2012) evaluated DEX monotherapy versus 3 monthly bevacizumab injections followed by a DEX implant in
patients with macular edema secondary to RVO in a prospective consecutive, nonrandomized study. Recurrence was
treated with DEX implants in both groups. The primary endpoint was change in BCVA at six months. They found
superior visual gain in DEX group for BRVO (+13 letters for DEX versus +3.8 for combination) and no statistically
significant difference for CRVO. The authors concluded that there was no benefit from loading bevacizumab injections.
The study design did not permit comparison between DEX implant and anti-VEGF injections.*

Singer et al (2012) treated 34 eyes with RVO related macular edema with intravitreal bevacizumab followed two weeks
later by intravitreal DEX implant in a prospective 6-month study.** Retreatment with the same combination regimen was
performed if needed according to prespecified criteria (increase in CST by >50 microns or VA decrease by >6 letters). 82%
eyes needed retreatment, after a mean of 126 days from initial treatment. BCVA gain at 6 month was +16.8 letters with 64%
gaining >15 letters. Although there was no comparison group, the authors claimed that combination therapy with
bevacizumab and DEX implant was synergistic and superior to monotherapy with either agent.**

Maturi et al (2014) compared intravitreal bevacizumab with intravitreal bevacizumab plus DEX implant one week
later in a prospective randomized study of 30 eyes with macular edema secondary to RVO. Bevacizumab was
administered monthly as needed in both groups with optional DEX implant at month 4 or 5 in combination group for
CST >250 microns. At six months, mean change in BCVA was similar in both groups, but eyes receiving combination
therapy required fewer bevacizumab reinjections (2 versus 3) and experienced greater mean reduction in CST (—56
microns versus +45 microns).*
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Giuffre et al (2020) evaluated combination therapy of intravitreal aflibercept 2.0 mg with DEX implant on the
same day in a prospective case series involving 30 eyes with macular edema refractory to each of the two drugs
administered previously as monotherapy. Retreatment with combination therapy was permitted at least four months after
initial therapy. At 12 months, there was no statistically significant change in BCVA, but CRT decreased to 352.5 from the
baseline of 578 microns (p=0.003). The authors concluded that combination therapy was effective in resolving macular
edema and perhaps earlier combined treatment might have led to better functional outcomes.*®

Harb et al (2021) compared combination therapy of intravitreal aflibercept plus DEX implant two weeks later with
DEX monotherapy in a prospective, nonrandomized study involving 74 treatment naive eyes with macular edema
secondary to RVO. The treatment was repeated as needed. At 12 months, eyes in the combination group showed better
BCVA gain compared to monotherapy with DEX implant. There was no significant difference in CST or number of

retreatments (1.75+1.13 versus 1.42+0.64) between the groups.*’

Real-World Studies

The SOLO Study, a retrospective real-world study of 102 eyes with macular edema from BRVO (n=54) or CRVO (n=48)
evaluated the results of monotherapy with DEX implant. Patients were followed monthly and retreated with DEX implant
or anti-VEGF injections for an increase in CRT by 150 microns or decrease in BCVA by one line. Similar to the
GENEVA trial, peak effect on CRT reduction and improvement in BCVA was observed at 2 months. Retreatment around
16 weeks was required in approximately 50% of eyes.*®

A 24-month, prospective, multicenter, longitudinal, observation study in France (LOUVRE) enrolled adult patients with
macular edema caused by BRVO or CRVO (n=375) treated at baseline with DEX implant.* Retreatments with DEX
implants and other treatments for RVO were performed at treating physician’s discretion. Patients received a mean of 2.6
DEX implant injections over two years, with a mean of 6.6 months between the injections. Approximately 55% patients
received other therapy (laser and/or intravitreal ranibizumab). Mean change in BCVA from baseline to month 6 was +5.5
letters in patients who received only DEX compared to +4.2 letters in those who received additional RVO treatment during
six months. Cataract progression and elevated IOP were noted in 40% and 34% respectively. No incisional glaucoma surgery
was needed. Patients who received additional treatments with laser or ranibizumab did not have improved outcomes.

In the Shasta study, a retrospective multicenter real-world study involving 289 patients with RVO-associated macular
edema, DEX implant led to one-line gain at around one month which was maintained for about one month. Patients
received DEX implant as monotherapy (29%) or in conjunction with other modalities. BCVA and CRT outcomes were
similar in DEX monotherapy and combination groups, although mean interval between DEX implants was longer in the
combination group compared to DEX monotherapy (177 days versus 151 days).>%!

A German multi-center, open label, six-month observational real-world study involving eyes with macular edema
from RVO (n=573) showed improved outcomes in patients with macular edema of less than 90 days duration compared
to those with longer duration of macular edema suggesting the benefit of early treatment.>>

Another real-world study from the UK showed that the need for injections diminished in year 3 compared to year 1
for both ranibizumab and DEX implant while maintaining visual gain and CRT improvement.>*

A Korean prospective, six-month, observational, post-marketing surveillance study involving 700 patients with RVO-
related macular edema showed peak vision gain at two months, with decline from month two to six. Vision gain was
positively associated with younger age, worse presenting vision, and treatment naive status.”*

A recent retrospective study (2021) showed superior visual gains in patients presenting with worse presenting visual
acuity, treatment naive status and non-chronic ME, and superior anatomical outcomes in patients with presenting CRT
>400 microns.”

Summary

Monotherapy with DEX implant is a reasonable treatment option for macular edema from RVO. The duration of
therapeutic effect tends to be limited to three to four months and those treated earlier may have better outcomes. High
intraocular pressure and cataract progression are well-known side effects of steroids. Most studies are of relatively short
(1-2 years duration). A long-term study with a mean follow-up of 50.5 months showed superior results in BRVO

1028 " Clinical Ophthalmology 2022:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Kishore et al

compared to CRVO-associated macular edema.’® Studies comparing anti-VEGF therapy with DEX implants have shown
superior results with anti-VEGF injections compared to DEX implants. The only advantage of DEX implant is fewer
injections but at the cost of increased side effects of cataract and steroid-induced glaucoma. Therefore, DEX implant
should be considered as second-line therapy in eyes with persistent macular edema despite prior anti-VEGF injections
preferably in pseudophakic eyes (Figure 2). Combination therapy of anti-VEGF plus DEX implant is most likely not
superior to anti-VEGF injections alone,*> but may be useful in some eyes refractory to both anti-VEGF injections and
DEX implant.*® Loading injections with an anti-VEGF agent followed by DEX was not superior to DEX alone.*

DEX Implant for Uveitis and Uveitis-Associated Macular Edema

Upveitis is a group of ocular disorders characterized by inflammation within the eye, systemic disease association in some
cases and potential for vision impairment. In the United States (US), there are 30,000 new cases of blindness caused by
uveitis each year, and non-infectious uveitis is responsible for about 10% of legal blindness within the US. Uveitis can be
classified based on the anatomic location of the inflammation, as anterior, intermediate, posterior or panuveitis. Uveitis
can also be classified as either infectious or noninfectious, with noninfectious uveitis being the most common type in the
Us.”’

Disease Burden

There have been several population-based studies evaluating the incidence and prevalence of uveitis within the US, but
each studying different populations, at different times and with variable estimates.”® °' The most recent population-
based study, the Pacific Ocular Inflammation study, evaluated the incidence and prevalence of uveitis from a racially
diverse population representative of all age groups, within a health system in Hawaii. The study found an overall
incidence rate of uveitis of 24.9 per 100,000 person-years and a prevalence rate of 58.0 per 100,000 persons for the year
2007. Anterior uveitis was the most common, with an incidence of 20.3 per 100,000 person-years, followed by posterior/
panuveitis (3.9 per 100,000 person-years), and intermediate uveitis (0.7 per 100,000 person years). Incidence rates
increased significantly with age (P < 0.001) and when further broken down by anatomic location of uveitis, rates of
anterior uveitis increased with age (P < 0.001) but rates of intermediate (P = 0.41) and posterior/panuveitis (P = 0.96)
did not.®!

However, another claims-based analysis study, utilizing a large insurance claims database for the year 2012, evaluated
the prevalence of non-infectious uveitis (NIU) within the US and found that the overall prevalence of all types of uveitis
within a combined adult and pediatric population was 113.5 per 100,000.%° This prevalence rate is significantly higher
than that reported in the Pacific Ocular Inflammation Study, probably due to higher number of Pacific Highlanders in that
study cohort who have overall lower prevalence of uveitis but is similar to the prevalence of 115.3 per 100,000 found in
a previous, older, large population-based study, the Northern California Epidemiology of Uveitis Study.”® The findings
from the claims-based study also revealed that the prevalence of NIU increased with patient age. Across all age groups,
the most common location of the uveitis was anterior. For the oldest patients (age 65 years and older), the most common
non anterior location of inflammation was posterior uveitis.*’

Uveitic Macular Edema

Macular edema is a common structural ocular complication of uveitis and uveitic macular edema (UME) is responsible
for a substantial amount of visual impairment among patients with uveitis. UME is caused by a break down in the blood-
retinal barrier, with resultant fluid accumulation within the retina, intra- and extracellularly. There is an influx of
inflammatory cells, cytokines, growth factors and intracellular adhesion molecules with fluid accumulation within the
macula as either cystoid spaces, or diffuse retinal thickening or as fluid within the subretinal space.*%

A study by Durrani et al stratified the degree, duration and causes of visual loss in uveitis patients from a tertiary care
uveitis referral center and found that not only did presence of intraocular inflammation contribute to moderate and severe
vision loss in these patients, but 26.8% of the patients had cystoid macular edema (CME) which also contributed to the
vision loss.®* In the Multicenter Uveitis Steroid Treatment (MUST) Trial, among 481 eyes with uveitis, 37% had

intermediate uveitis, and 63% had posterior/panuveitis.°> Approximately half of the eyes with uveitis had low vision

Clinical Ophthalmology 2022:16 heeps: 1029

Dove:


https://www.dovepress.com
https://www.dovepress.com

Kishore et al Dove

A Macula Thickness : Macular Cube 512x128 oD O | ® OS

353

331 @ 297

ILM-RPE Thickness (um)

(s

270

ILM-RPE Thickness (um) Fovea: 262, 68

ILM - RPE

Figure 2 (A) Persistent macular edema in an eye with superotemporal branch retinal vein occlusion despite 9 intravitreal bevacizumab, |7 ranibizumab, and 3 grid laser
treatments over 6| months. (B) Resolution of macular edema one month after DEX implant.
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(best-corrected visual acuity worse than 20/40), and approximately 16% were legally blind (best corrected visual acuity
of 20/200 or worse), with a similar distribution across intermediate uveitis vs posterior or panuveitis cases.®> CME was
present in 38% of eyes, and this rate was found to be similar in intermediate uveitis and posterior/panuveitis cases.
Another recent study,®® evaluating spectral domain optical coherence tomography (SD-OCT) findings on 500 consecutive
uveitis patients, found that the anatomic location of inflammation affected significantly the central retinal thickness and
macular volume, with the highest values in intermediate and panuveitis. CME was seen in 25% of all uveitic eyes and
was most frequent in intermediate (40%) and panuveitis (36%).%°

Rationale for Use of Intravitreal Drug Delivery Systems

The approach to the treatment of UME begins with control of the underlying uveitis.®” Corticosteroids remain the
mainstay of treatment for non-infectious uveitis, at least in the short term, and may be used topically for anterior segment
disease and locally with periocular and intraocular injections, for posterior segment disease, which in turn may help
resolve UME. Local steroid therapy may be preferred in cases of unilateral disease to avoid the systemic side effects of
steroids. In severe disease, systemic corticosteroid therapy is often required. If long-term systemic therapy is anticipated,
steroid-sparing immunomodulatory therapy is used, and all these measures may help UME.®’

Intravitreal drug delivery systems (DDSs) have several advantages over systemic delivery in that they bypass the
blood-retinal barrier, thus allowing the drug to reach the retina in high concentrations, with little or no systemic
exposure.®® They have an advantage over topical application as most topically administered drugs do not achieve
therapeutic concentration in the vitreous cavity. Intravitreal drug delivery can be performed through direct injection, or
with a sustained release implant. Direct intravitreal injections of steroids such as triamcinolone, although easy to perform
carry the risk of endophthalmitis, retinal detachment and vitreous hemorrhage and provide uneven intravitreal concen-
tration of the drug. With an intravitreal sustained DDS there is steady delivery of medication to the target tissue, limiting
toxicity to non-target tissues. It may also reduce the need for repeated injections and allows for longer intervals between
treatments, improving patient compliance (Figure 3). *®

DEX Implant for Uveitic Macular Edema
The HURON Study Group in 2011 evaluated the safety and efficacy of two different doses (0.7 and 0.35 mg) of DEX
implant for the treatment of noninfectious intermediate or posterior uveitis as a randomized controlled Phase III trial
(Table 2).%° Patients enrolled in this study had a vitreous haze score of at least +1.5 and an Early Treatment Diabetic
Retinopathy Study (ETDRS) best corrected visual acuity (BCVA) of 1075 letters (20/630 - 20/32). The main outcome
measure was the proportion of eyes with a vitreous haze score of 0 at week 8. Key exclusion criteria included the use of
IOP-lowering medications within the last 1 month, history of glaucoma, or ocular hypertension including exclusion of
patients with IOP of > 21 mmHg at baseline. In this 26-week trial, 229 patients were enrolled, and majority (81%) had
intermediate uveitis. The eyes were randomized to a single treatment with a 0.7-mg DEX implant (n = 77), 0.35-mg DEX
implant (n = 76), or a sham procedure (n = 76). The results of the study were encouraging. The proportion of eyes with
a vitreous haze score of 0 at week 8 was 47% with the 0.7 mg DEX implant, 36% with the 0.35 mg DEX implant and
12% with the sham. The percentage of eyes achieving a vitreous haze score of zero was significantly greater in the
dexamethasone implant 0.7 mg group than the sham group from weeks 6 through 26 (p <0.014). The study also evaluated
CST, and found that, although there was a statistically significant mean decrease from baseline at week 8 in the 0.7 mg
DEX implant group compared with sham, this effect was not sustained through week 26. But despite the lack of
significant reduction in CME by week 26, a gain of 15 or more letters from baseline BCVA was seen significantly more
frequently in eyes in the DEX implant groups than the sham group at all study visits, including the one at 26 weeks.®”
The findings of reduction in UME within the HURON trial spurred several other studies evaluating the DEX implant
specifically for UME. A retrospective study by Pelegrin et al (2015) showed peak effect on CST reduction at one month,
on BCVA at three months without any difference between vitrectomized and nonvitrectomized eyes. Reinjection was
performed in 45.2% eyes after a median time of 5 months. Ocular hypertension was seen in 47.6% eyes, with
nonvitrecomized eyes showing higher IOP.”® A retrospective study in 2017 by Tsang et al from Canada evaluated the
use of DEX implant in 15 consecutive patients with non-infectious posterior segment uveitis for the treatment of their
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Figure 3 (A) Fundus photo of an eye with intermediate uveitis showing marked vitreous haze and membranes. (B) Marked macular edema and subretinal fluid on OCT. (C)
Three days after DEX implant showing marked improvement in vitreous haze and membranes. (D) Resolution of macular edema.

macular edema.”’ Eleven patients were receiving concomitant systemic immunomodulatory therapy during treatment
with the DEX implant which included methotrexate, adalimumab, mycophenolate mofetil, cyclosporine, infliximab.
A total of 35 implants on 25 eyes of 15 patients were included in the analysis. Of these, 91.4% had a reduction in CST
and 80% had improved BCVA. After the first DEX implant, CST decreased from 590 microns at baseline to 370 microns
at 3 months (p < 0.001). The logMAR VA was 0.614 at baseline and improved to 0.35 (p = 0.002), reaching a statistically
significant difference at 3 months. A repeat implant led to VA improvement of —0.184 logMAR and CST reduction of —
291 microns. There was no significant difference in effect between the first repeat implant and the initial implant.
Kaplan—Meier estimates of treatment success were 72% between 3 and 6 months. 18 eyes received only one implant and
seven eyes required treatment with multiple implants. The authors concluded that the DEX implant is an effective adjunct
treatment to systemic corticosteroid or immunomodulatory therapy and additional research was required to determine the
efficacy of DEX implant as monotherapy for controlling chronic uveitic macular edema.”’

That same year, Khurana et al prospectively evaluated the use of the DEX implant for 10 patients with persistent
UME for 3 months or longer (mean 8.4 months) in the absence of intraocular inflammation.'® The inclusion criteria
included patients with noninfectious uveitis, central sub-foveal retinal thickness (CST) >350 microns, and visual acuity
worse than 20/32. The inflammation from their uveitis had to be well controlled with anterior chamber cell <0.5+ and
vitreous haze <1+. All patients were treated with DEX implant at study entry and were eligible for retreatment with DEX
implant at any time after Day 90 if there was any sign of recurrence of CME. Recurrence of CME was defined as the
presence of intraretinal cysts on SD-OCT. The authors reported that after a single DEX implant, there was complete
resolution of CME in 90% of eyes at 1 month posttreatment and 70% of eyes at 3 months posttreatment. At day 90, mean
improvement from baseline BCVA was 14.4 letters (P = 0.0003), 70% of patients had a >10 letter BCVA improvement,
50% of patients had a >15 letter BCVA improvement, and the mean decrease from baseline central subfield retinal
thickness was 140 microns (P = 0.008). Improvements were maintained through day 360 with retreatment as needed.
Forty percent of patients received 1, 30% of patients received 2, 20% of patients received 3, and 10% of patients received
4 DEX implant treatments. At day 360, mean improvement in BCVA was 16.5 letters (P = 0.006) and the mean decrease
in central subfield retinal thickness was 158 microns (P = 0.002)."°

1032  "ee Clinical Ophthalmology 2022:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

a0

91:220¢ ASojoweyaydQ [eauD

isdpy

€eol

Table 2 Summary of Studies of DEX Implant in Uveitis and Uveitic Macular Edema

Study Design n Intervention Outcome Time Results Comments
(Year) Measure(s) | Point(s)
Lowder 26-week, sham- 229 eyes with Single injection of DEX implant (350 | Eyes with 8 weeks 47% with DEX 0.7, 36% with DEX 0.35, Superior visual results in DEX
4 gle inj P 4 p
etal. controlled RCT noninfectious mcg or 700 mcg) versus sham vitreous haze 12% sham achieved primary end point. treated eyes at all visits.
(2011) The posterior or score of 0 Visual benefit persisted through week 26. | IOP225 mm Hg in 7.1% DEX
HURON intermediate CST benefit at 8 weeks, but not at 26 0.7, 8.7% DEX 0.35 and 4.2%
Study uveitis for sham.
Group®®
Pelegrin Retrospective 42 eyes of 32 | DEX implant, retreatment as BCVA, CST Variable Peak CST reduction at | month. Peak VA | 45.2% needed reinjection after
et al. patients with needed reduction, benefit at 3 months. No difference a median of 5 months. Ocular
2015)7° UME side effects between vitrectomized and hypertension in 47.6%.
yp
nonvitrectomized eyes
Tsang et al. | Retrospective 25 eyes of 15 | DEX implant, repeated as needed Primary CST, | Variable 91.4% had reduction in CST (220 I'l patients on concurrent
(2017)"! patients with secondary microns at 3 months). Approx 2 line VA | immunesuppression. No
UME BCVA, time gain at 3 months difference in effect between
to reinjection first implant and repeat implant.
Khurana Prospective, 10 eyes with DEX implant at baseline, BCVA, CST Day 90, +14.4 letter gain, and —140 microns CST | 60% needed retreatment. Visual
P 4 P y 8
et al. noncomparative, | UME and retreatment as needed after day 90 and reduction at 3 months. and anatomical benefits
(2017)'° single center quiescent one year maintained through one year
uveitis with retreatments.
Nobre- Retrospective 41 eyes of 31 DEX implant at baseline, BCVA, CST, Variable At one month, CST improved in most Ocular hypertension in 36.2%.
Cardoso patients with retreatment as needed complications eyes, but 31.7% shows no improvement in | Small and short-term effect of
et al. UME VA DEX implant.
(2017)7*
Fabiani Retrospective 22 eyes with Single DEX implant Systemic 3 and six Reduced dose of systemic prednisone at 3 | 13.6% developed ocular
etal. UME steroid months and 6 months. CST and BCVA improved hypertension. Returned to
(2017)7 sparing effect at 1,3, and 6 month visits. baseline by 6 months.
Ratra et al. | Retrospective 42 eyes of 34 | DEX implant as needed BCVA, CST Variable Visual, anatomical and steroid sparin, Only || eyes (26%) needed
p 4 P paring Y 4
(2018)™* patients with effect of DEX implant. 10 eyes (24%) repeat injection after 12.6-20.9
UME needed no other treatment. Oral steroids | months. Prolonged effect of
stopped in 40% DEX implant hard to explain.
Thorne Six month, 235 eyes of PTA (40 mg), IVTA (4mg), DEX (0.7 | CST, BCVA, CSTat 8 Both IVTA and DEX superior to PTA Higher IOP in intravitreal
etal. multicenter, 192 patients mg) I:1:] randomization. side effects weeks. regarding CST reduction and BCVA, DEX | groups compared to PTA, no
(2019) The | randomized, with UME Retreatment permitted at 8 weeks BCVA and | noninferior to IVTA. Repeat injection 38 | difference between DEX and
POINT clinical trial in PTA and IVTA, and at |12 weeks in IOP over (48%) IVTA, 44 (56%) DEX. IVTA.
Trial” DEX six months

Abbreviations: UME, uveitic macular edema; PTA, periocular triamcinolone acetonide; IVTA, intravitreal triamcinolone acetonide; CST, central subfield thickness.
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While most studies reported favorable results with DEX implants for uveitis and UME, Nobre-Cardoso et al evaluated
the long-term outcomes of DEX implant, need for re-injection, duration of action and relapse rate, as well as the safety
profile in patients with uveitis and found that while the DEX implant can be used to treat UME, there was a limited and
short-term effect on BCVA.”* The authors studied 41 eyes of 31 patients with UME and non- infectious uveitis of which
21 patients (67.7%) were receiving systemic treatment. Eighteen eyes (43.9%) had a persistent UME for at least 6 months
before implantation and in four eyes (9.8%), the edema was present for at least 12 months before implantation. Follow-up
time was on average 13.4 £ 5.9 months after the first implant. The authors found that one month after the first implant,
even as CRT improved significantly in most eyes (p<0.001), 31.7% showed no improvement in BCVA. At 6 months post-
implantation, CRT and BCVA had deteriorated in up to 70% of patients. Thirteen eyes were re-implanted, with a similar
effect to that of the first implant. Ocular hypertension developed in 36.2% of eyes, and three eyes had cataract surgery, all
in eyes with repeated implants. The percentage of eyes that developed ocular hypertension (intraocular pressure (IOP)
>21 mmHg) was higher than reported in the HURON trial (23% versus 36%).

Fabiani et al retrospectively analyzed 22 eyes treated with DEX implant for UME related to non-infectious uveitis.”
The mean systemic prednisone (or equivalent) dosage significantly decreased at 3- and 6-month follow-up evaluations
compared to baseline (P=0.002 and P=0.01, respectively). Compared to baseline, CRT values significantly decreased at
1-, 3-, and 6-month evaluations after the implantation (P < 0.0001). The mean best corrected visual acuity (BCVA) value
also gradually improved at 1-, 3-, and 6- month visits compared to baseline (P=0.009, P=0.0004, and P=0.0001,
respectively). The authors concluded that treatment with intravitreal DEX implant in noninfectious uveitis allowed
a significant corticosteroid sparing effect, a significant improvement in BCVA, and a prompt resolution of UME without
any safety issues observed in any of the patients.”

Ratra et al retrospectively analyzed the efficacy of DEX implant in 42 eyes of 34 adult and pediatric patients with
UME from noninfectious intermediate or posterior uveitis over a follow-up period of 19.2+2.2 months, and showed
significant visual, anatomical and systemic steroid sparing effect. Only 11 eyes needed repeat implant after a period of
12.6 to 20.9 months.”

The PeriOcular versus INTravitreal corticosteroids for uveitic macular edema (POINT) Trial was a pivotal multi-
center randomized clinical trial that evaluated the comparative effectiveness of three regional corticosteroid injections for
UME: periocular triamcinolone acetonide (PTA), intravitreal triamcinolone acetonide (ITA), and the intravitreal DEX
implant, where patients were randomized to receive 1:1:1 of the three therapies.”” The primary outcome was the
proportion of baseline CRT at 8 weeks assessed with optical coherence tomography (OCT) by masked readers.
Secondary outcomes included >20% improvement and resolution of macular edema, BCVA, and IOP events over 24
weeks. At 8 weeks, each group had clinically meaningful reductions in CRT relative to baseline. Intravitreal triamcino-
lone acetonide and DEX implant had larger reductions in CRT than PTA (p <0.0001). Intravitreal DEX implant was non-
inferior to ITA at 8 weeks. Both ITA and intravitreal DEX implant treatments also were superior to PTA treatment in
improving and resolving UME. All treatment groups demonstrated BCVA improvement throughout follow-up. Both ITA
and intravitreal DEX implant groups had improvements in BCVA that was 5 letters greater than the PTA group at 8
weeks (p <0.004). The risk of having IOP >24 mmHg was higher in the intravitreal treatment groups compared with the
periocular group, however, there was no significant difference between the two intravitreal treatment groups. The authors
concluded that the intravitreal therapies were superior to PTA for treating UME with modest rise in IOP which was not
different between the 2 intravitreal therapies.”” However, despite extensive evidence for the safety and efficacy of DEX
implant, its use is currently off-label in UME.

DEX Implant for Diabetic Macular Edema

Diabetic macular edema (DME) is likely due to multifactorial pathologic mechanisms. Other than VEGF, alterations in
hydrostatic pressure, inflammatory cytokines and changes in intercellular adhesion molecule have also been shown to
incite and perpetuate increased capillary permeability.”® ' This is the rationale for using corticosteroids in the manage-
ment of diabetic macular edema. Corticosteroids also have additional benefits such as inhibiting leukostasis and
inhibiting VEGF signaling at the synthesis level.
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Studies on DEX implant in patients with DME have been reported under varied clinical situations- in treatment naive
DME, in anti-VEGF resistant DME, in combination with anti-VEGF [2 RCTs], in combination with macular laser photo-
coagulation, in non-vitrectomized eyes and in vitrectomized eyes (Table 3). Comparative treatments in studies using DEX
implant for DME has included sham injection (1 RCT with 1048 eyes), intravitreal anti-VEGF injection (3 RCTs), and laser
photocoagulation (1 study, 253 eyes). In addition, some studies have focused on the short-term safety and efficacy of a single
implant while others using multiple implants. The duration of follow-up has varied from 6 months to 3 years.

MEAD study was a pivotal phase III prospective randomized sham-controlled study to compare the safety and
efficacy of two doses of DEX implant (0.35 mg- 347 patients and 0.7 mg- 351 patients) with sham injection (350
patients).®> At a follow-up period of 3 years, beneficial anatomical (about 100 pm versus 40 um CRT reduction) and
functional outcomes were observed for both doses. On average, 45 injections were needed over the 3-year period.
Unlike with anti-VEGF injections, monthly follow-up over the study period was not necessary. Fifteen letter or greater
improvement in BCVA was noted in approximately 12%, 18% and 22% of patients with the sham, 0.35 mg and 0.7 mg
groups respectively. However, the mean overall improvement in visual acuity was between 3 and 4 letters in both
treatment groups. At 1 year follow-up interval, decline in visual acuity was observed due to progression of cataract but
vision was restored following intraocular lens implantation. Cataract surgery was required in 20%, 64% and 68% of
phakic eyes in sham, 0.35 mg DEX, and 0.7 mg DEX groups, respectively. Other serious adverse events noted were IOP
elevation in every 4™ patient in the implant group with 0.1% needing glaucoma surgery and 4-7% risk of vitreous
hemorrhage that cleared spontaneously. Prior to the MEAD study, the efficacy of DEX implant had been demonstrated in
DME by Haller et al and Pacella et al, in DME not responding to anti-VEGF by Lazic et al, and DME in vitrectomized
eyes by Boyer et al and Medeiros et al.** ®*” A subsequent subgroup analysis of patients enrolled in the MEAD trial who
had been previously treated with laser, anti-VEGF, intravitreal triamcinolone, or a combination of these, were also found
to have favorable outcome.®® Castro-Navarro et al (2019) evaluated the safety and efficacy of a single DEX implant in 69
patients (84 eyes) with treatment naive DME (29 eyes) and DME that was resistant to prior treatment (55 eyes) in a
retrospective chart review.® Over a 6-month follow-up period, the CST improved respectively by about 120 pm and 90
pum in the two groups. Although both groups showed visual and anatomical improvement, treatment naive did better than
previously treated eyes regarding BCVA gain >10 letters. Other authors have reported similar effects in both previously
treated and untreated DME patients.’® Functional benefits have been reported as early as 4 weeks after the injection.”’ In
the MEAD study, implant reinjection was carried out after more than 6 months follow-up. More recent analysis suggests
that reinjection at 4-5 months may have better outcomes and hence it is possible that MEAD results were an under-
estimate of the actual potential of the DEX implant.”?

In a 12-month prospective randomized, double masked, controlled study by Callanan et al (2013), the percentage of
patients who gained > 10 letters were not different in the two study groups (dexamethasone implant followed 1 month
later by focal/grid laser photocoagulation versus sham implant followed by laser). Patients with diffuse macular leak on
fluorescein angiography however fared better with the implant up to 9 months.”® In a subsequent 12-month, multi-center,
open-label, randomized noninferiority study, Callanan et al compared the safety and efficacy of DEX implant given every
five months versus ranibizumab in patients with treated but persisting DME (mean duration of 3 years). The mean change
in BCVA was about 4 ETDRS letters in the implant group versus 7 letters in the ranibizumab group which was within the
prespecified noninferiority margins. Improvement of > 15 letters at different time points was also comparable (7.2—-17.7%
versus 4.4-26.9% respectively). Noninferiority was obtained with 2.85 DEX implants versus 8.7 Ranibizumab
injections.” In a recently reported meta-analysis, involving 10 studies and 362 eyes, it was found that a single injection
of DEX implant was beneficial in lowering the CST and improving visual acuity over 6 months in patients not responding
to anti-VEGF therapy (Figure 4).”> However, terms such as “anti-VEGF nonresponders”, “partial or incomplete
responders”, and “refractory macular edema” are not clearly defined both in the setting of DME and RVO-associated
macular edema.

Another meta-analysis of 4 RCTs and 521 eyes has shown DEX implant to have superior anatomical benefits in terms
of reduction in CST at 6 and 12 months compared to anti-VEGF injections, but lower functional results due to
progression of cataract.”® Maturi et al evaluated combination therapy with intravitreal bevacizumab at baseline followed
by DEX implant at 1 month, and at 5 and 9 months if needed against continued bevacizumab monotherapy in
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Table 3 Summary of Studies of DEX Implant in Diabetic Macular Edema

Study Design n Intervention Outcome Time Results Comments
(Year) Measure(s) | Point(s)
Haller JA Sham-controlled 171 Single injection 210 letter 90 and Day 90. Gainers 33.3% DEX 0.7, 21.1% | Phase Il study
etal RCT DEX 0.7 mg, DEX | BCVA gain 180 days | DEX 0.35
(2010)% 0.35 mg, or sham Day 180. Gainers 30% DEX 0.7, 19%
DEX 0.35
Pacella Prospective, 20 eyes of 17 patients Single DEX implant | BCVA and Various BCVA and CST gain from 3™ day until 3 | Regression of BCVA and CST at
et al. nonrandomized, CST change | time months. (—.14 logMAR, —226 microns at | month 4 and 6. Two eyes re-injected
(20I3)84 interventional points 3 months) prior to six months
over 6
months
Callanan RCT 253 eyes with diffuse DME Combination. DEX | BCVA (2 10 | 12 Combination group better at | and 9 DEX implant offered no visual benefit
etal. baseline laser | letter gain) months months, but no difference at 12 months | to focal laser alone at 12 months.
(2013) month and area of Combinatin group had greater
PLACID®® monotherapy. vascular decrease in vascular leakage area
Sham baseline laser | leakage by
I month. Up to 3 angiography.
additional laser and
one DEX
permitted
Lazic et al. | Prospective, 16 eyes of 15 patients Single DEX, eyes BCVA and Monthly | Peak VA gain at 2 months, CST Increased IOP at 1,2,3 months.
(2014)% nonrandomized, with CST change | for six improvement at 1,2,3 months Duration of therapeutic effect 3—4
interventional “unresponsive” months months.
DME after 23
monthly anti-VEGF
injections
Boyer Prospective, 55 eyes with DME and history of prior | Single DEX implant | Primary: Week 8 | Week 8. —156 micron CST, +6 letters 30% gained 210 letters at week 8
etal. nonrandomized, PPV Change in and 26 BCVA
(2011)8¢ interventional CST and Week 26. —65 microns CST, +3 letters
Secondary: BCVA
change in
BCVA
Medeiros Retrospective, 58 eyes. 24 vitrectomized, 34 Single DEX BCVA and Month I, | Improved BCVA and CST at each visit. No difference between vitrectomized
et al. comparative nonvitrectomized CST 3,6 and nonvitrectomized eyes
(2014)%
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Medeiros Retrospective, 58 eyes with “refractory” DME Single DEX BCVA and Month I, | Reduction in CST at | and 3 month, Refractory not defined.
etal. noncomparative CST 3,6 some regression at month 6. Peak VA
(2014)'° benefit at 3 months (about 2 lines)
Boyer 3-year, sham- 1048 [HH! 2 |5 letter 3 years Gainers: 22.2% (DEX 0.7), 18.4% (DEX | Cataract 67.9% phakic eyes (DEX 0.7),
etal. controlled RCT randomization BCVA gain, 0.35) and 12% (sham). Mean CST 64% (DEX 0.35). IOP elevation in
(2014) DEX 0.7 mg, DEX | CST reduction —111.6 microns (DEX 0.7), about 25%, Overall mean
The 0.35 mg, sham. —107.9 (DEX 0.35), —41.9 (sham) improvement in BCVA only 3 to 4
MEAD Retreatment letters
Study®? allowed 2 6

months
Maturi RCT 40 eyes with “incomplete response to BCB monotherapy | Change in 12 Similar BCVA gain in both groups (+4.9 | 3 fewer BCB injections in combination
et al. anti-VEGF injections” versus BCVA, and months v +5.4 letters), Greater CST reduction group but required 2.1 DEX injections
(2015)”7 combination (BCB | CST in CST group (—45 microns v —30 (no real benefit)

baseline, DEX at microns)

month |, and 5.9

PRN)
Totan Prospective, 30 Single DEX for Change in I, 3,and | BCVA gain at | and 3 months (about Regression of effect between 3 and 6
et al. interventional, eyes “resistant” to | BCVA and 6 —0.14 logMAR), Improved CST at all months.
(2016)'°? nonrandomized prior BCB CST months three time points

(Switch study)

Shah RCT 50 DEX q 3 months, BCVA, CST | 7 Similar BCVA gain (BCB +5.6, DEX +5.8 | Eyes with “persistent” DME show
Setal v BCB reduction months letters), greater CST reduction in DEX | improvement in vision with continued
(2016)'% monotherapy for (=122 v =13 microns) anti-VEGF injections

persistent DME

despite 23 anti-

VEGF injections

within 5 months
Chhablani | Retrospective, 79 eyes (15 treatment naive, 64 DEX at baseline, BCVA, CST | Variable Similar BCVA gain in both groups (about | “Real-life” study. Reinjection after
etal. comparative previously treated “recalcitrant”) repeated as 0.15 logMAR) mean 6.5 months
(2016)™ needed
Callanan RCT, multi-center, DEX 181, RZB 182 DEX every 5 BCVA, CST, 12 DEX +4.34, RZB +7.6 letters DEX noninferior to RZB, greater
etal. noninferiority months, versus percentage months decrease in fluorescein leakage area in
(2017)* RZB monthly PRN | gainer 215 DEX group

letters

(Continued)
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Table 3 (Continued).

Study Design n Intervention Outcome Time Results Comments

(Year) Measure(s) | Point(s)

Castro- Retrospective, 84 eyes (29 treatment naive and 55 Single DEX implant | BCVA, CST | 2,4and | Similar CST improvement in both “Refractory” not defined.

Navarro comparative previously treated “refractory”) 6 groups. Naive eyes more likely than

etal. months treated eyes to gain 210 letters

(2019)%

Maturi et Six-month, 236 patients with persistent DME Combination: DEX | BCVA gain, 24 No difference in BCVA gain (+3 letters) | 30% developed increased IOP in

al. (2018) multicenter, RCT despite 2 3 anti-VEGF injections over every 3 months proportion weeks between the two groups. | 1% v 2% combination group. No BCVA benefit

DRCR.net the previous 20 weeks enrolled. All plus monthly RZB | of eyes gained 215 letters in combination v from combination either in phakic or

Protocol given RZB every month for 3 more v monthly RZB gaining 215 monotherapy respectively. Greater CST | pseudophakic eyes (subgroup analysis).

u% injections. Those with still persistent monotherapy letters, CST reduction in combination v No difference between short duration
DME (n=129) were randomized. change monotherapy (110 um v 62 um) (6 months) or longer duration of DME

Abbreviations:

BCB, bevacizumab; PPV, pars plana vitrectomy; RZB, ranibizumab.
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Figure 4 (A) Diabetic macular edema persistent after 10 intravitreal bevacizumab and |3 aflibercept injections over 40 months. (B) Resolution of macular edema one
month after DEX implant.

a randomized clinical trial and noted similar visual gains in both groups, although the combination group had a slightly
greater CST reduction. The combination group received 3 fewer bevacizumab injections but required 2.1 DEX injections
over a period of 12 months.”” Therefore, combination treatment with DEX implant and anti-VEGF injections for the

Clinical Ophthalmology 2022:16 heeps: 1039

Dove:


https://www.dovepress.com
https://www.dovepress.com

Kishore et al Dove

management of DME is generally not recommended because no additional functional benefit has been demonstrated and
instead, patients were exposed to the risks of both injections.”®*® Major concerns with the implant, as with other
corticosteroid treatments remains a fourfold increase in the risk of IOP elevation and progression of cataract.'”® Owing to
these concerns, corticosteroid implants, including DEX implant, are generally recommended as second-line therapy in
phakic eyes in most guidelines. A retrospective study showed about 2-line visual gain at three months followed by
regression over the next three months in 58 eyes with “refractory” DME treated with a single DEX implant.'®' Totan et al
showed some visual benefit at 1 and 3 months with DEX implant in a nonrandomized prospective study in eyes
“resistant” to prior intravireal bevacizumab.'®” However, Shah et al showed similar visual gain in “persistent DME
despite >3 anti-VEGF injections” who continued with intravitreal bevacizumab monotherapy and those who were
switched to DEX implant reinjected every three months (+5.6 v +5.8 letters), despite greater CST reduction in the
DEX group.'® A recent consensus statement suggests that it may be inappropriate to wait for more than 3 months before
consideration of a switch to second-line therapy.'® However, as shown by the DRCR.net Protocol U,” eyes with
persistent DME after >6 anti-VEGF injections can still expect significant visual gain with continued anti-VEGF
monotherapy, which, unlike DEX implant, has the added benefit of causing improvement of diabetic retinopathy severity.
Whether DEX-implant offers any benefit over anti-VEGF injections in special situations, such as postvitrectomy or
pseudophakic eyes is currently not known.

Other off Label Uses of DEX Implant

Neovascular Age-Related Macular Degeneration

A single injection of DEX implant as an adjunct to monthly ranibizumab was evaluated in a small noncomparative
interventional study by Calvo et al.'® Although BCVA did not improve, statistically significant reduction in CRT was
noted as early as two weeks after DEX implant (248 microns from 273 microns), with maximum reduction in CRT
occurring at 3 months.'® Similar results (anatomical benefit but no visual benefit) were noted by Barikian et al in 2017
and Giancipoli et al in 2018.'%'%7 Rezar-Dreindl et al (2017) conducted a one-year randomized controlled trial involving
40 eyes with neovascular AMD treated with intravitreal ranibizumab PRN alone versus combination of DEX implant
with PRN ranibizumab. Reinjection with DEX implant was permitted after six months. No difference in BCVA was
noted. But the eyes in combination group needed fewer ranibizumab injections and median time to first re-injection was
significantly longer in the combination group.'®® However, no anatomical or visual benefits were noted in a randomized
multicenter trial comparing adjunct DEX implant versus intravitreal ranibizumab alone.'” In a retrospective study,
Mallikarjun et al showed that an adjunct intravitreal DEX implant prolonged treatment-free interval in eyes with

polypoidal choroidal vasculopathy without offering any visual benefit.''

Miscellaneous Conditions
DEX implant has been used off-label for macular edema associated with retinitis pigmentosa,'''''* hydroxychloroquine

retinopathy,''> persistent macular edema after pars plana vitrectomy,''® and various other indications.''” However,
a prospective randomized controlled trial of 140 eyes undergoing vitrectomy surgery with silicone oil for proliferative

vitreo-retinopathy failed to show any benefit of DEX implants injected at the time of surgery and silicone oil removal.''®

Serious Side Effects and Complications
Potential adverse effects associated with DEX implant can be subdivided into four categories:

(A) Steroid-related complications. Cataract progression and steroid-induced ocular hypertension are well-known
complications associated with all steroids including DEX implant and should be managed appropriately.
A recent study showed that selective laser trabeculoplasty (SLT) is an effective treatment for elevated IOP
after DEX implant. After SLT, mean IOP dropped by 31% at one month and 34% in three months. Eyes that

received second DEX implant (31%) after SLT did not experience IOP rise after subsequent injection.'"®
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(B) Opportunistic infections such as CMV retinitis,

1207123 and toxoplasmic retinochoroiditis have been reported after

DEX implant.'**

(C) Injection related complications. Lens injury, vitreous hemorrhage, retinal detachment, impaction in the sclera,

endophthalmitis, and hypotony likely due to a relatively larger 22-g applicator needle.'* Retinal and vitreous
hemorrhage due to traumatic impact in a vitrectomized eye has been reported.'*® As the implant can act as nidus
for bacteria, it should be removed if vitrectomy is performed for endophthalmitis in an eye containing DEX
implant.

(D) Implant related complications. Migration of implant into the anterior chamber in eyes with open disrupted

capsule, eyes with prior vitrectomy, aphakia, ACIOL, scleral fixated IOL, iris fixated PCIOL, large peripheral
iridectomies, insufficient zonular support can cause corneal decompensation which may not resolve despite

removal of the implant.'?’'*° For these reasons, it is contraindicated in eyes with open or absent capsule.

However, a prior YAG capsulotomy is not a contraindication. Accidental intralenticular implant injection,lm*132

. . 1 . . 134
iatrogenic macular hole,"** and extramacular retinal hole formation have also been reported.'

Conclusion
DEX implant is a useful tool in the management of several retinal conditions. Side effects are few and easily manageable

in most patients. The duration of therapeutic effect is relatively short-3—4 months in most cases. Further studies are

needed to determine its precise place alongside other available treatment options.
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