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Abstract

Objectives

To evaluate the clinical efficacy of dexamethasone (DEX) implant, for the treatment of mac-
ular edema (ME) caused by retinal vein occlusion (RVO) and diabetic retinopathy (DR)
through a systematic review and meta-analysis.

Methods

The PubMed, Embase and Cochrane Library databases were comprehensively searched
from inception to November 21, 2022, for studies evaluating the clinical efficacy of DEX
implant for patients with retinal vein occlusion macular edema (RVO-ME) or diabetic macu-
lar edema (DME). Randomized controlled trials (RCTs) published in English were consid-
ered eligible. The Cochrane Collaboration tool was applied to assess the risk of bias in each
study. Effect estimates with 95% confidence intervals (Cls) were pooled using the random
effects model. We also conducted subgroup analyses to explore the sources of heterogene-
ity and the stability of the results.

Results

This meta-analysis included 8 RCTs (RVO-ME [n = 2] and DME [n = 6]) assessing a total of
336 eyes. Compared with anti-VEGF therapy, DEX implant treatment achieved superior out-
comes in terms of best corrected visual acuity (BCVA) (mean difference [MD] = -3.68 ([95%
Cl,-6.11 to -1.25], P = 0.003), and no heterogeneity was observed (P = 0.43, I? = 0%). DEX
implant treatment also significantly reduced central macular thickness (CMT) compared
with anti-VEGF treatment (MD =-31.32[95% ClI, -57.92 t0 -4.72], P = 0.02), and there was a
high level of heterogeneity between trials (P = 0.04, |2 = 54%). In terms of severe adverse
events, DEX implant treatment had a higher risk of elevated intraocular pressure than anti-

PLOS ONE | https://doi.org/10.1371/journal.pone.0305573 July 10, 2024

1/18


https://orcid.org/0000-0002-5012-957X
https://orcid.org/0000-0002-0930-4444
https://doi.org/10.1371/journal.pone.0305573
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305573&domain=pdf&date_stamp=2024-07-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305573&domain=pdf&date_stamp=2024-07-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305573&domain=pdf&date_stamp=2024-07-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305573&domain=pdf&date_stamp=2024-07-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305573&domain=pdf&date_stamp=2024-07-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305573&domain=pdf&date_stamp=2024-07-10
https://doi.org/10.1371/journal.pone.0305573
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Comparing the efficacy of OZURDEX and anti-VEGF for the treatment of macular edema

Competing interests: NO authors have competing
interests

Abbreviations: BFGF, basic fibroblast factor; BCVA,
best corrected visual acuity; BRB, blood—retinal
barrier; CMT, central macular thickness; Cls,
confidence intervals; DEX, dexamethasone; DME,
diabetic macular edema; DR, diabetic retinopathy;
ETDRS, Early Treatment Diabetic Retinopathy
Study; ICAM-1, intercellular adhesion molecule-1;
IL-8, interleukin 8; 0P, intraocular pressure; MCP-
10, macrophage inflammatory protein-1a; ME,
macular edema; MDs, mean differences; MCP-1,
monocyte chemoattractant protein-1; PRISMA,
Preferred Reporting ltems for Systematic Review
and Meta-Analysis; RCTs, randomized controlled
trials; RPE, retinal pigment epithelium; RR, risk
ratio; RVO, retinal vein occlusion; RVO-ME,
macular edema secondary to branch retinal vein
occlusion; TNF-a, tumor necrosis factor; VCAM-1,
vascular cell adhesion molecule-1; VA, visual
acuity; VEGF, vascular endothelial growth factor.

VEGF therapy (RR = 6.98; 95% Cl: 2.16 to 22.50; P = 0.001), and there was no significant
difference in cataract progression between the two groups (RR = 1.83; 95% CI: 0.63 t0 5.27,
P=0.31).

Conclusions

Compared with anti-VEGF therapy, DEX implant treatment is more effective in improving
BCVA and reducing ME. Additionally, DEX implant treatment has a higher risk of elevated
intraocular pressure. Due to the small number of studies and the short follow-up period, the
results should be interpreted with caution. The long-term effects of the two treatments need
to be further determined.

Trial registration
Prospero Registration Number CRD42021243185.

Introduction

Macular edema (ME) is an important cause of serious visual impairment. ME can be caused by
a variety of eye diseases, of which diabetic retinopathy (DR) and retinal vein occlusion (RVO)
are the main causes. Due to changes in living habits, the number of diabetic macular edema
(DME) cases caused by DR increases annually. The global caseload of diabetes was estimated
to be 463 million in 2019, and it is expected to increase to 578 million by 2030 and to 700 mil-
lion by 2045 [1]. DR is the most common complication of diabetes, with an incidence rate up
to 27%, and is the leading cause of preventable blindness in the working-age population; DME
has an incidence rate of 4.6% [2, 3]. RVO is the second most common cause of blindness in
retinopathy (second only to DR), with an incidence rate of 0.5%. At present, there are approxi-
mately 16 million individuals with RVO worldwide [4]. ME is the most common complication
of RVO [5, 6]. Long-term ME can lead to permanent damage to the retinal structure, resulting
in persistent vision loss [7]. Therefore, reducing ME is the key to saving the patient’s vision.

Laser and anti-VEGF drugs and steroid drugs are widely used in the treatment of RVO-ME
and DME. Laser photocoagulation of microaneurysms and diffuse leaky areas by localized
lasers as well as grid lasers can reduce exudation and thus reduce the development of macular
edema, but this treatment will inevitably cause permanent damage to the retinal structure,
visual field defects, subretinal fibrosis, choroidal neovascularization, and other side effects [8].
At present, the clinical effect of anti-VEGF drugs is remarkable, so they are currently the first
choice in the treatment of DME and RVO-ME [9-15]. However, it may cause subconjunctival
hemorrhage, endophthalmitis, geographic atrophy, and increase the risk of cardiovascular
events in diabetics and the elderly [16].

Current research suggests that ME is driven by a number of factors. The mechanism of
RVO-ME is as follows: damage to retinal pigment epithelium (RPE) cell structure and function
induced by retinal ischemia and hypoxia and damage to its junction complex [17, 18]. Retinal
ischemia induces the expression of monocyte chemoattractant protein-1 (MCP-1) and macro-
phage inflammatory protein-1la. (MCP-10) to recruit and activate circulating macrophages
[19], which in turn activate microglial macrophages to release tumor necrosis factor (TNF-c).
TNF-o stimulates the production of interleukin 8 (IL-8), VEGF, basic fibroblast factor
(BFGF), MCP-1 and other cytokines [20] by retinal endothelial cells and glial cells, promotes
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the adhesion of glial cells to microvessels, and induces retinal neovascularization. The overex-
pression of VEGF and occludin increases the permeability of the vascular endothelium,
destroys the inner barrier [11, 21, 22], decreases the expression of occludin tight junction pro-
tein [23] and induces the expression of a series of inflammatory factors [22] to destroy the
blood retinal barrier. The main mechanism of DME is the change in blood-retinal barrier
(BRB) permeability induced by hyperglycemia [21], such as the increase in endothelial and
pericyte apoptosis [24]. Cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-o.
(TNF-0), immunoglobulin superfamily molecules such as intercellular adhesion molecule-1
(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1), arachidonic acid and their
metabolites, and transcription factors, and inflammatory cells such as leukocytes and neutro-
phils can destroy the BRB, and fluid and molecules of size can leak through the damaged BRB
rupture, causing ME [25]. Because of the multiple factors involved, anti-VEGF drugs are not
currently effective in all patients with ME. Studies have shown that approximately 40% of
patients with DME [26] and approximately 30% of patients with RVO-ME [27] have no effi-
cacy or response. With the development of molecular mechanisms, increasing attention has
been devoted to anti-inflammatory mechanisms. Current studies on ME indicate that overex-
pression of vascular endothelial growth factor (VEGF) and inflammatory mechanisms play an
important role in the development of ME [7]. Both anti-VEGF drugs and dexamethasone
(DEX) implants are currently effective in reducing ME and improving best corrected visual
acuity (BCVA) [28, 29]. The importance of anti-inflammatory treatment for macular edema
secondary to branch retinal vein occlusion (RVO-ME) has also been outlined in the 2019
Guidelines for the Management of Retinal Vein Occlusion by the European Society of Retina
Specialists (EURETINA) [30]. Steroids, such as the anti-inflammatory drug DEX, may cause
elevated intraocular pressure and cataract progression [31], which restrict the treatment of
ME. DEX implants are becoming more widely used in clinical practice, as their development
addresses problems such as frequent injections, short duration, and poor compliance. How-
ever, due to the small number of samples in clinical trials, its safety and effectiveness have yet
to be considered.

To comprehensively evaluate the efficacy and safety of anti-VEGF and DEX implant in the
treatment of RVO-ME and DME, we conducted a systematic review since both anti-VEGF
drugs (such as ranibizumab and bevacizumab) and DEX implant (such as Ozurdex) can be
used to treat RVO-ME and DME in the clinic.

Methods

The study was conducted in accordance with the Cochrane Handbook for Systematic Reviews
and reported using the Preferred Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines. The study also considers PRISMA checklist requirements to the extent
possible (S1 Table). The review protocol was registered in the International Prospective Regis-
ter of Systematic Reviews (PROSPERO) (CRD42021243185).

Search strategy

The PubMed, Embase and Cochrane Library databases were systematically searched from
inception to November 21, 2022, by two independent investigators. We used MeSH (for
PubMed and Cochrane)/Emtree (for Embase) terms combined with free-text words (including
synonyms and closely related words) that were associated with RVO-ME, DME, DEX and
anti-VEGF. The detailed search strategy and specific terms used in the search are shown in

S1 File. We also manually checked the references of relevant articles, meta-analyses, reviews,
and meeting abstracts. We performed study selection in a series of consecutive stages,
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including duplicate checking using Endnote software, title and abstract screening, and full-text
article selection according to the eligibility criteria. These processes were conducted indepen-
dently by two investigators. Disagreements were resolved by consensus, and a third party was
consulted when necessary. If different opinions were encountered, a senior expert was
consulted.

Inclusion and exclusion criteria

The inclusion criteria were as follows: 1. studies were randomized controlled trials (RCTs); 2.
studies included patients with RVO-ME or DME; and 3. studies directly compared the clinical
efficacy of intravitreal injection of Ozurdex with that of anti-VEGF. We examined the follow-
ing primary outcomes: 1) best-corrected visual acuity (BCVA), 2) central macular thickness
(CMT), 3) cataract, and 4) intraocular pressure (IOP). Additional outcomes collected included
the mean number of intravitreal injections. Patients taking bevacizumab and ranibizumab
were assigned to the anti-VEGF group. The corresponding authors had to be contacted, and
the necessary data were unavailable. The exclusion criteria were as follows: studies with insuffi-
cient data; non-RCTs; case reports; review articles; patients in the trial group were given non-
simple Ozurdex injections, including Ozurdex combined with pseudoinjection; or patients in
the control group were nonsimple anti- VEGF, such as anti-VEGF combined with pseudoinjec-
tion or anti-VEGF combined with laser photocoagulation.

Data collection and quality assessment

For each trial, the following data were extracted in line with the PICOS framework: first
author, year of publication, sample size, interventions, and main outcome indicators. Two
authors independently assessed the risk of bias for each RCT according to the recommenda-
tion criteria of the Cochrane Handbook for Systematic Reviews of Interventions [32]. There
were seven domains that were evaluated, including random sequence generation, allocation
concealment, blinding methods (including investigators, participants, and outcome assess-
ment), attrition bias, reporting bias and other sources of bias. Each potential source of bias was
evaluated at three levels: high, low or unclear bias. Any disagreements between the two authors
were resolved through discussion. Data extraction was also done independently by 2 authors.

Outcomes of interest

The primary outcomes were as follows: 1) improvement in BCVA (letters) compared with
baseline and 2) decrease in CMT (micrometers; pm) compared with baseline. In RCTs, visual
acuity (VA) was frequently quantified and reported as an Early Treatment Diabetic Retinopa-
thy Study (ETDRS) letter score. When the logarithm of the minimum angle of resolution (log-
MAR) or Snellen chart scores were used to measure VA, the score was converted to
approximate ETDRS letter scores using the method proposed by Gregori et al. [33], which was
used in quantitative analysis.

logMAR = —1 x log (Snellen fraction)

Approximate ETDRS letter scores = 85 + 50 x log (Snellen fraction)

The secondary outcomes were as follows: 1) progression of cataract compared with base-
line; and 2) any instance intraocular pressure (IOP) increase at any follow-up visit count com-
pared to baseline IOP.
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Statistical analysis

All statistical analyses were performed using the data statistics software Review Manager (Rev-
Man) version 5.3.

The primary outcome measures were improvement in BCVA from baseline and a decrease
in CMT from baseline. The secondary outcomes included the progression of cataracts com-
pared with baseline and IOP compared with baseline.

The random effects model was selected to pool data due to the anticipated high level of het-
erogeneity, mainly with respect to the varied enrolled populations. The primary outcomes
(BCVA and CMT) were expressed as pooled mean differences (MDs) with 95% Cls. The sec-
ondary outcomes (IOP and cataracts) were expressed as pooled RRs with 95% Cls.

Between-study heterogeneity was calculated by the I” statistic. I* > 50% indicated substan-
tial heterogeneity [34]. P values < 0.05 were considered statistically significant. To explore the
sources of heterogeneity, we carried out a series of subgroup analyses based on the main
courses of ME (RVO or DR), different drugs in the control group (bevacizumab or ranibizu-
mab), and follow-up period (<6 months or >6 months). Sensitivity analysis was performed by
applying the leave-one-out method.

Results
Literature search and study characteristics

The initial electronic-based literature search identified a total of 614 studies from the Cochrane
Library (n = 52), PubMed (n = 230) and Embase (n = 332). After removing duplicates, a total
of 538 potentially eligible studies were retrieved. During this process, we excluded 476 studies
after reading the titles and abstracts. After reading the full texts, we further excluded 38 studies
because of inappropriate study designs. After looking through all eligible studies, 9 studies did
not have adequate outcome data, and 7 studies reported irrelevant outcomes. Ultimately, 8
studies [35-42] comprising 336 study eyes satisfied the inclusion criteria and were eligible to
be included in the final meta-analysis (Fig 1).

Table 1 presents the baseline characteristics of the included studies. Studies were published
between 2012 and 2021 with an average follow-up duration of 8.13 months (range: 4-24
months). In all included studies, 2 studies focused on ME caused by RVO, and 6 studies
focused on DME. Five of these studies reported side effects, including increased IOP and cata-
ract progression. All included studies used DEX implant as the treatment group drug and
chose anti-VEGF as the control group drug. Among the control groups, 4 used bevacizumab,
while 3 used ranibizumab. However, in the study by Sharma et al. that defined only anti-VEGF
injection in the control group as bevacizumab or ranibizumab, the authors did not specify the
drugs clearly.

Methodological quality (risk of bias)

The Cochrane Collaboration tool was applied to assess the risk of bias in each study based on
the Cochrane Handbook. Random sequence generation and allocation concealment were clear
for 8/8 (100%). The RCT's had a low risk of bias with respect to blinding of participants and
trial personnel (4/8, 50%), blinding of outcome assessment (3/8, 37.5%), incomplete outcome
data (6/8, 75%) and selective reporting (8/8, 100%). Three of the 7 RCT's (42.86%) had an
unclear risk of bias, and 1 RCT (12.5%) had a high risk of bias with regard to the other criteria.
The risk of bias assessment for each study is shown in S1 and S2 Figs.
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Fig 1. Flow diagram of study selection.

https://doi.org/10.1371/journal.pone.0305573.9001

Comparison of the effectiveness of DEX implant and Anti-VEGF in DME
and RVO-ME

When we meta-analyzed the 8 studies, the results showed that the pooled MD of BCVA
reached -3.68 ([95% CI, -6.11 to -1.25], P = 0.003) in the DEX implant treatment group com-
pared with the anti-VEGF treatment groups. No heterogeneity was observed (P = 0.43, I* =
0%) (Fig 2). Data from the included studies reported that the reduction in central macular
thickness (CMT) was significantly greater in the DEX implant group (MD = -31.32 [95% CI,
-57.92 to -4.72], P = 0.02). Heterogeneity among studies was high (P = 0.04, I” = 54%) (Fig 3).

Meta-analysis results
1. BCVA

1.1 The effect of treatment modality on BCVA. Eight RCTs assessing 336 eyes (172 eyes
with DEX implant treatment, 164 eyes with anti-VEGF treatment) indicated BCVA in patients
with RVO-ME or DME. The treatment effect of DEX implant was shown to be better than that
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Table 1. Baseline characteristics of the included trials.

Study (year) Design |Blinding Subject
methods

NCT 2012 RCT Single blind DME
Guignier 2013 RCT | Notmentioned | BRVO-ME

Shah 2016 RCT Single blind DME

Wickremasinghe RCT Single blind DME

2017

Kumar 2019 RCT | Not mentioned | BRVO-ME

Podkowinski 2020 RCT Double blind DME

Sharma 2020 RCT | Not mentioned DME

Mishra 2021 RCT Double blind DME

Period
(months)

24

Participants numbers

anti-VEGF DEX implant
group group
10 eyes 10 eyes
8 eyes 11 eyes
23 eyes 27 eyes
22 eyes 22 eyes
30 eyes 30 eyes
9 eyes 9 eyes
20 eyes 20 eyes
64 eyes 63 eyes

Types and Average number of injections

anti-VEGF group

Bevacizumab
5 times
Bevacizumab
3 times
Bevacizumab
7.0%0.5 times
Bevacizumab
14.2+7.9 times
Ranibizumab
3 times
Ranibizumab
2 times

Bevacizumab or
Ranibizumab

4.04 times
Ranibizumab

3 times

DEX implant
group
Ozurdex
2 times
Ozurdex
1 times
Ozurdex
2.7+0.5 times
Ozurdex
14.2+7.9 times
Ozurdex
1 times
Ozurdex
2 times

Ozurdex

1.15 times
Ozurdex

1 times

Abbreviations: RCT = randomized controlled trial; DME = diabetic macular edema; DEX = dexamethasone; RVO-ME = macular edema secondary to branch retinal

vein occlusion; VEGF = vascular endothelial growth factor.

https://doi.org/10.1371/journal.pone.0305573.t001

of anti-VEGF. The MD in visual acuity of 8 trials was -3.68 ([95% CI, -6.11 to -1.25],

P =0.003). No statistical heterogeneity was observed (P = 0.43s, I? = 0%) (Fig 2).

1.2 Subgroup analysis for the effect of treatment modality on BCVA. Two RCTs of
RVO-ME assessing 37 eyes (21 eyes with DEX implant treatment, 16 eyes with anti-VEGF
treatment) indicated an improvement in BCVA from baseline. The DEX implant group
showed a similar mean change in BCVA from baseline compared with the anti-VEGF group
(MD = 6.59; 95% CI, —4.64 to 17.82; P = 0.25), and no heterogeneity was observed (P = 0.72; I?
=0%) (Table 2). A meta-analysis on DME was conducted based on 6 RCTs, including 299
eyes (151 eyes with DEX implant treatment, 148 eyes with anti-VEGF treatment). There were
statistically significant differences between the DEX implant and anti-VEGF groups in favor of

OZURDEX anti-VEGF
Study or Subgroup Mean SD Total Mean SD Total
Guignier2013 68.6 10.2 11 617 139 8
Kumar2019 62.5 79 10 69 795 8
Mishra2021 64 5 63 705 20 64
Nct2012 69.6 4.8 10 729 34 10
Podkowinski2020 746 11.99 9 8488 8.88 9
Shah2016 64 11 27 65 16 23
Sharma2020 77.95 76.15 20 75 7275 20
Wickremasinghe2017 646 11.4 22 671 131 22
Total (95% CI) 172 164

Heterogeneity: Tau®= 0.00; Chi*=6.98, df=7 (P = 0.43); F=0%
Test for overall effect: Z= 2.96 (P = 0.003)

Fig 2. Forest plot for meta-analysis of the effect of ME on BCVA.
https://doi.org/10.1371/journal.pone.0305573.g002
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Mean Difference

Weight IV, Random, 95% Cl IV, Random, 95% Cl
46%  6.90 [-4.46, 18.26) —
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23.2% -6.50 [-11.55,-1.45) —
445%  -3.30(-6.95, 0.35) —i
6.2% -10.28 [-20.03,-0.53) ——
8.9%  -1.00[8.74,6.74) _———
0.3% 2.95[-43.21,49.11] * >
11.2%  -2.50(-9.76, 4.76) ——
100.0%  -3.68[-6.11,-1.25] <>
20 -10 0 10 20
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OZURDEX anti-VEGF Mean Difference Mean Difference
Studv or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
1.11.1 <6month
Mishra2021 64 5 63 705 20 64 24.3% -6.50[11.55,-1.45) ==
Nct2012 69.6 4.8 10 728 34 10 46.7% -3.30[-6.95, 0.35) —H
Podkowinski2020 746 11.99 9 8488 888 9 6.5% -10.28[-20.03,-0.53]
Sharma2020 77985 7615 20 75 72.75 20 0.3% 2.95[-43.21,49.11) ¢ >
Subtotal (95% CI) 102 103 77.9%  -4.86[-7.69,-2.04] <

Heterogeneity: Tau®= 0.00; Chi*= 2.41, df= 3 (P = 0.49); F= 0%
Test for overall effect: Z= 3.37 (P = 0.0007)

1.11.2 >6month

Shah2016 64 11 27 65 16 23 104%  -1.00[-8.74,6.74) —
Wickremasinghe2017  64.6 114 22 671 131 22 118%  -2.50[-9.76, 4.76) —r
Subtotal (95% CI) 49 45 221%  -1.80[-7.09, 3.50] o

Heterogeneity: Tau®= 0.00; Chi*= 0.08, df=1 (P = 0.78); F= 0%
Test for overall effect: Z= 0.67 (P = 0.51)

Total (95% Cl) 151 148 100.0%  -4.18[-6.68, -1.69] <&
Heterogeneity: Tau®= 0.00; Chi*= 3.48, df=5 (P = 0.63); F= 0% _2-0 _1-0 0 1-0 2'0

Test for overall effect: Z= 3.29 (P = 0.0010) G : "
Vi
Testfor subgroup difierences: Chi*= 1.00, df=1 (P = 0.32), F= 0.1% FravgUrsi[PRMRRER Fama s AR

Fig 3. Forest plot for meta-analysis of the effect of ME on CMT.
https://doi.org/10.1371/journal.pone.0305573.9003

the DEX implant group (MD = -4.18; [95% CI, -6.68 to -1.69], P = 0.001). No statistical hetero-
geneity was observed (P = 0.63, I* = 0%) (Table 2).

Data from 4 RCTs assessing 133 eyes (70 eyes with DEX implant treatment, 63 eyes with
bevacizumab treatment) indicated an improvement in BCVA from baseline. There were no
statistically significant differences between the DEX implant and bevacizumab groups (MD =
-2.18 [95% CI, -5.09 to 0.72], P = 0.14), and no significant heterogeneity was observed
(P=0.41, 1% = 0%) (Table 2). Data from 3 studies assessing 163 eyes (82 eyes with DEX implant
treatment, 81 eyes with ranibizumab treatment) indicated an improvement in BCVA from
baseline. Compared with ranibizumab, DEX implant treatment was superior (MD = -7.30
[95% CI, -11.78 to -2.82], P = 0.001). No statistical heterogeneity was observed (P = 0.80, =
0%) (Table 2).

Data from 5 RCTs with a follow-up period < 6 months assessing 242 eyes (123 eyes with
DEX implant treatment, 119 eyes with anti-VEGF treatment) indicated an improvement in
BCVA from baseline. There were statistically significant differences between the DEX implant

Table 2. Summary results of the subgroup analysis for the effect of treatment modality on BCVA.

Variables MD 95% CI 12, % No. of studies
ME type

RVO-ME 6.59 -4.64,17.82

DME -4.18 -6.68, -1.69

Different drugs

Ranibizumab -7.30 -11.78, -2.82 0 3
Bevacizumab -2.18 -5.09,0.72 0 4

Study time

<6 months -4.20 -7.88, -0.52 20

>6 months -1.80 -7.09,3.50 0 2

Abbreviations: BCVA = best corrected visual acuity; DME = diabetic macular edema; RVO-ME = macular edema secondary to branch retinal vein occlusion;

ME = macular edema; CI = confidence interval; MD = mean difference.

https://doi.org/10.1371/journal.pone.0305573.t1002

PLOS ONE | https://doi.org/10.1371/journal.pone.0305573 July 10, 2024 8/18


https://doi.org/10.1371/journal.pone.0305573.g003
https://doi.org/10.1371/journal.pone.0305573.t002
https://doi.org/10.1371/journal.pone.0305573

PLOS ONE

Comparing the efficacy of OZURDEX and anti-VEGF for the treatment of macular edema

OZURDEX anti-VEGF Mean Difference Mean Difference
Study or Subaroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV, Random, 95% CI
Guignier2013 308 59 11 332 76 8 115%  -23.00(-86.16, 40.16] —
Kumar2019 286.4 7056 10 273.72 5284 8 131% 12.68 [-44.36, 63.72) = —
Nct2012 305.4 81 10 3243 108 10 316%  -18.80(-27.70,-10.10] =
Podkowinski2020 3708 1269 9 363.56 108.54 9  50%  7.24(-101.86,116.34] —
Shah2016 336 88 27 471 157 23 9.6% -135.00[-207.41,-62.59)
Sharma2020 23325 37552 20 277.66 76.184 20 20.0% -44.41 [-81.63,-7.19) =
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Fig 4. Subgroup analysis of different follow-up periods with BCVA in DME.
https://doi.org/10.1371/journal.pone.0305573.9004

and anti-VEGF groups (MD = -4.20 [95% CI, -7.88 to -0.52], P = 0.03). A low level of heteroge-
neity was observed (P = 0.28, I = 20%) (Table 2). Data from 2 studies with a follow-up

period > 6 months assessing 94 eyes (49 eyes with DEX implant treatment, 45 eyes with anti-
VEGF treatment) indicated an improvement in BCVA from baseline. There were no statisti-
cally significant differences between the DEX implant and anti-VEGF groups (MD = -1.80
[95% CI, -7.09 to 3.50], P = 0.51). No statistical heterogeneity was observed (P = 0.78, I* = 0%)
(Table 2).

1.3 Subgroup analysis of different follow-up periods with BCVA in DME. Data from 4
RCTs with a follow-up period < 6 months assessing 205 eyes (102 eyes with DEX implant
treatment, 103 eyes with anti-VEGF treatment) indicated an improvement in BCVA from
baseline in DME. There were statistically significant differences between the DEX implant and
anti-VEGF groups, and the MD in visual acuity of the 4 trials was -4.86 ([95% CI, -7.69 to
-2.04], P = 0.007) (Fig 4). No statistical heterogeneity was observed (P = 0.49, I* = 0%). Two
RCTs with a follow-up period >6 months assessing 94 eyes (49 eyes with DEX implant treat-
ment, 45 eyes with anti-VEGF treatment) included data on the change in BCVA. No difference
was found in the two studies (MD = -1.80 [95% CI, -7.09 to 3.50], P = 5.01), and no statistical
heterogeneity was observed (P = 0.78, I = 0%) (Fig 4).

2.CMT

2.1 The effect of treatment modality on CMT. Data from 7 RCTs assessing 209 eyes (109
eyes with DEX implant treatment, 100 eyes with anti-VEGF treatment) indicated a reduction
in CMT from baseline. Meta-analysis demonstrated that the DEX implant group showed a
remarkable reduction in CMT from baseline in the DEX implant group. The MD for all studies
was statistically significant (MD = -31.32 [95% CI, -57.92 to -4.72], P = 0.02) in favor of DEX
implant treatment over anti-VEGF treatment, and there was a high level of heterogeneity
(P =0.04, I = 54%) (Fig 3).

2.2 Subgroup analysis for the effect of treatment modality on CMT. Data from 2 RCTs
of RVO-ME assessing 37 eyes (21 eyes with DEX implant treatment, 16 eyes with anti-VEGF
treatment) indicated a reduction in CMT from baseline. The DEX implant group reported a
similar mean change in CMT from baseline compared with the anti-VEGF group (MD = -3.35
([95% CI, -45.68 to 38.98], P = 0.88), and no heterogeneity was observed (P = 0.41, I’ = 0%)
(Table 3). A meta-analysis on DME was conducted based on 5 RCTs, including 172 eyes (88
eyes with DEX implant treatment, 84 eyes with anti-VEGF treatment). There were statistically
significant differences between the DEX implant and anti-VEGF groups in favor of the DEX
implant group (MD = -42.36 [95% CI, -77.99 to -6.72], P = 0.02). A high level of heterogeneity
was observed (P = 0.02, I = 65%) (Table 3).
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Table 3. Summary results of the subgroup analysis for the effect of treatment modality on CMT.

Variables MD 95% CI 1% % No. of studies
ME type

RVO-ME -3.35 -45.68,38.98 0

DME -42.36 -77.99, -6.72 65 5

Different drugs

Ranibizumab 11.51 -39.03,62.06 0

Bevacizumab -45.54 -92.18,1.10 69 4

Study time

<6 months -19.43 -27.80, -11.06 0

>6 months -83.78 -184.82,17.25 74

Abbreviations: CMT = central macular thickness; DME = diabetic macular edema; RVO-ME = macular edema secondary to branch retinal vein occlusion;

ME = macular edema; CI = confidence interval; MD = mean difference.

https://doi.org/10.1371/journal.pone.0305573.1003

Data from 4 RCT's assessing 133 eyes (70 eyes with DEX implant treatment, 63 eyes with
bevacizumab treatment) indicated a reduction in CMT from baseline. There were no statisti-
cally significant differences between the DEX implant and bevacizumab groups (MD = -45.54
[95% CI, -92.18 to 1.10], P = 0.06)), and a high level of heterogeneity was observed (P = 0.02, I*
=69%) (Table 3). Data from 2 studies assessing 36 eyes (19 eyes with DEX implant treatment,
17 eyes with ranibizumab treatment) indicated a reduction in CMT from baseline. No statisti-
cally significant differences between the DEX implant and ranibizumab groups were found
(MD =11.51 [95% CI, -39.03 to 62.06], P = 0.66), and no statistical heterogeneity was observed
(P=0.93,1% = 0%) (Table 3).

Data from 5 RCTs with a follow-up period <6 months assessing 115 eyes (60 eyes with
DEX implant treatment, 55 eyes with anti-VEGF treatment) indicated a reduction in CMT
from baseline. The MD for the 5 studies was statistically significant (MD = -19.43 [95% CI,
-27.80 to -11.06], P<0.00001) in favor of DEX implant treatment over anti-VEGF treatment,
and no heterogeneity was observed (P = 0.50, 2 = 0%) (Table 3). Data from 2 studies with a
follow-up period > 6 months assessing 94 eyes (49 eyes with DEX implant treatment, 45 eyes
with anti-VEGF treatment) indicated a reduction in CMT from baseline. There was no statisti-
cally significant difference between the DEX implant and anti-VEGF groups (MD = -83.78
[95% CI, -184.82 to 17.25], P = 0.10). A high level of heterogeneity was observed (P = 0.05, I> =
74%) (Table 3).

2.3 Subgroup analysis of different follow-up periods with CMT in DME. Data from 3
RCT's with a follow-up period <6 months assessing 78 eyes (39 eyes with DEX implant treat-
ment, 39 eyes with anti-VEGF treatment) indicated a reduction in CMT from baseline in
DME, the treatment effect of DEX implant is better than that of anti-VEGF. The MD in CMT
of 3 trials was -20.08 ([95% CI, -28.62 to -11.54], P<0.00001) (Fig 5), No statistical heterogene-
ity was observed (P = 0.38, I* = 0%). Data from two RCTs with a follow-up period > 6 months
assessed CMT in 94 eyes (49 eyes with DEX implant treatment, 45 eyes with anti-VEGF treat-
ment), No difference was found in the two studies (MD = -83.78 [95% CI, -184.82 to 17.25],

P =0.10), A high level of heterogeneity was observed (P = 0.05, I’ = 74%) (Fig 5).

Adverse events

IOP. Five RCTs demonstrated increased IOP after injection of DEX implant/anti-VEGF,
NCT et al [35] reported people with elevated IOP, Guignier et al [36] reported people with ele-
vated IOP above normal IOP, Shah et al [37] reported on people with elevated IOP but no
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Fig 5. Subgroup analysis of different follow-up periods with CMT in DME.
https://doi.org/10.1371/journal.pone.0305573.g005

more than 5mmHg, Sharma et al [41] reported people with elevated IOP to more than 25, Mis-
hra et al [42] reported people with elevated IOP greater than 15mmHgNCT et al [35] only
reported elevated IOP, did not describe treatment after elevated IOP, and the remaining four
studies showed that elevated IOP was controlled with medication. A low level of heterogeneity
was observed between studies (I? = 0%, P = 0.76). A random effects model demonstrated a sta-
tistically significant difference between DEX implant and anti-VEGF treatment (RR = 6.98;
95% CI: 2.16 to 22.50; P = 0.001) (Fig 6).

Progression of cataract. Three studies involving 101 eyes reported postoperative cata-
racts. No significant difference was found between the DEX implant and anti-VEGF groups
(RR =1.83; 95% CI: 0.63 to 5.27, P = 0.31), and no heterogeneity was observed (P = 0.26, P=
2%) (Fig 7).

Sensitivity analyses and publication bias. Sensitivity analyses were performed using the
leave-one-out method to further examine the stability of the results. We found that no individ-
ual study significantly altered the summary MDs of BCVA (lowest MD = -2.83, 95% CI, -5.60
to -0.05; highest MD = -4.19, 95% CI, -6.681 to -1.70) and CMT (lowest MD = -19.98, 95% CI,
-27.90 to -11.12; highest MD = -38.43, 95% CI, -68.13 to -8.74). Due to the small number of tri-
als included in each meta-analysis, we did not conduct a publication bias test.

OZURDEX anti-VEGF Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H. Random, 95% Cl
Guignier2013 1 11 0 10 14.3% 2.75[0.12, 60.70)
Mishra2021 14 63 0 64 17.5% 298.45([1.79, 483.37)
Nct2012 1 10 0 10 14.4% 3.00 [0.14, 65.80]
Shah2016 13 27 1 13 37.0% 6.26 [0.91, 42.84) &
Sharma2020 4 20 0 20 16.8% 9.00 [0.52, 156.91)
Total (95% CI) 131 117 100.0% 6.98 [2.16, 22.50] R ol
Total events 33 1
Heterogeneity: Tau®= 0.00; Chi*= 1.88, df= 4 (P = 0.76); = 0% f f t J
=iy Bl 0.001 0.1 10 1000

Test for overall effect. Z= 3.25 (P = 0.001) Favours [0ZURDEX] Favours [anti-VEGF)

Fig 6. Forest plot for meta-analysis of the effect of elevated IOP.

https://doi.org/10.1371/journal.pone.0305573.g006
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Guignier2013 0 11 0 0 Not estimable
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Fig 7. Forest plot for meta-analysis of the effect of cataract progression.

https://doi.org/10.1371/journal.pone.0305573.g007

Discussion
Principal findings

The results of this meta-analysis, which pooled data from 8 RCTs, suggest that in the treatment
of ME caused by RVO and DR, DEX implant is superior to anti-VEGF (bevacizumab, ranibi-
zumab) for enhancing BCVA and reducing CMT. The results remained consistent after con-
ducting sensitivity analysis using the leave-one-out method. Subgroup analysis revealed that
DEX implant was superior to ranibizumab for improving BCVA, and there was no difference
between DEX implant and ranibizumab in reducing CMT. Moreover, the anti-inflammatory
treatment effect of DEX implant was superior to that of bevacizumab and ranibizumab in
DME, and the RVO-ME results of the two treatments were not different. DEX implant was
more effective in reducing ME than the anti-VEGF treatment when the follow-up period was
<6 months than when the follow-up period was >6 months, regardless of whether ME was
caused by DR, RVO or DR alone. The incidence of IOP in the DEX implant group was higher
than that in the anti-VEGF drug group, and there was no significant difference between the
two treatments in terms of cataract progression.

Comparisons with previous studies

Our findings are different from the results of a meta-analysis of 4 RCTs and 12 real-world
studies that was published last year, which suggested that DEX implants, compared with anti-
VEGEF agents, had inferior functional efficacy and safety but required fewer injections in RVO
patients [43]. In contrast, we found that as a DEX implant, DEX implant treatment is more
effective than anti-VEGF therapy in improving BCVA and reducing ME. On the other hand,
DEX implant treatment leads to a higher risk of elevated intraocular pressure. He et al [44]
studied DME and included the Allergan trial; they only reported differences before and after
treatment. Therefore, this trial was excluded from the current meta-analysis. We included the
latest clinical research trials such as those reported by Wickremasinghe et al [38], Podkowinski
etal [40], Sharma et al [41], and Mishra et al [42]. Retrospective studies were included in Chi
et al’s [45] study and only included patients with DME. This meta-analysis included RCT's in
patients with DME and RVO. Pranata et al. [46] meta-analysis included retrospective studies
in patients with RVO, ranibizumab in the control group. This meta-analysis included RCTs in
patients with DME and RVO with bevacizumab and ranibizumab in the control groups.
Although Qiu et al. [47] included both patients with DME and RVO in our study, retrospective
studies were included in the meta-analysis by Qiu et al. [47]. This meta-analysis included 8
RCTs (RVO-ME [n = 2] and DME [n = 6]) assessing a total of 336 eyes from PubMed, Embase
and the Cochrane Library. However, DR and RVO are both retinal vascular diseases and were
analyzed together in this meta-analysis to investigate the efficacy of DEX implant and anti-

PLOS ONE | https://doi.org/10.1371/journal.pone.0305573 July 10, 2024 12/18


https://doi.org/10.1371/journal.pone.0305573.g007
https://doi.org/10.1371/journal.pone.0305573

PLOS ONE

Comparing the efficacy of OZURDEX and anti-VEGF for the treatment of macular edema

VEGEF in the treatment of ME caused by retinal vascular disease. Furthermore, we compared
the difference between anti-VEGF drugs and conducted subgroup analyses of the effect of ME
on BCVA and CMT to perform a comprehensive systematic review and meta-analysis.

Potential mechanisms

Current studies have shown that after RVO, increased capillary pressure leads to increased vas-
cular leakage, local blood formation turbulence damages the vascular endothelium, thrombosis
forms, and inflammation [48]. After the inflammatory reaction, RPE cells are degranulated by
mast cells and express Toll-like receptors. After Toll-like receptors are expressed, Lipase
induces Nuclear Factor Kappa-B activation, which activates the downstream inflammatory
pathway [49]. Retinal ischemia induced by RVO induces the expression of MCP-1 and MIP-
1o and the recruitment and activation of circulating macrophages [11]. Activated macro-
phages release TNF-o, and TNF-o stimulates the synthesis of IL-8, VEGF, BFGF, MCP-1 and
other cytokines in retinal endothelial cells and glial cells [22] and activates the downstream
inflammatory pathway. Inflammatory mechanisms have also been shown to be activated in
DME by multiple pathways. For example, retinal hypoxia-activating cytokines such as IL-6
and TNF-o [27] in diabetic patients with long-term hyperglycemia and tumor necrosis factor
can induce the expression of ICAM-1 [50] and increase the expression of ICAM-1 and
VCAM-1, which can induce leukocyte stasis, microthrombosis and endothelial cell apoptosis.
On the other hand, the aggregation of leukocytes on the surface of the retinal capillary can lead
to the upregulation of ICAM-1, which mediates the attraction of the endothelium to mono-
cytes and neutrophils [51, 52].

DEX implant can block the production of its inflammatory mechanism through a variety of
mechanisms, including reducing the synthesis of inflammatory mediators, reducing the syn-
thesis of VEGF [53], downregulating selectin and integrin to prevent leukocyte arrest [54], and
preventing the occurrence of an inflammatory cascade reaction from multiple links. DEX
implant directly affects the expression of tight junction proteins and enhances the barrier
integrity of retinal endothelial cells by upregulating the expression of Claudin-5 and occludin
[55], thus reducing the increase in paracellular permeability caused by protein phosphoryla-
tion of endothelial molecules, IL-6, etc. DEX implant inhibited the expression of ICAM-1 in
the retina [56], blocked the attraction of ICAM-1-mediated endothelium to monocytes and
neutrophil cells, and reduced leukocyte arrest and endothelial cell injury. DEX implant can
inhibit the leakage of blood vessels, prevent the osmotic expansion of Miiller cells [57], protect
their water transport function and reduce edema.

We found that although some of the inflammatory pathways of RVO-ME and DME were
blocked by DEX implant, in our meta-analysis, the DEX implant group achieved better efficacy
than the anti-VEGF group in treating DME. Combined with previous studies by Arroba, Val-
verde, Roy and Yu [58-60], oxidative stress and inflammation in the retina induced by chronic
hyperglycemia constitute an early stage in the development of DME. We hypothesized that the
inflammatory reaction mechanism plays a more important role in DME than VEGF and that
the anti-inflammatory mechanism plays a more important role in the treatment of DME than
anti-VEGF drugs. However, more robust clinical evidence should be provided before confirm-
ing this hypothesis. Therefore, future studies on DME inflammation mechanisms are of great
importance in the prevention and treatment of DME.

Strengths and limitations

The current study has several strengths. First, we included RCTs in the meta-analysis instead
of studies with other designs, as they were regarded as high-quality evidence for the estimation
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of study effects. Second, we developed systematic and comprehensive database search strate-
gies for major online databases (PubMed, Embase and Cochrane Library) with no search date
restriction to avoid the impact of publication bias on the pooled findings and improve the
repeatability of the results. Third, the evidence quality of all included outcomes was evaluated
based on the Cochrane Collaboration’s tool. Fourth, several approaches, including subgroup
analyses and sensitivity analyses, were applied to thoroughly determine sources of heterogene-
ity based on the abstracted study-level baseline characteristics.

Our study is limited by the following factors. First, there were only 8 RCT's (336 eyes)
included, and the number of RVO-ME studies was relatively small (n = 2), which was less than
the number of DME studies (n = 6). Second, the overall follow-up of the included studies was
short. Because through the analysis, we found that the difference between Ozudex and anti-
VEGEF appeared to be mainly driven by studies < 6 months of follow-up, and no differences
were found in studies > 6 months of follow-up. Third, in some clinical trials, the follow-up
period of the study was short, which may understate the adverse events caused by the drug,
and some of the studies did not document the group of adverse events in detail, which affected
our assessment of the incidence of adverse events. Fourth, because the anti-VEGF group had
different kinds of drugs and different injection frequencies, DEX implant also had different
application frequencies, and the heterogeneity of the study was inevitable. Therefore, more
experimental studies are needed to confirm the efficacy and safety of these two treatment
strategies.

Conclusions

In summary, this systematic review and meta-analysis shows that despite some ocular adverse
events, DEX implant-treated eyes have relatively superior anatomic outcomes compared with
anti-VEGF-treated eyes: DEX implant treatment improves BCVA and reduces CMT signifi-
cantly in DME. Although anti-VEGF drugs are still the first choice for the treatment of ME,
DEX implants may be a good first choice for ME patients who are not sensitive to anti-VEGF
drug response, patients with pseudolens eyes, and patients with a low risk of IOP.

Supporting information

S1 Table. PRISMA 2020 checklist.
(DOCX)

S1 File. Search strategy for each database.
(DOCX)

S1 Fig. Risk of bias summary.
(TIF)

S2 Fig. Risk of bias graph.
(TIF)

Acknowledgments
We thank the editor and the reviewers for their useful feedback that improved this paper.

Author Contributions
Conceptualization: Zubing Mei, Hong Zou.
Data curation: Hui-xin Tang, Jing-jing Li, Ying Yuan, Yun Ling, Zubing Mei, Hong Zou.

PLOS ONE | https://doi.org/10.1371/journal.pone.0305573 July 10, 2024 14/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305573.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305573.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305573.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305573.s004
https://doi.org/10.1371/journal.pone.0305573

PLOS ONE

Comparing the efficacy of OZURDEX and anti-VEGF for the treatment of macular edema

Formal analysis: Zubing Mei.

Funding acquisition: Zubing Mei, Hong Zou.

Investigation: Jing-jing Li, Ying Yuan.

Methodology: Hui-xin Tang, Jing-jing Li, Ying Yuan, Zubing Mei.
Project administration: Zubing Mei.

Resources: Jing-jing Li, Ying Yuan, Yun Ling.

Software: Zubing Mei.

Supervision: Zubing Mei.

Validation: Jing-jing Li, Ying Yuan, Yun Ling, Zubing Mei, Hong Zou.
Visualization: Ying Yuan, Yun Ling, Hong Zou.

Writing - original draft: Hui-xin Tang, Zubing Mei, Hong Zou.
Writing - review & editing: Hui-xin Tang, Zubing Mei, Hong Zou.

References

1. Saeedi P, Petersohn |, Salpea P, Malanda B, Karuranga S, Unwin N, et al; IDF Diabetes Atlas Commit-
tee. Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045:
Results from the International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes Res Clin Pract.
2019; 157:107843. https://doi.org/10.1016/j.diabres.2019.107843 PMID: 31518657

2. Cheung N, Mitchell P, Wong TY. Diabetic retinopathy. Lancet. 2010; 376(9735):124-36. https://doi.org/
10.1016/S0140-6736(09)62124-3 PMID: 20580421

3. ThomasRL, Halim S, Gurudas S, Sivaprasad S, Owens DR. IDF Diabetes Atlas: A review of studies uti-
lising retinal photography on the global prevalence of diabetes related retinopathy between 2015 and
2018. Diabetes Res Clin Pract. 2019; 157:107840. https://doi.org/10.1016/j.diabres.2019.107840
PMID: 31733978

4. Flaxel CJ, Adelman RA, Bailey ST, Fawzi A, Lim JI, Vemulakonda GA, et al. Retinal Vein Occlusions
Preferred Practice Pattern®. Ophthalmology. 2020; 127(2):P288—P320. https://doi.org/10.1016/].
ophtha.2019.09.029 PMID: 31757503

5. Laouri M, Chen E, Looman M, Gallagher M. The burden of disease of retinal vein occlusion: review of
the literature. Eye (Lond). 2011; 25(8):981-8. https://doi.org/10.1038/eye.2011.92 Epub 2011 May 6.
PMID: 21546916

6. Mcintosh RL, Mohamed Q, Saw SM, Wong TY. Interventions for branch retinal vein occlusion: an evi-
dence-based systematic review. Ophthalmology. 2007; 114(5):835-54. https://doi.org/10.1016/].
ophtha.2007.01.010 Epub 2007 Mar 30. PMID: 17397923

7. Daruich A, Matet A, Moulin A, Kowalczuk L, Nicolas M, Sellam A, et al. Mechanisms of macular edema:
Beyond the surface. Prog Retin Eye Res. 2018; 63:20-68. https://doi.org/10.1016/j.preteyeres.2017.
10.006 PMID: 29126927

8. Lovestam-Adrian M, Agardh E. Photocoagulation of diabetic macular oedema—complications and
visual outcome. Acta Ophthalmol Scand. 2000; 78(6):667—71. https://doi.org/10.1034/j.1600-0420.
2000.078006667.x PMID: 11167229

9. Hodzic-Hadzibegovic D, Sander BA, Monberg TJ, Larsen M, Lund-Andersen H. Diabetic macular
oedema treated with intravitreal anti-vascular endothelial growth factor—2—4 years follow-up of visual
acuity and retinal thickness in 566 patients following Danish national guidelines. Acta Ophthalmol.
2018; 96(3):267-278. https://doi.org/10.1111/20s.13638 Epub 2017 Dec 14. PMID: 29240306

10. Dervenis N, Mikropoulou AM, Tranos P, Dervenis P. Ranibizumab in the Treatment of Diabetic Macular
Edema: A Review of the Current Status, Unmet Needs, and Emerging Challenges. Adv Ther. 2017; 34
(6):1270-1282. https://doi.org/10.1007/s12325-017-0548-1 PMID: 28484955

11. Campochiaro PA. Molecular pathogenesis of retinal and choroidal vascular diseases. Prog Retin Eye
Res. 2015; 49:67-81. https://doi.org/10.1016/].preteyeres.2015.06.002 PMID: 26113211

12. Chandra S, Sheth J, Anantharaman G, Gopalakrishnan M. Ranibizumab-induced retinal reperfusion
and regression of neovascularization in diabetic retinopathy: An angiographic illustration. Am J Ophthal-
mol Case Rep. 2018; 9:41—-44. https://doi.org/10.1016/j.ajoc.2018.01.006 PMID: 29468217

PLOS ONE | https://doi.org/10.1371/journal.pone.0305573 July 10, 2024 15/18


https://doi.org/10.1016/j.diabres.2019.107843
http://www.ncbi.nlm.nih.gov/pubmed/31518657
https://doi.org/10.1016/S0140-6736%2809%2962124-3
https://doi.org/10.1016/S0140-6736%2809%2962124-3
http://www.ncbi.nlm.nih.gov/pubmed/20580421
https://doi.org/10.1016/j.diabres.2019.107840
http://www.ncbi.nlm.nih.gov/pubmed/31733978
https://doi.org/10.1016/j.ophtha.2019.09.029
https://doi.org/10.1016/j.ophtha.2019.09.029
http://www.ncbi.nlm.nih.gov/pubmed/31757503
https://doi.org/10.1038/eye.2011.92
http://www.ncbi.nlm.nih.gov/pubmed/21546916
https://doi.org/10.1016/j.ophtha.2007.01.010
https://doi.org/10.1016/j.ophtha.2007.01.010
http://www.ncbi.nlm.nih.gov/pubmed/17397923
https://doi.org/10.1016/j.preteyeres.2017.10.006
https://doi.org/10.1016/j.preteyeres.2017.10.006
http://www.ncbi.nlm.nih.gov/pubmed/29126927
https://doi.org/10.1034/j.1600-0420.2000.078006667.x
https://doi.org/10.1034/j.1600-0420.2000.078006667.x
http://www.ncbi.nlm.nih.gov/pubmed/11167229
https://doi.org/10.1111/aos.13638
http://www.ncbi.nlm.nih.gov/pubmed/29240306
https://doi.org/10.1007/s12325-017-0548-1
http://www.ncbi.nlm.nih.gov/pubmed/28484955
https://doi.org/10.1016/j.preteyeres.2015.06.002
http://www.ncbi.nlm.nih.gov/pubmed/26113211
https://doi.org/10.1016/j.ajoc.2018.01.006
http://www.ncbi.nlm.nih.gov/pubmed/29468217
https://doi.org/10.1371/journal.pone.0305573

PLOS ONE

Comparing the efficacy of OZURDEX and anti-VEGF for the treatment of macular edema

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Tah V, Orlans HO, Hyer J, Casswell E, Din N, Sri Shanmuganathan V, et al. Anti-VEGF Therapy and
the Retina: An Update. J Ophthalmol. 2015; 2015:627674. https://doi.org/10.1155/2015/627674 PMID:
26417453

Rhoades W, Dickson D, Nguyen QD, Do DV. Management of macular edema due to central retinal vein
occlusion—The role of aflibercept. Taiwan J Ophthalmol. 2017; 7(2):70-76. https://doi.org/10.4103/tjo.
tjo_9_ 17 PMID: 29018760

Ehlers JP, Kim SJ, Yeh S, Thorne JE, Mruthyunjaya P, Schoenberger SD, et al. Therapies for Macular
Edema Associated with Branch Retinal Vein Occlusion: A Report by the American Academy of Ophthal-
mology. Ophthalmology. 2017; 124(9):1412—1423. https://doi.org/10.1016/j.ophtha.2017.03.060 PMID:
28551163

Porta M, Striglia E. Intravitreal anti-VEGF agents and cardiovascular risk. Intern Emerg Med. 2020; 15
(2):199-210. https://doi.org/10.1007/s11739-019-02253-7 PMID: 31848994

Cunha-Vaz J. The Blood-Retinal Barrier in the Management of Retinal Disease: EURETINA Award Lec-
ture. Ophthalmologica. 2017; 237(1):1-10. https://doi.org/10.1159/000455809 PMID: 28152535

Andreadi C, Noble C, Patel B, Jin H, Aguilar Hernandez MM, Balmanno K, Cook SJ, et al. Regulation of
MEK/ERK pathway output by subcellular localization of B-Raf. Biochem Soc Trans. 2012; 40(1):67-72.
https://doi.org/10.1042/BST20110621 PMID: 22260667

Yoshida S, Yoshida A, Ishibashi T. Induction of IL-8, MCP-1, and bFGF by TNF-alpha in retinal glial
cells: implications for retinal neovascularization during post-ischemic inflammation. Graefes Arch Clin
Exp Ophthalmol. 2004; 242(5):409-13. https://doi.org/10.1007/s00417-004-0874-2 PMID: 15029502

del’lOmo R, Semeraro F, Bamonte G, Cifariello F, Romano MR, Costagliola C. Vitreous mediators in
retinal hypoxic diseases. Mediators Inflamm. 2013; 2013:935301. https://doi.org/10.1155/2013/935301
PMID: 23365490

Wang S, JiLY, LiL, Li JM. Oxidative stress, autophagy and pyroptosis in the neovascularization of oxy-
gen-induced retinopathy in mice. Mol Med Rep. 2019; 19(2):927-934. https://doi.org/10.3892/mmr.
2018.9759 PMID: 30569132

Xia JP, Wang S, Zhang JS. The anti-inflammatory and anti-oxidative effects of conbercept in treatment
of macular edema secondary to retinal vein occlusion. Biochem Biophys Res Commun. 2019; 508
(4):1264-1270. https://doi.org/10.1016/j.bbrc.2018.12.049 PMID: 30558792

Cachafeiro M, Bemelmans AP, Samardzija M, Afanasieva T, Pournaras JA, Grimm C, et al. Hyperacti-
vation of retina by light in mice leads to photoreceptor cell death mediated by VEGF and retinal pigment
epithelium permeability. Cell Death Dis. 2013; 4(8):e781. https://doi.org/10.1038/cddis.2013.303 PMID:
23990021

Behl Y, Krothapalli P, Desta T, DiPiazza A, Roy S, Graves DT. Diabetes-enhanced tumor necrosis fac-
tor-alpha production promotes apoptosis and the loss of retinal microvascular cells in type 1 and type 2
models of diabetic retinopathy. Am J Pathol. 2008; 172(5):1411-8. https://doi.org/10.2353/ajpath.2008.
071070 PMID: 18403591

Bhagat N, Grigorian RA, Tutela A, Zarbin MA. Diabetic macular edema: pathogenesis and treatment.
Surv Ophthalmol. 2009; 54(1):1-32. https://doi.org/10.1016/j.survophthal.2008.10.001 PMID:
19171208

Maturi RK, Glassman AR, Liu D, Beck RW, Bhavsar AR, Bressler NM, et al; Diabetic Retinopathy Clini-
cal Research Network. Effect of Adding Dexamethasone to Continued Ranibizumab Treatment in
Patients With Persistent Diabetic Macular Edema: A DRCR Network Phase 2 Randomized Clinical
Trial. JAMA Ophthalmol. 2018; 136(1):29-38. https://doi.org/10.1001/jamaophthalmol.2017.4914
PMID: 29127949

Menke MN, Ebneter A, Zinkernagel MS, Wolf S. Differentiation between Good and Low-Responders to
Intravitreal Ranibizumab for Macular Edema Secondary to Retinal Vein Occlusion. J Ophthalmol. 2016;
2016:9875741. https://doi.org/10.1155/2016/9875741 PMID: 28044102

Winegarner A, Wakabayashi T, Fukushima Y, Sato T, Hara-Ueno C, Busch C, et al. Changes in Retinal
Microvasculature and Visual Acuity After Antivascular Endothelial Growth Factor Therapy in Retinal
Vein Occlusion. Invest Ophthalmol Vis Sci. 2018; 59(7):2708-2716. https://doi.org/10.1167/iovs.17-
23437 PMID: 29860457

Chang-Lin JE, Attar M, Acheampong AA, Robinson MR, Whitcup SM, Kuppermann BD, Welty D. Phar-
macokinetics and pharmacodynamics of a sustained-release dexamethasone intravitreal implant.
Invest Ophthalmol Vis Sci. 2011; 52(1):80-6. https://doi.org/10.1167/iovs.10-5285 PMID: 20702826

Schmidt-Erfurth U, Garcia-Arumi J, Gerendas BS, Midena E, Sivaprasad S, Tadayoni R, Wolf S, et al.
Guidelines for the Management of Retinal Vein Occlusion by the European Society of Retina Specialists
(EURETINA). Ophthalmologica. 2019; 242(3):123—162. https://doi.org/10.1159/000502041 Epub 2019
Aug 14. PMID: 31412332

PLOS ONE | https://doi.org/10.1371/journal.pone.0305573 July 10, 2024 16/18


https://doi.org/10.1155/2015/627674
http://www.ncbi.nlm.nih.gov/pubmed/26417453
https://doi.org/10.4103/tjo.tjo%5F9%5F17
https://doi.org/10.4103/tjo.tjo%5F9%5F17
http://www.ncbi.nlm.nih.gov/pubmed/29018760
https://doi.org/10.1016/j.ophtha.2017.03.060
http://www.ncbi.nlm.nih.gov/pubmed/28551163
https://doi.org/10.1007/s11739-019-02253-7
http://www.ncbi.nlm.nih.gov/pubmed/31848994
https://doi.org/10.1159/000455809
http://www.ncbi.nlm.nih.gov/pubmed/28152535
https://doi.org/10.1042/BST20110621
http://www.ncbi.nlm.nih.gov/pubmed/22260667
https://doi.org/10.1007/s00417-004-0874-2
http://www.ncbi.nlm.nih.gov/pubmed/15029502
https://doi.org/10.1155/2013/935301
http://www.ncbi.nlm.nih.gov/pubmed/23365490
https://doi.org/10.3892/mmr.2018.9759
https://doi.org/10.3892/mmr.2018.9759
http://www.ncbi.nlm.nih.gov/pubmed/30569132
https://doi.org/10.1016/j.bbrc.2018.12.049
http://www.ncbi.nlm.nih.gov/pubmed/30558792
https://doi.org/10.1038/cddis.2013.303
http://www.ncbi.nlm.nih.gov/pubmed/23990021
https://doi.org/10.2353/ajpath.2008.071070
https://doi.org/10.2353/ajpath.2008.071070
http://www.ncbi.nlm.nih.gov/pubmed/18403591
https://doi.org/10.1016/j.survophthal.2008.10.001
http://www.ncbi.nlm.nih.gov/pubmed/19171208
https://doi.org/10.1001/jamaophthalmol.2017.4914
http://www.ncbi.nlm.nih.gov/pubmed/29127949
https://doi.org/10.1155/2016/9875741
http://www.ncbi.nlm.nih.gov/pubmed/28044102
https://doi.org/10.1167/iovs.17-23437
https://doi.org/10.1167/iovs.17-23437
http://www.ncbi.nlm.nih.gov/pubmed/29860457
https://doi.org/10.1167/iovs.10-5285
http://www.ncbi.nlm.nih.gov/pubmed/20702826
https://doi.org/10.1159/000502041
http://www.ncbi.nlm.nih.gov/pubmed/31412332
https://doi.org/10.1371/journal.pone.0305573

PLOS ONE

Comparing the efficacy of OZURDEX and anti-VEGF for the treatment of macular edema

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

Diabetic Retinopathy Clinical Research Network (DRCR.net), Beck RW, Edwards AR, Aiello LP, Bress-
ler NM, Ferris F, Glassman AR, et al. Three-year follow-up of a randomized trial comparing focal/grid
photocoagulation and intravitreal triamcinolone for diabetic macular edema. Arch Ophthalmol. 2009;
127(3):245-51. https://doi.org/10.1001/archophthalmol.2008.610 PMID: 19273785

Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, et al. Updated guidance for trusted sys-
tematic reviews: a new edition of the Cochrane Handbook for Systematic Reviews of Interventions.
Cochrane Database Syst Rev. 2019; 10:Ed000142. 2019. https://doi.org/10.1002/14651858.
ED000142 PMID: 31643080

Gregori NZ, Feuer W, Rosenfeld PJ. Novel method for analyzing snellen visual acuity measurements.
Retina. 2010; 30(7):1046-50. https://doi.org/10.1097/IAE.0b013e3181d87e04 PMID: 20559157

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ.
20083; 327(7414):557-60. https://doi.org/10.1136/bm|.327.7414.557 PMID: 12958120

Gallemore, R. P. Ozurdex for Treatment of Recalcitrant Diabetic Macular Edema. https://clinicaltrials.
gov/show/NCT01571232.

Guignier B, Subilia-Guignier A, Fournier |, Ballonzoli L, Speeg-Schatz C, Gaucher D. Prospective pilot
study: efficacy of intravitreal dexamethasone and bevacizumab injections in the treatment of macular

oedema associated with branch retinal vein occlusion. Ophthalmologica. 2013; 230(1):43—49. https:/

doi.org/10.1159/000350812 PMID: 23712192

Shah SU, Harless A, Bleau L, Maturi RK. PROSPECTIVE RANDOMIZED SUBJECT-MASKED
STUDY OF INTRAVITREAL BEVACIZUMAB MONOTHERAPY VERSUS DEXAMETHASONE
IMPLANT MONOTHERAPY IN THE TREATMENT OF PERSISTENT DIABETIC MACULAR EDEMA.
Retina. 2016; 36(10):1986—-96. https://doi.org/10.1097/IAE.0000000000001038 PMID: 27124881

Wickremasinghe SS, Fraser-Bell S, Alessandrello E, Mehta H, Gillies MC, Lim LL. Retinal vascular cali-
bre changes after intravitreal bevacizumab or dexamethasone implant treatment for diabetic macular
oedema. Br J Ophthalmol. 2017; 101(10):1329-1333. https://doi.org/10.1136/bjophthalmol-2016-
309882 PMID: 28228411

Kumar P, Sharma YR, Chandra P, Azad R, Meshram GG. Comparison of the Safety and Efficacy of
Intravitreal Ranibizumab with or without Laser Photocoagulation Versus Dexamethasone Intravitreal
Implant with or without Laser Photocoagulation for Macular Edema Secondary to Branch Retinal Vein
Occlusion. Folia Med (Plovdiv). 2019; 61(2):240-248. https://doi.org/10.2478/folmed-2018-0081 PMID:
31301668

Podkowinski D, Orlowski-Wimmer E, Zlabinger G, Pollreisz A, Mursch-Edimayr AS, Mariacher S, et al.
Aqueous humour cytokine changes during a loading phase of intravitreal ranibizumab or dexametha-
sone implant in diabetic macular oedema. Acta Ophthalmol. 2020; 98(4):e407—e415. https://doi.org/10.
1111/a0s.14297 PMID: 31736269

Sharma A, Bellala K, Dongre P, Reddy P. Anti-VEGF versus dexamethasone implant (Ozurdex) for the
management of Centre involved Diabetic Macular Edema (CiDME): a randomized study. Int Ophthal-
mol. 2020; 40(1):67-72. https://doi.org/10.1007/s10792-019-01151-3 PMID: 31377905

Mishra SK, Sinha S, Chauhan R, Kumar A. Intravitreal Dexamethasone Implant versus Intravitreal
Ranibizumab Injection for Treatment of Non-Proliferative Diabetic Macular Edema: A Prospective, Ran-
domized and Blinded Trial. Curr Drug Deliv. 2021; 18(6):825-832. https://doi.org/10.2174/
1567201817666201202093637 PMID: 33267762

Ming S, Xie K, Yang M, He H, Li Y, Lei B. Comparison of intravitreal dexamethasone implant and anti-
VEGF drugs in the treatment of retinal vein occlusion-induced oedema: a meta-analysis and systematic
review. BMJ Open. 2020; 10(6):e032128. https://doi.org/10.1136/bmjopen-2019-032128 PMID:
32595145

He Y, Ren XJ, Hu BJ, Lam WC, Li XR. A meta-analysis of the effect of a dexamethasone intravitreal
implant versus intravitreal anti-vascular endothelial growth factor treatment for diabetic macular edema.
BMC Ophthalmol. 2018; 18(1):121. https://doi.org/10.1186/s12886-018-0779-1 PMID: 29784048

Chi SC, Kang YN, Huang YM. Efficacy and safety profile of intravitreal dexamethasone implant versus
antivascular endothelial growth factor treatment in diabetic macular edema: a systematic review and
meta-analysis. Sci Rep. 2023; 13(1):7428. https://doi.org/10.1038/s41598-023-34673-z PMID:
37156823

Pranata R, Vania A, Vania R, Victor AA. Intravitreal ranibizumab versus dexamethasone implant in
macular edema due to branch retinal vein occlusion: Systematic review and meta-analysis. Eur J
Ophthalmol. 2021; 31(4):1907-1914. https://doi.org/10.1177/1120672120947595 PMID: 32757629

Qiu XY, Hu XF, Qin YZ, Ma JX, Liu QP, Qin L, Li JM. Comparison of intravitreal aflibercept and dexa-
methasone implant in the treatment of macular edema associated with diabetic retinopathy or retinal
vein occlusion: a Meta-analysis and systematic review. Int J Ophthalmol. 2022; 15(9):1511-1519.
https://doi.org/10.18240/ij0.2022.09.15 PMID: 36124196

PLOS ONE | https://doi.org/10.1371/journal.pone.0305573 July 10, 2024 17/18


https://doi.org/10.1001/archophthalmol.2008.610
http://www.ncbi.nlm.nih.gov/pubmed/19273785
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.1002/14651858.ED000142
http://www.ncbi.nlm.nih.gov/pubmed/31643080
https://doi.org/10.1097/IAE.0b013e3181d87e04
http://www.ncbi.nlm.nih.gov/pubmed/20559157
https://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
https://clinicaltrials.gov/show/NCT01571232
https://clinicaltrials.gov/show/NCT01571232
https://doi.org/10.1159/000350812
https://doi.org/10.1159/000350812
http://www.ncbi.nlm.nih.gov/pubmed/23712192
https://doi.org/10.1097/IAE.0000000000001038
http://www.ncbi.nlm.nih.gov/pubmed/27124881
https://doi.org/10.1136/bjophthalmol-2016-309882
https://doi.org/10.1136/bjophthalmol-2016-309882
http://www.ncbi.nlm.nih.gov/pubmed/28228411
https://doi.org/10.2478/folmed-2018-0081
http://www.ncbi.nlm.nih.gov/pubmed/31301668
https://doi.org/10.1111/aos.14297
https://doi.org/10.1111/aos.14297
http://www.ncbi.nlm.nih.gov/pubmed/31736269
https://doi.org/10.1007/s10792-019-01151-3
http://www.ncbi.nlm.nih.gov/pubmed/31377905
https://doi.org/10.2174/1567201817666201202093637
https://doi.org/10.2174/1567201817666201202093637
http://www.ncbi.nlm.nih.gov/pubmed/33267762
https://doi.org/10.1136/bmjopen-2019-032128
http://www.ncbi.nlm.nih.gov/pubmed/32595145
https://doi.org/10.1186/s12886-018-0779-1
http://www.ncbi.nlm.nih.gov/pubmed/29784048
https://doi.org/10.1038/s41598-023-34673-z
http://www.ncbi.nlm.nih.gov/pubmed/37156823
https://doi.org/10.1177/1120672120947595
http://www.ncbi.nlm.nih.gov/pubmed/32757629
https://doi.org/10.18240/ijo.2022.09.15
http://www.ncbi.nlm.nih.gov/pubmed/36124196
https://doi.org/10.1371/journal.pone.0305573

PLOS ONE

Comparing the efficacy of OZURDEX and anti-VEGF for the treatment of macular edema

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Scholl S, Kirchhof J, Augustin AJ. Pathophysiology of macular edema. Ophthalmologica. 2010; 224
Suppl 1:8-15. https://doi.org/10.1159/000315155 PMID: 20714176

Wang K, Zhu X, Zhang K, Yao Y, Zhuang M, et al. Puerarin inhibits amyloid B-induced NLRP3 inflam-
masome activation in retinal pigment epithelial cells via suppressing ROS-dependent oxidative and
endoplasmic reticulum stresses. Exp Cell Res. 2017; 357(2):335-340. https://doi.org/10.1016/j.yexcr.
2017.05.030 PMID: 28583762

Lee IT, Liu SW, Chi PL, Lin CC, Hsiao LD, Yang CM. TNF-a mediates PKC5/JNK1/2/c-Jun-dependent
monocyte adhesion via ICAM-1 induction in human retinal pigment epithelial cells. PLoS One. 2015; 10
(2):e0117911. https://doi.org/10.1371/journal.pone.0117911 PMID: 25675437

Leal EC, Manivannan A, Hosoya K, Terasaki T, Cunha-Vaz J, Ambrdsio AF, et al. Inducible nitric oxide
synthase isoform is a key mediator of leukostasis and blood-retinal barrier breakdown in diabetic reti-
nopathy. Invest Ophthalmol Vis Sci. 2007; 48(11):5257—65. https://doi.org/10.1167/iovs.07-0112 PMID:
17962481

Zhang X, Zeng H, Bao S, Wang N, Gillies MC. Diabetic macular edema: new concepts in patho-physiol-
ogy and treatment. Cell Biosci. 2014; 4:27. https://doi.org/10.1186/2045-3701-4-27 PMID: 24955234

Stewart MW. Corticosteroid use for diabetic macular edema: old fad or new trend? Curr Diab Rep.
2012; 12(4):364—75. https://doi.org/10.1007/s11892-012-0281-8 PMID: 22581206

Burton JL, Kehrli ME Jr, Kapil S, Horst RL. Regulation of L-selectin and CD18 on bovine neutrophils by
glucocorticoids: effects of cortisol and dexamethasone. J Leukoc Biol. 1995; 57(2):317-25. https://doi.
org/10.1002/jlb.57.2.317 PMID: 7531748

Felinski EA, Cox AE, Phillips BE, Antonetti DA. Glucocorticoids induce transactivation of tight junction
genes occludin and claudin-5 in retinal endothelial cells via a novel cis-element. Exp Eye Res. 2008; 86
(6):867—78. https://doi.org/10.1016/j.exer.2008.01.002 PMID: 18501346

Tamura H, Miyamoto K, Kiryu J, Miyahara S, Katsuta H, Hirose F, et al. Intravitreal injection of cortico-
steroid attenuates leukostasis and vascular leakage in experimental diabetic retina. Invest Ophthalmol
Vis Sci. 2005; 46(4):1440—4. https://doi.org/10.1167/iovs.04-0905 PMID: 15790913

Reichenbach A, Wurm A, Pannicke T, landiev |, Wiedemann P, Bringmann A. Mdller cells as players in
retinal degeneration and edema. Graefes Arch Clin Exp Ophthalmol. 2007; 245(5):627-36. https://doi.
org/10.1007/s00417-006-0516-y PMID: 17219109

Arroba Al, Valverde AM. Modulation of microglia in the retina: new insights into diabetic retinopathy.
Acta Diabetol. 2017; 54(6):527-533. https://doi.org/10.1007/s00592-017-0984-z PMID: 28349217

Roy S, Kern TS, Song B, Stuebe C. Mechanistic Insights into Pathological Changes in the Diabetic Ret-
ina: Implications for Targeting Diabetic Retinopathy. Am J Pathol. 2017; 187(1):9-19. https://doi.org/10.
1016/j.ajpath.2016.08.022 PMID: 27846381

Yu'Y, Chen H, Su SB. Neuroinflammatory responses in diabetic retinopathy. J Neuroinflammation.
2015; 12:141. https://doi.org/10.1186/s12974-015-0368-7 PMID: 26245868

PLOS ONE | https://doi.org/10.1371/journal.pone.0305573 July 10, 2024 18/18


https://doi.org/10.1159/000315155
http://www.ncbi.nlm.nih.gov/pubmed/20714176
https://doi.org/10.1016/j.yexcr.2017.05.030
https://doi.org/10.1016/j.yexcr.2017.05.030
http://www.ncbi.nlm.nih.gov/pubmed/28583762
https://doi.org/10.1371/journal.pone.0117911
http://www.ncbi.nlm.nih.gov/pubmed/25675437
https://doi.org/10.1167/iovs.07-0112
http://www.ncbi.nlm.nih.gov/pubmed/17962481
https://doi.org/10.1186/2045-3701-4-27
http://www.ncbi.nlm.nih.gov/pubmed/24955234
https://doi.org/10.1007/s11892-012-0281-8
http://www.ncbi.nlm.nih.gov/pubmed/22581206
https://doi.org/10.1002/jlb.57.2.317
https://doi.org/10.1002/jlb.57.2.317
http://www.ncbi.nlm.nih.gov/pubmed/7531748
https://doi.org/10.1016/j.exer.2008.01.002
http://www.ncbi.nlm.nih.gov/pubmed/18501346
https://doi.org/10.1167/iovs.04-0905
http://www.ncbi.nlm.nih.gov/pubmed/15790913
https://doi.org/10.1007/s00417-006-0516-y
https://doi.org/10.1007/s00417-006-0516-y
http://www.ncbi.nlm.nih.gov/pubmed/17219109
https://doi.org/10.1007/s00592-017-0984-z
http://www.ncbi.nlm.nih.gov/pubmed/28349217
https://doi.org/10.1016/j.ajpath.2016.08.022
https://doi.org/10.1016/j.ajpath.2016.08.022
http://www.ncbi.nlm.nih.gov/pubmed/27846381
https://doi.org/10.1186/s12974-015-0368-7
http://www.ncbi.nlm.nih.gov/pubmed/26245868
https://doi.org/10.1371/journal.pone.0305573

