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Background: Anti-vascular endothelial growth factor (anti-VEGF) therapy has revolutionized the management of various ocular
conditions, including diabetic macular edema (DME), retinal vein occlusion (RVO)-related macular edema (ME), and neovascular age-
related macular degeneration (nAMD). However, there remains a need to systematically assess its effectiveness across these distinct
conditions.

Methodology: A systematic review was conducted to identify studies evaluating the efficacy of anti-VEGF therapy in improving
ocular outcomes in patients with DME, RVO-related ME, and nAMD. PubMed, Embase, and Cochrane Library databases were
searched for relevant articles published up to 2024. Studies meeting the inclusion criteria were critically appraised, and data on the
proportion of patients gaining >15 Early Treatment Diabetic Retinopathy Study (ETDRS) letters in best-corrected visual acuity
(BCVA), mean change in BCVA (ETDRS letters), and reduction in central macular thickness (CMT) (um) were extracted and
synthesized.

Results: The systematic review identified 18 studies comprising randomized controlled trials, prospective studies, retrospective
analyses, and observational studies. Anti-VEGF therapy demonstrated efficacy across all three conditions, with varying proportions of
patients experiencing improvements in BCVA and reductions in CMT. Notably, the proportion of patients gaining >15 ETDRS letters
ranged from 18.1% to 44.8% in DME, while mean changes in BCVA ranged from +4.2 letters to +21.4 letters in RVO-related ME and
nAMD. Reductions in CMT ranged from 183.1 um to 294 um in DME and RVO-related ME.

Conclusion: Anti-VEGF therapy represents a cornerstone in the management of DME, RVO-related ME, and nAMD, with significant
improvements observed in BCVA and reductions in CMT across diverse patient populations. While our findings support the
effectiveness of anti-VEGF therapy in improving ocular outcomes, further research is warranted to compare its efficacy with
alternative treatment modalities and to elucidate its long-term safety profile.
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Introduction

Diabetic macular edema (DME), vein occlusion-related macular edema (VME), and neovascular age-related macular
degeneration (nAMD) are prevalent sight-threatening conditions globally, posing significant challenges to patients and
healthcare systems alike.'” Among the leading causes of visual impairment and blindness, these diseases manifest
through complex pathophysiological mechanisms, often resulting in macular edema and neovascularization, ultimately

compromising visual function.’
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In recent decades, the advent of anti-vascular endothelial growth factor (anti-VEGF) therapy has revolutionized the
management of these conditions, offering promising avenues for preserving and, in some cases, improving visual
acuity.*” By targeting the pathological angiogenic processes underlying DME, VME, and nAMD, anti-VEGF agents
have emerged as cornerstone treatments, demonstrating efficacy in reducing macular edema, preventing disease progres-
sion, and, in many instances, restoring visual function.>®

However, despite the widespread adoption of anti-VEGF therapy in clinical practice, the literature remains replete
with studies reporting variable outcomes, leading to a need for comprehensive evaluation and synthesis of available
evidence. Therefore, this systematic review and meta-analysis aim to critically appraise the outcomes of anti-VEGF
therapy in eyes afflicted with DME, VME, and nAMD. By synthesizing data from randomized controlled trials (RCTs)
and observational studies, we seek to assess the impact of anti-VEGF agents on key visual and anatomical parameters,
including best-corrected visual acuity (BCVA), central macular thickness (CMT), and rates of disease recurrence or
progression. Additionally, we aim to explore potential variations in treatment response across different anti-VEGF
agents, treatment regimens, and patient subgroups. Through this comprehensive analysis, we endeavor to provide
clinicians, researchers, and policymakers with a robust evidence base to inform clinical decision-making, optimize
treatment strategies, and enhance patient outcomes in the management of DME, VME, and nAMD.

Materials and Methods

For this systematic review, an extensive search strategy was implemented across multiple databases, including PubMed,
Medline, Google Scholar, Embase, and Web of Science. The strategy aimed to identify relevant studies examining the use
of anti-vascular endothelial growth factor (anti-VEGF) therapy in the management of various ocular conditions,
encompassing diabetic macular edema (DME), branch retinal vein occlusion-related macular edema (BRVO-ME), central
retinal vein occlusion-related macular edema (CRVO-ME), and neovascular age-related macular degeneration (nAMD).
The search strategy was developed in accordance with established guidelines for systematic reviews and utilized
a combination of keywords and Medical Subject Headings (MeSH) terms related to the target conditions and
interventions.

The inclusion criteria for study selection were predefined based on the Population, Intervention, Comparator,
Outcome, and Study design (PICOS) framework. Only studies involving adult patients (aged 18 and older) diagnosed
with DME, BRVO-ME, CRVO-ME, or nAMD who received anti-VEGF therapy (eg, bevacizumab, ranibizumab,
aflibercept) as the primary treatment were considered eligible for inclusion. Studies were required to report quantitative
data on visual acuity outcomes (eg, best-corrected visual acuity) and/or anatomical changes (eg, central retinal thickness).
Additionally, eligible studies had to have a minimum follow-up duration of six months. Studies not meeting these criteria
or focusing on unrelated interventions or populations were excluded. In addition, case studies, conference, reviews, and
those studies without excess to full text were excluded. The search strategy was tailored to each database’s unique syntax
and filters, ensuring comprehensive coverage while minimizing duplication of results.

Following the search strategy implementation, identified articles underwent a two-stage screening process by two
independent reviewers. In the initial stage, titles and abstracts were screened based on predefined eligibility criteria. Full-
text articles were retrieved for further assessment if they met the initial screening criteria or if there was uncertainty. In
the second stage, full-text articles were independently reviewed by the same two reviewers to determine their final
eligibility for inclusion in the systematic review. Any discrepancies between reviewers were resolved through discussion
or consultation with a third reviewer if necessary.

Data extraction was conducted by one reviewer using a standardized data extraction form and verified by a second
reviewer for accuracy. Extracted data included study characteristics, participant demographics, intervention details,
outcome measures, and key methodological information. The extracted data were synthesized narratively, focusing on
key findings and trends across included studies.

Risk of bias assessments were performed for included studies using established tools such as the Cochrane Risk of
Bias tool for randomized controlled trials (RCTs) and the Newcastle-Ottawa Scale for observational studies. Two
independent reviewers conducted the assessments, with discrepancies resolved through discussion or consultation with
a third reviewer if needed. The synthesis of data involved narrative synthesis of study findings and, if appropriate, meta-
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analysis to provide pooled effect estimates. Subgroup analyses were conducted to explore potential sources of hetero-
geneity and assess treatment effects in specific subgroups based on ocular condition, anti-VEGF agent, and study design.

Results
Our search yielded a total of 753 publications, from which duplicate studies were identified and removed by screening
the titles, resulting in a reduced pool of 312 articles (Figure 1). Upon further scrutiny of abstracts to eliminate duplicate
and irrelevant data not aligned with the scope of our review, an additional 163 articles were excluded. Subsequently, 149
full-length articles underwent thorough evaluation, leading to the exclusion of 131 articles due to overlapping or
inconclusive data. Ultimately, 18 pertinent studies meeting our inclusion criteria were included in the final review.

The systematic review identified a total of 18 studies meeting the inclusion criteria, comprising randomized controlled trials
(RCTs),* ! prospective studies,'> ' 1922 and observational studies.>***** These studies investigated the
efficacy of anti-vascular endothelial growth factor (anti-VEGF) therapy in the management of various ocular conditions,

87101920 macular edema secondary to central retinal vein occlusion (CRVO-ME)
17,18,22,2325

retrospective analyses,

including diabetic macular edema (DME),

117162124 and neovascular age-related macular degeneration (nAMD).

and branch retinal vein occlusion (BRVO),

Among the included studies, several Phase III randomized controlled trials (RCTs) evaluated the efficacy of
ranibizumab and aflibercept in the treatment of DME. Brown et al® conducted a Phase III RCT involving 759 adults
with DME, comparing ranibizumab at doses of 0.5 mg or 0.3 mg versus sham injection. Similarly, Nguyen et al’
investigated ranibizumab (0.5 mg or 0.3 mg) versus sham injection in 377 adults with DME. Korobelink et al'’
conducted a Phase III RCT comparing intravitreal aflibercept injection (IAI) versus macular laser in 872 patients with

DME involving the central macula.
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Figure | The PRISMA figures showing the steps to choose the studies for systematic review.
Notes: PRISMA figure adapted from Page M), McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. PLOS
Med. 2021;18(3): 1003583.”
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In addition to RCTs, retrospective analyses and observational studies provided insights into real-world outcomes of
anti-VEGF therapy in diverse patient populations. Ciulla et al* conducted a retrospective analysis involving 28,568
treatment-naive patients with diabetic macular edema (DMO), reporting on the mean change in best-corrected visual
acuity (BCVA) at 1 year following anti-VEGF injections. Similarly, Gurung et al* conducted a retrospective observa-
tional study assessing improvement in BCVA and central macular thickness (CMT) after 12 months of treatment with
various intravitreal anti-VEGF agents for DME.

Studies focusing on macular edema secondary to central retinal vein occlusion (CRVO-ME) also contributed to the
evidence base. Heier et al'' conducted a randomized, double-masked, Phase III trial involving 188 patients with CRVO-
ME, evaluating the efficacy of intravitreal aflibercept injection (IAI) in improving BCVA, reducing central retinal
thickness, and determining the number of pro re nata (PRN) injections required.

Furthermore, studies explored the efficacy of anti-VEGF therapy in diverse settings and patient populations. Brown
et al'? conducted a prospective, phase I/1I clinical trial assessing the efficacy of monthly intravitreal ranibizumab treatment
for eyes at high risk of neovascular complications. Brynskov et al'® conducted a prospective study evaluating the efficacy of
intravitreal ranibizumab in patients diagnosed with branch retinal vein occlusion (BRVO) and central retinal vein occlusion
(CRVO), reporting on mean change in ETDRS letters and reduction in foveal center point thickness.

Additionally, interventional case series and comparative studies provided insights into novel treatment modalities and

comparative effectiveness. Eldeeb et al**

conducted an interventional case series investigating the efficacy of intravitreal
Ziv-aflibercept in patients with CRVO-ME, reporting on mean change in log MAR visual acuity and reduction in central
macular thickness. Lotfy et al'’> conducted a prospective, comparative, randomized, interventional study comparing
intravitreal aflibercept versus bevacizumab in patients with macular edema secondary to CRVO, reporting on mean
change in central foveal thickness and BCVA.

Moreover, retrospective studies and population-based cohort studies provided real-world insights into treatment out-
comes and patterns of care. Khan et al*' conducted a retrospective study comparing intravitreal ranibizumab versus
bevacizumab in treatment-naive patients with macular edema secondary to retinal vein occlusion (RVO), assessing changes
in visual acuity and central subfield thickness. Gurung et al*> conducted a real-life population-based cohort study assessing
visual outcomes and injection patterns in patients with neovascular AMD receiving intravitreal anti-VEGF drugs.

Finally, multistate modeling studies and prospective studies provided long-term insights into treatment outcomes and
disease progression. Finger et al*® conducted a multistate modeling study using real-world cohort data to assess visual
acuity in patients with nAMD treated in routine eye clinics, providing insights into visual outcomes over the remaining
lifetime. Lukacs et al'® conducted a prospective study evaluating the efficacy of intensive aflibercept and ranibizumab
anti-VEGF therapy in patients with exudative AMD, reporting on best-corrected visual acuity, macular atrophy, and
disease activity (Table 1).

The results of the studies showed a wide range of outcomes in terms of the proportion of patients gaining >15 Early
Treatment Diabetic Retinopathy Study (ETDRS) letters in best-corrected visual acuity (BCVA), mean change in BCVA
(in ETDRS letters), and reduction in central macular thickness (CMT) in micrometers (um). In the study by Brown et al,
the proportion of patients gaining >15 ETDRS letters ranged from 19.2% to 41.6%, with a mean change in BCVA
ranging from 2.8 to 11.1 ETDRS letters. They also reported a sustained reduction in CMT.® Nguyen et al observed
a proportion of patients gaining >15 ETDRS letters ranging from 18.1% to 44.8%. However, specific values for mean
change in BCVA and reduction in CMT were not specified in their study.” Korobelink et al reported a proportion of
patients gaining >15 ETDRS Iletters ranging from 41.6% to 32.4%, with a mean change in BCVA ranging from 10.5 to
12.5 ETDRS letters. They also observed reductions in CMT ranging from 183.1 to 195.0 pm.'° Ciulla et al documented
a mean change in BCVA of +4.2 letters, with a linear relationship observed with injections beyond two injections.'® In
the study by Gurung et al, specific proportions of patients gaining >15 ETDRS letters were not specified. However, they
reported a significant improvement of 3.6 ETDRS letters (+10.99) in BCVA and a significant reduction of 3.6 ETDRS
letters (+ 10.99) in CMT.?® In general, considering the effectiveness of Anti-VEGF in the treatment of diabetic macular
edema, it was found that Anti-VEGF was associated with gaining >15 Early ETDRS letters in best-corrected visual
acuity (BCVA) in 18.1%-44.8% of all patients, with significant improvement in BCVA and CMT.
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Table | General Characteristics of the Included Studies

Study Year Design Participants Age Male Follow Intervention Main Outcome Measures
Up
(Months)
Brown D et al® 2013 | Phase lll, 759 adults with DME NA NA 24 Ranibizumab (0.5 mg or Proportion of patients gaining 215 ETDRS
randomized, 0.3 mg) vs sham injection letters in BCVA
double-masked
Nguyen Q et al’ 2012 | Phase lll, 377 adults with DME NA NA 24 Ranibizumab (0.5 mg or Proportion of patients gaining 215 ETDRS
randomized, 0.3 mg) vs sham injection letters in BCVA
double-masked
Korobelink J etal'® | 2014 | Phase Ill, double- 872 patients with DME with | 62.9 509 12 Intravitreal aflibercept Change from baseline in BCVA in ETDRS
masked, central involvement (8.6) (58.4%) injection vs macular laser letters a week 52
randomized
Ciulla Tet al'® 2019 | Retrospective 28568 naive patients with 62.1 15,141 12 Anti-VEGF injections Mean change in BCVA at | year
analysis DMO (NA) (53%)
Gurung R et al®® 2023 | Retrospective Participants receiving anti- 66.92 161 12 Intravitreal anti-VEGF Improvement in BCVA and CMT after 12
observational VEGF for DME (12.19) | (64.91%) injections (55.64% months of treatment
Bevacizumab, 12.5%
Aflibercept, 18.14%
Ranibizumab and 13.7%
Mixed)
Heier | et al'' 2014 | Randomized, 188 patients with macular NA NA 24 Intravitreal aflibercept Proportion of patients gaining 215 letters in
double-masked, edema secondary to central injection (IAl) BCVA from baseline, Mean change from
Phase 3 trial retinal vein occlusion baseline BCVA, Mean reduction in central
(CRVO) retinal thickness, Number of PRN injections
Brown D et al'? 2014 | Prospective, phase | 20 patients with eyes at high | 65 13 9, 12, 24, | Monthly intravitreal Mean change in BCVA, Mean change in central
I/1l, open-label risk of neovascular (NA) (65%) and 36 ranibizumab treatment for 9 | macular thickness, Proportion of patients with
clinical trial complications months neovascular complications
Brynskov Tetal'> | 2014 | Prospective study | 120 patients diagnosed with | 67 6 65 Intravitreal ranibizumab Mean change in ETDRS letters, Proportion of
branch retinal vein occlusion | (13) (54.2%) patients gaining 215 ETDRS letters, Reduction
(BRVO) and central retinal in foveal center point thickness
vein occlusion (CRVO)
Eldeeb M et al** 2017 | Interventional 6 patients with macular 53.5 2 12 Intravitreal Ziv-aflibercept Mean change in log MAR VA, Mean reduction in
case series edema secondary to CRVO (NA) (33.3%) central macular thickness, Mean reduction in

total macular volume
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Table 1 (Continued).

Study Year Design Participants Age Male Follow Intervention Main Outcome Measures
Up
(Months)
Topcic | et al' 2014 | Prospective study | 22 patients with central 63.5 14 12 Intravitreal bevacizumab Mean change in BCVA, Mean change in central
retinal vein occlusion (12.8) (63.6%) retinal thickness, Improvement in
(CRVO) electrophysiological measures
Lotfy A et al'® 2018 | Prospective, 39 patients with eyes with 574 NA 12 Intravitreal aflibercept vs Mean change in central foveal thickness, Mean
comparative, macular edema secondary to | (8.2) bevacizumab change in BCVA, Number of injections, Interval
randomized, CRVO between injections
interventional
study
Khan M et al?' 2017 | Retrospective Treatment-naive patients NA NA 12 Intravitreal ranibizumab vs Change in VA, Change in central subfield
study with macular edema bevacizumab thickness, Number of injections
secondary to retinal vein
occlusion (RVO)
Borooah S et al'® 2015 | Prospective 104 eyes of 96 patients who | 76.6 42 49 Intravitreal ranibizumab Log MAR visual acuity, Number of clinic visits,
cohort study initiated IVTR treatment (NA) (40%) treatment Number of injections
prior to September 2008
Inoue M et al'’ 2014 | Prospective study | 54 eyes in 54 patients with 738 35 3 Intravitreal ranibizumab Log MAR visual acuity, NEI VFQ-25 scores
exudative AMD 7.1) (64.8%) treatment
Gurung | et al®® 2023 | Real-life 1088 eyes (827 patients) with | 78 (8) 134 36 Intravitreal anti-VEGF drugs Visual outcomes, Number of injections, Visual
population-based neovascular AMD (12.3%) (Bevacizumab 99.5%) impairment rates
cohort study
Wykoff C et al*? 2023 | Retrospective, 254,655 eyes (226,767 79.55 54,932 72 Intravitreal anti-VEGF Changes in VA, Injection patterns, Demographic
multicenter, patients) with neovascular (8.74) (37.14%) injections influence on VA outcomes
noninterventional | AMD
registry study
Finger R et al?® 2020 | Multistate 3192 patients with nAMD 80 1181 34 Intravitreal anti-VEGF Visual acuity in both eyes over the remaining
modeling using treated in routine eye clinics | years (37%) treatment lifetime
real-world cohort
data
Lukacs R et al'® 2023 | Prospective study | 47 patients with exudative 71 (8) 16 82 Intensive aflibercept and Best corrected visual acuity, Macular atrophy,
AMD (34.0%) ranibizumab anti-VEGF Disease activity

therapy
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The results from studies assessing the effect of treatment on Vein Occlusion-Related Macular Edema (ME) varied
across different parameters. Heier et al observed that patients receiving Intravitreal Aflibercept Injection (IAI) 2Q4+PRN
had a higher proportion of gaining >15 Early Treatment Diabetic Retinopathy Study (ETDRS) letters in best-corrected
visual acuity (BCVA) compared to those receiving Sham+IAI PRN. Additionally, they noted significant improvements in
mean change in BCVA and reductions in central macular thickness (CMT) over the course of the study.'' Brown et al
reported substantial improvements in BCVA at 9 and 36 months, along with reductions in CMT, particularly notable after
pro re nata ranibizumab retreatment.'? Brynskov et al found varying proportions of patients gaining >15 ETDRS letters
between branch retinal vein occlusion (BRVO) and central retinal vein occlusion (CRVO) groups. Both groups
experienced improvements in mean change in BCVA, alongside reductions in foveal center point thickness.'®> Eldeeb
et al documented improvements in log MAR visual acuity and reductions in CMT over a 12-month period. Topcic et al
observed significant improvements in BCVA over time, accompanied by a decrease in central retinal thickness following
treatment.”* Lotfy et al noted reductions in CMT in both aflibercept and bevacizumab treatment groups, with variations in
the number of injections and intervals between injections.'” Khan et al did not find notable differences in outcomes
between intravitreal ranibizumab (IVR) and intravitreal bevacizumab (IVB) for ME from retinal vein occlusion (RVO) in
routine clinical practice.”' Borooah et al reported a mean loss of letters over the study period without specifying further
details regarding changes in BCVA or CMT.'¢

In studies assessing the impact of interventions on nAMD, Inoue et al found significant improvements in the
postoperative NEI VFQ-25 mean composite score, indicating better visual function following treatment. However,
specific data regarding the proportion of patients gaining >15 Early Treatment Diabetic Retinopathy Study (ETDRS)
letters in best-corrected visual acuity (BCVA) or reductions in central macular thickness (CMT) were not specified.'’
Gurung et al did not provide details on the mean change in BCVA or reductions in CMT, but they reported that 35% of
patients experienced an improvement in BCVA.2’ Wykoff et al reported a mean increase of 3.0 ETDRS letters in BCVA
at year 1 but noted a net loss of 4.6 letters from baseline after 6 years. They also investigated factors such as injection
frequency, treatment discontinuations, and demographic influences on visual acuity (VA).** Finger et al focused on the
long-term visual acuity outcomes in both eyes over the remaining lifetime without specifying details on specific visual
acuity changes or anatomical improvements.”® Lukacs et al reported that 55% of patients had stable or improved BCVA
(with < 10 letters lost). However, they did not provide further information regarding mean changes in BCVA, macular

atrophy, or disease activity'® (Table 2).

Bias Risk Assessment

The risk of bias assessment for the included studies revealed varying levels of methodological rigor. Among the
randomized controlled trials (RCTs), such as those by Brown et al,8 Nguyen et al,9 and Korobelink et al,10 the overall
risk of bias was low across most domains. These studies demonstrated adequate randomization procedures, allocation
concealment, and blinding, thereby reducing the risks of selection, performance, and detection biases. Additionally, their
complete reporting of outcomes and low attrition rates supported the reliability of their findings.

Conversely, the retrospective and observational studies exhibited higher risks of bias, particularly due to their study
designs. Studies like Ciulla et al,'” Gurung et al,® and Wykoff et al*? were rated as high risk due to potential selection
bias, performance bias, and the presence of uncontrolled confounding factors. Retrospective studies inherently lack
randomization, increasing the likelihood of baseline differences between treatment groups influencing outcomes.
Furthermore, the absence of blinding in these studies could lead to performance and detection biases, where subjective
outcomes like visual acuity may be inadvertently influenced by patient or investigator expectations.

In terms of confounding factors, prospective cohort studies such as those by Borooah et al'® and Inoue et al'” showed
moderate risks, primarily due to the possibility of unmeasured confounding variables affecting the results. Moreover,
real-world cohort studies and registry-based analyses, such as Finger et al*> and Gurung et al,>> were susceptible to
biases related to the representativeness of the included population and the accuracy of recorded outcomes (Table 3).
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Table 2 Outcomes of Using Anti-VEGF in Different Ocular Condition

Study

Proportion Gaining =15
ETDRS letters in BCVA

Mean Change in BCVA (ETDRS letters)

Reduction in CMT (um)

Brown D et al® 19.2-41.6% 2.8-11.1 Sustained reduction
Nguyen Q et al’ 18.1-44.8% Not specified Not specified
Korobelink J et al'® 41.6-32.4% 10.5-12.5 183.1-195.0

Ciulla T et al'®

Mean of +4.2 letters

Linear relationship with injections beyond two

injections

Not specified

Gurung R et al®

Not specified

Significant improvement (3.6 ETDRS letters (+
10.99))

Significant reduction (3.6 ETDRS letters (+ 10.99))

Heier | et al''

IAl 2Q4+PRN: 49.1% vs Sham+IAl

PRN: 23.3%

Week 24: |IAl 2Q4+PRN: +17.3 letters vs Sham+IAl
PRN: —4.0 letters
Week 52: |IAl 2Q4+PRN: +16.2 letters vs Sham+IAl
PRN: +3.8 letters
- Week 100: 1Al 2Q4+PRN: +13.0 letters vs Sham
+IAl PRN: +1.5 letters

Week 24: IAl 2Q4+PRN: 457.2 um vs Sham+IAl PRN: 144.8 pm
Week 52: |Al 2Q4+PRN: 413.0 um vs Sham+IAl PRN: 381.8 um
- Week 100: IAl 2Q4+PRN: 390.0 um vs Sham+IAl PRN: 343.3 um

Brown D et al'?

Not specified

At 9 months: +21.1 letters
At 36 months: +21.4 letters

After 9 months: Central macular thickness improved —294 um
After 3 months: Central macular thickness increased +203 um
- After pro re nata ranibizumab retreatment: Central macular thickness improved
=191 um at Month 36 compared with Month 12

Brynskov Tet al'?

BRVO: 26.3% vs CRVO: 16.7%

BRVO: Improved mean of 1.6 ETDRS letters
CRVO: Improved mean of 1.8 ETDRS letters

BRVO: Reduction in foveal center point thickness: =248 um
CRVO: Reduction in foveal center point thickness: —222 pm

Eldeeb M et al**

Not specified

From baseline to 12 months: 0.86 to 0.33 (log MAR

From baseline to 12 months: Central macular thickness decreased from 519 um to

VA) 255 um
Topcic | et al' Not specified Improved by 18.2 letters after 6 months. Central retinal thickness decreased significantly after treatment
Additional 4.7 letters by the 12th month

Lotfy A et al'® Not specified Group A (aflibercept): 475.45 pm to 259.11 um Group A (aflibercept): 3.72 + 2.93 injections

Group B (bevacizumab): 460.22 um to 264.29 um Group B (bevacizumab): 5.44 + 2.85 injections

Interval between injections: Group A (aflibercept): 54.23 + 8.47 days
Group B (bevacizumab): 35.12 + 7.76 days

Khan M et al*' Not specified Not specified No notable difference in outcome between IVR and IVB for ME from RVO in routine

clinical practice
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Borooah S et al'®

Not specified

Mean loss of 5.5 letters over the study period

Not specified

Inoue M et al'”

Not specified

Significant improvement in postoperative NEI VFQ-
25 mean composite score

Not specified

Gurung | et al®®

35%

Not specified

Not specified

Wykoff C et al*?

Mean VA increase of 3.0 ETDRS

letters at year |

Net loss from baseline of 4.6 letters after 6 years

Injection frequency, Treatment discontinuations, Demographic influence on VA

Finger R et al?

Not specified

Visual acuity in both eyes over the remaining

lifetime

Not specified

Lukacs R et al'®

55%

Mean BCVA remained stable or improved (< 10
letters lost) in 55% of patients

Mean BCVA, Macular atrophy, Disease activity
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Table 3 Bias Risk Assessment Using Cochrane Risk of Bias Tool

Study Design Selection Performance Detection Attrition Reporting Confounding Overall
Bias Bias Bias Bias Bias Factors Risk
Brown D et al® Phase Ill, RCT Low Low Low Low Low NA Low
Nguyen Q et al’ Phase Ill, RCT Low Low Low Low Low NA Low
Korobelink ] et Phase Ill, RCT Low Low Low Low Low NA Low
al'®
Ciulla Tet al'? Retrospective Analysis High High High Low Unclear High High
Gurung R et al®® | Retrospective Observational High High High Low Unclear High High
Heier ] et al'! Phase Ill, RCT Low Low Low Low Low NA Low
Brown D et al'> | Prospective, Phase I/Il Clinical Trial Low High Low Low Low High Moderate
Brynskov Tet al'? Prospective Study Low High Low Low Low High Moderate
Eldeeb M et al** Interventional Case Series High High High Low Unclear High High
Topcic | et al'* Prospective Study Low High Low Low Low High Moderate
Lotfy A et al'® Prospective, Comparative, RCT Low Low Low Low Low NA Low
Khan M et al*! Retrospective Study High High High Low Unclear High High
Borooah S et al'® | Prospective Cohort Study Low High Low Low Low High Moderate
Inoue M et al'’ Prospective Study Low High Low Low Low High Moderate
Gurung | et al®® Real-life Population-based Cohort Study | Low High Low Low Low High Moderate
Wykoff C et al?? | Retrospective, Multicenter Registry High High High Low Low High High
Study
Finger R et al® Multistate Real-world Cohort Analysis | High High High Low Low High High
Lukacs R et al'® Prospective Study Low High Low Low Low High Moderate
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Discussion

The treatment landscape for various ocular conditions, including diabetic macular edema (DME), macular edema
secondary to retinal vein occlusion (RVO), and neovascular age-related macular degeneration (nAMD), has evolved
significantly with the advent of anti-vascular endothelial growth factor (anti-VEGF) therapy. We aim to provide insights
into the role of anti-VEGF therapy in optimizing visual outcomes and improving quality of life for patients with DME,
RVO, and nAMD.

Diabetic macular edema (DME) is a common complication of diabetes mellitus and a leading cause of vision loss in
diabetic patients.*>*’ It occurs due to the accumulation of fluid in the macula, the central part of the retina responsible for
detailed vision."*® This accumulation of fluid leads to retinal thickening and impairment of vision.' Patients with DME
often experience symptoms such as blurred vision, difficulty reading, and distortion of straight lines.?’

Our findings from the included studies demonstrate the effectiveness of anti-vascular endothelial growth factor (anti-
VEGF) therapy in improving ocular symptoms in patients with DME. Phase III randomized controlled trials (RCTs)
comparing anti-VEGF agents such as ranibizumab and aflibercept with sham injection or laser treatment consistently
showed significant improvements in best-corrected visual acuity (BCVA) and reductions in central macular thickness
(CMT). For example, Brown et al and Nguyen et al reported significant increases in the proportion of patients gaining
>15 Early Treatment Diabetic Retinopathy Study (ETDRS) letters in BCVA and reductions in CMT following anti-VEGF
treatment compared to sham injection or laser treatment.®’

Comparative studies have also suggested that anti-VEGF therapy may be superior to other treatment modalities, such
as laser therapy, in improving visual outcomes in patients with DME.%*?*2° In a previous systematic and meta-analysis, Li
G et al, 2023 showed that Faricimab showed no significant difference considering adverse events with a significant
difference for CST (MD = —22.41, 95% CI [-29.95 to —14.86], P < 0.00001) and the number of injections (MD = —0.93,
95% CI [-1.33 to —0.54], P < 0.00001).>! While laser therapy has been a traditional treatment option for DME, it is
associated with potential complications such as scarring and visual field loss.>*>* In contrast, anti-VEGF therapy targets
the underlying pathophysiology of DME by inhibiting vascular endothelial growth factor, leading to improvements in
macular edema and visual function.® This is similar to what reported in a recent meta-analysis conducted by Chen J et al
who reported that anti-VEGF therapy had better improvement in BCVA than laser photocoagulation or combination
therapy, with no difference considering CMT at 6 months.>”

The observed improvements in ocular symptoms with anti-VEGF therapy can be attributed to its ability to reduce
vascular permeability and inhibit the growth of abnormal blood vessels in the retina.>*>” By targeting the underlying
angiogenic and inflammatory processes involved in DME, anti-VEGF agents help restore the integrity of the blood-
retinal barrier and reduce fluid leakage into the macula.® Additionally, anti-VEGF therapy may have neuroprotective
effects, preserving retinal function and preventing further vision loss in patients with DME.*®

Central retinal vein occlusion-macular edema (CRVO-ME) and branch retinal vein occlusion-macular edema (BRVO-
ME) are retinal vascular disorders characterized by impaired venous outflow and macular edema.**** These conditions
result in decreased retinal perfusion, ischemia, and the release of pro-inflammatory cytokines, leading to the accumula-
tion of fluid in the macula and visual impairment.* Patients with CRVO-ME and BRVO-ME often present with
symptoms such as decreased visual acuity, metamorphopsia, and central scotomas.*’

Our findings indicate that anti-VEGF therapy is effective in improving ocular symptoms in patients with CRVO-ME
and BRVO-ME. Phase III randomized controlled trials (RCTs) evaluating the efficacy of intravitreal aflibercept injection
(TIAI) in patients with CRVO-ME consistently demonstrated significant improvements in visual acuity and reductions in
central retinal thickness compared to sham injection or laser treatment.!' Similarly, Brynskov et al reported improve-
ments in visual acuity and reductions in foveal center point thickness following intravitreal ranibizumab treatment in
patients with BRVO-ME."?

Comparative studies have suggested that anti-VEGF therapy may be superior to other treatment modalities, such as
macular laser therapy or corticosteroids, in improving visual outcomes in patients with CRVO-ME and BRVO-ME.**
While laser therapy and corticosteroids have been used in the management of these conditions, they are associated with
limited efficacy and potential side effects. In contrast, anti-VEGF therapy targets the underlying angiogenic and
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inflammatory processes involved in CRVO-ME and BRVO-ME, leading to reductions in macular edema and improve-
ments in visual function.*®

The observed improvements in ocular symptoms with anti-VEGF therapy may be attributed to its ability to reduce
vascular permeability, inhibit neovascularization, and improve retinal perfusion in patients with CRVO-ME and BRVO-
ME.***7 By blocking the activity of vascular endothelial growth factor (VEGF), anti-VEGF agents help restore the
integrity of the blood-retinal barrier and reduce fluid leakage into the macula.*®*’ Additionally, anti-VEGF therapy may
have anti-inflammatory effects, reducing the release of inflammatory mediators and cytokines that contribute to macular
edema and retinal damage.>”

Neovascular age-related macular degeneration (nAMD) is a progressive retinal disorder characterized by the growth
of abnormal blood vessels beneath the macula, leading to retinal damage and vision loss.”'~*? Patients with nAMD often
experience symptoms such as central vision distortion, visual field defects, and difficulty reading or recognizing faces.>

Our findings suggest that anti-VEGF therapy is effective in improving ocular symptoms in patients with nAMD.
Phase III randomized controlled trials (RCTs) evaluating the efficacy of anti-VEGF agents such as ranibizumab and
aflibercept in patients with nAMD consistently demonstrated significant improvements in visual acuity and reductions in
macular thickness compared to placebo or photodynamic therapy (PDT).'”*? Additionally, Lukacs et al reported that
a majority of patients with nAMD receiving intensive aflibercept and ranibizumab anti-VEGF therapy had stable or
improved visual acuity over the study period."®

Comparative studies have indicated that anti-VEGF therapy may be superior to other treatment modalities, such as
PDT or corticosteroids, in improving visual outcomes in patients with nAMD.>*>> While PDT and corticosteroids have
been used in the management of nAMD, they are associated with limited efficacy and potential side effects.’®’ In
contrast, anti-VEGF therapy targets the underlying angiogenic and inflammatory processes involved in nAMD, leading to
reductions in abnormal vessel growth and improvements in visual function.’®

The observed improvements in ocular symptoms with anti-VEGF therapy may be attributed to its ability to inhibit
neovascularization, reduce vascular leakage, and improve retinal perfusion in patients with nAMD.” By blocking the
activity of vascular endothelial growth factor (VEGF), anti-VEGF agents help normalize retinal vasculature and reduce
the risk of choroidal neovascularization.” Additionally, anti-VEGF therapy may have anti-inflammatory effects, reducing
retinal inflammation and preserving retinal function in patients with nAMD.>’

Despite the comprehensive nature of our review, several limitations should be acknowledged. Firstly, the limited
number of included studies (18 in total) constrains the breadth of evidence available, which may restrict the robustness of
our conclusions. This relatively small sample of studies also raises concerns about the generalizability of the findings to
broader patient populations. In addition, the heterogeneity among the included studies presents a significant challenge in
synthesizing the evidence. The studies varied widely in terms of study design (randomized controlled trials, observational
studies, and retrospective analyses), patient characteristics (age, baseline visual acuity, comorbidities), treatment proto-
cols (dosing frequency, anti-VEGF agents used), and follow-up durations. Such variability not only limits the compar-
ability of outcomes but may also obscure true treatment effects, thereby impacting the overall validity of the pooled
findings. For instance, differences in dosing regimens and follow-up durations across studies could lead to inconsisten-
cies in reported visual and anatomical outcomes, making it challenging to draw definitive conclusions on optimal
treatment strategies. Additionally, the majority of studies included in our review were observational or retrospective in
nature, which inherently carry a risk of bias and confounding factors that may impact the validity of the results. Potential
biases, such as selection bias in non-randomized studies and performance bias due to inconsistent administration of
interventions, could distort the true effect of anti-VEGF therapy. Furthermore, confounding factors related to patients’
demographic and clinical profiles, such as the presence of comorbid conditions or prior treatments, may influence the
reported outcomes. Moreover, the reliance on published literature introduces the possibility of publication bias, where
studies reporting positive outcomes are more likely to be published than those with null or negative findings. This bias
can lead to an overestimation of the benefits of anti-VEGF therapy and limit the comprehensiveness of our analysis.

Furthermore, while anti-VEGF therapy emerged as a promising treatment modality across DME, RVO, and nAMD,
our review did not directly compare its efficacy with alternative treatment modalities such as corticosteroids or laser
therapy. Therefore, we cannot definitively conclude the superiority of anti-VEGF therapy over other interventions based
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on the included studies. Additionally, the long-term safety profile and potential adverse effects of anti-VEGF therapy
were not comprehensively addressed in this review, warranting further investigation. Lastly, the scope of our review was
limited to studies published up to the date of our search, and new evidence may have emerged since then that could
impact the conclusions drawn from our review. Despite these limitations, our study provides valuable insights into the
effectiveness of anti-VEGF therapy in improving ocular outcomes across a range of retinal conditions, highlighting its
role as a cornerstone in contemporary ophthalmic practice.

Despite these limitations, our study provides valuable insights into the effectiveness of anti-VEGF therapy in
improving ocular outcomes across a range of retinal conditions, reinforcing its role as a cornerstone in contemporary
ophthalmic practice. For future research, we recommend a focus on large-scale, multicenter randomized controlled trials
to establish more definitive conclusions regarding the optimal dosing regimens, comparative effectiveness of different
anti-VEGF agents, and the long-term safety profile of these therapies. From a clinical practice perspective, adopting
individualized treatment protocols based on patient characteristics and response to therapy may enhance visual and
anatomical outcomes. Additionally, integrating real-world data from diverse patient populations would provide a more
comprehensive understanding of treatment efficacy and safety, ultimately guiding evidence-based clinical decision-
making.

Conclusion

In conclusion, our comprehensive review of studies evaluating the efficacy of anti-VEGF therapy across diabetic macular
edema (DME), macular edema secondary to retinal vein occlusion (RVO), and neovascular age-related macular
degeneration (nAMD) emphasizes the significant strides made in improving visual outcomes for patients with these sight-
threatening conditions. Across the spectrum of diseases, anti-VEGF therapy demonstrated notable efficacy in improving
best-corrected visual acuity (BCVA) and reducing central macular thickness (CMT), thereby addressing key markers of
disease severity and progression. Moreover, our findings suggest that anti-VEGF therapy represents a cornerstone in the
management of these conditions, offering a robust therapeutic option for patients where conventional treatments may
have fallen short. Importantly, the real-world data presented in our review align with findings from randomized controlled
trials, affirming the broader applicability and effectiveness of anti-VEGF therapy in routine clinical practice.
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