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Review Article

Introduction
Diabetic macular edema (DME) is a significant cause of vision 
loss, affecting 7% of diabetic individuals.1 The standard of 
care for DME was previously focal laser photocoagulation, 
and intravitreal corticosteroids have also been used.2 
However, studies have demonstrated that antivascular 

endothelial growth factor  (anti‑VEGF) therapies have 
superior outcomes and an improved safety profile compared 
to laser photocoagulation.2 Bevacizumab  (Avastin®) is an 
anti‑VEGF therapy that was introduced for the treatment 
of colorectal cancer, currently used off‑label for the 

Abstract

Purpose: To assess the real‑world efficacy and safety of aflibercept for the treatment of diabetic macular edema (DME).

Methods: A systematic search was conducted across multiple databases. Articles were included if participants had DME and received aflibercept 
treatment for a minimum of 52 ± 4 weeks. Primary outcomes included changes in best‑corrected visual acuity (BCVA) and central macular 
thickness (CMT). A risk of bias assessment of studies was completed, pooled estimates were obtained, and a meta‑regression was performed. 
Information on adverse events was collected.

Results: The search yielded 2112 articles, of which 30 were included. Aflibercept was more effective than laser photocoagulation 
functionally  (12‑month BCVA‑weighted mean difference  [WMD] = 10.77 letters, P  <  0.001; 24  months =  8.12 letters, P  <  0.001) and 
anatomically (12‑month CMT WMD = –114.12 μm, P < 0.001; 24 months = –90.4 μm, P = 0.004). Compared to bevacizumab, aflibercept 
was noninferior at improving BCVA at 12 months (WMD = 1.71 letters, P = 0.34) and 24 months (WMD = 1.58 letters, P = 0.083). One study 
found that aflibercept was more effective than bevacizumab anatomically at 1 and 2 years (P < 0.001 at 12 and 24 months). Compared to 
ranibizumab, aflibercept rendered a greater improvement in BCVA at 1 year (WMD = 1.76 letters, P = 0.001), but not 2 years (WMD = 1.66 letters, 
P = 0.072). CMT was not significantly different between both therapies at 12 months (WMD = −14.30 μm, P = 0.282) and 24 months (P = 0.08). 
One study reported greater functional improvement with aflibercept compared with dexamethasone (P = 0.004), but inferiority in reducing 
CMT (P < 0.001). Meta‑regression analysis demonstrated that dosing schedule was found to impact outcomes at 12 and 24 months, while 
study design and sample size did not impact outcomes at 12 months. There were minimal safety concerns using aflibercept therapy.

Conclusions: Aflibercept is a safe and effective therapy option for DME in the clinical setting, performing superiorly to laser photocoagulation. 
Evidence regarding comparisons with bevacizumab, ranibizumab, and dexamethasone is mixed and limited.
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treatment of macular edema.3 Ranibizumab  (Lucentis®) 
is among the approved anti‑VEGF treatments for DME, 
targeting neovascularization.4 Aflibercept  (Eylea®) has 
also been approved for DME, bearing similar efficacy to 
ranibizumab.5,6 Aflibercept is a recombinant fusion protein 
that acts as a decoy receptor, with a higher affinity for 
VEGF‑A, VEGF‑B, and placental growth factor than their 
natural receptors.

Most reviews evaluating the efficacy of anti‑VEGF treatments 
for DME have focused on randomized control trials (RCTs), 
as this is considered one of the highest levels of evidence.7 
However, the external validity of RCTs is often limited due 
to strict inclusion/exclusion criteria and highly controlled 
testing parameters. A  meta‑analysis including non‑RCT 
sources of information may, thus, highlight the real‑world 
complexities of the disease and its management. In addition, 
the comparison of anti‑VEGF, intravitreal corticosteroid, and 
laser photocoagulation therapy within a single meta‑analysis 
has yet to be completed. This meta‑analysis aims to evaluate 
the real‑world efficacy of aflibercept for the treatment of DME 
in comparison to other DME treatments, including results from 
both RCT and non‑RCT sources. The following questions 
were addressed:
1.	 What is the effect of aflibercept therapy on best‑corrected 

visual acuity (BCVA), as a functional outcome, and central 
macular thickness (CMT), as an anatomical outcome, in 
patients with DME?

2.	 How does aflibercept compare to alternative therapies for 
DME?

3.	 Are there safety concerns associated with aflibercept use 
in DME?

Methods
This research was conducted in accordance with Preferred 
Reporting Items for Systematic Reviews and Meta‑Analyses 
guidelines  [Supplemental File 1]. A  literature search was 
conducted on PubMed, Ovid MEDLINE, EMBASE, and 
ClinicalTrials.gov. The search strategy included key terms 
related to anti‑VEGF, aflibercept, Eylea, diabetic retinopathy, 
and DME [Supplemental File 2]. The search included studies 
that were written in English or French and published before 
February 2020.

Articles were included in the meta‑analysis if participants 
had DME and received aflibercept in at least one of the 
study arms. Studies were required to report change in BCVA 
and/or anatomical retinal changes before and after treatment 
with a minimum follow‑up duration of 52 weeks ± 4 weeks. 
The mean baseline and endpoint data with their respective 
standard deviations were required for aflibercept monotherapy 
statistical analysis purposes. The mean change in primary 
outcome with an associated standard deviation was required 
for comparative analysis purposes. Studies with incomplete 
data were included as part of the systematic review but 
excluded from the meta‑analysis. Anatomical retinal changes 

were specific to the macular region, including the fovea 
(i.e., CMT, central foveal thickness, central subfield thickness, 
and central retinal thickness if only the macular region 
was considered  [hereto collectively referred to as CMT]). 
Post hoc analyses, conference abstracts, viewpoints/opinion 
papers, reviews, meta‑analyses, extension studies, and studies 
evaluating the efficacy of ziv‑aflibercept were excluded. Data 
were extracted independently by two reviewers and organized 
into the following categories: study details, length of follow‑up, 
treatment regimen, assessment of study endpoints, and adverse 
events.

Primary outcomes included changes in BCVA and 
CMT. Secondary outcomes consis ted  of  safe ty, 
particularly ocular adverse events, Antiplatelet Trialists’ 
Collaboration  (APTC)‑defined adverse events  (myocardial 
infarction, stroke, or vascular death), serious/systematic 
adverse events, and death.

Version 2 of the Cochrane risk‑of‑bias tool assessed the risk 
of bias in RCTs. Each item was rated as low risk, having 
some concerns, or high risk. Total score was calculated 
by two reviewers based on the Cochrane Collaboration 
algorithm.8 Risk of bias in the non‑RCTs was assessed using 
the Newcastle–Ottawa Scale (NOS) on a nine‑point scale.9 A 
modified six‑point version of the NOS was used to evaluate 
studies with no control group, omitting questions regarding 
the comparability of both the groups.10 An overall NOS score 
of 7 and above was considered low risk, 5–7 was considered 
to have some concerns, and under 5 was considered high risk. 
For the modified version, a score of 6 was considered low risk, 
4–5 was considered to have some concerns, and 3 and under 
was considered high risk.

Estimates were pooled using the DerSimonian and Laird 
random‑effects models with inverse variance weighting.11 
Heterogeneity was quantitatively assessed using the I2 statistic. 
Subgroup analyses by comparator and further subdivision by 
randomization versus nonrandomization were performed. 
A  meta‑regression was performed to assess any factors 
that contributed to BCVA and CMT outcomes other than 
comparator group, evaluating the effect of dosing schedule, 
study design, and sample size. Publication bias was assessed 
via visual inspection of funnel plots.12 All analyses were 
performed using  StataCorp. (2017). Stata Statistical Software: 
Release 15. College Station, TX: StataCorp LLC.13

Results
The literature search of the selected databases resulted in 2112 
titles (PubMed 548, Ovid MEDLINE 762, EMBASE 788, and 
ClinicalTrials.gov 14). After removal of 1255 duplicates, 857 
studies remained. There was exclusion of 368 records based 
on title, 489 abstracts were screened, and 105 full‑text articles 
were assessed for eligibility. Thirty studies were included in 
this review. The selection process is illustrated in Figure 1. 
Detailed study characteristics are given in Supplemental File 3.
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Bias among 12 RCTs was assessed using the Cochrane 
Collaboration’s Risk of Bias 2 tool. Four studies were evaluated 
as having low risk of bias, four studies had some concerns, 
and four studies were high risk. A traffic plot and a summary 
plot of the included studies assessed using the Risk of Bias 2 
tool are shown in Figure 2. The biases of seven cohort studies 
were assessed using the original NOS. Of a total score of 9, 
three studies were low‑risk, and the remaining four studies 
had some concerns. A traffic plot and a summary plot of the 
included studies assessed using the NOS are shown in Figure 3. 
Of 11 noncohort studies, evaluated using the modified NOS, 
two studies were found to be low risk, and the remaining 
studies had some concerns. A traffic plot and a summary plot 
of the included studies assessed using the modified NOS are 
shown in Figure 4.14

Meta‑regression analysis demonstrated that dosing schedule 
was found to impact BCVA outcomes at 12 and 24 months and 
CMT outcomes at 12 and 24 months. Study design and sample 
size did not significantly impact results at 12 months for BCVA 
and CMT. There were insufficient data to perform study design 
and sample size analyses for 24‑month data. Detailed results 
are given in Supplemental File 4.

Visual examination of the funnel plots evaluating BCVA and 
CMT outcomes revealed symmetrical scattering of the included 

studies around the overall effect line, suggesting absence of 
publication bias [Figure 5].

Of eighteen studies with complete 12‑month data relating to 
BCVA, a significant pooled mean improvement of 9.31 Early 
Treatment Diabetic Retinopathy Study (ETDRS) letters was 
noted with aflibercept (weighted mean difference [WMD] = 9.31 
ETDRS letters; 95% confidence interval  [CI]: 6.87–11.74 
ETDRS letters; P  <  0.001, I2  =  94.0%)  [Figure  6]. Three 
studies were not included in the 12‑month analysis due to 
missing baseline, 12‑month mean, or standard deviation data. 
Among these three studies, the mean BCVA was reported 
to be significantly improved with aflibercept monotherapy 
in two studies  (mean difference of 6.1  ±  7.1 ETDRS 
letters, P = 0.006;15 mean difference of 3.7 ETDRS letters, 
P = 0.024),16 and an improvement in BCVA (with no reported 
P value) was found in one study (mean difference of 9.3 ± 9.3 
ETDRS letters).17 Of the eighteen studies, six RCTs showed 
a significant improvement of 13.16 ETDRS letters with 
aflibercept (WMD = 13.16 ETDRS letters; 95% CI: 7.99–18.32 
ETDRS letters; P < 0.001, I2 = 97.7%) [Figure 7], and twelve 
non‑RCTs showed a significant improvement of 7.55 ETDRS 
letters with aflibercept (WMD = 7.55 ETDRS letters; 95% CI: 
5.54–9.57 ETDRS letters; P < 0.001, I2 = 72.9%) [Figure 7].

Of four studies that reported complete 24‑month mean 
BCVA outcomes, a marginally significant improvement in 
BCVA with a pooled mean gain of 6.76 ETDRS letters was 
noted with aflibercept (WMD = 6.76 ETDRS letters; 95% 
CI:  –0.19–13.70 ETDRS letters; P  =  0.056, I2  =  97.1%) 
[Figure 6]. Two studies were not included in the 24‑month 
analysis due to missing data. Among these two studies, the 
mean BCVA was reported to be nonsignificantly increased 
with aflibercept monotherapy in one  (mean difference 
of 6.4  ±  10.6 ETDRS letters, P  =  0.1)15 and significantly 
increased in the other (mean difference of 4.9 ETDRS letters, 
P  =  0.01).16 One study reported a statistically significant 
increase in BCVA at 18 months (mean difference 18.9 ± 7.0 
ETDRS letters, P < 0.005).18 Of the four studies, two RCTs 
showed a mean improvement of 6.80 ETDRS letters with 
aflibercept (WMD = 6.80 ETDRS letters; 95% CI: –5.05–
18.66 ETDRS letters; P = 0.261, I2 = 98.8%) [Figure 7] while 
two non‑RCTs showed a mean improvement of 6.98 ETDRS 
letters  (WMD = 6.98 ETDRS letters; 95% CI: 2.02–11.93 
ETDRS letters; P = 0.006, I2 = 67.5%) [Figure 7].

Among four studies comparing aflibercept and laser 
photocoagulation, aflibercept was superior in improving 
BCVA at 1 year  (WMD = 10.77 ETDRS letters, 95% CI: 
7.19–14.35 ETDRS letters, P < 0.001, I2 = 94.4%) [Figure 8]. 
All studies comparing aflibercept and laser photocoagulation 
were RCTs; therefore, weighted mean results remained the 
same with study type stratification. The 2‑year results included 
two studies which continually evidenced the superiority of 
aflibercept (WMD = 8.12 ETDRS letters, 95% CI: 2.97–13.28 
ETDRS letters, P < 0.001, I2 = 96.0%) [Figure 8]. Heier et al. 
reported a statistically significant improvement of BCVA with 

Figure  1: Flow diagram of studies included in this meta‑analysis. 
Preferred Reporting Items for Systematic Reviews and Meta‑Analyses 
flow chart outlining number of studies screened, assessed for eligibility, 
and included in review
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Figure 2: Traffic plot and summary plot of the included randomized controlled trials (RCTs). Risk of bias assessment of RCT studies using version 2 
of the Cochrane risk‑of‑bias tool. Total score calculated based on the algorithm suggested by the Cochrane Collaboration.

aflibercept over laser photocoagulation at 3 years (P < 0.001 
for all aflibercept groups versus laser control, using the last 
observation carried forward [LOCF] method).19

Two trials compared visual outcomes related to aflibercept 
and bevacizumab at 1 and 2 years. No significant differences 
were found between the two therapies at 1 year (WMD = 1.71 
ETDRS letters, 95% CI: –1.81–5.24 ETDRS letters, P = 0.341, 
I2 = 88.1%)  [Figure 8] and 2 years  (WMD = 1.58 ETDRS 
letters, 95% CI:  –0.20–3.37 ETDRS letters, P  =  0.083, 
I2 = 44.1%) [Figure 8]. There was insufficient power in the 
bevacizumab comparator group to undergo RCT versus 
non‑RCT stratification analyses.

When comparing aflibercept with ranibizumab, the overall 
1‑year improvement in BCVA across all six studies was 
significantly better with aflibercept (WMD = 1.76 ETDRS 

letters, 95% CI: 0.75–2.76 ETDRS letters, P  =  0.001, 
I2  =  0)  [Figure  8]. Two studies were not included in the 
analyses due to missing standard deviation data; however, 
these studies reported no significant difference in BCVA 
improvement between aflibercept and ranibizumab at 
12 months (P = 0.23720 and P = 0.8).21 Of the six studies, two 
RCTs demonstrated that the overall 1‑year improvement in 
BCVA was significantly better with aflibercept (WMD = 2.19 
ETDRS letters; 95% CI: 0.25–4.12 ETDRS letters; P = 0.027, 
I2 = 0.0%) [Figure 9] and four non‑RCTs demonstrated a 1‑year 
improvement in BCVA which was nonsignificantly better 
with aflibercept compared with ranibizumab (WMD = 1.53 
ETDRS letters; 95% CI:  –0.05–3.11 ETDRS letters; 
P  =  0.058, I2  =  21.5%)  [Figure  9]. At 2  years, visual 
outcomes related to aflibercept were no longer found 
to be superior to ranibizumab  (WMD  =  1.66 ETDRS 
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Figure 3: A traffic plot and summary plot of the included cohort studies. Risk of bias assessment of non-randomized controlled trial studies using the 
Newcastle‑Ottawa Scale (NOS). An overall NOS score of 7 and above is considered low risk, a score of 5 to 7 is considered to have some concerns, 
and a score under 5 is considered high risk. 

Figure 4: Traffic plot and summary plot of the included non‑cohort studies. Risk of bias assessment of non‑cohort, non-randomized controlled trial 
studies without a comparator group using a modified version of the Newcastle-Ottawa Scale. A score of 6 is considered low risk, a score of 4 or 5 is 
considered to have some concerns, and a score of 3 and under is considered high risk.
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Figure  6: Estimated weighted mean difference of baseline to 12‑month  (pictured top), and baseline to 24‑month best‑corrected visual acuity 
(pictured bottom) with aflibercept therapy as measured using Early Treatment Diabetic Retinopathy Study (ETDRS) letters. Dashed line represents 
weighted mean difference. 12‑month weighted mean difference: 9.31 ETDRS letters, P < 0.001. 24‑month weighted mean difference: 6.76 ETDRS 
letters, P = 0.056. Values reported as crude mean difference, without adjustment for covariates. CI: Confidence interval

Figure 5: Funnel plots assessing publication bias of studies evaluating best‑corrected visual acuity  (pictured top) and central macular thickness 
(pictured bottom). Afl: Aflibercept, SD: Standard deviation, CI: Confidence interval
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Figure  7: Estimated weighted mean difference of baseline to 12‑month  (pictured top), and baseline to 24‑month best‑corrected visual acuity 
(pictured bottom) with aflibercept therapy stratified by study design as measured using Early Treatment Diabetic Retinopathy Study (ETDRS) letters. 
Dashed line represents weighted mean difference. 12‑month weighted mean difference randomized controlled trial (RCT) 13.16 ETDRS letters, 
P < 0.001. 12‑month weighted mean difference non‑RCT: 7.55 ETDRS letters, P < 0.001. 24‑month weighted mean difference RCT: 6.80 ETDRS 
letters, P = 0.261. 24‑month weighted mean difference non‑RCT: 6.98 ETDRS letters, P = 0.006. Values reported as crude mean difference, without 
adjustment for covariates. CI: Confidence interval.

letters, 95% CI:  –0.15–3.48 ETDRS letters, P  =  0.072, 
I2 = 48.3%) [Figure 8]. There was insufficient power in the 

24‑month ranibizumab comparator group to undergo RCT 
versus non‑RCT stratification analyses.
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One study compared the outcomes of aflibercept to 
dexamethasone, which evidenced superiority of aflibercept in 
improving BCVA at 1 year (P = 0.004).22 There was insufficient 
power in the dexamethasone comparator group to undergo RCT 
versus non‑RCT stratification analyses.

Of twenty studies that reported both baseline and 12‑month 
mean CMT outcomes, a significant improvement in CMT with a 
pooled mean reduction of 133.76 μm was noted with aflibercept 

therapy (WMD = –133.76 μm; 95% CI: –158.74 to –108.78 μm; 
P < 0.001, I2 = 94.8%) [Figure 10]. In the two studies that were 
not included in the 12‑month pre‑post analysis due to missing 
baseline or 12‑month mean or standard deviation, the mean CMT 
was significantly reduced with aflibercept monotherapy (mean 
difference –175.38 ± 132.62 µm, P = 0.006;23 mean difference 
–117.7 ± 103.3 μm, P = 0.0003).15 Of the twenty studies, six RCTs 
showed a significant pooled mean reduction of 147.52 μm with 

Figure 8: Estimated weighted mean difference of improvement in best‑corrected visual acuity with aflibercept in comparison with other therapies 
at 12 months (pictured top) and 24 months (pictured bottom) as measured using Early Treatment Diabetic Retinopathy Study (ETDRS) letters. At 
12 months: Weighted mean difference between aflibercept and laser photocoagulation: 10.77 ETDRS letters, P < 0.001, weighted mean difference 
between aflibercept and ranibizumab: 1.76 ETDRS letters, P = 0.001, weighted mean difference between aflibercept and bevacizumab: 1.71 ETDRS 
letters, P = 0.341. Single‑study comparisons (not pictured): Weighted mean difference between aflibercept and dexamethasone: 2.90 ETDRS letters, 
P = 0.004. At 24 months: Weighted mean difference between aflibercept and laser photocoagulation: 8.12 ETDRS letters, P < 0.001, weighted mean 
difference between aflibercept and ranibizumab: 1.66 ETDRS letters, P = 0.072, weighted mean difference between aflibercept and bevacizumab: 
1.58 ETDRS letters, P = 0.083. Note: Only comparator groups with more than one study were included in forest plots. Afl: Aflibercept, 2q4: 2 mg 
every 4 weeks, 2q8: 2 mg every 8 weeks, 0.5q: 0.5 mg every 4 weeks, 2PRN: 2 mg as needed; CI: Confidence interval. 
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aflibercept (WMD = –147.52 μm; 95% CI: –211.45 to –83.60 
μm; P < 0.001, I2 = 98.1%) [Figure 11] while fourteen non‑RCTs 
showed a significant pooled mean reduction of 127.48 μm with 
aflibercept (WMD = –127.48 μm; 95% CI: –147.77 to –107.19 
μm; P < 0.001, I2 = 83.3%) [Figure 11].

Of five studies that reported 24‑month CMT outcomes, 
a significant improvement in CMT with a pooled mean 
reduction of 109.21 μm was noted with aflibercept therapy 
(WMD = –109.21 μm; 95% CI: –174.59 to –43.84 μm; P = 0.001, 
I2 = 96.6%) [Figure 10]. One study was not included in the 
meta‑analysis due to missing endpoint standard deviation data; 
however, this study reported a significant reduction in CMT at 
2 years (mean difference –123.3 ± 104.2 μm, P = 0.02).15 Khattab 
et al. reported an 18‑month statistically significant reduction 
in CMT (mean difference –212.5 ± 55.7 μm, P < 0.005).18 
Of the five studies, two RCTs showed a nonsignificant 
pooled mean reduction of 111.66 μm with aflibercept 
(WMD = −111.66 μm; 95% CI: –233.18–9.86 μm; P = 0.072, 
I2  =  99.1%)  [Figure  11] while three non‑RCTs showed a 
significant pooled mean reduction of 106.64 μm with aflibercept 
(WMD = −106.64 μm; 95% CI:  –134.05 to  –79.23 μm; 
P < 0.001, I2 = 0.0%) [Figure 11].

Aflibercept was superior to laser photocoagulation in 
improving CMT at both 1 year (WMD = −114.12 μm, 95% 

CI: –154.55 to –73.68 μm, P < 0.001, I2 = 91.9%) [Figure 12] 
and 2‑year follow‑ups (WMD = −90.47 μm, 95% CI = −151.80 
to –29.15 μm, P = 0.004, I2 = 95.4%, respectively) [Figure 12]. 
Heier et al. reported a statistically significant improvement 
of CMT with aflibercept over laser photocoagulation at 
3  years  (P  <  0.0001 for all aflibercept groups versus laser 
control, using the LOCF method).19 All studies comparing 
aflibercept and laser photocoagulation were RCTs; therefore, 
there was no subgroup analysis performed based on study 
design.

Wells et al. reported a greater degree of CMT reduction with 
aflibercept compared with bevacizumab at both the one and 
2‑year time points (P < 0.001 for both years).5,24 There was 
insufficient power in the bevacizumab comparator group to 
undergo RCT versus non‑RCT stratification analyses.

When comparing aflibercept with ranibizumab, the 
overall improvement in CMT across six studies at 1  year 
was not significantly different between the two groups 
(WMD = −14.30 μm, 95% CI = −40.36‑11.76 μm, P = 0.282, 
I2 = 72.8%) [Figure 12]. A study by Ozkaya et al. displayed 
similar results at 1 year (P = 0.3).21 Of the six studies, two 
RCTs demonstrated a nonsignificantly increased reduction 
in CMT with aflibercept compared to ranibizumab  (WMD 
= −21.55 μm, 95% CI = −44.02–0.92 μm, P  =  0.060, 

Figure 9: Estimated weighted mean difference of improvement in best‑corrected visual acuity with aflibercept in comparison with ranibizumab at 
12 months stratified by randomized controlled trial (RCT) (pictured top) vs. non‑RCT (pictured bottom) as measured using Early Treatment Diabetic 
Retinopathy Study (ETDRS) letters. 12‑month RCTs: Weighted mean difference between aflibercept and ranibizumab: 2.19 ETDRS letters, P = 0.027. 
12‑month non‑RCTs: Weighted mean difference between aflibercept and ranibizumab: 1.53 ETDRS letters, P = 0.058. Note: Only comparator groups 
with more than one study in both RCT and non‑RCT groups were represented in stratified analyses; thus, no comparator groups were represented in 
stratified analyses at 24 months. Afl: aflibercept, CI: Confidence interval.
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I2  =  0.0%)  [Figure  13]. Four non‑RCTs demonstrated a 
nonsignificantly increased reduction in CMT with aflibercept 
compared to ranibizumab  (WMD = −10.12 μm, 95% CI 
= −51.71–31.47 μm, P  =  0.633, I2  =  83.6%)  [Figure  13]. 
A  nonsignificant difference in CMT outcomes was also 
reported at 2 years by Wells et al. (P = 0.08).24 There was 
insufficient power in the 24‑month ranibizumab comparator 
group to undergo RCT versus non‑RCT stratification analyses.

Ozsaygili and Duru, in the same study that showed superiority 
of aflibercept in improving BCVA, demonstrated the 
superiority of dexamethasone over aflibercept in reducing the 
CMT at 1 year (P < 0.001).22 There was insufficient power in 
the dexamethasone comparator group to undergo RCT versus 
non‑RCT stratification analyses.

Twenty‑four studies commented on safety outcomes, including 
14 studies reporting ocular adverse events5,17‑19,23‑32 and 10 

reporting no ocular adverse events with aflibercept.15,16,20‑22,33‑37 
The most commonly reported ocular adverse event 
was subconjunctival hemorrhage  (164  cases of 2516 
aflibercept‑treated eyes with ocular safety data available, 
representing a prevalence of 6.5%).24,26,27,30‑32 Twelve studies 
reported APTC‑defined adverse events with aflibercept 
treatment.5,17,19,23‑30,32 Four studies reported no APTC‑defined 
events having occurred during the study with aflibercept 
treatment.15,16,35,37 The most commonly reported APTC‑defined 
event was vascular or other unknown cause  (107  cases 
reported of 2212 aflibercept‑treated eyes, with APTC‑defined 
data available, representing a prevalence of 4.8%).5,19,24,26‑30 
Twelve studies reported systemic or other serious adverse 
events associated with aflibercept treatment.5,17,19,23‑30,32 
Five studies reported no systemic or other serious events 
during the study.5,15,16,31,35,37 The most commonly reported 
adverse event was hypertension (52 cases reported of 2232 

Figure 10: Estimated weighted mean difference of baseline to 12‑month (pictured top), and baseline to 24‑month central macular thickness (µm) 
(pictured bottom). Dashed line represents weighted mean difference. 12‑month weighted mean difference: –133.76 µm, P < 0.001. 24‑month weighted 
mean difference: –109.21 µm, P = 0.001. Values reported as crude mean difference, without adjustment for covariates. CI: Confidence interval
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aflibercept‑treated eyes with available data, representing a 
prevalence of 2.3%).19,26,27,30 All‑cause mortality was reported 
in 7 studies,17,19,23,24,26,30,38 ranging from 0.9% to 5.5%, with 
one study reporting no deaths due to aflibercept treatment.35 
In studies that reported the causes of death, most deaths were 

related to cardiovascular events.19,23,30 Among the studies 
comparing aflibercept with laser photocoagulation, most 
studies did not find a significant difference in adverse events 
between the two groups. Baker et al. reported a significantly 
increased intraocular pressure with aflibercept compared 

Figure 11: Estimated weighted mean difference of baseline to 12‑month (pictured top), and baseline to 24‑month central macular thickness (µm) 
(pictured bottom) stratified by study design. Dashed line represents weighted mean difference. 12‑month randomized controlled trial (RCT) weighted 
mean difference: –147.52 µm, P < 0.001. 12‑month non‑RCT weighted mean difference: –127.48 µm, P < 0.001. 24‑month RCT weighted mean 
difference: –111.66 µm, P = 0.072. 24‑month non‑RCT weighted mean difference: –106.64 µm, P < 0.001. Values reported as crude mean difference, 
without adjustment for covariates. CI: Confidence interval.
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with observation.26 In the VISTA/VIVID studies, all‑cause 
mortality was more frequent in the groups treated with 
aflibercept at the 100 and 148‑week time points.19,28 Compared 
to aflibercept, there was a higher incidence of increased 
intraocular pressure and cataract formation in patients treated 
with dexamethasone.22,34 Wells et al., who compared safety 
outcomes between aflibercept, bevacizumab, and ranibizumab, 
found a higher rate of APTC‑defined events for ranibizumab 
compared to aflibercept at 2 years,5,24 but no difference between 
groups in other categories of adverse events.

Discussion
This meta‑analysis summarizes the evidence regarding the efficacy 
and safety of aflibercept for treatment of DME. A wide variety 
of study types were incorporated, from controlled environments 
such as RCTs, to retrospective studies with heterogenous samples 
of DME patients in real‑life clinical settings. Aflibercept therapy 

rendered a significant improvement in BCVA at 1 year and a 
marginally significant improvement at 2 years. Similar results 
were obtained at 12 months when studies were stratified by 
randomization status. However, at 24 months, RCTs demonstrated 
that the improvement in BCVA was nonsignificant while 
non‑RCTs demonstrated a significant improvement. There was 
also a reduction in macular thickness at both 1 and 2 years. Similar 
to BCVA, the results obtained at 12 months with RCTs were 
similar to nonstratified results. Conversely, at 24 months, RCTs 
demonstrated that the improvement in CMT was nonsignificant 
while non‑RCTs demonstrated that the improvement was 
significant. In comparison with laser photocoagulation, there was 
a significantly greater improvement in BCVA and anatomical 
outcomes with aflibercept therapy, similar to the results of 
previous meta‑analyses comparing the two therapies.7,39,40

Aflibercept has been reported to have superior visual acuity 
outcomes compared to bevacizumab.40‑42 Our analysis failed 

Figure  12: Estimated weighted mean difference of reduction in central macular thickness  (µm) with aflibercept in comparison with other 
therapies at 12  months  (pictured top) and 24  months  (pictured bottom). At 12  months: Weighted mean difference between aflibercept and 
laser photocoagulation:  –114.12 µm, P  <  0.001, weighted mean difference between aflibercept and ranibizumab:  –14.30 µm, P  =  0.282. 
Single‑study comparisons  (not pictured): Weighted mean difference between aflibercept and bevacizumab  –68.00 µm, P  <  0.001, weighted 
mean difference between aflibercept and dexamethasone: 108.40 µm, P < 0.001. At 24 months: Weighted mean difference between aflibercept 
and laser photocoagulation: –90.47 µm, P = 0.004. Single‑study comparisons (not pictured): Weighted mean difference between aflibercept and 
ranibizumab: –22.00 µm, P = 0.008, weighted mean difference between aflibercept and bevacizumab: –45.00 µm, P < 0.001. Note: Only comparator 
groups with more than one study were included in forest plots. Afl: Aflibercept; 2q4: 2 mg every 4 weeks, 2q8: 2 mg every 8 weeks, 0.5q: 0.5 mg 
every 4 weeks, 2PRN: 2 mg as needed, CI: Confidence interval



Santhakumaran, et al.: Efficacy of aflibercept for diabetic macular edema

Journal of Current Ophthalmology | Volume 34 | Issue 2 | April-June 2022	 145

to reveal any differences between aflibercept therapy and 
bevacizumab with respect to the functional outcome. The lack 
of significant BCVA improvement in the present study suggests 
that aflibercept might be superior in a specific subpopulation of 
patients, such as patients with a poor baseline BCVA. Only one 
trial reported a significantly greater degree of CMT reduction 
with aflibercept compared with bevacizumab at both the 1 and 
2‑year time points.5,24

Aflibercept provided a significant advantage over ranibizumab 
therapy at 1  year in terms of BCVA, mirroring results 
from previous meta‑analyses.41,42 When stratified based on 
randomization status, RCTs maintained this significance; 
however, non‑RCTs reported nonsignificance. The overall 
1‑year advantage was no longer observed at the 2‑year time 
point. It is important to consider that two studies were not 
included in the analyses due to missing standard deviation 
information, both of which reported no differences between 
aflibercept and ranibizumab BCVA outcomes.20,21 CMT 
outcomes were not significantly different at 1 or 2  years 
between ranibizumab and aflibercept, and these outcomes were 
consistent irrespective of study design.

Ozsaygili and Duru demonstrated functional superiority of 
aflibercept over dexamethasone; however, dexamethasone was 
shown to be anatomically superior to aflibercept.22 Although 
a correlation between visual acuity and macular thickness 
is usually observed, the relationship has been described as 
modest.43 This suggests that there are additional variables 
affecting BCVA in the setting of DME other than macular 
thickness, such as HbA1C and age.43 Damage to photoreceptors 
may also be irreversible; therefore, despite reduction in 
macular edema, visual acuity may remain compromised.

Aflibercept has demonstrated considerable safety across 
multiple study designs when compared to various treatment 
modalities. Two other meta‑analyses found no significant 
adverse events occurring under aflibercept therapy.39,42 This 
contrasts to a safety study evaluating aflibercept, ranibizumab, 
and laser therapies found an increased risk of death, 
cerebrovascular accident, and vascular death among patients 
using aflibercept and ranibizumab compared with laser and 
sham.44 Zhang et al. found more frequent systemic adverse 
events in groups treated with anti‑VEGF therapy, whereas 
steroid therapy resulted in more frequent ocular adverse 
events, including cataracts and increased intraocular pressure.41 

Figure 13: Estimated weighted mean difference of improvement in central macular thickness (µm) with aflibercept in comparison with ranibizumab 
at 12  months stratified by randomized controlled trial (RCT)  (pictured top) vs. non‑RCT  (pictured bottom). 12‑month RCTs: Weighted mean 
difference between aflibercept and ranibizumab: –21.55 μm, P = 0.060. 12‑month non‑RCTs: Weighted mean difference between aflibercept and 
ranibizumab: –10.12 μm, P = 0.633. Note: Only comparator groups with more than one study in RCT and non‑RCT groups were represented in 
stratified analyses; thus, no comparator groups were represented in stratified analyses at 24 months. Afl: Aflibercept, CI: confidence interval
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Similarly, the present study found that in both studies 
evaluating dexamethasone, there were elevations in intraocular 
pressure after dexamethasone therapy. These findings suggest 
that steroid therapy should be employed cautiously.

In this study, meta‑regression analysis demonstrated dosing 
schedule as a predictor of outcomes in addition to comparator 
group. This aligns with findings of previously published data 
demonstrating the variability of different dosing schedules on 
patient outcomes.45 It is important to consider that the risk of 
bias tools used to evaluate RCTs and non‑RCTs vary in their 
standards of assessment. RCTs are inherently of higher quality; 
therefore, a low risk score for a non‑RCT study may only equate 
to an RCT with some concerns. Although including multiple 
study designs resulted in a more comprehensive and clinically 
relevant review, there were several limitations:  (1) studies 
with small sample sizes were not powered enough to undergo 
meaningful statistical analyses; (2) there were a limited number 
of comparison studies for certain treatments, particularly 
bevacizumab and dexamethasone; and (3) the methodological 
quality and the nonblinding of participants in non‑RCTs 
may have introduced selection bias and confounding factors. 
However, the real‑life data contributed by such studies provides 
a more realistic representation of the efficacy of aflibercept in 
practice; and  (4) a significant amount of heterogeneity was 
present across comparator studies, likely due to differences 
in experimental protocols. To address this variability, a 
random‑effects model was used to calculate pooled estimates.

Aflibercept is effective at improving visual and anatomical 
outcomes in patients with DME, both in highly controlled 
settings and in a real‑life environment. Aflibercept shows 
greater improvements when compared to laser photocoagulation 
overall. Individual studies have shown an advantage of 
aflibercept when compared to bevacizumab anatomically, 
ranibizumab functionally at 1  year, and dexamethasone 
functionally. Aflibercept is shown to be noninferior compared 
to bevacizumab functionally and ranibizumab anatomically. 
Aflibercept demonstrates a considerable safety profile 
in patients with DME. Future research should assess the 
predictors of response to aflibercept. Furthermore, given 
the substantial differences in the cost associated with each 
treatment modality, cost‑effectiveness studies taking into 
consideration the findings of the present study are warranted.
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meta‑regression), if done, indicating which were prespecified

6

Results
Study 
selection

17 Give numbers of studies screened, assessed for eligibility, and included in the review, with 
reasons for exclusions at each stage, ideally with a flow diagram

6, Figure 1

Study 
characteristics

18 For each study, present characteristics for which data were extracted (e.g., study size, 
PICOS, follow‑up period) and provide the citations

Supplemental File 3

Risk of bias 
within studies

19 Present data on risk of bias of each study and, if available, any outcome level 
assessment (see item 12)

6, Figures 2‑4

Results of 
individual 
studies

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple 
summary data for each intervention group (b) effect estimates and confidence intervals, 
ideally with a forest plot

Figures 6‑9

Synthesis of 
results

21 Present results of each meta‑analysis done, including confidence intervals and measures of 
consistency.

6‑13

Risk of bias 
across studies

22 Present results of any assessment of risk of bias across studies (see Item 15) Figure 5

Additional 
analysis

23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, 
meta‑regression [see Item 16])

Page 7, Supplemental File 4

Discussion
Summary of 
evidence

24 Summarize the main findings including the strength of evidence for each main outcome; 
consider their relevance to key groups (e.g., healthcare providers, users, and policy makers)

13‑15

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review‑level (e.g., 
incomplete retrieval of identified research, reporting bias)

15‑16

Contd...



Supplemental File 1: Contd...

Section/topic Number Checklist item Reported on page number
Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and 

implications for future research
16

Funding
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of 

data); role of funders for the systematic review
17

PICOS: Participants, interventions, comparisons, outcomes, and study, NA: Not available

Supplemental File 2: Sample search strategy for 
systematic review

Number Search terms
1 Anti‑Vascular endothelial growth factor*
2 Anti‑VEGF*
3 Aflibercept*
4 “Aflibercept” [Supplementary Concept]
5 Eylea*
6 1 OR 2 OR 3 OR 4 OR 5
7 "Diabetic retinopathy" [Mesh]
8 Diabetic retinopath*
9 “Macular Edema” [Mesh]
10 Macular Edema*
11 DME
12 Macular Oedema*
13 DMO
14 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13
15 6 AND 14
We searched PubMed, Ovid MEDLINE, EMBASE, and ClinicalTrials.
gov. from inception to February 2020, for studies published in English or 
French, using the following strategy



Contd...

Supplemental File 3: Study details

Author Comparative therapy Design Duration of 
follow‑up (months)

Sample size (eyes) Dosing interval

Bahrami, et al., 
201925

None Interventional 
(clinical trial)

11 41 2q8

Campos Polo, 
et al., 201846

None Interventional 
(clinical trial)

12 29 2q8

Terasaki et al., 
201917

None Interventional 
(clinical trial)

12 72 2q8

Garweg et al., 
201923

None Interventional 
(clinical trial)

12 553 2q8

Pak et al., 202037 None Interventional 
(clinical trial)

12 46 Treat and extend

Curry et al., 
202032

None Interventional 
(clinical trial)

24 26 Treat and extend

Kaiho et al., 
201733

None Retrospective 
case series

12 51 Every 4 weeks for 1-3 
loading injections then PRN

Lukic et al., 
202047

None Retrospective 
case series

12 99 Every 4 weeks for 5 loading 
injections then PRN

McCloskey, 
et al., 201815

None Retrospective 
case series

24 18 N/A

Tsapardoni et al., 
201916

None Retrospective 
case series

24 30 2q8 in 1st year, 
treat‑and‑extend in 2nd year

Kern et al., 
202048

None Retrospective 
case series

24 139 Every 4 weeks for 3 loading 
injections then PRN

Khattab et al., 
201918

Nonea RCT 18 27 (in aflibercept 
monotherapy)

Every 4 weeks for 3 loading 
injections then PRN

Abouhussein and 
Gomaa, 202031

Nonea RCT 12 20 (in aflibercept 
monotherapy)

Every 4 weeks for 3 loading 
injections then PRN

Do et al., 201230 Laser photocoagulation RCT 12 0.5q4: 38, 2q4: 33, 2q8: 34, 
2PRN: 38, laser: 33

0.5q4, 2q4, 2q8, PRN

Chen et al., 
202027

Laser photocoagulation RCT 12 Aflibercept 2q4: 122, 2q8: 
116, laser: 117

2q4 or 2q8

Korobelnik 
et al., 201429

Laser photocoagulation RCT 12 Combinedb: Aflibercept, 2q4: 
290, 2q8: 286, laser: 286

2q4 or 2q8

Brown et al., 
201528

Laser photocoagulation RCT 23 Combinedb: Aflibercept, 2q4: 
291, 2q8: 287, control: 287

2q4 or 2q8

Baker et al., 
201926

Laser photocoagulation RCT 24 Aflibercept: 226, laser: 240, 
observation: 236

PRN

Heier et al., 
201619

Laser photocoagulation RCT 34 Combinedb: Aflibercept, 2q4: 
291, 2q8: 287, laser: 287

2q4 or 2q8

Ozsaygili and 
Duru, 202022

Dexamethasone RCT 12 Aflibercept: 50, 
dexamethasone: 48

Every 4 weeks for 3 loading 
injections then PRN

Hernández‑Bel 
et al., 201934

Dexamethasone/
aflibercept dual therapya

Retrospective 
cohort study

12 Aflibercept: 15, 
dexamethasone: 15

2q8

Kaldırım, et al., 
201920

Ranibizumab Prospective 
cohort study

12 Aflibercept: 30, 
ranibizumab: 30

Every 4 weeks for 3 loading 
injections then PRN

Bhandari et al., 
202038

Ranibizumab Prospective 
cohort study

12 Aflibercept: 217, 
ranibizumab: 166

PRN

Ozkaya, et al., 
202021

Ranibizumab Retrospective 
cohort study

12 Aflibercept: 20, 
ranibizumab: 26

Every 4 weeks for 3 loading 
injections then PRN

Plaza‑Ramos 
et al., 201936

Ranibizumab Retrospective 
cohort study

12 Aflibercept: 91, 
ranibizumab: 122

Every 4 weeks for 3 loading 
injections then PRN

Schwarzer, et al., 
201949

Ranibizumab Retrospective 
cohort study

12 Aflibercept: 34, 
ranibizumab: 41

Treat and extend (average 
every 5.9 weeks)

Fouda and 
Bahgat, 201735

Ranibizumab RCT 12 Aflibercept: 35, 
ranibizumab: 35

Every 4 weeks for 3 loading 
injections then PRN
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Author Comparative therapy Design Duration of 
follow‑up (months)

Sample size (eyes) Dosing interval

Ciulla, et al., 
201850

Ranibizumab and 
bevacizumab

Retrospective 
cohort study

24 12‑months cohort
Aflibercept: 1379, 
bevacizumab: 3109, 
ranibizumab: 1352
24‑months cohort
Aflibercept: 800, 
bevacizumab: 2403, 
ranibizumab: 1952

N/A

Wells et al., 
20155

Ranibizumab and 
bevacizumab

RCT 12 Aflibercept: 208, 
bevacizumab: 206, 
ranibizumab: 206

2q4

Wells et al., 
201624

Ranibizumab and 
bevacizumab

RCT 24 Aflibercept: 201, 
bevacizumab: 185, 
ranibizumab: 192

2q4 for 1 year, then PRN

aOnly results relating to the aflibercept arm were considered, bThis study evaluated a combined database (VIVID and VISTA). 2q4: 2 mg every 4 weeks, 
2q8: 2 mg every 8 weeks, 0.5q4: 0.5 mg every 4 weeks, PRN: Pro‑re‑nata (as needed), RCT: Randomized controlled trial, NA: Not available

Supplemental File 4: Meta‑regression results for various 
analysis strata

BCVA Multivariable regression

Beta 95% CI P
BCVA 12 months

Dosing schedule −1.97 −3.82 - −0.12 <0.0001
Design (RCT vs. non‑RCT) 1.85 −5.37 - 9.07 0.589
Sample size −3.44 −9.03 - 2.16 0.207

BCVA 24 months
Dosing schedule −3.17 −3.93 - −2.40 <0.0001
Design (RCT vs. non‑RCT) N/A N/A N/A
Sample size N/A N/A N/A

BCVA all studies (all 
follow‑up times)

Dosing schedule −2.4 −3.38 - −1.42 <0.0001
Design (RCT vs. non‑RCT) 1.4 −3.75 - 6.55 0.58
Sample size −3.35 −7.41 - 0.71 0.102

CMT 12 months
Dosing schedule 31.5 13.31 - 49.61 0.002
Design (RCT vs. non‑RCT) 39.6 −24.4 - 103.5 0.206
Sample size 23.9 −28.6 - 76.29 0.346

CMT 24 months
Dosing schedule 35.6 26.3 - 50.9 <0.0001
Design (RCT vs. non‑RCT) N/A N/A N/A
Sample size N/A N/A N/A

CMT all studies (all 
follow‑up times)

Dosing schedule 30.45 17.7 - 43.24 <0.0001
Design (RCT vs. non‑RCT) 19.3 −36.1 - 74.7 0.477
Sample size 9.25 −35.47 - 53.99 0.672

For the above analysis strata, the restricted maximum likelihood 
estimate of between‑study variance (tau2) and joint test for all 
covariates with Knapp-Hartung modification are statistically 
significant (P=0.002‑P<0.0001). All Betas are adjusted for other variables 
in each analysis strata. N/A: Not applicable, unable to estimate due to 
multi‑collinearity or small number of studies, CI: Confidence interval, 
BCVA: Best‑corrected visual acuity, RCT: Randomized clinical trial, 
CMT: Central macular thickness




