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Role of anti-vascular endothelial growth factor in the
management of non-proliferative diabetic retinopathy
without centre-involving diabetic macular oedema: a
meta-analysis of trials
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This systematic review and meta-analysis investigated the impact of anti-vascular endothelial growth factor (VEGF) treatment in
management of eyes with non-proliferative diabetic retinopathy (NPDR) without centre involving diabetic macular oedema (CI-
DMO). We searched multiple databases for all randomised clinical trials (RCTs) that evaluated anti-VEGF treatment versus
observation in eyes with NPDR without CI-DMO. Data was collected for six outcomes (best corrected visual acuity (BCVA)
improvement, diabetic retinopathy severity score (DRSS), central subfield thickness, progression to vision threatening complications
(VTCs), ocular adverse events and quality of life measures). Risk of bias was assessed using Cochrane risk-of-bias tool for randomised
trials (RoB 2) and certainty of evidence was assessed using Grade of Recommendations, Assessment, Development and Evaluation
(GRADE). We identified a total of 2 unique RCTs that compared aflibercept and sham to treat a total of 811 eyes. For BCVA change,
there was a small, clinically insignificant benefit for aflibercept treatment at year 2 (MD 0.70, 95% CI 0.02–1.38, GRADE rating:
MODERATE). DRSS demonstrated a statistically significant improvement with aflibercept use at year 2 (RR 3.76, 95% CI 2.75–5.13,
GRADE rating: MODERATE). VTCs were significantly less in aflibercept arm at year 2 (RR 0.30, 95% CI 0.23–0.40, GRADE rating:
MODERATE). In conclusion, aflibercept treatment versus observation in eyes with NPDR without CI-DMO can result in reduced risk of
development of VTCs and regression of DRSS score over 2 years. Future trials are needed to increase the precision of the treatment
effect and to provide data on quality-of-life metrics.

PROSPERO Registration: CRD42021288608.
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INTRODUCTION
Landmark clinical trials in ophthalmology have established the
significant benefit for treatment of diabetic macular oedema
(DMO) and proliferative diabetic retinopathy (PDR) [1–7]. These
studies have informed guidelines and clinical practise globally
[8–10]. However, to date, the focus for ocular treatment has been
reactive in nature, where patients are treated when they develop
vision threatening complications (VTC) including centre-involving
DMO (CI-DMO), and PDR.

There is robust evidence that non-proliferative diabetic retino-
pathy (NPDR) without CI-DMO is a progressive disease that can
lead to meaningful morbidity and is a risk factor for the
development of VTC [11]. Independent of VTC development,
multiple studies have reported associations between NPDR and
reduced visual function, reduced quality of life and higher risk of
falls [11–15].
NPDR progression has also been associated with development

of PDR and subsequent vision loss [16]. Despite the significant
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burden of NPDR without CI-DMO, current standard of care
involves monitoring patients with this level of retinopathy and
intervening with intraocular treatment or scattered laser photo-
coagulation is only indicated when patients develop DMO/PDR or
in some cases of severe NPDR where patient compliance to follow-
up maybe a concern [17, 18]. The primary rationale for monitoring
and not intervening with treatment at this earlier stage has been
the lack of robust evidence to suggest that early intervention can
modify the natural course of disease and improve longer term
patient outcomes.
Over the past decade, a growing body of evidence has

demonstrated a positive effect of intraocular anti-vascular
endothelial growth factor (anti-VEGF) treatment on disease
modification of diabetic retinopathy (DR). Post-hoc analyses of
intervention trials have demonstrated anti-VEGF treatment can
improve DR severity score (DRSS) levels [19–24]. There is also
some evidence that anti-VEGF treatment reduces progression of
retinal non-perfusion [25]. These surrogate biomarkers of disease
pathology provide a pathophysiologic rationale for considering
treatment earlier in the course of the disease, especially among
eyes with NPDR without CI-DMO.
Despite the clinical need and the biological plausibility

rationale, evidence syntheses evaluating potential benefits and
risks for anti-VEGF treatments in with NPDR without CI-DMO are
lacking. The recent publication of two large randomised clinical
trials (RCTs) further supports a timely meta-analysis [26, 27]. As
such, we performed a meta-analysis to assess clinical trial data and
estimate the treatment effect for anti-VEGF treatment in patients
with NPDR without CI-DMO.

METHODS
Eligibility criteria for considering studies for this review
This meta-analysis is reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (http://www.prisma-statement.org; accessed Oct 19th,
2021) (Fig. S1). We prospectively registered the study protocol
PROSPERO (CRD42021288608). This study was exempt from ethics
approval as all synthesis were performed using already
published data.
All references underwent a two-stage screening process first

assessing titles and abstracts, followed by full papers. Inclusion
criteria were as follows: The criteria for inclusion included: (1)
randomised controlled trials (RCTs), (2) studies with eyes with
NPDR without CI-DMO, (3) studies using any anti-VEGF modalities
compared with placebo. Two reviewers evaluated the studies
separately for inclusion and exclusion criteria and discrepancies
were resolved by a third arbitrator.
The following outcome measures were identified as clinically

important for NPDR treatment:

1. Change in best corrected visual acuity (BCVA) reported at 52 weeks
and 100–104 weeks.

2. Change in diabetic retinopathy severity score (DRSS) levels at
52 weeks and 100–104 weeks [28].

3. Change in central subfield thickness (CST) at 52 weeks and
100–104 weeks.

4. Frequency of progression to VTCs (defined as development of PDR
or CI-DMO) at 100–104 weeks.

5. Ocular adverse events (endophthalmitis, retinal detachment, intrao-
cular pressure elevation, iris neovascularization, vitreous haemor-
rhage) at 100–104 weeks.

6. Quality of life measure.

Continuous variables were collected with means ± standard
deviation (SD). Best corrected visual acuity was reported on a
continuous scale. Categorical parameters were collected using
percentages of the total sample. DRSS improvement and VTCs
were reported as proportions.

Search Methods for identifying studies
On August 8, 2021, the authors conducted a systematic search to
capture references on Ovid MEDLINE, Ovid EMBASE, and Cochrane
Central published from inception. The sensitive search strategy
was devised in collaboration with an academic research librarian
and involved MeSH headings and text terms mapping to diabetic
retinopathy and equivalents and anti-VEGF therapy and equiva-
lents as illustrated in Table S1. The initial electronic search was
supplemented by hand searching the reference lists from included
studies to identify any missing studies. Captured citations were
exported to Covidence (Veritas health innovation, Melbourne,
Australia) for further screening.

Study selection
Two reviewers (JSX, DP) working independently and in duplicate,
reviewed the titles and abstracts of search records and
subsequently the full texts of records for potentially eligible
articles. We resolved discrepancies between reviewers by discus-
sion or referral with a third party (GSS).

Data collection, risk of bias assessment and grading of
recommendations, assessment, development and evaluation
Two independent reviewers (JSX, DSP), working independently
and in duplicate, collected data using a pilot-tested extraction
sheet, designed in Microsoft Excel (Version 16.52). Discrepancies in
data collection were resolved through discussion or with a third
independent reviewer (GSS).
In the event of missing data, the corresponding author or

sponsoring pharmaceutical company was contacted to obtain
clarification [29]. In the absence of important summary data, we
performed analyses based on the data as reported and assumed
that the data were missing completely at random.
Two reviewers (VC, GSS) working independently and in duplicate,

assessed risk of bias using version 2 of the Cochrane risk-of-bias for
randomised trials (RoB 2) [30]. For each eligible outcome, we
assessed the risk of bias across the following domains: sequence
generation, allocation concealment, masking of outcome assessors,
missing outcome data, outcome measurement and selective
outcome reporting. Outcomes were classified to be at ‘low’, ‘some
concerns’ or ‘high’ risk of bias with the overall rating of risk of bias
being the least favourable domain. Missing outcome data was not
considered to be a problem if loss to follow-up was balanced
between the study arms and the reason for loss to follow-up was
reported to be unrelated to the outcome of the study.
We assessed the certainty of the evidence with the Grade of

Recommendations, Assessment, Development and Evaluation
(GRADE) [31]. The GRADE approach involves separate grading of
quality of evidence for each patient-important outcome followed
by determining an overall quality of evidence across outcomes.
Two reviewers (VC, GSS) rated each domain for each comparison
separately and resolved discrepancies by consultation. We rated
the certainty for each comparison and outcome as high,
moderate, low or very low, based on considerations of risk of
bias, inconsistency, indirectness, publication bias and imprecision.
Decisions around size of effect for the GRADE outcomes were
made around clinical decision-making threshold where this has
been established. For BCVA, a 5 ETDRS letter change was
established as the clinical threshold. For other clinically relevant
biomarkers of disease severity (reduction in VTCs, change in CST,
DRSS, ocular adverse events), there currently does not exist a
threshold for an effect size that would indicate favouring an
intraocular treatment versus observation. As such, decisions
around size of effect for these outcomes were made by consensus
amongst the authors.

Data synthesis and analysis
The unit of analysis used in the study was individual eyes as only
one eye from each patient was enroled in the trials.
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Where there were missing data due to participant dropout,
the analysis was conducted based on participants with
complete data.
Studies were assessed for clinical heterogeneity based on study

details such as disease severity, baseline BCVA etc. Statistical
heterogeneity between trial results was assessed using the chi-
square test and the I2 value and reported along with 95%
confidence intervals (CI). Chi-square analysis resulting in p value
below 0.10 were considered an indicator of statistically significant
heterogeneity. The I2 statistic was used to interpret the magnitude
of heterogeneity. In accordance with Cochrane guidelines, I2

values were classified as below [32]:

i. 0 to 40%: might not be important.
ii. 30 to 60%: may represent moderate heterogeneity.
iii. 50 to 90%: may represent substantial heterogeneity.
iv. 75 to 100%: considerable heterogeneity.

We performed random-effects meta-analysis for all outcomes.
Mean differences were used to report continuous outcomes along
with their 95% CI. Categorical outcomes are summarised as
relative risks and associated 95% Cis. All analyses were performed
using Review Manager (RevMan version 5.3). Identification of
publication bias was carried out if more than10 studies could be
identified. In that case we planned to assess the asymmetry of the
funnel plot.

RESULTS
Selection of studies
Figure S2 presents the PRISMA flow diagram. We identified a total
of 9452 records through database searching, of which 6473
unique references remained after removal of duplicates. Of the
6473 records in title and abstract screening, 85 progressed to full
text screening. Of these 85 reports, 65 were excluded due to
incorrect study design, incorrect population, incorrect treatment
or indiscernible results. Further, 8 studies did not have any
available data or were still in the recruitment phase [13, 33–39].
The remaining 8 eligible reports corresponded to 2 unique trials
[26, 27].

Characteristics of included studies
Table 1 presents trial characteristics. The two unique RCTs were
PANORAMA and Protocol W [26, 27].
PANORAMA included patients with DRSS level 47 or 53.

PANORAMA compared 3 groups using 2mg aflibercept—2q16
group (aflibercept injection every 16 weeks after 3 monthly doses
and 1 every other month dose), aflibercept 2q8/PRN group
(aflibercept every 8 weeks after 5 monthly doses with pro re nata
(PRN) dosing in year 2) or sham group [26] Table 2.
DRCR.net Protocol W included patients with DRSS level 43, 47 or

53. Protocol W compared 2 groups using 2mg aflibercept—2q16
group (aflibercept injection given at baseline; 1, 2, and 4 months;
and every 4 months thereafter) or sham group [27] Table 2. In
total, the studies comprised a total of 811 eyes, of which 415 were
treated with anti-VEGF pharmacotherapy and 396 were treated
with sham. Since the goal of this review was to assess the role of
anti-VEGF treatment compared to sham treatment, data from
different treatment paradigms was pooled. Further, both studies
used aflibercept and there were no eligible studies using any
other anti-VEGF agents.

Risk of bias and GRADE certainty of evidence
Risk of bias assessment was carried out an outcome level and the
results are presented along with the Forrest Plot in Figs. 1 and S3.
Risk of bias was rated low for all outcomes asides from

complication rate outcome. Since the investigators were not
masked to the intervention and some of the complications were Ta
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subjective assessments on clinical examination, this resulted is
‘some concern’ for both RCTs on this outcome.
The GRADE evaluation for all outcomes is reported in

Table S2. There was MODERATE certainty of evidence for BCVA
outcomes, DRSS improvement, VTCs and ocular adverse events
at 2 years. There was LOW certainty of evidence CST change at
2 years.

Visual acuity
Visual acuity outcomes at 52 weeks were statistically significantly
better in eyes randomised to aflibercept compared to those
randomised to sham (MD 0.92 letters, 95% CI 0.31–1.53, P= 0.003,
I2= 0%, GRADE rating: MODERATE, Fig. 1.1.1 and Table S2).
However, the 95% CI did not cross the widely accepted clinical
decision threshold of 5 ETDRS letters.
Similarly, visual acuity outcomes at weeks 100–104 were

statistically significantly better in eyes randomised to aflibercept
compared to those randomised to sham (MD 0.70, 95% CI
0.02–1.38, P= 0.04, I2= 0%, GRADE rating: MODERATE, Fig. 1.1.2
and Table S2). Again, the 95% CI did not cross the widely accepted
clinical threshold of 5 ETDRS letters.

Diabetic retinopathy severity score (DRSS)
At week 52, more eyes in the aflibercept arm significantly
improved DRSS levels by 2-steps or greater in the aflibercept
arm versus the sham arm (RR 3.68, 95% CI 2.09–6.48, p= 0.00001,
I2= 68%, GRADE rating: LOW, Fig. 1.2.1 and Table S2).
At week 100–104, DRSS levels were statistically significantly

better in eyes randomised to aflibercept compared to those
randomised to sham (RR 3.76, 95% CI 2.75–5.13, P= 0.0001,
I2= 0%, GRADE rating: MODERATE, Fig. 1.2.2 and Table S2).

Central subfield thickness (CST)
CST at 52 week was statistically significantly better in eyes
randomised to aflibercept compared to sham (MD 18.34, 95% CI
1.48–35.21, P= 0.03, I2= 92%, GRADE rating: LOW, Fig. 1.3.1 and
Table S2).
At weeks 100–104, there was no significant difference in terms

of CST change between the aflibercept arm and the sham arm
(MD 15.52, 95% CI −6.20–37.24, P= 0.16, I2= 91%, GRADE rating:
LOW, Fig. 1.3.2 and Table S2).

Progression to vision threatening complications (VTC)
VTC was defined as development of PDR and CI-DMO. At weeks
100–104, proportion of eyes developing VTCs was significantly less
in the aflibercept arm compared to the sham arm (RR 0.30, 95% CI
0.23–0.40, P= 0.00001, I2= 0%, GRADE rating: MODERATE,
Fig. S3.1.1 and Table S2).

Ocular adverse events
At weeks 100–104, pooled estimate of important adverse events
(endophthalmitis, retinal detachment, IOP elevation, iris neovas-
cularization, vitreous haemorrhage) found no statistically signifi-
cant difference between the aflibercept arm compared to the
sham arm (RR 0.67, 95% CI 0.46–0.97, P= 0.04, I2= 0%, GRADE
rating: MODERATE, Fig. S3.2.1 Tables 3 and S2).

Quality of life
None of the studies reported quality of life measurements.

DISCUSSION
This review of high-quality randomised trials found that the only
anti-VEGF agent assessed for NPDR without CI-DMO management
was aflibercept. Our meta-analysis found that intravitreal afliber-
cept treatment for management of patients with NPDR without CI-
DMO leads to a significant regression of DRSS score and reduces
the risk of development of VTCs over 2 years.Ta
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There has been limited evidence generation that aims to
address the role for anti-VEGF treatment in management of eyes
with NPDR without CI-DMO. Despite the clinical need to minimise
potential for disease progression and the biological plausibility
that early treatment may slow the course of disease, there have
been no meta-analyses addressing important patient outcomes as
a result of intervention with anti-VEGF treatment at earlier stages
in the disease process.
One of the strengths of this review is that the outcomes assessed

for this intervention were deemed to be important from a patient

care perspective. In terms of patient-important outcomes, visual
acuity change was the key outcome that was assessed. This study
demonstrates that intravitreal aflibercept treatment compared to
sham likely results in little to no difference in terms of BCVA change
at year 1 (small unimportant effect, GRADE rating: MODERATE) and
year 2 (small unimportant effect, GRADE rating: MODERATE) for
patients with NPDR without CI-DMO.
We report multiple clinically relevant biomarkers of disease

severity in this review. As discussed in the methods, a limitation of

Analysis 1 – Visual outcomes for aflibercept versus sham dosing for NPDR 

1.1 – Change in VA at 52 weeks (ETDRS)

1.2 – Change in VA at 100-104 weeks (ETDRS)

Analysis 2 – Diabe�c Re�nopathy Severity Score (DRSS) for aflibercept versus sham dosing for NPDR

2.1 – Propor�on of eyes with 2-step or greater DRSS improvement at 52 weeks

2.2 – Propor�on of eyes with 2-step or greater DRSS improvement at 100-104 weeks

Analysis 3 – Anatomical outcomes for aflibercept versus Sham dosing for NPDR

3.1 – Change in central subfield thickness (CST) at 52 weeks (um)

Fig. 1 Forest plots for visual, severity and anatomical outcomes compared between anti-VEGF and sham dosing regimens for NPDR.
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this review is the lack of consensus around when to intervene with
respect to intraocular treatment for these biomarkers. We used
clinical judgement to classify effects as trivial, small important
effect, moderate effect or large effect as per the GRADE guidelines
for describing the results. These summary judgements are
described below.
DRSS level is an important clinical biomarker of disease severity

that was assessed in this review. A 2-step or greater improvement is
clinically relevant and previous studies have demonstrated that
DRSS level improvement is correlated with functional and anatomic
improvement [40]. Although this improvement has been demon-
strated in previous studies with anti-VEGF treatment in the context
of DMO and/or PDR, this study provides an estimate for this
outcome in patients with NPDR without CI-DMO [40]. The evidence
suggests that intravitreal aflibercept treatment may result in a large
increase in the proportion of eyes with a 2-step or greater DRSS
improvement at year 1 (large effect, GRADE rating: LOW). At year 2,
intravitreal aflibercept likely results in a large increase in the
proportion of eyes with a 2-step or greater DRSS improvement (large

effect, GRADE rating: MODERATE). The lower quality of evidence at
year 1 stems from “substantial” heterogeneity with an I2 of 68%. This
could represent clinical heterogeneity as PANORAMA included two
aflibercept algorithms (2q8 and 2q16 after loading dose) compared
to Protocol W which had only one active treatment arm (2q16 after
loading doses). However, the heterogeneity was classified as “might
not be important” due to an I2 of 0% at year 2. This could imply that
despite different treatment algorithms, consistent VEGF suppression
over the long-term leads to DRSS regression regardless of the
precise treatment algorithm. Since the precise biological mechan-
isms for DRSS level improvement with anti-VEGF treatment remains
to be determined, future long-term outcomes will be important to
assess the durability of this anatomic improvement.
Another important clinical biomarker for disease severity

assessed was the potential to avoid VTCs with anti-VEGF
treatment. When patients reach this level of disease burden, they
are committed to intensive long-term treatment regimens to
stabilise the disease in order to prevent vision loss. This study
demonstrated that intravitreal aflibercept treatment compared to

3.2 – Change in central subfield thickness (CST) at 100-104 weeks (um)

A Randomisa�on process Low risk

B Devia�ons from the intended interven�ons Some 
concerns

C Missing outcome data High risk

D Measurement of the outcome

E Selec�on of the reported result

F Overall

Forest plots are presented for all meta-analyses.

DRSS, Diabe�c re�nopathy severity score; NPDR, non-prolifera�ve diabe�c re�nopathy; PDR, prolifera�ve diabe�c 
re�nopathy; VTC, vision threatening complica�ons including PDR and anterior segment neovasculariza�on.

+

?
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observation likely reduces development of VTCs at 2 years
(moderate effect, GRADE rating: MODERATE).
Lastly, the pooled estimate demonstrates that intravitreal

aflibercept treatment likely does not increase risk of clinically
significant ocular adverse events (endophthalmitis, retinal detach-
ment, IOP elevation, iris neovascularization or vitreous haemor-
rhage) compared to observation (no effect, GRADE rating:
MODERATE). However, it is important to note that the RCTs were
not powered to assess for all adverse events and estimates for
individual adverse events demonstrates are imprecision.
There are important limitations to consider when interpreting the

findings of this meta-analysis. Panorama and Protocol W collectively
included patients meeting a definition of moderate NPDR to severe
NPDR. Hence, the conclusions of this review may not be applicable
to patients with less than moderate NPDR. In addition, the goal of
this review was to assess the effect of anti-VEGF treatment versus
monitoring in terms of clinically important outcomes. However,
there was clinical heterogeneity in terms of anti-VEGF treatment
algorithms between the two RCTs. Further, longer prospective trials
are required to provide insight into the effect size of specific
treatment algorithms and patient outcomes. Additionally, capillary
non-perfusion is one of the hallmarks of DR progression and neither
of the trials in this review assessed the impact of anti-VEGF
treatment on this important clinical biomarker of disease severity.
aflibercept was the only anti-VEGF treatment that was assessed in
this evidence synthesis, and it is uncertain how these results
translate to other anti-VEGF agents. The literature was also lacking
data on patient reported outcome measures and hence, no effect
size could be estimated for this important outcome. There was also
heterogeneity in terms of imaging modalities used to assess DRSS
scores and retinal neovascularization and future studies should aim
to standardise measurement for these outcome measures. Lastly, as
noted above, many of the clinical variables synthesised in this
review do not have an established clinical threshold for commen-
cing intervention and there is also lack of cost analysis. Future work
should also aim optimise potential regimens as the current ones
designed for PDR and DMO may not be directly applicable to early
stages of diabetic retinopathy.

CONCLUSION
Evidence supports the use of aflibercept treatment for manage-
ment of patients with NPDR without CI-DMO. Effects include a
regression of DRSS score and reduction in the risk of development
of VTCs over 2 years. Future trials should assess long-term
outcomes beyond year 2 as well as additional visual function
outcomes and quality of life outcome measures that are lacking in
this area.
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