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Abstract
Background: As a debilitating neurodegenerative disease, neovascular age-related macular 
degeneration (nAMD) accounts for more than 90% of severe visual loss or legal blindness 
among AMD patients. Anti-vascular endothelial growth factor (VEGF) had been applied widely 
in nAMD treatment. To date, debate regarding efficacy and safety still exists among different 
anti-VEGF regimens as management of nAMD. To provide substantial evidence for clinical 
nAMD treatment, this study ranks the priority of anti-VEGF regimens via Bayesian network 
meta-analysis (NMA), comparing data collected from randomized controlled trials (RCTs).
Methods: We searched PubMed Central, MEDLINE Ovid, Embase Ovid, ISRCTN, ICTRP and 
ClinicalTrials. gov from a database established until 1 April 2019 systematically for anti-VEGF 
regimens. Bayesian NMA with random-effect was conducted to compare efficacy and safety 
and rank priority of anti-VEGF regimens. The primary efficacy and safety outcomes were the 
proportion of patients gaining 15 or more letters, and the incidence of arterial thromboembolic 
(ATC) events. The effect measure is the standard mean difference (SMD), or the odds ratio 
(OR) with their 95% confidence interval (CI). The study protocol is registered with PROSPERO, 
number CRD42019132243.
Results: We obtained 6467 citations and identified 29 RCTs including 13,596 participants; 
86% of these trials were low risk or of uncertain risk bias. In NMA, ORs compared with sham 
injection for the proportion of patients gaining 15 or more letters (12,699 participants from 
23 trials) ranged from 4.05 [95% Bayesian credible interval (CrI) 1.62–10.11] for ranibizumab 
quarterly regimen to 8.57 (95% CrI 4.66–15.73) for a ranibizumab treat-and-extend regimen. 
No difference was found between sham injection and anti-VEGF regimens for ATC events 
(11,500 participants from 18 trials). Results for the primary outcome did not substantially 
change in sensitivity analyses after removing studies at high risk of bias and small sample size 
(n < 100), respectively.
Conclusion: The treat-and-extend regimen of ranibizumab and aflibercept are the preferred 
anti-VEGF regimens for nAMD. Bevacizumab treat-and-extend regimens need more head-
to-head comparisons with other regimens or sham injection for advanced application. The 
treat-and-extend regimen proved to be the most effective regimen for each anti-VEGF drug in 
the NMA. Pegaptanib every 6 weeks and Conbercept quarterly are unable to satisfy the best 
corrected visual acuity (BCVA) improvement requirement of nAMD patients.
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Introduction
Age-related macular degeneration (AMD) – a 
debilitating neurodegenerative disease – causes 
progressive compromise of the macular region.1 
With a global prevalence of 8.7%, projected cases 
of any AMD are 196 million globally in 2020,2 
with an expected increase to 288 million in 2040, 
with most cases occurring in Asia (113 million in 
2040).3 At the early stages of AMD, drusen can 
be observed in the macular region, and advanced 
stages of AMD may manifest as non-neovascular 
or neovascular. Neovascular age-related macular 
degeneration (nAMD), characterized by choroi-
dal neovascularization, accounts for only 4–7% of 
the overall prevalence of AMD,2 but is responsi-
ble for more than 90% of severe visual loss or 
legal blindness caused by AMD.4–6 Choroidal 
neovascularization (CNV) deriving from the cho-
riocapillaris toward the retinal neurosensory layer 
underneath the macula can cause retinal pigment 
epithelium (RPE) and Bruch’s membrane break-
down, and subretinal bleb detachment bleeding.7 
During pathogenesis of CNV, ischemia and hy- 
poxia induce the expression of hypoxia-inducible 
factor-1α (HIF-1α), which transcribes vascular 
endothelial growth factor (VEGF).7,8 Overexpres- 
sion of VEGF plays a central role in CNV growth. 
Before anti-VEGF drug clinical application, 
Verteporfin photodynamic therapy (PDT) was 
the main approach for CNV treatment.9 
Substantial studies have showed the efficacy of 
Verteporfin PDT in averting significant visual 
acuity (VA) loss.10,11 However, studies also dem-
onstrate the incompetence of PDT for VA 
improvement.10 Targeting VEGF therapy, which 
can control or slow down VA loss and even restore 
or improve VA, has also been a landmark for 
nAMD treatment.4,12–15

Anti-VEGF drugs licensed by the United States 
Food and Drug Administration (FDA) or that 
have undergone phase III trials are classified into 
three main forms12,16–20: ribonucleic acid aptam-
ers, such as Pegaptanib (Macugen; Eyetech 
Pharmaceuticals, New York); humanized mono-
clonal antibodies, such as ranibizumab (Lucentis; 
Genentech, South San Francisco, California, 
USA), bevacizumab (Avastin; Genentech, South 
San Francisco, California, USA), and broluci-
zumab (ESBA1008 and RTH258, Novartis 
Pharmaceuticals Corporation; Basel, Switzerland); 
and soluble decoy receptor fusion proteins, such 
as aflibercept (Eylea; Regeneron, Tarrytown, New 
York, USA) and conbercept (Lumitin; Chengdu 

Kanghong Biotech Co, Ltd, Chengdu, China). 
However, limited by rare but severe adverse effects 
and burden of frequent visits, pharmacotherapy 
seems to be unsustainable for some patients. 
Research priorities for anti-VEGF for nAMD 
treatment are to maintain efficacy while reducing 
the frequency of clinic injections and visits.

Beside the common monthly protocol, pro re nata 
(PRN) consists mainly of three consecutive 
monthly injections with subsequent monthly visits, 
with re-treatment not being applied until disease 
activity was detected.21–23 For aflibercept and 
brolucizumab, a bimonthly protocol (every 8 weeks) 
is mainly applied.24,25 As for trend-and-extend 
(treat-and-extend regimen) protocol, after monthly 
loading doses PRN, the interval between each sub-
sequent visit was extended by 2 weeks (intervals of 
6 weeks, 8 weeks, 10 weeks, and a maximum of 
12 weeks) until disease instability, whereupon injec-
tion was applied every visit.26–28 A quarterly proto-
col proved to be maintainable for treatment efficacy 
and was used to significantly decrease treatment 
frequency.29,30 With the increased prevalence of 
nAMD, an advance understanding of the benefits 
and potential risks of different regimens is essential 
for clinical decision making. Ranibizumab and 
aflibercept, whose commencement, switching, and 
stopping circumstances have also been stated in 
detail, have been recommended as first options for 
the treatment of nAMD by the National Institute 
for Health and Clinical Excellence.31 However, this 
guidance did not set out the frequency and rank of 
anti-VEGF drugs. Due to the lack of direct com-
parison, differences in efficacy and safety between 
anti-VEGF regimens cannot be estimated. Based 
on their consistency and transitivity, network meta-
analysis (NMA) provide a means to synthesize 
direct (comparison of regimens assessed within the 
same trials) and indirect (comparisons of regimens 
across different trials with a common comparator) 
evidence to allow comparison of different regimen 
options.32

We compared and ranked anti-VEGF regimens 
for nAMD by quantifying data from randomized 
controlled trials (RCTs) and ranked the priority 
of anti-VEGF regimens to provide statistical evi-
dence for clinical practice.

Methods
A study protocol was designed according to 
PRISMA guidelines for network meta-analysis,33 
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and the final version of this protocol was registered 
with PROSPERO, number CRD42019132243. 
The full dataset is available online.

Search strategy
PubMed Central, MEDLINE Ovid, Embase 
Ovid, ISRCTN, ICTRP and ClinicalTrials.gov 
were searched from database inception to 1 April 
2019 with no language restriction. The detailed 
search strategy of each database is described in 
the Supplemental Material, section 1.

Criteria for considering studies for this review
Types of participants. Adults (⩾50 years) were 
treatment-naive patients with a primary diagnosis 
of nAMD, whose baseline BCVA was generally 
better than 20/500 (Snellen equivalent) assessed 
using Early Treatment Diabetic Retinopathy 
Study (ETDRS) visual acuity charts.

Types of interventions. The following 15 types of 
anti-VEGF regimens were included: pegaptanib 
every 6 weeks, ranibizumab monthly, ranibizumab 
quarterly, ranibizumab PRN, ranibizumab treat-
and-extend regimen, bevacizumab monthly, bev-
acizumab PRN, bevacizumab treat-and-extend 
regimen, aflibercept monthly, aflibercept bimonthly, 
aflibercept treat-and-extend regimen, conbercept 
monthly, conbercept PRN, conbercept quarterly, 
brolucizumab bimonthly, brolucizumab quar-
terly, and PDT monotherapy. There was no dos-
age restriction on different drugs, i.e., the 0.3 mg 
and 0.5 mg ranibizumab dose were merged into 
one group, and the 0.5 mg and 2.0 mg doses of 
aflibercept were also combined. The course of 
each trial should last more than 12 months. All 
the anti-VEGF drugs were licensed by the FDA 
or had undergone phase III trials. Trials that used 
any other investigational drugs that had not 
entered phase III clinical trials, or were accompa-
nied with steroids at the time of screening or 
replacement of the original anti-VEGF regimen 
during follow up, were excluded.

Types of outcomes. We took the proportion of 
patients gaining 15 (three ETDRS lines or 0.3 
logMAR) or more letters, and the incidence of 
arterial thromboembolic (ATC) events as our pri-
mary efficacy and safety outcomes, respectively, 
from baseline to month 12. ATC events involve 
non-fatal myocardial infarction, non-fatal stroke, 
or death from a vascular cause and including any 

death from an unknown cause because most 
deaths in high-risk patients are likely to be due to 
vascular causes.34

Secondary efficacy outcomes comprised mean 
change in BCVA from baseline to 12 months, the 
change in anatomical measurements from base-
line to 12 months, including reductions in central 
retinal thickness (CRT) measured using optical 
coherence tomography (OCT) and mean change 
in area of CNV based on fluorescein angiography 
(FA). In addition, secondary safety outcomes 
represented by the incidence of severe ocular 
adverse events (SOAEs) such as endophthalmitis, 
traumatic cataract, retinal detachment, and vitre-
ous hemorrhage, from baseline to 12 months were 
recorded.

The end point for evaluation of the previously 
mentioned outcomes was 54 weeks after first 
treatment.

Types of study design. Included studies were pub-
lished or unpublished RCTs with parallel group 
or crossover designs. Conference abstracts, edito-
rials, reviews, meta-analyses, and case reports or 
case series were excluded.

Study screening process
Studies were selected by two review authors (LY 
and ZJQ) independently for inclusion to ensure 
reliability. Disagreements between the two review 
authors were resolved by a third review author 
(ZXH).

Data extraction and management
Based on a prepared extraction form, two review 
authors independently extracted the data from 
the main reports and supplemental materials. 
Discrepancies were settled by discussion.

The extracted data included study characteristics 
(including study duration and masking of treat-
ment allocation), patient characteristics (mean 
age, sex, race distribution, mean baseline BCVA, 
mean baseline CRT, mean baseline CNV), inter-
ventions (anti-VEGF drug groups, and interven-
tion intervals), and outcomes (proportion gaining 
BCVA more than 15 letters, proportion occur-
ring ATC events, change in BCVA, change in 
CRT and proportion of SOAEs events occur-
ring). All data extracted were entered Microsoft 
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Excel 2019 by one review author and verified by 
a second reviewer.

Risk of bias assessment
Two review authors (LY and ZJQ) independently 
assessed risk of bias in randomized trials in accord-
ance with the Cochrane Collaboration’s risk of 
bias tool.35 Potential risks of bias come from ran-
dom sequence generation, allocation concealment, 
blinding of participants and personnel, blinding of 
outcome assessment, incomplete outcome data, 
and selective reporting. We classified each domain 
as low risk of bias, high risk of bias, or unclear. 
Based on the latter domains, each trial also received 
an overall study-level score bias assessment. In 
case of doubt, a discussion was involved.

Reporting bias assessment
We plotted the comparison-adjusted funnel plot 
to investigate small-study bias at the network 
level.

Statistical analysis
Pairwise meta-analysis was carried out when at 
least two studies assessed the same intervention 
and comparator for a particular outcome. Odds 
ratio (OR) and 95% confidence intervals (CIs) 
were used for categorical outcomes, while stand-
ardized mean differences (SMD) and 95% CIs 
represented continuous outcomes. We carried out 
pairwise meta-analyses by STATA (version 15.0). 
Heterogeneity in each standard pairwise meta-
analysis was conducted by I2 and the between-
studies variance estimate obtained by τ2 (Profile 
likelihood estimator).35 The results were pooled 
using a random-effects model. A Bayesian frame-
work was performed to conduct network meta-
analyses with OpenBUGS (version 3.2.3).36 We 
calculated summary OR and 95% credible inter-
vals (CrI) for categorical outcomes, along with 
SMD and 95% CrI for continuous outcomes to 
estimate the regimens effect size, respectively. 
Details about the OpenBUGS codes used can be 
seen in the Supplemental material, section 2. The 
summarized estimates were calculated using 
Markov Chains Monte Carlo (MCMC) methods.36 
Three Markov chains were run simultaneously 
with different initial values. To ensure conver-
gence, trace plots were observed. A heterogeneity 
variance σ – an estimated between-studies stand-
ard deviation (SD) in NMA – was used for each 

outcome.37 Inconsistency between direct and 
indirect sources of evidence was statistically 
assessed by globally and locally (by computing dif-
ference between direct and indirect estimates in 
each closed loop in the network). In order to sepa-
rate the evidence of each comparison into indirect 
and direct evidence, a node splitting method was 
used. The regimens were ranked basing on the 
surface under the cumulative ranking curve 
(SUCRA).38 To summarize the efficacy and safety 
of all regimens, the resultant rankings are pre-
sented by clustered ranking plot.

Sensitivity analysis
We performed sensitivity analyses to assess the 
robustness of each result by removing small size 
trials (less than 100) or trials with high overall risk 
of bias.

Results

Literature search
Overall, a total of 6467 records were identified by 
the database search, and 259 potentially eligible 
citations were selected for full-text review. After 
excluding 230 reports, 29 trials with 13,596 par-
ticipants (references for all included trials are 
given in the Supplemental Material, section 3) 
fulfilled our inclusion criteria and were included 
in our NMA. The process is illustrated by a flow 
diagram (Figure 1).

A total of 27 records published between 2004 and 
2019 were included; 13 trials (45%) were con-
ducted mainly in the United States (US), 9 (31%) 
in Europe, 6 (21%) in Asia, and 1 (3%) in Australia. 
A total of 18 multicenter RCTs recruited patients 
from the US or Europe. Six studies (20%) con-
tained participants of predominantly Mongolian 
race, whereas the rest had mostly Caucasian 
patients. The mean sample size of the included 
studies was 159 participants (range 22–2457).

Regarding participants, the included records 
recruited 13,596 patients (mean age 74 years) and 
56% (n = 7679) were female. The median baseline 
BCVA across studies was 56.7 letters [interquar-
tile range (IQR) = 52.5–60.6]. Female proportion 
(p = 0.99), baseline BCVA (p = 0.98), and mean 
age (p = 0.99) were similar across included trials. 
Participants with polypoidal choroidal vasculopa-
thy (PCV) were involved in 17 trials.

https://journals.sagepub.com/home/taj


L Ye, Z Jiaqi et al.

journals.sagepub.com/home/taj 5

These studies covered PDT and 15 different regi-
mens for six anti-VEGF drugs. Of 153 possible 
comparisons between included treatments, 24 
were compared directly in the identified studies. 
The follow-up time of all included trials was more 
than 1 year, and we choose month 12 as the end 
point for evaluation. Re-treatment criteria for 
PRN or treat-and-extend regimens were quite 
similar among different studies, such as BCVA 
decreased more than five letters compared with 
the preceding examination; intraretinal/subretinal 
fluid or new hemorrhage on OCT; dye leakage, or 
increased lesion size on FA; increase in OCT cen-
tral retinal thickness of at least 50 μm (detailed 
information for each trial is presented in the 
Supplemental Material, section 4).

The percentage of studies with high risk of bias 
for each individual domain was: 17.2% for alloca-
tion concealment, 27% for blinding of partici-
pants and personnel, 10.7% for blinding of 
outcome assessment, and 7% for missing infor-
mation. Supplemental Material sections 5 and 6 
present detail assessment of risk of bias items 
results and their supporting statements. As for 
overall risk of bias, 86% of these trials were rated 
as low risk or uncertain risk bias.

Pairwise meta-analysis
Supplemental material, section 7 presents the 
detailed results of the pairwise meta-analysis and 
heterogeneity estimates.

5854  

records identified through database searching 

509 

records identified through trial registers’ searching 

5267 records identified after removing duplicated studies 

259 full-text reviewed

29 RCT included in network meta- analysis 

230 records excluded 

45 Co-treatment with glucocorticoids 

28 not randomized trial 

30 Examined other variables 

10 Not obtainable 

40 Follow-up studies of significant trials 

35 Combination of different anti-VEGF drugs  

7 different BCVA assessment methords 

22 Other types of publications like reviews.  

12 No data results of registered trials 

5008 records excluded from title and abstract review 

Figure 1. Flow diagram of study selection.
BCVA, best corrected visual acuity; RCT, randomized controlled trial; VEGF, vascular endothelial growth factor.
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In brief, pegaptanib every 6 weeks was more effica-
cious than sham injections in terms of primary effi-
cacy outcome (proportions of patients with gain of 
three or more BCVA lines: OR 2.68, 95% CI 1.17–
6.085; τ2 = 0; I2 = 0%, p = 0.021). Ranibizumab 
monthly showed greater BCVA improvement com-
pared with ranibizumab PRN (SMD 0.118, 95% 
CI 0.031–0.208, τ2 = 0; I2 = 0%, p = 0.008). For 
mean change in CNV, ranibizumab monthly was 
better than ranibizumab PRN (SMD –0.191, 95% 
CI –0.288 to –0.095, τ2 = 0; I2 = 0%, p = 0.000). 
And no differences were found between active 
treatments and sham therapy for ATC and SOAEs 
events. Furthermore, significant heterogeneity 
(τ2 = 0.021; I2 = 64.4%) was found in ranibizumab 
monthly versus a ranibizumab treat-and-extend reg-
imen in terms of BCVA change.

Network meta-analysis
Figure 2 presents the results of the NMA for the 
primary outcome of efficacy (the proportion of 
patients gaining 15 or more BCVA letters) and 
safety (incidence of ATC events). The primary 
outcome of efficacy results contains 105 treat-
ment arms made up of 51 data points (Figure 3).

Compared with sham injection for efficacy 
(12,699 participants from 23 trials) ORs ranged 
from 4.05 (95% CrI 1.62–10.11) for ranibizumab 
quarterly to 8.57 (95% CrI 4.66–15.73) for ranibi-
zumab treat-and-extend regimen. In pair-wise 
comparisons between two anti-VEGF regimens, 
the response rates for primary efficacy outcome 
compared with conbercept quarterly in 10 of 14 
regimens (71%) were found to be heightened sig-
nificantly, ranging from 3.39 (95% CrI 1.09–
10.55) for ranibizumab PRN to 5.44 (95% CrI 
1.71–17.25) for ranibizumab treat-and-extend 
regimen. Compared with a pegaptanib every 
6 weeks regimen, the same 10 of 14 regimens 
(71%) were significantly more effective, with ORs 
ranging from 2.61 (95% CrI 1.11–6.17) for ranibi-
zumab PRN to 4.19 (95% CrI 1.71–10.27) for 
ranibizumab treat-and-extend regimen. The OR 
for the 10 regimens associated with a higher pro-
portion of patients gaining 15 or more BCVA let-
ters compared with ranibizumab quarterly ranged 
from 1.93 (95% CrI 1.11–3.38) for ranibizumab 
PRN regimen to 3.10 (95% CrI 1.70–5.66) for 
ranibizumab treat-and-extend regimen. In addi-
tion, both ranibizumab treat-and-extend regimen 
(OR 1.60, 95% CrI 1.10–2.32) and ranibizumab 

monthly (OR 1.37, 95% CrI 1.10–1.72) were 
superior to ranibizumab PRN regimen in efficacy. 
Further, 11 of the 14 regimens (79%) had signifi-
cantly higher rates than the PDT group concern-
ing the proportion of patients gaining 15 or more 
letters, with ORs ranging from 4.05 (95% CrI 
1.62–10.11) for ranibizumab quarterly to 12.5 
(95% CrI 5.57–28.20) for the ranibizumab treat-
and-extend regimen. The highest probability of 
being most efficacious in terms of primary efficacy 
outcome was the ranibizumab treat-and-extend 
regimen (SUCRA 86.7%), whereas pegaptanib 
every 6 weeks (SUCRA 3.2%) was lowest 
(Supplemental Material, section 10.1).

A total of 18 studies with 11,500 participants 
reported usable data concerning the primary out-
come of safety results (incidence of ATC events), 
with 120 treatment arms containing 16 regimens 
available (Figure 3). None of the anti-VEGF regi-
mens were significantly different from sham injec-
tions in safety, whereas the bevacizumab 
treat-and-extend regimen had a significantly 
lower incidence of ATC events than that of brolu-
cizumab quarterly (OR 0.14, 95% CrI 0.02–0.93) 
or the aflibercept treat-and-extend regimen (OR 
11.75, 95% CrI 1.86–74.31). With respect to 
ranking probabilities, the bevacizumab treat-and-
extend regimen (SUCRA 87.5%) had the highest 
mean ranks, whereas brolucizumab quarterly 
(SUCRA 12.7%) possessed the lowest ranks 
(Supplemental Material, section 10.2).

Supplemental Material, section 9 presents sec-
ondary outcomes results.

A total of 10,588 participants from 22 studies pre-
sented usable mean BCVA change data. Compared 
with sham injection, the SMDs for 13 regimens 
were associated with significant BCVA improve-
ment, ranging from 0.82 (95% CrI 0.38–1.26) for 
ranibizumab quarterly to 1.16 (95% CrI 0.58–
1.74) for ranibizumab treat-and-extend regimen. 
The effect sizes of 12 regimens that significantly 
improved BCVA compared with conbercept quar-
terly ranged from 0.73 (95% CrI 0.11–1.35) for 
ranibizumab quarterly to 1.07 (95% CrI 0.34–
1.80) for ranibizumab treat-and-extend regimen. 
Moreover, 13 (76.4%) anti-VEGF regimens 
increased BCVA significantly compared with 
PDT, ranging between 0.82 (95% CrI 0.38–1.26) 
for ranibizumab quarterly to 1.11 (95% CrI 0.77–
1.45) for the ranibizumab treat-and-extend 
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regimen. Based on SUCRA plots, the ranibizumab 
treat-and-extend regimen (SUCRA 77.7%) had 
the highest mean ranks, whereas the conbercept 
quarterly regimen (SUCRA 11.8%) and PDT 
(SUCRA 5.3%) had the lowest ranks.

A total of 18 studies with 9223 participants pre-
sented data of mean CRT change. A broluci-
zumab quarterly regimen significantly reduced 
CRT compared with a conbercept PRN regimen 
(SMD –0.31, 95% CrI –0.41 to –0.20). In addi-
tion, a bevacizumab PRN regimen was inferior to 
ranibizumab monthly (SMD –0.17, 95% CrI 
–0.29 to –0.05), aflibercept bimonthly (SMD 
–0.17, 95% CrI –0.33 to –0.01), and a ranibi-
zumab PRN regimen (SMD –0.12, 95% CrI 
–0.22 to –0.01). Brolucizumab quarterly (SUCRA 
75.1%) had the highest mean ranks, whereas bev-
acizumab PRN regimen (SUCRA 20.5%) had 
the lowest ranks.

Only 8 studies with 6117 participants reported 
usable result for mean change in CNV area. The 
SMDs for the eight (80%) anti-VEGF regimens 
that significantly reduced CNV area ranged from 

–0.90 (95% CrI –1.30 to –0.50) for aflibercept 
monthly to –0.44 (–0.81 to –0.06) to a conber-
cept quarterly regimen. Aflibercept monthly regi-
men (SUCRA 81.6%) had the highest mean 
ranks, whereas conbercept quarterly regimen 
(SUCRA 34%) and PDT (SUCRA 8.9%) had 
the lowest ranks.

A total of 11,500 participants from 17 trials 
reported usable result for the rates of SOAEs. No 
significant difference was found between active 
regimens or sham injection.

The findings of SUCRA for the secondary out-
comes are presented in Supplemental Material, 
section 10.3-6.

Efficacy versus safety in network analysis
A clustered ranking plot for both primary efficacy 
and safety results indicated that the higher fre-
quency injection regimens were better for efficacy 
and worse for safety, as most of them lay in the 
lower right corner. Among included anti-VEGF 
regimens, the bevacizumab treat-and-extend regi-
men was the most efficacious and safest regimen 
in this analysis (Figure 4).

Inconsistency
The common heterogeneity σ was 0.15 (95% CI 
0.006–0.424) for the proportion of patients gain-
ing 15 or more BCVA letters, 0.35 (95% CI 
0.014–1.207) for the incidence of ATC events, 
0.16 (95% CI 0.056–0.332) for BCVA change, 
0.09 (95% CI 0.003–0.330) for reductions in 
CRT, 0.16 (95% CI 0.003–0.739) for area of 
CNV change, and 1.6 (95% CI 0.086–4.306) for 
SOAEs.

The test of global inconsistency (Supplemental 
Material, section 11.1) did not detect any evi-
dence of statistically significant inconsistency for 
primary and secondary outcomes (global incon-
sistency: p = 0.2–0.63). Tests of local inconsist-
ency reported that inconsistency was found only 
in the triangle-loop aflibercept bimonthly-ranibi-
zumab monthly-PDT (IF 0.43 95% CI 0.05–
0.82) for mean BCVA change (Supplemental 
Material, section 11.2). The test of inconsistency 
from the node-splitting model presented signifi-
cant differences between five comparisons 
(19.2%) in primary efficacy (p < 0.1), but not for 
safety (Supplemental Material, section 11.3).

Figure 3. Network plot of available treatment 
comparisons for primary efficacy outcome.
Size of node represent the number of patients randomized 
to each regimen. Line width represent the number of RCTs 
comparing each pair of regimens directly.
afflibB, aflibercept Bimonthly; aflibM, aflibercept 
Monthly; aflibTE, aflibercept treat-and-extend regimen; 
bevaM, bevacizumab Monthly; bevaP, bevacizumab PRN; 
bevaTE, bevacizumab treat-and-extend regimen; broliQ, 
brolucizumab Quarterly; conberQ, conbercept Quarterly; 
Pegaq6w, pegaptanib every 6 weeks; raniM, ranibizumab 
Monthly; raniP, ranibizumab PRN; raniQ, ranibizumab 
Quarterly; raniTE, ranibizumab treat-and-extend regimen; 
RCT, randomized controlled trial.
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No publication bias was found in comparison-
adjusted funnel plots of the NMA for any out-
comes (Supplemental Material, section 12).

Sensitivity analysis
Supplemental Material, section 13 presents the results 
of the sensitivity analyses for primary and secondary 
outcomes. For primary efficacy outcomes, excluding 
studies at high risk of bias and small sample size 
(n < 100) studies results in the aflibercept treat-and-
extend regimen no longer being associated with 
higher efficaciousness compared with ranibizumab 
quarterly. Aflibercept monthly increased the rates of 
occurrence of ATC events compared with broluci-
zumab quarterly regimen (0.37, 95% CrI 0.17–0.82) 
after removing studies at high risk of bias. Similarly, 
when we excluded small sample size studies, afliber-
cept monthly was associated with a lower likelihood of 
ATC events than aflibercept bimonthly (OR 1.68, 
95% CrI 1.01–2.8), while significant differences 
between the bevacizumab treat-and-extend and 
aflibercept treat-and-extend regimens no longer exist.

Discussion
Based on 29 clinical trials involving 13,596 par-
ticipants with nAMD randomly assigned to PDT, 
sham injection, or anti-VEGF regimens, this 
analysis is the largest NMA of pharmacological 

regimens in the field of nAMD treatment. The 
quality of the evidence was typically of low or 
unclear risk of bias (25 out of 29 trials; 86%). 
Most results for primary outcomes did not change 
substantially in sensitivity analyses, supporting 
the robustness of the findings.

Ranibizumab monthly was the first FDA-approved 
anti-VEGF regimen used widely in clinical prac-
tice for nAMD. Hence, it has often been used as a 
noninferior control group for new anti-VEGF  
regimens.26,31,39,40 In this NMA, the effects of 
ranibizumab monthly were also shown to be ben-
eficial for improving BCVA gains of nAMD. Yet, 
rare but severe adverse effects and the burden of 
frequent visits have limited its use in clinical prac-
tice. Balancing benefits and relative risks for each 
regimen is a crucial issue in choosing nAMD regi-
men options in clinical practice.

Given the shortage of head-to-head research, 
direct efficacy comparisons were hard to apply 
between quite a few anti-VEGF regimens. This 
analysis provided indirect evidence via transitivity 
of one of the basal characteristics for NMA, i.e., 
the comparison between ranibizumab treat-and-
extend regimen and sham injection.

Based on five RCTs with 2012 participants, the 
ranibizumab treat-and-extend regimen topped 

Figure 4. Clustered ranking plot of nAMD regimens network based on primary efficacy and safety outcomes.
Each color represents a group of regimens that belong to the same cluster. Regimens lying in the upper right corner are 
more effective and acceptable than the other regimens.
afflibB, aflibercept Bimonthly; aflibM, aflibercept Monthly; aflibTE, aflibercept treat-and-extend regimen; bevaM, 
bevacizumab Monthly; bevaP, bevacizumab PRN; bevaTE, bevacizumab treat-and-extend regimen; broliQ, brolucizumab 
Quarterly; conberQ, conbercept Quarterly; nAMD, neovascular age-related macular degeneration; Pegaq6w, pegaptanib 
every 6 weeks; raniM, ranibizumab Monthly; raniP, ranibizumab PRN; raniQ, ranibizumab Quarterly; raniTE, ranibizumab 
treat-and-extend regimen.
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the hierarchy in efficacy among included anti-
VEGF regimens. Compared with ranibizumab 
monthly, the ranibizumab treat-and-extend regi-
men with lower treatment frequency was superior 
in efficacy, giving it an even higher ranking.

These results also filled the gaps of meta-analysis 
between the two regimes previously mentioned. 
Further, the ranibizumab treat-and-extend regi-
men, monthly regimen, or PRN regimen were 
significantly more effective than the quarterly 
regimen, which may indicate the existence of a 
certain optimal treatment frequency threshold. 
Once treatment frequency reaches suprathresh-
old, the ability to treat nAMD would significantly 
decrease or even become invalid. The quarterly 
regimen interval was too long to maintain stable 
nAMD treatment. Although the monthly ranibi-
zumab regimen was significantly more efficacious 
than the PRN regimen in our NMA, pairwise 
meta-analysis found no substantial difference 
between these two regimens.41 This evidence sug-
gests not only that the difference between the two 
ranibizumab regimens may be masked by the 
effects of small sample size studies, but also that 
proactive regimens are preferred over reactive 
regimens in improving BCVA. Regarding mean 
BCVA change from baseline to month 12, the 
ranibizumab treat-and-extend regimen showed 
significant BCVA improvement and had the high-
est priority among anti-VEGF regimens, which 
was consistent with the primary efficacy outcome. 
However, no difference in BCVA change was 
found between treat-and-extend regimen and 
PRN of ranibizumab. Besides, ranibizumab treat-
and-extend regimen was not found to be superior 
to a quarterly regimen. The distinction between 
BCVA change and primary efficacy outcome 
might be attributable to different information 
content caused by variable type.

The bevacizumab treat-and-extend regimen 
tended to have lower hierarchy than the ranibi-
zumab treat-and-extend regimen for primary 
effective outcome, while having higher hierarchy 
than ranibizumab monthly and most other regi-
mens in primary efficacy outcome. Our analysis 
found that the higher efficacy bevacizumab treat-
and-extend regimen possessed the highest safety 
rank of all regimens. Nevertheless, these findings 
originated from only one study involving 221 par-
ticipants, and was limited in clinical application 
owing to small sample sizes. Larger placebo-con-
trolled and head-to-head studies with other 

regimens are still desperately needed to confirm 
these findings. Moreover, no evidence suggested 
any difference between treat-and-extend, monthly 
and PRN regimens of bevacizumab, and the pri-
ority of the first two regimens in improving the 
ratio of BCVA gains of more than 15 letters is 
higher than the monthly regimen of bevacizumab. 
Unlike the work of the Comparison of Age-related 
Macular Degeneration Treatments Trials (CATT) 
research group,42–44 this evidence implied that 
properly extending the interval of bevacizumab 
injection may lead to better BCVA results. 
Furthermore, similar evidence was also found in 
mean BCVA change.

In accordance with the HAWK and HARRIER 
studies,45,46 brolucizumab quarterly, a novel anti-
VEGF regimen, was far more efficacious than the 
sham injection group, with a relative priority of 
primary efficacy outcome second only to the 
ranibizumab treat-and-extend regimen. As a sin-
gle-chain antibody fragment (scFv), the molecu-
lar weight of brolucizumab is 26 kDa, which is far 
smaller than ranibizumab (48 kDa) or bevaci-
zumab (149 kDa). The lower molecular weight, 
accompanied by a higher concentration gradient 
between the vitreous and retina, increases the dis-
tribution of the drug to the target site, resulting in 
more effective control of lesions. Even so, rates of 
ATE events were high with the brolucizumab 
quarterly regimen, which suggests that a longer 
injection interval would be appropriate, and 
would reduce adverse effects while maintaining 
efficacy. In addition, clinical experience with 
brolucizumab was potentially limited to short 
head-to-head comparisons with other anti-VEGF 
drugs. More multicenter RCTs are needed to 
provide more direct evidence. Concerning BCVA 
change, both bimonthly and quarterly regimen of 
brolucizumab were also rated significantly higher 
than sham injection.

On the basis of our research, no difference in effi-
cacy was found among treat-and-extend, monthly 
and bimonthly regimens of aflibercept, whereas the 
aflibercept treat-and-extend regimen ranked higher 
in efficacy over the latter two. Furthermore, the 
aflibercept treat-and-extend regimen is not inferior 
to ranibizumab monthly either, and the efficacy of 
conbercept quarterly cannot be distinguished from 
sham injection, with data from only 162 partici-
pants. Previous meta-analyses in nAMD had stated 
that conbercept was more efficacious and safer 
compared with ranibizumab when neglecting 
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treatment frequency.4,47,48 Whereas conbercept 
quarterly was significantly inferior in terms of effi-
cacy to all types of ranibizumab regimen except 
ranibizumab quarterly regimen in our NMA. The 
evidence mentioned previously can also be found in 
mean BCVA change. These findings indicate that 
our NMA strengthens the evidence base for treat-
ment frequency influence on nAMD. Analyzing 
SUCRA results of humanized monoclonal anti-
body and soluble decoy receptor fusion protein 
regimens, respectively, showed that, on average, 
humanized monoclonal antibody regimens (61.6%) 
are generally more preferred than soluble decoy 
receptor fusion protein regimens (56.9%) for 
nAMD treatment, which might be linked to the 
more head-to-head nature of research into most 
humanized monoclonal antibody drugs, which may 
correct errors in a network frame context.

With regard to anatomical measurements, the 
ranking of different regimens for CRT reduction 
was different from the primary efficacy outcome. 
This finding may be attributed to the absence of 
studies concerning anatomical data for the sham 
injection group in this review. Few data directly 
address CRT morphological correlates to VA 
decline, which matching several previous  
studies.13,41,49,50 Only ranibizumab monthly, 
ranibizumab PRN, and aflibercept bimonthly 
regimen were significantly more effective than 
sham injection for mean CRT change. The cor-
responding SMDs were <0.2 (considered to be 
a small effect size),51–53 which is close to the 
point of no difference. CNV plays an essential 
role in nAMD generation, but CNV-related data 
were insufficient in many studies. If reported, 
anti-VEGF regimens, especially aflibercept 
monthly, aflibercept bimonthly and ranibizumab 
monthly, whose SMDs were >0.8 (considered 
to be large effect sizes), showed significant dif-
ferences from sham injection. As a result, anti-
VEGF regimens play a different role in change 
of CNV area and CRT, which suggests that 
CRT in nAMD is not determined entirely by the 
area of CNV leakage. CRT change may also 
implicate the morphological disruption and dys-
function of the inner or outer blood-retinal bar-
rier during the development of disease.54–58

There was no significant difference between 
pegaptanib every 6 weeks and the sham injection 
group in terms of efficacy and safety, which dif-
fers from the results of the VISION trials.17,59 
This finding, together with National Institute for 

Health and Care Excellence (NICE) guidance, 
indicated that pegaptanib is not recommended 
for the treatment of nAMD.31

With frequent injection visits together with poten-
tial serious ocular side-effects, patient compliance 
may be lowered. Theoretically, the incidence of 
SOAEs with anti-VEGF regimens always sur-
passed that of the sham injection group, whereas 
in this study no significant difference was observed 
between them.

Further, the burden of different drugs also 
accounts for loss of follow up. Per-dose cost is 
approximately US $772.94 per syringe, per pill, 
or unit, for pegaptanib; US $1216.65 per syringe, 
per pill, or unit for ranibizumab; US $1920.04 per 
vial, per pill, or unit, for aflibercept; and US $50 
for bevacizumab.60–62 According to the model 
developed by Kuopio University Hospital,63 the 
direct medical costs include: (a) the costs of diag-
nosis including medical visit, FA, and OCT; (b) 
the cost of intravitreal injection of the medication; 
(c) the costs of follow up, including a medical 
visit and OCT; and (d) rehabilitation of legally 
blind persons. For one patient, a 6-week regimen 
with pegaptanib costs US $7729.40 per year, 
while bevacizumab PRN costs US $1610.40, 
ranibizumab PRN costs US $16,687.70, bevaci-
zumab monthly costs US $2924.60, ranibizumab 
monthly US $25,759.20, aflibercept monthly 
costs US $13,954.70, aflibercept bimonthly costs 
US $6977.3, bevacizumab treat-and-extend regi-
men costs US $2167.9, ranibizumab treat-and-
extend regimen costs US $18,678.9, and afliber- 
cept treat-and-extend regimen costs US $11,280.1.

As for efficacy versus safety outcomes, the bevaci-
zumab treat-and-extend regimen was efficacious 
and well tolerated compared with other regi-
mens, at a cost that can be affordable for most 
people in low- and middle-income countries. In 
addition, the treat-and-extend regimen proved to 
be the most effective regimen for each anti-VEGF 
drugs in NMA, and strengthens the basis of a 
previous pair-wise meta-analysis, which stated 
that the treat-and-extend regimen is superior to 
monthly or PRN regimen in both efficacy and 
safety outcomes. This evidence strengthened the 
view that proactive therapy is preferred over reac-
tive therapy.

Verteporfin PDT cannot improve BCVA in our 
analysis. A conceivable explanation is that PDT 
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impacts the choriocapillaris bed surrounding the 
CNV lesion, which may cause hypoxia, leading to 
upregulation of VEGF and stimulation of further 
CNV growth.10,64 Likewise, the evidence that the 
effect of PDT and anti-VEGF combination ther-
apy, which can potentially decrease the number 
of anti-VEGF injections needed to be effective for 
achieving BCVA gain and CRT reduction, is 
comparable with that of anti-VEGF monotherapy 
had been indicated in several studies.9,11,65,66 Our 
analysis includes several unpublished studies, 
which reduced publication bias.

Our study has some limitations. It was impossible 
to run subgroup and network meta-regression 
analyses to address whether age, publication year, 
baseline BCVA, sex, or race issues affected the 
results due to the limited number of studies for 
each subgroup. Some evidence of statistical het-
erogeneity (I2 64%, τ² 0.021) within pairwise 
comparisons was detected, while one of the cor-
responding loops in our NMA for BCVA change 
was inconsistent, suggesting that inconsistency 
between direct and indirect comparisons might 
be related to heterogeneity as indicated in a previ-
ous study. Other key information, such as the 
incidence of macular atrophy or fibrosis, were 
generally not well reported in these studies. Such 
data represents the potential long-term influence 
on nAMD prognosis.

Conclusion
This comprehensive Bayesian NMA provides sub-
stantial evidence for the clinical application of 
anti-VEGF drug regimens for nAMD. The treat-
and-extend regimen of ranibizumab and afliber-
cept are the preferred anti-VEGF regimens for 
nAMD. The bevacizumab treat-and-extend regi-
men needs more head-to-head comparisons with 
other regimens or sham injection for advanced 
application. The treat-and-extend regimen proved 
to be the most effective for all the anti-VEGF 
drugs in this NMA. Pegaptanib every 6 weeks and 
Conbercept quarterly are unable to satisfy the 
BCVA improvement required by nAMD patients.
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