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ABSTRACT
Objective  To give a comprehensive efficacy and safety 
ranking of different therapeutic regimens of ranibizumab 
for neovascular age-related macular degeneration 
(nAMD).
Design  A systematic review and network meta-
analysis.
Methods  The PubMed, Embase, Cochrane Central 
Register of Controlled Trials, and other clinical trial 
registries were searched up to 1 October 2019 to identify 
related randomised controlled trials (RCT) of different 
regimens of ranibizumab for nAMD. The primary efficacy 
outcome was the changes of best-corrected visual acuity 
(BCVA) at 1 year, the primary safety outcome was the 
incidence of severe ocular adverse events. Secondary 
outcomes such as changes of central retinal thickness 
(CRT) were evaluated. We estimated the standardised 
mean difference (SMD), ORs, 95% CIs, the surface under 
the cumulative ranking curves and the mean ranks for 
each outcome using network meta-analyses with random 
effects by Stata 14.0.
Results  We identified 26 RCTs involving 10 821 patients 
with nAMD randomly assigned to 21 different therapeutic 
regimens of ranibizumab or sham treatment. Ranibizumab 
0.5 mg (treat and extend, T&E) is most effective in terms 
of changes of BCVA (letters, SMD=21.41, 95% CI 19.86 
to 22.95) and three or more lines of BCVA improvement 
(OR=2.83, 95% CI 1.27 to 4.38). However, it could not 
significantly reduce retreatment times compared with 
monthly injection (SMD=−0.94, 95% CI −2.26 to 0.39). 
Ranibizumab 0.5 mg (3+pro re nata)+non-steroidal 
anti-inflammatory drugs (NSAIDs) is most effective in 
reducing CRT and port delivery system of ranibizumab 
(100 mg/mL) could reduce the number of retreatment 
most significantly. All regimes have no more risk of severe 
ocular complications (including vitreous haemorrhage, 
rhegmatogenous retinal detachment, endophthalmitis, 
retinal tear and retinal pigment epithelium tear) or 
cardiocerebral vascular complications.
Conclusions  Ranibizumab 0.5 mg (T&E) is most effective 
in improving the visual outcome. The administration of 
topical NSAIDs could achieve additional efficacy in CRT 
reduction and visual improvement. Both interventions had 
acceptable risks of adverse events.

INTRODUCTION
Neovascular age-related macular degenera-
tion (nAMD) is one of the leading causes of 
severe visual impairment among the elderly 
both in developed and developing coun-
tries.1–4 The hallmark of nAMD is choroidal 
neovascularisation (CNV), which typically 
leaks and bleeds, then evolves into fibrous 
metaplasia, permanent loss of photoreceptors 
and disciform scarring. Most of these cases 
might result in the irreversible loss of central 
vision. With the ageing of the population 
worldwide, the global prevalence of nAMD 
is estimated to reach 288 million by 2040, 
which is a staggering burden and calling for 
effective and affordable treatment regimens.5 
Thermal laser photocoagulation and verte-
porfin photodynamic therapy (PDT) was ever 
solely used for nAMD. Unfortunately, neither 
of them could offer any chance for visual 
improvement.6 7 Later, the advent of antivas-
cular endothelial growth factor (anti-VEGF) 
revolutionised the treatment of nAMD, which 
has greatly improved the prognosis of these 

Strengths and limitations of this study

►► To the best of our knowledge, this is the most com-
prehensive network meta-analysis which includes 
all the available data of randomised controlled trials 
and evaluates different aspects of all therapeutic 
regimens of ranibizumab.

►► The safety and anatomic outcomes were assessed 
by network meta-analysis for the first time.

►► As no significant inconsistency or heterogeneity was 
detected in our analysis, we did not perform sensi-
tivity analysis or subgroup analysis.

►► The follow-up period was limited to 12 months. The 
prognosis of different regimes might differ in longer 
period.
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patients by blocking the angiogenesis and inducing the 
regression of the abnormal blood vessels.8

Ranibizumab (Lucentis, Novartis Pharma AG, Basel, 
Switzerland; and Genentech, South San Francisco, Cali-
fornia, USA) was the first anti-VEGF agent approved for 
the treatment of nAMD. The original studies proved 
that monthly injections of ranibizumab had substantial 
effects on visual improvement.9 However, this indefinite 
fixed monthly injection is a substantial burden for both 
the patients and the healthcare systems. Few ophthal-
mologists choose this treatment strategy at present. 
Furthermore, the ceiling efficacy of ranibizumab mono-
therapy has been reached by monthly injection, and no 
additional benefit is achieved by increased anti-VEGF 
dosage.10 11 Therefore, this raises two core questions: what 
is the optimum dosage and treatment regimen of ranibi-
zumab? Is there any combined therapy that can improve 
the efficacy and affordability of ranibizumab? For the 
first question, pro re nata (PRN) and treat and extend 
(T&E) are two widely accepted treatment regimens. 
Several studies reported they could achieve comparable 
efficacies with fewer injections and visits.12–15 For the 
second issue, numerous combination approaches have 
been explored. First of all, the combination of PDT could 
cause the thrombotic occlusion of CNV, especially for the 
more mature vessels which may not be sensitive to anti-
VEGF agents. The simultaneous administration of anti-
VEGF agents could further suppress the release of VEGF 
and the formation of neovascularisation after PDT.16 
Second, as inflammation also plays a crucial role in the 
development of CNV, it is reasonable to hypothesise the 
combination of topical non-steroidal anti-inflammatory 
drugs (NSAIDs) or steroids could produce synergistic or 
additive effects.17–19 Third, some novel agents like tyro-
sine kinase inhibitors were also evaluated for any extra 
benefits.20

Currently, more than 20 therapeutic regimens of ranibi-
zumab exist for nAMD8. However, no agreement was 
achieved regarding to the optimum strategy. One reason 
is that the current randomised controlled trials (RCT) 
could only achieve a pairwise comparison between these 
strategies. For example, several RCTs reported that ranibi-
zumab 0.5 mg administered with T&E regimen was clini-
cally comparable with the monthly regimen in improving 
visual acuity (VA), while no RCTs had compared the T&E 
regimen with 3+PRN regimen or 1+PRN regimen, with 
or without PDT, NSAIDs or even dexamethasone.12 13 21 
Moreover, some controversies still exist between the same 
comparisons, some studies suggest that the addition 
of PDT confers no benefit in terms of VA, while others 
demonstrate PDT can reduce the retreatment and 
achieve VA improvement.18 22 23 Additionally, the previ-
ously regular meta-analysis and systemic review did only 
achieve pairwise comparison between two regimens, 
which could not provide a comprehensive assessment of 
the currently regimens of ranibizumab.8 12 24 25 Although 
several network meta-analysis had evaluated the efficacy 
of ranibizumab treatment for nAMD, the safety and some 

other anatomic parameters have not been analysed, some 
special regimens like ranibizumab plus NSAIDs were also 
not inlcuded.26 27

Therefore, we performed this network meta-analysis 
regarding different therapeutic regimens of ranibi-
zumab, which includes all the available data of RCTs 
and considers all the strategies and combined therapies. 
We intend to give a comprehensive efficacy and safety 
ranking of these regimens, thus providing a reference for 
the decision-making of ophthalmologists.

METHODS
Search strategy and selection criteria
This network meta-analysis was conducted according to 
PRISMA guidelines.28 RCTs were identified through a 
literature search on PubMed, Embase and the Cochrane 
Central Register of Controlled Trials from their earliest 
entries through 1 October 2019. Then, the ​ClinicalTrials.​
gov, the WHO International Clinical Trials Registry Plat-
form, company-specific trial registries were screened to 
ensure that all the trials had been identified. The following 
keywords or corresponding Medical Subject Headings 
(Mesh) were used: ‘Macular Degeneration’, ‘Ranibi-
zumab’ and ‘Randomized Controlled Trial’. The detailed 
electronic search strategy of PubMed was (((((((age-
related macular degeneration[Title/Abstract]) OR 
age related macular degeneration[Title/Abstract]) OR 
macular degeneration[Title/Abstract]) OR AMD[Title/
Abstract]) OR “Macular Degeneration”(Mesh))) AND 
((((“Randomized Controlled Trial” (Publication Type)) 
OR Randomized Controlled Trial[Title/Abstract]) OR 
random*[Title/Abstract]) OR RCT[Title/Abstract])) 
AND (((“Ranibizumab”(Mesh)) OR Ranibizumab[Title/
Abstract]) OR Lucentis[Title/Abstract]). The reference 
lists of the retrieved publication and relevant meta-
analysis in this discipline were also manually examined 
to further identify potentially eligible RCTs, which eval-
uated different therapeutic regimens of ranibizumab for 
nAMD. Only human studies published in English were 
considered. This study was performed in accordance with 
the PRISMA guideline of network meta-analysis and regis-
tered at PROSPERO: International prospective register of 
systematic reviews (CRD42020156353).

Study selection and data extraction
The inclusion criteria of our study were: (1) partic-
ipants: patients with CNV secondary to nAMD; (2) 
intervention: intravitreal injection of ranibizumab; (3) 
comparison: different dosage or combined therapy or 
therapeutic strategy of ranibizumab; (4) outcomes: 1-year 
follow-up with at least one of the followings: VA; lines of 
VA improvement; central retinal thickness (CRT); the 
number of ranibizumab injections; incidence of severe 
ocular adverse events and incidence of adverse events of 
cardiocerebral vascular system and (5) methodological 
criterion: RCTs.
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The exclusion criteria were: (1) studies could not be 
included in the main closed loop (the study which had no 
cross-regimen with other included studies); (2) insuffi-
cient data to estimate an OR or standardised mean differ-
ence (SMD); (3) animal studies or cadaver subjects; and 
(4) duplicated publications.

After screening the titles and abstracts, obtaining the 
full text of each article and reviewing them, RCTs that 
met the inclusion criteria and fail the exclusion criteria 
were included. Two authors (ZXY and MLH) inde-
pendently extracted and collated the following data using 
a standardised protocol: first author, publication year, 
design, group size, patient age, gender ratio, details of 
interventions, details of outcomes and follow-up periods. 
For updated publications with the same cohort of patients 
of the previous study, the data were extracted syntheti-
cally. Discrepancies were evaluated by the kappa test, and 
agreements were achieved by discussing with the corre-
sponding author (CYX). The corresponding authors of 
the included articles would be contacted if the essential 
data were unavailable. The Cochrane risk of bias assess-
ment tool was used to assess the methodological quality 
and risk of bias.29

Outcomes
The primary efficacy outcome of interest was the letter 
changes (early treatment diabetic retinopathy study, 
ETDRS) of best-corrected visual acuity (BCVA) in 1 year 
and the primary safety outcome of interest was the inci-
dence of severe ocular adverse events, including vitreous 
haemorrhage, rhegmatogenous retinal detachment, 
endophthalmitis, retinal tear and retinal pigment epithe-
lium tear. Secondary outcomes were the percentage 
of patients with a gain of three lines or more of BCVA, 
changes of CRT, number of retreatments and incidence 
of adverse events of cardiocerebral vascular system.

Data synthesis and statistical analysis
The efficacy and safety of the competing therapeutic regi-
mens of ranibizumab were estimated by using SMD for 
continuous outcomes and OR for dichotomous outcomes. 
For multiarmed trials, we extracted the continuous and 
dichotomous data from each arm and conducted the anal-
ysis. The data of different dosages and fluences of PDT 
were combined and regarded as general PDT. This is a 
contrast-based random-effects analysis, and we conducted 
this network meta-analysis with indirect and mixed 
comparisons in Stata V.14.0 (Stata, College Station, Texas, 
USA) using the mvmeta command, network command 
and self-programmed Stata routines.30–33 Cochran Q 
test and the I² statistic were used to assess the heteroge-
neity.34 The global inconsistency test by fitting design-by-
treatment in the inconsistency model was used to evaluate 
the level of heterogeneity between direct and indirect 
estimates.35 36 Then, the local inconsistency was evaluated 
by node-splitting method.35 The loop-specific approach 
which assesses the difference between direct and indi-
rect estimates for a specific comparison in the loop was 

also applied to check the presence of inconsistency.37 
If the results of these inconsistency tests were accept-
able (p>0.05), the consistency model would be selected 
to compare all the regimens using direct and indirect 
data.31 32 To figure out the possible ranking and obtain 
the intervention hierarchy of competing regimens in the 
network meta-analysis, the rankograms, surface under the 
cumulative ranking (SUCRA) curves and the mean ranks 
were estimated.38 A higher SUCRA means superior effi-
cacy or safety. The comparison-adjusted funnel plot was 
applied to clarify the publication bias of each outcome.39 
If heterogeneity or inconsistency was substantial in any 
outcome (p<0.05), both sensitivity analysis and subgroup 
analyses (publication year, sample size and so on) would 
be conducted to identify the source of the heterogeneity. 
If the heterogeneity or inconsistency could not be elimi-
nated, the pooled result of this specific outcome would be 
regarded as invalid.

The quality of evidence contributing to network esti-
mates of each outcome was assessed with the Grading of 
Recommendations Assessment, Development and Eval-
uation (GRADE) framework described by Salanti and 
collegues.40 The quality of evidence was graded into four 
levels: high, moderate, low and very low, which was based 
on five domains: study limitations, imprecision, indirect-
ness, inconsistency and publication bias.

Role of the funding source
There was no funding source for this study. The corre-
sponding author had full access to all the data in the study 
and had final responsibility for the decision to submit for 
publication.

Patient and public involvement
Since this is a systematic review and meta-analysis, patients 
and the public were not involved in the design, or plan-
ning of the study.

RESULTS
Study characteristics
We identified 1298 citations by the initial search, then 128 
potentially eligible articles were retrieved in the full text 
after reviewing the titles and abstracts. Of these studies, 
102 reports were excluded for the following reasons: 
unrelated interventions or non-RCTs (n=78), comparing 
one therapeutic regimen of ranibizumab with other anti-
VEGF agents (n=11), follow-up period shorter than 12 
months (n=4) or duplicated publications of the same 
cohort of patients with longer follow-up (n=9). Finally, 26 
studies that met the inclusion criteria were available for 
inclusion in this analysis9 11 13 15–18 22 23 41–57 (figure 1). The 
inter-rater agreement was excellent between the investi-
gators regarding eligibility (κ=0.76)

These studies were published between November 2006 
and August 2019. In total, 10 821 patietns with nAMD 
(10 821 eyes) were included in our analysis. The mean 
age of patients ranged from 73 to 83 years, and about 
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59.4% of them were women. The main characteristics 
of these included studies are presented in table 1. Twen-
ty-two nodes were included in our network meta-analysis, 
20 of which were different dosage or combined therapy 
or therapeutic strategy of ranibizumab, and the other two 
were PDT and sham treatment (figure 2).

In general, most of these studies (23 of 26) were judged 
to have an unclear risk of bias (online supplemental 
files 1 and 2), as only three studies were regarded as low 
risk in terms of allocation concealment. None of these 
studies had evidence of a definite high risk in any item. 
The percentage of studies with low risk of bias in each 
item was: 34.6% for randomisation, 11.5% for allocation 
concealment, 80.8% for blinding of participants and 

personnel, 88.5% for blinding of outcome assessment 
and all 100% for the rest three items.

Primary outcomes
The network diagrams of all eligible comparisons for the 
primary outcomes of efficacy and safety are presented in 
figure 2 and the results of network meta-analysis are shown 
in figure 3. For all the therapeutic regimens, the efficacy 
was shown to be greater than the sham group (p<0.05) and 
safety was similar to the sham group (p>0.05). The mean 
ranking based on SUCRA curves of the primary efficacy 
and safety outcomes are shown in table 2 and the detailed 
results of head-to-head comparisons are provided in 
table 3. A higher SUCRA means superior efficacy or safety.

Figure 1  Flowchart depicting the selection of included studies. RCT, randomised controlled trial; VEGF, vascular endothelial 
growth factor.

https://dx.doi.org/10.1136/bmjopen-2020-040906
https://dx.doi.org/10.1136/bmjopen-2020-040906
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Twenty-six RCTs involving 6887 patients provided 
adequate data for the primary efficacy outcome of 
letters of BCVA changes (ETDRS) at 1 year and the most 

effective regimen was estimated to be ranibizumab 0.5 mg 
(T&E). Compared with the sham group, these 21 ther-
apeutic regimens significantly increased the number of 

Figure 2  The network diagrams of all eligible comparisons for the primary outcomes of efficacy and safety: (A) letters of best-
corrected visual acuity changes and (B) incidence of severe ocular adverse events. This figure was made by Xinyu Zhao and 
had got his permission to be published in this article. DEX, dexamethasone; NSAIDs, non-steroidal anti-inflammatory drugs; 
PDS, port delivery system; PDT, photodynamic therapy; PRN, pro re nata; T&E, treat and extend.

Figure 3  Network meta-analysis of different regimens of ranibizumab compared with sham treatment for the primary 
outcomes: (A) letters of best-corrected visual acuity changes and (B) incidence of severe ocular adverse events. DEX, 
dexamethasone. NSAIDs, non-steroidal anti-inflammatory drugs; PDT, photodynamic therapy; PRN, pro re nata; SMD, 
standardised mean difference; T&E, treat and extend.
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BCVA letters, with SMDs ranging from 10.28 (95% CI 
8.84 to 11.73, figure 3) for ranibizumab 0.3 mg (3+every 
3 months) to 21.41 (95% CI 19.86 to 22.95) for ranibi-
zumab 0.5 mg (T&E).

Sixteen RCTs involving 5845 patients evaluated the inci-
dence of severe ocular adverse events and the network 
meta-analysis indicated that there was no statistical differ-
ence between the 18 therapeutic regimens and the sham 
treatment. The ORs ranged from −1.16 (95% CI −4.36 to 
2.04, figure 3) for ranibizumab 0.5 mg (1+PRN) to 2.92 
(95% CI −0.14 to 5.98) for port delivery system of ranibi-
zumab (100 mg/mL).

Secondary outcomes
The results of the network meta-analysis are shown in 
figure  4. The corresponding mean ranking based on 
SUCRA curves is also listed in table 2, a higher SUCRA 
means superior efficacy or safety. For all the secondary 
outcomes, the network diagrams and detailed results of 
head-to-head comparisons are provided in online supple-
mental files 3–7.

Seventeen RCTs involving 5263 patients reported the 
percentage of patients with a gain of three lines or more 
of BCVA (ETDRS) and ranibizumab 0.5 mg (T&E) was 
estimated to have the highest SUCRA ranking. Compared 
with the sham group, seven therapeutic regimens 
achieved significantly higher ORs, ranging from 1.77 
(95% CI 1.05 to 2.49) for ranibizumab 0.5 mg (1+PRN) to 
2.83 (95% CI 1.27 to 4.38) for ranibizumab 0.5 mg(T&E), 
while no statistical difference existed for the rest regi-
mens (figure 4).

Eighteen RCTs involving 4292 patients reported the 
changes of CRT and the most effective regimen was 
estimated to be ranibizumab 0.5 mg (3+PRN)+NSAIDs. 
Compared with PDT, all the other 12 therapeutic regi-
mens achieved significantly better reduction of CRT, 
ranging from −2.04 (95% CI −3.73 to −0.35) for ranibi-
zumab 0.3 mg (3+PRN)+PDT to −3.45 (95% CI −4.63 
to −2.28) for ranibizumab 0.5 mg (3+PRN)+NSAIDs 
(figure 4).

Eighteen RCTs involving 4274 patients reported the 
number of retreatments and the port delivery system 
of ranibizumab (100 mg/mL) was shown to require the 
least number of injections (figure  4). Compared with 
ranibizumab 0.5 mg (monthly), 11 therapeutic regimens 
required significantly less number of retreatments, while 
no statistical difference was detected for ranibizumab 
0.5 mg (T&E) (SMD=−0.94, 95% CI −2.26 to 0.39) and 
ranibizumab 2 mg (monthly) (SMD=−0.08, 95% CI −1.33 
to 1.18).

Fourteen RCTs involving 5583 patients evaluated the 
incidence of adverse events of cardiocerebral vascular 
system (figure 4). The network meta-analysis showed that 
PDT had a lower risk (OR=−0.34; 95% C: −1.47 to 0.79), 
while no significant difference existed between the other 
14 therapeutic regimens and the sham treatment. The 
ORs ranged from −0.68 (95% CI −2.41 to 1.06, figure 3) 
for ranibizumab 0.3 mg (3+every3 months) to 1.31 (95% R
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Figure 4  Network meta-analysis of different regimens of ranibizumab for the secondary outcomes: (A) gain of three lines 
or more of best-corrected visual acuity, compared with sham treatment; (B) changes of central retinal thickness, compared 
with PDT; (C) number of retreatments, compared with ranibizumab 0.5 mg (monthly) and (D) incidence of adverse events of 
cardiocerebral vascular system, compared with sham treatment. DEX, dexamethasone; NSAIDs, non-steroidal anti-inflammatory 
drugs; PDS, port delivery system; PDT, photodynamic therapy; PRN, pro re nata; SMD, standardised mean difference; T&E, 
treat and extend.
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CI −1.23 to 3.85) for rAAV.sFLT-1+ranibizumab 0.5 mg 
(1+PRN). The safety of each regimen was compared with 
the sham group, so the lower limit could be negative.

Inconsistency or heterogeneity
Global inconsistency, local inconsistency or heteroge-
neity was not significant between evidence derived from 
direct and indirect comparisons in both of the primary 
and secondary outcomes (p>0.05). The corresponding 
comparison-adjusted funnel plots also showed no 
evidence of asymmetry (p>0.05).

DISCUSSION
This study is based on 26 RCTs, which included 10 821 
patients with nAMD randomly assigned to 21 different 
therapeutic regimens of ranibizumab or sham treat-
ment. To the best of knowledge, this study is the largest 
and most comprehensive network meta-analysis in eval-
uating the efficacy and safety of different regimens of 
ranibizumab for nAMD. More importantly, it assessed 
safety outcomes and other secondary outcomes such 
as CRT reduction for the first time in a way of network 
meta-analysis. This large evidence base, obtained through 
exhaustive data screening, extraction and analysis, might 
provide solid guidance for both ophthalmologists and 
patients. Our findings can be summarised as follows: 
ranibizumab 0.5 mg (T&E) is the most effective strategy 
for the treatment of nAMD, with no more risk of severe 
ocular adverse events or cardiocerebral vascular compli-
cations compared with sham treatment (weak). However, 
this strategy could not significantly reduce the number 
of retreatment compared with monthly injection (weak). 
Ranibizumab 0.5 mg (3+PRN)+NSAIDs shows the best 
effect in reducing CRT (weak) and the port delivery 
system of ranibizumab (100 mg/mL) is the most effec-
tive method in reducing the number of retreatment, with 
acceptable risks of adverse events (weak). The quality of 
evidence was assessed by the GRADE framework (online 
supplemental files 8–13).

For the efficacy of ranibizumab for nAMD, previous 
studies mainly held the opinion that the highest benefit 
could be achieved in patients who were monitored and 
treated monthly.16 57 58 However, this strategy places 
tremendous economic pressure both on the patients 
and the healthcare system. In response to all these real-
world burdens, alternate strategies like PRN and T&E 
were devised. Compared with monthly injection and 
PRN, T&E was aimed to reduce both the number of injec-
tions and visits. The results of our network meta-analysis 
indicated that the T&E protocol achieved the highest 
SUCRA ranking in terms of the increasing number of 
BCVA letters and the percentage of patients with a gain of 
three lines or more of BCVA (weak). Although the pair-
wise comparisons between T&E, PRN and monthly injec-
tion showed no significant difference (p<0.05), the mean 
ranking based on SUCRA curves could still prove that the 

T&E protocol is an effective alternative with higher cost-
efficiency (weak).

The combinatorial efficacy of PDT seems to depend 
on the original protocols of ranibizumab and all of them 
get a much lower SUCRA ranking compared with ranibi-
zumab 0.5 mg (T&E) or a monthly injection. For the 
outcome of BCVA changes, the combination of PDT was 
negative on ranibizumab 0.5 mg (monthly), positive on 
0.5 mg (1+PRN), while no significant difference on 0.5 mg 
(3+PRN) (weak). Therefore, the combination of PDT 
might not be that necessary as ranibizumab monotherapy 
could already achieve satisfactory outcomes. Besides, radi-
ation therapy also showed no combinatorial benefit.

Some novel agents such as tyrosine kinase inhibitor 
(topical pazopanib and rAAV.sFLT-1) and port delivery 
system with ranibizumab (100 mg/mL) did not gain 
extra benefits in terms of visual outcomes compared with 
ranibizumab 0.5 mg (T&E), while they achieved a higher 
SUCRA ranking in reducing the number of retreatments 
(weak). For the port delivery system, only the dosage of 
100 mg/mL was included in our analysis as the original 
study showed it had better efficacy and safety compared 
with other dosages (weak).57

Currently, it is well known that VEGF is not the only 
causative factor of CNV, free radicals, oxidised lipopro-
teins and the subsequent inflammation all play crucial 
roles in the development of CNV.17 The results of our 
network meta-analysis demonstrated that ranibizumab 
0.5 mg (3+PRN)+NSAIDs got the highest SUCRA ranking 
in CRT reduction, its efficacy was better than ranibi-
zumab 0.5 mg (3+PRN) and even ranibizumab 0.5 mg 
(TREX) (weak). In the meantime, ranibizumab 0.5 mg 
(3+PRN)+NSAIDs also got the third SUCRA ranking in 
terms of BCVA improvement (weak). All these demon-
strate that the administration of topical NSAIDs could 
achieve additional efficacy in the treatment of nAMD. 
Additionally, the combination of NSAIDs or dexameth-
asone could achieve a higher SUCRA ranking of visual 
outcome than the original protocol (weak).

Although all these therapeutic regimens did not signifi-
cantly increase the risk of severe ocular or cardiocerebral 
vascular adverse events compared with sham treatment, 
we should notice that the SUCRA ranking of Ranibizumab 
0.5 mg (T&E) was relatively low (weak). We speculated the 
longer follow-up intervals of T&E protocol might poten-
tially fail to achieve timely intervention for the progress 
of ocular lesions. As the T&E protocol could not signifi-
cantly reduce the number of retreatment compared with 
monthly injection, the patients were exposed to the same 
level of ocular injections and VEGF agents in the circula-
tion, which might lead to the same risk of cardiocerebral 
vascular complications.

To our knowledge, this study is the largest and most 
comprehensive network meta-analysis in evaluating the 
efficacy and safety of different regimens of ranibizumab 
for nAMD. More importantly, it assessed safety outcomes 
and other secondary outcomes such as CRT reduction for 
the first time in a way of network meta-analysis. It gives a 

https://dx.doi.org/10.1136/bmjopen-2020-040906
https://dx.doi.org/10.1136/bmjopen-2020-040906
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comprehensive efficacy and safety ranking of these regi-
mens, which provides a solid reference for the decision-
making of ophthalmologists. However, some limitations 
still exist: (1) only RCTs published in English were consid-
ered; (2) as no significant inconsistency or heteroge-
neity was detected in any outcome, we did not perform 
sensitivity analysis or subgroup analysis; (3) we could 
not achieve the full ranking of some outcomes because 
some data were unobtainable or the studies could not 
be included in the main closed loop; (4) the follow-up 
period was limited to 12 months, the results might differ 
in the longer period and (5) for a network meta-analysis, 
the studies or regimens which had no cross-regimen with 
other included studies had to be excluded, as they could 
not form a closed loop with other regimens, and the data 
synthesis and statistical analysis could not be conducted.

Based on the results of our network meta-analysis, we 
summarised that ranibizumab 0.5 mg (T&E) was the most 
effective regimen in improving the visual outcome with 
a less economic burden. The administration of topical 
NSAIDs could achieve additional efficacy in CRT reduc-
tion and visual improvement. Both these two interven-
tions had acceptable risks of adverse events. Therefore, 
it is reasonable to suggest that further study should be 
performed to evaluate whether ranibizumab 0.5 mg 
(T&E)+NSAIDs could achieve better efficacy than current 
regimens.

The EVEREST II study had updated the 24-month 
outcomes of ranibizumab and PDT combination therapy.59 
Our study did not include it as we set the follow-up period 
at 12 months.
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