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INTRODUCTION
• Anti-VEGF monotherapy is currently the preferred treatment for 

neovascular age-related macular degeneration (nAMD) [1] that requires 
regular monitoring and retreatment, with some anti-VEGFs posing 
significant burden to patients and care providers [2].

• Brolucizumab is the most recent anti-VEGF approved for nAMD treatment 
with a majority of patients on q12w interval immediately after loading 
phase through Year 1. It demonstrated non-inferiority to aflibercept for 
best-corrected visual acuity (BCVA) improvement and was superior to 
aflibercept in outcomes of disease activity, anatomical outcomes such as 
retinal thickness reduction and retinal fluid markers [3-5].

• We conducted a systematic literature review (SLR) followed by network 
meta-analysis (NMA) comparing efficacy and treatment discontinuation of 
brolucizumab relative to other approved and marketed anti-VEGFs in 
nAMD patients, as well as pooling of injection frequency and safety for 
these treatments.

CONCLUSION
• Among all licensed anti-VEGF treatments, brolucizumab showed 

superior reduction in retinal thickness and comparable BCVA gains 
and discontinuation rates, despite having the lowest injection 
frequency.

• The current study provides the robust, most up-to-date comparison of 
licensed treatments for nAMD. Furthermore, another update of this 
NMA conducted in 2021 yielded similar conclusions, which shall be 
published in due course.
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METHODS
• We conducted a SLR to identify published (before May 2020) 

randomized controlled trials (RCTs) comparing any licensed anti-VEGF 
treatment regimens, including brolucizumab, aflibercept and 
ranibizumab, or sham in adult patients with nAMD.

• RCTs reporting outcomes of ≥44 weeks were included. Studies with 
>10% of patient population having polypoidal choroidal vasculopathy 
were excluded. Appropriate data imputation methods were utilized for 
missing SD/SE data.

• A Bayesian NMA was conducted for the outcomes of mean change of 
BCVA and retinal thickness from baseline as well as discontinuation in 
first two years of treatment. Mean injection frequency and rates of 
serious adverse ocular events (SAOEs) were estimated by pooling data 
for each treatment regimen using random-effect models (to account for 
the between-trial heterogeneity, 𝜏𝜏2).

• In the NMA, heterogeneity was assessed by Cochran’s Q test for each 
pairwise comparison, and inconsistency I2 statistic for each evidence loop.

Figure 2: Network diagrams for change in BCVA from baseline outcome at Year 1 
and 2.

STRENGTHS
• The NMA was conducted in a Bayesian framework based on NICE 

guidelines, and its results were similar to those from NICE [6,7].
• No inconsistency was identified in the closed loop containing the 

HAWK and HARRIER trials.

LIMITATIONS
• It was not possible to conduct meta-regressions adjusted on relevant 

covariates such as baseline BCVA and treatment regimen due to 
limited information from networks to allow for the convergence of 
models. 

• For SOAEs and injection frequency, baseline pooling was conducted 
due to limited information available and direct impact of type of 
treatment regimen, respectively. In pooling SOAE rates, multiple 
definitions for stroke were considered, but was consistent with the 
approach used in the NICE NG82 guideline.

• Finally, this NMA summary includes SOAEs as initially reported in the 
HAWK and HARRIER trials and does not reflect the latest 
brolucizumab safety information.
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• Brolucizumab showed superior retinal thickness reduction compared to most of 
comparators including ranibizumab (0.5mg PRN; Year 1 MD: -75.54 µm [95%CrI: -
111.36, -39.46]; Year 2 MD: -69.05 µm [95%CrI: -111.21, -26.65]) and Aflibercept 
(2mg q4w; Year1 MD: -40.26 µm [95%CrI: -60.82, -19.71]; Year 2 MD: -39.62 µm 
[95%CrI: -61.14, -18.51]) (Figure 4 & 5)

Afli: aflibercept; Bro: brolucizumab; LP: loading phase of three initial monthly injections; PRN: pro-re-nata regimen; PRNX: PRN regimen 
with the potential to extend the assessment interval; Rani: ranibizumab; SE: standard error; TREX: treat and extend regimen; qN: injections 
that are administered on a fixed schedule every N weeks.

Table 1: Pooled injection frequencies of treatment regimens (random effects 
model).

AFL: aflibercept; BRO: brolucizumab; LP: loading phase of three initial monthly injection; PRN: pro-re-nata regimen; PRNX: PRN regimen 
with the potential to extend the assessment interval; RAN: ranibizumab; SE: standard error; TREX: treat and extend regimen; qN: injections 
that are administered on a fixed schedule every N weeks, i.e. q4, q6, q8, or q12
Note: Baseline pooling is conducted for treatments with more than one trial
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Electronic database searching: 6,522
(Embase: 2,848; Medline: 1,854; Cochrane: 1,820)

Additional records identified through other 
sources : 1,546

Records screened (post removing 
duplicates): 6,324 Records excluded from title and abstract: 6,163

Full-text articles assessed for 
eligibility: 161

Population not of interest: 4
Intervention not of interest: 11
Outcome not of interest: 24
Study not of interest: 23
Publication type not of interest: 31
Duplicates: 11

Publications included in the SLR: 
57 (46 RCTs) Not licensed or recommended treatments: 25

Missing dose details: 2
Regimen not of interest: 1
Follow-up time <44 weeks: 1
Not connected to network: 2Studies included in NMA: 15 RCTs

Assumptions
• To accommodate variable reported time points, one year was assumed 

to be represented by the outcomes reported between 48 and 52 weeks, 
while year two between 96 and 104 weeks.

• Central retinal thickness, central foveal thickness, central subfield 
thickness, and central macular thickness were considered as the same 
measure (retinal thickness), as validated by Novartis’s medical expert.

• Treatment-naïve patients were considered comparable to mixed 
patients/trials not reporting previous anti-VEGF treatment use.

• In order to connect the networks for NMAs, patients of VIEW 1&2 trials 
were considered to have continuous treatment arms despite PRN 
regimen at 52 weeks.

RESULTS
• Of 57 eligible studies from the SLR, 15 RCTs were included in the NMA 

base case analysis. The rest were excluded due to various 
methodological reasons, mostly due to comparing non-licensed 
regimens or doses (Figure 1).

• Brolucizumab demonstrated superior BCVA gains compared to sham at 
year 1 (Y1) (mean difference (MD): 16.9 letters [95%CrI: 13.38, 20.42]) 
and year 2 (Y2) (MD: 21.23 letters [95%CrI: 17.43, 24.97]) and between 
year 1 and 2 (Y1-Y2) (MD: 4.31 letters [95%CrI: 0.66, 7.95]), and was 
comparable to other anti-VEGFs (Figure 2 & 3). Similar results were 
observed for change in BCVA between year 1 and 2.

Figure 1: PRISMA diagram.

IOI: intraocular inflammation; RPE: retinal pigment epithelium; SOAEs: serious ocular adverse events.  
Note: Baseline pooling is conducted for treatments with more than one trial

Cataract Endophthalmitis IOI Retinal 
detachment

RPE 
tear

Retinal 
tear Stroke

Aflibercept 0.006 0.005 0.000 0.004 0.002 0.003 0.009 

Brolucizumab 0.003 0.006 0.010 0.003 0.004 0.005 0.006 

Ranibizumab 0.005 0.009 0.000 0.005 0.002 0.004 0.010 

Sham - 0.000 - 0.004 - 0.000 0.008 

Table 2: Pooled SOAEs at Year 2 for treatment molecules (random 
effects model).

Figure 3: Mean difference in BCVA change from baseline of brolucizumab vs. 
other treatments (fixed-effects model).

Intervention Year 1 (Annualized) Year 2 (Annualized)
Mean SE Mean SE

AFL 2q4 11.90 0.13 - -
AFL 2q4 -> PRN - - 8.70 0.07
LP -> AFL 2TREX 9.70 0.22 8.50 0.27
LP -> AFL 2q8 7.14 0.15 6.35 0.25
LP -> AFL 2q8 -> PRN - - 6.10 0.06
LP -> BRO 3q12/q8 6.60 0.05 5.70 0.07
LP -> BRO 6q12/q8 6.66 0.05 5.70 0.20
LP -> RAN 0.5PRN 7.20 0.39 6.70 0.12
LP -> RAN 0.5PRNX 5.50 0.31 - -
LP -> RAN 0.5TREX 9.48 0.10 8.88 0.11
LP -> RAN 0.5q8 7.60 0.05 - -
RAN 0.5PRN 6.90 0.18 6.30 0.20
RAN 0.5q4 11.78 0.13 11.53 0.35
RAN 0.5q4 -> PRN - - 8.90 0.08

• Brolucizumab had comparable discontinuation rates (pooled mean ± SE) to other anti-
VEGFs for both Year-1 (brolucizumab: 0.081 ± 0.013, aflibercept: 0.094 ± 0.011, and 
ranibizumab: 0.088 ± 0.007) and Year-2 (brolucizumab: 0.151 ± 0.036, aflibercept: 
0.171 ± 0.015, and ranibizumab: 0.166 ± 0.012).

• Annualized injection frequency analyzed at year 2 was lowest for brolucizumab at 5.7 
injections (Table 1).

• Pooled rates of SOAEs are summarized in Table 2. Mean intraocular inflammation 
(IOI) rates at Year 2 were 0.01, 0.00, 0.00 for brolucizumab, aflibercept and 
ranibizumab, respectively.

Afli: aflibercept; Bro: brolucizumab; LP: loading phase of three initial monthly injections; PRN: pro-re-nata regimen; PRNX: PRN regimen with 
the potential to extend the assessment interval; Rani: ranibizumab; SE: standard error; TREX: treat and extend regimen; qN: injections that 
are administered on a fixed schedule every N weeks.

Figure 4: Network diagrams for change in retinal thickness from baseline at Year 1 
and 2.

Figure 5: Mean difference in retinal thickness reduction from baseline of 
brolucizumab vs. other treatments (fixed-effects model).

Rani 0.5q4w
LP -> Bro6
q12w/q8w

LP -> Bro3
q12w/q8w

LP 
-> Bro6 q8w

-> q12w

PIER

MARINA

HAWK
HARRIER

HAWK

HAWK

VIEW1&2
pooled

VIEW1&2
pooled

VIEW1&2
pooled

Dugel
2017

TREX-AMD
TREND

CANTREAT

Lopez 2020

Lopez 2020

RIVAL

Lopez 2020

SALUTE

HARBOR

CATT

LP -> Rani
0.5q12w

Rani 0.5
PRN

LP -> Rani 
0.5 PRN

LP -> Rani 
0.5 PRNX

LP -> Rani 
0.5q8w

LP -> Afli
2TREX

LP -> Rani
0.5TREXAfli 2q4w

LP 
-> Afli
2q4w

Sham IVT

Rani 0.5q4w
LP -> Bro6
q12w/q8w

LP -> Bro3
q12w/q8w

MARINA

HAWK
HARRIER

HAWK

HAWK

VIEW1&2
pooled

VIEW1&2
pooled

VIEW1&2
pooled

TREX-AMD
CANTREAT

RIVAL

HARBOR

CATT

Rani 0.5 
PRN

LP -> Rani 
0.5 PRN

LP -> Afli
2TREX

LP -> Rani
0.5TREXAfli 2q4w

LP 
-> Afli
2q4w

Sham IVT

Year 1

Rani 0.5q4w
LP -> Bro6
q12w/q8w

LP -> Bro3
q12w/q8w

LP 
-> Bro6 q8w

-> q12w

HAWK
HARRIER

HAWK

HAWK

VIEW1&2
pooled

VIEW1&2
pooled

VIEW1&2
pooled

Dugel
2017

TREX-AMD
TREND

Lopez 2020

Lopez 2020

RIVAL

Lopez 2020

HARBOR

CATT

Rani 0.5
PRN

LP -> Rani 
0.5 PRN

LP -> Rani 
0.5q8w

LP -> Afli
2TREX

LP -> Rani
0.5TREXAfli 2q4w

LP 
-> Afli
2q4w

Rani 0.5q4w
LP -> Bro6
q12w/q8w

LP -> Bro3
q12w/q8w

HAWK
HARRIER

HAWK

HAWK

VIEW1&2
pooled

VIEW1&2
pooled

VIEW1&2
pooled

TREX-AMD

RIVAL

HARBOR

CATT

Rani 0.5 
PRN

LP -> Rani 
0.5 PRN

LP -> Afli
2TREX

LP -> Rani
0.5TREXAfli 2q4w

LP 
-> Afli
2q4w

-112 -87 -62 -37 -12 13 32 -112 -87 -62 -37 -12 13 38 38 88

LP -> 
Bro 6q12/q8 vs. Mean difference -95%CrI LP -> 

Bro 6q12/q8 vs. Mean difference -95%CrI
Rani 0.5q4

LP -> Afli 2q8

LP -> Rani 0.5PRN

Afli 2q4

Rani 0.5PRN

LP -> Bro 6q8 -> q12

LP -> Bro 3q12/q8

LP -> Rani 0.5PRNX

LP -> Afli 2TREX

LP -> Ravi 0.5q8

-50.34[-70.73,-29.71]

-39.67[-53,-26.33]

-62.32[-91.03,-33.49]

-40.26[-60.82,-19.71]

-75.54[-111.36,-39.46]

-22.87[-77.53,31.76]

-10.54[-28.13,6.98]

-55.17[-84.23,-26.41]

-72.11[-109.46,-34.88]

-29.01[-71.83,13.99]

Rani 0.5q4 -49.51[70.84,-28.61]

-58.55[-90.67,-25.72]

-35.03[-49.05,-21.43]

-39.62[-61.14,-18.51]

-18.17[-88.21,54.03]

-69.05[-111.21,-26.65]

0.45[-17.86,18.98]

13[-64.4,92.26]

LP -> Ravi 0.5PRN

LP -> Afli 2q8

LP -> Rani 0.5TREX

Rani 0.5PRN

LP -> Bro 3q12/q8

LP -> Afli 2TREX

Afli 2q4

Year 2

Year 1 Year 2

Year 1 Year 2

LP -> 
Bro 6q12/q8 vs.

Rani 0.5q4

LP -> Afli 2q8

LP -> Rani 0.5PRN

LP -> Rani 0.5q12

Afli 2q4

LP -> Rani 0.5TREX

Rani 0.5PRN

LP -> Bro 6q8 -> q12

LP -> Bro 3q12/q8

Sham IVT

LP -> Rani 0.5PRNX

LP -> Afli 2TREX

LP -> Ravi 0.5q8

-0.71[-2.68,1.26]

-0.42[-1.7,0.86]

0.65[-2.15,3.45]

0.77[-6.64,8.23]

-1.32[-3.28,0.64]

-0.79[-3.11,1.59]

0.99[-1.97,3.97]

0.81[-5.63,7.17]

0.38[-1.4,2.16]

16.9[13.38,20.42]

-3.88[-12.63,4.83]

1.63[-1.75,4.98]

-0.06[-4.42,4.28]

-13 -10.5 -8 -5.5 -3 -0.5 2 4.5 7 9.5 12 14.5 17 19.5 21

Rani 0.5q4 -0.26[-2.38,1.79]

LP -> Ravi 0.5PRN 0.93[-2.34,4.2]

LP -> Afli 2q8 0.02[-1.45,1.48]

Afli 2q4 0.02[-2.06,2.09]

LP -> Rani 0.5TREX -0.66[-3.62,2.24]

Rani 0.5PRN 1.82[-2.06,5.66]

LP -> Bro 3q12/q8 0.01[-2.02,2.03]

Sham IVT 21.23[17.43,24.97]

LP -> Afli 2TREX 1.34[-2.68,5.37]

Mean difference -95%CrI
LP -> 
Bro 6q12/q8 vs. Mean difference -95%CrI

-4 -1.5 1 3.5 6 8.5 11 13.5 16 18.5 21 23.5 25

Year 1 Year 2

93


	Comparative Efficacy of Anti-Vascular Endothelial Growth Factor (anti-VEGF) Agents for Treatment of Neovascular Age-Related Macular Degeneration (nAMD): A Systematic Review and Network Meta-Analysis

