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Objective: Retrospective, real-world study to evaluate visual acuity (VA), anti-vascular endothelial growth factor (anti-VEGF) 
injection intervals, and central macular thickness (CMT) in neovascular age-related macular degeneration (nAMD) eyes switched to 
brolucizumab only or to brolucizumab alternating with another anti-VEGF.
Methods: The overall study population comprised eyes that were given ≥1 brolucizumab injection between 1 October 2019 and 
30 November 2021. The brolucizumab-only (BRO) cohort consisted of prior anti-VEGF-treated eyes treated exclusively with ≥3 
brolucizumab injections over ≥12 or ≥18 months; the alternating brolucizumab (ALT) cohort comprised prior anti-VEGF-treated eyes 
treated with ≥2 brolucizumab injections and ≥1 other anti-VEGF over ≥12 or ≥18 months.
Results: A total of 482 eyes received ≥1 brolucizumab injection during the study period. Mean VA changes from baseline were −1.1 
±15.1 letters (BRO cohort; n = 174) and 1.3±13.0 letters (ALT cohort; n = 47) at Month 12, and 0.0±13.5 letters (BRO cohort; n = 95) 
and −7.3±17.2 letters (ALT cohort; n = 29) at Month 18. Mean changes in injection intervals were +26.9±48.1 days (BRO cohort) and 
+11.1±17.3 days (ALT cohort) at Month 12 and +36.3±52.3 days (BRO cohort) and +14.0±19.9 days (ALT cohort) at Month 18. Mean 
changes in CMT were −35.2±108.1 μm (BRO cohort) and −31.5±91.2 μm (ALT cohort) at Month 12 and −38.9±75.0 μm (BRO cohort) 
and −9.0±59.9 μm (ALT cohort) at Month 18. Intraocular inflammation-related adverse events were recorded in 22/482 (4.6%) eyes.
Conclusion: Treatment with either brolucizumab alone or brolucizumab alternating with another anti-VEGF can preserve vision, 
reduce CMT, and extend anti-VEGF injection intervals in patients with nAMD.
Keywords: alternating anti-VEGF treatments, brolucizumab, neovascular age-related macular degeneration, wet age-related macular 
degeneration, 12-month outcomes, 18-month outcomes

Introduction
Neovascular age-related macular degeneration (nAMD), characterized by choroidal neovascularization resulting in the 
accumulation of retinal fluid, is a leading cause of vision loss in the older population worldwide.1,2 Following pivotal 
trials with ranibizumab in 20063,4 and aflibercept in 2012,5 intravitreal anti-vascular endothelial growth factor (anti- 
VEGF) therapies have become the standard of care for the treatment of nAMD and since then, there has been 
a substantial decrease in the incidence of visual impairment due to nAMD in the US and Europe.3–10

Despite the functional and morphological gains achieved with anti-VEGF therapies, the maintenance of these gains 
requires frequent re-treatment, thus imposing a burden on both patients and health care systems. The initial studies were 
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performed with anti-VEGF agents administered monthly and although less burdensome treatment regimens, such as pro 
re nata and treat and extend, have been developed, the maintenance of visual gains requires long-term treatment,11 with 
a frequency <8 weeks in over half of nAMD patients.12 Delays in administering anti-VEGF agents and treatment 
avoidance by patient non-compliance increases the risk of avoidable vision loss.13–15 In addition, some patients with 
nAMD have a sub-optimal response despite frequent injections and may require switching to another anti-VEGF therapy 
to improve treatment outcomes.16 Therefore, an optimal treatment regimen needs to be identified for patients with nAMD 
that can improve and stabilize their vision while minimizing treatment burden.

Brolucizumab is a single-chain antibody fragment that, following the pivotal Phase III HAWK and HARRIER 
studies, was approved by the US Food and Drug Administration (FDA) in 2019 for the treatment of patients with 
nAMD.9,10 In these clinical trials, brolucizumab provided similar vision gains and superior fluid resolution compared 
with aflibercept, with more than 50% of brolucizumab-treated patients on a 12-week dosing interval at Week 48, which 
was maintained to Week 96.9,10 Additionally, real-world studies have reported on the outcomes of anti-VEGF therapies in 
nAMD, including on nAMD patients who were switched to treatment with brolucizumab.17–25 Following the Phase III 
MERLIN study, which assessed the efficacy and safety of brolucizumab administered every 4 weeks in eyes with nAMD 
and persistent retinal fluid, brolucizumab is not indicated for injection intervals <8 weeks beyond the loading phase.26–28 

As a consequence, patients on injection intervals <8 weeks who switch to brolucizumab, to further control their fluid and/ 
or to prolong their injection intervals, may therefore opt to alternate brolucizumab with another anti-VEGF to ensure 
brolucizumab is not injected more frequently than every 8 weeks.

However, to date, no studies have reported on the outcomes of patients switched to brolucizumab that alternate 
brolucizumab with other anti-VEGF agents. The aim of this study was to evaluate visual acuity (VA), anti-VEGF 
injection intervals, and central macular thickness (CMT) in real-world nAMD patients switching to brolucizumab from 
other anti-VEGF agents in patients treated with either brolucizumab alone or with brolucizumab alternating with other 
anti-VEGF agents.

Methods
Study Design
This was a retrospective, non-interventional cohort study of patients with nAMD carried out at a large retina practice 
located in Cleveland, OH, USA, between 1 October 2019 and 30 November 2021. Part of the data in this study was 
analyzed for another, recently published study by the same authors.29 Data collected are stored in the patients’ charts in 
the practice’s office. The Sterling Institutional Review Board granted a waiver of authorization for this study. 
Anonymized patient data were extracted on 1 December 2021 and were used to create the different study cohorts. 
The brolucizumab cohort included all patient eyes who received ≥1 brolucizumab injection during the study period. 
Two efficacy cohorts were derived from the brolucizumab cohort: the 12-month BRO cohort, which consisted of 
patient eyes who switched from a previous anti-VEGF and had ≥3 brolucizumab injections with no other anti-VEGF in 
the first 12 months (360 days) of follow-up and was already analyzed for another, recently published study by the same 
authors;29 and the 12-month ALT cohort, which consisted of patient eyes who switched from a previous anti-VEGF to 
brolucizumab and had ≥2 brolucizumab injections and ≥1 injection of another anti-VEGF in the first 12 months of 
follow-up and was not analyzed before. Eyes with at least 18 months (540 days) of follow-up from the first 
brolucizumab injection were included in two cohorts. Eyes in the 18-month BRO cohort received no anti-VEGF 
other than brolucizumab up to Month 18, whereas there were no restrictions on the anti-VEGF agent used after Month 
12 in eyes included in the 18-month ALT cohort (Figure 1). Optical coherence tomography (OCT) data initially 
missing from the electronic charts were manually extracted from OCT machines at the various Retina Associates of 
Cleveland clinic sites.

Ethics
This study complied with the tenets of the Declaration of Helsinki. It is based on a medical records database built using 
medical records from nAMD patients who visited one of the 13 clinic sites and provided consent to have their 
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deidentified data used for research purposes. All patient data was deidentified before being entered in the database and 
personal data was never shared. This study is based on a retrospective analysis of deidentified data obtained as part of 
routine clinical practice. As a result, no ethics approval was required.

Study Endpoints
Study endpoints included VA, anti-VEGF injection intervals, and CMT at Month 12 and Month 18, changes in these 
outcomes from baseline, and safety. Baseline VA and CMT measurements were collected on the day of the first 
brolucizumab injection, and VA and CMT values at Month 12 and at Month 18, respectively, were defined as the 
measurements collected closest (±90 days) to the Month 12 and Month 18 injections, respectively. The baseline injection 
interval was defined as the time between the last pre-switch anti-VEGF injection and the first brolucizumab injection. 
The injection intervals at Month 12 and Month 18 were defined as the time between the anti-VEGF injection closest to 
Month 12 or Month 18, respectively, and the corresponding preceding injection. Safety data collected included all 
intraocular inflammation (IOI) events, retinal vasculitis (RV), retinal vascular occlusion (RO) in the presence or absence 
of IOI and secondary to brolucizumab use.

Statistical Methods
Changes in injection interval, VA and CMT from baseline to Month 12 or Month 18, respectively, were calculated by 
subtracting the corresponding baseline measurement from the Month 12 or Month 18 measurements and were reported as 
mean ± standard deviation (SD) or mean (95% confidence intervals [CI]). Statistical significance was evaluated by paired 
t-test analysis, and P-values below 0.05 were considered statistically significant. P-values and 95% CIs of the mean 
differences between respective baseline and Month 12 or Month 18 measurements were reported and displayed in figures 
using the statistical software R. VA was converted from Snellen numerators, denominators and logMAR values to Early 
Treatment Diabetic Retinopathy Study (ETDRS) letters as described by Gregori et al.30 Missing value analyses were 
performed by calculating the percentage of missing values at baseline and at Month 12 and Month 18, respectively.

Results
Study Population
Of the 414 patients, a total of 482 eyes received ≥1 brolucizumab injection during the study period. Coney et al found that 
the 12-month BRO cohort consisted of 174 eyes from 154 patients.29 This study found the 12-month ALT cohort consisted 
of 47 eyes from 41 patients. Mean ± SD patient age was 80.5±7.7 years and 77.4±9.2 years; 55.8% and 58.5%; baseline 
VA: 60.8±17.1 and: 61.4±16.0 ETDRS letters and; baseline CMT: 292.2±113.3 and 288.0±89.6 μm; pre-switch injection 
interval: 47.8±25.1 days and pre-switch injection interval: 32.0±10.5 days respectively. Mean age and pre-switch injection 
interval were statistically significant between the 12-month BRO and ALT cohorts. The 18-month BRO and ALT cohorts 
comprised 95 eyes from 85 patients and 29 eyes from 24 patients, respectively (Table 1).

Figure 1 Definition of the brolucizumab, BRO and ALT cohorts. 
Abbreviations: ALT, brolucizumab alternating with another anti-VEGF; BRO, brolucizumab only; VEGF, vascular endothelial growth factor.
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Baseline demographics and clinical characteristics of the brolucizumab cohort (N = 482 eyes from 414 patients) were 
similar to those of the 12-month BRO cohort. CMT data were missing for 12/174 (6.9%) eyes in the 12-month BRO 
cohort29 and from 6/95 (6.3%) in the 18-month BRO cohort. In the 12-month BRO cohort, 2/174 (1.1%) eyes were 
excluded from the quantitative VA analysis as they only had light perception VA. In the 12-month ALT cohort, 2/47 
(4.3%) eyes had missing VA measurements.

Effects on Vision by Switching to Brolucizumab
At Month 12, average VA changed relative to baseline by −1.1±15.1 ETDRS letters in the BRO cohort and by 1.3±13.0 
ETDRS letters in the ALT cohort. At Month 18, VA changed by 0.0±13.5 ETDRS letters in the BRO cohort and by −7.3 
±17.2 letters in the ALT cohort (Table 2).

Characterization of Anti-VEGF Agents
Eyes in the 12- and 18-month BRO cohorts received only brolucizumab injections (Figure 2A and Supplementary Figure S1A, 
respectively). In contrast, eyes in the 12-month ALT cohort received a mean of 7.1±1.6 injections with brolucizumab and 3.2 
±2.6 injections with other anti-VEGF agents (82.7% aflibercept, 14.0% bevacizumab, and 3.3% ranibizumab) within 12 
months after switching to brolucizumab (Figure 2B). Eyes in the 18-month ALT cohort received a mean of 10.3±1.3 
brolucizumab injections and 3.7±2.9 other anti-VEGF agent injections (82.2% aflibercept, 10.3% bevacizumab, and 7.5% 
ranibizumab) within the first 18 months after switching to brolucizumab (Supplementary Figure S1B).

Effects on Injection Intervals by Switching to Brolucizumab
The mean baseline (ie, pre-switch) injection intervals were longer in the BRO cohort (47.8±25.1 days [=6.8 weeks]) than 
in the ALT cohort (32.0±10.5 days [=4.6 weeks]). At Month 12, injection intervals were extended by 26.9±48.1 days 
(=3.8 weeks) in the BRO cohort compared with 11.1±17.3 days (=1.6 weeks) in the ALT cohort (Figure 3A). Similarly, 
injection intervals were extended by a mean of 36.3±52.3 days (=5.2 weeks) in the 18-month BRO cohort compared with 
14.0±19.9 days (=2.0 weeks) in the 18-month ALT cohort (Supplementary Figure S2A).

Table 1 Clinical and Baseline Characteristics of Patients and Eyes in the BRO and ALT Cohorts

12 Months Follow Up 18 Months Follow Up

BRO Cohort 
N=174 Eyes from 154 

Patients

ALT Cohort 
N=47 Eyes from 41 

Patients

p-value  
(per Eye)

BRO Cohort 
N=95 Eyes from 85 

Patients

ALT Cohort 
N=29 Eyes from 24 

Patients

Age, years, mean (SD) 80.7 (7.9) 77.7 (8.9) 0.0241 79.9 (7.5) 80.0 (7.2)

Gender*

Female: n, % 98 (56.3%) 28 (59.6%) 0.7191 53 (55.8%) 18 (62.1%)

VA (ETDRS letters; mean [SD]) 60.8 (17.1) 61.4 (16.0) 0.8377 64.7 (15.9) 64.7 (14.6)

Pre-switch injection interval, 
mean days (SD)

47.8 (25.1) 32.0 (10.5) <0.0001 45.7 (23.9) 32.7 (10.3)

Follow up period, mean days (SD) 562.8 (104.8) 570.0 (113.5) 0.6829 642.4 (47.8) 649.3 (53.6)

CMT, µm (mean [SD]) 292.2 (113.3)† 288.0 (89.6) 0.8169 283.7 (76.2)‡ 266.1 (64.5)

IRF, n (%) 40 (23.0%) 15 (31.9%) 0.2091 19 (20.0%) 6 (20.7%)

SRF, n (%) 102 (58.6%) 24 (51.1%) 0.3531 55 (57.9%) 14 (48.3%)

PED, n (%) 109 (62.6%) 26 (55.3%) 0.5501 55 (57.9%) 16 (55.2%)

Notes: *Gender not known for 1 patient belonging to the 12-month BRO cohort and the 18-month BRO cohort; †n=162 eyes; ‡n=91 eyes. 
Abbreviations: ALT, brolucizumab alternating with another anti-VEGF cohort; BRO, brolucizumab only cohort; CMT, central macular thickness; ETDRS, Early Treatment 
Diabetic Retinopathy Study; IRF, intraretinal fluid; PED, pigment epithelial detachment; SD, standard deviation; SRF, subretinal fluid; VA, visual acuity.
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Effects of Switching to Brolucizumab on CMT
From baseline to Month 12, mean CMT changed by −35.2±108.1 μm in the BRO cohort29 and by −31.5±91.2 μm in the 
ALT cohort (Figure 3B). At Month 18, CMT reductions were −38.9±75.0 μm in the BRO cohort29 and −9.0±59.9 μm in 
the ALT cohort (Supplementary Figure S2B).

Safety Outcomes
As described in the recently published study by the same authors,29 22/482 brolucizumab cohort eyes (21 patients) 
experienced IOI-related AEs. This included 4/482 (0.8%) eyes with concomitant RV. Two of these 4 eyes (2/482; 0.4%) 
had IOI, RV and RO. Two eyes (2/482 eyes; 0.4%) with IOI with RV experienced ≥15 letters vision loss, one of which 
had concomitant RO. Neither of the 2 patients with IOI, RV and RO experienced vision loss of ≥30 letters. Inflammation 
events occurred most commonly with in the first 6 months (82%), less presented between 6 and 12 months (14%) and 
few between 12 and 18 months (5%).

Table 2 Visual Acuity Change from Baseline at Months 12 and 18

12-Month BRO 

Cohort 

(N=174 Eyes)*

p-value 12-Month ALT 

cohort 

(N=47 eyes)

p-value

VA change from baseline at Month 12 (mean [95% CI] ETDRS letters −1.1 (−3.4, 1.2) 0.34 1.3 (−2.6, 5.2) 0.51

ETDRS letter vision change from baseline at Month 12 (n [%])

≥30 letters gained 3 (1.7) – 2 (4.3) –

≥15 to <30 letters gained 13 (7.5) – 1 (2.1) –

≥5 to <15 letters gained 26 (14.9) – 5 (10.6) –

<5 letters lost to <5 letters gained 94 (54.0) – 28 (59.6) –

≥5 to <15 letters lost 19 (10.9) – 7 (14.9) –

≥15 to <30 letters lost 7 (4.0) – 2 (4.3) –

≥30 letters lost 10 (5.7) – 0 (0.0) –

18-month BRO  

cohort 

(N=95 eyes)

P-value 18-month ALT 

cohort 

(N=29 eyes)

P-value

VA change from baseline at Month 18 (mean [95% CI] ETDRS letters 0.0 (−2.8, 2.7) 0.98 −7.3 (−13.9, −0. 8) 0.03

ETDRS letter vision change from baseline at Month 12 (n [%])

≥30 letters gained 2 (2.1) – 0 (0.0) –

≥15 to <30 letters gained 8 (8.4) – 1 (3.4) –

≥5 to <15 letters gained 12 (12.6) – 1 (3.4) –

<5 letters lost to <5 letters gained 47 (49.5) – 18 (62.1) –

≥5 to <15 letters lost 20 (21.1) – 4 (13.8) –

≥15 to <30 letters lost 3 (3.2) – 2 (6.9) –

≥30 letters lost 3 (3.2) – 3 (10.3) –

Note: *Two eyes in the 12-month and 18-month BRO cohorts had light perception only and were excluded from the VA analysis. 
Abbreviations: ALT, brolucizumab alternating with another anti-VEGF cohort; BRO, brolucizumab only cohort; CI, confidence interval; ETDRS, Early Treatment 
Diabetic Retinopathy Study; ETDRS, Early Treatment Diabetic Retinopathy Study; VA, visual acuity.
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Figure 2 Anti-VEGF agents and injection intervals for eyes in the 12-month (A) BRO cohort (n=174 eyes) and (B) ALT cohort (n=47 eyes). 
Abbreviations: ALT, brolucizumab alternating with another anti-VEGF; BRO, brolucizumab only; VEGF, vascular endothelial growth factor.
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Discussion
This study of real-world outcomes in nAMD patients switching to either brolucizumab alone, or brolucizumab alternating 
with another anti-VEGF agent, demonstrates that VA was maintained, CMT was reduced, and injection intervals were 
extended with both anti-VEGF treatment regimens after 12 and 18 months, respectively. At Month 12, mean injection 
intervals were extended by 3.8 weeks vs 1.6 weeks in eyes treated with only brolucizumab vs eyes treated with 
brolucizumab in combination with another anti-VEGF agent, and at Month 18, the injection interval length extensions 
were 5.2 weeks and 2.0 weeks, respectively.

Although eyes in the BRO and ALT cohorts had similar VA and CMT at baseline, the pre-switch injection intervals were 
2.2 weeks shorter in the ALT cohort compared to the BRO cohort, and IRF was more frequent (ALT: 31.9% IRF; BRO: 
23.0% IRF), which may suggest that eyes in the ALT cohort had a higher degree of baseline disease activity than eyes in the 
BRO cohort. It is therefore not surprising that improvements in VA, injection intervals, and CMT were less pronounced in 
the ALT cohort compared with the BRO cohort. However, even though the injection interval for eyes in the ALT cohort 
were not able to extend their injection interval as much as eyes in the BRO cohort, this treatment option should not be 
discounted, as it may allow for additional flexibility for eyes treated with brolucizumab that require short-term reduction in 
injection intervals due to high nAMD disease activity. It is also possible that some of the ALT cohort eyes may have been 
treated with a combination of anti-VEGFs because of the brolucizumab urgent safety measure introduced following the 
results of the MERLIN study in June 2021.28 Due to the higher IOI rates in patients treated with monthly brolucizumab 
injections in this study, the recommendation was made that brolucizumab should not be administered more frequently than 

Figure 3 Mean change in (A) injection intervals and (B) CMT from baseline to Month 12 in the BRO and ALT cohorts. 
Abbreviations: ALT, brolucizumab alternating with another anti-VEGF; BRO, brolucizumab only; CI, confidence interval; CMT, central macular thickness; N, number of 
eyes; VA, visual acuity.
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every 8 weeks after the 3 monthly loading doses.26,27 However, this study has demonstrated that alternating treatment 
between brolucizumab and other anti-VEGF agents when injection intervals shorter than 8 weeks are required allows 
physicians more flexibility to balance optimal disease activity management and minimization of the anti-VEGF injection 
burden by resuming brolucizumab injections once the patient no longer requires injections more frequent than every 8 
weeks.

To avoid bias in favor of eyes that tolerate ≥3 brolucizumab injections over the 12-month follow-up, adverse events 
(AEs) were evaluated in a larger brolucizumab cohort that included all eyes treated with at least one brolucizumab 
injection during the study period (482 eyes). A total of 4.6% of brolucizumab-treated eyes experienced IOI-related AEs, 
and 82% of these events took place within 6 months after initiating treatment with brolucizumab. These rates are similar 
to those observed in a post hoc analysis of the Phase 3 HAWK and HARRIER studies of anti-VEGF-treatment-naive eyes 
with nAMD, where 50/1088 brolucizumab-treated eyes (4.6%) developed IOI, most frequently (74%) within 6 months 
after the first administration of brolucizumab

Several real-world studies have also evaluated the real-world safety profile of brolucizumab. A small study from 
Japan reported IOI occurring in 16/68 (22.1%) treatment-naive nAMD eyes within 12 months of brolucizumab- 
treatment,31 and the large IRIS Registry and Komodo Healthcare Map (n = 10,654 and 11,161 eyes, respectively) 
reported an IOI rate of 2.4% in real-world patients, the majority of which were brolucizumab switch patients.32

The strength of this study, with 174 eyes treated with brolucizumab alone and 47 with brolucizumab and another anti- 
VEGF, is that it has one of the largest, real-world, brolucizumab-treated study cohorts with follow-up to 12 months and 
the only one studying the alternating regimen of brolucizumab and other anti-VEGFs. Other brolucizumab real-world 
studies include the REBA study of 105 eyes with nAMD and a mean follow-up of 10.4 months18 and a Japanese study of 
45 treatment-naive eyes with 1 year of follow-up.31 Data collected in this study found the eyes also have differing lengths 
of treatment history prior to starting brolucizumab. The extent of missing data was low in this study for all variables 
allowed for in-depth analyses.

It should be noted that factors include that the data was collected during the 2020 COVID-19 pandemic and that 
timely patient follow-up visits might have been impacted. A recent publication at this practice has shown this effect was 
limited to a mean 5% reduction in clinic visits over a 10-week period during the COVID-19 pandemic (16 March to 
31 May 2020) compared to a corresponding pre-pandemic 10-week period (1 January to 15 March 2020), and that the 
negative impact of COVID-19 measures on clinic visits disappeared by the end of the 10-week study period.33 It is 
therefore unlikely that the COVID-19 pandemic had meaningful impact on the overall results of this 26-month study. 
Other limitations of this study are linked to its observational nature: eyes were not randomly assigned to the BRO or ALT 
regimens, meaning that harder-to-treat patients may have been channeled to the ALT cohort. Additionally, a potential 
limited external validity cannot be excluded since the data were collected from only one private specialty retina clinic. 
However, despite this limitation, agreement with other real-world studies on the injection interval extension and VA 
maintenance results in the BRO cohort are striking.18,19,31,34,35

Conculsion
In conclusion, this real-world study of nAMD patients switching to either brolucizumab alone, or to brolucizumab 
alternating with another anti-VEGF agent, reveals that injection intervals could be extended more than twice as much in 
eyes treated with brolucizumab alone compared to eyes treated with brolucizumab alternating with another anti-VEGF, 
which may help reduce the injection burden in nAMD. Our data suggest that both anti-VEGF treatment regimens can 
preserve vision, reduce CMT, and extend anti-VEGF injection intervals in patients with nAMD, which increases the 
treatment options for patients with nAMD.

Abbreviations
AE, adverse event; ALT, alternating cohort; BRO, brolucizumab; CI, confidence interval; CMT, central macular 
thickness; ETDRS, Early Treatment Diabetic Retinopathy Study; IOI, intraocular inflammation; logMAR, logarithm of 
the minimum angle of resolution; nAMD, neovascular age-related macular degeneration; OCT, optical coherence 
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tomography; RO, retinal vascular occlusion; RV, retinal vasculitis; SD, standard deviation; VA, visual acuity; VEGF, 
vascular endothelial growth factor.
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