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Purpose: This retrospective observational study reports early results on a cohort of neovascular age-related macular degeneration 
(nAMD) patients switched to brolucizumab, a recently approved anti-vascular endothelial growth factor (anti-VEGF).
Patients and Methods: We evaluated best-corrected visual acuity (BCVA), treatment interval, central subfield retinal thickness 
(CST) and the presence of intra-retinal (IRF), subretinal (SRF) and/or sub-retinal pigment epithelium (sub-RPE) fluid on optical 
coherence tomography (OCT). Concurrently, patients were carefully examined for signs of intra-ocular inflammation (IOI) and other 
adverse events.
Results: Seventeen patients (19 eyes) were included. The difference in BCVA at baseline compared to the last examination following 
brolucizumab injection was not statistically significant (Wilcoxon signed-rank test, p=0.247). Mean CST decrease was −5.16 ±48.28 
µm (p=0.647). A morphological improvement in IRF was observed in four eyes, with a complete resolution in 50% (n=2) and 
a decrease in 50% (n=2). Regarding SRF (total n=15), resolution was seen in 46.67% (n=7), decrease in 26.67% (n=4) and 
stabilization in 13.33% (n=2). Increase in SRF was observed in 13.33% (n=2). Of 14 eyes with sub-RPE fluid, 7.14% (n=1) 
demonstrated a resolution, 42.86% (n=6) a decrease, 50% (n=7) a stabilization and none an increase in fluid. Mean treatment interval 
was increased by 4.08 ±1.40 weeks (p<0.001). Treatment was discontinued in seven eyes (41.18%), including four cases due to IOI. In 
all four cases, inflammation was mild and resolved under corticosteroid treatment. No cases of vasculitis were observed.
Conclusion: This study provides additional data suggesting that brolucizumab is a beneficial alternative for patients refractory to 
other anti-VEGF therapies. It can provide a morphological reduction in fluid and prolong the treatment interval, while maintaining 
a stable BCVA and CST. However, as a higher occurrence of IOI is probable, patients should be informed, selected and monitored 
carefully. Signs of inflammation should be detected early and treated promptly.
Keywords: macular degeneration, vascular endothelial growth factor A, intravitreal injections, treatment outcome, inflammation

Introduction
Age-related macular degeneration (AMD) is a chronic progressive retinal disease and a leading cause of blindness in 
developed countries.1 Neovascular AMD (nAMD) is currently managed by repetitive intravitreal injections of anti- 
vascular endothelial growth factor (anti-VEGF), inhibiting the pathological growth of new blood vessels and stabilizing 
or improving visual loss.1,2 This requires frequent clinic visits for injections and disease monitoring, causing a high 
burden for patients and health-care systems.3,4

Brolucizumab (Beovu®, Novartis) is a new type of anti-VEGF that was approved for the treatment of nAMD by the 
FDA on October 7 2019, and by the European Medicines Agency on February 13 2020. It consists of a single-chain 
antibody fragment that inhibits vascular-endothelial growth factor A (VEGF-A). Due to its small molecular weight of 
26kDa, it allows for the delivery of a higher molar dose and thus greater concentration gradient. It consequently has the 
potential for more effective tissue penetration and increased drug distribution at the target site. This would lead to a more 
efficient inhibition of vascular leakage and sustained duration of action.5–7 Dugel et al5 performed two pivotal multi-
center randomized Phase 3 trials (HAWK and HARRIER), comparing brolucizumab to aflibercept in the treatment of 
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nAMD. They reported a non-inferiority of brolucizumab regarding best-corrected visual acuity (BCVA), better anato-
mical fluid outcomes assessed on optical coherence tomography (OCT) and a prolonged and more predictable duration of 
effect.5,8 Unfortunately, a higher occurrence of intra-ocular inflammation (IOI) was also observed in the HAWK and 
HARRIER as well as other clinical trials. In most cases, the IOI was mild to moderate and treatable with corticosteroids, 
but there were also cases of occlusive retinal vasculitis, raising serious concerns for the safety profile of 
brolucizumab.5,8–16

This study aims to report real-world experience with brolucizumab regarding efficacy, durability and safety as 
observed in a single-center trial. We evaluated effects on visual acuity, anatomical efficacy (resolution or decrease in 
fluid on OCT) and progression-free interval duration. Concurrently, a close monitoring of adverse events with meticulous 
attention to signs of IOI was performed.

Material and Methods
A clinical retrospective observational study was conducted at the University Hospital of Leuven, Belgium 
(NCT05220085). All patients were treated with brolucizumab between December 2020 and November 2021. The 
participants provided oral informed consent before study initiation. The BEL study (Beovu Experience Leuven) protocol 
was approved by an independent Ethics Committee and complied with the tenets of the Declaration of Helsinki.

Subjects
All patients were previously diagnosed with nAMD in at least one eye and treated with another type of anti-VEGF 
(bevacizumab, ranibizumab or aflibercept), but there was a need for “switch” or “extend” of this treatment. A need for 
“switch” was defined as a persistence of intraretinal (IRF), subretinal (SRF) or sub-retinal pigment epithelium (sub-RPE) 
fluid, despite 4-weekly anti-VEGF injections. In the “extend” group, there was an inability to prolong the 4-weekly 
interval of the current treatment due to disease recurrence in case of interval extension. Patients with any form of active 
IOI, any history of uveitis or previous inflammation, a history of a prior inflammatory reaction to anti-VEGF injections 
and monophthalmic patients were excluded. Additionally, in the first 6 months, no bilateral treatment was administered. 
Every patient treated with brolucizumab in our center (University Hospital Leuven) between December 2020 and 
November 2021 was included in the study.

Study Interventions
Baseline examinations consisted of BCVA assessment (using ETDRS-charts, reported in logMAR), slit-lamp examina-
tion, wide-field color picture imaging (CFP), wide-field fluorescein-angiography (FA), OCT and OCT angiography 
(OCTA). Included patients received an intravitreal injection of brolucizumab (6mg, 0.05mL) in a loading dose of 3 
injections every 4 weeks. After loading dose, the interval could be prolonged in case of decreased or stable disease 
activity (treat and extend regimen), as decided by a trained retina specialist during follow-up visits (consisting of BCVA, 
CFP, OCT and OCTA). Concurrently, patients were carefully examined for adverse events with thorough attention to 
signs of IOI and vasculitis. FA was performed during follow-up visits in case of any clinical signs of inflammation 
(symptoms, cells in the anterior chamber or vitreous, fundoscopic signs of vitritis, chorioretinitis or vasculitis).

Assessment of Efficacy, Durability and Safety
Drug efficacy was monitored using BCVA, OCT and OCT-A. A qualitative assessment of retinal fluid was performed 
consisting of a thorough observation of the presence, reduction, increase or stabilization of IRF, SRF or sub-RPE fluid on 
OCT. The central subfield thickness (CST) was also measured and compared between the first and last visits. Durability 
was assessed by progression-free interval duration. During follow-up visits, disease activity and progression were 
carefully monitored by a trained retina specialist before intravitreal injection.

Patients were instructed to monitor clinical symptoms of IOI (decrease in visual acuity, pain, redness, floaters, 
scotomata) and to contact our hospital urgently for a reassessment in case of occurrence of these symptoms. 
Nevertheless, a thorough inspection for adverse events, signs of IOI and vasculitis was performed during clinic visits 
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and before every intravitreal injection (using slit-lamp examination, CFP, FA, OCT and OCTA). When inflammation 
would occur, the patient would be closely monitored and treated promptly.17

Statistical Analysis
Data were collected retrospectively until November 2021. Descriptive statistics including mean, median, standard 
deviation (± SD) and range ([minimum-maximum]) were calculated for continuous variables. Additionally, paired 
samples t-test was used to measure mean differences, with a p-value <0.05 considered as statistically significant. 
Normality was assessed using the Shapiro–Wilk test, the Wilcoxon signed-rank test was used if sample data were not 
distributed normally (eg BCVA). All statistical analyses were performed using SPSS (IBM SPSS Statistics 28.0.0.0), and 
graphs were generated using Matplotlib 3.5.1.18

Results
Cohort Characteristics
A total of 17 patients (19 eyes) were included and observed between 9 December 2020 and 30 November 2021. We 
included 7 males (41.18%) and 10 females (58.82%). Mean age was 73.59 ±6.84 [65–86] years old. The indication for 
inclusion was a need for switch (n=12, 70.59%) or extend (n=5, 29.42%) using the current anti-VEGF regimen. The 
mean number of previous intravitreal injections was 43.82 ±23.58 [12–91], the mean treatment interval was 4.21 ±0.58 
[3.5–5.5] weeks. A total of 88 brolucizumab injections were administered, the mean number of injections per patient was 
5.18 ±2.6 [1–9]. Table 1 summarizes baseline characteristics. A more detailed overview (including treatment history) of 
the study population characteristics is also provided in Addendum Supplementary Table 1.

Median follow-up time was 24 weeks [12–50]. In seven patients (41.18%), the treatment was stopped, 10 patients are 
still ongoing (58.82%). In two patients (11.76%), the other eye was also included after 6 months of successful response. 
The baseline of this eye was set at the visit before its first injection, and results were included in our analyses.

Table 1 Cohort Characteristics at Baseline Visit

Mean ± SD Range n %

Sex (n)
Female (n) – – 10 58.82

Male (n) – – 7 41.18

Age (years) 73.59 ± 6.84 65–89 – –

Indication (n)
Switch (n) – – 12 70.59

Extend (n) – – 5 29.42

Previous injections (n) 43.82 ± 23.58 12–91 – –

Aflibercept (n) 33.24 ± 17.14 1–63 – –

Ranibizumab (n) 7.35 ± 7.79 0–26 – –
Bevacizumab (n) 3.24 ± 7.22 0–22 – –

CST (µm) 242 ± 54.58 161–400 – –

Presence of retinal fluid
IRF (n) – – 4 21.05

SRF (n) – – 15 78.95

Sub-RPE (n) - - 14 73.68

Abbreviations: CS, central subfield retinal thickness; IRF, intraretinal fluid; SRF, subretinal fluid; 
sub-RPE, sub-retinal pigment epithelium fluid; SD, standard deviation; n, amount; BCVA, best- 
corrected visual acuity.
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Visual Acuity
Mean (±SD and range) BCVA at baseline was 0.38 ±0.21 [0.16–1.0] logMAR and 0.35 ±0.22 [0–0.8] logMAR at the last 
examination following brolucizumab injection (Wilcoxon signed-rank test, p=0.247) for the total cohort of 17 patients. In 
the group of ongoing patients (n=10), the mean BCVA was 0.38 ±0.24 [0.16–1.0] and 0.32 ± 0.25 [0–0.8] for the first and 
last visits, respectively (Wilcoxon signed-rank test, p=0.063). A graphical representation is provided in Figure 1.

Anatomic Outcome
A qualitative assessment of fluid distribution as observed on OCT imaging was performed. Out of four eyes with IRF at 
the baseline visit, a resolution in fluid was seen in 2 (50%) and a stabilization in 2 (50%) eyes after brolucizumab 
injections. In the 15 eyes with SRF, 7 eyes (46.67%) showed a resolution, 4 (26.67%) a decrease and 2 (13.33%) 
a stabilization in fluid. An increase in SRF was observed in 2 (13.33%) eyes. 14 eyes showed sub-RPE fluid during 
baseline visit, after brolucizumab treatment 1 (7.14%) demonstrated a resolution, 6 (42.86%) a decrease, 7 (50%) 
a stabilization and none an increase in fluid. A graphical representation is provided in Figure 2.

The mean CST (shown in Figure 3) was 242 ±54.58 [161–400] µm at baseline and decreased to 236.84 ±51.30 [163–348] 
µm after the last brolucizumab administration (p=0.647). In the ongoing group, mean CST at the last follow-up was 214.92 
±34.62 [163–249] µm. The mean difference compared to baseline was lower, but statistically insignificant (p=0.230).

Additionally, Figure 4 demonstrates an example of a case in which the SRF is resolved and sub-RPE fluid is reduced 
after brolucizumab treatment.

Treatment Interval
The mean treatment interval of injections was 4.21 ±0.58 [3.5–5.5] weeks at baseline. In the ongoing group (n=10), the 
mean treatment interval at the last visit was 8.25 ±1.12 [6–10] weeks. This is a significant increase in mean 4.08 ±1.40 
additional weeks (p<0.001). Patients who discontinued treatment were switched back to their previously used anti-VEGF 
drug and regimen.

Safety
Out of 17 patients, treatment was discontinued in 7 patients (41.18%) of which 4 cases (23.53%) were due to IOI. In 
total, 10 patients (58.82%) are still ongoing, with a bilateral treatment in 2 patients (11.76%).

Figure 1 BCVA comparison between baseline visit and the last observation following brolucizumab injection. The “ongoing” group represents the patients who continued 
brolucizumab injections until the last visit (n=10). 
Abbreviations: BCVA, best-corrected visual acuity, measured in logMAR.
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Intra-Ocular Inflammation
In four cases, treatment with brolucizumab was stopped due to intra-ocular inflammation. Table 2 provides a descriptive 
overview of the management and outcome of these patients. A mild anterior chamber inflammation was observed in three 
eyes, with an associated mild vitritis in two eyes. All patients were immediately treated with topical steroids, after which 
inflammation resided quickly. In one eye, mild anterior inflammation 7 days after brolucizumab was accompanied by 
conjunctival and peri-ocular chemosis combined with extreme itching of the entire body and a diffuse maculopapular rash. 
The rash was treated successfully with oral antihistamines and local steroid ointments, and additional allergic testing was 

Figure 3 CST comparison between baseline visit and the last observation following Brolucizumab injection. The “ongoing” group represents the patients who did not 
discontinue Brolucizumab injections. 
Abbreviations: CST, central subfield retinal thickness, measured on optical coherence tomography.

Figure 2 Qualitative assessment of retinal fluid as observed on optical coherence tomography. This bar chart represents the percentage of patients with a resolution, 
decrease, stabilization (“equal”) and increase in IRF, SRF or sub-RPE fluid. 
Abbreviations: IRF, intraretinal fluid; SRF, subretinal fluid; sub-RPE, sub-retinal pigment epithelium fluid.
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performed. The systemic reaction was most likely due to a delayed hypersensitivity reaction to fluorescein (two exams were 
performed within a 1-week interval to rule out vasculitis). However, 4 weeks later signs of vitritis were present, and a sub- 
tenon triamcinolone injection was administered, resulting in a complete resolution of vitritis after 1 week.

Figure 4 Case example of a 72-year old female with an occult subretinal neovascular membrane in the left eye due to age-related macular degeneration. The baseline fundus 
image (A) and fluorescein angiograph (B) are shown. (C–F) represent four different optical coherence tomography (OCT) images. (C) represents the OCT at the moment 
of diagnosis, showing a large pigment epithelium decollement (PED). (D) shows the status after treatment with Aflibercept showing a persistent PED and a neurosensory 
decollement (NSD) after an attempt of interval prolongation beyond 4 weeks. Brolucizumab was then started, panel (E) shows the OCT-image after the first loading dose (4 
weeks). (F) shows the same patients after a 9-week interval with Brolucizumab injections, note a further decrease in PED and a persistent decrease in NSD.

Table 2 Descriptive Overview of the Four Patients Showing Signs of Intra-Ocular Inflammation During Brolucizumab Treatment

Type of IOI Beovu 
Injections (n)

Treatment Outcome

Case 1 AC inflammation (C2-3+) and mild 

anterior vitritis

6 Dexamethasone 6x/day, after 1 

week 4x/day

Reduction after 1 week, nearly 

complete resolution after 4 weeks.

Case 2 AC inflammation (C1-2+) and mild 

anterior vitritis

5 Prednisolone 4x/day Resolution after 1 week.

Case 3 AC inflammation (C2-3+) 2 Prednisolone 6x/day, 

Dexamethasone ointment 1x/day

Resolution after 1 week.

Case 4 AC inflammation (C0.5+) 1 Prednisolone 6x/day Resolution, but vitritis 4 weeks 

later.

Conjunctival chemosis, peri-ocular 
edema, itching diffuse maculopapular 

rash

- Desloratadine 2x/day, Mometasone 
fumarate cutane ointment 1x/d

Resolution after 4 weeks.

4 weeks later: vitritis and depositions on 
the posterior lens capsule

- Parabulbar Triamcinolone injection Resolution after 2 weeks.

Notes: C, cells, quantified using the SUN (standardization of uveitis nomenclature) working group grading scheme for anterior chamber cells.23 

Abbreviations: IOI, intra-ocular inflammation; n, amount; AC, anterior chamber; C, cells.
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None of the subjects showed signs of vasculitis during brolucizumab treatment.

Additional Exclusions and Observations
One patient reported a subjectively better vision during treatment with aflibercept. Another patient had an event of acute 
arterial hypertension and wished to discontinue brolucizumab treatment, but a causal relation was not established. A third 
patient had disease recurrence (with an increase in IRF and SRF) despite 6-weekly brolucizumab injections and was 
switched back to aflibercept. During the course of this study, Novartis® has recommended an interval duration of at least 
8 weeks (after the loading dose) following an early termination of the MERLIN study due to an increased occurrence of 
IOI at 4-weekly intervals.16

In three patients (33.33% of phakic eyes), we observed an increase in lens opacifications in the treated eye. One 
patient underwent a successful cataract surgery during brolucizumab treatment. The other two patients showed mild-to- 
moderate lens opacities and are managed conservatively.

Discussion
This study reports the early real-world data on a cohort of 17 nAMD patients (19 eyes) switched to brolucizumab after an 
insufficient response to previous anti-VEGF agents. The efficacy, durability and safety profile of intravitreal brolucizu-
mab injections were examined using retrospective data analysis.

When comparing baseline values to the last visit following brolucizumab injections, we observed a stable BCVA and 
CST in the total cohort. Differences in BCVA and CST between the first and last visits were statistically insignificant. 
Furthermore, our study confirms an effective further reduction in SRF, IRF and sub-RPE fluid in the majority of patients 
switched to brolucizumab. In only one eye a morphological increase in fluid (SRF) was observed on OCT-imaging. These 
findings mirror similar results by other reports. However, the previously reported significant reduction in CST was not 
achieved in our study population.5–8,19–21 Our study does confirm brolucizumab’s longer duration of effect as a prolonged 
treatment interval was possible for all 10 ongoing patients. In essence, this data confirms the potential of brolucizumab as 
a viable alternative for patients refractory to other anti-VEGF drugs as it can provide a morphological advantage and 
more sustainable duration of action while maintaining a stable vision.

Brolucizumab was discontinued in four eyes due to IOI. In most cases inflammation was mild and well controlled with 
topical steroids. One eye showed anterior chamber inflammation followed by vitritis that was also well-managed under sub- 
tenon corticoid injections. None of the patients showed signs of occlusive or non-occlusive vasculitis. Since the approval of 
brolucizumab, post-marketing reports disclosed an increased occurrence rate of IOI and retinal vasculitis, including retinal 
occlusive vasculitis with consequent severe visual loss.10–13 Moreover, a post-hoc review of the phase 3 HAWK and 
HARRIER trials conducted by an independent Safety Review Committee established by Novartis reported similar 
findings.8,14 After these safety concerns were raised, researchers advised to cease brolucizumab treatment in case of IOI, as 
the drug was now contra-indicated for patients with active IOI.14,15 Most cases of inflammation were observed within the first 
6 months after initiation, however some occurred even after 12 months, advocating for a sustained vigilance for IOI beyond the 
loading phase.14 In our study, the inflammation occurred within the first 2 injections of brolucizumab in two eyes (50%). 
Furthermore, as all patients were screened with meticulous care for the occurrence of IOI and were instructed to urgently 
return to our clinic in case of clinical symptoms, we were able to detect and adequately treat the cases of inflammation at an 
early stage. Our data therefore support a close monitoring and patient counselling for signs of IOI. It also confirms that an early 
detection and treatment of IOI in brolucizumab-treated patients is pivotal for a good outcome.9,10,14,15,19,20

The immunogenic mechanism behind this increased occurrence of IOI and vasculitis is not yet clear as data is still 
limited.9,10 Some studies have suggested that female gender for example might provide a higher risk for the occurrence 
of IOI.10–12,20,21 In our study, however, 50% of IOI patients were female. Preliminary results from the BASICHR0049 
study, a non-interventional study examining the blood samples of 11 patients treated with brolucizumab (5 with 
a subsequent retinal vasculitis/occlusion event and 6 controls), suggest a treatment-emergent B- and T-cell mediated 
immune response to brolucizumab in brolucizumab-associated retinal vasculitis/occlusion.22 More studies examining the 
underlying pathogenesis and risk factors are necessary, as they might provide essential information to better predict, 
prevent and manage inflammation in brolucizumab-treated patients.
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Finally, a relatively high occurrence of increased lens opacifications was observed, but none of the intravitreal 
injection procedures were complicated with lens-touch. Excluding traumatic cataract induced by intravitreal injections, 
we found no other studies that reported an increased incidence of lens opacification after brolucizumab. As data is 
limited, it is currently uncertain that this finding is coincidental.

Limitations of the study include a small sample size, a short follow-up period and the absence of a control group. 
Data were collected retrospectively, and the study was performed in a single-center. It is observational and exploratory 
and aims to provide early results in a real-world setting, but the series is too small to make any definitive statements 
regarding effectivity or safety. While a non-inferiority of brolucizumab’s efficacy compared to aflibercept has been 
established in multiple reports,5,8 we cannot make any statements about this as our study was not comparative in 
nature. The strengths of this study include its description of results in a real-world setting concerning a group of 
patients with a high unmet need as they are refractory to other anti-VEGF therapies. For our patients, brolucizumab 
proved to be a durable alternative to their previous regimen. Additional research with larger cohorts and longer follow- 
up is necessary to provide additional data regarding safety, efficacy and durability.

Conclusion
The results of this cohort lead to conclude that brolucizumab is a viable alternative for patients refractory to other anti- 
VEGF drugs. It effectively reduces fluid in different retinal compartments and prolongs the treatment interval in nAMD 
patients while maintaining a stable vision. An increased occurrence of IOI was observed in our cohort. However, this 
study suggests that inflammation is predominantly mild and well-manageable under corticosteroid use, if detected and 
treated early. Patients should be informed, selected and monitored carefully. Further research examining the mechanisms 
behind the increased rate of inflammation as well as additional long-term analyses including larger population samples 
could provide more useful information regarding the efficacy, safety profile and durability of brolucizumab.
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