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Importance: Brolucizumab (Beovu®) is an anti-vascular endothelial growth factor (anti-VEGF) agent approved for the treatment of 
neovascular age-related macular degeneration (nvAMD). Brolucizumab was marketed for its noninferiority to aflibercept and its 
potential for greater durability. However, post-marketing utilization has been tempered by safety concerns.
Objective: We evaluate the visual and anatomic efficacy of brolucizumab, examine changes in treatment intervals after switching to 
brolucizumab, and estimate the incidence of drug-related adverse events in the real world.
Design, Setting, and Participants: This was a retrospective consecutive case series of 626 eyes (543 patients) with nvAMD treated 
with 1438 brolucizumab injections at a single retina practice between 10/1/2019 and 5/15/2020.
Main Outcomes and Measures: Changes in visual acuity (VA); anatomic outcomes assessed by optical coherence tomography 
(OCT) including central subfield thickness (CST), macular volume (MV), presence of intraretinal fluid (IRF), subretinal fluid (SRF), 
and serous pigment epithelial detachment (sPED) on foveal line scans; treatment intervals before and after receiving brolucizumab; 
and the incidence of brolucizumab-related adverse events.
Results: The majority of eyes (N = 531, 89.7%) had received prior anti-VEGF therapy with aflibercept, ranibizumab, and/or 
bevacizumab. VA improved in treatment-naïve eyes (+3.7 letters, p = 0.04), and was maintained in previously treated eyes. There 
were significant improvements in all anatomic outcomes in both groups (p < 0.001). We observed a 4.8% incidence of intraocular 
inflammation (IOI) and a 0.6% incidence of retinal vasculitis. The average treatment interval increased from 6.3 to 6.8 weeks (p = 
0.001).
Conclusions and Relevance: Brolucizumab treatment was associated with VA improvement in naïve eyes and maintenance of VA 
in previously treated eyes. Switching to brolucizumab was associated with improved anatomic outcomes and extended treatment 
intervals in most eyes. We observed a similar incidence of IOI and a lower incidence of retinal vasculitis compared to the Safety 
Review Committee’s analysis of HAWK and HARRIER.
Keywords: Beovu, brolucizumab, anti-VEGF, intraocular inflammation, retinal vasculitis

Introduction
Brolucizumab (Beovu®) is a low molecular weight humanized antibody fragment developed by Novartis (Cambridge, MA) as 
a vascular endothelial growth factor (VEGF) inhibitor.1 Registered Phase III clinical trials HAWK (NCT02307682) and 
HARRIER (NCT02434329) showed brolucizumab was associated with gains in visual acuity (VA) that were statistically 
noninferior to aflibercept for treatment-naïve patients with active choroidal neovascularization secondary to neovascular age- 
related macular degeneration (nvAMD). Brolucizumab received FDA approval on October 8th, 2019 for the treatment of 
nvAMD in the US.2 The recommended dosage regimen is 6 mg/0.05 mL via intravitreal injection (IVI) monthly for the first 
3 doses, then once every 8–12 weeks.1

The majority of patients in HAWK (55.6% in the 6mg arm) and HARRIER (51.0%) were maintained on treatment 
intervals of 12 weeks, suggesting the potential for enhanced durability relative to aflibercept. In addition, brolucizumab 
showed more favorable anatomic outcomes relative to aflibercept. Intraretinal fluid (IRF) and subretinal fluid (SRF) were 
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eliminated in more brolucizumab-treated eyes vs aflibercept-treated eyes. Greater central subfield thickness (CST) 
reductions from the baseline were observed with brolucizumab vs aflibercept.2

The original publication of the phase III clinical trial results stated that no serious ocular adverse events (AE) 
occurred in >1% of eyes.2 While there was a higher rate of uveitis (2.2%) and iritis (2.2%) observed in eyes treated with 
6mg of brolucizumab (versus 0.3% and 0% with aflibercept) in HAWK, the corresponding rates of these inflammatory 
events in HARRIER were <1% in both arms.2 Approximately 90% of the IOI events were graded as mild-to-moderate, 
treated topically with corticosteroids and/or antibiotics, and resolved with no sequelae.2 Although there were 3 reported 
cases of retinal vascular occlusion, no cases of retinal vasculitis were originally reported in either trial.2

However, early post-marketing surveillance data raised new safety concerns about the prevalence and severity of ocular 
AEs with brolucizumab. In February 2020, the American Society of Retinal Specialists (ASRS) Research and Safety in 
Therapeutics (ReST) committee alerted ASRS members about incident reports of occlusive and nonocclusive retinal vasculitis 
in patients treated with brolucizumab.3 A subsequent report by the ASRS ReST committee detailed more information about 
the demographics, clinical features, and outcomes of these events.4,5 A number of cases illustrating the spectrum of 
brolucizumab-associated retinal vasculitis were subsequently reported in the peer-reviewed literature, including several 
with profound vision loss.6–8 A Safety Review Committee (SRC) formed by Novartis conducted an unmasked post-hoc 
review of all investigator-reported cases of IOI, retinal vascular occlusions, and endophthalmitis in the HAWK and HARRIER 
studies.9 The SRC found higher incidences of both retinal vasculitis and retinal vascular occlusion than originally reported by 
the investigators. In the combined HAWK/HARRIER study populations, the SRC found that 3.3% of eyes had retinal 
vasculitis (36 of 1088) and 2.1% of eyes had IOI with retinal vasculitis and a retinal vascular occlusion (23 of 1088 eyes).9 In 
June 2020, the FDA label was updated with a new warning that “retinal vasculitis and/or retinal vascular occlusion, typically in 
the presence of IOI, have been reported with the use of [brolucizumab]”.

With growing uncertainty concerning the safety and efficacy of brolucizumab relative to other anti-VEGF agents, we 
set out to retrospectively analyze our practice’s initial post-marketing experience with brolucizumab during the first 8 
months following FDA approval of the drug on October 7, 2019. Unlike the clinical trial population which enrolled only 
treatment-naïve eyes with nvAMD, our study population was mostly comprised of eyes switched from another anti- 
VEGF therapy (563/626 eyes, 89.9%). Typically, these patients were switched to brolucizumab for persistent fluid, or 
with the hope of achieving a longer treatment interval. As such, this was a nonrandom and highly selected population of 
NVAMD patients. However, we felt that this population was probably more representative of the nvAMD patients 
currently being treated with brolucizumab in the United States.

Our research questions included whether switching to brolucizumab was associated with changes in VA, improvement 
in anatomic outcomes, or increases in treatment interval; and whether the observed incidence of adverse events following 
IVI of brolucizumab was similar to the SRC analysis of the HAWK and HARRIER trials.

Methods
Study Design, Setting, and Subjects
This was a retrospective consecutive case series enrolling all patients with nvAMD who received IVIs of brolucizumab 
between 10/1/2019 and 5/15/2020 at the six offices of Retina Consultants, P.C., a private retina practice in Hartford 
County, Connecticut. Institutional review board approval was obtained for retrospective review from Hartford Hospital, 
which waived informed consent (IRB# HHC-2021-0134). Patient information was deidentified and protected by safe-
guards. This study followed the rules of the Health Insurance Portability and Accountability Act and adhered to the tenets 
of the Declaration of Helsinki. Potential subjects were identified using billing data for all anti-VEGF drug claims during 
the study period. A retrospective chart review was completed by N.J.S., and all data were anonymized for the analysis.

Data Collection
Snellen visual acuities (VAs) were recorded on the dates of the patient’s first and final brolucizumab IVIs during the 
study period. For patients who received only a single IVI of brolucizumab, final VA was recorded at the next office visit 
following the brolucizumab injection. Snellen VA was converted to approximate Early Treatment for Diabetic 
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Retinopathy Study (ETDRS) letters for statistical analysis.10,11 Patients with VA of count fingers (CF) or worse were 
assigned an ETDRS letter score of 0.

Anatomic outcomes were assessed by spectral-domain optical coherence tomography (OCT). OCT images were 
acquired using the Spectralis imaging platform (Heidelberg Engineering Inc) with a horizontal raster scanning protocol 
and automated image registration for comparison between visits. In general, patients were imaged with OCT at every 
visit, but there were some reductions in scan frequency due to the onset of the COVID-19 pandemic during the study 
period. We chose to analyze the OCT images from the date of the initial IVI of brolucizumab and the second IVI of 
brolucizumab, or the first follow-up OCT image acquired thereafter. All OCT images were manually graded by N.J.S., 
and any equivocal images underwent a secondary review by S.D.W. Macular volume (MV) and CST measurements were 
generated by automated segmentation in Heidelberg Eye Explorer, and any images with gross segmentation errors were 
excluded from the analysis. The presence or absence of intraretinal fluid (IRF), subretinal fluid (SRF), and serous 
pigment epithelial detachment (sPED) was assessed on the foveal line scans only. Patients were excluded from the VA 
and anatomic outcome analysis if they had no follow-up visits within the study period. Patients were excluded from the 
analysis of anatomic outcomes if the OCT image quality was deemed too poor for analysis.

To analyze changes in treatment interval, we selected a subgroup of eyes that were previously treated with 3 or more 
anti-VEGF injections prior to initiation on brolucizumab treatment and then received 2 or more brolucizumab injections 
after switching. This subgroup was further stratified based on prior (pre-brolucizumab) treatment intervals of ≤4.0 weeks, 
4.1–6.0 weeks, 6.1–8.0 weeks, and >8.0 weeks.

As part of our practice’s routine pharmacovigilance strategy, drug-related AEs are reported internally to our 
Compliance Officer and reported externally to the drug manufacturer and the ASRS ReST committee. For the purposes 
of this study, we defined “clinically significant” AEs as those which the treating clinician considered serious enough to 
warrant reporting. Other commonly occurring IVI-related complications, such as subconjunctival hemorrhage and ocular 
surface irritation following IVI, were not assessed in this study. We reviewed all anti-VEGF drug-related AE reports to 
the ASRS during the study period. The incidence of clinically significant AEs was calculated by dividing the number of 
AE reports attributed to brolucizumab by the total number of eyes receiving brolucizumab during the study period. The 
actual date of the AE diagnosis was determined by chart review, rather than the ASRS reporting date.

Statistical Analysis
A two-tailed, paired sample t-test was performed for continuous variables (ETDRS letters, CST, MV, treatment intervals), 
and the McNemar test with continuity correction was performed for categorical variables (IRF, SRF, sPED). A p-value 
<0.05 was considered significant.12–15 A Welch t-test was run to determine if there were differences in pre-brolucizumab 
visual acuity between naïve and switch eyes. Data analysis was performed using SPSS software, version 26 (IBM).

Results
Descriptive Analysis
A total of 1438 IVIs of brolucizumab were administered in 626 eyes of 543 patients during the study period. The median 
number of IVIs of brolucizumab per eye was 2 (range 1–8) with a mean of 2.3 (standard deviation [SD] 1.1) IVIs. One 
hundred and eighty-four eyes (29.4%) received a single dose of brolucizumab, 178 (28.4%) eyes received 2 brolucizu-
mab injections, 180 (28.8%) eyes received 3 brolucizumab injections, 66 (10.5%) eyes received 4 brolucizumab 
injections, 16 (2.6%) eyes received 5 brolucizumab injections, 1 eye received 6 (0.2%) brolucizumab injections, and 1 
eye received 8 (0.2%) brolucizumab injections. Right (320/626, 51.1%) and left (306/626, 48.9%) eyes were equally 
represented in the study sample. Eighty-three (83/626, 15.3%) patients received IVIs of brolucizumab in both eyes. The 
mean (SD) age was 80.8 (9.4) years on the date of the patients’ first brolucizumab injection. There was a slight female 
preponderance (325/543 patients, 59.9%) consistent with the typical demographics of nvAMD. The majority of the eyes 
treated with brolucizumab had received prior anti-VEGF therapy with aflibercept (493, 78.8%), ranibizumab (302, 
48.2%), and/or bevacizumab (123, 19.6%). Only 10.1% (63/626) of the eyes were treatment naïve. The average interval 
between the first and second IVI of brolucizumab was 40.8 days (5.8 weeks) for previously treated eyes versus 32.8 days 
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(4.7 weeks) for treatment-naïve eyes. Thirty-five (5.6%) eyes had no follow-up within the study period and were 
excluded from the study population; additional exclusion criteria were applied in subsequent analyses as described in 
the methods (Figure 1).

Visual and Anatomic Outcomes
Visual and anatomic outcomes were analyzed in 3 groups (Table 1): treatment-naïve eyes (naïve, n = 61), previously 
treated eyes that were switched (switched, n = 530), and both groups combined (combined, n = 591). At initiation of 
brolucizumab treatment, VA was lower for naïve eyes versus switched eyes (mean difference of −8.1 ETDRS letters, p = 
0.02, unpaired t-test). Among naïve eyes, there was an improvement in VA following treatment with brolucizumab (+3.7 
ETDRS letters) (Table 1A). For switched eyes, there was no overall change in visual acuity (61.6 vs 61.1 EDTRS letters) 
(Table 1A); 214 (40.4%) eyes showed visual acuity improvement, 236 (44.5%) showed visual acuity deterioration, and 
80 (15.1%) eyes had no change in visual acuity after receiving brolucizumab.

Of the 432 eyes with pre- and post-brolucizumab OCT images available for analysis, 23 eyes (5.3%) were excluded 
due to poor image quality, incomplete raster scanning, or gross segmentation errors. A statistically significant decrease in 
CST occurred following the first IVI of brolucizumab (−47.8 µm; Table 1B). Central subfield thickness was decreased in 

Patients identified from Billing Data for all anti-VEGF 
drug claims between 10/1/2019 and 5/15/2020

543 patients, 626 eyes (320 OD, 306 OS, 83 OU)
1438 brolucizumab IVI

511 patients, 591 eyes (302 OD, 289 OS, 80 
OU) analyzed for EDTRS Visual Acuity

32 patients, 35 eyes (18 OD, 17OS, 2OU) 
removed due to lack of follow up during the 

study period

23 patients, 23 eyes, (12 OD, 11 OS, 0 OU) 
removed due to poor image quality, 
incomplete raster scanning, or gross 

segmentation errors

388 patients, 432 eyes (216 OD, 216 OS, 44 OU)
with pre- and post-brolucizumab OCT images available

365 patients, 409 eyes (204 OD, 205 OS, 0 OU) 
studied anatomic outcomes for CST, MV

382 patients, 426 eyes (212 OD, 214 OS, 0 OU) 
studied anatomic outcomes of IRF, SRF, sPED

6 patients, 6 eyes (4 OD, 2 OS, 0 OU) 
removed due to ungradable image quality

Figure 1 Flow diagram illustrating the application of inclusion/exclusion criteria and the resulting number of eyes available for the analysis of visual acuity and anatomic 
outcomes.
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340 eyes (83.1%), increased in 66 eyes (16.1%), and unchanged in 3 eyes (0.7%). A statistically significant decrease in 
MV also occurred following the first IVI of brolucizumab (−0.40 mm3; Table 1C). Macular volume was decreased in 343 
eyes (83.9%), increased in 63 eyes (15.4%), and unchanged in 3 eyes (0.7%). Treatment-naïve eyes demonstrated greater 
reductions in CST (−124.8 µm) and MV (−0.88 mm3) than switched eyes (−40.4 µm and −0.35 mm3 respectively) 
(Table 1C).

Fluid Resolution Analysis
Of the 432 eyes with foveal OCT line scans available for analysis, 6 eyes (1.4%) were excluded due to ungradable image 
quality. The proportion of eyes with fluid in each of the intraretinal, subretinal, and sub-RPE compartments decreased 
following treatment with brolucizumab (Table 1D). The percentage of eyes with IRF in the fovea decreased from 30.5% 
(130/426) to 12.0% (51/426) following the first IVI of brolucizumab. The percentage of eyes with SRF in the fovea 
decreased from 42.7% (183/426) to 14.1% (60/426). The percentage of eyes with a sPED decreased from 11.3% (48/426) 
to 4.0% (17/426). A small number of eyes demonstrated a new occurrence of IRF (3 eyes, 0.7%), SRF (6 eyes, 1.4%), or 
sPED (2 eyes, 0.5%) in the fovea following the first IVI of brolucizumab. Representative pre- and post-treatment OCT 
images are shown in Figure 2.

Treatment Interval Analysis
Three hundred and eighty-five eyes (61.5% of the total study population) were included in the analysis of treatment 
intervals (Figure 3). The average treatment interval increased from 6.3 to 6.8 weeks (+0.5 weeks, p = 0.001, two tailed 

Table 1 Visual Acuity, Optical Coherence Tomography Anatomic Outcomes, and Fluid Reduction in Intraretinal Fluid (IRF), 
Subretinal Fluid (SRF), and Serous Retinal Pigmented Epithelial Detachment (sPED) Anatomic Variables After Brolucizumab 
Treatment

Pre-Brolucizumab Post-Brolucizumab Paired, 2-Tailed t-Test

A. Visual Acuity (VA) Mean (ETDRS letters) Mean (ETDRS letters) Difference (95% CI) P value

Naïve (N=61) 53.5 57.2 3.7 (0.2 to 7.1) 0.038

Switch (N=530) 61.6 61.1 −0.5 (−1.4 to 0.3) 0.24

Combined (N=591) 60.7 60.7 −0.1 (−0.9 to 0.8) 0.85

B. Central Subfield Thickness (CST) Mean (µm) Mean (µm) Difference (95% CI) P value

Naïve (N=36) 420.28 295.5 −124.8 (−154.4 to −85.1) <0.001

Switch (N=373) 334.5 294.1 −40.4 (−47.0 to −33.8) < 0.001

Combined (N=409) 342.1 294.2 −47.8 (−55.1 to −40.6) < 0.001

C. Macular Volume (MV) Mean (mm3) Mean (mm3) Difference (95% CI) P value

Naïve (N=36) 9.02 8.14 −0.88 (−1.17 to −0.59) <0.001

Switch (N=373) 8.41 8.06 −0.35 (−0.41 to −0.29) < 0.001

Combined (N=409) 8.46 8.07 −0.40 (−0.46 to −0.34) < 0.001

Paired McNemar Test

D. Fluid in Fovea % % χ2 Statistic P value

Presence of IRF 30.5 12.0 71.6 < 0.001

Presence of SRF 42.7 14.1 109.3 < 0.001

Presence of sPED 11.3 4.0 25.7 < 0.001
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t-test) and the median treatment interval increased from 6 to 7 weeks. Patients with a prior treatment interval of ≤4 weeks 
achieved a significant increase in mean treatment interval from 3.8 to 5.9 weeks (+2.1 weeks, P < 0.001, paired t-test) 
with the median treatment interval increasing from 4 to 5 weeks. Patients with a prior treatment interval of 4.1 to 6 weeks 
also achieved a significant increase in treatment interval from 5.2 to 6.2 weeks (+1.0 weeks, P < 0.001) with the median 
increasing from 5 to 6 weeks. Patients with prior treatment intervals of 6.1 to 8.0 weeks maintained their treatment 
interval (7.3 prior vs 7.5 weeks after switching, P = 0.3). Moreover, patients with a prior treatment interval >8 weeks 
experienced a decrease in their average treatment interval from 9.9 to 7.6 weeks (−2.3 weeks, P < 0.001) with the median 
decreasing from 9 to 8 weeks.

Figure 2 Representative OCT images of (A) intraretinal fluid, (B) subretinal fluid, and (C) serous pigment epithelial detachment resolution after brolucizumab treatment. 
(D) Paradoxical worsening of retinal fluid was occasionally observed following treatment with brolucizumab.
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Incidence of Ocular Adverse Events
During the study period, a total of 1438 brolucizumab IVIs were performed across our practice (Figure 4). Thirty eyes 
(4.8%, 30/626) of 26 patients (4.8%, 26/543) treated with brolucizumab developed serious ocular AEs (Table 2) after 
receiving a median of 2 injections, yielding a 2.1% (30/1438) incidence on a per injection basis. All of the AEs were 
observed among switch eyes, such that the incidence of ocular AEs among switch eyes was 5.7% (30/530) on a per eye 
and 2.3% (30/1282) on a per injection basis. Of the 30 eyes that developed IOI secondary to brolucizumab injections, 2 
(6.7%) eyes showed inflammatory cells in the anterior segment only, 10 (33.3%) eyes showed inflammatory cells in the 
vitreous only, and 16 (53.3%) eyes showed inflammatory signs in both the anterior and posterior segments. Retinal 
vasculitis was documented in 4 eyes of 3 patients, yielding an overall incidence of 0.6% on a per patient (3/543) and 
0.6% on a per eye (4/626) basis. One patient with retinal vasculitis developed a partial arterial occlusion along a proximal 
segment of the inferotemporal branch retinal arteriole, leading to paracentral acute middle maculopathy (PAMM) 
involving the fovea. This patient had stable VA but reported “gray spots” near her central vision, which subsequently 
resolved. Another patient developed a central retinal artery occlusion (CRAO) resulting in permanent loss of 70 ETDRS 
letters. A case of presumed post-injection endophthalmitis occurred in 1 eye after the 5th injection of brolucizumab, 
however cultures did not yield any growth; of note, this patient had a previous history of endophthalmitis. One patient 
developed an erythematous periocular rash after the third IVI of brolucizumab; the rash was localized around the treated 
eye, but this patient did not demonstrate any evidence of IOI. The patient was evaluated by a dermatologist who 
attributed the rash to a drug-induced flare of the patient’s underlying rosacea. There were no other extraocular or systemic 
adverse events during the study period that were attributed to brolucizumab.

Discussion
In this analysis, we evaluated the efficacy, durability, and safety of brolucizumab among both treatment-naïve and 
previously treated nvAMD eyes in a real-world clinical practice. Recently published post-marketing surveillance studies 
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Figure 3 Frequency histogram showing the percentage of patients experiencing extended or reduced treatment intervals after switching to brolucizumab. This analysis was 
stratified according to the patient’s prior treatment interval immediately preceding the switch to brolucizumab.
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of brolucizumab for nvAMD range from a small case series of 19 eyes to a large multicenter, retrospective study of 1098 
eyes in the Czech Republic.16–43 To our knowledge, this series of 626 eyes treated with brolucizumab is the 2nd largest 
post-marketing surveillance study worldwide, and the largest single-center study worldwide.16
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Figure 4 Frequency histogram depicting the number of intravitreal injections of brolucizumab administered and the number of reportable drug-related adverse events on 
a monthly basis.

Table 2 Adverse Events in 30 Eyes Treated with Brolucizumab and Subsequent Management

Adverse Event Number of Eyes  
(% of 30 Eyes)

Management

Iritis and vitritis 16 (53.3%) Topical prednisolone acetate or difluprednate

Vitritis 10 (33.3%) Topical prednisolone acetate

Retinal vasculitis 4 (13.3%) Intravitreal dexamethasone, topical prednisolone acetate (1 patient with 
additional oral methylprednisolone dose pack)

Iritis 2 (6.7%) Topical prednisolone acetate

Central retinal artery occlusion 1 (3.3%) Observation

Endophthalmitis 1 (3.3%) Intravitreal ceftazidime and vancomycin, intravitreal dexamethasone, topical 

prednisolone acetate, topical moxifloxacin, oral methylprednisolone dose pack,

Paracentral acute middle maculopathy 

secondary to branch retinal artery 
occlusion

1 (3.3%) Intravitreal dexamethasone, topical prednisolone acetate, topical 

moxifloxacin

Periocular rash 1 (3.3%) Dermatology referral, topical steroids
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Study Limitations
As with any retrospective real-world study, our analysis does have some important limitations. Real-world VA measure-
ments may be less accurate than the best-corrected VA measurements in clinical trials. Additionally, the conversion of 
Snellen VA to EDTRS letters may be inaccurate, particularly for patients with poorer VA (eg we assigned eyes with CF 
or worse vision an EDTRS letter score of 0, which limits the continuity of the variable). Grading of macular fluid was 
performed on foveal OCT line scans only, which likely underrepresents the presence of fluid in other parafoveal planes. 
We had a relatively short period of follow-up, and many patients who were treated with brolucizumab were switched to 
other anti-VEGF agents following the ReST committee announcement. Additionally, the onset of the COVID-19 
pandemic may have disrupted patient follow-up during the study period.

Vision and Anatomy
HAWK and HARRIER demonstrated a significant VA improvement in treatment-naïve patients –gaining an average of 
6.1 and 6.9 ETDRS letters at 48 weeks.2 While a minority of the patients in this series (10.1%) were treatment-naïve and 
the duration of follow-up was much shorter (median 4.9 wks), we also observed a significant improvement in VA (+3.7 
letters) in this population. Although the VA gains observed in our study were lower, this difference is probably due to the 
treatment-naïve patients in our study receiving fewer injections (mean = 2.4 ±0.7; median = 2) than those in the clinical 
trials (4–6 injections). Our study population primarily included eyes previously treated with aflibercept, ranibizumab, and 
bevacizumab. Visual acuities before and after switching were similar, supporting the claim that brolucizumab is 
noninferior to other anti-VEGF therapies.

It has been hypothesized that brolucizumab is a more powerful drying agent than aflibercept.16,17,21,22,26,34–36,38–40,43 

Although anatomic outcomes were not the primary endpoint of HAWK and HARRIER, brolucizumab-treated eyes 
showed significantly less fluid in the intraretinal, subretinal, and sub-RPE compartments at week 48.2 Our data confirmed 
that that brolucizumab is a powerful drying agent not only in treatment-naïve NVAMD eyes but also in previously treated 
eyes that were switched to brolucizumab. The superior anatomic outcomes may be due to the higher molar concentration 
of the drug and/or higher VEGF-binding affinity.1,44 Alternatively, patients who were considered for switching may have 
developed tachyphylaxis to their prior anti-VEGF therapy.

Durability
One potential clinical advantage of brolucizumab is the ability to treat patients at extended dosing intervals. In HAWK 
and HARRIER, brolucizumab-treated eyes received 3 monthly loading doses followed by an injection q12 weeks, and 
were interval adjusted to q8 weeks if disease activity was present.2 Brolucizumab was the first anti-VEGF drug FDA- 
approved with a label indicating efficacy up to q12 week dosing. Although the labelling studies for aflibercept only 
evaluated a treatment interval of 8 weeks,45 subsequent studies have demonstrated that some patients can be successfully 
extended and maintained at longer treatment intervals.46–49

Real-world experience with brolucizumab has shown extension of treatment intervals after switching, particularly in the 
handful of studies with longer-term follow-up.17,23,31,42 Our study showed a statistically significant but modest 0.5-week 
extension in average treatment interval after switching. Interestingly, patients with longer prior treatment intervals saw no 
durability benefit or even a detrimental effect on treatment interval. Our analysis likely underestimates the ultimate potential for 
interval extension after switching to brolucizumab, due to the relatively short length of follow-up. Additionally, some patients 
who were switched have been “re-loaded” with monthly injections of brolucizumab, skewing the data on treatment intervals.

When a new anti-VEGF drug is approved, patients currently on a q4-6 week dosing interval are often the first 
considered for switching.47 Therefore, we sought to evaluate the treatment dynamics after switching specifically among 
patients with shorter pre-brolucizumab treatment intervals. Patients with pre-brolucizumab treatment intervals ≤4 weeks 
were most likely to experience extended treatment intervals, followed by patients with intervals of q4-6 weeks. This 
result suggests that switching to brolucizumab may allow treatment interval extension in our most difficult to treat 
patients. However, there are some potential safety concerns about more frequent dosing with brolucizumab. The Phase 3a 
MERLIN study was designed to compare monthly brolucizumab versus monthly aflibercept in previously treated 
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nvAMD eyes with persistent retinal fluid. Unfortunately, this study was terminated due to the higher incidence of IOI in 
eyes receiving brolucizumab 6 mg dosed q4 weeks.28

Safety
Post-marketing safety concerns raised by retina specialists and subsequently confirmed by the SRC have significantly curtailed 
the utilization of brolucizumab in the real world.3–8 According to the SRC’s post hoc analysis, the true incidence of IOI in 
HAWK and HARRIER was 4.6% (50 of 1088 eyes).9 The incidence of IOI in our real-world study was 4.8% (30 of 626 eyes), 
closely mirroring the trial results. The SRC analysis also showed a 3.3% incidence of retinal vasculitis, with concomitant 
retinal vascular occlusion in 2.1% of eyes. Our real-world experience identified retinal vasculitis in only 4 of 626 eyes, for an 
overall incidence of 0.6%. Interestingly, a large IRIS registry study also found a similar 0.6% incidence of retinal vasculitis in 
the US real-world experience with brolucizumab.29 The incidence of retinal vascular occlusion in our study was 0.3% (2 of 
626 eyes), whereas the SRC analysis found an incidence of 2.1%.

There are several possible explanations why the observed incidence of IOI in our study was similar to the SRC, 
whereas the observed incidence of retinal vasculitis and retinal vascular occlusion was lower. Firstly, our study may have 
been “underpowered” to detect rare events as a result of our smaller sample size (626 vs 1088 eyes). However, this would 
not explain why a large, nationally representative sample of 10,654 eyes also demonstrated a retinal vasculitis incidence 
of 0.6%.29 Most eyes treated with brolucizumab in the real world were previously treated with other anti-VEGF 
agents.16,17,21–23,26,35,39–43 It is possible that previously treated eyes are equally susceptible to IOI but somehow less 
susceptible to retinal vasculitis than treatment-naïve eyes.

Our leading hypothesis is that the incidence of IOI often precedes the development of brolucizumab-associated retinal 
vasculitis. The median follow-up in our study was only 5.3 weeks versus 48 weeks in HAWK and HARRIER. Despite this 
very short length of follow-up, we immediately recognized IOI in 4.8% of our patients after a median of only 2 injections. This 
supports our hypothesis that the incidence of IOI often occurs early in the course of brolucizumab treatment. However, if 
retinal vasculitis and vascular occlusions occur later in eyes with IOI that are subjected to continued brolucizumab treatment, 
then real-world studies with shorter follow-up would suffer from “lead time bias”, resulting less frequent detection of later- 
term complications (ie retinal vasculitis and retinal vascular occlusion). Adding weight to our hypothesis, the early termination 
of the MERLIN study yielded a higher incidence of IOI (9.3%) and a lower incidence of retinal vasculitis (0.8%).28

Conclusion
Our real-world experience with brolucizumab largely confirmed the key findings of the HAWK and HARRIER trials. 
Treatment naïve patients showed significant improvements in vision and anatomy after initiating treatment with 
brolucizumab. Previously treated eyes maintained VA after switching to brolucizumab, supporting the claim of non-
inferiority to other anti-VEGF agents. Our analysis found that brolucizumab was highly effective in reducing fluid within 
all retinal compartments, even in previously treated nvAMD eyes. We found that patients may achieve extended dosing 
intervals shortly after switching to brolucizumab, especially those with prior treatment intervals <6 weeks. The incidence 
of IOI in our patient population closely mirrored the incidence seen in the SRC analysis of HAWK and HARRIER. We 
observed a lower incidence of retinal vasculitis and vascular occlusion, perhaps due to shorter follow-up, earlier 
recognition of IOI, and/or discontinuation of brolucizumab treatment. Given the relatively high incidence of IOI after 
a median of 2 injections, retina specialists should carefully examine the anterior and posterior segment for signs of 
inflammation prior to each subsequent brolucizumab injection.
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