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Abstract

Brolucizumab is a next-generation anti–vascular 
endothelial growth factor (VEGF) agent for the treatment 
of neovascular age-related macular degeneration. 
It is highly potent and thus appropriate for those 
unresponsive to other anti-VEGF agents and those 
undertreated owing to the low adherence or the heavy 
burden of repeated injections. An expert panel of 
10 retina specialists from Hong Kong and Germany 
convened in February 2021 to discuss the benefit-risk 
profile and clinical use of brolucizumab. Evidence 
suggests that brolucizumab provides comparable visual 
outcomes to aflibercept at a more relaxed injection 
schedule. Brolucizumab is superior to aflibercept in 
resolving intraretinal and subretinal fluids and decreasing 
disease activity. Brolucizumab is suitable for patients 
unresponsive to other anti-VEGF agents, especially for 
those with persistent intraretinal and subretinal fluids or 
disease activity. Injection intervals of brolucizumab can 
be extended to 8 to 12 weeks. However, brolucizumab 
has higher risk of adverse events such as intraocular 
inflammation, retinal vasculitis, and retinal occlusion, 
compared with aflibercept. Thus, regular monitoring 
for signs of intraocular inflammation and prompt 
management are important before and during treatment.

Introduction 

Brolucizumab is a next-generation drug for neovascular 
age-related macular degeneration (nAMD).1 The general 
treatment goals are to maintain and improve visual acuity 
(VA), reduce vascular leakage, and induce regression of 
neovascularization.2 Intravitreal injections of anti–vascular 
endothelial growth factor (anti-VEGF) agents (aflibercept, 
bevacizumab, ranibizumab, and brolucizumab) to inhibit 
abnormal blood vessel development are the most effective 
approach (Table 1).2-5 Anti-VEGF agents are effective as 
long as strict and frequent regimens are followed, but in 
clinical settings undertreatment is the norm.6-10 Over 70% 
of patients are undertreated during their first year,11 and 
about 60% of patients are non-adherent after 2 years.12 The 
low adherence may be partly due to the burden of repeated 
injections. Anti-VEGF agents that can be administered at 
less frequent intervals are needed.13

Brolucizumab (Beovu, Novartis, Basel, Switzerland)14 is 
a single-chain antibody fragment comprising a scaffold 
attached to an anti-VEGF-A antibody that inhibits all 
isoforms of VEGF-A at a 2:1 ratio. It binds to VEGF-A 
isoforms and prevents their interaction with receptors 
VEGFR1 and VEGFR2, thereby suppressing endothelial 
cell proliferation, neovascularization, and vascular 
permeability.15-20 The small molecular size of brolucizumab 
enables large molar dosages per injection, better penetration 
into ocular tissue, and greater fluid resolution.1,17,18 These 
benefits result in longer injection intervals (up to every 12 
weeks).14 Furthermore, brolucizumab is easy to tolerate, 
as single-chain antibody fragments generally have high 
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resulted in about 36% less disease activity at 16 weeks after 
first dose, and 30% to 50% less IRF/SRF and sub-RPE fluid. 
Brolucizumab resulted in stronger and more consistent 
reduction in CST than aflibercept, with better improvement 
in the morphology of the macula.

In a study that pooled data from the HAWK and HARRIER 
trials and presented at the European Society of Retina 
Specialists 2020 Congress, brolucizumab resulted in quicker 
resolution of IRF/SRF than aflibercept, with lower incidence 
of persistent IRF/SRF over the first 12 weeks (12.5% vs 
20.4%).24 In patients with early persistent IRF/SRF, VA 
improvement was greater after brolucizumab treatment, 
with 8%, 48%, and 59% more patients achieving BCVA 
gain of ≥15 letters at 16, 48, and 96 weeks, respectively.

Retrospective reviews and case studies confirm 
brolucizumab’s effectiveness at suppressing disease activity 
(in terms of reduction in CST, fluid compartments, and 
large pigment epithelial detachments, and improvement 
in VA outcomes) in the short-term, especially for patients 
unresponsive to other anti-VEGF agents.25-30 In the 
BRAILLE chart review of 20 treatment-naïve patients 
and 74 recalcitrant patients who received a mean of 1.36 
injections of brolucizumab and were followed up for 5 
to 30 weeks, those recalcitrant patients who switched to 
brolucizumab had significant improvement in BCVA from 
0.91 logMAR at baseline to 0.73 logMAR at final checkup, 
whereas all patients had an average reduction in CST of 
>100 μm, and >80% of treated eyes showed reduction or 
complete resolution of SRF, IRF, and pigment epithelial 
detachments.27 In the REBA study of 23 treatment-naïve 
patients and 55 recalcitrant patients who switched to 
brolucizumab and were followed up for >9 months, >70% of 
treatment-naïve eyes had complete resolution of IRF/SRF by 
the end of the loading phase, whereas all recalcitrant patients 
who switched to brolucizumab had complete resolution of 
disease activity by their third brolucizumab injection.29 Both 
groups of patients showed a gain of an average of 10 ETDRS 
(Early Treatment Diabetic Retinopathy Study) letters and a 
reduction of CST of >150 μm.

stability and solubility in vivo.15 Trials in animal models 
suggest rapid systemic clearance and low exposure.17,18,21

In February 2021, an expert panel comprising 10 retina 
specialists from public, private, and academic institutions 
convened to discuss evidence on the use of brolucizumab in 
clinical practice in Hong Kong. This study summarized the 
expert opinions on the benefit-risk profile and clinical use of 
brolucizumab.

Benefit-risk profile

In the HAWK and HARRIER phase III trials, treatment-
naïve patients aged >50 years were randomly assigned 
to receive brolucizumab or aflibercept (HAWK: 3 mg 
brolucizumab [n=358], 6 mg brolucizumab [n=360], 2 mg  
aflibercept [n=360]; HARRIER: 6 mg brolucizumab 
[n=370], 2 mg aflibercept [n=369]) and were followed up 
for 96 weeks.22,23 Both trials began with a loading phase 
of injections at weeks 0, 4, and 8, followed by 8 weeks 
with no injection. The 16-week loading phase was identical 
between arms. Then, brolucizumab was administered 
every 12 weeks (or every 8 weeks in patients with disease 
activity), whereas aflibercept was administered every  
8 weeks. Patients were assessed at weeks 16, 20, 32, and  
44 for best-corrected visual acuity (BCVA), disease  
activity, intraretinal fluid (IRF), subretinal fluid (SRF), 
sub-retinal pigment epithelium (sub-RPE) fluid, and 
central subfield thickness (CST). Patients in the HARRIER 
trial were additionally assessed at weeks 28 and 40. 
Non-inferiority of brolucizumab against aflibercept was 
determined by the BCVA change from baseline to week 48, 
whereas safety was determined by the incidence of adverse 
events.

Benefits
In the HAWK and HARRIER trials, brolucizumab achieved 
comparable BCVA results to aflibercept despite having 
longer intervals (Table 2).22,23 Brolucizumab was superior 
to aflibercept in controlling disease activity and IRF/SRF. 
Compared with 2 mg aflibercept, 6 mg brolucizumab 

Table 1. Comparison of anti–vascular endothelial growth factor agents16

Aflibercept Bevacizumab Ranibizumab Brolucizumab

Molecular structure VEGFR1/2-Fc fusion 
protein 

IgGI antibody Antigen-binding 
fragment 

Single-chain antibody 
fragment

Molecular weight, kDa 97-115 ~149 ~48 26

Clinical dose, mg 2.00 1.25 0.30-0.50 6.00

Equivalent molar dose (to aflibercept) 1.0 0.4-0.5 0.5-0.6 11.2-13.3

Injection interval Every 8 weeks Every 4 weeks Every 4 weeks Every 8 to 12 weeks
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Risks
In the HAWK and HARRIER trials, over half of the patients 
had adverse events such as conjunctival hemorrhage, 
cataracts, vitreous floaters, and VA reduction, and the rate 
was comparable in the brolucizumab and aflibercept arms 
(Table 3).22,23 In the pooled brolucizumab group, nine 
patients had suspected endophthalmitis.1 Of them, three 
were negative and two were positive for Staphylococcus 
or Streptococcus mitis, and the others were not tested or 
uninterpretable.

Brolucizumab is associated with greater risks of intraocular 
inflammation (IOI) than aflibercept.22,23 According to an 
independent safety review committee, brolucizumab carries 
risks of severe vision loss secondary to retinal vasculitis or 
retinal artery/vascular occlusion, which tend to occur in the 
presence of IOI.31,32 Thus, the consensus is to discontinue 
brolucizumab in any case of IOI.31-34 Adverse events tend 
to develop within the first three injections of brolucizumab 
and after 3 weeks of the preceding injection, but the time 
from first injection to first IOI-related adverse event can 

Table 2. Clinical outcomes of the HAWK and HARRIER phase III clinical trials at 16, 48, and 96 weeks22,23

HAWK trial HARRIER trial

6 mg 
brolucizumab 

(n=360)*

2 mg 
aflibercept 
(n=360)*

p Value 6 mg 
brolucizumab 

(n=370)*

2 mg 
aflibercept 
(n=369)*

p Value

Change in best-corrected visual acuity, No. of 
ETDRS letters 

Week 48 6.6±0.71 6.8±0.71 <0.001 6.9±0.61 7.6±0.61 <0.001

Week 96 5.9±0.78 5.3±0.78 - 6.1±0.73 6.6±0.73 -

Disease activity

Week 16 24.0 34.5 0.001 22.7 32.2 0.001

Presentation of intraretinal/subretinal fluid

Week 16 33.9 52.2 0.001 29.4 45.1 <0.001

Week 48 31.2 44.6 <0.001 25.8 43.9 <0.001

Week 96 24.0 37.0 - 24.0 39.0 -

Presentation of sub-retinal pigment epithelium fluid

Week 48 13.5 21.6 0.004 12.9 22.0 <0.001

Week 96 11.0 15.0 0.121 17.0 22.0 0.037

Change in central subfield thickness, μm

Week 16 -161.4 -133.6 <0.001 -174.4 -134.2 <0.001

Week 48 -172.8 -143.7 0.001 -193.8 -143.9 <0.001

Week 96 -174.8 -148.7 0.012 -197.7 -155.1 <0.001

* Data are presented as least squared mean±standard error, least squared mean, or % of eyes

Table 3. Incidences of adverse events reported by the HAWK and HARRIER phase III clinical trials and an independent safety review committee22,23,31,32

Adverse event HAWK trial HARRIER trial Safety review committee

6 mg 
brolucizumab 

(n=360)

2 mg 
aflibercept 

(n=360)

6 mg 
brolucizumab 

(n=370)

2 mg 
aflibercept 

(n=369)

Brolucizumab 
(n=1088)

Aflibercept 
(n=729)

No. (%) of patients or % of patients

Ocular adverse event at 96 weeks 220 (61.1) 201 (55.8) 174 (47.0) 176 (47.7) - -

Serious ocular adverse event at 96 weeks 12 (3.3) 5 (1.4) 13 (3.5) 6 (1.6) - -

Intraocular inflammation 17 (4.7) 2 (0.6) 3 (0.8) 4 (1.1) 50 (4.6) 8 (1.1)

Retinal vasculitis - - - - 36 (3.3) -

Retinal artery and vascular occlusion 4 (1.1) 0 (0.0) 2 (0.5) 1 (0.3) 23 (2.1) -

Endophthalmitis 4 (1.1) 0 (0.0) 1 (0.3) 1 (0.3) 9 (<0.1) -

Loss of ≥15 ETDRS letters at 96 weeks 8.1 7.4 7.1 7.5 7.4 (at 48 weeks) 7.7 (at 48 weeks)
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be up to 18 months.35 The mechanism of brolucizumab-
related adverse events may be associated with a delayed 
hypersensitivity response, impurities in the serum, or 
excessive VEGF inhibition.36,37

Intraocular inflammation

The safety review committee identified 50 definite or 
probable cases of IOI in all brolucizumab-treated eyes 
(n=1088) in the HAWK and HARRIER trials, compared 
with eight cases in the aflibercept arms (Table 3).31 IOI 
tends to occur early in treatment, with about 50% and 
80% occurring within 3 and 12 months, respectively; 
earlier occurrence is associated with greater risk of vision 
loss.1,31,32,35 According to medical claim data in the IRIS 
Registry and Komodo study, the incidence of IOI within 6 
months of the first brolucizumab injection was 2.4%, with 
prior IOI or retinal occlusion being a risk factor.38 Most 
IOI cases in the HAWK and HARRIER trials were mild 
to moderate and were resolved without sequelae.1,35 Most 
severe IOI cases did not result in diminished VA outcomes; 
of 49 patients with severe IOI, only 14 had loss of BCVA, 
whereas 23 had improved and 12 had stable BCVA.1

IOI may precede retinal vasculitis or retinal occlusion by 
16 to 171 days.35 Uveitis, iritis, vitritis, and iridocyclitis 
are the most common initial presentations of IOI before 
retinal vasculitis or retinal occlusion.35 Signs of IOI include 
inflammatory cells in anterior and/or posterior segments, 
vitreous cells or opacities, non-granulomatous keratic 
precipitates, conjunctival injection, Descemet’s membrane, 
and corneal edema.35

The incidence of IOI appeared to be higher in Japanese 
patients.39,40 According to the Japan AMD Research 
Consortium study of 127 eyes treated with brolucizumab, the 
rate of IOI during the first 6 months was notably high at 9% to 
10%,39 which was nevertheless lower than the 13% reported 
by the safety review committee for Japanese patients in the 
HAWK trial. In a post-hoc analysis of Japanese patients with 
polypoidal choroidal vasculopathy in the HAWK trial, the 
rate of IOI was higher in brolucizumab users than aflibercept 
users (15% vs 0%), but the sample size was too small to 
perform post-hoc statistical analysis.40 Ophthalmologists 
should be aware that Japanese populations may be at greater 
risk of IOI, but the evidence remains inconclusive.

Retinal vasculitis, retinal occlusion, and 
vision loss

Of the 50 eyes with IOI identified by the safety review 
committee, 36 involved retinal vasculitis and 23 involved 
retinal vasculitis and retinal occlusion (Table 3).31,32 
Nonetheless, the overall risk of moderate or severe vision 
loss was <1%, which is similar to that for aflibercept. For 
all vision loss cases, brolucizumab was associated with a 
7.4% risk of vision loss within 2 years, compared with 7.7% 
for aflibercept. Most vision loss cases were caused by the 
degenerative nature of nAMD and were not drug-related.1

Records for adverse events associated with brolucizumab 
are submitted by practitioners worldwide to the website: 
https://www.brolucizumab.info/. From October 2019 to 
September 2021, for every 10,000 injections, there were 
5.4 cases of retinal vasculitis, 3.3 cases of retinal occlusion, 
and 7.0 cases of both (15.7 cases overall), of them 4.9 cases 
were severe vision loss.

Recommendations

Brolucizumab is comparable with aflibercept in terms of VA 
outcomes but has a more relaxed treatment schedule that 
may facilitate adherence. Brolucizumab achieves better 
outcome in terms of resolving fluids, controlling disease 
activity, and improving macula morphology. Brolucizumab-
associated adverse events are rare. Nevertheless, patients 
should be regularly assessed for IOI signs after administering 
brolucizumab, as onset may be nonspecific and may develop 
weeks after injection. Early diagnosis is important for timely 
intervention, treatment, and monitoring. Brolucizumab is 
contraindicated when IOI is suspected.35 Measures to reduce 
risk are the same as those for other anti-VEGF agents. It is 
important to avoid injecting any anti-VEGF agent into an 
inflamed eye. Ophthalmologists should arrange the times of 
assessment and injection close to each other and follow up 
on any reports of suspicious symptoms. A management plan 
for the clinical use of brolucizumab is shown in the Figure.

Patient selection
Brolucizumab can be used in both treatment-naive patients 
and patients with ongoing anti-VEGF therapy. Currently, 
brolucizumab is mostly used in patients with ongoing 
anti-VEGF therapy. It is advisable to keep using the 
existing agents if effective; there is no need to switch to 
brolucizumab if the injection schedule can be extended to 
at least every 8 weeks. Brolucizumab should be avoided 
in patients with a history of IOI or retinal occlusion in the 
preceding 12 months. Brolucizumab can be considered in 
treatment-naïve patients with persistent SRF and sub-RPE 
fluid (eg, polypoidal choroidal vasculopathy). Brolucizumab 
can also be considered in patients with difficulty controlling 
disease activity or improving macula morphology and in 
patients struggling to extend treatment interval beyond 
4 to 6 weeks.22,23 Brolucizumab is appropriate in patients 
unresponsive to other anti-VEGF agents including those 
with polypoidal choroidal vasculopathy or pigment 
epithelial detachments.25,40 Guidelines are helpful to avoid 
selecting patients at risk of adverse events and to provide 
treatment approaches.33,34 Screening patients for IOI risks 
may help alleviate concerns.

Monitoring
Pre-existing IOI and signs of inflammation should be 
ruled out with a dilated-pupil fundus examination before 
the loading injection. When switching to brolucizumab, 
patients should be closely monitored for any manifestation 
of drug-associated IOI during the initial 6 months and even 
18 months, as IOI can develop up to 18 months from the 
first injection.35 Complete ophthalmic examination with 

https://www.brolucizumab.info/
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Figure. Proposed management plan for clinical use of brolucizumab33-35

Patient selection
• No history of autoimmune disease
• No history of intraocular inflammation (IOI), 

retinal vasculitis (RV), or retinal occlusion (RO)
• Already using anti–vascular endothelial growth 

factor (VEGF) agents
And at least one of the following:
• Disease activity (eg intraretinal/subretinal fluid) 

persists
• Macula remains thick or diffuse
• Injection interval cannot extend beyond 8 weeks
• Polypoidal choroidal vasculopathy
• Large persistent pigment epithelial detachments

Informed consent
Patient must be aware of risks associated with RV, 
RO, and vision loss

Pre-injection assessment to rule out pre-existing IOI
• Dilated-pupil fundus examination
• Slit-lamp biomicroscopy
• Optical coherence tomography
For evaluation of anterior and posterior segments 
and vasculature inside and outside the macula

Management of infectious 
endophthalmitis

Full investigation
Prompt examination to grade IOI and assess 
endophthalmitis, RV, and RO
• As per pre-injection assessment
• Color fundus photography
• Include wide-field and peripheral sweeps 

when possible
If available, consider including
• Intravenous fluorescein angiography
• Wide-field fluorescein angiography
• Optical coherence tomography 

angiography
• Indocyanine green angiography

Cease brolucizumab injection

Suspend anti-VEGF therapy until IOI 
completely resolved, then consider 

returning to anti-VEGF therapy with an 
alternative agent

IOI, RV, or RO
• Frequent monitoring and check-ups
• Include long-term monitoring for 

neovascularization in case of RO
• Low thresholds for increasing intensity of 

treatment as following:
• Topical corticosteroids and/or non-

steroidal anti-inflammatory drug (eg 
nepafenac)

• Intravitreal and/or systemic corticosteroids
• Corticosteroid implant and/or subtenons
• Vitrectomy and/or pan-retinal 

photocoagulation
Use immunomodulatory therapy if steroid 
intolerance

No signs of IOI IOI suspected

Patient education
Provide education at each 
visit. Patient must immediately 
report any signs of:
• New floaters
• Eye pain or discomfort
• Visual acuity loss
• Light sensitivity
• Pressure sensations
• Eye redness

Monitoring
• Dilated-pupil fundus 

examination
• Slit-lamp biomicroscopy
• Optical coherence tomography
• Critical during loading phase
• Be suspicious of IOI up to 18 

months after starting treatment
• Perform assessments at each 

visit or every 4 to 6 weeks
• Check for signs of IOI
• Treat-and-extend decisions

Injection protocol
Follow label directions 
and standard anti-VEGF 
protocols
• 6 mg/0.05 mL
• Loading dose: ×3 every 

4 weeks 
• Initial interval: every 8 

to 12 weeks 
• Avoid bilateral 

injections in the same 
setting

Interval decisions
Re-treat or shorten interval if:
• Persistent or increasing 

intraretinal/subretinal fluid
• Persistent or increasing sub-

pigment epithelial fluid
• Diffuse retinal thickness
• Developing hemorrhages
• Increases in central subfield 

thickness >10% or 100 microns
• Choroidal vascularization
Otherwise extend interval by every 
4 to 6 weeks

No signs of IOI

slit-lamp biomicroscopy, dilated fundoscopy, and optical 
coherence tomography should be performed at every visit 
before injection or at regular intervals of 4 to 6 weeks.35 
Signs of IOI, retinal vasculitis, and retinal occlusion at 
any stage should be managed with prompt and intensive 
treatment.33,34 Patients must be educated about symptoms 
such as floaters, pain, pressure sensations, light sensitivity, 
and decreased VA to be reported to physicians.34 Education 
must be provided at each visit, and immediate reporting must 
be stressed. Any reports of suspicious symptoms should be 
examined immediately, and brolucizumab should be halted 
at any sign of IOI. Optical coherence tomography can be 
used to monitor disease activity and inform decisions on 
injection intervals. An injection interval of 12 to 16 weeks 

should be targeted, although stability at every 8 weeks is 
acceptable. Decision to extend interval should be supported 
by the absence of signs of recurring disease activity.

Diagnosis and treatment of intraocular 
inflammation, retinal vasculitis, and retinal occlusion
Guidelines for diagnosis and treatment of adverse events 
have been reported.33,34 Differential diagnosis of infectious 
endophthalmitis must be ruled out, as it requires a different 
treatment course (intravitreal antibiotics). Infectious 
endophthalmitis typically has a more acute onset of symptoms 
such as hypopyon arising within 1 week of injection, 
compared with subacute symptoms that tend to arise about 
3 weeks after injection and lack hypopyon. Patients should 
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Conclusion

IRF and SRF are pathological features of nAMD, and their 
resolution is the key to achieve good BCVA outcomes and to 
extend treatment intervals. However, unresolved IRF/SRF 
and non-adherence to the treatment schedule may result 
in vision loss. Moreover, the high frequency of injections 
burdens healthcare providers and patients. Brolucizumab  
(6 mg) is effective to improve vision, resolve IRF/SRF, and 
extend treatment intervals to ≥12 weeks. Brolucizumab 
has a well-tolerated safety profile. Its rate of vision loss 
is comparable to that of aflibercept. A safe and effective 
management plan should involve proper patient selection, 
regular monitoring (especially in the first 18 months of 
therapy), and prompt intensive treatment of adverse events.
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