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This retrospective study aims to evaluate the short-term efficacy and safety of brolucizumab every

6 weeks induction therapy for neovascular age-related macular degeneration (nAMD) cases. This study
included 140 eyes from 140 patients (101 males and 39 females, with a mean age of 77.7 +8.7 years)
with nAMD who received brolucizumab injections every 6 weeks as part of induction therapy

across four participating centers between June 2020 and March 2024. Follow-up lasted for at least
20-24 weeks. Data collected included age, sex, history of nAMD treatment, best-corrected visual
acuity (BCVA), central retinal thickness (CRT), presence or absence of exudation, and occurrence of
intraocular inflammation (I0l). Sixty-one eyes had prior nAMD treatment. Mean BCVA (logMAR) was
0.40 +0.43 before brolucizumab therapy, improving to 0.38+0.42, 0.33 +0.41, and 0.34 + 0.44 after the
first, second, and third injections, respectively. Significant improvements in BCVA were observed from
the second injection onward (p<0.05). CRT decreased significantly from baseline of 341.6 +151.0 to
219.1+119.8, 204.0+112.9, and 200.8+96.0 after the first, second, and third injections, respectively
(p<1.0x1072%). Exudative findings, present in all cases before treatment, resolved in 64.3%, 82.1%,
and 79.3% of cases after the first, second, and third injections, respectively. IOl was observed in five,
three, and four eyes after the first, second, and third injections, respectively, accounting for 8.6% of
all cases. No cases had retinal vasculitis or occlusion. In conclusion, brolucizumab administered every
6 weeks as induction therapy for nAMD showed favorable efficacy and safety outcomes during a
6-month follow-up.

Age-related macular degeneration (AMD) is one of the leading sight-threatening diseases in developed
countries!2. Besides causing significant visual impairment, AMD often leads to severe psychological distress and
negatively affects the quality of life*. The widely used classification of AMD divides it into early and intermediate
stages based on drusen size and abnormalities in the retinal pigment epithelium (RPE)**. Advanced AMD is
further divided into atrophic AMD (dry AMD) and neovascular AMD (wet AMD)?>. Neovascular AMD (nAMD)
is subcategorized into type 1, type 2, and type 3 macular neovascularization (MNV) as determined by fluorescein
angiography (FA), indocyanine green angiography (ICGA), and optical coherence tomography (OCT)%®. The
MNV is primarily caused by overexpression of vascular endothelial growth factor (VEGF)*!0.

Intravitreal injections of anti-VEGF agents are the first-line treatment for nAMD, significantly improving
visual prognosis and reducing the risk of legal blindness!!. For over a decade, ranibizumab and aflibercept have
been the most commonly used anti-VEGF agents for nAMD treatment'>!3. Although these agents demonstrated
initial improvements in visual function, maintaining long-term visual outcomes remains a challenge in
clinical practice. The pro re nata (PRN) regimen, which involves administering additional treatments after the
recurrence of exudative lesions, has been insufficient for sustaining long-term vision!*!>. Consequently, the
treat-and-extend (TAE) regimen, which extends treatment intervals following an initial loading phase, has
become the preferred approach to maintaining vision over time'®”. However, some patients remain refractory
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to ranibizumab and aflibercept or require frequent injections, underscoring the need for more effective and
longer-lasting therapeutic options for nAMD!$-20,

Brolucizumab is a humanized single-chain variable fragment that inhibits VEGF-A and has been approved
for treating nAMD in the United States, Europe, and Asia?'~2°. The HAWK and HARRIER studies demonstrated
that intravitreal brolucizumab (IVBr) effectively improved and maintained visual acuity for 2 years, with
outcomes comparable to those of intravitreal aflibercept (IVA)?3. Moreover, IVBr provided better control
of intraretinal, subretinal, and sub-RPE fluid than IVA?>?%. Accordingly, brolucizumab has the potential
to be an effective treatment for nAMD refractory to ranibizumab and aflibercept?*-2%. However, intraocular
inflammation (IOI), including retinal vasculitis (RV) and retinal vascular occlusion (RO), has emerged as a
considerable complication of IVBr compared to other anti-VEGF agents??~*. Interestingly, most IOI events
occur within the first 3-6 months of initiating IVBr therapy**-*!. Although the underlying mechanisms leading
to IVBr-associated IOI remain poorly understood, the recommended induction protocol—three brolucizumab
injections every 4 weeks—has raised concerns regarding its potential role in IOI development possibly associated
with oversuppression of VEGE. A phase 1/2 study of brolucizumab for nAMD demonstrated that a single dose of
6.0 mg brolucizumab which is the same dose in commercial use achieved the maximum visual and anatomical
effects 6 weeks after the injection with no report of IOI?!. In addition, KESTREL and KITE trials for diabetic
macular edema (DME) conducted five loading doses of 6.0 mg brolucizumab every 6 weeks as an induction
therapy reported a lower incidence of IOL, RV, and RO compared to those in the clinical trials for nAMD?*. Since
no report has demonstrated the benefit and risk of every 6-week induction therapy of brolucizumab for nAMD
to date, we considered evaluating the outcomes of this induction regimen.

This study aimed to retrospectively evaluate the 6-month outcomes of IVBr administered using an alternative
induction regimen of injections every 6 weeks for patients with nAMD.

Results
The baseline characteristics of the patients recruited in this study are presented in Table 1. The cohort comprised
101 males (72.1%) and 39 females (27.9%), with a mean age of 77.7 + 8.7 years. Among the patients, 73 received
IVBrin the right eye and 67 in the left eye; in cases of bilateral treatment (three patients), only the data for the right
eye were analyzed. Sixty-one eyes (43.6%) had prior treatment for nAMD by another anti-VEGEF, photodynamic
therapy (PDT), or a combination of both. The mean best-corrected visual acuity (BCVA) (minimum angle
of resolution: logMAR) was 0.40+0.43. After the first, second, and third IVBr injections, BCVA improved to
0.38£0.42, 0.33+0.41, and 0.34+0.44, respectively. Statistically significant improvements were observed from
the second injection onward (p=0.12, 0.0018, 0.022, respectively, compared to the baseline) (Fig. 1). The mean
baseline central retinal thickness (CRT) was 341.6+151.0. CRT significantly decreased from 219.1+119.8,
204.0+112.9, and 200.8 + 96.0 after the first, second, and third injections, respectively (p=8.8 x 10723, 1.3x 1072,
4.1x 10721, respectively, compared to the baseline) (Fig. 2). Exudative findings, present in all cases at baseline,
resolved in 64.3%, 82.1%, and 79.3% of eyes after the first, second, and third injections, respectively. These
changes were statistically significant (p=5.1x10"%, 5.6x 1074, 7.8x 107>, respectively, compared to the
baseline) (Fig. 3).

New IOI was observed in five, three, and four eyes after the first, second, and third IVBr injections,
respectively, accounting for 8.6% of the total cases. No cases had RV or RO during the follow-up period (Table
2). The incidence of IOI did not differ significantly between the sexes (7.9% in males and 10.3% in females,

Characteristics
Number of cases, n 140
Male, n (%) 101 (72)
Age (years) 77.7+8.7
Disease subtype

tAMD 89

PCV 43

RAP 4

PNV 4

Previous treatment, n (%) | 61 (44)

Treatment modality

Anti-VEGE n (%) 45 (74)

PDT, n (%) 2(3)

Combination, n (%) 14 (23)
BCVA (logMAR) 0.40+0.43
CRT (um) 341.6+151.0

Table 1. Patient characteristics at baseline. tAMD Typical neovascular age-related macular degeneration,

PCV polypoidal choroidal vasculopathy, RAP Retinal angiomatous proliferation, PNV Pachychoroid
neovasculopathy, VEGF Vascular endothelial growth factor, PDT photodynamic therapy, BCVA Best-corrected
visual acuity, logMAR Logarithm of the Minimal angle of resolution, CRT Central retinal thickness. Values are
indicated as mean *+ SD where applicable.
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Fig. 1. Changes in the mean BCVA in patients with nAMD treated with brolucizumab every 6 weeks during
induction therapy. The mean BCVA was significantly improved after the second IVBr injection. BCVA =best-
corrected visual acuity. *p <0.05, **p <0.005.
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Fig. 2. Changes in the mean CRT in patients with nAMD patients with brolucizumab every 6 weeks during
induction therapy. The mean CRT was significantly improved after the first IVBr injection. CRT = central
retinal thickness. **p < 1.0 x 1072,
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Fig. 3. The proportion of patients with nAMD showing a dry macula before and after treatment with
brolucizumab. The dry macula ratio was significantly improved after the first IVBr injection. *p<1.0x 107%,
*p<1.0x 107,

Ocular AE ~6W [6-12W | 12-24W
Any IOI (male/female) | 5(2/3) | 3(3/0) |4 (3/1)
RV 0 0 0
RO 0 0 0
Systemic AE

Brain infarction ‘ 1 ‘ 0 ‘ 0

Table 2. Adverse events during the follow-up period. AE Adverse event, IOI Intraocular inflammation, RV
Retinal vasculitis, RO Retinal vascular occlusion.

p=0.74). When compared to our previous multicenter study including 1,351 Japanese patients with nAMD
treated with IVBr®!, in which most cases were supposed to receive 3 IVBr every 4 weeks as induction therapy,
the incidence of IOI in the study (10.3% within 6 months of the first injection) was not statistically different
from that in our study (p =0.66 with chi-square test). However, the incidence of RV and/or RO was significantly
lower in the present study (0.0%) than in the previous study (3.9%) (p=0.0075 with Fisher’s exact test). In our
study, two cases showed vision loss of more than 0.3 logMAR, equivalent to a loss of 15 Early Treatment Diabetic
Retinopathy Study (ETDRS) letters at the onset of IOI. These cases were treated with or without corticosteroids
(applied via topical, oral, or sub-Tenon injection). The final BCVA after resolving IOI was not determined during
the follow-up period in this study.

Discussion
We investigated the short-term outcomes of IVBr administered every 6 weeks as an induction therapy for nAMD
and demonstrated a favorable benefit-to-risk profile with this regimen.

In randomized clinical trials, IVBr showed superiority over IVA in controlling intraretinal, subretinal, and
sub-RPE fluid in treatment-naive nAMD cases*>?. Some following clinical studies with real-world settings also
showed favorable visual and anatomical outcomes of IVBr for nAMD?*-28, However, brolucizumab is not the
first choice anti-VEGF agent for nAMD in Japan and other countries because many physicians are concerned
about the possible risk of IOIs associated with brolucizumab?-%°, In the KESTREL and KITE trials for DME,
five loading doses of brolucizumab were administered every 6 weeks as an induction therapy. These studies
reported IOI, RV, and RO incidences of 3.7, 0.5, and 0.5%, respectively, for brolucizumab 6 mg, compared to
0.5, 0, and 0% with aflibercept 2 mg in the KESTREL study. In the KITE study, the respective incidences in both
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the brolucizumab 6 mg and aflibercept 2 mg groups were 1.7, 0, and 0.6%. Despite the different pathogenesis
between nAMD and DME, we speculated that the higher incidence of IOI with IVBr (IOL, RV, and RO were 4.6,
3.3, and 2.1%, respectively in pooled brolucizumab arms vs. 1.1% IOI in pooled aflibercept arms of 2 studies)
found in HAWK and HARRIER studies? attributed to every 4 weeks IVBr in the induction therapy. Based on
these findings, we investigated nAMD cases treated with IVBr administered every 6 weeks during the induction
phase. However, this approach may constitute undertreatment for nAMD despite a previous study reporting
that a single dose of 6.0 mg brolucizumab achieved the maximum visual and anatomical effects 6 weeks after
the injection in nAMD cases.?! In this study, the mean BCVA showed significant improvement after the second
IVBr injection, with an overall improvement of 0.06 logMAR (equivalent to three ETDRS letters) after the third
injection. Matsumoto et al. reported that a 3-monthly IVBr induction therapy for consecutive treatment-naive
nAMD patients significantly improved the mean BCVA, with values rising from 0.25+0.30 logMAR at baseline
t00.21+0.28 (P<0.05) at week 4 and 0.13+0.28 (P <0.01) at week 16%°. In comparison, the mean baseline BCVA
in our study was worse, and the vision gain after initiating IVBr was less pronounced. This difference is likely
due to the inclusion of cases refractory to other anti-VEGF agents in our study, which may have represented
more severe disease than in the Matsumoto et al. study. Furthermore, the participants in our study were a non-
consecutive case series, in which physicians opted for brolucizumab due to its potentially stronger anti-VEGF
effect than other agents, suggesting that more aggressive cases were included. Several reports have also shown a
modest improvement in mean BCVA in nAMD cases when switching to brolucizumab from other anti-VEGF
agents.?"2 In contrast, the mean CRT and dry macula ratio were significantly improved after the first IVBr
injection, indicating good anatomical outcomes with brolucizumab administered every 6 weeks during the
induction therapy.

The incidence of any IOIs in our study was relatively lower, though not significant, than the previous reports
in Japanese patients with nAMD treated with IVBr.2’-3° Several studies have suggested a higher incidence of
IOI in East Asian populations, although the reasons for this remain unknown. A multicenter retrospective
study of 294 eyes from Korean patients with nAMD reported an IOI incidence of 13.9%. In contrast, the
incidence of RV and/or RO in our study was significantly lower than in a previous multicenter study of Japanese
patients with nAMD treated with IVBr.3! It was also significantly lower than that of another multicenter study
of Japanese nAMD patients treated with IVBr every 4-week induction (4 RV/RO cases out of 127 cases enrolled,
p<0.05)%. This suggests that the every 6-week induction regimen of brolucizumab may help reduce the risk of
RV/RO associated with IVBr. However, brolucizumab-associated IOIs (including RV/RO) may occur after the
first injection in treatment-naive cases, which suggests that some of IOIs may not involve an immune reaction.
A previous report suggested that an oversuppression of VEGF may be harmful to the retinal vasculature®.
We speculate that an oversuppression of VEGF with brolucizumab might damage retinal vessels, which could
be associated with IOI, RV and RO without involving an immune reaction in certain cases. Extending the
injection interval in the induction phase may reduce the chance of VEGF oversuppression. Anyhow, close
monitoring of patients after each IVBr injection is essential, and they should be advised to promptly contact
their ophthalmologist if they notice any abnormal visual symptoms*. A recent report described that most IOIs
were manageable with or without corticosteroids, and patients typically showed a relatively good prognosis
when treated early™.

The limitations of this study were the relatively small sample size and the retrospective study design, which
might have been affected by undefined confounding factors or population-based biases. Replication studies in
other cohorts are required to make a robust conclusion. Moreover, a systematic prospective study with a larger
sample size may warrant the results of this study. In addition, we did not perform FA to evaluate RV/RO in all
IOI cases, which might have led to an underestimation of the incidence of RV/RO.

In summary, this study demonstrated that brolucizumab with a 6-week induction therapy for nAMD showed
favorable efficacy and safety profile over 20-24 weeks of follow-up. Although further evaluation is necessary,
a 6-week induction interval could be considered as a treatment option when treating nAMD patients with
brolucizumab.

Methods

Study participants

A retrospective study was conducted on a non-consecutive case series of nAMD treated with brolucizumab using
a 6-week induction therapy regimen. The study included cases from four participating centers, including Osaka
Metropolitan University, Yokohama City University Medical Center, Kansai Medical University Medical Center,
and Hyogo Medical University, between June 2020 and March 2024. Patients were followed for a minimum of
20-24 weeks. The study adhered to the tenets of the Declaration of Helsinki, and the approval for the pooled
analysis was obtained from the Institutional Review Board of Osaka Metropolitan University Graduate School of
Medicine (approval number: 2024-049, approval date: May 24, 2024). Ethics approval was subsequently secured
at each participating center. Informed consent was obtained by an opt-out indicated to the patients before the
study.

Procedure

The inclusion criteria for this study were as follows: (1) Japanese ethnicity, (2) age 50 years or more, (3) a definite
diagnosis of nAMD, and (4) patients who had received at least one IVBr injection and were scheduled for three
IVBr every 6 weeks as induction therapy. At the initial visit, all patients underwent a comprehensive examination,
including BCVA measurement using a Landolt C chart, fundus examination with slit-lamp microscopy, standard
or wide-field FA (at the discretion of the acting physician and depending on the availability at the participating
institution), IA, and OCT to diagnose nAMD. OCT angiography was used when MNV was suspected and
undetectable by other examinations. Following the induction phase, patients transitioned to a TAE regimen,

Scientific Reports |

(2025) 15:5705 | https://doi.org/10.1038/s41598-025-89638-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

with injection intervals starting from 8-12 weeks, based on achieving a "dry macula." A dry macula was defined
as the absence of intraretinal fluid, subretinal fluid, retinal hemorrhage, or subretinal hemorrhage. The state
of retinal pigment epithelial detachment was not included in the criteria for defining a dry macula. IOI was
diagnosed if any cells were detected in the anterior chamber and/or vitreous cavity or if vitreous opacity was
observed at any time point after administrating IVBr. Additional FA was considered if there were any signs
of RV/RO during the fundus examination. Patients were excluded if they received one or more prophylactic
treatments for IOI, including topical administration of corticosteroids®2.

Outcome measures

The main outcome measures were BCVA changes and IOI, RV, and RO incidence. Other outcome measures in
this study were the participants’ age, sex, history of nAMD treatment, CRT, and dry macula ratio. For patients
who received bilateral IVBr treatment, only the right eye was included in the analysis. These measures were
evaluated at baseline and during follow-up visits at 6, 12, and 20-24 weeks, corresponding to the visits after the
first, second, and third IVBr injection, respectively. BCVA was assessed using a Landolt C chart and converted
to the logMAR units before analyses.

Statistical analysis

A paired-t test was used to compare BCVA and CRT before and after the treatment. Fisher’s exact test was
utilized to compare the dry macula ratio before and after starting IVBr. A chi-square test was used to assess the
incidence of IOI between sexes. Statistical significance was set at P<0.05.

Data availability
The data that support the findings of this study are available from the corresponding author, [SH], upon reason-
able request.
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