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ABSTRACT

Background: This prospective, open-label,
single-arm, multicenter phase IV study
(NCT04774926) evaluated early imaging param-
eters as predictors of long-term fluid resolution
and assessed the efficacy and safety of brolu-
cizumab in treatment-naive patients with wet
age-related macular degeneration (WAMD) in a
real-world Italian setting.
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Patients and methods: A total of 122 patients
aged >50 years with subfoveal macular neovas-
cularization secondary to wAMD were enrolled.
All patients were anti-vascular endothelial
growth factor (anti-VEGF)- and investiga-
tional treatment-naive. Brolucizumab (6 mg)
was administered intravitreally at baseline and
weeks 4 and 8, followed by maintenance dosing
every 12 weeks (q12w) or 8 weeks, on the basis
of disease activity. Imaging modalities included
spectral-domain optical coherence tomography
(OCT), OCT angiography, fluorescein angiog-
raphy, and indocyanine green angiography.
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Disease activity was assessed using anatomical
and functional parameters.

Results: No significant predictive anatomical
biomarkers for fluid-free status were identified.
At week 48, 22.5% of patients achieved ql12w
fluid-free status. Significant reductions in central
subfield thickness were observed, with a median
change of -143.0 pm (p<0.0001). Median best-
corrected visual acuity improved by 5.5 Early
Treatment Diabetic Retinopathy Study (ETDRS)
letters from baseline (p<0.0001). Ocular adverse
events were consistent with the known safety
profile of brolucizumab.

Conclusions: Brolucizumab demonstrated
effectiveness and safety in a real-world wAMD
cohort, aligning with findings from randomized
trials. Although no predictive biomarkers were
identified, results emphasize the role of multi-
modal imaging in guiding individualized treat-
ment strategies and highlight variability in
patient responses.

Clinicaltrials.gov ID: NCT04774926.

Keywords: Age-related macular degeneration;
Wet AMD; Brolucizumab; Predictive anatomical
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Key Summary Points

Why carry out this study?

Wet age-related macular degeneration
(WAMD) is a leading cause of vision loss in
the elderly and imposes a significant treat-
ment burden owing to the frequency of
intravitreal anti-VEGF injections. Despite
clinical trial data on brolucizumab, real-
world evidence on its efficacy and the utility
of early multimodal imaging biomarkers for
predicting fluid resolution in treatment-naive
patients with wAMD was lacking.

The study investigated whether early ana-
tomical imaging biomarkers could predict
long-term fluid resolution (absence of
intraretinal and subretinal fluid) and evalu-
ated the effectiveness and safety of broluci-
zumab in a real-world Italian cohort.

What was learned from the study?

Although no significant early imaging
biomarkers were identified as predictors of
fluid-free status, brolucizumab significantly
reduced central subfield thickness (median
change: -143.0 pm, p<0.0001) and improved
median best-corrected visual acuity (BCVA)
by 5.5 Early Treatment Diabetic Retinopathy
Study (ETDRS) letters at week 48 (p<0.0001).

The study confirmed the real-world effective-
ness and safety of brolucizumab, with over
half of patients achieving fluid resolution
by week 48, but only 22.5% reaching q12w
fluid-free status, reflecting variability in
treatment response. The inability to iden-
tify predictive biomarkers emphasizes the
heterogeneity of wWAMD and suggests future
research should explore advanced analyti-
cal tools (e.g., machine learning) to enhance
personalized treatment strategies.

INTRODUCTION

Age-related macular degeneration (AMD) is a
chronic, progressive retinal disease and a lead-
ing cause of visual impairment, particularly
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among older individuals [1]. Globally, AMD
caused moderate-to-severe vision impairment
in 8.41 million people in 2015, with 5.64% of
legal irreversible vision loss cases attributed to
the disease [2].

Wet AMD (WAMD) involves macular neovas-
cularization (MNV), a pathological angiogenesis
where abnormal vessels from the choriocapillaris
invade the subretinal or subretinal pigment epi-
thelium (sub-RPE) space (type 1 and 2 lesions).
In addition, type 3 MNV lesions, also known as
retinal angiomatous proliferation (RAP), origi-
nate within the neurosensory retina and may
subsequently extend toward the subretinal
or sub-RPE space. This process results in fluid
accumulation, hemorrhage, pigment epithelial
detachments (PEDs), hard exudates, or subreti-
nal fibrosis [3]. These pathological changes result
in photoreceptor damage, progressive vision
loss, and, if untreated, eventual irreversible
vision loss [4].

Advances in multimodal imaging have ena-
bled more precise and reproducible assessments
of wAMD pathology [5, 6]. In particular, tech-
niques such as optical coherence tomography
(OCT) and optical coherence tomography angi-
ography (OCTA) allow detailed evaluations of
MNV activity, fluid dynamics, and retinal struc-
ture [3, 7]. In addition, multimodal imaging
determines the anatomical location of MNYV,
which is used to subclassify the vascular com-
ponent of the disease process (type 1-3) [8].

The main goal for wAMD treatment is to
improve or at least maintain visual acuity.
Achieving this requires drying the affected ret-
ina by inhibiting new blood vessel growth and
reducing fluid leakage [9]. Vascular endothelial
growth factor (VEGF) is a major contributor to
MNYV pathogenesis [3]. Accordingly, the use of
intravitreal (IVT) pharmacotherapy targeting
VEGF has greatly improved visual outcomes and
prognosis for patients with wAMD, becoming
the standard of care for this condition [9, 10].

Despite the well-established efficacy of anti-
VEGEF therapies, the need for frequent IVT injec-
tions places a significant burden on patients,
their caregivers, physicians, and healthcare sys-
tems [11, 12]. This treatment burden can impact
adherence and disease monitoring, leading to
suboptimal disease management. Long-term

observational studies have shown that a substan-
tial proportion of patients with wAMD experi-
ence significant vision loss over 3-8 years despite
initiating anti-VEGF therapy [9, 13]. Moreover,
real-world evidence indicates that wAMD is
often undertreated, with many patients receiv-
ing fewer injections than recommended, leading
to poor visual and anatomical outcomes [9, 14,
15]. These findings highlight the pressing need
for strategies to optimize wAMD management
and address unmet medical demands.

Brolucizumab 6 mg (Beovu®) is a humanized
single-chain antibody fragment inhibitor of
VEGF-A approved for wWAMD treatment. Owing
to its lower molecular weight (~26 kDa), brolu-
cizumab enables the administration of 6 mg in
a single 50 pL IVT injection, which may pro-
long its therapeutic effect and enhance retinal
tissue penetration. In the randomized, multi-
center, double-masked, active-controlled, phase
III HAWK and HARRIER trials, brolucizumab
demonstrated potent anatomical efficacy and
reduced injection frequency compared with
aflibercept [16]. These studies highlighted the
importance of early OCT-based disease activity
assessments (DAAs) in determining optimal fol-
low-up regimens—every 12 weeks (q12w) versus
every 8 weeks (Q8w)—for long-term therapeutic
success [16]. Furthermore, this evidence under-
scores the importance of defining predictive bio-
markers to guide personalized treatment strate-
gies, reduce monitoring burdens, and improve
adherence to anti-VEGF therapy [17, 18].

The phase IV IMAGINE study is the first pro-
spective clinical trial to investigate whether early
imaging biomarkers from OCTA and spectral
domain (SD)-OCT can predict long-term ana-
tomical response and treatment outcomes in
patients with wAMD receiving brolucizumab.
The study aims to support treatment decisions
and reduce patient burden by identifying early
predictors of therapeutic efficacy.

PATIENTS AND METHODS

The IMAGINE study was a 1-year, open-label,
single-arm, multicenter, phase IV trial con-
ducted in Italy. The study aimed to evaluate
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the predictive value of early anatomical param-
eters measured by multimodal imaging and the
impact of brolucizumab on disease activity and
patient outcomes. Eligible participants were
treatment-naive patients with wAMD who pro-
vided written informed consent and underwent
a screening period of up to 2 weeks, followed by
a treatment period of up to 48 weeks. The study
was conducted in accordance with the princi-
ples of the Declaration of Helsinki and Good
Clinical Practice (GCP) guidelines. The study
protocol (EudraCT no. 2020-002452-20) was
reviewed and approved by the IRCCS Ospedale
San Raffaele Ethics Committee in December
2020 (approval no. 332/2020). The trial was reg-
istered with ClinicalTrials.gov (ClinicalTrials.gov
ID NCT04774926).

Study Population

The study included male and female participants
aged >S50 years with active subfoveal MNV sec-
ondary to wAMD in the study eye, confirmed
by multimodal imaging (OCT, fluorescein angi-
ography, and/or indocyanine green (ICG)). Key
inclusion criteria included absence of prior anti-
VEGF or investigational treatment for wAMD,
and best-corrected visual acuity (BCVA) between
24 and 78 ETDRS letters. Main exclusion crite-
ria were ocular conditions that could confound
evaluation (e.g., fibrosis, atrophy, retinal detach-
ment), recent ocular surgery, and systemic con-
ditions such as uncontrolled hypertension or
recent thromboembolic events. If both eyes met
the inclusion criteria, only one eye was treated—
preferentially, the eye with worse baseline best-
corrected visual acuity (BCVA). The fellow eye,
if affected by wAMD, could be treated with an
anti-VEGF agent different from brolucizumab,
as per standard clinical practice.

Treatment Regimen

Participants received IVT brolucizumab (6 mg) in
three monthly loading doses at baseline, week 4,
and week 8. Afterward, participants transitioned
to a maintenance regimen q12w, with an option
to adjust to q8w on the basis of DAAs of visual
and/or anatomical outcomes. Disease activity

was first assessed at week 16 and then at each
subsequent scheduled treatment visit (q12w/
q8w). Participants on the q12w regimen could
switch to q8w if disease activity was detected,
whereas those on q8w with no disease activity
for two consecutive visits could be reallocated
to ql2w.

Study Measures

The predictive value of early anatomical param-
eters was assessed through multimodal imaging
at each visit from baseline to week 16 in q12w
fluid-free participants (i.e., participants without
intraretinal fluid (IRF) and subretinal fluid (SRF)
at week 48 who maintained a stable q12w treat-
ment regimen through week 48, following the
loading phase). Patients who discontinued the
study prematurely were considered not q12w
fluid-free at week 48. The effect of brolucizumab
on visual function, retinal structure, and vascu-
lar leakage was assessed prior to treatment at
each visit. The key evaluations for early ana-
tomical parameters and effect of brolucizumab
on visual function were as follows: fluorescein
and indocyanine green angiographies were per-
formed at screening and week 48 in both eyes,
to enhance diagnostic precision, especially for
detecting polypoidal choroidal vasculopathy
(PCV) and for classification of the lesion sub-
type, and were assessed by the investigator for
wAMD and independently by a certified central
reading center (CRC); spectral-domain OCT (SD-
OCT) was conducted at all visits in the study
eye and at screening and week 48 in the fellow
eye. Parameters included IRF, subretinal hyper-
reflective material (SRF), sub-RPE fluid, SHRM,
ORT, PED volume, central retinal thickness, and
external limiting membrane (ELM) integrity;
fluid resolution was defined as absence of IRF
and SRF. Investigators performed clinical evalu-
ations, with images also independently analyzed
by the CRC; OCTA was performed at all visits
(study eye) and at screening and week 48 (fel-
low eye); MNV morphology was qualitatively
assessed by flow size (on the basis of decorre-
lation analysis) and vessel density (vessel area
versus total lesion area). CRC performed blinded
analyses of all OCTA images. The baseline visit
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was considered complete even if OCTA data
were missing or invalid; color fundus photog-
raphy (CFP) was conducted at each visit (study
eye) and at screening and week 48 (fellow eye)
for safety monitoring. Screening images were
reviewed by the CRC; disease activity assess-
ments (DAAs) were based on BCVA changes and
imaging findings (SD-OCT, OCTA, CFP), docu-
mented in source records and entered into the
electronic case report form. Full details on study
measures and the timeline schematization are
provided in the Supplementary Material (Sup-
plementary Table 1). For instance, the correla-
tions of the biomarkers with prognosis were not
among the aims of the study.

Quality of Life and Psychological Assessments

Patient quality of life and anxiety/depression
status were evaluated using the EuroQol-5
Dimensions-5 Levels (EQ-5D-5L) and Hospital
Anxiety and Depression Scale (HADS) question-
naires at baseline and week 48. Participants
completed these assessments before clinical
evaluations.

Safety Assessments

The number of patients experiencing treat-
ment-emergent adverse events (TEAEs), includ-
ing ocular TEAEs, was reported and catego-
rized by system organ class and preferred term
according to standard MedDRA terminology.
Vital signs, intraocular pressure (I0P), and oph-
thalmic assessments were also recorded.

Statistical Analysis

The study aimed to screen around 300 patients
to enroll 263 eligible participants. Analysis
populations included all screened, enrolled,
and dosed patients, as well as those complet-
ing baseline assessments. The primary end-
point was tested using a two-sided alpha of
0.05 without adjustment for multiple compar-
isons. Continuous and categorical data were
summarized descriptively, and changes from
baseline were assessed using paired f-tests or
Wilcoxon signed-rank tests, depending on data

distribution. Missing data were handled using
the last observation carried forward method,
with observed data analyzed separately for sen-
sitivity. All analyses were performed using SAS®
version 9.4 or later.

RESULTS

A total of 132 patients were screened. Among
these, 122 patients (92.42%) were deemed eligi-
ble at both the screening and baseline visits and
were enrolled in the study. The remaining ten
patients (7.58%) discontinued the screening
phase because of screen failure (nine patients)
or withdrawal of consent (one patient). Of the
122 enrolled patients, 91 (74.59%) completed
the study treatment. The primary reasons for
treatment discontinuation included adverse
events (AEs) in 15 patients (48.39%), decisions
by the investigator (6 patients, 19.35%), resig-
nation of the original principal investigator (4

Table 1 Demographic characteristics of patients

Characteristics Total (N=120)
Age (years)

Mean (SD) 76.1 (7.94)
Median 77.0

01-03 71.5-82.0
Min-max 53-91

Sex, 7 (%)

Male 50 (41.67)
Female 70 (58.33)
Ethnicity, 7 (%)

Hispanic or Latino 7(5.83)

Not Hispanic or Latino 102 (85.00)
Not reported 11(9.17)
Race, 7 (%)

White 120 (100.00)

Percentages were computed on safety population
Q1 Ist quartile, Q3 3rd quartile, SD standard deviation
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patients, 12.90%), loss to follow-up (3 patients,
9.68%), and withdrawal of consent (3 patients,
9.68%). At the study’s conclusion, 97 patients
(79.51%) remained in the study. Discontinua-
tion reasons were similar to those for treatment
withdrawal.

Patients’ Description

Among the 122 enrolled patients, 120 (98.36%)
completed the baseline visit and were included
in the full analysis set (FAS) and the safety set.
The demographics of these patients are pre-
sented in Table 1.

Overall, 62 patients (51.67%) were treated
in the right eye, and 19 patients (15.83%) had
bilateral wAMD at baseline. The most frequent
type of predominant MNV lesion was type
I (77 patients, 64.17%), followed by type II
(25 patients, 20.83%) and type III (8 patients,
6.67%).

Predictive Values of Early Anatomical
Parameters

Overall, 27 patients (22.50%) achieved q12w
fluid-free status at week 48. A descriptive sum-
mary of predictive factors between baseline and
week 16 according to q12w fluid-free versus not
q12w fluid-free status at week 48 is presented in
Table 2. According to the results from univari-
ate logistic models, no factors were statistically
significant predictors of q12w fluid-free status
(data not shown).

Treatment Regimen

By week 16, 110 patients (91.67%) remained on
treatment and were evaluable for treatment regi-
men assignment. A q12w regimen was assigned
to 68 patients (61.82%), while the remaining 42
patients (38.18%) were assigned to a q8w regi-
men. Investigators who considered hemorrhage
on CFP as an indicator of disease activity were
significantly more likely to assign patients to
the q12w regimen rather than q8w (odds ratio

(OR)=6.49 (95% CI 1.33-31.57), p=0.0205).
Similarly, investigators who considered other
parameters to assess disease activity had a signif-
icantly higher probability of assigning patients
to the q12w regimen than q8w (OR=18.82 (95%
CI 1.17-301.51), p=0.0381).

Among patients assigned to the q12w regi-
men, 39 (35.45%) maintained the treatment reg-
imen until study completion, while 71 patients
(64.55%) were assigned to the q8w regimen or
switched between the q12w and q8w regimen
during the study.

The mean number of IVT injections adminis-
tered to each patient was 6.3+1.54 (range: 1-8).
Most patients received at least six injections:
42 patients (35.00%) received six injections,
33 (27.50%) received seven injections, and 25
(20.83%) received eight injections.

Effectiveness Results

Among the 119 patients (99.17%) with fluid
present at baseline, 64 (56.64%) achieved fluid
resolution by week 16. By week 48, this propor-
tion slightly decreased to 49 patients (53.26%)

(Fig. 1).
OCTA and SD-OCT Assessments

Significant decreases in MNV lesion area were
observed. At week 16, the mean change from
baseline was -0.476+1.0012 mm? (p=0.0205).
At week 48, the mean change from baseline was
-0.533+0.9053 mm? (p=0.0073).

Changes in lesion diameter were significant
until week 12, with a mean change from base-
line of -0.311+0.5013 mm at week 12 and a
median change from baseline of -0.169 mm (Q1;
Q3:-0.502; -0.044 mm) (p=0.0017). At week 16
and week 48, the mean lesion’s greatest linear
diameter was similar to baseline with a mean
change from baseline of —-0.211+0.5416 mm
(p=0.0529) and -0.147+0.5837 mm (p=0.2743),
respectively.

Statistically significant differences from base-
line were observed in the proportion of patients
with IRF cystoid edema at each post-baseline
visit. Among patients with available data, the
proportion with IRF cystoid edema significantly
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Table 2 Potential predictive factors between baseline and week 16 by patients” classification in q12w fluid-free status at

week 48 (safety set)

q12w fluid-free status at week 48

No (N=93) Yes (N=27) 0dds ratio (95% CI)
Type of predominant MNV lesion, 7 (%)
Type [ +PCV 61(70.11) 19 (73.08) Reference
Type I 21 (24.14) 4(15.38) 0.61 (0.19-2.00)
Type 111 5(5.75) 3 (11.54) 1.93 (0.42-8.82)
Missing 6 (6.45) 1(1.08) -
Subretinal pigment epithelium fluid, 7 (%)
Stable absent 39 (41.94) 12 (44.44) Reference
Stable present 32 (34.41) 7(25.93) 0.73 (0.26-2.04)
Improved 20 (21.51) 8(29.63) 1.31 (0.46-3.69)
Worsened 2(2.15) 0 0.63 (0.01-27.52)
Subretinal hyperreflective material, 7 (%)
Stable absent 41 (44.09) 11 (40.74) Reference
Stable present 33 (35.48) 7 (25.93) 0.79 (0.28-2.27)
Improved 7(7.53) 4(14.81) 2.13 (0.53-8.61)
Worsened 12 (12.90) 5(18.52) 1.55 (0.45-5.35)
Outer retinal tubulation, 7 (%)
Stable absent 84 (90.32) 25 (92.59) Reference
Stable present 1(1.08) 2(7.41) 5.52 (0.51-59.61)
Improved 3(3.23) 0 0.47 (0.02-14.92)
Worsened 5(5.75) 0 0.30 (0.01-7.41)
ELM integrity loss in center 1 mm, 7 (%)
Stable absent 25 (26.88) 8 (29.63) Reference
Stable present 43 (46.24) 13 (48.15) 0.94 (0.34-2.59)
Improved 11(11.83) 3(11.11) 0.85 (0.19-3.84)
Worsened 14 (15.05) 3(11.11) 0.67 (0.15-2.94)
Type of PED, 7 (%)
Stable fibrovascular only 38 (40.86) 13 (48.15) Reference
Stable not only fibrovascular 28 (30.11) 7(25.93) 0.75 (0.27-2.10)
From not only fibrovascular to fibrovascular only 24 (25.81) 7(25.93) 0.87 (0.31-2.47)
From fibrovascular only to not only fibrovascular 3(3.23) 0 0.41 (0.01-13.21)
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Table 2 continued

q12w fluid-free status at week 48

No (N=93) Yes (N=27) Odds ratio (95% CI)
Percentage changes in CST
iz 92 27 NA
Mean (SD) -31.7 (18.28) -36.4(16.85) NA
Median -31.7 -35.0 NA
01-03 —46.6t0 —18.8 —44.0 to —24.7 NA
Min-max —76to0 16 ~73t0-3 NA

Percentages were computed for safety population within “no” and “yes” groups according to q12w fluid-free status

Of note, the category “stable absent” was also considered for cases where the baseline and last measurement collected were
“no” even if at least one “yes” was present in one of the other collected measurements. Similarly, the category “stable present”
was also considered for cases where the baseline and last measurement collected were “yes” even if at least one “no” was pre-
sent in one of the other collected measurements. The same was done for the type of PED classification

Intraretinal fluid cystoid edema was not considered as a predictive factor because the presence of IRF was part of the defini-
tion of the fluid-free response (absence of IRF and subretinal fluid, assessed by SD-OCT, at wecek 48 in patients who main-
tained a stable q12w treatment regimen up to week 48 after the loading phase)

MNV choroidal neovascularization, CST central subfield thickness, ELM external limiting membrane, PED pigment epithe-
lial detachment, Q1 1st quartile, Q3 3rd quartile, SD standard deviation, 95% CI 95% confidence interval

100 —

90 —

79.17
80 77.27

70 63.64

59.63
60 — 56.64

50.00
7 30.47 479 i
40 — 35.14
30 — 24.39
20 —
10 —
0 p—

Week 4 Week 8 Week 12 Week 16 Week 20 Week 24 Week 28 Week 32 Week 36 Week 40 Week 44 Week 48
(n=114) (n=116) (n=109) (n=113) (n=67) (n=41) (n=24) (n=82) (n=22) (n=37) (n=92)

53.26

Proportion of patients with fluid resolution, %

Fig. 1 Bar chart of the proportion of patients with fluid resolution at cach visit (safety set—patients with fluid present at
baseline)

decreased at week 16 (26.32% versus 56.14%, observed at all post-baseline visits, except
p<0.0001) and week 48 (23.91% versus 55.43%, week 40 (where the McNemar test could not be
p<0.0001). Similarly, significant reductions applied). Among patients with available data,
in the proportion of patients with SRF were the proportion with SRF significantly decreased
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at week 16 (28.07% versus 92.98%, p<0.001)
and week 48 (31.52% versus 93.48%, p<0.0001).

Sub-RPE fluid also showed significant reduc-
tions from baseline at all post-baseline visits
starting at week 8. Among patients with avail-
able data, the proportion with sub-RPE fluid
significantly decreased at week 16 (34.21% ver-
sus 56.14%, p<0.0001) and week 48 (32.61%
versus 58.70%, p<0.0001). Significant changes
in the proportion of patients with SHRM were
observed only at weeks 4 and 8, with propoz-
tions stabilizing from week 12 onward. The
proportion of patients with SHRM was 42.11%
at baseline, and 46.49% at week 16 (p=0.3359).
Among the 92 patients with data at both base-
line and week 48, the proportion with SHRM
was 42.39% at baseline and 35.87% at week 48
(p=0.2008).

PED was observed in all patients at baseline
and week 16, while it was present in all patients
except one at week 48. The most frequent type
of PED was “predominantly fibrovascular” (58
patients, 48.33%) at baseline; and “fibrovascular
only” at week 16 (78 patients, 68.42%) and at
week 48 (67 patients, 72.83%).

100 —

90 —

No statistically significant differences were
detected in the proportions of patients with
ORT or ELM integrity loss in the central 1 mm
at baseline or any post-baseline visit.

DAAs

Significant anatomical improvements were
observed throughout the study. Central sub-
field thickness (CST) decreased from a mean of
482.6 uym at baseline to 269.5 ym at week 48
(median change: -143.0 ym, p<0.0001).

The mean BCVA Early Treatment Diabetic
Retinopathy Study (ETDRS) score at baseline
was 60.2+£15.33 (range 23-90) with a median
of 62.0 (Q1; Q3: 53.0; 71.0) and then increased
significantly at each post-baseline visit (except
week 28) (p<0.05). At week 16, the median
BCVA score was 69.0 (Q1; Q3: 57.0; 79.0), with
a median change from baseline of 4.0 (Q1; Q3:
0.0; 10.0). At week 48, the median BCVA score
was 72.5 (Q1; Q3: 57.0; 80.0), with a median
change from baseline of 5.5 (Q1; Q3: -0.5; 12.0)
(p<0.0001).

A spaghetti plot of BCVA ETDRS score grouped
by predominant MNV lesion types is shown in

80 —

70 -
60 —
50

P ——

BCVA ETDRS score

30

20 —

10

Baseline Week 4 Week 8 Week 12 Week 16 Week 20

Type of predominant CNV lesion O Typel
Fig.2 Changes in best corrected visual acuity (BCVA)
scores over time, measured in Early Treatment Diabetic
Retinopathy Study (ETDRS) letters, for patients stratified
by the type of predominant choroidal neovascularization

Week 24

Week 28 Week 32 Week 36 Week 40 Week 44 Week 48

Il Typell M Typelll [ PCV [ Ungradable

(MNV) lesion. Individual trajectories are displayed for
cach patient from baseline to week 48. The MNV lesion
subtypes are classified as type L, type 11, type III, polypoidal
choroidal vasculopathy (PCV), and ungradable lesions
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Fig. 2, showing BCVA improvements or declines
reflecting treatment outcomes and variations
within subgroups.

Quality of Life and Psychological Concerns

The mean change from the baseline in the
HADS-A score was —0.78 +£3.26 (range —12.0-9.0),
with a median change of 0.00 (interquartile
range (IQR): —2.00-1.00). This change was statis-
tically significant at week 48 (Wilcoxon signed-
rank test, p=0.0303). Similarly, the mean change
from the baseline in the HADS-D score was
-0.10£3.05 (range -16.0-9.0), with a median
change of 0.00 (IQR: -1.00-1.00). However, the
change in HADS-D score at week 48 was not
statistically significant (p=0.9076). Among 120
patients at baseline and 96 patients at week 48
who completed the EQ-5D-5L questionnaire,
most reported no difficulty or slight difficulty
across all five dimensions (mobility, self-care,
usual activities, pain/discomfort, and anxiety/
depression) at both time points.

Safety and Adverse Events

TEAEs were reported in 58 patients (48.33%)
(Supplementary Table 2), with 14 patients
(11.67%) experiencing serious TEAEs. Ocular
TEAEs were reported in 32 patients (26.67%),
with the majority occurring in the study eye
(Supplementary Table 3). TEAEs led to treatment
discontinuation in 15 patients (12.50%), but no
fatal outcomes were reported. No clinically sig-
nificant changes were observed in vital signs,
IOP, or other ophthalmic safety assessments
throughout the study.

DISCUSSION

The IMAGINE study assessed early imaging
markers for predicting long-term fluid reso-
lution (IRF and SRF absence) in patients with
WAMD treated with brolucizumab. While no
predictive biomarkers were identified, significant
anatomical and functional gains confirmed the
drug’s effectiveness in real-world settings. The

inability to find predictive parameters under-
scores the difficulty of biomarker discovery in a
heterogeneous, non-randomized controlled trial
(RCT) population. Contributing factors included
limited enrollment (due to coronavirus disease
2019 (COVID-19)), a high rate of ungradable
OCTA images, and variability in disease activ-
ity assessments. Indeed, unlike the HAWK and
HARRIER trials, which employed strict protocols
for assessing disease activity [16], this observa-
tional study allowed greater flexibility, poten-
tially influencing regimen classifications and
predictive analyses.

At the same time, the effectiveness results
observed in this study aligned closely with
those reported in the HAWK and HARRIER
trials, where brolucizumab consistently dem-
onstrated superior anatomical outcomes and
noninferior functional outcomes compared
with aflibercept [16].

In this study, achieving fluid resolution in
over half of the patients (53.26%) at week 48
supports brolucizumab’s efficacy in disease
stabilization treatment burden reduction. The
ability to maintain a q12w regimen in 35.45%
of patients further highlights its potential to
reduce injection frequency, addressing a key
limitation of anti-VEGF therapies in real-world
settings [13]. At the same time, the lower pro-
portion of patients maintaining a q12w regi-
men compared with HAWK and HARRIER
(46-56%) may be attributed to the study’s
observational nature, which allowed investiga-
tor discretion in regimen adjustments based on
broader criteria than those employed in con-
trolled trials.

The significant reductions in IRF, SRF, and
sub-RPE fluid observed at multiple post-base-
line visits reflect brolucizumab’s robust impact
on anatomical disease markers. IRF and SRF are
widely regarded as key biomarkers of disease
activity in wAMD, as their resolution correlates
with improved visual outcomes [9]. The reduc-
tion in sub-RPE fluid, which may indicate early
pathological changes in wAMD, further under-
scores the broad-spectrum anatomical efficacy
of brolucizumab. These findings align with evi-
dence suggesting that early and sustained fluid
control is a key determinant of long-term treat-
ment success in wAMD [15].
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The observed CST reduction (median change:
—-143.0 um, p<0.0001) was comparable to reduc-
tions observed in the HAWK and HARRIER tri-
als [16]. This consistency underscores the robust
fluid-resolving capability of brolucizumab in
reducing retinal thickness across diverse popu-
lations and treatment settings.

Similarly, improvements in BCVA reinforce
the functional benefits of brolucizumab. A
median BCVA change of 5.5 ETDRS letters at
week 48, closely mirroring the gains reported in
the HAWK and HARRIER trials, highlights the
potential of brolucizumab to improve vision in
patients with wAMD [16]. These gains are par-
ticularly significant given the study’s real-world
setting, where patient variability, adherence
challenges, and heterogeneous baseline char-
acteristics often contribute to suboptimal out-
comes compared with clinical trials [9, 135].

The HADS-A score significantly decreased
from baseline to week 48, suggesting that anxi-
ety was alleviated after treatment, while other
parameters showed improvement but did not
reach statistical significance. Recent studies have
demonstrated the importance of assessing qual-
ity of life parameters, which are influenced by
factors such as visual acuity, contrast sensitiv-
ity, and age [19, 20]. The lack of statistical sig-
nificance in these results raises the question of
whether more specific scales for wAMD should
be used in future studies to assess quality of life
parameters with greater sensitivity. In addition,
it suggests that other influencing factors should
be considered to fully appreciate the impact of
changes in a clinical setting.

There were no significant concerns regarding
the incidence of TEAEs, which were consistent
with previous studies and the approved label
[16]. However, one suspected unexpected serious
adverse reaction/transient ischemic attack was
reported. Focusing on the TESAEs related to the
study treatment, reported events included ocu-
lar AEs (retinal occlusive vasculitis, uveitis) and
nonocular AEs (asthenia, cerebellar ischemia,
transient ischemic attack). Each case of retinal
occlusive vasculitis and uveitis occurred in one
patient, but these events have been previously
reported in brolucizumab studies [21-23]. All
TESAEs were resolved by the final follow-up visit.
The obtained results highlight potential areas for

further exploration. While hemorrhage detected
via CFP showed a significant association with
q12w regimen assignment, the clinical relevance
of this parameter requires further investigation
owing to the limited number of cases and poten-
tial confounding factors. Similarly, the lack of
significant predictive value for other anatomical
parameters suggests the need for more sophis-
ticated analytical approaches, such as machine
learning algorithms, to identify subtle patterns
in multimodal imaging data that could serve as
reliable biomarkers for treatment response.

The study’s limitations included the small
sample size, a high proportion of ungradable
imaging data, and variability in investigator
assessments due to the study’s observational
nature, which introduced inconsistencies in
treatment regimen decisions. In addition, the
lack of standardized criteria for disease activ-
ity limited the generalizability of the findings
to broader populations. At the same time, this
was the first real-world study supporting efficacy
data (BCVA and CST) observed in RCTs, where
patients are highly selected. As the results sug-
gest, patients in clinical practice exhibit high
variability in their response, emphasizing the
need for real-world studies to evaluate increas-
ingly personalized therapy.

CONCLUSIONS

The IMAGINE study, the first real-world investi-
gation in Italy on brolucizumab for wAMD, eval-
uated early imaging biomarkers as predictors of
long-term fluid resolution. While no significant
predictors were identified, the study supported
brolucizumab’s efficacy and safety, in line with
results from randomized trials. The findings
underscore the need for additional real-world
research to support personalized treatment
strategies.

ACKNOWLEDGEMENTS

The authors would like to thank Diana Stirati
for her guidance in clinical operations; Vin-
cenza Vinaccia for her supervision of medical

A\ Adis



2508

Ophthalmol Ther (2025) 14:2497-2510

writing and publication activities; and Opis Srl
for external assistance with operations activities.
The authors would like to thank the participants
of the study. Editorial assistance was provided
by Simonetta Papa, PhD, Valentina Attanasio,
and Aashni Shah (Polistudium SRL, Milan, Italy).
This assistance was supported by Novartis Farma
Italy.

Author Contributions. Marco Lupidi,
Francesco Bandello, Stela Vujosevic, Mariacris-
tina Parravano, Daniela Bacherini, Angelo Maria
Minnella, Fabrizio Giansanti, Chiara Ascardi,
and Giovanni Staurenghi all contributed equally
to the conception, design, data acquisition,
and interpretation of the study. Marco Lupidi,
Francesco Bandello, Stela Vujosevic, Mariacris-
tina Parravano, Daniela Bacherini, Angelo Maria
Minnella, Fabrizio Giansanti, Chiara Ascardi,
and Giovanni Staurenghi were also involved in
drafting and critically revising the manuscript,
approved the final version, and agreed to be
accountable for all aspects of the work.

Funding. For the IRCCS Multimedica and
IRCCS-Fondazione Bietti, the research for this
paper was financially supported by the Italian
Ministry of Health, ricerca corrente, and Fon-
dazione Roma. This study, editorial assistance,
and the journal’s Rapid Service Fee were funded
by Novartis Farma SpA. The trial was registered
with ClinicalTrials.gov (ClinicalTrials.gov ID
NCT04774926).

Data Availability. The data supporting the
findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Conflicts of Interest. Marco Lupidi serves
as Advisory Board member for Abbvie, Apel-
lis, Bayer, Novartis, and Roche. Mariacristina
Parravano reports personal fees from Abbvie,
Novartis, Bayer, and Roche outside of the sub-
mitted work. Francesco Bandello, Stela Vujo-
sevic, Daniela Bacherini, Angelo Maria Min-
nella, Fabrizio Giansanti, Chiara Ascardi, and

Giovanni Staurenghi have no conflicts of inter-
est to declare.

Ethics Approval. The study was conducted
in accordance with the principles of the Dec-
laration of Helsinki and Good Clinical Prac-
tice (GCP) guidelines. The study protocol
(EudraCT no. 2020-002452-20) was reviewed
and approved by the IRCCS Ospedale San Raf-
faele Ethics Committee in December 2020
(approval no. 332/2020). The trial was regis-
tered with ClinicalTrials.gov (ClinicalTrials.gov
ID NCT04774926).

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommercial
4.0 International License, which permits any
non-commercial use, sharing, adaptation, distri-
bution and reproduction in any medium or for-
mat, as long as you give appropriate credit to the
original author(s) and the source, provide a link
to the Creative Commons licence, and indicate
if changes were made. The images or other third
party material in this article are included in the
article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material.
If material is not included in the article’s Crea-
tive Commons licence and your intended use is
not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain per-
mission directly from the copyright holder. To
view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc/4.0/.

REFERENCES

1. Wong WL, Su X, Li X, et al. Global prevalence
of age-related macular degeneration and disease
burden projection for 2020 and 2040: a system-
atic review and meta-analysis. Lancet Glob Health.
2014;2:e106-16. https://doi.org/10.1016/52214-
109X(13)70145-1.

2. Flaxman SR, Bourne RRA, Resnikoff S, et al. Global
causes of blindness and distance vision impair-
ment 1990-2020: a systematic review and meta-
analysis. Lancet Glob Health. 2017;5:e1221-34.
https://doi.org/10.1016/52214-109X(17)30393-5.

A\ Adis


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/S2214-109X(13)70145-1
https://doi.org/10.1016/S2214-109X(13)70145-1
https://doi.org/10.1016/S2214-109X(17)30393-5

Ophthalmol Ther (2025) 14:2497-2510

2509

10.

11.

12.

Mitchell P, Liew G, Gopinath B, et al. Age-related
macular degeneration. Lancet. 2018;392:1147-59.
https://doi.org/10.1016/S0140-6736(18)31550-2.

Bhutto I, Lutty G. Understanding age-related mac-
ular degeneration (AMD): relationships between
the photoreceptor/retinal pigment epithelium/
Bruch’s membrane/choriocapillaris complex. Mol
Aspects Med. 2012;33:295-317. https://doi.org/10.
1016/j.mam.2012.04.005.

Sulzbacher F, Kiss C, Munk M, et al. Diagnostic
evaluation of type 2 (classic) choroidal neovascu-
larization: optical coherence tomography, indo-
cyanine green angiography, and fluorescein angi-
ography. Am J Ophthalmol. 2011;152:799-806.e1.
https://doi.org/10.1016/j.ajo.2011.04.011.

Darwish A. OCT angiography for the evaluation
of wet age-related macular degeneration. EC Oph-
thalmol. 2017;6:06-18.

Al-Sheikh M, Iafe NA, Phasukkijwatana N, et al.
Biomarkers of neovascular activity in age-related
macular degeneration using optical coherence
tomography angiography. Retina. 2018;38:220-30.
https://doi.org/10.1097/TAE.0000000000001628.

Spaide RF, Jaffe GJ, Sarraf D, et al. Consensus
nomenclature for reporting neovascular age-
related macular degeneration data: consensus
on neovascular age-related macular degenera-
tion nomenclature study group. Ophthalmology.
2020;127:616-36. https://doi.org/10.1016/j.oph-
tha.2019.11.004.

Wykoff CC, Clark WL, Nielsen JS, et al. Optimizing
anti-VEGF treatment outcomes for patients with
neovascular age-related macular degeneration. ]
Manag Care Spec Pharm. 2018;24:S3-15. https://
doi.org/10.18553/jmcp.2018.24.2-a.s3.

Nguyen QD, Das A, Do DV, et al. Brolucizumab:
evolution through preclinical and clinical studies
and the implications for the management of neo-
vascular age-related macular degeneration. Oph-
thalmology. 2020;127:963-76. https://doi.org/10.
1016/j.ophtha.2019.12.031.

Reitan G, Kjellevold Haugen IB, Andersen K, et al.
Through the eyes of patients: understanding treat-
ment burden of intravitreal anti-VEGF injections
for nAMD patients in Norway. Clin Ophthalmol.
2023;17:1465-74. https://doi.org/10.2147/OPTH.
$409103.

Okada M, Mitchell P, Finger RP, et al. Nonad-
herence or nonpersistence to intravitreal injec-
tion therapy for neovascular age-related macular
degeneration: a mixed-methods systematic review.
Ophthalmology. 2021;128:234-47. https://doi.org/
10.1016/j.ophtha.2020.07.060.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Schmidt-Erfurth U, Chong V, Loewenstein A, et al.
Guidelines for the management of neovascular
age-related macular degeneration by the Euro-
pean Society of Retina Specialists (EURETINA). Br
J Ophthalmol. 2014;98:1144-67. https://doi.org/
10.1136/bjophthalmol-2014-305702.

Holz FG, Schmitz-Valckenberg S, Fleckenstein
M. Recent developments in the treatment of
age-related macular degeneration. J Clin Invest.
2014;124:1430-8. https://doi.org/10.1172/JCI71
029.

Holz FG, Tadayoni R, Beatty S, et al. Multi-
country real-life experience of anti-vascular
endothelial growth factor therapy for wet age-
related macular degeneration. Br J] Ophthalmol.
2015;99:220-6. https://doi.org/10.1136/bjoph
thalmol-2014-305327.

Dugel PU, Koh A, Ogura Y, et al. Hawk and HAR-
RIER: phase 3, multicenter, randomized, double-
masked trials of brolucizumab for neovascular
age-related macular degeneration. Ophthalmol-
ogy. 2020;127:72-84. https://doi.org/10.1016/j.
ophtha.2019.04.017.

Monés J, Singh RP, Bandello F, et al. Undertreat-
ment of neovascular age-related macular degen-
eration after 10 years of anti-vascular endothe-
lial growth factor therapy in the real world: the
need for a change of mindset. Ophthalmologica.
2020;243:1-8. https://doi.org/10.1159/000502747.

Coscas F, Cabral D, Pereira T, et al. Quantita-
tive optical coherence tomography angiography
biomarkers for neovascular age-related macular
degeneration in remission. PLoS ONE. 2018;13:
€0205513. https://doi.org/10.1371/journal.pone.
0205513.

Caballe-Fontanet D, Alvarez-Peregrina C, Busquet-
Duran N, et al. Quality of life and anxiety in age
macular degeneration patients: a cross-sectional
study. Int J Environ Res Public Health. 2022;19:
820. https://doi.org/10.3390/ijerph19020820.

Taylor DJ, Hobby AE, Binns AM, et al. How does
age-related macular degeneration affect real-world
visual ability and quality of life? A systematic
review. BMJ Open. 2016;6: e011504. https://doi.
org/10.1136/bmjopen-2016-011504.

Monés J, Srivastava SK, Jaffe GJ, et al. Risk of
inflammation, retinal vasculitis, and retinal occlu-
sion-related events with brolucizumab: post hoc
review of HAWK and HARRIER. Ophthalmology.
2021;128:1050-9. https://doi.org/10.1016/j.oph-
tha.2020.11.011.

A\ Adis


https://doi.org/10.1016/S0140-6736(18)31550-2
https://doi.org/10.1016/j.mam.2012.04.005
https://doi.org/10.1016/j.mam.2012.04.005
https://doi.org/10.1016/j.ajo.2011.04.011
https://doi.org/10.1097/IAE.0000000000001628
https://doi.org/10.1016/j.ophtha.2019.11.004
https://doi.org/10.1016/j.ophtha.2019.11.004
https://doi.org/10.18553/jmcp.2018.24.2-a.s3
https://doi.org/10.18553/jmcp.2018.24.2-a.s3
https://doi.org/10.1016/j.ophtha.2019.12.031
https://doi.org/10.1016/j.ophtha.2019.12.031
https://doi.org/10.2147/OPTH.S409103
https://doi.org/10.2147/OPTH.S409103
https://doi.org/10.1016/j.ophtha.2020.07.060
https://doi.org/10.1016/j.ophtha.2020.07.060
https://doi.org/10.1136/bjophthalmol-2014-305702
https://doi.org/10.1136/bjophthalmol-2014-305702
https://doi.org/10.1172/JCI71029
https://doi.org/10.1172/JCI71029
https://doi.org/10.1136/bjophthalmol-2014-305327
https://doi.org/10.1136/bjophthalmol-2014-305327
https://doi.org/10.1016/j.ophtha.2019.04.017
https://doi.org/10.1016/j.ophtha.2019.04.017
https://doi.org/10.1159/000502747
https://doi.org/10.1371/journal.pone.0205513
https://doi.org/10.1371/journal.pone.0205513
https://doi.org/10.3390/ijerph19020820
https://doi.org/10.1136/bmjopen-2016-011504
https://doi.org/10.1136/bmjopen-2016-011504
https://doi.org/10.1016/j.ophtha.2020.11.011
https://doi.org/10.1016/j.ophtha.2020.11.011

2510 Ophthalmol Ther (2025) 14:2497-2510

22. Bodaghi B, Souied EH, Tadayoni R, et al. Detec- 23. Zarbin MA, MacCumber MW, Karcher H, et al.
tion and management of intraocular inflamma- Real-world safety outcomes with brolucizumab
tion after brolucizumab treatment for neovascular in neovascular age-related macular degeneration:
age-related macular degeneration. Ophthalmol findings from the IRIS® registry. Ophthalmol
Retina. 2023;7:879-91. https://doi.org/10.1016/j. Ther. 2024;13:1357-68. https://doi.org/10.1007/
oret.2023.06.009. $40123-024-00920-3.

A\ Adis


https://doi.org/10.1016/j.oret.2023.06.009
https://doi.org/10.1016/j.oret.2023.06.009
https://doi.org/10.1007/s40123-024-00920-3
https://doi.org/10.1007/s40123-024-00920-3

	Multimodal Imaging to Assess Disease Activity and Predict Fluid Resolution in Patients with wAMD Treated with Brolucizumab: The IMAGINE Study
	Abstract
	Background: 
	Patients and methods: 
	Results: 
	Conclusions: 
	Clinicaltrials.gov ID: 

	Introduction
	Patients and Methods
	Study Population
	Treatment Regimen
	Study Measures
	Quality of Life and Psychological Assessments
	Safety Assessments

	Statistical Analysis

	Results
	Patients’ Description
	Predictive Values of Early Anatomical Parameters
	Treatment Regimen
	Effectiveness Results
	OCTA and SD-OCT Assessments
	DAAs

	Quality of Life and Psychological Concerns
	Safety and Adverse Events

	Discussion
	Conclusions
	Acknowledgements 
	References




