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Purpose: To evaluate the anatomical and functional outcomes of intravitreal brolu-
cizumab in eyes with chronic central serous chorioretinopathy complicated by pachy-
choroid neovasculopathy.

Methods: Retrospective analysis of 34 eyes treated with intravitreal brolucizumab.
Twenty-five eyes (73.5%) had been treated with other anti-vascular endothelial growth
factor agentsbefore switching tobrolucizumab,whereasnineeyeswerenaïve.Outcome
measures included the change of central foveal thickness and subfoveal choroidal thick-
ness, evaluation of sub/intraretinal fluid on optical coherence tomography, and change
in best-corrected visual acuity.

Results: Before starting brolucizumab, 23 eyes showed subretinal fluid, 8 both subreti-
nal and intraretinal fluid, and 3 intraretinal fluid only. At the last visit, 22 eyes (64.7%)
showedcomplete reabsorptionofboth intraretinal and subretinal fluid,whereas subreti-
nal fluid was still present in 8 eyes (23.5%), and both intraretinal and subretinal fluid
in 4 eyes (11.8%). The mean number of brolucizumab injections required to achieve
complete fluid reabsorptionwas 2.8± 1.8. central foveal thickness decreased from317.8
±109.3μmto239.8±74.8μm (P=0.0005) and subfoveal choroidal thicknessdecreased
from399.3± 86.2 μm to 355.5± 92.7 μmat the end of the follow-up period (P= 0.0008).
The mean logarithm of the minimum angle of resolution best-corrected visual acuity
improved from 0.4 ± 0.2 to 0.3 ± 0.2 at 1 month after the first injection and remained
stable at the same values at the end of the follow-up period (P = 0.04).

Conclusions: Intravitreal brolucizumab is effective for the treatment of naïve and recal-
citrant pachychoroid neovasculopathy.

Translational Relevance: Intravitreal brolucizumab may represent an option in
patientswith pachychoroid neovasculopathy complicating chronic central serous chori-
oretinopathy.

Copyright 2023 The Authors
tvst.arvojournals.org | ISSN: 2164-2591 1

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Downloaded from intl.iovs.org on 04/19/2024

mailto:roberto.dellomo@unimol.it
https://doi.org/10.1167/tvst.12.12.17
http://creativecommons.org/licenses/by-nc-nd/4.0/


Brolucizumab for PNV in Chronic CSC TVST | December 2023 | Vol. 12 | No. 12 | Article 17 | 2

Introduction

Central serous chorioretinopathy (CSC) is a disease
that falls under the pachychoroid spectrum,1 charac-
terized by choroidal thickening and hyperpermeabil-
ity, along with a serous detachment of the neurosen-
sory retina and/or the retinal pigment epithelium
(RPE). Although most CSC cases resolve sponta-
neously within 3 months from onset, approximately
10% of patients may experiencemultiple recurrences or
progress to a chronic course. Chronic CSC is character-
ized by multifocal, irregularly distributed RPE changes
associated with photoreceptor damage and persistence
of subretinal fluid that can predispose patients to
develop pachychoroid neovasculopathy (PNV). After
an average of 17 years of disease duration, the preva-
lence of PNV has been reported to be as high
as 24%.2

PNV usually develops underneath the RPE, but
in some cases, concomitant neovascularization above
the RPE,3 or polyps, may be found.4 The subreti-
nal fluid observed in association with PNV may be
related to the PNV itself or caused by the under-
lying hyperpermeable pachychoroid.5,6 Intravitreal
ranibizumab (Lucentis, Novartis Pharma AG, Basel,
Switzerland) has been used as on-label first-line
treatment for PNV associated with chronic CSC
since the publication of the MINERVA study.7
However, further studies have shown that other
anti-vascular endothelial growth factor (VEGF)
agents, such as bevacizumab (Avastin; Genen-
tech, South San Francisco, CA) or aflibercept
(Eylea; Bayer HealthCare Pharmaceuticals, Berlin,
Germany), can be equally or even more effective than
ranibizumab in treating PNV complicating chronic
CSC.8–10

Brolucizumab (Beovu, Novartis Pharma AG) is a
recently developed anti-VEGF agent that consists of
a humanized single-chain antibody fragment with a
molecular weight of 26 kDa, characterized by a more
sustained duration of action than other anti-VEGF
agents.11 The smaller molecular size and the lack of
Fc domain12 provide for potentially more effective
penetration of the retina and choroid than other anti-
VEGF molecules. Because of these characteristics and
the high affinity to all VEGFA isoforms, brolucizumab
may have a more potent effect on choroidal vascula-
ture and PNV when compared with other anti-VEGF
therapies.

This study aimed to assess the anatomical and
functional response of chronic CSC complicated by
PNV when treated with intravitreal brolucizumab, an
off-label use of this therapy.

Methods

The study was a retrospective case series of patients
who attended seven different tertiary referral centers:
the University of Molise in Campobasso, Italy; the
University Magna Graecia in Catanzaro, Italy; the
Santa Croce and Carle Hospital in Cuneo, Italy;
"Vincenzo Monaldi" Hospital in Naples, Italy; the
University of Palermo, Palermo, Italy; the Univer-
sity of Salerno, Baronissi, Italy; and Ludwigshafen
Hospital in Ludwigshafen am Rhein, Germany. These
patients were offered an off-label treatment with brolu-
cizumab for chronic CSC complicated by PNV either
because of a poor response to other anti-VEGF agents
or, in naïve cases, as recommended by the surgeon after
obtaining approval by the local ethics committee of
each participating center. The study was performed in
accordance with the ethical standards as laid down in
the 1964 Declaration of Helsinki and its later amend-
ments. Informed consent was obtained from all partic-
ipants.

Eyes that had previously received photodynamic
therapy (PDT) and/or mineralocorticoid antagonist
agents and/or anti-VEGF, as well as eyes that had not
received any prior treatment, were eligible for the study.
Patients previously treated with anti-VEGF injections
were eligible to be enrolled in the study only if they
had received at least six injections administered on a
monthly regimen (independent of the anti-VEGF drug
used) with the aim of obtaining complete reabsorption
of subretinal or intraretinal fluid.

“Partial response” and “no response” to previous
anti-VEGF treatment were defined as follows: resolu-
tion of intraretinal fluid and reduction of subretinal
fluid thickness of 10% or more in comparison with
baseline was considered as “partial response”; persis-
tent intraretinal fluid and/or reduction of subretinal
fluid thickness of 10% or less in comparison with
baseline was considered as “no response.”

Chronic CSC was defined as the presence of RPE
changes in the macular region; subretinal fluid in the
foveal region for at least three months, with or without
serous pigment epithelial detachment on optical coher-
ence tomography (OCT); areas of leaks and/or pigment
epithelial detachment on fluorescein angiography; and
abnormal, dilated choroidal vasculature and choroidal
vascular hyperpermeability with evidence of leaking
areas on indocyanine green angiography (ICGA).
Features suggestive of PNV on fluorescein angiogra-
phy and ICGA included neovascular networks in the
early phases with staining and leakage in the late-phase
photographs. Angiographic images were independently
assessed by two experienced retinal specialists (A.C.
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and M.F.) who judged whether or not angiographic
criteria for the diagnosis of PNV were fulfilled.

Exclusion criteria were as follows: PDT within 6
months or intravitreal injection of anti-VEGF agents
within 2 months from the first injection of brolu-
cizumab, age-related macular degeneration, pathologi-
cal myopia, retinal vein occlusion, diabetic retinopathy,
hereditary retinal diseases, diseases of the vitreoretinal
interface, intraocular surgery within 3 months, and any
optic media that impeded sufficient image quality.

The study’s main objective was to assess the effec-
tiveness of intravitreal brolucizumab in achieving
complete resolution of sub/intraretinal fluid associated
with PNV in chronic CSC.

Imaging

Imaging was obtained at each participating centre
with the same equipment, that is, a confocal scanning
laser ophthalmoscope (SPECTRALIS HRA + OCT,
Heidelberg Engineering, Heidelberg, Germany, version
1.9.13). The diagnosis of chronic CSC and PNV was
made using fluorescein angiography, ICGA, OCT,
and/or OCT angiography (if available). To differen-
tiate between neovascularization secondary to age-
related macular degeneration and PNV, the eyes
enrolled in this study must fulfill the following criteria:
documented history of CSC, absence of degenerative
changes like geographic atrophy suggestive of AMD,
absence of drusen of more than 125 μm, evidence of
choroidal thickening and dilated choroidal vessels seen
with OCT, and choroidal hyperpermeability seen with
ICGA in areas devoid of neovascularization.

PNV was classified into three types: type 1 (neovas-
cularization between the Bruch membrane and the
RPE), mixed type 1 and type 2 (neovascularization
in the sub-RPE and subretinal compartments), and
polypoidal vasculopathy.13 No case of pure type 2
neovascularization was observed in this series.

Horizontal OCT sections acquired in high-
resolution or high-speed mode, covering an area
of at least 20° (horizontal) × 20° (vertical) with a
distance of approximately 60 to 120 μm were reviewed
for analysis. The central foveal thickness, defined as the
distance (μm) between the internal limiting membrane
and the outer border of the RPE, was automatically
measured within the central 1-mm-diameter circle of
the ETDRS grid using the thickness map generated by
the Heidelberg Eye Explorer software V.2 (Heidelberg
Engineering, V.2.4.1, Heidelberg, Germany). Subfoveal
choroidal thickness (SCT) was assessed manually by
measuring the distance between the RPE and the
choroidal-scleral interface under the center of the
foveal depression. The presence and location of distri-

bution of the fluid (subretinal and/or intraretinal) was
qualitatively assessed. All OCT images were captured
during morning hours (i.e., from 8 am to 2 pm).

Anti-VEGF Treatment

Intravitreal injections of brolucizumab were given
on a monthly basis to achieve complete resolution of
subretinal and/or intraretinal fluid as determined by
spectral-domain OCT.

Statistical Analysis

Normally distributed data are presented as mean
± standard deviation in the descriptive statistics. Best-
corrected visual acuity (BCVA) wasmeasured based on
Snellen charts and converted to the logarithm of the
minimum angle of resolution (logMAR) for statistical
analysis. Functional and structural findings were evalu-
ated at baseline, 1 month after the first brolucizumab
injection, and at the final follow-up visit. Changes after
treatment were analyzed using an analysis of variance
test with Bonferroni correction and Friedman test for
continuous and categorical variables, respectively. P
values of less than 0.05 were considered statistically
significant. Statistical analysis was conducted using
MedCalc version 11.5.1 (MedCalc software, Mariak-
erke, Belgium).

Results

The study involved 34 patients (22males, 12 females)
with a total of 34 eyes (19 right eyes [55.9%]). At
baseline (the time of the first brolucizumb injection),
the mean age of the patients was 55.1 ± 9.4 years. On
the basis of ophthalmoscopic examination, all patients
showed macular pigmentary changes consistent with
chronicCSC and five out of 34 (20.6%) patients showed
drusen of less than 125 μm at the macula. Specifi-
cally, three out of five patients had drusen of less than
63 μm and two had drusen between 63 and 125 μm. The
patients with drusen of less than 63 μm were ages 48,
50, and 53 years, whereas the 2 patients with drusen
between 63 and 125 μm were aged 56 and 63 years.

For all patients included in the study, at least two
ICGA examinations were available: one recorded at the
time of chronic CSC diagnosis and the other at the time
of PNV diagnosis. The diagnosis of chronic CSC dated
back to 75.2 ± 32.1 months (range, 23–120 months),
whereas the diagnosis of PNV complicating chronic
CSC dated back to 25.7 ± 18.6 months (range, 12–84
months). Before developing PNV, eight eyes (23.5%)
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Table. Summary of Anti-VEGF Injections Type and Number in Non-naïve Eyes and Response to Brolucizumab in
Naïve and Non-naïve Eyes

Patient
Previous
PDT

Previous
Aflibercept

Previous
Ranibizumab

Previous
Bevacizumab

Previous
Eplerenone

No. of Previous
Injections

Response to
Brolucizumab

1 No No No No No 0 Complete
2 No No No No No 0 Complete
3 No No No No No 0 Partial
4 No No No No No 0 Complete
5 No No No No No 0 Partial
6 Yes No Yes No No 9 Complete
7 No No Yes No No 11 Complete
8 No No No No No 0 Complete
9 No Yes No No No 10 Complete
10 Yes Yes No No No 9 Complete
11 No Yes No No No 10 Partial
12 No Yes No No No 10 Partial
13 Yes Yes Yes No No 33 Partial
14 No No No No No 0 Complete
15 No No Yes No No 10 Partial
16 No Yes No No No 10 Partial
17 No No Yes No No 10 Partial
18 No Yes Yes No No 14 Complete
19 No No No Yes Yes 14 Complete
20 No Yes No No No 11 Complete
21 No Yes No No No 13 Partial
22 Yes No No Yes No 13 Complete
23 Yes Yes No No No 10 Complete
24 Yes Yes Yes Yes No 12 Complete
25 Yes Yes No No No 10 Complete
26 No Yes No No No 13 Partial
27 No Yes No No No 13 Partial
28 Yes No Yes No No 10 Complete
29 No Yes Yes Yes No 13 Complete
30 No Yes No No No 13 Complete
31 No No No No No 0 Complete
32 No No No No No 0 Complete
33 No Yes No No No 14 Partial
34 No Yes Yes No No 15 Complete

had received PDT treatment and one patient had been
prescribed oral eplerenone (25 mg/d for 7 days, then
50 mg/d for 2 months).

After the development of PNV, 25 eyes (73.5%)
had been treated with anti-VEGF agents before receiv-
ing brolucizumab. Specifically, 13 eyes (52%) received
aflibercept, 5 eyes (20%) received ranibizumab, 2 eyes
(8%) received bevacizumab, 3 eyes (12%) received
ranibizumab + aflibercept, and 2 eyes (8%) received
bevacizumab + ranibizumab + aflibercept. Nine
patients (26.5%) included in the study had not received

any previous anti-VEGF treatment (naïve group) The
mean number of anti-VEGF injections per patient
before switching to brolucizumab was 12.4 ± 4.6
(range, 9–33), with 11 patients receiving 9 or 10 injec-
tions, 3 patients receiving 11 or 12 injections, and 11
patients receiving more than 12 injections. A summary
of type and number of prior anti-VEGF treatments
and relative results is provided in Table.

The 20 eyes (80%) treated with a single drug
(i.e.. aflibercept, ranibizumab. or bevacizumab only)
received the first six injections (independently of
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Figure 1. Multimodal imaging of an eye with mixed type 1 and type 2 neovascularization complicating chronic CSC before (A, C, E, G, I)
and after (B, D, F, J) treatment with intravitreal brolucizumab. A, At baseline, hard exudates are visible on the false-color image around the
fovea and in the upper aspect of themacula. (C) Blue-fundus autofluorescence (B-FAF) shows stippled hypo- and hyperfluorescence, sign of
chronic RPE changes, in the macular area. The neovascular network underneath the RPE (E) and underneath the retina (green circle, G) are
visible on OCT angiography. Structural spectral-domain OCT shows a heterogeneous reflectivity in a fibrovascular, bilobed RPE detachment
along with a subretinal neovascular complex, subretinal hyperreflective exudative material (asterisk) and subretinal fluid (I). Two months
after a single injection of brolucizumab, the hard exudates have reduced (B, D), the neovascularization networks underneath (F) and above
the RPE (green circle, H) have decreased in size, the RPE detachment has flattened, and the subretinal fluid has disappeared (J). The green
lines on infrared pictures in I and J show the location and direction of OCT scans.

the anti-VEGF drug used) on a monthly regimen
with the aim of obtaining complete reabsorption of
sub/intraretinal fluid. The other five eyes (20%) received
at least three injections with the same anti-VEGF
drug before switching to another. After anti-VEGF
injections (other than brolucizumab), 19 eyes (76%)
had shown a partial response, whereas 6 eyes (24%)
had shown no response to treatment (Table). None
of the eyes had shown complete sub/intraretinal fluid
reabsorption. The mean number of anti-VEGF injec-
tions administered (before switching to brolucizumab)
was 11.2 ± 3.4 (range, 8–13) in the group with a partial
response and 13.5± 2.5 (range, 9–15) in the group with
no response.

Considering the all group (n = 34), before starting
brolucizumab, 23 eyes showed subretinal fluid on OCT,

eight eyes had both subretinal and intraretinal fluid,
and three had intraretinal fluid only. Regarding PNV,
18 (52.9%)were classified as type 1, 11 (32.4%) asmixed
type 1 and type 2, and 5 (14.7%) as polypoidal vascu-
lopathy.13

At the last visit (1.8 ± 0.6 months after the
last brolucizumab injection), 22 eyes (64.7%) showed
absence of either intraretinal or subretinal fluid, and
subretinal fluid was found in eight eyes (23.5%), and
both intraretinal and subretinal fluid in four eyes
(11.7%). Specifically, the absence of either intrareti-
nal or subretinal fluid was found in 7 of 9 (naïve eyes
77.8%) and in 15 of 25 (60%) of the eyes previously
treated with anti-VEGF agents (P = 0.34). The mean
number of brolucizumab injections required to achieve
complete fluid reabsorption was 2.8 ± 1.8, specifically,
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Figure 2. Multimodal imaging of an eye with type 1 neovascu-
larization complicating chronic CSC treated with intravitreal brolu-
cizumab. At baseline, areas of patchy increased fluorescence with
staining and leakage are visible in the early and late phases, along
with signs of gravitational retinopathy on fluorescein angiography
(A, B). ICGA shows hypercyanescent dots in the context of hyper-
cyanescent plaques (C, D), while spectral-domain OCT (SD-OCT)
shows a shallow, irregular RPE detachment associated with intrareti-
nal fluid (E). One month after a single injection of brolucizumab,
complete resolution of the intraretinal fluid is observed on SD-OCT
(F). The bright green arrows on infrared pictures in (E) and (F) show
the location and direction of OCT scans.

1.6 ± 0.7 for naïve eyes and 3.3 ± 1.5. for non-naïve
eyes.

The overall mean maximum diameter of PNV
measured at baseline on ICGA images was 463 ±
186.7 μm (range, 278–649 μm) and did not differ signif-
icantly between the responder (402 ± 127.8 μm) and
nonresponder group (497 ± 154.5 μm; P = 0.068).

The mean interval between injections (for the
patients who received ≥2 injections) was 33.4 ± 4.2
days.

Among the eyes with complete fluid disappearance
(n = 22), only five (23.8%) required five or more injec-
tions to achieve this result. Fifteen of 22 eyes (68.2%)
showed complete resolution of intra/subretinal fluid
after three or fewer injections, and among these, seven
eyes (4 naïve and 3 non-naïve) showed complete resolu-
tion after just one injection (Figs. 1–4). The three non-
naïve eyes had previously received a mean of 13.1
intravitreal injections (range, 9–25).

Incomplete reabsorption of subretinal and intrareti-
nal fluid was observed at the end of the follow-up
period in 12 eyes: 4 of 18 eyes (22.2%) with type 1 NV,
5 of 11 (45.4%) with mixed type 1 and type 2 NV, and
3 of 5 (60%) with polypoidal vasculopathy.

Among the eight patients who had prior PDT and
were subsequently treated with anti-VEGF drugs,
seven showed complete reabsorption of subreti-
nal/intraretinal fluid after switching to brolucizumab.
Of these seven patients, one had been treated with
ranibizumab, aflibercept, and bevacizumab (13
intravitreal injections in total) and six had received
monotherapy with ranibizumab (2 patients), afliber-
cept (3 patients), and bevacizumab (1 patient), respec-
tively, with a mean of 9.5 ± 0.5, 9.7 ± 0.4, and 13
injections performed, respectively.

Among the patients treated solely with intravitreal
injections before brolucizumab (N = 17), 13 received a
single anti-VEGF drug; specifically, 3 patients received
ranibizumab and 10 received aflibercept. Among those
receiving ranibizumab, two showed a partial and one
a complete response after brolucizumab, whereas of
those receiving aflibercept, seven showed a partial and
three a complete response after brolucizumab. Previ-
ous mean injections of ranibizumab were 10.5 in the
two eyes with partial and 11 in the eye with complete
response while previous mean injections of aflibercept
were 11.9± 1.6 and 11.3± 1.2 in the eyes with a partial
and complete response, respectively. Only 1 patient had
prior treatment with eplerenone, followed by 14 injec-
tions of bevacizumab; this patient showed complete
response after switch to brolucuzumab.

Central foveal thickness decreased from 317.8 ±
109.3 μm to 254.5 ± 72.9 μm at 1 month after the first
injection (P = 0.007) and to 239.8 ± 74.8 μm at the end

Downloaded from intl.iovs.org on 04/19/2024



Brolucizumab for PNV in Chronic CSC TVST | December 2023 | Vol. 12 | No. 12 | Article 17 | 7

Figure 3. Multimodal imaging of an eye with polypoidal vascu-
lopathy complicating chronic CSC treated with intravitreal brolu-
cizumab. At baseline, fluorescein angiography (A, B) and ICGA (C,
D) show serosanguineous retinal pigment (RPE) detachments at the
macula and nasally to the optic disc, along with polypoidal lesions
at the infero-nasal aspect of the macula and nasally to the optic disc

of the follow-up period (P = 0.0005). Similarly, SCT
decreased from 399.3 ± 86.2 μm to 362.5 ± 96.4 μm
at 1 month after the first injection (P = 0.002) and to
355.5 ± 92.7 μm at the end of the follow-up period
(P = 0.0008).

Specifically, SCT at baseline was 383.6 ± 55.9 μm
and 406.5± 97.3 μm in the responder and in the nonre-
sponder group, respectively (P= 0.17). One month
after injection, the SCT was decreased to 332.3 ±
80.2 μm and 376.1 ± 101.9 μm and in the respon-
der and in the nonresponder group, respectively (P =
0.27). At the end of the follow up period SCT was
321.3 ± 64.7 μm and 366.1 ± 95.8 μm in the respon-
der group and in the nonresponder group, respectively
(P = 0.22).

BCVA improved in 16 eyes (47%), remained stable
in 10 eyes (29.5%), and worsened in 8 eyes (23,5%).
Overall, the mean logMAR BCVA improved from
20/50 to 20/40 (logMAR 0.4 ± 0.2 to 0.3 ± 0.2) at
1 month after the first injection and remained stable
at the same values at the end of the follow-up period
(P= 0.04). Themean visual acuity at baselinewas 20/63
(logMAR 0.53 ± 0.18) and slightly improved to 20/56
(logMAR 0.46 ± 0.22) in the eyes with persistent fluid
at the end of follow-up (n = 12; P = 0.6). However,
in the eyes with complete fluid reabsorption at the end
of the follow-up period (n = 22), BCVA significantly
improved from 20/61 (logMAR 0.49 ± 0.27) to 20/38
(logMAR 0.39 ± 0.29; P = 0.01).

Regarding differences naïve and non-naïve eyes,
BCVA at baseline was 20/52 (logMAR 0.41 ± 0.35) in
naïve and 20/56 (logMAR 0.44 ± 0.25) in non-naïve
eyes, respectively (P = 0.8). One month after the first
injection of brolucizumab, BCVA improved to 20/38
(logMAR 0.29 ± 0.28) in naïve and to 20/46 (logMAR
0.36 ± 0.28) in non-naïve eyes and further improved
to 20/30 (logMAR 0.18 ± 0.23) in naïve and to 20/40
(logMAR 0.30 ± 0.25) in non-naïve eyes at the last
follow-up.

During the follow-up period, no cases of intraoc-
ular inflammation (IOI), vasculitis, vascular occlu-
sion, endophthalmitis, RPE tears, and retinal breaks
and/or detachment were observed in any of the treated
eyes.

←
(white arrowheads). Spectral-domain OCT (OCT) shows RPE detach-
ments, subretinal fluid, and intraretinal hard exudates at the macula
(E). After three intravitreal brolucizumab injections, the polypoidal
lesions are hardly visible on ICGA (F, G), the RPE detachments have
completely flattened, and the subretinal fluid has reabsorbed on
OCT (H). Note also the thinning of the choroid compared with the
baseline. The green arrows in (A), (C), and (F), show the location and
direction of the OCT scans shown in (E) and (H).
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Figure4. Multimodal imagingof aneyewithPNVcomplicating chronicCSC treatedwith intravitreal brolucizumab. (A) At baseline, spectral-
domain OCT shows a neovascular complex underneath the RPE (type 1) at the fovea associated with intraretinal fluid. (B) the OCT angiogra-
phy (slab at the level of the choriocapillaris) shows the neovascular network. After three injections of brolucizumab, the intraretinal fluid has
completely reabsorbed (C) and the neovascular network has shrunk (D). The green line on infrared pictures in (A) and (C) shows the location
and direction of OCT scans.

Discussion

To our knowledge, this study is the first to investi-
gate the effects of intravitreal brolucizumab in eyes with
PNV complicating chronic CSC. The study demon-
strated that almost 65% of the treated eyes achieved
complete sub and/or intraretinal fluid reabsorption,
with 15 of 21 eyes requiring 3 or fewer injections.
Notably, in seven eyes, complete fluid reabsorption was
achieved after just one injection, and three of these
seven eyes had received at least nine injections of other
anti-VEGF agents without success. BCVA improved or
remained stable in 80% of the eyes during the follow-up
period.

Currently, there is no standard treatment algorithm
for PNV in chronic CSC. Some experts have proposed
that eyes with PNV may benefit from an extended
loading phase of anti-VEGF drugs compared with
the standard three injections for AMD. The rationale
behind this proposal is that repeated anti-VEGF injec-
tions may have a long-term effect on choroidal thick-
ening and congestion. However, the optimal dosing
regimen for these eyes remains unclear and further
studies are needed to establish the best approach.

In the MINERVA study,7 the mean number of
ranibizumab injections administered for eyes affected
by PNV was 5.8 over 12 months. Schworm et al.10
reported that a series of six consecutive injections
of either 0.5 mg of ranibizumab or 2 mg of afliber-
cept effectively reduced central retinal thickness and
significantly improved VA from 0.65 to 0.49 logMAR.
Chhablani et al.8 reported a VA change from 0.59 to
0.48 logMARwith amean number of 4.45± 4.10 injec-
tions of bevacizumab, ranibizumab, or aflibercept. In
this latter study, themean centralmacular thickness did
not change significantly during the follow-up period
compared with the baseline.

On the basis of the results of the previous studies, we
collected data from 34 eyes, 25 of which had received
a minimum of 9 anti-VEGF injections before being
switched to brolucizumab. Notably, 80% of these eyes
had received six injections of the same anti-VEGFdrug
on a monthly basis and none had shown complete
subretinal or intraretinal fluid reabsorption after the
treatment. Conversely, after a mean of 3.3 ± 1.5
injections, 60% of the previously treated eyes showed
complete intraretinal and subretinal fluid reabsorption.
A decrease in both central foveal thickness and SCT
accompanied the reabsorption of fluid. Specifically,
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a reduction in SCT was observed in 19 eyes, and it
was more than 35 μm in 12 eyes. Because circadian
changes in SCT have been reported to be less than
35 μm,14,15 and all OCT images in our sample were
taken during morning working hours, we can exclude
that the observed reduction was caused by physiolog-
ical circadian variations of choroidal thickness rather
than the effect of brolucizumab.

Taken together, these findings suggest that brolu-
cizumab may be a promising treatment option for
eyes with naïve and recalcitrant PNV complicating
chronic CSC. Previous studies have documented the
alleged superiority of aflibercept over other anti-
VEGF agents in treating PNV associated with chronic
CSC, attributing this superiority to the additional
molecular targets and different mechanisms of uptake
in the tissue of aflibercept compared with bevacizumab
and ranibizumab.8–10,16

For example, Chhablani et al.8 reported that
eight eyes showed a poor response to intravit-
real ranibizumab and intravitreal bevacizumab, but
respondedwell to aflibercept. Jung et al.9 and Schworm
et al.10 also reported the superior effect of aflibercept
in comparison with ranibizumab on decreasing central
retinal thickness and reabsorbing the subretinal fluid.

The preliminary results of our study show that
brolucizumab may induce fluid reabsorption, even in
eyes that are poorly responsive to aflibercept, which is
likely due to the specific physical properties of this new
anti-VEGF agent. Brolucizumab inhibits all isoforms
of VEGF-A17 and, with a molecular weight of 26
kDa, is the smallest clinically available anti-VEGF
agent (bevacizumab, 147 kDa; aflibercept, 115 kDa;
ranibizumab, 48 kDa).17,18 The smaller size of brolu-
cizumab and the lack of the Fc domain allow for a
high concentration of the drug to be delivered per
intravitreal injection17,18 (Tietz J et al. IOVS 2015; 56:
ARVO E-Abstract 1501) and this high concentration is
supposed to allow for a high degree of RPE penetra-
tion.17,19

In the HAWK and HARRIER studies, brolu-
cizumab was superior to aflibercept in reducing the
central subfield thickness and rates of retinal fluid
at week 48, and these anatomical outcomes were
maintained up to week 96.19,20 Additionally, in a study
comparing the efficacy of brolucizumab versus afliber-
cept in Japanese participants with polypoidal choroidal
vasculopathy in the HAWK trial, the fluid resolution
was greater with brolucizumab at weeks 48 and 96.21

In the present study, we observed complete
sub/intraretinal fluid reabsorption in nine eyes previ-
ously treated with aflibercept (aflibercept alone, 4
eyes; aflibercept + bevacizumab and/or ranibizumab,
5) without success. However, six eyes that had not

responded to aflibercept injections did not respond to
brolucizumab either.

Overall, 13 eyes in this series (38.2%) still presented
with some degree of sub/intraretinal fluid at the end
of follow-up, with type 1 neovascularization respond-
ing better to brolucizumab than mixed type 1 and type
2 and polypoidal vasculopathy. The persistence of the
fluid is likely because neovascularmembranes in pachy-
choroid disease contain matured vessels,22 which are
known to respond poorly to anti-VEGF treatment.23
In such cases, the rationale behind treatment with anti-
VEGF agents is to decrease choroidal thickness and
hyperpermeability, but the effect on subretinal fluid
may be limited.2,24,25 Thus, despite having a higher
molar dose and enhanced tissue penetration capac-
ity, brolucizumab may have limitations in effectively
treating PNV and improving VA in eyes with chronic
CSC, similar to other anti-VEGF drugs. Although the
sample analyzed in this series is too small to draw
definite conclusions, it is noteworthy that seven of eight
eyes that had been treated with PDT before receiv-
ing anti-VEGF injections showed complete reabsorp-
tion of sub/intraretinal fluid after switching to brolu-
cizumab. Thus, PDTmay play an important role, syner-
gistic with the action of anti-VEGF agents, in promot-
ing the complete resolution of subretinal or intrareti-
nal fluid in eyes with chronic CSC complicated by PNV.
Conversely, based on the data from this study, we failed
to find an association between the final response to
brolucizumab and the type of anti-VEGF agent used
or the number of injections performed before switch-
ing to brolucizumab.

In this study, improvement in visual acuity was
approximately one line logMAR, consistent with previ-
ous reports.8–10 Visual acuity improved or remained
stable in 20 eyes and worsened in 6 eyes presumably
owing to chronic RPE and retinal changes, scarring
associated with neovascularization, and the age of our
sample.

In line with previous studies8–10,25,26 (range, 57–65
years), the mean age of our sample was 55 years. This is
not surprising because CSC is commonly seen in young
patients but the occurrence of PNV is typically associ-
ated to chronic stages. However, only 5 patients showed
drusen at the macula and in all cases the drusen were
less than 125 μm. Thus, an overlap with wet age-related
macular degeneration as cause of macular neovascu-
larization seems unlikely for this series.

An interesting finding of this observational study
was the absence of relevant complications, including
endophthalmitis, RPE tears, retinal breaks or detach-
ment and IOI, vasculitis, or vascular occlusion in
the treated patients, unlike in the phase III HAWK
and HARRIER studies, where an overall rate of
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4.6% of any IOI was reported.27 This result may be
due to the limited sample, the differences in patient
characteristics, and the pathology treated. As reported
by the American Society of Retina Specialists, most
IOI events occur in females, although females consti-
tuted less than 40% of our sample. Additionally,
the anatomic characteristics of PNV associated with
chronic CSC may differ from that of wet age-related
macular degeneration, which could potentially influ-
ence the rate of IOI. Larger studies are needed to
further investigate this issue.

This study has several limitations, including its
observational, retrospective design, in a relatively
small cohort of patients who were previously treated
with different anti-VEGF drugs. However, all the
patients included in this study had received at least
6 monthly injections of an anti-VEGF agent before
being switched to brolucizumab. Other relevant limita-
tions are the lack of a control group and the
mixture of heterogenous eyes (naïve + non-naïve), this
potentially introducing uncertainties and confound-
ing effects. A further limitation is that the follow-up
period after switching to brolucizumab was relatively
short, limiting definitive conclusions about the poten-
tial longer durability of brolucizumab in compari-
son with other anti-VEGF therapies. VA was evalu-
ated using a nonstandardized method (Snellen charts)
and then converted to logMAR, thus reducing the
reliability of the visual acuity outcome. The age of
our sample and the presence of drusen in five eyes
may pose the issue of neovascularization secondary
to AMD instead of CSC. However, drusen were
detected in only five patients and were 125 μm or
smaller in all cases; in addition all patients had a
history of chronic CSC, showed choroidal thickness
of more than 300 μm, dilated choroidal vessels on
OCT, and choroidal hyperpermeability on ICGA in
areas devoid of neovascularization. Thus, AMD as
a cause of macular neovascularization seems unlikely
in this series. In conclusion, this study suggests that
brolucizumab may be an effective option in treating
PNV secondary to chronic CSC, both in naïve eyes
and in eyes poorly responding to other anti-VEGF
drugs. Given the rarity of this disease, it is unlikely
that any prospective clinical trial will soon take place to
compare brolucizumab to other anti-VEGF treatment
options.
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