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Abstract
Purpose: To analyze anatomic and functional response to intravitreal brolucizumab in age-related macular degeneration

recalcitrant to previous intravitreal anti-VEGF therapies.

Methods: In this monocentric, one arm, retrospective study, eyes affected by neovascular age-related macular degener-

ation (nAMD) resistant to other intravitreally injected anti-vascular endothelial growth factor inhibitors were switched to

intravitreal brolucizumab. All patients underwent ophthalmological examinations at baseline and in regular follow-up

intervals. Best registered visual acuity (BRVA), Goldmann tonometry, intraocular pressure (IOP), central retinal thickness

(CRT) and pigment epithelial detachment (PED) characteristics were analyzed at initiation of anti-VEGF treatment, at

treatment switch, and at the end of brolucizumab loading phase.

Results: The study included 20 eyes of 18 consecutively treated patients (age: 77± 6 years). All eyes had macular neo-

vascularization with PED. Previous treatments included intravitreal aflibercept, bevacizumab, and ranibizumab and had not

resulted in a significant improvement in BRVA (0.5± 0.5 logMAR vs 0.5± 0.6 logMAR) or mean CRT (320± 60 µm vs

313± 83 µm) up to treatment switch to brolucizumab. At the end of the brolucizumab loading phase, there was signifi-

cant improvement for both BRVA (0.3± 0.2 logMAR, P < 0.05) and CRT (264± 55 µm, P< 0.05). Under previous anti-

VEGF therapy, there was a significant increase/deterioration in both PED area (2.68 mm2 to 5.18 mm2, P< 0.05) and

PED volume (0.39 mm3 to 1.07 mm3, P< 0.05); however, both parameters improved after switching to brolucizumab

(3.81 mm2 and 0.37 mm3, P< 0.05).
Conclusion: Our results suggest a favourable anatomical and visual response after treatment switch to brolucizumab in

patients with nAMD refractory to previous anti-VEGF agents.
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Introduction
Intravitreal drugs directed against vascular endothelial
growth factor (VEGF) have revolutionised treatment of
neovascular age-related macular degeneration (nAMD).1

Currently, there are three approved anti-VEGF drugs for
the treatment of nAMD: ranibizumab (Lucentis®), afliber-
cept (Eylea®), and brolucizumab (BeoVu®). A fourth
agent, bevacizumab (Avastin®), is used off-label. Clinical
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trials have consistently demonstrated that early, continuous
treatment produces improvement in vision of three or more
lines in 30–35% of nAMD patients; however, in a signifi-
cant subgroup of patients neovascular activity persists or
progresses with persistent subretinal (SRF) or intraretinal
fluid (IRF), unresolved or new hemorrhages, progressive
subretinal fibrosis and suboptimal vision recovery.2,3 Such
persistent disease activity affects up to 50% of nAMD
patients after continuous anti-VEGF treatment for 1 year
with suboptimal anatomical and functional results.2–6 The
consequences of persistent disease despite anti-VEGF treat-
ment are prolonged treatments, decreased injection inter-
vals, increased commuting and strain on relatives and
caregivers, and increased risk of long-term vision loss.7

The effectiveness of anti-VEGF treatment is typically
evaluated by the presence or absence of signs of disease
activity such as intraretinal, subretinal, and sub-RPE
fluid.8 Anti-VEGF therapy has been shown to reduce the
proportion of patients with pigment epithelial detachment
(PED) and diminish PED volume as soon as one month
after start of therapy.9,10 However, the sub-RPE compo-
nent, as surrogate for neovascular disease activity, is
often treatment resistant.11 The ability to quantify persist-
ence of PED may provide insights into emerging
therapeutics.12

Currently both brolucizumab registration trials (HAWK
& HARRIER) as well as the OSPREY post-hoc analysis
measured significant and faster reduction in central subret-
inal thickness (CST) as well as PED area and volume com-
pared with baseline throughout a 56-week treatment
period.13,14 Furthermore, therapeutic benefit achieved
with on-label treatment with brolucizumab allows for
extended treatment intervals every 12 or even 16 weeks,
reducing considerably the total number of injections and
expense in the first year.13,14

The goal of this study is to analyze the functional and
anatomic macular neovascularization and PED changes
following treatment switch to intravitreal brolucizumab
in patients with nAMD recalcitrant to previous intravitreal
anti-VEGF therapies.

Materials and methods
This is a monocentric, hospital-based, interventional, retro-
spective study. Data from consecutive nAMD patients with
macular neovascularization refractory to conventional
anti-VEGF therapy who were switched to intravitreal bro-
lucizumab were analyzed.

Inclusion criteria:

1. All patients with either type I or type II macular neo-
vascularization were included in this study.

2. completion of at least one session (one loading dose)
of three intravitreal anti-VEGF injections with either
bevacizumab, ranibizumab or aflibercept.

3. refractory macular neovascularization identified
using spectral-domain optical coherence tomog-
raphy (SD-OCT), defined as persistent intraretinal
fluid and/or subretinal fluid with PED (≥150 µm
height) despite treatment and

4. completion of a loading dose of brolucizumab.
All data were extracted anonymously from our

electronic medical records.

Exclusion criteria
Patients with type III choroidal neovascularization were
not considered in this analysis. Furthermore, cases with
PED smaller than 150 µm height, history of previous
retina surgery (e.g. vitrectomy) or concurrent systemic
and/or ocular disease that could also lead to macular
edema (e.g. diabetes mellitus, history of vein occlusion,
polypoidal choroidal vasculopathy -PCV- or uveitis)
were excluded from the analysis.

Types of macular neovascularization
The study included patients with exudative age-related
macular degeneration (type I and type II) with the coexist-
ence of a PED recalcitrant to previous treatment and switch
over to intravitreal brolucizumab. Type III macular neovas-
cularization was not included in this study.

Primary and secondary endpoints
The primary endpoints were difference in thickness of
macular edema as well as PED height, area and volume
between baseline (t1) and the end of brolucizumab
loading dose phase (t3). The height of PED was again
assessed and compared separately at the end of the
follow-up period. Also, a comparison of PED area and
volume was made in the course of anti-VEGF treatment
with respect to different anti-VEGF agents (t2) and brolu-
cizumab. The secondary endpoint was change in BRVA
between baseline (t1), the end of anti-VEGF therapy
before treatment switch to brolucizumab (t2) and one
month after the end of brolucizumab loading dose (t3).

Assessment of macular neovascularization and PED
All optical coherence tomography (OCT) examinations
were conducted using a Zeiss Cirrus 500/5000, (Cirrus®,
Zeiss OCT, Zeiss Co., Germany). The assessment of
PED was conducted as previously reported.15 Briefly, all
baseline OCTs were analyzed with the integrated algorithm
on the Cirrus OCT “Advanced RPE analysis” which
enables automatic calculation of the area and volume of
PED within radiuses of 3 and 5 mm around the fovea.
All measurements were averaged and compared between
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the start of anti-VEGF therapy to the time of treatment
switch to brolucizumab and to the end of the brolucizumab
loading phase. Baseline images and follow-up images were
checked for correct segmentation on the screen by two
experienced investigators and verified by a third colleague
(A. C., E. H. and A. A.). Error corrections, was conducted,
when necessary with the built-in software.

Statistical analysis
All study parameters were analyzed for normal distribution
with the Kolmogorov test. BRVA in logMAR tranforma-
tion and mean CRT were evaluated against baseline for
each time-point using student’s unpaired t-test for paramet-
ric data. P-values were calculated with a value of less than
0.05 indicating statistical significance. Statistical analysis
was performed using Minitab® software.

Results

Patient demographics
We analyzed 18 consecutive patients (20 eyes, 10 right and
10 left eyes, 8 men, 10 women) who had macular neovas-
cularization with PED recalcitrant to previous anti-VEGF
treatments and who were then switched to intravitreal bro-
lucizumab. The average patient age was 77± 7 years. The
average treatment duration before switch to brolucizumab
was 100± 91 weeks. Table 1 summarizes basic patient
demographics as well as anatomical and treatment charac-
teristics at baseline.

Anti-VEGF treatment strategy. From the 20 eyes included in
this study, 10 eyes were on a monthly treatment with 4 eyes
having received two loading doses with 2 different
anti-VEGF agents (one eye with bevacizumab and afliber-
cept, two eye with bevacizumab and ranibuzimab, one with
ranibizumab and aflibercept) and 6 eyes having received
only one anti-VEGF agent before switch to brolucizumab
(4 with bevacizumab, one with ranibizumab and one
with aflibercept). Three eyes were on a treat and extend
treatment with bevacizumab, ranibizumab and aflibercept
respectively before switch to brolucizumab. The remaining
7 eyes were on a treat and extend protocol with two
anti-VEGF agents before switch to brolucizumab. Eight
eyes had two different rounds of intravitreal injections.
Four eyes were switched from bevacizumab to brolucizu-
mab, 7 eyes from ranibizumab to brolucizumab and 9
eyes were switched from aflibercept to brolucizumab.
The average use of anti-VEGF before treatment switch to
brolucizumab was 10± 8 injections for bevacizumab, 5±
3 injections for ranibizumab and 10.5± 9 injections for
aflibercept. Nine eyes had been treated with bevacizumab
(range 3 to 25 injections), 10 eyes had ranibizumab

(range 3 to 12 injections) and 9 eyes had aflibercept
(range 3 to 30).

Central retinal thickness and vision
The mean CRT and BRVA at primary anti-VEGF indica-
tion was 320± 60 µm and 0.5± 0.6 logMAR respectively.
Both parameters did not change significantly during the
treatment phase before switch to brolucizumab, i.e.
between the time of the first anti-VEGF injection (t1)
and before the first brolucizumab was carried out (t2)
(CRT: 320± 60 µm versus 313± 83 µm; P> 0.05;
BRVA: 0.5± 0.5 logMAR versus 0.5± 0.6 logMAR, P >
0.05). Six weeks after the third brolucizumab intravitreal
injection (t3), CRT decreased significantly to 262±
55 µm (P= 0.035) and BRVA improved to 0.3± 0.2
logMAR in comparison with other anti-VEGF agents (t3
vs t2). From the 20 eyes analyzed, 14 had no SRF or
IRF, 2 eyes demonstrated SRF, 3 eyes demonstrated IRF
and 1 eye demonstrated SRF and IRF. Eleven out of 20
eyes demonstrated improved vision (55%), 3 eyes
reduced vision (15%) and 6 eyes stable vision (30%).
These results were maintained until the end of the observa-
tion period with no significant change, neither functionally
nor anatomically. These parameters were also significantly
improved compared to the baseline and at the end of the
study (Figures 1 and 2).

Table 1. Patient demographics at brolucizumab treatment

switch, the type of macular neovasculararisation, the different

types of intraretinal or subretinal fluid distribution as well as the

type of PED.

Patient demographics at brolucizumab treatment switch

Patients (n= 18, eyes 20)

Mean age 77± 7 years

Sex 10 men, 10 women

Mean follow-up 13± 1 months

Baseline VA 0.5± 0.6 logMAR

Baseline CST 320± 60 µm

Concurrent

ophthalmological

diseases/treatments

Post cataract surgery 9, cataract 10,

ocular hypertension 1, primary

open angle glaucoma 1

Macula

Neovascularization

Type I 8

Type II 12

Fluid type

IRF 15

SRF 10

SRF and IRF 5

PED 20

Type of PED

Drusenoid 0

Fibrovascular 17

Serous 3
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PED hight, area and volume
We measured the PED height, area and volume of all
included eyes once before treatment switch to brolucizu-
mab and once at final follow-up. The mean follow-up
time was 13± 1 months. The average PED height at treat-
ment switch to brolucizumab was 400± 192 µm. At the
end of follow up the PED height was significantly lower
at 192± 129 µm (p= 0.0001). Between baseline and treat-
ment switch to brolucizumab, macular PED area increased
significantly in the 3 mm zone from 2.34± 1.86 mm2 to
4.16± 1.83 mm2 (p= 0.0063) and within the 5 mm zone

from 3.02± 2.76 mm2 to 6.2± 3.16 mm2 (p= 0.0075);
PED volume also increased significantly from 0.35±
0.49 mm3 to 0.918± 0.56 mm3 within the 3 mm zone (p
= 0.02) and from 0.44± 0.59 mm3 to 1.24± 0.8 mm3

within the 5 mm zone (p= 0.02). There was an average
increase in PED area from 1.82 to 3.16 mm2 and in
volume from 0.90 to 1.23 mm3 (Figure 3A and 3B). In con-
trast, from the treatment switch to brolucizumab to the end
of the loading phase, there was a reduction in both PED
area and volume. In the central 3 and 5 mm zones, the
reduction in PED area did not reach statistical significance,
4.16± 1.829 mm2 to 3.09± 2.15 mm2 and 6.2± 3.16 mm2

Figure 1. BRVA at baseline, at treatment switch to brolucizumab, and at first follow-up after the end of brolucizumab loading dose.

Although BRVA did not improve significantly between baseline/indication to switch treatment, there was a significant change in function

at the end of the loading phase with brolucizumab, BRVA 0.5± 0.6 logMAR to 0.3± 0.6 logMAR (* p= 0.045).

Figure 2. CRTat baseline, at treatment switch and at first follow-up after the end of brolucizumab loading dose. CRT did not improve

significantly between baseline and indication to treatment switch, however, there is a significant reduction in CRT from 313± 83 µm to

262± 55 µm (* p= 0.035) at first follow-up after the end of brolucizumab loading dose.
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to 4.53± 3.8 mm2 with an average change of −1.07 and
−1.66 mm2 respectively, but there was a significant reduc-
tion in PED volume from 0.92± 0.56 and 0.42± 0.42 mm3

to 0.32± 0.32, p= 0.01 and 0.24± 0.8 mm3, p= 0.01, with
an average reduction of −0.6 and −0.82 mm3 respectively
(Figure 3A and 3B). Characteristic examples of the PED
improvement are demonstrated in Figures 4 and 5.

Discussion
Switching to intravitreal brolucizumab in patients with
nAMD and macular neovascularization with PED recalci-
trant to previous anti-VEGF therapy led to significant ana-
tomic and to some extent functional improvement. PED
area and volume, which had worsened significantly

during previous anti-VEGF treatments, improved under
brolucizumab.

Intravitreal anti-VEGF therapy has markedly enriched
the armamentarium for the treatment of nAMD, enabling
not only anatomic and functional stabilisation but also
improvement in vision.16 Nevertheless, persistent disease
activity and suboptimal vision recovery remain a
problem for many patients under continued anti-VEGF
treatment. Furthermore, the treatment for PED is unpre-
dictable and results in unsatisfactory outcomes despite
multiple anti-VEGF agents available. PEDs (serous, fibro-
vascular, and hemorrhagic) associated with exudative
AMD demonstrate variable responsiveness to anti-VEGF
treatment and can lead to significant morbidity by their
sub-RPE component, as surrogate for neovascular

Figure 3A and B. PED area (3A) and volume (3B) increased significantly between indication to treat with anti-VEGF agents and

indication to switch to brolucizumab. Following treatment switch, there is a gradual reduction in the surface and volume of the PED,

with PED volume reaching statistical significance (A: area, V: volume, * < 0,05).

Figure 4. A characteristic example of poor responsiveness under older anti-VEGF agents (panel 4A and 4B) demonstrated on OCT.

Following treatment switch (panel 4C), the subretinal fluid has also been resorbed and there is significant reduction of CRT and PED.
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Figure 5. PED analysis of the same patient showing significant improvement between baseline and end of brolucizumab loading phase

(current visit). There is a marked reduction in both PED area and volume, with more marked volume reduction in the 3- and 5-mm

circles (63.5% and 62.5% respectively).
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disease activity, which can often prove treatment resist-
ant.11,17–21 Epidemiological studies have estimated the per-
centage of poor-, non- or stop-responders to be 8% to 50%,
depending on the anti-VEGF agent used.22–24 This combined
with strict strategies of “no fluid tolerance” has led to sub-
optimal results with burdensome and cost-intensive fixed
treatment strategies, patient fatigue, and reduced patient com-
pliance.7,25–27 Our real-world pilot study on patients
switched to intravitreal brolucizumab for nAMD recalcitrant
to previous treatment has confirmed the good anatomic
results of previous studies on this particular patient
group.28 Furthermore, our analysis on PED metrics has
demonstrated good responsiveness of PED to treatment
with brolucizumab which projects possibly on the effective-
ness of the brolucizumab molecule on the neovascular com-
ponent of the lesion.10,11

Intravitreal brolucizumab has only recently been intro-
duced into nAMD therapy. It is a humanised monoclonal
single-chain variable fragment that binds to and inhibits
vascular endothelial growth factor A (VEGF-A).29 Its
small size allows better penetration into retinal
tissue.30,31 Brolucizumab binds VEGF-A in a 2:1 ratio
and has a higher binding affinity to VEGF-A isoforms
than bevacizumab or ranibizumab.29,32 With its high solu-
bility, brolucizumab can be concentrated up to 120 mg/ml,
which allows for concentrations of up to 6 mg in a single
0,05 ml intravitreal injection.33 The registration trials
HAWK and HARRIER demonstrated non-inferiority of
brolucizumab to aflibercept in terms of visual outcomes
with no significant difference in BCVA gain at week 48
that was maintained until week 96.14 Brolucizumab
demonstrated superior anatomic outcomes, resulting in
fewer eyes with intra-retinal, sub-retinal, or sub-RPE
fluid and increased reduction in central subfield thickness
(CST) on OCT.3,14,34 In addition more than 50% of
patients were able to be maintained on a 4-month treatment
interval, an improvement in socioeconomic burden. A
major adverse effect of intravitreally applied brolucizumab
is intraocular inflammation including occlusive retinal vas-
culitis, potentially limiting its wider use.35 In our study
however no safety concerns were noted.

Nonetheless, the clinical response to intravitreal
anti-VEGF treatment is variable, and despite individua-
lised treatment protocols, retinal fluid persists in many
eyes with nAMD.8,36 Previous studies have already inves-
tigated the effect of higher concentrations or more frequent
treatment intervals with ranibizumab or aflibercept with
sustained improvement at year one meaning that some
patients with persistent fluid may require a different treat-
ment regimen.37–39 TheMERLIN study set out to investigate
the efficacy and safety of brolucizumab (6 mg) intravitreal
treatment every 4 weeks in a patient cohort with persistent
retinal fluid compared to aflibercept (2 mg) also every
4 weeks.40 Although frequent intraocular inflammation inci-
dents led to termination of the study, its primary and

secondary goal with visual acuity outcomes noninferior to
aflibercept under brolucizumab and superior anatomic out-
comes were met.40 Specifically, there was a greater and sus-
tained reduction in central macular subfield thickness and a
greater proportion (40.2%) of patients with fluid-free retina
from baseline to week 52.40 Our results in a similar cohort
with pre-treated patients and persistent retinal fluid confirm
the superior anatomical improvement also in nAMD cases
with PED.

The REBA study of efficacy and safety of brolucizumab
for nAMD in treatment naïve as well as pretreated patients
with persistent intra- or SRF demonstrated significant ana-
tomical and visual improvement, one of the first demon-
strations of significant decrease in PED height.28 Our
study demonstrated similar results, particularly in the
response of PED to brolucizumab with significant decrease
of height, volume and area.

While our study involved anti-VEGF pretreated patients
and brolucizumab as a switching agent with the traditional
loading-dose in clinical settings, a variety of heterogeneous
treatments patterns are used and no clinical data are cur-
rently available that demonstrate whether or not
anti-VEGF pretreated patients also benefit from a loading
dose. The FALCON study is designed to investigate
whether patients with unsatisfactory response to previous
anti-VEGF treatments benefit from a loading dose at
switch to brolucizumab treatment.41

Treatment benefit of nAMD largely depends on early
diagnosis and effective monitoring. This also includes
the definition and introduction into clinical practice of
useful disease markers. OCT and probably OCT-A are
unprecedented in providing in vivo high-resolution visual-
isation of retinal, RPE and choriocapillaris pathology.42,43

The incidence of pigment epithelial detachments in nAMD
has been estimated between 63% to 80%.11,44 PEDs have
been associated with choriocapillaris neovascular activity
in nAMD and are perhaps the most relevant parameter
reflecting progressing disease activity.11 Sub-RPE lesion
activity precedes subsequent subretinal and IRF formation.
The treatment response of PED under brolucizumab in our
study may be related to its improved deeper bioavailability,
making it possibly the treatment of choice for early
intervention.

Our study has the inherent limitations of a retrospective
data analysis. Our cohort is relatively small. The measure-
ment of vision was performed based on patient chart using
habitual correction which might have underestimated the
best corrected visual acuity. The fact that almost half of
the patients also had cataract could have also influenced
the final measured vision. Furthermore, all our patients
had already undergone multiple intravitreal injections
with suboptimal results and persistent disease activity so
the effect of brolucizumab, although very favorable,
should be analyzed with caution. It is known that the
more nAMD progresses, the less eyes stabilise
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anatomically and that vision gains with time are modest.
The elevation of the RPE layer is known to be directly
associated with the neovascular activity at the level of
choriocapillaris; hence, a PED is the surrogate of neovas-
cular disease.11 However, due to the lack of a control
group, the observed regression of PEDs might have
reflected the natural course of the disease and might have
occurred independently of treatment, particularly since
spontaneous regression of PEDs has been described.45,46

The relationship between fluid distribution in nAMD
(intraretinal, subretinal) and vision is important for under-
standing the anatomical signs that indicate treatment effi-
cacy and need for further treatment.47 The post hoc
analysis of the HARBOR study demonstrated that residual
IRF is associated with worse vision, regardless of loca-
tion/severity, whereas residual SRF is not associated with
worse vision. The relationship of VA to PEDs, however,
has been proved challenging. Although anti-VEGF intravi-
treal therapy is efficacious in the treatment of nAMD with
PED to prevent significant vision loss, the available retro-
spective and prospective studies seem to support only
improved anatomical outcomes, possibly also anti-VEGF
dose dependent but without correlated functional improve-
ment.48–50 The treatment dosing (e.g. higher concentration)
could also play a role as demonstrated in the post hoc ana-
lysis of the HARBOR study; however, the final BCVA
between groups was similar.48 In our analysis, most of the
eyes demonstrated improved PED size but also improved
SRF and IRF. This should also be appreciated in the inter-
pretation of the functional results in our cohort. Finally,
although we demonstrate PED volume reduction, it is still
unknown whether brolucizumab is potent enough to lead
to permanent shrinkage of the neovascular component.

In conclusion, our data demonstrate efficacy of broluci-
zumab manifested by macular neovascularization and PED
improvement in patients with persistent nAMD activity.
Several studies have demonstrated that switching
between anti-VEGF agents in treatment resistant eyes
usually leads to anatomical improvement whereas
changes in vision are less pronounced and in some cases
not correlated to the anatomical improvement. Hence the
notion that treatment should focus on visual acuity and
not on complete resolution of PED.51 The existence of a
PED is a further challenging factor in the treatment of
nAMD. Although our data demonstrate PED improvement
in area and volume, efficacy in reducing also the size of the
neovascular component has yet to be demonstrated. As
brolucizumab becomes incorporated in routine nAMD
treatment, more data will define long term effectiveness
and potential to reduce treatment burden.
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