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Abstract

Intravitreally injected anti-vascular endothelial growth factor (anti-VEGF) agents 

are first-line treatment for neovascular age-related macular degeneration (nAMD). 

Phase 3 trials demonstrated non-inferiority of anti-VEGF therapy with broluci-

zumab compared with aflibercept in best corrected visual acuity (BCVA) gains, 

with superior anatomical outcomes after brolucizumab. The purpose of the re-

view was to summarize real-world efficacy and safety data on brolucizumab in 

patients with nAMD. The review protocol was registered with PROSPERO (ID: 

CRD42021290530). We conducted systematic searches in Embase, Medline and 

key ophthalmology congress websites (19 October 2021). Original reports of ef-

ficacy and/or safety in patients receiving brolucizumab to treat nAMD in clini-

cal practice were eligible. The descriptive summary includes reports describing at 

least 10 brolucizumab-treated eyes. In total, 2907 brolucizumab-treated eyes from 

26 studies were included. Outcomes were available for treatment-naive eyes (six 

studies), eyes switched to brolucizumab from other anti-VEGFs (16 studies), and/

or treatment-naive and switch eyes combined (eight studies). Follow-up time points 

ranged from 4 weeks to 1 year post-brolucizumab initiation. For BCVA, significant 

improvements compared with brolucizumab initiation were reported in four of 

six studies in treatment-naive eyes (mean BCVA improvement, range: +3.7 to +11.9 

Early Treatment Diabetic Retinopathy Study [ETDRS] letters) and in three of 12 

studies in switch eyes (range: +9.0 to +15 ETDRS letters) (all p < 0.05); remaining 

studies reported no significant post-brolucizumab BCVA changes. For central sub-

field thickness (CST), improvements post-brolucizumab initiation were reported 

in all six studies in treatment-naive eyes (mean CST improvement, range: −113.4 

to −150.1 μm) and in eight of 11 studies in switch eyes (range: −26 to −185.7 μm) 

(all p < 0.05). The 14 studies reporting on intraretinal, subretinal and/or total fluid 

observed improvements post-brolucizumab initiation. The four studies compar-

ing treatment intervals observed extension of the interval between injections after 

switching to brolucizumab from other anti-VEGFs. Incidence of intraocular in-

flammation ranged from 0% to 19%. In conclusion, real-world efficacy and safety 

data concur with brolucizumab pivotal trials. Additionally, reduction of disease ac-

tivity in anti-VEGF switch eyes was demonstrated by fluid reduction and/or visual 

acuity gain, along with prolongation of the interval between injections.
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1  |   INTRODUCTION

Intravitreal injection (IVI) of an anti-vascular endothe-
lial growth factor (anti-VEGF) agent is the first line of 
treatment for neovascular (wet) age-related macular de-
generation (nAMD), and this has revolutionized patient 
care in preventing vision loss (Flaxel et al., 2020). Anti-
VEGF therapy has efficacy to reduce pathologic exu-
dation, intraretinal fluid (IRF) and/or subretinal fluid 
(SRF) from macular neovascularization, leading to sta-
bilization or improvement of vision (Flaxel et al., 2020) 
and enhanced quality of life (Assi et al.,  2021). Many 
studies have shown that frequent injections at intervals 
as short as every 4 weeks are associated with better visual 
outcomes (Flaxel et al., 2020; Holz et al., 2020). However, 
frequent and prolonged IVIs have been associated with 
patient and caregiver burden (Gohil et al., 2015; McClard 
et al., 2021).

The pivotal phase 3 HAWK and HARRIER trials 
on brolucizumab for treatment-naive patients met their 
primary endpoint—demonstrating that anti-VEGF 
therapy with brolucizumab was non-inferior to af-
libercept in visual acuity gains, with superior anatom-
ical outcomes regarding retinal f luid compartments 
and retinal thickness after brolucizumab treatment 
(Dugel et al.,  2020, 2021). In addition, just over 50% 
of brolucizumab-treated eyes were maintained on a 
12-weekly dosing interval through week 48, demon-
strating potential for reduced IVI treatment burden 
with brolucizumab, with comparable efficacy versus 
the fixed, 8-weekly treatment with aflibercept (Dugel 
et al.,  2020; Tadayoni et al.,  2021). Brolucizumab has 
been associated with infrequent events of intraocular 
inflammation (IOI), retinal vasculitis and retinal vas-
cular occlusion of 2.1% in patients with nAMD; the 
overall incidence of at least moderate visual acuity loss 
associated with IOI was <1% (Khoramnia et al., 2022; 
Singer et al.,  2022). Clinical experience with broluci-
zumab in nAMD has increased substantially since 
Food and Drug Administration approval in the USA in 
October 2019. Patients in real-world scenarios may dif-
fer from those in phase 2 and 3 trials, such as in terms 
of their demographics (e.g., level of comorbidities), dis-
ease status (e.g., visual function, retinal f luid presen-
tation) and patterns of care (e.g., treatment-naive eyes 
vs. those with prior treatment with other anti-VEGF 
agents).

The purpose of this systematic review is to summa-
rize the published real-world, post-approval efficacy and 
safety reports on brolucizumab in treatment-naive and 
anti-VEGF switch patients with nAMD, to supplement 
the phase 3 trial data.

2  |   M ETHODS

We submitted the systematic literature review proto-
col for registration with the International Prospective 

Register of Systematic Reviews (PROSPERO) on 10 
November 2021, prior to data extraction (PROSPERO 
registration ID: CRD42021290530). Reporting of this 
systematic review was guided by the standards of the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement (Page et al., 2021).

2.1  |  Eligibility criteria

All studies describing patients receiving IVI(s) of brolu-
cizumab to treat nAMD in clinical practice were eligi-
ble for inclusion in this systematic literature review. All 
non-interventional studies were eligible, including lon-
gitudinal observational studies, case series and individ-
ual patient case studies. No language restrictions were 
implemented.

2.2  |  Search methods for identifying studies

2.2.1  |  Data sources

We conducted a systematic literature search in the OVID 
Embase and OVID Medline databases on 19 October 
2021 to identify original reports of efficacy and/or safety 
in patients with nAMD treated with brolucizumab in 
clinical practice. In addition, we checked the freely 
searchable websites of the following key ophthalmol-
ogy congresses for relevant reports: American Society of 
Retina Specialists (https://www.asrs.org/), Asia-Pacific 
Vitreo-retina Society (https://apvrs.org/), Association 
for Research in Vision and Ophthalmology (https://
www.arvo.org/), European Society of Retina Specialists 
(https://euret​ina.org/), Macula Society (https://www.
macul​asoci​ety.org/) and Retina Society (https://www.
retin​asoci​ety.org/). Eligible congress reports needed to 
have the abstract or presentation available on the con-
gress website.

2.2.2  |  Search strategy

The search terms were “brolucizumab”, “Beovu” and 
“RTH258”. We did not implement any limitations re-
garding study type at the search stage, and we excluded 
registration clinical trials at the study selection stage 
only. The time interval of interest was from 8 October 
2019 (the date of the first commercial launch of brolu-
cizumab, which was in the USA) to 19 October 2021 
(the date of the systematic literature search). For con-
gress reports identified from the systematic search, we 
conducted a subsequent targeted search during the re-
port screening and data extraction period (19 October 
to 30 November 2021) to check for publications of 
corresponding full papers. We added references from 
the search results to a reference management program 
(EndNote X9; Clarivate) and a spreadsheet (Microsoft 

K E Y W O R D S
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Excel) to manage the identified reports and their eligi-
bility status.

2.3  |  Study selection

Following the systematic literature search, we screened 
and selected reports based on title, abstract and/or full 
text. Two reviewers (AB and AM) independently as-
sessed the systematic literature search results and selec-
tion of the relevant literature.

2.4  |  Data collection

Data extraction included publication and study details, 
patient demographics, anti-VEGF treatment informa-
tion, and efficacy and safety outcomes. For included 
congress abstracts, we extracted additional data from 
the corresponding congress presentations (posters or 
slides), obtained from the review authors' libraries or 
from the congress abstract authors. A single researcher 
extracted the data using a standardized study form. We 
did not conduct any formal risk of bias assessment.

2.5  |  Data summary

We summarized the extracted data descriptively. We 
included studies describing at least 10 brolucizumab-
treated eyes in the main descriptive summary, and stud-
ies with fewer than 10 brolucizumab-treated eyes in 
Tables  S1–S4. Efficacy outcomes included: change in 
best corrected visual acuity (BCVA) from baseline be-
fore brolucizumab treatment to follow-up time point(s); 
change in key anatomical parameters from baseline to 
follow-up time point(s); treatment interval prolonga-
tion in comparison to previous anti-VEGF treatment in 
anti-VEGF-switched eyes; and last recorded treatment 
interval for treatment-naive eyes. Summarized safety 
outcomes included adverse events during follow-up, 
their treatment and outcomes when available, including 
ocular adverse events-related visual acuity outcomes. 
In addition to overall data, whenever available, we pre-
sented data for anti-VEGF treatment-naive eyes sepa-
rately from treatment-experienced anti-VEGF eyes that 
were switched to brolucizumab. We converted Snellen or 
LogMar visual acuity data to Early Treatment Diabetic 
Retinopathy Study (ETDRS) letter scores for ease of 
comparison (Ferris et al., 1982).

3  |   RESU LTS

3.1  |  Search results

We retrieved a total of 407 reports: 235 from Embase, 
123 from Medline and 49 from congresses (Figure 1). 
Screening by title, abstract and/or full text yielded 
49 reports for inclusion, of which 34 were full papers 
and 15 were congress presentations (five identified 
via databases and 10 via congresses). We identified a 

corresponding full paper for one of the included con-
gress presentations by targeted search, bringing the 
total number of included reports to 50 (comprising 35 
full papers and 15 congress presentations). These in-
cluded reports together described 45 real-world stud-
ies of brolucizumab in nAMD. From the reports that 
were excluded, the most common reasons for exclusion 
were that no original data were presented (n = 123) or 
that they presented solely clinical trial data (n  =  38) 
(Figure 1).

From the 45 real-world studies (50 reports) for in-
clusion, 26 studies (31 reports) described at least 10 
brolucizumab-treated eyes, and are thus included in the 
main descriptive summary (Tables  1–3; Tables  S1–S3) 
(Abdin et al., 2021; Aziz et al., 2021; Baumal et al., 2020; 
Bilgic, Kodjikian, March de Ribot, et al.,  2021; Bilgic, 
Kodjikian, Srivastava, et al.,  2021; Book et al.,  2022; 
Bulirsch et al., 2022; Chakraborty et al., 2021; Cristian 
et al., 2021; Eandi & Montesel, 2021; Enríquez et al., 2021; 
Fossataro et al.,  2021; Fukuda et al.,  2021; Haensli 
et al., 2021a, 2021b; Hamou et al., 2021; Hussain, 2021; 
Kilani et al.,  2021; Maruko et al.,  2021; Matsumoto 
et al., 2021; Montesel et al., 2021; Rave et al., 2021; Reyes-
Capo et al., 2021; Rispoli et al., 2021; Sharma, Kumar, 
et al.,  2021; Sharma, Rave, et al.,  2021; Sudhalkar 
et al.,  2021; Walter & Saba,  2021a, 2021b; Witkin 
et al., 2020, 2021). A further 19 studies (19 reports) de-
scribing fewer than 10 brolucizumab-treated eyes are 
included in Table S4. The majority of these smaller stud-
ies (17/19 [89%]) described five or fewer brolucizumab-
treated eyes.

3.2  |  Study characteristics

Table 1 provides an overview of the 26 studies in the main 
descriptive summary. Further details, including baseline 
patient demographic and clinical characteristics, are in 
Table  S1. The studies included a total number of 2907 
eyes (assuming 40 patients equalled 40 eyes in Cristian 
et al., 2021).

The studies were conducted in a range of geographi-
cal locations: 11 originated in the USA, nine in Europe 
(Germany: four; Italy: two; Switzerland: two; and UK: 
one), three in Japan, two in India, and one in Germany 
and India. Most studies either included only treatment-
experienced eyes that were switched to brolucizumab 
from another anti-VEGF agent (13 studies) or included 
both switch and treatment-naive eyes (nine studies). 
Three studies included only treatment-naive eyes, and 
one study did not detail the previous anti-VEGF treat-
ment status of eyes. For outcomes, 16 studies reported 
data for eyes switched to brolucizumab, eight studies for 
treatment-naive and switch eyes combined, and six stud-
ies for treatment-naive eyes. Data on visual acuity out-
comes, key anatomical parameters, treatment intervals 
and safety were reported in 19, 19, 9 and 26 of the stud-
ies, respectively. Two of the studies included eyes with 
polypoidal choroidal vasculopathy (Fukuda et al., 2021; 
Sudhalkar et al.,  2021). None of the included studies 
reported on patient preferences or patient-reported 
outcomes.
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3.3  |  Visual acuity

Nineteen studies reported on change in BCVA from 
brolucizumab initiation to follow-up time point(s) and 
are included in this section (ocular adverse events-
related visual acuity outcomes are captured in the 
“Safety outcomes” section). The observed change in 
BCVA at follow-up compared with baseline ranged from 
−2 to +15 ETDRS letters in the 19 studies that included 
baseline and follow-up visual acuity data (Table 2 and 
subsections below). Length of follow-up varied between 
studies, ranging from 4 weeks to 1  year post-baseline. 
Overall, data for time points of 3 months, 6 months, and 
1 year were reported in four studies, no study, and two 
studies, respectively.

3.3.1  |  Treatment-naive eyes

Six studies with BCVA data either included only 
treatment-naive eyes (three studies) or reported data 
separately for treatment-naive eyes (three studies). All 
six studies included statistical testing for treatment-
naive subgroups. All six studies observed an improve-
ment in BCVA, and in four studies this improvement 
was significant (p < 0.05), ranging from +3.7 ETDRS 

letters (p  =  0.038) in Walter et al. (follow-up not re-
ported) (Walter & Saba, 2021b) to +11.9 ETDRS letters 
(p = 0.011) in Bilgic et al. (mean follow-up 10.4 months) 
(Bilgic, Kodjikian, Srivastava, et al.,  2021). Data for 
3 months' follow-up were reported in two of six studies, 
both of which observed an improvement in mean BCVA 
(Fukuda et al., 2021; Matsumoto et al., 2021), which was 
reported as statistically significant in one of the stud-
ies (Matsumoto et al.,  2021). No studies reported data 
specifically for the 6-month or 1-year time points for 
treatment-naive eyes.

3.3.2  |  Anti-VEGF switch eyes

Twelve studies either included only switch eyes (nine 
studies) or reported data separately for switch eyes (three 
studies). Ten of the 12 studies included statistical test-
ing for the switch subgroups. Three studies reported 
significant improvements in mean BCVA in switch eyes, 
with improvements of +10.4 ETDRS letters (p = 0.014) in 
Bilgic, Kodjikian, March de Ribot, et al. (2021) and +9.0 
ETDRS letters (p < 0.001) in Chakraborty et al.  (2021), 
although in one study that included several follow-ups, 
by Abdin et al.  (2021), improvements were reported as 
significant at 16 weeks (+15 ETDRS letters, p = 0.03) but 

F I G U R E  1   Flow chart of the systematic literature search. APVRS, Asia-Pacific Vitreo-retina Society; ARVO, Association for Research 
in Vision and Ophthalmology; ASRS, American Society of Retina Specialists; EURETINA, European Society of Retina Specialists; SLR, 
systematic literature review.

 17553768, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15242 by A

lbert-L
udw

igs-U
niversitaet, W

iley O
nline L

ibrary on [28/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  127BAUMAL et al.

T
A

B
L

E
 1

 
O

ve
rv

ie
w

 o
f 

st
ud

ie
s 

in
cl

ud
in

g 
at

 le
as

t 
10

 e
ye

s 
tr

ea
te

d 
w

it
h 

br
ol

uc
iz

u
m

ab
 (2

6 
st

ud
ie

s)

P
ub

lic
at

io
n

E
ye

s 
(p

at
ie

nt
s)

 
(n

)
N

ai
ve

/s
w

it
ch

 
ey

es
 (n

)
M

ea
n 

ag
e 

(y
ea

rs
)a

C
ou

nt
ry

 (s
et

ti
ng

)
S

w
it

ch
 p

at
ie

nt
s:

 P
re

vi
ou

s 
an

ti
-V

E
G

F
 a

ge
nt

, 
m

ea
n 

du
ra

ti
on

,a  m
ea

n 
nu

m
be

r 
of

 in
je

ct
io

ns
a,

b
R

ea
so

n 
fo

r 
an

ti
-V

E
G

F
 s

w
it

ch
 to

 
br

ol
uc

iz
um

ab

A
b

d
in

 e
t 

al
. (

20
21

)
21

 (1
9)

0/
21

76
G

er
m

an
y 

(s
in

gl
e 

ce
nt

re
)

N
u

m
b

er
 o

f 
in

je
ct

io
ns

: 3
9

–

A
zi

z 
et

 a
l. 

(2
02

1)
 (

R
E

B
E

L
)

28
4 

(2
82

)
21

/2
63

81
.2

U
SA

 (m
u

lt
ic

en
tr

e)
–

P
er

si
st

en
t 

fl
u

id
: 6

3.
9%

; d
es

ir
e 

to
 

in
cr

ea
se

 t
re

at
m

en
t 

in
te

rv
al

: 
32

.3
%

; m
at

ch
 o

th
er

 e
ye

: 1
.5

%
; 

sy
m

pt
om

at
ic

 P
E

D
: 0

.4
%

; 
m

u
lt

ip
le

 r
ea

so
ns

: 1
.9

%

B
au

m
al

 e
t 

al
. (

20
20

)
15

 (1
2)

0/
15

77
.6

U
SA

 (m
u

lt
ic

en
tr

e)
T

yp
e:

 a
fl

ib
er

ce
pt

, b
ev

ac
iz

u
m

ab
, 

ra
n

ib
iz

u
m

ab
; n

u
m

b
er

 o
f 

in
je

ct
io

ns
: 2

7.
5

P
er

si
st

en
t 

fl
u

id
: 7

5%
; p

ot
en

ti
al

 
fo

r 
in

cr
ea

se
d 

du
ra

bi
li

ty
: 2

5%

B
il

gi
c,

 K
od

ji
k

ia
n,

 M
ar

ch
 d

e 
R

ib
ot

, e
t 

al
. (

20
21

) 
(R

E
B

A
)

10
5 

(7
8)

25
/8

0
N

ai
ve

: 6
9.

2;
 

sw
it

ch
: 7

4.
3

G
er

m
an

y,
 I

nd
ia

 
(m

u
lt

ic
en

tr
e)

T
yp

e:
 a

fl
ib

er
ce

pt
, r

an
ib

iz
u

m
ab

; n
u

m
b

er
 o

f 
in

je
ct

io
ns

: 3
2.

4
R

ec
u

rr
en

t 
fl

u
id

: 3
1.

3%
; 

re
ca

lc
it

ra
nt

 f
lu

id
: 5

5.
0%

; 
in

ab
il

it
y 

to
 e

xt
en

d:
 1

3.
8%

Su
d

ha
lk

ar
 e

t 
al

. (
20

21
)c  (

R
E

B
A

 
P

C
V

)
17

 (1
7)

17
/0

–
–

–

B
il

gi
c,

 K
od

ji
k

ia
n,

 S
ri

va
st

av
a,

 
et

 a
l. 

(2
02

1)
 (

P
R

O
B

E
)

27
 (2

7)
27

/0
65

.1
In

d
ia

 (m
u

lt
ic

en
tr

e)
–

–

B
oo

k 
et

 a
l. 

(2
02

2)
 [e

P
ub

 2
02

1]
21

 (2
0)

0/
21

75
.8

G
er

m
an

y 
(−

)
T

yp
e:

 a
fl

ib
er

ce
pt

, r
an

ib
iz

u
m

ab
, 

b
ev

ac
iz

u
m

ab
; d

u
ra

ti
on

: 4
.3

 y
ea

rs
; n

u
m

b
er

 
of

 in
je

ct
io

ns
: 3

4.
3

P
er

si
st

en
t 

fl
u

id
: 1

00
%

B
u

li
rs

ch
 e

t 
al

. (
20

21
) 

(S
H

IF
T

)
63

 (5
7)

0/
63

79
.5

G
er

m
an

y 
(s

in
gl

e 
ce

nt
re

)
T

yp
e:

 a
fl

ib
er

ce
pt

, r
an

ib
iz

u
m

ab
, 

b
ev

ac
iz

u
m

ab
; d

u
ra

ti
on

: 4
.2

 y
ea

rs
; n

u
m

b
er

 
of

 in
je

ct
io

ns
: 3

2.
5

R
ec

al
ci

tr
an

t 
fl

u
id

: 1
00

%

C
ha

k
ra

bo
rt

y 
et

 a
l. 

(2
02

1)
 

(B
R

A
IL

L
E

)
94

 (9
4)

20
/7

4
67

.6
In

d
ia

 (m
u

lt
ic

en
tr

e)
T

yp
e:

 r
an

ib
iz

u
m

ab
, a

fl
ib

er
ce

pt
; n

u
m

b
er

 o
f 

in
je

ct
io

ns
: 8

.6
R

ec
al

ci
tr

an
t 

fl
u

id
: 1

00
%

C
ri

st
ia

n 
et

 a
l. 

(2
02

1)
– 

(4
0)

–
81

d
U

K
 (s

in
gl

e 
ce

nt
re

)
T

yp
e:

 a
fl

ib
er

ce
pt

; n
u

m
b

er
 o

f 
in

je
ct

io
ns

: 1
6d

P
er

si
st

en
t 

n
A

M
D

 a
ct

iv
it

y,
 

u
ns

ta
bl

e 
vi

su
al

 a
cu

it
y 

or
 

he
av

y 
tr

ea
tm

en
t 

bu
rd

en
 (

%
 

N
R

 s
ep

ar
at

el
y)

E
an

d
i a

nd
 M

on
te

se
l (

20
21

),
 

M
on

te
se

l e
t 

al
. (

20
21

)
19

 (1
9)

4/
15

78
.0

Sw
it

ze
rl

an
d 

(s
in

gl
e 

ce
nt

re
)

T
yp

e:
 r

an
ib

iz
u

m
ab

, a
fl

ib
er

ce
pt

; n
u

m
b

er
 

of
 in

je
ct

io
ns

: 2
5 

(r
an

ib
iz

u
m

ab
),

 4
0 

(a
fl

ib
er

ce
pt

)

P
er

si
st

en
t 

ac
ti

ve
 e

xu
d

at
io

n:
 

10
0%

E
n

rí
qu

ez
 e

t 
al

. (
20

21
)

17
2 

(1
52

)
4/

16
6e

80
.0

U
SA

 (m
u

lt
ic

en
tr

e)
T

yp
e:

 b
ev

ac
iz

u
m

ab
, r

an
ib

iz
u

m
ab

, 
af

li
b

er
ce

pt
; d

u
ra

ti
on

: 2
9.

5 
m

on
th

sd ; 
nu

m
b

er
 o

f 
in

je
ct

io
ns

: 1
8d

P
er

si
st

en
t 

fl
u

id
: 6

5.
7%

; a
tt

em
pt

 
to

 e
xt

en
d 

tr
ea

tm
en

t 
in

te
rv

al
: 

30
.1

%
; o

th
er

/n
ot

 s
p

ec
if

ie
d:

 
4.

2%

F
os

sa
ta

ro
 e

t 
al

. (
20

21
)

11
 (1

1)
0/

11
73

It
al

y 
(s

in
gl

e 
ce

nt
re

)
D

u
ra

ti
on

: 3
 y

ea
rs

; n
u

m
b

er
 o

f 
in

je
ct

io
ns

: 1
2.

6
P

er
si

st
en

t 
P

E
D

 w
it

h 
fl

u
id

: 1
00

%

F
u

k
ud

a 
et

 a
l. 

(2
02

1)
14

 (1
4)

14
/0

74
.7

Ja
pa

n
(s

in
gl

e 
ce

nt
re

)
–

–

H
ae

ns
li

 e
t 

al
. (

20
21

a,
 2

02
1b

)
12

 (1
2)

0/
12

80
.3

f
Sw

it
ze

rl
an

d 
(s

in
gl

e 
ce

nt
re

)
T

yp
e:

 r
an

ib
iz

u
m

ab
, a

fl
ib

er
ce

pt
; d

u
ra

ti
on

: 
4.

1 
ye

ar
sf

P
er

si
st

en
t 

fl
u

id
: 1

00
%

(C
on

ti
nu

es
)

 17553768, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15242 by A

lbert-L
udw

igs-U
niversitaet, W

iley O
nline L

ibrary on [28/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



128  |      BAUMAL et al.

P
ub

lic
at

io
n

E
ye

s 
(p

at
ie

nt
s)

 
(n

)
N

ai
ve

/s
w

it
ch

 
ey

es
 (n

)
M

ea
n 

ag
e 

(y
ea

rs
)a

C
ou

nt
ry

 (s
et

ti
ng

)
S

w
it

ch
 p

at
ie

nt
s:

 P
re

vi
ou

s 
an

ti
-V

E
G

F
 a

ge
nt

, 
m

ea
n 

du
ra

ti
on

,a  m
ea

n 
nu

m
be

r 
of

 in
je

ct
io

ns
a,

b
R

ea
so

n 
fo

r 
an

ti
-V

E
G

F
 s

w
it

ch
 to

 
br

ol
uc

iz
um

ab

H
am

ou
 e

t 
al

. (
20

21
)

99
 (8

8)
10

/8
9

82
.0

U
SA

 (s
in

gl
e 

ce
nt

re
)

N
u

m
b

er
 o

f 
in

je
ct

io
ns

: 2
7.

0
–

H
u

ss
ai

n 
(2

02
1)

58
 (−

)
0/

58
82

U
SA

 (m
u

lt
ic

en
tr

e)
T

yp
e:

 a
fl

ib
er

ce
pt

, b
ev

ac
iz

u
m

ab
; n

u
m

b
er

 o
f 

in
je

ct
io

ns
: 2

6.
2

P
er

si
st

en
t 

fl
u

id
: 1

00
%

K
il

an
i e

t 
al

. (
20

21
)

36
 (3

2)
0/

36
78

.1
G

er
m

an
y 

(s
in

gl
e 

ce
nt

re
)

N
u

m
b

er
 o

f 
in

je
ct

io
ns

: 2
0

P
oo

r 
re

sp
on

se
 (d

ef
in

it
io

n 
N

R
):

 
10

0%

M
ar

u
ko

 e
t 

al
. (

20
21

)
12

7 
(1

27
)

43
/8

4
–

Ja
pa

n 
(m

u
lt

ic
en

tr
e)

–
–

M
at

su
m

ot
o 

et
 a

l. 
(2

02
1)

42
 (4

0)
42

/0
74

.9
Ja

pa
n 

(s
in

gl
e 

ce
nt

re
)

–
–

R
av

e 
et

 a
l. 

(2
02

1)
, S

ha
rm

a,
 R

av
e,

 
et

 a
l. 

(2
02

1)
14

4 
(1

44
)

0/
14

4
77

.6
U

SA
 (s

in
gl

e 
ce

nt
re

)
–

–

R
ey

es
-C

ap
o 

et
 a

l. 
(2

02
1)

76
6g  (−

)
–

–
U

SA
 (s

in
gl

e 
ce

nt
re

)
–

–

R
is

po
li

 e
t 

al
. (

20
21

)
12

 (1
2)

0/
12

78
.4

It
al

y 
(−

)
T

yp
e:

 r
an

ib
iz

u
m

ab
, a

fl
ib

er
ce

pt
; n

u
m

b
er

 o
f 

in
je

ct
io

ns
: 1

3
P

er
si

st
en

t 
fl

u
id

: 1
00

%

Sh
ar

m
a,

 K
u

m
ar

, e
t 

al
. (

20
21

) 
(B

R
E

W
)

42
 (4

2)
0/

42
79

.2
U

SA
 (m

u
lt

ic
en

tr
e)

T
yp

e:
 b

ev
ac

iz
u

m
ab

, r
an

ib
iz

u
m

ab
, 

af
li

b
er

ce
pt

; n
u

m
b

er
 o

f 
in

je
ct

io
ns

: 1
9d

–

W
al

te
r 

an
d 

Sa
ba

 (2
02

1a
, 2

02
1b

)
59

1h  (5
11

h )
61

h
/5

30
h

80
.8

U
SA

 (m
u

lt
ic

en
tr

ei )
T

yp
e:

 a
fl

ib
er

ce
pt

, r
an

ib
iz

u
m

ab
, 

b
ev

ac
iz

u
m

ab
–

W
it

k
in

 e
t 

al
. (

20
20

)
26

 (2
5)

0/
26

79
.1

U
SA

 (
N

A
j )

T
yp

e:
 r

an
ib

iz
u

m
ab

, b
ev

ac
iz

u
m

ab
, 

af
li

b
er

ce
pt

; n
u

m
b

er
 o

f 
in

je
ct

io
ns

: 3
9.

1
E

xt
en

d 
tr

ea
tm

en
t 

in
te

rv
al

 (7
7%

),
 

im
pr

ov
e 

ef
fi

ca
cy

 (7
3%

),
 

w
or

se
n

in
g 

vi
si

on
 (4

%
)

W
it

k
in

 e
t 

al
. (

20
21

)
49

 (4
5)

4/
45

76
U

SA
 (

N
A

j )
T

yp
e:

 r
an

ib
iz

u
m

ab
, b

ev
ac

iz
u

m
ab

, 
af

li
b

er
ce

pt
; n

u
m

b
er

 o
f 

in
je

ct
io

ns
: 2

6.
4

E
xt

en
d 

tr
ea

tm
en

t 
in

te
rv

al
 (6

5%
),

 
im

pr
ov

e 
ef

fi
ca

cy
 (5

9%
)

N
ot

e:
 A

ll
 a

pp
li

ca
bl

e 
in

fo
rm

at
io

n 
w

as
 r

ep
or

te
d 

w
he

n 
av

ai
la

bl
e.

 E
m

pt
y 

ce
ll

s 
co

nt
ai

n
in

g 
on

ly
 d

as
he

s 
in

d
ic

at
e 

th
at

 t
he

 in
fo

rm
at

io
n 

w
as

 n
ot

 r
ep

or
te

d 
or

 is
 n

ot
 a

pp
li

ca
bl

e.

A
bb

re
vi

at
io

n
s:

 N
A

, n
ot

 a
pp

li
ca

bl
e;

 n
A

M
D

, n
eo

va
sc

u
la

r 
ag

e-
re

la
te

d 
m

ac
u

la
r 

de
ge

ne
ra

ti
on

; N
R

, n
ot

 r
ep

or
te

d;
 P

C
V

, p
ol

yp
oi

d
al

 c
ho

ro
id

al
 v

as
cu

lo
p

at
hy

; P
E

D
, p

ig
m

en
t 

ep
it

he
li

al
 d

et
ac

h
m

en
t;

 V
E

G
F

, v
as

cu
la

r 
en

do
th

el
ia

l g
ro

w
th

 f
ac

to
r.

a M
ea

n 
u

n
le

ss
 o

th
er

w
is

e 
in

d
ic

at
ed

.
b N

u
m

b
er

 o
f 

in
tr

av
it

re
al

 in
je

ct
io

n
s 

w
it

h 
pr

ev
io

u
s 

an
ti

-V
E

G
F

 t
he

ra
py

.
c T

he
 R

E
B

A
 s

tu
dy

 p
ap

er
 b

y 
B

il
gi

c 
et

 a
l. 

ex
cl

ud
ed

 p
at

ie
nt

s 
w

it
h 

P
C

V
 o

r 
re

ti
na

l a
ng

io
m

at
ou

s 
pr

ol
if

er
at

io
n.

 T
he

 R
E

B
A

 s
tu

dy
 c

on
gr

es
s 

pr
es

en
ta

ti
on

 b
y 

Su
d

h
al

k
ar

 e
t 

al
. i

nc
lu

de
d 

ad
d

it
io

na
l d

at
a 

fo
r 

p
at

ie
nt

s 
w

it
h 

P
C

V
 t

h
at

 w
er

e 
no

t 
p

ar
t 

of
 t

he
 

fu
ll

 p
ap

er
 b

y 
B

il
gi

c 
et

 a
l.

d
M

ed
ia

n.
e N

ai
ve

 v
s.

 s
w

it
ch

 n
ot

 s
p

ec
if

ie
d 

fo
r 

tw
o 

ey
es

.
f C

al
cu

la
te

d 
fr

om
 d

at
a 

in
 r

ep
or

t.
g E

ye
s 

w
it

h 
m

ic
ro

bi
al

 e
nd

op
ht

h
al

m
it

is
 a

ft
er

 a
nt

i-V
E

G
F

 in
tr

av
it

re
al

 in
je

ct
io

n.
h
n 

nu
m

b
er

s 
d

if
fe

r 
by

 o
ut

co
m

e.
i Id

en
ti

fi
ed

 f
ro

m
 b

il
li

ng
 d

at
a.

j C
as

e 
re

p
or

ts
 s

ub
m

it
te

d 
to

 t
he

 A
m

er
ic

an
 S

o
ci

et
y 

of
 R

et
in

a 
Sp

ec
ia

li
st

s 
(A

SR
S)

.

T
A

B
L

E
 1

 
(C

on
ti

nu
ed

)

 17553768, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15242 by A

lbert-L
udw

igs-U
niversitaet, W

iley O
nline L

ibrary on [28/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  129BAUMAL et al.

T
A

B
L

E
 2

 
V

is
u

al
 a

cu
it

y 
at

 b
as

el
in

e 
an

d 
fo

ll
ow

-u
p 

in
 s

tu
d

ie
s 

in
cl

ud
in

g 
at

 le
as

t 
10

 e
ye

s 
tr

ea
te

d 
w

it
h 

br
ol

uc
iz

u
m

ab
 (1

9 
st

ud
ie

s)

P
ub

lic
at

io
n 
(s
tu
dy
)

N
ai

ve
/s

w
it

ch
 e

ye
s 

(%
)

E
ye

s 
(n

)
B

as
el

in
e 

V
A

 (
E

T
D

R
S

 le
tt

er
s)

a
Fo

llo
w

-u
p 

ti
m

e 
po

in
t(

s)
a

V
A

 a
t f

ol
lo

w
-u

pa
C

ha
ng

e 
in

 V
A

 v
s.

 
ba

se
li

ne

A
b

d
in

 e
t 

al
. (

20
21

)
0/

10
0

Sw
it

ch
 (2

1)
49

52
 w

ee
ks

b
50

+1
c ; p

 =
 0

.8

A
zi

z 
et

 a
l. 

(2
02

1)
 (R

E
B

E
L

)
7/

93
N

ai
ve

 a
nd

 s
w

it
ch

 (2
84

)
62

.4
44

 d
ay

s
63

.4
+1

.0
c ; p

 N
R

89
 d

ay
sd

64
.5

+2
.1

c ; p
 N

R

B
il

gi
c,

 K
od

ji
k

ia
n,

 M
ar

ch
 d

e 
R

ib
ot

, e
t 

al
. (

20
21

) 
(R

E
B

A
)

24
/7

6
N

ai
ve

 (2
5)

49
.4

10
.4

 m
on

th
se

61
.3

c
+1

1.
9;

 p
 =

 0
.0

11

Sw
it

ch
 (8

0)
40

.0
10

.4
 m

on
th

se
50

.4
c

+1
0.

4;
 p

 =
 0

.0
14

Su
d

ha
lk

ar
 e

t 
al

. (
20

21
) 

(R
E

B
A

 P
C

V
)

10
0/

0
N

ai
ve

 (1
7)

–
10

 m
on

th
s

–
+7

.3
; p

 N
R

B
il

gi
c,

 K
od

ji
k

ia
n,

 S
ri

va
st

av
a,

 e
t 

al
. (

20
21

) 
(P

R
O

B
E

 
st

ud
y)

10
0/

0
N

ai
ve

 (2
7)

57
.4

11
.2

 m
on

th
sf

65
.3

+7
.8

; p
 =

 0
.0

14

B
oo

k 
et

 a
l. 

(2
02

2)
 [e

P
ub

 2
02

1]
0/

10
0

Sw
it

ch
 (2

1)
58

.5
g

14
 w

ee
ks

58
g

−
0.

5c ; p
 =

 0
.5

6

B
u

li
rs

ch
 e

t 
al

. (
20

21
) 

(S
H

IF
T

)
0/

10
0

Sw
it

ch
 (6

3)
65

.5
g

4.
3 

w
ee

ks
64

.5
g

−
1.

0c ; p
 =

 0
.1

15

C
ha

k
ra

bo
rt

y 
et

 a
l. 

(2
02

1)
 (

B
R

A
IL

L
E

)
21

/7
9

N
ai

ve
 a

nd
 s

w
it

ch
 (9

4)
44

.5
g

7.
3 

w
ee

ks
52

f
+7

.5
c ; p

 <
 0

.0
00

01

N
ai

ve
 (2

0)
64

.5
g

–h
67

g
+2

.5
c ; p

 =
 0

.3
6

Sw
it

ch
 (7

4)
39

.5
g

–h
48

.5
g

+9
.0

c ; p
 <

 0
 0

.0
00

01

C
ri

st
ia

n 
et

 a
l. 

(2
02

1)
0/

10
0

Sw
it

ch
 (4

0)
57

i
6 

w
ee

ks
i

67
.5

i
+1

0.
5c ; p

 N
R

E
an

d
i a

nd
 M

on
te

se
l (

20
21

),
 M

on
te

se
l e

t 
al

. (
20

21
)

21
/7

9
N

ai
ve

 a
nd

 s
w

it
ch

 (1
9)

65
g

14
.4

 w
ee

ks
65

g
0c ; p

 =
 0

.7
78

E
n

rí
qu

ez
 e

t 
al

. (
20

21
)

2/
98

N
ai

ve
 a

nd
 s

w
it

ch
 (1

72
)

64
.1

59
 d

ay
si

63
.3

−
0.

8;
 p

 =
 0

.6
5

F
u

k
ud

a 
et

 a
l. 

(2
02

1)
10

0/
0

N
ai

ve
 (1

4)
71

.5
g

1 
m

on
th

72
.5

+1
c ; p

 =
 0

.7
1

2 
m

on
th

s
73

+1
.5

c ; p
 =

 0
.5

0

3 
m

on
th

s
75

+3
.5

c ; p
 =

 0
.2

1

H
am

ou
 e

t 
al

. (
20

21
)

10
/9

0
N

ai
ve

 a
nd

 s
w

it
ch

 (9
9)

W
it

h 
IO

I 
(8

 e
ye

s)
: 5

6
N

R
 (1

-y
ea

r 
st

ud
y)

66
+1

0c ; p
 N

R

W
it

ho
ut

 I
O

I 
(9

1 
ey

es
):

 5
6

N
R

 (1
-y

ea
r 

st
ud

y)
54

−
2c ; p

 N
R

H
u

ss
ai

n 
(2

02
1)

0/
10

0
Sw

it
ch

 (5
8)

F
ro

m
 a

fl
ib

er
ce

pt
: 6

0j
~4

5 
d

ay
sk

60
j

0c ; p
 N

Sl

~9
0 

d
ay

sk
60

j
0c ; p

 N
Sl

F
ro

m
 b

ev
ac

iz
u

m
ab

: 6
0j

~4
5 

d
ay

sk
65

j
+5

c ; p
 N

Sl

~9
0 

d
ay

sk
65

j
+5

c ; p
 N

Sl

K
il

an
i e

t 
al

. (
20

21
)

0/
10

0
Sw

it
ch

 (3
6)

52
.5

g
32

 w
ee

ks
52

.5
g

0c

M
at

su
m

ot
o 

et
 a

l. 
(2

02
1)

10
0/

0
N

ai
ve

 (4
2)

73
g

1 
m

on
th

76
.5

g
+3

.5
c ; p

 <
 0

.0
1

2 
m

on
th

s
78

g
+5

c ; p
 <

 0
.0

01

3 
m

on
th

s
79

g
+6

c ; p
 <

 0
.0

01

R
av

e 
et

 a
l. 

(2
02

1)
, S

ha
rm

a,
 R

av
e,

 e
t 

al
. (

20
21

)
0/

10
0

Sw
it

ch
 (1

44
)

55
g

–
–

N
Sl

R
is

po
li

 e
t 

al
. (

20
21

)
0/

10
0

Sw
it

ch
 (1

2)
61

g
1 

m
on

th
62

g
+1

; p
 =

 0
.5

8

Sh
ar

m
a,

 K
u

m
ar

, e
t 

al
. (

20
21

) 
(B

R
E

W
)

0/
10

0
Sw

it
ch

 (4
2)

64
g

7.
2 

w
ee

ks
67

g
+3

c ; p
 =

 0
.3

3 (C
on

ti
nu

es
)

 17553768, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15242 by A

lbert-L
udw

igs-U
niversitaet, W

iley O
nline L

ibrary on [28/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



130  |      BAUMAL et al.

P
ub

lic
at

io
n 
(s
tu
dy
)

N
ai

ve
/s

w
it

ch
 e

ye
s 

(%
)

E
ye

s 
(n

)
B

as
el

in
e 

V
A

 (
E

T
D

R
S

 le
tt

er
s)

a
Fo

llo
w

-u
p 

ti
m

e 
po

in
t(

s)
a

V
A

 a
t f

ol
lo

w
-u

pa
C

ha
ng

e 
in

 V
A

 v
s.

 
ba

se
li

ne

W
al

te
r 

an
d 

Sa
ba

 (2
02

1a
, 2

02
1b

)
12

/8
8

N
ai

ve
 a

nd
 s

w
it

ch
 (5

91
m

)
60

.7
N

R
 (a

ft
er

 la
st

 I
V

I)
60

.7
−

0.
1;

 p
 =

 0
.8

5

N
ai

ve
 (6

1m
)

53
.5

N
R

 (a
ft

er
 la

st
 I

V
I)

57
.2

+3
.7

; p
 =

 0
.0

38

Sw
it

ch
 (5

30
m

)
61

.6
N

R
 (a

ft
er

 la
st

 I
V

I)
61

.1
−

0.
5;

 p
 =

 0
.2

4

N
ot

e:
 A

ll
 a

pp
li

ca
bl

e 
in

fo
rm

at
io

n 
w

as
 r

ep
or

te
d 

w
he

n 
av

ai
la

bl
e.

 E
m

pt
y 

ce
ll

s 
co

nt
ai

n
in

g 
on

ly
 d

as
he

s 
in

d
ic

at
e 

th
at

 t
he

 in
fo

rm
at

io
n 

w
as

 n
ot

 r
ep

or
te

d 
or

 is
 n

ot
 a

pp
li

ca
bl

e.
 H

ae
n

sl
i 2

02
1 

(H
ae

n
sl

i e
t 

al
., 

20
21

a,
 2

02
1b

) 
re

p
or

ts
 o

n 
ef

fi
ca

cy
 o

ut
co

m
es

 
fo

r 
se

ve
n 

p
at

ie
nt

s 
on

ly
 a

nd
 is

 t
hu

s 
no

t 
in

cl
ud

ed
 h

er
e.

A
bb

re
vi

at
io

n
s:

 E
T

D
R

S,
 E

ar
ly

 T
re

at
m

en
t 

D
ia

b
et

ic
 R

et
in

op
at

hy
 S

tu
dy

; I
O

I,
 in

tr
ao

cu
la

r 
in

fl
am

m
at

io
n;

 I
V

I,
 in

tr
av

it
re

al
 in

je
ct

io
n;

 N
R

, n
ot

 r
ep

or
te

d;
 N

S,
 n

ot
 s

ta
ti

st
ic

al
ly

 s
ig

n
if

ic
an

t;
 P

C
V

, p
ol

yp
oi

d
al

 c
ho

ro
id

al
 v

as
cu

lo
p

at
hy

; V
A

 , 
vi

su
al

 
ac

u
it

y.
a M

ea
n 

u
n

le
ss

 o
th

er
w

is
e 

in
d

ic
at

ed
.

b St
ud

y 
in

cl
ud

ed
 fo

ll
ow

-u
p 

at
 4

, 8
, 1

6,
 2

0,
 2

4,
 2

8,
 3

2,
 3

6,
 4

0,
 4

4,
 4

8 
an

d 
52

 w
ee

k
s.

 O
n

ly
 t

he
 f

in
al

 fo
ll

ow
-u

p 
is

 s
ho

w
n 

he
re

.
c C

al
cu

la
te

d 
fr

om
 d

at
a 

re
p

or
te

d 
in

 t
he

 s
tu

dy
.

d T
h

is
 fo

ll
ow

-u
p 

ti
m

e 
w

as
 c

al
cu

la
te

d 
by

 a
dd

in
g 

th
e 

m
ea

n 
d

ay
s 

b
et

w
ee

n 
th

e 
fi

rs
t 

an
d 

se
co

nd
 in

je
ct

io
n

s 
an

d 
th

e 
se

co
nd

 a
nd

 t
h

ir
d 

in
je

ct
io

n
s.

 H
ow

ev
er

, b
ec

au
se

 n
 n

u
m

b
er

s 
de

cr
ea

se
d 

th
is

 v
al

u
e 

is
 a

n 
ap

pr
ox

im
at

io
n 

on
ly

.
e P

at
ie

nt
s 

h
ad

 t
o 

b
e 

fo
ll

ow
ed

 u
p 

fo
r 

at
 le

as
t 

9 
m

on
th

s 
to

 b
e 

in
cl

ud
ed

 in
 t

he
 s

tu
dy

.
f P

at
ie

nt
s 

h
ad

 t
o 

b
e 

fo
ll

ow
ed

 u
p 

fo
r 

at
 le

as
t 

10
 m

on
th

s 
to

 b
e 

in
cl

ud
ed

 in
 t

he
 s

tu
dy

.
g C

on
ve

rt
ed

 f
ro

m
 L

og
M

ar
 (

F
er

ri
s 

et
 a

l.,
 1

98
2)

.
h
F

ol
lo

w
-u

p 
w

as
 7

.3
 w

ee
k

s 
ov

er
al

l; 
no

t 
re

p
or

te
d 

se
p

ar
at

el
y 

fo
r 

na
iv

e 
an

d 
sw

it
ch

 g
ro

up
s.

i M
ed

ia
n.

j C
on

ve
rt

ed
 f

ro
m

 S
ne

ll
en

 a
t 

20
 fe

et
 (

F
er

ri
s 

et
 a

l.,
 1

98
2)

.
k V

al
u

es
 r

ea
d 

of
f 

gr
ap

h.
l A

ct
u

al
 v

al
u

es
 n

ot
 r

ep
or

te
d.

m
n 

nu
m

b
er

s 
d

if
fe

r 
by

 o
ut

co
m

e.

T
A

B
L

E
 2

 
(C

on
ti

nu
ed

)

 17553768, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15242 by A

lbert-L
udw

igs-U
niversitaet, W

iley O
nline L

ibrary on [28/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  131BAUMAL et al.

T
A

B
L

E
 3

 
Sa

fe
ty

 o
ut

co
m

es
 in

 s
tu

d
ie

s 
in

cl
ud

in
g 

at
 le

as
t 

10
 e

ye
s 

tr
ea

te
d 

w
it

h 
br

ol
uc

iz
u

m
ab

 (2
6 

st
ud

ie
s)

P
ub

lic
at

io
n 
(s
tu
dy
)

N
ai

ve
/s

w
it

ch
 

ey
es

 (%
)

E
ye

s 
(n

)
Fo

llo
w

-u
pa

S
ys

te
m

ic
 a

dv
er

se
 e

ve
nt

s
O

cu
la

r 
ad

ve
rs

e 
ev

en
ts

, n
 (%

) o
f e

ye
s

T
im

in
g

T
re

at
m

en
t (

ou
tc

om
e)

A
b

d
in

 e
t 

al
. (

20
21

)
0/

10
0

21
1 

ye
ar

–
Ir

it
is

: 1
 (4

.8
%

)
W

ee
k 

24
–

V
it

ri
ti

s:
 1

 (4
.8

%
)

W
ee

k 
12

–

O
cu

la
r 

hy
p

er
te

ns
io

n:
 1

 (4
.8

%
)

W
ee

k 
16

–

C
er

eb
ra

l v
as

cu
la

r 
ac

ci
de

nt
: 1

 
(4

.8
%

)
W

ee
k 

32
–

A
zi

z 
et

 a
l. 

(2
02

1)
 (R

E
B

E
L

)
7/

93
N

ai
ve

 a
nd

 s
w

it
ch

 
(2

84
)

89
 d

ay
sb

–
P

ai
n:

 3
 (1

.1
%

)
–

–

U
ve

it
is

: 1
0 

(3
.7

%
)

–
Ir

it
is

, 1
 c

as
e:

 p
re

d
n

is
ol

on
e 

(o
ut

co
m

e:
 r

es
ol

ve
d)

; I
O

I,
 

9 
ca

se
s:

 p
re

d
n

is
ol

on
e 

(o
ut

co
m

e:
 a

ll
 r

es
ol

ve
d)

O
cc

lu
si

ve
 v

as
cu

li
ti

s:
 1

 (0
.4

%
)

–
P

re
d

n
is

ol
on

e 
(o

ut
co

m
e:

 
u

n
re

so
lv

ed
)

B
au

m
al

 e
t 

al
. (

20
20

)
0/

10
0

Sw
it

ch
 (1

5)
N

R
 (1

–3
 

br
ol

uc
iz

u
m

ab
 

IV
Is

)

R
et

in
al

 v
as

cu
li

ti
s:

 1
5 

(1
00

.0
%

) 
[s

tu
dy

 in
cl

u
si

on
 c

ri
te

ri
on

]; 
7 

(4
7%

) 
w

it
h 

o
cc

lu
si

on
 o

f 
la

rg
er

 
re

ti
na

l a
rt

er
ie

s 
at

 o
pt

ic
 n

er
ve

 
or

 b
ra

nc
he

s 
pr

ox
im

al
 t

o 
fo

ve
a

M
ea

n 
30

 d
ay

s 
(r

an
ge

 7
–5

6 
d

ay
s)

 
af

te
r 

br
ol

uc
iz

u
m

ab
 I

V
I

Sy
st

em
ic

, i
nt

ra
vi

tr
ea

l, 
an

d
/

or
 t

op
ic

al
 c

or
ti

co
st

er
oi

d
s 

(o
ut

co
m

e:
 m

ea
n 

V
A

 
re

du
ce

d 
vs

. b
as

el
in

e)
; 2

 
ey

es
 u

nd
er

w
en

t 
vi

tr
ec

to
m

y 
(o

ut
co

m
e:

 n
o 

im
pr

ov
em

en
t 

in
 V

A
)

B
il

gi
c,

 K
od

ji
k

ia
n,

 M
ar

ch
 d

e 
R

ib
ot

, e
t 

al
. (

20
21

) 
(R

E
B

A
)

24
/7

6
N

ai
ve

 a
nd

 s
w

it
ch

 
(1

05
)

10
.4

 m
on

th
s

–
M

ac
u

la
r 

ho
le

: 1
 (1

.0
%

 o
ve

ra
ll

, 
1.

3%
 o

f 
sw

it
ch

 g
ro

up
 e

ye
s)

15
 d

ay
s 

af
te

r 
5t

h 
br

ol
uc

iz
u

m
ab

 
IV

I
M

ac
u

la
r 

ho
le

 s
u

rg
er

y 
(o

ut
co

m
e:

 V
A

 im
pr

ov
ed

/
re

co
ve

re
d 

an
d 

st
ab

il
iz

ed
)

B
ra

nc
h 

ar
te

ri
al

 o
cc

lu
si

on
: 1

 (1
.0

%
 

ov
er

al
l, 

1.
3%

 o
f 

sw
it

ch
 g

ro
up

 
ey

es
)

7 
d

ay
s 

af
te

r 
5t

h 
br

ol
uc

iz
u

m
ab

 
IV

I
L

ow
 m

ol
ec

u
la

r 
w

ei
gh

t 
he

pa
ri

n 
(o

ut
co

m
e:

 c
om

pl
et

e 
re

co
ve

ry
)

B
il

gi
c,

 K
od

ji
k

ia
n,

 S
ri

va
st

av
a,

 
et

 a
l. 

(2
02

1)
 (

P
R

O
B

E
)

10
0/

0
N

ai
ve

 (2
7)

11
.2

 m
on

th
s

–
IO

I:
 0

 (0
%

) 
P

os
t-

in
je

ct
io

n 
en

do
ph

th
al

m
it

is
 o

r 
vi

si
on

 lo
ss

: 
0 

(0
%

)

–
–

B
oo

k 
et

 a
l. 

(2
02

2)
 [E

pu
b 

20
21

]
0/

10
0

Sw
it

ch
 (2

1)
N

R
 (~

18
–2

0 
w

ee
k

s)
–

IO
I 

w
it

h 
uv

ei
ti

s:
 2

 (9
.5

%
)

1 
pa

ti
en

t 
af

te
r 

1s
t 

br
ol

uc
iz

u
m

ab
 

in
je

ct
io

n;
 1

 p
at

ie
nt

 a
ft

er
 e

nd
 

of
 lo

ad
in

g 
ph

as
e

C
or

ti
co

st
er

oi
d 

ey
ed

ro
p

s 
(o

ut
co

m
e:

 n
o 

co
m

pl
ic

at
io

ns
)

B
u

li
rs

ch
 e

t 
al

. (
20

21
) 

(S
H

IF
T

)
0/

10
0

Sw
it

ch
 (6

3)
16

 w
ee

k
s

–
V

it
re

ou
s 

ha
em

or
rh

ag
e 

(c
on

si
de

re
d 

pr
o

ce
du

re
-r

el
at

ed
):

 1
 (1

.6
%

)
–

N
o 

tr
ea

tm
en

t 
(o

ut
co

m
e:

 
re

so
lv

ed
 s

p
on

ta
ne

ou
sl

y)

IO
I:

 7
 (1

1.
1%

) 
ov

er
al

l (
2 

w
it

h 
an

te
ri

or
 u

ve
it

is
, 4

 w
it

h 
in

te
rm

ed
ia

te
 u

ve
it

is
, 1

 [1
.6

%
] 

w
it

h 
se

gm
en

ta
l p

er
ia

rt
er

io
la

r 
sh

ea
th

in
g)

4 
pa

ti
en

ts
 a

ft
er

 1
st

 b
ro

lu
ci

zu
m

ab
 

in
je

ct
io

n;
 3

 p
at

ie
nt

s 
af

te
r 

2n
d 

br
ol

uc
iz

u
m

ab
 in

je
ct

io
n

T
op

ic
al

 c
or

ti
co

st
er

oi
d 

fo
r 

m
il

d 
ca

se
s,

 s
up

pl
em

en
te

d 
w

it
h 

su
b

co
nj

u
nc

ti
va

l/
sy

st
em

ic
 c

or
ti

co
st

er
oi

d 
fo

r 
m

od
er

at
e/

se
ve

re
 c

as
es

 
(o

ut
co

m
e:

 n
o 

p
er

si
st

en
t 

cl
in

ic
al

ly
 r

el
ev

an
t 

V
A

 
ch

an
ge

s 
on

ce
 I

O
I 

ha
d 

ce
as

ed
)

(C
on

ti
nu

es
)

 17553768, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15242 by A

lbert-L
udw

igs-U
niversitaet, W

iley O
nline L

ibrary on [28/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



132  |      BAUMAL et al.

P
ub

lic
at

io
n 
(s
tu
dy
)

N
ai

ve
/s

w
it

ch
 

ey
es

 (%
)

E
ye

s 
(n

)
Fo

llo
w

-u
pa

S
ys

te
m

ic
 a

dv
er

se
 e

ve
nt

s
O

cu
la

r 
ad

ve
rs

e 
ev

en
ts

, n
 (%

) o
f e

ye
s

T
im

in
g

T
re

at
m

en
t (

ou
tc

om
e)

C
ha

k
ra

bo
rt

y 
et

 a
l. 

(2
02

1)
 

(B
R

A
IL

L
E

)
21

/7
9

N
ai

ve
 a

nd
 s

w
it

ch
 

(9
4)

7.
3 

w
ee

k
s

S
er

io
u

s:
 0

 (0
%

)
Su

br
et

in
al

 h
ae

m
or

rh
ag

e 
(S

A
E

):
 

2 
(1

.6
%

c ) 
R

et
in

al
 p

ig
m

en
t 

ep
it

he
li

al
 t

ea
r 

(S
A

E
):

 1
 (0

.8
%

c ) 
M

il
d 

o
cu

la
r 

pa
in

: 1
8 

(1
4.

3%
c ) 

B
u

rn
in

g 
se

n
sa

ti
on

: 6
 (4

.5
%

c ) 
Su

b
co

nj
u

nc
ti

va
l h

ae
m

or
rh

ag
e:

 
4 

(3
.2

%
c )

–
–

C
ri

st
ia

n 
et

 a
l. 

(2
02

1)
0/

10
0

Sw
it

ch
 (4

0)
6 

w
ee

k
sd

–
R

et
in

al
 v

as
cu

li
ti

s 
w

it
h 

va
sc

u
la

r 
o

cc
lu

si
on

: 1
 (2

.5
%

)
–

–

E
an

d
i a

nd
 M

on
te

se
l (

20
21

),
 

M
on

te
se

l e
t 

al
. (

20
21

)
21

/7
9

N
ai

ve
 a

nd
 s

w
it

ch
 

(1
9)

14
.4

 w
ee

k
s

–
IO

I:
 1

 (5
.3

%
)

3 
d

ay
s 

af
te

r 
2n

d 
br

ol
uc

iz
u

m
ab

 
in

je
ct

io
n

C
or

ti
co

st
er

oi
d 

ey
ed

ro
p

s 
an

d 
or

al
 (o

ut
co

m
e:

 r
es

ol
ve

d)

E
n

rí
qu

ez
 e

t 
al

. (
20

21
)

2/
98

N
ai

ve
 a

nd
 s

w
it

ch
 

(1
72

)
59

 d
ay

sd
H

ea
d

ac
he

: 1
 (0

.6
%

) 
C

er
eb

ro
va

sc
u

la
r 

ac
ci

de
nt

: 1
 (0

.6
%

)

IO
I 

w
it

ho
ut

 r
et

in
al

 a
rt

er
y 

o
cc

lu
si

on
: 1

3 
(7

.6
%

)e
9 

pa
ti

en
ts

 a
ft

er
 1

st
, 3

 p
at

ie
nt

s 
af

te
r 

2n
d 

an
d 

2 
pa

ti
en

ts
 a

ft
er

 
3r

d 
br

ol
uc

iz
u

m
ab

 in
je

ct
io

n 
(m

ed
ia

n 
49

 d
ay

s 
fr

om
 

in
je

ct
io

n)

6 
ca

se
s:

 n
o 

tr
ea

tm
en

t 
(o

ut
co

m
e:

 s
p

on
ta

ne
ou

s 
re

so
lu

ti
on

);
 1

 c
as

e:
 t

op
ic

al
 

co
rt

ic
os

te
ro

id
 (o

ut
co

m
e:

 
re

so
lu

ti
on

);
 6

 c
as

es
: t

op
ic

al
 

an
d

/o
r 

or
al

 c
or

ti
co

st
er

oi
d,

 
1 

w
it

h 
su

bT
en

on
's 

(o
ut

co
m

e:
 N

R
)

IO
I 

w
it

h 
re

ti
na

l a
rt

er
y 

o
cc

lu
si

on
: 

1 
(0

.6
%

)f
V

it
re

ct
om

y 
an

d 
in

tr
ao

p
er

at
iv

e 
tr

ia
m

ci
no

lo
ne

 (o
ut

co
m

e:
 

N
R

)

E
nd

op
ht

ha
lm

it
is

: 1
 (0

.6
%

)
–

In
tr

av
it

re
ou

s 
an

ti
bi

ot
ic

 
tr

ea
tm

en
t 

(o
ut

co
m

e:
 

ad
eq

u
at

e 
re

sp
on

se
)

V
it

re
ou

s 
op

ac
it

y 
w

it
ho

ut
 I

O
I:

 1
 

(0
.6

%
) 

In
tr

ao
cu

la
r 

pr
es

su
re

 
el

ev
at

io
n:

 1
 (0

.6
%

) 
P

os
te

ri
or

 
vi

tr
eo

u
s 

de
ta

ch
m

en
t:

 1
 (0

.6
%

)

– – –

– – –

F
os

sa
ta

ro
 e

t 
al

. (
20

21
)

0/
10

0
Sw

it
ch

 (1
1)

2 
m

on
th

s
–

Si
de

 e
ff

ec
ts

: 0
%

–
–

F
u

k
ud

a 
et

 a
l. 

(2
02

1)
10

0/
0

N
ai

ve
 (1

4)
3 

m
on

th
s

–
IO

I 
w

it
ho

ut
 r

et
in

al
 a

rt
er

y 
o

cc
lu

si
on

: 1
 (7

.1
%

)
A

ft
er

 2
nd

 b
ro

lu
ci

zu
m

ab
 in

je
ct

io
n

T
op

ic
al

 c
or

ti
co

st
er

oi
d 

(o
ut

co
m

e:
 r

es
ol

ut
io

n)

IO
I 

w
it

h 
re

ti
na

l a
rt

er
y 

o
cc

lu
si

on
: 

1 
(7

.1
%

)
A

ft
er

 3
rd

 b
ro

lu
ci

zu
m

ab
 in

je
ct

io
n

N
o 

ap
pr

op
ri

at
e 

pr
om

pt
 

tr
ea

tm
en

t 
(o

ut
co

m
e:

 v
is

u
al

 
fi

el
d 

lo
ss

 r
em

ai
ne

d)

H
ae

ns
li

 e
t 

al
. (

20
21

a,
 2

02
1b

)
0/

10
0

Sw
it

ch
 (1

2)
1 

ye
ar

T
ra

n
si

en
t 

is
ch

ae
m

ic
 

at
ta

ck
: 1

 (8
.3

%
) 

(o
ut

co
m

e:
 r

ec
ov

er
y)

IO
I 

w
it

h 
ex

tr
a-

m
ac

u
la

r 
va

sc
u

la
r 

o
cc

lu
si

on
: 2

 (1
6.

7%
)

1 
pa

ti
en

t 
af

te
r 

1s
t 

br
ol

uc
iz

u
m

ab
 

in
je

ct
io

n;
 1

 p
at

ie
nt

 a
ft

er
 2

nd
 

br
ol

uc
iz

u
m

ab
 in

je
ct

io
n

Sy
st

em
ic

 s
te

ro
id

 t
re

at
m

en
t 

(o
ut

co
m

e:
 r

ec
ov

er
y)

O
cu

la
r 

is
ch

ae
m

ic
 s

yn
d

ro
m

e:
 1

 
(8

.3
%

)g
A

ft
er

 >
6 

m
on

th
s 

fr
om

 1
st

 
br

ol
uc

iz
u

m
ab

 in
je

ct
io

ng
(o

ut
co

m
e:

 v
is

u
al

 lo
ss

)

T
A

B
L

E
 3

 
(C

on
ti

nu
ed

)

 17553768, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15242 by A

lbert-L
udw

igs-U
niversitaet, W

iley O
nline L

ibrary on [28/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  133BAUMAL et al.

P
ub

lic
at

io
n 
(s
tu
dy
)

N
ai

ve
/s

w
it

ch
 

ey
es

 (%
)

E
ye

s 
(n

)
Fo

llo
w

-u
pa

S
ys

te
m

ic
 a

dv
er

se
 e

ve
nt

s
O

cu
la

r 
ad

ve
rs

e 
ev

en
ts

, n
 (%

) o
f e

ye
s

T
im

in
g

T
re

at
m

en
t (

ou
tc

om
e)

H
am

ou
 e

t 
al

. (
20

21
)

10
/9

0
N

ai
ve

 a
nd

 s
w

it
ch

 
(9

9)
1 

ye
ar

–
IO

I 
w

it
ho

ut
 r

et
in

al
 v

as
cu

li
ti

s:
 

6 
(6

.1
%

) 
IO

I 
w

it
h 

re
ti

na
l 

va
sc

u
li

ti
s:

 2
 (2

.0
%

)

A
ve

ra
ge

 1
.6

 b
ro

lu
ci

zu
m

ab
 

in
je

ct
io

ns
 t

o 
st

ar
t 

of
 

IO
I;

 8
1 

d
ay

s 
fr

om
 1

st
 

br
ol

uc
iz

u
m

ab
 in

je
ct

io
n

–

H
u

ss
ai

n 
(2

02
1)

0/
10

0
Sw

it
ch

 (5
8)

~3
.0

–4
.5

 m
on

th
sh

–
R

et
in

al
 v

as
cu

li
ti

s,
 v

as
cu

la
r 

o
cc

lu
si

on
 o

r 
vi

tr
it

is
: 0

 (0
%

)
–

–

K
il

an
i e

t 
al

. (
20

21
)

0/
10

0
Sw

it
ch

 (3
6)

32
 w

ee
k

s
–

R
et

in
al

 o
cc

lu
si

ve
 v

as
cu

li
ti

s 
w

it
h 

vi
tr

it
is

: 1
 (2

.8
%

)
4 

of
 5

 I
O

Is
 b

et
w

ee
n 

3r
d 

an
d 

4t
h 

br
ol

uc
iz

u
m

ab
 in

je
ct

io
n 

(8
–

16
 w

ee
k

s 
af

te
r 

1s
t 

in
je

ct
io

n)

Im
m

ed
ia

te
 s

ys
te

m
ic

 t
op

ic
al

 
st

er
oi

d 
th

er
ap

y 
(o

ut
co

m
e:

 
vi

su
al

 im
pa

ir
m

en
t 

no
t 

p
er

m
an

en
t)

U
ve

it
is

: 4
 (1

1.
1%

)

M
ar

u
ko

 e
t 

al
. (

20
21

)
34

/6
6

N
ai

ve
 a

nd
 s

w
it

ch
 

(1
27

)
12

.4
 w

ee
k

s
–

IO
I 

w
it

ho
ut

 r
et

in
al

 v
as

cu
li

ti
s/

va
sc

u
la

r 
o

cc
lu

si
on

: 8
 (6

.3
%

)
9 

ey
es

 a
ft

er
 1

st
 b

ro
lu

ci
zu

m
ab

 
in

je
ct

io
n 

(m
ea

n 
23

 d
ay

s 
af

te
r 

in
je

ct
io

n)
; 3

 e
ye

s 
af

te
r 

2n
d 

or
 

3r
d 

in
je

ct
io

n

T
op

ic
al

 c
or

ti
co

st
er

oi
d

s 
(o

ut
co

m
e:

 r
es

ol
ut

io
n)

IO
I 

w
it

h 
re

ti
na

l v
as

cu
li

ti
s:

 2
 (1

.6
%

)
T

op
ic

al
 c

or
ti

co
st

er
oi

d
s 

an
d 

su
bT

en
on

's 
tr

ia
m

ci
no

lo
ne

 
ac

et
on

id
e 

(o
ut

co
m

e:
 

re
so

lu
ti

on
)

IO
I 

w
it

h 
re

ti
na

l v
as

cu
li

ti
s 

an
d 

w
it

h 
re

ti
na

l v
as

cu
la

r 
o

cc
lu

si
on

: 2
 

(1
.6

%
)

T
op

ic
al

 c
or

ti
co

st
er

oi
d

s 
an

d 
su

bT
en

on
's 

tr
ia

m
ci

no
lo

ne
 

ac
et

on
id

e 
(o

ut
co

m
e:

 v
is

u
al

 
ac

u
it

y 
de

cr
ea

se
 im

pr
ov

ed
 

in
 1

 m
on

th
)

M
at

su
m

ot
o 

et
 a

l. 
(2

02
1)

10
0/

0
N

ai
ve

 (4
2)

3 
m

on
th

s
C

er
eb

ra
l i

n
fa

rc
ti

on
: 0

 
(0

%
) 

M
yo

ca
rd

ia
l 

in
fa

rc
ti

on
: 0

 (0
%

)

IO
I:

 8
 (1

9.
0%

),
 o

f 
w

h
ic

h 
5 

w
it

h 
re

ti
na

l v
as

cu
li

ti
s 

an
d 

1 
w

it
h 

re
ti

na
l v

as
cu

la
r 

o
cc

lu
si

on

3 
ey

es
 a

ft
er

 1
st

, 3
 e

ye
s 

af
te

r 
2n

d 
an

d 
2 

ey
es

 a
ft

er
 3

rd
 

br
ol

uc
iz

u
m

ab
 in

je
ct

io
n

Su
bT

en
on

's 
tr

ia
m

ci
no

lo
ne

 
ac

et
on

id
e 

an
d 

b
et

am
et

ha
so

ne
 e

ye
 d

ro
p

s 
(o

ut
co

m
e:

 a
m

el
io

ra
te

d)

R
av

e 
et

 a
l. 

(2
02

1)
, S

ha
rm

a,
 

R
av

e,
 e

t 
al

. (
20

21
)

0/
10

0
Sw

it
ch

 (1
44

)
–

–
IO

I:
 1

6 
(1

1.
1%

),
 o

f 
w

h
ic

h 
7 

w
it

h 
uv

ei
ti

s,
 4

 w
it

h 
re

ti
na

l a
rt

er
y 

o
cc

lu
si

on
 a

nd
 6

 w
it

h 
an

te
ri

or
 

ch
am

b
er

 in
fl

am
m

at
io

n

–
–

R
ey

es
-C

ap
o 

et
 a

l. 
(2

02
1)

–
N

R
 (7

66
)

–
–

M
ic

ro
bi

al
 e

nd
op

ht
ha

lm
it

is
: 0

 (0
%

) 
O

th
er

 s
af

et
y 

ou
tc

om
es

 N
R

–
–

R
is

p
ol

i e
t 

al
. (

20
21

)
0/

10
0

Sw
it

ch
 (1

2)
1 

m
on

th
0 

(0
%

)
0 

(0
%

)
–

–

Sh
ar

m
a,

 K
u

m
ar

, e
t 

al
. (

20
21

) 
(B

R
E

W
)

0/
10

0
Sw

it
ch

 (4
2)

7.
2 

w
ee

k
s

0 
(0

%
)

IO
I,

 v
as

cu
li

ti
s 

or
 o

th
er

 o
cu

la
r 

ad
ve

rs
e 

ef
fe

ct
s:

 0
 (0

%
)

–
–

W
al

te
r 

an
d 

Sa
ba

 (2
02

1a
, 2

02
1b

)
12

/8
8

N
ai

ve
 a

nd
 s

w
it

ch
 

(6
26

i )
–j

–
IO

I:
 2

9 
(4

.6
%

),
 o

f 
w

h
ic

h 
3 

w
it

h 
re

ti
na

l v
as

cu
li

ti
s 

an
d 

1 
w

it
h 

re
ti

na
l v

as
cu

la
r 

o
cc

lu
si

on
 

U
rt

ic
ar

ia
l r

as
h:

 1
 (0

.2
%

)

A
ft

er
 a

n 
av

er
ag

e 
of

 2
 

br
ol

uc
iz

u
m

ab
 in

je
ct

io
ns

–

T
A

B
L

E
 3

 
(C

on
ti

nu
ed

)

(C
on

ti
nu

es
)

 17553768, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15242 by A

lbert-L
udw

igs-U
niversitaet, W

iley O
nline L

ibrary on [28/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



134  |      BAUMAL et al.

P
ub

lic
at

io
n 
(s
tu
dy
)

N
ai

ve
/s

w
it

ch
 

ey
es

 (%
)

E
ye

s 
(n

)
Fo

llo
w

-u
pa

S
ys

te
m

ic
 a

dv
er

se
 e

ve
nt

s
O

cu
la

r 
ad

ve
rs

e 
ev

en
ts

, n
 (%

) o
f e

ye
s

T
im

in
g

T
re

at
m

en
t (

ou
tc

om
e)

W
it

k
in

 e
t 

al
. (

20
20

)
0/

10
0

Sw
it

ch
 (2

6)
k

N
R

 (1
–3

 
br

ol
uc

iz
u

m
ab

 
IV

Is
)

–
R

et
in

al
 v

as
cu

li
ti

s:
 2

6 
(1

00
.0

%
) 

[s
tu

dy
 in

cl
u

si
on

 c
ri

te
ri

on
]k , 

of
 w

h
ic

h 
83

–8
8%

 w
it

h 
re

ti
na

l 
va

sc
u

la
r 

o
cc

lu
si

on
 a

nd
/o

r 
re

ti
na

l i
sc

ha
em

ia

11
 e

ye
s 

af
te

r 
1s

t,
 1

1 
ey

es
 a

ft
er

 
2n

d 
an

d 
4 

ey
es

 a
ft

er
 3

rd
 

br
ol

uc
iz

u
m

ab
 in

je
ct

io
n 

(m
ea

n 
26

 d
ay

s 
fr

om
 

m
os

t 
re

ce
nt

 in
je

ct
io

n 
to

 
pr

es
en

ta
ti

on
)

T
op

ic
al

, s
ys

te
m

ic
 a

nd
/o

r 
in

tr
av

it
re

al
 c

or
ti

co
st

er
oi

d
s 

(9
2.

3%
);

 p
ar

s 
pl

an
a 

vi
tr

ec
to

m
y 

(1
5.

4%
);

 n
o 

tr
ea

tm
en

t 
(7

.7
%

) 
(o

ut
co

m
e:

 
m

ea
n 

V
A

 w
as

 2
0/

24
3 

at
 

la
st

 fo
ll

ow
-u

p,
 c

om
pa

re
d 

w
it

h 
20

/5
2 

b
ef

or
e 

th
e 

ad
ve

rs
e 

ev
en

t 
an

d 
20

/1
51

 a
t 

pr
es

en
ta

ti
on

 o
f 

th
e 

ad
ve

rs
e 

ev
en

t)

W
it

k
in

 e
t 

al
. (

20
21

)
8/

92
N

ai
ve

 a
nd

 s
w

it
ch

 
(4

9)
k

N
R

 (1
–3

 
br

ol
uc

iz
u

m
ab

 
IV

Is
)

–
IO

I 
w

it
ho

ut
 r

et
in

al
 v

as
cu

li
ti

s:
 

49
 (1

00
.0

%
) 

[s
tu

dy
 in

cl
u

si
on

 
cr

it
er

io
n]

k

23
 e

ye
s 

af
te

r 
1s

t,
 2

0 
ey

es
 a

ft
er

 
2n

d 
an

d 
6 

ey
es

 a
ft

er
 3

rd
 

br
ol

uc
iz

u
m

ab
 in

je
ct

io
n 

(m
ea

n 
24

 d
ay

s 
fr

om
 

m
os

t 
re

ce
nt

 in
je

ct
io

n 
to

 
pr

es
en

ta
ti

on
)

T
op

ic
al

, p
er

io
cu

la
r,

 
in

tr
ao

cu
la

r 
an

d
/o

r 
sy

st
em

ic
 s

te
ro

id
s 

(o
ut

co
m

e:
 

at
 la

st
 fo

ll
ow

-u
p:

 “
m

os
t”

 
[a

ct
u

al
 v

al
ue

 N
R

] r
eg

ai
ne

d 
ba

se
li

ne
 V

A
)

N
ot

e:
 A

ll
 a

pp
li

ca
bl

e 
in

fo
rm

at
io

n 
w

as
 r

ep
or

te
d 

w
he

n 
av

ai
la

bl
e.

 E
m

pt
y 

ce
ll

s 
co

nt
ai

n
in

g 
on

ly
 d

as
he

s 
in

d
ic

at
e 

th
at

 t
he

 in
fo

rm
at

io
n 

w
as

 n
ot

 r
ep

or
te

d 
or

 is
 n

ot
 a

pp
li

ca
bl

e.

A
bb

re
vi

at
io

n
s:

 I
O

I,
 in

tr
ao

cu
la

r 
in

fl
am

m
at

io
n;

 I
V

I,
 in

tr
av

it
re

al
 in

je
ct

io
n;

 N
R

, n
ot

 r
ep

or
te

d;
 S

A
E

, s
er

io
u

s 
ad

ve
rs

e 
ev

en
t;

 V
A

, v
is

u
al

 a
cu

it
y.

a M
ea

n 
u

n
le

ss
 o

th
er

w
is

e 
in

d
ic

at
ed

.
b T

h
is

 fo
ll

ow
-u

p 
ti

m
e 

w
as

 c
al

cu
la

te
d 

by
 a

dd
in

g 
th

e 
m

ea
n 

d
ay

s 
b

et
w

ee
n 

th
e 

fi
rs

t 
an

d 
se

co
nd

 in
je

ct
io

n
s 

an
d 

th
e 

se
co

nd
 a

nd
 t

h
ir

d 
in

je
ct

io
n

s.
 H

ow
ev

er
, b

ec
au

se
 n

 n
u

m
b

er
s 

de
cr

ea
se

d 
th

is
 v

al
u

e 
is

 a
n 

ap
pr

ox
im

at
io

n 
on

ly
.

c P
er

ce
nt

ag
e 

va
lu

es
 a

re
 fo

r 
nu

m
b

er
 o

f 
ev

en
ts

 p
er

 t
ot

al
 n

u
m

b
er

 o
f 

in
je

ct
io

n
s.

d
M

ed
ia

n.
e A

n 
ad

d
it

io
na

l c
as

e 
w

it
h 

IO
I 

w
as

 c
on

si
de

re
d 

of
 u

nc
er

ta
in

 a
ss

o
ci

at
io

n 
w

it
h 

br
ol

u
ci

zu
m

ab
.

f T
he

 e
ye

 w
it

h 
IO

I 
an

d 
o

cc
lu

si
ve

 r
et

in
al

 v
as

cu
li

ti
s 

w
as

 a
ls

o 
re

p
or

te
d 

in
 t

he
 s

er
ie

s 
fr

om
 B

au
m

al
 e

t 
al

. (
20

20
).

g T
im

in
g 

N
R

. T
h

is
 a

dv
er

se
 e

ve
nt

 is
 n

ot
ed

 in
 t

he
 c

on
gr

es
s 

pr
es

en
ta

ti
on

 w
it

h 
12

-m
on

th
 fo

ll
ow

-u
p 

bu
t 

no
t 

th
e 

fu
ll

 p
ap

er
 w

it
h 

6-
m

on
th

 fo
ll

ow
-u

p,
 s

ug
ge

st
in

g 
th

at
 it

 o
cc

u
rr

ed
 a

ft
er

 6
 m

on
th

s.
 T

he
 e

ye
 d

ro
pp

ed
 o

ff
 t

he
 s

tu
dy

 b
ef

or
e 

th
e 

en
d 

of
 t

he
 

12
-m

on
th

 fo
ll

ow
-u

p,
 a

nd
 t

he
 a

ut
ho

rs
 n

ot
ed

 t
he

 e
ve

nt
 a

s 
“p

os
si

bl
y 

re
la

te
d”

 t
o 

br
ol

u
ci

zu
m

ab
.

h V
al

u
es

 r
ea

d 
of

f 
gr

ap
h.

i n 
nu

m
b

er
 is

 fo
r 

sa
fe

ty
 o

ut
co

m
es

; n
 n

u
m

b
er

s 
d

if
fe

r 
by

 o
ut

co
m

e.
j M

ea
n

/m
ed

ia
n 

fo
ll

ow
-u

p 
no

t 
re

p
or

te
d.

 P
at

ie
nt

s 
w

ho
 d

ev
el

op
ed

 a
dv

er
se

 e
ve

nt
s 

h
ad

 r
ec

ei
ve

d 
an

 a
ve

ra
ge

 o
f 

tw
o 

in
tr

av
it

re
al

 in
je

ct
io

n
s 

of
 b

ro
lu

ci
zu

m
ab

.
k C

as
e 

re
p

or
ts

 s
ub

m
it

te
d 

to
 t

he
 A

m
er

ic
an

 S
o

ci
et

y 
of

 R
et

in
al

 S
p

ec
ia

li
st

s.

T
A

B
L

E
 3

 
(C

on
ti

nu
ed

)

 17553768, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15242 by A

lbert-L
udw

igs-U
niversitaet, W

iley O
nline L

ibrary on [28/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  135BAUMAL et al.

not at earlier or later time points. Seven studies observed 
no statistically significant changes in mean BCVA in 
switch eyes. The two studies that did not report on statis-
tical significance either observed no numerical change or 
found a numerical improvement in BCVA in switch eyes. 
Data specifically for the 3-month and 1-year follow-up 
time points were reported in one study each, neither 
of which observed statistically significant changes. No 
studies specifically reported data for the 6-month time 
point for switch eyes. We observed no obvious associa-
tion patterns between visual acuity outcomes and previ-
ous treatment (agent, duration or number of injections) 
or reason for switch.

3.3.3  |  Treatment-naive and anti-VEGF 
switch eyes

Four studies included both treatment-naive and switch 
eyes and did not report data separately for the two 
groups. Two studies included statistical testing and ob-
served no statistically significant changes in mean BCVA 
across treatment-naive and switch eyes combined. Data 
for 3-month and 1-year follow-up were provided in one 
study each, neither of which reported on statistical sig-
nificance. None of the studies reported 6-month data.

3.4  |  Anatomical parameters

In the 19 studies that included baseline and follow-
up data on key anatomical parameters, the reported 
follow-up time points ranged from 1  month to 1  year 
post-baseline (Table S2). Overall, data for time points of 
3  months, 6  months, and 1  year were reported in four 
studies, no study, and 1 study, respectively. Data on cen-
tral subfield thickness (CST) at baseline and follow-up 
were reported in 17 studies.

3.4.1  |  CST, treatment-naive eyes

Six studies either included only treatment-naive eyes 
(three studies) or reported data separately for treatment-
naive eyes (three studies). All of these six studies reported 
a significant reduction in mean CST from brolucizumab 
initiation to follow-up in treatment-naive eyes, ranging 
from −113.4  μm (p < 0.001) (mean follow-up 7.3 weeks) 
(Chakraborty et al., 2021) to −150.1 μm (p = 0.021) (mean 
follow-up 10.4  months) (Bilgic, Kodjikian, March de 
Ribot, et al., 2021). Data for 3-month follow-up were re-
ported in two of the six studies, both of which reported 
statistically significant improvements in CST. No stud-
ies reported 6-month or 1-year CST data for treatment-
naive eyes.

3.4.2  |  CST, anti-VEGF switch eyes

Eleven studies reporting on CST either included only 
switch eyes (eight studies) or reported data separately 
for switch eyes (three studies). Nine of the 11 studies 

included statistical testing for the switch subgroups, of 
which eight studies observed a significant improvement 
in mean CST in switch eyes, ranging from −26 μm (actual 
p value not reported) (mean follow-up about 3 months) 
(Hussain,  2021) to −185.7  μm (p  =  0.01) (mean follow-
up 10.4  months) (Bilgic, Kodjikian, March de Ribot, 
et al., 2021). Data for 3-month and 1-year follow-up were 
reported in one study each, both of which observed sta-
tistically significant improvements in CST. No studies 
reported 6-month CST data for switch eyes.

3.4.3  |  CST, treatment-naive and anti-VEGF 
switch eyes

Three studies included treatment-naive and switch eyes 
and did not report data separately for the two groups. 
Two studies included statistical testing, and both ob-
served a significant improvement in mean CST across 
treatment-naive and switch eyes combined. Data for 
3-month follow-up were reported in one study, which 
did not report on statistical significance. No studies re-
ported 6-month or 1-year CST data.

3.4.4  |  Fluid status

Data on the presence of total fluid, IRF and/or SRF at 
baseline and follow-up were reported in 14 studies. Of 
these, two studies reported data for treatment-naive 
eyes, seven for switch eyes, and five for treatment-naive 
and switch eyes combined.

Ten studies reported on presence of IRF, of which five 
reported data for switch eyes, and five reported data for 
treatment-naive and switch eyes combined. All 10 stud-
ies observed an improvement (i.e., reduction in the pro-
portion of eyes with IRF present) at follow-up compared 
with baseline. In one of the two studies that reported on 
statistical testing, the improvement was significant.

Twelve studies reported on presence of SRF, of which 
one reported data for treatment-naive eyes, six for switch 
eyes, and five for treatment-naive and switch eyes com-
bined. All 12 studies reported a reduction in the propor-
tion of eyes with SRF present at follow-up compared 
with baseline. In three studies that reported on statistical 
testing, the improvement was significant.

Two studies reported on presence of fluid overall at 
baseline and follow-up, both of which observed an im-
provement (statistical significance not reported). Two 
studies reported on macular volume at baseline and fol-
low-up; significant improvements were observed in both 
treatment-naive and switch eyes (Bulirsch et al.,  2022; 
Walter & Saba, 2021a, 2021b).

3.5  |  Intervals between 
brolucizumab treatments

Four studies compared treatment intervals with previ-
ous anti-VEGF treatment and treatment intervals after 
switching to brolucizumab. All four studies observed ex-
tension of the treatment interval (Table S3). Two studies 
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tested for significance and observed significant interval 
increases.

Rave et al. assessed treatment intervals for 144 switch 
eyes (144 patients) on a treat-and-extend regimen (fol-
low-up time not reported) (Rave et al.,  2021; Sharma, 
Rave, et al.,  2021). The average treatment interval was 
extended from 34 days pre-switch to 60 days post-switch 
to brolucizumab (p < 0.001) (Rave et al.,  2021; Sharma, 
Rave, et al., 2021).

Walter et al. evaluated 591 treatment-naive and anti-
VEGF switch eyes (511 patients; follow-up time not 
reported) (Walter & Saba,  2021a, 2021b). Mean treat-
ment interval was 6.3 weeks pre-switch and 6.8 weeks 
post-switch (p  =  0.001) (Walter & Saba,  2021a, 2021b). 
These authors also assessed the brolucizumab treatment 
interval separately by previous anti-VEGF treatment 
interval (Walter & Saba,  2021a, 2021b). Significant in-
creases in interval means were observed in subgroups 
with previous treatment intervals up to 6 weeks (Walter 
& Saba,  2021a). In the subgroup that had a treatment 
interval of more than 8 weeks with previous anti-VEGF 
treatment, a significant decrease in interval mean was 
observed with brolucizumab (Walter & Saba,  2021a). 
There was no significant change in mean interval length 
for the group with a previous 6–8-week interval (Walter 
& Saba, 2021a).

In the REBA study, which included 105 eyes of 78 
patients, the proportion of patients with a 12-weekly 
brolucizumab treatment interval was 64.0% in the 
treatment-naive group and 31.3% in the switch group at 
the end of follow-up (mean 10.4  months). The remain-
ing patients had an 8-weekly treatment interval (Bilgic, 
Kodjikian, March de Ribot, et al., 2021). The study did 
not report the pre-switch interval with previous anti-
VEGF treatment (Bilgic, Kodjikian, March de Ribot, 
et al., 2021).

Cristian et al.  (2021) reported a 3-week increase in 
maximal median injection interval with brolucizumab, 
from a maximal median of 6 weeks with previous treat-
ment, in a study of 40 switch eyes.

3.6  |  Safety outcomes

From the 26 studies that included variable details of 
adverse events, the reported follow-up ranged from 
1 month to 1 year. Table 3 provides a comprehensive list-
ing of the safety events as presented in each of the origi-
nal studies. Information was limited as to how events 
were defined and how patients were monitored during 
follow-up. Six studies reported no adverse events oc-
curring during follow-up (Bilgic, Kodjikian, Srivastava, 
et al., 2021; Fossataro et al., 2021; Hussain, 2021; Reyes-
Capo et al., 2021; Rispoli et al., 2021; Sharma, Kumar, 
et al.,  2021). For three studies, ocular adverse events 
were an inclusion criterion (Baumal et al., 2020; Witkin 
et al., 2020, 2021).

Twenty studies reported on IOI. Two studies re-
ported no events of IOI (Bilgic, Kodjikian, Srivastava, 
et al.,  2021; Sharma, Kumar, et al.,  2021): the PROBE 
study of 27 treatment-naive eyes (mean 11-month fol-
low-up) (Bilgic, Kodjikian, Srivastava, et al., 2021) and 

the BREW study of 42 switch eyes (mean 7-week fol-
low-up) (Sharma, Kumar, et al.,  2021). The highest in-
cidence of IOI was 19.0% in a study from Japan, which 
included 42 treatment-naive eyes receiving three monthly 
loading injections; amelioration was shown in response 
to steroid therapy (combination of subTenon's triamcin-
olone acetonide injection and betamethasone eye drops), 
none of the eyes lost BCVA, and a statistically signifi-
cant vision improvement was observed at 3  months 
for eyes receiving their first three monthly injections 
(Matsumoto et al., 2021). Three US studies had IOI and/
or retinal vasculitis as study inclusion requirements 
(Baumal et al., 2020; Witkin et al., 2020, 2021); Baumal 
et al. (2020) included 15 switch eyes, Witkin et al. (2020) 
included 26 switch eyes, and Witkin et al. (2021) included 
49 treatment-naive and switch eyes.

Sixteen studies reported on occlusive vasculitis events. 
Two US studies reported no events (Hussain,  2021; 
Sharma, Kumar, et al., 2021): Hussain et al. studied 58 
anti-VEGF switch eyes (follow-up approximately 3.0–
4.5 months; mean follow-up not reported) (Hussain, 2021) 
and Sharma et al. (BREW) included 42 switch eyes 
(mean follow-up 7 weeks) (Sharma, Kumar, et al., 2021); 
there were no reported cases of retinal vasculitis, vascu-
lar occlusion or vitritis (Hussain, 2021; Sharma, Kumar, 
et al., 2021). The highest incidence was 16.7% in a study 
from Switzerland, by Haensli et al.  (2021a, 2021b), that 
included 12 switch eyes with a 1-year follow-up, with 
no associated vision loss; one eye that dropped off the 
study had ocular ischaemic syndrome with visual loss. 
Two US studies had retinal vasculitis as a study inclu-
sion criterion (Baumal et al., 2020; Witkin et al., 2020); 
47% of the 15 switch eyes included in Baumal et al. had 
occlusion of larger retinal arteries at the optic nerve or 
branches proximal to the fovea (Baumal et al., 2020), and 
83–88% of the 26 switch eyes included in Witkin et al. 
had retinal vascular occlusion and/or retinal ischaemia 
(Witkin et al., 2020). Mean visual acuity in Baumal et al. 
was 63.7 ETDRS letters before switching to broluci-
zumab, 36.0 ETDRS letters at diagnosis of retinal vas-
culitis (p = 0.008) and 43.4 ETDRS letters after a mean 
follow-up of 25 days, which was reduced compared with 
baseline (p = 0.033) (Baumal et al., 2020).

A separate systematic review is in preparation of 
adverse events following brolucizumab use in the real 
world.

4  |   DISCUSSION

This systematic literature review of the efficacy and 
safety of brolucizumab in clinical practice summarizes 
the published data in eyes with nAMD in the real-world 
setting. Mean visual acuity gains with brolucizumab 
that were statistically significant were reported in four 
of six anti-VEGF treatment-naive studies (range: +3.7 
to +11.9 ETDRS letters; p < 0.05) and in three of 12 anti-
VEGF switch studies (range: +9.0 to +15 ETDRS letters; 
p < 0.05); the remaining studies observed no significant 
BCVA changes. Improvements in anatomical outcomes 
seen in phase 3 randomized controlled trials (Dugel 
et al., 2020, 2021; Khanani et al., 2022) were confirmed in 
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real life, with statistically significant CST improvements 
in all six studies in treatment-naive nAMD eyes (range: 
−113.4 to −150.1 μm; p < 0.05) and in eight of 11 studies 
in switch nAMD eyes (range: −26 to −185.7 μm; p < 0.05). 
Reductions in IRF and SRF were observed in all studies 
reporting on these parameters (10 and 12 studies, respec-
tively), but few tested the statistical significance. We did 
not determine overall means or medians across studies 
because of heterogeneity between studies in terms of 
confounders such as treatment duration, which have an 
impact on the respective outcomes.

Anti-VEGF therapy is commonly initiated in 
treatment-naive eyes using three loading doses at 4-
week intervals, with subsequent follow-up and treat-
ment intervals depending on clinical findings (mainly 
anatomical outcomes; Kodjikian et al., 2021), physician 
judgement and type of anti-VEGF therapy used (Flaxel 
et al.,  2020). Interval extension was seen in the pivotal 
trials and was also observed in real life; interval exten-
sions were reported for patients switched from previous 
anti-VEGF therapy to brolucizumab, and a 12-week 
brolucizumab treatment interval was possible in 64% of 
patients who were treatment naive (Bilgic, Kodjikian, 
March de Ribot, et al., 2021). However, follow-up times 
were short. In the study by Walter et al. that included 511 
patients, follow-up time was not reported but is likely to 
have included only the first 7.5 months of brolucizumab 
use in the USA, in a setting in which brolucizumab was 
newly launched and physicians may have been cautious 
about interval extensions (Walter & Saba, 2021a, 2021b).

Reporting of safety events was heterogeneous and in-
consistent between studies. Follow-up time ranged from 
1 month to 1 year. Incidence of IOI ranged from 0% in 
two studies that included 27 treatment-naive eyes (mean 
11-month follow-up) and 42 switch eyes (mean 7-week 
follow-up), respectively (Bilgic, Kodjikian, Srivastava, 
et al.,  2021; Sharma, Kumar, et al.,  2021), to 19% in a 
study of treatment-naive eyes (Matsumoto et al., 2021); 
BCVA did not deteriorate as a result in any of these eyes. 
Limited impact on visual acuity is possibly due to the 
anatomical location of the retinal vasculitis in the pe-
riphery. Incidence of occlusive vasculitis ranged from 
0% in two studies in switch eyes (Hussain, 2021; Kilani 
et al., 2021) to 16.7% in one study in switch eyes (Haensli 
et al.,  2021a, 2021b), with visual field loss in one eye 
(Fukuda et al., 2021). Nowadays, there is better under-
standing of the importance of early detection and timely 
management of ocular complications, including edu-
cating patients to self-monitor and report symptoms as 
soon as they arise (Baumal et al., 2021; Holz et al., 2021; 
Pearce et al., 2022). A follow-up review of the real-world 
safety of brolucizumab is underway that involves con-
tacting the authors of the published literature for addi-
tional, unpublished information and a more systematic 
collection and assessment of adverse events.

There have been well-described reports of the adverse 
event profile of brolucizumab including IOI following 
marketing approval. There is also additional, more sys-
tematic information on cases of retinal vasculitis and vas-
cular occlusion (Witkin et al., 2020, 2021). Additionally, 
safety outcomes from the IRIS Registry and Komodo 
Healthcare Map, which included 10 654 and 11 161 eyes, 

respectively, were published after the systematic searches 
for the current review were conducted (Khanani, Zarbin, 
et al., 2022). These show an incidence of approximately 
2.4% for IOI and/or vascular occlusion just after the 
launch of brolucizumab in the USA and during a median 
follow-up time of approximately 3  months (Khanani, 
Zarbin, et al., 2022). Physicians are likely since then to 
have gained increased awareness of these potential risks 
and the importance of early, intensive management 
(Baumal, 2022; Baumal et al., 2021), with reports of pos-
itive outcomes in such patients (Khoramnia et al., 2022).

Our systematic review provides insights into brolu-
cizumab treatment in everyday clinical practice, in sce-
narios that may not be assessed in the pivotal trials. It 
presents a holistic overview across studies that individu-
ally can be limited by the small number of included eyes 
and high between-study heterogeneity. Strengths of the 
evidence in the current review were that the baseline was 
well defined, because studies included only new initiators 
of brolucizumab (either treatment-naive or switch), and 
that efficacy parameters were objectively measurable. 
At review level, strengths included the broad, system-
atic literature search and retrieval of congress presenta-
tions for included congress abstracts. The latter enabled 
us to capture and include the latest real-world data on 
brolucizumab, even before they are released as journal 
publications. A limitation at study level was that the 
safety outcomes were not always well defined and that 
there is risk of bias in observational studies that were 
not designed to measure treatment effect. None of the 
studies described patient preferences or patient-reported 
outcomes. Follow-up time points varied widely between 
studies, making grouping of data challenging. At review 
level, an important limitation is that several studies in-
cluded in the main summary were available as congress 
presentations only, not as full publications, meaning that 
less information was available for these studies than for 
the fully published ones.

In conclusion, this summary of real-world data 
demonstrates the efficacy of brolucizumab in treatment-
naive and previously anti-VEGF-treated patients with 
nAMD in clinical practice in terms of achievable im-
provements in visual acuity, CST, IRF and SRF. In ad-
dition, reduction of disease activity in anti-VEGF switch 
eyes was demonstrated by prolongation of the treatment 
intervals. These observations are in line with those from 
the pivotal trials in the brolucizumab development pro-
gramme. Physicians are likely to have gained increased 
awareness of how best to manage potential risks.
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