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ABSTRACT

Introduction: To assess real-world safety out-
comes for adults with neovascular age-related
macular degeneration (nAMD) treated with
brolucizumab from the US-based IRIS� (Intelli-
gent Research in Sight) Registry.

Methods: In this retrospective study, 18,312
eyes (15,998 patients) treated with C 1 intrav-
itreal brolucizumab injections between 8 Octo-
ber 2019 (US launch date for brolucizumab) and
7 October 2021 were followed up for B 2 years
after first injection (index date). The study
assessed the predefined incident ocular adverse
events of intraocular inflammation (IOI), retinal
vasculitis (RV), and retinal vascular occlusion
(RO).
Results: Overall, 614/18,312 eyes (3.4%) expe-
rienced any IOI, RV, and/or RO event. Median
(interquartile range [IQR]) time to an event was
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84 (42–167) days; 77.4% of events (475/614)
occurred within 6 months after index date.
Median (IQR) number of brolucizumab injec-
tions before an event was 2 (1–4). For eyes with
an adverse event and visual acuity (VA) data
(n = 406), median (IQR) change in Early Treat-
ment of Diabetic Retinopathy Study (ETDRS)
letters from pre-event VA was 0 (- 7 to ? 5) at
the 6-month follow-up; 50 eyes (12.3%) had a
VA loss of 10 or more ETDRS letters. Risk of an
event (hazard ratio [95% confidence interval])
was decreased in eyes from male patients (0.61
[0.53–0.71]), from older patients (0.83
[0.76–0.90]), from treatment-naive patients
(0.51 [0.38–0.69]), and from patients who star-
ted brolucizumab in the second year after
launch (0.68 [0.53–0.86] vs. first year).
Conclusion: In this large real-world brolu-
cizumab safety study, 3.4% of eyes experienced
an IOI, RV, and/or RO event. Among eyes that
experienced an adverse event for which VA data
were available, median ETDRS vision change
was 0 letters (IQR - 7 to ? 5).

Keywords: Anti-vascular endothelial growth
factor therapy; Brolucizumab; Intraocular
inflammation; Neovascular age-related macular
degeneration; Real-world evidence

Key Summary Points

Why carry out this study?

Retinal vasculitis (RV) and/or retinal
vascular occlusion (RO) adverse events
have been observed following
brolucizumab treatment for neovascular
age-related macular degeneration (nAMD)
that could lead to loss of vision.

This study aimed to gain a better
understanding of the occurrence of these
events and their effects on vision during
long-term brolucizumab treatment in real-
world clinical practice using US registry
data.

What was learnt from the study?

In this study in over 18,000 eyes with
nAMD, 3.4% of eyes experienced an
intraocular inflammation (IOI), RV, and/
or RO event during up to 2 years of follow-
up, with the majority of events occurring
within 6 months after treatment
initiation.

Among eyes with an IOI, RV, and/or RO
event and data available on visual acuity,
the median change in Early Treatment of
Diabetic Retinopathy Study (ETDRS)
vision score was 0 letters.

Risk of an IOI, RV, and/or RO event was
decreased in eyes from male patients, in
treatment-naive eyes, and in eyes from
older patients; the risk of an event was
also lower for patients who started
brolucizumab in the second year after US
launch compared with the first year.

INTRODUCTION

Brolucizumab, an anti-vascular endothelial
growth factor (VEGF) therapy, was approved for
the treatment of neovascular (wet) age-related
macular degeneration (nAMD) based on data
from the pivotal phase 3 HAWK and HARRIER
clinical trials [1, 2]. Following its launch in the
USA in October 2019, Novartis (Basel, Switzer-
land) received post-marketing reports from
routine clinical practice of retinal vasculitis
(RV), including retinal occlusive vasculitis, fol-
lowing intravitreal treatment with this mole-
cule [3, 4]. A review of post-marketing safety
case reports conducted by Novartis in partner-
ship with an external safety review committee
(SRC) concluded that there was a confirmed
safety signal of RV and/or retinal vascular
occlusion (RO) adverse events with brolu-
cizumab, typically in the presence of intraocular
inflammation (IOI), that could result in severe
vision loss [3]. A post hoc review of the HAWK
and HARRIER studies by the SRC reported an
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overall incidence of 4.6% for IOI, 3.3% for IOI
with RV, and 2.1% for IOI with RV and RO [5].

A retrospective analysis of safety outcomes
with brolucizumab in real-world clinical prac-
tice in the USA using two large healthcare
databases (the Intelligent Research in Sight
[IRIS�] Registry and the Komodo Healthcare
Map) reported an overall incidence of 0.6% for
RV and/or RO events, and 2.4% for any form of
IOI (including RV) and/or RO [6]. However, this
prior analysis covered patients who had initi-
ated brolucizumab treatment during the first
8 months after its US launch, and the median
follow-up time was only 3 months (maximum:
6 months). Thus, the report represents early
real-world experience with brolucizumab soon
after its launch, with much of the study dura-
tion covering the period before awareness of the
safety signal with brolucizumab [6].

The aim of the current study was to expand
on the previous IRIS Registry analysis and assess
real-world safety outcomes with brolucizumab
over a longer treatment period while investi-
gating potential risk factors in a larger sample
size. The primary objective was to evaluate
incident, predefined ocular safety events, toge-
ther with vision outcomes following these
events, in all patient eyes in the IRIS Registry
database receiving at least one brolucizumab
injection for nAMD in the first 2 years after its
US launch. In addition, this study aims to assess
the impact of age, sex, prior anti-VEGF therapy
and time of first brolucizumab injection (first vs.
second year after launch) on the likelihood for
an eye to experience an event.

METHODS

IRIS Registry

This study analyzed data from the American
Academy of Ophthalmology IRIS Registry,
which is a centralized, national US registry
specifically for eye diseases and conditions
[7, 8]. The registry contains de-identified eye-
level patient data from electronic health records
collected from participating ophthalmology
practices across the USA [9]. Data are collected
in accordance with the Health Insurance

Portability and Accountability Act (HIPAA) [10].
Approximately 70% of the 18,000 practicing
ophthalmologists in the USA contribute to the
IRIS Registry [9], and it is thought to include
70–80% of patients with nAMD in the USA.

This study complied with the tenets of the
Declaration of Helsinki. The analysis was based
on de-identified patient data, and this study was
reviewed and deemed exempt by the Western-
Copernicus Group (WCG) Institutional Review
Board (Puyallup, WA, USA) [11]. Informed
consent was not required as the analysis was
based on de-identified patient data.

Study Population

Patient eyes that had received at least one
intravitreal injection of brolucizumab between
8 October 2019 (the US launch date for brolu-
cizumab) and 7 October 2021 were identified
from the IRIS Registry. For inclusion in the
analysis, the patient (eyes) had to be at least
18 years old at the date of the first brolucizumab
injection (index date); have received a diagnosis
of nAMD in the 36 months before or on the
index date; and have known disease laterality at
the index injection. Patient eyes that had been
treated with brolucizumab before 8 October
2019 (e.g., in clinical trials) were excluded. All
eligible patient eyes were included in the anal-
ysis irrespective of whether the patient had
received unilateral or bilateral treatment in
order that the risks of brolucizumab in all actual
real-world cases would be reported and
analyzed.

For additional analysis, eligible patient eyes
were also divided into two sub-cohorts accord-
ing to whether their index brolucizumab injec-
tion was during the first or second year after the
US launch of brolucizumab (Year 1 sub-cohort:
8 October 2019 to 7 October 2020; Year 2 sub-
cohort: 8 October 2020 to 7 October 2021).
Patients were followed up until the end of the
study period or their last documented encoun-
ter in the registry. The cut-off date for last fol-
low-up in the study analysis was 30 September
2022. The end date of 7 October 2021 for
brolucizumab initiation was chosen to ensure
that all eyes had the possibility of at least
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12 months of follow-up at the time of the
analysis.

Definitions of Ocular Adverse Events

This safety analysis evaluated the following
predefined incident ocular adverse events: IOI,
endophthalmitis, RV, and RO (referred to col-
lectively throughout the text as IOI, RV, and/or
RO events for conciseness). Events were identi-
fied using diagnostic codes from the Interna-
tional Statistical Classification of Diseases,
Tenth Revision (ICD-10) (see Electronic Sup-
plementary Material [ESM] Table S1 for details)
and were the same as those used in the earlier
registry analysis of safety outcomes with brolu-
cizumab [6]. Events were considered to be inci-
dent events if there were no reports of the event
in the 12 months before the index date. This
definition was used to avoid the carry-over of
pre-existing conditions or complications and to
help ensure that the events analyzed were true
new events.

Outcome Measures

Outcome measures included the number (%) of
patient eyes with any adverse event of interest,
time to an event from the index date, the
number of prior brolucizumab injections for
eyes with an event, and changes in visual acuity
(VA) for eyes at or immediately following an
event and 6 months after an event.

VA change following the event was calcu-
lated as the difference between the ‘event VA’
(defined as the best-recorded VA [BRVA] reading
closest to the event date, within 0–45 days after
the event date) and the ‘pre-event VA’ (the
BRVA reading closest to and before the event
date, taken on or after the index date). Long-
term change in VA after the event was the dif-
ference between the ‘post-event VA’ (the BRVA
reading closest to 6 months after the event date
[± 45 days]) and the ‘pre-event VA’.

Outcome measures were analyzed for the full
study cohort and the two sub-cohorts and are
presented here at the patient eye level. The
relative risk for an eye to experience an event
over time was analyzed for the full cohort, with

the population stratified according to age, sex,
prior anti-VEGF therapy (previously treated vs.
treatment-naive), or time of index injection
(first vs. second year after launch).

Statistical Analysis

Baseline demographic and clinical characteris-
tics and outcome variables were tabulated using
descriptive statistics. No data imputation was
performed for missing values. Adverse event
outcome measures were analyzed over a maxi-
mum follow-up period of 2 years for the full
cohort; for the sub-cohorts, this period was
1 year to control for differences in the maxi-
mum possible follow-up duration between the
two sub-cohorts. A Cox proportional hazards
model was used to assess the hazard ratio (HR)
for an eye to experience an event over time. The
model included as covariates age group at index
date (in decade increments starting at 18 years
of age), sex, prior anti-VEGF therapy (previously
treated vs. treatment-naive), and time of index
injection (first vs. second year after launch).
Eyes belonging to the same patient were
assigned to clusters in the model to account for
the intercorrelation of their outcomes. P values
are reported as nominal P values. Data were
analyzed by Verana Health using Python 3.7
(Python Software Foundation; Fredericksburg,
VA, USA) and Apache Spark 2.4.5 (Apache
Software Foundation; Forest Hill, MD, USA).

RESULTS

Baseline Characteristics

A total of 18,312 eyes in 15,998 patients were
included in the full study cohort (Table 1). Most
eyes (89.0%) received their first brolucizumab
injection during the first year after the US
launch of this molecule, and some differences
in baseline VA and prior treatment were
observed between the Year 1 and Year 2 sub-
cohorts (Table 1). Compared with the Year 1
sub-cohort, the Year 2 sub-cohort had a higher
proportion of treatment-naive eyes, a slightly
lower index VA score, and a higher proportion
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Table 1 Baseline demographics and characteristics

Variables Full cohort Year 1 sub-cohort Year 2 sub-cohort

Number of patient eyes 18,312 16,291 2021

Age at index datea,b

Mean ± SD, years 79.7 ± 7.6 79.8 ± 7.5 78.6 ± 8.5

\ 65 years n (%) 658 (3.6%) 540 (3.3%) 118 (5.8%)

65–74 years, n (%) 3734 (20.4%) 3282 (20.1%) 452 (22.4%)

75–84 years, n (%) 7673 (41.9%) 6801 (41.7%) 872 (43.1%)

C 85 years, n (%) 6247 (34.1%) 5668 (34.8%) 579 (28.6%)

Sexb

Female 10 455 (57.1%) 9365 (57.5%) 1090 (53.9%)

Male 7857 (42.9%) 6926 (42.5%) 931 (46.1%)

Index visual acuity (ETDRS letter score)c

Eyes with available data, n (%) 12 801 (69.9%) 11 516 (70.7%) 1285 (63.6%)

Median (IQR) ETDRS letters 65 (55–76) 65 (55–76) 61 (45–70)

ETDRS letter score, n (%)

95 or better 3 (\ 0.1%) 3 (\ 0.1%) 0 (0.0%)

85–95 605 (4.7%) 552 (4.8%) 53 (4.1%)

70–80 4996 (39.0%) 4594 (39.9%) 402 (31.3%)

40–65 5394 (42.1%) 4827 (41.9%) 567 (44.1%)

35 or worse 1803 (14.1%) 1540 (13.4%) 263 (20.5%)

Missing 5511 (30.1%) 4775 (29.3%) 736 (36.4%)

Time since nAMD diagnosisd

Median (IQR), days 921 (401–1071) 948 (440–1071) 613 (161–1054)

\ 6 months, n (%) 2492 (13.6%) 1960 (12.0%) 532 (26.3%)

6 to\ 12 months, n (%) 1760 (9.6%) 1516 (9.3%) 244 (12.1%)

12 to\ 24 months, n (%) 3180 (17.4%) 2848 (17.5%) 332 (16.4%)

C 24 months, n (%) 10 880 (59.4%) 9967 (61.2%) 913 (45.2%)

Prior treatment status

Prior anti-VEGF treatment, n (%) 16 738 (91.4%) 15 139 (92.9%) 1599 (79.1%)

Treatment-naive, n (%) 1574 (8.6%) 1152 (7.1%) 422 (20.9%)

Time since first anti-VEGF injectione

Median (IQR), days 793 (335–793) 825 (373–825) 486 (87–486)

\ 6 months, n (%) 2968 (16.2%) 2332 (14.3%) 636 (31.5%)

6 to\ 12 months, n (%) 1917 (10.5%) 1679 (10.3%) 238 (11.8%)
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of eyes with an Early Treatment of Diabetic
Retinopathy Study (ETDRS) letter score of 35 or
worse (Table 1).

Ocular Adverse Events

In the full cohort, 614 out of 18,312 patient
eyes (3.4%) experienced any IOI, RV, and/or RO
event during up to 2 years of follow-up after the
first brolucizumab injection (Table 2). Among
the 2314 patients who had received bilateral
brolucizumab treatment, 142 eyes (out of 4628;
3.1%) experienced an IOI, RV, and/or RO event.

Overall, median time to an event was 84
(IQR 42–167) days (Table 2), with 53.7% and
77.4% of events (330/614 and 475/614) occur-
ring within the first 3 and 6 months, respec-
tively, after the index date (Fig. 1; ESM
Table S2). The median number of brolucizumab
injections before an event was 2 (IQR 1–4), with
58.5% of events (359/614) occurring after either
one or two injections (Table 2; ESM Table S3).

Of the 614 eyes with an event, 100 eyes
experienced an RV and/or RO event (overall
incidence: 0.5%, 100/18,312) (Table 2). Median
time to an RV and/or RO event was 99 (IQR
56–181) days (Table 2), with 43.0% and 75.0%
of events (43/100 and 75/100) occurring within
3 and 6 months, respectively, of the first brolu-
cizumab injection (ESM Fig. S1; ESM Table S2).

Eyes received a median of two (IQR 2–3) brolu-
cizumab injections before an RV and/or RO
event, with 56.0% of events (56/100) occurring
after either one or two injections (Table 2; ESM
Table S3).

In the sub-cohort analysis, patient eyes were
followed up for up to 1 year after the index date.
The incidence of any IOI, RV, and/or RO event
was 3.1% (506/16,291 eyes) in the Year 1 sub-
cohort and 2.6% (53/2021) in the Year 2 sub-
cohort; the incidence of an RV and/or RO event
was 0.5% (85/16,291) and 0.4% (8/2021),
respectively (Table 2). Median time to an IOI,
RV, and/or RO event was shorter in the Year 2
sub-cohort (62 days; IQR 35–108) compared
with the Year 1 sub-cohort (76 days; IQR
40–140), although the majority of events
([84%) in both sub-cohorts occurred within
6 months after starting brolucizumab (Table 2;
ESM Table S4). Similar findings were observed
for RV and/or RO events (Table 2; ESM
Tables S3, S4).

VA Changes in Patient Eyes Following
an Event

Data for the long-term change in VA after an
IOI, RV, and/or RO event were available for 406
of 614 (66.1%) eyes in the full cohort. The
median change in ETDRS letter score from pre-

Table 1 continued

Variables Full cohort Year 1 sub-cohort Year 2 sub-cohort

12 to\ 24 months, n (%) 3613 (19.7%) 3298 (20.2%) 315 (15.6%)

C 24 months, n (%) 9814 (53.6%) 8982 (55.1%) 832 (41.2%)

Time on brolucizumabf

Median (IQR), days 156 (70–361) 147 (69–336) 250 (119–399)

ETDRS Early Treatment of Diabetic Retinopathy Study, IQR interquartile range, nAMD neovascular age-related macular
degeneration, SD standard deviation, VA visual acuity, VEGF vascular endothelial growth factor
aIndex date is the date of the first brolucizumab injection
bUnit of analysis was patient eyes
cVA reading taken up to 30 days before or on the index date
dTime between first nAMD diagnosis in the 3-year baseline period and index date
eTime between first anti-VEGF injection and index date
fTime from index date to date of switch or 6 months after last date of brolucizumab injection or last date of follow-up
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event VA was 0 (IQR - 7 to ? 5), and 12.3% of
eyes (n = 50) showed a VA loss of at least 10
ETDRS letters from their pre-event score at long-
term (6-month) follow-up. In the full cohort,
VA changes following the event were similar to
those seen on long-term follow-up; analyses
also showed similar VA changes at both assess-
ments across the two sub-cohorts (ESM
Table S5).

Relative Risk of an Event

The risk of experiencing an IOI, RV, and/or RO
event was lower in men than in women (HR
[95% CI] 0.61 [0.53–0.71]; p\0.005) (Fig. 2).
Treatment-naive eyes had a lower risk of an
event than eyes previously treated with anti-
VEGF therapy (0.51 [0.38–0.69]; p\0.005), and
the risk of events was lower for eyes treated in
the second year compared with the first year
after launch of brolucizumab (0.68 [0.53–0.86];
p\0.005). The risk of events decreased with
increasing age, with each 10-year increment
starting from 18 years of age associated with a

reduction in risk (0.83 [0.76–0.90]; p\0.005).
Time-to-event graphs, stratified according to
sex, prior anti-VEGF therapy, and timing of the
index date, are shown in ESM Fig. S2.

DISCUSSION

This registry study reports real-world safety
outcomes from over 18,000 patient eyes with
nAMD that were treated with brolucizumab in
clinical practice in the USA over a 2-year period.
This data set represents the largest population
of eyes treated with brolucizumab in real-world
practice studied to date. By using data from the
national IRIS Registry (which covers an esti-
mated 70% of ophthalmologists in the USA [9]),
the study population is representative of the
broader US population of patients with nAMD
treated with brolucizumab.

The incidence of IOI, RV, and RO events in
the current study was slightly lower than
reported in the post hoc safety review of the
HAWK and HARRIER clinical trials in treat-
ment-naive patients with nAMD, although the

Table 2 Ocular adverse events (number of eyes with an event, time to event, and number of prior brolucizumab injections)
during the follow-up after brolucizumab injection

Variables Full cohorta Year 1 sub-cohortb Year 2 sub-cohortb

Number of patient eyes 18,312 16,291 2021

Eyes without an event, n (%) 17,698 (96.6%) 15,785 (96.9%) 1968 (97.4%)

Eyes with an event, n (%)

IOI or endophthalmitis or RV or RO 614 (3.4%) 506 (3.1%) 53 (2.6%)

- RV and/or RO 100 (0.5%) 85 (0.5%) 8 (0.4%)

Median (IQR) time to an event, daysc

IOI or endophthalmitis or RV or RO 84 (42–167) 76 (40–140) 62 (35–108)

- RV and/or RO 99 (56–181) 98 (56–167) 70 (35–99)

Median (IQR) number of brolucizumab injections before an event

IOI or endophthalmitis or RV or RO 2 (1–4) 2 (1–3) 2 (1–3)

- RV and/or RO 2 (2–3) 2 (1–3) 3 (1–3)

IOI Intraocular inflammation, IQR interquartile range, RO retinal vascular occlusion, RV retinal vasculitis
aUp to 2 years of follow-up
bUp to 1 year of follow-up
cFrom first brolucizumab injection
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timing of events after the initial brolucizumab
injection was similar in both analyses [5]. A
previous analysis of the IRIS Registry and
Komodo databases, involving over 10,000
patient eyes, reported a lower incidence for any
IOI event (2.4%) and a shorter median time to
event (39 days) than the current analysis [6].
However, the earlier analysis was conducted
soon after the US launch of brolucizumab, and
the maximum follow-up period was only

6 months, with a median follow-up of
3 months.

A systematic review of real-world studies of
brolucizumab treatment reported a wide varia-
tion in the incidence of IOI events (0–19%) [12].
However, the majority of these studies were
small, had variable follow-up times, and were
conducted across countries with differing clini-
cal practices which may have impacted overall
event rates. By comparison, larger, more recent
real-world studies have shown findings similar
to those of the current analysis. A retrospective
analysis of 482 eyes from a large US retinal
practice reported that 21 eyes (4.6%) had IOI-
related adverse events, of which four eyes
(0.8%) had concomitant RV and/or RO, during
up to 18 months of follow-up [13]. A multi-
center, retrospective analysis of 1098 eyes con-
ducted in the Czech Republic reported an
overall incidence of 3.83% for any IOI and
0.82% for IOI with RV, over a mean follow-up of
4 months [14].

In the current study, the median change in
ETDRS letter score after an IOI, RV, and/or RO
event was 0 from pre-event VA, although 12.3%
of eyes with an adverse event lost at least 10
ETDRS letters from their pre-event score at long-
term follow-up. This result indicates that
although the occurrence of such an event can
have a detrimental effect on vision, the majority
of eyes with available data (87.7%) did not lose
10 or more ETDRS letters. Expert guidance on
the use of brolucizumab, developed in response

Fig. 1 Time to an IOI, RV, and/or RO event after the
first brolucizumab injection. Chart shows the number and
proportion (%) of eyes with an IOI, RV, and/or RO event
in each time period after index date (out of a total of 614
eyes with an event). aMaximum time to an event was
728 days (23.9 months) after brolucizumab initiation. IOI
Intraocular inflammation, mo months, RO retinal vascular
occlusion, RV retinal vasculitis

Fig. 2 Relative risk of an IOI, RV, and/or RO event (Cox
proportional hazards model). aHazard ratio\1 indicates a
reduced risk of an IOI, RV, and/or RO event. bTiming of
the date of the first brolucizumab injection (index date).

CI Confidence interval, IOI intraocular inflammation, RO
retinal vascular occlusion, RV retinal vasculitis, VEGF
vascular endothelial growth factor
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to reports of IOI-related events, highlights the
importance of prompt and aggressive treatment
of IOI, RV, and/or RO, in the event of occur-
rence, to mitigate the risk of vision loss [15–17].
Importantly, cumulative post-marketing
reporting rates for RV and/or RO cases from the
Novartis safety database showed a reduction in
cases of reported vision loss associated with
these events from its peak in December 2020 to
the end of the analysis period in September
2022 (from 5.9 to 4.1 events per 10,000 injec-
tions) [18], possibly the result of increased vig-
ilance for events following safety reports and
guidance on brolucizumab use.

Patient eyes initiating brolucizumab therapy
in the second year after its launch had a sig-
nificantly lower relative risk of an event than
those initiating treatment in the first year after
its launch. This is consistent with differences in
event incidence in the sub-cohorts (Year 1:
3.1%; Year 2: 2.6%) and may reflect more care-
ful patient selection in the second year com-
pared with the first year after launch as
knowledge about brolucizumab increased.
Median time to an event was 14 days shorter in
the Year 2 than in the Year 1 sub-cohort, which
may reflect increased awareness and the
importance of early reporting by patients.

The more selective use of brolucizumab is
supported by the marked decrease in the num-
ber of patients started on brolucizumab in the
second year after launch compared with the first
year after launch, and there are some interesting
differences in patient baseline characteristics
between the two sub-cohorts. Patient eyes in
the sub-cohort started on brolucizumab during
the second year after launch were more likely to
be treatment-naive and have a shorter time
since nAMD diagnosis than those in the Year 1
sub-cohort. Furthermore, compared with the
Year 1 sub-cohort, index VA was lower in the
Year 2 sub-cohort. This result might mean that
some clinicians are reserving brolucizumab for
more difficult-to-treat cases and patients with
advanced disease; however, the proportion of
treatment-naive eyes was higher in the Year 2
sub-cohort than in the Year 1 sub-cohort, which
does not seem consistent with this hypothesis.

The current analysis also showed that the
risk of an IOI, RV, and/or RO event was affected

by age, sex, and prior anti-VEGF therapy. Eyes
from male patients were significantly less likely
to experience an event than those from female
patients, in line with the earlier IRIS Registry
and Komodo database findings [6] and the high
proportion of female cases in real-world studies
[4, 19, 20]. Furthermore, while the earlier IRIS
Registry and Komodo database analysis showed
that age and prior anti-VEGF therapy were not
associated with an increased risk of any form of
IOI and/or RO, the current analysis suggests
that treatment-naive eyes were less likely to
experience an event than those with prior anti-
VEGF therapy and that older age was associated
with a reduced risk of an event [6]. These dif-
ferences could reflect the larger number of
patient eyes and longer follow-up period in the
current analysis. The Czech study of real-world
brolucizumab treatment reported a higher rate
of vitritis for patients who switched from prior
anti-VEGF therapy than for treatment-naive
patients [14]. It was hypothesized that this
higher rate may be associated with the cumu-
lative effect of anti-VEGF therapy.

Strengths of the current study are the large
sample size and wide coverage of patients with
nAMD in the USA, and the relatively long fol-
low-up times, which allow events to be detected
up to 2 years after the first brolucizumab injec-
tion. Study limitations are the typical difficul-
ties associated with database analyses, such as
the reliance on ICD-10 codes for the identifi-
cation of IOI, RV, and RO events. The findings
may also have been affected by the change in
characteristics of the patient population over
the 2 years following the US launch of brolu-
cizumab. The analysis of VA in patient eyes
following an event was limited by the lack of
available pre-event and/or follow-up VA data for
approximately one-third of these eyes. How-
ever, the proportion of eyes with an event that
had VA data (66%) was similar to the 70% of
patient eyes in the overall study cohort with VA
data at index date, suggesting that there was no
relationship between having or not having VA
data and outcomes.
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CONCLUSIONS

To our knowledge, this is the largest study in
the world to evaluate the real-world safety out-
comes with brolucizumab treatment. Overall,
3.4% of eyes experienced an IOI, RV, and/or RO
event, and among those eyes experiencing an
event with available VA data, median change in
EDTRS score was 0 letters. The study increases
our understanding of rates and timing of IOI,
RV, and RO events and their effects on vision,
and the factors affecting the risk of an event.
These results suggest that safety outcomes with
brolucizumab in real-world practice may con-
tinue to evolve as the understanding of, and
experience with, brolucizumab treatment in
clinical practice develop over time.

Medical Writing/Editorial Assistance Med-
ical writing and editorial assistance was pro-
vided by Andrew Mayhook, PhD, of Oxford
PharmaGenesis (Oxford, UK) and was funded by
Novartis Pharma AG (Basel, Switzerland).

Author Contributions. Concept and design:
Marco A. Zarbin, Mathew W. MacCumber,
Helene Karcher, Eser Adiguzel, Andrew LaPrise,
Ver L. Bilano, Franklin Igwe, Michael S. Ip, and
Charles C. Wykoff. Data acquisition and statis-
tical analysis: Andrew LaPrise. Analysis and/or
interpretation of data: Marco A. Zarbin, Mathew
W. MacCumber, Helene Karcher, Eser Adiguzel,
Andrew Mayhook, Andrew LaPrise, Ver L.
Bilano, Franklin Igwe, Michael S. Ip, and
Charles C. Wykoff. Drafting and/or critical
revision of the manuscript for important intel-
lectual content: Marco A. Zarbin, Mathew W.
MacCumber, Helene Karcher, Eser Adiguzel,
Andrew Mayhook, Andrew LaPrise, Ver L.
Bilano, Franklin Igwe, Michael S. Ip, and
Charles C. Wykoff. Guarantor: Marco A. Zarbin.

Funding. Financial support was provided
by Novartis Pharma AG (Basel, Switzerland).
The sponsor or funding organization partici-
pated in: the design of the study; management,
analysis and interpretation of the data; pre-
paration, review and approval of the manu-
script. The sponsor also funded the journal’s
Rapid Service Fee.

Data Availability. The datasets generated
during and/or analyzed during the current
study are available from the corresponding
author on reasonable request.

Declarations

Conflict of Interest. Marco A. Zarbin:
Consultant for Boehringer Ingelheim, EdiGene,
Genentech, Inc./Roche, Illuminare, Life Bio-
sciences, Novartis, Perfuse Therapeutics, Seeing
Medicines, Smile Biotech, Tamarix Pharmaceu-
ticals, and Tenpoint Therapeutics; holds stock
in NVasc. Mathew W. MacCumber: Consultant
for Alimera Sciences, Inc., Bausch ? Lomb,
Genentech, Inc./Roche, IVERIC bio, Novartis
Pharma AG, Regeneron Pharmaceuticals, Inc.;
research grants from Alimera Sciences, Inc.,
Apellis Pharmaceutical, Inc., REGENXBIO.
Helene Karcher: employee and shareholder of
Novartis. Eser Adiguzel: employee and share-
holder of Novartis. Andrew Mayhook: con-
tracted employee of Oxford PharmaGenesis.
Andrew LaPrise: employee of Verana Health,
Inc. Ver L. Bilano: employee of Novartis.
Franklin Igwe: employee and shareholder of
Novartis. Michael S. Ip: Consultant for Alimera,
Allergan, Amgen, Apellis, Clearside Biomedical,
Genentech, IVERIC bio, Novartis, Regeneron,
and REGENXBIO; research support from 4DMT,
Apellis, Biogen, Genentech, IVERIC bio, Lineage
Cell Therapeutics, ONL Therapeutics, and
REGENXBIO. Charles C. Wykoff: Consultant for
4DMT, AbbVie, Adverum Biotechnologies,
Aerie, AGTC, Alcon, Alimera, Allergan, Allgen-
esis, Alnylam, Annexon Biosciences, Apellis,
Arrowhead, Ascidian, Bausch ? Lomb, Bayer,
Bionic Vision Technologies, Boehringer Ingel-
heim, Cholgene, Clearside Biomedical, Curacle,
Eyebiotech, EyePoint Pharmaceuticals, Foresite,
Frontera Therapeutics, Genentech, Gyroscope
Therapeutics, IACTA, IVERIC bio, Janssen, Kato
Pharma, Kiora, Kodiak Sciences, Kriya Thera-
peutics, Merck, Nanoscope, Neurotech, NGM
Biopharmaceuticals, Notal Vision, Novartis,
OccuRx, Ocular Therapeutix, Ocuphire, Ocu-
Terra, OliX, ONL, Opthea, Oxular, Palatin
Technologies, Perceive Bio, Perfuse, PolyPho-
tonix, Ray, RecensMedical, Regeneron,
REGENXBIO, Resonance, Roche, Sandoz,

1366 Ophthalmol Ther (2024) 13:1357–1368



Sanofi, SciNeuro Pharmaceuticals, Stealth Bio-
therapeutics, Surrozen, Suzhou Raymon,
Takeda, Thea, Therini, TissueGen, Valo, and
Verana Health; research funding from
4DMT, Adverum Biotechnologies, AffaMed
Therapeutics, Aldeyra, Alexion, Alimera, Alka-
hest, Allergan, Allgenesis, Amgen, Annexin
Pharmaceuticals, Annexon Biosciences, Apellis,
AsclepiX Therapeutics, Bayer, Boehringer
Ingelheim, Chengdu Kanghong, Clearside
Biomedical, Curacle, Eyebiotech, EyePoint
Pharmaceuticals, Gemini, Genentech,
GlaxoSmithKline, Graybug Vision, Gyroscope
Therapeutics, IONIS, iRENIX, IVERIC bio, Jans-
sen, Kodiak Sciences, LMRI, McMaster Univer-
sity, Nanoscope, Neurotech, NGM
Biopharmaceuticals, Novartis, Ocular Thera-
peutix, Ocuphire, OcuTerra, OliX, Ophthotech,
Opthea, Oxurion, Oxular, Oyster Point Pharma,
Perceive Bio, RecensMedical, Regeneron,
REGENXBIO, Rezolute, Roche, Sam Chun Dang
Pharm, Sandoz, Senju Pharmaceutical, Shang-
hai Henlius Biotech, Taiwan Liposome Com-
pany, Unity Biotechnology, Verily Life Sciences,
and Xbrane Biopharma; on Advisory board of
Aerie, Kato Pharma;. Board member of ASRS,
Vit-Buckle Society; stock options for ONL,
PolyPhotonix, RecensMedical, TissueGen, Vis-
genx, Vitranu.

Ethical Approval. This study complied
with the tenets of the Declaration of Helsinki.
The analysis was based on de-identified patient
data, and this study was reviewed and deemed
exempt by the Western-Copernicus Group
(WCG) Institutional Review Board (Puyallup,
WA, USA) [11]. Informed consent was not
required as the analysis was based on de-iden-
tified patient data.

Open Access. This article is licensed under
a Creative Commons Attribution-NonCom-
mercial 4.0 International License, which per-
mits any non-commercial use, sharing,
adaptation, distribution and reproduction in
any medium or format, as long as you give
appropriate credit to the original author(s) and
the source, provide a link to the Creative
Commons licence, and indicate if changes were
made. The images or other third party material

in this article are included in the article’s
Creative Commons licence, unless indicated
otherwise in a credit line to the material. If
material is not included in the article’s Creative
Commons licence and your intended use is not
permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view
a copy of this licence, visit http://
creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Dugel PU, Koh A, Ogura Y, et al. HAWK and HAR-
RIER: phase 3, multicenter, randomized, double-
masked trials of brolucizumab for neovascular age-
related macular degeneration. Ophthalmology.
2020;127(1):72–84.

2. Dugel PU, Singh RP, Koh A, et al. HAWK and
HARRIER: ninety-six-week outcomes from the
phase 3 trials of brolucizumab for neovascular age-
related macular degeneration. Ophthalmology.
2021;128(1):89–99.

3. Novartis AG. Beovu (brolucizumab) safety infor-
mation: overview. https://www.brolucizumab.info/
overview Accessed 6 Feb 2023.

4. Witkin AJ, Hahn P, Murray TG, et al. Occlusive
retinal vasculitis following intravitreal brolu-
cizumab. J Vitreoretin Dis. 2020;4(4):269–79.

5. Mones J, Srivastava SK, Jaffe GJ, et al. Risk of
inflammation, retinal vasculitis, and retinal occlu-
sion-related events with brolucizumab: post hoc
review of HAWK and HARRIER. Ophthalmology.
2021;128(7):1050–9.

6. Khanani AM, Zarbin MA, Barakat MR, et al. Safety
outcomes of brolucizumab in neovascular age-re-
lated macular degeneration: results from the IRIS
Registry and Komodo Healthcare Map. JAMA Oph-
thalmol. 2022;140(1):20–8.

7. Parke DW 2nd, RichWL 3rd, Sommer A, Lum F. The
American Academy of Ophthalmology’s IRIS� Reg-
istry (Intelligent Research in Sight clinical data): a
look back and a look to the future. Ophthalmology.
2017;124(11):1572–4.

8. American Academy of Ophthalmology. The IRIS
Registry. https://www.aao.org/iris-registry/about
Accessed 6 Feb 2023.

9. Lee CS, Blazes M, Lorch A, et al. American Academy
of Ophthalmology Intelligent Research in Sight

Ophthalmol Ther (2024) 13:1357–1368 1367

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.brolucizumab.info/overview
https://www.brolucizumab.info/overview
https://www.aao.org/iris-registry/about


(IRIS�) Registry and the IRIS Registry Analytic
Center Consortium. Ophthalmol Sci. 2022;2(1):
100112.

10. Centers for Disease Control and Prevention. Health
Insurance Portability and Accountability Act of
1996 (HIPAA). https://www.cdc.gov/phlp/
publications/topic/hipaa.html Accessed 23 June
2023.

11. U.S. Department of Health and Human Services.
Office for Human Research Protections. HHS regu-
lations for the protection of human subjects in
research (45 CFR Part 46). https://www.hhs.gov/
ohrp/regulations-and-policy/regulations/45-cfr-46/
index.html Accessed 23 June 2023.

12. Baumal CR, Sørensen TL, Karcher H, et al. Efficacy
and safety of brolucizumab in age-related macular
degeneration: a systematic review of real-world
studies. Acta Ophthalmol. 2023;101(2):123–39.

13. Coney JM, Zubricky R, Sinha SB, et al. Switching to
brolucizumab: injection intervals and visual,
anatomical and safety outcomes at 12 and 18
months in real-world eyes with neovascular age-
related macular degeneration. Int J Retin Vitr.
2023;9(1):8.

14. Stepanov A, Studnicka J, Veith M, et al. Incidence of
adverse events after loading phase of the brolu-
cizumab therapy of neovascular AMD: real-life evi-
dence in the Czech Republic. Eur J Ophthalmol.
2023;33(2):1097–104.

15. Baumal CR, Bodaghi B, Singer M, et al. Expert
opinion on management of intraocular inflamma-
tion, retinal vasculitis, and vascular occlusion after
brolucizumab treatment. Ophthalmol Retina.
2021;5(6):519–27.

16. Holz FG, Iida T, Maruko I, Sadda SR. A consensus on
risk mitigation for brolucizumab in neovascular
age-related macular degeneration: patient selection,
evaluation, and treatment. Retina. 2022;42(9):
1629–37.

17. Pearce I, Amoaku W, Bailey C, et al. The changing
landscape for the management of patients with
neovascular AMD: brolucizumab in clinical prac-
tice. Eye (Lond). 2022;36(9):1725–34.

18. Igwe F, Lodha A, Ravindran A. Trends in the
cumulative post-marketing reporting rates of reti-
nal vasculitis and/or retinal vascular occlusion and
associated vision loss with brolucizumab. Oph-
thalmol Ther. 2023;12(1):593–8.

19. Baumal CR, Spaide RF, Vajzovic L, et al. Retinal
vasculitis and intraocular inflammation after
intravitreal injection of brolucizumab. Ophthal-
mology. 2020;127(10):1345–59.

20. Wykoff CC, Matsumoto H, Barakat MR, et al. Reti-
nal vasculitis or vascular occlusion after brolu-
cizumab for neovascular age-related macular
degeneration: a systematic review of real-world
evidence. Retina. 2023;43(7):1051–63.

1368 Ophthalmol Ther (2024) 13:1357–1368

https://www.cdc.gov/phlp/publications/topic/hipaa.html
https://www.cdc.gov/phlp/publications/topic/hipaa.html
https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/index.html
https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/index.html
https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/index.html

	Real-World Safety Outcomes with Brolucizumab in Neovascular Age-Related Macular Degeneration: Findings from the IRISreg Registry
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Methods
	IRIS Registry
	Study Population
	Definitions of Ocular Adverse Events
	Outcome Measures
	Statistical Analysis

	Results
	Baseline Characteristics
	Ocular Adverse Events
	VA Changes in Patient Eyes Following an Event
	Relative Risk of an Event

	Discussion
	Conclusions
	Author Contributions
	Data Availability
	References




