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ABSTRACT

Introduction: Brolucizumab, a low-molecular
weight anti-vascular endothelial growth factor,
was approved in the USA in October 2019 for
the treatment of neovascular age-related macu-
lar degeneration. Following post-marketing
reports of vasculitis, including retinal occlusive
vasculitis, a safety signal of retinal vasculitis
(RV) and/or retinal vascular occlusion (RO) that
may result in severe vision loss was confirmed.
This brief communication reviews the trends in
the cumulative reporting rates of RV and/or RO
and associated vision loss from May 2020 to
September 2022.
Methods: This is a descriptive analysis of the
cumulative post-marketing reporting rates of
RV and/or RO cases, and associated vision loss
included in the Novartis safety database

between May 2020 and September 2022, utiliz-
ing an enhanced pharmacovigilance program.
Results: The RV-alone rates demonstrated an
upward trend, rising to 5.1 events per 10,000
injections by October 2020 and subsequently
remained stable until July 2021. Thereafter, the
rate for RV-alone events increased modestly
until October 2021 and then remained
stable until September 2022. The RO-alone rates
increased to 3.4 events per 10,000 injections by
January 2021 and subsequently remained
stable until September 2022. The combined
reports of RV and RO showed an upward trend
until December 2020 (7.5 events per 10,000
injections), followed by a plateau until
September 2021 and then a downward trend
until September 2022. Vision loss associated
with RV and/or RO progressively increased until
December 2020 (5.9 events per 10,000 injec-
tions) followed by a declining trend until
September 2022 to the most recent reporting
rate of 4.1 events per 10,000 injections.
Conclusion: The cumulative post-marketing
reporting rates of vision loss associated with RV
and/or RO, following brolucizumab treatment,
have shown a declining trend after an initial rise
in the reporting rates immediately after identi-
fication of the safety signal.
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Key Summary Points

Why carry out this study?

Following post-marketing reports of
vasculitis, including retinal occlusive
vasculitis, a safety signal of retinal
vasculitis (RV) and/or retinal vascular
occlusion (RO) that may result in severe
vision loss was confirmed.

An enhanced pharmacovigilance program
was designed by Novartis to capture,
analyze, and report these data to better
understand the nature and outcomes
associated with RV and/or RO and
intraocular inflammation with
brolucizumab treatment.

This analysis presents the cumulative post-
marketing reporting rates of RV-alone,
RO-alone, combined reports of RV and
RO, and vision loss associated with RV
and/or RO over time from May 2020 to
September 2022.

What was learned from the study?

The reporting rate of vision loss associated
with adverse events of RV and/or RO
progressively increased until December
2020 (5.9 events per 10,000 injections),
which was followed by a declining trend
until September 2022 to the most recent
reporting rate of 4.1 events per 10,000
injections.

The observed trends in the reporting rate
demonstrate how these adverse events
and the associated vision loss have
evolved since the safety signal was first
identified.

INTRODUCTION

Brolucizumab gained US Food and Drug
Administration (FDA) approval for the treat-
ment of neovascular age-related macular

degeneration in October 2019, on the basis of
the results from the phase III HAWK and HAR-
RIER trials [1–3]. Following FDA approval there
were post-marketing reports of retinal vasculitis
(RV), including retinal occlusive vasculitis [4].
Novartis initiated an internal review of these
post-marketing safety case reports, which
included the establishment of an external safety
review committee to provide an independent,
objective review of these cases along with a
comparison with events seen in HAWK and
HARRIER. Subsequently, a safety signal of RV
and/or retinal vascular occlusion (RO) that may
result in severe vision loss was confirmed. Typ-
ically, these events occur in the presence of
intraocular inflammation (IOI) [5].

Over the last few years, there has been a
substantial amount of research in this area and
medical experts from across the world have
offered recommendations on how to mitigate
and manage the risk of these adverse events
[5–13]. Novartis has continued to collect reports
of RV and/or RO, and vision loss due to these
adverse events via its pharmacovigilance system
and has regularly updated the cumulative post-
marketing reporting rates for these events per
10,000 injections on the brolucizumab.info
website [4]. To better understand the nature and
outcomes associated with RV and/or RO and IOI
with brolucizumab treatment in patients, an
enhanced pharmacovigilance (EPV) program
was designed by Novartis to capture, analyze,
and report these data. EPV is a set of pharma-
covigilance activities intended to collect further
information on post-marketing reports. For
brolucizumab, the Novartis EPV program cov-
ered the collection of information using tar-
geted follow-up checklists.

Here, we present the cumulative post-mar-
keting reporting rates of RV-alone, RO-alone,
combined reports of RV and RO (RV ? RO
combined), and vision loss associated with RV
and/or RO over time from May 2020 to
September 2022.

METHODS

This is a descriptive analysis of the cumulative
post-marketing reporting rates of RV-alone,
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RO-alone, RV ? RO combined events and
vision loss associated with RV and/or RO
included in the Novartis safety database
between May 2020 and September 2022, utiliz-
ing an EPV program established for the collec-
tion of post-marketing reports of such events.
The post-marketing reporting rates for each
event category are discrete; there is no duplica-
tion between categories. The term ‘‘RO’’
includes physician reports of ocular and retinal
infarction and ischemia, retinal vascular (artery
and vein) occlusion, stenosis, thrombosis, and
embolism. The term ‘‘vision loss’’ includes
physician reports of blindness, blindness uni-
lateral, blindness transient or central vision loss.
Of note, the search strategy for the category of
‘‘retinal vasculitis’’ evolved during this period,
primarily with the inclusion of the term ‘‘retinal
occlusive vasculitis’’ on the basis of changes in
the Medical Dictionary for Regulatory Activities
coding dictionary.

The cumulative reporting rates for RV and/or
RO and associated vision loss are based on the
number of post-marketing reports for the
respective adverse events against the estimated
post-marketing exposure to brolucizumab in
terms of number of injections administered up
to a given time point.

Reporting rate was calculated using the fol-
lowing formula:

Reporting rate ¼ Number of post½
�marketing reports for the respective event sð Þ�
= Estimated number of injections administered½ �
� 10;000

As all data used in this descriptive analysis
were derived from the Novartis Global Safety
Database, were fully anonymized, and no new
data on human participants was collected as
part of the analysis, this study was exempt from
ethics committee approval.

RESULTS

The cumulative post-marketing reporting rates
of RV and/or RO and associated vision loss per
10,000 injections are shown in Fig. 1 and are
available in Table S1 in the electronic supple-
mentary material. The RV-alone rates demon-
strated an upward trend from May 2020 rising
to 5.1 events per 10,000 injections by October
2020, and then remained relatively stable until
July 2021. Following that, the rate for RV-alone
events increased modestly until October 2021
to 5.6 events per 10,000 injections and then was
stable until September 2022. The RO-alone rates
increased to 3.4 events per 10,000 injections by
January 2021 and remained stable until
September 2022. The rates for RV ? RO

Fig. 1 Cumulative post-marketing reporting rates of RV and/or RO and associated vision loss over time. RO retinal
vascular occlusion, RV retinal vasculitis
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combined events showed an upward trend until
December 2020 (7.5 events per 10,000 injec-
tions), followed by a plateau until September
2021. From September 2021 onwards, a declin-
ing trend in the reporting rates of RV ? RO
combined events was observed.

Vision loss associated with adverse events of
RV and/or RO progressively increased from June
2020 to December 2020 (5.9 events per 10,000
injections) followed by a declining trend until
September 2022 to the most recent reporting
rate of 4.1 events per 10,000 injections.

DISCUSSION

In this analysis of the Novartis safety database,
since December 2020, the cumulative post-
marketing reporting rates of RO-alone events
appears to be relatively stable, and the rates of
RV-alone events have modestly increased until
October 2021 and then remained stable,
whereas the rates of RV ? RO combined events
and vision loss associated with RV and/or RO
have declined over the same duration.

RV and RO are established adverse drug
reactions of brolucizumab and categorized as an
important identified risk in the brolucizumab
European Risk Management Plan [14]. The
results from the BASICHR0049 mechanistic
study indicate that the underlying mechanism
is immune-mediated [15, 16]. These results
suggest a mature, high-affinity, and diverse
immunoglobulin G-driven anti-drug antibody
(ADA) response with ADAs recognizing multiple
different B cell epitopes on the brolucizumab
molecule. The presence of a polyclonal and
diverse immune response against multiple epi-
topes to brolucizumab, along with a possible
increased potential for platelet aggregation,
could be consistent with an increased risk of the
formation of immune complexes resulting in
IOI and vascular occlusion. In addition, the
in vitro activation of T cell by brolucizumab in
case subjects shows that these master regulators
of the immune response carried a memory of
previous activation to brolucizumab. This pro-
vides evidence that the subjects with brolu-
cizumab-associated RV and/or RO had a
coordinated and specific immunity to

brolucizumab. Typically, these events are seen
in the presence of IOI [15].

Evidenced-based recommendations that
have been developed by different groups of
ophthalmologists, since the safety signal has
been confirmed, suggest that monitoring and
vigilance for signs of IOI throughout treatment
plays a key role in the management of patients
treated with brolucizumab [5–13]. This includes
a thorough examination of the eye for inflam-
mation prior to injection and instructing
patients to report any change in vision or
symptoms of IOI (including RV) and/or RO
without delay, to ensure timely intervention
[6–13]. Additionally, ophthalmologists recom-
mend that if an IOI-related adverse event
occurs, it should be addressed with prompt and
intensive treatment as per standard of care
[7, 9–13]. Real-world evidence suggests that
such treatment can help prevent or recover
vision loss [17–20].

For this analysis, it is important to note that
spontaneous post-marketing reporting systems
have several limitations, which can include
under-reporting, incompletely documented
cases, and cases without imaging information.
The information collected as part of the post-
marketing surveillance is not as robust as con-
trolled clinical trials or solicited sources of
information, and relevant information on risk
characterization, including event severity, may
be missing from the reports. Accumulated
(‘‘spontaneous’’) case reports from the post-
marketing surveillance cannot be used to reli-
ably calculate incidences or estimate the fre-
quency of drug risk as the number of
spontaneous reports received may not be a
reliable indicator of the actual number of cases
that have occurred. Furthermore, the precise
number of patients that have received the drug
up to a certain time point is not known pre-
cisely and can only be estimated. Despite the
possibility of under-reporting for all adverse
events and associated vision loss, it is improb-
able that this is the primary cause of the
declining trend in reporting rates of RV ? RO
combined events and vision loss associated with
RV and/or RO given that reporting rates of RV-
alone events have increased and RO-alone
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events have stabilized during the same
timeframe.

CONCLUSION

This analysis presents for the first time the
trends in the cumulative post-marketing
reporting rates for RV and/or RO and associated
vision loss following brolucizumab treatment in
the real world. The cumulative post-marketing
reporting rates of vision loss associated with RV
and/or RO, following brolucizumab treatment,
have shown a declining trend after an initial rise
in the reporting rates immediately after identi-
fication of the safety signal. The trends observed
may inform healthcare professionals in how
these adverse events and associated vision loss
have evolved over time.
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