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ABSTRACT

Purpose: This study explores the potential interaction of brolucizumab with platelets and its effects
on platelet activation and reactivity, crucial in retinal vasculitis and retinal vascular occlusion. Safety
concerns remain of interest, although brolucizumab showed superior retinal efficacy and reduced
injection frequency compared to other licensed anti-VEGF agents.

Methods: Resting and activated platelets of healthy volunteers were pretreated with brolucizumab at
the following concentrations 0.6 pg/mL, 3 ug/mL, 6 pg/mL, 300 pug/mL, and 3000 p/mL or its solvent
or PBS. The surface expression of platelet activation markers GPIlIb/llla and P-selectin was determined
by multispectral imaging flow cytometry, which combines flow cytometry and fluorescence microscopy.
Two different methods were used to examine the interaction of brolucizumab with platelets: 1) A
cross-pretreatment experiment was performed with FITC-labeled brolucizumab and bevacizumab; 2)
Resting and activated platelets were pretreated with brolucizumab or its solvent or PBS, followed by
anti-brolucizumab antibody generated by rabbit immunization.

Results: Brolucizumab did not significantly affect platelet activation compared to solvent or PBS,
across a range of concentrations. No significant upregulation of CD62P and no activation of the
fibrinogen receptor (GPlIb/lla) were observed in resting and TRAP-activated platelets. After
pretreatment with PBS, the level of brolucizumab-FITC was significantly lower in comparison to
bevacizumab-FITC (normalized MFI = 3.32, Cl = 3.16-3.48 vs. normalized MFI = 7.19, Cl = 7.04-7.35;
p < 0.001). Both brolucizumab- and bevacizumab-FITC were downregulated after pretreatment with
brolucizumab or bevacizumab compared to pretreatment with PBS. Antibodies against brolucizumab
did not show any significant difference between pretreatment with brolucizumab and its solvent in
resting and TRAP-activated platelets.

Conclusion: Brolucizumab does not appear to directly affect platelet activation or reactivity to
thrombin receptor agonists. No platelet interaction was observed after increasing brolucizumab
concentrations or anti-brolucizumab antibodies in resting and activated platelets. However,
brolucizumab might be taken up in platelets.
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Introduction retinal thickness and longer dosing intervals in the HAWK
and HARRIER trials.* Albeit brolucizumab showed compa-
rable outcome of visual acuity and superior results of central
retinal thickness to other licensed anti-VEGF agents with an
extended injection frequency, the safety concerns have been

raised because of the increased number of retinal vasculitis

Brolucizumab (Brolucizumab®) is the smallest anti-VEGF
agent approved for the treatment of neovascular age-related
macular degeneration (nAMD) in 2020 and diabetic macular
edema in 2022.'7* Brolucizumab is a humanized single-chain
antibody fragment, which binds to all human isoforms of

vascular endothelial growth factor A (VEGF-A).** Due to its
small molecular size of 26kDa, brolucizumab reaches 10-20
times higher molar concentration in comparison to afliber-
cept and ranibizumab, which may lead to a better penetra-
tion and therefore explain its greater reduction in the central

(RV) and/or retinal vascular occlusion (RO) following intra-
vitreal brolucizumab injection.'® The incidence rate for
intraocular inflammation (IOI) and RO with/without RV
was reported between 2.0 and 2.4%, however, nearly a four
times higher rate was observed in patients with RO
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compared to patients without a history of RO in the
12 months before brolucizumab treatment.>”'® The Safety
Review Committee (SRC) assessed an overall incidence rate
of 3.3% for IOl and RV and 2.1% RO on the basis of
investigator-reported adverse events in the phase 3 HAWK
and HARRIER trials.!”” Such adverse events are associated
with an increased risk of visual loss.!” Therefore, fundamen-
tal research is mandatory to better understand the patho-
physiological mechanisms. Until now, the potential role of
anti-drug antibodies (ADAs) has been widely discussed, how-
ever, their presence does not seem to precondition
brolucizumab-associated adverse events.!>! Lastly, Deissler
et al. showed a destabilization of the barrier formed by
immortalized bovine retinal endothelial cells (iBREC) at
concentrations achievable by intravitreal injection of broluci-
zumab, which might be further potentiated by the surfactant
polysorbate-80, leading to a higher systemic concentration of
brolucizumab.?’ In this connection, endothelial dysfunction
might activate platelets and results in retinal occlusion.
Besides their essential role in homeostasis and vascular
integrity, platelets are chief cells responding to vascular
injury?! The endothelial disruption activates platelets leading
to their adhesion, followed by the release of platelet granules
such as VEGF or P-selectin, and activation of GPIIb/IIla
resulting in the formation of stable platelet aggregates.??~>*
After platelet stimulation, P-selectin is translocated from
alfa-granules to the platelet external membrane leading to its
increased surface expression. This crucial adhesion molecule
binds to P-selectin glycoprotein ligand-1 (PSGL-1) on leuko-
cytes providing an important link between the hemostatic
and inflammatory responses.?>* The crosstalk between
platelets and other cells is also associated with thrombotic
dysregulation promoting venous and arterial thrombosis and
prolonged inflammation in vasculitis.?’~? Therefore, platelet
activation and an increased expression of their surface acti-
vation markers might not only contribute to higher risk of
vascular thrombosis such as myocardial infarction or
stroke,*3! but could also play a crucial role in the patho-
physiology of RV and/or RO following intravitreal broluci-
zumab injection. Whether brolucizumab may affect directly
platelet activation or platelet reactivity to a platelet agonist
remains unknown. Thus, the interactions of brolucizumab
with platelets and an impact of brolucizumab on platelet
activation profile were investigated in this study.

Materials and methods
Isolation of platelets

Platelets were obtained by centrifugating platelet-rich plasma
(PRP) at 1000rpm for 10min at room temperature from
venous blood, which was drawn into acid-citrate-dextrose
(ACD) anticoagulant from healthy Caucasian volunteers,
who did not have any ocular or systemic disease (n = 12;
mean age: 35.67 (range: 26-55); eight women and four
men). The volunteers had not taken any drugs during the
last 10 days before the blood sampling. The number of
platelets in the PRP was determined with a fully automated
hematology analyzer and adjusted to 300 000 platelets/uL
with platelet-poor plasma (PPP). This work adhered to the
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tenets of the Declaration of Helsinki and the Institutional
Ethics Committee of the University of Tuebingen.

Brolucizumab and its solvent

Brolucizumab  (Novartis Pharma GmbH, Nuremberg,
Germany) was used in the following concentration range:
0.6 pg/mL, 3 pg/mL, 6 ug/mL, 300 ug/mL, and 3000 pg/mL.
The chosen concentration range was decided on the basis of
preclinical data on cynomolgus monkeys (6000 ug/eye with
total of three intravitreal injections) and data of nAMD
patients.! In cynomolgus monkeys, the mean serum cmax
(maximal concentration) was approximately 0.3 pg/mL° and
vitreous humor concentration was >1000-fold higher than
those in the serum.*? According to Novartis, the mean
serum cmax was 50ng/mL (range 8.97-548 ng/mL) in nAMD
patients after intravitreal brolucizumab injection.*

Brolucizumab solvent was prepared according to the
specifications of the manufacturer (10mM sodium citrate,
0.02% polysorbate 80, 5.8% sucrose, pH 7.2). The prepared
solvent did not contain any brolucizumab because it served
as a control. The pH was set at 7.2 to be identical to brolu-
cizumab solvent.

Antibodies

Activated glycoprotein (GP) IIb/IIla (dilution: 1:20, PAC-1-
FITC, BD Biosciences, San Jose, CA) and expression of
P-selectin (dilution: 1:20, CD62P-FITC, Beckman Coulter,
Marseille, France) are major surface activation markers and
potential circulating platelet biomarkers indicating a high risk
for future vascular thrombosis, therefore, they were chosen
to investigate the impact of brolucizumab on platelet activa-
tion or reactivity as previously described.>* The platelet pop-
ulation was identified by CD42b-PE (dilution: 1:20, Beckman
Coulter, Marseille, France). FITC-labeled brolucizumab
(dilution: 1:10, Brolucizumab; Novartis Pharma GmbH,
Nuremberg, Germany) and FITC-labeled bevacizumab (dilu-
tion: 1:10, Avastin; Roche Pharma, Grenzach, Germany) were
conducted according to the standard procedures provided by
the manufacturer (Sigma Aldrich, St. Louis, MO). Antibodies
against brolucizumab were used as primary antibody in a
dilution of 1:10 000. Any change in the binding of antibodies
was determined by flow cytometry.

Incubation of platelets with brolucizumab and
activation of platelets

Platelets were exposed to brolucizumab or its solvent with-
out brolucizumab, or phosphate-buffered saline (PBS) with-
out brolucizumab. Both solvent without brolucizumab
(because Beovu® contains brolucizumab including solvent)
and PBS without brolucizumab served as two independent
controls. The following concentrations of brolucizumab were
used in platelets exposed to brolucizumab: 0.6 pg/mL, 3 pg/
mL, 6 pug/mL, 300 ug/mL, and 3000 pg/mL. All samples
with: (1) brolucizumab, and both controls: (2) solvent and
(3) PBS were incubated for 30min at room temperature.
After incubation with brolucizumab or solvent or PBS,
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thrombin receptor-activating peptide-6 (TRAP)-activated
platelets (25pM, Roche Diagnostics GmbH, Mannheim,
Germany) was used to activate platelets. Thereafter, the fol-
lowing antibodies CD62P-FITC and PAC-1-FITC were added
to the resting or activated platelets. As a control antibody,
CD42b-PE was used to identify the platelet population in
the whole blood. Subsequently, the samples were fixed with
0.05% paraformaldehyde in PBS as previously prescribed.**

Flow cytometry and multispectral imaging
flow cytometry

Flow cytometry and Multispectral Imaging Flow Cytometry
were performed on resting (non-activated) and activated plate-
lets using the BD FACSCanto™ II Flow Cytometry Systems (BD
Biosciences, Franklin Lakes, NJ) and ImageStream* Mark II -
multispectral imaging flow cytometer using the INSPIRE
instrument controller software with 60x magnification and the
488nm laser on 200mW (Cytek Biosciences/Amnis®, Seattle,
WA), which is a combination of two methods: flow cytometry
and fluorescence microscopy. The IDEAS® Image Analysis soft-
ware was used for analysis of the ImageStream* Mark II-data.
The specific monoclonal antibody binding was determined
as percentage of gated platelets, and in drug-FITC as normal-
ized MFI (mean fluorescent intensity; MFIFTC+/MFTtot! ratio),

Interaction between brolucizumab-FITC and platelets

A cross-pretreatment experiment was performed with brolu-
cizumab and bevacizumab (bevacizumab Avastin; Roche,
Grenzach, Germany). The concentrations of bevacizumab-FITC
were chosen according to the FACS results on a dose-dependent
platelet uptake of FITC-labeled bevacizumab by Verheul
et al% Platelets were incubated with PBS or brolucizumab
(6ng/mL, 600ng/mL) or bevacizumab (2pg/mL, 20pug/mL)
for 30min followed by a cross-antibody staining (FITC-labeled
brolucizumab or bevacizumab) and analyzed at the BD FACS
Canto II. The optimal incubation time was determined by
platelet analysis after single-agent pretreatment prior to the
cross-treatment with brolucizumab for 15min, 30min, and
120min followed by a brolucizumab-FITC staining. After
incubation time for 30 min at room temperature, the antibod-
ies were added and fixed with 0.05% paraformaldehyde in PBS.

Interaction between anti-brolucizumab antibodies
generated by rabbit immunization and platelets

Brolucizumab was purified and analyzed by a high-pressure
size exclusion chromatography with a FPLC Superdex $200
column 10/300GL in PBS pH 7.2 at a flow rate of 0.9mL/
min (MERCK, Darmstadt, Germany). Thereafter, the puri-
fied antigen was injected into a rabbit for custom generation
of antibodies against brolucizumab by ProteoGenix
(Schiltigheim, France). We followed the protocol according
to Samara et al.* using three booster injections. After
80 days of immunization, a titer against brolucizumab was
detectable with enzyme-linked immunosorbent assay up to
1:50 000. A working titer of 1:10 000 with a final

concentration of 10 pg/mL was used. As a control,
pre-immune rabbit serum was used. The platelets were pre-
treated for 30min with 3 pg/mL, 300 pg/mL, and 3000 ug/
mL brolucizumab or its solvent or PBS, followed by
anti-brolucizumab antibody addition to resting and
TRAP-activated platelets. The samples were fixed with 0.05%
paraformaldehyde in PBS.

Statistical analysis

All data are presented as mean * confidence interval (CI).
To compare three or more groups, analysis of variance with
Bonferroni’s correction was performed. Each group was nor-
mally distributed and consisted of at least three experiments
from different volunteers. A p value <.05 was considered
statistically significant. GNU PSPP version 0.10.2-g654fff was
used for statistical analyses.

Results

Platelet activation profile in non-activated (resting)
platelets

The expression of both surface activation markers CDP2P and
GPIIb/IIIa did not significantly differ between brolucizumab
0.6 pg/mL, 3 pg/mL, 6 pug/mL, 300 pg/mL, and 3000 pg/mL
and its solvent or PBS (CD62P: P between all groups = 0.530,
GPIIb/IITa: P between all groups = 0.052) (Figures 1(A,B),
2(A,C), and 3(A-D)). The data are provided in Table 1.

Platelet activation profile in activated platelets

The expression of TRAP-activated CD62P after preincuba-
tion with brolucizumab 0.6 pg/mL, 3 pg/mL, 6 pg/mL,
300 pg/mL, and 3000 pg/mL compared to solvent or PBS (P
between all groups = 0.767) (Figures 1(C), 2(B), and
3(A",B’)). The data are shown in Table 1.

No significant upregulation of TRAP-activated GPIIb/IIIa
was found after following brolucizumab concentrations
0.6 pg/mL, 3 pg/mL, 6 pg/mL, 300 pg/mL, and 3000 ug/mL
compared to solvent or PBS (P between all groups = 0.727)
(Figures 1(D), 2(D), and 3(C',D’)). The data are provided in
Table 1.

Interaction between brolucizumab-FITC and platelets

Brolucizumab-FITC (with PBS) was significantly downregu-
lated in comparison to bevacizumab-FITC (normalized MFI
= 3.32, CI: 3.16-3.48 vs. normalized MFI = 7.19, CI: 7.04-
7.35; p < .001) (Figure 4). A significant difference was
observed between brolucizumab-FITC without (with PBS)
and with pretreatment with brolucizumab or bevacizumab
(p < .001) (Table 2). Bevacizumab-FITC was downregulated
after pretreatment with brolucizumab or bevacizumab com-
pared to bevacizumab-FITC without pretreatment (with
PBS) (p < .001) (Table 2). In the post hoc analysis, there was
no significant difference regarding the pretreatment with
brolucizumab (6ng/mL, 600ng/mL) or bevacizumab (2pg/
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Figure 1. CD62P and GPIIb/llla in resting and TRAP-activated platelets after exposure to brolucizumab. Box plot showing the percentage of gated platelets. The
expression of CD62P (A, C) and GPIIb/llla (B, D) after exposure to brolucizumab 0.6 ug/mL, 3 pg/mL, and 6 pg/mL, 300 pug/mL, and 3000 pg/mL its solvent, and
PBS in resting and activated platelets. No significant upregulation of CD62P or GPIIb/llla between all brolucizumab concentrations and its solvent or PBS

(phosphate-buffered saline).

Table 1. The percentage of gated platelets with surface expression of CD62P
and GPIIb/Illa in resting and TRAP-activated platelets (Cl: confidence interval).

Mean (Cl) in

Platelet surface activation ~ Mean (Cl) in resting

marker platelets TRAP-activated platelets
CD62P

PBS 26.01 (5.53-46.50) 4.60 (3.18-6.01)
Solvent 33.99 (12.12-55.87) 4.60 (3.22-6.04)

Brolucizumab 0.6 pg/mL
Brolucizumab 3 pg/mL
Brolucizumab 6 pg/mL
Brolucizumab 300 pg/mL
Brolucizumab 3000 pg/mL

12.71 (4.25-21.18)

(

(

( 448 (3.22-55.74)
31.99 (13.17-50.81)

(

(

(

5.67 (3.29-8.05)
4.32 (3.46-5.18)
4,66 (-2.52 to 11.83)
3.62 (2.04-5.19)

15.40 (9.27-21.53)
40.16 (2.02-78.30)
41.77 (13.92-69.63)

GPlIb/llla
PBS 13.85 (0.99-26.72) 55.02 (34.82-75.21)
Solvent 9.57 (-=1.79 t0 20.92)  49.57 (26.66-72.47)

Brolucizumab 0.6 pg/mL  33.84 (1.94-65.74)

(

(

( 49.20 (15.20-83.20)
Brolucizumab 3 pg/mL 15.89 (1.08-30.70)

(

(

(

51.18 (30.44-71.92)
55.63 (15.98-95.28)
39.47 (-55.45 to 134.38)
27.60 (21.39-33.81)

Brolucizumab 6 pg/mL 34.13 (-7.05 to 75.32)
Brolucizumab 300 ug/mL ~ 4.31 (-0.28 to 8.89)
Brolucizumab 3000 pg/mL  3.73 (-2.72 to 10.18)

mL, 20 ug/mL) both within and between brolucizumab-FITC
and bevacizumab-FITC (Figure 4).

Interaction between antibodies against brolucizumab
and platelets

The percentage of gated platelets with antibodies against
brolucizumab did not show any statistical difference between
different brolucizumab concentrations (3 pg/mL, 300 pg/mL,
and 3000 pg/mL) and its solvent in resting and TRAP-activated
platelets (p = .602 and p = .824, respectively) (Table 3,
Figures 2(E,F) and 5).

Discussion

The reported IOIs with vascular involvement had not been
described in this frequency and severity for other

intravitreally administered VEGF inhibitors. Since patients
with brolucizumab-associated RAO within the HARRIER
and HAWK trials had cardiovascular comorbidities such as
hypertension and cardial arrhythmias®” and platelets are
affected by the presence of cardiovascular risk factors or
established cardiovascular diseases or aging-related dis-
eases,®* risk factors for RO have to be considered.
P-selectin or the platelet glycoprotein IIb/IIIa (GPIIb/IIIa)
receptor play a key role in the pathway of thrombus forma-
tion.264142 Cardiovascular risk factors can trigger and alter
platelet function by circulating oxLDL,* cytokines,* abnor-
mal blood flow, vascular wall health status such as endothe-
lial dysfunction or damage or hematological factors.**
Brolucizumab was investigated in both non-activated and
activated platelets using conventional flow cytometry and
multispectral imaging flow cytometry, combining the pheno-
typing abilities of flow cytometry with a high-resolution flu-
orescence microscopy. In this study, no effect of brolucizumab
on resting and activated platelets was found. TRAP-induced
activation of the fibrinogen receptor GPIIb/IIIa and P-selectin
pretreated with brolucizumab did not show any significant
upregulation in comparison to brolucizumab solvent or
untreated platelets. With increasing brolucizumab concentra-
tions (0.6 ug/mL, 3 pg/mL, 6 pg/mL, 300 pg/mL, and
3000 ug/mL), no impact on the platelet activation profile
was observed. To further clarify the interaction between
brolucizumab and platelets, a cross-pretreatment experiment
with brolucizumab and bevacizumab was performed to
exclude a concentration-dependent interaction of broluci-
zumab with platelets.>>*>4¢ Here, a significantly higher bind-
ing capacity of bevacizumab-FITC was shown compared to
brolucizumab-FITC, which can be explained due to their
different molecular structures. Given that bevacizumab con-
tains a Fc region and colocalized with clathrin-coated pits in
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Figure 2. Overlay histogram of CD62P (A, B), GPlIb/llla (C, D), and antibodies against brolucizumab (E, F) in resting and TRAP-activated platelets after exposure to
PBS (grey), solvent (green), 3 pg/mL brolucizumab (red), and 300 pg/mL brolucizumab (blue).

platelets, Fc-receptor-dependent endocytosis was suggested.*®
Moreover, pretreatment with bevacizumab showed a signifi-
cant downregulation of bevacizumab-FITC compared to
bevacizumab-FITC with PBS, which may indicate occupa-
tion of Fc receptors on platelets by pretreated bevacizumab.
These findings are in accordance with other studies on bind-
ing mechanisms of bevacizumab.**® In addition, the
cross-pretreatment experiment revealed a significantly weaker
brolucizumab-FITC signal after exposure to both broluci-
zumab and bevacizumab. For further explanation of broluci-
zumab binding on platelets brolucizumab-associated AEs,

antibodies against brolucizumab from immunized rabbits
were prepared. However, no interaction was found after pre-
treatment with different brolucizumab-induced autoantibody
concentrations compared to solvent in resting or activated
platelets. Since we did not provide evidence for the binding
capacity of brolucizumab, the significant downregulation of
FITC-brolucizumab after exposure to brolucizumab or beva-
cizumab may imply that brolucizumab is taken-up in plate-
lets, and therefore, eliminated or released in higher
concentrations at the inflammatory sites leading to throm-
boinflammation in patients at risk of brolucizumab-associated
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Figure 3. Representative cell images in resting and activated platelets after exposure to brolucizumab 300 pg/mL and its solvent. CD62P expression after pretreat-
ment with brolucizumab 300 pg/mL in resting (A) and activated platelets (A’), solvent in resting (B) and activated platelets (B'). GPIIb/llla expression after pretreat-
ment with brolucizumab 300 ug/mL in resting (C) and activated platelets (C'), solvent in resting (D) and activated platelets (D').

adverse events, for example: female patients, diabetic patients,
patients with cardiovascular diseases.!>161%2337 Several plate-
let transporters as carriers for a wide spectrum of substrates,
including inorganic ions, amino acids, nucleotides, and drugs
were identified. Although it is well known that platelets are
so called “long-haul truckers” and play an important role in
pharmacotherapy such as drug side effects due to storage
and elimination of drugs, their function is not fully
characterized.*’

At first brolucizumab-related AEs were linked with ADAs
to brolucizumab, which as immune complexes deposited on
retinal walls leading to RV with or without RO.3!51950 Beside
the type III hypersensitivity reaction (HSR),%!>1¢ delayed type

IV (T-cell mediated) HSR might contribute to development
of brolucizumab-related AEs,'>'® since it is known that other
therapeutics, for example, monoclonal antibodies or antibiot-
ics, may provoke diverse adverse events including all types of
hypersensitivities.’> Moreover, the post hoc analysis of the
HAWK and HARRIER studies revealed that approximately
half of cases of brolucizumab-AE occurred 3 months after
the first injection, with a considerable higher number of
cases after multiple injections.!” Such delayed immunological
responses could be triggered by the degradation products of
brolucizumab or the VEGF-brolucizumab complex.
Currently, other mechanisms of pathogenesis than adaptive
immune responses are suggested'® since the presence of ADAs
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Figure 4. Brolucizumab-FITC and bevacizumab-FITC as IgG control. Less binding of brolucizumab-FITC in comparison to bevacizumab-FITC was observed in
untreated platelets (***p < .001) without significant difference regarding the pretreatment with brolucizumab or bevacizumab both within and between
brolucizumab-FITC and bevacizumab-FITC; normalized MFI — mean fluorescent intensity.

Table 2. Normalized MFI (mean fluorescent intensity) of brolucizumab-FITC and
bevacizumab-FITC after pretreatment with PBS, brolucizumab 6 ng/mL, broluci-
zumab 600ng/mL, bevacizumab 2 ug/mL, and bevacizumab 20 ug/mL (Cl: con-
fidence interval).

FITC labeled drug Mean (Cl) p Value
Brolucizumab-FITC

PBS 3.22 (2.12-4.33) p < .001
Brolucizumab 6 ng/mL 2.19 (2.14-2.25)

Brolucizumab 600 ng/mL 2.32 (2.19-2.44)

Bevacizumab 2 pg/mL 2.15 (2.02-2.29)

Bevacizumab 20 pg/mL 2.27 (2.18-2.35)

Bevacizumab-FITC

PBS 7.19 (7.04-7.35) p < .001
Brolucizumab 6 ng/mL 2.30 (2.22-2.39)

Brolucizumab 600 ng/mL 243 (2.14-2.72)

Bevacizumab 2 pg/mL 2.21 (1.74-2.68)

Bevacizumab 20 pg/mL 1.98 (1.96-1.99)

Table 3. The percentage of gated platelets with antibodies against broluci-
zumab in resting and TRAP-activated platelets (Cl: confidence interval).

Mean (Cl) in

Antibodies against Mean (Cl) in resting

brolucizumab platelets TRAP-activated platelets
PBS 1.44 (—0.57 to 3.45) 0.53 (0.21-0.85)
Solvent 1.01 (0.33-1.69) 1.11 (-2.45 to 4.66)
Brolucizumab 3 pg/mL 0.97 (0.17-1.78) 1.10 (-1.86 to 4.07)
Brolucizumab 300 pg/mL 0.81 (0.38-1.25) 0.63 (—0.06 to 1.32)
Brolucizumab 3000 pg/mL 0,51 (0.14-0.89) 0.54 (0.29-0.79)

does not precondition brolucizumab-associated AEs.'** The
first in vitro proof for an alternative pathophysiology of
brolucizumab-related AEs was provided by Deissler et al.?
Strictly speaking, they showed lower levels of claudin-1, which
is an essential part of the iBREC barrier.?® These findings sup-
port the hypothesis of breakdown of the inner-blood-retinal
barrier, which was postulated by Haug et al.'’® They hypothe-
sized that intravitreal high concentration of brolucizumab in
diabetic patients or any prior brolucizumab-related AE may
breakdown the inner-blood-retinal barrier and disrupt
Anterior Chamber-Associated Immune Deviation (ACAID)
resulting in exaggerated inflammatory responses.’*** For
example, tumor necrosis factor-alpha (TNF-a) or IL-17A con-
tributes to platelet activation followed by P-selectin external

membrane translocation facilitating rolling of platelets on acti-
vated endothelial cells.® P-selectin also binds to glycoprotein
ligand 1 (PSGL1) of circulating monocytes forming mono-
cyte-platelet aggregates (MPAs).*® Both platelet-bound and
soluble P-selectin increased TF (tissue factor) expression on
monocytes resulting in fibrin generation and clot formation
by bridging GPIIb/IIla between platelets.®*-> Further, activated
platelets contribute to inflammatory processes by release of
alpha and dense granules, shedding microvesicles, and medi-
ating adhesion to monocytes via P-selectin glycoprotein 1
(PSGL-1) axis enhancing secretion of inflammatory cytokines
such as tumor necrosis factor (TNF)-qa, interleukin (IL)-1pB,
IL-6, 1IL-8, [IL-12, and macrophage inflammatory
protein-1p.4°¢6061 Although this study did not show any sig-
nificant upregulation of platelet activation markers after expo-
sure to increasing brolucizumab concentrations, the platelet
activation profile of gated platelets differed between subjects
showing greater ranges, especially in higher brolucizumab
concentrations (300 ug/mL and 3000 pg/mL). Here, a higher
P-selectin and a lower GPIIb/IIIA surface expressions were
observed, however, without statistical significance. In addition
to the P-selectin’s role in platelet aggregation facilitating the
formation of large stable platelet aggregates,® it mediates
platelet-leucocyte interactions in thrombosis and inflamma-
tion.” Therefore, its higher expression might favor priming of
platelets, but not necessarily lead to their aggregation, and
reinforce vascular occlusion. Nevertheless, a connection would
be in line with an increased risk in female patients for
brolucizumab-associated events'>'¢%? in accordance to sex dif-
ferences in platelet reactivity.> Their increased responsiveness
is explained by a higher tendency to activate GPIIb/IIIa and/
or P-selectin leading to enhanced prothrombotic and proin-
flammatory function of platelets.®*-*® Lastly, it has to be
pointed out that brolucizumab-associated AEs also vary in
manifestation and extent between patients, from possibly over-
looked to severe AEs with deterioration of visual acuity.'>!’
Since brolucizumab-exposed iBREC did not secrete any
inflammatory cytokines,? platelets might be cellular mediators
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Figure 5. Antibodies against brolucizumab in resting and TRAP-activated platelets. Box plot showing the percentage of gated platelets. No significant upregulation

of antibodies against brolucizumab in resting (A) and TRAP-activated platelets (B).

of thrombosis and inflammation. We therefore hypothesize
that destabilization of the inner-blood-retinal barrier due to
brolucizumab might be potentiated due to disruption of
ACAID leading to activation of inflammation and/or platelets,
which can manifest as IOI and/or RV and/or RO.!%205%55-59
Important limitations must be considered: our experiments
were limited to: (1) in vitro experiments, (2) platelets without
analysis of innate and cellular immune responses, (3) a certain
sample size, and (4) and higher female:male ratio. However,
female patients may be more prone to brolucizumab-related
adverse events.!>162 Platelets from healthy donors were used
and not cells from elderly patients with retinal disease. The
absence of corresponding activation in the Petri dish does not
rule out the possibility that the drug molecules could trigger
other reactions in the local tissue environment with
drug-related antibodies and high VEGF levels.

In conclusion, our findings did not show any significantly
increased expression of GPIIb/IIla and P-selectin (CD62P)
after exposure to increasing concentrations of brolucizumab
in resting and activated platelets. No platelet interactions
were observed with anti-brolucizumab antibodies. Given that
brolucizumab-FITC was downregulated after pretreatment
with brolucizumab, an uptake of brolucizumab in platelets is
likely. Thus, future research on underlying mechanisms of
brolucizumab-associated adverse events is required.
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