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Abstract

Purpose

To analyze the risk factors associated with emerging intraocular inflammation (10I) after
intravitreal brolucizumab injection (IVBr) to treat age-related macular degeneration (AMD).

Methods

This study included 93 eyes of 90 patients. The incidence of emerging IOl was analyzed.
The patients were classified into IOl or non-lOI groups, and background clinical characteris-
tics in each group were compared.

Results

IOl occurred in 14 eyes of 14 cases (16%,; five women, nine men [5:9]; IOl group) after IVBr;
contrastingly, no 101 occurred in 76 patients (10 women, 66 men [10:66]; non-10I group).
The mean ages in 10l and non-IOI groups were 79.4 + 8.1 and 73.8 + 8.9 years old, respec-
tively, and the average age in the |0l group was significantly higher than that in the non-10I
group (P =0.0425). In addition, the percentages of females in the 101 and non-10I groups
were 43% and 13%, respectively, and IOl occurred predominantly in females (odds ratio:
4.95, P =0.0076). Moreover, the prevalence of diabetes in the 10l and non-IOI groups was
64% and 32%, respectively, with a significant difference (odds ratio: 3.90, P =0.0196). In
contrast, the prevalence of hypertension in the IOl and non-10I groups was 36% and 57%,
respectively, with no significant difference (P = 0.15).

Conclusion

The comparison of clinical profiles of 101 or non-I0I cases in IVBr treatment for AMD sug-
gests that the risk factors for 101 are old age, female sex, and history of diabetes; however,
101 with vasculitis or vascular occlusion in this cohort does not seem to cause severe visual
impairment. Further studies are required to investigate potential risk factors for 101.
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Introduction

Age-related macular degeneration (AMD) is currently the most prevalent cause of blindness in
both the western and eastern hemispheres [1, 2]. Since 2006, intravitreal injection of anti-vas-
cular endothelial growth factor (VEGF) antibodies is the major treatment for patients with
neovascular AMD |[3, 4]. In this era, visual acuity can improve in most patients after continu-
ous treatment with anti-VEGF agents for several years, and this improvement can be main-
tained for at least 7 years [5-7]. However, treatment with anti-VEGF drugs such as
ranibizumab and aflibercept can potentially induce vascular occlusive diseases and severe
adverse events including cardiovascular events or cerebral infarction; although the frequencies
of these events are very low [8-10].

Recently, brolucizumab, a novel anti-VEGF agent, has been shown to have a prolonged
effect and is potentially effective against choroidal neovascularization beneath the retinal pig-
ment epithelium, as shown in phase 3 studies such as HAWK and HARRIER [11]. However,
in these reports, unexpected cases of intraocular inflammation (IOI) after intravitreal broluci-
zumab (IVBr) injection have been noted having an incidence of 4.6% [12]; this was higher
than that of ranibizumab and aflibercept injection groups (1.5% and 0.5-1.1% respectively)
[13]. To date, the clinical profiles of these cases are unclear.

This report clarifies the risk factors for emerging IOI after IVBr injection.

Methods

This retrospective study obtained institutional review board approval from the Gunma Uni-
versity Graduate School of Medicine and adhered to the Declaration of Helsinki. The require-
ment for written informed consent was waived owing to the retrospective nature of the study.
All patients with a clinical diagnosis of typical AMD, polypoidal choroidal neovasculopathy
(PCV), and pachychoroid neovasculopathy (PNV) at the Department of Ophthalmology of
Gunma University Medical Hospital between June 2020 and January 2021 were included in
this study. All participants were examined using a fundus ophthalmoscope, fluorescein angiog-
raphy (FA), indocyaninegreen angiography (IA; Heidelberg Engineering, Heidelberg, Ger-
many), and swept-source optical coherence tomography (SS-OCT; Plex Elite 9000; Carl Zeiss
Meditec, Dublin, CA, USA) incorporating a tunable laser with a central wavelength of 1050
nm and acquiring 100,000 A-scans/s. SS-OCT has an axial resolution of 1.95 pm and a lateral
resolution of 20 pm. SS-OCT volume images were obtained using a raster scan protocol of
500 x 500 B scans per second, covering an area of 6 x 6 mm centered on the fovea.

Three monthly injections of brolucizumab (Beovu, 6.0 mg/0.05 mL; Novartis, Basel, Swit-
zerland) were administered as a loading phase treatment for treatment-naive patients. After
three months injections, patients were followed-up using Treat and Extend (TAE) regimen. If
persistent signs of active disease were present, injections were continued bimonthly until the
macula was dry. Once the macula was dry, the interval between injections increased to 4 weeks
initially and the maximum interval was 16 weeks. Contrastingly, for non-treatment naive
cases, TAE regimen was applied after first brolucizumab injection.

In this study, 7 physicians performed IVBr, in accordance with guidelines for intravitreal
injection for macular disease [14].

Patients were monitored for emergence of IOI starting from one week after the first injec-
tion and monthly thereafter for 3 months. For the purpose of our study, IOI included iritis,
vitritis, and vasculitis or occlusion of vessels. To precisely detect IO, a detailed slit lamp test
and fundus examination were performed. Additionally, we analyzed the patients’ eyes with an
ultra-wide field scanning laser ophthalmoscope (Optos 200Tx; Optos, Dunfermline, Scotland),
during monitoring, to broadly detect vascular changes. To diagnose occlusion of vessels as
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101, we performed FA and IA angiography at the initial visit and at the visit after the loading
dose. SS-OCT (DRI-OCT triton, Tokyo, Japan) were performed at every visit.

To determine whether patients had diabetes (HbA1lc) or hypertension, we assessed medical
records in all cases. In addition, before performing the first angiography, systolic and diastolic
blood pressures were checked in all cases.

Statistics

The Mann-Whitney U test was used to compare the mean age between the IOI and non-I0I
groups. A chi-square test was performed to analyze the odds ratio and p-value for the preva-
lence of diabetes and hypertension and the dominance of males or females in each group. Data
analysis was performed using GraphPad Prism version 9 software (GraphPad Software, La
Jolla, CA, USA).

Results

Ninety-three eyes of 90 patients were included in this study. Seventy five eyes (81%) were
treatment naive. IOI occurred in 14 eyes of 14 cases (16%; five women, nine men [5:9];
IOI group) after IVBr; contrastingly, IOI did not occur in 76 cases (10 women, 66 men
[10:66]; non-I0I group) during 3 months. The mean ages in IOI and non-IOI groups were
79.4 + 8.1 and 73.8 + 8.9 years, respectively, and the average age in the IOI group was sig-
nificantly higher (P = 0.0425) than that in non-IOI group. In addition, the percentages of
females in the IOI and non-IOI groups were 43% and 13%, respectively, and IOI occurred
predominantly in females (odds ratio: 4.95, P = 0.0076). Moreover, the prevalence of dia-
betes in the IOI and non-IOI groups was 64% and 32%, respectively, with a significant dif-
ference (odds ratio: 3.90, P = 0.0196). In contrast, the prevalence of hypertension in the
IOI and non-IOI groups was 36% and 57%, respectively, with no significant difference

(P =0.15). The mean systolic and diastolic blood pressures before the first injection in the
IOI and non-IOI groups were 133 + 18/74 = 11 mm of Hg and 141 + 17/79 + 12 mm of
Hg, respectively, without a significant difference (P = 0.11 and 0.10, respectively) (Tables
1 and 2).

Table 1. Comparison of clinical characteristics between cases with and without intraocular inflammation after brolucizumab injection.

Patients

Number(eyes)

Age

Female: Male

General condition
Diabetes
Hypertension
Systolic pressure
Diastolic pressure
Lesion types
Typical AMD
PCV

PNV

Total With I0I Without I0I P value
90 14 76
93 14 79
74.8+9.0 79.4+8.1 73.8+8.9 0.0425
15:75 5:9 10:66 0.0076
32(36%) 9(64%) 23(32%) 0.0196
45(50%) 5(36%) 40(57%) 0.15
139+17 133+18 141+17 0.11
78+12 7411 79+12 0.1
0.74
32 4 28
44 7 37
14 3 11

IOL: intraocular inflammation. PCV: polypoidal choroidal vasculopathy, PNV: pachychoroid neovasculopathy.

https://doi.org/10.1371/journal.pone.0259879.t001
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Discussion

Overall, IOI occurred in 16% of AMD cases treated with IVBr injections. Female sex, history
of diabetes, and older age were risk factors for emerging IOI after IVBr in our cohort.

In IOI cases, blurred vision, eye floaters, ocular pain, and conjunctival injection were
reported as the primary symptoms. Particularly, 11/14 patients (79%) claimed to experience
eye floaters, but no patients complained of pain. Neither hypopyon nor ciliary injection was
detected in these patients. Based on the aforementioned findings, it is unlikely that these
patients had endophthalmitis.

In the Beovu safety site [15], IOI was reported in 4.3% of cases of total injections (HAWKS
and HARRIER) [12]. At this site, 5.1/10000 shots were accompanied by vasculitis and 3.4/
10000 with occlusive vasculitis. In our previous report, IOI occurred in 19% of cases (8/42
eyes), primarily in women [16]. Furthermore, in an early experience study, IOI was observed
in 8.1% of cases (14/172 eyes), and the female sex showed a relative risk of 1.27 for IOI [17].
Moreover, the American Society of Retina Specialists analyzed reports of inflammation follow-
ing IVBr injection for neovascular AMD [18]. In this analysis, 26 eyes showed 101, and 22 eyes
with IOI occurred in women. Tendency and female dominance were similar to those reported
previously. However, Maruko reported that IOI was detected in 9% (4/43 eyes) of treatment-
naive patients and 10% in a switched group, and in his report, no sex-related disease associa-
tion was observed [19].

IOI with vasculitis or vascular occlusion in this cohort did not seem to cause severe visual
impairment (Table 2). Additionally, IOI with vasculitis did not worsen the visual acuity. Early
treatment with steroids could relieve IOI and restore visual outcome. In two cases with
reduced vision after IOI, exudative macular neovascularization seemed to contribute to the
visual deterioration. Old age, female sex, and history of diabetes seemed to contribute to the
occurrence of IOI in this cohort; however, these factors did not seem to be associated with
vision threatening in the eyes with IOL

During treatment with protein therapeutics, the emergence of anti-drug antibodies (ADA)
has been the focus of recent attention because ADA potentially works as a neutral antibody for
a parent drug or an inducer of adverse reactions [20]. With the use of ADA against tumor
necrosis factor-o. (TNF-a) inhibitors for treatment of rheumatoid arthritis, TNF-o was
detected in a maximum of 87% of cases [21]. In the form submitted to the FDA where broluci-
zumab was filed as a new drug, it was suggested that ADA may form after the use of brolucizu-
mab [22]. Sharma speculated that ADA might be associated with IOI in the use of
brolucizumab [23].

Generally, there may be sex differences in the immune response. Taken together, males and
females may differ in their responses to brolucizumab injection.

Higher age can be a risk factor for emerging IOIs in this cohort. The mean ages of the
cohorts used in the HAWK and HARRIER studies [12] were 76.6 and 74.8 years, respectively,
and the average age of IOI cases reported by Ophthalmology was higher than these ages [12].
In four vision loss cases, after treatment with brolucizumab, the ages were 88, 92, 77, and 76
years [22-25]. Higher age has been identified as a high-risk factor for cardiovascular events
[26]. In addition, one of the positive predictors of stroke after myocardial infarction is
advanced age [20]. Overall, higher age can potentially be a high-risk factor, not only for cardio-
vascular events, but also for occlusive events, even in the retina and choroid.

Diabetes can accompany microangiopathy and macroangiopathy, which are caused by scle-
rosis [27, 28]. Hyperglycemia due to diabetes, tissue resistance against insulin, hyperinsuline-
mia accompanied with insulin tolerance, and obesity, specifically visceral fat obesity, can
promote arteriosclerosis in diabetes [29]. Mortality due to coronary artery diseases and the
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frequency of cardiac infarction increase in cases of diabetes [30]. Advanced glycation end-
products or glycation proteins can induce the release of pathophysiological substances such as
IL-6, IL-8, MCP-1, ICAM-1, and IP-10 in conditions such as diabetic retinopathy [31]. In
addition, microinflammation can cause diabetic retinopathy mediated by circulating mono-
cytes, tissue-resident macrophages, and monocyte-derived inflammatory macrophages [32].
Patients with severe diabetes mellitus sometimes have accompanying iritis clinically, with
hyperpermeability due to impairment of blood aqueous humor barrier due to damage of endo-
thelial cells in capillary vessels. Histopathological sections of the vitreous, aspirated from
patients with vasculitis that developed after brolucizumab injection, revealed infiltration of
CD20 positive B cells, CD3, 4, and 8 positive T cells and CD68 positive histiocytes [33]. IOI
consists of iritis, OCV, vasculitis, and vascular occlusion, and such pathogeneses if accompa-
nied by diabetes mellitus can potentially promote further inflammation. Of the 14 patients
with IOT after brolucizumab injection, nine had diabetes mellitus, and diabetic retinopathy
progressed in the retina in 6/9 of these cases (67%). Based on these findings, we believe that
IVBr injections in patients with diabetes mellitus may result in occlusive or inflammatory
changes in the retina.

In conclusion, the risk factors for emerging IOI after IVBr injection are old age, female sex,
and history of diabetes; however, IOI with vasculitis or vascular occlusion in this cohort does
not seem to cause severe visual impairment. Further studies are required to investigate poten-
tial risk factors for IOI. In almost 80% of the cases, patients had eye floaters before or after the
onset of the IOL. Thus, it is important to pay attention to the claims of floaters after IVBr
injection.

Supporting information
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(PDF)
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