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Purpose: To evaluate the morphological macular changes and fluid dynamics under brolucizumab treatment in eyes refractory to 
previous anti–vascular endothelial growth factor (anti-VEGF) treatment for neovascular age-related macular degeneration (nAMD) 
compared with treatment-naive eyes.
Methods: Retrospective study of all eyes treated with brolucizumab for nAMD between 2020 and 2021 with a fixed injection regimen 
and one year follow-up. Treatment-naive eyes (TN) were compared with eyes refractory to previous treatment with bevacizumab, 
ranibizumab, or aflibercept (RT). The primary outcome measure was change of best-corrected visual acuity (BCVA). Secondary 
outcome measures included foveal central thickness (FCT), presence of intra- or subretinal fluid (IRF, SRF) and presence of pigment 
epithelial detachment (PED) at any time point during treatment in both groups.
Results: Seventeen TN eyes and 17 RT eyes were included. Mean BCVA and mean FCT in TN eyes had significantly improved after 3 
months and continued to improve during treatment (p<0.05 and p=0.001, respectively). In RT eyes, mean BCVA did not change 
significantly while mean FCT had improved after 3 months of treatment and remained stable thereafter. SRF or PED were more 
frequent in RT eyes compared with TN eyes (p=0.003 and p=0.005, respectively).
Conclusion: After 3 months of treatment, the BCVA increased significantly only in TN eyes, while the FCT was significantly reduced 
in both groups. IRF appears to be similarly seen in both groups after the loading phase; however, SRF and PED appear to be more 
frequent in the RT eyes compared with TN eyes.
Keywords: treatment naïve, TN, refractory treatment, RT

Introduction
Neovascular age-related macular degeneration (nAMD) is a chronic progressive disease which is one of the leading causes of 
vision loss in industrialized nations.1 In the era of anti–vascular endothelial growth factor (anti-VEGF) therapy, the visual 
acuity of patients suffering from nAMD has improved significantly; hence, legal blindness prevalence has diminished.2 In the 
last two decades, the safety and efficacy of different anti-VEGF medications, i.e. bevacizumab, ranibizumab and aflibercept, 
used to manage nAMD, have been extensively investigated in numerous studies.3–6 Both bevacizumab and ranibizumab 
inhibit all VEGF-A isoforms, however aflibercept is a recombinant fusion decoy protein consisting of VEGF binding domains 
of human VEGFR-1 and VEGFR-2 fused to the Fc domain of human immunoglobulin G1 and binds to all forms of VEGF-A 
but also PlGF-1 and PlGF-2 with a very high affinity, greater than bevacizumab or ranibizumab.7 Moreover, different 
treatment protocols had been established and investigated to relieve patient’s burden from frequent repetitive injections to 
manage disease activity such as the pro re nata (PRN) protocol and Treat & Extend regimen.8,9 However, undertreatment 
remains a key limiting factor seen during treatment schedules in patients with nAMD due to non-adherence.10,11 The matter of 
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nonadherence (defined as lack of adherence to a clinical trial regimen) or nonpersistence (defined as lack of persistence with 
following recommended clinical trials regimens over time) to intravitreal injection therapy for nAMD has been recently 
discussed by Okada et al in discussing the discrepancy between the results of real-world data in comparison with the clinical 
trials.12 Kim et al showed in a systemic meta-analysis of real-world outcomes in nAMD, that the visual acuity gain after 
12 months of ranibizumab treatment was lower than that seen in the ANCHOR trial in which patients had received fewer 
injections and visits.11 Therefore, there is a need for more effective treatment with a lesser injection frequency to improve 
patient comfort, visual acuity and for better adherence. Recently brolucizumab, a single-chain antibody fragment that inhibits 
vascular endothelial growth factor-A, has been approved for the treatment of nAMD. Its minute structural antibody fragment 
unit permits better tissue penetration and higher molar dose.13 The results of the HAWK and HARRIER trials in treatment- 
naive (TN) eyes showed that brolucizumab is non-inferior and similar in its safety to aflibercept; similarly, different recent 
studies had shown that brolucizumab is also effective as a treatment option in refractory treatment (RT) eyes to previous anti- 
VEGF medications.11,16–18,20 However, real-world long-term results about the morphological macular changes and fluid 
dynamic changes under brolucizumab treatment in TN eyes and RT eyes has not yet been investigated. The aim of this study is 
to evaluate the morphological macular changes and fluid dynamic changes in eyes treated with brolucizumab for either 
treatment-naive nAMD or nAMD refractory to previous treatment with bevacizumab, ranibizumab or aflibercept.

Patients and Methods
This is a retrospective, consecutive single-centre study of patients with nAMD treated with brolucizumab. All nAMD 
eyes that were treated with brolucizumab between March 2020 and April 2022 while treatment was initiated were 
included. All patients were followed for one year. Thirty-four eyes of 33 patients met the inclusion criteria of nAMD 
(type I and type II macular neovascularisation, MNV), minimum best-corrected visual acuity (BCVA) of logMAR 1.3, 
and minimum follow-up of one year. Persistence or increase of the intraretinal fluids (IRF) or subretinal fluids (SRF) or 
serous retinal pigment epithelial detachment (PED) seen in fovea despite consecutive intravitreal injections of anti-VEGF 
medications (bevacizumab, ranibizumab or aflibercept) in a 4 weeks interval, was defined as RT. All the patients in the 
refractory treatment group had received previously at least two different anti-VEGF medications of which each was 
given at least 5 times every four weeks without a seen anatomical success in terms of persistence or increase of the 
intraretinal fluids (IRF) or subretinal fluids (SRF) or serous retinal pigment epithelial detachment (PED) seen in fovea.

Exclusion criteria were previous vitreoretinal surgery, previous laser treatment, history of uveitis or rheumatic 
diseases, choroidal or retinal neovascularization secondary to other retinal diseases or nAMD with type 3 neovascular-
ization and loss of follow-up during the study period. The choice of anti-VEGF agent was left to the discretion of the 
treating physician. This work adhered to the tenets of the Declaration of Helsinki and approval of the local ethics 
committee of Wuerzburg-Bayern, Germany. According to German legislation and the requirements of the local institu-
tional review board, complete data anonymization was performed in this study. All patients included in this study had 
received a loading dose of three intravitreal injections of 6 mg brolucizumab followed by five intravitreal injections and 
were followed up for one year. After the loading phase, patients were treated according to the HAWK and HARRIER 
protocol, i.e. injection every 8 weeks (q8w), if disease activity signs were seen in OCT, whereas in the absence of 
activity, patients were treated every 12 weeks (q12w).13

Visits Schedule and Data Acquisition
Different visits schedules were conducted: at baseline, after the loading phase and after the 4th, 6th and 8th intravitreal 
injection of brolucizumab. We documented at baseline complete ophthalmological history, including previous intravitreal 
treatment, vitreoretinal procedures, history of uveitis and rheumatological diseases. A comprehensive ophthalmological 
examination was performed at baseline, including the BCVA, Spectral Domain OCT (SD-OCT) and fundus photography 
(FP). Confirmation of the nAMD diagnosis was based on the fluorescein angiography (FA) in the treatment-naive group 
and OCT findings. After confirmation of the nAMD, patients were assigned into two groups according to the presence or 
absence of a previous history of treatment with anti-VEGF; treatment-naive (TN) and refractory treatment (RT).

In every visit after the baseline visit a complete ophthalmological examination including BCVA, anterior and posterior 
segment findings, SD-OCT findings and signs of intraocular inflammation or retinal vasculitis were documented. SD-OCT 
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measurements were performed using Spectralis HRA-OCT® (Heidelberg Engineering, Heidelberg, Germany) after pupillary 
dilation with tropicamide (Mydriaticum Stulln®, Stulln, Germany). For OCT, each patient underwent 20°x20° degree 2 raster 
scans with 49 B-scans with a 117 µm distance between every scan using the built-in volumetric software protocol. Foveal 
central thickness was defined as the thickness of the innermost 1-mm ring of the built-in ETDRS macular map. Qualitative 
assessment of SD-OCT parameters foveal central thickness (FCT), IRF, SRF, and serous PED, were assessed through two 
investigators (FV&KS) for each patient during the duration of the study according to the latest consensus guidelines.14

Outcomes Measures and Statistical Analysis
For statistical analysis Student’s two-tailed t-test, matched pairs test, one-way-ANOVA analysis and Fischer exact test 
analysis were calculated at a significance level of p <0.05. Normal distribution of data was confirmed by a Shapiro–Wilk 
test at baseline for age, BCVA and FCT (p>0.05). For all parameters ranges are given as standard deviations (SD). All 
statistical tests were performed using JMP® software (version 16.0, SAS Institute Inc., Cary, NC, USA).

Results
Thirty-four eyes of 33 patients were enrolled in this study, from which 17 eyes were treatment-naive (TN) and 17 eyes 
were refractory treatment to previous anti-VEGF (RT). The mean age of the patients was 79.15±7.29 years. In the RT 
group, all the patients received a mean of 2.1±0.2 different previous intravitreal medications.

At the baseline, in the TN group the mean BCVA was logMAR 0.6±0.1, mean FCT was 350.5±43.44 µm. Also, IRF 
was present in 9 eyes (53%), SRF in 14 eyes (82.4%) and serous PED in 7 eyes (41.2%). In contrast, in the RT group, the 
mean BCVA in logMAR was 0.46±0.1, the mean FCT 314±42.15 µm. Nevertheless, IRF was seen in 7 eyes (41.2%), 
SRF in 14 eyes (82.4%) and serous PED in 7 eyes (41.2%).

At the baseline, there was no statistically significant difference between both groups concerning BCVA, FCT, IRF, 
SRF, Serous PED, p>0.05. The demographic characteristics of the patients’ results are summarized in Table 1.

After the loading phase, the mean BCVA in the TN group was 0.39±0.1 logMAR, FCT was 195.6±27.8 µm, IRF was 
seen in 3 eyes (17.6%), SRF in 7 eyes (41.2%) and serous PED in 5 eyes (29.4%). In the RT group, the BCVA after the 
loading phase was 0.43±0.06 logMAR, FCT was 216.5±28.1 µm, IRF was seen in 3 eyes (17.6%), SRF in 7 eyes (41.2%) 
and serous PED in 16 eyes (94.1%). The visual acuity increased significantly from baseline after the loading phase only 
in the TN group (BCVA from 0.6±0.1 to 0. 39±0.1 logMAR, p=0.01).

In contrast, in the RT group no significant change in the visual acuity was seen from baseline after the loading phase 
(0.46±0.1 to 0.43±0.06logMAR, p>0.05), Figure 1.

Table 1 General Demographics and Results of All the Eyes at 
Baseline

Baseline Demographics TN RT p-value

N or Mean ± SD

Age 77.6±7.5 81.1±6.9 0.16

Gender

Male 7 9

Female 10 8

Baseline VA logmAR 0.6±0.1 0.46±0.06 0.13

Baseline FCt 350±43.44 314±42.15 0.55

IRF 9/17 7/17 0.4

SRF 14/17 14/17 1.0

Serous PED 7/17 7/17 1.0
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Comparably, the presence of serous PED was significantly lower in the TN group than in the RT group, p<0.0001 
(PED was seen in 5 eyes in TN versus 16 eyes in RT). Nevertheless, a statistically significant reduction in the FCT was 
seen in both groups, with p<0.0001 after the loading phase, Figure 2. Similarly, after the loading phase the treatment 

Figure 1 Mean changes in the BCVA (logMAR) in treatment-naive and refractory treatment groups from baseline to the different visits. Statistical significant increase in the 
BCVA was seen in the TN group only, after the loading phase from the baseline and after 8th IVI from the loading phase.*Statistically significant result. 
Abbreviations: BCVA, best corrected visual acuity; TN, treatment naive; RT, refractory treatment.

Figure 2 Mean changes in the FCT in the treatment-naive and refractory treatment groups from baseline to the different visits. Statistically significant reduction in the FCT 
was seen in both groups after the loading phase, however, further significant reduction in the FCT was only seen in the TN group 8th IVI from the loading phase. *Statistically 
significant result. 
Abbreviations: FCT, foveal central thickness; TN, treatment naive; RT, refractorytreatment.
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interval was higher in the TN group, 47.5% had a q12w compared with 29.4% in the RT group, however, this was not 
statistically significant, p=0.22.

After the 8th intravitreal brolucizumab injection (1 year), the BCVA in the TN group was 0.24±0.1logMAR, FCT 
162.5±23.4 µm, IRF was seen in 2 eyes (11.8%), SRF in 2 eyes (11.8%) and serous PED in 6 eyes (35.3%). On the other 
hand, in the RT group, the BCVA was 0.42±0.1logMAR, FCT 217.5±25.6 µm, IRF was seen in 4 eyes (23.5%), SRF in 
10 eyes (59%) and serous PED in 14 eyes (82.3%). After the 8th intravitreal brolucizumab injection, there was 
a significant increase in the visual acuity in TN group from the loading phase (0.42±0.06 to 0.24±0.1 logMAR) 
(p=0.003). In contrast, in the RT group, there was no significant change seen in the visual acuity (0.43±0.06 to 0.42 
±0.1logMAR, p>0.05), Figure 1.

In addition, after one year there was a further substantial reduction in the FCT in the TN from the loading phase 
(−42.8 ± 15.1 µm), in comparison to the RT group (−5.81± 25.6 µm), with p=0.001, Figure 2. The incidence of the IRF 
was similar in both groups; however, a statistically significant difference in the presence of SRF and PED was seen in the 
RT group compared with the TN group; p=0.003 and p=0.005, respectively.

Lastly, after one year the treatment interval was significantly shorter in the RT group in comparison to the TN group, 
8.66 ± 0.5 weeks in RT versus 12.3 ± 0.6 weeks in TN, p=0.0001, with only 6.6% in RT group reaching a treatment interval 
of q12w in comparison to 82.2% in the TN. The patients’ results throughout the study duration are summarized in Table 2.

Drug-Related Events
In our study, the incidence of drug-related events was seen only in a single patient in the TN group while none was seen in the 
RT. Intraocular inflammation in the anterior and posterior segment occurred with occlusive retinal vasculitis and drop of the 
BCVA logMAR (from 1 to 1.5). The clinical findings of the anterior chamber showed anterior chamber cells (3+), diffuse 
corneal keratic precipitate, while in the posterior segment, there were vitreous cells (2+) according to the SUN classification 
and peripapillary retinal vasculitis. The patient was treated with intensive local and systemic steroid (intravenous 
prednisolone 250 mg for 3 days then switched to oral prednisolone 1 mg/kg oral) and then tapered over 6 weeks.

Table 2 Results of All Eyes in the Treatment-Naive and Refractory Treatment Groups at the Different Visits Schedules

3rd Brolucizumab 
Injection

4th Brolucizumab 
Injection

6th Brolucizumab 
Injection

8th Brolucizumab 
Injection

TN RT TN RT TN RT TN RT

N

BCVA logMAR 0.39±0.1 0.42±0.06 0.35±0.06 0.35±0.06 0.41±0.08 0.32±0.07 0.24±0.1 0.42±0.07

p 0.42 0.83 0.43 0.19

FCT µm 195.6±27.8 0.43±0.06 179.9±21.1 218.4±21.8 162.5±23.4 220±21.2 166.0±31.1 217.5±25.8

P 0.67 0.21 0.07 0.2

IRF 3/17 3/17 3/17 5/17 3/17 4/17 3/17 4/17

P 1.0 0.35 0.9 0.67

SRF 7/17 7/17 3/17 10/17 2/17 8/17 2/17 11/17

P 1.0 0.04 0.04 0.003

Serous PED 5/17 16/17 5/17 15/17 7/17 15/17 6/17 15/17

p <0.0001 0.0002 0.006 0.005

Treatment Interval (Weeks) 8.8 8.1 8.9 8.1 12.1 9.11 12.3 8.6

p 0.22 0.43 0.0008 0.0001

Note: Values in bold are statistically significant (P<0.05).
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Under the steroid treatment, the intraocular inflammation resolved; however, the BCVA had dropped to 1.5 logMAR.

Discussion
Recently, published results of the phase III trials of HAWK and HARRIER showed that brolucizumab is non-inferior and 
similar in its safety to aflibercept and more than 50% of the brolucizumab patients maintained an interval of q12w through 
48 weeks.13 However, several studies showed certain risk of intraocular inflammation, retinal vasculitis and retinal vascular 
occlusion (4.0%) after brolucizumab. These side effects occurred more frequently than after ranibizumab (1.5%) and 
(1.1%) with aflibercept.15–17 Despite those adverse events, several recent studies have reported favourable anatomical 
responses following a shift to brolucizumab or switch in refractory nAMD.18,19 Currently, the long-term morphological 
macular changes and fluid dynamic changes of brolucizumab in patients with TN nAMD and RT are undetermined.

To the best of our knowledge, this current study is among the earliest to investigate the long-term morphological macular 
changes and fluid dynamic changes under brolucizumab in treatment-naive and eyes refractory to other anti-VEGF agents.

Previously published studies were directed towards brolucizumab use as a switch or shift treatment in refractory 
nAMD but these studies were limited by short follow-up periods and individual treatment protocols.18–20

In our study, we applied the HAWK and HARRIER protocols for better comparability with large prospective multi- 
centre trials. For instance, in the SHIFT study from Bulirsch et al after administrating a single brolucizumab injection, 
patients were then treated directly subsequently with a treat and extend protocol.18 The different treatment protocols that 
are already known from the previous anti-VEGF drugs raised the question: which treatment protocol shall be imple-
mented in the patients receiving brolucizumab? According to the HAWK and HARRIER study protocols, all patients 
received a starting loading phase of three injections then followed by q12w unless disease activity was identified, 
resulting in permanent adjustment to q8w.13 Treating refractory nAMD patients with only a starting single dose of 
brolucizumab injection and then controlling the patients in 8 weeks to access disease activity is still controversial. The 
current prospective multicentric FALCON study is evaluating the pros and cons of such an approach.21

We recognized through our current study that after the loading phase of brolucizumab, there was a statistically 
significant reduction in the FCT in both groups, p=0.0001. However, the BCVA only increased significantly in the TN 
group, p=0.01. The morphological macular changes in the various anatomical compartments were similar in both groups, 
apart from the serous PED, which was significantly more prevalent in the RT group. A higher percentage of patients in 
the TN group (47.5%) reached a q12w interval compared with 29.4% in the RT group after the loading phase, yet this 
difference was not statistically significant.

Furthermore, an adequate morphological response to the retinal fluids in all the retinal compartments was achieved 
aside from the serous PED in the RT; thus, our results are consistent with the previously published studies of HAWK 
and HARRIER.13 A non-increase in the visual acuity and the significant presence of serous PED in RT is similar to the 
results published by Dugel et al, where a subgroup of eyes with poor response to initial treatment during the loading 
phase was correlated to the presence of dynamic fluctuations in the IRF and SRF activity in OCT.22 Since patients in 
the RT group were previously treated with different anti-VEGF medications and were refractory in terms of persistent 
fluids under frequent treatment, visual recovery might be limited even if morphological und structural improvement are 
later seen.23

After the 8th intravitreal brolucizumab injection, there was a furthermore significant improvement in the visual acuity and 
significant reduction in the FCT in the TN group from the loading phase, p= <0.05, which was not seen in the RT group. 
However, we noticed more fluid dynamics fluctuations in terms of presence of serous PED & SRF, which were statistically 
significant in the RT group compared with the TN group, p=0.04 and 0.006, respectively. Based on the presence of the above 
macular changes that were significantly seen in the RT group, it was not unexpected for us to observe that the majority of the 
patients in the RT groups had an injections interval that was statistically significantly shorter (q8w) compared with that seen in 
TN groups (q12w). It is crucial to mention that at the baseline, there was no statistically significant difference in the intraretinal 
fluids in the different retinal compartments in both groups, however, after the loading phase there was a significant presence of 
serous PED in RT group in comparison to the TN group and further, throughout the study, a higher incidence of serous PED and 
SRF was seen in RT group patients.
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Simider et al has previously discussed the importance of fluid dynamics changes on the visual acuity in patients with 
nAMD and determined IRF resolves earlier with anti-angiogenic therapy, followed by SRF. In contrast, PED decreased at 
a slower rate and intensity. Recurrence of IRF during follow-up showed no additional negative effect on function; 
however, recurrence of SRF during follow-up showed a tendency for an additional negative effect on function.24 Our 
results are fairly similar to the results of Simider et al, in which we have noticed that the presence of IRF after the loading 
phase are similar in both groups, however, a higher tendency of serous PED and SRF was evident after the loading phase 
and increased through one year of treatment in RT after extension of the injections intervals.

Our results in the RT group after one year were also similar to the results Bilgic et al, in which they reported that the 
majority of the patients in the switch group (68.8%) had received brolucizumab in q8w interval. However, this study was 
shorter in duration than ours.20

Although the injection interval in the RT group was shorter than that seen in the TN group, patients in the RT group 
benefited from a switch to brolucizumab. Since patients in the RT group had previously suffered from the persistence of 
intraretinal fluids under a 4 weeks treatment regimen, however, a significant reduction of the FCT and stability of the 
visual acuity was seen and a longer treatment interval of 8 weeks has been reached under brolucizumab treatment. 
Through our results, we were able to show that a switch to brolucizumab therapy in the patients with RT nAMD 
achieves anatomical success, increases the treatment interval and hence favours the relief of patient’s burden and a better 
adherence. It is important to mention that the clinical guidelines in the management of nAMD endorse that fluid on OCT 
indicates activity of the disease and recommend retreatment.25

In our case series, we documented only in a single case an intraocular inflammation with retinal vasculitis; it was in 
the TN group, and responded well to local and systemic steroid treatment according to the recent management guidelines 
published by Holz et al.26 The onset of brolucizumab-related adverse effect was similar to that reported previously by 
Mones et al within the first 6 months after the first injection.27

The main limitations of our current study are the retrospective nature and the small number of patients recruited; 
however, it provides a comprehensive and long-term follow-up.

Our current study demonstrated that brolucizumab is an effective treatment option in management of both treatment- 
naive patients and refractory treatment patients. Treatment-naive patients benefit from a significant improvement in the 
visual acuity after the loading phase and after 1 year and benefit from significant reduction in the FCT after the loading 
phase and after 1 year. Treatment-naive patients have favourable morphological effect in terms of sustained improvement 
in morphology with reduction and subsequent stability of the retinal fluids. On the other hand, refractory treatment 
patients under previous anti-VEGF therapy also benefit from shift to brolucizumab, improvement in the morphological 
macular changes and achieve a longer treatment interval. Brolucizumab-related adverse effects cannot be ignored; 
however, its use has a considerable benefit that cannot be overlooked. The recent published guidelines from Holz et al 
are helpful in classifying the form of uveitis that can occur and the treatment necessary according to each form. The 
effectiveness of brolucizumab in controlling the signs of activity in patients through a more prolonged interval of q16w, 
for example, in inactive nAMD, remains ambiguous.
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