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ABSTRACT

Introduction:  The aim of this study was to 
investigate the predictive factors for persistent 
disease activity following anti-vascular endothe-
lial growth factors (anti-VEGF) and their long-
term effects in patients to be treated for neovas-
cular age-related macular degeneration (nAMD) 
under real-world conditions.

Methods:  Retrospective data analysis of the 
PROOF study, a multi-center real-world retro-
spective chart review conducted across Korea in 
patients with nAMD included treatment-naive 
patients with nAMD who received first anti-
VEGF (ranibizumab, bevacizumab, or afliber-
cept) between January 2017 and March 2019 
was performed. All 600 patients (cohort 1) had 
a minimum follow-up of 12 months of which 
453 patients (cohort 2) were followed-up for 
24 months from baseline.
Results:  At month 12 after anti-VEGF therapy, 
58.10% (95% confidence interval [CI]: 54.09, 
62.12) of patients and at month 24, 66.02% of 
patients continued to have persistent retinal 
fluid. At both months 12 and 24, predictive 
factors for persistent disease activity were fibro-
vascular pigment epithelial detachments (PED) 
(P = 0.0494) and retinal fluid at month 3 after 
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loading phase (P = 0.0082). The mean changes 
in visual acuity were + 6.2, + 10.1, and + 13.3 
letters and in the central subfield thickness 
were − 79.1  µm, − 96.3  µm, and − 134.4  µm 
at 12  months from baseline, in the bevaci-
zumab, aflibercept, and ranibizumab groups, 
respectively.
Conclusions:  The presence of retinal fluid after 
loading phase and fibrovascular PED were pre-
dictors of persistent disease activity after at least 
1 year of anti-VEGF treatment.

Keywords:  Aflibercept; Age-related macular 
degeneration; Anti-vascular endothelial 
growth factor; Best-corrected visual acuity; 
Bevacizumab; Ranibizumab; Real world

Key Summary Points 

Why carry out this study?

In a real-world setting, it has been observed 
that patients with neovascular age-related 
macular degeneration (nAMD) display lower 
treatment frequencies and poorer vision out-
comes compared to clinical trials.

The PROOF study was conducted to under-
stand the real-world treatment patterns and 
outcomes in patients with nAMD treated 
with various anti-vascular endothelial growth 
factors (anti-VEGF) therapies in Korea.

In this study, we analyzed the data from the 
PROOF study to evaluate predictive fac-
tors for persistent disease activity following 
treatment with anti-VEGFs in patients with 
nAMD.

What was learned from the study?

Results from this analysis suggest that the 
presence of retinal fluid after loading phase 
and fibrovascular pigment epithelial detach-
ments (PED) were predictors of persistent 
disease activity at both year 1 and 2.

Such analysis is helpful in predicting the 
needs and treatment results that are not satis-
fied with the current treatment approaches.

INTRODUCTION

Neovascular age-related macular degeneration 
(nAMD) is a chronic, progressive disease and 
a leading cause of vision loss. Anti-vascular 
endothelial growth factor (anti-VEGF) therapy, 
considered the standard of care, depends on sev-
eral variables, including the patient’s age, the 
lesion’s features, its size, baseline visual acuity 
(VA), and the presence of specific genetic risk 
alleles [1, 2].

However, in a real-world setting, patients 
with nAMD may not achieve the best possible 
long-term outcomes, with lower treatment fre-
quencies and poorer vision outcomes compared 
to clinical trials [3]. Suboptimal long-term out-
comes may be attributable to lack of patient 
adherence, high treatment burden in terms 
of frequent clinic visits and injections, lack of 
monitoring, high costs, and lapses in physician 
regimentation of anti-VEGF injections and mon-
itoring [4]. In Korea, ranibizumab and aflibercept 
are approved anti-VEGFs to treat visual impair-
ment due to nAMD. Bevacizumab is also com-
monly used as an off-label treatment option for 
nAMD because of its low cost compared to other 
available treatments [5, 6]. Simultaneously, diag-
nostic technologies, such as optical coherence 
tomography (OCT) have revolutionized the 
diagnosis and treatment algorithm. Morpho-
logical signs of disease activity on OCT are given 
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primary importance because they correspond to 
early signs of recurrence, usually observed before 
visual acuity loss [7]. Using an OCT-guided anti-
VEGF treatment regimen, the PrONTO study 
found that the qualitative assessment of OCT B 
scans was better at detecting fluid in the macula 
than waiting for changes in visual acuity [8]. 
The presence of fluid has been included as a key 
retreatment criterion across the nAMD landmark 
clinical trials and current society guidelines rec-
ommend that treatment decisions be based on 
the presence of fluid. However, there is dissocia-
tion between real-world practice and best prac-
tices recommended in the guidelines [1, 9–11].

The PROOF study was conducted to under-
stand the real-world treatment patterns and 
outcomes in patients with nAMD treated with 
various anti-VEGF therapies in Korea. The results 
from the primary analysis revealed that > 50% of 
patients with nAMD had retinal fluid even after 
12 months of treatment with their current anti-
VEGF and presence of retinal fluid was associ-
ated with relatively worse VA outcomes [12]. Of 
note, some patients might be at higher risk for 
persistent disease activity [13].  Thus, it is war-
ranted to find markers which could help in iden-
tifying such patients. These markers or predic-
tors will also be useful for determining course of 
treatments, managing side effects, and decreas-
ing financial costs by reducing unnecessary 
monitoring visits and improved prognosis. To 
this end, we analyzed real-world data obtained 
from the PROOF study to evaluate predictive fac-
tors for persistent disease activity following anti-
VEGFs. We also evaluated the long-term effects 
of these factors in patients with nAMD under 
real-world conditions.

METHODS

Study Design

This is a retrospective data analysis of the PROOF 
study, the methods for which have been pub-
lished previously [12]. Briefly, the PROOF study 
was a retrospective chart review of patients with 
nAMD who had received their first anti-VEGF 

treatment between January 1, 2017, and March 
31, 2019 in ten ophthalmology clinics across 
South Korea.

The study period of this extension was 
between July 1, 2016, and March 31, 2020, 
which allowed a 6-month pre-index period and 
at least a 12-month follow-up period. Data were 
collected at every 3 months (± 1 month until 
9 months and ± 2 months until 24 months there-
after). The index/baseline date was defined as 
the date of the first anti-VEGF injection. Patients 
were given anti-VEGF treatment which included 
ranibizumab, bevacizumab, or aflibercept; the 
choice of treatment and the decision to discon-
tinue treatment were at the discretion of the pre-
scribing investigator and the patient. Patients 
were followed up for over 1 year from their date 
of first injection and outcomes were assessed 
every 3 months. A window period of ± 1 month 
was considered during the entire study period.

This study was conducted in accordance with 
the Guidelines for Good Pharmacoepidemiology 
Practices issued by the International Society for 
Pharmacoepidemiology and the Strengthening 
the Reporting of Observational Studies in Epide-
miology (STROBE) guideline and adhered to the 
ethical principles derived from the Declaration 
of Helsinki. Each center’s Institutional Review 
Board/Independent Ethics Committee (IRB/ IEC) 
reviewed and approved the study protocol. As 
this is a retrospective RWE (real-world evidence) 
study, we applied for a waiver of patient con-
sent from IRB and approved to perform when 
we submit protocol approval to IRB. However, 
IRB/IEC of Samsung Medical Center recom-
mended to proceed with the consent form for 
personal information. Thus, Samsung Medical 
Center received the subjects’ consents for per-
sonal information. Samsung Medical Center 
Institutional Review Board approved the study 
(approval number 2020-05-070). A list of all eth-
ics committees that approved the study protocol 
are provided in Supplementary Table 1.

Eligibility Criteria

Treatment-naive patients with nAMD who (1) 
had received their first anti-VEGF treatment 
between January 1, 2017, and March 31, 2019; 
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(2) had at least one record of nAMD for diag-
nosis, treatment indication, or clinical findings 
on or within 6 months prior to the pre-index 
date and at least a 12-month follow-up period; 
(3) were ≥ 50 years of age at baseline. Patients 
who received other anti-VEGF and/or PDT in the 
study eye, prior to baseline with concurrent pro-
gressive retinal disease were excluded from the 
study. Detailed eligibility criteria were published 
previously [12].

Endpoints and Assessments

The main objective of this retrospective anal-
ysis was to identify the predictive factors for 
persistent disease activity following 1 year of 
anti-VEGF treatment in patients with nAMD. 
The other objectives were the changes in visual 
acuity (VA) and central subfield thickness (CST) 
from baseline, number of injections, number of 
visits, treatment pattern (continuation, switch 
or discontinuation) in nAMD treatment. All 
patient eyes were included in the analysis in 
a pooled fashion. Details of these assessments 
were published previously [12]. Predictive fac-
tors of disease activity at 1 year (analyzed using 
multivariate regression model) including impact 
of index therapy, nAMD subtypes and switch 
treatment on functional and anatomical out-
comes (including retinal fluid defined as either 
presence of intra-retinal fluid (IRF), and/or sub-
retinal fluid (SRF) and/or sub- retinal pigment 
epithelium fluid (sub-RPE fluid)) were assessed 
during this analysis. Persistent disease activity is 
defined as presence of fluid and CST of at least 
200 μm. Switch treatment is defined as patients 
with only the first switching from the index 
therapy to another anti-VEGF therapy for each 
patient who underwent the switch. Frequent 
injection group is defined as the patients who 
received at least seven injections in the first year 
while the infrequent injection group is defined 
as patients receiving < 7 injections in first year.

OCT images were assessed for pathoanatomi-
cal subcompartment features relevant to the exu-
dative process including IRF, SRF, and sub-RPE 
fluid within the PED. IRF was considered as the 
hyporeflective space within the retina, not includ-
ing those spaces with a hyperreflective border that 

corresponded to outer retinal tubulation. SRF was 
considered as the hyporeflective space bounded 
internally by the photoreceptor outer segment 
tips and externally by the retinal pigment epi-
thelium. PED thickness was considered from the 
RPE inner border to Bruch’s membrane. Sub-RPE 
fluid was measured from inner to outer borders 
of the hyporeflective space and recognized by its 
hyporeflectivity. Drusenoid PEDs were excluded 
and were differentiated by predominantly 
medium homogenous internal reflectivity. Thus, 
PEDs were differentiated as fibrovascular, serous, 
hemorrhagic, or mixed by the graders.

Statistical Analyses

The analysis set included all patients who were 
enrolled in this study. The patients were divided 
into two cohorts: cohort 1 comprised patients 
who had met the inclusion and exclusion criteria 
with a minimum follow-up period of 12 months, 
and cohort 2 comprised patients who had met 
the inclusion and exclusion criteria and had a 
minimum follow-up period of 24 months. As 
this is an exploratory study, comparative analysis 
was not planned. These analyses were separately 
conducted for patients with different follow-up 
periods. The point estimates as well as the corre-
sponding two-sided 95% confidence interval were 
presented for all the patient population. Testing 
for finding predictive factors (p value) of treat-
ment outcomes (persistent disease activity) using 
a multivariate regression (generalized estimating 
equations) analysis using robust standard errors 
(Huber–White) or parameter estimates. Testing for 
difference between frequent and infrequent injec-
tion groups was done using Wilcoxon signed-rank 
test. Kaplan–Meier method was used for the anal-
ysis of time-to-event, such as time from the initia-
tion of anti-VEGF therapy to its discontinuation, 
time to switch or time to disease activity.

RESULTS

Patient Baseline Characteristics

A total of 600 patients met the inclusion/exclu-
sion criteria and were included in the study. 
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Cohort 1 included all 600 patients who had 
a minimum follow-up period of 12 months, 
whereas cohort 2 included 453 patients of 
them who had a minimum follow-up period of 
24 months (Fig. 1). The demographic character-
istics of all patients were previously presented 
and determined for all subjects (Supplementary 
Table 2) [12]. For this analysis, patients were 
stratified by index therapy into ranibizumab 
(n = 141), bevacizumab (n = 59), and aflibercept 
(n = 217) groups. One patient was treated with 
adjunctive PDT at 3, 6, and 15 months in cohort 
1. One patient was treated with PDT at month 
6 and two patients were treated with PDT at 
month 15 in in cohort 2.

Baseline characteristics were similar between 
the treatment arms with no considerable dif-
ferences among various parameters, except for 
age, macular neovascularization (MNV) lesion 
location, and MNV lesion composition by index 
therapy. Baseline characteristics demonstrated 
significant differences in parameters such as age, 
MNV lesion location, and MNV lesion composi-
tion by index therapy (Table 1). The mean (SD) 
age of the study patients was 75.53 (8.86), 75.58 
(9.96), and 71.66 (8.31) years in ranibizumab, 
bevacizumab, and aflibercept groups, respec-
tively (p < 0.0001). At baseline, the majority of 
patients had subfoveal lesions (ranibizumab 
[67.38%], bevacizumab [57.63], and aflibercept 

[67.28]). MNV lesion composition was predomi-
nantly classic in 51 (36.17%), 22 (37.29%), 41 
(18.89%) patients in ranibizumab, bevacizumab, 
and aflibercept groups, respectively (p < 0.0001). 
Furthermore, some differences were observed 
in polypoidal choroidal vasculopathy (PCV) 
and retinal angiomatous proliferation (RAP) 
status among the subgroups. PCV was seen in 
26 (18.44%), 13 (22.03%), and 89 (41.01%) 
patients while RAP was seen in 27 (19.15%), 
seven (11.86%), and ten (4.61%) patients in 
the ranibizumab, bevacizumab, and aflibercept 
groups, respectively (p = 0.0001 in both PCV and 
RAP groups).

Proportion of Patients with Presence of 
Retinal Fluid from Baseline to 24 Months

Approximately 58.10% (95% CI: 54.09, 62.12) 
of patients at 12 months and 66.02% (95% CI: 
60.74%, 71.30%) (Fig. 2) still retain retinal fluid 
following anti-VEGF treatment at month 24. 
The proportion of patients with IRF, SRF, and 
sub-RPE at month 24 were 25.89% (95% CI: 
21.01%, 30.77%), 43.69% (95% CI: 38.16%, 
49.22%), 23.62% (95% CI: 18.89%, 28.36%), 
respectively. As reported previously, visual acu-
ity gains were relatively better in patients with 
absence of retinal fluid versus those with pres-
ence of retinal fluid, throughout the follow-up 
period [12].

Fig. 1   Patient disposition
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Predictive Factors of Persistent Disease 
Activity

As shown in Fig.  3, the statistically signifi-
cant predictive factors of treatment outcomes 
in terms of persistent disease activity at year 
1 were: staying-on index therapy of bevaci-
zumab (P = 0.0206), fibrovascular pigment 
epithelial detachments (PED) (P = 0.0001), 

injection rate during maintenance (P < 0.0001) 
and retinal fluid at month 3 after loading phase 
(P = 0.0001). Similarly at year 2, statistically 
significant predictive factors of treatment out-
comes were fibrovascular PED (P = 0.0494) and 
retinal fluid at month 3 after loading phase 
(P = 0.0082). The presence of retinal fluid after 
loading phase and fibrovascular PED were pre-
dictors of persistent disease activity at both 
years 1 and 2.

Table 1   Patient demographics and characteristics stratified by index therapy

* PCV status was No in 105 (74.47); 40 (67.80) and 117 (53.92); ** RAP status was No in 104 (73.76); 46 (77.97) and 196 
(90.32); ***Both PCV and RAP status were un-assessable in 10 (7.09%); 6 (10.17%) and 11 patients (5.07%) under ranibi-
zumab, bevacizumab, and aflibercept treatments, respectively; #Testing for difference among staying-on index therapy groups
AMD age-related macular degeneration, CNV choroidal neovascularization, CST central subfield thickness, DA disc areas, 
n number of patients, EDTRS Early Treatment Diabetic Retinopathy, PCV polypoidal choroidal vasculopathy, RAP retinal 
angiomatous proliferation, SD standard deviation, VA visual acuity

Baseline characteristics Ranibizumab N = 141 Bevacizumab N = 59 Aflibercept N = 217 P value

Age (years), mean (SD) 75.53 (8.86) 75.58 (9.96) 71.66 (8.31)  < 0.0001

Male, n (%) 75 (53.19) 33 (55.93) 137 (63.13) 0.1541

Study eye, n (%) 73 (51.77) 36 (61.02) 124 (57.14) 0.4272

Exudative AMD in the study eye: CNV lesion location, n (%)

Extrafoveal 4 (2.84) 11 (18.64) 19 (8.76)

Juxtafoveal 42 (29.79) 14 (23.73) 52 (23.96) 0.0059

Subfoveal 95 (67.38) 34 (57.63) 146 (67.28)

Exudative AMD in the study eye: total lesion size, n (%)

 ≤ 1 DA 55 (39.01) 13 (22.03) 79 (36.41)

1DA ~ 4DA 77 (54.61) 40 (67.80) 111 (51.15) 0.0464

 > 4DA 9 (6.38) 4 (6.78) 27 (12.44)

Exudative AMD in the study eye: CNV lesion composition, n (%)

Predominantly classic 51 (36.17) 22 (37.29) 41 (18.89)  < 0.0001

Minimally classic 21 (14.89) 5 (8.47) 17 (7.83)

Occult 69 (48.94) 28 (47.46) 159 (73.27)

PCV in the study eye, n (%)*, *** 26 (18.44) 13 (22.03) 89 (41.01) 0.0001

RAP in the study eye, n (%)**, *** 27 (19.15) 7 (11.86) 10 (4.61) 0.0001

Baseline VA (ETDRS letters), mean (SD) 51 (17.80) 49 (29.93) 58 (18.40) 0.0013
Baseline CST (μm), mean (SD) 399 (130.45) 357 (137.96) 354 (118.58) 0.0012
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Functional and Anatomical Outcomes by 
Anti‑VEGF Agent

Mean injection numbers were comparable 
between bevacizumab (4.68; n = 59) and afliber-
cept (4.55; n = 217) groups, while slightly 
lesser than ranibizumab (5.47; n = 147) groups 
at year 1 and similar trend was observed at 
year 2 (Table  2). Gain in VA was relatively 
higher in patients staying on index therapy 

of ranibizumab (13.3 ETDRS letters) vs. beva-
cizumab (6.2 ETDRS letters) and aflibercept 
(10.1 ETDRS letters) (Fig. 4A). A similar result 
was observed for CST reduction. Reduction in 
CST was relatively higher in patients on index 
therapy of ranibizumab vs. bevacizumab and 
aflibercept during year 1 (Fig. 4B). The switch 
from bevacizumab to ranibizumab or aflibercept 
resulted in an increase in VA, while the switch 
from aflibercept to ranibizumab and ranibi-
zumab to aflibercept did not show a significant 

Fig. 2   Presence of retinal fluid from baseline to 24 months. Cohort 1, N = 600. IRF intra-retinal fluid, RPE retinal pigment 
epithelium, SRF sub-retinal fluid, VEGF vascular endothelial growth factor

Fig. 3   Predictive factors of treatment outcomes (persistent 
disease activity) at year 1 and 2. AFL aflibercept, BL base-
line, BVZ bevacizumab, CI confidence interval, DA disease 
activity, Inj injection, M month, PCV polypoidal macular 

vasculopathy, PED pigment epithelial detachment, VA 
visual acuity. Testing for finding predictive factors of treat-
ment outcomes (persistent disease activity) using GEE 
analysis using robust standard errors or parameter estimates
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increase in VA (Fig. 4C). The switch from beva-
cizumab to ranibizumab and bevacizumab to 
aflibercept showed a decrease in CST (Fig. 4D).

Functional and Anatomical Outcomes by 
Injection Frequency and PCV Status

VA gains (ETDRS letters from baseline) were sig-
nificantly higher with frequent injection group 
(n = 105); 10.73 and 10.88 at year 1 (P = 0.018) 
and year 2 (P = 0.019), respectively, com-
pared to infrequent injection group (n = 191); 
8.08 and 4.83. Reduction in CST was similar 
between groups in year 1 (frequent injection 

group; − 107.24 and infrequent injection group 
− 106.16). However, in year 2, a trend of increase 
in CST was seen in infrequent injection group 
(frequent injection group; − 102.3 and infre-
quent injection group − 90.86) (Fig.  5A, B). 
With an initial reduction in retinal fluid in both 
patients with PCV and non PCV, substantial 
number of patients still retain fluid by month 
12 and 24 (Supplementary Fig. 1A and 1B). VA 
gains (ETDRS letters from baseline) were higher 
in patients with PCV; 10.95 and 8.08 at year 1 
and year 2, respectively, compared to patients 
with non-PCV); 8.22 and 7.24. (Supplementary 
Fig. 1B) Reduction in CST was also better in 
patients with PCV; − 117.55 and − 96.83 at year 

Table 2   Number of injections and visits based on the index therapy

Annualized rates using GEE analysis with a Poisson distribution using robust standard errors of parameters estimate (off-
set = log of time in years)
CI Confidence interval, N total number of patients

Ranibizumab Bevacizumab Aflibercept

First year of treatment

n 141 59 217

Mean number of injections [95% CI] 5.47
[5.10, 5.86]

4.68
[4.10, 5.34]

4.55
[4.35, 

4.75]

Mean number of non-injection visits [95% CI] 3.94
[3.57, 4.34]

4.04
[3.55, 4.59]

4.38
[4.08, 

4.70]

Mean total number of visits [95% CI] 9.41
[9.10, 9.73]

8.72
[8.12, 9.37]

8.93
[8.65, 

9.22]

Second year of treatment

n 135 56 209

Mean number of injections [95% CI] 3.65
[3.15, 4.23]

2.87
[2.23, 3.69]

2.65
[2.37, 

2.97]

Mean number of non-injection visits [95% CI] 3.41
[2.99, 3.89]

3.72
[3.14, 4.40]

3.74
[3.41, 

4.10]
Mean total number of visits [95% CI] 7.06

[6.62, 7.53]
6.58
[5.92, 7.33]

6.39
[6.03, 6.77]
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1 and year 2, respectively, compared to 98.59 
and − 90.85 at year 1 and year 2, respectively, in 
patients with non-PCV. (Supplementary Fig. 1B).

DISCUSSION

The PROOF study has previously shown that 
despite their current anti-VEGF treatment, a 
high proportion of patients with nAMD in Korea 
continued to have retinal fluid at year 1 as well 
as year 2 of treatment [12]. Proper fluid control is 
necessary to achieve favorable visual outcomes, 
which is a substantial unmet need in clinical 
settings in Korea. This retrospective analysis 
provides further evidence on predictors of dis-
ease activity along with long-term outcomes by 
each anti-VEGF therapy. The presence of retinal 
fluid after loading phase and fibrovascular PED 
were predictors of persistent disease activity at 
both year 1 and 2 [2]. Similarly, in previous real-
world studies using ranibizumab or aflibercept, 
the treatment response of IRF at month 3 was 
strongly associated with the persistence of IRF at 
month 12 [14]. Fibrovascular PED was reported 
to be significantly associated with nonresponse 
to anti-VEGF therapy as judged by both BCVA 
and fundus findings [15]. These results suggest 
that more intensive treatment needs to be con-
sidered in patients with persistent disease activ-
ity on existing anti-VEGF therapy. Emerging 
anti-VEGF therapies including longer-acting 
anti-VEGF drugs, drugs with multiple mecha-
nisms, and sustained-release devices offer prom-
ising efficacy and safety in patients with nAMD. 
Anti-VEGFs such as brolucizumab demonstrated 
better disease control including superior fluid 
resolution, with > 50% of patients treated on a 
q12w interval after loading up to week 48 versus 
aflibercept 2 mg dosed q8w in phase 3 studies, 
HAWK and HARRIER [3], and can provide sus-
tained disease control with a longer duration of 
action. Such therapies may potentially fulfill the 
unmet needs of patients with nAMD in Korea.

A number of study eyes treated with three 
anti-VEGF agents differed (ranibizumab, beva-
cizumab, and aflibercept), and some baseline 
parameters showed significant differences 
among each anti-VEGF agent including age or 

MNV composition. The occult MNV type rate 
for ranibizumab was lower than aflibercept. 
When there is a lesion above the retinal pig-
ment epithelium (RPE) that penetrates both the 
RPE and the photoreceptors to form subretinal 
MNV, anti-VEGF therapy provides significant 
protection. Typical MNV or RAP shows favora-
ble results in any anti-VEGF therapy. Addition-
ally, ranibizumab is preferred among other 
anti-VEGFs due to progression of RPE atrophy 
in RAP [16, 17]. Conversely, the response to 
anti-VEGFs is poor in the case of sub-RPE MNV, 
including PCV with type 1 MNV variant. It has 
been reported that occult MNV requires a rela-
tively high number of injections below the RPE 
for neovascularization [18], but in the case of 
the variant PCV, aflibercept has shown good 
results in polyp regression [19]. Therefore, clini-
cians have used a preferential approach to select 
appropriate treatments based on these factors. 
Hence, physicians tend towards selecting afliber-
cept for PCV, and ranibizumab for classic MNV 
and RAP types. This can suggest that physician’s 
preference exists in the choice of the first anti-
VEGF agent in treatment-naive patients with 
nAMD.

In switch patients, there was no significant 
improvement after switch between approved 
anti-VEGF (ranibizumab and aflibercept). How-
ever, switching from bevacizumab to ranibi-
zumab or aflibercept showed improvement in 
both VA and CST. This indicates that the effi-
cacy and durability of ranibizumab and afliber-
cept were comparable in terms of both VA gain 
and CST reduction [20]. However, the percep-
tion of longer durability of aflibercept can lead 
to less injection frequency, resulting in under-
treatment and suboptimal outcomes in real-
world practice. These results are comparable to 
the recent 4-year long-term Korean study, where 
there was no difference between ranibizumab 
and aflibercept in VA gain and number of injec-
tions (2.9 ± 1.7 in ranibizumab and 3.0 ± 1.5 in 
aflibercept group, p = 0.692). The mean VA when 
the treatment was switched from ranibizumab to 
aflibercept and mean VA at 1 year after switching 
did not differ significantly (from 69.28 ± 9.58 to 
66.93 ± 9.16 letters; p = 0.425) [21].

As seen in the previous publications [5, 6], 
when we analyzed functional and anatomical 
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outcomes based on frequency of injection, 185 
patients were identified as the frequent group, 
and 415 were identified as the infrequent group. 

VA gains were relatively higher with the fre-
quent injection group. The reduction in CST was 
similar between groups in year 1 but a trend of 
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increase in CST was seen in the infrequent group 
in year 2. Numerous real-world studies have 
shown that more frequent anti-VEGF injections 
resulted in better functional and anatomical out-
comes in patients with nAMD [22–24].

The key strength of this study is the large 
sample size (n = 600), and the findings are clini-
cally meaningful, reflecting the actual clinical 
settings and providing insights into fluid-man-
agement strategies. The demographics and clini-
cal characteristics of the study population were 
consistent with those reported in previous real-
world studies from Korea [5, 12, 25]. The main 
limitation of this retrospective study was that 
the study cohort was heterogeneous compared 
to clinical trials. Patients who received ranibi-
zumab, aflibercept, or bevacizumab and who 
had received two or more different anti-VEGF 

agents were pooled in the same cohort. There-
fore, the variation in efficacy also serves as a 
major limitation. Decisions on treatment regi-
mens and schedules were made based on the 
physicians’ discretion (pro-re-nata or treat and 
extend) and continuation/discontinuation/
switch of treatment. ‘In Korea, most clinicians 
are performing indocyanine green angiography 
(ICGA) due to the high prevalence of PCV, but 
ICGA is not mandated by insurance standards. 
Asian populations in which ICG is utilized or 
careful non-ICG parameters are evaluated have 
shown a much higher percentage of PCV, up to 
over 50% [26–28]. Considering the retrospective 
nature of this study, some cases in which ICGA 
was not performed may have been included, 
and the prevalence rate may have been under-
estimated accordingly.’ Assessment variables, 
such as collection and interpretation of retinal 
images, may also have differed based on the 
institutions’ practice. Furthermore, the present 
study evaluated the influence of each fluid com-
partment on visual outcomes separately. For this 
reason, we could not evaluate the influence of 
co-existing two or more fluid compartments. In 
addition, the difference in the impact of differ-
ent fluid locations (foveal vs. extrafoveal) was 
not evaluated. An assessment of fluids was per-
formed by multiple graders across multiple sites. 
The assessment process involved each grader 

Fig. 4   A VA gain in patients staying on index therapy. 
B CST reduction in patients staying on index therapy. C 
VA before and after index therapy switch. D CST before 
and after index therapy switch. *Testing for difference 
among staying-on index therapy groups at each timepoint 
(Kruskal–Wallis test); **Testing for difference between 
ranibizumab and each staying-on index therapy groups at 
each timepoint (Wilcoxon signed-rank test). A aflibercept, 
B bevacizumab, BL baseline, CST central subfield thick-
ness, EDTRS Early Treatment Diabetic Retinopathy Study, 
R ranibizumab, VA visual acuity

◂

Fig. 5   Change in (A)  VA and (B)  CST from baseline 
stratified by frequency of injection over 24  months. Fre-
quent injection group: patients who were treated with at 
least seven injections in the first year. * Testing for differ-

ence between frequent and infrequent injections at each 
timepoint (Wilcoxon signed-rank test). BL baseline, CST 
central subfield thickness, EDTRS Early Treatment Dia-
betic Retinopathy Study, VA visual acuity
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independently evaluating the presence and 
characteristics of IRF, SRF, and sub-RPE fluid in 
the retinal images. While we did not follow the 
exact criteria like other RCT studies, the grad-
ers utilized their expertise and familiarity with 
the well-known and widely accepted definition 
of fluid to identify and grade the retinal fluids. 
Thus, there might be a degree of variability in 
assessment process owing to multiple graders 
across multiple sites. Lastly, since the current 
study focused on real-world anti-VEGF treat-
ment patterns, we did not include safety data, 
which are well known and reported in the prior 
literature [12].

CONCLUSIONS

In summary, this observational study analyzed 
the current treatment pattern and treatment 
results for a number of patients with nAMD 
and confirmed that retinal fluid after loading 
phase and fibrovascular PED are predictive fac-
tors for disease activity defined as persistent 
retinal fluid. These results are similar to previ-
ously reported studies and showed that medical 
needs and treatment results that are not satisfied 
with the current treatment approach can be pre-
dicted. These results may suggest the need for 
new anti-VEGF therapies that can provide sus-
tained disease control to fulfill the unmet needs 
of patients with nAMD.
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