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Abstract

Background

To compare the visual outcomes of different anti-vascular endothelial growth factor (VEGF)
drugs, including aflibercept, ranibizumab, and bevacizumab, in a real-world setting in Korea.

Methods

We collected data from patients who received monotherapy using one of these three anti-
VEGF drugs as naive treatment after being diagnosed with neovascular age-related macu-
lar degeneration. The number of injections and visual acuity (VA) outcomes of each cohort
were obtained and pairwise comparisons were performed using propensity score matching.

Results

A total of 254 aflibercept, 238 ranibizumab, and 282 bevacizumab treatment-naive eyes
were included. The mean VA change at 3 years for all cohorts combined was -1.8 letters,
and the mean number of injections was 9.4. In the direct comparison of the three drugs, the
mean change in the VA letter score was +2.0 letters for aflibercept and -11.7 letters for beva-
cizumab (P < 0.001). The number of aflibercept injections was significantly higher than the
number of bevacizumab injections (P = 0.002). The visual outcomes for aflibercept and
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ranibizumab were +4.7 letters and -1.9 letters, respectively, and comparable results were
obtained (P = 0.13). The VA outcomes for ranibizumab and bevacizumab were also not sig-
nificantly different (P = 0.09). The numbers of injections for aflibercept, ranibizumab, and
bevacizumab were 10.8, 6.7, and 8.8, respectively. Significant differences were observed
between the injection frequencies comparisons of aflibercept and ranibizumab and ranibizu-
mab and bevacizumab (P < 0.001 and P = 0.002, respectively).

Conclusions

In the Korean clinical medical environment, which included various confounding factors,
especially socioeconomic ones, the aflibercept VA outcome was significantly better than
that of bevacizumab, and aflibercept injections were the most numerous. These real-world
data imply that the drug effect as well as the environment in which the drug can be suffi-
ciently used affected patient final VA scores.

Introduction

Age-related macular degeneration (AMD) is one of the main causes of permanent visual
impairment and loss in older populations [1,2]. There are two main types of AMD; the atro-
phic form of dry AMD characterized by gradual loss of central vision due to geographic atro-
phy; and neovascular AMD (nAMD) associated with increased vascular endothelial growth
factor (VEGF) levels and neovascularization, and is responsible for 90% of acute blindness
cases. Currently, intravitreal anti-VEGF therapy is the standard nAMD treatment [3].

Aflibercept, ranibizumab, and bevacizumab are the most widely used anti-VEGF agents. All
three drugs are generally considered safe and effective for preventing nAMD progression. Sev-
eral randomized controlled trials (RCTs) and meta-analyses have reported that these three
anti-VEGF drugs stabilize or even improve visual acuity (VA) outcomes in patients with
nAMD [4].

Studies investigating the impact of these three agents on VA have revealed no significant
differences. A comparison of AMD treatment trials (CATT) reported that both ranibizumab
and bevacizumab had equivalent effects on VA at 1 year [5] and during a 2-year period [6]. A
trial for alternative treatments to inhibit VEGF in age-related choroidal neovascularization
(IVAN) [7] also demonstrated that ranibizumab and bevacizumab had similar efficacy. More
recently, other RCTs, including the MANTA [8], GEFAL [9], LUCAS [10], and BRAMD [11],
confirmed that bevacizumab was not inferior to ranibizumab. Regarding the efficacy of afliber-
cept and ranibizumab, the VIEW [12] and RIVAL [13] studies showed that they had compara-
ble efficacy in VA outcomes. However, no head-to-head comparative RCT studies have been
conducted on aflibercept and bevacizumab. Only an indirect comparison is available from a
network meta-analysis, which suggests a mean difference between bevacizumab and afliber-
cept of 0.02 letters [14]. To date, no randomized prospective comparative trials of these three
drugs have been performed. Therefore, the superiority of one anti-VEGF drug over another
has not been proven.

Recent emerging real-world studies have allowed us to assess the differences between the
results of RCT and population-level treatment outcomes. However, less impressive long-term
outcomes have been reported in routine clinical settings. Real-life observations from the
AURA study reported that the mean VA gains from baseline to year 1 and 2 were just 2.4 and

PLOS ONE | https://doi.org/10.1371/journal.pone.0310381 October 3, 2024 2/13


https://doi.org/10.1371/journal.pone.0310381

PLOS ONE

Real-world visual acuity outcomes in NAMD treatment

0.6 letters, respectively [15]. The SIERRA-AMD study reported -5.2 letters at year 4; the initial
VA improvement was not maintained over time, the patients tended to receive fewer injec-
tions, and the treatment patterns differed from those in RCT's [16].

RCTs have the advantage of confirming the effectiveness and safety of a drug by minimizing
bias. However, the results of RCTs do not represent real-world results because they do not con-
sider the influence of various potential environmental confounding factors. Real-world
research reflects what patients actually experience by including various confounding factors,
but studies analyzing socioeconomic factors are lacking.

The Fight Retinal Blindness(FRB)! project conducted in Europe has also drawn various
conclusions regarding real-world data on AMD. Comparative studies were carried out based
on AMD classification or treatment regimens [17,18]. A study from the Netherlands compared
the group that started treatment with bevacizumab to the group that started treatment with
ranibizumab or aflibercept. The study found no difference in VA, but bevacizumab required
more frequent injections and visits, and had a higher rate of drug switching [19]. However,
there were no studies that directly compared the two drugs like this one, and particularly none
that considered or analyzed the treatment environment(socioeconomic) surrounding the
patients.

Therefore, using the Catholic Medical Center Big Data Integration Center, this study com-
pared VA outcomes and injection frequencies of different anti-VEGF drugs, providing a direct
comparison of aflibercept, ranibizumab, and bevacizumab from a real-world setting in the
Republic of Korea, including socioeconomic factors.

Material and method
Information data source

Data from March 2010 to March 2020 were extracted in 2021 from the Clinical Data Ware-
house (CDW) of the Catholic University Big Data Integration Center (https://cohort.cmcnu.
or.kr). The data extracted for this study were obtained from six university hospital electronic
medical record systems from the Catholic University of Korea (Eunpyeong St. Mary’s Hospi-
tal, Yeouido St. Mary’s Hospital, Uijeongbu St. Mary’s Hospital, Bucheon St. Mary’s Hospital,
St. Vincent’s Hospital, and Incheon St. Mary’s Hospital). Data regarding age, sex, diagnosis,
treatment types, anti-VEGF drug types, date of intravitreal injection, date of visit, and best-
corrected VA were extracted from the records. Patient identifiers, treatment sites, and clinician
data were removed and anonymized.

This study was approved by the Institutional Review Board/Ethics Committee of Catholic
Medical Center (Republic of Korea) (2020-2789-0001). Due to the retrospective design of this
study and the use of anonymized data, requirements for informed consent were waived by the
Institutional Review Board/Ethics Committee of Catholic Medical Center (Republic of Korea).

Study design

This was a retrospective, comparative, multicenter, non-randomized cohort study of visual
outcomes in patients with nAMD treated with aflibercept, ranibizumab, or bevacizumab. Data
was used from March 2010 to March 2020, and was extracted in 2021. From the CDW data-
base, treatment-naive patients (aged >50 years) with a diagnosis code of nAMD (Korean Clas-
sification of Disease Code H3135) and a concomitant procedure code for the intravitreal
injection of aflibercept, ranibizumab, or bevacizumab were searched. All patients were
observed for a minimum of 3 years and received at least one anti-VEGF injection at any time
during the study period. The index date was defined as the date of the first anti-VEGF injec-
tion. Only patients who received monotherapy with one of the three available anti-VEGF
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drugs (aflibercept, ranibizumab, or bevacizumab) were eligible for this study. Patients were
excluded from participation if they switched to another anti-VEGF agent during the study
period or were treated with other treatment options, including photodynamic therapy, ste-
roids, or laser photocoagulation, or if the VA assessment was not accurate. Injections adminis-
tered for diagnostic purposes or response assessment in cases of drusenoid pigment epithelial
detachment or central serous chorioretinopathy were not included. In patients who had both
eyes treated with anti-VEGF drugs, the first treated eye was recruited for analysis. The anti-
VEGEF treatment regimen used to treat patients was not considered because they could not be
identified in the CDW system. Using the participant inclusion and exclusion criteria, an over-
all cohort consisting of all eligible patients was generated. Subsequently, three monotherapy
cohorts (aflibercept-, ranibizumab-, and bevacizumab-treated cohorts) were generated from
the overall cohort. A baseline imbalance existed among the three cohorts; thus, propensity
score matching was used to avoid the risk of bias due to confounding factors. Propensity
score-matched cohorts enabled us to perform pairwise comparisons (aflibercept vs bevacizu-
mab, aflibercept vs ranibizumab, and ranibizumab vs bevacizumab).

Study outcomes

The clinical outcomes were the mean change from VA baseline and the mean number of injec-
tions during the 3 years follow-up period in the overall and propensity score-matched cohorts.
The final VA change at 3 years was analyzed using pairwise comparisons. All best-corrected
VA measurements from the CDW were converted to approximate Early Treatment of Diabetic
Retinopathy Study letter scores using previously established guidelines.

Statistical analysis

The R software (R Core Team, R Foundation for Statistical Computing, Vienna, Austria) was
used to perform all statistical analyses. In the unmatched overall cohort, descriptive statistics
were calculated using an ANOVA or the Kruskal-Wallis test for continuous variables or the
chi-squared test for categorical variables. Case matching was performed using the MatchIt
package in R (version 4.2.0; R Core Team, R Foundation for Statistical Computing). The
patients were matched based on propensity scores in a 1:1 ratio. The covariates selected for
propensity score-matching were age, sex, and baseline VA. The nearest-neighbor matching
method without replacement was used. In the propensity score-matched cohorts, continuous
variables were compared using the unpaired t-test or Mann-Whitney U test, and categorical
variables were compared using the chi-squared test. Statistical significance was defined as

P < 0.05. We also compared the cohorts using the standardized mean difference.

Results

Based on the inclusion and exclusion criteria, 774 patients were eligible for the study; 254 in
the aflibercept cohort, 238 in the ranibizumab cohort, and 282 in the bevacizumab cohort (Fig
1A). Table 1 summarizes the baseline characteristics of all participants. The mean age (SD) for
nAMD onset was 68.3 (9.9), 69.1 (8.8), 69.9 (9.0), and 66.3 (10.9) years in the overall, afliber-
cept, ranibizumab, and bevacizumab cohorts, respectively. The mean baseline VA was 51.5
(23.0), 55.3 (21.5), 48.7 (22.1), and 52.0 (22.5) letters in the overall cohort, aflibercept, ranibizu-
mab, and bevacizumab cohorts, respectively. There were imbalances in the mean age and base-
line VA among the three cohorts (P < 0.001 and P = 0.005, respectively). There were
significant imbalances in the mean age (aflibercept vs bevacizumab, and ranibizumab vs beva-
cizumab) and baseline VA (aflibercept vs ranibizumab) with standardized mean difference
(SMD) greater than 0.3.
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)
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!

nAMD patients treated
without anti-VEGF drug switching (N=811)
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(N=37)
total patients available for nAMD cohort
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v '
Aflibercept Ranibizumab Bevacizumab
mono-therapy cohort| |mono-therapy cohort| |[mono-therapy cohort
(N=254) (N=238) (N=282)
B |1:1 propensity score-matched cohortsl
v v

Aflibercept (N=254)
VS
Bevacizumab(N=254)

Aflibercept (N=238)
Vs
Ranibizumab (N=238)

Ranibizumab (N=238)
Vs
Bevacizumab(N=238)

Fig 1. A. Flow charts of the enrolled population B. Propensity score-matched cohort for pairwise comparison.

https://doi.org/10.1371/journal.pone.0310381.9001

Propensity score-matched cohort

Using propensity score matching, the baseline characteristics of the cohorts were well-matched
for pairwise comparison. The selected numbers of patients with nAMD were aflibercept

(n = 254), bevacizumab (n = 254), aflibercept (n = 238), ranibizumab (n = 238), ranibizumab
(n =238), and bevacizumab (n = 238) (Fig 1B). Baseline patient characteristics of the propen-
sity score-matched cohorts are presented in Table 2. There were no statistically significant dif-
ferences in mean age and baseline VA between cohorts (P > 0.05, all pairwise comparisons).
The SMD for baseline VA between the aflibercept and ranibizumab groups decreased from
0.329 before matching to 0.179 after matching. While this indicates a slight imbalance, it
remains below the threshold typically considered to be of concern.

Visual outcomes and injection frequency in the overall cohorts

The mean VA changes during 3 years for all 744 patients is shown in Fig 2. Most of the
improvements occurred during the first 6 months and then started to decline slightly until 3
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Table 1. Baseline characteristics of participants.

Characteristic Overall Cohorts (n = 774)
Aflibercept | Ranibizumab | Bevacizumab | P-value SMD SMD SMD
(n=254) (n =238) (n=282) (Aflibercept vs (Aflibercept vs (Ranibizumab vs
Bevacizumab) Ranibizumab) Bevacizumab)
Age, no. (%)
50-59 yr 175 41 (16.1) 46 (19.3) 88 (31.2) <0.001* 0.301 0.026 0.318
60-69 yr (22.6) 91 (35.8) 55 (23.1) 73 (25.9)
70-79 yr 219 88 (34.7) 109 (45.8) 91 (32.3)
80-89 yr (28.3) 33 (13.0) 26 (10.9) 29 (10.3)
>90 yr 288 1(0.4) 2(0.8) 1(0.3)
Mean (SD) (37.2) 69.1 (8.8) 69.9 (9.0) 66.3 (10.9)
88 (11.4)
4(0.5)
68.3
(9.9)
Sex, no. (%)
female 371 116 (45.7) 111 (46.6) 144 (51.1) 0.089 0.028 0.117
male (47.9) 138 (54.3) 127 (53.4) 138 (48.8)
403
(52.1)
Baseline VA score,
no. (%) 279 107 (42.1) 63 (26.5) 109 (38.6) | 0.005* 0.154 0.324 0.163
65< (36.1) 82 (32.3) 67 (28.1) 69 (24.5)
50-64 218 31(12.2) 65 (27.3) 36 (12.8)
35-49 (282) | 34(13.4) 43 (18.1) 68 (24.1)
<34 132 55.3 (21.5) 48.7 (22.1) 52.0 (22.5)
mean (SD) (17.0)
145
(18.7)
51.5
(23.0)

VA: Visual acuity, SD: Standard deviation, SMD: Standardized mean difference.

*P-value <0.05.

https://doi.org/10.1371/journal.pone.0310381.t001

years. The mean VA changes at 1, 2, and 3 years were +4.3, +1.9, and -1.8 letters, respectively.
During the 3 years, the mean (SD) and median numbers of injections administered were 9.4

(5.5) and 7.0, respectively. The VA changes in each monotherapy cohort are shown in Fig 3.
The aflibercept cohort had a mean (SD) of 11.3 (6.6) injections received during 3 years and

Mean change in visual acuity score
from baseline (ETDRS letters)

-5
0 6 18 24 36
Follow-up (months)
0£23.0 +2.1+22.9 +4.3+22.8 +2.7+23.6 +1.9+23.9 -0.1+24.0 -1.8+25.8

Mean (+SD) change from baseline (no. of letters)

Fig 2. Change in mean visual acuity of all patients.

https://doi.org/10.1371/journal.pone.0310381.g002
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Table 2. Baseline patient characteristics of propensity score-matched cohorts.

Characteristic Propensity score-matched cohorts in each pairwise comparison
Aflibercept vs Bevacizumab Aflibercept vs Ranibizumab Ranibizumab vs Bevacizumab
Aflibercept | Bevacizumab | P- | SMD Aflibercept | Ranibizumab | P- |SMD Ranibizumab | Bevacizumab | P- | SMD
(n=254) (n=254) value (n=238) (n=238) value (n=238) (n=238) value

Age, no. (%)

50-59 yr 41(16.1) 65 (25.6) 39 (16.4) 46 (19.3) 46 (19.3) 54 (22.7)

60-69 yr 91(35.9) 73 (28.7) 80 (33.6) 55(23.1) 55 (23.1) 72 (30.3)

70-79 yr 88 (34.6) 86 (33.9) 86 (36.1) 109 (45.8) 109 (45.8) 86 (36.1)

80-89 yr 33 (13.0) 29 (11.4) 32(13.5) 26 (10.9) 26 (10.9) 25 (10.5)

>90 yr 1(0.4) 1(0.4) 1(0.4) 2(0.9) 2(0.9) 1(0.4)

Mean (SD) 69.1 (8.8) 68.6 (9.9) 0.278 | 0.112 69.7 (8.9) 69.9 (9.1) 0.882 | 0.005 69.9 (9.1) 69.8 (9.0) 0.942 | 0.002
Sex, no. (%)

female 116 130 108 111 111 123

male 138 124 0.213 | 0.124 130 127 0.782 | 0.031 127 115 0.271 | 0.163
Baseline VA score,
no. (%)

65< 107 (42.1) | 104 (40.9) 93 (39.1) 63 (26.5) 63 (26.5) 86 (36.1)

50-64 82 (32.3) 65 (25.6) 80 (33.6) 67 (28.2) 67 (28.2) 65 (27.3)

35-49 31 (12.2) 35(13.8) 31 (13.0) 65 (27.3) 65 (27.3) 36 (15.1)

<34 34 (13.4) 50 (19.7) 34 (14.3) 43 (18.0) 43 (18.0) 51 (21.4)

mean (SD) 55.3 (21.5) 53.8 (21.6) 0.471 | 0.050 52.0 (21.0) 48.7 (22.1) 0.076 | 0.179 48.7 (22.1) 50.5 (22.7) 0.299 | 0.105

VA: Visual acuity, SD: Standard deviation, SMD: Standardized mean difference.

https://doi.org/10.1371/journal.pone.0310381.t002

mean VA changes of +3.7, +5.6, and +1.8 letters at 1, 2, and 3 years, respectively. The ranibizu-
mab cohort had a mean (SD) of 6.7 (2.7) injections received during 3 years and mean VA
changes of +3.1, -1.2, and -1.4 letters at 1, 2, and 3 years, respectively. The bevacizumab cohort
had a mean (SD) of 8.8 (5.2) injections received during 3 years and mean VA changes of -0.2,
-4.3,and -8.9 letters at 1, 2, and 3 years, respectively. There was a significant difference in the
number of injections among the three cohorts (P < 0.001).

aflibercept
YU anibizt

bevacizumab

from baseline (ETDRS letters)

Mean change in visual acuity score

1

-

o
1

Follow-up (months)
Fig 3. Visual acuity change in each mono-therapy cohort.

https://doi.org/10.1371/journal.pone.0310381.g003
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Visual outcomes and injection frequency in propensity score-matched
cohorts

Aflibercept vs Bevacizumab. The aflibercept cohort had a mean (SD) of 10.9 (6.4) injec-
tions received and mean VA changes of +4.4, +6.7, and +2.0 letters at 1, 2, and 3 years, respec-
tively. The bevacizumab cohort had a mean (SD) of 8.9 (5.3) injections received and mean VA
changes of VA of -3.2, -7.9, and -11.7 letters at 1, 2, and 3 years, respectively (Fig 4). There was
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D E
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bevacizumab 0+21.5 +1.0+£22.2 -3.2+24.9 -0.7+23.2 -7.9+24 .4 -8.0+24.6 -11.7+£26.5
Mean (+SD) change from baseline (no. of letters)
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aflibercept 0£20.9 +2.7+20.7 +5.2+19.8 +4.9+22.5 +7.6+20.1 +4.5+21.4 +4.7+21.4
ranibizumab  0+22.6 A NE231O) +4.8+19.9 +1.2+22.8 -0.3+23.0 -2.4+24.0 -1.9+25.5
Mean (+SD) change from baseline (no. of letters)
o J
C §'§ +10 bevacizumab
2>
£5
s o7
=)
2
2L
=
o £
% Kol
55
o= T T T T T T
= 0 6 12 18 24 30 36
Follow-up (months)
ranibizumab 0+22.6 +1.7+£23.9 +4.8+19.9 +1.2+22.8 -0.3+23.0 -2.4+24.0 -1.9+25.5
bevacizumab 0+22.7 1. 20288 -1.1+25.6 +0.4+24.5 -6.5+25.0 -7.6+24.7 cAIA) P 11

Mean (+SD) change from baseline (no. of letters)
Fig 4. Mean change in visual acuity score from baseline.

https://doi.org/10.1371/journal.pone.0310381.9004
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Fig 5. Difference in mean change in visual acuity score.
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a significant difference in the mean VA change from baseline to 3 years between the aflibercept
and bevacizumab cohorts (+13.7 letters, 95% confidence interval within +21.5, +5.9)

(P < 0.001) (Fig 5). There was a significant difference in the mean number of injections
between the two cohorts (P = 0.002).

Aflibercept vs Ranibizumab. The aflibercept cohort received a mean (SD) of 10.8 (6.4)
injections and had a mean change in VA of +5.2, +7.6, and +4.7 letters at 1, 2, and 3 years,
respectively. Ranibizumab cohort had a mean (SD) of 6.7 (2.7) injections and mean VA
changes of +4.8, -0.3, and -1.9 letters at 1, 2, and 3 years, respectively (Fig 4). There was no sig-
nificant difference in the mean VA change from baseline to 3 years between the aflibercept
and ranibizumab cohorts (+6.7 letters, 95% confidence interval within +15.3 and -2.0)

(P =0.13) (Fig 5). There was a significant difference in the mean number of injections between
the two cohorts (P < 0.001).

Ranibizumab vs Bevacizumab. The ranibizumab cohort had a mean (SD) of 6.7 (2.7)
injections received and mean VA changes of +4.8, -0.3, and -1.9 letters at 1, 2, and 3 years,
respectively. The bevacizumab cohort had a mean (SD) of 8.8 (5.1) injections and showed a
mean VA changes of -1.1, -6.5, and -11.2 letters at 1, 2, and 3 years, respectively (Fig 4). There
was no significant difference in the mean VA change from baseline to 3 years between the rani-
bizumab and bevacizumab cohorts (+9.3 letters, 95% confidence interval within +20.1 and
-1.5) (P =0.09) (Fig 5). There was a significant difference in the mean number of injections
between the two cohorts (P = 0.002).

Discussion

This study compared the effectiveness of anti-VEGF drugs on VA in a real-world setting in the
Republic of Korea. Compared to bevacizumab, aflibercept had better VA results and required
a higher number of injections.

Aflibercept binds to VEGF with a higher affinity than ranibizumab and bevacizumab and
binds to placental growth factor. Based on these findings, the advantages of aflibercept over
these other two drugs in terms of clinical outcomes have been proposed. Our pairwise analysis
revealed that aflibercept outperformed bevacizumab in VA gain. During the 3-year follow-up,
the baseline VA was relatively maintained in the aflibercept cohort; however, the mean VA in
the bevacizumab cohort continued to decline, resulting in a significant difference of 13.7 letters
at the 3-year follow-up. However, the VA outcomes in the aflibercept cohort were not superior
to those in the ranibizumab cohort.

To date, few real-world studies have directly compared aflibercept with bevacizumab or
ranibizumab with bevacizumab. A study reported that VA outcomes were similar among the
three anti-VEGF drugs, in which bevacizumab use was only considered on a compassionate
basis in patients with AMD who did not meet the treatment criteria for ranibizumab or afliber-
cept use [20]. However, several studies in real-world settings have compared the visual
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outcomes between ranibizumab and aflibercept. Lotery et al. [21] reported 1-year results of
mean VA changes were -0.30 letters for ranibizumab and -0.19 letters for aflibercept, confirm-
ing ranibizumab is not inferior to aflibercept. Joana et al. [22] also reported there was no differ-
ence in VA change between the aflibercept (+2.74 letters) and ranibizumab (-3.07 letters)
groups.

The present study also confirmed no differences in VA outcomes between aflibercept and
ranibizumab, suggesting that monotherapy with both drugs have equivalent efficacy in real-
world settings.

Regarding the comparison of the effects for ranibizumab and bevacizumab, several RCTs
have reported similar clinical efficacies of the two drugs, although the results of real-world
studies are still unclear. In the present study, the mean VA changes in the bevacizumab cohort
continued to decrease during the 3-year follow-up, eventually reaching a difference of 9.3 let-
ters, compared to the ranibizumab cohort, although the difference was not significant. How-
ever, a better VA outcome was achieved with fewer injections in ranibizumab cohort (6.7 vs
8.8 average injections in the bevacizumab cohort).

Unlike RCTs, in real-world research, the results must be interpreted considering various
variables. These include patient demographics, nAMD types, anti-VEGF agents, treatment
regimens, socioeconomic environments, and insurance policies. Regarding nAMD types and
treatment regimens, an unknown number of patients with idiopathic polypoidal choroidal vas-
culopathy (PCV) were possibly included in this study because the PCV frequency in Asia is
high, and it is not possible to determine which treatment regimen was used to treat each
patient with nAMD by using CDW data alone. This may be one reason for the difference in
the number of injections among the three cohorts. Therefore, VA outcomes should be care-
tully interpreted considering the number of injections.

In our study, the aflibercept cohort had better VA results than the bevacizumab cohort and
the number of injections was greater. Since the number of aflibercept injections was high, the
VA results of aflibercept seemed better. However, in real-world research, it is important to
accept and interpret real-world results as presented rather than prove the efficacy of the drug
itself.

Previously, the pro re nata regimen was widely used for anti-VEGF injections, but after the
introduction of aflibercept, the treat-and-extend regimen became the main regimen. This may
explain the reason the number of aflibercept injections was greater than the number of bevaci-
zumab or ranibizumab injections. However, the most important aspect has been the change in
the social security system. The Republic of Korea applies for National Health Insurance (NHI),
which is mandated by law and is a universal social insurance that covers the entire Korean
population. In the Republic of Korea, the use of bevacizumab is off-label, whereas insurance
coverage was implemented in 2009 for ranibizumab and in 2014 for aflibercept. In addition,
the number of injections insured was limited to 5 until 2012 and 14 from 2014, and the limit
was removed after 2018.

Aflibercept, which is covered by insurance, may have been used more often than bevacizu-
mab because the perception is less expensive, more effective, and has no limit on the number
of times it is covered. As the number of aflibercept injections increased, VA also improved.
This shows that the social security system plays an important role in the real-world medical
environment and patient treatment outcomes. Therefore, efforts must be made to improve the
social security system so more people receive more benefits.

This clinical study has several limitations. Some variables in the background characteristics
showed marginal significance, which could affect the results of this study. Therefore, to
account for these differences in background characteristics, we plan to conduct further
research using stricter matching methods, such as using a lower caliper. Risk factors for AMD,
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such as hypertension, smoking, and cholesterol, could not be identified. However, rather than
controlling for these risk factors, we aimed to obtain true real-world data, including all con-
founding factors. The observation results reflected the actual medical environment and were
results experienced by the patients. Another limitation was that the anonymized CDW data
did not include information about optical coherence tomography (OCT). However, the final
VA was the most important data because the patients ultimately feel the final VA and not OCT
results.

The CDW data also has the limitation of not allowing the identification of AMD classifica-
tions or treatment patterns that affect prognosis. In Korea, there has not yet been an accurate
study on the treatment patterns for AMD, and the treatment patterns vary widely depending
on the physician’s preferences and the type of AMD. However, a study confirmed a significant
increase in the number of injections after the restriction on the number of reimbursable injec-
tions was lifted in 2018 [23]. Before the restriction was lifted, many physicians followed the
pro re nata regimen, but it is presumed that after the restriction was removed, more physicians
started using treat-and-extend or fixed interval regimens.

Furthermore, This study focuses on monotherapy, which may include patients who
respond better to treatment compared to real-world clinical patients, where drug resistance or
switching is common. This bias could influence the interpretation of the results. And unfortu-
nately, due to design issues during data extraction from the CDW, it was not possible to extract
the total number of cases for each drug. Therefore, we were unable to compare the proportion
of patients requiring drug switching or additional treatments for each drug. Further research
on these aspects is needed.

Lastly, although Korean insurance covers the entire population, there are exclusion criteria
for coverage depending on the AMD lesions. These criteria include cases where ’corrected
vision is 0.1 or less, severe scarring, or geographic atrophy’ is present, indicating a poor prog-
nosis, or where ’the lesion is located outside the fovea, or vascular activity such as subretinal
fluid or edema is not clearly defined.” This exclusion can introduce a selection bias, which is a
limitation of the study.

This study is meaningful because it compared the degree of vision improvement of anti-
VEGF agents, including both socioeconomic factors and the number of injections that affect
vision in the real world. Additionally, the strength of our study, compared to other real-world
studies, was that the confounding factors in a real-world heterogeneous patient population
were reduced as much as possible using baseline VA, sex, and age matching. Moreover, we
directly compared the real-world efficacies of aflibercept, ranibizumab, and bevacizumab
monotherapies using pairwise comparisons. Thus, we obtained a more accurate real-world
comparison of these three drugs.

Conclusion

In the healthcare environment in the Republic of Korea, which includes various confounding
factors, especially socioeconomic factors, the VA outcome of aflibercept was significantly bet-
ter than that of bevacizumab, and the number of aflibercept injections was the highest.
The VA outcomes of aflibercept vs ranibizumab and ranibizumab vs bevacizumab were similar.
It was confirmed that as the number of injections increased, vision improved, which sug-
gests the importance of establishing a social security system that allows for sufficient use of the
medication.
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