
O R I G I N A L  R E S E A R C H

Five-year Outcome of Aflibercept 
Administration with “Treat and Extend” for 
Neovascular Age-Related Macular Degeneration
Iori Wada1,2, Yuji Oshima 3, Yosuke Fukuda 1, Satomi Shiose1, Kumiko Kano1, Keijiro Ishikawa1, 
Shintaro Nakao4, Yoshihiro Kaizu1,5, Eiichi Hasegawa1,2, Ram Kannan6,7, Tatsuro Ishibashi1, Koh-Hei Sonoda1

1Department of Ophthalmology, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan; 2Department of Ophthalmology, National 
Hospital Organization, Kyushu Medical Center, Fukuoka, Japan; 3Section of Ophthalmology, Department of Medicine, Fukuoka Dental College, 
Fukuoka, Japan; 4Department of Ophthalmology, Juntendo University School of Medicine, Tokyo, Japan; 5Department of Ophthalmology, Saga 
University School of Medicine, Saga, Japan; 6Doheny Eye Institute, Pasadena, CA, 91103, USA; 7Stein Eye Institute, Geffen School of Medicine, 
University of California, Los Angeles, CA, USA

Correspondence: Yuji Oshima, Section of Ophthalmology, Department of Medicine, Fukuoka Dental College, Fukuoka, Japan, Tel +81-92-801-0411, 
Fax +81-92-801-0735, Email oshima@fdcnet.ac.jp

Purpose: This study aimed to evaluate the outcomes of aflibercept treatment using a treat-and-extend (TAE) regimen over up to 5 
years in Japanese patients with neovascular age-related macular degeneration (nAMD).
Patients and Methods: This retrospective study included 126 consecutive treatment-naïve nAMD patients (126 eyes) who received 
at least three monthly intravitreal aflibercept (IVA) injections as a loading phase, followed by a treat-and-extend (TAE) regimen with 
follow-up for 5 years. Injection intervals were adjusted every 2 weeks and could be extended up to 16 weeks based on macular 
condition. Treatment was suspended if patients received 3 injections at 16-week intervals and the macula remained dry (defined as 
“monitoring”). Ophthalmic exams were conducted at each visit to assess disease activity.
Results: The mean logarithm of the minimum angle of resolution (logMAR) best corrected visual acuity (BCVA) at baseline was 0.42 
± 0.036. Following loading injections, the mean BCVA exhibited a significant improvement. Although it subsequently declined, it 
sustained the initial visual acuity. The average macular thickness (CMT) was significantly reduced and maintained throughout the 
follow-up period. The number of aflibercept injections decreased significantly from the second year and gradually decreased during the 
follow-up period. Intravitreal aflibercept (IVA) treatment could be discontinued in 36 (44%) cases during the follow-up period. 
However, 12 of these eyes (33%) experienced recurrence. Notably, significant recurrence was observed in patients who received 
a higher total number of aflibercept injections. Macular atrophy was significantly more likely to occur in cases with occult macular 
neovascularization (MNV) with subretinal hemorrhage than in cases with other forms of nAMD.
Conclusion: The long-term outcomes of IVA treatment utilizing TAE regimens for nAMD in real-world practice have demonstrated 
favorable results, including the maintenance of visual acuity and improvement in CMT over a 5-year period.
Keywords: long-term treatment, treatment regimen, macular atrophy

Introduction
Neovascular age-related macular degeneration (nAMD) leads to vision loss and irreversible blindness in elderly 
populations around the world.1,2 nAMD causes severe vision loss due to macular neovascularization (MNV) associated 
with retinal edema or hemorrhage. The main treatments for MNV and associated edema include laser ablation, 
photodynamic therapy (PDT) with verteporfin, and anti-vascular endothelial growth factor (VEGF) treatment.3,4 

Currently, anti-VEGF treatment is the first choice for nAMD.
The MARINA and ANCHOR studies, the first large-scale clinical trials with anti-VEGF treatment, demonstrated that 

monthly ranibizumab injections were effective in improving visual acuity (VA) compared to PDT.5–7 The VIEW 1 and VIEW 
2 studies with aflbercept also showed that fixed injection once every two months were effective in maintaining or improving 
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VA. However, the SEVEN-UP STUDY demonstrated that switching to a “as needed” (pro re nata [PRN]) dosing regimen after 
monthly ranibizumab injections in the MARINA and ANCHOR studies resulted in eventual visual loss.8–12 Our group also 
reported that a reactive regimen, PRN, failed to maintain visual acuity over 5 years.13 In contrast, the treat and extend regimen 
(TAE) is a proactive approach in which the injection dosing interval is extended by 2 weeks if there is no recurrence of retinal 
fluid, resulting in better anatomical and functional stability at 12 months compared to PRN. Although the average number of 
injections is 1.4 higher, the number of clinical visits is reported to be lower.14 Previous reports have also demonstrated good 
long-term visual outcomes with TAE regimens using bevacizumab or ranibizumab for up to 8 years.15 Some long-term 
outcome studies in Japan have focused on nAMD patients treated with aflibercept in a TAE regimen. However, they have been 
limited to a follow-up period of up to 4 years.16–18 This study aims to investigate the real-world clinical outcomes of 
aflibercept treatment according to the TAE regimen for 5 years in Japanese patients with nAMD.

Long-term anti-VEGF treatment for nAMD is associated with atrophic macular changes, such as macular atrophy (MA), 
which can cause irreversibility visual loss.19–24 Previous large clinical trials have reported that MA developed in up to 41% of 
patients at 5 years and 98% at 7 years after the initiation of anti-VEGF treatment.8,25 In addition, various risk factors, including 
the size of the MNV and the presence of intraretinal fluid (IRF), retinal pigment epithelial detachment (PED), and subretinal 
hyperreflective material (SHRM) before anti-VEGF treatment, have been suggested as causes of MA.9,26–28 Therefore, this 
study also aims to elucidate the background factors contributing to MA development after long-term treatment.

Material and Methods
This study was a retrospective, observational, open-label effectiveness study conducted through the analysis of medical 
records from patients who received treatment at Kyushu University Hospital in Japan.

Patient Population
This retrospective study included 126 eyes of 126 patients with nAMD was followed up for a period of 5 years 
subsequent to their initial aflibercept injection, including dropout cases at Kyushu University Hospital from 
December 2012 to March 2019. There were 88 men and 38 women, averaging 74.2 ± 8.7 years of age.

Intravitreal Treatment
This retrospective study used the medical records of nAMD patients who underwent three-monthly intravitreal admin
istration of aflibercept (IVA) (2 mg/0.05 mL) at Kyushu University Hospital between December 2012 and 
September 2014. Additional injections were administered based on the “TAE” regimen during each follow-up visit. 
Under our institution`s TAE regimen, if retinal fluid or hemorrhage was absent upon funduscopy or optical coherence 
tomography (OCT) images, the inter-visit interval was extended by two weeks. Conversely, if visual acuity were declined 
by the anatomical changes, the inter-visit interval was shortened by two weeks. The maximum inter-visit interval was set 
at 16 weeks. Patients received three injections at 16-week intervals, and if the macular remained dry, treatment was 
suspended, and patients were diligently monitored (referred to as “monitoring”). Patients who were transferred to 
“monitoring” were examined every 16 weeks, and if a recurrence was observed during “monitoring”, the interval 
between examinations was shortened by two weeks. Informed consent was obtained from all nAMD patients. This 
study was approved by the Institutional Review Board at Kyushu University Hospital, and all experiments were 
performed in accordance with the Declaration of Helsinki for research involving human subjects.

Ophthalmologic Examinations
A comprehensive ophthalmic examination was conducted during each follow-up visit, including assessments of best 
corrected visual acuity (BCVA), slit-lamp biomicroscopy, dilated funduscopy, fundus photography, and spectral-domain 
OCT. BCVA was measured using the Landolt Chart and expressed as the logarithm of minimal angle of resolution 
(logMAR). Central subfield macular thickness (CMT) was measured via OCT as the average thickness of the central 
1-mm thickness map measurement area. Fluorescein angiography (FA) and indocyanine green (ICGA) were performed at 
baseline. The eyes were classified based on the change in the logMAR VA, with a change of 0.3 or more denoted as 
“improved”, and the opposite as “declined”.
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Characteristics
This study evaluated the association between the following characteristics and nAMD: age, sex, nAMD classification 
(typical nAMD: type 1 or 2 MNV, polypoidal choroidal vasculopathy (PCV), and retinal angiomatous proliferation 
(RAP): type 3 MNV) at baseline, medical history (diabetes mellitus and hypertension), smoking history, pretreatment (as 
baseline) BCVA, pretreatment CMT, and pretreatment greatest linear dimension (GLD). Information on hypertension, 
diabetes, and smoking history was obtained using a questionnaire by trained doctors during the initial examination on the 
same day of nAMD detection.

Recurrence
Based on the presence or absence of retinal fluid requiring additional anti-VEGF injections after the shift to monitoring, 
patients were divided into two groups: “Recurrence” and “Non-Recurrence”. The criteria for persistent retinal fluid were 
OCT-determined thickening of more than 50 μm at each time point following the shift to monitoring. The associations 
between retreatment and baseline characteristics and the total number of anti-VEGF injections, were examined.

Macular Atrophy
This study also investigated the occurrence of macular atrophy (MA) five years after treatment using fundus examination, 
OCT images, and fundus autofluorescence (FAF) according to the methods of previous studies.10,29 The study analyzed the 
characteristics of neovascular patients with MA development. These characteristics were examined by age, sex, FA 
classification (predominantly, minimally classic, and occult) at baseline, medical history (diabetes mellitus and hyperten
sion), smoking history, pre- and post-treatment VA, pretreatment CMT, pretreatment GLD, pretreatment MNV, presence of 
IRF, PED, SHRM, subretinal drusen, subretinal hemorrhage, MA in the fellow eye at baseline, and the total number of anti- 
VEGF injections. MNV size in the FA image, excluding the area of subretinal hemorrhage, was measured using ImageJ 
1.42 K (Version 1.51, Rasband W.S., US National Institutes of Health, Bethesda, Maryland, USA, http://imagej.nih.gov/ij/, 
1997–2015) prior to anti-VEGF treatment.

Statistical Methods
All statistical analyses were performed using commercial software package (JMP pro software, version 15.0; SAS, Inc, 
Cary, NC). Descriptive statistics included mean, standard deviation (SD), median, range, and percentages where 
appropriate. Correlations between any two of the following variables were analyzed using Dunnet test, Fisher`s exact 
test, ANOVA test, Chi square test, multiple logistic regression analysis, and t-test: sex, age, BCVA, anamnesis, life 
history, CMT, GLD, changes in the BCVA and OCT parameters, and drug history. All tests of associations were 
considered statistically significant if p < 0.05.

Results
Baseline Characteristics
All patients with treatment-naïve nAMD received treatment with the TAE regimen at Kyushu University Hospital 
between December 2012 and September 2014. These 126 eyes were included in this retrospective study. The baseline 
characteristics of the patients are shown in Table 1. The cohort consisted of 126 eyes classified as type 1 or 2 MNV (72 
eyes), PCV (49 eyes), and type 3 MNV (5 eyes). The average age of the patients was 74.1 ± 8.7 years, BCVA (logMAR) 
was 0.42 ± 0.036, CMT was 326.9 ± 10.8 µm, and GLD was 4037.3 ± 188.5 µm. Twenty-three (18%) patients had 
diabetes, and 59 (47%) had hypertension. In addition, 58 (46%) patients had a smoking history. Among the baseline 
characteristics analyzed by nAMD subtype, only pretreatment BCVA showed a significant difference, with type 1 or 2 
MNV exhibiting significantly poorer pretreatment BCVA than the other subtypes.

Visual Acuity Outcomes
Of the 126 patients included in the study, 63 patients were followed up for 5 years with treatment and monitoring 
(Supplemental Table 1). Although BCVA significantly improved in all cases of total AMD (including type 3 MNV), type 
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1 or 2 MNV, and PCV significantly improved until the first year after treatment, it gradually declined and returned to 
baseline levels (p < 0.05). The mean BCVA in all patients declined from 0.42 ± 0.036 logMAR at baseline to 0.36 ± 
0.055 logMAR at 5 years without significance (Figure 1).

When classifying the eyes based on the change in logMAR VA, 15 eyes (23.8%) showed improvement, 36 eyes 
(57.1%) maintained their BCVA, and 12 eyes (19.1%) experienced a decline in BCVA over the 5 -year period after the 
first aflibercept treatment with the TAE regiment (Figure 2). The 5-year BCVA change did not differ significantly among 
the three subtypes of nAMD (type 1 or 2 MNV: 0.0026 ± 0.083, PCV: −0.030 ± 0.065, type 3 MNV: 0.037 ± 0.088). 
These results suggest that aflibercept with the TAE regimen can maintain the initial visual acuity over a 5-year period 
after the start of treatment.

Table 1 Participant Characteristics at Baseline Before Treatment

Type 1 or 2 MNV  
(n = 72)

PCV  
(n = 49)

Type 3 MNV  
(n = 5)

Total  
(n = 126)

p Value

Sex Men 53 (74%) 34 (69%) 1 (20%) 88 (70%) 0.74

Women 19 (26%) 15 (31%) 4 (80%) 28 (30%)

Age 75.4 ± 1.0 72.9 ± 1.2 69.4 ± 6.3 74.2 ± 8.7 0.14
Medical History Diabetes 10 (14%) 13 (27%) 0 (0%) 23 (18%) 0.12

Hypertension 34 (47%) 21 (43%) 4 (80%) 59 (47%) 0.29

Smoking History 34 (47%) 23 (47%) 1 (20%) 58 (46%) 0.50
Pretreatment BCVA (logMAR) 0.51 ± 0.051 0.30 ± 0.046 0.34 ± 0.13 0.42 ± 0.036 0.01*

Pretreatment CMT (μm) 337.9 ± 16.6 304.1 ± 11.3 392.0 ± 66.5 326.9 ± 10.8 0.15
Pretreatment GLD (mm) 4255.0 ± 244.4 3725.7 ± 314.3 4041.6 ± 803.6 4037.3 ± 188.5 0.41

Note: *p < 0.05 ANOVA. 
Abbreviations: type 1 or 2 MNV, type 1 or 2 macular neovascularization; tAMD, typical age-related macular degeneration; PCV, polypoidal choroidal 
vasculopathy; type 3 MNV, type 3 macular neovascularization; RAP, retinal angiomatous proliferation; BCVA, best-corrected visual acuity; CMT, central macular 
thickness; GLD, greatest linear dimension.

Figure 1 Graph showing the mean changes in best corrected visual acuity (BCVA) scores. Changes in BCVA were calculated for each patient, and the means are shown at 
various time points. The type of AMD included total AMD (Total), typical AMD (type 1 or 2 MNV), and PCV. All patients with AMD were observed and treated over 
a 5-year follow-up period. After loading injections for three months, the visual acuity in the total AMD, typical AMD, and PCV groups significantly improved, but it gradually 
declined by the end of year 5. *p < 0.05, Dunnett test. 
Abbreviations: AMD, age-related macular degeneration; PCV, polypoidal choroidal vasculopathy; PNV, pachychoroid neovasculopathy.
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Predictive Factors for Visual Acuity
The background characteristics were analyzed to identify predictive factors for visual acuity. The “Improve/Maintain” and 
“Decline” BCVA groups showed significant differences in pretreatment GLD in univariate analysis (p = 0.0097) (Table 2). 
Multivariable analysis identified pretreatment GLD as the only independent risk factor for better vision after 5 years of 

Figure 2 Diagram showing distribution of changes in the best corrected visual acuity (BCVA) score. The diagram shows the distribution of visual acuity (VA) changes from 
previous time points in the total AMD (Total), typical AMD (type 1 or 2 MNV), PCV, and RAP (type 3 MNV) groups. The 5-year BCVA changes did not show significant 
differences between each type of AMD. 
Abbreviations: AMD, age-related macular degeneration; PCV, polypoidal choroidal vasculopathy; RAP, retinal angiomatous proliferation; PNV, pachychoroid 
neovasculopathy.

Table 2 Comparison Between “Improve/Maintain” and “Decline” Groups

“Improve/Maintain”  
(n = 51)

“Decline”  
(n = 12)

p Value

Age 71.3 ± 1.2 73.7 ± 1.9 0.39b

Sex (men) 35 (69%) 8 (67%) 1.00c

Type Type 1 or 2 MNV 27 (53%) 9 (75%) 0.15b

PCV 22 (43%) 3 (25%)
Type 3 MNV 2 (4%) 0 (0%)

FA Classification Predominantly 8 (6%) 0 (0%) 0.11b

Minimally Classic 11 (22%) 2 (17%)
Occult 32 (63%) 10 (83%)

Medical History Diabetes 6 (12%) 2 (17%) 0.48c

Hypertension 21 (41%) 8 (67%) 0.20c

Smoking History 23 (45%) 6 (50%) 1.00c

Pretreatment BCVA (logMAR) 0.39 ± 0.054 0.29 ± 0.064 0.40b

Pretreatment CMT (μm) 342.5 ± 19.2 311.0 ± 22.7 0.45b

Pretreatment GLD (μm) 3528.5 ± 211.8 4837.6 ± 460.8 0.0097*b

The Number of Treatment (Times/5 Years) 20.8 ± 1.2 21.8 ± 2.6 0.74b

Shift to Monitoring 20 (39%) 4 (33%) 0.76c

Notes: Data are presented as means ± SE or number of eyes, as applicable. The “Improve/Maintain” group was defined by a reduction of less 
than 0.3 logMAR in the final visual acuity at 5 years. The “Decline” group was defined by a reduction of more than 0.3 logMAR in the final visual 
acuity at 5 years. Statistical significance was defined as *p < 0.05 (bt-test, cFisher’s exact test). 
Abbreviations: type 1 or 2 MNV, type 1 or 2 macular neovascularization; tAMD, typical age-related macular degeneration; PCV, polypoidal 
choroidal vasculopathy; type 3 MNV, type 3 macular neovascularization; RAP, retinal angiomatous proliferation; FA, fluorescein angiography; 
BCVA, best-corrected visual acuity; CMT, central macular thickness; GLD, greatest linear dimension.
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treatment (p = 0.0024) (Table 3). These findings indicate that patients with a smaller pretreatment GLD may achieve better 
final BCVA after 5 years of treatment.

Anatomical Outcomes
The mean CMT at baseline was 326.9 ± 10.8 μm and significantly decreased over the 5-year period following the first 
aflibercept treatment with the TAE regimen (235.9 ± 6.0 μm at 1 year, 224.3 ± 5.6 μm at 2 years, 225.8 ± 6.0 μm at 3 
years, 232.5 ± 7.2 μm at 4 years, and 242.1 ± 18.5 μm at 5 years) (p < 0.0001) (Figure 3). These results indicate the long- 
term effectiveness of aflibercept with the TAE regimen in terms of anatomical outcomes.

Number of Treatments
The average number of aflibercept doses in the first year was 7.4 ± 1.1. However, this number significantly decreased to 
3.7 ± 1.8 after the second year and continued to decrease during the follow-up period. This trend was consistent across 
the different subtypes of nAMD. These findings demonstrate that aflibercept treatment with the TAE regimen can 
significantly reduce the number of anti-VEGF injections required for nAMD in the long term.

Disease Activity
Thirty-six of 126 eyes (29%) were shifted to follow-up without aflibercept treatment. Among these, 12 eyes (33%) (type 1 
or 2 MNV: 7 eyes (44%), PCV: 5 eyes (25%)) experienced recurrence after shift to follow-up without aflibercept treatment. 
The mean time to re-treatment with aflibercept in cases of recurrence was 15.1 months. Analysis of recurrence by nAMD 
subtype did not reveal any significant differences. In addition, the background characteristics that predispose to recurrence 
were examined. Univariate analysis showed a significant difference only in the total number of aflibercept treatments over 5 
years between the non-recurrence and recurrence groups after transitioning to follow-up without aflibercept treatment (p = 
0.0005) (Table 4). However, the number of treatments was considered over the entire 5-year period, and the relapse group 
includes the number of treatments in which treatment was resumed after relapse, so it is thought that this is the result. These 
results suggest that some cases may be refractory to treatment with anti-VEGF therapy.

Analysis for Macular Atrophy
The occurrence of MA was assessed in 53 of the 126 patients 5 years after treatment using fundus examination, OCT 
images, and FAF. The presence or absence of MA was assessed by three retinal experts based on fundus photography and 
OCT findings. Only when the three experts agreed was it determined to be MA and used in subsequent examinations. Of 
the 10 eyes who were followed up for 5 years, those with insufficient imaging data were excluded from this study. MA 
was observed in 40 images (75%) after the 5-year treatment period. MA was significantly more likely to occur in cases of 
minimally classic MNV compared to other nAMD subtypes (p = 0.0117), as well as in cases with worse pretreatment 
BCVA (p = 0.009), the presence of SHRM (p = 0.03), subretinal hemorrhage (p = 0.01), and a smaller number of total 
injections (p = 0.04) in the univariate analysis (Table 5). The same was examined for FA classification, but no significant 
differences were found. Multivariable analysis identified the presence of subretinal hemorrhage as the only independent 

Table 3 Age- and Sex-Adjusted and Multivariable-Adjusted ORs of 
Risk Factors for Worsening Visual Acuity After 5 years

Risk Factor OR 95% CI p Value

Age (per 1 year) 1.09 0.91–1.35 0.31

Sex (Men) 0.64 0.05–9.69 0.72

Pretreatment BCVA (per logMAR) 0.38 0.005–14.3 0.60
Pretreatment CMT (per 1 μm) 0.99 0.98–1.01 0.74

Pretreatment GLD (pre 1 μm) 1.001 1.0003–1.002 0.0024*

Note: Multiple logistic regression analysis, *p < 0.05. 
Abbreviations: BCVA, best-corrected visual acuity; CMT, central macular thickness; 
GLD, greatest linear dimension.
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risk factor for MA development after 5 years of treatment (Table 6). These finding emphasize the need for caution 
regarding the occurrence of MA after long-term treatment in patients with subretinal hemorrhage at baseline.

Discussion
This retrospective study demonstrates the long-term efficacy of IVA treatment with the TAE regimen for nAMD in Japanese 
patients, preserving baseline visual acuity. Our previous study with ranibizumab using the PRN regimen also showed initial 
improvement in visual acuity by the end of the first year, but a gradual decline below baseline levels at 5 years, irrespective of 
nAMD subtype13 Comparisons with major trials are challenging due to differences in baseline characteristics, visual acuity 

Figure 3 Graph showing the mean change in central macular thickness (CMT). Changes in CMT were examined for each patient by OCT, and the mean values for various 
time points are shown. The type of AMD included total AMD (Total), typical AMD (type 1 or 2 MNV), and PCV. One hundred twenty-seven patients with AMD were 
observed and treated over a 5-year follow-up period. *p < 0.05, paired t-test. 
Abbreviations: AMD, age-related macular degeneration; PCV, polypoidal choroidal vasculopathy; PNV, pachychoroid neovasculopathy.

Table 4 Comparison Between “Recurrence” and “Non-Recurrence” Groups

Recurrence  
(n = 12, 33%)

Non-Recurrence  
(n = 24, 67%)

p Value

Age 73.9 ± 1.8 73.4 ± 2.0 0.95b

Sex (Men) 10 (83%) 18 (75%) 0.69b

Type Type 1 or 2 MNV 7 (44%) 9 (56%) 0.29b

PCV 5 (25%) 15 (75%)
FA Classification Predominantly 2 (17%) 1 (4%) 0.48b

Minimally Classic 3 (25%) 7 (29%)

Occult 7 (58%) 16 (67%)
Medical History Diabetes 1 (8%) 6 (26%) 0.38c

Hypertension 7 (58%) 10 (43%) 0.48c

Smoking History 6 (50%) 9 (39%) 0.86c

Pretreatment BCVA (logMAR) 0.43 ± 0.12 0.41 ± 0.068 0.84b

Pretreatment CMT (μm) 309.4 ± 40.8 282.2 ± 13.8 0.23b

Pretreatment GLD (μm) 3883.1 ± 470.6 2952.2 ± 305.4 0.0966b

The Number of Treatment (Times/5 Years) 19.8 ± 1.6 13.5 ± 0.8 0.0005*b

Notes: Data are presented as means ± SE or number of eyes, as applicable. The “Recurrence” or “Non-Recurrence” group was defined 
using funduscopy and OCT images. Statistical significance was determined as *p < 0.05 (bt-test, cFisher’s exact test). 
Abbreviations: type 1 or 2 MNV, type 1 or 2 macular neovascularization; tAMD, typical age-related macular degeneration; PCV, polypoidal 
choroidal vasculopathy; FA, fluorescein angiography; BCVA, best-corrected visual acuity; CMT, central macular thickness; GLD, greatest 
linear dimension.
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measurements, and retreatment criteria. Tsunekawa et al reported a 4-year outcome of aflibercept treatment for nAMD in 
Japanese patients using the TAE regimen, with 6.7% of eyes experiencing a decline in visual acuity by more than 0.3 
logMAR.18 In our study, 10 out of 42 eyes (23.8%) demonstrated a visual acuity decline of 0.3 logMAR or greater. This may 
be attributed to an increase in the number of patients with worse visual acuity over time, as those with unchanged visual acuity 
dropped out, resulting in a relatively higher proportion of patients with worse visual acuity.

Various factors have been considered to explain vision loss, including AMD subtype, number of injections, residual 
exudate, MA and fibrosis.30,31 In this study, a multivariate analysis was conducted to identify independent risk factors for 
post-treatment visual acuity in this study. Comparing the groups with visual acuity improvement and stable/worsening, only 

Table 5 Comparison Between “With-” and “Without-” Macular Atrophy Groups

With-MA  
(n = 40, 75%)

Without-MA  
(n = 13, 25%)

p Value

Age 70.2 ± 8.6 72.9 ± 8.4 0.37c

Sex (Men) 27 (68%) 7 (54%) 0.38c

FA Classification Predominantly 9 (23%) 0 (0%) 0.0117*c

Minimally Classic 23 (58%) 12 (92%)

Occult 7 (18%) 0 (0%)

Medical History Diabetes 5 (13%) 2 (15%) 0.79b

Hypertension 22 (55%) 5 (38%) 0.30b

Smoking History 21 (53%) 7 (54%) 0.93b

Pre-treatment BCVA (logMAR) 0.48 ± 0.41 0.17 ± 0.18 0.009*c

Post-treatment BCVA (logMAR) 0.46 ± 0.50 0.21 ± 0.27 0.12c

Pre-treatment CMT (μm) 345.3 ± 149.2 313.3 ± 87.1 0.79c

Pre-treatment MNV (μm2) 6.1 ± 5.9 4.2 ± 3.4 0.30c

IRF 12 (30%) 2 (15%) 0.26b

PED 19 (48%) 6 (46%) 0.87b

SHRM 28 (70%) 5 (38%) 0.03*b

Subretinal Drusen 10 (25%) 3 (23%) 0.89b

Subretinal Hemorrhage 24 (60%) 2 (15%) 0.01*b

MA in the other eye 9 (23%) 3 (23%) 0.97b

The Number of Treatment (Times/5 Years) 20.6 ± 8.5 26.1 ± 7.7 0.04*c

Notes: Data are presented as means ± SE or number of eyes, as applicable. The “With-” or “Without-” MA group was defined using 
funduscopy and OCT images. Statistical significance was defined as *p < 0.05 (bt-test, cFisher’s exact test). 
Abbreviations: FA, fluorescein angiography; BCVA, best-corrected visual acuity; CMT, central macular thickness; MNV, macular 
neovascularization; IRF, intra retinal fluid; PED, pigment epithelial detachment; SHRM, subretinal hyperreflective material; MA, macular 
atrophy.

Table 6 Age- and Sex-Adjusted and Multivariable-Adjusted ORs of 
Risk Factors for MA in Eyes with nAMD

Risk Factor OR 95% CI p Value

Age (per 1 year) 7.1 0.98–52.0 0.05

Sex (Men) 0.94 0.84–1.0 0.23

Pretreatment BCVA (per logMAR) 0.03 0.0003–3.3 0.10
SHRM 5.6 0.95–33.0 0.06

Subretinal Hemorrhage 20.0 1.9–206.7 0.01*

The Number of Treatment (per 1 time) 1.0 0.96–1.15 0.29

Note: Multiple logistic regression analysis, *p < 0.05. 
Abbreviations: nAMD, neovascular age-related macular degeneration; BCVA, best- 
corrected visual acuity; SHRM, subretinal hyperreflective material; MA, macular atrophy.
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baseline GLD emerged as an independent risk factor for visual acuity after 5 years of treatment. In other words, these 
findings suggest that a smaller GLD at baseline is crucial for maintaining good visual acuity after 5 years of treatment.

In our study, 36 eyes (29%) successfully transitioned to follow-up visits without anti-VEGF treatment over 5 years, with 
recurrence observed in 12 (33%) of these eyes. These results are similar to previous report.32 Univariate analysis revealed 
a significantly higher frequency of aflibercept administration in the recurrence group. One possible cause of recurrence may be 
the elongation of the MNV. In a previous study using an AMD mouse model, we demonstrated regression of vascular 
endothelial cells in the MNV after IVA, whereas the vascular sleeve, which acts as a scaffold for new blood vessels, remained 
intact.33 This residual sleeve could contribute to treatment resistance to aflibercept administration and may require new 
treatment strategies upon on recurrence, such as additional PDT known as rescue-PDT, as we have previously reported.34

Furthermore, 40 eyes (75%) in our study developed MA over the 5-year period, a rate higher than that reported in 
previous studies using the TAE regimen.35,36 This MA development could be attributed to the lower average number of 
doses per year in our study compared to previous reports. On the other hand, opposing views exist. Martin et al using 
2-year data from the CATT study, reported a higher risk of developing MA in eyes treated monthly.9 Further studies are 
needed to elucidate the impact of anti-VEGF therapy on the retina and retinal pigment epithelium (RPE) cells. Subretinal 
hemorrhage not only causes direct damage to RPE cells and photoreceptor due to iron content but also hamper the 
diffusion of bioactive substances between the retina and RPE cells and induces mechanical damage through fibrin 
contraction during the repair process.37–41

The retrospective nature of this study has some limitations. During the 5-years study period, 48.8% of the patients dropped 
out, and anatomic changes were evaluated only through funduscopy and OCT images. Further evaluation using FAF or OCT 
angiography is necessary. Safety was not the primary focus of this study, as there were no untreated patients, patients exclusively 
treated with other companies’ products, or comparison groups for different aflibercept regiments. Nonetheless, this study 
provides valuable real-world long-term outcome data on visual acuity and anatomic findings in Japanese nAMD patients.

In conclusion, aflibercept monotherapy using the TAE regimen-maintained baseline visual acuity and reduced CMT 
for 5 years in Japanese patients with nAMD. A smaller GLD was independently associated with better visual acuity.
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