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Abstract
Background: To evaluate the three-year outcome after intravitreal aflibercept injection (IAI) for neovascular agerelated macular degeneration (nAMD).
Methods: Forty-nine treatment-naïve nAMD patients (50 eyes) were enrolled in this prospective study. The eyes
received IAI at two-month intervals in the first year. The treatment regimen was changed to IAI based on a treatand-extend approach in the second and third years.
Results: Twenty-nine eyes of 28 patients were successfully followed up over 36 months. The nAMD subtypes
included 15 eyes with typical AMD and 14 eyes with polypoidal choroidal vasculopathy. The number of IAIs
performed over the 3 years was 17.2 ± 3.1 (mean ± standard deviation). The mean logMAR, which was 0.42 at
baseline, improved to 0.19 (P = 0.001) at 12 months, and 0.26 (P = 0.049) at 36 months. The central retinal thickness
(CRT) was 329 ± 120 μm at baseline, 151 ± 38 μm (P < 0.001) at 12 months, and 143 ± 61 μm (P < 0.001) at 36 months.
The mean subfoveal choroidal thickness (SFCT) was 288 ± 97 μm at baseline, 243 ± 82 μm (P < 0.001) at 12 months,
and 208 ± 63 μm (P < 0.01) at 36 months. The changes in logMAR, CRT, and SFCT over the study period did not
differ between typical AMD and PCV.
Conclusion: Long-term aflibercept injection can achieve visual improvement and reduce the thickness of the retina
and choroid in nAMD. Morphological improvement of these tissues may not be sufficient to sustain earlier visual
improvement over the long-term.
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Background
Age-related macular degeneration (AMD), classified as
atrophic or neovascular, is a leading cause of blindness
in developed countries [1]. Various treatment modalities,
such as laser therapy [2], photodynamic therapy [3], and
radiotherapy [4], have been developed for AMD. Some
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of these treatments are applied to treat neovascular
AMD (nAMD) in clinics. Anti-vascular endothelial
growth factor (VEGF) drug is commonly used in nAMD
treatment, and its intravitreal administration has become
the first-line treatment. In Japan, pegaptanib, ranibizumab, and aflibercept are anti-VEGF drugs currently approved by the Ministry of Health, Labor, and Welfare.
Aflibercept is a fusion glycoprotein that combines the
VEGF-binding domains of VEGFR-1 and VEGFR-2, and
have approximately 100 times the binding affinity of
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ranibizumab for VEGF-A, and also have an affinity for
VEGF-B and PIGF. Since aflibercept has high VEGF
binding activity in the vitreous, it can be used to treat
diseased eyes at a lower treatment frequency compared
to ranibizumab. Moreover, aflibercept has been reported
to provide favorable results for subretinal lesions, such
as retinal pigment epithelium detachment [5]. However,
these results were based on clinical studies with a
follow-up of up to 2 years, and there have been few
studies on the long-term results of aflibercept in clinical
practice.
Two patterns of anti-VEGF administration schedule
have been reported, reactive treatment and proactive
treatment. Reactive treatment consists of monthly examinations, and when there is a recurrence finding, the
anti-VEGF drug is administered as pro re nata (PRN)
treatment [6]. Although the number of anti-VEGF drug
injections can be kept to a minimum, the number of
hospital visits may increase to regular monthly visits. A
disadvantage of reactive treatment is that it is difficult to
determine a dosing schedule. It has been reported that
long-term visual acuity may decline because the treatment after recurrence could damage the retina [7, 8].
In contrast, proactive treatment is a planned administration, and it is easy for patients to schedule. In
addition, the eyes could be treated before a recurrence
in proactive treatment. As a proactive treatment, two
patterns of administration schedules have been proposed
as follows: fixed doses and treat-and-extend (TAE) treatment [9]. In clinical practice, the TAE regimen is often
used because the number of visits is reduced compared
to a fixed-schedule regimen. Although an advantage of
this treatment is that the dosing interval can be adjusted
individually according to disease activity, we do not yet
fully know the long-term results of this regimen with
aflibercept. We herein report the three-year treatment
results of aflibercept in patients with treatment-naïve
nAMD who received fixed doses in the first year and
underwent planned administration, i.e., TAE, in the second and third years.
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using fluorescein and indocyanine green was performed
at baseline to establish the diagnosis and determine the
(CNV) types. Written informed consent was obtained
from all patients. The registration number of clinical trials is UMIN000010997. Exclusion criteria were a history
of retinal angiomatous proliferation, and laser treatment,
including photodynamic therapy, vitreous surgery, and/
or cataract surgery.
Treatments

All patients initially received monthly intravitreal aflibercept (2 mg) injection (IAI) three times as a loading dose
at the beginning of the treatment, 1 month and 2
months later, followed by a maintenance phase with
fixed doses every 2 months for the remaining 8 months,
in the first year. In the second and third years, IAI was
performed based on a TAE regimen. In the TAE regimen in this study, IAI prolonged the administration
interval by 1 month if there were no exudative changes
or hemorrhage in the macula. It shortened the injection
interval by 1 month if the patient’s eye showed subretinal hemorrhage, retinal edema, or serous retinal detachment. The minimum dosing interval was 1 month, and
the maximum dosing interval was 3 months. All patients
were treated with IAI monotherapy, and PDT was not
performed in this series of patients.
Ophthalmic examinations

We evaluated visual acuity (logMAR), which was calculated from decimal visual acuity, central retinal thickness
(CRT), subfoveal choroidal thickness (SFCT), and the
number of IAIs. Spectral-domain OCT (Heidelberg Engineering, Heidelberg, Germany) was used to measure
CRT and SFCT at least every 3 months. One of the two
medical retina experts (K.I. and M.O.) monitored the patients and decided the IAI plan when they visited the
IAI according to the TAE regimen. We did not monitor
the patients between the visits for IAI.
Statistical analysis

Methods
Patients/patient recruitment

This study, a non-comparative case series, was approved
by the Ethics Committee of Fukushima Medical University. It was conducted following the tenets of the Declaration of Helsinki 1975, as revised in 2000. Written
informed consent was obtained from all patients to participate in this study. This prospective study enrolled 49
treatment-naïve nAMD patients (50 eyes) after comprehensive ophthalmic examination, such as a decimal visual acuity test, intraocular pressure measurement, slitlamp, fundus examination, and optical coherence tomography (OCT) examination with mydriasis. Angiography

A paired t-test was used to analyze the temporal changes
in the times of each measurement. The Wilcoxon
signed-rank test was applied to compare the results between typical AMD and PCV. P-values of less than 0.05
were considered statistically significant.

Results
Forty-nine patients (50 eyes) were registered for this
study, and 28 (29 eyes) (57%) of whom completed the
three-year follow-up. Twenty-one patients (43%) were
unable to be followed-up for the full 36 months; six patients changed hospital, four patients had cataract surgery, five patients discontinued their visits for unknown
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reasons, and six patients were excluded from the analysis
due to irregular treatment intervals.
Of the 28 patients who were able to receive regular
schedule administration and completed the three-year
follow-up, 24 were male and four were female, with a
mean age of 71.4 ± 8.2 years (mean ± SD). Subtypes of
nAMD were typical AMD in 15 eyes (nine eyes with
classic CNV and six eyes with occult CNV only) and
PCV in 14 eyes (Table 1). The total number of IAI over
the study period was 17.2 ± 3.1, 17.4 ± 3.7 in typical
AMD, and 17.1 ± 2.6 in PCV (P = 0.78). All eyes received
aflibercept injections during the first year of follow-up.
Furthermore, on average, 4.6 injections (SD, 1.4) in the
second year and 4.7 injections (SD, 1.9) in the third year
were administered per eye. Twenty-two eyes (75.3%)
could extend the IAI interval to 3 months after the final
injection.
Overall, visual acuity at 12 months (logMAR 0.19, P <
0.001), 24 months (logMAR0.19, P < 0.001), and 36 months
(logMAR 0.26, P = 0.049) were better than those at baseline
(logMAR 0.42), although it had significantly decreased at
36 months compared to at 24 months (P = 0.049). The
mean logMAR in the eyes with typical nAMD was 0.52 at
baseline, 0.20 (P = 0.007) at 12 months, 0.20 (P = 0.007) at
24 months, and 0.31 (P = 0.11) at 36 months. The mean
logMAR in eyes with PCV was 0.30 at baseline, 0.17 (P =
0.022) at 12 months, 0.18 (P = 0.043) at 24 months, and
0.21 (P = 0.245) at 36 months. LogMAR was also significantly improved over the first two years compared to baseline. The improvement of logMAR from baseline did not
reach statistical significance at 36 months in both the typical AMD and PCV groups (Fig. 1).
For 36 months, 11 eyes (38%) showed improvement of
logMAR 0.3 or more. Seven eyes (24%) showed worsening of logMAR 0.3 or less, and 76% of the eyes were able
to improve or maintain their vision (Fig. 2).
The mean CRT was 329 ± 120 μm at baseline, 151 ± 38
(P < 0.001) μm at 12 months, 146 ± 39 μm (P < 0.001) at
24 months, and 143 ± 61 μm (P < 0.001) at 36 months.
The mean changes of CRT for 36 months were 225 ±
184.4 μm in typical AMD and 144 ± 118.1 μm in PCV
(typical AMD: PCV, P = 0.162) (Fig. 3). The mean SFCT
Table 1 Baseline characteristitcs
Eyes/ Patients

29/28

Gender

Male 24 Female 4

Age

71.4 (mean ± standard deviation)

CNV type

Typical AMD 15 eyes
(Classic CNV 9 eyes Occult CNV 6 eyes)
PCV 14 eyes

logMAR baseline

0.416

Central retinal thickness

329±120μm

Subfoveal choroidal thickness

288±97μm
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was 288 ± 97 μm at baseline, 243 ± 82 μm (P < 0.001) at
12 months, 228 ± 80 μm (P < 0.001) at 24 months, and
208 ± 63 μm (P < 0.01) at 36 months. The mean SFCT
change for 36 months in PCV (− 82 ± 59 μm) was not
significantly different from that in typical AMD (− 61 ±
44 μm, P = 0.579) (Fig. 4). The mean CRT and mean
SFCT decreased significantly at 12, 24, and 36 months
compared to those at baseline in both eyes with typical
AMD and those with PCV.
Dry macula was achieved in 24 eyes (82.7%) at 12
months, 24 eyes (82.7%) at 24 months, and 23 eyes
(79.3%) at 36 months. There were no significant differences between 12, 24, and 36 months in the presence of
dry macula. Twenty eyes (69%) showing dry macula at
12 months (dry macula group) kept dry at 24 and 36
months. In addition, the mean number of injections was
16.1 ± 0.4 for 36 months in the dry macula group. Three
eyes (10.3%) with exudation at 12 months remained with
exudation at 24 and 36 months (Table 2). No patients
switched to another drug or received photodynamic
therapy during the follow-up period. The mean number
of injections was 25.3 ± 4.0/36 months in the non-dry
macular group. Three eyes (10.3%) showed atrophy of
the retina at the end of the follow-up.
There were no ophthalmic or general adverse events,
such as massive subretinal hemorrhage, cardiac infarction, or cerebellar infarction, during the three-year
follow-up period. No patient discontinued treatment due
to adverse events or poor treatment.

Discussion
This study reported the prospective three-year results of
aflibercept administration for nAMD. In the first year, all
patients received a loading dose of IAI monthly for the
first 3 months, and a fixed dose of IAI was administered
every 2 months. Then, a TAE regimen based on fourweek intervals was implemented in the following 2 years.
In all patients, visual acuity improved significantly in the
first year and was maintained in the third year. The exudative change was controlled for 36 months with fixed doses
and a TAE regimen of aflibercept. Although anti-VEGF
therapy improved visual acuity until the second year of
treatment in this study, visual outcomes after the second
year differed in previous reports [10–14]. The duration of
the follow-up period, the treatment regimen, and the efficacy of drugs may be associated with the long-term visual
outcome of anti-VEGF treatment [15]. Fixed dosing in the
maintenance phase may be ideal for reducing the recurrence of exudative changes [16]. However, long-term fixed
dosing may induce socioeconomic problems as well as patient and ophthalmologist burden. In contrast, as Kuroda
et al. reported that dry macula was maintained for 1 year
in 34% of the eyes after achieving dry macula by 3 months

Itagaki et al. BMC Ophthalmology

(2020) 20:276

Page 4 of 7

Fig. 1 The mean logMAR for 36 months. Total: 29 eyes with neovascular age-related macular degeneration, tAMD: 15 eyes with typical
neovascular age-related macular degeneration, PCV: 14 eyes with polypoidal choroidal vasculopathy. Statistical significance between baseline
values and each measurement was calculated. *:P < 0.05

of loading doses when the eyes were treated with PRN
[17], a personalized approach may resolve these problems.
TAE [18] treatment is administered to patients with
nAMD as personalized treatment. The TAE approach
can improve visual results and reduce the number of
hospital visits compared to the PRN approach [19–21].
There have been a few reports on TAE regimens with
aflibercept followed-up over 3 years.
Eleftheriadou et al. reported that aflibercept increased
the mean visual acuity within 1 year with a similar

Fig. 2 The ratio of eyes with less than logMAR 0.3

regimen to that used for the first year in this study [18].
The visual gain was sustained for 3 years with a TAE
regimen after the second year. The mean gain at 3 years
was 6.6 letters in ETDRS, with statistical significance
[14]. Traine et al. reported that aflibercept increased
mean visual acuity with TAE without first-year fixed
dosing (mean gain, + 5.7 letters in ETDRS). Although
the mean visual acuity showed a decreasing tendency in
the third year, the gain of visual acuity maintained statistical significance for 3 years (mean gain, + 4.4 letters in
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Fig. 3 The mean central retinal thickness for 36 months. Error bar, standard deviation. Total: 29 eyes with neovascular age-related macular
degeneration, tAMD: 15 eyes with typical neovascular age-related macular degeneration, PCV: 14 eyes with polypoidal choroidal vasculopathy.
Statistical significance between baseline values and each measurement was calculated. *:P < 0.05

ETDRS) [22]. The visual gain (logMAR − 0.152) in our
prospective study based on a four-week interval TAE
regimen was similar to the results of the two retrospective studies based on a two-week interval TAE regimen
[14, 22]. These results suggest that a reduction in the
number of hospital visits for IAI from two-week to fourweek intervals may not affect the visual gain in nAMD

patients. The mean number of injections in the report
by Eleftheriadou et al. was 15.9 times over 3 years, which
was slightly less than that in the current study (17.2/
three years) [14]. The prospective nature of the present
study may be associated with the injection number, as
the minimum number of injections in our study was 16
times over 3 years.

Fig. 4 The mean subfoveal choroidal thickness for 36 months. Error bar, standard deviation. Total: 29 eyes with neovascular age-related macular
degeneration, tAMD: 15 eyes with typical neovascular age-related macular degeneration, PCV: 14 eyes with polypoidal choroidal vasculopathy.
Statistical significance between baseline values and each measurement was calculated. *:P < 0.05
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Table 2 Macular Findings
12M dry

12M wet

24M dry

24M wet

24M dry

24M wet

36M dry

36M wet

36M dry

36M wet

36M dry

36M wet

36M dry

36M wet

20

2

1

1

2

0

0

3

(69.0%)

(7.0%)

(3.5%)

(3.5%)

(6.9%)

(0%)

(0%)

(10.3%)

Wet: any exudative changes or hemorrhage except for retinal pigment epithelium detachment at the macula in fundus examination and optical coherence
tomography. Dry: not wet

Retinal morphology typically improves rapidly after
anti-VEGF therapy. A previously reported systemic review suggested greater retinal thickness changes in a
TAE regimen than a PRN regimen [23]. Retinal thickness was reported to have rebounded after 1 year in a
three-year ranibizumab monotherapy with a PRN regimen [8]. At the same time, it was sustained over 3 years
in aflibercept monotherapy with a TAE regimen, both in
this study and another previous report [22]. These findings indicate that a TAE regimen can provide long-term
morphological stability compared to a PRN regimen.
Choroidal thickness reportedly decreases over 2 years
in eyes treated with aflibercept [24–26]. The SFCT decreased after the second year in the current study, with
the mean differences in SFCT being 45 μm (baseline-12
months), 15 μm (12 months–24 months), and 20 μm (24
months–36 months). In addition, the mean SFCT decrease with age was reported to be 2.98 μm/year in a linear regression model of healthy Japanese individuals
[27]. The rate of SFCT decrease in nAMD eyes treated
with aflibercept using a TAE regimen may exceed that
in healthy individuals. A previous report suggested a relationship between SFCT decrease and macular atrophy
[24]. Atrophy of the retina, retinal pigment epithelium,
and choroid may be associated with the decline of visual
functions in eyes with nAMD treated over the long
term.
In this study, 82% of eyes achieved dry macula after 1
year of IAI with fixed intervals. Moreover, 83% of those
eyes maintained dry macula throughout the three-year
study period. Since TAE with aflibercept provided a high
rate of morphological stability in nAMD, we should consider reducing the number of IAI in cases where longterm maintenance of over 2 years is required. In contrast, 10% of the eyes with exudation at 1 year remained
exudated until the end of the study. These eyes were
considered non-responders to aflibercept [28]. Alternative treatments, such as switching to other drugs or
photodynamic therapy, should be considered in the early
stage of treatment for these eyes. As most of the patients
achieved dry macula and 3 months interval IAI at the
end of the follow-up, we plan to introduce the “treat-extend-stop” protocol at four-year [29].
Limitations. First, the sample size of this study was
small. Twenty-one patients did not completely follow up

for 36 months. Although there were no specific reasons
for incomplete follow-up, it may have influenced the results. However, the long-term prospective nature of this
study can be worth discussing. Second, we did not monitor the nature of CNV using angiography. Therefore, we
could not evaluate the long-term efficacy of aflibercept
for neovascular membranes. We should use it in future
studies since OCT angiography potentially evaluates the
nature of CNV.

Conclusion
Long-term aflibercept injection can achieve visual improvement and reduce the thickness of the retina and
choroid in nAMD patients. Morphological improvement
of these tissues may not be sufficient to sustain earlier
visual improvement over the long-term.
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