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Abstract
Purpose To assess the real-world 5-year treatment outcomes of ranibizumab therapy in Japanese patients with neovascular agerelated macular degeneration (AMD).
Methods This was a retrospective, observational, and open-label effectiveness study that included 295 eyes. The participants
were patients with treatment-naïve neovascular AMD who received intravitreal ranibizumab (IVR) monthly injection at least
three times as the loading phase, followed by further injections as needed (pro re nata (PRN)) and follow-up assessments for
5 years. Outcomes were determined at least 5 years after the first ranibizumab injection.
Results Mean logMAR best-corrected visual acuity (BCVA) at baseline was 0.52. The mean BCVA significantly improved after
three loading injections; however, it declined gradually. The BCVA at 1 year was significantly better than the baseline BCVA,
whereas the 3-year, 4-year, and 5-year BCVA values were significantly lower than the baseline values. The average central foveal
thickness improved significantly from 366 ± 125 μm to 268 ± 134 μm (p < 0.0001). Macular atrophy was significantly more
likely to occur in cases with classic choroidal neovascularization (CNV) than in cases with other AMD (p = 0.01).
Conclusions IVR is well tolerated in eyes with AMD. However, a PRN regimen for AMD may have limited real-world effectiveness for long-term maintenance of improved visual acuity. Macular atrophy may occur more frequently in classic CNV. To
maintain good vision, IVR treatment should be started earlier and performed continuously.
Keywords Age-related macular degeneration . Ranibizumab . Long-term treatment . Pro re nata treatment . Macular atrophy

Introduction
Age-related macular degeneration (AMD) is a progressive,
degenerative disease of the retina that causes vision loss and
irreversible blindness in elderly populations around the world.
AMD is characterized by the appearance of drusen in the
macula followed by choroidal neovascularization (CNV) or
macular atrophy (MA) [1]. The pathology of AMD is not
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clear, but environmental factors, lipid transport, metabolism,
the complement cascade, remodeling of the retinal extracellular collagen matrix, and the angiogenesis pathway are considered to contribute to its development [2].
AMD is classified as dry or neovascular (wet) based on
the absence or presence of new choroidal blood vessels
that invade the retina, respectively [3]. Neovascular AMD
causes severe vision loss as a result of CNV and the associated retinal edema. The high incidence of neovascular
AMD among Japanese patients is well known. The treatments for CNV and associated edema include laser ablation, photodynamic therapy with verteporfin, and antivascular endothelial growth factor (VEGF) injections [4,
5]. However, at present, anti-VEGF therapy is the first
choice for neovascular AMD.
Ranibizumab is an anti-VEGF drug and a humanized
monoclonal antibody fragment that blocks VEGF. It can prevent vision loss in most patients and can also lead to
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significant visual gain in approximately one-third of the patients. Regular monthly injections of ranibizumab have been
established as the gold standard treatment for neovascular
AMD [6–8].
Among the previous large-scale clinical trials, the
MARINA and ANCHOR studies also showed that monthly
injections of ranibizumab improved visual acuity (VA) [6, 7,
9]. However, the more recent SEVEN-UP study showed that
the switch to Bas needed^ (pro re nata (PRN)) dosing regimens
after monthly ranibizumab injections in the MARINA and
ANCHOR studies caused eventual visual loss [10–14].
Moreover, MA of the retinal pigment epithelium (RPE) is a
frequent cause of severe visual loss in patients with
neovascular AMD. This degenerative disease presents with
progressive loss of areas of the RPE, photoreceptors, and the
underlying choriocapillaris [15–20]. However, the pathophysiologic mechanisms underlying this condition are poorly understood at present.
Therefore, this study is aimed at investigating the realworld outcomes of 5-year ranibizumab treatment for
Japanese neovascular AMD patients. In addition, anti-VEGF
therapy for AMD is associated with atrophic changes such as
MA. Therefore, this study also examined whether MA occurred 5 years after treatment and assessed the association of
MA occurrence with patient and drug characteristics.

Methods
This study was a retrospective, observational, open-label effectiveness study conducted using the medical records of patients treated at Kyushu University Hospital in Japan.

Patient population
This retrospective study included 295 eyes of 288 patients
with neovascular AMD and abnormal type who were followed up for 5 years after the first ranibizumab injection, including cases of dropout and changes to other anti-VEGF drugs at
Kyushu University Hospital between April 2009 and
March 2016. There were 186 males and 102 females, averaging 74.4 years of age.

injections observed during monthly monitoring, were
switched to aflibercept treatment.

Method of administration
Intravitreal ranibizumab (0.5 mg) (IVR) was administered in
three loading doses at months 0, 1, and 2, followed by further
injections on a PRN basis. Recurrence was assessed based on
new bleeding of the fundus and the presence or absence of
exudative changes in spectral-domain optical coherent tomography (OCT). Informed consent was obtained from all AMD
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.

Ophthalmic examination
At each follow-up visit, the patients underwent a complete
ophthalmic examination, which included an assessment of
b e s t - c o r r e c t e d v i s u a l a c u i t y ( B C VA ) , s l i t - l a m p
biomicroscopy, dilated funduscopy, fundus photography, and
OCT. The decimal BCVA was measured using the Landolt
chart and was 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. Angiography
was performed with both fluorescein (FA) and indocyanine
green (ICGA) at baseline.

Macular atrophy
This study also examined whether MA occurred 5 years after
treatment using funduscopy and OCT images, in accordance
with a previous study [12, 21]. The characteristics of
neovascular patients with MA were also examined. The characteristics assessed were age, sex, FA classification (predominantly, minimally classic, and occult), VA noted pretreatment
and 5 years after treatment, the number of medical treatments
required, and the number of times treatment was switched
from ranibizumab to the other anti-VEGF drug, aflibercept.

Characteristics
Intravitreal treatment
This chart review study included patients with neovascular
AMD in whom intravitreal ranibizumab (0.5 mg) treatment
was initiated between April 2009 and March 2016.
Consecutive intravitreal ranibizumab injections were administered monthly at least three times as the loading phase, and
further injections were administered on a consecutive PRN
basis at monthly follow-up visits. Patients who showed multiple recurrences or resistance while on ranibizumab,

This study included assessments of the following characteristics to determine their associations with neovascular AMD:
age, sex, VA before treatment, hypertension, diabetes mellitus,
history of smoking, pretreatment CMT, pretreatment greatest
linear dimension (GLD), number of injections, switching to
aflibercept from ranibizumab, FA classification (predominantly, minimally classic, and occult) at baseline, and neovascular
AMD classification (typical exudative AMD (tAMD),
polypoidal choroidal vasculopathy (PCV), and retinal
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angiomatous proliferation (RAP)). Information on hypertension, diabetes, and history of smoking was obtained using a
questionnaire by trained doctors during the initial examination
on the same day as the neovascular AMD detection.

Statistical methods
All statistical analyses were performed using a commercial
software package (JMP pro software, version 12.0; 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 the Dunnett test, Fisher 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
The participants’ baseline characteristics are shown in Table 1.
Of the 295 patients in this study, 189 (64%) were men and 106
(36%) were women. The average age of the patients was 74.3
± 8.3 years (range, 51–96 years), the BCVA was 0.40 ± 0.26,
CMT was 366 ± 129 μm, and GLD was 4139 ± 2299 μm. On
the basis of FA, ICGA, and OCT images, the CNV lesion was
classified as typical AMD in 167 eyes, PCV in 119 eyes, and
RAP in 9 eyes. Forty-three (17%) patients had diabetes and
117 (46%) had hypertension. Moreover, 39 (17%) patients
had a smoking habit. Among the analyzed characteristics,
however, only the BCVA and GLD showed significant differences at baseline among the different types of AMD. Patients
with PCV showed significantly better VA before treatment in
comparison with the others. In addition, pretreatment GLD in
RAP patients was significantly smaller than that in the others.
Table 1

Administration outcomes
The mean number of injections was 11.4 for 5 years. There is
no significant difference in the mean number of injections
between typical AMD and PCV. In this study, 63 (36%) patients were switched over to aflibercept because of the low
efficacy of ranibizumab observed in the patients.

Visual acuity outcomes
Among the 295 patients enrolled in this study, 177 received
monitoring and treatment over the 5-year follow-up period.
Although the VA in all cases with AMD (including RAP),
typical AMD, and PCV significantly improved until the first
year after treatment, subsequently, it declined gradually. The
mean BCVA in all patients significantly declined from 0.48 ±
0.35 logMAR at baseline to 0.66 ± 0.53 logMAR at 5 years
(p < 0.0001). The mean BCVA also declined significantly by
the end of year 5 in both types of AMD. Briefly, the mean
BCVA change was 0.19 logMAR for typical AMD
(p < 0.0001) and 0.16 logMAR for PCV (p < 0.0001) (Fig. 1).
Furthermore, a BCVA change of ≥ 0.3 logMAR was considered significant. When the decline in BCVA was defined as
a decrease of > 0.3 logMAR, 64% (114 eyes) of the patients
showed improvement or maintained their BCVA at 5 years.
The 5-year BCVA change did not differ significantly between
each type of AMD (Fig. 2). Moreover, there was no significant
difference in VA at the end of this study based on the number
of injections or treatment switch.

Anatomical outcomes
The mean CMT as measured using OCT significantly decreased in the total AMD (including RAP), typical AMD,
and PCV groups over the entire observation period. The mean
CMT in total AMD significantly decreased from 366 ±
125 μm at baseline to 287 ± 96.8 μm at 1 year (p < 0.0001),
290 ± 114 μm at 2 years, 270 ± 112 μm at 3 years
(p < 0.0001), 257 ± 92 μm at 4 years (p < 0.0001), and 268

Participant characteristics at baseline before treatment

Sex
Age
Pretreatment visual acuity (logMAR)
Medical history
Smoking history
Pretreatment CMT (μm)
*p < 0.05 ANOVA

Men
Women

Diabetes
Hypertension

AMD (n = 167)

PCV (n = 119)

RAP (n = 9)

Total (n = 295)

p value

106 (63%)
61 (37%)
74.8
0.36 (0.57)
2 (10%)
9 (45%)
5 (25%)
376

78 (66%)
41 (34%)
73.5
0.45 (0.44)
1 (5.9%)
7 (41%)
4 (23%)
352

5 (56%)
4 (44%)
79.1
0.31 (0.57)
0 (0%)
1 (50%)
0 (0%)
375

189 (64%)
106 (36%)
74.4
0.40 (0.52)
43 (17%)
117 (46%)
39 (17%)
366

0.81
0.10
0.01*
0.82
0.95
0.78
0.29
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Fig. 1 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,
typical AMD, and PCV. A total of 177 patients with AMD were observed
and treated over a 5-year follow-up period. After loading injections for
3 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

± 134 μm at 5 years (p < 0.0001, Fig. 3). In terms of the type
of AMD, the mean CMT significantly decreased for 5 years in
both typical AMD and PCV (p < 0.0001). Moreover, there
was no significant difference in the CMT based on the number
of injections or treatment switch at the end of this study. In
addition, the decrease in the mean CMT with atrophy was
significantly more than that without atrophy after 5 years in
both typical AMD and PCV (p < 0.01).

Predictive factors for better visual acuity
This study defined the group with a 5-year reduction in VA of
less than 0.3 logMAR as the Bbetter^ VA group and analyzed
the predictive factors for better VA after 5 years of treatment.
The background factors investigated are as follows: age, sex,
neovascular AMD type (tAMD, PCV, RAP), FA classification

Fig. 3 The mean change in central macular thickness (CMT). Changes in
the 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,
typical AMD, and PCV. A total of 177 patients with AMD were observed
and treated over a 5-year follow-up period

(predominantly, minimally classic, occult), medical history
(hypertension, diabetes), smoking habit, pretreatment GLD,
pretreatment CMT, the number of anti-VEGF treatments,
and switching of the agent. The better and worse BCVA
groups showed significant differences in age (p = 0.004),
GLD (p < 0.0001), and baseline BCVA (p < 0.0001) in univariate analysis (Table 2). Multivariable analysis revealed that
baseline GLD and BCVA were independent risk factors for
better vision after 5 years of treatment. Briefly, patients with
smaller pretreatment GLD and better pretreatment VA showed
better final VA after the 5-year treatment (Table 3).

Analysis for retinal atrophy
The occurrence of MA could be assessed using funduscopy
and OCT images in 150 of the 177 patients in this study. MA
occurred in 65 images (43%) after the 5-year treatment. MA
was significantly more likely to occur in classic CNV (i.e.,
predominantly) than in the other AMD type (p = 0.01) and
in cases with a worse average BCVA both before (p =
0.0004) and after treatment (p = 0.0002). However, age, sex,
the number of medical treatments, and treatment switching
from IVR to intravitreal aflibercept (IVA) were not associated
with MA occurrence (Table 4).

Discussion

Fig. 2 The 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, typical
AMD, PCV, and RAP groups. The 5-year BCVA changes did not show
significant differences between each type of AMD

The results of this retrospective study demonstrate the longterm effectiveness of IVR monotherapy in treating
neovascular AMD in Japanese patients. The assessment of
patients with neovascular AMD treated using IVR monotherapy revealed that three monthly injections followed by the
PRN regimen for subsequent injections resulted in significantly improved VA by the end of the first year, but VA showed a
continuous decline to a level below baseline subsequently.

Author's personal copy
Graefes Arch Clin Exp Ophthalmol
Table 2

Comparison between Bbetter^ and Bworse^ groups

Age
Sex (male)
Type

FA classification

Medical history
Smoking habit

BBetter^ (n = 54, 30%)

BWorse^ (n = 123, 70%)

p value

AMD
PCV
RAP

70.4
57%
24 (44%)
28 (52%)
2 (4%)

74.1
61%
72 (59%)
48 (39%)
3 (2%)

0.004*,b
0.74c
0.17c

Predominantly
Minimally classic

13 (24%)
23 (43%)

29 (24%)
51 (41%)

1.00c

Occult

18 (33%)

42 (35%)

DM
HT
Current
Former

4 (8%)
25 (52%)
5 (11%)
10 (22%)

22 (19%)
50 (43%)
17 (16%)
16 (15%)

None

0.10c
0.30c
0.51c

31 (67%)

71 (69%)

Pretreatment BCVA (logMAR)
Pretreatment GLD (μm)
Pretreatment CMT (μm)
The number of treatment (times/5 years)

0.31
2803
391
15.1

0.56
4647
365
14.7

<0.0001*,b
<0.0001*,b
0.20b
0.81b

Switching of agent

16 (30%)

47 (38%)

0.31c

Data are presented as means ± SD or number of eyes, as applicable. The Bbetter^ group was defined by a reduction of less than 0.22 logMAR in the final
visual acuity at 5 years. The Bworse^ group was defined by a reduction of more than 0.22 logMAR in the final visual acuity at 5 years. Statistical
significance was defined as p < 0.05 (b ANOVA, c Fisher’s exact test)

The BCVA improved significantly from baseline during the
first year, with a maximum increase of 0.14 logMAR at
3 months and 0.077 logMAR at 1 year. Subsequently, there
was a continuous BCVA decline. At 5 years, there was significant loss of 0.18 logMAR compared with the baseline values.
Eyes with typical AMD and PCV showed similar improvement and decline in vision over 5 years.
Although a direct comparison with other major studies is
difficult due to differences in the baseline characteristics, measurements of VA, and reinjection criteria, the 5-year outcomes
in the CATT study revealed a decrease in the mean BCVA with
3 ETDRS letters below the baseline [12]. One previous largescale clinical trial (SEVEN-UP study) assessed the switch to
PRN dosing regimens after the monthly ranibizumab injections in the MARINA and ANCHOR studies [10]. That study
Table 3 Age- and sex-adjusted and multivariable-adjusted ORs of risk
factors for GA in eyes with AMD
Risk factor

OR

95% CI

p value

Age (per 1 year)
Sex (male)
FA classification (occult/classic CNV)
GLD (per 1 μm)
Pretreatment CMT (per 1 μm)
Pretreatment BCVA (per 1 logMAR)

0.97
1.46
0.26
0.99
1.00
0.094

0.91–1.03
0.57–3.91
0.04–1.19
0.99–0.99
0.99–1.0
0.016–0.431

0.41
0.44
0.08
0.002*
0.055
0.002*

Multiple logistic regression analysis, *p < 0.05

showed a decline of 8.6 ETDRS letters compared with the
baseline after 7 years of treatment. Wecker et al. reported the
five-year visual outcomes in patients receiving a PRN regimen
for AMD. They found that the maximum mean VA gain in
year 1 was 5.2 ETDRS letters, and the gain declined after that.
By year 5, 34% of the patients with AMD had experienced VA
loss of more than 15 letters [22]. In our study, the proportion of
patients showing VA loss of more than 0.3 logMAR after the
5-year treatment was 35.6%, which was comparable with the
results of other studies.
Several factors have been proposed to explain this vision
decline, including the type of AMD, the number of injections, residual exudation, and MA or scarring [23, 24].
Residual subretinal fluid and insufficient injections are
known to be important factors for vision decline [11]. The
mean injection number in our study was 14.8 over 5 years,
and the mean number of ranibizumab injections administered each year was as follows: 5.1 injections during year 1,
2.1 injections during year 2, 2.6 injections during year 3,
2.5 injections during year 4, and 2.6 injections during year
5. One of the reasons for the vision decline in our patients
could be undertreatment due to fewer injections. Many
studies have revealed the risk of MA during anti-VEGF
therapy for AMD patients. Maguire et al. reported in the
CATT study that MA was found in 41% of subjects after
5 years of treatment [12], and Martin et al. also used twoyear data from the CATT study to report a higher risk of MA
development in eyes treated monthly than in eyes treated
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Table 4

Comparison between groups with and without GA

Age
Sex (male)
FA classification

Predominantly
Minimally classic
Occult

Pre-treatment BCVA (logMAR)
BCVA after 5 years (logMAR)
The number of medical treatments
The number of cases switched to IVA

GA (+) (n = 65, 43%)

GA (−) (n = 85, 57%)

p value

74.0
58%
23 (35%)
26 (40%)
16 (25%)
0.63
0.75
14.8
18 (28%)

72.6
59%
14 (16%)
41 (49%)
29 (35%)
0.38
0.37
15.5
28 (33%)

0.28a
1.0a
0.01a,*
0.37a
0.26a
0.0004b,*
0.0002b,*
0.72b
0.609a

Data are presented as means or number of eyes, as applicable. The with or without GA group was defined by the use of funduscopy and OCT images.
Statistically significant was p < 0.05 (a chi-square test, b t-test)

PRN [11]. In the SEVEN-UP study, MA was found in 98%
of the eyes during 7.3 years [10], and the area of MA was
correlated with worsening VA [25]. Munk et al. reported
MA in 73.5% of the eyes in their retrospective study treated
with ranibizumab or aflibercept PRN regimen. The mean
treatment period was 6.2 years and the mean number of
anti-VEGF injections was 48. They revealed that the presence of intraretinal cysts was a significant factor for MA
development, so they recommended undertreatment rather
than overtreatment as a possible cause of formation and
development of MA [26]. In our study, MA was found in
43% of the patients after 5 years of treatment, and multivariable analysis revealed that similar to intraretinal pathological lesions, predominantly classic CNV was an independent risk factor for MA formation. Our findings also suggest that undertreatment, rather than overtreatment, is a risk
factor for MA.
To identify other factors for the declining VA, we performed multivariable analysis to detect independent risk factors for improvements or reduction in visual acuity. The better
and worse BCVA groups showed significant differences in
age, GLD, and baseline BCVA in univariate analysis.
Subsequent multivariable analysis revealed that baseline
GLD and BCVA were independent risk factors for better vision after 5-year treatment. In short, this result suggested that
smaller GLD and better VA at baseline were risk factors to
maintain good VA after 5-year treatment.
Our study included a high proportion of eyes with PCV
(40%), as expected for a Japanese population. Although the
percentage of eyes with PCV has not been reported in the
CATT and SEVEN-UP studies, or other long-term studies
from the USA or Europe, this percentage is speculated to be
low because the prevalence of PCV in western countries is
lower than that in Asian countries. In a multicenter prospective randomized trial for eyes with PCV (EVEREST II
study), Koh et al. found a significantly higher rate of polyp

regression in the ranibizumab/PDT combination group
(69.3%) than the ranibizumab monotherapy group (34%)
and that BCVA change from baseline was significantly better in the ranibizumab/PDT combination group than in the
ranibizumab monotherapy group [27]. We also reported the
efficacy of aflibercept monotherapy for eyes with PCV in a
multicenter, prospective study (APOLLO study) that shows
a higher polyp regression rate (72.5%) with a 3 plus bimonthly regimen [28]. Therefore, a combination of antiVEGF therapy and PDT or aflibercept monotherapy has
recently been preferred for PCV treatment. In this study,
we performed ranibizumab monotherapy or switched to
aflibercept for eyes with PCV under a PRN regimen, but
the BCVA declined, like in typical AMD. We speculate that
if we had chosen the proactive regimen, treat and extend, or
fixed dosing, VA could have been maintained longer than
this study for both PCV and typical AMD. The combination
of anti-VEGF drug and PDT or aflibercept monotherapy
could maintain VA for PCV patients.
This study has limitations due to its retrospective nature.
During the 5-year study period, 40% of the patients were
dropped out from this study. The study included all patients
for whom treatment was initiated with ranibizumab with the
PRN protocol, but switched to aflibercept (36%) because of
the low efficacy of ranibizumab. There was no comparison
group of untreated patients, patients treated only with other
products, or different regimens of ranibizumab, and safety was
not an objective of our study. Our study provides the longterm real-world outcome data on VA and anatomical findings
of Japanese AMD patients.
In conclusion, in Japanese eyes with exudative AMD,
ranibizumab monotherapy performed in the form of a 3month induction phase followed by a PRN regimen resulted in a decline in VA and decreased CMT with a mean of
14 injections performed for 5 years. A smaller GLD was
independently associated with better VA, and classic CNV
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was independently associated with MA that was related to
poor vision.
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