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Correlation between improvement in visual
acuity and QOL after Ranibizumab
treatment for age-related macular
degeneration patients: QUATRO study
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Abstract

Background: To evaluate the correlation between visual acuity improvement and vision-related QOL after
ranibizumab treatment in Japanese patients with AMD.

Methods: In this one-year prospective, interventional, open-label, multicenter study involving four sites, patients
with neovascular AMD were enrolled and observed for 12 months. Treatment-naïve patients received 0.5 mg
ranibizumab as needed after three initial monthly doses. The best corrected visual acuity (BCVA) and central
macular thickness (CMT) were measured at every visit. Evaluations with the 25-item National Eye Institute Visual
Function Questionnaire (NEI-VFQ-25) and patient satisfaction questionnaire were performed at baseline and 3 and
12 months after initial treatment. The primary endpoint was change in BCVA and QOL 3 months after ranibizumab
treatment. QOL outcomes were also assessed in the better and poor BVCA subgroups.

Results: The study enrolled 100 patients. The mean logMAR BCVA after treatment improved significantly from 0.43
to 0.30 at 3 months (p< 0.0001), and 0.28 at 12 months (p< 0.0001). The mean NEI-VFQ-25 composite scores
improved from 79.48 to 84.13 at 3 months (p< 0.0001), and 86.0 at 12 months (p< 0.0001). The 3 and 12-month
changes in NEI-VFQ-25 score and BCVA showed significant correlation. In the poor baseline visual acuity group
(decimal BCVA ≤0.5), there was a significant correlation between the changes in the NEI-VFQ-25 score and BCVA
(p=0.02) but not in the better baseline visual acuity group (decimal BCVA > 0.6, p=0.1) at 3 months. There were no
significant differences in the satisfaction questionnaire score from baseline to at 3 months (p=0.54) and 12 months
(p=0.23). The average CMT improved significantly from 340 to 264 μm at 3 months (p< 0.0001) and to 268 μm at 12
months (p< 0.0001).
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Conclusions: Intravitreal ranibizumab treatment resulted in improvement in visual acuity, anatomical change, and
visual function change in Japanese AMD patients. Significant improvement was seen in patient visual function, and
this was correlated with changes in VA, except immediately after loading dose treatment in patients with higher
baseline VA. The patients’ satisfaction with the treatment remained unchanged during the study period.

Trial registration: This study is registered at UMIN Clinical Trials Registry (UMIN000012013). Registered October 10,
2013, as prospective study.
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Key messages

1) Anti-VEGF therapy is known to be anatomically
and functionally beneficial for patients with
neovascular AMD.

2) Improvements in visual acuity, anatomical change,
and visual function change were reported in
Japanese patients with nAMD following
intravitreous ranibizumab treatment.

3) Significant improvements in quality of vision were
seen in both patients with poor and better baseline
visual acuity.

4) Patients’ satisfaction toward the treatment remained
unchanged throughout the duration of the study.

Background
Age-related macular degeneration (AMD) is a significant
cause of blindness in elderly populations, particularly in
more economically developed countries. AMD is classi-
fied as either neovascular or atrophic based on the pres-
ence or lack of choroidal neovascularization (CNV)
beneath the retina, respectively [1]. The exact pathogen-
esis of AMD is still unclear, but the complement cas-
cade, metabolism, some environmental factors,
remodeling of the retinal extracellular collagen matrix,
the angiogenesis pathway, and lipid transport are
thought to promote its development [2].
Anti-vascular endothelial growth factor (VEGF) agents

are commonly used for treatment and recognized to im-
prove vision in neovascular AMD (nAMD) patients world-
wide, as shown in international studies [3–5]. Japanese
guidelines also recommend anti-VEGF agents as the first
choice in nAMD [6]. Ranibizumab is an anti-VEGF drug
and a humanized monoclonal antibody fragment, which
blocks VEGF by binding it. Ranibizumab can not only
avert vision loss in most patients but even culminate in
significant visual gain in roughly one-third of patients.
Routine monthly injections of anti-VEGF agents have
been widely used as the gold standard treatment for
nAMD [3, 7, 8]. Previous large-scale clinical trials for anti-
VEGF therapy in nAMD patients showed that monthly
injections of either ranibizumab or aflibercept improved
visual acuity (VA) [3, 4, 7–11]. However, the more recent

SEVEN-UP STUDY showed that a switch to “as needed”
(pro re nata [PRN]) dosing regimens after monthly ranibi-
zumab injections in the MARINA and ANCHOR studies
caused eventual visual loss [12]. Therefore, many investi-
gators prefer proactive treatment with treat-and-extend or
fixed dosing regimens instead of as needed treatment to
maintain the vision gain achieved after the induction treat-
ment [13–15].
The National Eye Institute Visual Function Question-

naire 25 (NEI-VFQ-25) was developed to allow subject-
ive assessment of vision-related function. The NEI-VFQ-
25 has been validated in patients with many ocular dis-
orders, including AMD [16, 17]. Many clinical studies
have shown the effectiveness of anti-VEGF therapy for
patients with nAMD, not only in terms of VA, but also
vision-related quality of life both in clinical trials and in
real-world assessments [18–22]. Bressler et al. examined
the effects of ranibizumab on the quality of vision in
nAMD patients by classifying whether the study eye was
the better- or worse-seeing eye in the MARINA and
ANCHOR clinical trials, and they reported improved
vision-related function regardless of whether the treated
eye was the better- or worse-seeing eye at baseline [22].
To our knowledge, no multicenter studies have assessed
ranibizumab treatment using the NEI-VFQ-25 in Japa-
nese patients with nAMD in a real-world setting. Herein,
we report the outcomes of vision-related quality of life
for Japanese patients with nAMD according to their
baseline VA.

Methods
Study design
The QUATRO study (UMIN000012013) was a pro-
spective, multicenter, open-label study of patients
with nAMD conducted at four Japanese university
hospitals between January 2014 and December 2016.
The protocol was approved by the Institutional Re-
view Board/Ethics Committee of each participating
hospital and the Clinical Research Network Fukuoka
Certified Review Board. All study conduct adhered to
the tenets of the Declaration of Helsinki, and all par-
ticipants provided written informed consent to par-
ticipate in the study.
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Inclusion and exclusion criteria
Patients were diagnosed with nAMD based on compre-
hensive ophthalmic examinations, which we have previ-
ously published [23, 24]. Briefly, all patients underwent
ophthalmic evaluations, including fundus examination,
slit-lamp biomicroscopy, and decimal BCVA. Imaging
examinations including angiography with fluorescein
(FA) and indocyanine green (ICGA), fundus photog-
raphy, and spectral-domain optical coherence tomog-
raphy (OCT) were also performed. Eligible patients were
aged 50 years or older and met the following inclusion
criteria for the study eye: (1) decimal BCVA greater than
0.05; (2) exudative subfoveal lesion identified by OCT,
ICGA, or FA. The treated eye was considered as the
study eye. If both eyes were affected with nAMD, the
worse-seeing eye was treated and included. The same
exclusion criteria of our previously published study was
used for this study (the QUATRO study) [23]. Briefly,:
(1) total area of pathological lesion greater than 12 disc
areas; (2) presence of non-fibrotic or fibrotic scarring
constituting > 50% of the pathological lesion; (3) pres-
ence of retinal pigmented epithelium (RPE) tear, (4) his-
tory of stage 3 to 5 macular hole; (5) history of
treatment with intravitreal or sub-Tenon’s injection of
triamcinolone acetonide within the previous 6 months;
(4) history of intraocular surgery (including cataract sur-
gery) within the previous 3 months; (5) history of previ-
ous vitrectomy or sub-macular surgery; (6) active
infection inside or around either eye; (7) history of uve-
itis in either eye; (8) known allergy to fluorescein, indo-
cyanine green, or iodine, (8) pregnancy, possibility of
pregnancy, or nursing; and (9) any other conditions that
were regarded as unsuitable for this study by the
investigators.

Treatment and assessment schedule
Intravitreal ranibizumab (0.5 mg) was administered in
three loading doses at months 0, 1, and 2, followed by
further injections performed as needed during monthly
monitoring in months 4 to 12. The indication for add-
itional treatment was decided according to the mainten-
ance period guideline for intravitreal administration of
ranibizumab established by the Japanese Society of Oph-
thalmology. Decimal BCVA was measured at each visit,
using a Landolt chart, and was expressed as the loga-
rithm of the minimal angle of resolution (logMAR).
Prior to injections, color fundus photography, slit-lamp
biomicroscopy, and spectral-domain OCT were per-
formed. Central macular thickness (CMT) was deter-
mined using OCT as the average thickness of the central
1-mm thickness map measurement area. FA and ICGA
images were both obtained at baseline, 3 months, and
12months. Assessments with the 25-item National Eye
Institute Visual Function Questionnaire (NEI-VFQ-25)

and patient satisfaction questionnaire were performed at
baseline and 3 and 12months after initial treatment. Pa-
tient satisfaction questionnaire assessments were per-
formed with a Likert scale model consisting of five
ratings addressing the following aspects: (1) the burden
of frequent visits and treatment, (2) anxiety associated
with intravitreal injection (two questions), (3) anxiety as-
sociated with the results of examinations, and (4) effect
of the treatment on mental health (Fig. 1).

Outcome measurement
The primary outcome was the amount of change from
baseline in BCVA (logMAR) and QOL (NEI-VFQ-25
score) 3 months after ranibizumab administration. Sec-
ondary outcome measures included the mean change in
BCVA and NEI-VFQ-25 score from baseline to 12
months, mean change in CMT from baseline to 3 and
12months, proportion of patients with exudation
(intraretinal/subretinal fluid, serous retinal pigment epi-
thelium detachment), mean change in greatest linear di-
mension (GLD) from baseline to 3 and 12months, and
mean change in patient satisfaction questionnaire score
from baseline to 3 and 12months. Outcomes were also
assessed in the subgroups. Baseline VA was defined as
poor (≤0.5 decimal VA, 20/40 Snellen) or better (decimal
VA > 0.5). The impact of baseline VA (> 0.5 or ≤0.5
decimal VA) on the NEI-VFQ-25 assessments at 3 and
12months was determined.

Statistical analysis
Statistical analysis was performed using SAS software
(version 9.3, Tokyo, Japan). In the analysis of the time
course of continuous variables, the mean value of
changes at each time point and their 95% confidence in-
tervals were estimated using a linear mixed model. Esti-
mation was performed by the maximum likelihood
method; the degree of freedom was calculated by the
Satterthwaite equation. In the analysis of binary data, the
proportion and its 95% confidence interval at each time
point were obtained by the Wilson method. Spearman’s
rank correlation coefficient was used. In all analyses, p <
0.05 (two-sided) was considered to be statistically
significant.

Results
Baseline characteristics
The baseline characteristics of the participants are
shown in Table 1, and the backgrounds by baseline vis-
ual acuity subgroup are shown in Table 2.
A total of 100 patients with nAMD were enrolled in

the study. Of these, one patient was judged to be ineli-
gible by the investigator after enrollment. Thus, data
from 99 patients were used in this study (77 males, 22
females); their mean age was 73.2 ± 9.1 years (range, 50–
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88 years). Mean BCVA was 0.43 logMAR ± 0.36, mean
GLD was 3052 ± 1541 μm, and mean CMT by OCT was
340 ± 118 μm. The AMD type was classified as typical
AMD in 83 eyes, polypoidal choroidal vasculopathy
(PCV) in 13 eyes, and retinal angiomatous proliferation
(RAP) in 3 eyes. Twenty (20%) patients had diabetes and
49 (50%) had hypertension. Average disease duration
was 0.5 ± 0.92 years.

Visual outcome
Among the 99 patients enrolled in the study, 1 dropped
out before the end of the 3-month follow-up period, and
29 more dropped out before the end of the 12-month
follow-up period. Of these 30 patients who dropped out

Fig. 1 Study schedule. Treatment-naïve neovascular age-related macular degeneration (nAMD) patients received intravitreal injections of
ranibizumab (IVR) (0.5 mg) as needed with monthly monitoring after three initial monthly doses. BCVA = best-corrected visual acuity. OCT =
optical coherence tomography. FA = fluorescein angiography. IA = indocyanine green angiography. VFQ-25 = The 25-item National Eye Institute
Visual Function Questionnaire

Table 2 Baseline characteristics based on baseline visual acuity

Decimal Visual Acuity

Below 0.5 Above 0.6

N = 58 N = 41

Age 74.5 (±7.9) 71.3 (±10.3)

Sex

Male 45 (77.6%) 32 (78%)

Female 13 (22.4%) 9 (22%)

Type of AMD

AMD 51 (87.9%) 32 (78%)

PCV 4 (6.9%) 9 (22%)

RAP 3 (5.2%) .

AMD age-related macular degeneration, PCV polypoidal choroidal
vasculopathy, RAP retinal angiomatous proliferation

Table 1 Baseline Characteristics

N=99

Sex Male 77 (78%)

Female 22 (23%)

Age 73.2

BCVA (logMAR) 0.49 (0.43)

Medical history Diabetes 20 (20%)

Hypertension 49 (50%)

Disease duration (years) 0.5 (±0.92)

Type of AMD typical AMD 83 (84%)

PCV 13 (13%)

RAP 3 (3%)

FA classification Predominantly classic 24 (24%)

Minimally classic 17 (17%)

Occult 58 (59%)

Past history None 97 (98%)

Photocoagulation 1 (1%)

PDT 0 (0%)

Other anti-VEGF drugs 0 (0%)

Others 1 (1%)

AMD age-related macular degeneration, BCVA best corrected visual acuity,
logMAR logarithm of the minimal angle of resolution, PCV polypoidal choroidal
vasculopathy, RAP retinal angiomatous proliferation, VEGF vascular endothelial
growth factor
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of the study, 18 dropped out after switching to another
treatment agent due to disease deterioration, 3 dropped
out due to adverse events, 3 withdrew themselves from
the study, and 6 were withdrawn by the investigator for
other reasons (Fig. 2). Mean BCVA significantly im-
proved from 0.43 ± 0.36 logMAR at baseline to 0.28 ±
0.41 logMAR at 12 months (p < 0.0001). Significant im-
provements were also observed at 3 months (0.30 ± 0.35
LogMAR, p < 0.0001) (Fig. 3a).

Anatomical outcome
The mean CMT, as measured by OCT, significantly de-
creased from 340.2 ± 118.3 μm at baseline to 264.3 ±
93.4 μm at 3months (p < 0.0001) and to 268.4 ± 82.1 μm
at 12 months (p < 0.0001, Fig. 3b). All patients showed
exudation at baseline (intraretinal or subretinal fluid).
The percentage of patients with exudative change de-
creased to 44.9% at 3 months and 41.2% at 12 months.

Vision-related quality of life assessments
The mean NEI-VFQ-25 composite score was 79.4 ± 14.7
at baseline and improved to 84.1 ± 12.4 at 3 months (n =
98) (P < 0.0001) and 86.0 ± 9.2 at 12 months (n = 69) (P
< 0.0001) during treatment (Fig. 3c). The mean change
in the NEI-VFQ-25 composite score from baseline was
significantly better in both the poor and better baseline
VA groups at 3 and 12months (mean composite score
change from baseline: 5.1 in the poor group and 3.8 in
the better group at 3 months, and 5.9 in the poor group
and 6.8 in the better group at 12 months) (Fig. 3c). The
change in the NEI-VFQ-25 composite score from base-
line was associated with the logMAR VA change at 3
and 12months (correlation coefficients = − 0.27 and −
0.31, respectively; p = 0.009 and 0.001, respectively). In
the poor baseline VA group, the NEI-VFQ-25 score
change was associated with logMAR VA change at both

3 and 12months (correlation coefficient = − 0.33 and −
0.33, respectively; p = 0.02 and 0.048, respectively). In
the better baseline VA group, the NEI-VFQ-25 score
change was associated with logMAR VA change at 12
months, but not at 3 months (correlation coefficient = −
0.39 and − 0.27, respectively; p = 0.03 and 0.10, respect-
ively). These correlations were weak but statistically sig-
nificant (Table 3). For the NEI-VFQ-25 subscale scores,
the mean change from baseline was ≥4 for near activ-
ities, mental health, and role difficulties in all baseline
BCVA groups; as well as social functioning, dependency,
and peripheral vision in the poor baseline BCVA group
at 3 months. After 12 months treatment, the scores for
general vision, social functioning, mental health, and role
difficulties had improved by 4 or more in all baseline
BCVA groups. Negative changes were identified for driv-
ing in the poor BCVA group, and driving and color vi-
sion in the better BCVA group at 3 months. After 12
months’ treatment, negative changes in the scores for
ocular pain and driving were identified in the poor
BCVA group, and for general health in the better BCVA
group; however, no significant differences were observed
from baseline (Tables 4 and 5).

Treatment satisfaction score analysis
The total mean satisfaction score was 61.79 ± 17.59 at
baseline, 60.95 ± 16.68 at 3 months, and 58.79 ± 15.13 at
12 months. Although the mean total satisfaction scores
at 3 and 12months were lower than those at baseline,
there were no significant differences from the baseline
(3 months: − 1.11 ± 1.84, p = 0.54; 12 months: − 2.47 ±
2.04, p = 0.22). The subscale scores for the burdens of
monthly visits and treatment were 56.79 ± 29.4 at base-
line, 48.13 ± 28.3 at 3 months, and 45.81 ± 29.5 at 12
months. The subscale scores for injection anxieties were
45.37 ± 31.7 at baseline, 44.76 ± 32.7 at 3 months, and

Fig. 2 Flow of participants through the QUATRO study
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39.97 ± 30.1 at 12 months. The scores for anxieties re-
lated to examination results were 77.78 ± 24.4 at base-
line, 75.44 ± 20.6 at 3 months, and 76.21 ± 18.7 at 12
months. The scores for the effect of treatment on mental
health were 64.37 ± 21.2 at 3 months and 65.6 ± 20.2 at
12 months. (Figs. 4, 5).

Discussion
This prospective, multicenter QUATRO study revealed
that intravitreous ranibizumab treatment was associated
with significant improvements in QOL (composite NEI-
VFQ-25 score: 4.55 at 3 months, 6.33 at 12 months) and
VA (− 0.13 logMAR at 3 months, − 0.14 logMAR at 12

Fig. 3 a The mean changes in best corrected visual acuity (BCVA) from baseline. Mean change in logMAR BCVA from baseline was − 0.13 at 3
months and − 0.14 after 1 year of treatment (*p < 0.0001). b The mean changes in central macular thickness (CMT). Changes in the CMT were
examined by OCT for each patient. Mean change in CMT from baseline was − 76.08 μm at 3 months and −63.41 μm at 12months (*p < 0.0001).
(c) Mean changes in the NEI-VFQ-25 composite score for one year. Mean change in the NEI-VFQ-25 composite score from baseline was + 4.5 at 3
months, and + 6.3 at 12 months (*p < 0.0001)
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months) in Japanese patients with nAMD. The signifi-
cant correlation between the mean changes from base-
line for the NEI-VFQ-25 composite score and logMAR
VA was observed in all patients at 3 and 12months.
Major clinical trials have similarly shown an improve-
ment in vision-related quality of life for patients with
nAMD receiving either intravitreal ranibizumab injec-
tion (IVR) or intravitreal aflibercept injection (IVA)
treatment [19, 20, 22]. This study revealed significant
correlations between the NEI-VFQ-25 composite score
changes and logMAR VA changes in both poor and bet-
ter baseline VA subgroups at 12 months. However, at 3
months, the two parameters were significantly correlated
only in the poor baseline VA group; the reason for this
is possibly because the baseline VA in this study was
better than that in clinical studies. Moreover, the ceiling
effect may also explain why a gain in vision has a greater
impact on the QOL of patients with poor vision than
those with good vision. The BCVA inclusion criteria for
major clinical studies are almost equal to those of the

poor BCVA group in this study (0.05 ≤ decimal VA <
0.6). Moreover, the baseline NEI-VFQ-25 composite
score in our study (79.4) was higher than that in ran-
domized clinical studies (68–72) [19, 20, 22]. The MARI
NA and ANCHOR studies, which are both major clinical
studies on ranibizumab treatment in patients with
nAMD, revealed that a 15-letter change in BCVA over
12 months corresponded to a 4–6-point increase in the
NEI-VFQ-25 composite score from a mean baseline
score of 69.3 and 69.9 [25]. In this study, the mean
change in the NEI-VFQ-25 composite score from base-
line was also similar (5.9 points in the poor BCVA group
and 6.8 points in the better BCVA group at 12 months).
The mean changes in the NEI-VFQ-25 subscale scores
(6 of 12 subscales in the poor VA group and 2 of 12 in
the better VA group at 3 months, and 4 of 12 in the
poor VA group and 6 of 12 in the better VA group at
12 months) showed a significant (P < 0.05) and gradual
improvement. We also regarded a change of ≥4 in the
NEI-VFQ-25 composite and subscale scores from

Table 3 Correlation between NEI-VFQ-25 composite score change and logMAR BCVA change from baseline

Correlation coefficient P value

3 months (N=98) Total − 0.27 0.009

Baseline BCVA below 0.5 −0.33 0.02

Baseline BCVA above 0.6 − 0.27 0.10

12 months (N=69) Total −0.31 0.01

Baseline BCVA below 0.5 −0.33 0.048

Baseline BCVA above 0.6 −0.39 0.03

BCVA best-corrected visual acuity, logMAR logarithm of the minimal angle of resolution, NEI-VFQ-25 25-item National Eye Institute Visual Function Questionnaire

Table 4 Changes in NEI-VFQ-25 subscale scores from baseline to 3 months in each baseline vision group (N=98)

NEI VFQ-25
Subscale

Decimal visual acuity

Below 0.5 Above 0.6

CFB 95%CI P value CFB 95%CI P value

Lower Upper Lower Upper

Overall 5.1 2.7 7.5 0.00004 3.8 1.0 6.6 0.00729

General health 1.3 −3.5 6.2 0.58639 1.3 −4.4 7.0 0.65704

General vision 9.9 5.3 14.6 0.00005 9.2 3.8 14.7 0.00106

Ocular pain 1.1 −2.4 4.7 0.5226 2.9 −1.2 7.0 0.16917

Near activities 8.0 3.2 12.8 0.00123 7.8 2.3 13.3 0.00589

Distance activities 3.0 −0.9 6.8 0.12973 1.6 −2.9 6.1 0.4826

Social functioning 4.3 0.5 8.2 0.02752 3.5 −0.9 8.0 0.12142

Mental health 10.4 6.0 14.7 0.00001 4.5 −0.6 9.6 0.08608

Role difficulties 5.6 0.3 11.0 0.04003 5.4 −0.8 11.7 0.08844

Dependency 5.3 1.2 9.3 0.01196 3.8 −0.9 8.6 0.11354

Driving −2.2 −8.8 4.4 0.50748 −1.5 −8.2 5.2 0.65724

Color vision 0.8 −3.3 5.0 0.69179 −0.3 −5.1 4.5 0.9098

Peripheral vision 5.5 −0.3 11.3 0.0639 1.8 −4.9 8.4 0.5975

CFB Change from baseline, CI confidence interval, NEI-VFQ-25 25-item National Eye Institute Visual Function Questionnaire
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baseline as clinically significant, as published previously
[21]. This threshold was based on a published study in
which a BCVA change of 15 letters corresponded to a
NEI-VFQ-25 composite score change of 4 in patients
with nAMD [25]. This score was regarded as the minim-
ally important difference (MID) for the NEI-VFQ-25
score in nAMD [26]. The mean number of subscales
showing NEI-VFQ-25 subscale score changes ≥ 4 in our

study were 6 out of 12 in the poor BCVA group and 4
out of 12 in the better BCVA group at 3 months, and 6
out of 12 in the poor BCVA group and 9 out of 12 in
the better BCVA group. Clinically significant improve-
ments in many QOL subscales were observed, especially
in the better BCVA group. These results indicated that
the vision-related QOL of Japanese patients with nAMD
improved with ranibizumab treatment, regardless of

Table 5 Changes in NEI-VFQ-25 subscale scores from baseline to 12 months in each baseline vision group (N=69)

NEI VFQ-25
Subscale

Decimal visual acuity

Below 0.5 Above 0.6

CFB 95%CI P value CFB 95%CI P value

Lower Upper Lower Upper

Overall 5.9 3.2 8.5 0.00003 6.8 3.8 9.9 0.00002

General health 0.2 −5.2 5.7 0.93339 −1.7 −8.0 4.5 0.5804

General vision 9.3 4.0 14.5 0.00059 12.5 6.5 18.5 0.00006

Ocular pain −0.1 −4.1 3.8 0.95172 0.9 −3.6 5.4 0.68663

Near activities 4.5 −0.8 9.9 0.09667 8.6 2.6 14.6 0.00561

Distance activities 2.9 −1.5 7.2 0.19592 5.7 0.7 10.6 0.02534

Social functioning 4.9 0.6 9.3 0.02557 7.0 2.1 11.9 0.00528

Mental health 16.8 11.8 21.7 0 6.1 0.5 11.7 0.03438

Role difficulties 11.4 5.3 17.5 0.00028 8.6 1.7 15.5 0.01487

Dependency 7.7 3.1 12.3 0.00116 5.0 −0.3 10.2 0.06256

Driving −7.3 −14.9 0.3 0.05868 5.2 −2.1 12.6 0.16173

Color vision 2.1 −2.5 6.7 0.36726 3.8 −1.4 9.1 0.15108

Peripheral vision 3.9 −2.7 10.5 0.24607 6.8 −0.6 14.1 0.06986

CFB Change from baseline, CI confidence interval, NEI-VFQ-25 25-item National Eye Institute Visual Function Questionnaire

Fig. 4 The mean changes in treatment satisfaction score for one year. Patient satisfaction questionnaire assessments were performed with a
Likert scale model with five questions. Mean change in the satisfaction score from baseline was − 1.11 at 3 months (p = 0.54) and − 2.47 at 12
months (p = 0.22)
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whether the baseline BCVA was poor or better. How-
ever, clinically significant improvements (subscale score
changes < 4 points) were not found in the following sub-
scales: ocular pain, distance activities, driving, and color
vision at 3 months in both the poor and better baseline
BCVA groups; and ocular pain, distance activities, and
color vision at 12 months in both the poor and better
baseline BCVA groups. This result is similar to the find-
ings of other clinical studies, with color vision, ocular
pain, and general health not showing clinically signifi-
cant improvements in the MARINA study [19]. Interest-
ingly, there were discrepancies in the subscale score
changes for driving between the poor and better baseline
BCVA groups at 12 months (+ 5.2-point gain in the bet-
ter BCVA group and − 7.3-point loss in the poor BCVA
group). The reason for this discrepancy could be that
most patients with better VA exhibited a clinical im-
provement sufficient to allow driving after 12 months of
ranibizumab treatment, whereas most of the patients in
the poor VA group could not reach the VA standard for
driving. These results indicate the importance of initiat-
ing treatment as early as possible, even if the patient’s
VA is good.

A treatment satisfaction survey was performed in this
QUATRO study. Patient satisfaction was statistically
stable, but the total satisfaction score decreased grad-
ually at 3 months, and 12 months (3 months, P = 0.54;
12 months, P = 0.22). In the subscale analysis, satisfac-
tion scores for “anxiety for injection,” and “treatment ef-
fect for mental health” were almost stable, whereas
scores for “burden for visiting and treatment” and “anx-
iety of examination result” declined. Based on this sur-
vey, we speculate that patients were especially
dissatisfied with the frequent visits and treatment bur-
den, although their VA and vision-related QOL had im-
proved in a real-life setting. We also speculate that
participants were stressed by not knowing whether or
not they were going to be treated on that day. Similar
outcomes were observed in some treatment satisfaction
surveys for patients with nAMD in a real-life setting.
Gohil et al. reported that treatment satisfaction for
nAMD was determined by the notion of being reviewed
and injected routinely over a long period rather than the
actual change in VA due to the treatment [27]. Recently,
many physicians prefer proactive treatment (fixed dos-
ing, treat-and-extend [TAE]) to reactive treatment

Fig. 5 Bar graphs showing mean patient satisfaction scores in each questionnaire. a The burden of frequent visiting and treatment, b anxiety for
intravitreal injection, c anxiety for the result of examination, d effect of the treatment on mental health. The satisfaction for burden of frequent
visits and treatment and for anxiety of examination result which determine to receive injection a, c
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(PRN) to avoid VA decline in the maintenance phase
after the three loading injections for nAMD. TAE has
been shown to be a good way of maintaining the pa-
tients’ vision gains by treatment and reducing their bur-
den [15, 28, 29]. We also considered the burdens for the
patients’ companions, caregivers, and families. Ranibizu-
mab PRN therapy is linked to significant caregiver bur-
den, and it has been reported that both the disease effect
and treatment frequency contribute to the overall bur-
den [30]. Hanemoto et al. compared the burden for care-
givers and patients with nAMD by TAE or PRN
treatment regimen. Caregivers of patients receiving TAE
had a lower productivity loss associated with accom-
panying patients to the hospital than those receiving
PRN; thus leading them to conclude that TAE was asso-
ciated with a lower caregiver burden, time and costs in-
cluded [31]. Joko et al. investigated patient preferences
for anti-VEGF therapy for the treatment of nAMD using
trade-offs between dosing regimens. They reported that
patients were willing to agree to an increase in injec-
tions, from three to approximately eight, in 12 months
to improve the chance of 1-year VA melioration from 25
to 40%. Between the dosing regimens, patients tended to
prefer TAE due to its higher chance of 2-year VA main-
tenance [32]. In the future, it will be necessary to con-
sider the treatment burden and satisfaction of patients
to maintain their vision and vision-related quality of life.
This study had several limitations. The study period of

1 year could be considered relatively short and the num-
ber of questionnaires for the satisfaction survey was
small. In this study, we focused on the clinical outcomes
of the treated eye and did not collect BCVA data from
the other eye. Therefore, we could not consider the un-
treated eye’s BCVA in our analyses. However, this was a
prospective, multicenter study, which used Japanese pa-
tients with nAMD, rendering our data robust.

Conclusions
In conclusion, this prospective, multicenter, open-label
study of patients with nAMD conducted in Japan exam-
ining the differences in vision-related QOL according to
baseline VA by ranibizumab therapy revealed equal im-
provement in QOL, which correlated with the VA im-
provement over a 1-year treatment period. Several key
NEI-VFQ-25 subscale scores also exceeded the MID
threshold. We believe that therapeutic intervention
should be performed as early as possible. The patients’
satisfaction with the treatment was stable over 1 year but
did not increase. Regardless, future research needs to
have longer follow-up periods and a comparison of
treatment regimens.
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