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Short-term Efficacy and Safety of Ranibizumab for
Neovascular Age-related Macular Degeneration in the Real World:
A Post-marketing Surveillance Study
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Purpose: To investigate the short-term efficacy and safety of ranibizumab in the routine clinical setting in pa-
tients with neovascular age-related macular degeneration and to analyze the associated factors for visual out-

come.

Methods: This was a post-hoc analysis of a ranibizumab regulatory post-marketing surveillance study in which
4,136 patients were enrolled and followed for 12 weeks. Change in best-corrected visual acuity (BCVA), size
of choroidal neovascularization, and the presence of hemorrhage and exudate were analyzed and the asso-
ciation between BCVA change and baseline characteristics were investigated. Data on ocular and systemic

adverse events were collected.

Results: Mean BCVA improved significantly and mean BCVA change was the logarithm of the minimal angle of
resolution 0.13 + 0.01 (p < 0.001). A lower baseline BCVA and younger age were significant predictive factors
for visual improvement or maintenance (=0 lines). For greater visual acuity gain (=3 lines), no treatment history,
lower baseline BCVA, younger age, and classic-type choroidal neovascularization were significant predictive

factors. No new safety signals were found.

Conclusions: In this study, conducted in real-world clinical practice with a large number of neovascular age-re-
lated macular degeneration patients, visual and anatomical outcomes improved significantly after three month-
ly ranibizumab treatments. Treatment-naive patients had a higher chance of greater visual gain (=3 lines) than

non-naive patients.
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Age-related macular degeneration (AMD) is the most
common cause of irreversible severe vision loss in the el-
derly in the developed world [1]. As the population ages,
the number of people with AMD and the associated health-
care expenditures are likely to increase [2]. The estimated
prevalence of AMD in the Korean population aged 40
years or older is 6.62%: 6.02% are in early AMD and
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0.60% are in late AMD [3]. Of those in late AMD, 80% of
cases are neovascular AMD (nAMD), which is character-
ized by choroidal neovascularization and is responsible for
most of the severe vision loss from AMD. Lucentis (ranibi-
zumab) was first approved as a treatment drug for nAMD
in 2006 by the US Food and Drug Administration after two
randomized controlled trials (RCTs) described superior vi-
sual outcomes in patients with nAMD who had received
monthly ranibizumab injections compared with those
treated by photodynamic therapy or observation [4,5].

Ranibizumab was approved in Korea by the Ministry of
Food and Drug Safety on 27 July 2007 for the treatment of
nAMD. Although several small studies have investigated
the efficacy and safety of ranibizumab in Korean patients
with nAMD since its approval [6-8], no large-scale data
are available. This regulatory post-marketing surveillance
(PMS) study was therefore conducted to evaluate the safe-
ty and efficacy of ranibizumab in Korean patients. Where-
as most of the studies on Asian nAMD patients have taken
place either in an RCT setting or retrospectively and have
been limited by the small number of patients [6-10], the
strength of this PMS study lies in the enrollment of a large
number of Korean patients from nearly all the centers spe-
cialized for retina care in South Korea. Furthermore, by
enrolling patients who would not have met the strict inclu-
sion criteria of an RCT, the PMS study reflects the re-
al-world efficacy and safety of ranibizumab for nAMD in
South Korea. Through this study, we can also identify the
demographic and clinical features of patients who visit
hospitals and clinics for ranibizumab treatment.

Here, we report the short-term efficacy and safety of ra-
nibizumab in a large number of patients with nAMD in
the routine clinical setting and also analyze the associated
factors that may influence visual outcome.

Materials and Methods

Design and setting (PMS study design)

This was an observational study of nAMD patients who
received intravitreal ranibizumab therapy in the routine
clinical practice setting and were enrolled in the regulatory
PMS study database. Briefly, the PMS study was a
multi-center, open-label, 12-week, prospective and obser-
vational study to evaluate the efficacy and safety of ranibi-
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zumab in routine clinical practice according to the Minis-
try of Food and Drug Safety of Korea. Investigators
enrolled subjects consecutively from the first patient to re-
ceive ranibizumab until the planned number of subjects
was reached and each subject was observed for at least 3
months from the first ranibizumab injection. Inclusion cri-
teria for the PMS study were patients who had been pre-
scribed ranibizumab for all approved indications at the
time of treatment and who were available to be contacted
by phone and be followed-up for details of ranibizumab
administration. Exclusion criteria were the patients who
had concurrent ocular and periocular infection, inflamma-
tion, and known hypersensitivity to ranibizumab. The first
patient was enrolled on 25th January 2008 and the last pa-
tient completed the study on 6th March 2013. According to
the Ministry of Food and Drug Safety guidelines, a PMS
study should enroll >3,000 subjects. A total of 4,136 sub-
jects were enrolled by 82 investigators from 58 clinical
centers specialized in retinal disease treatment in Korea.

At every visit, best-corrected visual acuity (BCVA) was
measured with Early Treatment Diabetic Retinopathy
Study (ETDRS) charts or its equivalent such as Snellen vi-
sual acuity charts, and funduscopic evaluation was con-
ducted. Fundus photography, fluorescein angiography (FA),
and optical coherence tomography (OCT) were conducted
at baseline and week 12. Adverse events were collected
during the study period for safety analysis.

Institutional ethics approval for the PMS study was ob-
tained from the institutional review board of each partici-
pating center and informed consent was obtained from each
participant. The current post-hoc analysis was approved by
the institutional review board of Seoul National University
Bundang Hospital (B-1704-393-101). The research described
adhered to the tenets of the Declaration of Helsinki.

Study population and groups

In this post-hoc analysis of the PMS study, the inclusion
criteria were nAMD patients who participated in the PMS
study and who were treated with three monthly ranibi-
zumab injections. Two study groups were selected from
the total data set: a safety analysis set and efficacy analysis
set (Fig. 1). Patients were excluded if they had enrollment
errors, age less than 40 years, diagnosis of retinal diseases
other than nAMD, fewer than three monthly ranibizumab
injections, or a bilateral diagnosis of nAMD. Patients with
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4136 Subjects whose CRF was retrieved

1,198 Exclusion
Enrollment error
Age <40 years

Other diagnosis: DME, RVO, myopic CNV,
CSCR, SRNVM

Bilateral treatment

Less than three ranibizumab injections

2,938 Safety analysis set: subjects with three monthly ranibizumab injections

Exclusion

125 Without BCVA
2 BCVA of light perception

2,811 Efficacy analysis set

2,167 Without treatment history 644 With treatment history
: treatment-naive : non-naive

Fig. 1. Flow charts of grouping subjects enrolled in the ranibizumab regulatory post-marketing surveillance study. CRF = case report
form; DME = diabetic macular edema; RVO = retinal vein occlusion; CNV = choroidal neovascularization; CSCR = central serous cho-
rioretinopathy; SRNVM = subretinal neovascular membrane; BCVA = best-corrected visual acuity.

bilateral nAMD were excluded due to lack of eye-specific
data in their past medical history at baseline and on ranibi-
zumab injection during the study period. After these ex-
clusion criteria were applied, 2,938 nAMD patients were
included in the safety analysis set. The efficacy analysis set
included a total of 2,811 patients after excluding an addi-
tional 125 patients who lacked BCVA data and two pa-
tients whose initial BCVA was light perception.

In the efficacy analysis set, subjects who had past medi-
cal history of treatment for nAMD such as retinal laser
treatment, intravitreal drug injection, verteporfin photody-
namic therapy, and vitrectomy were defined as the non-na-
ive group and subjects without any treatment history for
nAMD were defined as the treatment-naive group.

Study measurements

BCVA values measured with ETDRS charts or its equiv-
alent were converted to the logarithm of minimum angle
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resolution (logMAR) for analysis. The logMAR visual
acuity was defined as 2.0 for counting fingers and 3.0 for
hand motion [11]. The type (predominantly classic, mini-
mally classic and occult without classic choroidal neovas-
cularization [CNV]) at baseline and the change in the size
of CNV after treatment were evaluated and reported by
the treating physician using FA. The change in macular
hemorrhage including subretinal and retinal hemorrhage
and the change of exudation were also graded by the treat-
ing physician based on funduscopy, OCT, and/or FA at the
final visit compared with baseline.

Study outcomes

The primary outcome of the efficacy analysis was the
change in mean BCVA at week 12 of all subjects and in
the naive and non-naive groups at one month after three
monthly ranibizumab injections. Secondary outcomes
were the changes (improvement/no change/worsening) in



anatomical outcomes including CNV size, macular hemor-
rhage, and the exudative status judged by the investigators.
We also analyzed which demographic and ocular factors
were associated with the short-term visual outcome after
ranibizumab treatment. Finally, any adverse events occur-
ring in the patients in the safety analysis set were summa-
rized and reported.

Statistical analysis

Descriptive data are presented as mean + standard devia-
tion or number (%). Change of BCVA after ranibizumab
treatment was calculated using the Wilcoxon signed rank
test and described as mean (+standard error). The Wilcoxon
rank sum test and the chi-square test were used for contin-
uous and categorical variables, respectively, to compare
baseline characteristics, efficacy, and safety variables be-
tween the naive and non-naive groups. We categorized eyes
into four groups (=3 lines gain, <3 lines gain or no change,
<3 lines loss, >3 lines loss) by BCVA changes. Subjects
were divided into two (<70 years, >70 years of age) or six
(40-49, 50-59, 60—69, 70-79, 80—89, >90 years) age groups
to investigate the association of age with BCVA change.
Also, we divided the subjects into two (<20 / 100, >20 /
100) or four (<20 /320, 20 / 320< to <20 / 100, 20 / 100< to
<20 / 40, >20 / 40) groups according to their baseline
BCVA. Comparisons of BCVA changes among the baseline
BCVA groups, age groups, and groups of CNV types were
performed using the Kruskal-Wallis test. To find factors
associated with BCVA change, multiple linear regression
analysis was then performed including factors that were
significant in the univariable analysis. Logistic regression
analysis was also performed to find the associated factors
and their odds ratios with BCVA improvement of >3 lines
and BCVA improvement or no change (>0 lines), respec-
tively. The patients were divided into two groups for age
and baseline BCVA (model 1) or into six groups for age and
four groups for baseline BCVA (model 2). All statistical
analyses were performed using SAS ver. 9.4 (SAS Institute,
Cary, NC, USA) and a p-value <0.05 was considered to in-
dicate statistical significance.
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Results

Baseline characteristics

The baseline characteristics of patients included in the
efficacy analysis (n = 2,811) and safety analysis (n = 2,938)
sets are described in Table 1 and 2. Among the patients in
the efficacy analysis set, 2,167 patients were treatment na-
ive and 644 patients were non-naive. The average age of
patients in the efficacy analysis set was 69.4 + 9.2 years
and the majority were male (62.5%). The mean baseline
BCVA of the total patients was logMAR 0.86 + 0.57 (Snel-
len equivalent of 20 / 145). In this study, 701 (24.9%) pa-
tients with poor BCVA (less than 20 / 320) were included.
There was no difference between the naive and non-naive
groups in terms of gender, laterality of study eyes, and
baseline BCVA. Conversely, the distribution of age groups
and CNV types was different between the two groups: na-
ive patients were slightly younger and had a higher pro-
portion of classic CNV compared to non-naive patients
(Table 1).

Visual and anatomical outcomes after ranibizumab
treatment

In the efficacy analysis set, the mean BCVA improved
from logMAR 0.86 = 0.57 to 0.73 £+ 0.57 (Snellen visual
acuity, from 20 / 145 to 20 / 107) after three monthly ra-
nibizumab injections (p < 0.001) (Fig. 2A). The mean
BCVA change was logMAR 0.13 + 0.01, which is equiva-
lent to a 6.5-letter gain (Table 3). BCVA significantly im-
proved in both naive and non-naive groups, but the naive
group showed statistically greater improvement in vision
(logMAR -0.15 £ 0.01 [equivalent to a 7.5-letter gain]) than
the non-naive group (logMAR -0.08 + 0.01 [equivalent to a
4-letter gain], p < 0.001) (Fig. 2B). Eyes with occult CNV
without a classic component improved the least compared
with the other types of CNV (p < 0.001) (Fig. 2C).

In total, 28.1% of patients experienced >3 lines of BCVA
gain, 52.2% gained <3 lines or no change, 10.8% lost <3
lines, and 8.9% lost >3 lines. The distribution of visual
gain or loss was statistically significantly different between
the naive and non-naive groups (p < 0.001) (Fig. 3). The
most prominent difference between the groups is that
30.2% gained >3 lines in the naive group whereas 21.1%
gained >3 lines in the non-naive group. The proportion of
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Table 1. Baseline demographics and characteristics of subjects included in the efficacy analysis set (n = 2,811)

Variable Total Naive Non-naive (naive]\JI ;T,arlll(tllf-naive)
Number 2,811 2,167 644
Male : female 1,756 : 1,055 1,343 : 824 413:231 0.321
(62.5:37.5) (62.0: 38.0) (64.1:35.9)
Age (yr) 69.4+9.2 69.4+94 69.3+84 0.509
Right : left 1,448 : 1,363 1,129 : 1,038 319:325 0.253
(51.5:48.5) (52.1:47.9) (49.5: 50.5)
Age groups (yr) 0.015
40-49 55(2.0) 45 (2.1) 10 (1.6)
50-59 360 (12.8) 294 (13.6) 66 (10.3)
60-69 936 (33.3) 695 (32.1) 241 (37.4)
70-79 1,106 (39.4) 847 (39.1) 259 (40.2)
80-89 336 (12.0) 269 (12.4) 67 (10.4)
>90 18 (0.6) 17 (0.8) 1(0.2)
Baseline BCVA (logMAR) 0.86+0.57 0.87+0.57 0.83+0.57 0.082
BCVA group 0.562
<20/320 701 (24.9) 548 (25.3) 153 (23.8)
20/320t0 20/ 100 660 (23.5) 513 (23.7) 147 (22.8)
20/100 to 20/ 40 1,102 (39.2) 847 (39.1) 255 (39.6)
>20/40 348 (12.4) 259 (12.0) 89 (13.8)
CNV type 0.006
Predominantly classic CNV 978 (34.8) 789 (36.4) 189 (29.4)
Minimally classic CNV 502 (17.9) 392 (18.1) 110 (17.1)
Occult without classic CNV 1,086 (38.6) 813 (37.5) 273 (42.4)
Missing 245 (8.7) 173 (8.0) 72 (11.2)

Values are presented as mean + standard deviation or number (%).

BCVA = best-corrected visual acuity; logMAR = logarithm of the minimal angle of resolution; CNV = choroidal neovascularization.

Table 2. Baseline demographics and characteristics of sub-
jects included in the safety analysis set (n = 2,938)

Variable Value
Number 2,938
Male : female 1,830 : 1,108 (62.3 : 37.7)
Age (yr) 69.4+9.2
Baseline BCVA (logMAR) 0.86 +0.58
CNV type
Predominantly classic CNV 1,010 (34.5)
Minimally classic CNV 525 (17.9)
Occult without classic CNV 1,122 (38.2)
Missing 278 (9.5)

Values are presented as number (%) or mean + standard deviation.
BCVA = best-corrected visual acuity; logMAR = logarithm of
the minimal angle of resolution; CNV = choroidal neovascular-
ization.
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eyes that lost >3 lines at 3 months was less than 10% in
both groups.

The size of CNV decreased in 68.9% of all patients (n =
2,811) and retinal or subretinal hemorrhage as well as exu-
date improved in more than 70% of patients after three
monthly ranibizumab injections (Fig. 4A-4C). In all three
anatomical parameters, a greater proportion of the naive
group showed an improvement compared to the non-naive
group (Table 3).

Association of baseline characteristics and visual out-
comes

Univariable analysis showed treatment history, age,
baseline BCVA, and CNV type were associated with
BCVA change whereas gender and laterality (right vs. left
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Fig. 2. Changes of best-corrected visual acuity after three monthly ranibizumab injections. (A) Best-corrected visual acuity (BCVA,
mean + standard deviation) of 2,811 subjects in the efficacy analysis set improved at three months from baseline (Wilcoxon signed rank
test, p < 0.001). (B) Eyes of treatment-naive group achieved greater BCVA (mean + standard error) gain compared to those of non-naive
group (Wilcoxon rank sum test, p < 0.001). (C) Changes of BCVA were different among the three different choroidal neovascularization
(CNV) groups (Kruskal-Wallis test, p < 0.001). logMAR = logarithm of minimum angle resolution.
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Fig. 4. Anatomical changes including choroidal neovascularization (CNV) size (A), retinal or subretinal hemorrhage (B), and exudate (C)
after three monthly injections of ranibizumab on the total patients (n = 2,811) in the efficacy analysis set.
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Table 3. Efficacy of ranibizumab analyzed as functional and anatomical outcomes

Total Naive Non-naive o l; ;T]?ll(tlrf-naive)
BCVA (logMAR) n=22811 n=2,167 n =644
Baseline 0.86+0.57 0.87 £0.57 0.83 £ 0.57 0.082
Final 0.73 £ 0.57 0.72 +£0.57 0.74 £0.57 0.272
Change -0.13+0.01 -0.15+£0.01 -0.08 £0.01 <0.001
BCVA change’ n=2,811 n=2,167 n =644 <0.001
>3 lines gain 791 (28.1) 655 (30.2) 136 (21.1)
<3 lines gain or no change 1,466 (52.2) 1,102 (50.9) 364 (56.5)
<3 lines loss 303 (10.8) 218 (10.1) 85 (13.2)
>3 lines loss 251 (8.9) 192 (8.9) 59 (9.2)
Size of CNV n=2,202 n=1,709 n=493 0.004
Decreased 1,517 (68.9) 1,207 (70.6) 310 (62.9)
Unchanged 627 (28.5) 461 (27.0) 166 (33.7)
Increased 58 (2.6) 41 (2.4) 17 (3.5)
Retinal or subretinal hemorrhage n=2,088 n=1,632 n=456 0.028
Improved 1,526 (73.1) 1,215 (74.4) 311 (68.2)
No change 520 (24.9) 385 (23.6) 135 (29.6)
Worsened 42 (2.0) 32 (2.0) 10 (2.2)
Exudate n=2,129 n=1,663 n =466 <0.001
Improved 1,601 (75.2) 1,283 (77.2) 318 (68.2)
No change 468 (22.0) 334 (20.1) 134 (28.8)
Worsened 60 (2.8) 46 (2.7) 14 (3.0)

Values are presented as mean + standard deviation or number (%).

BCVA = best-corrected visual acuity; logMAR = logarithm of the minimal angle of resolution; CNV = choroidal neovascularization.
"BCVA change: -0.1 logMAR = 1 Early Treatment Diabetic Retinopathy Study lines (5 letters).

eyes) were not associated. Treatment history was signifi-
cantly associated with visual outcome and the treat-
ment-naive group showed greater improvement in vision
than the non-naive group (logMAR -0.15 vs. -0.08, 7.5 vs.
4 letters, p < 0.001). The BCVA changes were significantly
greater in younger age groups (<70 years) compared to
older age groups (>70 years) (logMAR -0.15 vs. -0.11, 6.5
vs. 5.5 letters, p < 0.001 by Wilcoxon rank sum test) (Fig.
5A-5C) The BCVA change was significantly different
among the six age groups and there was a trend for greater
BCVA gain with decreasing age (p = 0.012 by Kruskal-
Wallis test, r = 0.062, p = 0.001 by correlation analysis)
(Fig. 5). Regarding the baseline BCVA, the lower baseline
BCVA group (<20 / 100) showed greater visual improve-
ment than the better baseline BCVA group (=20 / 100)
(logMAR -0.22 vs. -0.05, p < 0.001) and there was a trend
for greater BCVA gain with worse baseline BCVA (p <
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0.001 by Kruskal-Wallis test r = -0.331, p < 0.001 by cor-
relation analysis) (Fig. 6A-6C).

The multiple linear regression analysis revealed that the
history of no prior treatment, younger age, and worse
baseline BCVA were significant predictive factors for
greater BCVA improvement. BCVA change can be esti-
mated by the equation: BCVA change (logMAR) = -0.2316
(p = 0.0002) + 0.0057 x age (yr, p < 0.0001) — 0.0616 x
treatment history (p = 0.0002) - 0.2417 x baseline BCVA
(logMAR, p <0.0001) + 0.0091 x CNV types (p = 0.2389)
(R*=0.1411, p < 0.0001).

Logistic regression analyses were conducted to reveal
the odds ratios of baseline parameters for visual improve-
ment or maintenance (BCVA gain >0 lines) and BCVA
improvement >3 lines (Table 4, 5 and Fig. 7A-7D). Younger
age and lower baseline BCVA showed a trend for higher
odds ratio for greater BCVA improvement. However, no
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Age (1)
treatment history showed a significant odds ratio for >3 Discussion

lines of BCVA gain whereas it was not significant for visu-
al improvement or maintenance. Patients were divided into
two age groups and two baseline BCVA groups in model 1
and they were further divided into six age groups and four
baseline BCVA groups in model 2. The result was similar
between models 1 and 2.

Safety outcomes

Ocular and systemic adverse events are summarized in
Table 6. There were 37 (0.01%) adverse events and three of
them were serious adverse events. Overall, no new safety
signal was detected compared to the previous ranibizumab
clinical trials [4,5]. There was no significant difference in
the rate of ocular and systemic adverse events between the
treatment-naive and non-naive groups.

Our study reports the short-term treatment outcomes of
ranibizumab for nAMD in the real world and it encom-
passed the largest number of nAMD patients treated with
ranibizumab ever studied in Korea. According to the Na-
tional Claim Database of South Korea, 20,314 patients
were treated with 71,574 ranibizumab injections from Au-
gust 2009 to December 2012 (unpublished data). Therefore,
our cohort of 2,938 nAMD patients treated with 7,814 ran-
ibizumab injections represents approximately 15% of the
total nAMD patients who were treated with ranibizumab
in South Korea during the study period.

This observational study based on the PMS study re-
vealed the short-term efficacy and the associated factors as
well as the safety profile of ranibizumab in nAMD pa-
tients. Three monthly injections of ranibizumab resulted in
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> RS RIREE S and the change was greater in the worse baseline vi-
o safs e : : . sual acuity group (Wilcoxon rank sum test, p < 0.001).
g i : ' (B,C) BCVA improved in three baseline BCVA groups
S (Wilcoxon signed rank test, p < 0.05) but not for the
2 group with the best baseline BCVA (p = 0.351). The
changes in BCVA were different among the four base-
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‘ ‘ ‘ ‘ ‘ ‘ correlated with baseline BCVA (r = 0.331, p < 0.001).
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Baseline BCVA (logMAR)

a mean visual improvement of logMAR 0.13 (6.5 letters
equivalent) and no serious adverse events occurred. No
history of prior treatment, lower baseline BCVA, and
younger age were associated with greater visual improve-
ment. Predominantly or minimally classic CNV showed
better visual gains than occult CNV in a univariable anal-
ysis, but not in a multivariable analysis.

The visual gain of 7.5 letters (logMAR 0.15) after three
monthly injections of ranibizumab in our treatment-naive
patient group was comparable to previous prospective
RCTs including MARINA, ANCHOR, CATT, and VIEW
[4,5,12,13]. The visual gain at three months was not specifi-
cally reported in those trials, but the visual improvement
plateaued after three monthly administrations and was
maintained for up to one year. The visual gain at one year
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logMAR = logarithm of minimum angle resolution.

was 7.2 letters in MARINA, 11.3 letters in ANCHOR, 8.5
letters in CATT, and 9.3 letters in VIEW. Therefore, the
efficacy of ranibizumab seen in the selected patient groups
in the RCTs was well validated in the real-world clinical
environment.

Patients with prior treatment history showed less BCVA
gain than treatment-naive patients. The difference between
groups was most prominent in the proportion of patients
showing a visual gain of >3 lines (30.2% in naive group Vvs.
21.1% gained in non-naive group). This was also confirmed
by logistic regression analysis and the naive group showed
an odds ratio of 1.226 for visual improvement or no change
and 1.672 for a BCVA gain >3 lines in model 1 (Table 4).
This indicates that no treatment history was more associat-
ed with a higher level of visual improvement while it was
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Fig. 7. Graphs showing baseline predictive factors associated with (A,B) a visual gain or no change from baseline best-corrected visual
acuity (BCVA) and those associated with (C,D) a gain of 3 or more lines from baseline BCVA. (A) Age less than 70 years and baseline
BCVA worse than 20 / 100 were the significant predictors for BCVA gain or no change (p = 0.083 and p < 0.001, respectively) in model
1. (B) In model 2, age group 40 to 49 years (p = 0.049) and baseline BCVA group <20 / 320, 20 / 320 to 20 / 100, 20 / 100 to 20 / 40 were
the significant predictors for BCVA gain or no change. (C) No treatment history (p < 0.001), age less than 70 years (p < 0.001), baseline
BCVA worse than 20 / 100 (p < 0.001), choroidal neovascularization (CNV) with predominantly classic CNV (p = 0.002), and mini-
mally classic CNV (p = 0.017) were associated with BCVA gain of 3 or more lines. (D) In model 2, no prior treatment history (p < 0.001),
age of 40 to 49 years (p = 0.004), baseline BCVA of <20 / 320, 20 / 320 to 20 / 100, 20 / 100 to 20 / 40 (all p < 0.001), predominantly
classic CN'V (p = 0.005), and minimally classic CNV (p = 0.024) were the significant predictors for BCVA gain of three or more lines.
"Versus occult without classic CNV.
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Table 6. Summary of ocular and systemic adverse events

Total (n = 2,938)

Non-naive (n = 664)

Naive (n =2,274)

Eye disorders 29 (0.99) 7 (1.05) 22 (0.97)
Conjunctival hemorrhage 8(0.27) 2 (0.30) 6 (0.26)
Foreign body sensation in eyes 7(0.24) 2 (0.30) 5(0.22)
Retinal pigment epithelial tear 4(0.14) 0 4(0.18)
Eye pain 3(0.10) 1 (0.15) 2 (0.09)
Ocular hyperemia 3(0.10) 2 (0.30) 1 (0.04)
Retinal hemorrhage 2 (0.07) 1(0.15) 1(0.04)
Vision blurred 2(0.07) 0 2 (0.09)
Conjunctival hyperemia 1(0.03) 0 1(0.04)
Glaucoma 1(0.03) 1(0.15) 0
Ocular discomfort 1(0.03) 1(0.15) 0
Retinal detachment 1(0.03) 1(0.15) 0
Vitreous floaters 1(0.03) 0 1(0.04)

Nervous system disorders 3(0.10) 0 3(0.13)
Headache 2(0.07) 0 2 (0.09)
Dizziness 1 (0.03) 0 1 (0.04)

Gastrointestinal disorders 1(0.03) 0 1(0.04)
Nausea 1(0.03) 0 1(0.04)

Infections and infestations 1(0.03) 0 1(0.04)
Endophthalmitis 1 (0.03) 0 1 (0.04)

Neoplasms benign, malignant and unspecified 1(0.03) 1(0.15) 0
Myelodysplastic syndrome 1 (0.03) 1(0.15) 0

Skin and subcutaneous tissue disorders 1 (0.03) 0 1(0.04)
Urticaria 1(0.03) 0 1(0.04)

Total adverse events 37(0.01) 8(0.01) 29 (0.01)

less associated with modest visual improvement. Thus, we
can expect visual improvement in both treatment-naive
and non-naive patients, but greater visual improvements
would be expected in the treatment-naive patients. In the
non-naive group, 59.2% of patients were treated with an
anti-vascular endothelial growth factor (VEGF) before en-
rollment in the PMS study, and this may have affected the
slightly higher baseline BCVA in the non-naive group (na-
ive vs. non-naive logMAR, 0.87 vs. 0.83, p = 0.082). Con-
sidering that the final BCVA was similar in the two
groups, the better baseline BCVA might have contributed
to the lower BCVA gain in the non-naive group. Converse-
ly, the worse visual outcome of the non-naive group might
be related to the longer disease duration and greater loss of
photoreceptors, which reduces the potential for visual im-
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provement. It has been reported that baseline geographic
atrophy is associated with worse visual outcome after ran-
ibizumab treatment [14,15]. Results from the CATT trial
suggest that anti-VEGF treatment might accelerate the de-
velopment of geographic atrophy [16-18]. Most of our pa-
tients in the non-naive group were previously treated with
bevacizumab. Thus, patients in the non-naive group might
have a higher chance of having baseline geographic atro-
phy and photoreceptor loss than those in the naive group,
which could have resulted in smaller visual improvement
after treatment.

In our study, the lower baseline BCVA group (<20 / 100)
showed greater visual improvement than the better base-
line BCVA group (=20 / 100) (logMAR -0.22 vs. -0.05, 11
vs. 2.5 letters). The lower baseline BCVA group (<20 / 100)



were 4.6 times more likely to have >3 lines of visual gain
compared with the higher BCVA group. In addition, there
was a trend for greater BCVA gain with worse baseline
BCVA (Fig. 6). The smallest visual gain in the best base-
line visual acuity group (>20 / 40) and the greatest visual
gain in the worst baseline visual acuity group (<20 / 320)
can be explained by ceiling and floor effects. Patients in
the least impaired baseline visual acuity group had the
lowest potential to improve whereas patients who had poor
baseline visual acuity had little possibility to have further
loss of vision.

An important strength of our study is that it had no strict
inclusion and exclusion criteria and, thus, it could reveal
the treatment outcomes in real clinical practice and can
provide answers to questions that well-designed random-
ized clinical trials cannot address. The most striking dif-
ference of this study from other clinical trials is that a sub-
stantial portion (24.9%) of patients had very poor visual
acuity (less than 20 / 320) prior to ranibizumab treatment.
Thus, the baseline BCVA of patients included in this study
was relatively poor with logMAR visual acuity of 0.86 +
0.57 (Snellen equivalent of 20 / 145). In most of the other
clinical trials including the pivotal trials of ranibizumab
[4,5,12,13], patients with BCVA less than 20 / 320 were ex-
cluded. Therefore, there is insufficient evidence that ran-
ibizumab can be beneficial for patients with a BCVA of
less than 20 / 320. In routine clinical practice, nAMD pa-
tients with poor baseline visual acuity might be denied
treatment by the physician. In our study, however, we
found that the nAMD patients with BCVA <20 / 320 had
significant improvement in vision after treatment and, no-
tably, this group showed the greatest improvement in
BCVA (Table 5 and Fig. 6). This result indicates that
nAMD patients with poor vision should be encouraged to
receive treatment if there is disease activity. In addition,
our result should be considered when calculating the
cost-benefit ratio of treatment for the poor vision nAMD
patient group and when planning for the social and medi-
cal costs and insurance reimbursement guidelines.

Age-dependent efficacy of ranibizumab was also found
in our study. The younger patients had greater potential for
improving their vision than the older patients (Table 4, 5
and Fig. 5). Although this association was identified in
many subgroup analysis reports [14,15,19-21], the underly-
ing reason has not been explained. It may be that the pho-
toreceptors and retinal pigment epithelium cells in younger
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patients can be better repaired than in older patients, simi-
lar to other tissues in the human body [22]. The association
of older age and better baseline visual acuity with worse
visual gain is generally consistent with the pivotal trials
and RCTs [14,15,19-21]. In the CATT trial [14,15], better
baseline visual acuity, older age, and geographic atrophy
were associated with better 1-year or 2-year visual gain.
However, in the CATT trial, the visual gain was greatest in
the baseline visual acuity group of 20 / 100 to 20 / 160,
which was 11.9 letters at one year and 14.3 letters at two
years. The group with baseline visual acuity of 20 / 200 to
20 / 320 showed the third and second greatest visual gain
of 7.9 letters at one year and 10.5 letters at two years. This
is slightly different from our result that the worst baseline
BCVA group (<20 / 320) showed the greatest visual gain
among all groups. In addition, in the CATT trial, predomi-
nantly or minimally classic CNV showed worse one-year
visual gain, which is in contrast to our result. The discrep-
ancy might be due to the difference in the study popula-
tion and the study designs. In particular, the short-term
measurement of visual outcome in our study might also
have affected the association.

As this study encompassed most retinal centers in South
Korea, it provides data on the general clinical features of
nAMD patients in our country. The prior epidemiologic
study using the Korean National Claim Database including
81,513 nAMD patients described very accurate prevalence,
incidence, gender, and age distribution for nAMD [23].
However, the ophthalmic features and treatment outcomes
could not be identified from the claims database. Our
study of approximately 3,000 nAMD patients who were
treated in the retina centers could reveal additional data
including the mean visual acuity at diagnosis, CNV types,
laterality of newly treated nAMD patients, and treatment
efficacy in terms of functional and anatomical outcomes.
In our study, the male-to-female ratio was 1.67, which was
higher than that (1.03) in the Korean National Claim Data-
base study [23]. Another study using Korean National
Health and Nutritional Survey data reported a higher prev-
alence of late AMD in males than in females [3]. In other
observational studies in different countries, the number of
female patients was significantly higher than male patients
[24-26]. Although the exact reason behind the larger num-
ber of male patients is not known, it could be associated
with a higher prevalence of nAMD in the Korean male
population or it could be that male patients tend to visit
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specialized retina centers for treatment of nAMD whereas
female patients visit smaller clinics for treatment. The
choice of hospital or clinic might also be affected by the
economic status of patients.

In our study, three monthly injections of ranibizumab
showed a good safety profile. There were no cases of seri-
ous systemic adverse events such as stroke or myocardial
infarction. The study period of three months might be too
short to reveal the long-term safety of ranibizumab. But
considering the possible combined morbidity and mortality
due to the old age of nAMD patients and the lack of short-
term adverse events from three monthly injections, it can
be regarded that ranibizumab has minimal direct compli-
cations and it is tolerable at least up to three months. Other
data from long-term clinical trials suggest that ranibizum-
ab also has a good safety profile in the long-term and most
adverse events were related to the procedure itself and to
the old age of the patient population [4,5,12,13].

There are similar observational studies that have investi-
gated the real-world efficacy and safety of ranibizumab for
nAMD. The COMPASS study was a multicenter, prospec-
tive, observational, 15-month study including a three-
month loading phase using ranibizumab [25]. The efficacy
population comprised 1,729 German nAMD patients, and
the BCVA improved from 0.201 to 0.219 in decimal nota-
tion (Snellen equivalent: from 20 / 100 to 20 / 91) after
three injections. Compared to our study of baseline BCVA
of logMAR 0.86 (Snellen equivalent: 20 / 145), the patients
in the COMPASS study had better baseline visual acuity,
which might have resulted in less visual improvement. The
incidence rate of adverse events in the COMPASS study
was 5.6%, which is slightly higher than our study but lower
than the CATT trial rate of 31.7% [27]. The low incidence
of adverse events in our study might be due to the short
follow-up period compared to other studies. As the authors
concluded [25], there is also reduced reporting of adverse
events or serious adverse events compared with the formal
RCTs. In a report on the LUMINOUS study in which
4,444 nAMD patients were enrolled and followed-up for
one year from four completed ranibizumab nAMD regis-
tries including German WAVE (Lucentis in Wet AMD:
Evaluation of Visual Acuity and Quality of Life), HELIOS
(Health Economics with Lucentis in Observational Set-
tings) Netherlands, HELIOS Belgium and Swedish regis-
try, patients gained +0.8 to 4.6 letters at one year with a
mean number of 4.3 to 5.7 injections of ranibizumab [24].
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The incidence of adverse events at one year was 1.64% for
ocular adverse events, 0.43% for stroke and 0.11% for myo-
cardial infarction. The LUMIERE study was a retrospec-
tive, observational study including 551 nAMD patients
treated with ranibizumab [26]. After three monthly ranibi-
zumab treatments, visual acuity improved by 6.7 £+ 13.1
letters and at 12 months, the visual gain was 3.4 + 15.8 let-
ters. The visual gains in our study are comparable to these
observational studies after three monthly treatments
whereas they are smaller than the well-designed RCTs.
This may be because of the inclusion of patients who
might not be eligible for RCTs such as patients with prior
treatment history, confounding ocular diseases, and with-
out disease activity.

There are several limitations in this study of note. First,
this was an observational study with no detailed inclusion
criteria. The diagnosis of nAMD and the treatment deci-
sion were at the discretion of diverse retinal specialists.
Thus, heterogeneous nAMD patients with wide spectrums
of baseline clinical characteristics were included and these
might have affected the outcome analysis. Second, the fol-
low-up period was short at 12 weeks including three
monthly ranibizumab injections. The long-term efficacy
and associated factors as well as safety cannot be deter-
mined by our study alone. Third, additional potential prog-
nostic data such as central retinal thickness and presence
of intraretinal or subretinal fluid on OCT were not collect-
ed during the PMS study and were not included in this
post-hoc analysis. Fourth, visual acuity worse than 20/320
such as counting fingers and hand motion might not have
been exactly measured and the one-log difference between
counting fingers (2.0) and hand motion (3.0) might be too
large compared to visual acuities >20 / 320. These might
have caused a large visual improvement in the lowest vi-
sion group. Lastly, our study subjects might not reflect the
total nAMD patients in South Korea. During the study pe-
riod, nAMD can be treated with either ranibizumab or off-
label bevacizumab. Ranibizumab was reimbursed by the
national healthcare but the price of the deductible was still
similar to that of off-label bevacizumab and there was a
reimbursement limitation in injection numbers of five
times per patient. Therefore, not all the nAMD patients re-
quiring anti-VEGF treatment would not have been treated
with ranibizumab and some patients might have still been
treated with bevacizumab during the study period. Thus,
our study might not reflect the clinical features of all



nAMD patients in South Korea. However, the large num-
ber of nAMD patients treated with ranibizumab in our
study are an indication of the general demographic and
clinical features of nAMD patients in the real world.

In conclusion, the initial treatment of three monthly ran-
ibizumab injections for nAMD showed good efficacy and
safety in real world clinical practice that were comparable
to RCTs. No prior treatment, younger age, and worse base-
line visual acuity were associated with better visual out-
comes. In particular, patients with poor baseline visual
acuity benefited the most from ranibizumab treatment and
naive patients experienced the greatest visual improvement
of 3 or more lines.
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