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Fig. 1 Correlation between vascular endothelial growth factor (VEGF) concentrations in
the aqueous humor samples and axial length. The VEGF concentration in the aqueous
humor samples was negatively correlated with axial length in eyes with cataract (Pearson

product moment correlation test, p = -0.373; P = 0.003)

Fig. 2 Correlation between vascular endothelial growth factor (VEGF) concentrations in
the aqueous humor and age. No significant correlation between the VEGF concentrations in

the aqueous humor and age was found (Pearson product moment correlation test, p =

0.173; P=0.185)

Fig. 3 Vascular endothelial growth factor (VEGF) concentrations in the aqueous humor

from men and women. No significant difference between men and women in the VEGF

concentrations in the aqueous humor samples was found (¢ test, P = 0.381)
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Vascular endothelial growth
factor in the aqueous humour in
eyes with myopic choroidal
neovascularization

Osamu Sawada, Hajime Kawamura, Masashi Kakinoki,
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Department of Ophthalmology, Shiga University of Medical Science, Japan

ABSTRACT.

Purpose: To determine the concentration of vascular endothelial growth factor
(VEGF) in the aqueous humour of eyes with myopic choroidal neovasculariza-
tion (nCNY).

Methods: Aqueous humour samples were obtained from 21 eyes of 21 patients
with mCNV and from 21 eyes of 21 patients with cataract without CNV or
other ocular or systemic diseases (control group). The VEGF concentration in
the aqueous humour was measured using an enzyme-linked immunosorbent
assay.

Results: The VEGF concentrations in the aqueous humour of eyes with mCNV
ranged from < 20.6 to 200 pg/ml (median 35 pg/ml). The concentrations in
the control group ranged from 26 to 218 pg/ml (median 100 pg/ml). The
difference between the two VEGF concentrations in the aqueous humour was
significant (p < 0.001, Mann—Whitney rank sum test).

Conclusion: The VEGF concentration in the aqueous humour of patients with
mCNYV is lower than in normal controls. VEGF might localize in or around
the CNYV in eyes with mCNV.

Key words: aqueous humour - bevacizumab - choroidal neovascularization ~ myopia - vascular
endothelial growth factor
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results have been reported (Gragoudas

Introduction

Vascular endothelinm growth factor
(VEGF) is thought to play a key role
in the progression of choroidal neo-
vascularization (CNV) associated with
age-related macular  degeneration
(AMD) (Ishibashi et al. 1997; Kwak
et al. 2000). Several anti-VEGF drugs
have been used to treat CNV associ-
ated with AMD, and favourable

et al. 2004; Avery et al. 2006; Rosen-
feld et al. 2006).

VEGF also seems to play a key role
in the progression of CNV secondary
to pathological myopia. Anti-VEGF
therapy has been reported to have a
favourable effect on myopic CNV
(mCNV). It was reported that intra-
vitreal injection of bevacizumab
(Avastin® ~Genentech, South San

Francisco, California, USA), a recom-
binant humanized monoclonal anti-
body against all VEGF isoforms
(Ferrara 2004), improved the visnal
acuity (VA) and decreased the angio-
graphic leakage in eyes with mCNV
(Chan et al. 2009; Gharbiya et al
2009; Ikune et al. 2009). Intravitreal
injection of ranibizumab (Lucentis;
Novartis, Basel, Switzerland), a human-
ized antigen-binding portion of a
murine anti-VEGF monoclonal anti-
body that has a mature high affinity
to all VEGF isoforms, improved the
VA and reduced the retinal thickness
in eyes with mCNV (Konstantinidis
et al. 2009). Further understanding of
the role of VEGF in the pathogenesis
of mCNV may aid current anti-VEGF
treatment and combination therapy
with photodynamic therapy (PDT).
To study the relation between VEGF
and mCNV, we obtained agueous
humour samples and measured the
VEGF concentrations in the aqueous
humour of patients with mCNV.

Materials and Methods

In this prospective comparative study,
we determined the VEGF concentra-
tion in the aquecus humour of 21
patients (five men, 16 women) with
mCNYV. The mean patient age was
64.7 years {range 31-79 years). Aque-
ous samples from 21 patients (eight
men, 13 women) with cataract who
did not have CNV or other ocular or
systemic  diseases comprised the
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Table 1. Clinical characteristics of patients with myopic choroidal neovascularization (mCNV)

and controls with cataract.

mCNV Control p-value
No. of patients 21 21
Gender (female/male) 16/5 13/8 0.504
Age (mean £ SD) 64.7 + 12.4 663 £ 9.6 0.693
Axial length (mm, mean + SD) 29.50 £ 1.47 24.55 £ 2.27 < 0.001

SD, standard deviation.

control group. The mean patient age
in the control group was 66.3 years
(range 4479 years) (Table 1).

Undiluted aqueous humour samples
were obtained from the eyes of
patients with mCNV just before
intravitreal injection of 1.25 mg bev-
acizumab. Anterior-chamber paracen-
tesis was performed before the
intravitreal injection, because aspira-
tion of the aqueous humour samples
prevents a spike in intraocular pres-
sure after bevacizumab (1.25 mg/0.05
ml) is injected intravitreally.

Undiluted aqueous humour samples
were also obtained from the control
eyes of the patients with a cataract
and no CNV or other ocular disorders
immediately before cataract surgery.
All injections and sample collections
were performed using a standard ster-
ilization procedure that included the
use of topical povidone-iodine and
levofloxacin drops. No steroids were
administrated to the cataract patients
before cataract surgery. The samples
were stored in a freezer at —80 °C
until analysis.

The VEGF concentration in the
aqueous humour was measured by
enzyme-linked immunosorbent assay
(ELISA) for human VEGF (R&D Sys-
tem, Minneapolis, Minnesota, USA).
The primary antibody against VEGF
detected two (VEGF3; and VEGF ¢5)
of the four VEGF isoforms (Hyodo
et al. 1998). The standard curve was
plotted from the measurements taken
with the standard solution (20.6—
1000 pg/ml) and the VEGF concentra-
tion in the sample was determined. The
assay was performed according to the
manufacturer’s instructions. The limit
of the detectable VEGF concentration
was 20.6 pg/ml.

The size of the mCNV was measured
on fluorescein angiography before
treatment. The fluorescein angiography
images were digitalized using Image-
Net® (Topcon, Tokyo, Japan), and
both the mCNYV and the disc size were

measured using the ImageNet® soft-
ware. The mCNYV area was divided by
the disc area and the mCNV size was
expressed in disc areas. The axial
length was measured using an IOL
Master® (Carl Zeiss Meditec, Jena,
Germany) in the patients with mCNV,
The data were analysed using SIGMA-
STAT software (version 3.1; Systat
Software Inc., Richmond, California,
USA) and expressed as the median
value. The differences between the
VEGF concentrations in the aqueous
humour of patients with mCNV and
the control patients were compared
using the Mann-Whitney rank sum
test. The Spearman rank-order correla-
tion coefficient test was used to exam-
ine the correlation between the VEGF
concentrations in the aqueous humour
and the size of the CNV or the axial
length. A p-value < 0.05 was consid-
ered statistically significant.

This study of the off-label use of
bevacizumab was approved by the
institutional review board of Shiga
University of Medical Science Hospi-
tal. All patients provided written
informed consent, including those
with mCNV and cataract.

Results

The VEGF concentrations in the
aqueous humour in eyes with mCNV
ranged from < 20.6 to 200 pg/ml

(median 35 pg/ml) before intravitreal
injection of bevacizumab. VEGF con-
centrations in the aqueous humour
were below 20.6 pg/ml - the lower
limit of detection — in six of the 21
eyes with mCNV. The VEGF concen-
trations in the aqueous humour in the
control eyes with cataract ranged
from 26 to 218 pg/ml (median
100 pg/ml) (Fig. 1). The median con-
centration in the aqueous humour was
significantly lower in eyes with mCNV
than in the control group (Mann—
Whitney rank sum test, p < 0.001).

Correlations between VEGF concen-
tration and CNV size or axial length
were evaluated. A value of 19 pg/ml
was assigned as the VEGF concentra-
tion in eyes with VEGF < 20.6 pg/ml
and analysed. The CNV sizes ranged
from 0.053 to 2041 disc areas
[mean + standard deviation (SD)
0.664 + 0.680 disc area) before treat-
ment. No correlation was observed
between the VEGF concentrations in
the aqueous humour and the CNV size
in mCNYV (Spearman rank-order corre-
lations coefficients test; p = 0.0946;
p = 0.678) (Fig. 2).

In the eyes with mCNV, axial length
ranged from 26.90 to 32,55 mm (mean
+ SD 29.50 = 1.47 mm). The VEGF
concentrations in the aqueous humour
seemed to be correlated with the axial
length in the eyes with mCNV (Spear-
man rank-order correlations coeffi-
cients test; p = ~0.434; p = 0.0488)
(Fig. 3). The axial length in the con-
trols ranged from 20.98 to 31.95 mm
(mean + SD 24.55 + 2.27 mm).

Discussion

mCNYV, a cause of visual loss and
legal blindness in young and middle-
aged patients, is associated with a
poor prognosis (Avia et al. 1984;
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Fig. 1. Vascular endothelial growth factor concentrations in the aqueous humour in eyes with
myopic choroidal neovascularization and control eyes.
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Yoshida et al. 2003). PDT with verte-
porfin  reduces the risk of visual
impairment (Blinder et al. 2003; Ergun
et al. 2004; Lam et al. 2004). Cur-
rently, PDT or the combination of
PDT and intravitreal triamcinolone
acetonide is suboptimal for treating
mCNV (Degenring & Jonas 2005).
Recent studies have reported that in-
travitreal injection of an anti-VEGF
drug, bevacizumab, seems to be effec-
tive for treating mCNV (Chan et al.
2009; Gharbiya et al. 2009; Ikuno et al.
2009). Therefore, VEGF may play a
key role in the development of mCNV.
The VEGF concentration in the
aqueous humour is higher in patients
with diabetic retinopathy and retinal
vein occlusion than in healthy individ-
uals (Aiello et al. 1994; Sawada et al.
2007). However, it is controversial
whether the VEGF concentration is
high in AMD and mCNV. Tong et al.
(2006) reported that the VEGF con-
centrations in the aqueous humour
increased markedly in patients with

polypoidal choroidal vasculopathy,
CNYV associated with AMD and CNV
associated with myopia compared
with control patients. In contrast,
Jonas & Neumaier (2007) reported
that the VEGF concentrations in the
aqueous humour of patients with
AMD did not vary significantly com-
pared with controls. The VEGF con-
centration in eyes with mCNV is also
controversial. Chan et al. (2008)
reported that the VEGF concentration
in the aqueous humour of patients
with mCNV was 20.1 + 28.9 pg/ml,
which is similar to the value in the
current study, while Tong et al. (2006)
reported elevated levels of aqueous
VEGEF in eyes with mCNV.

In the current study, the VEGF con-
centrations in the aqueous humour in
patients with mCNYV were significantly
lower than in the controls. In this study,
the VEGF concentration in the control
eyes (100 pg/ml) was similar to that
reported by Noma et al. (2005), who
used the same measurement system.

There are several possible explana-
tions for the lower VEGF concentra-
tion in the aqueous humour in patients
with mCNV compared with controls.
VEGF is expressed strongly in subfo-
veal membranes excised surgically from
patients with AMD (Kvanta et al.
1996; Lopez et al. 1996; Hera et al.
2005). However, to the best of our
knowledge, the presence of VEGF in
the retina and the choroid in mCNV
has not been reported. We speculated
that VEGF might be localized to a
small subfoveal area and might cause
mCNV and AMD. If the VEGF is
localized to the retina and the choroid
and the quantity of VEGF is small,
there might not be sufficient VEGF dis-
tributed throughout the vitreous cavity
and penetrating the anterior chamber.
Therefore, it is reasonable that there is
no correlation between the VEGF con-
centration in the aqueous humour and
the size of the CNV in mCNV. Another
possible explanation is that the VEGF
in the anterior chamber and vitreous
cavity might be diluted, because the
axial length is longer and therefore the
intraocular volume is large in patients
with high myopia. We observed a nega-
tive correlation between the VEGF
concentration in the aqueous humour
and the axial length in mCNV. How-
ever, any VEGF concentration below
20.6 pg/ml was not measured precisely
because of the lower limit of the ELISA
used in the current study. This correla-
tion might not be definitive. To evalu-
ate this, we compared the adjusted
VEGF concentrations in the aqueous
humour between the patients with
mCNV and the control patients by
adjusting for the difference in axial
length. The circumferential length of
eyes is similar despite differences in the
axial length between myopic eyes and
non-myopic eyes (Salzmann 1912).
Assuming the intraocular volume was
linear to the axial length, the adjusted
VEGF concentration in the control
eyes was 88 pg/ml, which is still higher
than in myopic eyes. Therefore, the
lower VEGF concentration in mCNV
does not seem to be explained solely by
the difference in axial length.

Other possible explanations are that
VEGF production might decrease
because the retina is thin in pathologi-
cal myopia (Lam et al. 2007) or that
retinal thinning might cause relatively
increased choroidal perfusion and
decreased retinal hypoxia, resulting in
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decreased VEGF production. In addi-
tion, VEGF isoforms other than
VEGF);; and VEGF6; might play a
key role in mCNV. The antibody we
used can detect free VEGF,5; and free
VEGF,¢s. Therefore, we cannot deny
the possibility that bound VEGF or
other VEGF isoforms might play a
key role in mCNYV.

In the current study, we found a sig-
nificantly lower mean VEGF concen-
tration in the aqueous humour in
patients with mCNV. To determine the
pathogenesis of VEGF in mCNV, fur-
ther studies are warranted of the local
presence and intraretinal expression of
VEGF in cyes with mCNV and a com-
parison of VEGF concentrations in the
aqueous humour in patients with high
myopia without mCNV,
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AQUEOUS VASCULAR ENDOTHELIAL
GROWTH FACTOR AFTER
INTRAVITREAL INJECTION OF
PEGAPTANIB OR RANIBIZUMAB IN
PATIENTS WITH AGE-RELATED
MACULAR DEGENERATION

OSAMU SAWADA, MD, TAICHIRO MIYAKE, MD,

MASASHI KAKINOKI, MD, TOMOKO SAWADA, MD,

HAJIME KAWAMURA, MD, MASAHITO OHII, MD

Purpose: The purpose of this study was to evaluate vascular endothelial growth factor
(VEGF) concentrations in the aqueous humor of eyes after intravitreal injections of
pegaptanib or ranibizumab in patients with age-related macular degeneration.

Methods: Aqueous humor samples were obtained from 16 eyes with choroidal neo-
vascularization secondary to age-related macular degeneration before and after intravitreal
injections of pegaptanib (0.3 mg; 5 eyes) and ranibizumab (0.5 mg; 11 eyes). The VEGF
concentration was measured using an enzyme-linked immunosorbent assay using
a primary antibody against VEGF,; and VEGFgs.

Results: The VEGF concentrations in the aqueous humeor of eyes with age-related macular
degeneration ranged from 35.3 pg/mL to 142.4 pg/mL (mean * standard deviation, 90.9
pa/mL = 40.0 pg/mL) before the injection of pegaptanib and increased significantly, ranging
from 298.2 pg/mL to 571.3 pg/mL (mean * standard deviation, 452.0 pg/mL + 106.4 pg/mL)
6 weeks after the injection (P = 0.005). The VEGF concentrations ranged from 47.2 pg/mL to
307.4 pg/mL (mean * standard deviation, 125.9 pg/mL + 77.2 pg/mL) before injection of
ranibizumab and decreased to <31 pg/mL, the lower limit of detection, 4 weeks after injection.

Conclusion: The VEGF concentrations in the aqueous humor of eyes with age-related
macular degeneration decreased after injections of ranibizumab and increased after

injections of pegaptanib.
RETINA 30:1034-1038, 2010

Vascular endothelial growth factor (VEGF) is
a pathogenic factor for formation of choroidal
neovascularization (CNV) in neovascular age-related
macular degeneration (AMD).'” Intravitreal injection
of anti-VEGF drugs is effective for treating
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1034

neovascular AMD 2'? The anti-VEGF drugs used to
treat neovascular AMD include bevacizumab (Avastin,
Genentech, South San Francisco, CA), pegaptanib
(Macugen, OSI/Eyetech and Pfizer, New York, NY), and
ranibizumab (Lucentis, Novartis, Basel, Switzerland).
Bevacizumab, a recombinant humanized monoclonal
antibody against all VEGF isoforms and approved to
treat colorectal cancer,'® has been used for AMD as an
off-label drug.'™'? Pegaptanib, a 28-ribonucleotide
aptamer conjugated to a polyethylene glycol moiety
and a selective inhibitor of VEGFs, has been
approved as an intravitreal treatment for neovascular
AMD.? Ranibizumab, a humanized antigen-binding
portion of a murine anti-VEGF monoclonal antibody
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with a mature high affinity for all VEGF isoforms, has
been approved as an intravitreal treatment for neo-
vascular AMD and is the first such treatment to
improve visual acuity in neovascular AMD.>* The
efficacy of these drugs for neovascular AMD differs in
effecting changes in the visual acuity, and the
difference may depend on the VEGF concentration
after treatment. We measured the aqueous VEGF
concentration before and after intravitreal injections
of pegaptanib and ranibizumab to elucidate this
possibility.

Methods

In this prospective study, we measured the VEGF
concentrations in the aqueous humor of 16 eyes of
16 patients (2 women and 14 men) with CNV
secondary to AMD before and after intravitreal
injections of anti-VEGF agents (5 eyes were treated
with pegaptanib and 11 eyes were treated with
ranibizumab). The mean patient age was 76.6 years
(range, 61-95 years). The presence of CNV was
confirmed with fluorescein angiography and indoc-
yanine green angiography in all patients. No patient
had been treated previously for AMD. Five eyes
received intravitreal injections of pegaptanib (0.3 mg)
3 times every 6 weeks; 11 eyes received intravitreal
injections of ranibizumab (0.5 mg) 3 times monthly.

Undiluted aqueous humor samples were obtained
from the eyes of patients with AMD just before an
intravitreal injection of ranibizumab and 6 weeks after
the first injection of pegaptanib or 1 month after the
first injection of ranibizumab. All sample collections
were performed using a standard sterilization pro-
cedure that included topical povidone-iodine and
levo-floxacin drops. The samples were stored in
a freezer at —80°C until analysis.

The best-corrected visual acuity was measured and
optical coherence tomography was performed before
the first intravitreal injections and just before the
second intravitreal injections of ranibizumab. The
central foveal thickness (CFT) was measured by
spectral-domain optical coherence tomography (Cir-
rus HD-OCT, Carl Zeiss Meditec, Dublin, CA). We
defined the CFT as the distance between the inner
retinal surface and the retinal pigment epithelium at
the central fovea on the optical coherence tomography
images and measured the CFT manually.

The VEGF concentration in the aqueous humor of
eyes was measured by an enzyme-linked immunosor-
bent assay for human VEGF (R & D System,
Minneapolis, MN). The primary antibody against
VEGF detected 2 (VEGF;,; and VEGF,4s) of the

4 VEGF isoforms.® The assay was performed
according to the manufacturer’s instructions, The
lower limit of detection in this system was 31 pg/mL.

The data were analyzed using SigmaStat software
(version 3.1, Systat Software Inc., Richmond, CA) and
expressed as the mean = standard deviation. The
paired #-test was used to evaluate the difference in the
VEGF concentrations in the aqueous humor samples
before and after intravitreal injection of pegaptanib.
The Wilcoxon signed rank test was used to evaluate
the difference in the VEGF concentrations in the
aqueous humor samples before and after intravitreal
injection of ranibizumab. A P value of < 0.05 was
considered statistically significant. The study was
approved by the Institutional Review Board of Shiga
University of Medical Science Hospital. All patients
provided written informed consent before the start of
the study.

Results

The VEGF concentrations in the aqueous humor of
eyes with AMD ranged from 35.3 pg/mL to 142.4 pg/
mL (mean * standard deviation, 90.9 pg/mL =*
40.0 pg/mL) before the injection of pegaptanib and
increased significantly ranging from 298.2 pg/mL to
571.3 pg/mL (mean * standard deviation, 452.0
pg/ mL * 1064 pg/mL) 6 weeks after the first
injection (P = 0.005; Figure 1A). The VEGF
concentrations ranged from 47.2 pg/mL to 307.4 pg/
mL (mean * standard deviation, 125.9 pg/mL = 77.2
pg/mL) before the injection of ranibizumab and
decreased to <31 pg/mL, the lower limit of detection,
4 weeks after the first injection (P < 0.001; Figure 1B).

The visual acuity and CFT values are shown in
Table 1. The mean logarithm of the minimum angle of
resolution best-corrected visual acuity increased from
0.818 to 0.729 and the mean CFT decreased from
250.2 pum to 183.0 um 6 weeks after an intravitreal
injection of pegaptanib, although the VEGF concen-
tration in the aqueous humor of eyes increased
significantly after injection of pegaptanib. The mean
logarithm of the minimum angle of resolution best-
corrected visual acuity was maintained at the same
level, 0.574 before injection and 0.627 4 weeks after
injection of ranibizumab, whereas the mean CFT
decreased from 307.9 pm to 237.3 pm 4 weeks after
intravitreal injection of ranibizumab.

Discussion

We measured the VEGF concentration in the
aqueous humor in patients with AMD before and
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Fig. 1. A, Vascular endothelial growth
factor concentrations in the aqueous
humor before and after intravitreal
injection of pegaptanib. The VEGF
concentrations in the aqueous humor
have increased significantly after in-
travitreal injections of 0.3 mg pe-
gaptanib (paired t-test, P = 0.005). B.
The VEGF concentrations in the
aqueons humor before and after
intravitreal injection of ranibizumab
(Wilcoxon signed rank test, P <
0.001). The VEGF concentrations in
the aqueous humor have decreased to
an undetectable level after intravitreal
injections of 0.5 mg ranibizumab.

VEGF concentration in aqueous humor (pg/mL)

1 ‘ Limit of
detection

Baseline 6 Weeks Baseline 4 Weeks

after intravitreal injections of pegaptanib and ranibi-
zumab and found that the VEGF concentration sig-
nificantly decreased after injection of ranibizumab, as
expected; however, unexpectedly, the VEGF concen-
tration significantly increased after injection of
pegaptanib.

Chan et al'* reported that the aqueous VEGF levels
decreased after intravitreal injection of bevacizumab
in patients with CNV secondary to AMD. Because
intravitreal bevacizumab decreased the elevated

VEGF concentration to undetectable levels in the
aqueous humor in patients with proliferative diabetic
retinopathy,'? it is reasonable that the VEGF concen-
tration in the aqueous humor in patients with AMD
would decrease to undetectable levels after intravitreal
injection of bevacizumab. Ranibizumab has a higher
affinity to VEGF than bevacizumab'>'® and, therefore, it
is also reasonable that intravitreal injection of ranibi-
zumab would decrease the aqueous VEGF concentra-
tion similar to that after the injection of bevacizumab.

Table 1. Clinical Characteristics of Patients Before and After Intravitreal Injection of Anti-VEGF Agents
LogMAR CFT CFT

Aqueous VEGF Aqueous VEGF Log MAR

Concentration  Concentration BCVA BCVA Before After
Case Age Anti-VEGF  (pg/mL) Before  (pg/mL) After Before After Treatment Treatment
No. (Years) Sex Drug Treatment Treatment  Treatment Treatment (pm) (nm)
1 84 M  Pegaptanib 66.2 362.4 0.52 0.82 213 116
2 69 M  Pegaptanib 35.3 571.3 1.22 1.05 284 273
3 78 M  Pegaptanib 80.5 475.5 0.82 0.52 132 197
4 61 M  Pegaptanib 142.4 298.2 0.22 0.10 400 173
5 84 M  Pegaptanib 130.2 552.5 1.30 1.15 222 156
6 74 M  Ranibizumab 72.0 <31 0.70 0.40 274 161
7 61 M Ranibizumab 105.0 <31 0.70 0.82 468 320
8 76 M  Ranibizumab 65.8 <31 0.40 0.52 146 a5
9 70 M  Ranibizumab 233.4 <31 1.05 1.00 502 631
10 73 F  Ranibizumab 128.9 <31 0.30 0.40 356 262
1 81 M  Ranibizumab 47.2 <31 0.70 1.05 217 221
12 87 M  Ranibizumab 95.2 <31 0.15 0.30 136 172
13 72 M  Ranibizumab 70.3 <31 0.40 0.52 275 212
14 72 M Ranibizumab 85.4 <31 0.22 0.15 277 192
15 88 F  Ranibizumab 174.2 <31 0.70 0.82 330 123
16 a5 M Ranibizumab 307.4 <31 1.0 1.00 406 221

LogMAR, logarithm of the minimum angle of resolution; BCVA, best-corrected visual acuity; M, male; F, female.
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AQUEOUS VEGF AFTER ANTI-VEGF TREATMENT « SAWADA ET AL

Pegaptanib, unlike bevacizumab and ranibizumab,
is a selective inhibitor of VEGF,¢s with no affinity for
other VEGF isoforms.!”” We expected VEGF¢s to
decrease after intravitreal injection of pegaptanib, but
we could not anticipate the behavior of the other
VEGEF isoforms. However, the VEGF concentration in
the aqueous humor measured with an enzyme-linked
immunosorbent assay surprisingly increased signifi-
cantly after intravitreal injection of pegaptanib.
Because the antibody used in the enzyme-linked
immunosorbent assay detects VEGF,,; and VEGF s,
the total amount of VEGF,,; and VEGF s, increases
after the administration of pegaptanib. Because
pegaptanib selectively inhibits VEGF,¢s, VEGF¢s
was not expected to increase even 6 weeks after the
injection. VEGF,;, was elevated 6 weeks after the
injection, because each isoform such as transforming
growth factor-8 might react differently.'® The in-
volvement of VEGF;,; in CNV formation might be
potential because it was reported that the increased
expression of the VEGF,; to VEGF,e_jg9 ratio
resulted in the increased prostate tumor angiogenesis'’
and VEGF,,, recruited the peripheral vessels in
tumors.?® This might be why ranibizumab achieved
better outcomes than pegaptanib.

In this study, the aqueous VEGF concentrations
decreased in eyes treated with ranibizumab, whereas
the concentrations increased in eyes treated with
pegaptanib. However, an elevated aqueous VEGF
concentration is not necessarily correlated with poor
visual results. Indeed, the visual acuity improved and
the CFT decreased after intravitreal injection of
pegaptanib, although the aqueous VEGF concentra-
tion increased possibly because pegaptanib suppresses
only VEGF,s, which is believed to be the pathogenic
form of VEGE.!”?! However, the visual acuity was
maintained and the mean CFT decreased 4 weeks after
intravitreal injection of ranibizumab, whereas the
VEGF concentration in the aqueous humor decreased
significantly after intravitreal injection of ranibizu-
mab. The change in the visual acuity was not better
4 weeks after injection even in pivotal clinical studies.??

We found that the VEGF concentrations in the
aqueous humor of eyes with AMD decreased after
intravitreal injection of ranibizumab, but the VEGF
concentration increased after intravitreal injection of
pegaptanib. Further study, including specific measure-
ment of the VEGF,; and VEGF s isoforms, is needed
to establish the pharmacokinetics of VEGF and anti-
VEGEF drugs.

Key words: age-related macular degeneration, anti-
VEGF drug, aqueous humor, pegaptanib, ranibizu-
mab, vascular endothelial growth factor.
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EXTEND-I: safety and efficacy
of ranibizumab in Japanese
patients with subfoveal choroidal
neovascularization secondary to
age-related macular degeneration

Yasuo Tano' and Masahito Ohji? on behalf of the EXTEND-I
Study Group*

'Department of Ophthalmology, Osaka University Medical School, Osaka, Japan
“Department of Ophthalmology, Shiga University of Medical Science, Shiga, Japan

ABSTRACT.

Purpose: To evaluate the efficacy and safety of intravitreal ranibizumab for subfo-
veal choroidal neovascularization (CNV) secondary to age-related macular degen-
eration (AMD) in Japanese patients.

Methods: This open-label, multicentre, Phase I/II study enroled patients into
Group A (single injection of ranibizumab nonrandomized doses of 0.3 or 0.5 mg
followed by 11 monthly injections of the same dose) and Group B (12 monthly
injections of ranibizumab randomized to 0.3 or 0.5 mg). The primary efficacy end-
point was the mean change from baseline in best-corrected visual acuity (BCVA)
score at Month 6. Safety was evaluated in all patients who received ranibizumab.
Results: Of 88 patients enroled, 12 entered Group A (six per dose) and 76 entered
Group B (0.3 mg: n = 35; 0.5 mg: n = 41). Mean change from baseline in BCVA
was significantly increased for both doses (Group B) at Month 6 (0.3 mg: +8.1
letters, p = 0.0006; 0.5 mg: +9.0 letters, p < 0.0001) and Month 12 (0.3 mg:
+9.5 letters, p = 0.0001; 0.5 mg: +10.5 letters, p < 0.0001). At Month 12, one
patient (0.3 mg) and 0 patients (0.5 mg) lost >15 letters, while 37.1% (0.3 mg)
and 31.7% (0.5 mg) of patients gained =15 letters. Ocular serious adverse events
(SAEs) of the study eye were reported in 1 and 2 patients in the 0.3- and 0.5-mg
groups, respectively. Nonocular SAEs were experienced by 2 and 5 patients in the
0.3- and 0.5-mg groups, respectively. No cases of endophthalmitis were reported.
Conclusion: Ranibizumab was effective and well tolerated in Japanese patients
with subfoveal CNV secondary to AMD.

Key words: age-related macular degeneration — best-corrected visual acuity score — choroidal neo-
vascularization — efficacy — Japanese patients — ranibizumab — safety — subfoveal — tolerability
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Introduction

Age-related macular  degeneration
(AMD) is a significant health prob-
lem. In particular, neovascular AMD
is a progressive retinal disease that
can cause severe and irreversible
vision loss and can lead to legal blind-
ness if left untreated (Nowak 2006).
Furthermore, neovascular AMD can
cause severe emotional distress and
have a profound impact on patients’
quality of life (Hassell et al. 2006;
Augustin et al. 2007).

According to findings of the Hisa-
yama study (prospective cohort study
in Japan), the prevalence of neovascu-
lar AMD in residents aged 50 years or
older (n = 1486) was 0.67% (1.2% in
men, 0.34% in women) in 1998, which
was lower than that observed in Cau-
casians (Oshima et al. 2001). How-
ever, another recent study (the
Funagata study) of Japanese residents
aged 35 years or older (n = 1758)
between 2000 and 2002 suggested that
although the prevalence of neovascu-
lar AMD was lower in Japanese
women, it was similar to that seen in
Caucasians for Japanese men (Kawa-
saki et al. 2008).

Until recently, available therapies
for neovascular AMD in Japan were
laser photocoagulation and photody-
namic therapy (PDT) with verteporfin.
Pegaptanib sodium was launched in
2008, and ranibizumab was launched
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in early 2009 in Japan. Several studies
have demonstrated the long-term
safety and efficacy of verteporfin PDT
in Japanese patients with AMD (Japa-
nese Age-Related Macular Degenera-
tion Trial (JAT) Study Group (2003,
2008); however, there is still little
experience of pegaptanib sodium and
ranibizumab in Japanese patients.

Ranibizumab (Lucentis®; Novartis
Pharma AG, Basel, Switzerland and
Genentech, Inc., South San Francisco,
CA, USA) is a Fab fragment of a
recombinant, humanized, monoclonal
antibody. Ranibizumab specifically
binds to and inhibits all biologically
active isoforms of vascular endothelial
growth factor-A (VEGF), thus block-
ing vascular permeability and angio-
genesis in neovascular AMD (Ferrara
et al. 2006, Dadgostar & Waheed
2008). Two pivotal Phase III clinical
studies (ANCHOR and MARINA)
have demonstrated unprecedented
good efficacy and acceptable safety
profiles for ranibizumab in patients
with neovascular AMD (Brown et al.
2006, Rosenfeld et al. 2006), leading
to ranibizumab being licensed for neo-
vascular AMD in the United States
by the Food and Drug Administration
in 2006 (FDA 2006) and in the Euro-
pean Union in 2007.

The ANCHOR and MARINA
studies were conducted in populations
comprising predominantly Caucasian
patients. EXTEND-I is the first clini-
cal study to investigate the efficacy
and safety of intravitreal ranibizumab
specifically in Japanese patients with
subfoveal choroidal neovasculariza-
tion (CNV) secondary to AMD. This
report describes the 12-month safety
of single and multiple dosing and effi-
cacy of multiple dosing of rani-
bizumab from the EXTEND-I study.

Methods

Study objectives

The primary objectives of the
EXTEND-I study were to evaluate
the safety of intravitreal administra-
tion of ranibizumab as single or multi-
ple doses and to assess the efficacy of
ranibizumab multiple dosing for
6 months. The secondary objectives
were to compare the efficacy of multi-
ple doses of ranibizumab (also at
Month 12) in Japanese patients with
that observed in previous non-Japa-

nese studies and to characterize the
pharmacokinetics of intravitreal rani-
bizumab in Japanese patients.

EXTEND-I study design

This was an open-label, multicentre,
Phase I/II study comprising two
phases (a single-injection phase and a
multiple-injection phase) and two
groups of patients (Groups A and B)
(Fig. 1). In the single-injection phase,
the safety of single intravitreal injec-
tions of ranibizumab (not randomized,
doses of 0.3 or 0.5 mg) was evaluated
in sequential cohorts of two patients in
Group A. Those patients in Group A
who successfully completed the single-
injection phase [i.e. did not experience
a grade-3 targeted adverse event (AE)]
could enter a multiple-injection phase
whereby they received monthly injec-
tions of ranibizumab for an additional
11 months at the same dose as they
received in the single-injection phase.
This multiple-injection phase was also
initiated in a population of patients
classified as Group B. In the multiple-
injection phase, Group-B patients were
randomized equally to receive a total
of 12 monthly intravitreal injections of
ranibizumab at doses of 0.3 or 0.5 mg.
Both safety and efficacy were evalu-
ated in Group B.

The study was conducted in accor-
dance with the Declaration of Hel-
sinki and Good Clinical Practice, and
was approved by the Institutional
Review Board at each site. All
patients provided written, informed
consent before determination of their
full eligibility.

Single-injection

Patients

Male or female patients aged
250 years with primary or recurrent
subfoveal CNV secondary to AMD
(including patients with predominantly
classic lesions, minimally classic
lesions or occult lesions with no classic
component in a ratio of 1:1:1) were en-
roled from 15 study sites in Japan.
Other inclusion criteria were a total
area of CNV (including both classic
and occult components) >50% of the
total lesion area, total lesion size
<5400 um in the greatest linear dimen-
sion and a best-corrected visual acuity
(BCVA) score between 73 and 24 let-
ters in the study eye (approximate
Snellen equivalent of 20/40 to
20/320), assessed with the use of Early
Treatment  Diabetic ~ Retinopathy
Study (ETDRS) charts. Patients were
excluded if they had a BCVA score of
<34 letters in both eyes, had previ-
ously participated in a clinical study
involving antiangiogenic drugs (for
either eye), or had participated in a
clinical study of any investigational

drugs  (excluding vitamins and
minerals) within 1 month preceding
EXTEND-I study commencement.

Patients were also excluded if they had
received previous treatment in the
study eye with PDT with verteporfin,
radiation therapy, macular laser pho-
tocoagulation, vitrectomy or transpup-
illary thermotherapy, or had a
subretinal haemorrhage in the study
eye involving the centre of the fovea
with a size of either 250% of the total
lesion area or 21 disc area (DA) in
size.

Multiple-injection phase

phase®
Month 0 0 1 2 3 4 5[6]7 8 9 10][M]12
Group A = 0

equential dosin
EEEEEEEEEEN
Group B N/A
EEEEEEEENEEENER
8 Ranibt |- -
| Ranibizumab 0.3 mg Primary Final visit
B Ranibizumab 0.5 mg endpoint

*Upon completion of the single-injection phase, patients in Group A were eligible to enter the multiple-injection phase,
which began >4 weeks after the final visit of the single-injection phase.
Multiple injections did not begin until both doses were shown to be well tolerated in all cohorts

Fig. 1. EXTEND-I study design.
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Assessments

Efficacy

The primary efficacy variable was the
mean change from baseline in BCVA
score, assessed with the use of ET-
DRS charts at a starting distance of
2 m, in the study eye at Month 6 for
both ranibizumab doses; the mean
change from baseline in BCVA score
at Month 12 was evaluated as a sec-
ondary variable. Other secondary effi-
cacy variables included the assessment
at Months 3, 6, 9 and 12 of the total
area of CNV, the total area of leakage
from CNYV plus staining of the retinal
pigment epithelium (RPE), and the
proportion of patients with absence of
leakage from CNYV. Total area of
CNV and total area of leakage from
CNV plus RPE staining were mea-
sured in the study eye by fluorescein
angiography (FA). In addition, the
proportions of patients at Months 6
and 12 with a BCVA score loss in the
study eye of <15 letters, 215 letters
and 230 letters, a BCVA score gain of
>15 letters, and a BCVA score of <34
letters (approximate Snellen equivalent
of 20/200) were evaluated. Snellen
equivalents were determined with the
ETDRS chart at a starting distance of
2 m. The change and per cent change
from baseline in foveal retinal thick-
ness at Months 3, 6, 9 and 12 were
also investigated in study eyes using
optical coherence tomography (OCT).
The OCT imaging was performed
using OCT 3000 (Stratus OCT™; Carl
Zeiss Meditec AG, Jena, Germany)
with software version Al.l or later.
OCT operators, systems and software
were certified by the reading centre
prior to the enrolment of study
patients. Similarly for FA, photogra-
phers were also certified by the read-
ing centre. FA and OCT images were
interpreted at a designated central
reading centre, the University of Wis-
consin Fundus Photograph Reading
Center (Madison, WI, USA).

Pharmacokinetics

Pharmacokinetic analysis was con-
ducted in the single-injection phase of
Group A. Blood samples were taken
from all 12 patients in Group A at six
time-points (1 hr before and 2 hr after
ranibizumab single injection at base-
line, and 24 hr, 3, 7 and 14 days after
single injection). Serum ranibizumab
concentration was assayed by Genen-

tech, Inc. The pharmacokinetics of
serum ranibizumab was analysed by
noncompartmental methods (using
WinNonlin Pro, Version 5: Pharsight,
St Louis, MO, USA) and the pharma-
cokinetic parameters were summarized
for cach dose group. Area under the
curve (AUC) was measured from time
0 to the last measurable time-point.

Safety

The primary safety variable was the
incidence of grade-3 targeted AEs up
to Month 6; targeted AEs were
assessed in both the study and fellow
eye consisted of intraocular inflamma-
tion (with grade-3 defined as any 4+
intraocular inflammation or 2-3+
intraocular inflammation that fails to
decrease to <I+ within 30 days)
(Hogan et al. 1959), decreases in VA
(with grade-3 defined as > 29-letter
decrease within 14 days after rani-
bizumab administration compared
with before administration), retinal
tear or detachment (with grade-3
defined as a new tear or detachment
developing during the study and
involving the macula), retinal haemor-
rhage (with grade-3 defined as any
new haemorrhage >1 DA in size and
involving the fovea, or an increase of
a pre-existing haemorrhage by >1
DA and involving the fovea), vitreous
haemorrhage (with grade-3 defined as
any vitreous haemorrhage of 22 +
severity lasting > 14 days), and in-
creases or decreases in intraocular
pressure [with grade-3 defined as a
persistent (> 15 min) loss of light per-
ception because of increased intraocu-
lar pressure, or a >20 mmHg increase
or decrease in intraocular pressure
lasting 214 days].

Serious adverse events (SAEs) were
identified for special reporting require-
ment. Eye-related AEs were assessed by
nondirective questioning and ophthal-
mic examinations; other AEs were
detected by nondirective questioning,
vital signs, laboratory values or other
assessments. Pregnancy testing (urine)
was performed on female patients (of
child-bearing potential) at the screening
visit. Serum samples for the evaluation
of immunoreactivity to ranibizumab
(antiranibizumab  antibodies) were
obtained from all patients prior to the
first study drug administration, and
from patients who had been treated
with multiple doses of ranibizumab for
>6 months at Month 6 in both Groups

A and B, at Month 11 in Group A and
at Month 12 in Group B.

Haematology, serum chemistry, uri-
nalysis and vital signs were monitored
regularly, and all AEs were collected
and evaluated for their severity and
relationship to the study drug.

Statistical analyses

For both Group A and Group B
patients, demographic characteristics
and baseline ocular characteristics were
summarized for the enroled population
(all enroled patients). The discrete vari-
ables were presented as the number
and percentage of patients in each cate-
gory, and the continuous variables
were summarized using descriptive sta-
tistics (mean, median, standard devia-
tion and range). Safety analyses,
including drug exposure, were con-
ducted in the safety population (all en-
roled patients who received at least one
dose of the study drug and had at least
one postbaseline safety assessment) in
Groups A and B. Efficacy was not
analysed in Group A.

For Group B, efficacy analyses were
performed for three different popula-
tions: intent-to treat (ITT) population,
per protocol population (PP) and
patients with at least one measure-
ment of OCT. The analysis of the pri-
mary efficacy variable was performed
on the study eye in the ITT popula-
tion using the last observation carried
forward method to impute any miss-
ing data. In addition, to assess the
robustness of the data, analysis of the
primary efficacy variable was repeated
on the PP population and the ITT
population with observed data.
Descriptive statistics for the change in
BCVA score from baseline were sum-
marized by treatment and by visit.
The 95% confidence intervals (95%
CI) for the change in BCVA score
from baseline were based on ¢-distri-
butions, and the p-values were based
on paired z-tests.

Subgroup analyses were performed
for the mean change from baseline in
BCVA score at Months 6 and 12 by
CNV lesion classification (predomi-
nantly classic, minimally classic and
occult with no classic component), age
(<75, 275 years), gender, baseline
BCVA score in study eye (<55, >55;
<45, 245 letters) and lesion size (<2,
2-4 DA; >4 DA).

Analyses of the secondary efficacy
variables were performed using the
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same approaches as for the primary
efficacy variable, with the exception of
foveal retinal thickness by OCT,
which was only analysed for the ITT
population with observed data. These
12-month analyses of Group A and
Group B data were based on data
cut-offs at Month-11 and Month-12
visits for each patient, respectively, in
the multiple-injection phase.

Results

Patients

Overall, 88 patients were enroled in
the study: 12 in Group A (six per
dose) and 76 in Group B (35 in the
0.3-mg-dose group and 41 in the 0.5-
mg-dose group). Patient demographics
and baseline characteristics are shown
in Table 1.

In Group A, 12 patients completed
the single-injection phase; of these, 11
patients subsequently entered the mul-
tiple-injection phase (one patient in the
0.3-mg-dose group chose to receive
other therapy instead of entering the
multiple-injection phase). Overall, 10
patients from Group A completed the
multiple-injection phase; one patient in
the 0.3-mg-dose group withdrew from
the study because of an AE.

In Group B, eight of the 76 patients
discontinued from the study prema-
turely; four in each of the ranibizumab
0.3-mg-dose group and 0.5-mg dose
group. Discontinuations from the
study were because of death (n = 2,
one in each dose group), AEs (n = 2,
one in each dose group), protocol vio-
lation (z = 1 in the 0.3-mg-dose
group) and withdrawn consent (n = 3,
one in the 0.3-mg-dose group and two
in the 0.5 mg-dose group). None of the
events leading to study discontinuation
or death was thought to be related to
the study treatment.

Efficacy (multiple-injection phase of
Group B)

A significant increase in mean BCVA
score in the study eye (standard devia-
tion, SD), which was the primary effi-
cacy endpoint, was observed between
baseline (47.6 letters in the 0.3 mg and
48.1 letters in the 0.5 mg) and Month
6: +8.1 (12.65) letters (p = 0.0006,
paired z-test) in the 0.3-mg-dose group
and +9.0 (9.62) letters (p < 0.0001,
paired r-test) in the 0.5-mg-dose

Table 1. Patient demographics and baseline characteristics.

Group A Group B
Ranibizumab Ranibizumab Ranibizumab Ranibizumab
0.3 mg 0.5 mg 0.3 mg 0.5 mg
(n = 6) (n=6) (n = 35) (n = 41)
Gender (% male) 83.3 83.3 74.3 80.5
Age (mean years) 70.3 72.0 70.7 71.6
Mean BCVA letters (SD) 52.0 (16.90) 44.2 (14.95) 47.6 (11.82) 48.1 (10.75)
BCVA (median Snellen 20/80 20/200 20/125 20/125
equivalent)
CNV classification (%)
Occult with no classic - — 40.0 34.1
Minimally classic - - 34.3 41.5
Predominantly classic - - 25.7 24.4
Total area of lesion (DA) - - 235 2.36

BCVA = best-corrected visual acuity; CNV = choroidal neovascularization; DA = disc areas;

SD = standard deviation.

group. Increases in mean BCVA score
from baseline were seen after 1 month
of ranibizumab treatment, namely
increases of +5.2 (9.19) letters in the
0.3-mg-dose group and +5.8 (7.45)
letters in the 0.5-mg-dose group. The
improved BCVA scores at Month 6
were maintained up to Month 12,
where increases of +9.5 (12.79) letters
(p = 0.0001, paired t-test) in the 0.3-
mg-dose group and +10.5 (11.4) let-
ters (p < 0.0001, paired -test) in the
0.5-mg-dose group were observed
(Fig. 2).

At Month 6, the number of patients
in the 0.3-mg-dose group and 0.5-mg-
dose group who lost 215 letters in

BCVA score in the study eye was |
and 0, respectively, while the propor-
tion of patients who gained =15 letters
in BCVA score in the study eye was
34.3% and 24.4%, respectively. At
Month 6, the proportion of patients in
the 0.3-mg-dose group and 0.5-mg-
dose group who had a BCVA of the
approximate Snellen equivalent of
20/40 or better in the study eye was
11.4% and 29.3%, respectively, while
the proportion of patients having a
BCVA of the approximate Snellen
equivalent of 20/200 or worse in the
study eye at this time-point was 14.3%
and 7.3%, respectively. Improvements
in these secondary efficacy variables of

~ Ranibizumab 0.3 mg (n = 35)
= Ranibizumab 0.5 mg (n=41)
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Month

BCVA = best-corrected visual acuity

p-values derived from paired t-test against baseline
Last observation carried forward method used to impute missing data
Vertical bars are (x) standard error of the mean

Fig. 2. Mean change from baseline in best-corrected visual acuity score with Early Treatment
Diabetic Retinopathy Study chart over time in the study eye of multiple injection phase in

Group B.
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vision were also seen at Month 12 in
both dose groups (Fig. 3).

The total area of CNV remained
constant throughout 12 months in
both dose groups. The mean change
(SD) from baseline at Months 3, 6, 9
and 12 was —0.10 (0.95), —-0.15 (0.97),
—0.23 (0.97) and -0.16 (1.01) DA,
respectively, in the 0.3-mg-dose group,
and 0.13 (0.75), 0.04 (0.76), 0.21 (0.90)
and 0.23 (1.08) DA, respectively, in
the 0.5-mg-dose group.

Both dose groups showed a statisti-
cally significant decrease from baseline
in the total area of leakage from CNV
plus RPE staining and foveal retinal
thickness over time. The total area of
leakage from CNV plus RPE staining
at Month 12 decreased by more than
half of that at baseline; mean change
(SD) of —1.50 (1.08) DA at Month 12
from 2.31 (1.17) DA at baseline
(p < 0.0001, paired t-test) in the 0.3-
mg-dose group, and —1.39 (1.48) DA
at Month 12 from 2.49 (1.54) DA at
baseline (p < 0.0001, paired #-test) in
the 0.5-mg-dose group. At Month 12,
foveal retinal thickness was signifi-
cantly reduced compared with baseline
in both ranibizumab-dose groups: the
mean percentage change in the 0.3-
mg-dose group was —41.6% (95% CI
of =57.5, =25.6; p < 0.0001, paired -
test) and in the 0.5-mg-dose group, it
was —58.9% (95% of CI -71.1, —-46.7;
p < 0.0001, paired z-test) (Fig. 4).

There was an increase in mean
BCVA score at Month 12 in all analy-
sed subgroups, with the exception of
the subgroup of patients with a BCVA
score of 255 letters at baseline in the

B Ranibizumab 0.3 mg
M Ranibizumab 0.5 mg

100~ 97.1 490

Patients (%)

Lost Gained 20/40
<15 letters 215 letters or better

20/200
or worse

Fig. 3. Proportion of patients who lost <15
letters, gained =15 letters, had an approxi-
mate Snellen equivalent of 20/40 or better or
had an approximate Snellen equivalent of
20/200 or worse in best-corrected visual acu-
ity with Early Treatment Diabetic Retino-
pathy Study chart at Month 12 in the study
eye of multiple injection phase in Group B.

0.3-mg-dose group (» = 10, mean
change —0.1 letters, SD 12.18 letters).

Pharmacokinetics

Pharmacokinetic data for each rani-
bizumab dose are shown in Table 2.
Ranibizumab showed a slow systemic
absorption with a mean Tp,,, of 0.53
and 1.00 days for the 0.3-mg-dose
group and 0.5-mg-dose group, respec-
tively. Apparent mean ¢., in the 0.3-

mg-dose group and 0.5-mg-dose
group, respectively, was 6.56 and
7.85 days.

Safety

All 88 enroled patients received at
least one dose of ranibizumab and
had at least one postbaseline safety
assessment: 12 in Group A; single and

multiple-injection phase (six per dose
group) and 76 in Group B; multiple-
injection phase (35 in the 0.3-mg-dose
group and 41 in the 0.5-mg-dose
group). Table 3 summarizes the expo-
sure of patients to ranibizumab treat-
ment, including mean treatment
duration. For patients in Group A,
the treatment duration includes the
transitional interval between the sin-
gle- and multiple-injection phases. The
length of this interval between the first
and second injections varied for each
patient. The maximum number of
injections in both the groups was 12.
Overall, 89% (78/88) of patients in
pooled Groups A and B received >9
injections of ranibizumab.

No patients in Group A experi-
enced a grade-3 targeted AE. How-
ever, a grade-3 targeted AE of ‘retinal
haemorrhage’ in the study eye was

Month
0 3 6 9 12
0-L ] ] ] ]
g 50—
@ =e=== Ranibizumab 0.3 mg
§ === Ranibizumab 0.5 mg
£ -100 I
©
£
° .
5 150 - -
(]
>
L
£ -
8 —200 i
f=
£ £
£ e
3] \ =8
c *
‘é —250— i e —
-300- ) L

*p < 0.0001; ** p = 0.0001; Tp =0.0012
Error bars are +1 standard error of the mean

p -values derived from paired t-test against baseline

The numbers of patients in the 0.3 and 0.5 mg dose groups,

respectively, were as follows:
Baseline; n=28, n=30
Month 3; n=27, n=29
Month 6; n= 26, n= 28
Month 9; n=26, n=27
Month 12; n= 26, n= 26

Fig. 4. Mean change from baseline in foveal retinal thickness in the study eye of multiple injec-

tion phase in Group B.
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experienced by one patient (2.4%) in
the 0.5-mg-dose group of Group B
during the first 6 months of the multi-
ple-injection phase. The overall inci-
dence of grade-3 targeted AEs at
Month 6 (the primary safety end-
point) was 13% (n =1) of 76
patients in Group B. Additionally,
grade-3-targeted AEs of ‘visual acuity
reduced transiently’ in the study eye
were experienced by two patients
(4.9%) in the 0.5-mg-dose group of
Group B immediately after an acci-
dental overdose of ranibizumab
(approximately 0.2-0.3 ml). The over-
all incidence of grade-3-targeted AEs
at Month 12 was 3.9% (n = 3) in
Group B. Approximately 90% of
patients experienced at least one ocu-
lar AE in the study eye during the 12-
month study period; namely, 94.3%
(n = 33 of 35) of patients in the 0.3-
mg-dose group and 82.9% (n = 34 of
41) of patients in the 0.5-mg-dose
group of Group B. The most common
AE of the study eye was ‘conjunctival
haemorrhage’ (74.3% and 58.5% of
patients in the 0.3 mg and 0.5-mg-
dose groups of Group B, respectively),
most of which were thought to be
associated with the intravitreal injec-
tion procedure. No endophthalmitis
was observed throughout the study.

Ocular AEs in the study eye sus-
pected to be related to the study drug
were experienced by two patients in
the 0.5-mg-dose group of Group A
(increased intraocular pressure, n = 1;
decreased visual acuity, » = 1), and
by 6 (17.1%) patients in the 0.3 mg
dose of Group B and 10 (24.4%)
patients in the 0.5-mg-dose group of
Group B (Table 4). The most com-
mon ocular AE in the study eye in
Group B was ‘intraocular pressure
increased’ (5.7% in the 0.3 mg dose;
12.2% in the 0.5 mg dose). Further-
more, two patients in the 0.5-mg-dose
group of Group B who received an
accidental overdose of ranibizumab
experienced the following ocular AEs:
‘intraocular pressure increased’ (study
eye, both patients), ‘visual acuity
reduced transiently’ (study eye, both
patients), ‘eye pain’ (study eye, one
patient), ‘corneal oedema’ (study eye,
one patient) and ‘asthenopia’ (study
eye, one patient).

Adverse events of intraocular inflam-
mation were not observed in Group A.
‘Anterior chamber inflammation’ and
‘iritis’ of the study eye were observed in

Table 2. Pharmacokinetic parameters for ranibizumab after single administration.

Pharmacokinetic parameter

Tmax, Mean (range), days

Ciax, mean (SD), ng/ml
AUC,.1, mean (SD), ng* day/ml
Ty,, mean (SD), days

Ranibizumab Ranibizumab
0.3 mg 0.5 mg

(n=6) (n =6)

0.53 (0.08-3.02) 1.00 (0.97-2.97)
1.96 (1.65) 1.86 (0.61)

7.47 (3.98) 14.90 (2.86)

6.56 (3.85) 7.85 (3.38)

AUC,. 1 = area under the curve (time 0 to last measurable time-point); Cpax = highest sys-
temic drug level; SD = standard deviation; Ty, = serum elimination half-life; Trmax = time to

achieve the highest systemic drug level.

Table 3. Summary of patient exposure to ranibizumab.

Group A Group B
Ranibizumab ~ Ranibizumab  Ranibizumab  Ranibizumab
0.3 mg 0.5 mg 0.3 mg 0.5 mg
(n=06) (n = 6) (n = 35) (n = 41)
No. of injections, mean 9.3 12.0 11.2 11.1
(range) (1-12) (12-12) (3-12) (3-12)
<3 1 0 0 0
3-6 0 0 3 4
>6-9 1 0 1 0
>9-12 4 6 31 37
Treatment duration (days) 3822 417.8 306.6 305.3
mean (range) (1-578) (345-463) (66-337) (57-337)
Treatment interval from 180.2 118.7 - -
first to second injection (134-281) (51-166)

(days) mean (range)

Table 4. Summary of study drug-related ocular and nonocular adverse events (AEs) (Group B

patients).
Ranibizumab Ranibizumab
0.3 mg 0.5 mg
AE, n (%) (n = 35) (n = 41)
Ocular AEs
Total 6 (17.1) 10 (24.4)
Intraocular pressure increased 2 (5.7) 5(12.2)
Eye pain 0 3(7.3)
Visual acuity reduced transiently 0 2 (49)
Anterior chamber inflammation 1(2.9) 0
Conjunctival hyperaemia 1(2.9) 0
Conjunctival oedema 1(2.9) 0
Retinal haemorrhage 1(2.9) 0
Visual acuity reduced 1(2.9) 1(24)
Asthenopia 0 1(24)
Corneal oedema 0 1(2.4)
Lymphangiectasia 0 1(24)
Posterior capsule opacification 0 1(24)
Vitreous floaters 0 1(2.4)
Nonocular AEs
Total 0 3(7.3)
Angina pectoris 0 1(2.4)
Eczema 0 1(24)
Hypertension 0 1(24)

one patient each in the 0.3-mg-dose
group of Group B. ‘Anterior chamber
inflammation’ of the fellow eye was
experienced by one patient in the

0.3-mg-dose group and ‘iritis’ of the fel-
low eye was experienced by one patient
in each of the 0.3-mg-dose group
and 0.5-mg-dose group of Group B.
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Table 5. Deaths and serious adverse events (SAEs) during the study period.

Group A Group A Group B Group B
Ranibizumab  Ranibizumab  Ranibizumab  Ranibizumab
0.3 mg 0.5 mg 0.3 mg 0.5 mg
n==6 n==6 n =135 n =4l
Death 0 (0.0) 0 (0.0) 1(2.9) 124
Total SAEs 1(16.7) 0 (0.0) 4(11.4) 8 (19.5)
Ocular SAE of study eye 0 (0.0) 0 (0.0) 129 249
Corneal oedema 0 (0.0) 0 (0.0) 0 (0.0) 1(2.4)
Eye pain 0 (0.0) 0 (0.0) 0 (0.0) 1(24)
Intraocular pressure 0 (0.0) 0 (0.0) 0 (0.0) 2(49)
increased
Visual acuity reduced 0 (0.0) 0 (0.0) 129 0 (0.0)
Visual acuity reduced 0 (0.0) 0 (0.0) 0 (0.0) 2 (4.9
transiently
Ocular SAE of fellow eye 0 (0.0 0 (0.0) 2(5.7 1(2.4)
Cataract 0 (0.0) 0 (0.0 1(2.9) 1(2.4)
Macular degeneration 0 (0.0) 0 (0.0) 129 0 (0.0)
Nonocular SAE 1(16.7) 0 (0.0) 129 5(12.2)
Angina pectoris 0 (0.0 0 (0.0) 0 (0.0) 1(2.4)
Anorexia 0 (0.0 0 (0.0) 0 (0.0) 124
Ataxia 0 (0.0) 0 (0.0) 0 (0.0) 1(2.4)
Bladder neoplasm 0 (0.0) 0 (0.0) 1(2.9) 0 (0.0)
Cerebral haemorrhage 0 (0.0 0 (0.0) 0 (0.0) 1(2.4)
Diabetes mellitus 1 (16.7) 0 (0.0) 0 (0.0) 0 (0.0)
Gastric cancer 0 (0.0) 0 (0.0 0 (0.0) 1(2.4)
Hypoesthesia 0 (0.0) 0 (0.0) 0 (0.0) 1(2.4)
Lung carcinoma cell type 0 (0.0) 0 (0.0) 0 (0.0) 1(2.4)

unspecified recurrent

Nonocular AEs suspected to be
related to ranibizumab were reported
by one patient in the 0.3-mg-dose
group of Group A (intestinal divertic-
ulum), and three patients in the 0.5-
mg-dose group of Group B (Table 4).

There were 13 SAEs and two deaths
in this study (Table 5). In Group A,
one nonocular SAE of ‘diabetes mell-
itus’ was experienced by one patient
(0.3-mg-dose group) during the multi-
ple-injection phase. In Group B, ocu-
lar (study and fellow eye) or
nonocular SAEs were experienced by
four patients in the 0.3-mg-dose group
and eight patients in the 0.5-mg-dose
group. The SAEs in the Group B were
‘corneal oedema’, ‘eye pain’, ‘intraoc-
ular pressure increased’, ‘visual acuity
reduced’  ‘visual acuity reduced
transiently’ (accidental overdose of
ranibizumab), cataract’, ‘macular de-
generation’, ‘angina pectoris’, ‘bladder
neoplasm’, ‘cerebral haemorrhage’,
‘gastric cancer’ and ‘lung carcinoma
cell type unspecified recurrent’. One
patient experienced ‘anorexia’, ‘ataxia’
and ‘hypoesthesia’. ‘Bladder neo-
plasm’ (0.3 mg Group B) resulted in
the death of a patient during the first
6 months of the multiple-injection
phase. There was another death (0.5-
mg Group B) that resulted from a

nonocular SAE of ‘lung carcinoma
cell type unspecified recurrent’.
Neither of the deaths was suspected to
be related to the study drug.

The study was discontinued by five
patients because of nonocular AEs.
This includes the two patients who
died, two patients who reported an
SAE and one patient in Group A (0.3-
mg-dose group; ‘vomiting’ because of
Fluorescein injection at Month 6).

The analyses of AEs potentially
related to systemic VEGF inhibition
focused on the incidence of hyperten-
sion, arterial thromboembolic events
and nonocular haemorrhage. Overall,
no such AEs were observed in the
Group-A  patients. In  Group-B
patients, they were observed in three
of 35 patients (8.6%) in the 0.3-mg-
dose group and in three of 41 patients
(7.3%) in the 0.5-mg-dose group.
‘Angina pectoris’ and ‘cerebral haem-
orrhage’ were experienced by one
patient (2.4%) each in the 0.5-mg-
dose group. ‘Hypertension” was expe-
rienced by three patients (8.6%) in the
0.3-mg-dose group and one patient
(2.4%) in the 0.5-mg-dose group.
Stroke (‘cerebral haemorrhage’) was
observed in one patient (2.4%) in the
0.5-mg-dose group. Of these events,
‘angina pectoris’ and ‘hypertension’ in

the 0.5-mg-dose group were suspected
to be related to the study drug.

At Month 11 in the multiple-injec-
tion phase of Group A, immunoreac-
tivity to ranibizumab (antiranibizumab
antibodies) was not detected in any
patient. At Month 12 in Group B,
immunoreactivity to ranibizumab was
detected in one of 32 evaluated
patients (3.1%) in the 0.3-mg-dose
group and three of 37 evaluated
patients (8.1%) in the 0.5-mg-dose
group. However, none of these
patients had any AEs suspected to be
related to the study drug.

Discussion

The results reported in this study dem-
onstrate that monthly intravitreal rani-
bizumab significantly improves VA,
FA and OCT outcomes in Japanese
patients with subfoveal CNV secondary
to AMD. Ranibizumab significantly
increased the mean BCVA score from
baseline to Month 6 with both 0.3 mg
(+8.1 letters) and 0.5 mg (+ 9.0 letters)
doses. The improved BCVA scores
persisted to Month 12 in both the
0.3-mg-dose group (+9.5 letters) and
0.5-mg-dose group (+ 10.5 letters).

In addition, compared with base-
line, ranibizumab significantly reduced
the total area of leakage from CNV
plus RPE staining and foveal retinal
thickness.

The results in this study are consis-
tent with those previously reported in
the pivotal Phase III studies (MAR-
INA and ANCHOR) conducted in a
predominantly Caucasian population
of patients with neovascular AMD
(Brown et al. 2006; Rosenfeld et al.
2006). These studies showed an
increase from baseline in mean BCVA
score at 12 months of 6.5-8.5 letters
with ranibizumab 0.3 mg and 7.2-11.3
letters with ranibizumab 0.5 mg, com-
pared with decreases in mean BCVA
score of 10.4 letters observed with
sham treatment in the MARINA
study and 9.5 letters with verteporfin
PDT in the ANCHOR study. In addi-
tion, 297% of patients in this study
lost fewer than 15 letters after
12 months of ranibizumab treatment,
which is also similar to that seen in
the MARINA and ANCHOR studies
(approximately 95%). The propor-
tions of patients who gained 215 let-
ters were also similar among these
three studies (approximately 30-40%).
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The improvement in BCVA score
observed with ranibizumab in this
study and large-scale randomized dou-
ble-masked clinical studies may reflect
the ability of ranibizumab to inhibit
all diffusible isoforms of VEGF that
are biologically active, specifically
VEGF165, VEGF121 and VEGF]]D
(Lowe et al. 2007).

The calculated 7+, corresponded with
the absorption rate of ranibizumab
from the eye into the systemic circula-
tion as a result of flip-flop pharmacoki-
netics associated with sustained release,
and suggested a low elimination rate of
ranibizumab from the eye. These phar-
macokinetic findings in Japanese
patients are consistent with those in
non-Japanese patients described in the
prescribing information of Lucentis
(FDA, 2006).

Intravitreal ranibizumab treatment
was associated with an acceptable
safety and tolerability profile in this
Japanese patient population. The most
common AE was conjunctival haemor-
rhage of mild severity, most of which
was thought to be because of the intra-
vitreal injection procedure. Notably,
there were no incidences of endoph-
thalmitis in this study, which has also
been mainly attributed to an intravitre-
al injection procedure. Among the
observed ocular and nonocular SAEs,
with the exception of overdose-related
SAEs, only one SAE of angina pectoris
in the 0.5-mg-dose group of Group B
was suspected to be related to the study
drug. The incidence of grade-3 targeted
AEs in Group B was 1.3% (n = | of
35) at Month 6 and 3.9% (n = 3 of 41)
at Month 12 in Group B. In addition,
the incidences of nonocular AEs sus-
pected to be related to ranibizumab
and AEs potentially related to systemic
VEGEF inhibition were also within the
acceptable range and consistent with
the earlier studies (Brown et al. 2006;
Rosenfeld et al. 2006).

In conclusion, the results of this
study are comparable with previous
randomized double-masked Phase III
studies in predominantly Caucasian
patients and indicate that monthly
intravitreal ranibizumab therapy with
0.3 and 0.5 mg doses has an accept-
able safe profile and is highly effective

in Japanese patients with subfoveal
CNYV secondary to neovascular AMD.
In Japanese patients, clinically and
statistically significant improvements
in mean BCVA score of approximately
two lines on the ETDRS chart have
been achieved during 12 months of
monthly treatment with ranibizamab.
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Macular Pigment Optical Density in Central

Serous Chorioretinopathy

Yuzuru Sasamoto,' Fumi Gomi," Miki Sawa,’ Motokazu Tsujikawa,'

and Toshimitsu Hamasaki®

Purpost. To evaluate macular pigment optical density (MPOD)
in patients with central serous chorioretinopathy (CSC) and in
normal subjects.

MEeTHODS. MPOD was measured by autofluorescence spectrom-
etry by using a two-wavelength method. Central retinal thick-
ness (CRT) was measured with optical coherence tomography.
Statistical analyses were performed to determine factors asso-
ciated with MPOD.

ResuLts. Ninety-four eyes of 94 normal control subjects, 123
eyes of 70 patients with chronic CSC, and 74 eyes of 41
patients with acute CSC were included. The mean MPOD was
0.548 density unit (DU; 95% confidence interval [CI]; 0.516-
0.580) in the control group. Stepwise regression analysis of the
control group showed that CRT was associated positively with
MPOD (P = 0.0079). The mean MPOD was 0.386 DU (95% CI,
0.352-0.420) in the eyes with chronic CSC, 0.443 DU (95% CI,
0.401-0.484) in fellow eyes with chronic CSC, 0.542 DU (95%
CI, 0.493-0.590) in affected eyes with acute CSC, and 0.528
DU (95% CI, 0.475-0.582) in fellow eyes with acute CSC.
Stepwise regression analysis showed a significant association
between eyes with a lower MPOD and affected eyes with
chronic CSC (P = 0.0126) and fellow eyes with chronic CSC
(P = 0.0023) and a thinner central retina (P = 0.0016).

ConcLusions. MPOD may decrease in eyes with chronic CSC
and in the fellow eyes. Low MPOD may indicate a risk of
chronic CSC, and a decrease in MPOD may be accelerated by
thinning of the central retina. (Invest Opbthalmol Vis Sci.
2010;51:5219-5225) DOI:10.1167/i0vs.09-4881

acular pigment is composed of three carotenoids (i.e.,
lutein, zeaxanthin, and meso-zeaxanthin). Lutein and ze-
axanthin can be obtained only from food, and meso-zeaxanthin
is synthesized mainly from retinal lutein. 1-6 Macular pigment is
distributed primarily in the layer of the fibers of Henle in the
fovea and the inner nuclear layer at the parafoveal site.”
Macular pigment has light-absorbing properties, with the
absorption spectra in the 400- to 540-nm range and the maxi-
mum absorption at approximately 460 nm; macular pigment is
thought to filter blue light, which is toxic to the photorecep-
tors.®~'? In addition, macular pigment itself has an antioxidant
effect. It quenches excited triplet states, reacts with singlet
oxygen and free radicals, and inhibits peroxidation of long-
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chain polyunsaturated fatty acids.®*3>"!7 Thus, it helps retard
some destructive processes in the retina and the retinal pig-
ment epithelium (RPE), which may lead to macular diseases
such as age-related macular degeneration (AMD).

Some investigators have tried to determine the amount of
macular pigment and elucidate factors affecting macular pig-
ment. Differences in the amount and distribution of macular
pigment associated with ethnicity have been reported.'®'®
However, whether macular pigment optical density (MPOD)
is affected by aging,'>2°72° sex,'®21232627 and smok-
ing!®2:2327 is still controversial. In those studies, several clini-
cal methods of measuring MPOD were used, including hetero-
chromatic flickering photometry, motion detection photometry,
fundus reflectance spectroscopy, Raman spectrometry, and
autofluorescence spectrometry.”® Among them, autofluores-
cence spectrometry using a two-wavelength method is inde-
pendent of the psychophysical methods and is considered to
have the highest reproducibility.?*2%-3!

Some research groups have investigated the relationship
between AMD and the amount of macular pigment.'?7-3%-3
Obana et al.3? reported that Japanese patients with AMD have
low MPOD. Central serous chorioretinopathy (CSC) is charac-
terized by serous detachment of the neural retina, which also
can affect the macula and develop bilaterally.>**” Associations
with a type A personality, the use of corticosteroids, and
pregnancy have been suggested, but the pathogenesis is still
unknown. 384!

To the best of our knowledge, MPOD in eyes with CSC has
not been evaluated. In the present study, we measured MPOD
and compared results in Japanese patients with CSC with those
in normal subjects. To estimate the factors affecting MPOD in
Japanese patients, we performed regression analysis and eval-
uated the contribution of CSC.

METHODS

Study Population

We conducted a cross-sectional observational study at Osaka University
Hospital from July 2007 to November 2008. The institutional review
board approved the study.

Patients with CSC who met the following criteria in at least one eye
were recruited: current or previous episode of serous retinal detach-
ment (SRD) at the macula detected by fundus examination and/or
optical coherence tomography (OCT) performed in another institution
or our hospital and symptoms of blurred vision, metamorphopsia,
micropsia, dyschromatopsia, hypermetropization, or central scotoma
in the affected eye. Eyes with other retinal disorders such as rhegmat-
ogenous retinal detachment, choroidal neovascularization, polypoidal
choroidal vasculopathy, retinal vein occlusion, macroaneurysms, dia-
betic retinopathy, and inflammatory eye diseases such as Vogt-
Koyanagi-Harada disease were excluded by detailed fundus examina-
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TaBLE 1. Bascline Characteristics
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Chronic CSC (n = 70) Acute CSC (n = 41)

Affected Eyes Fellow Eyes Affected Eyes Fellow Eyes
Control (n = 94) (n = 63) (n = 47) (n = 38) (n = 36)
Eyes meeting criteria 94 76 47 38 36
Sex, n (male/female) 44/50 65/11 39/8 28/10 26/10
Age, y (mean X SD) 62.8+ 125 55.9 £ 9.6 56.4 £ 10.3 496 115 506+ 11.7
Smoking, n (yes/no) 34/60 52/23 31/15 25/13 24/11
Missing, n 0 1 1 0 1
RPE damage, 7 (yes/no) 0/94 33/43 1/46 9/29 0/36
Diffuse RPE atrophy, n (yes/no) 0/94 15/61 0747 0/38 0/36
SRD, 7 (yes/no) 0/94 40736 0/47 27/11 0/36
Size of SRD, disc area (mean * SD) 1.5+24 0 29+34 0
CRT, pm (mean * SD) 212.9 * 209 138.2 £ 47.7 207.0 £ 244 157.8 £ 37.3 2105 = 223
Missing, n 51 8 11 4 13
Duration from the onset of latest
event, mo (mean * SD) 0 25.1 + 365 0 23%15 0

tion and both fluorescein angiography (FA) and indocyanine green
angiography (ICGA). Eyes with autofluorescence abnormalities within
the area of an annulus with retinal eccentricity of 0.5° also were
excluded.

Persistent CSC is sometimes categorized as chronic CSC, but there
is no criterion to define it.*2%* In the present study, we classified eyes
with CSC into chronic and acute cases according to the following
definition: We defined chronic CSC as that in eyes with episodes of
persistent or recurrent SRD during a period of 6 months or more and
in which the latest episode of SRD was confirmed within 5 years; acute
CSC was defined as that in eyes with current or previous SRD over a
period of less than 6 months and that had occurred within 1 year. In all
eyes with acute CSC, FA was performed, and the active dye leakage
was confirmed. The duration of an SRD was estimated by OCT, fundus
photography, or the clinical records at our hospital or the clinics
where the patients had been treated.

If both eyes of a patient met the criteria, both eyes were examined
as affected eyes, and when one eye did not have apparent abnormali-
ties and no symptoms of CSC, it was examined as a fellow eye.

Subjects without retinal disorders in at least one eye, including
healthy volunteers, were recruited for the control group after they
agreed to participate in the study. We allowed subjects to participate
who had the following retinal diseases in the contralateral eyes: mac-
ular hole, idiopathic epiretinal membrane, or rhegmatogenous retinal
detachment. The right eye was selected in healthy volunteers in whom
both eyes were normal. In all subjects, eyes with high myopia or a
substantial cataract were excluded. Subjects with severe renal diseases
or those taking supplements containing lutein, zeaxanthin, and/or beta
carotene also were excluded. All participants provided informed con-
sent according to the tenets of the Declaration of Helsinki, before
MPOD was measured.

Measurement of MPOD

We used a modified retinal angiograph (HRA; Heidelberg Engineering,
Heidelberg, Germany) to measure MPOD. The principle of measure-
ment of MPOD with autofluorescence spectrometry with the two-
wavelength method has been described 2228304445 Briefly, autofluo-
rescence images were taken of the posterior pole at 488- and 514-nm
excitation wavelengths with a band-pass filter at a $30-nm wavelength.
Macular pigment absorbs the 488-nm wavelength more than the
514-nm wavelength, and so the subtraction of signals between these
two wavelengths creates an MPOD map in the central retina.

All MPOD measurements were performed by two masked orthop-
tists by using the same testing device and protocol. Before the study,

the reliability of MPOD measurements between these two orthoptists
was confirmed. Sufficient pupil dilation was obtained by instillation of
dilating drops containing 0.5% tropicamide and 2.5% phenylephrine.
Subjects sat in front of a table and fixated on an external light source
with the fellow eye. If the fellow eye did not have adequate visual
acuity (VA) for fixation, the subjects were asked to look straight as
much as possible. The modificd HRA was aligned with the subject’s
eye, movies were taken with the 488- and 514-nm excitation wave-
lengths (scan size, 30%), computed mean autofluorescence images
were obtained at each wavelength, and the two images were sub-
tracted to calculate MPOD (expressed as density unit [DU]). The mean
MPOD, averaged along the area of an annulus with retinal eccentricity
of 0.5° (1° circle at the fovea), was recorded. We examined both eyes
if possible.

Eyes were excluded if there was a decrease in the number of
effective pixels (£150/225 pixels), mainly due to poor fixation and
failure to detect the fovea with the find-fovea mode. We measured
MPOD two or three times at each visit in each eye and then selected
the data that varied the least.

Ophthalmic Examinations

The clinical examinations included measurement the best-corrected
VA (BCVA) with a Landolt C chart, slit lamp biomicroscopy with a 90-D

MPOD (DU)

Affectedeve] Felloweye

Affectedeye

Felloweve

Control Chronic CSC Acute CSC

Ficure 1. MPOD in the control group and the CSC subgroups. The
MPOD in the affected eyes and fellow eyes with chronic CSC was
significantly lower than in the control eyes (P < 0.0001 and **P =
0.0005, by the Dunnett test). However, the MPOD in the affected eyes
and fellow eyes with acute CSC group did not differ significantly from
that in the control eyes.
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