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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 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 visnal 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
Tetters, p = 0.0006; 0.5 mg: +9.0 letters, p < 0.0001) and Month 12 (0.3 mg:
+9.5 Jetters, 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 215 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.
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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 ifleft 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 1n residents aged 50 years ot
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
studiess (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/l 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
phase®
0

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) 250% 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 =1 dis¢c area (DA) in
size.

Multiple-injection phase

Sequential dosin
of 6 patients

N/A

Il Ranibizumab 0.5 mg

| S| e
Primary Final visit
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 ali cohorts

Fig. 1. EXTEND-I study design.




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 CNV plus staining of the retinal
pigment epithelium (RPE), and the
proportion of patients with absence of
leakage from CNV. Total area of
CNYV and total area of leakage from
CNV plus ‘RPE staining - were mea-
sured- inthe 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
215 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.1 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 each 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 <1+ 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
persistént (> 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%
Cl) for the change in BCVA score
from  baseline were based on r-distri-
butions; and: the p-values:were based
on paired r-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, 255;
<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  (n.= 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
ot 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 t-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) 833 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)
CNYV classification (%)
Occult with no classic - - 40.0 34.1
Minimally classic - - 343 41.5
Predominantly classic - - 25.7 244
Total area of lesion (DA) - - 2.35 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 r-test) in the 0.3-
mg-dose: group and. +10.5 (11.4) let-
ters (p < 0.0001, paired r-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 1
and 0, respectively, while the propor-
tion of patients who gained 215 letters
in. BCVA score in: the study eye was
34.3%: . and 24.4%, Trespectively. - 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)

o
m
|

5 +9.0p<0.0001 +10.5 p < 0.0001
= ' ,
2 ! :
8 o4 T T
B 10~ . ™~
: ' '
“8’, En +8:1p=0.0006 +9.5 p =0.0001
2 i : ;
5] ! |
§ ! .
© i '
= : :
0 T T T T T T T . . : ; !
0 1 2 3 4 5 [6]7 8 9 10 1f

Month

BCVA = best-corrected visual acuity

p-values derived from paired #test against baseline
Last observation carried forward method used to impute missing data
Vertical bars are () 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 miultiple: injection phase in

Group B:




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 r-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 t-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 t-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

¥ Ranibizumab 0.3 mg

100
971
W Ranibizumab 0.5 mg

Patients (%)

20/200
or worse

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

Fig. 3. Proportion of patients who. lost ‘<15
letters, "gained. 215 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 (n = 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 Ty, 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

3
I

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

50

=100~

Mean change in foveal retinal thickness (um)

~300—

=wwws Ranibizumab 0.3 mg

+ = Ranibizumab 0.5 mg

*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% (@ =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, n = 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.

Ranibizumab Ranibizumab
0.3 mg 0.5 mg
Pharmacokinetic parameter (n=6) (n = 6)
Tax, mean (range), days 0.53 (0.08-3.02) 1.00 (0.97-2.97)
Cumax» mean (SD), ng/ml 1.96 (1.65) 1.86 (0.61)
AUC.t, mean (SD), ng* day/mi 7.47 (3.98) 14.90 (2.86)
Ty,, mean (SD), days 6.56 (3.85) 7.85 (3.38)

AUC.1 = area under the curve (time 0 to last measurable time-point); Cupax = highest sys-
temic drug level; SD = standard deviation; Ty, = serum elimination half-life; T = 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=26) (n =6) (n = 35) (n'=41)
No:. of injections, mean 9.3 12.0 11.2 1.1
(range) (1-12) (12-12) 3-12) (3-12)
<3 I 0 0 0
3-6 0 0 3 4
>6-9 1 0 1 0
>9-12 4 6 31 37
Treatment duration (days)  382.2 417.8 306.6 305.3
mean (range) (1-578) (345-463) (66-337) (57-337)
Treatment interval from 180.2 1187 = =
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 Ranibizomab
0.3 mg 0.5 mg
AE; n' (%) (n =135) (n =41
Ocular AEs
Total 6 (17.1) 10.24.49)
Intraocular pressure increased 2(57) 5(12.2)
Eye pain 0 3(7.3)
Visual acuity reduced transiently 0 2 (4.9)
Anterior chamber inflammation 129 0
Conjunctival hyperaemia 1(2.9) 0
Conjunctival oedema 1:(2.9) 0
Retinal haemorrhage 129 0
Visual acuity reduced 129 124
Asthenopia 0 124
Corneal oedema 0 124
Lymphangiectasia 0 124
Posterior capsule opacification 0 1 (2:4)
Vitreous floaters 0 1Q24)
Nonocular AEs
Total 0 3(7.3)
Angina pectoris ] 1.(2.4)
Eczema 0 1(2:4)
Hypertension 0 1.(2.4)

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.




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==56 n =135 n = 41
Death 0 (0.0) 0(0.0) 1(2.9) 1(2.4)
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) 1(2.9) 2 (4.9)
Corneal oedema 0(0.0) 0(0.0) 0 (0.0) 124
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(4.9)
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(49)
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) 129 12.4)
Macular degeneration 0 (0.0) 0(0.0) 1(2.9) 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) 124
Anorexia 0 (0.0) 0 (0.0) 0 (0.0) 1 (24
Ataxia 0:(0.0) 0 (0.0) 0(0.0) 124
Bladder neoplasm 0.(0.0) 0(0.0) 129 0(0.0)
Cerebral haemorrhage 0.(0.0) 0(0.0) 0 (0.0) 124
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) 1L (24

unspecified recurrent

Nonocular. "AEs - suspected :'to: be
related to ranibizamab: 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 AFEs.
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 VEGEF 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,
FAand 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 Il 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-
tionsof 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
VEGF]65, VEGF]Z] and VEGF]]Q
(Lowe et al. 2007).

The calculated ., 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  ranibizamab 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
AFEs in Group B was 1.3% (n = 1 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
VEGF 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 111
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 ranibizumab.
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Vascular Endothelial Growth Factor after Intravitreal
Injection of Bevacizumab in Macaque Eyes

Taichiro Miyake,'* Osamu Sawada," Masashi Kakinoki,' Tomoko Sawada,’
Hajime Kawamura,' Kazumasa Ogasawara,®> and Masabito Obji'

Purrosk. To evaluate the pharmacokinetics of intravitreally
injected bevacizumab in the systemic circulation and the aque-
ous humor and its effect on vascular endothelial growth factor
(VEGP) in the aqueous humor.

METHODS. Bevacizumab (1.25 mg/50 pL) was injected into the
vitreous cavity of the right eyes of three cynomolgus ma-
caques. Aqueous humor and serum were obtained from the
macaques just before injection and on days 1, 3, and 7 and
weeks 2, 4, 6, and 8 after injection. The bevacizumab and VEGF
concentrations were measured using enzyme-linked immu-
nosorbent assay.

Resurts, Aqueous VEGF concentrations. ranged from 63.2. to
106 pg/mL (mean, 80.0 .+ 22.6 pg/mL) before injection; de-
creased to <31.2 pg/mlL, the lower limit of detection; in all
eyes between 1 and 28 days after injection; and returned to the
preinjection concentration at 42 days. Aqueous VEGF concen-
trations in. the fellow eyes did not change throughout the
experiment. Aqueous bevacizumab' concentrations in. the
treated eyes reached a mean peak concentration of 49,500 +
10,900 ng/mL the day after injection and gradually declined,
whereas those in the untreated eyes peaked at 3 days, with a
mean concentration of 18:5 *£:25.5 ng/mL; and declined to
below 0:156 ng/ml,; the limit of detection at 2 weeks. A
maximum mean bevacizumab concentration of 1430 % 186
ng/mL was achieved in the serum 1 week after injection.

ConcLusions. Intravitreal injection of bevacizumab decreased
the VEGF concentration in the treated eyes for at least 4 weeks
and had no:or a minimal effect on the untreated fellow eyes.
nvest Ophthalimol Vis Sci. 2010;51:1606-1608) DOL10.1167/
10vs.09-4140

B evacizumab (Avastin; Genentech, South San Francisco, CA) is
a fulllength humanized monoclonal antibody to all isoforms
of vascular endothelial growth factor (VEGF) and has been ap-
proved: by the Food and Drug ‘Administration for intravenous
treatment of metastatic colorectal cancer. Recently, intravenous
injection of bevacizumab was reported to be effective for treating
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age-related macular degeneration (AMD),'* whereas intravitreal
injection of bevacizumab has been used widely to treat various
ocular diseases including AMD and proliferative diabetic retinop-
athy.'~> Although numerous reports about the efficacy of intrav-
itreal injection of bevacizumab have been published, few studies
have reported on the pharmacokinetics of bevacizumab. Bakri et
al.% reported the pharmacokinetics of intravitreal bevacizumab in
a rabbit model and clearly showed that the vitreous halflife of
1.25 'mg intravitreal bevacizumab is 4.32 days in rabbit eyes, with
minute amounts of bevacizumab detected in the ‘serum and the
fellow untreated eye: However, the study had some limitations
because of differences in vitreous volume and anatomy of human
eyes. Therefore, we used a primate ‘model, which has several
advantages in that the ocular volume and anatomy are similar to
those of humans. We measured the VEGF and bevacizumab con-
centrations over time in the aqueous humor of the treated and the
untreated eyes after intravitreal injection of bevacizumab in cyno-
molgus macaques and the pharmacokinetics of bevacizumab in
the aqueous humor of the treated and untreated eyes and in the
serum. ’

METHODS

Alltreatments were conducted in agréement with the ARVO Statement for
the Use of Animals in. Ophthalmic and Vision Research; and: the animal
research: was approved by the. Animal Experimentation: Committee: at
Shiga University of Medical Science. Three male cynomolgus macaques,
aged 8 to 9 years and weighing 3.9 to 5.5 kg, were anesthetized with 5
mg/kg intramuscular ketamine hydrochloride and 1 mg/kg intramuscular
xylazine hydrochloride. Povidone iodine was placed on the conjunctiva of
each eye, With the use of a 29-gauge needle, bevacizumab (1.25 mg/50
L) was injected into the vitreous cavity of the right eye of each macaque.
The left eyes received o intravitreal injections and served as controls.
Both aqueous humor samples (200 uL) and venous blood samples (2 mL)
were obtained from the macaque just before injection and 1,3, and 7 days
and 2; 4, 6, and 8 weeks after injection. Aqueous humor samples were
obtained with a 29-gauge syringe. Anterior chamber depth recovered at all
times when the samples were obtained. Serum was obtained by allowing
the blood sample to clot overnight at 4°C followed by centrifugation.
Samples were stored in a freezer at —80°C until analysis. The eyes were
monitored before injection and 1, 3, and 7 days and then weekly after
injection for signs of inflammation.

Measurement of VEGF

VEGF concentrations' in the aqueous humor and the serum were
measured with a commercial immunoassay (Quantikine Human VEGF
Immunoassay; R&D Systems, Minneapolis, MN) according to the man-
ufacturer’s instructions. The limit of the detectable VEGF concentra-
tion was 31.2 pg/mL. We measured serum VEGF concentrations twice.
However, we measured VEGF concentrations in the aqueous humor
once because the sample volumes were small.
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FIGURe 1. VEGF concenttations in the aqueous humor of the monkey
eyes treated with bevacizumab. The 0 pg/mL VEGF concentration indi-
cates concentrations below the lower limit of detection (31.2 pg/mL).

Bevacizumab Immunoassay

The: concentration of bevacizumab was measured, using an enzyme-
linked immunosorbent assay; as previously described with slight mod-
ification.” Ninety-six-well plates were coated with recombinant human
VEGF, ¢ (R&D Systems) at a concentration of 1 ug/mL overnight at 4°C
(100 pL/well). :After: washing three times: with: phosphate-buffered
saline (PBS) containing 0.05% Tween-20, the wells were blocked with
3% bovine serum: albumin/PBS overnight at 4°C (200 uL/well). The
wells then were 'washed : five . times - with.- PBS . containing’ 0.05%
Tween-20 and stored dry at 4°C for later use. Aqueous humor or serum
diluted in 0.1% bovine serum: albumin/PBS: was added to the plates
overnight at 4°C (50 uL/well). Bevacizumab was. detected by horse-
radish peroxidase-goat anti-human IgG (H+1L) conjugate (Invitrogen
Corporation, Carlsbad, CA) with a concentration of 1 ug/mL after a
3-hour incubation at room temperature. After five washes, color devel-
opment was performed with 100-uL tetramethyl benzidine substrates
(3,3',5,5"tetramethyl. benzidine = substrate), “and  the ' reaction- was
stopped by the addition of 1-M hydrogen chloride (100 uL). Optical
density was measured at 450 nm with correction at 570 nm. A standard
curve was prepared, with bevacizumab ranging from 15.6:to 1000
pg/mL. Because the sample volumes were small, we diluted them to 10
times and performed the measurement. Therefore, the' limit of the
detectable bevacizumab concentration: was: 0.156 ng/mL. We mea-
sured the bevacizumab concentration in each sample twice.

Statistical Analysis

All'statistical analyses were carried out with a statistical analysis pro-
gram (SAS 9.1.3; SAS Institute Japan, Tokyo, Japan).

RESULTS

VEGF concentrations in the aqueous humor of the right eyes
ranged from 63.2 to 106 pg/mL (mmean = SD, 80.0 * 22.6 pg/mL)
before intravitreal injection of bevacizumab. One day after injec-
tion of bevacizumab, the VEGF concentrations in the aqueous
humor decreased to <31.2 pg/mL, the lower limit of detection, in
all treated eyes. The concentration below the lower limit was
maintained until 4 weeks in all eyes (Fig. 1). VEGF concentrations
in the aqueous humor of the fellow untreated eyes (left cyes)
ranged from 57.9 to 108 pg/mL (mean; 89.4 *+ 275 pg/mL)
before intravitreal injection. There were no significant differences
between the treated and the untreated eyes before intravitreal
injection. -VEGF concentrations in the aqueous humor of the
fellow eyes did not change (Fig. 2). VEGF concentrations in the
serum were <31.2 pg/mL, the limit of detection, before intravit-
real injection of bevacizumab throughout the experiment.
Changes in the concentration of bevacizumab over time in the
aqueous humor of the treated and the untreated eyes and in the

Intravitreal Injection of Bevacizumab in Macaque Eyes
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FiGure 2. Mean VEGF concentrations in the aqueous humor of the
fellow untreated eyes.

serum after intravitreal injection are shown in Figure 3. Bevaci-
zumab concentrations in the aqueous humor of the treated eyes
peaked at 49,500 = 10,900 ng/mL the day after injection and
gradually declined. Bevacizumab also was. detected in the un-
treated eyes; however, the levels were very low. Concentrations
of bevacizumab in the aqueous humor of the untreated eyes
peaked 3 days after injection, with a mean concentration 18.5 *
25.5 ng/mL, and declined to <0.156 ng/mL; the lower limit of
detection; at 2 weeks in all macaques. Bevacizumab was detected
in the serum after intravitreal injection, though the concentrations
were much lower. than in the aqueous: humor for 1 to 2 weeks
after intravitreal injection. A maximum concentration of 1430 *+
186 ng/mL was achieved 1 week after injection and then gradually
declined. However, the reduction rate was lower than that in the
aqueous humor of the treated eyes, and the bevacizumab concen-
tration in the serum was higher than that in the aqueous humor in
the treated eyes at 4 weeks and thereafter: The bevacizumab
concentration in the serum 8 weeks after injection was 67.1=%
24.3 ng/mL; which was approximately 187 times higher than that
in the aqueous humor of the treated eyes. The halflife of 1.25 mg
intravitreally injected bevacizumab was 2.8 * 0.6 days (2. = 3;
range; 2.3-3.5 days) in thé aqueous humor and 12.3 * 2.6 days
(n = 3; range, 9.2-14.1 days) in the serum. The area under curve
was 5680 * 2336 (ug/mL X h) in the aqueous humor and
526:2 = 17.1 (ug/mL X h) in the serum; No complications, such
as uveitis or endophthalmitis, developed after the bevacizumab
injections:

1000007
10000
1000
100

Py
o
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Time

i ~&~injected eye  ~#=- uninjected eye . ——serum f

FIGURE 3. Concentrations: of bevacizumab in the aqueous humor of
the treated eye and in the serum after intravitreal injection.
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DiscussioN

Because we used a macaque model and obtained aqueous
humor samples repeatedly over time, we observed the VEGF
levels at different time points in the same macaque eyes. To our
best knowledge, this is the first study to report the time course
of the VEGF level in the same macaques. Although macaque
eyes are not the same as human eyes, VEGF levels in the
aqueous humor of the macaques before injection were similar
to those in human eyes.””’

Concentrations of bevacizumab in macaques also were similar
to those in humans.”® Therefore, the current results could be
applicable to human eyes. The only difference in the bevaci-
zumab concentrations between macaques: and-humans was that
the drug decreased in concentration in a shorter time in macaques
than in humans. Krohne et al.® reported that the halflife of an
intravitreal injection of 1.5 mg bevacizumab in humans was 9.82
daysin the aqueous humor. However, in the present study, the
halflife of 1.25 mg bevacizumab was 3.1 days in the aqueous
humor. There are several explanations for this difference. First,
we. observed: the bevacizumab: concentrations at different time
points in the same macaque eyes, whereas the same patients were
not observed in the clinical study. Second; we used naive ma-
caquies in the present study, whereas the patients in the clinical
study had some diseases. Measuring the VEGF and bevacizumab
concentrations in the vitreous cavity rather than in the aqueous
humor seems:to be better for evaluating the intraocular concen-
tration: or. the. pharmacokinetics; however, it would be almost
impossible to obtain vitreous samples from the same eyes repeat-
edly. Therefore; we measured VEGF and bevacizumab concentra-
tions.in the aqueous humor, The concentration in the aqueous
humor can be useful because the VEGF level in the aqueous
humor was reported to be significantly correlated with the VEGF
level in the vitreous.” Funatsu et al.'® measured VEGE and inter-
leukin (L)6 levels in the aqueous humor; vitreous fluid, and
plasma and reported a significant relationship between VEGF and
16 levels in the aqueous humor and vitreous fluid. The VEGF
level in the vitreous fluid was about five to six times higher than
in the aqueous humor. Because we clearly showed that the VEGF
concentration in the aqueous humor decreased substantially after
intravitreal injection of bevacizumab, the VEGF concentration in
the vitreous also should decrease substantially after intravitreal
injection of bevacizumab. In the present study, the VEGF level in
the aqueous humor fell below the lower limit of detection after
bevacizumab injection, similar to results reported in humans.”
The decreased concentration was maintained for approximately 4
weeks and returned to a level similar to that before injection at 6
weeks after injection. Therefore, the effect of intravitreal injection
of bevacizumab is expected to continue for approximately 1
month in macaques; although we do not know the exact length
of time, the intravitreal injection of bevacizumab continued to be
effective for at least 1 month in humans;'!

‘Aqueous: humor concentrations of bevacizumab gradually
declined; however, low bevacizumab concentrations were de-
tected over 8 weeks after the intravitreal injection, and the
time course of the decreasing concentration in humans is
longer than in macaques, indicating that the effect might con-
tinte longer in humans.”® We previously reported that intrav-
itreal injection of bevacizumab did not decrease the VEGF level
in the aqueous humor of the fellow eyes and did not have as
great a beneficial effect as a direct intravitreal injection of
bevacizumab. > However; because that was a clinical study, we
could not measure the VEGF concentration in the aqueous
humor of the untreated fellow eyes before intravitreal injection
of bevacizumab in the treated eye. Therefore, we could not
measure the exact decrease in those eyes.

In the present study, the VEGFE concentrations in the aqueous
humot of the fellow eyes did not change throughout the experi-

I0OVS, March 2010, Vol. 51, No. 3

ments, although a minute amount of bevacizumab was detected
in the fellow untreated eyes and peaked at 3 days with a concen-
tration of 18.5 ng/mlL. Avery et al®> reported that intravitreal
injection of 6200 ng bevacizumab decreased fluorescein leakage
in some cases. Because the vitreous volume is approximately 4
mlL, an intravitreal injection of 6200 ng bevacizumab results in
approximately 1500 ng/mL in the vitreous fluid. According to a
previous study, the VEGF level in the vitreous fluid was approx-
imately five to six times higher than in the aqueous humor.'®
Therefore, 1500-ng/mL in vitreous is at least >250 ng/mL in the
aqueous humor. However, in the present study, only 18.5 ng/mL
was detected, and it might have been too small to have an effect.
Bevacizumab was detected in the serum after intravitreal injec-
tion, though the concentrations were much lower than in the aque-
ous humor until 2 weeks: after injection. Intravenous injection of
bevacizumab 2 mg/kg once weekly in macaques was not toxic after
26 weeks, and bevacizumab: concentrations iri the serum 1 week
after one intravenous injection of 2 mg/mL bevacizumab were higher
than 10,000 ng/mL (interview form for bevacizumab, Chugai Oncol-
ogy, Tokyo, Japan; available only in Japanese). The maximum con-
centration in serum was 1430 * 186 ng/mL, which is much lower
than 10,000 ng/mL. Therefore 1.25 mg intravitreal injections of be-
vacizumab are not toxic systemically.

In: conclusion; intravitreal” injection: of bevacizumab de-
creased the VEGF concentration in the treated eyes for approx-
imately 4 weeks but had no - or a minimal effect on the un-
treated fellow eyes in macaques.
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Comparison of Intravitreal Triamcinolone Acetonide
With Photodynamic Therapy and Intravitreal
Bevacizumab with Photodynamic Therapy for Retinal
Angiomatous Proliferation

MASAAKI SAITO, CHIEKO SHIRAGAMI, FUMIO SHIRAGA, MARIKO KANO, AND TOMOHIRO IIDA

e PURPOSE: To compare the efficacy of combined
therapy with intravitreal triamcinolone (IVTA) and
photodynamic therapy (PDT; IVTA plus PDT) with
intravitreal bevacizumab (IVB) and PDT (IVB plus
PDT) for patients with retinal angiomatous prolifera-
tion (RAP).

® DESIGN: Retrospective, observational case series.

® METHODS: We retrospectively reviewed 25 treatment-
naive eyes of 22 Japanese patients (11 men, 11 women)
with retinal angiomatous proliferation. Twelve eyes of 11
patients were treated with combined therapy of IVTA
plus PDT from September 1, 2004, through July 31,
2006. Thirteen eyes of 11 patients were treated with
combined therapy of IVB plus PDT from February 1,
2007, through January 31, 2008.

® RESULTS: In 12 eyes treated with IVTA plus PDT, the
mean best-corrected visual acuity (BCVA) levels at
baseline and 12 months were 0.29 and 0.13, respectively,
A significant (P < .05) decline in the mean BCVA from
baseline was observed at 12 months. In 13 eyes treated
with IVB plus PDT, the mean BCVA levels at baseline
and 12 months were 0.25 and 0.37. A significant (P <
.05) improvement in the mean BCVA from baseline was
observed. At 12 months, the difference in BCVA be-
tween the 2 groups was significant (P < .05). The mean
numbers of treatments at 12 months in the IVTA plus
PDT group and the IVB plus PDT group were 2.7 and
1.6, respectively. The difference between the 2 treat-
ments reached significance (P < .05). No complications
developed.

® CONCLUSIONS: Compared with IVTA plus PDT,
IVB plus PDT was significantly more effective in
maintaining and improving visual acuity and in reduc-
ing the number of treatment for patients with retinal
angiomatous proliferation.  (Am J Ophthalmol 2010;149:
472-481. © 2010 by Elsevier Inc. All rights reserved.)
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been described as a variant of exudative age-related

macular degeneration (AMD).! The term RAP was
first coined by Yannuzzi and associates in 2001." RAP is
differentiated into 3 stages based on clinical and angio-
graphic observations: stage 1, proliferation of intrareti-
nal capillaries originating from the deep retinal complex
(intraretinal neovascularization); stage 2, growth of
the retinal vessels into the subretinal space (subretinal
neovascularization); and stage 3, clinically or angiographi-
cally observed choroidal neovascularization (CNV).! RAP
sometimes is referred to as type 3 neovascularization to
distinguish it from the type 1 and 2 CNV anatomic
classifications described by Freund and associates.”

RAP represents 15% of all neovascular AMD in white
patients and 4.5% of all neovascular AMD in Japanese
patients.”* The natural course of RAP differs from typical
exudative AMD and has poor visual outcomes.”™ Further-
more, various treatments for RAP such as conventional laser
photocoagulation,®® transpupillary thermotherapy,® surgical
ablation,'®!! and monotherapy of photodynamic therapy
(PDT) with verteporfin (Visudyne; Novartis Pharma AG,

Basel, Switzerland)'*!® have not been efficacious,

R ETINAL ANGIOMATOUS PROLIFERATION (RAP) HAS

CNV complexes are comprised of inflammatory cells
and vascular endothelial growth factor (VEGF).14-16
Corticosteroids such as triamcinolone acetonide (TA)
have antiangiogenic, antiinflammatory, and anti-VEGF
effects.! '8 Recent studies have reported that combined
therapy of intravitreal TA (IVTA) and PDT for RAP
effectively resolves angiographic leakage and maintains or
improves visual acuity (VA).19%

Anti-VEGF therapy prevents formation of CNV and de-
creases leakage from existing CNV in animal models.”! VEGF
monoclonal antibodies and aptamers such as ranibizumab (Lu-
centis; Genentech, Inc, South San Francisco, California, USA),
bevacizumab (Avastin; Genentech), and pegaptanib (Macugen;
ByeTech Pharmaceuticals, Lexington, Massachusetts, USA) re-
duce vascular leakage and improve visual outcomes in patients
with CNV secondary to AMD.?%* Moreover, combined ther-
apy of intravitreal bevacizumab (IVB) injections and PDT
administered to treat CNV reduced the retreatment rates in
patients with AMD.?~2® We reported recently that combined
therapy of IVB and PDT was effective for treating RAP after 6

0002-9394/10/$36.00
doi:10.1016/j.2j0.2009.09.016



TABLE 1. Intravitreal Triamcinolone Acetonide and Photodynamic Therapy for Retinal Angiomatous Proliferation

Baseline 12 Months after Treatment
Case Age Central Retinal GLD 0P Central Retinal GLD 0P No.
No. (yrs} Gender Eye RAP Stage Lens Status VA  Thickness (um) RRA (um) (mmHg) VA Thickness (um) RRA {(um) (mmHg) Treatments
1 74 F Right 2+PED Phakic eye 0.8 279 Yes 1590 13 0.8 34 No 0 12 1
2 85 F Right 2 Pseudophakia 0.2 385 Yes 1100 13 0.1 115 Yes o 1 2
3 86 M Right 2 Phakic eye 0.4 293 Yes 2570 10 0.1 550 Yes 2197 10 4
4 86 M Left 2+PED Phakic eye 0.3 350 Yes 1080 11 0.2 289 Yes 957 11 4
5 74 F Left 2 Pseudophakia 0.8 542 Yes 3600 13 0.5 232 No 0 12 3
6 63 M  Right 2+PED Phakic eye 0.8 267 Yes 5610 17 0.06 481 Yes 4784 18 3
7 84 F Right 2+PED Phakic eye 0.6 355 Yes 2690 10 0.08 407 Yes 3296 9 5
8 90 F  Right 2 Pseudophakia 0.3 314 No 4516 13 0.03 83 — 0 16 1
9 70 F Left 2 Pseudophakia 0.09 367 Yes 2450 16 0.2 324 Yes 0 19 2
10 69 F  Right 2 Phakic eye 0.15 625 Yes 3334 14 0.1 135 Yes 0 10 3
11 68 M Right 2 Pseudophakia 0.1 521 Yes 3430 20 0.3 237 Yes 0 16 2
12 90 F  Right 2+PED Pseudophakia 0.1 575 Yes 2648 14 0.05 423 Yes 0 15 2
Mean 78 — — — — 0.29 406 — 2885 13.7 0.13 276 — 936 133 2.7
SD 95 — — — — —_ 125 — 133 29 — 166 — 1623 3.4 1.2

F = female; GLD = greatest linear dimension; IOP = intraocular pressure; M = male; PED = pigment epithelial detachment; RAP = retinal
angiomatous proliferation; RRA = retinal-retinal anastomosis; SD = standard deviation; VA = degimal visual acuity; yrs = years.

TABLE 2. intravitreal Bevacizumab 'and Photodynamic Therapy for Retinal: Angiomatous Proliferation

Baseline 12 Months after Treatment

Case Age Centrat Retinal GLb 0P Central Retinal GLD IoP No.
No. (yrs) Gender Eye RAP Stage Lens Status VA  Thickness (um) RRA (um) (mmHg) VA Thickness (um) RRA (um) (mmHg) Treatments
13 64 F Right 2 Phakic eye 1.0 234 No 602 16 1.0 117 — 0 12 2
14 63 M Right 2+PED Phakic eye 0.07 601 Yes 4331 12 0.2 126 No O 10 2
15 81 M Right 2 Phakic eye 0.4 393 No 1900 15 1.0 124 — 0 13 1
16 78 M Left 2 Phakic eye 0.6 406 No 1998 11 1.2 125 — 0 11 1
17 89 M Left 2+PED Pseudophakia 0.3 379 Yes 3531 16 0.6 182 No 0 13 1
18 87 F  Right 3 Pseudophakia 0.06 394 Yes 2368 10 0.07 140 Yes 0 10 1
19 87 F Left 2+PED Pseudophakia 0.7 396 Yes 5532 10 0.7 112 Yes O 10 2
20 78 M Left 2 Phakic eye 0.9 430 Yes 975 156 0.8 127 No O 14 2
21 83 F Right 2 Phakic eye 0.05 514 Yes 3483 19 0.05 88 No O 14 2
22 83 F Left 2+PED Pseudophakia 0.3 479 Yes 4568 17 0.6 44 No 0 16 3
23 72 M  Right 2+PED Phakic eye 0.3 360 Yes 3300 16 0.2 74 No 0 13 2
24 74 M Right 3 Phakic eye 0.06 950 Yes 4494 15 0.09 426 No © 11 1
25 79 M Left 2+PED Pseudophakia 0.3 389 Yes 3321 11 0.9 66 No 0 10 1

Mean 78 — — — — 0.25 456 — 3108 14.1 0.37 135 — 0 1241 1.6

SD 82 — — — —_ - 171 — 1469 2.9 94 _ — 1.9 0.7

F = female; GLD = greatest linear dimension; M = rhale; PED = pigment epithelial detachment; RAP = retinal angiomatous proliferation;
RRA = retinal-retinal anastornosis; SD = standard deviation; VA = decimal visual acuity; yrs = years. :

months of follow-up.2” The purpose of the current study was to
clarify the efficiency of combined therapy of IVB plus PDT
compared with combined therapy of [IVTA plus PDT for treating
patients with RAP over 12 months.

METHODS

WE RETROSPECTIVELY REVIEWED 25 EYES OF 22 JAPANESE
patients (11 men, 11 women; age range, 63 to 90 years;

Vou. 149, NoO. 3

IVTA witH PDT aND IVB with PDT FOR RAP

mean * standard deviation, 78.3 * 8.8 years) with RAP.
Twelve eyes of 11 patients (3 men, 8 women,; age range, 63 to
90 years; mean age, 78.3 years) were treated with combined
therapy of IVTA plus PDT from September 1, 2004, through
July 31, 2006. Thirteen eyes of 11 patients (8 men, 3 women;
age range, 63 to 89 years; mean age, 78.3 years) were treared
with combined therapy of IVB and PDT from February 1,
2007, through January 31, 2008. The 6-month results for 8 of
the 13 eyes treated with IVB plus PDT were reported
previously.” The patients were followed up for at least 12
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FIGURE 1. Graph showing resuits of intravitreal triamcino-
lone acetonide with photodynamic therapy (IVTA plus PDT)
and intravitreal bevacizumab with photodynamic therapy (IVB
plus PDT) for retinal angiomatous proliferation (RAP). In eyes
treated with IVTA plus PDT, there is a significant (P < .05,
paired t test) decline in the mean best-corrected visual acuity
(BCVA) between baseline and 12 months. In eyes treated with
1VB plus PDT, there is a significant improvement in the mean
BCVA between baseline and 3, 6, and 12 months (P < .01,
P < .05, P < .05, respectively, paired ¢t test). There is no
significant (P = .74) difference in the mean BCVA between
groups at baseline; nevertheless, there is a significant difference
in the mean BCVA at 12 months (P < .05, nonpaired t test)
between the IVB plus PDT group and the IVTA plus PDT
group. M = month(s).

months at Fukushima Medical University Hospital or Kagawa
University Hospital. No patient had undergone a previous
treatment. The treatment was approved by the Institutional
Review Boards/Ethics Committees at Fukushima Medical
University and Kagawa University. After the potential risks
and benefits were explained in detail, all patients provided
written informed consent. The exclusion criteria were previ-
ous treatment for RAP such as laser photocoagulation,
submacular surgery, transpupillary thermotherapy, and PDT;
glaucoma; tears in the retinal pigment epithelium; and
maculopathies such as diabetic maculopathy, retinal vascular
occlusion, or idiopathic juxtafoveal retinal telangiectasis.
We recorded the best-corrected visual acuity (BCVA)
measured with a Japanese standard decimal VA chart and
calculated the mean BCVA using the logarithm of the
minimal angle of resolution (logMAR) scale. All patients
underwent a standardized examination including slit-lamp
biomicroscopy with a contact lens, fundus colot photography,
fluorescein angiography (FA), and indocyanine green angiog-
raphy (ICGA) with a fundus camera (TRC-50 FA/IA/
IMAGEnet H1024 system; Topcon, Tokyo, Japan), with a
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FIGURE 2. The distribution of the mean best-corrected visual
acuity (BCVA) changes from baseline after treatment with
combined intravitreal triamcinolone acetonide with photody-
namic therapy (IVTA plus PDT) and intravitreal bevacizumab
with photodynamic therapy (IVB plus PDT). (Top) One and 3
eyes treated with IVTA plus PDT had decreased BCVA at 6
and 12 months, respectively. (Bottom) No eyes treated with
1VB plus PDT had decreased BCVA of 3 lines or more after
treatment over 12 months. M = month(s).

confocal scanning laser ophthalmoscope (Heidelberg Retina
Angiograph 2; Heidelberg Engineering, Heidelberg, Ger-
many), or both. All examinations were performed using
time-domain optical coherence tomography (OCT; OCT
3000; Carl Zeiss, Meditec, Dublin, California, USA; or
OCT-Ophthalmoscope; Nidek-OTI, Gamagori, Japan) in
eyes treated with [IVTA plus PDT and spectral-domain OCT
(3D-OCT; Topcon; or Cirrus OCT, Carl Zeiss) in eyes
treated with [VB plus PDT. All patients were examined using
the same OCT machine during the follow-up. FA was
performed to determine the lesion type, the location, and the
activity of the RAP lesions. [CGA was performed to diagnose
RAP and to identify retinal-retinal anastomosis. The central
retinal thickness, defined as the distance from the retinal
pigment epithelium to the inner limiting membrane, was
measured at baseline and at 3, 6, 9, and 12 months after
treatment using internal caliper software.

All patients had documented visual loss before treatment.
IVTA (4 mg/0.1 mL) or IVB (1.25 mg/0.05 mL) was injected
3.5 to 4.0 mm posterior to the comeal limbus into the
vitreous cavity using a 27-gauge needle after topical anesthe-
sia was applied. In the patients treated with IVTA plus PDT,
PDT was performed 7 days after IVTA was injected. In the
patients treated with IVB plus PDT, PDT was administered 1
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