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Long-term efficacy and safety
of ranibizumab administered
pro re nata in Japanese patients
with neovascular age-related
macular degeneration in the

EXTEND-I study
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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 long-term efficacy and safety of ranibizumab administered
pro re nata (PRN) in Japanese patients with choroidal neovascularization secondary to
age-related macular degeneration during the extension phase of the EXTEND-I study.
Methods: EXTEND-I, an open-label, multicenter, Phase I/1I study comprised: a single-
injection (Group A); a multiple-injection (Groups A and B; the latter consisted of patients
who did not participate in the single-injection phase); and an extension phase. In the
extension phase, a PRN regimen of ranibizumab (0.3 or 0.5 mg) guided by monthly best-
corrected visual acuity (BCVA) score and other ophthalmic examinations was employed.
The efficacy variables included the mean BCVA change from Month 12 to the last visit in
Group B. Safety was assessed in all patients.

Results: In the extension phase, efficacy was assessed only in Group B patients. The
number of ranibizumab injections per year in the 0.3 and 0.5 mg Group B patients was
4.19 and 4.27, respectively. The mean BCVA change (SD) from Month 12 to the last visit
was —3.6 (14.82) letters for 0.3 mg (n = 28) and -2.2 (7.92) letters for 0.5 mg groups
(n = 33)in Group B. Conjunctival haemorrhage and nasopharyngitis were the most com-
monly reported adverse events. Of the 13 serious adverse events reported, cerebral infare-
tion (two incidences) was suspected to be study-drug related.

Conclusions: Pro re nata regimen of ranibizumab guided by monthly BCVA and other
ophthalmic examinations appears effective in sustaining the BCVA gained with 12
monthly injections while reducing the number of injections during the extension phase.
Ranibizumab was well tolerated during the extension phase.

Key words: age-related macular degeneration — best-corrected visual acuity score — efficacy —
individualized flexible interval regimen - Japanese patients — PRN - ranibizumab - safety —
subfoveal choroidal neovascularization
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Introduction

Age-related macular  degeneration
(AMD) is a leading cause of vision
loss in the elderly population. Of the
two types of AMD, the wet form
caused by choroidal neovasculariza-
tion (CNV) is mainly responsible for
AMD-related vision loss (Bressler
2004). According to the Hisayama
study (prospective cohort study in
Japan), the prevalence of neovascular
AMD in residents aged 50 years or
older was 0.67% in 1998, which was
lower than that observed in the Cau-
casians (Oshima et al. 2001). How-
ever, another recent study (The
Funagata study) in Japanese residents
aged 35 years or older suggested that
the prevalence of neovascular AMD
in Japanese men was similar to that
seen in the Caucasian men (Kawasaki
ct al. 2008).

Current evidence points to the role
of vascular endothelial growth factor
(VEGF) in CNV proliferation, and
hence agents that block its activity are
considered as a suitable therapeutic
intervention in the management of
this form of AMD (Ferrara et al.
2006; Waisbourd et al. 2007). Rani-
bizumab (Lucentis®; Novartis Pharma
AG, Basel, Switzerland and Genentech
Inc, South San Francisco, CA, USA)
is a humanized monoclonal antibody
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fragment that inhibits active forms of
VEGF-A, the main factor responsible
for CNV proliferation and vascular
permeability (Ferrara et al. 2006,
2007). Benefits of ranibizumab treat-
ment in improving best-corrected
visual acuity (BCVA) have been
shown in the Caucasian population
(Brown et al. 2006, 2009; Rosenfeld
et al. 2006; Mitchell etal. 2010).
Ranibizumab is currently approved in
the United States, European Union,
Japan and several other countries.
EXTEND-I was the first study in Jap-
anese patients that showed the safety
and efficacy of monthly ranibizumab
treatment (12-month results) during
multiple-injection phase in terms of
BCVA gain, reduction in total area of
leakage from CNV plus retinal pig-
ment epithelium staining and foveal
retinal thickness, which were consis-
tent with the pivotal studies per-
formed in the Caucasian population
(Tano & Ohji 2010). After the patients
had completed the 12-month multiple-
injection phase, all patients who
provided written consent and were
eligible based on the inclusion and
exclusion criteria of the extension
phase had the opportunity to continue
to receive the ‘individualized flexible
interval regimen’ [namely, pro re nata
(PRN), as needed] until the approval
of ranibizumab in Japan. This also
provided a means to assess its long-
term safety and efficacy. The PRN
regimen was expected to maintain the
improved visual acuity (VA) with less
frequent injections in the extension
phase. Current treatment guidelines in
Europe recommend three initial
monthly dosing followed by a mainte-
nance phase, wherein the ranibizumab
administration is decided based on
monthly BCVA observation (Holz
et al. 2010; Mitchell et al. 2010). This
recommendation is based mainly on
the results of the ranibizumab pivotal
randomized phase III studies, namely
MARINA (Rosenfeld et al. 2006) and
ANCHOR (Brown et al. 2006) with
monthly ranibizumab treatment. In
these studies, the improvement of the
BCVA score had stabilized (almost
reached a plateau) by Month 3, and
further increase in BCVA was mini-
mal during the subsequent monthly
treatments. On the other hand, in
another pivotal randomized Phase
IIIb study, PIER, quarterly treat-
ment regimen could not maintain the

improvement in BCVA score that was
obtained by the three initial monthly
injections (Regillo et al. 2008). How-
ever, there were also patients who
maintained their gain in BCVA score
during the quarterly regimen.

The extension phase of this study
was initiated, therefore, to investigate
whether ranibizumab administered
PRN based on monthly BCVA scores
and other ophthalmic examinations at
two consecutive visits could maintain
the improvement in BCVA scores.
The reduction in dosing frequency
was expected to reduce the risk of
adverse events (AEs) associated with
the intravitreal injection procedure in
the elderly population as well as to
address the difficulties in treating
AMD through monthly injection of
ranibizumab in a clinical setting.

Based on the 6-month interim
results of the extension phase with
PRN regimen as well as the 6- and
12-month interim analyses of monthly
multiple-injection phase of this study,
and the results of pivotal studies
in the Caucasian population, rani-
bizumab was approved in Japan in
January 2009. This paper presents the

final data on long-term efficacy (in
terms of BCVA) and safety of rani-
bizumab with PRN regimen from
whole period of the extension phase
of EXTEND-I.

Methodology

Study design

EXTEND-I was an open-label, multi-
centre, Phase I/II study comprising
three phases: a single-injection phase,
a multiple-injection phase and an
extension phase (Fig. 1). The single-
injection phase (Group A) was
designed to sequentially evaluate the
safety of intravitreal injections of 0.3
and 0.5 mg ranibizumab (six patients
treated with each dose). The patients
who successfully completed the sin-
gle-dose phase (i.e., did not experi-
ence a Grade-3 targeted AE) could
enter a multiple-injection  phase
wherein they received the same dose
for an additional 11 months. The
12-month  multiple-injection  phase
(Groups A and B; the latter con-
sisted of patients who did not partic-
ipate in the single-injection phase)

Single-injection phase*  Multiple-injection phase Extension phase™
Dose  “usa™ 12 months 12-35 months
(no. of <
patients) 2 weeks 11 months
R LR
Need of administration was

judged at each monthly visit
(PRN regimen) until approval

RERAREREAE]
(RERNRERERRN
(RERRRERRREN

Fig. 1. EXTEND-I treatment schedule. *Upon completion of the single-dose 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. **Upon completion of the multiple dose phase, based
on prespecified inclusion/exclusion criteria, patients could enter the extension phase. For the
extension phase, treatment as per pro re nata regimen; dose same as core phase; retreatment at
the monthly visit if loss of >35 letters in best-corrected visual acuity (BCVA) on two consecu-
tive visits (except unscheduled visits), considering other ophthalmic examinations, such as slit-
lamp examination, ophthalmoscopy, fundus photography, fluorescein angiography and optical
coherence tomography, the investigator decided whether ranibizumab treatment would be per-
formed. Similarly, if the BCVA score decreased on two consecutive visits (except unscheduled
visits) by <5 letters using ETDRS-like visual acuity chart, a decision was taken whether treat-
ment could be withheld. In any case, other ophthalmic examinations were taken into consider-
ation. For the extension phase, the number of patients for Group A was 3 in the 0.3 mg group
and 6 in the 0.5 mg group; the number of patients for Group B was 28 in the 0.3 mg group

and 33 in the 0.5 mg group.
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evaluated the safety and efficacy of
both doses administered as monthly
intravitreal injections in two parallel
groups of 0.3 mg dose and 0.5 mg
dose (Tano & Ohji 2010). The multi-
ple-injection phase was followed by
an extension phase in which the
ranibizumab (0.3 or 0.5 mg) adminis-
tration was on a PRN basis, but
assessments were carried out on a
monthly basis. If the BCVA score
decreased at two consecutive visits
(except unscheduled visits) by >5 let-
ters, considering other ophthalmic
examinations, such as slit-lamp exam-
ination and ophthalmoscopy for
safety, fundus photography, fluores-
cein angiography and optical coher-
ence tomography for efficacy, the
investigator decided whether rani-
bizumab treatment would be adminis-
tered although no specific retreatment
criteria were provided for fundus
photography, fluorescein angiography
and optical coherence tomography
and were at the discretion of the
investigators. Similarly, if the BCVA
score decreased at two consecutive
visits (except unscheduled visits) by
<5 letters, in conjunction with other
ophthalmic examinations, a decision
was taken whether the treatment
could be withheld.

This study was conducted in accor-
dance with the Declaration of Hel-
sinki, International Conference on
Harmonization Good Clinical Practice
(GCP) guidelines and Japanese GCP.
The study was approved by Institu-
tional Review Boards at each study
centre. All patients provided written
informed consent before participating
in the study and the extension. The
trial is registered with clinicaltrials.gov
(NCT00275821).

Inclusion and exclusion criteria

All patients with subfoveal CNV sec-
ondary to AMD who completed the
multiple-injection phase in either of
the ranibizumab groups (Groups A or
B), provided written consent and met
all of the inclusion criteria set at the
beginning of the study (Tano & Ohji
2010) were eligible to enrol in the
extension phase. Patients were allowed
to participate in the extension phase
regardless of the time elapsed between
the exit visit of the multiple-injection
phase and the participation in the
extension phase.

Patients were excluded from the
extension phase if they had received
any anti-angiogenic drugs (bev-
acizumab, pegaptanib, ranibizumab,
anecortave acetate, corticosteroids or
protein kinase C inhibitors) or partici-
pated in any other clinical study of an
investigational drug during the period
from the exit visit of the multiple-
injection phase to participation in the
extension phase. However, as the
extension phase was not started on
the day of the exit visit from the mul-
tiple-injection phase, photodynamic
therapy with verteporfin was allowed
for the study eye during the transition
period.

Efficacy assessments

The efficacy variables of the extension
phase included mean change from
Month 12 in BCVA score of the study
eye using ETRDS chart (at a starting
distance of 2 m) at the last visit of the
extension phase for Group B patients
only. Group A patients were not
included as they were not assessed for
efficacy, but only for safety through-
out the study. The other efficacy vari-
ables included the proportion of
patients at the last visit with a BCVA
score loss <15 letters, and 230 letters,
or a BCVA score gain of 215 letters
in the study eye. Proportion of
patients with BCVA <34 letters,
approximate Snellen equivalent of
20/200 or worse, were also evaluated
(ETDRS charts at a starting distance
of 2 m). In the extension phase, col-
our fundus photography, fluorescein
angiography and optical coherence
tomography were performed in accor-
dance with the routine procedures
specified at each study site.

Safety assessments

All safety evaluations were based on
the enrolled population (Groups A
and B) of the extension phase. Safety
assessments consisted of recording the
frequency of the treatment collecting
all AEs, serious adverse events
(SAEs), with their severity, and rela-
tionship to study drug. It also
included monitoring of haematology,
serum chemistry, urinalysis and regu-
lar assessments of vital signs. Grade 3
targeted AEs (Tano & Ohji 2010),
intraocular inflammation, myocardial
infarction and stroke and AEs poten-

tially related to systemic VEGF inhi-
bition were analysed separately.
Serum samples for the evaluation
of immunoreactivity to ranibizumab
(antiranibizumab  antibodies) were
obtained from patients prior to study
administration at Month 23 and the
last visit for Group A patients, and
Month 24 and the last visit for Group
B patients. At the last visit as well as
at early termination, the assessments
were performed if at least 6 months
had passed since the previous mea-
surement, on or after Month 11 for
Group A patients and Month 12 for
Group B patients. The last measure-
ment in the multiple-injection phase
of the study was performed at Month
11 for Group A and Month 12 for
Group B.

Statistical analysis

The patient population included all
enrolled patients in the extension
phase. This population was used for
all analyses in Groups A and B. All
efficacy data presented were for
observed cases without the last obser-
vation carried forward method.

Descriptive statistics of the number
of injections, duration of exposure
and reason of injection were presented
for the enrolled population. The dura-
tion of treatment varied for each
patient in the extension phase. To
reduce a possible bias because of the
patients who discontinued early with-
out injection, the number of injections
per year was calculated as 365.25 x
sum of total number of injections in
the group/duration of the PRN regi-
men for the respective group. The
number of injections per year was cal-
culated for the respective group and
not per patient. Duration of the PRN
regimen was the date of the last
potential treatment visit minus the
date of Month 11 visit (the last treat-
ment visit of multiple-injection phase)
plus 1.

All efficacy analyses were based on
the study eye. Descriptive statistics
(mean, median, standard deviation,
standard error, minimum and maxi-
mum) of the change from baseline
(the single-injection phase of Group A
and the multiple-injection phase of
Group B), Month 11 and Month 12
in Group B were performed by treat-
ment and visit. The 95% confidence
intervals based on t-distributions and
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p-values based on paired #-tests were
determined for the change from base-
line. Exact 95% confidence intervals
were calculated for the proportion of
patients with the specified response
rates.

dition did not further require the
study drug. In Group B, 22 patients
in the 0.3 mg dose group and 21
patients in the 0.5 mg dose groups
were not discontinued in the extension
phase. Six patients in the 0.3 mg dose
group and 12 patients in the 0.5 mg

The mean duration of treatment
(standard deviation, SD) during the
extension phase was 1.70 (0.35) years
in the 0.3 mg group and 1.93 (0.09)
years in the 0.5mg dose group in
Group A (Table 1). In Group B
patients, the mean duration of treat-

Results dose group withdrew from the exten- ment was 1.45 (0.33) years and 1.36
sion study. The maximum number of (0.39) years in the 0.3 and 0.5 mg
Patients patients discontinued as they did not  dose groups, respectively.

Overall, 70 patients at 11 sites partici-
pated in the extension phase from 20
March 2007 to 20 January 2009: 9 in
Group A (3 and 6 in the 0.3 and
0.5 mg dose groups, respectively) and
61 in Group B (28 and 33 in the 0.3
and 0.5 mg dose groups, respectively)
as shown in Table 1. In Group A, a
total of seven patients were not dis-
continued in the extension phase. Two
patients in the 0.3 mg dose group
withdrew from the study, as their con-

require the study drug because of
improvement in VA (n = 9, two in
the 0.3 mg dose group and seven in
the 0.5 mg dose group); other reasons
being AEs (n = 4, two in each dose
group), withdrawal of consent (n = 4,
one in the 0.3 mg dose group and
three in the 0.5 mg dose group) and
protocol violation (n = 1, one in the
0.3 mg dose group). None of the AEs
leading to study discontinuation was
thought to be related to the study
drug.

Table 1. Patient disposition in the extension phase.

The baseline demographic and ocu-
lar characteristics of enrolled patients
at the start of the extension phase are
given in Table 2. The mean (SD)
BCVA score of the study eye at the
start of the extension phase was 59.1
(11.69) letters and 59.8 (15.07) letters
in the 0.3 and 0.5 mg dose groups
of Group B, respectively. Overall,
approximate Snellen equivalent VA of
almost all patients was better than
207200 except for two patients in the
0.5 mg dose group.

Of the 61 patients in Group B,
approximately 90% (25/28 and 27/33
in the 0.3 mg and the 0.5 mg dose

groups, respectively, Table 3) com-

Group A Group A Group B Group B N
Ranibizumab  Ranibizumab  Ranibizumab  Ranibizumab  Pleted Month 24 from the baseline
Disposition/patients studied 0.3 mg 0.5 mg 0.3 mg 0.5 mg of the multiple-injection phase of
: the study, i.e., these patients received
Pal?::éilt(:’; R 3 (100.0) 6 (100.0) 28 (100.0) 33 (100.0) treatment of ranibizumab with PRN
Not discontinued 1(33.3) 6(100.0)  22(78.6) 21 (635  for 12 months in the extension phase.
Discontinued 2 (66.7) 0 (0.0) 6(21.4) 12 (36.4) The duration of treatment of each
Main cause of discontinuation patient in the extension phase varied
Adverse event (s) 0 (0.0) 0 (0.0) 2(1.1) 2(6.1) with respect to the study entry and the
Patient’s condition does 2 (66.7) 0 (0.0) 2(7.1) 7(21.2) longest was 35 months from baseline
not requires study drug for the 0.3 mg dose group (n = 1). For
Protocol vi}cl)lation g (0.0) 0 (0.0) 1(3.6) 0 (0.0) the 0.5 mg dose group, the longest was

Patient withdrew consent 0.0) 0(0.0) 1(3.6) 3(9.1) — ; :

Mean duration, years, of 170 (035)  193(0.09)  145(033)  1.36(0.39) 34 months (2 = 1), as shown in Fig. 2.

The exposure to ranibizumab in the

the extension phase (SD . .
phase (D) extension phase of Group B is shown

1

Table 2. Baseline demographics of enrolled patients and ocular characteristics (study eye) at the start of the extension phase.

Group A Group A Group B Group B
Ranibizumab Ranibizumab Ranibizumab Ranibizumab
0.3 mg 0.5 mg 0.3 mg 0.5mg
Characteristic Category/statistic N=3 N=6 N =28 N =133
Gender - n (%) Male 3 (100.0) 5(83.3) 19 (67.9) 28 (84.8)
Female 0 (0.0) 1 (16.7) 9(32.1) 5(15.2)
Age, years Mean (SD) 68.0 (10.15) 72.0 (4.82) 69.8 (8.72) 70.2 (7.83)
Race (%) Asian 3 (100.0) 6 (100.0) 28 (100.0) 33 (100.0)
Best-corrected visual acuity score Mean (SD) 72.0 (4.58) 58.5 (15.66) 59.1 (11.69) 59.8 (15.07)
Range 68-77 42-77 39-80 36-85
Approximate Snellen equivalent n (%) Median 40.0 70.0 71.5 63.0
20/200 or worse 0(0.0) 0 (0.0) 0 (0.0) 2(6.D
Better than 20/200 but 1(33.3) 3 (50.0) 20 (71.4) 20 (60.6)
worse than 20/40
20/40 or better 2 (66.7) 3 (50.0) 8 (28.6) 11 (33.3)
Intraocular pressure (mmHg) Mean (SD) 13.3 (1.53) 14.2 (3.06) 13.5 (2.92) 13.7 (3.09)
Range 12-15 9-18 8-20 9-23

Data of ocular characteristics are based on Month 11 visit in Group A and Month 12 visit in Group B.
N = number of enrolled patients, » = number of patients.
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