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Abstract

Purpose To explore the efficacy and safety of pegaptanib
sodium as maintenance therapy in Japanese patients with
neovascular, age-related macular degeneration (AMD)
after induction therapy (LEVEL-J study).

Methods A multi-center, prospective study was con-
ducted at 21 medical institutions between 2009 and 2011.
Of Japanese neovascular AMD patients with choroidal
neovascularization who showed improvement in visual
acuity (VA) with induction therapy, those who were
scheduled for intravitreal injections of pegaptanib as
maintenance therapy were recruited. LogMAR VA was
assessed. Booster treatment (unscheduled treatment with
other agents) was allowed during the study period if
symptoms were judged to have worsened. Safety was
assessed by monitoring adverse events and intraocular
pressure (IOP).

Results Of 75 patients included in the analysis, 80 %
completed the 54-week study period. Their mean age was
74.7 £ 6.9 years, and 54 patients (72.0 %) were men. The
mean number of pegaptanib injections was 5.7 £ 2.6.
Booster treatment was not required in 40 eyes (53.3 %).
Mean logMAR VA was 0.61 £ 0.31 before induction
therapy, 0.26 £ 0.24 before maintenance therapy, and
0.29 £ 0.28 at 54 weeks. No notable change in VA was
observed during maintenance therapy. Adverse events were
reported in 4 patients (5.3 %), including increased

The members of “The LEVEL-J Study Group” are listed in
Appendix.
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intraocular pressure, cancer, gallstones and recurrence of
breast cancer, but mean IOP remained stable during
maintenance therapy.

Conclusions The results of this exploratory study suggest
that maintenance therapy with pegaptanib is potentially an
effective and well-tolerated option in Japanese patients
with neovascular AMD in whom induction therapy has
been successful.
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Introduction

Neovascular age-related macular degeneration (AMD) with
choroidal neovascularization (CNV) is characterized by
central scotoma, image distortion, and decreased visual
acuity (VA) [1, 2]. In particular, when CNV involves the
central fovea, social blindness often occurs. Neovascular
AMD is a major cause of blindness in the elderly in
developed countries throughout the world, including Japan
[2-5]. The likelihood of onset increases with age, and the
medical prominence of neovascular AMD is increasing
each year [6, 7]. Although treatment was previously limited
to photodynamic therapy (PDT), since the development of
drugs for intravitreal (IVT) injection that specifically target
vascular endothelial growth factor (VEGF), the treatment
of neovascular AMD has changed dramatically. In Japan,
pegaptanib sodium (Macugen, Pfizer, New York, NY,
USA) was approved in 2008, and ranibizumab (Lucentis,
Novartis, East Hanover, NJ, USA) was approved in 2009.
Currently, both of these drugs are used in clinical practice.
Pegaptanib is an RNA aptamer that targets VEGF¢5 [8],
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and ranibizumab is a monoclonal antibody fragment that
binds to all VEGF isoforms [9, 10]. Because ranibizumab
inhibits all VEGF, unlike pegaptanib, which does not
inhibit other VEGF-A activity such as VEGF,, its anti-
angiogenic effects are potent. However, normal VEGF-A
activity may be blocked, so systemic safety, such as an
increased risk of cardiovascular disease, is a concern [11].
On the other hand, because pegaptanib has a lower risk of
systemic adverse effects than ranibizumab, it is considered
suitable when long-term efficacy must be safely
maintained.

Treatment with VEGF inhibitors requires an induction
phase to inhibit CNV activity and improve VA, and a
maintenance phase to preserve VA after improvement, in
which multiple drug injections are required. A small-scale
clinical trial in the United States reports promising results
after induction therapy with a non-selective VEGF inhibi-
tor, followed by maintenance therapy with pegaptanib and,
when necessary, at the physician’s discretion, unscheduled
therapy (booster treatment) with other drugs [12, 13].
Therefore, an exploratory study (Evaluation of efficacy and
safety in maintaining visual acuity with sequential treat-
ment of neovascular AMD: LEVEL) was conducted to
apply this method of treatment on a larger scale [14]. In
order to discuss the efficacy of maintenance therapy with
pegaptanib after improvement of VA with induction ther-
apy in Japanese patients, a similar study in Japan was
necessary.

Here, a prospective, exploratory study was conducted in
Japanese AMD patients in whom VA had improved with
induction therapy and who were to receive pegaptanib as
maintenance therapy. The purpose of this study was to
explore the efficacy and safety of pegaptanib as a mainte-
nance therapy in Japanese patients.

Patients and methods
Patients

Selected from AMD patients >50 years of age with sub-
foveal CNYV, this study included patients scheduled for IVT
injections of pegaptanib every 6 weeks for 48 weeks. The
main inclusion criteria were patients with AMD,
30-120 days before enrollment in the study, who, as a
result of induction therapy with (1) ranibizumab 1-3 times,
(2) PDT 1-2 times, (3) pegaptanib 1-3 times, or a suitable
combination of (1) to (3), had VA improvement >0.2
logMAR. The main exclusion criteria were: subfoveal
scarring or atrophy; subfoveal hemorrhage of the treated
eye; extending to hemorrhage >50 % of the entire lesion or
>1 disc area; opacification of the optic media; other causes
leading to CNV; presence or complications of diabetic
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retinopathy; severe cardiac disease (New York Heart
Association class III or IV); clinically significant peripheral
vascular disease; or a stroke within 12 months before
enrollment.

Study design

This was a multi-center, prospective study conducted at 21
institutions in Japan from April 2009 to December 2011.
Approval was obtained from the ethics committee at each
participating institution, and written informed consent was
obtained from all patients who participated in the study.

Pegaptanib was administered according to the package
insert, generally at a dose of 0.3 mg/eye by IVT injection,
every 6 weeks, from day O until 48 weeks. If symptoms
were judged to have worsened, then unscheduled treat-
ment with other agents (booster treatment) was allowed at
the physician’s discretion. Because this study was con-
ducted under real clinical conditions, the dosing interval
could also be changed within 7 days before and after the
scheduled date of administration at the physician’s
discretion.

Visual acuity and central point thickness (CPT) mea-
sured by optical coherence tomography (OCT) were
assessed on day O (before the start of maintenance therapy)
as the baseline and then every 6 weeks for 54 weeks.
Before and >30 min after injection, intraocular pressure
(IOP) and adverse events were assessed.

Statistical analysis

Patients who met the inclusion and exclusion criteria and
who received the study drug at least once during the study
were included for analysis. When using decimal VA, it was
converted to logMAR values, and basic (descriptive) sta-
tistics were calculated at each evaluation. The proportions
of subjects were calculated based on changes in VA before
starting induction therapy to week 54 of maintenance
therapy at 3 levels: gain of >15 letters, gain of >0, and loss
of <15 letters. For CPT, basic statistics were also
calculated.

In addition to calculating the number of injections, basic
statistics for the number of induction treatments, VA before
induction treatment, baseline VA, and CPT were also cal-
culated according to booster treatment status (boosted or
non-boosted), in order to evaluate factors related to whe-
ther or not booster treatment was required. To analyze
safety, the frequency of adverse events and basic statistics
for IOP were calculated.

As the nature of this study was exploratory rather than
confirmatory, statistical analyses were mainly performed in
a descriptive manner. No statistical power approach for
determining sample size was applied.
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Results

A total of 77 patients (77 eyes) were enrolled from 16
medical institutions. Excluding one patient (one eye) who
did not meet the inclusion criteria, and one patient (one
eye) who asked to withdraw from the study before starting
maintenance therapy, 75 patients (75 eyes) were analyzed.
Of these, 60 patients (80 %) completed the 54-week study
period; 15 patients (20 %) could not be followed up until
the 54th week because of patient request (nine eyes,
60.0 %), treatment for adverse events (three eyes, 20.0 %),
missed follow-up visits (two eyes, 13.3 %), and missing
data (one eye, 6.7 %).

Patients’ characteristics

Table 1 shows the patients’ characteristics. The patients’
ages ranged from 58 to 92 years, with a mean age of
74.7 years; 54 (72.0 %) patients were men. There were 43
patients (57.3 %) with a medical history, most commonly
hypertension (27 patients, 62.8 %) and diabetes (4 patients,
9.3 %). The AMD diagnosis was: typical AMD in 50 eyes;
polypoidal choroidal vasculopathy (PCV) in 21 eyes; and
retinal angiomatous proliferation (RAP) in four eyes. The
most common results of fluorescein angiography of typical
AMD were “occult with no classic features” (32 eyes),
followed by “predominantly classic” (10 eyes) and
“minimally classic” (8 eyes).

For induction therapy, 56 eyes (74.7 %) received rani-
bizumab, 2 eyes (2.7 %) received pegaptanib, 3 eyes
(4.0 %) received PDT, and 14 eyes (18.7 %) received a
combination of ranibizumab and PDT. Induction therapy
was performed over 14 weeks (median), and during this
time, patients received a mean of 2.8 treatments. After
induction therapy, CPT was 86-817 pm (mean £ SD
228.5 &£ 101.4 pym). CPT was <200 um in 31 eyes
(41.9 %) and >225 pm in 28 eyes (37.8 %).

Maintenance therapy

With induction therapy, VA improved >0.3 logMAR.
LogMAR VA (mean &+ SD) was 0.61 & 0.31 before
induction therapy and 0.26 & 0.24 before maintenance
therapy. During maintenance therapy, logMAR did not
change greatly and was 0.29 £ 0.28 at 54 weeks. The
improvement in mean logMAR VA obtained during
induction was well sustained (Fig. 1). For VA before
induction therapy and at week 54 of maintenance therapy,
33 eyes (55.0 %) had >15-letter improvement, and 59 eyes
(98.3 %) had >0-letter improvement. Only one eye had
lost <15 letters in VA (logMAR VA: before induction therapy
0.30; 54 weeks 0.40). During maintenance therapy, mean
retinal thickness did not change substantially (Fig. 2).

Table 1 Patients’ characteristics (n = 75)

Patients’ characteristics

Sex
Male
Female
Age (mean £ SD)
Enrolled eye
Right
Left
Disease classification
Typical AMD
Polypoidal choroidal vasculopathy (PCV)
Retinal angiomatous proliferation (RAP)
Typical AMD lesion subtype
Occult with no classic
Predominantly classic
Minimally classic
Induction treatment
Ranibizumab alone
Pegaptanib sodium alone
PDT

Combination of ranibizumab + PDT

54 (72.0 %)
21 (28.0 %)
74.7 £ 6.9 years

31 eyes (41.3 %)
44 eyes (58.7 %)

50 eyes (66.7 %)
21 eyes (28.0 %)
4 eyes (5.3 %)

32 eyes
10 eyes
8 eyes

56 eyes (74.7 %)
2 eyes (2.7 %)
3 eyes (4.0 %)
14 eyes (18.7 %)

Unless otherwise noted, the values denote n (%). Totals may not add

up to 100 % due to rounding
SD standard deviation

Mean logMAR visual acuity

0.7 — T T - -
Induction o 6 12 18 24

therapy
(30-120 days)

36 42 48 54

Maintenance therapy (weeks)

Fig. 1 Mean logMAR visual acuity from before starting induction
therapy to week 54 of maintenance therapy. Closed circles indicate
mean logMAR visual acuity; error bars indicate standard error of the
mean; and a vertical broken line indicates the baseline (evaluation
before maintenance therapy). Comparison before induction therapy
vs. before maintenance therapy: P < 0.0001 (paired #-test, two-sided).
Comparison before induction therapy vs week 54 of maintenance
therapy: P < 0.0001 (paired #-test, two-sided)

During maintenance therapy, a mean of 7.1 & 2.6
injections was given. The number of pegaptanib injections
was 5.7 £ 2.6 (median 6, range 1-9), and 13 eyes (17.3 %)
received the maximum number (9) of pegaptanib
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300 1 to boosted vs non-boosted, but none of these was related to
£ whether booster treatment was given (Fig. 3).
S 20 /}_}/I"}\}—H—}\}
é 2001 Safety
(8]
% Adverse events occurred in 4 of 75 patients (5.3 %),
'§_ 150 1 including one event each of increased IOP, cancer, gall-
) stones, and breast cancer recurrence. As an adverse reac-
‘QE) 1001 tion, increased IOP occurred in one patient (1.3 %).
g 50 | Slightly increased IOP was sustained >30 min after
2 injection, but mean IOP remained stable during mainte-
0 nance therapy (Fig. 4).

0 6 12 18 24 30 36 42 48 54
Maintenance therapy (weeks)

Fig. 2 Mean retinal thickness at the macular central point during
maintenance therapy. Closed circles indicate mean central point
thickness, and error bars indicate the standard error of the mean

injections. In 40 eyes (53.3 %), booster treatment was not
required. In patients who received booster treatment (which
was coincidentally ranibizumab including one patient who
received a combination of ranibizumab and PDT), the
number of days from before the start of maintenance
therapy until the first booster was given was 135.3 £
94.6 days. In these patients, the mean number of booster
treatments was 3.0 £ 1.9 times (median 2, range 1-7), and
the most frequent number of booster treatments was one
(10 eyes, 28.6 %), followed by two (8 eyes, 22.9 %). The
number of induction treatments, VA before induction
treatment, baseline VA, and CPT were compared according

Discussion

The present study was conducted using a similar design to
the LEVEL study performed in the USA [14]. In the
LEVEL study, in neovascular AMD patients who had one
to three induction treatments 30-120 days before study
enrollment and who had clinical/anatomical improvement,
the efficacy and safety of maintenance therapy with peg-
aptanib were investigated. As maintenance therapy, peg-
aptanib 0.3 mg was administered by IVT injection every
6 weeks for 48 weeks, with follow-up to 54 weeks.
Booster treatment was allowed for clinical deterioration at
the physician’s discretion. Of 568 patients in the LEVEL
study, 86 % completed 1 year of treatment with pegapta-
nib. Mean logMAR VA improvement during induction
(improvement of 49.6-65.5 letters) was well preserved (54-
week mean, 61.8 letters). From before induction until week

Fig. 3 Factors before starting b
maintenance therapy and a ,. EXTRE
relationship to whether booster 3 g
treatment was given. a Mean 5 2 3] ; = 0.8 1
number of induction treatments, 5 g T 2 2
P = 0.3643 for between-group 28 > 5 061 T
comparison. b Mean logMAR 2c 217 E g 04
visual acuity before induction 8 -% %,'8 ’

(] =
treatment, P = 0.5558 for =3 11 ﬁ o 02

. £ S
between-group comparison. $s
¢ Mean logMAR visual acuity at 0- =2 9
baseline, P = 0.9952 for Boosted Non-boosted Boosted Non-boosted
between-group comparison.
d Mean central point thickness Cc d
at baseline, P = 0.8753 for g_
between-group comparison. For %‘ 17 <, 3007
comparison between groups, an 8 08 3 2504
. . .0 C

unpaired #-test (two-sided) was § o 5 T
used. Error bars indicate the g £ 06 = 200 1
standard error of the mean T € 1504

<@ S

s 044 Q

o = 1004

<} T =

= 0.2 1 c

C 50 4

s 0- § o

Boosted Non-boosted § Boosted Non-boosted
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30 1
25 1
20 1

10

Mean intraocular pressure (mmHg)

0 6 12 18 24 30 36 42 48 54
Maintenance therapy (weeks)

Fig. 4 Mean intraocular pressure before and after injections during
maintenance therapy. Closed circles indicate mean intraocular
pressure before injection; open circles indicate mean intraocular
pressure >30 min after injections; and error bars indicate the
standard error of the mean

54, 41 % of patients had >15-letter improvement on an
ETDRS VA chart. During maintenance, mean CPT was
relatively stable. About half of the patients did not receive
booster treatment up to week 54. Pegaptanib was well
tolerated, and there were almost no ocular or systemic
adverse events. IOP remained stable from the start to

Table 2 Patients’ medical history

Patients’ medical history Number of patients %
Medical history
Yes 43 57.3
No 32 42.7
Details of medical history
Hypertension 27 62.8
Diabetes 4 9.3
Hepatitis C 2 4.7
Gastric cancer 2 4.7
Angina pectoris 2 4.7
Atrial fibrillation 2 4.7
Prostatic hypertrophy 2 4.7
Other® 26 60.5

* One patient each with a history of myocardial infarction within
10 years, cardiac disease, cerebral infarction, depression, rheumatoid
disease, gastric carcinoma, transient PVCs, lower extremity venous
thrombosis, liver cancer, hyperlipidemia, hyperuricemia, trigeminal
neuralgia, prostate cancer, ulcerative colitis, hearing loss, breast
cancer, dementia, lung cancer, lung tumor, cataract, arrhythmia,
paranasal cancer, abdominal aneurysm, glaucoma, asthma, and Par-
kinson’s disease

These patients with a history of myocardial infarction within
10 years, cardiac disease, and cerebral infarction were included in this
study because their physicians determined that they did not meet any
of the exclusion criteria

completion of treatment. Although direct comparison of the
present study’s results with the LEVEL study results may
not be appropriate, the efficacy of pegaptanib as mainte-
nance therapy in Japanese patients in the present study
using a similar treatment method is noteworthy.

Problems of safety with VEGF inhibitors include ocular
and systemic adverse reactions. In this study, only 1 of 75
eyes (1.3 %) had increased IOP. Currently, post-marketing
surveillance of pegaptanib in all patients is being con-
ducted in Japan (target sample size: 3,500 patients, 3,500
eyes), and based on interim results, of the 1,759 patients
included in the safety analysis, 43 (2.4 %) have had
adverse reactions. Most of these have been ocular events
such as increased IOP, with almost no systemic events
[15]. In a phase II trial in Japan, the adverse reactions that
occurred during a 1-year treatment period were almost all
ocular events judged to be attributed to the administration
technique [16]. Subsequently, in a study where treatment
was continued for another year, most adverse reactions
were also related to the administration technique [17].

Systemic adverse reactions are particularly problematic
in AMD patients, because of a high risk of hypertension,
stroke, and cardiovascular disease [11]. In patients who
already have these complications, the risk of further
exacerbation is high. Based on the results of a clinical
study of ranibizumab, which is a non-selective VEGF
inhibitor, the incidence of other than ocular events such as
bleeding and cerebrovascular events, compared to a sham
injection, was reported to be higher [18, 19]. However,
during a 1- to 2-year study, evaluation of the effect of long-
term use of VEGF inhibitors is difficult [20]. Pegaptanib
was used continuously for >4 years in one clinical study,
but no warnings about ocular or systemic safety were
issued [21, 22]. Moreover, even in a study at doses 10 times
higher than normally used clinically, no increased risk of
systemic adverse reactions was observed [23].

In the present study, more than half of the patients
(57.3 %) had some positive medical history, including 27
(36 %) with hypertension and 4 (5.3 %) with diabetes, but
no serious complications such as thrombus formation were
reported (Table 2). Although the number of cases was
limited, the present study results suggest that pegaptanib
maintenance therapy is a treatment method that can safely
preserve, over the long term, improved VA obtained during
induction therapy. For neovascular AMD patients with
cardiovascular risk, given the need for long-term therapy,
exposure to non-selective inhibition should ideally be
minimized. The present results support the fact that
maintenance therapy with pegaptanib after induction, even
though booster treatment was required in at least half of the
patients, can be an alternative to long-term treatment with a
non-selective VEGF inhibitor. Attempts to achieve equiv-
alent results to the effectiveness obtained with once-
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monthly injections of ranibizumab by decreasing the fre-
quency of administration have not always been successful
[24, 25]. This suggests that, to optimally preserve VA,
regular frequent administration of a VEGF inhibitor is
necessary.

In conclusion, the present study suggests that mainte-
nance therapy with pegaptanib is potentially an effective
and well-tolerated option in Japanese patients with neo-
vascular AMD in whom induction therapy has been suc-
cessful. Although the nature of this study was descriptive
or exploratory, this type of study is very useful for con-
structing hypotheses leading to subsequent studies and for
establishing novel methods of treatment [26, 27]. However,
it should be noted that the results of this type of study do
not demonstrate a causal response to the treatment used.
For more definitive evidence, a larger-scale comparative
study will need to be conducted.
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