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Abstract

Purpose To evaluate the results of a 3-year follow-up of

intravitreal pegaptanib sodium injection as maintenance

therapy for the treatment of neovascular age-related

macular degeneration (AMD) in Japanese patients.

Methods In this prospective, uncontrolled interventional

study, 20 eyes of 19 patients with treatment-naı̈ve AMD

who had received 3 consecutive monthly injections of

0.5 mg/0.05 mL ranibizumab as the induction treatment

and had shown clinical/anatomical improvement were en-

rolled. An intravitreal injection of 0.3 mg/0.09 mL pe-

gaptanib sodium was administered as the maintenance

therapy every 6 weeks. Booster treatments using

ranibizumab were allowed if clinical deterioration was

judged to be present. The primary outcome measures were

the best-corrected visual acuity (BCVA) and the central

foveal thickness (CFT) as evaluated using spectral-domain

optical coherence tomography.

Results Sixteen of the 20 eyes (80 %) were assessed at

the 3-year follow-up. The mean logMAR BCVA improved

significantly from 0.56 ± 0.31 before the induction treat-

ment to 0.24 ± 0.25 at baseline (P\ 0.001) and was well

maintained at 156 weeks (0.25 ± 0.28, P = 0.938).

Moreover, the mean CFT also decreased significantly from

346 ± 111 lm before the induction treatment to

232 ± 54 lm at baseline (P\ 0.001) and was well

preserved at 156 weeks (210 ± 59 lm, P = 0.278). Thir-

teen eyes (81.3 %) received an unscheduled booster treat-

ment, and no severe systemic or ocular side effects

occurred during follow-up.

Conclusion Intravitreal pegaptanib sodium injection as

the maintenance therapy was effective in stabilizing the

vision of patients with AMD in whom induction treatment

led to improved BCVA, as evaluated at the 3-year follow-

up.

Keywords Age-related macular degeneration �
Pegaptanib sodium � Ranibizumab � Maintenance therapy

Introduction

Age-related macular degeneration (AMD) is the leading

cause of severe, irreversible vision loss in older adults [1,

2]. Because of a rapidly aging population, the incidence of

AMD is expected to continue to increase in the future [3].

Severe vision loss in patients with AMD is caused by the

development of choroidal neovascularization (CNV) [4].

Several agents that inhibit the action of vascular en-

dothelial growth factor (VEGF) have recently been used

for the management of CNV in patients with AMD.

Ranibizumab (Lucentis; Novartis Pharma, Basel, Switzer-

land and Genentech, South San Francisco, CA, USA) is a

recombinant humanized anti-VEGF antibody fragment

targeting all isoforms of VEGF-A [5]. Two years of results

obtained in both the MARINA and ANCHOR studies have

shown that patients with all types of CNV who were treated

with monthly intravitreal injections of ranibizumab (IVR)

exhibited an improvement in their final mean best-cor-

rected visual acuity (BCVA) [6, 7]. However, patients who

received IVR treatments on an as-needed basis tended to
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exhibit visual decline after they had received the monthly

ranibizumab treatments for 2 years [8]. Therefore, attempts

to maintain the efficacy results obtained during the induc-

tion phase of IVR with less frequent dosing were expected.

In contrast, pegaptanib sodium (Macugen; Valeant

Pharmaceuticals/Pfizer, New York, NY, USA) has also

been reported to be effective against CNV related to AMD

[9, 10]. Recently, an initial inductive dose of a nonspecific

VEGF inhibitor, followed by maintenance therapy with

pegaptanib sodium and as-required booster doses of

ranibizumab, was prospectively studied in a LEVEL study

[11]. Similarly, encouraging results were reported in Japan

in a study named the LEVEL-J study [12]. However, the

long-term outcomes of intravitreal pegaptanib sodium

(IVP) as the maintenance therapy have not been reported.

The purpose of this study was to evaluate the results of a

3-year follow-up after IVP as the maintenance therapy for

the treatment of neovascular AMD in Japanese patients.

Patients and methods

We performed a prospective, uncontrolled interventional

study examining 20 eyes in 19 patients aged 50 years or

older who had been diagnosed with subfoveal neovascular

AMD. These 20 eyes were enrolled from the 77 eyes en-

rolled in the LEVEL-J study [12]. After they had completed

the 54-week study period, the patients were followed for at

least 156 weeks. The first IVP administration was defined as

study entry or baseline. All patients had BCVA that was

better than 20/400, underwent 3 consecutive induction

treatments with ranibizumab before study entry, and showed

clinical/anatomical improvement, as determined by the in-

vestigator. Clinical improvement was defined as an im-

provement of at least 0.2 logMAR at the time of study entry.

All patients were treated at the Yokohama City University

Medical Center between November 2009 and February

2011. The study was approved by our institute’s ethics

committee. Informed consent was obtained from all eligible

patients before the procedures.

Patients with other causes of CNV secondary to high

myopia, angioid streaks, hereditary disorders, uveitis, or any

other secondary diseases were not enrolled in the study. In

addition, patients who had previously received treatment for

AMD, such as laser photocoagulation, submacular surgery,

photodynamic therapy, or intravitreal injection of any other

anti-VEGF agent, were also excluded. Furthermore, patients

with eye disease such as glaucoma, macular hole, diabetic

retinopathy, or rhegmatogenous retinal detachment that

could potentially influence the visual acuity of the studied

eye were also excluded.

At baseline, all patients received 0.3 mg/0.09 mL pe-

gaptanib sodium via an intravitreal injection through the

pars plana by use of a 30-gauge needle. The injection was

administered every 6 weeks as the maintenance therapy.

Because this study was performed during routine clinical

practice, the dosing interval for pegaptanib sodium could

be changed up to a maximum of 12 weeks. Unscheduled

IVR treatments for AMD (booster therapy) were allowed if

clinical deterioration was judged to be present by the

evaluating physician. Booster injections were performed if

any of the following changes were observed and judged to

have worsened: (1) visual acuity loss of C0.2 logMAR due

to exudative changes; (2) new macular hemorrhage; or (3)

evidence of persistent or recurrent subretinal fluid accu-

mulation, intraretinal edema, or enlargement of a pigment

epithelial detachment (PED) as diagnosed using spectral-

domain optical coherence tomography (SD-OCT; Cirrus

high-definition OCT; Carl Zeiss, Dublin, California, USA)

during the study period.

The main outcome measures were BCVA and central

foveal thickness (CFT) as determined using SD-OCT.

BCVA was converted to logMAR equivalents for the sta-

tistical analysis. The Wilcoxon signed-rank test was used to

compare the data. All analyses were performed using SPSS

version 17 software (IBM, Armonk, NY, USA). Probability

values less than 0.05 were considered significant.

Results

Of the 19 patients enrolled in this study, two (2 eyes)

withdrew because they stopped visiting the hospital at

weeks 105 and 122, respectively. One patient (2 eyes) was

switched to monthly ranibizumab treatment during the

maintenance phase because of frequent recurrences. Fi-

nally, a total of 16 eyes in 16 patients (80 %) were assessed

at the 3-year follow-up. The baseline characteristics and

clinical data before the induction treatment, at baseline,

and after the maintenance therapy are shown in Table 1. Of

the 16 patients included in the series, eight were men. The

patients’ age ranged from 65 to 85 years (mean age

74.8 ± 6.1 years).

Among the 16 eyes, five (31.3 %) were diagnosed as

having classic CNV, eight (50.0 %) as having occult CNV,

one (6.3 %) as having polypoidal choroidal vasculopathy

(PCV), and two (12.5 %) as having retinal angiomatous

proliferation (RAP).

The mean logMAR BCVA improved significantly from

0.56 ± 0.31 before the induction treatment to 0.24 ± 0.25

at baseline (P\ 0.001) and was well maintained at 156

weeks (0.25 ± 0.28, P = 0.938; Fig. 1).

In contrast, the mean CFT also decreased significantly

from 346 ± 111 lm before the induction treatment to

232 ± 54 lm at baseline (P\ 0.001) and was well pre-

served at 156 weeks (210 ± 59 lm, P = 0.278; Fig. 2).
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Table 1 Patients’ baseline characteristics and clinical data before and after pegaptanib injection

Case Patient R/

L

Age Sex Number of

pegaptanib

injections

Number of

ranibizumab

injections

(booster)

Lesion

subtypes

Best-corrected visual acuity Central foveal thickness (lm)

Before

induction

therapy

Baseline Week

156

Before

induction

therapy

Baseline Week

156

1 1 R 70 M 15 5 OCC 0.2 0.4 0.6 291 276 268

2 2 R 85 M 24 2 Classic 0.05 0.1 0.2 396 307 143

3 3 L 74 F 18 0 RAP 0.2 0.4 0.4 254 158 108

4 4 L 72 F 11 8 Classic 0.06 0.3 0.1 538 270 211

5 5 L 67 M 21 5 Classic 0.4 1.2 1 644 290 379

6 6 R 76 F 17 13 OCC 0.4 0.8 0.8 353 243 183

7 7 R 70 M 18 10 PCV 0.4 0.7 0.9 212 213 240

8 8 R 80 F 18 10 OCC 0.5 0.8 0.6 279 330 206

9 9 L 82 M 22 0 RAP 0.4 0.7 1 423 197 192

10 10 L 75 M 17 12 OCC 0.5 0.8 0.7 266 170 213

11 11 L 65 M 14 14 OCC 0.4 0.8 1 310 228 172

12 12 R 67 F 11 15 OCC 0.5 0.8 0.8 284 139 167

13 13 L 81 M 16 12 OCC 0.2 0.5 0.3 351 201 220

14 14 R 81 F 17 2 OCC 0.2 0.8 1 283 214 224

15 15 L 72 F 18 9 Classic 0.4 0.6 0.6 350 257 210

16 16 R 79 F 16 0 Classic 0.4 0.7 0.5 307 213 231

OCC occult with no classic CNV, Classic classic CNV, PCV polypoidal choroidal vasculopathy, RAP retinal angiomatous proliferation

Fig. 2 Changes in CFT

between the initial visit and the

3-year follow-up after the

maintenance therapy. The mean

CFT also decreased

significantly from

346 ± 111 lm before the

induction treatment to

232 ± 54 lm at baseline

(P\ 0.001) and was well

preserved at 156 weeks

(210 ± 59 lm, P = 0.278)

Fig. 1 Changes in the mean

logMAR BCVA between the

initial visit and the 3-year

follow-up after the maintenance

therapy. The mean logMAR

BCVA improved significantly

from 0.56 ± 0.31 before the

induction treatment to

0.24 ± 0.25 at baseline

(P\ 0.001) and was well

maintained at 156 weeks

(0.25 ± 0.28, P = 0.938)
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The mean number of injections of both pegaptanib

sodium and booster therapy administered during the 156

weeks was 24.4 ± 4.6. The number of pegaptanib injec-

tions was 17.1 ± 3.5, while the mean number of booster

injections of ranibizumab was 7.3 ± 5.3. Thirteen eyes

(81.3 %) received unscheduled booster treatments. Among

the patients who received booster treatments, the mean

time between the onset of the maintenance therapy and the

first booster was 23.8 ± 28.6 weeks. No systemic side

effects, such as severe cardiac disease or cerebrovascular

events, occurred during the follow-up period. One patient

(6.3 %) experienced ocular side effects, i.e., elevated in-

traocular pressure ([21 mmHg), but the pressure was

successfully reduced using medication.

Figure 3 shows a case report.

Discussion

Our results demonstrated that IVP as the maintenance

therapy was effective in stabilizing vision in Japanese pa-

tients with AMD in whom the induction treatment led to

Fig. 3 Patient 12 in Table 1, a

67-year-old woman, presented

with diminished visual acuity in

her right eye. a Color fundus

photograph of the right eye

shows a serous retinal

detachment (SRD) with a hard

exudate. SD-OCT before the

induction treatment revealed

serous retinal detachment with

occult CNV showing a double-

layer sign. Her visual acuity was

0.5 in the right eye. b OCT after

3 consecutive monthly

ranibizumab injections showed

a reduction in SRD. Her visual

acuity had improved to 0.8. She

started receiving maintenance

therapy using pegaptanib

sodium. c However, at

29 weeks after the initiation of

the maintenance therapy, SRD

was observed, although her

visual acuity was maintained at

0.9. A booster treatment of

ranibizumab was administered.

d 4 weeks after the booster

treatment, the SRD had

disappeared, and the

maintenance therapy with

pegaptanib sodium was

reinitiated. e At the 3-year

follow-up, the patient’s visual

acuity had stabilized at 0.8

without exudative findings
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improved BCVA, as evaluated at the 3-year follow-up.

Although a recent report showed that switching therapy to

pegaptanib was effective [13], to our knowledge, no other

published reports have shown the safety and efficacy out-

comes of IVP administration as the maintenance therapy

for patients with AMD during a long-term follow-up.

According to studies examining the effects of anti-

VEGF agents on CNV, patients often receive multiple in-

jections on a monthly basis for a long period of time to

maintain the improved BCVA [6, 7]. Although the visual

acuity significantly improved in those previous studies,

whether monthly dosing was the optimal dosing interval

remained unclear. The CATT study showed that patients

who were treated as needed received an average of 12.6

injections over 2 years. However, the as-needed treatment

resulted in a smaller gain in visual acuity than that

achieved with monthly injections [14]. Recently, adminis-

tration every 2 months of aflibercept, a fusion protein that

binds to the members of the VEGF family, produced im-

provements similar to those achieved using monthly

ranibizumab [15]. However, these 2 agents are associated

with some systemic safety-related complications, such as

cerebrovascular risk [16, 17]. Therefore, it is important to

determine an appropriate protocol for improving and

maintaining visual acuity in patients with AMD while

minimizing exposure to nonselective inhibition. To resolve

these problems, in the present study, maintenance therapy

using pegaptanib sodium, which is a specific VEGF165
inhibitor, was investigated.

Regarding the postinjection BCVA, the mean logMAR

BCVA was well maintained when compared with that at

baseline, throughout the 3-year observation period.

Although 13 of the 16 patients (83.1 %) required un-

scheduled booster treatments, the mean number of

ranibizumab injections was only 7.3 at 156 weeks. This

result suggests that ongoing injections of pegaptanib

sodium may suppress recurrence and may be effective in

minimizing the need for booster injections, thereby en-

abling an improved visual acuity to be maintained for at

least 3 years. Furthermore, a previous report indicated that

vision loss after 2 years of monthly ranibizumab injections

was related to retinal pigment epithelium (RPE) abnor-

malities, suggesting that treatments targeting photoreceptor

and RPE survival, such as those with neuroprotective and

antiinflammatory effects, may be necessary for maintaining

visual gain [18]. Nishijima et al. [19] reported that

VEGF120 (equivalent to human VEGF121) may be the most

important factor for neuroprotection in rats and that no

decrease in retinal ganglion cell viability was observed

when VEGF-A was blocked with pegaptanib. Therefore,

maintenance therapy with pegaptanib sodium, which does

not bind to VEGF121, may minimize photoreceptor and

RPE damage and enable the maintenance of the improved

visual acuity for as long as 3 years. However, among the

20 eyes enrolled in this study, 2 eyes of 1 patient were

switched to monthly ranibizumab injections because the

pegaptanib sodium injections were ineffective. Therefore,

we have to bear in mind that it is still difficult to maintain

the BCVA of some patients with AMD.

The main limitation of the present study was the

relatively small sample size. A larger sample size is re-

quired to clarify the results more precisely in the near fu-

ture. This study also examined patients who had

experienced a gain in visual acuity after the induction

therapy. Maintenance therapy with pegaptanib should also

be studied in patients with visual acuity loss or no change in

visual acuity during the induction phase. Furthermore, there

may be important underlying differences among exudative

AMD, PCV, and RAP patients. However, similar results

were archived for any type of lesion subtypes in this study.

In conclusion, IVP as the maintenance therapy was ef-

fective in stabilizing vision in patients with AMD in whom

induction treatment led to improved BCVA, as evaluated at

the 3-year follow-up.
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