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Abstract

Summary statement Intravitreal high dose

(2 mg) ranibizumab may lead to quicker

resolution of choroidal neovascularization

(CNV) and associated retinal pigment

epithelial detachment in eyes with exudative

age-related macular degeneration, although it

may possibly correlate with RPE tears in

certain cases.

Purpose This prospective study compared

the outcomes of 0.5 vs 2.0 mg intravitreal

ranibizumab injections (RI) for treating

vascularized pigment epithelial detachment

(vPED) due to age-related macular

degeneration.

Methods Patients with vPED were

randomized to receive 2.0 vs 0.5 mg RI

monthly for 12 months or for 4 months and

then repeated on a pro-re nata basis. Optical

coherence tomography, fundus photography,

and fluorescein and indocyanine-green

angiography were obtained at baseline and

subsequent specific intervals. Outcome

measures were best-corrected standardized

visual acuities, central 1-mm thickness,

surface area (SA), greatest linear diameter

(GLD), heights (PED and CNV), and amount

of subretinal fluid (SRF) and cystoid macular

edema (CME).

Results Both groups yielded reductions of

the central 1-mm thickness, PED and CNV

SA and PED height and GLD, SRF, and

CME. Vision improvement and reduction in

SRF and PED height occurred earlier for

eyes receiving the 2.0 mg dose. Cataract

progression was similar but RPE tears

developed more often with the 2.0 mg dose.

Conclusions There were similar visual and

anatomical outcomes at the end of the study;

however, the higher dose yielded more rapid

reductions and more complete resolution of

the PED, although there was possible

increased tendency for an RPE tear with the

higher dose.
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Introduction

Prior studies showed retinal pigment epithelial

detachment (PED) developing in more than 80%

of eyes with exudative age-related macular

degeneration (AMD);1–4 with B70% of the PED

cases demonstrating vascularization.3 Such

vascularized PEDs (vPED) have poor therapeutic

response.1,3,5,6 Pilot studies showed variable

responses of vPED to anti-VEGF therapy.1,7,8

The ANCHOR and MARINA studies

demonstrated improved vision in eyes receiving

monthly ranibizumab injections (RI).9–11 The

HABOR Study reported equivalent visual and

anatomical outcomes between high dose (2.0 mg)

and conventional dose (0.5 mg) of ranibizumab

for treatment of exudative AMD at 12 months.12

Stratification of lesion subtypes was not a part of
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these studies; therefore, its applicability to the more

difficult-to-treat subtypes of neovascular AMD such as

vPED is unknown. Recent studies evaluated the outcomes

of ranibizumab for treating vPED due to AMD, but not

comparing the results of various doses of ranibizumab.1,6–19

Our prospective study addressed the benefits and risks

of 2.0 vs 0.5 mg ranibizumab for treating vPED due to

AMD on a monthly as well as pro-re nata (PRN) basis for

up to 12 months.

Material and methods

This was a multicenter, randomized, prospective, open-

label pilot study. Eligible patients were randomized to

receive one of four treatment protocols: Regimen (1) RI

of 0.5 mg monthly for 12 months, Regimen (2) RI of

0.5 mg monthly for 4 months followed by repeat RI on

a PRN basis for 8 months, Regimen (3) RI of 2.0 mg

monthly for 12 months, and Regimen (4) RI of 2.0 mg on

a monthly injection for 4 months followed by repeat RI

on a PRN basis. The PRN criteria for Regimen 2 and 4

were the following:

(a) RI was continued if the macula was not completely

flat on optical coherence tomography (OCT) (sensory

macula and retinal pigment epithelium (RPE)).

(b) If macular flattening occurred, retreatment was

allowed for the following: (i) loss of five letters on

the Early Treatment of the Diabetic Retinopathy

Study (ETDRS) chart compared with a prior visit;

(ii) new or persistent subretinal fluid (SRF) or cystoid

macular edema (CME) on OCT; (iii) New-onset or

persistent choroidal neovascularization (CNV), and

(iv) new or persistent hemorrhage.

Inclusion and exclusion criteria

Eligibility criteria included: (i) ageZ50, (ii) submacular

vPED due to AMD (confirmed by fundus photography

(FP), fluorescein angiography (FA), and OCT) (ii) PED

measuring r12 disc areas, (iii) ETDRS BCVA letter scores

of Z19 and r69 (20/400 to 20/40), and (iv) submacular

hemorrhage or fibrosis within 50% of entire PED.

The exclusion criteria were (i) anti-VEGF therapy

within the past 30 days, (ii) more than one prior PDT

session, (iii) treatment of AMD in past 30 days, (iv) any

cause of CNV and PED other than AMD, and (v) serous

PED without CNV, and (vi) PED with polypoidal

choroidal vasculopathy (PCV).

Examination and image acquisition

ETDRS VA, intraocular pressure, slit-lamp and indirect

ophthalmoscopy were obtained monthly. Time-domain

Stratus OCT (Zeiss-Meditec, Fremont, CA, USA) was

utilized in all three study sites. Ophthavision Version 3.5

software (Escalon, Ardmore, PA, USA) with a TOPCON

TRC-50-IX fundus camera (Topcon, Tokyo, Japan) at

one site and with a Zeiss FF450 fundus camera

(Zeiss, Oberkochen, Germany) at second site, and the

Ophthalmic Imaging Systems Version 11.2.0 software

(MediVision Medical Imaging, Yokneam Elit, Israel) with

a TOPCON TRC-50EX fundus camera at a third site

were utilized for image acquisition for FP, FA, and

indocyanine-green (ICG) angiography. Proper

reconciliation and adjustment for the different fields of

view were made, for valid merging of the data and

subsequent analysis.

OCT images were obtained at baseline and repeated

monthly. FP and FA were performed at baseline and

repeated at months 3, 6, 9 and 12. Additional FP and FA

were also obtained for eyes receiving the 2.0 mg dose of

ranibizumab at months 1 and 2. ICG angiography was

performed at baseline.

The primary endpoint was the mean change from

baseline ETDRS BCVA to 12 months. The secondary

endpoints included: (i) proportions of eyes with BCVA of

Z20/200, (ii) proportion of eyes gaining Z5 and Z15

letters from baseline, (iii) decrease in the central 1-mm

thickness, (iv) change in OCT (PED height, and central

1-mm, SRF, and CME), (v) FA findings (PED and CNV

surface area (SA) and greatest linear diameter (GLD)),

(vi) contrast sensitivity, and (vii) performance on Vision

Function Questionnaire (VFQ-25) at months 6 and 12

compared with baseline.

The same investigator (CKC) performed measurements

of all images. Safety assessments were conducted at

baseline and then monthly. PED flattening was defined as

collapse of Z90% of the PED, based on stereoscopic

biomicroscopy and OCT assessment.

Statistical analysis

Both parametric (analysis of variance (ANOVA), paired

t-tests) and nonparametric statistics (w2-analysis,

Mann–Whitney, Wilcoxon signed-rank, and Friedman)

were utilized for comparisons. A standardized scale

(0¼none, 1þ ¼mild, 2þ ¼moderate, and 3þ ¼ severe)

was used to assess ordinal data, that is, cataract, CME

and SRF. A P-value of r0.05 was considered significant.

Statistical analyses were performed with Statistical

Product and Service Solutions version 20 (IBM

Corporation, Armonk, NY, USA).

This study was approved by the Western and UCLA

Institutional Review Boards. It conformed to the 1964

Declaration of Helsinki. All study subjects gave full

informed consent. This study involved a non-FDA-

approved dose of an FDA-approved medication.
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Results

Of initially enrolled 40 eyes, 4 were excluded from

analysis due to type-2 instead of type-1 CNV in 2, PCV in 1,

and study withdrawal for 1. Thus, 36 eyes (36 patients;

Regimen 1: 6 eyes, Regimen 2: 7 eyes, Regimen 3: 12 eyes,

Regimen 4: 11 eyes) were analyzed. All patients

completed 12 months of follow-up. No differences were

found among the four regimens in the baseline

characteristics with exception of the mean age (83.1 vs 76

for 0.5 vs 2.0 mg doses) (Table 1).

Combined assessment for all study eyes at 12 months

Vision outcome The Mean baseline BCVA was 0.57

LogMar (20/74), which was significantly worse than the

post-RI (month 12) BCVA of 0.46 LogMar (20/58)

(P¼ 0.03) (Table 2). There was a mean gain of 4.6 letter

scores. There were 88.9% of study eyes that maintained

BCVA of better than or equal to 20/200, 76.9% of eyes

receiving 0.5 mg and 95.6% of eyes receiving 2.0 mg.

There were 83.3% of eyes in the monthly groups and

94.4% of eyes in the PRN groups that had a BCVAZ20/200.

In addition, 58.3% of all eyes gained Z5 ETDRS letters

and 30.6% of eyes gained Z15 ETDRS.

Anatomical outcome There was a reduction in maximum

PED height and central 1-mm subfield thickness

compared with baseline (Table 2). There was also a

reduction in PED SA and PED GLD (Po0.001) and a

reduction in CNV SA and CNV GLD (P¼ 0.001, 0.06).

Furthermore, there were reductions in SRF and CME

(Po0.001).

Comparison of four individual regimens at 12 months

Vision outcome Post- vs pre-RI comparisons of the four

regimens revealed a trend in vision improvement in

LogMAR vision, although value was not significant and

no difference in the letters gained. There were 50.0% of

eyes in Regimen 1, 85.7% in Regimen 2, 41.7% in

Regimen 3, and 63.6% in Regimen 4 with a gain of more

than five ETDRS letters. There were 33.3% of eyes in

Regimen 1, 42.8% in Regimen 2, 33.3% in Regimen 3, and

18.2% in Regimen 4 with a gain of Z15 ETDRS letters.

Anatomical outcome Although there were more

injections for the monthly eyes (Regimen 1: 11.83 per eye

and Regimen 3: 11.7 per eye) than the PRN eyes

(Regimen 2: 10 per eye and Regimen 4: 8.55 per eye),

Table 1 Comparison of baseline characteristics of four regimens, (N¼ 36)

Baseline variable 0.5 mg monthly
Mean (SD)

aMedian

0.5 mg PRN
Mean (SD)

aMedian

2.0 mg monthly
Mean (SD)

aMedian

2.0 mg PRN
Mean (SD)

aMedian

P values
(entire study group)

Age 82.00 (6.20) 84.00 (6.00) 77.25 (6.24) 74.64 (9.44) 0.051
Gender Male: 0

Female: 6
Male: 1

Female: 6
Male: 5

Female: 7
Male: 4

Female: 7
0.21

RE vs LE RE: 3, LE: 3 RE: 5, LE: 2 RE: 10, LE: 2 RE: 6, LE: 5 0.38

Cataract:
Cort 3.00a 2.00a 1.00a 0a 0.24 (Cort)
NS 2.00 2.00 3.00 3.00 0.02 (NS)
PSC 0 0 0 0 0.70 (PSC)

SRF 1.50a 1.00a 2.00a 1.00a 0.64
CME 1.00a 1.00a 0a 0a 0.15
BCVA (LS) 54.00 (6.63) 53.29 (14.35) 61.50 (7.21) 58.45 (8.35) 0.22 (LS)
CNV GLD 2763.28 (602.58) 2790.51 (1836.77) 1153.04 (751.54) 1858.03 (890.12) 0.083
CNV SA 3.35 (1.30) 5.15 (4.57) 1.06 (1.52) 1.85 (1.66) 0.061
PED GLD 4121.90 (437.70) 4372.49 (450.46) 4315.29 (1343.04) 3619.75 (1498.83) 0.47
Contrast sensitivity 24.20 (5.76) 27.00 (3.10) 25.73 (7.32) 27.10 (5.82) 0.67
PED SA 9.48 (1.35) 12.26 (3.72) 11.46 (7.52) 8.61 (7.07) 0.57
PED height 375.72 (198.27) 426.30 (149.59) 501.97 (197.71) 368.83 (145.55) 0.29
Central 1-mm thickness 281.17 (70.91) 336.57 (113.37) 311.17 (75.01) 297.45 (83.74) 0.67

Abbreviations: BCVA, best-corrected visual acuity; CME, cystoid macular edema; CNV, choroidal neovascularization; cort, cortical; GLD, greatest

linear diameter; LE, left eye; LS, letter score; NS, nuclear sclerotic; PSC, posterior subcapsular; PRN, pro-re nata; RE, right eye; SA, surface area;

SD, standard deviation; SRF, subretinal fluid.
a w2-analysis used for comparison of gender, RE vs LE, cataract, SRF, and CME. One-way ANOVA used for comparison of age, CNV GLD, CNV SA, PED

GLD, PED SA, PED height, and central 1-mm thickness; one-way ANOVA used for the comparison of contrast sensitivity; Kruskal–Wallis Test used for

the comparison of VA.
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the differences in the numbers were not great, and the

monthly and PRN treatments were equally effective in

improving all ocular outcomes; no statistically significant

differences were observed between groups.

Two-way ANOVA comparisons of the four regimens

revealed significant decreases in post- vs pre-RI

maximum PED height (Po0.01) and central 1-mm

subfield thickness (Po0.001). There were also significant

decreases in post- vs pre-RI PED and CNV SA and PED

GLD, and SRF for all four regimens. There was

significant reduction in CME for Regimens 1 and 2 but

not for 3 and 4. There were no differences in contrast

sensitivity for all four regimens.

Comparison of 0.5 vs 2.0 mg of Ranibizumab at 12

months

Vision outcome The two-way ANOVA comparing the

0.5 mg dose with the 2.0 mg dose showed a significant

increase in vision over time within groups (P¼ 0.05) but

no difference between groups (Table 3). There was a

mean gain of 4.3 letters for eyes receiving the 0.5 mg

dose, and a mean gain of 4.8 letters for eyes receiving the

2.0 mg dose.

In addition, 53.8% of 0.5 mg eyes vs 52.2% of 2.0 mg

eyes developed a gain of 45 ETDRS letters and 38.5% of

0.5 mg eyes vs 26.1% of 2.0 mg eyes developed a gain of

Z15 ETDRS letters.

Anatomical outcome Statistically significant decreases in

mean maximum PED heights were observed in patients

receiving 0.5 mg as well as 2.0 mg ranibizumab (Table 3)

(Figure 1). There were also statistically significant

reductions in mean 1-mm thickness, as well as in PED SA

and GLD, and CNV SA, for both the 0.5 and 2.0 mg doses

(all Pr0.001).

There was significantly reduced SRF for both 0.5 and

2.0 mg eyes. There was also significantly less CME for the

0.5 mg eyes. Regarding the 2.0 mg eyes, the P-value was

borderline for the CME comparison.

No statistically significant differences were observed

between the 0.5 and 2.0 mg groups for the maximum

Table 3 Comparison of baseline with month 12 outcomes for 0.5 vs 2.0 mg dose of ranibizumab by two-way ANOVA (N¼ 36)

Outcome variable Dose (mg) Baseline mean (SD) Month 12 mean (SD) P-value between
regimens

P-value within
regimen

PED height, mm 0.5 402.96 (168.10) 235.36 (153.82) 0.95 o0.001
2.0 438.30 (183.84) 193.24 (154.52)

Central 1-mm thickness, mm 0.5 311.00 (96.68) 200.38 (48.70) 0.70 o0.001
2.0 304.61 (77.78) 221.52 (60.41)

PED SA (mm2) 0.5 10.98 (3.12) 7.94 (5.00) 0.35 o0.001
2.0 10.10 (7.29) 5.53 (4.48)

PED GLD, mm 0.5 4256.83 (445.18) 3541.71 (1061.11) 0.22 o0.001
2.0 3982.64 (1431.51) 2875.82 (1456.70)

CNV SA (mm2) 0.5 4.08 (3.86) 2.32 (2.91) 0.06 0.001
2.0 1.65 (1.67) 0.70 (0.46)

CNV GLD, mm 0.5 2599.32 (1468.19) 1811.08 (1367.71) 0.11 0.044
2.0 1581.76 (775.25) 1350.51 (1011.17)

Contrast sensitivity 0.5 25.73 (4.50) 25.18 (9.79) 0.54 0.75
2.0 26.38 (6.5) 27.57 (7.09)

BCVA LogMar 0.5 0.64 (0.21) 0.53 (0.44) 0.10 0.05
2.0 0.52 (0.15) 0.41 (0.29)

Abbreviations: BCVA, best-corrected visual acuity; CNV, choroidal neovascularization; GLD, greatest linear diameter; LogMar, logarithm10 reciprocal of

snellen visual acuity equivalent; PED, pigment epithelial detachment; SA, surface area; SD, standard deviation.

Table 2 Comparison of baseline with month 12 outcomes for
combined study group to ranibizumab (N¼ 36)

Outcome variable Baseline mean
(SD) aMedian

Month 12 Mean
(SD) aMedian

P-value

BCVA, LogMAR 0.57 (0.19) 0.46 (0.36) 0.04

Contrast sensitivity 26.16 (5.84) 26.75 (8.04) 0.54

PED GLD, mm 4081.65 (1172.12) 3116.28 (1350.95) o0.001

PED SA, mm2 10.42 (6.08) 6.40 (4.75) o0.001

CNV GLD, mm 2044.29 (1227.84) 1559.86 (1179.99) 0.055

CNV SA, mm2 2.76 (3.06) 1.44 (2.10) 0.001
PED height, mm 425.53 (176.72) 208.45 (153.43) o0.001

Central 1-mm

thickness, mm

306.92 (83.77) 213.89 (56.68) o0.001

SRF 2.00a 0a o0.001

CME 1.00a 0a o0.001

Abbreviations: BCVA, best-corrected visual acuity; CME, cystoid macular

edema; GLD, greatest linear diameter; logMar, logarithm10 reciprocal of

snellen visual acuity equivalent; LS, early treatment diabetic retinopathy

study letter scores; PED, pigment epithelial detachment; SA, surface area;

SD, standard deviation; SRF, subretinal fluid.

Wilcoxon Signed-Rank test performed for comparison for SRF and CME;

Paired Samples
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PED height, central 1-mm thickness, PED SA and GLD,

and CNV SA and GLD (Table 3).

Contrast sensitivity and VFQ-25 results

Contrast sensitivity was measured for all eyes at baseline,

months 3, 6, 9, and 12. There were no differences in

contrast sensitivity comparisons, including the combined

cohort, individual four regimens, and 0.5 vs 2.0 mg dose.

VFQ-25 was performed at baseline and repeated at

months 6 and 12. The results were divided into (a)

distance-visual task scores, (b) near-visual task scores,

and (c) composite scores. For baseline comparison, there

were no differences in all three categories among the four

regimens, and also for 0.5 vs 2.0 mg dose.

(i) Distance- and near-visual task scores: There was

improvement in scores for the combined cohort,

individual four regimens, and for 0.5 vs 2.0 mg dose

at month 12 for both distance and near task scores.

(ii) Composite scores: There was a trend for improve-

ment at month 6 but not at month 12 for the entire

combined cohort. There was a lack of differences

between month 12 and baseline, between individual

regimens and 0.5 vs 2.0 mg dose.

Assessment of early course of treatment

Vision outcome Early in the course of treatment during

weeks 4 and 8, there was a more substantial improve-

ment of vision for eyes receiving 2.0 mg dose in

comparison to 0.5 mg dose. For the 2.0 mg group, there was

maintenance of visual improvement afterwards (Table 4a).

Anatomical outcome At weeks 4 and 8, there was more

substantial decrease in SRF for 2.0 mg dose than

0.5 mg dose (Po0.001 vs 0.058 and Po0.001 vs 0.02,

respectively). In contrast, there was reduced absorption

of SRF for 2.0 mg dose but greater absorption of SRF for

0.5 mg dose after week 8 (P¼ 0.41 vs 0.03 at month 12),

likely due to resolution of most of the SRF by week 8 for

2.0 mg dose (Table 4b).

There was greater percentage reduction in percentage

of PED height for 2.0 mg dose than 0.5 mg dose during

the early course (Table 4c). For the 2.0 mg dose, most of

the reduction in the PED height developed between

weeks 4 and 8.

There were no differences in the percentage reduction

in the central 1-mm thickness for the 2.0 mg dose vs

0.5 mg dose during the early course and from baseline to

month 12. There were also no differences in percent

decrease for pre-treatment to week 12 and week 12 to last

visit for PED GLD and CNV SA.

Figure 1 (a) Composite course of best-corrected visual acuities in LogMar equivalent of study eyes over 12 months comparing the
0.5 mg with the 2.0 mg doses, and (b) composite course of pigment epithelial heights of study eyes over 12 months comparing the
0.5 mg with the 2.0 mg doses.

Table 4 Assessment for early response to 0.5 vs 2.0 mg dose of
ranibizumab (week 4 and week 8)

P-value
(week 4)

P-value
(week 8)

P-value
(month 12)

a. Assessment of early course of vision outcome
0.5 mg 0.414 0.202 0.421
2.0 mg 0.019 0.021 0.038

b. Assessment of early course of subretinal fluid reduction
0.5 mg 0.058 0.020 0.034
2.0 mg o0.001 o0.001 0.414

P-value
Pre-treatment

to week 4

P-value
Pre-treatment

to week 8

P-value
(week 8)

P-value
(last visit)

c. Assessment of early course of % reduction in PED reduction
0.32 0.08 0.004 0.71
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Monthly vs PRN treatments There were no differences

between the monthly and the PRN RI regimens for all

visual and anatomical outcomes during the early course.

Extent of clinical flattening of PED

Although the mean maximum PED heights were similar,

there were significantly more eyes on 2.0 mg dose

observed to have developed Z90% flattening of the PED

in comparison to eyes on 0.5 mg dose at 12 months (77.3

vs 22.7%, P¼ 0.036).

Adverse events

There were no substantial changes in cataract

development except in one eye in the 0.5 mg monthly

arm. When comparing the 0.5 mg with 2.0 mg eyes, there

were no significant changes for cortical, nuclear sclerotic,

and posterior subcapsular cataracts at 12 months.

An RPE tear developed in four eyes with 2.0 mg dose

and in one eye with 0.5 mg dose (13.9%). The mean

baseline PED size (PED height, SA, and GLD) was

significantly greater for eyes that developed RPE tears.

There was no significant difference in the mean visual

acuities between the two groups at baseline; however, the

visual outcome was significantly worse for eyes that

developed RPE tears at 12 months.20 The details relating

to the RPE tears in this study are described at length in a

prior publication.20 In that report, eyes with a maximum

PED height4550 mm at baseline were associated with

marked increased risk for RPE tears.20

Discussion

The treatment of vPED due to AMD remains a

challenging task. Recent studies have shown variable

outcomes associated with anti-VEGF therapy for this

condition.1,6–19 In 2012, Introini et al13 studied 132 eyes

with vPED or retinal angiomatous proliferation lesions

treated with PDT, PDT and intravitreal corticosteroid

(IVT),or anti-VEGF therapy over 10 years. At 12 months

after treatment, there was marked worsening of vision

for eyes treated with PDT or PDT and IVT, and mild

decreased vision for eyes treated with anti-VEGF

injections despite favorable anatomic outcomes. Baba

et al14 reported that of 37 eyes receiving anti-VEGF

therapy, there were no changes in visual outcome in eyes

with avascular PED but decreased vision in eyes with

vPED or PCV despite similar improvement in PED

heights at 2 years. On the other hand, Inoue et al15

reported visual stabilization despite no anatomical

correlation after treatment of 56 eyes with PED due to

AMD at 12 months. They also found that eyes with

avascular PED responded better than eyes with

fibrovascular or hemorrhagic PED. Veritte et al16 found

similar results with ranibizumab treatment of 40 eyes

with vPED. Chan et al17 also reported rapid resolution of

fluid, hemorrhage, and flattening of the PED with stable

vision in selected eyes treated with high dose

ranibizumab.

Our current study shows that when considering the

entire study cohort, there was significant visual

improvement and reduction in mean central 1-mm

thickness, maximum PED height, SA and GLD, and CNV

SA, and reduction of SRF and CME. Our results are

consistent with the HARBOR Study.12 Similar to

HARBOR, our study shows comparable overall

improvements in letter scores and reductions in PED

height for both 0.5 and 2.0 mg doses. There was a mean

gain of 4.3 letters for eyes receiving the 0.5 mg dose and a

mean gain of 4.8 letters for eyes receiving the 2.0 mg dose

at 12 months. This is in contrast to a mean gain ranging

from 8.2 to 10.1 letters for the 0.5 mg dose and a mean

gain ranging from 8.6 to 9.2 letters for the 2.0 mg dose at

12 months in HARBOR. Regarding mean reductions in

central subfield thickness, there were mean reductions of

97.0 and 122.3mm for eyes receiving the 0.5 mg dose, and

mean reductions of 109.8 and 53.9 mm for eyes receiving

the 2.0 mg dose in our study. In contrast, there were mean

reductions of 172.0mm and 161.2mm for the former and

mean reductions of 163.3mm and 172.4mm, respectively,

for the latter at 12 months in HARBOR. Various subtypes

of exudative AMD besides vPED were included in

HARBOR. Therefore, the lower magnitudes of mean

letters gained and central subfield thickness reductions

in our study in comparison to HARBOR are consistent

with the more resistant nature of vPED to anti-VEGF

therapy.

The greater total numbers of injections per eye in our

study compared with HARBOR at 12 months (9.6–10 vs

6.9–7.7) are also consistent with more resistant nature of

vPED to anti-VEGF therapy.

Despite similar vision and anatomical outcomes at 12

months when comparing 0.5 with 2.0 mg doses, the

visual improvement occurred much earlier in the course

of treatment for 2.0 mg dose in comparison to 0.5 mg dose

(Table 4a, Figure 1), which is a new pertinent finding not

reported previously. There was also a rapid resolution of

most of the SRF early in the course of treatment so that

only very little fluid remained for absorption after 8

weeks for 2.0 mg dose. In contrast, there was a more

gradual course of absorption of SRF for 0.5 mg dose

(Table 4b). Similarly, there was a greater percentage

reduction of maximum PED height for 2.0 mg dose early

in the course of treatment in comparison to 0.5 mg dose

(Table 4c). Despite similar magnitudes of decrease in

mean maximum PED heights at 12 months for both the

0.5 and 2.0 mg doses, clinical assessment showed a

Earlier response with 2.0 mg Ranibizumab for vPED due to AMD
CK Chan et al

85

Eye



greater percentage of 2.0 mg dose with more complete

flattening of the PED.

Regarding the safety profile, there were few ocular

adverse events and no systemic adverse outcomes. There

were no differences in cataract progression between the

0.5 and 2.0 mg doses. However, three eyes in the 2.0 mg

group while only one eye in the 0.5 mg group developed

an RPE tear. It is possible that the more rapid visual and

anatomic gains associated with the 2.0 mg dose may have

occurred at the price of an increased risk for RPE tears

due to more vigorous contraction of the CNV under the

PED following the injection of the 2.0 mg dose. Multiple

reports have implicated the contribution of contractile

forces of type-1 CNV under a PED to the mechanism of

RPE tear development.20–26 One spectral-domain OCT

study showed that rapid and vigorous contraction of the

neovascular tissue adherent to the undersurface of the

RPE may impart a substantial contractile force for tearing

the already-strained RPE.27 Multiple reports have also

documented retinal tears and detachment induced by

contraction of fibrovascular tissues after anti-VEGF

injections in eyes with proliferative diabetic

retinopathy.28–30 Consistent with previous reports,17–19

our study shows that the mean PED dimensions at

baseline were significantly higher for eyes that

developed RPE tears in comparison to those without RPE

tears. In contrast, head-to-head comparison of baseline

characteristics between 2.0 and 0.5 mg eyes failed to

show significant differences (including PED dimensions)

(Table 1). One eye receiving the 2.0 mg dose with an RPE

tear had a PED height of less than 400mm at baseline.

Thus, higher dose besides increased PED dimensions

may also contribute to the risk for RPE tears. However,

we caution against a firm conclusion regarding such a

risk associated with 2.0 mg dose, given the small overall

number of RPE tears in this study.

Besides BCVA, we documented improvements in

distance- and near-visual task scores with VFQ-25 testing

for the entire cohort. Similar to the BCVA changes, there

were no differences in these improvements at month 12

when comparing the four individual regimens and when

contrasting the 0.5 mg with the 2.0 mg dose. The reason

for the lack of similar improvements in the composite

scores is unknown, but it may be related to the lack of

sufficient sample size.

The strengths of this study include a prospective

design, standardized vision measurement, close follow-

up and multimodal imaging by experienced personnel,

and careful measurements of all images with uniform

methodology by same investigator. This study

corroborated the benefit of ranibizumab in enhancing

daily distance and near-visual tasks encountered by

patients with vPED whether given with monthly or PRN

regimen or at conventional or high dose. The small

sample size and time- instead of spectral-domain OCT

are limitations of this study. At onset of this study, time-

domain OCT was the standard imaging instrument. In

addition, time-domain technology provided sufficiently

accurate measurements for the purpose of this study and

spectral-domain OCT would likely not have changed the

results. The qualitative methodology for assessing

cataract, SRF, and CME likely needs further validation.

Despite these limitations, pertinent findings of clinical

relevance are revealed.

In conclusion, both 0.5 and 2.0 mg intravitreal

ranibizumab induced similar overall visual and anatomic

improvements at 12 months. Significantly, the

improvements occurred much earlier for the 2.0 mg dose

group. To achieve more rapid visual and anatomical

improvements in treating vPED associated with AMD,

one may consider utilizing a higher dose of ranibizumab.

However, the trade-off is a possible increased tendency

for an RPE tear associated with the higher dose,

particularly for eyes with a vPED of larger dimensions.

Summary

What was known before
K Vascularized PED is known to be a particularly difficult

form of exudative AMD to treat, including anti-VEGF
therapy.

K A prior study (HARBOR Trial) has shown comparable
final visual and anatomic outcomes between 0.5 and
2.0 mg dose of ranibizumab in treatment of eyes with
exudative AMD.

What this study adds

K A greater percentage of eyes with vascularized PED
receiving the 2.0 mg dose of ranibizumab developed
more complete flattening of the PED.

K Although this study shows comparable final visual and
anatomic results for 0.5 and 2.0 mg doses of ranibizumab
in treatment of vascularized PED due to AMD, vision
improvement, and SRF and PED height reductions
occurred much earlier with the 2.0 mg dose in
comparison to the 0.5 mg dose.
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