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Objective: To compare the efficacy and safety of ranibizumab 0.5 mg, guided by visual acuity (VA) stabili-
zation or disease activity criteria, versus verteporfin photodynamic therapy (vPDT) in patients with visual
impairment due to myopic choroidal neovascularization (CNV).

Design: Phase III, 12-month, randomized, double-masked, multicenter, active-controlled study.
Participants: Patients (N ¼ 277) with visual impairment due to myopic CNV.
Methods: Patients were randomized to receive ranibizumab on day 1, month 1, and thereafter as needed

guided by VA stabilization criteria (group I, n ¼ 106); ranibizumab on day 1 and thereafter as needed guided by
disease activity criteria (group II, n ¼ 116); or vPDT on day 1 and disease activity treated with ranibizumab or
vPDT at investigators’ discretion from month 3 (group III, n ¼ 55).

Main Outcome Measures: Mean average best-corrected visual acuity (BCVA) change from baseline to
month 1 through months 3 (primary) and 6, mean BCVA change and safety over 12 months.

Results: Ranibizumab treatment in groups I and II was superior to vPDT based on mean average BCVA
change from baseline to month 1 through month 3 (group I: þ10.5, group II: þ10.6 vs. group III: þ2.2 Early
Treatment Diabetic Retinopathy Study [ETDRS] letters; both P< 0.0001). Ranibizumab treatment guided by
disease activity was noninferior to VA stabilization-guided retreatment based on mean average BCVA change
from baseline to month 1 through month 6 (group II: þ11.7 vs. group I: þ11.9 ETDRS letters; P< 0.00001). Mean
BCVA change from baseline to month 12 was þ13.8 (group I), þ14.4 (group II), and þ9.3 ETDRS letters (group III).
At month 12, 63.8% to 65.7% of patients showed resolution of myopic CNV leakage. Patients received a median
of 4.0 (group I) and 2.0 (groups II and III) ranibizumab injections over 12 months. No deaths or cases of
endophthalmitis and myocardial infarction occurred.

Conclusions: Ranibizumab treatment, irrespective of retreatment criteria, provided superior BCVA gains
versus vPDT up to month 3. Ranibizumab treatment guided by disease activity criteria was noninferior to VA sta-
bilization criteria up to month 6. Over 12 months, individualized ranibizumab treatment was effective in improving
and sustaining BCVA and was generally well tolerated in patients with myopic CNV.Ophthalmology 2014;121:682-
692 ª 2014 by the American Academy of Ophthalmology.

*Supplemental material is available at www.aaojournal.org.
Myopia is a common condition in many countries, partic-
ularly in East Asia, affecting approximately 40% of Chinese
adults aged more than 40 years.1,2 The most severe form of
myopia, pathologic myopia, is a leading cause of visual
impairment and one of the most frequent causes of blindness
worldwide.3e8 Although the definition of pathologic myopia
is not standardized, it is historically classified in the clinical
trial literature as a myopic refractive error greater
than �6.00 diopters, or an axial length �26.5 mm, and
degenerative changes involving the sclera, choroid, and
retina.9e11 The overall prevalence of pathologic myopia is
approximately 1% to 4% in the general adult population,
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although there is a wide geographical variation. The asso-
ciated prevalence of visual impairment due to pathological
myopia is estimated to be 0.1% to 1.4%.2,9,12e16

Choroidal neovascularization (CNV) secondary to patho-
logical myopia (myopic CNV) is a common vision-
threatening complication and often affects adults of working
age.9,17,18 Myopic CNV develops in approximately 5% to
10% of patients with pathological myopia.9,18e21 The overall
prevalence of myopic CNV is therefore estimated to be
approximately 0.04% to 0.05% in the general population.20,21

Until recently, verteporfin photodynamic therapy (vPDT)
was the only approved treatment for subfoveal myopic
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CNV,9 and additionally vPDT is also commonly used for
juxtafoveal myopic CNV.9,22,23 Although vPDT has been
shown to stabilize vision in the short term, its longer-term
benefits are limited, and improvement in vision is
uncommon.23e25 The Verteporfin In Photodynamic Therapy
(VIP) study in patients with myopic CNV demonstrated that
although vPDT showed better visual acuity (VA) benefits
compared with placebo at month 12, there was a lack of VA
stabilization over 24 months in the majority of patients.23,24

Therefore, there is an unmet medical need for effective,
well-tolerated treatments that can provide clinically relevant
benefits in all types of myopic CNV, prevent disease pro-
gression, and improve vision.

As in the development of CNV secondary to neovascular
age-related macular degeneration (AMD), vascular endo-
thelial growth factor (VEGF)-A also plays a key role in the
development of myopic CNV.26,27 Ranibizumab (Lucentis;
Novartis Pharma AG, Basel, Switzerland, and Genentech
Inc., South San Francisco, CA) is a humanized monoclonal
antibody fragment (Fab) that lacks the Fc domain. It has
been specifically designed for ocular use, and it selectively
binds to and inhibits all active isoforms of VEGF-A.28

Ranibizumab is approved in many countries for the
treatment of visual impairment due to neovascular AMD,
diabetic macular edema, retinal vein occlusion, and more
recently for CNV secondary to pathologic myopia.29

Several small uncontrolled studies have investigated the
role of anti-VEGF treatment in myopic CNV. These pre-
liminary studies have shown promising results in improving
the functional and anatomic outcomes in patients with
myopic CNV,9,30e38 with some studies reporting a rapid VA
gain of 10 to 15 letters over 12 months.34e38 Ranibizumab
for trEatment of CNV secondary to Pathological myopia: An
Individualized Regimen (REPAIR), a larger, phase II, open-
label, single-arm, multicenter, nonrandomized study of 65
patients from the United Kingdom, showed that ranibizumab
was effective in preventing vision loss and improving vision
with a median of 3.0 injections over 12 months.39 While
REPAIR has reported promising results, randomized
controlled trials are required to evaluate the efficacy,
safety, and optimal dosing regimen of ranibizumab in
patients with visual impairment due to myopic CNV.

Therefore, the first pivotal phase III randomized
controlled trial, Ranibizumab And PDT [verteporfIn]
evAluation iN myopic Choroidal nEovascularization
(RADIANCE), has been conducted to evaluate the efficacy
and safety of 2 individualized dosing regimens of ranibi-
zumab versus vPDT in patients with visual impairment due
to myopic CNV.
Methods

Study Design

RADIANCE was a 12-month, phase III, multicenter, randomized,
double-masked, active-controlled study that enrolled patients with
visual impairment due to myopic CNV from 76 centers worldwide.
The study was conducted between October 2010 and August 2012
in accordance with the Declaration of Helsinki. The study protocol
was reviewed and approved by the independent ethics committee
or institutional review board for each contributing center. Patients
provided written informed consent before entering the study. The
study is registered with clinicaltrials.gov as NCT01217944.

Patients

The study population consisted of male or female patients aged
�18 years with visual impairment due to myopic CNV. The key
inclusion criteria at the screening visit were (1) diagnosis of active
CNV secondary to pathologic myopia confirmed by complete
ocular examination in the study eye using the following criteria: (a)
presence of high myopia, greater than �6 diopters of spherical
equivalence, (b) anteroposterior elongation of �26 mm, (c) pres-
ence of posterior changes compatible with pathologic myopia, (d)
presence of active leakage from CNV, and (e) presence of intra-
retinal or subretinal fluid or increase of central retinal thickness
(CRT); (2) presence of at least 1 of the following lesion types: (a)
subfoveal, (b) juxtafoveal with involvement of the central macular
area, (c) extrafoveal with involvement of the central macular area,
and (d) margin of the optic disk with involvement of the central
macular area; (3) best-corrected visual acuity (BCVA) �24 and
�78 letters at a starting distance of 4 meters using Early Treatment
Diabetic Retinopathy Study (ETDRS)-like VA chart (w20/32e20/
320 Snellen equivalent); and (4) visual loss only due to the pres-
ence of any eligible types of CNV related to pathologic myopia,
based on clinical ocular findings, fluorescein angiography (FA),
and optical coherence tomography (OCT) data.

The key exclusion criteria were (1) history of (a) stroke, (b)
pan-retinal or focal/grid laser photocoagulation with involvement
of the macular area in the study eye at any time, (c) intraocular
treatment with corticosteroids or intraocular surgery within 3
months prior to randomization and treatment with anti-VEGF or
vPDT at any time in the study eye, or (d) hypersensitivity to
ranibizumab or verteporfin or to drugs of similar class; (2) presence
of CNV secondary to any cause other than pathologic myopia; (3)
presence of active infectious disease or intraocular inflammation,
active or suspected periocular infection, confirmed intraocular
pressure (IOP) �25 mmHg, or iris neovascularization in either eye
at the time of enrollment; and (4) pregnant or nursing women,
where pregnancy is defined as the state of a female after conception
and until the termination of gestation, confirmed by a positive
human chorionic gonadotropin laboratory test (>5 mIU/ml).

Randomization and Treatment

A randomization list was produced by Novartis Drug Supply
Management using a validated system that automates the random
assignment of treatment groups to randomization numbers in the
specified ratio. At enrollment, patients received the lowest avail-
able randomization number that then assigned them in a 2:2:1 ratio
to 1 of the 3 treatment groups. For all patients, 1 eye was selected
and treated as the study eye. If both eyes were eligible, then the eye
with the worse VA (assessed at visit 1) was selected for the study
treatment. However, if medical reasons and local ethical re-
quirements dictated, the investigator could select the eye with the
better VA as the study eye. If needed, the fellow eye was treated as
per the investigator’s discretion.

Group I: Ranibizumab Treatment Guided by Visual Acuity
Stabilization Criteria. Patients received ranibizumab 0.5 mg in-
jections on day 1 and month 1, with further treatment determined
by the VA stabilization criterion, defined as no change in BCVA
(the difference [gain or loss] in the number of ETDRS letters was
not restricted/limited and was based on the judgment of the
investigator) as compared with 2 preceding monthly visits. The
first time point at which stability could be assessed was at month 2
(based on baseline and month 1 and 2 assessments) after a
683
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minimum of 2 monthly injections were administered. Treatment
was stopped if the VA stabilization criterion was fulfilled. Monthly
treatment was resumed when there was a loss in VA due to
disease activity and continued until stable VA was reached for
3 consecutive monthly assessments (Fig 1, available at
www.aaojournal.org).

Group II: Ranibizumab Treatment Guided by Disease
Activity Criteria. Patients received ranibizumab 0.5 mg injections
on day 1. Starting from month 1, treatment was discontinued if no
disease activity was observed, where disease activity was defined
as visual impairment attributable to intraretinal or subretinal fluid
or active leakage secondary to myopic CNV. Treatment was
resumed if the disease activity criterion was fulfilled (Fig 1,
available at www.aaojournal.org). The investigator advised the
patients to follow all the precautions as mentioned in the vPDT
label.

Group III: Verteporfin Photodynamic Therapy, with
Ranibizumab Allowed as of Month 3. Verteporfin was adminis-
tered intravenously at a dose of 6 mg/m2 (in 30 ml 5% dextrose
solution) over 10 minutes, followed by standard fluence photody-
namic therapy (PDT) for 83 seconds (wavelength, 689 nm; dose,
50 J/cm2; light intensity, 600 mW/cm2) 15 minutes after start of the
infusion. Patients received vPDT on day 1. From months 3 to 11,
the treating investigator could treat the patients with either rani-
bizumab 0.5 mg guided by disease activity criteria, vPDT, or both.
Treatment was administered if the disease activity criteria was
fulfilled and suspended if no disease activity was observed (Fig 1,
available at www.aaojournal.org).

Sham Treatment. Due to the different appearances and routes
of administration between the 2 treatments, all patients received
either sham injection or PDT sham in conjunction with the study
treatment. The PDT sham consisted of intravenous injection of 5%
dextrose solution followed by light application of PDT.

Masking. To ensure masking, 2 investigators were involved at
each study center. All study assessments were made by the eval-
uating investigator, VA assessor, or other site personnel who were
masked to the treatment assignment. The treating investigator was
unmasked and administered the randomized study medication per
the protocol; however, they were not involved in any other aspects
of the study and could not communicate details of the treatment.

Study Objectives

The primary objective of this study was to demonstrate the supe-
riority of ranibizumab 0.5 mg treatment, guided by VA stabiliza-
tion and/or disease activity criteria, over vPDT at month 3. The key
secondary objective was to demonstrate the noninferiority of
ranibizumab 0.5 mg guided by disease activity criteria versus VA
stabilization criteria at month 6.

Other secondary objectives were to (1) evaluate the efficacy of
all treatment groups for (a) the mean change in BCVA and CRT,
(b) the proportion of patients with categorized change in BCVA
between treatment groups, and (c) the anatomical outcomes across
the treatment groups; (2) assess treatment exposure; and (3) eval-
uate the safety of the different treatment regimens over 12 months.

Efficacy and Safety Assessments

Best-Corrected Visual Acuity. The BCVA in the study eye was
assessed at every visit using the ETDRS-like VA testing charts at a
starting distance of 4 meters (ETDRS letters). The primary
endpoint was the mean average change in BCVA from baseline to
month 1 through month 3, which is the mean difference of BCVA
versus baseline over all monthly post-baseline assessments from
month 1 to month 3. This end point provides a more robust esti-
mate than a mean change assessed at a single time point (month 3,
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which was the last month before ranibizumab was allowed in group
III). The secondary endpoints included the mean average change in
BCVA from baseline to month 1 through month 6, the mean
change in BCVA from baseline over time, the proportion of pa-
tients gaining �10 and �15 ETDRS letters (or reaching 84 letters)
at month 12, and the proportion of patients losing �10 and �15
ETDRS letters at month 12.

Optical Coherence Tomography. Optical coherence tomogra-
phy was performed on the study eye at all visits, except at day 8.
The images were reviewed by a central reading center to ensure
standardized evaluation. Subretinal fluid, intraretinal edema,
intraretinal cysts (volume scan and crosshair scan), and mean
change in CRT were measured by OCT.

Color Fundus Photography and Fluorescein Angiogra-
phy. Trained technicians conducted FA after color fundus
photography, at screening, and at the end of the study to assess the
choroid and retinal vasculature. The fundus photography and FA
images were independently reviewed by the central reading center
(CRC) to ensure standardized evaluation. Additional assessments
for retreatment were performed from month 1 to 11, as needed, in
the study eye.

Treatment Exposure. The number of ranibizumab injections
administered to each group and the number of vPDT treatments
administered were evaluated over 12 months.

Safety Assessments. Safety was assessed by incidence of
adverse events (AEs) and serious AEs (SAEs), by ophthalmic
examinations, IOP measurements, and changes in vital signs and
laboratory results over the 12-month study/assessment period. All
ocular/nonocular AEs and SAEs were recorded, including infor-
mation on their relationship to study drug and/or ocular injection
procedure. All AEs were summarized by the proportion of patients
experiencing AEs, based on the standardized Medical Dictionary
for Regulatory Activities by system organ class and preferred term.

Statistical Analysis

A sample size of 110 patients in each of the ranibizumab groups
and 55 patients in the vPDT group was considered to have �91%
power to reject 1 of the primary hypotheses using
CochraneManteleHaenszel tests. A treatment difference of 8 let-
ters was assumed between each of the ranibizumab groups and
vPDT with a standard deviation (SD) of 10 BCVA letters with the
Hochberg procedure at multiple 1-sided alpha level of 0.001. By
assuming a SD of 10 for the key secondary variable and equal
means for the 2 ranibizumab groups, then 110 patients per treat-
ment group were sufficient to achieve a power of 91% to reject the
key secondary hypothesis. The primary and key secondary objec-
tives were achieved at the multiple alpha level of 1-sided 0.025.

The randomized set consisted of all randomized patients. Pa-
tients were considered randomized when they had been given a
randomization number. The full analysis set (FAS) consisted of all
randomized patients who received at least 1 application of the
study treatment (ranibizumab [sham] or vPDT [sham]) and had at
least 1 post-baseline record of study eye VA data.

The primary analysis was performed on the FAS with a modified
last observation carried forward (LOCF) approach, wherein the
missing values occurring between the observed values were
computed from the mean of the observed values before and after the
missing time point. The primary endpoint variable was the differ-
ence between the average level of BCVA letter score over all
monthly post-baseline assessments from month 1 to month 3 and the
baseline level of BCVA letter score. The ranibizumab treatment
groups were considered superior to vPDT if the corresponding 1-
sided P value was �0.001/2¼0.0005 or if both 1-sided P values
were �0.001. Pairwise comparisons between the ranibizumab
groups and the vPDT group were performed using a stratified
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CochraneManteleHaenszel test with the observed values as scores.
The key secondary endpoint was the difference between the average
level of BCVA (letters) over all monthly post-baseline assessments
from month 1 to month 6 and the baseline level of BCVA. The 2-
sided 95% confidence interval of the average changes in BCVA
and the corresponding pairwise difference between both treatments
arms was calculated using the least square means for treatment
differences from an analysis of variance (ANOVA) model with
treatment and baseline BCVA category (�60 vs. >60 letters) as
factors, and the hypothesis tests were evaluated at a 2-sided 0.05/1-
sided 0.025 level of significance. The key secondary variable was
compared between both ranibizumab treatment arms using a 5-letter
noninferiority margin, and the comparison was based on a stratified
CochraneManteleHaenszel test. For the secondary objectives,
descriptive statistics were used for each treatment group.

All safety analyses were performed on the safety set that con-
sisted of all patients who received at least 1 application of study
treatment (ranibizumab [sham] and/or vPDT [sham]) and had at
least 1 post-baseline safety assessment. To describe the safety
profile for patients randomized to vPDT, group III was further split
into 2 groups: patients who received ranibizumab and patients who
did not receive ranibizumab as of month 3.

Results

Patient Disposition and Demographics

Of the 334 patients screened, 277 patients were randomized: 106 to
receive ranibizumab guided by VA stabilization criteria (group I),
116 to receive ranibizumab guided by disease activity criteria
(group II), and 55 to receive vPDT (group III). Overall, baseline
patient demographics and ocular and disease characteristics were
Table 1. Baseline Patient Demographics and Ocular

Characteristics

R

Group I, Guided by VA Stabiliz
(n¼106)

Mean age (SD), yrs 54.0 (14.0)
Sex, n (%)

Male 24 (22.6)
Female 82 (77.4)

Race, n (%)
Caucasian 60 (56.6)
Asian 45 (42.5)
Other 1 (0.9)

Mean BCVA (SD), letters 55.4 (13.4)
Mean CRT (SD), mm 350.2 (95.1)
Mean IOP (SD), mmHg 15.1 (2.8)
Mean axial length (SD), mm 29.3 (1.9)
Mean refraction-sphere (SD), dioptersy 13.7 (5.2)
CNV location, n (%)z

Subfoveal 71 (67.0)
Juxtafoveal 26 (24.5)
Extrafoveal 7 (6.6)

BCVA ¼ best-corrected visual acuity; CNV ¼ choroidal neovascularization; CR
deviation; VA ¼ visual acuity; vPDT ¼ verteporfin photodynamic therapy.
Percentages are based on the total number of patients in the randomized set.
*Consisted of all randomized patients who received at least 1 application of stu
post-baseline record of study eye VA data.
yRefraction-sphere values were collected as negative diopters but are presented
zSubfoveal: presence of abnormal vasculature in the avascular central fovea; ju
but <200 mm from the center; extrafoveal: presence of abnormal vasculature >
comparable across the 3 treatment groups (Table 1). The majority
of the patients across the 3 treatment groups completed the 12-
month study period (group I: 94.3%; group II: 96.6%; group III:
100%). No patients discontinued due to AEs (Fig 2).

The efficacy analyses were performed on the FAS consisting of
105 patients (group I), 116 patients (group II), and 55 patients
(group III). The safety analyses were conducted on the safety set
comprising 106 patients (group I), 118 patients (group II), and 53
(group III) patients. Two patients in group III received ranibizumab
before month 3 and were placed in group II for safety analysis.

Efficacy

Best-Corrected Visual Acuity. Ranibizumab treatment guided by
VA stabilization and/or disease activity retreatment criteria was
superior to vPDT with respect to mean average change � SD in
BCVA from baseline to month 1 through month 3 (group
I: þ10.5�8.2 ETDRS letters; group II: þ10.6�7.3 ETDRS letters
vs. group III: þ2.2�9.5 ETDRS letters; both P< 0.00001; Fig 3).

Ranibizumab treatment guided by disease activity criteria was
noninferior to ranibizumab treatment guided by VA stabilization
criteria with respect to mean average change � SD in BCVA from
baseline to month 1 through month 6 (group II: þ11.7�8.2 vs.
group I: þ11.9�8.8 ETDRS letters; P< 0.00001).

Ranibizumab treatment in groups I and II led to a rapid improve-
ment in BCVA as early as month 3, and a continuous numerical
improvement in BCVA (mean � SD) was observed up to month 12
(group I: þ13.8�11.42 ETDRS letters; group II: þ14.4�10.20
ETDRS letters; Fig 4). In group III, the mean BCVA change observed
at month 3 was lower than that observed in groups I and II. However,
with the allowance of ranibizumab as of month 3 in group III, a steady
improvement in BCVA (mean � SD) was observed up to month 12
(þ9.3�11.33 ETDRS letters; Fig 4).
and Disease Characteristics (Randomized Set*)

anibizumab 0.5 mg vPDT

ation Group II, Guided by Disease Activity
(n¼116)

Group III
(n¼55)

56.1 (14.4) 57.4 (12.8)

29 (25.0) 15 (27.3)
87 (75.0) 40 (72.7)

70 (60.3) 32 (58.2)
46 (39.7) 23 (41.8)
0 (0.0) 0 (0.0)

55.8 (12.6) 54.7 (13.8)
373.1 (127.4) 355.1 (102.4)
15.1 (3.2) 14.8 (3.0)
28.8 (1.8) 29.4 (1.9)
11.6 (4.7) 12.2 (4.9)

81 (69.8) 38 (69.1)
24 (20.7) 16 (29.1)
3 (2.6) 1 (1.8)

T ¼ central retinal thickness; IOP ¼ intraocular pressure; SD ¼ standard

dy treatment (ranibizumab [sham] and/or vPDT [sham]) and had at least 1

as positive values to facilitate the interpretation.
xtafoveal: presence of abnormal vasculature not under the center of fovea
200 mm from the center of the fovea.
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Figure 2. Patient disposition. *Percentages are based on the total number of patients screened but not randomized. **Patients randomized to verteporfin
photodynamic therapy (vPDT) were allowed to receive vPDT at day 1, and from month 3 to 11 the investigator had the options to treat the patient’s disease
activity with ranibizumab 0.5 mg or vPDT (as per label) or both. VA ¼ visual acuity.
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At month 3, more than a 2-fold greater proportion of patients
gained �10 and �15 ETDRS letters (or reached 84 letters) in both
the ranibizumab treatment groups (groups I and II) versus patients
treated with vPDT. At month 12, 69.5% (group I) and 69.0% of
patients (group II) gained �10 ETDRS letters, while 53.3%
(group I) and 51.7% of patients (group II) gained �15 ETDRS
letters (or reached 84 letters) with continued individualized rani-
bizumab treatment (Fig 5). In patients treated with vPDT (group
III), 49.1% and 32.7% gained �10 and �15 ETDRS letters (or
reached 84 letters), respectively, at month 12 after the
allowance of ranibizumab as of month 3. The proportion of
patients losing �10 and �15 ETDRS letters across the
treatment groups at month 3 and month 12 is shown in
Figure 6 (available at www.aaojournal.org). With the allowance
of ranibizumab as of month 3 in group III, fewer patients lost
�10 and �15 ETDRS letters (3.6% each) at month 12 versus
month 3.
Anatomic Outcomes

At month 12, the proportion of patients with subretinal fluid,
intraretinal edema, and intraretinal cysts decreased from baseline
across all treatment groups (Fig 7, available at
www.aaojournal.org). The mean CRT decrease observed in
patients in both ranibizumab groups at month 3 (�61.0 [group I]
and �77.6 mm [group II]) was maintained with continued
individualized ranibizumab treatment at month 12 (�66.6
and �71.3 mm for groups I and II, respectively). However, in
group III the mean change in CRT decreased progressively from
e12.0 mm at month 3 to e60.8 mm at month 12. At month 12,
63.8% to 65.7% of patients had resolution of CNV leakage
across the treatment groups. Finally, in terms of lesion size, the
mean change � SD from baseline to month 12 was e0.31�1.65
(group I), e0.57�1.94 (group II), and 0.28�2.96 mm2 (group III).
686
Treatment Exposure

Ranibizumab Injections. The median number of ranibizumab in-
jections from day 1 until prior to month 12 was numerically higher
in group I (4.0 injections) compared with group II (2.0 injections;
Table 2). The mean number of ranibizumab injections was 4.6 and
3.5 for groups I and II, respectively. In group II, 62.9% of the
patients did not require ranibizumab injections from months 6 to
11. Of the 55 patients who received vPDT at baseline (group
III), 38 received ranibizumab injections as of month 3 until
before month 12. These patients received a median of 2.0
ranibizumab injections (mean 2.4). Fifteen of 55 patients in
group III did not receive ranibizumab treatment during the
12-month study period (Table 2).

Verteporfin Photodynamic Therapy. All patients randomized
to ranibizumab (groups I and II) received sham PDT, while all
patients in group III received active vPDT at baseline. In group III,
2 patients received ranibizumab prior to month 3 and were included
in group II for safety analysis. As of month 3, 2 out of 53 patients
in group III received a second active vPDT treatment over 12
months (Table 3, available at www.aaojournal.org).
Safety

Serious Adverse Events. Two cases of ocular SAEs in the study
eye were reported over the 12-month study period (1 [0.9%] in
group I [corneal erosion] and 1 [0.8%] in group II [retinoschisis];
Table 4, available at www.aaojournal.org). The case of corneal erosion
was suspected to be related to the ocular injection procedure. Overall,
nonocular SAEs were reported in 11 patients (6 [5.7%] in group I and
5 [4.2%] in group II; Table 4, available at www.aaojournal.org); none
were suspected to be related to study drug or ocular injection. No
ocular or nonocular SAEs were reported in group III during the study.
There were no deaths and no cases of endophthalmitis, retinal
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Figure 3. Mean average change in best-corrected visual acuity (BCVA) from
baseline to month 1 through month 3 (primary end point; full analysis set
[modified last observation carried forward]). *Of the 106 enrolled patients, 1
patientwithdrew fromthe studybeforehavingapost-baselinevisual acuity (VA)
assessment and was excluded from this analysis. P< 0.00001 (for both groups I
and II) versus verteporfinphotodynamic therapy (vPDT).One-sidedPvalues for
treatment difference are derived from the 2-sided stratified
CochraneManteleHaenszel test using the row means score statistics. The pri-
mary objective was achieved at the multiple 1-sided alpha level of 0.001.
ETDRS¼ Early Treatment Diabetic Retinopathy Study; SE¼ standard error.
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detachment,myocardial infarction, or cerebrovascular events reported in
any treatment group (Table 4, available at www.aaojournal.org).

Adverse Events (Study Eye). Ocular AEs were reported in 46
patients (43.4%) in group I, 44 patients (37.3%) in group II, 16 pa-
tients (42.1%) in group III with ranibizumab, and 4 patients (26.7%)
in group III without ranibizumab (Table 5). Themost frequent ocular
AEs were conjunctival hemorrhage (group I: 11.3%; group II:
10.2%; group III with/without ranibizumab: 5.3%/0%) and
punctate keratitis (group I: 7.5%; group II: 2.5%; group III with/
Figure 4. Mean change in best-corrected visual acuity (BCVA) from baseline o
forward]). *Of the 106 enrolled patients, 1 patient withdrew from the study before
this analysis. D8 ¼ day 8; ETDRS ¼ Early Treatment Diabetic Retinopathy Stud
without ranibizumab: 5.3%/0%; Table 5). Ocular AEs suspected to
be related to study drug/ocular injection are summarized in Table 6
(available at www.aaojournal.org).

Nonocular AEswere reported in 48 patients (45.3%) in group I, 51
patients (43.2%) in group II, 19 patients (50.0%) group III with rani-
bizumab, and 5 patients (33.3%) in group III without ranibizumab
(Table 5). The most frequent nonocular AEs were nasopharyngitis
(group I: 11.3%, group II: 10.2%, group III with/without
ranibizumab: 2.6%/13.3%), and headache (group I: 7.5%, group II:
9.3%, and group III with/without ranibizumab: 2.6%/0%; Table 5).
The nonocular AEs suspected to be related to study drug/ocular
injection are presented in Table 6 (available at www.aaojournal.org).
Discussion

The RADIANCE study is the first randomized controlled
trial in patients with myopic CNV to demonstrate that
intravitreal ranibizumab treatment, with re-treatment guided
by either VA stabilization or disease activity criteria, was
superior (statistically significant) compared with vPDT.
From baseline to month 1 through month 3, ranibizumab
treatment resulted in a mean average BCVA gain of more
than 10 ETDRS letters for either dosing regimen compared
with approximately 2 ETDRS letters for vPDT; therefore,
the primary endpoint of the study was met. Furthermore, this
study demonstrated that there were no differences in effi-
cacy between the 2 commonly used individualized ranibi-
zumab dosing regimens, with mean average BCVA change
from baseline to month 1 through month 6 of more than 11
ETDRS letters for re-treatment guided by either VA stabi-
lization criteria or disease activity criteria. Thus, the key
secondary objective of the study was also met.

Both ranibizumab dosing regimens led to rapid and
similar improvements in mean BCVA from baseline up to
month 3 that were sustained with continued individualized
ranibizumab treatment up to month 12, with BCVA gain of
approximately 14 letters in both groups. At month 3, in
ver time up to month 12 (full analysis set [modified last observation carried
having a post-baseline visual acuity (VA) assessment and was excluded from
y; SE ¼ standard error; vPDT ¼ verteporfin photodynamic therapy.
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Figure 5. Categorizedbest-correctedvisual acuity gainatmonths3and12 (full
analysis set [modified last observation carried forward]), representing the pro-
portion of patients who gained �10 and �15 Early Treatment Diabetic Reti-
nopathy Study (ETDRS) letters (or reaching 84 letters). *Of the 106 enrolled
patients, 1 patient withdrew from the study before having a post-baseline visual
acuity (VA)assessmentandwas excluded from this analysis. **Patients in group
IIIwere eligible to receive ranibizumab0.5mgand/or verteporfinphotodynamic
therapy (vPDT) as of month 3 at the investigators’ discretion.
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patients randomized to the vPDT group, the mean BCVA
gain was considerably lower (þ1.4 ETDRS letters)
compared with that observed in ranibizumab-treated patients
(>12 ETDRS letters). However, with the allowance of
ranibizumab as of month 3, a steady increase in BCVA was
observed in the vPDT group, although the mean improve-
ment at month 12 (þ9.3 ETDRS letters) was still numeri-
cally lower than that observed in groups I and II (no formal
superiority testing performed). A similar observation was
Table 2. Ranibizumab Treatment Exposure from Day

Exposure
Group I, Guided by VA Stab

(n¼105)

No. of injections
Total 488
Mean (SD) 4.6 (2.6)
Median 4.0

Frequency (month) of injections, n (%)x

0 0 (0.0)
1 1 (1.0)
2 26 (24.8)
3 19 (18.1)
4 15 (14.3)
5 9 (8.6)
6 9 (8.6)
7 10 (9.5)
8 4 (3.8)
9 6 (5.7)
10 3 (2.9)
11 3 (2.9)
12 0 (0.0)

SD ¼ standard deviation; VA ¼ visual acuity; vPDT ¼ verteporfin photodyna
*Consisted of all randomized patients who received at least 1 application of stu
post-baseline record of study eye VA data.
yPatients randomized to vPDT were allowed to receive vPDT at day 1, and from
activity with ranibizumab 0.5 mg, vPDT (as per label), or both.
zRanibizumab injections received over months 3 to 12.
xFrequency denotes the number of injections received by patients (n, %) during
injection [0 injection] during the whole of 12 months; [2] in group 1, 26 [24.8
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made with respect to the proportion of patients gaining �10
or �15 ETDRS letters (or reaching 84 letters). With the
allowance of ranibizumab after month 3, a greater propor-
tion of patients in the vPDT group gained �10 and �15
ETDRS letters (or reached 84 letters) at month 12 compared
with month 3. Nevertheless, at month 12 the proportion of
patients in the vPDT group was still numerically lower than
observed in the ranibizumab groups. These results may
indicate that it is important to initiate ranibizumab treatment
early in patients with myopic CNV.

The anatomical outcomes of this study mirrored the
overall treatment effect observed in the improvements of
BCVA. There was a reduction in the proportion of patients
with subretinal fluid, intraretinal edema, and/or intraretinal
cysts from baseline to month 12 across the 3 treatment
groups. At month 12, the mean reductions in CRT from
baseline were comparable across the treatment groups.

The available data for ranibizumab treatment from trials
across neovascularAMD, diabeticmacular edema, and retinal
vein occlusion support the concept of individualized dosing
regimens to achieve optimal VA benefits while minimizing
the risk of overtreatment or undertreatment.40e42 An impor-
tant secondary endpoint in the RADIANCE study was to
evaluate the effects of 2 flexible individualized dosing regi-
mens of ranibizumab to address the individual patient vari-
ability with respect to treatment requirement. While the VA
stabilizationeguided regimen required VA loss for re-treat-
ment, the disease activityeguided regimen aimed to treat the
anatomical changes that often precede the actual VA loss and
1 until Prior to Month 12 (Full Analysis Set*)

Ranibizumab 0.5 mg vPDT

ilization Group II, Guided by Disease Activity
(n¼116)

Group IIIy

(n¼55)

404 131z

3.5 (3.0) 2.4 (2.6)z

2.0 2.0z

0 (0.0) 15 (27.3)
36 (31.0) 10 (18.2)
23 (19.8) 10 (18.2)
13 (11.2) 8 (14.5)
11 (9.5) 3 (5.5)
16 (13.8) 3 (5.5)
4 (3.4) 1 (1.8)
2 (1.7) 0 (0.0)
0 (0.0) 1 (1.8)
1 (0.9) 4 (7.3)
3 (2.6) 0 (0.0)
2 (1.7) 0 (0.0)
5 (4.3) 0 (0.0)

mic therapy.
dy treatment (ranibizumab [sham] and/or vPDT [sham]) and had at least 1

month 3 to 11 the investigator had the option to treat the patient’s disease

the 12 months (e.g., [1] in group 3, 15 [27.3%] patients did not receive any
%] patients received 2 injections over 12 months.



Table 5. Most Frequent Ocular (Study Eye) and Nonocular Adverse Events (�5% of Patients in any Group) from Day 1 to Month 12
(Safety Set*)

Preferred Term

Ranibizumab 0.5 mg vPDT

Group I, Guided by
VA Stabilization

(n¼106)

Group II, Guided by
Disease Activity

(n¼118)

Group III with Ranibizumab
0.5 mg as of Month 3

(n¼38)

Group III without Ranibizumab
0.5 mg as of Month 3

(n¼15)

Ocular AEs, total 46 (43.4) 44 (37.3) 16 (42.1) 4 (26.7)
Conjunctival hemorrhage 12 (11.3) 12 (10.2) 2 (5.3) 0 (0.0)
Punctate keratitis 8 (7.5) 3 (2.5) 2 (5.3) 0 (0.0)
Dry eye 4 (3.8) 2 (1.7) 0 (0.0) 1 (6.7)
Eye pain 4 (3.8) 4 (3.4) 1 (2.6) 1 (6.7)
Injection site hemorrhage 3 (2.8) 3 (2.5) 2 (5.3) 0 (0.0)
Increased IOP 3 (2.8) 7 (5.9) 4 (10.5) 0 (0.0)
Cataract 1 (0.9) 2 (1.7) 0 (0.0) 1 (6.7)
Visual impairment 0 (0.0) 0 (0.0) 2 (5.3) 0 (0.0)

Nonocular AEs, total 48 (45.3) 51 (43.2) 19 (50.0) 5 (33.3)
Nasopharyngitis 12 (11.3) 12 (10.2) 1 (2.6) 2 (13.3)
Headache 8 (7.5) 11 (9.3) 1 (2.6) 0 (0.0)
Hypertension 3 (2.8) 5 (4.2) 3 (7.9) 0 (0.0)
Pain in extremity 2 (1.9) 1 (0.8) 0 (0.0) 1 (6.7)
Cystitis 1 (0.9) 1 (0.8) 2 (5.3) 0 (0.0)
Dental caries 0 (0.0) 2 (1.7) 0 (0.0) 1 (6.7)
Laryngitis 0 (0.0) 0 (0.0) 0 (0.0) 1 (6.7)
Localized infection 0 (0.0) 0 (0.0) 0 (0.0) 1 (6.7)
Lower respiratory tract infection 0 (0.0) 0 (0.0) 0 (0.0) 1 (6.7)
Tinea pedis 0 (0.0) 0 (0.0) 0 (0.0) 1 (6.7)
Tinnitus 0 (0.0) 0 (0.0) 0 (0.0) 1 (6.7)

AE ¼ adverse event; IOP ¼ intraocular pressure; VA ¼ visual acuity; vPDT, verteporfin photodynamic therapy.
Data are n (%). A patient with multiple occurrences of an AE under 1 treatment is counted only once in the AE category for that treatment.
*Consisted of all patients who received at least 1 application of study treatment (ranibizumab [sham] and/or vPDT [sham]) and had at least 1 post-baseline
safety assessment.

Wolf et al � Ranibizumab in Pathologic Myopia
therefore aimed to control disease progression earlier.43

Patients treated with ranibizumab guided by VA
stabilization criteria (group I) received a median of 4.0
injections compared with a median of 2.0 injections in
patients treated with ranibizumab guided by disease activity
criteria (group II). This difference in injection number
between the 2 groups may be largely dictated by the loading
dosage regimen in the protocol wherein a minimum of 2
injections were administered in group I before the VA
stability could be assessed, whereas in group II, only 1
mandatory injection was administered at day 1 and disease
activity was then assessed during the subsequent visit. The
findings from this study appear to corroborate those from
Muether et al,43 suggesting that treatment guided by OCT
and other disease activity criteria may provide a more
sensitive approach to evaluate recurrence and provide
similar BCVA gains with fewer injections and thus may be
preferred over treatment guided by VA stabilization criteria.
Patients in the vPDT group (group III) received a median of
2.0 injections between months 3 and 11. The efficacy
results of this study are comparable to those observed in the
phase II, single-arm REPAIR study, wherein ranibizumab
was effective in preventing vision loss and improving vision
(þ13.76 ETDRS letters at month 12) with a median of 3.0
injections.39 The observed numeric difference in the efficacy
outcomes and injection frequency between these studies
could be attributed to the differences in the baseline disease
and ocular characteristics of the enrolled patients and the
different re-treatment criteria employed in these studies.
Furthermore, the results from the current study show that a
median of 2.0 (group II) to 4.0 (group I) injections was
adequate to provide clinically meaningful VA benefits in
patients with myopic CNV. This is lower than the number
of ranibizumab injections required to provide VA benefits
in other indications, such as neovascular AMD. The
difference in ranibizumab injection frequency across
indications may be due to inherent differences in the
pathophysiology of the diseases and the self-limiting nature
of myopic CNV.44

The results from the current study showed that ranibizu-
mab and vPDT treatments were generally well tolerated in
patients with myopic CNV. Overall, there were low in-
cidences of ocular (0.7%) and nonocular (4.0%) SAEs re-
ported in groups I and II and none in group III. No deaths or
cases of endophthalmitis, retinal detachment, myocardial
infarction, or cerebrovascular events were reported across the
treatment arms during the 12-month study period. Ocular AEs
were reported in 36.4% to 43.4% of patients across the 3
treatment groups. The reported cases of increased IOP were
transient and did not require IOP-lowering treatment. Overall,
nonocular AEs were reported in 43.2% to 45.3% of patients
across the 3 treatment groups. The 12-month safety results
from the RADIANCE study corroborate the safety findings of
the REPAIR study. Also, the overall safety of ranibizumab
treatment in patientswithmyopic CNVwas comparable to the
previously established safety profile of ranibizumab in other
689
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indications, such as neovascular AMD, diabetic macular
edema, and retinal vein occlusion.

In the current study, patients with myopic CNV had a
mean axial length of 29 mm and a mean refraction sphere
of �12.5 diopters, which is representative of the general
patient population with myopic CNV and is considered to be
appropriate to evaluate the effect of ranibizumab.9e11 Thus,
there are no obvious limitations to the interpretation of the
study results with respect to the external validity of the study
population. In terms of study limitations, this study was
designed to allow ranibizumab treatment as of month 3 in
patients randomized to vPDT, thereby limiting the longer-
term comparison between ranibizumab and vPDT. How-
ever, on the basis of the results from previous clinical trials
with ranibizumab in patients with myopic CNV,34e38 it was
evident that ranibizumab treatment was able to provide
relevant VA improvements; thus, it was important to design
the study such that the patients in the vPDT group also may
benefit from ranibizumab treatment. Therefore, in this study,
the patients randomized to vPDT were allowed to receive
ranibizumab after the evaluation of the primary end point at
month 3. Ongoing studies such as LUMINOUS (Observe
the Effectiveness and Safety of Ranibizumab in Real Life
Setting) conducted in a real-life setting may provide valu-
able information on the long-term safety and effectiveness
of ranibizumab in routine clinical practice.45

In conclusion, RADIANCE, the first phase III random-
ized controlled trial evaluating anti-VEGF treatment in pa-
tients with myopic CNV, demonstrated that individualized
ranibizumab treatment provides superior VA benefits versus
vPDT up to month 3. Continued individualized ranibizumab
treatment was effective in further improving and sustaining
BCVA in patients with myopic CNV over 12 months. In
patients randomized to vPDT, allowing ranibizumab treat-
ment as of month 3 provided BCVA improvements up to
month 12. Ranibizumab retreatment guided by disease ac-
tivity criteria was able to provide similar VA benefits with
fewer injections than ranibizumab treatment guided by VA
stabilization criteria. Overall, ranibizumab was well toler-
ated in patients with myopic CNV over 12 months. The
phase II REPAIR and the phase III RADIANCE studies
provide robust clinical evidence for the efficacy and safety
of ranibizumab in patients with myopic CNV.39

Acknowledgments. The authors thank Sabyasachi Ghosh,
Ruchika Srinivasan, and Srividdya Agoram (Global Business
Services-Global Medical Operations, Novartis Healthcare Private
Ltd., Hyderabad, India) for medical writing and editorial assistance
toward the development of this article; Emma Watts (Fishawack
Communications Ltd., UK) for editorial assistance and coordi-
nating the development of this manuscript; Bern Photographic
Reading center for anatomic evaluations; Quintiles Central Labo-
ratory for evaluation of samples; and Pharmaceutical Product
Development (PPD) for data management and statistical support.
References

1. Van Newkirk MR. The Hong Kong vision study: a pilot
assessment of visual impairment in adults. Trans Am Oph-
thalmol Soc 1997;95:715–49.
690
2. Wong TY, Foster PJ, Hee J, et al. Prevalence and risk factors
for refractive errors in adult Chinese in Singapore. Invest
Ophthalmol Vis Sci 2000;41:2486–94.

3. Green JS, Bear JC, Johnson GJ. The burden of genetically
determined eye disease. Br J Ophthalmol 1986;70:696–9.

4. Krumpaszky HG, Ludtke R, Mickler A, et al. Blindness inci-
dence in Germany. A population-based study from Wurttem-
berg-Hohenzollern. Ophthalmologica 1999;213:176–82.

5. Munier A, Gunning T, Kenny D, O’Keefe M. Causes of
blindness in the adult population of the Republic of Ireland. Br
J Ophthalmol 1998;82:630–3.

6. Cotter SA, Varma R, Ying-Lai M, et al; Los Angeles Latino
Eye Study Group. Causes of low vision and blindness in adult
Latinos: the Los Angeles Latino Eye Study. Ophthalmology
2006;113:1574–82.

7. Buch H, Vinding T, La Cour M, et al. Prevalence and causes
of visual impairment and blindness among 9980 Scandinavian
adults: the Copenhagen City Eye Study. Ophthalmology
2004;111:53–61.

8. Iwase A, Araie M, Tomidokoro A, et al. Prevalence and causes
of low vision and blindness in a Japanese adult population: the
Tajimi Study. Ophthalmology 2006;113:1354–62.

9. Neelam K, Cheung CM, Ohno-Matsui K, et al. Choroidal
neovascularization in pathological myopia. Prog Retin Eye
Res 2012;31:495–525.

10. Fredrick DR. Myopia. BMJ 2002;324:1195–9.
11. Miller DG, Singerman LJ. Natural history of choroidal neo-

vascularization in high myopia. Curr Opin Ophthalmol
2001;12:222–4.

12. Chan WM, Ohji M, Lai TY, et al. Choroidal neo-
vascularisation in pathological myopia: an update in manage-
ment. Br J Ophthalmol 2005;89:1522–8.

13. Jones D, Luensmann D. The prevalence and impact of high
myopia. Eye Contact Lens 2012;38:188–96.

14. Silva R. Myopic maculopathy: a review. Ophthalmologica
2012;228:197–213.

15. Eye Diseases Prevalence Research Group. The prevalence of
refractive errors among adults on the United States, Western
Europe, and Australia. Arch Ophthalmol 2004;122:495–505.

16. Ezelum C, Razavi H, Sivasubramaniam S, et al; Nigeria Na-
tional Blindness and Visual Impairment Study Group. Refrac-
tive error in Nigerian adults: prevalence, type, and spectacle
coverage. Invest Ophthalmol Vis Sci 2011;52:5449–56.

17. Curtin BJ. The prevalence of myopia. In: The Myopias: Basic
Science and Clinical Management. Philadelphia, PA: Harper &
Row; 1985:39–59.

18. Cohen SY, Laroche A, Leguen Y, et al. Etiology of choroidal
neovascularization in young patients. Ophthalmology
1996;103:1241–4.

19. Ohno-Matsui K, Yoshida T. Myopic choroidal neo-
vascularization: natural course and treatment. Curr Opin
Ophthalmol 2004;15:197–202.

20. Grossniklaus HE, Green WR. Pathologic findings in patho-
logic myopia. Retina 1992;12:127–33.

21. Ohno-Matsui K, Yoshida T, Futagami S, et al. Patchy atrophy
and lacquer cracks predispose to the development of choroidal
neovascularisation in pathological myopia. Br J Ophthalmol
2003;87:570–3.

22. Gharbiya M, Giustolisi R, Allievi F, et al. Choroidal neo-
vascularization in pathologic myopia: intravitreal ranibizumab
versus bevacizumabea randomized controlled trial. Am J
Ophthalmol 2010;149:458–64.

23. Verteporfin in Photodynamic Therapy (VIP) Study Group.
Photodynamic therapy of subfoveal choroidal neo-
vascularization in pathologic myopia with verteporfin: 1-year

http://refhub.elsevier.com/S0161-6420(13)00948-2/sref1
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref1
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref1
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref2
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref2
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref2
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref3
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref3
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref4
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref4
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref4
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref5
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref5
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref5
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref6
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref6
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref6
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref6
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref7
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref7
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref7
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref7
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref8
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref8
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref8
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref9
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref9
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref9
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref10
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref11
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref11
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref11
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref12
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref12
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref12
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref13
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref13
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref14
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref14
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref15
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref15
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref15
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref16
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref16
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref16
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref16
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref17
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref17
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref17
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref18
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref18
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref18
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref19
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref19
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref19
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref20
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref20
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref21
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref21
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref21
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref21
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref22
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref22
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref22
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref22
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref22
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref23
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref23
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref23


Wolf et al � Ranibizumab in Pathologic Myopia
results of a randomized clinical trial-VIP report no. 1.
Ophthalmology 2001;108:841–52.

24. Verteporfin in Photodynamic Therapy (VIP) Study Group.
Verteporfin therapy of subfoveal choroidal neo-
vascularization in pathologic myopia: 2-year results of a
randomized clinical trialeVIP report no. 3. Ophthalmology
2003;110:667–73.

25. Hayashi K, Ohno-Matsui K, Shimada N, et al. Long-term re-
sults of photodynamic therapy for choroidal neo-
vascularization in Japanese patients with pathologic myopia.
Am J Ophthalmol 2011;151:137–47.

26. Otani A, Takagi H, Oh H, et al. Vascular endothelial growth
factor family and receptor expression in human choroidal
neovascular membranes. Microvasc Res 2002;64:162–9.

27. Chan WM, Lai TY, Chan KP, et al. Changes in aqueous
vascular endothelial growth factor and pigment epithelial-
derived factor levels following intravitreal bevacizumab in-
jections for choroidal neovascularization secondary to age-
related macular degeneration or pathologic myopia. Retina
2008;28:1308–13.

28. Ferrara N, Damico L, Shams N, et al. Development of rani-
bizumab, an anti-vascular endothelial growth factor antigen
binding fragment, as therapy for neovascular age-related
macular degeneration. Retina 2006;26:859–70.

29. European Medicines Agency. Summary of Product Charac-
teristics. Lucentis 10 mg/ml solution for injection. Novartis.
2013. Available at: http://www.ema.europa.eu/docs/en_GB/
document_library/EPAR_-_Product_Information/human/000715/
WC500043546.pdf. Accessed September 29, 2013.

30. Ruiz-Moreno JM, Montero JA, Gomez-Ulla Ares S. Intra-
vitreal bevacizumab to treat subfoveal choroidal neo-
vascularisation in highly myopic eyes: 1-year outcome. Br J
Ophthalmol 2009;93:448–51.

31. Chan WM, Lai TY, Liu DT, Lam DS. Intravitreal bev-
acizumab (Avastin) for myopic choroidal neovascularization:
1-year results of a prospective pilot study. Br J Ophthalmol
2009;93:150–4.

32. Ikuno Y, Sayanagi K, Soga K, et al. Intravitreal bev-
acizumab for choroidal neovascularization attributable to
pathological myopia: one-year results. Am J Ophthalmol
2009;147:94–100.

33. Ruiz-Moreno JM, Montero JA, Arias L, et al. Twelve-month
outcome after one intravitreal injection of bevacizumab to treat
myopic choroidal neovascularization. Retina 2010;30:
1609–15.
34. Mones JM, Amselem L, Serrano A, et al. Intravitreal ranibi-
zumab for choroidal neovascularization secondary to patho-
logic myopia: 12-month results. Eye (Lond) 2009;23:1275–81.

35. Silva RM, Ruiz-Moreno JM, Rosa P, et al. Intravitreal rani-
bizumab for myopic choroidal neovascularization: 12-month
results. Retina 2010;30:407–12.

36. Calvo-Gonzalez C, Reche-Frutos J, Donate J, et al. Intravitreal
ranibizumab for myopic choroidal neovascularization: factors
predictive of visual outcome and need for retreatment. Am J
Ophthalmol 2011;151:529–34.

37. Vadala M, Pece A, Cipolla S, et al. Is ranibizumab effective in
stopping the loss of vision for choroidal neovascularisation in
pathologic myopia? A long-term follow-up study. Br J Oph-
thalmol 2011;95:657–61.

38. Lalloum F, Souied EH, Bastuji-Garin S, et al. Intravitreal
ranibizumab for choroidal neovascularization complicating
pathologic myopia. Retina 2010;30:399–406.

39. Tufail A, Narendran N, Patel PJ, et al. Ranibizumab in
myopic choroidal neovascularization: the 12-month results
from the REPAIR Study [letter]. Ophthalmology 2013;120:
1944–5.

40. Schmidt-Erfurth U, Eldem B, Guymer R, et al; EXCITE
Study Group. Efficacy and safety of monthly versus quarterly
ranibizumab treatment in neovascular age-related macular
degeneration: the EXCITE Study. Ophthalmology 2011;118:
831–9.

41. Mitchell P, Bandello F, Schmidt-Erfurth U, et al; RESTORE
Study Group. The RESTORE Study: ranibizumab mono-
therapy or combined with laser versus laser monotherapy for
diabetic macular edema. Ophthalmology 2011;118:615–25.

42. Brown DM, Campochiaro PA, Bhisitkul RB, et al. Sustained
benefits from ranibizumab for macular edema following
branch retinal vein occlusion: 12-month outcomes of a phase
III study. Ophthalmology 2011;118:1594–602.

43. Muether PS, Hermann MM, Viebahn U, et al. Vascular
endothelial growth factor in patients with exudative age-related
macular degeneration treated with ranibizumab. Ophthal-
mology 2012;119:2082–6.

44. Avila MP, Weiter JJ, Jalkh AE, et al. Natural history of
choroidal neovascularization in degenerative myopia.
Ophthalmology 1984;91:1573–81.

45. Novartis Pharma. Observe the effectiveness and safety of rani-
bizumab in real life setting (LUMINOUS). ClinicalTrials.gov
Identifier: NCT01318941. Available at: http://clinicaltrials.gov/
show/NCT01318941. Accessed September 3, 2013.
Footnotes and Financial Disclosures
Originally received: August 9, 2013.
Final revision: October 13, 2013.
Accepted: October 16, 2013.
Available online: December 9, 2013. Manuscript no. 2013-1326.
1 Department of Ophthalmology, Inselspital, University Hospital, Univer-
sity of Bern, Bern, Switzerland.
2 Eye Clinic, Lithuanian University of Health Sciences, Kaunas, Lithuania.
3 Department of Ophthalmology, P. Stradins University Hospital, Riga
Stradins University, Riga, Latvia.
4 Department of Translational Surgery and Medicine e Eye Clinic, Uni-
versity of Florence, Florence, Italy.
5 Department of Ophthalmology and Visual Science, Tokyo Medical and
Dental University, Tokyo, Japan.
6 Shri Bhagwan Mahavir Vitreoretinal Services, Vision Research Founda-
tion, Sankara Nethralaya, Chennai, India.
7 Singapore Eye Research Institute, Singapore National Eye Centre, Na-
tional University of Singapore, Singapore.
8 Faculty of Medicine, University of Coimbra, Coimbra, Portugal.
9 Ophthalmology Department, Centro Hospitalar e Universitário de Coim-
bra, Coimbra, Portugal.
10 Association for Innovation and Biomedical Research on Light and Im-
age, Coimbra, Portugal.
11 Novartis Pharma AG, Basel, Switzerland.

Financial Disclosure(s):
The author(s) have made the following disclosure(s): S.W. is on advi-
sory boards of and has served as a consultant and a speaker for Aller-
gan, Bayer, Heidelberg Engineering, Molecular Partners, Novartis,
Roche, and Optos. V.J.B. reports grants and personal fees from Novartis
during the conduct of the study and personal fees and nonfinancial
support from Bayer, Novartis, Allergan outside the submitted work.
G.L., U.M., K.O-M., and T.S. have nothing to disclose. T.Y.W. reports
691

http://refhub.elsevier.com/S0161-6420(13)00948-2/sref23
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref23
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref24
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref24
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref24
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref24
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref24
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref24
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref25
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref25
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref25
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref25
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref26
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref26
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref26
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref27
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref27
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref27
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref27
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref27
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref27
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref28
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref28
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref28
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref28
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000715/WC500043546.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000715/WC500043546.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000715/WC500043546.pdf
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref29
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref29
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref29
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref29
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref30
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref30
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref30
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref30
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref31
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref31
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref31
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref31
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref32
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref32
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref32
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref32
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref33
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref33
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref33
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref34
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref34
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref34
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref35
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref35
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref35
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref35
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref36
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref36
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref36
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref36
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref37
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref37
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref37
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref38
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref38
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref38
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref38
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref39
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref39
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref39
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref39
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref39
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref40
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref40
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref40
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref40
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref41
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref41
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref41
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref41
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref42
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref42
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref42
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref42
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref43
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref43
http://refhub.elsevier.com/S0161-6420(13)00948-2/sref43
http://ClinicalTrials.gov
http://clinicaltrials.gov/show/NCT01318941
http://clinicaltrials.gov/show/NCT01318941


Ophthalmology Volume 121, Number 3, March 2014
grants, personal fees, travel support, and writing/reviewing fees from
Novartis and Bayer and has served as a consultant for Abbott, Allergan,
Bayer, Genentech, Novartis, Roche, and Pfizer. R.S. reports grants from
Novartis during the conduct of the study and has received grants from
Bayer, Allergan, Thea, and Alimera outside of the submitted work. S.P.
and M.G. are employees of Novartis Pharma AG, Basel, Switzerland.
Novartis Pharma AG, Switzerland, sponsored the study and was
involved in the study conception and design, protocol writing, study
drug provision, study coordination, data collection, data analysis, and
data interpretation.

Sponsored by Novartis Pharma AG, Switzerland, and registered with
www.clinicaltrials.gov (NCT01217944).
692
Data from this study were first presented at: Asia-Pacific Academy of
Ophthalmology, January 17e20, 2013, Hyderabad, India; Controversies in
Ophthalmology, April 4e7, 2013, Budapest, Hungary; and The Association
for Research in Vision and Ophthalmology, May 5e9, 2013, Seattle,
Washington.

Correspondence:
Sebastian Wolf, MD, PhD, Department of Ophthalmology, Inselspital,
University Hospital, University of Bern, Freiburgstrasse 10, Bern 3010,
Switzerland. E-mail: sebastian.wolf@insel.ch.

www.clinicaltrials.gov
mailto:sebastian.wolf@insel.ch


Name INSTITUTION Country

Ursula Schmidt-Erfurth Univ.Klin. f. Augenheilkunde, Allgemeines Krankenhaus, Vienna Austria
Ulrich Schoenherr Abteilung für Augenheilkunde Hospital BHB, Linz Austria
Peter Kertes Sunnybrook Health Sciences Center, Toronto Canada
Patrick Ma Vancouver General Hospital, UBC Eye Care Centre, Vancouver Canada
Sebastien Olivier CSA RC Aile F, Hopital Maisonneuve-Rosemont, Montreal Canada
Carl Arndt Service d’Ophtalmologie, Hôpital Robert Debré, Reims France
Salomon-Yves Cohen Centre d’Ophtalmo Imagerie Laser, Paris France
Catherine Creuzot-Garcher Département d’Ophtalmologie, Hopital General, Dijon France
Jean-Francois Korobelnik Service d’Ophtalmologie, Hopital Pellegrin, Bordeaux Cedex France
Veronique Pagot-Mathis Service d’Ophtalmologie, CHU Paule Viguier Site de Purpan, Toulouse France
Nicole Eter Uniklinik Muenster /Klinik und Poliklinik für Augenheilkunde, Muenster Germany
Andrea Maria Gamulescu Augenklinik, Klinikum der Universität Regensburg, Regensburg Germany
Lutz Hansen Augenklinik, Univ.-Klinikum Freiburg, Freiburg Germany
Frank Holz Univ.-Klinikum Bonn, Ophthalmologische Abt./Augenklinik, Bonn Germany
Antonia Joussen Augenklinik Charité Berlin Campus Virchow-Klinikum, Berlin Germany
Bernd Kirchhof Universitätskliniken Köln - Zentrum für Augenheilkunde, Koeln Germany
Chris Patrick Lohmann Augenklinik, Klinikum rechts der Isar der TU München, München Germany
Gisbert Richard Ophthalmology, Universitaetsklinikum Hamburg-Eppendorf, Hamburg Germany
Wolfgang Schrader Maximilians-Augenklinik, Nuernberg Germany
Georg Spital Augenarztpraxis, St. Franziskus-Hospital, Muenster Germany
Timothy Lai Dept of Ophthalmology & Visual, Chinese University of Hong Kong, University Eye

Center, Hong Kong
Hong Kong

Andras Berta Department of Ophthalmology, University Medical School of Debrecen, Debrecen Hungary
Janos Nemeth Semmelweis Egyetem I, Szemeszeti Klinika, Budapest Hungary
Rajvardhan Azad Dr.R.P.Centre for Ophthalmic Sciences, New Delhi India
Sundaram Natarajan Aditya Jyot Eye Hospital Pvt. Ltd., Mumbai, Maharashtra India
Anand Rajendran Aravind Eye Hospital Retina Department - AECS, MaduraiTamil Nadu India
Naresh Kumar Yadav Narayana Nethralaya, Bangalore India
Francesco Bandello Divisione Oculistica, Fondazione Centro San Raffaele del Monte Tabor IRCCS, Milan Italy
Paolo Lanzetta Clin.Oculistica-Pad.Petracco, A.O.Univers.S.Maria della Misericordia Udine - Univer.Studi ,

Dip.Chirurgie Specialistiche, Udine
Italy

Carlo Sborgia Clinica Oculistica- U.O. Oftalmologia I, Az.Osp.Univ.Consorziale Polic. di Bari, Bari Italy
Giovanni Staurenghi U.O. di Oculistica, Azienda Ospedaliera Luigi Sacco-Polo Universitario, Milan Italy
Yasushi Ikuno Ophthalmology, Osaka University Hospital, Osaka Japan
Tatsuro Ishibashi Ophthalmology, Kyushu University Hospital, Fukuoka Japan
Susumu Ishida Ophthalmology, Hokkaido University Hospital, Hokkaido Japan
Toshinori Murata Ophthalmology, Shinshu University Hospital, Nagano Japan
Yuichiro Ogura Ophthalmology, Nagoya City University Hospital, Nagoya-City, Aichi Japan
Annabelle Ayame Okada Ophthalmology, Kyorin University Hospital, Tokyo Japan
Tetsuju Sekiryu Ophthalmology, Fukushima Medical University Hospital, Fukushima Japan
Fumio Shiraga Ophthalmology, Kagawa University Hospital, Kagawa Japan
Kanji Takahashi Ophthalmology, Kansai Medical University Hirakata Hospital, Osaka Japan
Hiroko Terasaki Ophthalmology, Nagoya University Hospital, Nagoya-City, Aichi Japan
Yasuo Yanagi Ophthalmology, The University of Tokyo Hospital, Tokyo Japan
Nagahisa Yoshimura Ophthalmology, Kyoto University Hospital, Kyoto Japan
Mitsuko Yuzawa Ophthalmology, Surugadai Nihon University Hospital, Tokyo Japan
Hum Chung Ophthalmology, Seoul National University Hospital, Seoul Korea
Sewoong Kang Ophthalmology, Samsung Medical Center, Seoul Korea
Sungchul Lee Ophthalmology, Severance Hospital, Seoul Korea
Younghee Yoon Ophthalmology, Asan Medical Center, Seoul Korea
Rimvydas Stanislovas Asoklis Centre of Eye Diseases, Vilnius University Hospital, Santariskiu Clinic, Vilnius Lithuania
Edward Wylegala Gabinet Okulistyczny, prof. dr hab. Edward Wylegala, Bielsko-Biala Poland
Angela Carneiro Serviço de Oftalmologia, HSJ-HOSPITAL DE SÃO JOÃO, E.P.E., Porto Portugal
Nikolle Tan Tan Tock Seng Hospital - Ophthalmology, Singapore Singapore
Ajeet Madhav Wagle Khoo Teck Puat Hospital, Singapore Singapore
Jaroslav Hasa UN Bratislava, Nemocnica Ruzinov, Klinika oftalmologie, Bratislava Slovak Republic
Maria Molnarova FNsP F.D. Roosevelta, II. Ocna klinika SZU, Banska Bystrica Slovak Republic
Javier Araiz Instituto Clinico Quirurgico de Oftalmologia, Bilbao Spain
Luis Arias Barquet Hospital Universitari de Bellvitge, Consultas externas

Modulo B3 - Oftalmología, Barcelona
Spain

(Continued)

Appendix 1. List of contributing investigators

The following Principal Investigators and their institutions contributed to the study

Wolf et al � Ranibizumab in Pathologic Myopia

692.e1



Appendix 1 (Continued)

Name INSTITUTION Country

Maria Isabel Lopez Gálvez Instituto de Oftalmobiologia Aplicada, IOBA, Campus Miguel Delibes, Valladolid Spain
Jose Maria Ruiz Moreno Vissum Alicante, Instituto Oftalmologico de Alicante, Alicante Spain
Aude Ambresin Hôpital Ophtalmique Jules-Gonin, Lausanne Switzerland
Ioannis Petropoulos Centre ophtalmologique de Rive, Genève Switzerland
Hakan Durukan Gulhane Military Medical Academy. Dedepasa Cad. Elif Sok No. 2, Etlik/Ankara Turkey
Bora Eldem Hacettepe University Medical Faculty Ophthalmology, Ankara Turkey
Emin Ozmert Ankara University Medical Faculty Ophthalmology, Ankara Turkey
Gursel Yilmaz Baskent University Medical Faculty Ophthalmology, Ankara Turkey
Usha Chakravarty Level 8D, c/o Ward 31, E&E clinic, Royal Victoria Hospital, Belfast United Kingdom
Mohammed Majid Bristol Eye Hospital, Bristol United Kingdom
Niro Narendran Eye Infirmary, The Royal Wolverhampton Hospitals NHS Trust, Wolverhampton United Kingdom

Ophthalmology Volume 121, Number 3, March 2014

692.e2


	RADIANCE: A Randomized Controlled Study of Ranibizumab in Patients with Choroidal Neovascularization Secondary to Pathologi ...
	Methods
	Study Design
	Patients
	Randomization and Treatment
	Group I: Ranibizumab Treatment Guided by Visual Acuity Stabilization Criteria
	Group II: Ranibizumab Treatment Guided by Disease Activity Criteria
	Group III: Verteporfin Photodynamic Therapy, with Ranibizumab Allowed as of Month 3
	Sham Treatment
	Masking

	Study Objectives
	Efficacy and Safety Assessments
	Best-Corrected Visual Acuity
	Optical Coherence Tomography
	Color Fundus Photography and Fluorescein Angiography
	Treatment Exposure
	Safety Assessments

	Statistical Analysis

	Results
	Patient Disposition and Demographics
	Efficacy
	Best-Corrected Visual Acuity

	Anatomic Outcomes
	Treatment Exposure
	Ranibizumab Injections
	Verteporfin Photodynamic Therapy

	Safety
	Serious Adverse Events
	Adverse Events (Study Eye)


	Discussion
	Acknowledgments
	References
	Appendix 1


