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Objective: Two similarly designed, phase-3 studies (VEGF Trap-Eye: Investigation of Efficacy and Safety in
Wet AMD [VIEW 1, VIEW 2]) of neovascular age-related macular degeneration (AMD) compared monthly and
every-2-month dosing of intravitreal aflibercept injection (VEGF Trap-Eye; Regeneron, Tarrytown, NY, and Bayer
HealthCare, Berlin, Germany) with monthly ranibizumab.

Design: Double-masked, multicenter, parallel-group, active-controlled, randomized trials.
Participants: Patients (n � 2419) with active, subfoveal, choroidal neovascularization (CNV) lesions (or

juxtafoveal lesions with leakage affecting the fovea) secondary to AMD.
Intervention: Patients were randomized to intravitreal aflibercept 0.5 mg monthly (0.5q4), 2 mg monthly

(2q4), 2 mg every 2 months after 3 initial monthly doses (2q8), or ranibizumab 0.5 mg monthly (Rq4).
Main Outcome Measures: The primary end point was noninferiority (margin of 10%) of the aflibercept

regimens to ranibizumab in the proportion of patients maintaining vision at week 52 (losing �15 letters on Early
Treatment Diabetic Retinopathy Study [ETDRS] chart). Other key end points included change in best-corrected
visual acuity (BCVA) and anatomic measures.

Results: All aflibercept groups were noninferior and clinically equivalent to monthly ranibizumab for the
primary end point (the 2q4, 0.5q4, and 2q8 regimens were 95.1%, 95.9%, and 95.1%, respectively, for VIEW
1, and 95.6%, 96.3%, and 95.6%, respectively, for VIEW 2, whereas monthly ranibizumab was 94.4% in both
studies). In a prespecified integrated analysis of the 2 studies, all aflibercept regimens were within 0.5 letters
of the reference ranibizumab for mean change in BCVA; all aflibercept regimens also produced similar
improvements in anatomic measures. Ocular and systemic adverse events were similar across treatment
groups.

Conclusions: Intravitreal aflibercept dosed monthly or every 2 months after 3 initial monthly doses produced
similar efficacy and safety outcomes as monthly ranibizumab. These studies demonstrate that aflibercept is an
effective treatment for AMD, with the every-2-month regimen offering the potential to reduce the risk from
monthly intravitreal injections and the burden of monthly monitoring.
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Ophthalmology 2012;119:2537–2548 © 2012 by the American Academy of Ophthalmology.

*Group members listed online in Appendix 1 (http://aaojournal.org).
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cause of vision loss and blindness in industrialized coun-
tries.1 The most severe vision loss occurs in the neovas-
cular (or wet) form of AMD, involving choroidal neo-
vascularization (CNV) and associated retinal edema.
Early treatments for CNV (laser ablation, photodynamic
therapy with verteporfin), although clearly better than no
treatment at all, decreased severe vision loss rather than
truly stabilizing vision or resulting in clinically signifi-
cant improvements in visual acuity.2– 4 The suggestion
that vascular endothelial growth factor (VEGF) might be
driving the CNV and associated edema seen in AMD led
to a paradigm shift with the success of the first anti-
VEGF therapy, pegaptanib sodium.5,6 Monthly intravit-
© 2012 by the American Academy of Ophthalmology
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Celltrion, Inc
onoclonal antibody fragment that blocks VEGF, not
nly prevent vision loss in most patients but also lead to
ignificant visual gain in approximately one-third.7,8 The
isk of rare but serious adverse events resulting from the
ntravitreal procedure, together with the significant bur-
en of making monthly visits to their retinal specialist,
ave led to extensive efforts to decrease injection and
onitoring frequency. However, fixed quarterly9,10 or “as

eeded” (pro re nata [PRN]) dosing regimens,11,12 with-
ut requiring monthly monitoring visits, were not effec-
ive at maintaining vision.

The Comparison of AMD Treatments Trials (CATT)13

ecently compared monthly ranibizumab with monthly
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evacizumab, as well as with PRN regimens that required
onthly monitoring visits during which treatment deci-

ions primarily were made on the basis of anatomic
riteria. Monthly bevacizumab resulted in mean best-
orrected visual acuity (BCVA) gains (8.0 letters) similar
o those for monthly ranibizumab (8.5 letters), whereas
RN ranibizumab yielded a mean BCVA gain of 1.7

etters less than that of the monthly standard (with a
onfidence interval [CI] extending to 4.7 letters below)
hat achieved noninferiority, and PRN bevacizumab
ielded a mean BCVA gain 2.6 letters below the monthly
tandard (with a CI extending to 5.9 letters below) that
id not achieve noninferiority. In the CATT, monthly
evacizumab and both PRN regimens were significantly
orse than monthly ranibizumab in terms of the propor-

A
igure 1. Flowcharts describing treatment allocation and patient dispositio
ost common reason for patients to be screened but not randomized was

enter. The second most common reason was visual acuity out of range
ntravitreal aflibercept every 2 months (2q8) dosing was performed after 3
tudy medication in the 2q4, 0.5q4, 2q8, and Rq4 groups were 16 (5.3%), 30
5 (14.5%), 33 (10.5%), and 33 (10.9%), respectively, in VIEW 2. In VIE
o 96.1% completing week-52 visual acuity assessment. A total of 128 p
ccurrence): missed 2 consecutive injections before ninth injection, major
ssessments, no post-baseline assessments. In VIEW 2, 1081 patients were
ssessment. A total of 159 patients were not included in the PPS for the fo
ajor protocol deviation, received �9 injections, had �9 assessments, no

r Global Pharmacovigilance. 0.5q4 � 0.5 mg IAI monthly; 2q4 � 2 mg
AI � intravitreal aflibercept injection.
538
on of patients who had fluid-free retinas on optical
oherence tomography (OCT). Although CIs were not
rovided for monthly and PRN regimens, switching from
onthly to PRN regimens in the second year of the
ATT resulted in a significant worsening of BCVA and

etinal thickness, as well as a significant decrease in the
roportion of patients without retinal fluid.14 The “alter-
ative treatments to Inhibit VEGF in Age-related choroi-
al Neovascularization” (IVAN) study also found that the
ean foveal retinal thickness and the percentage of pa-
ents with fluorescein leakage were significantly higher
ith the PRN regimen compared with the monthly regi-
en.15 In the HARBOR study (Invest Ophthalmol Vis
ci 2012;53:E-Abstract 3677), PRN regimens of both the
pproved 0.5 mg dose and the higher 2 mg dose of

IEW 1 (A) and VIEW 2 (B). In both VIEW 1 and VIEW 2 studies, the
ibility based on angiographic characteristics as identified by the reading
ontinuations are those that occurred from the study. Two milligrams

l monthly doses. The numbers of patients who prematurely discontinued
%), 30 (9.9%), and 27 (8.8%), respectively, in VIEW 1; and 37 (11.8%),
1089 patients were included in the per protocol set (PPS), with 92.6%

s were not included in the PPS for the following reasons (in order of
col deviation, received �9 injections, had �9 assessments, no baseline
ded in the PPS with 95.9% to 97.8% completing week-52 visual acuity
ng main reasons: missed 2 consecutive injections before ninth injection,
ne assessments, no post-baseline assessments, unmasking by investigator
onthly; 2q8 � 2 mg IAI every 2 months after 3 initial monthly doses;
n in V
inelig
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anibizumab did not achieve noninferiority compared
ith monthly ranibizumab, with the 0.5 mg PRN regimen
ielding a mean BCVA gain 2.0 letters below the
onthly standard (with a CI extending to 4.5 letters

elow). Of note, just like the CATT PRN regimens, the
ARBOR PRN regimens still depended on monthly
onitoring visits. Thus, there remains a need for new

herapies that will provide equivalent efficacy and ana-
omic disease control to monthly ranibizumab, while
educing the risk of monthly injections and the burden of
andatory monthly monitoring visits.
Intravitreal aflibercept injection (IAI) (previously

nown in the scientific literature as VEGF Trap-Eye,
egeneron, Tarrytown, NY, and Bayer HealthCare, Ber-

in, Germany) is a soluble decoy receptor fusion pro-
ein16,17 that is specifically purified and formulated for
ntraocular injection. Intravitreal aflibercept at doses of
.5 mg and 2 mg provided the most robust outcomes in
he Clinical Evaluation of Antiangiogenesis in the Retina
ntravitreal Trial Phase 2 (CLEAR-IT 2) study after 4
onthly administrations followed by PRN dosing to
eek 52.18 The binding affinity of intravitreal aflibercept

o VEGF is substantially greater than that of bevaci-
umab or ranibizumab.17 The greater affinity could trans-
ate into a higher efficacy or, as predicted by a math-
matic model, into a substantially longer duration of

B
igure 1. (Continued.)
ction in the eye, allowing for less frequent dosing, as
upported by early clinical trials.18,20 In this article, we
eport the first-year results of 2 phase 3 studies compar-
g intravitreal aflibercept, monthly or every 2 months,
ith monthly ranibizumab.

aterials and Methods

tudy Design

he “VEGF Trap-Eye: Investigation of Efficacy and Safety in Wet
MD” studies (VIEW 1 and VIEW 2) were similarly designed,
rospective, double-masked, multinational, parallel-group, active-
ontrolled, randomized clinical trials. The investigators from the
IEW 1 and VIEW 2 studies are listed in Appendix 1, available

t http://aaojournal.org. Patients in VIEW 1 (registered at www.
linicaltrials.gov on July 31, 2007; NCT00509795. Accessed Au-
ust 8, 2012) were randomized at 154 sites in the United States and
anada. Patients in VIEW 2 (registered at www.clinicaltrials.gov
n March 12, 2008; NCT00637377. Accessed August 8, 2012)
ere randomized at 172 sites in Europe, the Middle East, Asia-
acific, and Latin America; the last patient in both studies com-
leted 52 weeks in September 2010. The study protocols were
pproved by institutional review boards or ethics committees for
ach clinical site; all participants provided written informed con-
ent. All the US study sites complied with the Health Insurance
2539
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ortability and Accountability Act. The 52-week outcomes are
eported.

articipants
nclusion and exclusion criteria were designed to maintain
onstancy with the pivotal trials for the reference drug ranibi-
umab, consistent with regulatory guidelines for noninferiority
tudies, and included (1) age �50 years with active subfoveal
NV lesions (any subtype) secondary to AMD; juxtafoveal

esions with leakage affecting the fovea also were allowed; (2)
NV comprising at least 50% of total lesion size; and (3)
CVA between 73 and 25 Early Treatment Diabetic Retinop-
thy Study chart (ETDRS) letters (20/40 –20/320 Snellen equiv-
lent). Patients with prior treatment for AMD (including an
nvestigational agent or anti-VEGF therapy) in the study eye
ere excluded. Eligibility was determined using fluorescein

ngiography at the reading center. Complete eligibility criteria
re shown in Appendix 2 (available at http://aaojournal.org).

reatment Groups and Randomization
atients were randomized in a 1:1:1:1 ratio to the following
egimens: 0.5 mg aflibercept every 4 weeks (0.5q4); 2 mg
flibercept every 4 weeks (2q4); 2 mg aflibercept every 8 weeks
2q8) after 3 injections at week 0, 4, and 8 (to maintain
asking, sham injections were given at the interim 4-week

isits after week 8); or 0.5 mg ranibizumab every 4 weeks
Rq4). Consecutively enrolled patients were assigned to treat-
ent groups on the basis of a predetermined central random-

zation scheme with balanced allocation, managed by an inter-
ctive voice response system.

nd Points and Statistical Analyses
he primary end point analysis, noninferiority margins, and
efinition of “clinical equivalence” were established in discus-
ion with the Food and Drug Administration (FDA) (as part of
Special Protocol Assessment), European Medicines Agency,

harmaceutical and Medical Device Agency and other regula-
ory authorities, with the intent of maintaining constancy with
he previous ranibizumab pivotal trials7,8 and preserving the

ajority of the treatment effect demonstrated in these trials.
he primary end point analysis was noninferiority of the intra-
itreal aflibercept regimens to ranibizumab in the proportion of
atients maintaining vision at week 52 (losing �15 ETDRS
etters; per protocol data set) in each study. A noninferiority
argin of 10% in the individual studies was chosen to preserve

pproximately two-thirds of the ranibizumab effect for preven-
ion of moderate vision loss (loss of �15 letters) demonstrated
n pivotal ranibizumab studies,7,8 using the 2 CI approach. The
DA suggested that a margin of 5% could determine clinical
quivalence. Thus, the margin of 10% was used for assessing
oninferiority, and the margin of 5% was used for assessing
linical equivalence. The prespecified analysis plan also in-
luded a prospectively planned integrated analysis combining
he 2 VIEW studies; in this integrated analysis, the European

edicines Agency/Committee for Medicinal Products for Hu-
an Use requested a noninferiority margin of 7%. In the

ndividual studies, the primary end point was assessed by a
respecified hierarchical testing sequence of noninferiority to
anibizumab with the sequence of aflibercept 2q4, 0.5q4, and
hen 2q8 to control the 5% (4.9% for VIEW 1) overall type I
rror while maintaining a 5% significance level (4.9% for
540
IEW 1) for each individual comparison (see Appendices 3 and
for details of the statistical analysis, available at http://

aojournal.org). If all aflibercept groups demonstrated noninfe-
iority to ranibizumab for the primary end point, additional
omparisons with ranibizumab were prespecified regarding the
econdary end points, also using a hierarchical testing sequence

which each secondary end point was tested for superiority of
flibercept over ranibizumab. Prespecified secondary efficacy
ariables compared baseline and 52-week data regarding mean
hange in BCVA; gaining �15 letters; change in total National
ye Institute 25-Item Visual Function Questionnaire (NEI
FQ-25) score; and change in CNV area on fluorescein angiog-

aphy. Anatomic measures included retinal thickness and per-
istent fluid as assessed by OCT. Change in BCVA also was
ssessed as part of the prospectively planned prespecified inte-
rated analysis combining the 2 studies.

The full analysis set included all randomized patients who
eceived any study medication and had a baseline and at least 1
ost-baseline BCVA assessment. The per protocol set (PPS)
cluded all patients in the full analysis set who (1) received at
ast 9 doses of study drug and attended at least 9 scheduled
isits during the first year, (2) had not missed 2 consecutive
jections before administration of the ninth injection (per pa-
ent), and (3) did not have major protocol violations. Sham
jections were counted as doses administered for the purpose

f defining the PPS. The PPS included patients who discontin-
ed the study because of treatment failure, without a major
rotocol deviation, at any time during the first 52 weeks (even
they met points 1 and 2 above). These patients were consid-

red nonresponders for the primary end-point analysis. The last
bservation carried forward (LOCF) approach was used to

pute missing values. When indicated, the robustness of anal-
sis results was assessed by using the observed case or com-
leters’ data. A completer was defined as a patient who received
eatment for at least 9 months and had efficacy data for at least
months during the 52 weeks of study. The missing values for

ompleters also were imputed using the LOCF approach.

chedule of Visits and Assessments

atients were examined on the day of treatment initiation and
very 4 weeks thereafter through 52 weeks, as well as 1 week after
rst treatment for safety assessment (subsequent safety assess-
ents occurred by telephone). Each 4-week visit included BCVA

ssessment and anterior/posterior segment examination (with in-
aocular pressure determination) before injection (active or sham)
nd posterior segment examination with intraocular pressure de-
rmination 30 to 60 minutes after injection. For the 2q8 treatment
roup, no treatment decisions were made at the interim monthly
isits. The NEI VFQ-25 assessment occurred at screening and
eeks 12, 24, 36, and 52. Adverse events were recorded at every
isit.

maging Assessments

undus photography and fluorescein angiography were performed
t screening and weeks 24 and 52, and evaluated by an indepen-
ent center (Digital Angiography Reading Center, New York).
ptical coherence tomography was performed using time domain
tratus machines (Carl Zeiss Meditec, Jena, Germany) and eval-
ated by an independent center (VIEW 1: OCT Reading Center at
uke, Durham, NC; VIEW 2: Vienna Reading Center, Austria).
isual acuity examiners were certified to ensure consistent mea-

urement of BCVA. In VIEW 1, OCT was performed at screening,
t the treatment initiation visit, and at weeks 4, 12, 24, 36, and 52

http://aaojournal.org
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and was optional at the investigators’ discretion at other study
isits). In VIEW 2, OCT was performed at every study visit. Areas
f visible CNV (classic or occult) were identified when angio-
raphic analyses showed evidence of late leakage or pooling
f dye.

asking

atients were masked as to treatments. An unmasked investigator
erformed the study drug or sham injection. An unmasked inves-
igator also was responsible for the receipt, tracking, preparation,
estruction, and administration of study drug, as well as safety
ssessments both pre- and post-dose. A separate masked physician
ssessed adverse events and supervised the masked assessment of
fficacy. All other study site personnel were masked to treatment
ssignment by separating study records or masked packaging.
ptical coherence tomography technicians and visual acuity ex-

miners remained masked relative to treatment assignment. Intra-
itreal aflibercept and sham kits were packaged identically. Lu-
entis (Genentech Inc, South San Francisco, CA) was obtained
ommercially but only prepared and delivered by unmasked per-
onnel at the sites.

Table 1. Patient Demograph

VIEW 1

Ranibizumab Intravitreal Afliber

0.5q4 2q4 0.5q4

(full analysis set) 304 304 301
ge, yrs (mean � SD) 78.2�7.6 77.7�7.9 78.4�8.1
ace
White 296 (97.4) 295 (97.0) 291 (96.7)
Black 1 (0.3) 1 (0.3) 0
Asian 0 3 (1.0) 5 (1.7)
Other 7 (2.3) 5 (1.6) 5 (1.7)

ex
Men, n (%) 132 (43.4) 110 (36.2) 134 (44.5)
Women, n (%) 172 (56.6) 194 (63.8) 167 (55.5)

aseline ETDRS BCVA
(mean � SD)

54.0�13.4 55.2�13.2 55.6�13.1

roportion of patients with
�20/40 BCVA, % (n)

4.3% (13) 4.9% (15) 6.3% (19)

NV area, mm2

(mean � SD)
6.53�5.2 6.59�5.1 6.49�4.5

esion type
Predominantly classic,

n (%)
82 (27.0) 87 (28.6) 81 (26.9)

Minimally classic, n (%) 101 (33.2) 105 (34.5) 97 (32.2)
Occult, n (%) 115 (37.8) 110 (36.2) 121 (40.2)

atients with juxtafoveal
lesions, n (%)

15 (4.9) 13 (4.3) 17 (5.6)

esion size, mm2

(mean � SD)
6.99�5.5 6.98�5.4 6.95�4.7

entral retinal thickness,
�m (mean � SD)

315.3�108.3 313.6�103.4 313.2�106.0

aseline NEI VFQ-25
scores (mean � SD)

71.8�17.2 70.4�16.6 71.1�17.8

.5q4 � 0.5 mg monthly; 2q4 � 2 mg monthly; 2q8 � 2 mg every 2 month
horoidal neovascularization; ETDRS � Early Treatment Diabetic Retinop
uestionnaire; SD � standard deviation.
esults

atient Disposition, Baseline Characteristics, and
xposure

he disposition of patients is shown in Figure 1A-B. In VIEW 1,
217 patients were randomized, with 91.1% to 96.4% of patients
ompleting 52 weeks. In VIEW 2, 1240 patients were randomized,
ith 88.1% to 91.1% completing 52 weeks. Baseline demograph-

cs and disease characteristics were evenly balanced among all
reatment groups (Table 1). The mean number of active injections
eceived by patients in all monthly treatment arms, which were
cheduled to receive 13 monthly injections, was 12.1 to 12.5 in
IEW 1 and 12.2 to 12.4 in VIEW 2. The aflibercept every-2-
onth groups, scheduled to receive 3 initial monthly injections

ollowed by 5 active injections over the next 10 months, received
n average of 7.5 active injections in VIEW 1 and in VIEW 2.

rimary End Point Analysis

n both studies, the proportion of patients maintaining vision was
imilar among all treatment groups in the prespecified per-protocol
nalysis and the full analysis set (Table 2). All aflibercept groups
chieved statistical noninferiority compared with monthly ranibi-
umab, with the CIs of the difference between ranibizumab and

nd Baseline Characteristics

VIEW 2

Ranibizumab Intravitreal Aflibercept

2q8 0.5q4 2q4 0.5q4 2q8

301 291 309 296 306
.9�8.4 73.0�9.0 74.1�8.5 74.7�8.6 73.8�8.6

87 (95.3) 213 (73.2) 226 (73.1) 219 (74.0) 217 (70.9)
1 (0.3) 1 (0.3) 0 1 (0.3) 2 (0.7)
4 (1.3) 60 (20.6) 67 (21.7) 61 (20.6) 69 (22.5)
9 (3.0) 17 (5.8) 16 (5.2) 15 (5.1) 18 (5.9)

23 (40.9) 122 (41.9) 133 (43.0) 149 (50.3) 131 (42.8)
78 (59.1) 169 (58.1) 176 (57.0) 147 (49.7) 175 (57.2)
.7�12.8 53.8�13.5 52.8�13.9 51.6�14.2 51.6�13.9

% (20) 2.7% (8) 2.6% (8) 5.4% (16) 3.3% (10)

57�5.1 7.59�5.3 8.25�5.8 7.70�5.3 7.75�5.5

71 (23.6) 70 (24.1) 72 (23.3) 80 (27.0) 88 (28.8)

10 (36.5) 104 (35.7) 112 (36.2) 103 (34.8) 106 (34.6)
18 (39.2) 116 (39.9) 123 (39.8) 113 (38.2) 110 (35.9)
17 (5.6) 20 (6.9) 15 (4.9) 11 (3.7) 14 (4.6)

89�5.2 8.01�5.7 8.72�6.1 8.17�5.5 8.22�5.9

.4�111.2 325.9�110.9 334.6�119.8 326.5�116.5 342.6�124.0

.6�16.8 72.9�19.1 70.3�19.4 74.0�18.2 71.3�19.1

r 3 initial monthly doses; BCVA � best-corrected visual acuity; CNV �
tudy; NEI VFQ-25 � National Eye Institute 25-Item Visual Functioning
ics a
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ach aflibercept group within the prespecified 10% margin (Fig 2),
nd the point estimates of the differences in means favoring the
flibercept groups in all cases. All the aflibercept regimens also
et the prespecified 7% noninferiority margin in the prespecified

ntegrated analysis combining the 2 VIEW studies, as well as the
respecified 5% margin for clinical equivalence compared with
anibizumab in the individual VIEW studies. Moreover, the results
f multiple imputation analyses were consistent with those using
he LOCF.

ean Changes in Best-Corrected Visual Acuity
nd Other Visual Acuity End Points

he mean change in BCVA was a clinically important secondary
nd point in both studies. On the basis of the hierarchical testing
equence, only the aflibercept 2q4 group was statistically superior
o ranibizumab, and only in VIEW 1, with a gain of �10.9 versus

8.1 letters (Table 2). Small numeric differences between treat-
ent groups in one study at any given timepoint were not repro-

uced in the other study, suggesting that they reflected random
ariability even in groups of this size (Fig 3A, B); this interpreta-
ion was supported by a prespecified integrated analysis that com-
ined the 2 studies (Fig 3C), showing similar visual acuity scores

Ranibizumab

0.5q4

rimary end point
N (PPS) 269
Proportion maintaining vision (losing

�15 ETDRS letters), % (n)
94.4% (254)

N (full analysis set) 304
Proportion maintaining vision (losing

�15 ETDRS letters, LOCF), % (n)
93.8% (285)

econdary end points
N (full analysis set) 304
Change in ETDRS BCVA (mean � SD) 8.1�15.3

LS mean difference between IAI and
ranibizumab (95% CI)*

3

Proportion gaining �15 ETDRS letters,
% (n)

30.9% (94)

LS mean difference between IAI and
ranibizumab (95% CI)*

6.5

Change in CNV area, mm2

(mean � SD)
�4.2�5.6

LS mean difference between IAI and
ranibizumab (95% CI)*

�0

Change in total NEI VFQ-25 score
(mean � SD)

4.9�14.0

LS mean difference between IAI and
ranibizumab (95% CI)*

1.

xploratory end point
Change in central retinal thickness, �m

(mean � SD)
�116.8�109.0

ost hoc end point†

Proportion with dry retina (absence of
cystic intraretinal edema and
subretinal fluid on OCT), % (n)

63.6% (171)

.5q4 � 0.5 mg monthly; 2q4 � 2 mg monthly; 2q8 � 2 mg every 2 m
flibercept injection; LOCF � last observation carried forward; LS
95.1% CI for VIEW 1.
Observed case.
542
cross the entire 52-week study for all treatment groups. All
roups behaved similarly in this integrated analysis (Fig 3C), with
apid increases in mean visual acuity after the first injection
ollowed by incremental gains that were durable and maintained
hrough week 52. Regardless of whether the analysis was by
OCF, by multiple imputations, by assessing completers, or by
sing actual observed data, intravitreal aflibercept dosed every 2
onths achieved a mean visual acuity score within 0.3 letters of
onthly ranibizumab in the integrated analysis, with a CI of less

han 2 letters (Fig 3C, inset).
In both studies, the secondary end point of proportions of

atients gaining �15 ETDRS letters from baseline to week 52 was
imilar in all treatment groups (Table 2), as were other exploratory
ategoric measures of visual outcome (Appendix 5, available at
ttp://aaojournal.org). Likewise, vision-related quality of life, as-
essed by the change of total score of the NEI VFQ-25, improved
n all groups in both studies (Table 2).

ey Anatomic Measures

n both studies, all groups demonstrated a comparable decrease
n the secondary end point of change in area of active CNV

Table 2. Prespecified Efficacy

VIEW 1

Intravitreal Aflibercept

2q4 0.5q4 2q8

285 270 265
% (271) 95.9% (259) 95.1% (252)

304 301 301
% (289) 95.0% (286) 94.4% (284)

304 301 301
.9�13.8 6.9�13.4 7.9�15.0
.92 to 5.37) �0.80 (�3.03 to 1.43) 0.26 (�1.97 to 2.49)

% (114) 24.9% (75) 30.6% (92)

0.98 to 14.14) �6.00 (�13.17 to 1.16) �0.36 (�7.74 to 7.03)

4.6�5.5 �3.5�5.3 �3.4�6.0

1.04 to 0.38) 0.71 (�0.01 to 1.42) 0.86 (0.15–1.58)

7�13.5 4.5�11.9 5.1�14.7

0.73 to 3.28) �0.67 (�2.69 to 1.35) �0.60 (�2.61 to 1.42)

6.5�98.4 �115.6�104.1 �128.5�108.5

% (184) 56.7% (148) 63.4% (168)

s after 3 initial monthly doses; BCVA � best-corrected visual acuity;
ast-squares; NEI VFQ-25 � National Eye Institute 25-Item Visual
95.1

95.1
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Heier et al � Intravitreal Aflibercept for Wet AMD
Table 2). Likewise, all aflibercept groups in both studies had
eductions in central retinal thickness similar to those for
onthly ranibizumab as assessed by OCT, with a large and

apid reduction evident by week 4 (with retinal thickness ap-
roaching normal levels) that was maintained to week 52 (Table
, Fig 4). Minor fluctuations in central retinal thickness were
een in the 2q8 group after sham injections in the VIEW 2
tudy; these fluctuations attenuated over time, starting at 17 �m
nd decreasing to 8 �m over the year, with no apparent negative
mpact on visual acuity outcomes.

Because of the inability of other regimens in the CATT13 to
atch the retinal thickness and retinal fluid improvements seen
ith monthly ranibizumab, a post hoc analysis was performed to
etermine the percentage of patients who had fluid-free retinas,
hich were defined, on OCT, by the absence of both cystic

ntraretinal edema and subretinal fluid. All intravitreal aflibercept
roups were similar to the monthly ranibizumab group in terms of
his end point, with numerically higher percentages of dry retinas
een in the 2q4 and 2q8 regimens largely driven by VIEW 2 (Table
; Appendix 6, available at http://aaojournal.org). Integrated anal-
sis combining both studies for proportions of patients with dry
etinas for ranibizumab and the aflibercept regimens of 2q4, 0.5q4,
nd 2q8 showed percentages of 62.0%, 72.4%, 60.3%, and 67.7%,
espectively.

utcomes at Week 52

Ranibizumab

0.5q4

rimary end point
N (PPS) 269
Proportion maintaining vision (losing

�15 ETDRS letters), % (n)
94.4% (254)

N (full analysis set) 291
Proportion maintaining vision (losing

�15 ETDRS letters, LOCF), % (n)
94.8% (276)

econdary end points
N (full analysis set) 291
Change in ETDRS BCVA (mean � SD) 9.4�13.5

LS mean difference between IAI and
ranibizumab (95% CI)*

�1

Proportion gaining �15 ETDRS letters,
% (n)

34.0% (99)

LS mean difference between IAI and
ranibizumab (95% CI)*

�4

Change in CNV area, mm2

(mean � SD)
�4.2�5.9

LS mean difference between IAI and
ranibizumab (95% CI)*

�1.

Change in total NEI VFQ-25 score
(mean � SD)

6.3�14.8

LS mean difference between IAI and
ranibizumab (95% CI)*

�2.

xploratory end point
Change in central retinal thickness, �m

(mean � SD)
�138.5�122.2

ost hoc end point†

Proportion with dry retina (absence of
cystic intraretinal edema and
subretinal fluid on OCT), % (n)

60.4% (162)

NV � choroidal neovascularization; CI � confidence interval; ETD
unctioning Questionnaire; OCT � optical coherence tomography; PPS
igure 2. Difference in proportions of patients who maintained vision (losing
15 Early Treatment Diabetic Retinopathy Study [ETDRS] letters) at week 52 in

he VIEW studies (per protocol set [PPS]). The diamond symbol denotes the
ifference between the treatment arms, and the horizontal bars indicate 95%
onfidence interval (CI) range. The CI within the left 10% (dashed vertical lines)
ndicates that all intravitreal aflibercept arms were noninferior to ranibizumab.
he CI within the left 5% (dotted vertical line) indicates clinical equivalence to

anibizumab. The last observation carried forward (LOCF) was used for imputing
he missing values. RQ4 � 0.5 mg ranibizumab monthly; 0.5Q4 � 0.5 mg IAI
onthly; 2Q4 � 2 mg IAI monthly; 2Q8 � 2 mg IAI every 2 months after 3

nitial monthly doses; IAI � intravitreal aflibercept injection.
VIEW 2

Intravitreal Aflibercept

2q4 0.5q4 2q8

274 268 270
95.6% (262) 96.3% (258) 95.6% (258)

309 296 306
94.5% (292) 95.3% (282) 95.4% (292)

309 296 306
7.6�12.6 9.7�14.1 8.9�14.4

.95 (�4.10 to 0.20) �0.06 (�2.24 to 2.12) �0.90 (�3.06 to 1.26)

29.4% (91) 34.8% (103) 31.4% (96)

.57 (�12.02 to 2.88) 0.78 (�6.91 to 8.46) �2.65 (�10.18 to 4.88)

�6.0�6.1 �4.2�6.1 �5.2�5.9

18 (�1.98 to �0.38) 0.17 (�0.63 to 0.97) �0.73 (�1.53 to 0.07)

4.5�15.0 5.1�13.7 4.9�14.7

79 (�4.90 to �0.68) �0.93 (�3.07 to 1.20) �1.95 (�4.07 to 0.17)

�156.8�122.8 �129.8�114.8 �149.2�119.7

80.3% (220) 63.9% (170) 71.9% (197)

RS � Early Treatment Diabetic Retinopathy Study; IAI � intravitreal
� per protocol set; SD � standard deviation.
2543
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afety
ntravitreal aflibercept was generally well tolerated and had a
rofile of ocular treatment-emergent adverse experiences, includ-
ng serious ocular adverse events, similar to those for monthly
anibizumab (Table 3; Appendix 7, available at http://aaojournal.
rg). Differences were noted in the prespecified analyses of intra-
cular pressure: Fewer patients treated with aflibercept had in-
reases in intraocular pressure over the 52 weeks of the VIEW 1
nd VIEW 2 studies (Appendix 7, available at http://aaojournal.org).
here were few ocular injection–related treatment-emergent seri-
us adverse events in the study eye. The combined data for both
tudies showed a rate of events/1000 injections of 1.1, 0.8, 0.1, and
.2 for the ranibizumab 0.5q4 and intravitreal aflibercept 2q4,

igure 3. Mean change in best-corrected visual acuity (BCVA) from b
nalysis. Values in the line graphs refer to mean changes in the numbe
rm in VIEW 1 was significantly different from ranibizumab (*P � 0
ifference in visual acuity between each intravitreal aflibercept arm an
eek 52, using 3 different analyses: by last observation carried forwar
.5 mg ranibizumab monthly; 0.5q4 � 0.5 mg IAI monthly; 2q4 � 2 mg
TDRS � Early Treatment Diabetic Retinopathy Study; IAI � intrav
544
.5q4, and 2q8 groups, respectively. These events included eye
isorders, endophthalmitis, procedural complications, and in-
reased intraocular pressure.

There was a similar overall incidence of systemic (nonocular)
dverse events (Appendix 7, available at http://aaojournal.org), seri-
us systemic adverse events, specific arterial thromboembolic end
oints as set forth by the Anti-Platelet Trialists’ Collaboration, and
eaths between intravitreal aflibercept and ranibizumab (Table 3).
mong the aflibercept treatment groups, there was no evidence of a
ose-response for adverse events: The group with the highest exposure,
e aflibercept 2q4 group, generally had the lowest rates of adverse

vents. There was little to no immunogenicity associated with intravitreal
flibercept (Appendix 8, available at http://aaojournal.org).

ne to week 52 in the individual VIEW studies and in the integrated
etters from baseline at week 52. Only the intravitreal aflibercept 2q4
for the difference). The panel inset (integrated analysis) shows the
ibizumab (least-square mean with 95% confidence interval [CI]) at
CF), using observed case data, and by assessing completers. Rq4 �
onthly; 2q8 � 2 mg IAI every 2 months after 3 initial monthly doses;
aflibercept injection.
aseli
r of l
.005
d ran

d (LO
IAI m
itreal
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Heier et al � Intravitreal Aflibercept for Wet AMD
iscussion

e have described 2 large and similarly designed clinical trials
nvolving more than 2400 patients with neovascular AMD. In
oth trials, all 3 aflibercept treatment regimens (including the
very-2-month regimen after 3 initial monthly loading doses)
ere statistically noninferior to monthly ranibizumab in pre-
enting moderate visual acuity loss at 1 year, meeting the
rimary outcome of the trials; all the aflibercept regimens also
et the stricter margin of 5% for clinical equivalence com-

ared with monthly ranibizumab. In terms of mean change in
CVA over time, all aflibercept regimens behaved similarly to
onthly ranibizumab, with rapid increases after the first treat-
ent followed by incremental gains that were durable and
aintained through week 52. Mean visual acuity scores were
ithin 1 letter of each other at week 52 in the prespecified

ntegrated analysis combining the 2 studies; of note, aflibercept
osed every 2 months achieved a visual acuity score within 0.3
etters of monthly ranibizumab, with a CI of less than 2 letters,
egardless of the analysis set used. Because the CATT13 high-
ighted the inability of other regimens, including monthly be-

igure 4. Mean change from baseline in central retinal thickness (full an
ptical coherence tomography (OCT) was performed at screening, at the t
t the investigators’ discretion at other study visits). In VIEW 2, OCT wa
as used for imputing the missing values. Rq4 � 0.5 mg ranibizumab mon
mg IAI monthly; 2q8 � 2 mg IAI every 2 months after 3 initial month
acizumab and PRN ranibizumab or bevacizumab, to match
e retinal thickness and retinal fluid improvements seen with
onthly ranibizumab, it is notable that all 3 aflibercept regi-
ens behaved similarly to monthly ranibizumab in terms of
ese anatomic measures.
Because of the large treatment burden, extensive ef-

orts have been devoted toward developing an optimized
reatment paradigm that avoids the need for monthly
njections or monitoring visits. The CATT and HARBOR
tudies used noninferiority margins of change from base-
ine BCVA of 5 letters and 4 letters, respectively, to
valuate the efficacy of PRN regimens (Invest Ophthal-
ol Vis Sci 2012;53:E-Abstract 3677).13 The CATT13

enerated much interest, in part because it showed that
RN ranibizumab and bevacizumab regimens approached

he visual acuity outcomes achieved with monthly ranibi-
umab; however, these PRN regimens produced numer-
cally smaller gains in BCVA at 52 weeks (by 1.7–2.6
etters) with poorer anatomic outcomes. Switching from a
onthly to a PRN regimen during the second year of the
ATT significantly worsened visual and anatomic out-

set). As described in the “Materials and Methods” section, in VIEW 1,
ent initiation visit, and at weeks 4, 12, 24, 36, and 52 (and was optional
ormed at every study visit. The last observation carried forward (LOCF)
0.5q4 � 0.5 mg intravitreal aflibercept injection (IAI) monthly; 2q4 �
es.
alysis
reatm
s perf
thly;
ly dos
2545
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omes and resulted in a decrease in the proportion of
atients without retinal fluid.14 The results from the
ARBOR study showed that PRN regimens of ranibi-

umab (including a higher 2 mg dose) did not achieve
oninferiority compared with monthly ranibizumab (In-
est Ophthalmol Vis Sci 2012;53:E-Abstract 3677).
oreover, the PRN regimens in both CATT and HAR-
OR still required mandatory monthly visits, during
hich treatment decisions had to be made largely on the
asis of anatomic measures. The demonstration that
onthly aflibercept provides similar efficacy and safety

s the current approved standard of monthly ranibizumab
s important, but the finding that remarkably similar
mprovement in vision and anatomic measures can be
chieved with less than monthly intravitreal aflibercept
njections and without requiring monthly monitoring vis-
ts provides an important advance for both patients and
heir treating physicians. The FDA has approved intrav-
treal aflibercept injection for AMD and recommended
he regimen of 2 mg once every 2 months after 3 initial
onthly doses (Eylea [package insert]. Tarrytown, NY:
egeneron Pharmaceuticals, Inc; 2011. Available at:
ttp://www.regeneron.com/Eylea/eylea-fpi.pdf. Access-
d August 8, 2012). This approval was based on the
valuation that this regimen provided the best benefit/
isk; the approved label notes that aflibercept can be
osed as often as every 4 weeks, although additional
fficacy was not reported with such frequent dosing. By
alving the need for monthly visits, the every-2-month regi-
en of aflibercept may markedly decrease the treatment bur-

en experienced by patients and their families. Less frequent

Table 3. Serious Ocular Adverse Events in the Study Eye and
Any S

VIE

Ranibizumab Intr

0.5q4 2q4

(safety analysis set) 304 304
atients with at least 1 ocular SAE, n (%) 10 (3.3) 7 (2.3)
erious ocular adverse event, n (%)
Endophthalmitis 3 (1.0) 3 (1.0)
Visual acuity reduced 2 (0.7) 1 (0.3)
Retinal hemorrhage 2 (0.7) 0
Posterior capsule opacification — —

erious systemic (or nonocular) adverse event 57 (18.8) 40 (13.2)
PTC ATE events
Any APTC ATE event 5 (1.6) 2 (0.7)
Vascular death 1 (0.3) 0
Nonfatal myocardial infarction 4 (1.3) 1 (0.3)
Nonfatal stroke 0 1 (0.3)
ny AE of hypertension 29 (9.5) 25 (8.2)
AEs of interest occurring in any patient
Venous thromboembolic event 1 (0.3%) 0
Congestive heart failure event 2 (0.7%) 1 (0.3%)
GI perforation or fistula event 0 0
Nonocular hemorrhagic event 1 (0.3%) 1 (0.3%)
Delayed wound healing 0 0

.5q4 � 0.5 mg monthly; 2q4 � 2 mg monthly; 2q8 � 2 mg every 2
nti-platelet Trialists’ Collaboration Arteriothrombolic Event; GI � gast

For SAEs of interest, occurrence in any patient is reported.
546
njections also should provide an ocular safety benefit. Al-
hough the VIEW studies were not powered to see differences
n rare but serious intraocular complications (e.g., endophthal-
itis and retinal detachment), it is likely that fewer injections
ay substantially decrease the cumulative population risk of

uch events, considering that millions of injections are given
ach year.

After the 1-year primary end point of VIEW 1/VIEW
presented in this article, all treatment groups’ dosing

ntervals were changed to a common protocol of modified
uarterly dosing with their originally randomized dose
nd drug (all patients were monitored monthly and re-
eived a minimum of dosing every 12 weeks with interim
s-needed monthly intravitreal injections). The results of
his second year were recently presented (Invest Ophthal-
ol Vis Sci 2012;53:E-Abstract 6962) and reveal 81.6%

o 85.7% patient retention in all groups with comparable
isual acuity maintenance (91%–92%) in each group at
he 96-week time point. The total number of active in-
ections (baseline to week 96) was 16.0 to 16.2 in the
onthly intravitreal aflibercept groups, 16.5 in the
onthly ranibizumab group, and 11.2 in the original 2q8

roup. The finding that visual acuity maintenance can
e achieved for up to 96 weeks in the 2q8 group with
imilar gains in BCVA compared with ranibizumab de-
pite more than 5 fewer doses is encouraging and implies
hat the treatment burden of neovascular AMD may be
eaningfully reduced with this 2q8 intravitreal afliber-

ept regimen.
The sustained durability of intravitreal aflibercept as

emonstrated by the every-2-month regimen is consistent

r Key Nonocular Events Occurring in �0.5%* of Patients in
Arm

VIEW 2

al Aflibercept Ranibizumab Intravitreal Aflibercept

.5q4 2q8 0.5q4 2q4 0.5q4 2q8

304 303 291 309 297 307
(2.0) 3 (1.0) 9 (3.1) 6 (1.9) 5 (1.7) 9 (2.9)

0 0 0 0 0 0
(0.7) 0 1 (0.3) 1 (0.3) 1 (0.3) 5 (1.6)

0 2 (0.7) 1 (0.3) 2 (0.6) 1 (0.3) 1 (0.3)
— — 2 (0.7) 0 0 0

(16.4) 51 (16.8) 26 (8.9) 36 (11.7) 37 (12.5) 38 (12.4)

(2.3) 6 (2.0) 5 (1.7) 4 (1.3) 5 (1.7) 8 (2.6)
(0.3) 4 (1.3) 1 (0.3) 1 (0.3) 2 (0.7) 1 (0.3)
(1.3) 1 (0.3) 2 (0.7) 2 (0.6) 2 (0.7) 5 (1.6)
(0.7) 1 (0.3) 2 (0.7) 1 (0.3) 1 (0.3) 2 (0.7)
(8.6) 31 (10.2) 29 (10.0) 31 (10.0) 22 (7.4) 28 (9.1)

(0.3%) 0 0 0 0 0
(0.7%) 3 (1.0%) 1 (0.3%) 0 0 1 (0.3%)

0 0 0 0 1 (0.3%) 1 (0.3%)
(1.0%) 3 (1.0%) 0 2 (0.6%) 0 1 (0.3%)

0 0 0 0 0 0

hs after 3 initial monthly doses; AE � adverse event; APTC ATE �
stinal; SAE � serious adverse event.
Othe
tudy
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Heier et al � Intravitreal Aflibercept for Wet AMD
ith the rationale that a higher binding affinity could lead
o increased durability.17 It is encouraging that the in-
reased affinity of intravitreal aflibercept did not result in
n observed increase in ocular or systemic adverse
vents. In the VIEW 1 and VIEW 2 trials, no differences
n systemic or ocular safety were noted between any of
he doses or dosing regimens of intravitreal aflibercept.
ystemic exposure of aflibercept injected intravitreally is
xtremely low (Eylea [package insert]. Tarrytown, NY:
egeneron Pharmaceuticals, Inc; 2011. Available at:
ttp://www.regeneron.com/Eylea/eylea-fpi.pdf. Access-
d August 8, 2012). After intravitreal administration of 2
g per eye of aflibercept to patients with wet AMD, the
ean maximum concentration of free aflibercept in the

lasma was 0.02 �g/ml (range, 0 – 0.054 �g/ml) and was
ttained in 1 to 3 days. The free aflibercept plasma
oncentrations were undetectable 2 weeks post-dosing in
ll patients. Aflibercept did not accumulate in plasma
hen administered as repeated doses intravitreally every
weeks. It is estimated that after intravitreal administra-

ion of 2 mg to patients, the mean maximum plasma
oncentration of free aflibercept is more than 100-fold
ower than the concentration of aflibercept required to
alf-maximally bind systemic VEGF.

In conclusion, intravitreal aflibercept dosed monthly or
very 2 months after 3 initial monthly doses resulted in
imilar visual and anatomic outcomes as ranibizumab dosed
onthly, as well as similar safety and tolerability. Intravit-

eal aflibercept dosed every 2 months has the potential to
rovide patients, their families, and clinicians the opportu-
ity for the optimal vision gains and anatomic disease
ontrol they have come to expect from monthly ranibi-
umab, with a substantially decreased treatment and com-
liance burden, and a lower cumulative risk of injection-
elated adverse events.
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Appendix 1. VIEW 1 and VIEW 2 Study Investigator List. 

VIEW 1 Study Investigator List  

Principal Investigator Study Site Location/Address 

Abraham, Prema  Black Hills Regional Eye Institute Rapid City, SD  

Adelman, Ron Yale University School of Medicine New Haven, CT 

Adrean, Sean  Retina Consultants of Orange County Fullerton, CA  

Ali, Fareed  Canadian Centre for Advanced Eye Therapeutics Mississauga, Ontario 

Altaweel, Michael  University of Wisconsin Madison, WI  

Antworth, Michael  Retina Consultants of Carolina Greenville, SC  

Appa, Suri  Kaiser Permanente Yorba Linda, CA  

Arend, Laurence  Ochsner Clinic Foundation New Orleans , LA  

Arroyo, Jorge  Beth Israel Deaconess Medical Center Boston, MA  

Baker, Carl W.  Paducah Retinal Center Paducah, KY  

Bakri, Sophie J.  Mayo Clinic - Rochester Rochester, MN  

Beer, Paul   Retina Consultants PLLC Slingerlands, NY  

Benz, Matthew  Vitreo Retinal Consultants Houston, TX  

Berger, Brian B. Retina Research Center Austin, TX  

Berinstein, Daniel  Retina Group of Washington Chevy Chase, MD 

Bertolucci, George A.  Eye Medical Center of Fresno Fresno, CA  

Bhavsar, Abdhish Retina Center Minneapolis, MN 

Blaha, Gregory  Lahey Clinic MCNS. Peabody, MA  

Bloom, Steven Eye Centers of Louisville Louisville, KY  

Bochow,Thomas W.  East Texas Eye Care Associates Tyler, TX  

Boldt, Herbert  The University of Iowa Hospitals & Clinics Department 
of Ophthalmology 

Iowa City, IA  
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Boyer, David  Retina-Vitreous Associates Beverly Hills, CA  

Bridges, Jr., William Z.  Western Carolina Retinal Associate, PA Asheville, NC  

Browning, David  Charlotte Eye, Ear, Nose & Throat Associates, PA Charlotte, NC  

Busquets, Miguel A.  Associates in Ophthalmology, Ltd. West Mifflin, PA  

Chace, Richard  Eyesight Ophthalmic Services Portsmouth, NH  

Chan, Clement  Southern California Desert Retina Consultants Palm Desert. CA  

Chang, Stanley  Harkness Eye Institute at Columbia University 
Department of Ophthalmology 

New York, NY  

Chang, Tom  Retina Institute of California Arcadia, CA  

Chaudhry, Nauman  New England Retina Associates New London, CT  

Chen, Sanford  Orange County Retina Medical Group Santa Ana, CA  

Chiu, Mark  Eye Associates of New Mexico Albuquerque, NM 

Cirino, Anthony  Kaiser Permanente Northwest Portland, OR 

Ciulla, Thomas  Midwest Eye Insititute Indianapolis, IN  

Clark, W. L.  Palmetto Retina Center, LLC West Columbia, SC 

Colquhoun, Peter J.  Southwest Michigan Eye Center Battle Creek, MI 

Combs, James  Virginia Eye Institute Richmond, VA  

Conway, Brian P.  University of Virginia Charlottesville, VA 

Cowan, Gary M.  Retina Consultants PA Fort Worth, TX  

Culbert, Richard  Premier Retina Specialists Odessa, TX 

D’Amico, Donald  Weill Cornell Eye Associates New York, NY 

Denny, John  Retina Associates PC Raleigh, NC 

Dessouki, Amr L. Retinal Diagnostic Center Campbell, CA  

Dickinson, John D.  Associated Consulting Ophthalmologists, Dalhousie 
University 

Halifax, Nova Scotia   

Diddie, Kenneth Retinal Consultants of Southern California Westlake, CA  

DiLoreto Jr., David A.  University of Rochester Eye Institute Rochester, NY  
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Dooner, James Austin Retina Associates, Austin, TX Austin, TX  

Dugel, Pravin U.  Retinal Consultants of Arizona Phoenix, AZ 

Eaton, Alexander  Retina Health Center Fort Myers, FL  

Erasmus, Murray J.  Retina Consultants of Victoria Victoria, British Columbia 

Faber, David W.  Rocky Mountain Retina Consultants Salt Lake City, UT 

Falcone, Philip Connecticut Retina Consultants LLC Bridgeport, CT  

Fan, Joseph  Loma Linda University Loma Linda, CA  

Farber, Matthew E.  Allen County Retinal Surgeons Fort Wayne, IN  

Freeman, William R.  UCSD Jacobs Retina Center La Jolla, CA 

Frenkel, Ronald E.  East Florida Eye Institute Stuart, FL  

Galic, Ivan J.  Royal Victoria Hospital Montreal, Quebec  

Gallemore, Ron P.  Retina Macula Institute Torrance, CA  

Gao, Hua  Indiana University Retina Service Indianapolis, IN  

Garcia, Raul  The Medical Center Pasqua Hospital Regina, Saskatchewan 

Garfinkel, Richard  Retina Group of Washington Fairfax, VA 

Gitter, Kurt A.  Retina Associates New Orleans, LA 

Glaser, David A.  Retina Associates of St. Louis, Inc. Florissant, MO  

Glazer, Louis C.  Vitreo-Retinal Associates PC Grand Rapids, MI  

Gonder, John R.  Ivey Eye Institute London, Ontario 

Gonzalez, Victor H. Valley Retina Institute McAllen, TX 

Gordon, Carmelina TLC Eye Care & Laser Center Jackson, MI  

Gross, Jeffrey G. Carolina Retina Center, PA Columbia, SC 

Guillet, Ernest  Retina Associates of Western New York Rochester, NY  

Gupta, Sunil  Retina Specialists Pensacola, FL 

Hagedorn, Curtis  Colorado Retina Associates Denver, CO  

Hampton, G. R.  Retina Vitreous Surgeons of CNY, PC Syracuse, NY  
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Harris, April Retina Associates S.W., P.C. Tucson, AZ 

Hassan, Tarek S.  Associated Retina Consultants PC Royal Oak, MI  

He, Yu-Guang University of Texas Southwestern Medical Center Dallas, TX  

Heier, Jeffrey S.  Ophthalmic Consultants of Boston Boston, MA  

Hoffert, Deborah S.  Maine Vitreoretinal Consultants LLC PA Bangor, ME  

Hudson, Henry  Retina Center PC Tucson, AZ 

Johnson, Mark  Kellogg Eye Center, Ann Arbor, MI Ann Arbor, MI  

Kaiser, Peter K.  The Cleveland Clinic Foundation, Cleveland, OH Cleveland, OH  

Katz, Randy S. Florida Eye, Boynton Beach Boynton Beach, FL  

Kherani, Amin Calgary Retina Consultants Calgary, Alberta  

Kim, Brian  Fletcher Allen Health Care Burlington, VT  

Klancnik, James M.  Vitreous Retina Macula Consultants of New York New York, NY  

Kokame, Gregg T.  The Retina Center at Pali Momi Aiea, HI  

Kruger, Erik  Eye Care Specialists Kingston, PA   

Kuppermann, Baruch 
D.  

University of California Irvine Medical Center Irvine, CA  

Kurup, Shree  Wake Forest University Eye Center Winston-Salem, NC  

Labelle, Pierre  Hospital Maisonneure Rosemont Montreal University Montreal, Quebec 

Lazarus, Howard John Kenyon American Eye Institute New Albany, IN 

Lee, Michael  Retina Northwest, P.C. Portland, OR  

Leonard, Brian C. University of Ottawa Eye Institute Ontario K1H 8L6 

Leonard, Robert  Dean McGee Eye Institute Oklahoma City, OK  

Levin, Darrin  Retina Consultants of Michigan Southfield, MI  

Lipkowitz, Jeffrey  Delaware Valley Retina Associates Lawrenceville, NJ  

Lit, Eugene  East Bay Retina Consultants Inc. Oakland, CA   

Luu, James K.  Retina Consultants of Southern Colorado P.C. Colorado Springs, CO 

Maguire, Joseph I.  Mid Atlantic Retina Philadelphia, PA  
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Marcus, Dennis  Southeast Retina Center Augusta, GA  

Margolis,Thomas  Retinal & Ophthalmic Consultants PC Northfield, NJ 

Mason III, John O.  Retina Consultants of Alabama Birmingham, AL  

Merkur, Andrew B.  UBC/VH Eye Care Center Vancouver, British 
Columbia  

Michels, Mark  Retina Care Specialists LLP Palm Beach Gardens, FL  

Moinfar, Nader  Magruder Eye Institute Orlando, FL  

Moore, Jeffrey Maine Eye Center, Portland, ME Portland, ME   

Morris, Robert  Retina Specialists of Alabama LLC Birmingham, AL  

Moshfeghi, Darius M.  California Vitreoretinal Research/Stanford University San Mateo, CA  

Nguyen,Quan D.  Johns Hopkins Hospital School of Medicine Wilmer Eye 
Institute 

Baltimore, MD 

Olson, John  Central Florida Retina Orlando, FL  

Palmer, James  Northern California Retina - Vitreous Associates Mountain View, CA  

Parchue, John  Ophthalmology Associates Fort Worth, TX  

Patel, Sunil  Retina Research Institute of Texas Abilene, TX 79606 

Pavan,Peter R.  USF Eye Institute Tampa, FL 

Pearlman, Joel A. Retinal Consultants Medical Group, Inc Sacramento, CA  

Petersen, Michael  Cincinnati Eye Institute Cincinnati, OH  

Podhorzer, Joseph  Joseph R Podhorzer MD PLLC Brooklyn, NY  

Rath, Pamela  Retina Vitreous Consultants Pittsburgh, PA  

Ren, David H.  Regional Retina Shreveport, LA  

Rho, David  Soll Eye Associates Philadelphia, PA  

Robert, Feldman Florida Eye Clinic Altamonte Springs, FL  

Rodden, William  Retina & Vitreous Center of Southern Oregon PC Ashland, OR 

Rosberger, Daniel  MaculaCare, PLLC New York, NY  

Rosen, Richard  New York Eye & Ear Infirmary New York, NY  
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Roth, Daniel B. Retina-Vitreous Center PA Toms River, NJ  

Sabates, Nelson  Vision Research Center Kansas City, MO  

Samy, Chander  Ocala Eye Ocala, FL  

Saperstein, David A.  Vitreoretinal Associates Seattle, WA  

Scales, David Foresight Studies, LLC San Antonio, TX  

Segal, Zachary K.  Med Eye Associates Miami, FL  

Sell, Clive  Associated Retina Consultants Phoenix, AZ   

Shah, Gaurav  Barnes Retina Institute St. Louis, MO  

Singer, Michael A.  Medical Center Ophthalmology Associates San Antonio, TX  

Sippy, Brian  Rocky Mountain Eye Center Missoula, MT 

Sonkin, Peter L.  Tennessee Retina, P.C. Nashville, TN  

Sramek, Stephen  Davis Duehr Dean Dean Health Systems Madison, WI  

Stern, Jeffrey  Capital Region Retina, PLLC Albany, NY  

Stewart, Michael W.  Mayo Clinic Jacksonville Jacksonville, FL  

Stoller, Glenn  Ophthalmic Consultants of Long Island Lynbrook, NY  

Suan, Eric  Retina Care Center Baltimore, MD 

Sun, X. Kathryn  St Johns Clinic Eye Specialists Springfield, MO 

Teske, Michael  University of Utah John Moran Eye Center Salt Lake City, UT  

Tezel, Tongalp  Eye Specialists of Louisville Department of 
Ophthalmology 

Louisville, KY  

Thach, Allen B.  Retina Consultants of Nevada Las Vegas, NV  

Thompson, John  Retina Specialists Towson, MD 

Tolentino, Michael  Center for Retina & Macular Disease Winter Haven, FL  

Verstraeten, Thierry  Allegheny General Hospital Pittsburgh, PA  

Wald, Kenneth  Retina Associates of New York New York, NY  

Walker, Joseph P.  National Ophthalmic Research Institute Fort Myers, FL  

Weinberg, Aaron  NorthShore University HealthSystem Research Institute Oak Brook, IL  
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Weinberg, David V.  Medical College Of Wisconsin Eye Institute Milwaukee, WI  

Weishaar, Paul  Vitreo-Retinal Consultants & Surgeons PA Wichita, KS  

Westfall, Andrew  Retina Consultants LLC Salem, OR  

Wood, Matthew   Eye Surgical Associates Lincoln, NE  

Wroblewski, John  Cumberland Valley Retina Consultants PC Hagerstown, MD 

 

 

VIEW 2 Study Investigator List  

Principal Investigator Study Site Location 

 Arango, Santiago Clínica de Oftalmologia San Diego Medellín, Colombia 

 Bafalluy, Joaquin, A Oftalmólogos especialistas Rosario, Argentina 

 Belfort Mattos, Rubens Escola Paulista de Medicina Hospital São Paulo São Paulo, Brazil 

 Bornfeld, Norbert Universitätsklinikum Essen Zentrum für Augenheilkunde Essen, Germany  

 Carneiro, Ângela Hospital de Säo Joao, EPE 
Serviço de Oftalmologia 
Alameda Prof. Hernani 

Porto, Portugal 

 Das, Taraprasad Prasad Eye Institute Orissa, India 

 Datta, Himadri Regional Institute Of Ophthalmlogy Medical College Kolkata, India 

 Del Valle Cantu, Javier Oftalmolaser de Monterrey Hidalgo Nuevo León, Mexico 

 Devin, Francois Centre d’Ophtalmologie Paradis Marseille, France 

 Dhoble, Pankaja Aravind Eye Hospital Pondicherry, India 

 Dijkman, G. Leiden University Medical Center  Department of 
Opthalmolgy 

 Leiden, The Netherlands 

 Dithmar, Stefan Universitätsklinikum Heidelberg Augenklinik Heidelberg, Germany  

 Emmerich, Karl-Heinz Augenklinik, Klinikum Darmstadt Darmstadt, Germany 

 Esteban González, 
Eduardo 

Hospital Universitario Virgen Macarena  
Servicio de Oftalmología 

Sevilla, Spain  

 Fiser, Ivan Oční klinika Lexum Praha U  Praha, Czech Republic 
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 Foerster, Michael, H Augenklinik Charite Campus - Benjamin Franklin Berlin, Germany 

 Frennesson, Christina Linköping University Hospital Eye Clinic Linköping, Sweden 

 Gamulescu, Maria-
Andreea 

Universitätsklinikum Regensburg Klinik und Poliklinik 
für Augenheilkunde 

Regensburg, Germany  

 Garcia Layana, Alfredo Clinica Universidad de Navarra Servicio de Oftalmología 
Avda 

Pamplona, Spain   

 Garcia-Arumi, Jose Hospital Vall d’Hebrón Servicio de Oftalmología Barcelona, Spain  

 Garg, SP Center for Ophthalmic Sciences AllMS New Delhi, India 

 Gaudric, Alain Hôpital Lariboisiere service d’ophtalmologie Paris, France 

 George, Sheena Western Eye Hospital London, UK 

 Gibson, Jonathan, M Academic Unit of Ophtalmology Aston Academy of Life 
Sciences 
Aston University 

Birmingham, UK 

 Gillies, Mark Save Sight Institute, University of Sydney Eye Hospital Sydney, Australia 

 Gomez-Ulla, Francisco Instituto Tecnológico de Oftalmología Hospital  Santiago de Compostela La 
Coruña, Spain 

 Gomi, Fumi Osaka University Hospital  Osaka, Japan 

 Grisanti, Salvatore Universitatsklinikum Luebeck Luebeck, Germany  

 Gupta, Amod Post Graduate Institute of Education & Research Chandigarh Pin, India 

 Guymer, Robyn Centre for eye research Melbourne, Australia 

 Gyory, Jozsef Veszprém Megyei Csolnoky Ferenc Kórház Non-Profit 
ZRT 

Magyarország, Hungary 

 Hamouz, Jan Oční klinika FNKV  Praha, Czech Republic 

 Hansen, Lutz, L Universitäts-Augenklinik Freiburg Freiburg, Germany  

 Huh, Kuhl Korea University Guro Hospital Department of 
Ophthalmology 

Seoul, Korea  

 Iida, Tomohiro Fukushima Medical University Hospital Fukushima, Japan 

 Ishibashi, Tatsuro Kyushu University Hospital Fukuoka, Japan 

 Izak, Milan 2.očná klinika 
Fakultná Nemocnica F.D. Roosevelta 

Banská Bystrica, Slovakia 
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 Johansson, Ingrid Örebro University Hospital Eye Clinic Orebro, Sweden 

 Kaluzny, Jozef Niepubliczny Zakład Opieki Zdrowotnej OFTALMIKA Bydgoszcz, Poland 

 Kerenyi, Agnes Bajcsy-Zsilinszky Kórház Magyarország, Hungary 

 Kirchhof, Bernd Klinikum der Universität zu Köln Zentrum für 
Augenheilkunde 

Köln-Lindenthal,Germany  

 Kishi, Shoji Gunma University Hospital Gunma, Japan 

 Koenig-Supiot, 
Francoise 

Cabinet Ophtalmologique Lyon, France 

 Kolar, Petr Oční klinika FN Brno Brno, Czech Republic 

 Korobelnik, Jean-
François 

CHU de Bordeaux Hôpital Pellegrin  Service 
d’Ophtalmologie 

Bordeaux, France 

 Kralinger, Martina Medizinische Universität Innsbruck Universitätsklinik für 
Augenheilkunde und Optometrie 

Innsbruck, Austria 

 Kurz-Levin, Malaika UniversitätsSpital Zürich Augenklinik Zürich, Switzerland 

 Lee, Won-Ki Seoul St.Mary’s Hospital Department of Ophthalmology Seoul, Korea  

 Liehneova, Ivana Ocni oddeleni Krajska zdravotni, a.s.- Masarykova 
nemocnice v Usti nad Labem, o.z., 

Usti nad Labem, Czech 
Republic 

 Lohmann, Chris, P Klinikum rechts der Isar Augenklinik München, Germany  

 Lois, Noemi Aberdeen Royal Infirmary Ophthalmology Department Aberdeen, UK 

 Lotery, Andrew Southampton Eye Unit  
Southampton General Hospital  

Hampshire, UK 

 Martins da Silva, 
Rufino 

AIBILI Coimbra, Portugal 

 McAllister, Ian Lion eye institute, Charles Gardner Hospital Nedlands WA, Australia 

 Messias, André 
Márcio, V 

Hospital das Clínicas Faculdade de Medicina de Ribeirão Ribeirão, Brazil 

 Mitchell, Paul Westmead Hospital Eye Clinic Westmead NSW, Australia 

 Mohamed, Karim Servicio de Oftalmología Hospital Universitario “Dr. Jose 
Eleuterio Gonzalez” 

Col. Mitras Centro, C.P., 
Mexico 

 Mohand-Said, Saddek Centre Hospitalier National d’Ophtalmologie des Quinze-
Vingts Centre D’Investigation Clinique 

Paris, France 
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 Morales Canton, 
Virgilio 

Asociacion Para Evitar la Ceguera en Mexico IAP Col. San Lucas Coyoacan 
CP,  Mexico  

 Nagpal, Manish Retina Foundation Gujrat, India 

 Nam, Dong-Heun Gachon University Gil Medical Center Department of 
Ophthalmology 

Incheon, Korea 

 Narayanan, Raja Prasad Eye Institute L.V. Hyderabad, India 

 Narendran, 
VenKatapathy 

Aravind Eye Hospital Tamil Nadu, India 

 Natarajan, S Aditya Jyot Eye Hospital Pvt. Ltd Mumbai, India 

 Natesh, Sribhargava Narayana Netralaya 121/C Bangalore, India 

 Nehemy, Marcio, B Instituto da Visão Rua dos Otoni Minas Gerais, Brazil 

 Ocampo, Hugo, H Clinica de Oftalmologia de Cali Cali, Colombia 

 Ogino, Tetsuo Sapporo City General Hospital Sapporo, Japan 

 Ogura, Yuichiro Nagoya City University Hospital Nagoya, Japan 

 Ohji, Masahito Shiga University of Medical Science Hospital Shiga, Japan 

 Ozawa, Yoko Keio University Hospital Tokyo, Japan 

 Papp, András Semmelweis Egyetem Szemészeti Klinika Magyarország, Hungary 

 Park, Kyu-Hyung Seoul National University Bundang Hospital  
Department of Ophthalmology 

Seongnam, Korea  

 Pauleikhoff, Daniel Augenambulanz Münster, Germany  

 Pfeiffer, Norbert Universitäts-Augenklinik Mainz Mainz, Germany 

 Pournaras, Constantin, 
J 

Clinique dÓphtalmologie de Genève 
Hop. Cantonal Universitaire de Gèneve 

Genève, Switzerland 

 Quaranta El Maftouhi, 
Maddalena 

Centre Ophtalmologique Rabelais Lyon, France 

 Quentel, Gabriel Centre Ophtalmologique d’Imagerie et de Laser Paris, France 

 Raczynska, Krystyna Akademickie Centrum Kliniczne 
Szpital Akademii Medycznej w Gdańsku Klinika Chorób 
Oczu 

Gdańsk, Poland 
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 Rakic, Jean-Marie Domaine Universitaire du Sart Tilman Service d’ 
Ophtalmologie 

Liege, Belgium 

 Ramaswamy, Kim Aravind Eye Hospital Tamil Nadu, India 

 Rehak, Jiri Oční klinika FN Olomouc  Olomouc, Czech Republic 

 Richard, Gisbert Universitätsklinikum Hamburg Eppendorf Klinik und 
Poliklinik für Augenheilkunde 

Hamburg, Germany  

 Rodriguez, Francisco, J Fundacion Oftalmologica Nacional Bogotá, Colombia 

 Roider, Johann Universitätsklinikum Kiel Klinik für Augenheilkunde Kiel, Germany 

 Ruiz Moreno, José 
María 

Vissum Corporacion Alicante   Alicante, Spain 

 Sachs, Helmut, G Krankenhaus Dresden Friedrichstadt Städtisches 
Klinikum Augenklinik Akademisches Lehrkrankenhaus 
der TU Dresden 

Dresden, Germany 

 Sakamoto, Taiji Kagoshima University Medical and Dental Hospital Kagoshima, Japan 

 San, Ian Yeo, Y Singapore National Eye Centre (SNEC) Singapore, Singapore 

 Sandner, Dirk Klinik und Poliklinik für Augenheilkunde am 
Universitätsklinikum Carl Gustav Carus 

Dresden, Germany 

 Sararols, Laura Instituto Universitario Dexeus  
Instituto Oftalmológcio de Barcelona 

Barcelona, Spain  

 Schlottmann, Patricio, 
G 

Organización Médica de Investigación (OMI) Buenos Aires , Argentina 

 Schmidt-Erfurth, 
Ursula H 

Universitätsklinik für Augenheilkunde und Optomerie 
Wien, Medizinische Universität Wien 

Vienna, Austria 

 Schneider, Ulrike Universitätsspital Basel Augenklinik Basel, Switzerland 

 Schönherr, Ulrich Konventhospital Barmherzige Brueder Linz 
Augenabteilung 
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APPENDIX 2: Eligibility Criteria 

 

Inclusion Criteria 

 Men and women ≥50 years of age.  

 Active primary subfoveal CNV lesions secondary to AMD, including juxtafoveal 

lesions that affect the fovea as evidenced by FA in the study eye 

 CNV must be at least 50% of total lesion size  

 ETDRS best-corrected visual acuity of: 20/40 to 20/320 (letter score of 73 to 25) in 

the study eye.  

 Willing, committed, and able to return for ALL clinic visits and complete all study-

related procedures.  

 Able to read, (or, if unable to read due to visual impairment, be read to verbatim by 

the person administering the informed consent or a family member) understand and 

willing to sign the informed consent form. 

 Signed informed consent form 

 

Exclusion Criteria:  

 Any prior ocular (in the study eye) or systemic treatment or surgery for neovascular 

AMD except dietary supplements or vitamins.  

 Any prior or concomitant therapy with another investigational agent to treat 

neovascular AMD in the study eye, except dietary supplements or vitamins.  

 Prior treatment with anti-VEGF agents as follows:  

o Prior treatment with anti VEGF therapy in the study eye is not allowed.  

o Prior treatment with anti VEGF therapy in the fellow eye with an 

investigational agent (not FDA approved, e.g. bevacizumab) is allowed up 

to 3 months prior to first dose in the study, and such treatment will not be 

allowed during the study. Prior treatment with an FDA/Health Canada 

approved anti VEGF therapy in the fellow eye is allowed.  
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o Prior systemic anti VEGF therapy, investigational or FDA/Health Canada 

approved, is only allowed up to 3 months prior to first dose, and will not 

be allowed during the study.  

 Total lesion size > 12 disc areas (30.5 mm
2
), including blood, scars and 

neovascularization) as assessed by FA in the study eye.  

 Subretinal hemorrhage that is either 50% or more of the total lesion area, or if the 

blood is under the fovea and is 1 or more disc areas in size in the study eye. (If the 

blood is under the fovea, then the fovea must be surrounded 270 degrees by visible 

CNV.)  

 Scar or fibrosis, making up > 50% of total lesion in the study eye.  

 Scar, fibrosis, or atrophy involving the center of the fovea in the study eye.  

 Presence of retinal pigment epithelial tears or rips involving the macula in the study 

eye.  

 History of any vitreous hemorrhage within 4 weeks prior to Visit 1 in the study eye.  

 Presence of other causes of CNV, including pathologic myopia (spherical 

equivalent of –8 diopters or more negative, or axial length of 25 mm or more), 

ocular histoplasmosis syndrome, angioid streaks, choroidal rupture, or multifocal 

choroiditis in the study eye.  

 History or clinical evidence of diabetic retinopathy, diabetic macular edema or any 

other vascular disease affecting the retina, other than AMD, in either eye.  

 Prior vitrectomy in the study eye.  

 History of retinal detachment or treatment or surgery for retinal detachment in the 

study eye.  

 Any history of macular hole of stage 2 and above in the study eye.  

 Any intraocular or periocular surgery within 3 months of Day 1 on the study eye, 

except lid surgery, which may not have taken place within 1 month of day 1, as 

long as its unlikely to interfere with the injection. 

 Prior trabeculectomy or other filtration surgery in the study eye. 

 Uncontrolled glaucoma (defined as intraocular pressure ≥ 25 mmHg despite 

treatment with antiglaucoma medication) in the study eye. 
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 Active intraocular inflammation in either eye.  

 Active ocular or periocular infection in either eye.  

 Any ocular or periocular infection within the last 2 weeks prior to Screening in 

either eye.  

 Any history of uveitis in either eye.  

 Presence or history of scleromalacia in either eye.  

 Aphakia or pseudophakia with absence of posterior capsule (unless it occurred as a 

result of a yttrium aluminum garnet [YAG] posterior capsulotomy) in the study eye.  

 Previous therapeutic radiation in the region of the study eye.  

 History of corneal transplant or corneal dystrophy in the study eye.  

 Significant media opacities, including cataract, in the study eye that might interfere 

with visual acuity, assessment of safety, or fundus photography.  

 Any concurrent intraocular condition in the study eye (e.g. cataract) that, in the 

opinion of the investigator, could require either medical or surgical intervention 

during the 96 week study period.  

 Any concurrent ocular condition in the study eye which, in the opinion of the 

investigator, could either increase the risk to the patient beyond what is to be 

expected from standard procedures of intraocular injection, or which otherwise may 

interfere with the injection procedure or with evaluation of efficacy or safety.  

 History of other disease, metabolic dysfunction, physical examination finding, or 

clinical laboratory finding giving reasonable suspicion of a disease or condition that 

contraindicates the use of an investigational drug or that might affect interpretation 

of the results of the study or render the patient at high risk for treatment 

complications.  

 Participation as a patient in any clinical study within the 12 weeks prior to Day 1.  

 Any systemic or ocular treatment with an investigational agent in the past 12 weeks 

prior to Day 1.  

 The use of long acting steroids, either systemically or intraocularly, in the 6 months 

prior to day 1.  

 Any history of allergy to povidone iodine.  
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 Known serious allergy to the fluorescein sodium for injection in angiography.  

 Presence of any contraindications indicated in the FDA Approved label for 

ranibizumab (Lucentis
®
; Genentech Inc., South San Francisco, CA).  

 Females who are pregnant, breastfeeding, or of childbearing potential, unwilling to 

practice adequate contraception throughout the study. Adequate contraceptive 

measures include oral contraceptives (stable use for 2 or more cycles prior to 

screening); IUD; Depo-Provera® (Pfizer, Inc. New York); Norplant® System 

(Pfizer, Inc. New York) implants; bilateral tubal ligation; vasectomy; condom or 

diaphragm plus either contraceptive sponge, foam or jelly. 
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APPENDIX 3: Summary of Statistical Analysis 

The primary endpoint analysis was chosen to preserve constancy with the ranibizumab pivotal 

trials
7,8 

and was non-inferiority of the intravitreal aflibercept treatment regimens to ranibizumab 

in the proportion of patients maintaining vision at week 52 (losing <15 ETDRS letters, per 

protocol data).  Prespecified secondary efficacy variables compared baseline and 52-week data 

regarding: mean change in BCVA; gaining ≥15 letters; change in total National Eye Institute 25-

Item Visual Function Questionnaire (NEI VFQ-25) score; and change in CNV area on FA. 

Anatomic measures included retinal thickness and persistent fluid as assessed by OCT. Mean 

change in BCVA was also assessed in data pooled between the studies.  

 The full analysis set (FAS) included all randomized patients who received any study 

medication and had a baseline and at least one post-baseline BCVA assessment. The per protocol 

set (PPS) includes all patients in the FAS who:  

1. Received at least 9 doses of study drug and attended at least 9 scheduled visits 

during the first year;  

2. Had not missed two consecutive injections before administration of the 9th 

injection (per patient); and 

3. Did not have major protocol violations.  

 Sham injections were counted as doses administered for the purpose of defining the PPS. 

The PPS included patients who discontinued the study because of treatment failure, without a 

major protocol deviation, at any time during the first 52 weeks (even if they met points 1 and 2 

above). These patients were considered non-responders for the primary endpoint analysis.   

 A non-inferiority margin of 10% was chosen to preserve ~61% of the ranibizumab effect 

for prevention of moderate vision loss (loss of <15 letters) demonstrated in MARINA study,
7
 

using the two confidence interval approach. The non-inferiority for the primary endpoint was 

assessed by a pre-specified hierarchical testing sequence to control the overall type I error with 

the sequence of intravitreal aflibercept 2q4, 0.5q4, and then 2q8 as compared with ranibizumab. 

If all intravitreal aflibercept groups demonstrated non-inferiority to ranibizumab for the primary 

endpoint, additional comparisons to ranibizumab were prespecified regarding the secondary 

endpoints, also using a hierarchical testing sequence in which each secondary endpoint was 

tested for superiority of intravitreal aflibercept over ranibizumab. For the primary endpoint 
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analysis, a margin of 5% was used to determine clinical equivalence. To control the 5% (4.9% 

for VIEW 1) overall type I error for all these assessments while maintaining a 5% significance 

level (4.9% for VIEW1) for the primary comparisons, the hierarchical testing procedure was 

used. The order of testing was pre-specified in the study protocols. It was also agreed to by the 

U.S. regulatory agency that, for the primary endpoint analysis, a margin of 5% could be used to 

determine clinical equivalence.   

 Sample sizes were determined assuming that 90% of patients treated with 0.5 mg 

ranibizumab or with intravitreal aflibercept would maintain vision, and defining the non-

inferiority margin to be 10%. In VIEW 1, 191 patients per group per study were estimated to 

provide a 90% power to demonstrate non-inferiority assuming a two-sided alpha level = 0.049. 

In VIEW 2, 190 patients per group were estimated to provide a 90% power to demonstrate non-

inferiority assuming two-sided alpha level = 0.05. To account for dropout or per-protocol set 

ineligibility rate of 30% and to ensure sufficient number of patients for safety assessment, 300 

patients per group were planned. 

 The primary analysis (using last observation carried forward under pre-specified 

conditions) was conducted on the per protocol dataset  and comprised a hierarchical sequence of 

evaluations of non-inferiority of intravitreal aflibercept arms to 0.5 mg ranibizumab to control 

the overall type I error. The hierarchical sequence of comparisons was: 2q4, 0.5q4, and then 2q8. 

95.1% confidence intervals (VIEW1) and 95% confidence intervals (VIEW2) were estimated for 

the difference between ranibizumab and each intravitreal aflibercept arm in the proportion of 

patients who maintained vision. Intravitreal aflibercept was considered to be non-inferior to 

ranibizumab if the confidence interval of the difference lay below 10%, where a positive 

difference favored ranibizumab. 

 If all intravitreal aflibercept groups demonstrated non-inferiority to ranibizumab, 

additional comparisons to ranibizumab would be made with respect to the secondary endpoints 

in a hierarchical sequence of analyses (Appendix 4).  The comparison between 2q4 and Rq4 in 

the primary endpoint was made, and only if non-inferiority was demonstrated at the 5% level 

(4.9% for VIEW 1), or 95% confidence interval (95.1% CI for VIEW 1), the analysis moved on 

to the next comparison between 0.5q4 and Rq4 at the 5% level (4.9% for VIEW1).  Otherwise, 

the testing procedure would be interrupted and no subsequently formal statistical testing could be 
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performed. If all aflibercept groups demonstrated non-inferiority to ranibizumab for the primary 

endpoint, additional comparisons to ranibizumab were performed on the secondary endpoints, 

also using a hierarchical testing sequence in which each secondary endpoint was tested for 

superiority of aflibercept over ranibizumab at the 5% level (4.9% for VIEW 1). Each secondary 

endpoint was tested using the full analysis set (all randomized patients who received any study 

medication and had a baseline and at least one post baseline BCVA assessment), using last 

observation carried forward.  Analyses of proportions were conducted using Pearson’s Chi-

Square test (in VIEW 1) and the Cochran-Mantel-Haenszel test adjusted for region (in VIEW 2) 

for the pairwise comparisons of 2q4, 0.5q4, and 2q8 to Rq4. Analyses of continuous variables 

utilized analysis of covariance with a main-effects model with baseline measure as a covariate 

and treatment as the main factor.  Region is included in the model as an additional factor in 

VIEW 2. Statistical analyses were conducted by Regeneron Pharmaceuticals, Inc and Bayer 

Healthcare. 
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APPENDIX 4: Hierarchy of Statistical Inference for Secondary Endpoints 

 

The secondary endpoint analyses were tested for superiority of Intravitreal aflibercept over 

ranibizumab. The hierarchical sequence of statistical hypothesis tests utilized for control of 

multiplicity was as follows: 

 

1.  Intravitreal aflibercept 2q4 compared to ranibizumab relative to mean change in BCVA 

as measured by ETDRS letter score from baseline to week 52.  

2.  Intravitreal aflibercept 2q4 compared to ranibizumab relative to the proportions of 

patients who gain 15 or more letters of vision from baseline to week 52.  

3.  Intravitreal aflibercept 2q4 compared to ranibizumab relative to mean change in total 

NEI-VFQ-25 score from baseline to week 52.  

4.  Intravitreal aflibercept 0.5q4 compared to ranibizumab relative to mean change in 

BCVA as measured by ETDRS letter score from baseline to week 52.  

5.  Intravitreal aflibercept 0.5q4 compared to ranibizumab relative to the proportions of 

patients who gain 15 or more letters of vision from baseline to week 52.  

6.  Intravitreal aflibercept 0.5q4 compared to ranibizumab relative to mean change in total 

NEI-VFQ-25 score from baseline to week 52.  

7.  Intravitreal aflibercept 2q8 compared to ranibizumab relative to mean change in BCVA 

as measured by ETDRS letter score from baseline to week 52.  

8.  Intravitreal aflibercept 2q8 compared to ranibizumab relative to the proportions of 

patients who gain 15 or more letters of vision from baseline to week 52.  

9.  Intravitreal aflibercept 2q8 compared to ranibizumab relative to mean change in total 

NEI-VFQ-25 score from baseline to week 52.  

10.  Intravitreal aflibercept 2q4 compared to ranibizumab relative to mean change in CNV 

area from baseline to week 52  

11.  Intravitreal aflibercept 0.5q4 compared to ranibizumab relative to mean change in CNV 

area from baseline to week 52  

12.  Intravitreal aflibercept 2q8 compared to ranibizumab relative to mean change in CNV 

area from baseline to week 52 
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APPENDIX 8. Immunogenicity to Intravitreal Aflibercept 

 

As with all therapeutic proteins, there is a potential for immunoreactivity to intravitreal 

aflibercept  in the VIEW studies. To determine this possibility, serum samples were analyzed 

with anti-drug antibody assays to evaluate the number of patients developing antibodies to 

aflibercept as well as the numbers developing neutralizing antibodies to aflibercept.  

In the two studies, the pre-treatment incidence of immunoreactivity to intravitreal 

aflibercept was 1% to 3% across treatment groups. After dosing with intravitreal aflibercept for 

52 weeks, antibodies to intravitreal aflibercept were detected in a similar 1% to 3% range in all 

treatment groups, including the ranibizumab group. Furthermore, only 1 sample from 1 patient 

demonstrated any neutralizing activity in these studies. There were no differences in efficacy or 

safety between patients with or without anti-drug reactivity results.  

The results suggest that the majority of the positive responses in the assays were due to 

pre-existing immunoreactivity which was not drug induced and therefore were not due to an 

immune response to intravitreal aflibercept.  




