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Purpose: A head-to-head comparison was performed between vascular endothelial growth factor blockade
and laser for treatment of diabetic macular edema (DME).

Design: Two similarly designed, double-masked, randomized, phase 3 trials, VISTADME and VIVIDDME.
Participants: We included 872 patients (eyes) with type 1 or 2 diabetes mellitus who presented with DME

with central involvement.
Methods: Eyes received either intravitreal aflibercept injection (IAI) 2 mg every 4 weeks (2q4), IAI 2 mg every

8 weeks after 5 initial monthly doses (2q8), or macular laser photocoagulation.
Main Outcome Measures: The primary efficacy endpoint was the change from baseline in best-corrected

visual acuity (BCVA) in Early Treatment Diabetic Retinopathy Study (ETDRS) letters at week 52. Secondary ef-
ficacy endpoints at week 52 included the proportion of eyes that gained �15 letters from baseline and the mean
change from baseline in central retinal thickness as determined by optical coherence tomography.

Results: Mean BCVA gains from baseline to week 52 in the IAI 2q4 and 2q8 groups versus the laser group
were 12.5 and 10.7 versus 0.2 letters (P < 0.0001) in VISTA, and 10.5 and 10.7 versus 1.2 letters (P < 0.0001)
in VIVID. The corresponding proportions of eyes gaining �15 letters were 41.6% and 31.1% versus 7.8%
(P < 0.0001) in VISTA, and 32.4% and 33.3% versus 9.1% (P < 0.0001) in VIVID. Similarly, mean reductions in
central retinal thickness were 185.9 and 183.1 versus 73.3 mm (P < 0.0001) in VISTA, and 195.0 and 192.4 versus
66.2 mm (P < 0.0001) in VIVID. Overall incidences of ocular and nonocular adverse events and serious adverse
events, including the Anti-Platelet Trialists’ Collaborationedefined arterial thromboembolic events and vascular
deaths, were similar across treatment groups.

Conclusions: At week 52, IAI demonstrated significant superiority in functional and anatomic endpoints over
laser, with similar efficacy in the 2q4 and 2q8 groups despite the extended dosing interval in the 2q8 group. In general,
IAI was well-tolerated. Ophthalmology 2014;121:2247-2254 ª 2014 by the American Academy of Ophthalmology.

Supplemental material is available at www.aaojournal.org.
The growing prevalence of diabetes mellitus worldwide is
predicted to increase the number of afflicted individuals to
430 million by 2030.1 Chronic hyperglycemia secondary to
diabetes mellitus leads to systemic microvascular pathology
throughout the body.2 The vascular beds of the retina are
typically early indicators of disease progression, and the
eye serves as the initial site in which vascular damage may
be diagnosed early during disease progression.3 Indeed, the
most common complication of diabetes is retinopathy;
microaneurysms, blooderetinal barrier dysfunction, and
capillary dropout are important contributors to diabetic
macular edema (DME), the leading cause of blindness in
working-age adults.1,4 Focal laser photocoagulation has
been the standard of care to manage DME ever since the
landmark Early Treatment Diabetic Retinopathy Study
(ETDRS) demonstrated reduction in severe vision loss with
laser directed to the leaking microaneurysms (and areas of
� 2014 by the American Academy of Ophthalmology
Published by Elsevier Inc.
capillary nonperfusion).5 Although a reduction in moderate
and severe vision loss was demonstrated with ETDRS laser
intervention, <3% of treated patients gained 15 visual
acuity letters.5 Compared with the ETDRS study, a higher
percentage of eyes (15%) treated with a modified ETDRS
laser protocol gained �15 visual acuity letters at 1 year in
the Diabetes Retinopathy Clinical Research Network
(DRCR.net) trial.6 Recently, as a result of the RISE/RIDE
studies, intravitreal injections of anti-vascular endothelial
growth factor (anti-VEGF) agents have progressively
replaced focal laser photocoagulation as the primary treat-
ment for center involving macular edema. Anti-VEGF treat-
ment administered monthly demonstrated significant visual
acuity gains in a large percentage of patients and reduction of
severe visual acuity loss when administered along with pro re
nata (PRN) laser.7 Although the RISE/RIDE studies, among
others, resulted in a shift of the treatment paradigm for DME,
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many patients in clinical practice may find a monthly
treatment schedule difficult to maintain.

Aflibercept is composed of key domains from human
VEGF receptors 1 and 2 fused to the Fc domain of human
immunoglobulin G1 and has approximately 100-fold greater
binding affinity to VEGF-A than either bevacizumab or rani-
bizumab.8 Intravitreal aflibercept injection (IAI; also known in
the scientific literature as VEGF Trap-Eye or IVT-AFL) was
recently demonstrated to have clinically equivalent efficacy to
monthly ranibizumab in neovascular age-related macular
degeneration, whether it was administered monthly or by a
more convenient regimen every 2 months after 3 initial
monthly doses.9We report here the primary outcome results of
2 parallel, phase 3 DME studies in diverse North American,
European, Asian, and Australian patient populations. These
studies, VISTADME and VIVIDDME, compared at week 52
the efficacy and safety of focal laser photocoagulation (with
sham intraocular injections) with IAI either every 4 weeks or
every 8 weeks, after 5 initial monthly doses. These are the
first phase 3 studies directly comparing VEGF-blockade
alone with laser alone in DME.
Methods

The VISTA and VIVID studies were 2 phase 3, randomized, double-
masked, active-controlled, 148-week trials. The VISTA study
(registered at www.clinicaltrials.gov; NCT01363440) was conducted
across 54 sites in the United States and the VIVID study (registered at
www.clinicaltrials.gov; NCT01331681) was conducted at 73 sites
across Europe, Japan, and Australia (Appendix 1 provides a list of
study investigators; available at www.aaojournal.org). Each clinical
site’s respective institutional review board/ethics committee
approved the study. All patients provided written informed consent.
Data for this report, which presents the 52-week results, were
collected between May 2011 and June 2013.

Participants and Treatments

Adult patients with type 1 or 2 diabetes mellitus who presented
with central DME involvement (defined as retinal thickening
involving the 1 mm central (optical coherence tomography) sub-
field thickness [CST]) were eligible for enrollment if best-corrected
visual acuity (BCVA) was between 73 and 24 letters (20/40e20/
320 Snellen equivalent) in the study eye (Appendix 2; available at
www.aaojournal.org). Only 1 eye per patient was enrolled in the
study. Eyes were randomized in a 1:1:1 ratio to receive either 2
mg IAI every 4 weeks (2q4), 2 mg IAI every 8 weeks after 5
initial monthly doses (from baseline to week 16) with sham
injections on non-treatment visits (2q8), or macular laser photo-
coagulation at baseline and sham injections at every visit (laser
control group). For the primary outcome at week 52, treatments
were given as described from baseline to week 48 (Appendix 3;
available at www.aaojournal.org); however, the studies continued
with the dosing regimens as described for the IAI groups
through week 148. Eyes in the laser group received IAI as
needed during the third year.

Study eyes in all treatment groups were assessed for laser
retreatment beginning at week 12. If any ETDRS-defined, clini-
cally significant macular edema, for which laser has been shown to
be visually beneficial, was present (defined as thickening of retina
or hard exudates at �500 mm of center of the macula, or �1 zone
of retinal thickening 1 disc area or larger, any part of which was
within 1 disc diameter of center of the macula), study eyes in the
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2q4 and 2q8 groups received sham laser and those in the laser
group received active laser, but not more frequently than every 12
weeks.

Study eyes in all treatment groups could also receive additional
(rescue) treatment from week 24 onward if they lost, owing to
worsening DME, �10 letters on 2 consecutive visits or �15 letters
at any 1 visit from the best previous measurement, and BCVA was
worse than baseline. When criteria for additional treatment were
met, study eyes in the 2q4 and 2q8 groups received active laser
(rather than sham) from week 24 onward, whereas those in the
laser group received 5 doses of 2 mg IAI every 4 weeks followed
by dosing every 8 weeks.

Outcome Measures

The primary efficacy endpoint was the change from baseline in
BCVA in ETDRS letters at week 52. The secondary efficacy
endpoints were (a) proportion of eyes that gained �10 letters from
baseline, (b) proportion of eyes that gained �15 letters from
baseline, (c) proportion of eyes with a �2-step improvement in the
ETDRS Diabetic Retinopathy Severity Scale (DRSS) score,10 (d)
change from baseline in CST, as determined by optical
coherence tomography, (e) change from baseline in the National
Eye Institute Visual Function Questionnaire-25 (NEI VFQ-25)
near activities subscale score, and (f) change from baseline in the
NEI VFQ-25 distance activities subscale score. Methodologies for
measuring outcomes are described in Appendix 4 (available at
www.aaojournal.org).

Statistical Analyses

Efficacy was evaluated in the full analysis sets (eyes that received
study treatment and had a baseline and �1 post-baseline BCVA
assessment) from each individual study. If either of the IAI groups
was superior to laser in the primary efficacy endpoint, comparisons
between this IAI group and laser for the secondary efficacy end-
points were then performed in a hierarchical order from (a) to (f)d
as described under Outcome Measuresdto control for multiplicity.
Both primary and secondary efficacy endpoints were evaluated at a
2-sided significance level of 2.5%. Missing values were imputed
using the last observation carried forward (LOCF) method, and for
eyes that received additional treatment, the last value before
additional treatment was used for analyses, censoring values after
additional treatment (LOCF). Prespecified sensitivity analyses were
also performed to include values after additional treatment was
given (aLOCF). Safety was assessed on the integrated safety
set from VISTA and VIVID, including all randomized patients
who received any study treatment. Statistical methods and
sample size calculation are described in Appendix 5 (available at
www.aaojournal.org).

Results

Patient Disposition, Baseline Characteristics, and
Treatment Experience

The VISTA study randomized 466 patients and VIVID, 406 patients,
eachwith 1 study eye (Appendix 6; available at www.aaojournal.org).
Overall, demographics and baseline characteristics of patients were
similar across all treatment groups in both studies (Table 1).
However, VISTA included a greater proportion of Black or
African-American patients and VIVID had a greater proportion of
Asian patients. In addition, more eyes in VISTA had prior anti-VEGF
therapy for DME compared with VIVID (42.9% vs 8.9%, respec-
tively). Study eyes in the 2q4 and 2q8 groups received a mean of 11.8
and 8.4 injections in VISTA, and 12.2 and 8.7 injections in VIVID,
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Table 1. Patient Demographics and Baseline Characteristics

Characteristic

VISTA VIVID

Laser
(n ¼ 154)

IAI 2q4
(n ¼ 154)

IAI 2q8
(n ¼ 151)

Laser
(n ¼ 132)

IAI 2q4
(n ¼ 136)

IAI 2q8
(n ¼ 135)

Mean age, years (SD) 61.7 (8.7) 62.0 (11.2) 63.1 (9.4) 63.9 (8.6) 62.6 (8.6) 64.2 (7.8)
Female, n (%) 69 (44.8) 67 (43.5) 73 (48.3) 54 (40.9) 53 (39.0) 47 (34.8)
Race, n (%)
White 131 (85.1) 128 (83.1) 125 (82.8) 106 (80.3) 109 (80.1) 106 (78.5)
Black or African American 16 (10.4) 16 (10.4) 19 (12.6) 1 (0.8) 0 (0) 1 (0.7)
Asian 3 (1.9) 5 (3.2) 2 (1.3) 25 (18.9) 27 (19.9) 27 (20.0)
Other* 4 (2.6) 5 (3.2) 5 (3.3) 0 (0) 0 (0) 1 (0.7)

Mean HbA1c, % (SD) 7.6 (1.7) 7.9 (1.6) 7.9 (1.6) 7.7 (1.3) 7.8 (1.5) 7.7 (1.4)
Patients with HbA1c >8%, n (%) 45 (29.2) 57 (37.0) 57 (37.7) 42 (31.8) 55 (40.4) 44 (32.6)
Mean duration of diabetes, years (SD) 17.2 (9.5) 16.5 (9.9) 17.6 (11.5) 14.5 (9.8) 14.3 (9.2) 14.1 (8.9)
Mean BCVA, letters (SD) 59.7 (10.9) 58.9 (10.8) 59.4 (10.9) 60.8 (10.6) 60.8 (10.7) 58.8 (11.2)
Mean central retinal thickness, mm (SD) 483 (153) 485 (157) 479 (154) 540 (152) 502 (144) 518 (147)
DRSS score,y n (%)
10 1 (0.6) 4 (2.6) 4 (2.6) 0 0 0
20 3 (1.9) 5 (3.2) 3 (2.0) 1 (0.8) 0 0
35 5 (3.2) 7 (4.5) 9 (6.0) 2 (1.5) 0 1 (0.7)
43 60 (39.0) 49 (31.8) 52 (34.4) 36 (27.3) 31 (22.8) 28 (20.7)
47 26 (16.9) 26 (16.9) 32 (21.2) 24 (18.2) 18 (13.2) 27 (20.0)
53 42 (27.3) 52 (33.8) 40 (26.5) 35 (26.5) 44 (32.4) 42 (31.1)
61 1 (0.6) 1 (0.6) 2 (1.3) 1 (0.8) 2 (1.5) 2 (1.5)
65 10 (6.5) 4 (2.6) 5 (3.3) 0 (0) 2 (1.5) 1 (0.7)
71 1 (0.6) 4 (2.6) 1 (0.7) 0 0 0
75 1 (0.6) 0 0 0 0 0
Cannot grade 4 (2.6) 2 (1.3) 3 (2.0) 33 (25) 39 (28.7) 34 (25.2)

Prior anti-VEGF treatment, n (%) 63 (40.9) 66 (42.9) 68 (45.0) 13 (9.8) 8 (5.9) 15 (11.1)
NEI VFQ-25 score, mean (SD)
Total 68.7 (18.1) 69.5 (19.9) 70.5 (17.1) 77.5 (15.2) 77.3 (16.2) 71.2 (17.8)
Distance activities 63.7 (23.3) 65.3 (23.5) 66.8 (22.5) 77.0 (20.9) 76.7 (21.8) 67.8 (22.9)
Near activities 56.6 (23.1) 60.1 (23.9) 58.1 (22.9) 67.4 (22.2) 68.0 (22.9) 60.8 (23.5)

2q4 ¼ 2 mg IAI every 4 weeks from baseline to week 48; 2q8 ¼ 2 mg IAI every 4 weeks from baseline to week 16 (5 doses) followed by dosing every 8 weeks
through week 48; BCVA ¼ best-corrected visual acuity; DRSS ¼ Diabetic Retinopathy Severity Scale; IAI ¼ intravitreal aflibercept injection; HbA1c ¼
hemoglobin A1c; NEI VFQ-25 ¼ National Eye Institute Visual Function Questionnaire d25; SD ¼ standard deviation; VEGF ¼ vascular endothelial
growth factor.
Full analysis set.
*In VISTA included American Indian or Alaska native, Native Hawaiian or other Pacific islander, and not reported, and in VIVID included multiracial
patients.
yLevel 10, none; levels 14, 15, 20, 35, and 43, mild to moderate nonproliferative diabetic retinopathy; levels 47 and 53, moderately severe/severe non-
proliferative diabetic retinopathy; levels 61, 65, 71, 75, 81, and 85, mild/moderate/high-risk/advanced proliferative diabetic retinopathy.
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respectively (Table 2). Eyes in the laser group received an average
of 2.7 and 2.1 laser treatments in VISTA and VIVID, respectively.
Additional (rescue) treatment in VISTA was given to 0.7% to
2.6% of eyes in the IAI groups compared with 31.2% of eyes in
the laser group, and in VIVID to 4.4% to 8.1% of eyes in the
IAI groups compared with 24.1% of eyes in the laser group
(Table 2).

Primary and Secondary Endpoints

In both VISTA and VIVID, eyes treated with IAI 2q4 and 2q8 had
significant BCVA improvements from baseline when compared
with the laser group. The mean values � standard deviation (SD)
change from baseline BCVA in the 2q4 and 2q8 groups compared
with the laser group was þ12.5�9.5 letters and þ10.7�8.2 letters
versus þ0.2�12.5 letters (P < 0.0001) in VISTA, and þ10.5�9.5
letters and þ10.7�9.3 letters versus þ1.2�10.6 letters (P <
0.0001) in VIVID, respectively (Fig 1A). The between-group dif-
ferences remained significant in favor of the IAI groups when
values after additional (rescue) treatments were included in the
analyses (Fig 1B). In both studies, BCVA gains with both IAI
regimens were similar and significantly greater than laser in the
subgroups of eyes with and without prior anti-VEGF therapy
(Table 3; available at www.aaojournal.org).

In both VISTA and VIVID, significantly more eyes treated with
IAI gained �10 and �15 letters from baseline at week 52. The
proportion of eyes that gained �10 letters from baseline in the 2q4
and 2q8 groups compared with the laser group was 64.9% and
58.3% versus 19.5% (P < 0.0001) in VISTA, and 54.4%
and 53.3% versus 25.8% (P < 0.0001) in VIVID, respectively
(Fig 1C). The corresponding percentages for eyes that gained �15
letters were 41.6% and 31.1% versus 7.8% (P < 0.0001) in
VISTA, and 32.4% and 33.3% versus 9.1% (P < 0.0001) in
VIVID, respectively (Fig 1C). The proportion of eyes that lost
�15 letters from baseline in the 2q4 and 2q8 groups compared
with the laser group was 0.6% and 0.7% versus 9.1% in VISTA,
and 0.7% and 0% versus 10.6% in VIVID, respectively. The
proportion of patients who did not lose any letters from baseline
2249
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Table 2. Treatment Experience from Baseline to Week 52

Number of Scheduled Treatments, Mean (SD)

VISTA VIVID

Laser
(n ¼ 154)

IAI 2q4
(n ¼ 155)

IAI 2q8
(n ¼ 152)

Laser
(n ¼ 133)

IAI 2q4
(n ¼ 136)

IAI 2q8
(n ¼ 135)

Laser photocoagulation 2.7 (1.1) e e 2.1 (1.1) e e
Intravitreal aflibercept e 11.8 (2.6) 8.4 (1.3) e 12.2 (2.6) 8.7 (1.2)
Study eyes that received additional treatment,* n (%) 48 (31.2)* 4 (2.6)* 1 (0.7)* 32 (24.1)* 6 (4.4)* 11 (8.1)*

“e” ¼ not applicable; 2q4 ¼ 2 mg IAI every 4 weeks from baseline to week 48; 2q8 ¼ 2 mg IAI every 4 weeks from baseline to week 16 (5 doses) followed by
dosing every 8 weeks through week 48; IAI ¼ intravitreal aflibercept injection; SD ¼ standard deviation.
Safety analysis set.
*Additional treatment was 2 mg IAI every 4 weeks for 5 initial doses followed by dosing every 8 weeks in the laser group, and active laser for the IAI 2q4 and
2q8 groups. Eyes in the laser group that qualified for additional treatment (48 eyes in VISTA and 32 eyes in VIVID) received a mean � SD of 4.4�1.6 and
4.2�1.8 injections of IAI, respectively. Eyes in the 2q4 and 2q8 groups (4 and 1, respectively, in VISTA; 6 and 11 in VIVID) that qualified for additional
treatment received a mean � SD of 1.0�0 and 1.0�NE (not evaluable) laser in VISTA, and 1.7�0.5 and 1.5�0.5 lasers in VIVID, respectively.
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in the 2q4 and 2q8 groups compared with the laser group was
94.2% and 92.7% versus 57.1% in VISTA, and 94.1% and
91.9% versus 62.9% in VIVID, respectively.

Significantly greater proportions of eyes treated with IAI 2q4
and 2q8 compared with those treated with laser had a �2-step
improvement in DRSS score in both VISTA (33.8% and 29.1%
versus 14.3%, respectively; P < 0.01) and VIVID (33.3% and
27.7% versus 7.5%, respectively; P < 0.001; Fig 2A). The mean
value � SD improvements from baseline in CST were robust
throughout the study and were significantly greater at week 52
in the 2q4 and 2q8 groups compared with the laser group
in both VISTA (�185.9�150.7 mm and �183.1�153.5 mm
vs �73.3�176.7 mm, respectively; P < 0.0001) and VIVID
(�195.0�146.6 mm and �192.4�149.9 mm vs �66.2�139.0
mm, respectively; P < 0.0001; Fig 2B). The mean � SD change
from baseline in NEI VFQ-25 score was significantly different
only for the near activities subscale in favor of IAI 2q4 compared
with laser in VISTA (9.0�20.6 vs 5.4�20.4, respectively;
P ¼ 0.0168; Fig 3; available at www.aaojournal.org). The NEI
VFQ-25 subscale scores were similar across all treatment groups
in VIVID (Fig 3; available at www.aaojournal.org).

Adverse Events

The overall incidences of ocular and nonocular adverse events
were similar across treatment groups (Appendix 7; available
at www.aaojournal.org). There were no clinically relevant
differences between the treatment groups in terms of frequency
or pattern of ocular serious adverse events (Table 4). There were
no reports of endophthalmitis, or events suggestive of
endophthalmitis (such as hypopyon). The incidence of intraocular
inflammation based on the total number of intravitreal injections
in the IAI 2q4, IAI 2q8, and laser groups was 0.2% (4/1832
injections), 0.1% (1/1284 injections), and 0.5% (1/212 injections)
in VISTA, and 0.2% (4/1656 injections), 0.4% (5/1168
injections), and 0.7% (1/135 injections) in VIVID, respectively.
However, both laser patients developed intraocular inflammation
prior to receiving IAI.

The incidence of nonocular serious adverse events was slightly
higher for some events in the combined IAI group (e.g., congestive
cardiac failure and anemia), and for others in the laser group (e.g.,
acute myocardial infarction and osteoarthritis), with no apparent
general trend (Appendix 7; available at www.aaojournal.org). The
overall incidences of nonocular serious adverse events and arterial
thromboembolic events defined by the Anti-Platelet Trialists’
Collaboration criteria were similar across treatment groups
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(Appendix 7, available at www.aaojournal.org; Table 4). The number
of vascular deaths in the 2q4, 2q8, and laser groups was 2, 2, and 2,
respectively (Appendix 7; available at www.aaojournal.org).
The total number of deaths in these groups was 2, 4, and 2,
respectively, with the 2 additional nonvascular deaths in the 2q8
group attributed to B-cell lymphoma and lung neoplasm (Appendix
7; available at www.aaojournal.org). The incidences and patterns of
deaths were not clinically different among treatment groups.

Discussion

The VIVID and VISTA studies provide the first head-to-
head comparisons of anti-VEGF blockade alone versus
laser therapy alone. The results demonstrate that IAI given
either every 4 or every 8 weeks (after 5 initial monthly
doses) is superior to laser and results in both significant
visual acuity gains and prevention of severe visual acuity
loss. The primary efficacy endpoint (change from baseline
in BCVA at 52 weeks) was superior in both 2q4 and 2q8
groups compared with the laser group in both studies. The
percentage of eyes in the laser group that lost �15 letters of
vision was 9.1% in VISTA and 10.6% in VIVID, replicating
the 10% loss in the laser group reported by the ETDRS
study.5 In the DRCR.net trial, 8.0% of eyes treated with a
modified ETDRS laser protocol lost �15 letters at 1 year.
In marked contrast, <1% of eyes in the IAI groups
(both 2q4 and 2q8) had severe visual acuity loss. An
additional benefit noted in both the IAI 2q4 and 2q8
groups include significant improvement in DRSS score,
implying regression of the underlying diabetic retinopathy
beyond the macular area.

The VISTA/VIVID trial design differs in several respects
from previous anti-VEGF DME trials.7,11,12 First, the trial
included multiethnic populations; approximately 20% of
patients in VIVID were Asian compared with approximately
5.0% of patients in the RISE/RIDE trials.7 Approximately
43% of study eyes in VISTA had been previously treated
with anti-VEGF agents (with a �3-month washout period)
demonstrating efficacy in eyes that were not totally naïve to
anti-VEGF therapy. The VISTA/VIVID trials also differed
from the RISE/RIDE trials in that the active anti-VEGF
agent was compared with an active control group (laser),
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Figure 1. Visual outcomes from baseline to week 52. A, Mean � standard deviation (SD) change in best-corrected visual acuity (BCVA) from baseline
through week 52 with censoring of values after additional treatment was given (LOCF). B, Mean � SD change in BCVA from baseline through week 52
with inclusion of values after additional treatment was given (aLOCF). C, Proportion of eyes that gained �10 and �15 letters from baseline to week 52
(LOCF). Full analysis set. In VISTA, n ¼ 154 for laser, n ¼ 154 for intravitreal aflibercept injection (IAI) 2q4, and n ¼ 151 for IAI 2q8. In VIVID, n ¼ 132
for laser, n ¼ 136 for IAI 2q4, and n ¼ 135 for IAI 2q8. ***P < 0.0001 versus laser from the analysis of covariance (ANCOVA) model for A and B, and
Cochran-Mantel-Haenszel (CMH) test for C. 2q4 ¼ 2 mg IAI every 4 weeks from baseline to week 48; 2q8 ¼ 2 mg IAI every 4 weeks from baseline to week
16 (5 doses) followed by dosing every 8 weeks through week 48; aLOCF ¼ last observation carried forward, including values after additional treatment was
given; LOCF ¼ last observation carried forward, censoring values after additional treatment was given; CMH ¼ Cochran-Mantel-Haenszel; SD ¼ standard
deviation.

Korobelnik et al � Intravitreal Aflibercept for Diabetic Macular Edema

2251



Figure 2. Additional key secondary endpoints. A, Proportion of eyes with a �2-step improvement in Diabetic Retinopathy Severity Scale (DRSS) score
from baseline to week 52. Full analysis set; last observation carried forward, censoring values after additional treatment was given (LOCF). In VISTA, n ¼
154 for laser, n ¼ 154 for intravitreal aflibercept injection (IAI) 2q4, and n ¼ 151 for IAI 2q8. In VIVID, n ¼ 80 for laser, n ¼ 81 for IAI 2q4, and n ¼ 83
for IAI 2q8. B, Mean change from baseline in central (optical coherence tomography) subfield thickness (CST) at each study visit through week 52. Full
analysis set; LOCF. In VISTA, n ¼ 154 for laser, n ¼ 154 for IAI 2q4, and n ¼ 151 for IAI 2q8. In VIVID, n ¼ 132 for laser, n ¼ 136 for IAI 2q4, and n ¼
135 for IAI 2q8. *P < 0.01, **P < 0.001, and ***P < 0.0001 versus laser. 2q4 ¼ 2 mg IAI every 4 weeks from baseline to week 48; 2q8 ¼ 2 mg IAI every 4
weeks from baseline to week 16 (5 doses) followed by dosing every 8 weeks through week 48; LOCF ¼ last observation carried forward, censoring values after
additional treatment was given.
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whereas the RISE/RIDE trials compared ranibizumab with
sham injections. In the RISE/RIDE studies, PRN laser was
available to all groups after 3 months, based on predefined
anatomic criteria.7 In contrast, the IAI groups in VIVID/
VISTA could only receive laser as a rescue treatment after
24 weeks, based on significant visual acuity loss. Few eyes
(<10%) in the IAI 2q4 and 2q8 groups required laser
rescue and data from the time rescue laser was given was
censored for the primary analysis (LOCF), thus eliminating
any confounding influence from laser photocoagulation (Fig
1A). When data after additional treatment was included in
the analysis (aLOCF), similar improvements were observed
in the mean BCVA for these groups (Fig 1B).

Although the variability in CST in the IAI 2q8 group may
suggest that anatomic suppression was not continuous with
every 8-week dosing, the visual acuity results indicate that a
large majority of patients with DMEmay be effectively treated
with every 8-week dosing, given that >90% of patients in the
2q8 group did not lose any vision. Importantly, similar to the
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VIEWstudies in patientswith neovascular age-relatedmacular
degeneration,9 there was no evidence that these optical
coherence tomography fluctuations adversely translated into
any corresponding limitation in visual benefit inDMEpatients.

Concerns about the potential systemic effects of intra-
ocular anti-VEGF agents are particularly relevant in the
diabetic population, because a large population of diabetic
patients have silent ischemia in the coronary circulation.13

In the RISE/RIDE trials, the 0.5-mg dose of ranibizumab
had relatively higher rates of stroke and death compared
with the 0.3-mg dose. Ranibizumab has been approved in
the United States at the lower dose of 0.3 mg, and in Europe
at the dose of 0.5 mg.7 It is noteworthy that no increased rate
of death, stroke, or myocardial infarction was seen in
VISTA or VIVID in the IAI 2q4 group at the 52-week
primary endpoint. Although differences in rates of infre-
quent events may not be easily detected in studies including
relatively small patient populations, ongoing surveillance
will continue to assess if there are any potential systemic



Table 4. Ocular Serious Adverse Events (SAEs) and APTC-Defined Arterial Thromboembolic Events from Baseline to Week 52

Laser (n [ 287) IAI 2q4 (n [ 291) IAI 2q8 (n [ 287) All IAI (n [ 578)

Ocular SAEs for study eye, n (%) 12 (4.2) 5 (1.7) 5 (1.7) 10 (1.7)
Cataract 1 (0.3) 1 (0.3) 2 (0.7) 3 (0.5)
Diabetic retinopathy 3 (1.0) 0 0 0
Macular degeneration 1 (0.3) 0 0 0
Punctate keratitis 0 1 (0.3) 0 1 (0.2)
Retinal artery occlusion 0 1 (0.3) 0 1 (0.2)
Retinal detachment 0 0 1 (0.3) 1 (0.2)
Retinal exudates 1 (0.3) 0 0 0
Retinal hemorrhage 1 (0.3) 0 0 0
Retinal neovascularization 3 (1.0) 0 0 0
Vitreous hemorrhage 4 (1.4) 2 (0.7) 1 (0.3) 3 (0.5)
Injection site injury 0 1 (0.3) 0 1 (0.2)
Increased intraocular pressure 0 0 1 (0.3) 1 (0.2)

Treatment emergent APTC events,* n (%) 8 (2.8) 9 (3.1) 10 (3.5) 19 (3.3)
Nonfatal myocardial infarction 5 (1.7) 4 (1.4) 3 (1.0) 7 (1.2)
Nonfatal stroke 2 (0.7) 3 (1.0) 5 (1.7) 8 (1.4)
Vascular death 2 (0.7) 2 (0.7) 2 (0.7) 4 (0.7)

2q4 ¼ 2 mg IAI every 4 weeks from baseline to week 48; 2q8 ¼ 2 mg IAI every 4 weeks from baseline to week 16 (5 doses) followed by dosing every 8 weeks
through week 48; APTC ¼ Anti-Platelet Trialists’ Collaboration; IAI ¼ intravitreal aflibercept injection; SAE ¼ serious adverse event.
Integrated safety analysis set.
*Adjudicated by a masked committee.

Korobelnik et al � Intravitreal Aflibercept for Diabetic Macular Edema
effects from this therapy. Safety outcomes in these 1-year
results were similar across all groups.

In summary, the 1-year results of the VISTA/VIVID
studies demonstrate that IAI delivered every 4 or every 8
weeks (after 5 initial monthly doses) significantly improved
visual outcomes and significantly decreased severe vision
loss, while simultaneously improving the diabetic retinop-
athy severity score, compared with focal laser photocoagu-
lation. Data from these ongoing studies will provide
additional information regarding the similar efficacy
observed with the 2q4 and 2q8 regimens of IAI. Thus,
intravitreal aflibercept dosed every 8 weeks (after 5 initial
monthly doses) could provide a therapeutic option that may
reduce the total number of injections and necessary office
visits, substantially reducing burden on patients, physicians,
and the health care system.

Acknowledgments. Assistance with the study design and
conduct and data analysis was provided by Karen Chu, MS, and
Xiaoping Zhu, PhD, Regeneron Pharmaceuticals, Inc. (VISTA),
and Jana Sachsinger, PhD, and Christiane Norenberg, MS, Bayer
HealthCare (VIVID). Editorial and administrative assistance to the
authors was provided by Hadi Moini, PhD, and S. Balachandra
Dass, PhD, Regeneron Pharmaceuticals, Inc.

References

1. Antonetti DA, Klein R, Gardner TW. Diabetic retinopathy.
N Engl J Med 2012;366:1227–39.

2. Wirostko B, Wong TY, Simo R. Vascular endothelial growth
factor and diabetic complications. Prog Retin Eye Res
2008;27:608–21.

3. Stitt AW, Curtis TM. Advanced glycation and retinal pathol-
ogy during diabetes. Pharmacol Rep 2005;57(suppl):156–68.

4. Centers for Disease Control and Prevention. National Diabetes
Fact Sheet: national estimates andgeneral information ondiabetes
and prediabetes in the United States. 2011. Available at:
www.www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf. Accessed
May 10, 2014.

5. Early Treatment Diabetic Retinopathy Study Research Group.
Photocoagulation for diabetic macular edema. Early Treatment
Diabetic Retinopathy Study report number 1. Arch Oph-
thalmol 1985;103:1796–806.

6. Diabetic Retinopathy Clinical Research Network, Elman MJ,
Aiello LP, Beck RW, et al. Randomized trial evaluating
ranibizumab plus prompt or deferred laser or triamcinolone
plus prompt laser for diabetic macular edema. Ophthalmology
2010;117:1064–77.

7. Nguyen QD, Brown DM, Marcus DM, et al; RISE and RIDE
Research Group. Ranibizumab for diabetic macular edema:
results from 2 phase III randomized trials: RISE and RIDE.
Ophthalmology 2012;119:789–801.

8. Papadopoulos N, Martin J, Ruan Q, et al. Binding and
neutralization of vascular endothelial growth factor (VEGF)
and related ligands by VEGF Trap, ranibizumab and bev-
acizumab. Angiogenesis 2012;15:171–85.

9. Heier JS, Brown DM, Chong V, et al; VIEW 1 and VIEW 2
Study Groups. Intravitreal aflibercept (VEGF Trap-Eye) in wet
age-related macular degeneration. Ophthalmology 2012;119:
2537–48.

10. Early Treatment Diabetic Retinopathy Study Research Group.
Fundus photographic risk factors for progression of diabetic
retinopathy: ETDRS report number 12. Ophthalmology
1991;98(suppl):823–33.

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

12. Nguyen QD, Shah SM, Heier JS, et al; READ-2 Study Group.
Primary end point (six months) results of the Ranibizumab for
Edema of the mAcula in Diabetes (READ-2) study. Ophthal-
mology 2009;116:2175–81.

13. May O, Arildsen H, Damsgaard EM, Mickley H. Prevalence
and prediction of silent ischaemia in diabetes mellitus: a
population-based study. Cardiovasc Res 1997;34:241–7.
2253

http://refhub.elsevier.com/S0161-6420(14)00426-6/sref1
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref1
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref2
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref2
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref2
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref3
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref3
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref4
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref4
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref4
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref4
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref5
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref5
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref5
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref5
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref5
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref6
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref6
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref6
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref6
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref7
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref7
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref7
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref7
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref8
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref8
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref8
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref8
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref9
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref9
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref9
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref9
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref10
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref10
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref10
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref10
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref10
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref11
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref11
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref11
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref11
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref12
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref12
http://refhub.elsevier.com/S0161-6420(14)00426-6/sref12
www.www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf


Ophthalmology Volume 121, Number 11, November 2014
Footnotes and Financial Disclosures
Originally received: April 18, 2014.
Final revision: April 22, 2014.
Accepted: May 12, 2014.
Available online: July 7, 2014. Manuscript no. 2014-591.
1 Service d’ophtalmologie, Hôpital PellegrindCHU de Bordeaux,
Bordeaux, France.
2 Université Bordeaux Segalen, Bordeaux, France.
3 INSERM, ISPED, Centre INSERM U897-Epidemiologie-Biostatistique,
Bordeaux, France.
4 Truhlsen Eye Institute, University of Nebraska Medical Center, Omaha,
Nebraska.
5 Medical University of Vienna, Vienna, Austria.
6 Retina-Vitreous Associates Medical Group, Beverly Hills, California.
7 Department of Ophthalmology, University of Bonn, Bonn, Germany.
8 Ophthalmic Consultants of Boston and Tufts University School of Med-
icine, Boston, Massachusetts.
9 Department of Ophthalmology, University of Padova, Padova, Italy.
10 Cole Eye Institute, Cleveland, Ohio.
11 Nagoya University Hospital, Nagoya, Japan.
12 Southeast Retina Center, Augusta, Georgia.
13 Department of Ophthalmology, Duke University, Durham, North
Carolina.
14 Vitreous-Retina-Macula Consultants of New York, New York, New
York.
15 Regeneron Pharmaceuticals, Inc., Tarrytown, New York.
16 Bayer HealthCare, Berlin, Germany.
17 University Medical Center Hamburg-Eppendorf, Hamburg, Germany.
18 Retina Consultants of Houston, Houston, Texas.

Presented at the American Academy of Ophthalmology Annual Meeting,
November 2013. This was an annual meeting paper presentation.

Financial Disclosure(s):
The authors have made the following disclosures:

Jean-François Korobelnik: Advisory Board e Allergan, Alcon, Novartis;
Consultant e Carl Zeiss Meditec, Roche, Thea; Fees (review activities) e
Bayer HealthCare.

Diana V. Do: Research Funding e Genentech, Regeneron Pharmaceutical,
Inc.

Ursula Schmidt-Erfurth e Consultant e Alcon, Bayer HealthCare, Boeh-
ringer, Novartis; Research Funding e Allergan, Alcon, Bayer HealthCare,
Novartis; Travel Support e Bayer HealthCare.

David S. Boyer: Advisory Board Member e Alcon, Allergan, Neurotech;
Consultant e Alcon, Allergo, Allergan, Bausch & Lomb, Bayer, KalVista,
Neurotech, Novartis, Roche, ThromboGenics, GSK; Received Research
funding e Genentech, Regeneron Pharmaceuticals, Inc.; Lecture Fee e
Allergan.

Frank G. Holz: Consultant e Acucela, Alcon, Allergan, Bayer HealthCare,
Boehringer-Ingelheim, Genentech, Heidelberg Engineering, Merz, Novar-
tis, Pfizer; Research Funding eAlcon, Allergan, Bayer HealthCare, Carl
Zeiss Meditec, GSK, Heidelberg Engineering, Novartis, Optos; Travel
Support e Bayer HealthCare; Lecture Fees e Alcon, Bayer HealthCare,
Heidelberg Engineering, Novartis, Pfizer.

Jeffrey S. Heier: Consultant e Acucela, Aerpio, Alcon, Allegro, Allergan,
Bayer, Forsight Vision, Genentech, Genzyme, Kala Pharmaceutical, Liq-
uidia, Merz, Neurotech, Ohr Pharmaceutical, Oraya, Regeneron Pharma-
ceuticals, Inc., Sanofi, Stealth Peptides, Thrombogenics, Xcovery; Research
Funding e Acucela, Aerpio, Alcon, Alimera, Genentech, Genzyme, Kato
Pharmaceutical, Lpath, Novartis, Ohr, Ophthotech, QLT, Regeneron
Pharmaceuticals, Inc.
2254
Edoardo Midena: Research Funding e Bayer HealthCare.

Peter K. Kaiser: Consultant to Bayer HealthCare, Chengdu Kanghong,
Genentech, Novartis, Regeneron Pharmaceuticals, Inc.

Hiroko Terasaki: Research Funding e Alcon, Novartis, Pfizer, Santen,
Senju, Wacamoto; Lecture Fees e Alcon, Bayer HealthCare, Novartis,
Pfizer, Santen, Senju, Wacamoto.

Dennis M. Marcus: Consultant e Genentech, Thrombogenics, Regeneron
Pharmaceuticals, Inc.; Research Funding e Regeneron Pharmaceuticals,
Inc., Genentech, Thrombogenics, Alcon, Allergan, Ophthotech, GSK,
Pfizer, Acucela, LPath, Quark.

Quan D. Nguyen: Research Funding e AbbVie, Genentech, Optos,
Regeneron Pharmaceuticals, Inc., Santen, Inc.

Glenn J. Jaffe: Consultant e Heidelberg Engineering, Neurotech; Travel
Support e Regeneron Pharmaceuticals, Inc.

Jason S. Slakter: Research Funding e Acucela, Alimera, Bayer HealthCare,
Fovea, Genentech, Genzyme, GSK, Kanghong Biotech, LPath, Ohr
Pharma, Oraya, Regeneron Pharmaceuticals, Inc., Sanofi, XcoveryVision;
Equity Owner e SKS Ocular.

Christian Simader: Payments for masked data evaluation (institutional
support, Vienna Reading Center) e Bayer HealthCare, Böhringer Ingel-
heim, Novartis.

Yuhwen Soo: Employee e Regeneron.

George D. Yancopoulos: Employee e Regeneron; Several patents issued
and pending.

Neil Stahl: Employee e Regeneron; Several patents issued and pending.

Robert Vitti: Employee e Regeneron.

Alyson J. Berliner: Employee e Regeneron.

Thomas Schmelter: Employee e Bayer HealthCare.

Oliver Zeitz: Employee e Bayer HealthCare.

Carola Metzig: Employee e Bayer HealthCare.

David M. Brown: Consultant e Allergan, Bayer HealthCare, Genentech,
Genzyme, Heidelberg Engineering, Notal Vision, Novartis, QLT, Regen-
eron, Thrombogenics; Research Funding e Abbott, Acucela, Alimera,
Allergan, Ampio, Genentech, Genzyme, GSK, Novartis, Opthotech, Pfizer,
pSivida, QLT, Quark, Regeneron Pharmaceuticals, Inc., Santen, Throm-
bogenics, Xoma; Travel Support e Regeneron Pharmaceuticals, Inc.

The VISTA and VIVID studies were funded by Regeneron Pharmaceuti-
cals, Inc., Tarrytown, NY and Bayer HealthCare, Berlin, Germany. The
sponsors participated in the design and conduct of the study, analysis of the
data, and preparation of the manuscript.

The investigators from the VISTA and VIVID studies are listed in
Appendix 1 (available at www.aaojournal.org).

Abbreviations and Acronyms:
aLOCF ¼ last observation carried forward, including values after addi-
tional treatment was given; BCVA ¼ best-corrected visual acuity;
CST ¼ central (optical coherence tomography) subfield thickness;
DME ¼ diabetic macular edema; DRCR.net ¼ Diabetes Retinopathy
Clinical Research Network; DRSS ¼ Diabetic Retinopathy Severity Scale;
ETDRS ¼ Early Treatment Diabetic Retinopathy Study; IAI ¼ intravitreal
aflibercept injection; LOCF ¼ last observation carried forward, censoring
values after additional treatment was given; NEI VFQ-25 ¼ National Eye
Institute Visual Function Questionnaire-25; PRN ¼ pro re nata;
VEGF ¼ vascular endothelial growth factor.

Correspondence:
David M. Brown, MD, Retina Consultants of Houston, 6560 Fannin Street,
Suite 750, Houston, TX 77030. E-mail: dmbmd@houstonretina.com.

mailto:dmbmd@houstonretina.com
www.aaojournal.org

	Intravitreal Aflibercept for Diabetic Macular Edema
	Methods
	Participants and Treatments
	Outcome Measures
	Statistical Analyses

	Results
	Patient Disposition, Baseline Characteristics, and Treatment Experience
	Primary and Secondary Endpoints
	Adverse Events

	Discussion
	Acknowledgments
	References


