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IMPORTANCE Intravitreous injections of antivascular endothelial growth factor agents are
effective for treating diabetic macular edema (DME) involving the center of the macula
(center-involved DME [CI-DME]) with visual acuity impairment (20/32 or worse). The best
approach to treating patients with CI-DME and good visual acuity (20/25 or better) is unknown.

OBJECTIVE To compare vision loss at 2 years among eyes initially managed with aflibercept,
laser photocoagulation, or observation.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial conducted at 91 US and
Canadian sites among 702 adults with type 1 or type 2 diabetes. Participants had 1 study eye
with CI-DME and visual acuity of 20/25 or better. The first participant was randomized on
November 8, 2013, and the final date of follow-up was September 11, 2018.

INTERVENTIONS Eyes were randomly assigned to 2.0 mg of intravitreous aflibercept
(n = 226) as frequently as every 4 weeks, focal/grid laser photocoagulation (n = 240), or
observation (n = 236). Aflibercept was required for eyes in the laser photocoagulation or
observation groups that had decreased visual acuity from baseline by at least 10 letters
(� 2 lines on an eye chart) at any visit or by 5 to 9 letters (1-2 lines) at 2 consecutive visits.

MAIN OUTCOMES AND MEASURES The primary outcome was at least a 5-letter visual acuity
decrease from baseline at 2 years. Antiplatelet Trialists’ Collaboration adverse events (defined
as myocardial infarction, stroke, or vascular or unknown death) were reported.

RESULTS Among 702 randomized participants (mean age, 59 years; 38% female [n=264]),
625 of 681 (92% excluding deaths) completed the 2-year visit. For eyes with visual acuity that
decreased from baseline, aflibercept was initiated in 25% (60/240) and 34% (80/236) in the
laser photocoagulation and observation groups, respectively. At 2 years, the percentage of
eyes with at least a 5-letter visual acuity decrease was 16% (33/205), 17% (36/212), and 19%
(39/208) in the aflibercept, laser photocoagulation, and observation groups, respectively
(aflibercept vs laser photocoagulation risk difference, −2% [95% CI, −9% to 5%]; relative risk,
0.88 [95% CI, 0.57-1.35; P = .79]; aflibercept vs observation risk difference, −3% [95% CI,
−11% to 4%]; relative risk, 0.83 [95% CI, 0.55-1.27; P = .79]; laser photocoagulation vs
observation risk difference, −1% [95% CI, −9% to 6%]; relative risk, 0.95 [95% CI, 0.64-1.41;
P = .79]). Antiplatelet Trialists’ Collaboration vascular events occurred in 15 (7%), 13 (5%), and
8 (3%) participants in the aflibercept, laser photocoagulation, and observation groups.

CONCLUSIONS AND RELEVANCE Among eyes with CI-DME and good visual acuity, there was no
significant difference in vision loss at 2 years whether eyes were initially managed with aflibercept
or with laser photocoagulation or observation and given aflibercept only if visual acuity worsened.
ObservationwithouttreatmentunlessvisualacuityworsensmaybeareasonablestrategyforCI-DME.
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D iabetic macular edema (DME) involving the center of
the macula is a major cause of visual acuity loss
worldwide.1 From 1985 to 2010, laser photocoagula-

tion was the standard of care for treating center-involved DME
(CI-DME).2-4 Beginning in 2010, several large trials demon-
strated that injections of antivascular endothelial growth fac-
tor (anti-VEGF) agents into the vitreous of the eye (intravitre-
ous injections) were superior to laser photocoagulation in eyes
with CI-DME and visual acuity of 20/32 or worse.3-7 Since then,
treatment of CI-DME with reduced visual acuity has largely
transitioned from laser photocoagulation to intravitreous anti-
VEGF injections, where available.8

The presence of good vision in an eye with CI-DME is a
common clinical scenario. In a population-based study in the
United States, among persons with DME, 84% had best cor-
rected vision of 20/40 or better in the eye with DME.9 In the
Early Treatment Diabetic Retinopathy Study (ETDRS), approxi-
mately 40% of eyes with DME had visual acuity of 20/20 or
better.10 The optimal management strategy for these eyes is
unknown. Clinicians frequently initiate DME treatment with
anti-VEGF agents in eyes with good vision based on positive
results from clinical trials that evaluated anti-VEGF in eyes with
reduced visual acuity (20/32 or worse).4,11,12 However, up to
60% of eyes with CI-DME that are left untreated do not expe-
rience moderate visual decline (≥3 lines on an eye chart) over
5 years.13

It is unknown if intravitreous anti-VEGF treatment of eyes
with CI-DME and good visual acuity results in better long-
term visual acuity outcomes vs initial observation or laser pho-
tocoagulation followed by anti-VEGF therapy only if visual acu-
ity worsens. Therefore, the Diabetic Retinopathy Clinical
Research (DRCR) Retina Network conducted a randomized
clinical trial (“Protocol V”) to compare visual acuity between
3 different management strategies for eyes with good visual
acuity and CI-DME.

Methods
This multicenter trial was conducted at 91 clinical sites in the
United States and Canada. The study adhered to the tenets of
the Declaration of Helsinki.14 The ethics board associated with
each site provided approval. Study participants provided writ-
ten informed consent. An independent data and safety moni-
toring committee provided oversight. The study protocol and
statistical analysis plan are available in Supplement 1 and
Supplement 2.

Study Population
Participants were at least 18 years old with type 1 or 2 diabe-
tes (eTable 1 in Supplement 3). Participant-reported race/
ethnicity was collected per National Institutes of Health policy
and consistent with recent US Food and Drug Administration
guidelines based on fixed categories.15,16 Study eyes had
CI-DME involving the center of the macula on ophthalmo-
scopic examination and confirmed on optical coherence to-
mography (OCT) as central subfield thickening at 2 consecu-
tive visits 1 to 28 days apart (screening and randomization).

Best-corrected electronic ETDRS visual acuity letter score was
at least 79 (Snellen equivalent of 20/25 or better) at screening
and randomization. Eyes receiving laser photocoagulation or
intravitreous treatment for DME in the past 12 months or more
than 1 laser photocoagulation or 4 intraocular injections at any
time were excluded. Only 1 eye per participant was included.
If both eyes were eligible, the investigator and participant se-
lected the eye to be enrolled.

Study Design
Randomization was performed on the study website using a
permuted block design (random block sizes of 3 and 6) strati-
fied by site and recent or planned CI-DME treatment in the non-
study eye using computer-generated random numbers. Study
eyes were randomly assigned 1:1:1 to 2.0 mg of aflibercept,
focal/grid laser photocoagulation, or observation. In the laser
photocoagulation and observation groups, aflibercept injec-
tions were initiated during follow-up if visual acuity met pre-
specified worsening criteria (see below).

Certified technicians obtained visual acuity with refrac-
tion and OCT scans at each visit and fundus photographs an-
nually. Technicians were masked to treatment assignment at
annual visits. Investigators and participants were not masked.
Spectral-domain OCT values were converted to time-domain
(Zeiss Stratus) equivalents for reporting (≥250 μm is consid-
ered CI-DME on time-domain OCT).17

Treatment Protocol
Eyes in the aflibercept group received an injection at baseline
and were evaluated for repeat injections up to every 4 weeks
as needed (eFigure 1 in Supplement 3). Eyes continued to re-
ceive injections if visual acuity or OCT central subfield thick-
ness (CST) was improving or worsening (defined as ≥5-letter vi-
sual acuity or ≥10% CST change) from either of the last two
4-week visits. Injections were deferred if the eye met sus-
tained stability criteria by not improving or worsening over 2
visits and either (1) CST was below the screening visit thresh-
old and visual acuity was 20/20 or better or (2) at least 24 weeks
had passed since injections were initiated. If deferral occurred
at 3 consecutive visits after 24 weeks, the follow-up interval was
extended to 8 weeks and then 16 weeks provided that deferral

Key Points
Question For patients with eyes having diabetic macular edema
involving the macular center and vision 20/25 or better, what is
the effect on vision loss of initial management with aflibercept
vs laser photocoagulation vs observation, with aflibercept added
to laser photocoagulation and observation if vision worsens?

Findings In this randomized clinical trial of 702 eyes, a 5-letter or
more decrease in visual acuity at 2 years was not significantly
different between groups initially managed with aflibercept (16%),
laser photocoagulation (17%), and observation (19%).

Meaning Among eyes with diabetic macular edema involving the
macular center and good visual acuity, there was no significant
difference in vision loss at 2 years whether eyes were initially
managed with aflibercept, laser photocoagulation, or observation.
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criteria were still met. Injections were resumed if visual acuity
or CST worsened. After 24 weeks, laser photocoagulation could
be added at the discretion of the investigator if CST was above
the screening visit threshold or there was edema threatening
the fovea and visual acuity and CST had not improved from the
last 2 injections (eFigure 2 in Supplement 3).

No treatment was given to eyes in the observation group
initially. Eyes in the laser photocoagulation group received la-
ser photocoagulation treatment at baseline, with retreat-
ment at 13-week intervals if indicated (eFigure 3 in Supple-
ment 3). In the laser photocoagulation and observation groups,
follow-up occurred at 8 and 16 weeks and then every 16 weeks
unless visual acuity or CST worsened. Aflibercept injections
were initiated for eyes in the laser photocoagulation and ob-
servation groups if visual acuity decreased from baseline by
at least 10 letters (≥2 lines on an eye chart) at any visit or by 5
to 9 letters (1-2 lines) at 2 consecutive visits. Retreatment fol-
lowed the same regimen as the aflibercept group.

Outcomes
The primary outcome was a decrease from baseline of at least
5 letters of visual acuity (at least 1 line on an eye chart) at 2 years.
Baseline visual acuity (and CST) were the average of the screen-
ing and randomization measurements. A loss of at least 5 let-
ters was considered a clinically important change for eyes with
good visual acuity. Visual acuity is measured on a scale from
100 letters (Snellen equivalent of 20/12) to 0 letters (Snellen
equivalent of <20/800).

Prespecified secondary outcomes included mean change
in visual acuity from baseline, visual acuity of at least 84 let-
ters (Snellen equivalent of 20/20), loss of at least 10 and at least
15 letters of visual acuity, gain of at least 5 letters of visual acu-
ity, mean change in CST from baseline, proportion of eyes with
at least 10% CST change from baseline (considered a clini-
cally important change), proportion of eyes with at least a 10%
decrease in CST from baseline with CST below thresholds for
DME defined by central subfield thickness according to OCT
machine and sex (Heidelberg Spectralis ≥305 μm in women and
≥320 μm in men; Zeiss Cirrus ≥290 μm in women and ≥305 μm
in men), 1 and 2 log-step worsening and improvement in CST,
and mean change in OCT retinal volume from baseline.

Prespecified exploratory outcomes included change in vi-
sual acuity over 2 years (area under the curve analysis of com-
mon visits at 8, 52, and 104 weeks), at least 2-step worsening
and improvement in diabetic retinopathy severity level on color
fundus photographs graded by a central reading center.18

Change in low-contrast visual acuity, an additional prespeci-
fied secondary outcome, and the proportion of eyes with leak-
age on fluorescein angiography, a prespecified exploratory out-
come, as well as development of vitreous hemorrhage or receipt
of panretinal photocoagulation, anti-VEGF for proliferative dia-
betic retinopathy (PDR), or vitrectomy for PDR (among eyes
with PDR at randomization) are not reported herein.

Receipt of aflibercept in the laser photocoagulation and ob-
servation groups were prespecified within-group outcomes.
The time to receipt of first aflibercept injection in the laser pho-
tocoagulation and observation groups was evaluated post hoc.
A medical monitor reviewed all reported adverse events and

coded the events according to the Medical Dictionary for Regu-
latory Activities (MedDRA).

Statistical Analysis
Sample size was set at 702 eyes, which provided 93% power
to reject any of 3 pairwise comparisons assuming 10% loss to
follow-up and outcome rates of 5% for aflibercept, 10% for la-
ser photocoagulation, and 17% for observation. The laser pho-
tocoagulation and observation rates were based on publicly
available data from the ETDRS, specifically eyes with DME and
visual acuity of 20/25 or better at baseline, and adjusted to be
lower based on clinical judgment to account for anti-VEGF
treatment not being available during the ETDRS. The afliber-
cept rate was based on publicly available data (https://public.
jaeb.org/drcrnet/stdy) from DRCR Retina Network Protocol I
eyes that had DME, had visual acuity of 20/32 at baseline, and
were randomly assigned to anti-VEGF injections.

For the primary, secondary, and exploratory analyses, all
randomized eyes were included in statistical analyses and ana-
lyzed according to their randomization group. Point esti-
mates are reported using observed data. For statistical analy-
ses, missing visual acuity and CST values were imputed using
the Markov chain Monte Carlo method (100 imputations). Sen-
sitivity analyses were conducted using only observed data from
participants completing the 2-year visit (ie, complete case
analysis), adjusting for potential confounding factors and clini-
cal site. Subgroup analyses were conducted by testing a treat-
ment × subgroup factor interaction using observed data.19 Base-
line CST, diabetic retinopathy severity, and presence of
epiretinal membrane were prespecified subgroup factors.

To limit the influence of potential outliers, changes in vi-
sual acuity and CST from baseline were truncated at ±3 SDs.
Continuous outcomes were analyzed using a general linear
model; binary outcomes were analyzed with Poisson regres-
sion with a log link (estimating relative risk [RR]) and bino-
mial regression with an identity link (estimating risk differ-
ence); time-to-event outcomes were analyzed with Cox
proportional hazards regression (the proportional hazards as-
sumption was verified using Martingale residuals).20 If the bi-
nomial regression model did not converge, then the continu-
ous baseline covariate (eg, visual acuity) was excluded and the
model was rerun to achieve convergence. Confidence inter-
vals and P values were calculated with robust variance esti-
mation. Analyses included adjustment for recent or planned
CI-DME treatment in the nonstudy eye and baseline visual acu-
ity, CST, or diabetic retinopathy severity, per the outcome. The
family-wise type I error rate for treatment group compari-
sons was controlled at 5% with the Hochberg procedure.21,22

For adverse event analyses, Fisher exact test compared all
3 groups simultaneously and included all randomized partici-
pants. If the global test had P ≤ .05, pairwise comparisons were
conducted. Note that the study was not powered to detect dif-
ferences in rates of adverse events.

All P values are 2-sided. Analyses were completed using
SAS version 9.4 (SAS Institute Inc). Because of the potential
for type I error due to multiple comparisons, analyses of sec-
ondary outcomes and adverse events should be interpreted
as exploratory.
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Results

Study Participants
From November 8, 2013, to September 26, 2016, 702 partici-
pants were randomly assigned to initial management with
aflibercept (n=226), laser photocoagulation (n=240), or ob-
servation (n=236) (Table 1 and Figure 1). Follow-up con-
cluded when the final 2-year visit was completed on Septem-
ber 11, 2018. Mean age was 59 (SD, 10) years, 264 (38%) were
female, and 466 (66%) were white. Mean baseline visual acu-
ity letter score was 85.2 (SD, 3.7) (Snellen equivalent of 20/20);
mean CST was 311 (SD, 57) μm. Baseline characteristics ap-
peared similar among groups. Excluding deaths, the 2-year
completion rate was 92% (625/681). The median number of vis-
its over 2 years was 18, 11, and 12 in the aflibercept, laser pho-
tocoagulation, and observation groups, respectively.

Treatment of Diabetic Macular Edema
In the aflibercept group, 225 of 226 eyes received at least 1 in-
travitreous aflibercept injection. The median number of afliber-
cept injections over 2 years was 8 (interquartile range, 6-11),
with 98% of protocol-required injections performed. Laser pho-
tocoagulation was performed in 13 (6%) aflibercept-group eyes
(eTable 2 in Supplement 3).

Aflibercept was initiated in 25% (60/240) and 34% (80/
236) of eyes in the laser photocoagulation and observation
groups, respectively. Using the Kaplan-Meier method to ac-
count for participants lost to follow-up, the cumulative prob-
ability of receiving aflibercept by 2 years was 26% (95% CI, 21%-
33%) in the laser photocoagulation group and 36% (95% CI,
30%-43%) in the observation group (post hoc analysis: haz-
ard ratio, 0.66; 95% CI, 0.47-0.92; P = .01) (Figure 2). Among
eyes receiving at least 1 injection, the median number of in-
jections over 2 years was 7 (interquartile range, 5-9) in the la-
ser photocoagulation group and 9 (interquartile range, 6-11) in
the observation group. In the laser photocoagulation and ob-
servation groups, 4 (2%) and 2 (<1%) eyes initiated afliber-
cept without meeting prespecified criteria for visual acuity loss,
respectively. Overall, 98% of protocol-required injections were
performed in each group. In the laser photocoagulation group,
77 (32%) eyes received additional laser photocoagulation dur-
ing follow-up; in the observation group, 5 (2%) eyes received
laser photocoagulation.

Effect of Treatment on Visual Acuity
The percentage of eyes with at least a 5-letter visual acuity
decrease at 2 years (primary outcome) was 16% with afliber-
cept, 17% with laser photocoagulation, and 19% with obser-
vation (aflibercept vs laser photocoagulation risk difference,
−2% [95% CI −9% to 5%]; RR, 0.88 [95% CI, 0.57-1.35; P = .79];
aflibercept vs observation risk difference, −3% [95% CI, −11%
to 4%]; RR, 0.83 [95% CI, 0.55-1.27; P = .79]; laser photoco-
agulation vs observation risk difference, −1% [95% CI, −9%
to 6%]; RR, 0.95 [95% CI, 0.64-1.41; P = .79]) (Table 2 and
eFigure 4 in Supplement 3). Sensitivity analyses produced simi-
lar results (eTable 3 in Supplement 3). None of the pre-
planned subgroup analyses (baseline CST, diabetic retinopa-

thy severity, and presence of central epiretinal membrane or
vitreomacular traction) indicated a significant subgroup ef-
fect (eTable 4 in Supplement 3).

Mean change in visual acuity letter score from baseline at
2 years (secondary outcome) was 0.9 (SD, 6.4) with afliber-
cept, 0.1 (SD, 6.3) with laser photocoagulation, and −0.4 (SD,
6.4) with observation (aflibercept vs laser photocoagulation
mean difference, 1.0 [95% CI, −0.4 to 2.5; P = .21]; aflibercept
vs observation mean difference, 1.3 [95% CI, −0.3 to 2.8;
P = .14]; laser photocoagulation vs observation mean differ-
ence, 0.2 [95% CI, −1.0 to 1.5; P = .70]) (eFigure 5 in Supple-
ment 3). At 1 and 2 years, the mean visual acuity Snellen equiva-
lent was 20/20 in each group (Figure 3A). The percentage of
eyes with visual acuity of 20/20 or better at 2 years (second-
ary outcome) was 77% with aflibercept, 71% with laser pho-
tocoagulation, and 66% with observation (aflibercept vs la-
ser photocoagulation RR, 1.11 [95% CI, 0.97-1.27; P = .15];
aflibercept vs observation RR, 1.18 [95% CI, 1.01-1.37; P = .03];
laser photocoagulation vs observation RR, 1.06 [95% CI, 0.93-
1.20; P = .40]).

In a prespecified, exploratory, longitudinal analysis, the
mean change in visual acuity letter score over 2 years (area un-
der the curve) was 1.5 (SD, 4.0) with aflibercept, 0.0 (SD, 3.9)
with laser photocoagulation, and −0.4 (SD, 4.2) with observa-
tion (aflibercept vs laser photocoagulation mean difference,
1.9 [95% CI, 1.0-2.8; P < .001]; aflibercept vs observation mean
difference, 2.1 [95% CI, 1.1-3.1; P < .001]; laser photocoagula-
tion vs observation mean difference, 0.2 [95% CI, −0.7 to 1.0;
P = .73]) (eFigure 6 in Supplement 3). eTable 5 in Supplement 3
shows 1-year visual acuity outcomes.

Effect of Treatment on Retinal Thickening
Mean change in CST from baseline at 2 years (secondary out-
come) was −48 (SD, 65) μm, −41 (SD, 75) μm, and −42 (SD, 75)
μm in the aflibercept, laser photocoagulation, and observa-
tion groups, respectively (aflibercept vs laser photocoagula-
tion mean difference, −12 μm [95% CI, −24 to 1 μm; P = .07];
aflibercept vs observation mean difference, −13 μm [95% CI,
−27 to 1 μm; P = .07]; laser photocoagulation vs observation
mean difference, −1 μm [95% CI, −13 to 11 μm; P = .82])
(Figure 3B and Table 2). eTable 6 in Supplement 3 shows ad-
ditional outcomes at 1 and 2 years.

Effect of Treatment on Diabetic Retinopathy
At 2 years, the percentage of eyes with at least 2-step improve-
ment of diabetic retinopathy severity level on color photo-
graphs (exploratory outcome) was 14%, 12%, and 10% in the
aflibercept, laser photocoagulation, and observation groups, re-
spectively (aflibercept vs laser photocoagulation RR, 0.90 [95%
CI, 0.52-1.54; P = .69]; aflibercept vs observation RR, 1.16 [95%
CI, 0.65-2.07; P = .69]; laser photocoagulation vs observation
RR, 1.29 [95% CI, 0.75-2.24; P = .69]). At 2 years, the percent-
age of eyes with at least 2-step worsening (exploratory out-
come) was 4%, 10%, and 11%, respectively (aflibercept vs laser
photocoagulation RR, 0.39 [95% CI, 0.15-1.04; P = .06]; afliber-
cept vs observation RR, 0.36 [95% CI, 0.13-0.99; P = .05]; laser
photocoagulation vs observation RR, 0.90 [95% CI, 0.49-1.65;
P = .74]). eTable 7 in Supplement 3 shows outcomes at 1 year.
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Table 1. Baseline Participant and Ocular Characteristics

Characteristics

No. (%) of Participantsa

Aflibercept
(n = 226)

Laser Photocoagulation
(n = 240)

Observation
(n = 236)

Sex

Male 131 (58) 158 (66) 149 (63)

Female 95 (42) 82 (34) 87 (37)

Age, median (IQR), y 59 (52-65) 60 (53-66) 60 (53-67)

Race/ethnicity

Non-Hispanic white 145 (64) 160 (67) 161 (68)

Non-Hispanic black/
African American

37 (16) 36 (15) 41 (17)

Hispanic or Latino 31 (14) 35 (15) 25 (11)

Asian 6 (3) 1 (<1) 5 (2)

American Indian
or Alaskan Native

1 (<1) 1 (<1) 0

Native Hawaiian or other
Pacific Islander

0 3 (1) 1 (<1)

≥1 Race 4 (2) 2 (<1) 1 (<1)

Unknown or not reported 2 (<1) 2 (<1) 2 (<1)

Diabetes type

Type 2 211 (93) 221 (92) 210 (89)

Type 1 13 (6) 18 (8) 18 (8)

Uncertain 2 (<1) 1 (<1) 8 (3)

Duration of diabetes,
median (IQR), y

15 (10-21) 15 (10-20) 16 (10-24)

Insulin used 141 (62) 145 (60) 160 (68)

Hemoglobin A1c,
median (IQR), %

7.6 (6.8-9.1) [n=217] 7.6 (6.6-8.6) [n=232] 7.6 (6.8-8.7) [n=226]

Arterial blood pressure,
median (IQR), mm Hg

99 (91-107) 98 (89-105) 98 (91-105)

Prior myocardial infarction 11 (5) 21 (9) 19 (8)

Prior stroke 16 (7) 6 (3) 9 (4)

Body mass index,
median (IQR)b

32.3 (27.6-37.0) [n=184] 32.1 (28.2-37.4) [n=207] 32.3 (28.0-37.5) [n=199]

Daily cigarette smoking

Never 165 (73) 157 (65) 141 (60)

Prior 46 (20) 67 (28) 75 (32)

Current 15 (7) 16 (7) 20 (8)

Recent or planned DME
treatment in nonstudy eye
(randomization
stratification factor)

86 (38) 90 (38) 92 (39)

Study Eye Ocular Characteristics

Prior treatment for DME 34 (15) 31 (13) 34 (14)

Prior anti-VEGF therapy
for DME

11 (5) 14 (6) 13 (6)

Prior focal/grid laser
photocoagulation for DME

26 (12) 24 (10) 24 (10)

Prior panretinal
photocoagulation

15 (7) 12 (5) 9 (4)

Lens status at clinical
examination

Phakic (natural lens) 180 (80) 188 (78) 182 (77)

Prosthetic intraocular lens 46 (20) 52 (22) 54 (23)

Visual acuityc,d

Letter score, mean (SD) 85.2 (3.5) 85.2 (3.8) 85.2 (3.8)

Snellen equivalent, mean 20/20 20/20 20/20

20/16 or better (≥89) 45 (20) 57 (24) 53 (22)

20/20 (88-84) 105 (46) 92 (38) 99 (42)

20/25 (83-79) 76 (34) 91 (38) 84 (36)

(continued)
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Figure 1. Participant Flow From Screening to Final 2-Year Visit

407 Participants excluded (did
not meet inclusion criteria)

226 Eyes randomized to aflibercept
225 Received aflibercept

as randomized
1 Did not receive aflibercept

(withdrew consent)

21 Did not complete 2-year visit

5 Lost to follow-up
2 Missed visit

9 Died
5 Withdrew from study 

226 Included in primary analysis

240 Eyes randomized to laser
photocoagulation
240 Received laser

photocoagulation
as randomized

28 Did not complete 2-year visit

11 Lost to follow-up

8 Died
9 Withdrew from study 

240 Included in primary analysis

236 Eyes randomized to observation

28 Did not complete 2-year visit

10 Lost to follow-up
1 Missed visit

4 Died
13 Withdrew from study 

236 Included in primary analysis

702 Eyes randomized
(1 eye per participant)

1109 Participants provided informed
consent

Participants were not formally
screened before obtaining informed
consent. Reasons for participant
ineligibility were not collected. Visit
completion at 2 years was
prespecified as completion of any
study visit from 92 to 116 weeks.
Deaths exclude 1 participant from
each group who completed a visit in
this window but died before
completing the designated 2-year
study visit. For eyes not completing
the 2-year visit, multiple imputation
was used to impute missing data in
the primary analysis. There were 77
eyes that had values imputed: 21 in
the aflibercept group; 28 in the laser
photocoagulation group; and 28 in
the observation group.

Table 1. Baseline Participant and Ocular Characteristics (continued)

Characteristics

No. (%) of Participantsa

Aflibercept
(n = 226)

Laser Photocoagulation
(n = 240)

Observation
(n = 236)

Intraocular pressure,
median (IQR), mm Hg

15 (13-18) 15 (13-18) 15 (13-18)

Patient-reported
visual problems
presumed due to DME

99 (44) 116 (48) 118 (50)

Optical coherence
tomography machine

Heidelberg Spectralis 148 (65) 151 (63) 151 (64)

Zeiss Cirrus 78 (35) 89 (37) 85 (36)

Central subfield thickness
(time-domain equivalent), μmc

Mean (SD) 306 (55) 314 (52) 314 (64)

<250 13 (6) 8 (3) 14 (6)

250-300 117 (52) 109 (45) 111 (47)

301-399 75 (33) 104 (43) 89 (38)

400-499 19 (8) 15 (6) 17 (7)

≥500 2 (<1) 4 (2) 5 (2)

Macular volume
(time-domain equivalent),
mean (SD), mm3c

7.9 (1.1) [n=226] 8.0 (1.2) [n=240] 8.0 (1.1) [n=235]

Diabetic retinopathy severitye n=216 n=227 n=229

Absent or questionable
(levels 10, 12, 14, 15)

2 (<1) 4 (2) 1 (<1)

Microaneurysms only
(level 20)

13 (6) 8 (4) 6 (3)

Mild to moderate NPDR
(levels 35, 43)

119 (55) 132 (58) 142 (62)

Moderately severe to severe
NPDR (levels 47, 53)

58 (27) 64 (28) 62 (27)

Inactive PDR (level 60) 6 (3) 7 (3) 7 (3)

Mild to moderate PDR
(levels 61, 65)

14 (6) 12 (5) 9 (4)

High-risk PDR
(levels 71, 75)

4 (2) 0 2 (<1)

Abbreviations: DME, diabetic macular
edema; IQR, interquartile range;
NPDR, nonproliferative diabetic
retinopathy; PDR, proliferative
diabetic retinopathy; VEGF, vascular
endothelial growth factor.
a Data are expressed as No. (%)

unless otherwise indicated.
b Calculated as weight in kilograms

divided by height in meters
squared.

c Average of screening and
randomization values.

d Best-corrected visual acuity
following protocol-defined
refraction. Visual acuity was
measured with the electronic Early
Treatment Study visual acuity test
on a scale from 100 letters (Snellen
equivalent of 20/12) to 0 letters
(Snellen equivalent of <20/800).

e Graded at a central reading center.
Levels are based on Early Treatment
Diabetic Retinopathy Study
definitions.23
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Adverse Events
There were no cases of endophthalmitis in study or nonstudy
eyes among 4872 injections (eTable 8 in Supplement 3).
Intraocular pressure elevation was reported more frequently
with aflibercept (8%) than observation (3%) but not laser
photocoagulation (6%) (global P = .02). The rate of any Anti-
platelet Trialists’ Collaboration adverse event (defined as
myocardial infarction, stroke, or vascular or unknown death)
was not significantly different among the treatment groups
(7% with aflibercept, 5% with laser photocoagulation, and 3%
with observation; P = .28), nor were the frequencies of at
least 1 serious adverse event (28%, 32%, and 29%, respec-
tively; P = .66) and hospitalization (24%, 30%, and 27%,
respectively; P = .45). The frequency of all-cause mortality
was 4% with aflibercept, 4% with laser photocoagulation,
and 2% with observation (P = .37). eTables 9, 10, and 11 in
Supplement 3 provide all systemic, ocular, and nonstudy eye
ocular (after the first study-provided aflibercept injection)
adverse events.

Discussion
In this randomized clinical trial of patients with eyes having
CI-DME and good visual acuity, rates of visual acuity loss of 5
or more ETDRS letters at 2 years were not significantly differ-
ent among eyes initially managed with intravitreous afliber-
cept, laser photocoagulation, or observation, with eyes in the
laser photocoagulation and observation groups receiving
aflibercept only if visual acuity worsened.

All 3 management strategies resulted in mean vision of
20/20 and mean changes in visual acuity and CST that were
not significantly different at 2 years. The proportion of eyes
with visual acuity of 20/20 or better was significantly greater
with aflibercept than observation but not laser photocoagula-
tion (1 of 5 secondary visual acuity outcomes at 2 years and
the only significant difference). The approximately 2-letter
differences in mean visual acuity change over the course of 2
years (area under the curve) in the aflibercept vs the laser

photocoagulation and observation groups are of questionable
clinical relevance because these differences occurred within
a range that constitutes a mean visual acuity of 20/20. The
majority of eyes in the laser photocoagulation group (75%)
and observation group (66%) did not receive aflibercept dur-
ing 2 years of follow-up. No systemic adverse event concerns
were identified.

To our knowledge, this is the first large, randomized trial
since the US Food and Drug Administration approved anti-
VEGF injections for intravitreous use that was designed to
evaluate management strategies for CI-DME in eyes with good
visual acuity, which is a commonly encountered clinical
scenario.9 Despite a lack of supporting evidence, many clini-
cians initiate anti-VEGF treatment in eyes with CI-DME, even
when visual acuity is only minimally affected or unaffected
because of concern that visual outcomes will be worse if anti-
VEGF therapy is deferred. On the contrary, results from this
protocol demonstrate that mean visual acuity in eyes with
CI-DME and good vision remains 20/20 at 2 years with all 3
management strategies.

Approximately two-thirds to three-fourths of the eyes in the
observation and laser photocoagulation groups never re-
ceived aflibercept. Each aflibercept injection has an average
Medicare cost of $1850, and all intravitreal injections carry a
small risk of endophthalmitis (<0.1%).24 Thus, reducing anti-
VEGF treatment in these eyes while maintaining good vision has
clinical and economic advantages for patients and public health.

This study did not compare monotherapy with afliber-
cept, laser photocoagulation, or observation alone. Instead,
it compared 3 different strategies for managing eyes with
CI-DME and good vision. Eyes were followed up carefully, and
aflibercept was initiated in the laser photocoagulation and ob-
servation groups if vision decreased by 1 line of visual acuity
at 2 consecutive visits or by 2 or more lines at 1 visit. Of note,
an increase in CST alone (ie, worsening edema) did not trig-
ger anti-VEGF initiation in the laser photocoagulation or ob-
servation groups. The primary outcome was loss of at least 5
letters (1 line) on an eye chart. This outcome can be clinically
relevant in eyes with good vision and is unlikely due to chance

Figure 2. Time to First Aflibercept Injection in the Laser Photocoagulation and Observation Groups
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variation.25,26 In the study, visual acuity eligibility was as-
sessed by a standardized method that included a clinical trial
protocol refraction performed twice. It is likely that the re-
sults from this trial would apply to some eyes assessed in clini-
cal practice at worse levels of visual acuity when measured
without optimal refraction.27

The subgroup of eyes in the laser photocoagulation and ob-
servation groups receiving injections had a similar median
number of injections over 2 years compared with the afliber-
cept group. However, eyes in the laser photocoagulation group
had a 10% less absolute likelihood or 34% less relative likeli-
hood of receiving aflibercept injections compared with eyes
in the observation group. This difference is consistent with a
possible benefit of laser photocoagulation in reducing the need
for anti-VEGF. This study cannot determine how a strategy of
initial observation followed by laser photocoagulation for vi-
sion decline followed by intravitreous anti-VEGF for subse-
quent decline would compare with initial observation fol-
lowed by anti-VEGF treatment.

Aflibercept, bevacizumab, and ranibizumab are three anti-
VEGF agents commonly used to treat CI-DME. A previous study
showed that aflibercept was superior to bevacizumab and ra-
nibizumab at 1 year for eyes with moderate to severe visual im-
pairment (20/50 to 20/320), but no significant difference in eyes
with mild visual acuity impairment (20/32 to 20/40) was
determined.28 At 2 years, aflibercept was still superior to beva-
cizumab for eyes with moderate to severe visual acuity im-
pairment, but there was no significant difference compared
with ranibizumab.29 Given the even better vision (20/25 or bet-
ter) for eyes in this study, use of bevacizumab or ranibizumab
would likely yield similar results.

This study had several strengths, including high partici-
pant retention, outcome assessors who were masked to treat-

ment assignment, treatment regimens that were strictly de-
fined by the protocol, and high rates of adherence to treatment.

Limitations
This study has several limitations. First, visit schedules var-
ied by treatment group and clinical course. This limited the abil-
ity to compare treatment group trajectories between annual
visits and could introduce ascertainment bias because partici-
pants in the aflibercept group were seen more frequently. For
example, the finding of a greater rate of intraocular pressure
elevation in the aflibercept group could be due to intraocular
pressure being measured more frequently. However, the trial
was designed to compare regimens as intended to be applied
in clinical practice, and all participants had visits at 1 and 2 years
and at least quarterly in between. Second, clinicians and par-
ticipants were not masked because of the nature of the treat-
ments. However, visual acuity and OCT testers were masked
to participant treatment group at annual visits. Third, the ef-
fects of other anti-VEGF agents and treatment regimens can-
not be determined from this study. Fourth, because this study
cohort had relatively good glycemic control and excellent visit
adherence, outcomes might differ among patients in clinical
care with worse glycemic control or inconsistent follow-up.

Conclusions
Among eyes with CI-DME and good visual acuity, there was no
significant difference in vision loss at 2 years whether eyes were
initially managed with aflibercept or with laser photocoagula-
tion or observation and given aflibercept only if visual acuity
worsened. Observation without treatment unless visual acu-
ity worsens may be a reasonable strategy for these eyes.

Figure 3. Mean Visual Acuity and Central Subfield Thickness Change From Baseline to 2 Years
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Emiliya German (C); Leslie D. Hurst, MS (C); Laura A.
Fox (C, V); Adriana N. Enxuto (V); Alison Fontecchio
(V); Heather Casey (V); Kristen G. Tommaselli (V);
Stephanie Esteves (V); Emily Morse, BS (P); Justin
A. Cocilo (P). Retina and Vitreous of Texas, Houston,
Texas (4 participants): Joseph A. Khawly, MD (I);
Hassan T. Rahman, MD (I); Diana Abdelgani (C, V);
Pam S. Miller (C); Erica Pineda (V); Debbie
Fredrickson (V); Jason E. Muniz (P); Desiree Lopez
(P); Donald K. Lowd (P); Colin Blank (P); Doug
Blanchard (P). Retina Center PA, Minneapolis,
Minnesota (4 participants): Abdhish R. Bhavsar, MD
(I); Geoffrey G. Emerson, MD (I); Andrea Gilchrist,
BS (C); Dave A. Crannick, COA, BS (C, P); Gaid Gaid,
BS (V); Matt D. Peloquin, AA (V); Hannah N.
Schoenecker (P); Amanda Carter (P); Alanna C.
Evans (P); Denise Vang (P); Erin C. Kinney (P); Kyle
Koop (P); Tonja Scherer (P). Magruder Eye Institute,
Orlando, Florida (4 participants): John T. Lehr, MD
(I); Brittany M. Pendarvis (C); Mari Delgado (C, P, V);
Elaine Rodriguez-Roman, OD (C); Robert Atnip (V);
Patricia Lynch (V); Atira Bramble, COA (V); Teri
Jones (V); Martha Eileen Haddox (V); Mark Pena
(P); Chase Hutchings, COA (P); Ashley E. Willer (P);
Kyle Dreessen (P); Julian Rodriguez (P); Brenda
Hernandez (P). Southern California Desert Retina
Consultants MC, Palm Desert, California (4
participants): Clement K. Chan, MD, FACS (I);
Steven G. Lin, MD (I); Tiana Gonzales (C); Kimberly
S. Walther (C); Lenise E. Myers, COA (V); Kenneth
M. Huff, COA (P). Fort Lauderdale Eye Institute,
Plantation, Florida (4 participants): Stuart K.
Burgess, MD (I); Tirso M. Lara, MD (I); Noel H.
Pereda, MD (C, V); Cindy V. Fernandez, MD (C, V);
Deborah Davis (V); Karen Workman (P). University
of Rochester, Rochester, New York (4 participants):
David Allen DiLoreto, MD, PhD (I); Rajeev S.
Ramchandran (I); George W. O’Gara MBA, CCRC (C);
Kari M. Steinmetz, BA, COA (C); Andrea M.
Czubinski (C, V); Peter MacDowell (C); Gary
Gagarinas, COMT, CCRA (V); Rebecca K. Gerhart, BS
(V); Salina M. Tongue, AAS, COA (V); Rachel M.
Aleese, BS, COT (V); Taylor A. Pannell, BS (P);
Kassandra J. Mundt, BA (P); Patricia A. Artman, BS
(P); Rachel Hollar (P); Brittany A. Bateman, BS (P);
Brittany S. Richardson, BS (P). Thomas Eye Group,
Sandy Springs, Georgia (4 participants): Paul L.
Kaufman, MD (I); Jessica D. McCluskey, MD (I);
Kathy T. Wynne, BS, COT (C, V); Cynthia Weaver,
COT (V); Brandun Watson, BS, COT (P); Julian
Jordan, COT (P); Rosario Romero (P); Carlos R. Cook
(P). Wolfe Eye Clinic, West Des Moines, Iowa (4
participants): Jared S. Nielsen (I); Kyle J. Alliman (I);
David D. Saggau (I); Marianne Parker (C); Bethany
George, RN (C); Jamie Spillman (V); Marilyn A.
Johnson (V); Jack Bowers (V); Jay Rostvold (P);
Spencer D. Ridgway (P); Lisa M. Boender (P); Bailey
R. Bennett (P). Retinal Consultants of Southern
California Medical Group Inc, West Lake Village,
California (4 participants): Kenneth R. Diddie, MD,
FACS (I); Deborah M. Cadwell (C, P); Susie O’Hayer
(P); Taryn F. Boisvert, RN (P); Melissa L. Johnson,
COA, CRA (P); Adrienne C. Swann (P). Vitreo-Retinal
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Associates PC, Worcester, Massachusetts (4
participants): Frank J. McCabe, MD (I); Brad J.
Baker, MD (I); Marie V. Lampson, COA (C, P);
Aundrea S. Borelli, COT (V); Elizabeth White (V);
Heather Pratte, COA (V); Amy Paul (V). Kellogg Eye
Center, University of Michigan, Ann Arbor, Michigan
(3 participants): Grant M. Comer, MD, MS (I); Anjali
R. Shah, MD (I); Thomas W. Gardner, MD, MS (I);
Pamela S. Campbell, COT, CCRP (C, V); Lindsay M.
Godsey, MS (C, V); Linda Goings (P); Hillary Bernard
(P); Robert Prusak (P); Timothy Sean Costello, BA
(P); Timothy Steffens, CRA (P). Western Carolina
Clinical Research LLC, Asheville, North Carolina (3
participants): Cameron McLure Stone, MD (I);
Andrea K. Menzel, COA (C); Lea R. Raymer, BS (C);
Barbara Campbell, COA (V); Leslie D. Rickman, COA
(V); Melissa L. Buckner, COA (P); Paula A. Price, COT
(P); Lisa H. Hawkins, COA (P). Emory Eye Center,
Atlanta, Georgia (3 participants): Andrew M.
Hendrick, MD (I); Linda T. Curtis, BSM (C, V); Judy L.
Brower, MMSc, COMT (V); Jannah L. Dobbs, CRA
(P); Samillya L. Pearson, COA (P); Debora J. Jordan
(P). University of Illinois at Chicago Medical Center,
Chicago, Illinois (3 participants): Jennifer I. Lim, MD
(I); Felix Y. Chau, MD (I); Marcia Niec, BS (C); Lauren
A. Talasnik, MS (C); Natasa Stankovic, AAS, COT (V);
Tametha Johnson (V); Yesenia Ovando (V); Mark
Janowicz, BS (P); Catherine Carroll (P); Michael J.
Puente, BA (P). Family Eye Group, Lancaster,
Pennsylvania (3 participants): Michael R. Pavlica,
MD (I); Alexandra C. Teale (C); Noelle S. Matta, COT
(C, V); Cristina M. Brubaker, COA (P); Alyson B.
Keene (P). University of Minnesota, Minneapolis,
Minnesota (3 participants): Dara Koozekanani, MD
(I); Wendy A. Elasky, BSci (C); Rebeca L. Phelps (V);
Sabrina M. Rolfer, COT (V); Torey D. Miller (P); Mark
J. Cohen (P). John-Kenyon American Eye Institute,
New Albany, Indiana (3 participants): Howard S.
Lazarus, MD (I); Liana C. Davis, LPN, COA (C, V);
Debra Paige Bunch, COA (C, V); Kelly Booth, COA
(V); Jay Moore, COA (P); Margaret Trimble, COA (P).
Sarasota Retina Institute, Sarasota, Florida (3
participants): Melvin Chen, MD, FACS (I); Marc H.
Levy, MD, FACS (I); Peggy A. Jelemensky (C, V);
Joann J. Rich (V); Tara L. Raphael (V); Rosa Miller
(P); Mark Sneath, COA (P); Jim Sherry, CRA (P).
Austin Retina Associates, Austin, Texas (2
participants): Robert W. Wong, MD (I); Peter A.
Nixon, MD (I); Jose A. Martinez, MD (I); Carrie E.
Leung (C, P); Phillip V. Le (C, V); Chris A.
Montesclaros (C, P); Cory Mangham (P); Codey L.
Daus (P). Retina Consultants, Edmonton, Alberta,
Canada (2 participants): Matthew T. S. Tennant, MD,
FRCSC (I); Bradley J. Hinz, MD, FRCS, ABO (I);
Alexandra Bolivar (C); Mallory Seright (P); Cindy
Veitch (P); Bernd Schwanke, BSc, BEd (P); Erin
Rolleston (P). Bascom Palmer Eye Institute, Miami,
Florida (2 participants): Justin H. Townsend, MD (I);
Belen Rodriguez, CCRP (C); Ailen E Gutierrez, BA
(C); Alexey Gomez Rodriguez (V); Enelda Idalia
Mendoza (V); Casi Fleischman (P); Tanya Nicole
Rego (P); Megan Mawdesley (P); Candace Melissa
Neale (P); Ailen Graces Fernandez (P). Ocala Eye
Retina Consultants, Ocala, Florida (2 participants):
Chander N. Samy, MD (I); Kathy Shirley (C, P);
Linsey Corso (C, P); Karen Ely (V); Arlene Egan (P);
Stewart Gross (P); Vanessa Alava (P); Stacey
Chiguina (P). University of Washington Medical
Center, Seattle, Washington (2 participants): James
L. Kinyoun, MD (I); Gurunadh Atmaram
Vemulakonda (I); Ian P Luttrell (C, V); Susan A. Rath
(C, V); Francy Moses (V); Juli A. Pettingill (V); Brad
C. Clifton (P); James D. Leslie, BFA (P); Ronald C.

Jones (P). Eye Associates of New Mexico,
Albuquerque, New Mexico (1 participant): Mark T.
Chiu, MD (I); Frank W. Wyant DO (I); Mary M.
Montano-Niles, COT, CCRP (C); Shirley Maerki, COA
(V); Lorraine J. Carter MPH (V); Paul P. Gomez (P);
Stephen A. Maestas, COA (P); Lauren N. Vigil (P).
Southeastern Retina Associates PC, Kingsport,
Tennesee (1 participant): Howard L. Cummings, MD,
FACS (I); Amber L. Anderson (C); Tabetha L. Miller,
RMA (C); Leesa L. Powers (V); Marcia Trent (V);
Deanna Jo Long, COT (P); Jamie Swift (P). Loma
Linda University Health Care, Department of
Ophthalmology, Loma Linda, California (1
participant): Joseph T. Fan, MD (I); Michael E.
Rauser, MD (I); Raquel Hernandez (C, P, V); Gisela
Santiago (C, V); Travis D. Davison, BS (C); Liel
Marvyn Cerdenio, BS (C, V); William H. Kiernan, OD
(V); Jesse Knabb (P); Armand Assissini (P). Texas
Retina Associates, Lubbock, Texas (1 participant):
Michel Shami, MD (I); Yolanda Saldivar (C); Keri S.
Neuling, CMA, CCRC (C); Brenda K. Arrington, CRA,
COT (C, P, V); Ashaki Meeks (V); Natalie R. Garcia,
COA (V); Glenn R. Gardner, CRA (P); Ginger K.
Rhymes, COA (P); Janet Medrano (P); Kayla Blair
CST (P). NJ Retina, New Brunswick, New Jersey (1
participant): Sumit P. Shah, MD (I); Daniel B. Roth,
MD (I); Howard F. Fine, MD, MHSc (I); Laura A.
Gadless, COA (C); Robyn Green RMA (C); Amy
Leviton (V); Alex Schlosser (P). New York Eye and
Ear Infirmary/Eye Faculty Practice, New York, New
York (1 participant): Ronald C. Gentile, MD (I); Alex
Yang (C, V); John Bo Soo Choi (C, V); Robert Masini
(P); Wanda Carrasquillo-Boyd (P). Retinal and
Ophthalmic Consultants PC, Northfield, New Jersey
(1 participant): Brett T. Foxman, MD (I); Julie M.
Rosenthal, MD (I); Scott G. Foxman, MD (I); Thomas
I. Margolis, MD (I); Chastity Mendez (C, P, V);
Natalie S. Mahan, COA, CRC (C, P); Melissa
Dombroski (V). DRCR Retina Network Coordinating
Center: Jaeb Center for Health Research, Tampa,
Florida (staff as of April 10, 2019): Adam R.
Glassman (director and principal investigator), Roy
W. Beck (executive director), Daphne Auza, Alyssa
Baptista, Wesley T. Beaulieu, Claire Boyle, Sharon R.
Constantine, Brian B. Dale, Simone S. Dupre, Sandra
Galusic, Meagan Huggins, Paula A. Johnson,
Brittany Kelly, Danni Liu, Brenda L. Loggins,
Maureen Maguire, Michele Melia, Ilona Nemeth,
Isoken Odia, Carin M. Preston, Cynthia R. Stockdale,
Katie Stutz. DRCR Retina Network Chair: Jennifer K.
Sun (2018-present), Daniel F. Martin
(2018-present), Lee M. Jampol (2013-2017), Neil M.
Bressler (2006-2012). DRCR Retina Network Vice
Chairs: Carl W. Baker (2011-2013; 2017-present),
Chirag Jhaveri (2016-2018), Mathew MacCumber
(2018-present), Andrew Antoszyk (2013-2016),
Susan B. Bressler (2009-2011), Scott Friedman
(2009-2012), Judy Kim (2015-2017), Ingrid U. Scott
(2009-2010), Jennifer K. Sun (2012-2014), John A.
Wells III (2013-2015). National Eye Institute:
Sangeeta Bhargava (2016-present), Eleanor Schron
(2009-2015). Executive Committee: Andrew N.
Antoszyk (2009; 2013-present), Carl W. Baker
(2009-present), Roy W. Beck (2002-present),
Sangeeta Bhargava (2016-present), Barbra Blodi
(2014-present), Neil M. Bressler (2006-present;
chair, 2006-2008), Susan B. Bressler
(2009-present), Frederick L. Ferris III
(2002-present), Adam R. Glassman (2005-present),
Glenn J. Jaffe (2012-present), Lee M. Jampol
(2012-present), Chirag D. Jhaveri (2016-present),
Brandon Lujan (2017-present), Mathew
MacCumber (2018-present), Dennis M. Marcus

(2011-2012; 2018-present), Daniel F. Martin
(2017-present), Raj K. Maturi (2009-2011;
2013-present), Jennifer K. Sun (2009-present).
Prior members: Lloyd Paul Aiello (2002-2018; chair,
2002-2005), Abdhish Bhavsar (2007-2008;
2010-2012), Alexander J. Brucker (2009-2011),
Kakarla V. Chalam (2009-2011), Ronald P. Danis
(2004-2015), Matthew D. Davis (2002-2017),
Michael J. Elman (2006-2018; chair, 2009 and
2012), Donald F. Everett (2002-2009), Joan Fish
(2008-2009), Scott Friedman (2007-2013),
Joseph Googe Jr (2009-2011), Jeffrey G. Gross
(2012-2017), Diana M. Holcomb (2011-2012), Judy
E. Kim (2015-2017), Andreas Lauer (2007-2008),
Ashley McClain (2013), Brandi J. Perez (2013),
Eleanor Schron (2009-2015), Ingrid U. Scott
(2009-2010), JoAnn Starr (2009-2011), John A.
Wells III (2012-2015). Data and Safety Monitoring
Committee: Gary Abrams, Deborah R. Barnbaum,
Harry Flynn, Kyle D. Rudser, Paul Sternberg,
Sangeeta Bhargava, Ruth S. Weinstock, Stephen
Wisniewski, John Connett (2003-2015), Charles P.
Wilkinson (2012-2018). Duke Reading Center: Adiel
Mora, Lucia Foster, Ellen Young, Chris Harrington,
Glenn Jaffe, Trina Winter, Kelly Inman, Cindy
Heydary, Justin Myers, Kelly Shields, Dee Busian.
Fundus Photograph Reading Center, University of
Wisconsin–Madison: Barbara Blodi (principal
investigator), Amitha Domalpally, James L. Reimers,
Pamela Vargo, Dawn Myers, Daniel Lawrence,
James Allan, Ashley Harris, Ellie Corkery, Kristi L.
Dohm, Kristine Lang, Ruth Shaw, Sheila Watson,
Wendy K. Benz.

Data Sharing Statement: See Supplement 4.
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