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IMPORTANCE Anti–vascular endothelial growth factor (VEGF) injections in eyes with
nonproliferative diabetic retinopathy (NPDR) without center-involved diabetic macular edema
(CI-DME) reduce development of vision-threatening complications from diabetes over at least 2
years, but whether this treatment has a longer-term benefit on visual acuity is unknown.

OBJECTIVE To compare the primary 4-year outcomes of visual acuity and rates of
vision-threatening complications in eyes with moderate to severe NPDR treated with
intravitreal aflibercept compared with sham. The primary 2-year analysis of this study has
been reported.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial conducted at 64 clinical sites in
the US and Canada from January 2016 to March 2018, enrolling 328 adults (399 eyes) with
moderate to severe NPDR (Early Treatment Diabetic Retinopathy Study [ETDRS] severity
level 43-53; range, 0 [worst] to 100 [best]) without CI-DME.

INTERVENTIONS Eyes were randomly assigned to 2.0 mg aflibercept (n = 200) or sham
(n = 199). Eight injections were administered at defined intervals through 2 years, continuing
quarterly through 4 years unless the eye improved to mild NPDR or better. Aflibercept was
given in both groups to treat development of high-risk proliferative diabetic retinopathy
(PDR) or CI-DME with vision loss.

MAIN OUTCOMES AND MEASURES Development of PDR or CI-DME with vision loss
(�10 letters at 1 visit or �5 letters at 2 consecutive visits) and change in visual acuity
(best corrected ETDRS letter score) from baseline to 4 years.

RESULTS Among participants (mean age 56 years; 42.4% female; 5% Asian, 15% Black,
32% Hispanic, 45% White), the 4-year cumulative probability of developing PDR
or CI-DME with vision loss was 33.9% with aflibercept vs 56.9% with sham (adjusted hazard
ratio, 0.40 [97.5% CI, 0.28 to 0.57]; P < .001). The mean (SD) change in visual acuity from
baseline to 4 years was −2.7 (6.5) letters with aflibercept and −2.4 (5.8) letters with sham
(adjusted mean difference, −0.5 letters [97.5% CI, −2.3 to 1.3]; P = .52). Antiplatelet Trialists’
Collaboration cardiovascular/cerebrovascular event rates were 9.9% (7 of 71) in bilateral
participants, 10.9% (14 of 129) in unilateral aflibercept participants, and 7.8% (10 of 128) in
unilateral sham participants.

CONCLUSIONS AND RELEVANCE Among patients with NPDR but without CI-DME at 4 years
treatment with aflibercept vs sham, initiating aflibercept treatment only if vision-threatening
complications developed, resulted in statistically significant anatomic improvement but no
improvement in visual acuity. Aflibercept as a preventive strategy, as used in this trial, may
not be generally warranted for patients with NPDR without CI-DME.
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A nti–vascular endothelial growth factor (VEGF) treat-
ment reduces but does not eliminate the incidence of
vision-threatening complications of diabetes, and it is

highly but not 100% effective for the complications once
they occur. The DRCR Retina Network Protocol W aimed to
answer the question, “does prophylactic anti-VEGF treat-
ment in eyes at high risk of vision-threatening complications
of diabetes result in better anatomic and vision outcomes at 4
years when compared with observation with anti-VEGF treat-
ment initiated only after a vision-threatening complication
has occurred?”

The 2-year primary analysis of this trial showed that
aflibercept (2 mg every 16 weeks after 3 monthly loading
doses) reduced diabetic retinopathy severity, lowered inci-
dence of vision-impairing center-involved diabetic macular
edema (CI-DME), and reduced risk of progression to prolif-
erative diabetic retinopathy (PDR) compared with sham.1 The
probability of developing CI-DME with vision loss or PDR
within 2 years was approximately 16% (aflibercept) vs 43%
(sham). These results were supported by PANORAMA, a simi-
lar study of prophylaxis that randomly assigned eyes with
moderately severe to severe nonproliferative diabetic reti-
nopathy (NPDR) to aflibercept (2 mg every 16 weeks or 2 mg
every 8 weeks then as needed).2

Despite the anatomic benefits, neither this trial nor
PANORAMA demonstrated an associated visual acuity ben-
efit over 2 years with anti-VEGF therapy. Mean (SD) change in
visual acuity from baseline to 2 years in this trial decreased
by 0.9 (5.8) letters in aflibercept and 2.0 (6.1) letters in sham,
a difference neither statistically significant (adjusted mean
difference, 0.5 letters [97.5% CI, −1.0 to 1.9]; P = .47) nor
clinically important.1 In PANORAMA, the visual acuity area
under the curve (AUC) from baseline to 100 weeks improved
by 1.5 letters (2 mg every 16 weeks) and 0.8 letters (2 mg
every 8 weeks then as needed), compared with 0.6 letters
with sham.

Reported herein are results for 4-year outcomes to deter-
mine whether early treatment leads to sustained anatomic
benefits and longer-term superior visual acuity outcomes.

Methods
Methods for this trial were published previously, and the study
protocol (Supplement 1) and statistical analysis plan (Supple-
ment 2) are available online.1 This study adhered to the te-
nets of the Declaration of Helsinki3; sites received approval
from their respective ethics board; all participants provided
written informed consent, and an independent data and safety
monitoring committee monitored the study every 6 months.
The components of PDR and CI-DME outcomes, study proce-
dures, sample size calculations, randomization, visit sched-
ules, and masking are available online.1

Participants
Participants were adults with type 1 or type 2 diabetes who had
at least 1 eye with severe NPDR, according to the enrolling in-
vestigator (moderate to severe NPDR [Diabetic Retinopathy

Severity Scale {DRSS} levels 43-53] by central reading center
grading of fundus photographs) and best-corrected visual
acuity at least 79 letters (range, 0 [worst] to 100 [best];
Snellen equivalent 20/25 or better). Eyes with CI-DME, evi-
dence of neovascularization within the 7-modified Early-
Treatment Diabetic Retinopathy Study (ETDRS) fields on
fluorescein angiography confirmed by a central reading cen-
ter, prior panretinal photocoagulation (PRP), or history of
DME or diabetic retinopathy treatment within the 12 months
prior to enrollment were ineligible. Participants could have 1
(unilateral) or 2 (bilateral) study eyes enrolled, depending on
the number eligible.

Randomization
Study eyes were randomized 1:1 to receive 2-mg intravitreal
aflibercept injections (Regeneron) or sham injections strati-
fied by baseline DRSS and study eye laterality, with random
block sizes of 2 and 4. Treatment group assignment was masked
to study participants, photographers, optical coherence to-
mography (OCT) technicians, reading center graders, and vi-
sual acuity testers, including refractionists.

Interventions
Prevention injections, whether aflibercept or sham, were
given at baseline, 1, 2, and 4 months and then every 4
months through 2 years. In years 3 and 4, the 4-month pre-
vention injections could be deferred if the clinical assessment
of the eye indicated mild NPDR or better (DRSS level ≤35). If
high-risk PDR (DRSS level ≥71) or CI-DME with vision loss (10
or more letters at 1 visit or 5 or more at 2 consecutive visits)
developed, then aflibercept treatment was initiated and
re-treatment for PDR (Protocol S) or CI-DME (Protocol T) was
determined by DRCR Retina Network algorithms.4,5 Eyes
could meet the outcome for PDR without meeting the high-
risk PDR criteria for treatment.

Statistical Analyses
The primary 4-year visual acuity outcome was mean change
in visual acuity (best-corrected ETDRS letter score) from

Key Points
Question In patients with nonproliferative diabetic retinopathy
(NPDR) and good vision but without center-involved diabetic
macular edema (CI-DME), does early aflibercept reduce disease
progression and improve long-term visual acuity compared with
initial observation and treatment only if disease worsens?

Findings This study presents 4-year primary outcomes of a
randomized clinical trial that included 328 patients (399 eyes),
randomized to 2.0 mg aflibercept injections or sham injections.
Among those receiving aflibercept, proliferative diabetic
retinopathy or CI-DME developed in 33.9% vs 56.9% among those
who received sham—a difference that was statistically significant.
Change in visual acuity was −2.7 vs −2.4 letters, a difference that
was not statistically significant.

Meaning At 4 years, treatment of NPDR with aflibercept vs sham
treatment resulted in statistically significant anatomic
improvement, but no improvement in visual acuity.
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baseline to 4 years. The mean treatment group difference
was estimated using a linear mixed model with fixed effects
to adjust for baseline visual acuity and the randomization
stratification factors, a participant-level random intercept to
account for correlation in bilateral participants, and Markov
Chain Monte Carlo multiple imputation (100 imputations) for
missing data. The imputation model assumed data are miss-
ing at random and included treatment group, study eye later-
ality, baseline DRSS, baseline visual acuity, and change in
visual acuity from baseline to each protocol assessment visit
up to and including 4 years. The primary 4-year anatomic
outcome was the development of PDR or CI-DME with vision
loss (whichever came first) within 4 years. The hazard ratio
(HR) between treatment groups was estimated using a mar-
ginal Cox proportional hazards model with adjustment
for the randomization stratification factors and a robust
sandwich estimate of the covariance matrix to account for
participant-level correlation. The proportional hazards
assumption was verified using Martingale residuals.6 Out-
come probabilities (cumulative incidence) were estimated
using the Kaplan-Meier (product-limit) survival estimates.7

Eyes that did not meet the outcome were censored at the last
completed visit.

The analysis of secondary outcomes mimicked the analy-
sis of primary outcomes. The odds ratio (OR) between treat-
ment groups was estimated for binary outcomes using logis-
tic regression with generalized estimating equations and a
participant-level exchangeable working correlation structure.
A safety analysis evaluated ocular and systemic adverse
events. The Workplace Productivity and Activity Impairment
questionnaire was used to compare change in functional
outcomes at the participant level (unilateral participants
only). The primary analyses followed the as-randomized
principle, analyzing all participants by randomized treatment
group, regardless of treatment received, with missing data
imputed with multiple imputation where applicable. Sub-
group analysis was performed only for the primary outcomes
in the prespecified subgroups: baseline DRSS; baseline non-
central DME; sex; and race and ethnicity (race and ethnicity
were combined as a single subgroup; self-reported in
National Institutes of Health–specified categories; data were
collected to define the cohort and to conduct preplanned
subgroup analyses). Sensitivity analyses included a per-
protocol analysis of both primary outcomes (only including
eyes ≥80% compliant with treatment according to protocol),
as well as complete-case (no imputed values) and tipping-
point (shifting of imputed values) analyses for the primary
visual acuity outcome. Hypothesis tests were 2-sided with
statistical significance determined at P < .025 (to account for
2.5% α spending on the 2-year analysis). At 2 and 4 years,
hypothesis testing followed a hierarchal approach; a treat-
ment group comparison of mean visual acuity change was
only conducted if there was a statistically significant differ-
ence in the PDR/CI-DME composite outcome. With a planned
sample size of 386 eyes, the power was estimated to be at
least 89% for the primary PDR/CI-DME outcome (assuming
true rates of 15% vs 30% at 2 years) and visual acuity out-
come (assuming true difference was ≥3 with an SD of 8 let-

ters). There was no formal multiplicity adjustment among
secondary and safety outcomes, and thus, because of the
potential for type I error, findings should be interpreted as
exploratory. Descriptive statistics are based on observed data
(no imputed values). Analyses were conducted with SAS
SAS/STAT 15.1 (SAS Institute, Inc).

Results
This trial enrolled 399 eyes (328 participants) between January
2016 and March 2018 across 64 sites in the US and Canada. The
last participant completed the 4-year visit on May 11, 2022.
There were 200 eyes randomly assigned to aflibercept and 199
to sham. Baseline participant and study eye characteristics by
treatment group are in Table 1, and by 4-year study visit
completion are in eTable 1 in Supplement 3. Excluding deaths,
74.0% (271 of 366) of eyes completed the study and 80.2% (300
of 374) of eyes either completed the study or met the primary
outcome while still enrolled (Figure 1).

Visual Acuity
Visual acuity decreased from baseline to 4 years by a mean
(SD) of 2.7 (6.5) letters for eyes in the aflibercept group vs 2.4
(5.8) letters for eyes in the sham group (adjusted mean differ-
ence, −0.5 [97.5% CI, −2.3 to 1.3]; P = .52), with mean (SD)
AUC in visual acuity change over 4 years of −1.0 (4.2) letters
for eyes in the aflibercept group vs −1.3 (3.6) letters for eyes in
the sham group (adjusted mean difference, −0.2 [97.5% CI,
−1.2 to 0.8]; P = .65) (Figure 2, Table 2). At 4 years, 13.1% (18
of 137) of eyes in the aflibercept group vs 12.7% (17 of 134) in
the sham group were 10 or more letters worse than baseline
(adjusted OR, 1.11 [97.5% CI, 0.55 to 2.22]; P = .74). Visual
acuity was 20/40 or better in 95.6% (131 of 137) of eyes in the
aflibercept group and 96.3% (129 of 134) of eyes in the sham
group at 4 years, and visual acuity was 20/20 or better in
65.0% (89 of 137) of eyes in the aflibercept group and 68.7%
(92 of 134) of eyes in the sham group (Table 2). Treatment
effect on visual acuity was not meaningfully different
between any preplanned subgroups analyzed (baseline DRSS,
baseline noncentral DME, race and ethnicity, or sex; eFigure 1
and eTable 2 in Supplement 3).

PDR and CI-DME
The 4-year cumulative incidence for PDR or CI-DME with vi-
sion loss was 33.9% in eyes in the aflibercept group vs 56.9%
in eyes in the sham group (adjusted HR, 0.40 [97.5% CI, 0.28
to 0.57]; P < .001; Table 3 and Figure 3A). The probability of
developing PDR within 4 years was 27.9% for eyes in the afliber-
cept group vs 49.0% for eyes in the sham group (adjusted HR,
0.42 [97.5% CI, 0.29 to 0.61]; P = <.001; Table 3 and Figure 3B),
and the probability of developing CI-DME with vision loss was
11.3% for eyes in the aflibercept group vs 19.1% for eyes in the
sham group (adjusted HR, 0.51 [97.5% CI, 0.27 to 0.97]; P = .02;
Table 3 and Figure 3C). Difference in 4-year cumulative inci-
dence (calculated from Kaplan-Meier estimates and standard
errors) was 23.1% (97.5% CI, 10.8% to 35.3%) for any PDR or
CI-DME outcome; 21.1% (97.5% CI, 9.0% to 33.1%) for any PDR
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outcome; and 7.8% (97.5% CI, −1.1% to 16.7%) for any CI-DME
outcome. The most common event was neovascularization
of the disc or elsewhere for PDR, with event probabilities of
26.9% for eyes in the aflibercept group and 44.0% for eyes in
the sham group through 4 years. The 4-year cumulative inci-
dence for all PDR and CI-DME outcome events are in Table 3,
and the frequencies of the first qualifying events that deter-
mined the composite PDR and CI-DME outcomes are in eTable 3

Table 1. Baseline Participant and Study Eye Characteristics

Baseline characteristicsa

No. (%)
Aflibercept
(n = 200)

Sham
(n = 199)

Study eyes laterality

Unilateral 129 (64.5) 128 (64.3)

Bilateral 71 (35.5) 71 (35.7)

Female sex 83 (41.5) 86 (43.2)

Male sex 117 (58.5) 113 (56.8)

Age, y

Mean (SD) 56.6 (10.1) 55.0 (10.6)

Median (IQR) 57 (51-63) 56 (48-62)

Race and ethnicity

American Indian or Alaska Native 1 (<1) 0

Asian 10 (5.0) 9 (4.5)

Black or African American 29 (14.5) 32 (16.1)

Hispanic or Latino 62 (31.0) 67 (33.7)

More than 1 race 3 (1.5) 1 (<1)

Native Hawaiian
or Other Pacific Islander

1 (<1) 1 (<1)

Unknown or not reported 2 (1.0) 3 (1.5)

White 92 (46.0) 86 (43.2)

Diabetes

Type 1 12 (6.0) 23 (11.6)

Type 2 188 (94.0) 176 (88.4)

Duration, y

Mean (SD) 16.4 (8.9) 17.3 (9.7)

Median (IQR) 17 (10-22) 16 (11-22)

Insulin used 139 (69.5) 139 (69.8)

Hemoglobin A1c, %b

Mean (SD) 8.8 (2.2) 8.7 (2.0)

Median (IQR) 8.6 (7.1-10.0) 8.3 (7.3-9.7)

Mean arterial blood pressure, mm Hg

Mean (SD) 99.7 (11.2) 98.9 (11.2)

Median (IQR) 100 (92-107) 98 (91-106)

Body mass indexc

Mean (SD) 32.9 (6.9) 32.2 (6.6)

Median (IQR) 31 (28-37) 31 (27-36)

Prior myocardial infarction 16 (8.0) 19 (9.5)

Prior stroke 13 (6.5) 11 (5.5)

Preexisting kidney disease 6 (3.0) 6 (3.0)

Study eye characteristics

Visual acuity
(best-corrected ETDRS)d

Mean (SD), letter score 87.4 (4.5) 87.9 (4.6)

Median (IQR),
letter score

88 (84-90) 88 (85-91)

Median, Snellen equivalent 20/20 20/20

20/20 or better (≥84 letters) 156 (78.0) 161 (80.9)

OCT machinee

Heidelberg Spectralis 111 (55.5) 112 (56.3)

Zeiss Cirrus 89 (44.5) 87 (43.7)

OCT central subfield thickness, μmf

Mean (SD) 281 (26) 280 (24)

Median (IQR) 283 (264-300) 283 (265-299)

(continued)

Table 1. Baseline Participant and Study Eye Characteristics (continued)

Baseline characteristicsa

No. (%)
Aflibercept
(n = 200)

Sham
(n = 199)

OCT retinal volume, mm3g,h

Mean (SD) 7.4 (0.7) 7.4 (0.7)

Median (IQR) 7.4 (7.0-7.9) 7.4 (6.9-7.8)

Diabetic retinopathy severity score

Moderate NPDR (level 43) 33 (16.5) 35 (17.6)

Moderately severe NPDR (level 47A) 65 (32.5) 61 (30.7)

Moderately severe NPDR (level 47B-D) 54 (27.0) 55 (27.6)

Severe NPDR (level 53) 48 (24.0) 48 (24.1)

Intraocular pressure, mm Hgi

Mean (SD) 15.3 (3.1) 15.1 (3.1)

Median (IQR) 15 (13-17) 15 (13-17)

Lens status

Phakic (natural lens) 166 (83.0) 167 (83.9)

Posterior chamber intraocular lens
(surgically replaced lens)

34 (17.0) 32 (16.1)

Noncentral DMEj,k 75 (39.9) 83 (42.6)

Prior treatment for DMEl 19 (9.5) 22 (11.1)

Prior anti-VEGF for DME 8 (4.0) 5 (2.5)

Prior focal/grid laser for DME 12 (6.0) 19 (9.5)

Abbreviations: DME, diabetic macular edema; ETDRS, Early Treatment Diabetic
Retinopathy Study; NPDR, nonproliferative diabetic retinopathy; OCT, optical
coherence tomography; VEGF, vascular endothelial growth factor.
a All baseline characteristics reflect data collected at the randomization visit

except for diabetic retinopathy severity, which was collected on fundus
photos at the screening visit.

b Values for hemoglobin A1c were missing for 11 aflibercept and 9 sham
participants.

c Calculated as weight in kilograms divided by height in meters squared.
d Visual acuity letter score measured after protocol-defined refraction

using an electronic ETDRS test (range, 0 [worst] to 100 [best] letters
[Snellen equivalent of <20/800 to 20/10]).

e Technology uses light waves to obtain cross-sectional images of the retina.
f Heidelberg Spectralis machine equivalent (normative mean ≈ 262 μm

for females; 278 μm for males).8

g Zeiss Stratus machine equivalent (normative mean ≈ 6.7 mm3 for females;
7.0 mm3 for males).8,9

h Values for OCT retinal volume were missing for 12 aflibercept and 4 sham eyes.
i Intraocular pressure is the fluid pressure inside the eye measured with

a tonometry test (normative mean ≈ 15 mm Hg).10

j Indicates at least 2 noncentral macular subfields with OCT thickness above
threshold (mean [SD] 2) or at least 1 noncentral macular subfield with OCT
thickness at least 15 μm above threshold (mean [SD] 2).

k Values for noncentral DME status were missing for 12 aflibercept and
4 sham eyes.

l Indicates no treatment for DME or retinopathy in the 12 months preceding
baseline.

Intravitreous Aflibercept for Prevention of Vision-Threatening Complications of Diabetic Retinopathy Original Investigation Research

jama.com (Reprinted) JAMA February 7, 2023 Volume 329, Number 5 379

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ LIFELABS by adam glassman on 02/07/2023

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.25029


in Supplement 3. The probability of developing high-risk PDR
was 5.6% with aflibercept and 12.1% with sham. There was faster
progression in eyes with higher baseline DRSS (P < .001), but the

treatment effects within baseline DRSS subgroups were simi-
lar (eFigure 2 in Supplement 3). Treatment by subgroup inter-
actions were not statistically significant for baseline DRSS, base-
line noncentral DME, race and ethnicity, or sex (eFigure 3 and
eTable 4 in Supplement 3).

Four-year diabetic retinopathy severity was mild NPDR or
better (DRSS level ≤35) for 50.4% (64 of 127) of eyes in the
aflibercept group and 29.3% (36 of 123) for eyes in the sham
group. From baseline to 4 years, more eyes in the aflibercept
group improved by 2 or more steps in DRSS (54.3% [69 of 127]
vs 28.5% [35 of 123] in the sham group; adjusted OR, 2.97 [97.5%
CI, 1.70 to 5.19]; P < .001) and fewer in the aflibercept group
worsened by 2 or more steps (11.0% [14 of 127] vs 22.8% [28 of
123] in the sham group; adjusted OR, 0.51 [97.5% CI, 0.28 to
0.91]; P = .009) (eTable 5 in Supplement 3).

Central subfield thickness, obtained using OCT, de-
creased from baseline to 4 years by a mean (SD) of 4 (33) μm
for eyes in the aflibercept group vs 6 (27) μm for eyes in the
sham group (adjusted difference, 2 (97.5% CI, −7 to 11; P = .62];
eFigure 4 in Supplement 3). At 4 years, 9.8% (13 of 133) of eyes
in the aflibercept group vs 8.2% (11 of 134) of eyes in the sham
group had CI-DME (with or without vision loss) according to
sex and OCT machine thresholds.8 Additional OCT outcomes
are in eFigure 5 and eTable 6 in Supplement 3.

Figure 1. Study Selection, Randomization, and Flow of Participants’ Eyes

608 Participants provided informed consent
and were assessed for eligibility

280 Did not meet inclusion criteria

399 Eyes of 328 participants randomizeda

200 Eyes randomized to receive aflibercept
200 Received aflibercept as randomized

199 Eyes randomized to receive sham
199 Received sham as randomized

137 Completed the 4-year visitb

16 Withdrew from study
29 Lost to follow-up

17 Diedd

1 Completed out-of-window
134 Completed the 4-year visitc

22 Withdrew from study

1 Completed out-of-window
26 Lost to follow-up

16 Died

200 Included in the primary analysise

106 For primary visual acuity outcome

269 Included in the per-protocol analysisf

163 For primary anatomical outcome

199 Included in the primary analysise

90 For primary visual acuity outcome

254 Included in the per-protocol analysisf

164 For primary anatomical outcome

Protocol-specified visits occurred at baseline (randomization) and at target
periods of 1 month (± 2-wk range), 2 months (± 1-wk range), 4 months (± 8-wk
range); then every 4 months (± 12-wk range for annual visits; ± 8-wk range
otherwise) through 4 years (range, −12 weeks to +24 weeks).
a Of the 328 participants who were randomized, 71 bilateral participants

(30 females and 41 males) had 1 eye randomized to receive afibercept and 1
eye randomized to receive sham.

b The 137 patients’ eyes that completed the 4-year visit indicates 68.5% of
the 200 randomized (74.9% excluding 17 patients who died).

c The 134 patients’ eyes that completed the 4-year visit indicates 67.3% of
the 199 randomized (73.2% excluding 16 patients who died).

d Deaths exclude 1 participant (1 study eye) in the aflibercept group who

completed a visit in the 4-year visit window but died before completing the
designated 4-year study visit.

e The primary analysis of the key outcomes included all randomized participants
using all available follow-up time for the anatomical outcome (time to
development of proliferative diabetic retinopathy or center-involved diabetic
macula edema) and multiple imputation for missing data of the visual acuity
outcome (change in visual acuity from baseline to 4 years).

f The per-protocol analysis included eyes that were at least 80% adherent with
protocol injections (aflibercept or sham) prior to the event or censoring time
(for the primary anatomical outcome) and prior to the 4-year visit (for the
primary visual acuity outcome). The compete-case analysis for the primary
visual acuity outcome included all eyes that completed the 4-year visit.

Figure 2. Distribution of Visual Acuity Change From Baseline Through 4 Years
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Treatment for Diabetic Retinopathy
and Diabetic Macular Edema
Among 4-year completers, eyes assigned to the aflibercept
group received a mean (SD) of 13.0 (3.7) injections (8.7 [1.4]
during years 1-2, and 4.3 [2.8] during years 3-4) with 79.6%
(109 of 137) receiving at least 1 injection in year 4. Among
eyes randomly assigned to receive sham, 40.3% (54 of 134) of
eyes that completed the 4-year visit initiated aflibercept
treatment, receiving a mean (SD) of 8.7 (5.1) aflibercept injec-
tions (3.1 [3.5] during years 1-2 and 5.6 [4.4] during years 3-4)
(eTable 7 in Supplement). The probability of initiating anti-
VEGF treatment for PDR or CI-DME within 4 years (adjusted
for censoring) was 18.7% with aflibercept and 40.7% with
sham (Table 3). Of all aflibercept injections administered to
the aflibercept group, 90.1% (2011 of 2231) were for preven-
tion only. Additional treatment information, including PRP
and focal/grid laser administration, are in Table 3 and
eTable 7 in Supplement 3. The mean (SD) number of study
visits from baseline to 4 years among 4-year completers was
16.4 (4.5) for unilateral aflibercept participants and 19.4 (7.3)
for unilateral sham participants.

Safety
Overall frequency of endophthalmitis per aflibercept injec-
tion was 0.1% (3 of 2794) in study eyes, and 0 of 1346 in non-
study eyes receiving study aflibercept. Antiplatelet Trialists’
Collaboration cardiovascular/cerebrovascular adverse event
rates were 9.9% (7 of 71) in bilateral participants,11 10.9% (14
of 129) in unilateral aflibercept participants, and 7.8% (10 of
128) in unilateral sham participants (unilateral aflibercept vs
unilateral sham P = .53). Ocular and systemic adverse events
of interest and complete adverse event lists are in eTables 8,
9, 10, and 11 in Supplement 3. Follow-up hemoglobin A1c

appeared similar between treatment groups (eTable 12 in
Supplement 3).

Workplace Productivity and Activity Impairment
Functional work-related outcomes due to vision problems
over the past week including absenteeism (percentage
of work time missed), presenteeism (percentage of impair-
ment while working), and work productivity loss scores
(a combination of absenteeism and presenteeism) are in
eTable 13 in Supplement 3. The 4-year activity impairment

Table 2. Visual Acuity Outcomes at 4 Years

Visual acuity
(best-corrected Early Treatment
Diabetic Retinopathy Study) outcomes

No. (%)a Aflibercept vs sham
Aflibercept
(n = 137)

Sham
(n = 134)

Primary
(n = 399)b

Complete case
(n = 271)c

Per-protocol
(n = 196)d

At baseline, letter score, mean (SD) 87.4 (4.5) 87.8 (4.7)

At 4 y, letter score, mean (SD) 84.1 (11.1) 85.3 (7.8)

Change from baseline to 4 y (primary outcome),
letters, mean (SD)e

−2.7 (6.5) −2.4 (5.8) Mean difference, −0.5
(97.5% CI, −2.3 to 1.3)f

Mean difference, 0.0
(97.5% CI, −1.4 to 1.4)f

Mean difference, 0.2
(97.5% CI, −1.5 to 2.0)f

P value .52 >.99 .78

Average change over 4 y (area under the curve),
letters, mean (SD)

−1.0 (4.2) −1.3 (3.6) Mean difference, −0.2
(97.5% CI, −1.2 to 0.8)f

P value .65

Worsened ≥10 letters from baseline to 4 y 18 (13.1) 17 (12.7) Odds ratio, 1.11
(97.5% CI, 0.55 to 2.22)g

P value .74

Worsened ≥15 letters from baseline to 4 y 8 (5.8) 6 (4.5)

Worsened ≥5 letters from baseline to 4 y
and the previous study visit

25 (18.2) 23 (17.2)

Improved ≥5 letters from baseline to 4 y
and the previous study visit

7 (5.1) 5 (3.7)

Visual acuity of 20/20 or better (≥84 letters) at 4 y 89 (65.0) 92 (68.7)

Visual acuity of 20/40 or better (≥69 letters) at 4 y 131 (95.6) 129 (96.3)

Visual acuity of 20/200 or worse (≤38 letters) at 4 y 2 (1.5) 0
a Numeric values are reported as No. (%) unless otherwise indicated.
b The primary analysis followed the as-randomized principle, analyzing all

participants by randomized treatment group (n = 200 aflibercept;
n = 199 sham) regardless of treatment received, with multiple imputation
(100 imputations) for missing data in the analysis of visual acuity change, area
under the curve, and loss of 10 or more letters. The imputation model included
treatment group, study eye laterality, baseline diabetic retinopathy severity
score, baseline visual acuity, and change in visual acuity from baseline to each
protocol assessment visit up to and including 4 years. A tipping point analysis
identified shift parameters of 4 letters for aflibercept to be superior and 3
letters for sham to be superior.

c The complete case analysis included 137 aflibercept eyes and 134 sham eyes
that completed the 4-year visit.

d The per-protocol analysis included 106 aflibercept eyes and 90 sham eyes
that completed the 4-year visit, received at least 80% of injections
(aflibercept or sham) according to protocol through the first 2 years and

through 4 years, and had no other treatment for proliferative diabetic
retinopathy or diabetic macular edema before the 4-year visit.

e Outliers in visual acuity change from baseline to 4 years were truncated to
within the overall mean (SD) 3 (−1.6 [3] × 6.7) of visual acuity change from
baseline to 2 years. Values of outliers for the aflibercept group were −80,
−44, and −26, and there was 1 outlier for the sham group (−41).

f Mean differences between treatment groups were estimated using linear
mixed models with a random intercept for the correlation between eyes of
participants having 2 study eyes and fixed effects for treatment group,
study eye laterality, baseline diabetic retinopathy severity score, and baseline
visual acuity.

g This adjusted odds ratio was estimated using generalized estimating equations
with an exchangeable correlation structure for the correlation between eyes of
participants having 2 study eyes and regression terms for treatment group,
study eye laterality, baseline diabetic retinopathy severity score, and baseline
visual acuity.
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Table 3. Development of PDR and CI-DME Outcomes Through 4 Years

PDR and CI-DME outcomesa

No. (4-y %) Aflibercept vs sham, hazard ratio (97.5% CI)b

Aflibercept
(n = 200)

Sham
(n = 199)

Primary
(n = 399)c P value

Per-protocol
(n = 327)d

Development of PDR or CI-DME
with vision loss
(whichever came first,
primary outcome)e

Any PDR or CI-DME outcome 54 (33.9) 97 (56.9) 0.40 (0.28 to 0.57) <.001 0.37 (0.25 to 0.55)

Development of PDRe,f

Any PDR outcome 44 (27.9) 82 (49.0) 0.42 (0.29 to 0.61) <.001

Neovascularization of the disc
or elsewhere

42 (26.9) 74 (44.0)

Vitreous hemorrhage due to PDR 12 (7.4) 26 (16.2)

Preretinal hemorrhage due to PDRg 6 (3.9) 19 (11.6)

Traction retinal detachment due to PDR 0 2 (1.3)

Neovascularization of the irish 2 (1.4) 1 (<1)

Neovascularization of the angle 0 1 (<1)

Neovascular glaucoma 0 2 (1.5)

Anti-VEGF for PDRi 16 (10.2) 42 (25.5)

Panretinal photocoagulation 2 (1.2) 6 (3.8)

Vitrectomy 1 (<1) 1 (<1)

Development of CI-DME with vision losse,j

Any CI-DME outcome 18 (11.3) 32 (19.1) 0.51 (0.27 to 0.97) .02

CI-DME with ≥10% increase
in center subfield thickness
and ≥10 letter decrease
in visual acuity at a single visitk

12 (7.5) 20 (12.0)

CI-DME with ≥10% increase
in center subfield thickness
and ≥5 letter decrease in visual acuity
at 2 consecutive visitsk,l

0 5 (3.0)

Anti-VEGF for CI-DMEm 16 (9.9) 29 (17.1)

Focal/grid laser 3 (2.0) 11 (7.0)

Corticosteroid 2 (1.2) 0

Development of secondary outcomese

Any PDR or CI-DME with vision loss criteria
based on objective components
defined in composite outcomen

48 (30.3) 88 (51.7)

CI-DME with ≥10% and ≥25 um increase
in center subfield thickness

18 (11.5) 20 (12.6)

High-risk PDR (level ≥71) 9 (5.6) 20 (12.1)

Anti-VEGF for PDR or CI-DME 30 (18.7) 68 (40.7)
a Types of assessment used: reading center only (for neovascularization of the

disc or elsewhere, CI-DME, and change in CST); reading center or clinical
examination (for traction retinal detachment, vitreous hemorrhage, and
preretinal hemorrhage); and clinical examination only (for neovascularization
of the angle, neovascular glaucoma, neovascularization of the iris, change in
visual acuity, and any treatment for PDR or CI-DME).

b Hazard ratios were estimated using a marginal Cox regression model that
adjusted for study eye laterality and baseline diabetic retinopathy severity
score. The correlation between eyes of participants having 2 eyes in the study
were modeled with a robust sandwich estimate of the covariance matrix.

c The as-randomized principle was used to analyze all participants by
randomized treatment group, regardless of treatment received. See Results
for difference in 4-year cumulative incidence.

d Included 163 eyes in aflibercept and 164 eyes in the sham group (that received
�80% of injections according to protocol before meeting the outcome
through the first 2 y and through 4 y when applicable; P <.001 for the
hazard ratio).

e Cumulative 4-year percentages were estimated using Kaplan-Meier estimates
at the end of the 4-year visit window (1629 days after baseline). Eyes were
considered at risk for an outcome until the outcome developed. Eyes that did
not meet the outcome were censored at the time of the last completed visit.

Censoring times for eyes censored at the 4-year visit were set to the end of the
4-year visit window for all analyses to prevent small numbers at risk from
artificially inflating the outcome percentages at the end of the window.

f Outcomes developed if PDR developed at any time during the study
(irrespective of if/when CI-DME developed).

g Indicates preretinal hemorrhage greater than one-half of the disc area.
h Indicates neovascularization of the iris for at least 2 cumulative clock hours.
i Not given without meeting another PDR outcome first.
j Outcomes developed if CI-DME with vision loss developed at any time during

the study (irrespective of if/when PDR developed).
k Vision loss presumed to be from diabetic macular edema.
l Consecutive visits at least 21 days apart.
mAnti-VEGF for CI-DME was given to 6 aflibercept and 5 sham eyes without

meeting another diabetic macular edema outcome first.
n Included outcomes with reading center assessments on optical coherence

tomography (CI-DME with visual acuity loss) or on fundus photos or
fluorescein angiography (neovascularization of the disc or elsewhere, traction
retinal detachment, vitreous hemorrhage, preretinal hemorrhage); excluded
those based on clinical examinations.
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score (percentage of activity impairment due to vision prob-
lems over the past week) in the unilateral participants of
both treatment groups was a median of 0% (IQR, 0% to
30%). There were no meaningful differences between uni-
lateral participants in change activity impairment or in work
productivity loss from baseline to 2 or 4 years (eTable 13 in
Supplement 3).

Discussion

Although early treatment with aflibercept reduced the risk of
PDR or CI-DME with vision loss development in eyes with mod-
erate to severe NPDR, it did not improve visual acuity over 4
years compared with aflibercept treatment only after the onset

Figure 3. Cumulative Percentages for Time From Baseline to Development of PDR or CI-DME With Vision Loss,
PDR, and CI-DME With Vision Loss
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1465) days in the aflibercept group
and 783 (IQR, 378 to 1428) days in
the sham group; for panel B, 1411
(IQR, 740 to 1465) days in the
aflibercept group and 1040 (IQR, 413
to 1457) days in the sham group; and
for panel C, 1421 (IQR, 859 to 1474)
days in the aflibercept group and
1408 (IQR, 707 to 1463) days in the
sham group.
a Indicates proliferative diabetic

retinopathy (PDR) or
center-involved diabetic macular
edema (CI-DME), whichever
develops first.
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of high-risk PDR or CI-DME. Indeed, no subgroups were iden-
tified based on baseline DRSS, noncentral DME, race and eth-
nicity, or sex, for which there was an apparent benefit of early
aflibercept treatment on visual acuity.

The fact that no additional visual acuity benefit was iden-
tified with early aflibercept treatment reflects the efficacy of
aflibercept once high-risk PDR or CI-DME with vision loss de-
velops. A minority of eyes (13% of each randomization group)
lost 2 or more lines of vision from baseline to 4 years, even
though the 4-year cumulative incidence of high-risk PDR was
5.6% in the aflibercept group and 12.1% in the sham group, and
4-year cumulative incidence of CI-DME with vision loss was
11.3% in the aflibercept group and 19.1% in the sham group. Eyes
in both groups returned for study visits at least every 4 months
so that vision-threatening complications could be promptly
identified and treated. Although, on average, the aflibercept
group had 3 fewer visits than the sham group, this study did
not identify any favorable effect in terms of other variables,
including visual acuity area under the curve, activity impair-
ment, or work productivity loss that might reflect the quality
of life due to vision problems.

An unanswered question is how long eyes that receive early
anti-VEGF will need to continue receiving injections to main-
tain anatomic benefits. In this study, aflibercept treatment was
administered routinely for 2 years and then only given as needed
if an eye had moderate NPDR or more severe disease. Using this
strategy, approximately 80% of eyes in the aflibercept group that
completed the 4-year visit received at least 1 injection in the
fourth year, and approximately 20% needed additional treat-
ment within 4 years. The treatment and visit burden beyond 4
years is unknown, but a preventive strategy that requires con-
tinued injections over multiple years will likely increase the over-
all treatment burden. Moreover, preventive treatment did not
eliminate the risk of developing PDR or CI-DME with vision loss.

In the aflibercept group, anatomic disease progression was
experienced by approximately 16% of eyes within 2 years and
34% within 4 years, raising the question of whether the pro-
phylactic treatment regimen used in this protocol under-
treated patients. However, more frequent treatments would
increase the treatment burden and risks. A prophylactic regi-
men of intravitreal injections given more frequently than ev-
ery 4 months was not considered acceptable in this cohort with
good baseline vision by the DRCR Retina Network investiga-
tors when the study was designed.

The results did show a favorable effect of early treatment
on 2-step or more improvement in DRSS from baseline to 4 years
(P < .001). Still, given no established meaningful visual acuity
advantage, this trial does not support earlier treatment for se-
vere NPDR, at least up to 4 years. Furthermore, while DRSS im-
provement may seem desirable, this alone may not confer clini-

cally relevant benefit from prophylaxis as there is evidence that
underlying nonperfusion is not substantially affected by anti-
VEGF treatment and progression of the disease can still occur.12

Limitations
This study has several limitations. First, participant reten-
tion was supported by closely monitoring participants who
missed their follow-up visit window, conducting third-party
searches for participants lost to follow-up, streamlining visits
to prioritize key testing procedures during the COVID-19 pan-
demic, having patients who moved follow up at another DRCR
site, and increasing participant compensation for completion
of lengthier annual visits. Despite these measures, partici-
pant retention was approximately 75% at 4 years (excluding
deaths). While less than ideal, this retention rate is in line with
previous studies enrolling participants with more advanced
diabetic retinopathy and highlights the challenge faced with
loss to follow-up in clinical care in the longer term.4

Second, measures of visual function other than best-
corrected central visual acuity were not obtained (eg, visual
fields), as DRCR Retina Network Protocol S revealed that pe-
ripheral visual field loss likely occurs over time in some eyes of
patients with diabetes, even in the setting of anti-VEGF treat-
ment. The primary anatomical outcome was a composite out-
come that consisted of any PDR development, including cases
that might not meet high-risk criteria and hence may not be vi-
sually threatening or always need treatment. Thus, the com-
bined end point of PDR and vision-impairing CI-DME develop-
ment may not necessarily be associated with vision decline, and
a more stringent composite outcome definition could have been
used. Nonetheless, the study's conclusion of no visual acuity
benefit with early aflibercept would not have changed.

Third, a study duration of 4 years is a restriction when
evaluating prophylaxis in a lifelong disease like diabetes. Lon-
ger studies would provide valuable longer-term outcomes but
also face more retention challenges.

Fourth, it is possible that an anti-VEGF agent other than
aflibercept or a different re-treatment algorithm could pro-
duce different results.

Conclusions
Among patients with NPDR but without CI-DME at 4 years
treatment with aflibercept vs sham, initiating aflibercept treat-
ment only if vision-threatening complications developed, re-
sulted in statistically significant anatomic improvement but
no improvement in visual acuity. Aflibercept as a preventive
strategy, as used in this trial, may not be generally warranted
for patients with NPDR without CI-DME.
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