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Background

The relative efficacy and safety of intravitreous aflibercept, bevacizumab, and ra-
nibizumab in the treatment of diabetic macular edema are unknown.

Methods

At 89 clinical sites, we randomly assigned 660 adults (mean age, 61±10 years) with 
diabetic macular edema involving the macular center to receive intravitreous 
aflibercept at a dose of 2.0 mg (224 participants), bevacizumab at a dose of 1.25 mg 
(218 participants), or ranibizumab at a dose of 0.3 mg (218 participants). The study 
drugs were administered as often as every 4 weeks, according to a protocol-speci-
fied algorithm. The primary outcome was the mean change in visual acuity at 1 year.

Results

From baseline to 1 year, the mean visual-acuity letter score (range, 0 to 100, with 
higher scores indicating better visual acuity; a score of 85 is approximately 20/20) 
improved by 13.3 with aflibercept, by 9.7 with bevacizumab, and by 11.2 with ra-
nibizumab. Although the improvement was greater with aflibercept than with the 
other two drugs (P<0.001 for aflibercept vs. bevacizumab and P = 0.03 for afliber-
cept vs. ranibizumab), it was not clinically meaningful, because the difference was 
driven by the eyes with worse visual acuity at baseline (P<0.001 for interaction). 
When the initial visual-acuity letter score was 78 to 69 (equivalent to approximately 
20/32 to 20/40) (51% of participants), the mean improvement was 8.0 with afliber-
cept, 7.5 with bevacizumab, and 8.3 with ranibizumab (P>0.50 for each pairwise 
comparison). When the initial letter score was less than 69 (approximately 20/50 or 
worse), the mean improvement was 18.9 with aflibercept, 11.8 with bevacizumab, 
and 14.2 with ranibizumab (P<0.001 for aflibercept vs. bevacizumab, P = 0.003 for 
aflibercept vs. ranibizumab, and P = 0.21 for ranibizumab vs. bevacizumab). There 
were no significant differences among the study groups in the rates of serious ad-
verse events (P = 0.40), hospitalization (P = 0.51), death (P = 0.72), or major cardio-
vascular events (P = 0.56).

Conclusions

Intravitreous aflibercept, bevacizumab, or ranibizumab improved vision in eyes 
with center-involved diabetic macular edema, but the relative effect depended on 
baseline visual acuity. When the initial visual-acuity loss was mild, there were no 
apparent differences, on average, among study groups. At worse levels of initial 
visual acuity, aflibercept was more effective at improving vision. (Funded by the 
National Institutes of Health; ClinicalTrials.gov number, NCT01627249.)
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Diabetic macular edema, a manifes-
tation of diabetic retinopathy that im-
pairs central vision, affects approximate-

ly 750,000 people in the United States and is a 
leading cause of vision loss.1 The costs associated 
with visual disability and treatment of diabetic 
macular edema are high.2 The increasing preva-
lence of diabetes worldwide highlights the im-
portance of diabetic macular edema as a global 
health issue.3

Vascular endothelial growth factor (VEGF) is 
an important mediator of abnormal vascular 
permeability in diabetic macular edema.4,5 Intra-
vitreous injections of anti-VEGF agents have 
been shown to be superior to laser photocoagu-
lation of the macula, the standard treatment for 
diabetic macular edema since the 1980s.6-13 In 
2013, an estimated 90% of retinal specialists in 
the United States reported using anti-VEGF 
therapy for initial management of vision loss 
from diabetic macular edema involving the 
macular center.14

Three commonly used intravitreous VEGF 
inhibitors — aflibercept (Eylea, Regeneron Phar-
maceuticals), bevacizumab (Avastin, Genentech), 
and ranibizumab (Lucentis, Genentech) — have 
been shown to be beneficial and relatively safe 
for the treatment of diabetic macular ede-
ma,6,15-18 but only aflibercept and ranibizumab 
are approved by the Food and Drug Administra-
tion (FDA) for this indication. Bevacizumab, 
which is not approved by the FDA for any ocular 
indication, is widely used for off-label treatment 
of diabetic macular edema in repackaged ali-
quots containing approximately 1/500th of the 
systemic dose used in cancer therapy. On the 
basis of the Medicare allowable charges, the ap-
proximate cost for a single intravitreous injec-
tion is $1,950 for aflibercept (at a dose of 2.0 
mg), $50 for bevacizumab (under the assump-
tion that 10 mg is used to repackage a 1.25-mg 
dose), and $1,200 for ranibizumab (at a dose of 
0.3 mg).

To provide comparative efficacy and safety 
data, the Diabetic Retinopathy Clinical Research 
Network (DRCR.net), sponsored by the National 
Institutes of Health, conducted a randomized 
clinical trial to compare intravitreous afliber-
cept, bevacizumab, and ranibizumab for the 
treatment of diabetic macular edema involving 
the center of the macula and causing vision im-
pairment.

Me thods

Study Conduct and Oversight

We conducted this multicenter, randomized clin-
ical trial at 89 clinical sites in the United States. 
The study adhered to the tenets of the Declara-
tion of Helsinki and was approved by local insti-
tutional review boards or a central institutional 
review board if the site did not have a local board. 
Study participants provided written informed 
consent. The manuscript was collaboratively 
written by the writing committee. The second 
and third members of the committee analyzed 
the data and vouch for the accuracy and com-
pleteness of the data and analyses, and the first 
member of the committee vouches for the fidel-
ity of the study to the protocol (available with the 
full text of this article at NEJM.org). Oversight 
was conducted by an independent data and safety 
monitoring committee.

Regeneron Pharmaceuticals provided the 
aflibercept at no cost, and Genentech provided 
the ranibizumab at no cost for the study. Genen-
tech provided funding for blood-pressure cuffs 
and the collection of plasma and urine for test-
ing not reported here. DRCR.net purchased the 
bevacizumab, and a central pharmacy (Univer-
sity of Pennsylvania Investigational Drug Ser-
vice, Philadelphia) repackaged it into single-use 
vials containing the dose that is commonly used 
in clinical practice. In accordance with the 
DRCR.net Industry Collaboration Policies (avail-
able at www.drcr.net), the DRCR.net had com-
plete control over the design of the protocol, 
ownership of the data, and all editorial content 
of presentations and publications related to the 
protocol.

Study Population

Study participants were at least 18 years of age, 
had type 1 or 2 diabetes, had at least one eye with 
a best corrected visual-acuity letter score (range, 0 
to 100, with higher scores indicating better visual 
acuity) of 78 (approximate Snellen equivalent, 
20/32) to 24 (approximate Snellen equivalent, 
20/320) and center-involved diabetic macular ede-
ma on clinical examination and optical coherence 
tomography (OCT) according to protocol-defined 
thresholds, and had received no anti-VEGF treat-
ment within the previous 12 months. Other eligi-
bility criteria are listed in Table S1 in the Supple-
mentary Appendix, available at NEJM.org.
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Study Design

One eye of each participant was randomly as-
signed in a 1:1:1 ratio to be injected with afliber-
cept (at a dose of 2.0 mg), bevacizumab (1.25 
mg), or ranibizumab (0.3 mg). Randomization 
was performed at the DRCR.net study website, in 
permuted blocks and with stratification accord-
ing to study site and visual acuity in the study 
eye. Each batch of repackaged bevacizumab un-
derwent sterility, purity, and potency testing be-
fore use (Table S2 in the Supplementary Appen-
dix). When the other (nonstudy) eye required 
anti-VEGF treatment (129 participants in the 
aflibercept group [58%], 122 participants in the 
bevacizumab group [56%], and 121 participants in 
the ranibizumab group [56%]), the agent that was 
used was the same as that used for the study eye.

For each agent, the injection volume was 0.05 
ml. Injections were performed with the use of 
topical anesthetic (70% of injections), subcon-
junctival anesthetic (7%), or both (23%). A sterile 
lid speculum was used, and povidone–iodine 
was applied to the injection site. The use of pre-
injection or postinjection antibiotics was at the 
investigator’s discretion. Details of the injection 
procedure are available at http://drcrnet.jaeb.org/
ViewPage.aspx?PageName=Investig_Info.

The primary outcome was assessed at the 
1-year visit, with follow-up through 2 years. Only 
data through 1 year are reported here. During the 
first year, follow-up visits occurred every 4 weeks 
(±1 week). At baseline and each follow-up visit, 
certified personnel measured the best corrected 
visual acuity using the Electronic Early Treat-
ment of Diabetic Retinopathy Study Visual Acuity 
Test19 and performed a dilated ocular examina-
tion and spectral or time-domain OCT (97% and 
3% of scans, respectively). OCT values were con-
verted to time-domain–equivalent values for anal-
ysis and reporting.20 Baseline and 1-year OCT 
scans were graded at the Duke Reading Center 
(Duke University). Any untoward medical occur-
rence, regardless of whether the event was con-
sidered to be related to treatment, was reported 
as an adverse event and coded according to the 
Medical Dictionary for Regulatory Activities (MedDRA). 
Hospital-discharge summaries were reviewed at 
the coordinating center.

Study participants, reading-center graders, 
and the medical monitor who reviewed all ad-
verse events were unaware of the treatment-
group assignments. Visual-acuity and OCT tech-

nicians were unaware of the treatment-group 
assignments at the 1-year visit. Investigators and 
study coordinators were aware of the treatment-
group assignments.

Treatment Protocol

The study drugs were injected into the study eyes 
at baseline and then every 4 weeks unless visual 
acuity was 20/20 or better with a central subfield 
thickness below the eligibility threshold and 
there was no improvement or worsening in re-
sponse to the past two injections. Improvement 
was considered to be an increase in the visual-
acuity letter score of 5 or more (approximately 1 
Snellen line) or a decrease in the central subfield 
thickness of 10% or more; worsening was con-
sidered to be a decrease in the visual-acuity letter 
score of 5 or more or an increase in the central 
subfield thickness of 10% or more. Starting at 
the 24-week visit, irrespective of visual acuity and 
central subfield thickness, an injection was with-
held if there was no improvement or worsening 
after two consecutive injections, but treatment 
was reinitiated if the visual-acuity letter score or 
the central subfield thickness worsened.

Laser photocoagulation therapy (focal, grid, or 
both) was initiated at or after the 24-week visit for 
persistent diabetic macular edema, defined on 
the basis of protocol-specified criteria. Treatment 
for diabetic macular edema other than the ran-
domly assigned anti-VEGF agent or laser therapy 
was permitted if a study eye met the criteria for 
treatment failure. Figure S1 in the Supplementary 
Appendix provides additional details.

Statistical Analysis

The primary outcome measure was the mean 
change in visual acuity from baseline to 1 year, 
with adjustment for baseline visual acuity. The 
primary analysis consisted of three pairwise com-
parisons among treatment groups with the use of 
an analysis of covariance model. Overall type I 
error was controlled with the use of the Hoch-
berg method.21 The sample size was estimated 
on the basis of an expected largest between-
group difference in the visual-acuity letter score 
of 4.0, a standard deviation of 11.4 with adjust-
ment for baseline visual acuity, an overall two-
sided type I error rate of 0.049 (after an adjust-
ment of 0.001 for interim monitoring), a rate of 
loss to follow-up of 7.5%, and a power of approxi-
mately 90%.
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The primary analysis followed the intention-
to-treat principle and included all eyes that were 
randomly assigned to a study agent. Markov 
chain Monte Carlo method of multiple imputa-
tion was used to impute missing data on 1-year 
visual acuity on the basis of prior data.22 Outly-
ing values were truncated to 3 SD from the 
mean. Sensitivity analyses with different ap-
proaches for handling missing data produced 
similar results (Table S3 in the Supplementary 
Appendix). Binary visual-acuity outcomes were 
analyzed with the use of binomial regression, 
and outcomes regarding central subfield thick-
ness were analyzed with the use of Poisson re-
gression with robust variance estimation.23 
Analyses of visual acuity and central subfield 
thickness included adjustment for baseline vi-
sual acuity, and analyses of central subfield 
thickness included baseline thickness as a co-
variate. Prespecified interaction terms were in-
cluded in pertinent models. There was no impu-
tation for missing data in secondary analyses.

Means (±SD) are reported. P values and confi-
dence intervals are two-sided; visual-acuity and 
central-subfield-thickness outcomes incorporate 
an adjustment for multiple comparisons to allow 
for direct comparison with the overall type I error 
rate of 0.049 (Tables S4 and S5 in the Supplemen-
tary Appendix). For adverse events and number of 
treatments, if the P value for the overall three-
group comparison was less than 0.05, P values for 
pairwise comparisons were calculated, with ad-
justment for multiple treatment comparisons. 
Analyses were performed with the use of SAS 
software, version 9.4 (SAS Institute).

R esult s

Study Participants

Between August 22, 2012, and August 28, 2013, 
660 participants were randomly assigned to re-
ceive aflibercept (224 participants), bevacizumab 
(218), or ranibizumab (218). The mean age of the 
participants was 61±10 years; 47% were women, 
and 65% were white. A total of 90% of the par-
ticipants had type 2 diabetes, and the mean dura-
tion of diabetes was 17±11 years. The mean visual-
acuity letter score at baseline was 64.8±11.3 (Snellen 
equivalent, approximately 20/50), and the mean 
central subfield thickness was 412±130 μm. Base-
line characteristics were similar in the three 
groups (Table S6 in the Supplementary Appen-

dix). With deaths excluded, the overall rate of 
completion of the 1-year visit was 96% (Fig. S2 in 
the Supplementary Appendix).

Treatment of Diabetic Macular Edema

The median number of intravitreous injections 
administered (maximum possible injections, 13) 
was 9 (interquartile range, 8 to 11) in the afliber-
cept group, 10 (interquartile range, 8 to 12) in 
the bevacizumab group, and 10 (interquartile 
range, 8 to 11) in the ranibizumab group 
(P = 0.045 for overall comparison) (Table S7 in 
the Supplementary Appendix); 99% of the injec-
tions required by the protocol (on the basis of 
visual acuity and central subfield thickness) were 
given in each group at completed visits. Laser 
photocoagulation (focal, grid, or both) was per-
formed at least once between 24 and 48 weeks in 
76 of 208 aflibercept-treated eyes (37%), 115 of 
206 bevacizumab-treated eyes (56%), and 95 of 
206 ranibizumab-treated eyes (46%) (P<0.001 for 
overall comparison); 93%, 92%, and 95% of eyes, 
respectively, that required photocoagulation ac-
cording to the protocol (on the basis of visual 
acuity and central subfield thickness) received at 
least one treatment.

When initial visual acuity was 20/32 to 20/40, 
the median number of injections was 9 in each 
group, with 36% of aflibercept-treated eyes, 47% 
of bevacizumab-treated eyes, and 43% of ranibiz
umab-treated eyes receiving photocoagulation 
therapy. When initial visual acuity was 20/50 or 
worse, the median number of injections was 10 in 
the aflibercept group, 11 in the bevacizumab 
group, and 10 in the ranibizumab group, with 
37%, 65%, and 50%, respectively, of treated eyes 
receiving photocoagulation therapy.

Effect of Treatment on Visual Acuity

The mean improvement in the visual-acuity letter 
score at 1 year was greater with aflibercept than 
with bevacizumab or ranibizumab (13.3 vs. 9.7 
and 11.2, respectively; P<0.001 for aflibercept vs. 
bevacizumab and P = 0.03 for aflibercept vs. ra-
nibizumab), but the relative effect varied accord-
ing to initial visual acuity (P<0.001 for interac-
tion with visual acuity as a continuous variable 
and P = 0.002 for interaction with visual acuity as 
a categorical variable) (Table S4 and Fig. S3 in the 
Supplementary Appendix). When the initial visual-
acuity letter score was 78 to 69 (Snellen equiva-
lent, 20/32 to 20/40) (51% of the cohort), the mean 
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improvement from baseline was 8.0±7.6 with 
aflibercept, 7.5±7.4 with bevacizumab, and 8.3±6.8 
with ranibizumab (Table 1). When the initial vi-
sual-acuity letter score was less than 69 (Snellen 

equivalent, 20/50 or worse), the mean improve-
ment was 18.9±11.5, 11.8±12.0, and 14.2±10.6, 
respectively (P<0.001 for aflibercept vs. bevaciz
umab, P = 0.003 for aflibercept vs. ranibizumab, 

Table 1. Visual-Acuity Outcomes.*

Visual-Acuity Letter Score  
and Snellen Equivalent Aflibercept Bevacizumab Ranibizumab

Aflibercept  
vs. Bevacizumab

Aflibercept  
vs. Ranibizumab

Ranibizumab  
vs. Bevacizumab

Difference  
(95% CI)

P  
Value

Difference 
(95% CI)

P  
Value

Difference 
(95% CI)

P  
Value

Letter score of <69, equivalent to 
20/50 or worse, at baseline

No. of eyes 102 102 101

Visual acuity at baseline

Mean letter score 56.2±11.1 56.6±10.6 56.5±9.9

Approximate Snellen equivalent 20/80 20/80 20/80

Visual acuity at 1 yr

Mean letter score 75.2±10.9 68.5±13.6 70.7±12.0

Approximate Snellen equivalent 20/32 20/40 20/40

Change from baseline in letter score

Mean improvement 18.9±11.5 11.8±12.0 14.2±10.6 6.5  
(2.9 to 10.1)

<0.001 4.7  
(1.4 to 8.0)

0.003 1.8  
(−1.1 to 4.8)

0.21

Improvement of ≥10 — no. (%) 79 (77) 61 (60) 70 (69) 17  
(2 to 31)

0.02 10  
(−4 to 23)

0.20 7  
(−6 to 20)

0.28

Worsening of ≥10 — no. (%) 1 (1) 4 (4) 2 (2) −3  
(−7 to 2)

0.56 −1  
(−5 to 3)

0.56 −1  
(−6 to 3)

0.56

Improvement of ≥15 — no. (%) 68 (67) 42 (41) 50 (50) 24  
(9 to 39)

<0.001 18  
(4 to 32)

0.008 6  
(−7 to 19)

0.34

Worsening of ≥15 — no. (%) 1 (1) 2 (2) 2 (2) 0  
(−3 to 3)

0.85 −1  
(−4 to 2)

0.85 1  
(−3 to 4)

0.85

Letter score of 78 to 69, equivalent to 
20/32 to 20/40, at baseline

No. of eyes 106 104 105

Visual acuity at baseline

Mean letter score 73.5±2.6 72.8±2.9 73.4±2.7

Approximate Snellen equivalent 20/32 20/40 20/40

Visual acuity at 1 yr

Mean letter score 81.4±8.3 79.9±10.1 81.6±6.8

Approximate Snellen equivalent 20/25 20/25 20/25

Change from baseline in letter score

Mean improvement 8.0±7.6 7.5±7.4 8.3±6.8 0.7  
(−1.3 to 2.7)

0.69 −0.4  
(−2.3 to 1.5)

0.69 1.1  
(−0.9 to 3.1)

0.69

Improvement of ≥10 — no. (%) 53 (50) 47 (45) 52 (50) 6  
(−9 to 21)

0.82 0  
(−13 to 14)

0.95 6  
(−10 to 21)

0.82

Worsening of ≥10 — no. (%) 4 (4) 2 (2) 1 (1) 2  
(−3 to 6)

0.54 3  
(−1 to 7)

0.54 −1  
(−4 to 2)

0.54

Improvement of ≥15 — no. (%) 19 (18) 17 (16) 16 (15) 2  
(−7 to 11)

0.73 4  
(−5 to 12)

0.73 −2  
(−10 to 7)

0.73

Worsening of ≥15 — no. (%) 2 (2) 1 (1) 1 (1) 1  
(−2 to 4)

0.99 1  
(−2 to 4)

0.99 0  
(−3 to 3)

0.99

*	Plus–minus values are means ±SD. Differences in percentages are shown as percentage points. Treatment-group comparisons were performed 
with the use of analysis-of-covariance models on imputed data, with adjustment for continuous baseline visual acuity, or with the use of binomi-
al regression models, with adjustment for categorical baseline visual acuity. Reported P values have been adjusted for multiple treatment-group 
comparisons to account for an overall type I error rate of 0.049, and corresponding [1 − (α ÷ i)] × 100% confidence intervals are reported, where i 
is the rank (1, 2, or 3) of the Hochberg-adjusted P value from among the descending ordered raw pairwise P values. See Table S4 in the Supple-
mentary Appendix for additional details.
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among treatment groups in the frequency of ma-
jor cardiovascular events were not identified, a 
post hoc analysis showed that more participants 
in the ranibizumab group than in the other two 
groups reported adverse events when the MedDRA 
system organ classes of cardiac disorders and vas-
cular disorders were combined. In light of the in-
consistent cardiovascular associations among 
our study and prior trials,6,29-31 the statistical 
association between ranibizumab and cardiovas-
cular events that was observed only in our post 
hoc analysis may be due to chance.

In a prior DRCR.net trial comparing ranibiz
umab with laser photocoagulation for the treat-
ment of diabetic macular edema, there was no 
evidence of an increased cardiovascular risk with 
ranibizumab.6 A post hoc analysis of previous tri-
als involving persons with age-related macular 
degeneration showed that aflibercept might be 

associated with a greater risk of stroke than ra-
nibizumab among persons 85 years of age or 
older,32 but our trial did not show an increased 
risk of stroke with aflibercept. One prior trial of 
anti-VEGF agents for age-related macular degen-
eration suggested that bevacizumab might have 
greater systemic toxicity than ranibizumab,33 but 
this was not confirmed by a recent Cochrane Col-
laboration meta-analysis.34 With respect to ocular 
complications, endophthalmitis occurred rarely 
(in association with 0.02% of the injections), and 
no significant difference in intraocular inflam-
mation was observed among the three groups.

We could not identify evidence of confounding 
or bias to explain the results. Participants and 
outcome assessors were unaware of the treatment-
group assignments. With regard to the results for 
bevacizumab, a central pharmacy repackaged the 
agent into single-use vials that underwent inde-

Table 2. Central-Subfield-Thickness (CST) Outcomes.*

Visual-Acuity Letter Score  
and Snellen Equivalent Aflibercept Bevacizumab Ranibizumab

Aflibercept  
vs. Bevacizumab

Aflibercept  
vs. Ranibizumab

Ranibizumab  
vs. Bevacizumab

Difference 
(95% CI)

P  
Value

Difference 
(95% CI)

P  
Value

Difference 
(95% CI)

P  
Value

Letter score of <69, equivalent 
to 20/50 or worse,  
at baseline

No. of eyes 101 100 99

CST at baseline — µm 452±145 467±155 431±138

CST at 1 yr — µm 238±81 328±154 252±92

Mean change in CST from 
baseline — µm

−210±151 −135±152 −176±151 −86  
(−122 to −50)

<0.001 −19  
(−48 to 11)

0.22 −67  
(−101 to −33)

<0.001

CST <250 µm at 1 yr —  
no. (%)

71 (70) 39 (39) 55 (56) 32  
(16 to 48)

<0.001 16  
(3 to 30)

0.02 16  
(2 to 29)

0.02

Letter score of 78 to 69, 
equivalent to 20/32  
to 20/40, at baseline

No. of eyes 104 103 102

CST at baseline — µm 373±108 363±88 384±99

CST at 1 yr — µm 242±57 294±82 263±84

Mean change in CST from 
baseline — µm

−129±110 −67±65 −119±109 −56  
(−78 to −33)

<0.001 −18  
(−37 to 1)

0.06 −38  
(−59 to −16)

<0.001

CST <250 µm at 1 yr —  
no. (%)

64 (62) 35 (34) 61 (60) 31  
(16 to 45)

<0.001 −2  
(−16 to 12)

0.79 33  
(17 to 48)

<0.001

*	CST was assessed with the use of optical coherence tomography. Plus–minus values are means ±SD. Differences in percentages are shown as 
percentage points. Treatment-group comparisons were performed with the use of analysis-of-covariance models on observed data, with adjust-
ment for continuous baseline visual acuity and continuous baseline CST, or with the use of Poisson regression models with robust variance 
estimation with identity link, with adjustment for categorical baseline visual acuity and categorical baseline CST. Reported P values have 
been adjusted for multiple treatment-group comparisons to account for an overall type I error rate of 0.049, and corresponding 
[1 – (α ÷ i)] × 100% confidence intervals are reported, where i is the rank (1, 2, or 3) of the Hochberg-adjusted P value from among the de-
scending ordered raw pairwise P values. See Table S5 in the Supplementary Appendix for additional details.
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Table 3. Ocular and Systemic Adverse Events of Interest through 1 Year.

Event
Aflibercept  
(N = 224)

Bevacizumab  
(N = 218)

Ranibizumab  
(N = 218)

P  
Value*

Prespecified ocular adverse events

Study eyes

No. of injections before 1 yr† 1991 2055 2011‡

Events occurring at least once through 1 yr — no. of eyes (%)†

Endophthalmitis 0 0 0

Inflammation§ 2 (1) 2 (1) 2 (1) 1.0

Retinal detachment or tear 0 1 (<0.5) 1 (<0.5) 0.55

Vitreous hemorrhage 4 (2) 9 (4) 7 (3) 0.35

Injection-related cataract 2 (1) 2 (1) 0 0.55

Elevation in intraocular pressure¶ 32 (14) 19 (9) 23 (11) 0.18

Nonstudy eyes treated with a study agent

No. of eyes treated before 1 yr† 129 122 121

No. of injections before 1 yr† 753 841 766‖

Events occurring at least once from the first injection through 1 yr — no. of eyes (%)†

Endophthalmitis 1 (1) 0 1 (1) 0.77

Inflammation§ 3 (2) 1 (1) 0 0.33

Retinal detachment or tear 0 0 0

Vitreous hemorrhage 5 (4) 8 (7) 3 (2) 0.29

Injection-related cataract 1 (1) 0 0 1.0

Elevation in intraocular pressure¶ 15 (12) 11 (9) 11 (9) 0.77

Systemic events

Vascular events occurring at least once through 1 yr — no. of participants (%)**††

Nonfatal myocardial infarction 4 (2) 1 (<0.5) 3 (1)

Nonfatal stroke 0 4 (2) 4 (2)

Death from potential vascular cause or unknown cause 2 (1) 4 (2) 3 (1)

Any event 6 (3) 9 (4) 10 (5) 0.56

Prespecified events occurring at least once through 1 yr — no. of participants (%)††

Death from any cause 3 (1) 5 (2) 4 (2) 0.72

Hospitalization 49 (22) 40 (18) 49 (22) 0.51

Serious adverse event 59 (26) 46 (21) 55 (25) 0.40

Gastrointestinal event‡‡ 44 (20) 40 (18) 38 (17) 0.84

Renal event§§ 28 (12) 23 (11) 24 (11) 0.81

Hypertension 26 (12) 16 (7) 26 (12) 0.20

*	 The P values are for the overall three-group comparison by Fisher’s exact test.
†	 If the 1-year visit was completed, then the visit date was used to define the 1-year time point; otherwise, 365 days was used.
‡	 Seven study eyes were given one injection and two eyes were given two injections of 0.5 mg of ranibizumab before the Food and Drug Admin

istration approved a 0.3-mg dose of ranibizumab for the treatment of diabetic macular edema.
§	 Inflammation included the presence of inflammatory cells or flare in the anterior chamber, choroiditis, episcleritis, iritis, and the presence 

of vitreal cells.
¶	 Elevation in intraocular pressure was defined as an increase in intraocular pressure of 10 mm Hg or more from baseline at any visit, an intra-

ocular pressure of 30 mm Hg or more at any visit, or the initiation of medication to lower intraocular pressure that was not in use at base-
line. There were no surgeries for glaucoma.

‖	 The numbers of nonstudy eyes that were injected with a 0.5-mg dose of ranibizumab were as follows: 8 eyes were given 1 injection, 2 eyes 
were given 2 injections, 1 eye was given 4 injections, 1 eye was given 5 injections, 1 eye was given 9 injections, and 1 eye was given 11 in-
jections.

**	 Vascular events were defined according to the criteria of the Antiplatelet Trialists’ Collaboration.24

††	If the 1-year visit was completed after 365 days, then the visit date was used to define the 1-year time point; otherwise, 365 days was used.
‡‡	Gastrointestinal events included events with a Medical Dictionary for Regulatory Activities (MedDRA) system organ class of gastrointestinal 

disorders.
§§	 Renal events included a subset of events with a MedDRA system organ class of renal and urinary disorders that were indicative of intrinsic 

kidney disease, plus increased or abnormal blood creatinine level or renal transplantation from other system organ classes.
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pendent testing for sterility, purity, and potency 
before use, and this standard may not always be 
feasible in clinical practice. Lower-than-expected 
concentrations of bevacizumab in products ob-
tained from pharmacies have been reported, al-
though the potential effect on treatment out-
comes is unknown.35 When applying the results 
of this study to clinical practice, one should con-
sider the eligibility criteria for this study, such as 
visual acuity, retinal thickness, and prior treat-
ment for diabetic macular edema. The results 
may not apply to eyes with persistent or recurrent 
diabetic macular edema that are already being 
treated with anti-VEGF agents.

In conclusion, intravitreous aflibercept, beva
cizumab, and ranibizumab were effective and rela-
tively safe treatments for diabetic macular edema 
causing vision impairment. When initial visual-
acuity loss was mild, there was, on average, little 
difference in visual acuity at 1 year among the 
three agents. However, at worse levels of initial 
visual acuity, aflibercept was more effective at 
improving vision.
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