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Purpose: To evaluate the efficacy, safety, and injection frequency of vascular endothelial 

growth factor (VEGF) inhibitors as used in clinical practice for the treatment of diabetic 

macular edema.

Methods: Multicenter (10 sites), retrospective chart review in patients (n=156) who received $3 

anti-VEGF injections. Data collected for $6 months after the first injection included Snellen 

best-corrected visual acuity (BCVA) and central retinal thickness (CRT) by time-domain or 

spectral-domain optical coherence tomography (TD-OCT or SD-OCT).

Results: Mean number of anti-VEGF injections (627 bevacizumab, 594 ranibizumab, 

1 aflibercept) was 5.8 (year 1), 5.0 (year 2), and 3.4 (year 3). Percentage of patients with BCVA 

of 20/40 or better and CRT #250 µm on TD-OCT or #300 µm on SD-OCT at the same visit 

(primary endpoint) ranged from 16.4% to 38.9% after the first 10 injections; 51.9%–62.3% 

achieved $20/40 BCVA and 26.2%–48.0% met CRT criteria. Therapy was well tolerated with 

19 treatment-related adverse events (all ocular) reported.

Conclusion: Anti-VEGF injections were administered less frequently and were less effective 

than those in the ranibizumab registration trials. After each of the first 9 injections, ,25% of 

patients achieved both BCVA of 20/40 or better and a dry macula. A substantial proportion of 

patients are suboptimal responders to anti-VEGF therapy; these patients may be candidates for 

other therapies, including intravitreal corticosteroid and laser therapy.

Keywords: bevacizumab, diabetic retinopathy, drug administration schedule, ranibizumab, 

vascular endothelial growth factor, visual acuity

Introduction
Diabetic macular edema (DME) is a leading cause of vision loss in working-age 

adults.1 Focal and/or grid laser photocoagulation of leaking microaneurysms and 

areas of retinal thickening had been the standard of care for DME since the 1980s.2 

However, within the past few years, intravitreal vascular endothelial growth factor 

(VEGF) inhibitors have emerged as preferred therapy for many patients with DME.3 

The anti-VEGF treatments for DME currently approved by the United States Food and 

Drug Administration are ranibizumab (Lucentis; Genentech, South San Francisco, CA, 

USA), approved in August 2012, and aflibercept (Eylea; Regeneron Pharmaceuticals, 

Tarrytown, NY, USA), approved in July 2014. Bevacizumab (Avastin; Genentech) is 

also widely used for the treatment of DME; a formulation approved for systemic cancer 

therapy is usually repackaged (compounded) in syringes by a compounding pharmacy 

for off-label ophthalmic use and is available at lower cost. Controlled clinical studies 

have shown that treatment with each of these VEGF inhibitors is more effective than 
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laser in improving vision in patients with DME.4–7 However, 

anti-VEGF therapy is not without limitations. The frequency 

of anti-VEGF injections required can be burdensome for 

patients.8,9 Furthermore, DME persists in some patients even 

after frequent anti-VEGF intravitreal injections. In the RISE/

RIDE Phase III trials of ranibizumab, DME persisted and 

central foveal thickness remained .250 µm on time-domain 

optical coherence tomography (TD-OCT) in ~23% of patients 

after 2 years of monthly ranibizumab injections.10

The recent DRCR.net Protocol T study compared the effi-

cacy and safety of ranibizumab, bevacizumab, and aflibercept 

in the treatment of DME. A significant interaction was seen 

between baseline best-corrected visual acuity (BCVA) and the 

relative efficacy of the treatments in improving BCVA from 

baseline at year 1.11 Patients with baseline BCVA between 

78 and 69 Early Treatment Diabetic Retinopathy Study 

(ETDRS) letters (20/32 and 20/40 Snellen equivalent) received 

a median of 9 ranibizumab, bevacizumab, or aflibercept injec-

tions during the year and had similar mean improvement in 

BCVA with each VEGF inhibitor (+8.3, +7.5, and +8.0 letters, 

respectively), while patients with baseline BCVA worse 

than 69 letters (20/50 Snellen equivalent or worse) received 

a median of 10 or 11 anti-VEGF injections during the year 

and had better mean improvement in BCVA at year 1 with 

aflibercept (+18.9 letters) than with ranibizumab (+14.2 letters) 

or bevacizumab (+11.8 letters). At year 2, mean improvement 

in BCVA from baseline was similar with aflibercept and 

ranibizumab even in patients with baseline BCVA worse than 

69 letters (+18.1 letters and +16.1 letters, respectively).12

Among large prospective clinical trials that evaluated 

the efficacy and safety of ranibizumab and bevacizumab 

treatment in patients with DME, the largest gains in BCVA 

were seen in trials that used the most frequent (monthly) 

administration of anti-VEGF.13 These results suggest a cor-

relation between the frequency of anti-VEGF injections and 

efficacy.13 As studies using medical claims data analysis 

suggest that ranibizumab and bevacizumab injections for 

DME are administered less frequently in clinical practice 

than in clinical trials,13–15 the efficacy of anti-VEGF treatment 

may be less pronounced in the clinical practice setting. Our 

objective in this study was to evaluate the efficacy, safety, 

and injection frequency of anti-VEGF therapy as used in 

clinical practice for the treatment of DME.

Methods
This multicenter (10 sites), retrospective, open-label study 

included patients who received at least 3 intravitreal injections 

of anti-VEGF for the treatment of DME or macular edema 

secondary to retinal vein occlusion (RVO). Because DME 

and RVO are different diseases and the use and effectiveness 

of anti-VEGF injections for these indications could differ, 

data for the DME and RVO populations underwent separate 

preplanned analyses. Results in the RVO population will be 

the subject of a second report.

The study was compliant with the International Conference 

on Harmonization Good Clinical Practice Guidelines and the 

Health Insurance Portability and Accountability Act. A cen-

tral institutional review board, Sterling Institutional Review 

Board (Atlanta, GA, USA), approved the study protocol at 

each site, and all patients provided written informed consent. 

The study is registered at ClinicalTrials.gov with the identi-

fier NCT01918371.

Study participants were identified between August 2013 

and September 2014 by review of patient medical records 

from June 2010 through the time of the chart review. Patients 

at least 18 years of age with DME in the study eye that had 

been treated with at least 3 anti-VEGF intravitreal injections 

during this period and who had data available for a minimum 

of 6 months after the first anti-VEGF injection were included. 

Patients who had received previous intravitreal anti-VEGF 

treatment for DME (before June 2010), or who received the 

anti-VEGF injections as part of or during a clinical study, 

were excluded. If both eyes of a patient were eligible, the eye 

that had received the greater number of anti-VEGF injections 

was designated as the study eye.

Available data collected from medical records at the 

time of the first anti-VEGF injection (baseline) and through 

at least the next 6 months included demographics, medical 

and ophthalmic history, Snellen BCVA, retinal thickness 

in the central subfield (central retinal thickness [CRT]) by 

TD-OCT or spectral-domain optical coherence tomography 

(SD-OCT), anti-VEGF injections, concomitant treatments 

or procedures for DME, cataract and glaucoma surgeries, 

biomicroscopy/ophthalmoscopy findings, intraocular 

pressure (IOP), and adverse events (AEs).

The primary endpoint was the percentage of patients with 

both BCVA of 20/40 or better and CRT #250 µm on TD-OCT 

or #300 µm on SD-OCT at the same visit. Key secondary 

efficacy endpoints included the percentage of patients with 

BCVA of 20/40 or better, the percentage of patients with 

CRT #250 µm on TD-OCT or #300 µm on SD-OCT, mean 

BCVA, mean change in BCVA from baseline, mean change 

in BCVA from baseline across all anti-VEGF injections, the 

percentage of patients with gain ($1, $2, or $3 lines), loss 

($1 or $2 lines), or no change (,1 line change) in BCVA, 

mean CRT, and mean change in CRT from baseline. Other 

key endpoints included the mean time between anti-VEGF 

injections, the mean number of anti-VEGF injections each 
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study year, the percentage of patients who were switched 

among different anti-VEGF agents, and the percentage of 

patients who received focal laser or panretinal photocoagula-

tion during the study period.

All data analyses were based on observed values with 

no imputation of missing values. Snellen visual acuity 

values were converted to approximate ETDRS line scores 

for analysis using the method described by Gregori et al.16 

Efficacy data (BCVA and CRT) were analyzed at baseline 

and by anti-VEGF injection number. For each injection, 

the BCVA and CRT representing the greatest improvement 

from baseline after the injection and before the next injec-

tion (peak effect) were used for analysis. Results presented 

in figures are truncated after the 12th injection because of 

the small sample size after subsequent injections (11 patients 

had both BCVA and CRT data available after the 13th 

injection). The change in BCVA across all anti-VEGF 

injections was determined for each patient using the peak 

BCVA after each injection and an area-under-the-curve 

approach. Changes in BCVA and CRT from baseline were 

evaluated with paired t-tests. The statistical analysis used 

SAS version 9.4 software (SAS Institute Inc, Cary, NC, 

USA) and a 2-sided alpha level of 0.05.

Results
Patient population
Medical records of 156 patients who received $3 anti-VEGF 

injections to treat DME in the study eye were reviewed. 

Baseline characteristics of the patients are listed in Table 1. 

The mean age of the study population was 63.4 years, and 

most patients were White and diagnosed with type 2 diabetes. 

The median time since diagnosis of DME in the study eye 

was 2 weeks (range, 0–609 weeks). Glycated hemoglobin 

(HbA1c) data were available in the charts for approximately 

half the patients; most of the patients with available HbA1c 

data had good glycemic control (HbA1c #8%) (Table 1). 

More than half of the patients had follow-up data for 1 year 

or longer.

Patterns of anti-VEGF use
A total of 1,222 anti-VEGF injections were administered to 

the 156 patients during the study period; 627 (51.3%) were 

bevacizumab and 594 (48.6%) ranibizumab. Only 1 patient 

received aflibercept (1 injection). Figure 1 shows the mean 

number of anti-VEGF injections received in the first, second, 

and third year after the initial anti-VEGF injection for patients 

who had data available throughout the year and received at 

least 1 injection during the year. For patients who had at least 

50 weeks of data available, the mean number of anti-VEGF 

Table 1 Baseline characteristics of patients and study eyes

Parameters Study population 
(n=156)

Mean age, years (SD) 63.4 (11.3)
Race, n (%)

White 109 (69.9)
Black/African-American/Asian 15 (9.6)
Not recorded 32 (20.5)

Type of diabetes, n (%)
Type 1 13 (8.3)
Type 2 126 (80.8)
Not recorded 17 (10.9)

HbA1c, n (%)
#8% 68 (43.6)
9%–12% 16 (10.3)
$13% 2 (1.3)
Not recorded 70 (44.9)

Diabetic retinopathy (NPDR) severity, n (%)
Mild 22 (14.1)
Moderate 55 (35.3)
Severe 17 (10.9)
Not recorded 62 (39.7)

Median time since DME diagnosis, weeks 2
Mean (range) 51 (0–609)

History of procedures in study eye, n (%)
Retinal focal laser 63 (40.4)
Panretinal photocoagulation 23 (14.7)
Pars plana vitrectomy 6 (3.8)
Intravitreal triamcinolone acetonide injection 4 (2.6)

Lens status, n (%)
Phakic 104 (66.7)
Pseudophakic 51 (32.7)
Not recorded 1 (0.6)

Mean BCVA, ETDRS lines (SD) 11.8 (3.5)
20/63−1 Snellen

Mean CRT, µm (SD) 413 (105)

Abbreviations: BCVA, best-corrected visual acuity; CRT, central retinal thickness; 
DME, diabetic macular edema; ETDRS, Early Treatment Diabetic Retinopathy Study; 
HbA1c, glycated hemoglobin; NPDR, nonproliferative diabetic retinopathy; SD, 
standard deviation.

Figure 1 Mean number of anti-VEGF injections received by patients each study 
year.
Notes: To be included in the analysis, patients must have had anti-VEGF injection 
data for at least the following minimum time: year 1, 50 weeks; year 2, 100 weeks; 
year 3, 150 weeks; and must have received at least 1 injection during the study year. 
Error bars indicate the standard deviation.
Abbreviation: VEGF, vascular endothelial growth factor.
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injections received during the first year of the study was 5.8 

(range, 1–13) (Figure 1).

For almost half of the patients (74/156, 47.4%), the 

type of anti-VEGF therapy used was changed at least once 

during the study period. The most common switch in therapy 

was from ranibizumab to bevacizumab (70 patients, 44.9% 

of patients). Twenty-four (15.4%) patients switched from 

bevacizumab to ranibizumab, and 1 patient switched from 

aflibercept to ranibizumab.

Over the course of the first 12 anti-VEGF injections, the 

mean time to the next injection (for patients who received 

another injection within the study period) ranged from 1.2 

to 1.7 months (Figure 2).

Primary endpoint
Because the optimal goal of treatment is to achieve good visual 

acuity and a dry macula, the primary endpoint was a combined 

endpoint of visual acuity and anatomic response, and patients 

had to have both BCVA and CRT data from the same visit 

to be included in the analysis. After most injections, ~1 in 

5 patients with analyzable data met the primary endpoint 

of BCVA 20/40 or better and CRT #250 µm on TD-OCT 

or #300 µm on SD-OCT at the same visit (Figure 3). The 

percentage of patients who achieved the primary endpoint 

was 16.4% (17/104) after the first anti-VEGF injection and 

reached a maximum of 38.9% (7/18) after the tenth anti-VEGF 

injection. After each anti-VEGF injection, the percentage of 

patients who achieved 20/40 or better BCVA was generally 

much higher than the percentage of patients who achieved 

CRT #250  µm on TD-OCT or #300  µm on SD-OCT 

(Figure 4). After the first through ninth anti-VEGF injec-

tions, BCVA of 20/40 or better was achieved by 52%–62% 

of patients, while CRT #250 µm on TD-OCT or #300 µm 

on SD-OCT was achieved by 26%–34% of patients.

Secondary efficacy measures
Mean change from baseline BCVA after each of the 

first 6 anti-VEGF injections was statistically significant 

(P,0.001) and ranged from +1.0 to +1.3 lines (approxi-

mate ETDRS line scores; Figure 5). Across all anti-VEGF 

injections throughout the study period, the mean (standard 

deviation) change in BCVA from baseline was +1.1 (2.7) 

lines (P,0.001, area-under-the-curve approach). After the 

first through ninth anti-VEGF injections, the percentage of 

patients with a gain in BCVA from baseline of $3 lines 

ranged from 14% to 29%, whereas 28%–36% of patients 

had a gain in BCVA of $2 lines and 41%–53% of patients 

had a gain in BCVA of $1 line (Figure 6). A significant 

percentage of patients showed no improvement in BCVA 

or experienced a loss in BCVA after these injections. After 

the first through ninth anti-VEGF injections, 15%–23% of 

patients had a loss in BCVA from baseline of $1 line, and 

4%–13% of patients had a loss in BCVA from baseline of $2 

lines (Figure 6).

Mean change from baseline CRT after each of the 

first 10 anti-VEGF injections was statistically significant 

(P#0.015) and ranged from -45 to -83 µm (Figure 7A). 

Mean CRT after these injections ranged from 327 to 377 µm 

(Figure 7B).

Figure 2 Mean interval between anti-VEGF injections.
Notes: Analysis of mean time to next injection was based on the number of patients 
who received another anti-VEGF injection within the study period. The number of 
patients for injection numbers 1 through 12 was 152, 154, 141, 124, 106, 89, 64, 52, 
40, 30, 22, and 17, respectively.
Abbreviation: VEGF, vascular endothelial growth factor.

Figure 3 Percentage of patients with both BCVA and CRT response at the same 
visit (primary endpoint) after each anti-VEGF injection.
Notes: BCVA response was defined as 20/40 or better BCVA and CRT response 
as CRT #250 µm on TD-OCT or #300 µm on SD-OCT. Percentage of patients 
was based on the number of patients with both BCVA and CRT measurements at 
the same visit. The number of patients for injection numbers 0 through 12 was 101, 
104, 110, 114, 95, 77, 70, 48, 41, 36, 18, 14, and 13, respectively.
Abbreviations: BCVA, best-corrected visual acuity; CRT, central retinal thickness; 
SD-OCT, spectral-domain optical coherence tomography; TD-OCT, time-domain 
optical coherence tomography; VEGF, vascular endothelial growth factor.
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Ocular treatments and procedures during 
the study period
Nearly half of the patients (44.9%) received focal laser 

treatment during the study period (Table 2), and 13.5% 

underwent panretinal photocoagulation. A total of 25 intra-

vitreal corticosteroid injections were administered during 

the study period (2 injections of dexamethasone intravitreal 

implant and 23 injections of triamcinolone acetonide).

Sixteen of the 104 patients who were phakic at the time of 

their first anti-VEGF injection (15.4%) had cataract extrac-

tion during the study period (Table 2).

Safety outcomes
Overall, 188 AEs, including 19 AEs related to DME treat-

ment, were reported during the study period. All of the 

treatment-related AEs were ocular; the most common were 

elevated IOP or ocular hypertension/glaucoma (6 reports), 

ocular pain (3 reports), floaters (2 reports), and subconjunctival 

hemorrhage (2 reports). An increase in IOP of .10 mmHg 

from baseline was documented in the study eye in 8 patients 

(5.1%). Seven of these patients had received only anti-VEGF 

treatment; the remaining patient had received an injection of 

intravitreal triamcinolone acetonide, followed by injections of 

bevacizumab and ranibizumab, before the measured increase 

in IOP. Twelve patients (7.7%) had IOP .25 mmHg and 

2 patients (1.3%) had IOP .35  mmHg during the study 

period. Both of the patients with IOP .35 mmHg had been 

treated with bevacizumab only.

Discussion
In this study, anti-VEGF injections for DME were admin-

istered less frequently than the monthly injections recom-

mended in the United States product insert for ranibizumab, 

and treatment was less effective than in the ranibizumab 

registration trials. The mean number of injections received 

by patients was 5.8, 5.0, and 3.4 in the first, second, and third 

study years, respectively, and the mean BCVA improvement 

achieved by patients over all injections was 1.1 line (5.5 

ETDRS letters). Achievement of the combined primary end-

point was poor: after injections 1 through 9, ,25% of patients 

who had BCVA and CRT measurements at the same visit 

achieved both BCVA of 20/40 or better and normal CRT.

The demographic and clinical characteristics of the 

patients included in the study were typical of patients with 

DME seen at ophthalmic practices in the United States. The 

incidence of DME is higher in type 1 than type 2 diabetes,17 

Figure 4 Response rates after each anti-VEGF injection.
Notes: (A) Percentage of patients with 20/40 or better BCVA. The number of patients for injection numbers 0 through 12 was 130, 133, 135, 129, 113, 101, 79, 53, 45, 39, 
23, 14, and 13, respectively. (B) Percentage of patients with CRT #250 µm on TD-OCT or #300 µm on SD-OCT. The number of patients for injection numbers 0 through 
12 was 119, 118, 122, 129, 106, 83, 80, 61, 47, 43, 25, 23, and 17, respectively.
Abbreviations: BCVA, best-corrected visual acuity; CRT, central retinal thickness; SD-OCT, spectral-domain optical coherence tomography; TD-OCT, time-domain 
optical coherence tomography; VEGF, vascular endothelial growth factor.

Figure 5 Mean change in BCVA from baseline after each injection.
Notes: The number of patients for injection numbers 1 through 12 was 114, 117, 
109, 98, 86, 69, 43, 37, 33, 17, 14, and 10, respectively. *P#0.038.
Abbreviations: BCVA, best-corrected visual acuity; VEGF, vascular endothelial 
growth factor.
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yet type 2 diabetes is much more prevalent, and thus, the 

majority of patients in the study had type 2 diabetes. Patients 

generally had vision loss (mean BCVA of ~20/63 Snellen) 

as well as retinal thickening (mean CRT of 413 µm) at the 

time of their first anti-VEGF treatment. The standard of care 

in DME management includes tight glycemic and blood 

pressure control. Diabetes management guidelines from 

the American Diabetes Association recommend HbA1c 

testing at least twice each year for diabetic patients with 

stable glycemic control, and at least 4 times each year for 

those without stable glycemic control.18 However, evidence 

suggests that at least 30% of patients with diabetes in the 

United States do not receive even yearly HbA1c testing,19 

and in this study, baseline Hb1Ac data were unavailable for 

almost 50% of patients.

At least half of the patients received their first anti-VEGF 

injection soon after DME diagnosis (median time since 

diagnosis, 2 weeks), but many patients (40.4%) had a history 

of retinal focal laser in the study eye prior to anti-VEGF 

therapy. Furthermore, 44.9% of patients received retinal focal 

laser in the study eye during the study period. An investiga-

tion using Medicare claims data from 2008 to 2012 similarly 

reported that 42.2% of patients with DME who were treated 

with anti-VEGF received laser therapy within 1 year after 

their initial anti-VEGF injection.20

There was large variability in the number of anti-VEGF 

injections that patients received, in part because the period 

of chart review was variable and patients were required 

to have only 6 months of data for inclusion in the study. 

Consequently, the number of patients with 13 or more anti-

VEGF injections was too small for meaningful analysis of 

efficacy after the 13th and subsequent injections. Nonethe-

less, the average interval between anti-VEGF injections was 

consistently longer than 1 month, and patients who had data 

available through 1 year received fewer anti-VEGF injections 

than with optimal monthly administration.13 The reasons for 

the low number of anti-VEGF injections in years 1, 2, and 3 

are unclear. Patients with DME have a high burden of health 

care visits,9 and it is possible that missed eye care appoint-

ments contributed to reduced injection frequency. For some 
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the switches in therapy from ranibizumab to bevacizumab. 

Data on the reasons for switching between anti-VEGF agents 

were not available for analysis. However, available evidence 

suggests that ranibizumab demonstrates the same or better 

efficacy than bevacizumab in the treatment of DME.11,21,22 

Therefore, switches from ranibizumab to bevacizumab may 

have been due to the cost of treatment rather than to lack of 

efficacy of ranibizumab.

The mean gain in BCVA and the percentage of patients 

with at least 3-line improvement in BCVA in this study were 

much lower than in the RISE and RIDE ranibizumab registra-

tion trials (mean gain of 10.9–12.5 letters and 33.6%–44.8% 

of patients with $3-line gain at 24 months with ranibizumab 

0.3 mg in RISE/RIDE),10 most likely because of the reduced 

frequency of anti-VEGF treatment. In the RISE and RIDE 

trials, mean CRT continually improved through 12 months 

of monthly ranibizumab injections.10 In this study, although 

the mean reduction in CRT appeared to improve somewhat 

over the first few injections, continual improvement in mean 

CRT was not seen, possibly because of missing data and the 

contribution of data after injections by differing subgroups of 

patients. Despite some fluid resolution, a significant amount of 

fluid persisted and mean CRT remained substantially elevated 

(~350 or 360 µm on average) after each of the first 10 anti-

VEGF injections. These results suggest that anti-VEGF as 

used in clinical practice does not provide optimal outcomes in 

many patients, ie, a high proportion of patients experience per-

sistent edema despite treatment. The potential consequences 

of long-term, persistent edema include irreversible damage 

to vision. For example, in RISE/RIDE, patients who crossed 

over and received ranibizumab after 2 years of sham injections 

showed similar improvement in CRT but did not experience 

the same level of BCVA gain as those treated early (mean 

gains from baseline after 1 year of ranibizumab treatment 

were 7.5–7.8 letters versus 10.6–11.1 letters, respectively).23 

Injection of anti-VEGF more frequently may improve out-

comes, but notably, a substantial number of patients in the 

RISE/RIDE registration trials did not have optimal outcomes 

even with monthly ranibizumab injections.10

Separate analysis of visual and anatomic outcomes 

showed that DME patients treated with anti-VEGF were 

more likely to achieve 20/40 BCVA than a dry macula. After 

the first through ninth anti-VEGF injections, 52%–62% of 

patients achieved 20/40 or better BCVA, while 26%–34% of 

patients achieved CRT #250 µm on TD-OCT or #300 µm 

on SD-OCT. This mismatch between visual and anatomic 

outcomes suggests that patients do not necessarily have to 

achieve a dry macula to achieve 20/40 or better BCVA. 

Figure 7 Mean change in CRT from baseline (A) and mean CRT (B) after each 
injection.
Notes: The number of patients for injection numbers 1 through 12 in (A) was 95, 
95, 104, 84, 68, 67, 47, 37, 31, 18, 13, and 9, respectively. The number of patients 
for injection numbers 0 through 12 in (B) was 119, 118, 122, 129, 106, 83, 80, 61, 
47, 43, 25, 23, and 17, respectively. *P#0.015.
Abbreviations: CRT, central retinal thickness; VEGF, vascular endothelial growth 
factor.

Table 2 Ocular procedures during the study period

Procedure, n (%) Study population 
(n=156)

Laser photocoagulation
Focal laser 70 (44.9)
Panretinal photocoagulation 21 (13.5)

Glaucoma surgeries
Laser 1 (0.6)
Incisional 0

Cataract surgery in baseline phakic eyes 16 (15.4)a

Note: aPercentage of baseline phakic eyes (n=104) that underwent cataract surgery.

patients, the number of anti-VEGF injections may have been 

low because the patients switched to or used other therapy 

(primarily laser) between anti-VEGF injections. In addition, 

some patients may have stopped receiving anti-VEGF 

treatment because of resolution of the DME.

Almost half of the patients received both ranibizumab and 

bevacizumab during the study period, with the majority of 
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Nevertheless, a dry macula is the optimal goal of treatment, 

both to maximize visual acuity and to prevent detrimental 

effects of persistent edema. As an association has been dem-

onstrated between the presence of cystoid DME on OCT and 

photoreceptor damage,24 downstream effects of persistent 

edema are likely to include additional photoreceptor loss.

Treatment of DME with VEGF inhibitors was well toler-

ated in the clinical practice setting. There were few reports 

of AEs related to anti-VEGF or the injection procedure, and 

there were no reports of thromboembolic events related to 

anti-VEGF treatment. The lack of complications of anti-

VEGF treatment seen in this study is consistent with the 

favorable safety profile of intravitreal VEGF inhibitors dem-

onstrated in clinical trials of anti-VEGF therapy in patients 

with DME.4–7 VEGF inhibitors have become the treatment 

of choice in DME because of their safety as well as their 

effectiveness in reducing macular edema and improving 

visual acuity in many patients.

The main limitation of this study was that the anti-

VEGF therapies evaluated were limited to ranibizumab and 

bevacizumab. The chart review included only 1 aflibercept 

injection because the period of chart review was from 

June 2010 to September 2014, and aflibercept was not 

approved for the treatment of DME until July 2014. Some 

patients may have larger gains in vision with aflibercept than 

with ranibizumab or bevacizumab treatment.11 This study 

also had the limitations inherent to retrospective studies. 

In particular, retrospective chart review studies commonly 

have missing or incomplete data, and in this study, the date of 

first DME diagnosis was sometimes missing and not always 

reliable. Finally, patients were required to have received at 

least 3 anti-VEGF injections to be included in the study. This 

patient selection bias most likely resulted in improvement 

in the apparent efficacy and safety of treatment, as patients 

who do not respond to 1 or 2 injections with reduced edema 

or improved vision, or who have an adverse reaction to the 

injection procedure, would be likely to discontinue anti-

VEGF treatment. An apparent worsening of the efficacy of 

treatment could also have resulted, if patients received only 

1 or 2 anti-VEGF injections with resolution of DME; how-

ever, this possibility seems less likely.

The pathogenesis of DME is understood to be complex.25 

A treatment approach that targets components of the 

pathogenesis of DME beyond VEGF may be needed for 

patients with an inadequate response to anti-VEGF. Many 

inflammatory mediators and processes are involved in the 

breakdown of the blood–retinal barrier that leads to retinal 

capillary leakage and the development of DME.26 Because 

corticosteroids have broad anti-inflammatory activity 

and stabilize the blood–retinal barrier,26 patients who are 

suboptimal responders to anti-VEGF may benefit from the 

addition of intravitreal corticosteroid injections as well as 

from use of adjunctive laser.

Conclusion
The results of this study confirm that patients with DME 

treated with intravitreal anti-VEGF in the clinical practice 

setting receive injections less frequently than in reported 

clinical trials. Many patients treated with ranibizumab and 

bevacizumab did not achieve 20/40 or better visual acuity 

and/or a dry macula after anti-VEGF injection. The results 

indicate that a substantial number of patients with DME do 

not respond optimally to anti-VEGF therapy. Patients who 

are suboptimal responders to anti-VEGF treatment may need 

additional therapies, including intravitreal corticosteroid and 

laser therapy.
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