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were changes in visual acuity (VA) and central mac-
ular thickness (CMT) from baseline to final visit in 
each cohort, frequency of visits and intravitreal anti-
VEGF injections.  As secondary endpoints, VA out-
comes were assessed in subgroups stratified by base-
line VA [<70 ETDRS letters and ≥70 ETDRS letters] 
and loading dose status of anti-VEGF injections.
Results VA increased by a mean of 8.2 letters 
(12-month cohort, p < 0.001), 5.3 letters (24-month 
cohort, p < 0.001), and 4.4 letters (36-month cohort, 
p = 0.017) at final visits. The eyes with <70 VA let-
ters achieved more significant VA improvement 
at final visits in all cohorts compared with eyes 
with >70 VA letters (p < 0.001). The mean decreases 

Abstract 
Purpose This study aimed to report the visual and 
anatomical outcomes of intravitreal anti-VEGF treat-
ment for diabetic macular edema (DME) in a real-
world clinical setting from Turkey over 36 months.
Methods This is a retrospective, multicenter (7 
sites) study. The medical records of 1072 eyes (both 
previously treated and naive eyes) of 706 consecutive 
patients with visual impairment due to center-involv-
ing DME treated with intravitreal anti-VEGF injec-
tions between April 2007 and February 2017 were 
reviewed. The eyes were divided into mutually exclu-
sive three groups based on the duration of follow-up 
(12, 24, or 36  months). Primary outcome measures 
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in CMT from baseline to last visits at 12-, 24-, and 
36- month cohorts were −100.5 µm, −107.7 µm, and 
−114.3 µm, respectively (p < 0.001). The mean num-
ber of injections given were 4.6, 2.3, and 1.8 during 
years 1 to 3, respectively. Patients who received load-
ing dose showed greater VA gains than those who did 
not in all follow-up cohorts.
Conclusion Our study revealed that anti-VEGF 
treatment improved VA and CMT over a follow-up 
of 36 months. Although these real-life VA outcomes 
following anti-VEGF therapy for DME were similar 
to other real-life studies, they were inferior to those 
noted in randomized controlled trials, mainly due to 
undertreatment.

Keywords Anti-vascular endothelial growth factor 
(Anti-VEGF) · Central macular thickness · Diabetic 
macular edema · Real-world · Visual acuity

Introduction

Diabetic macular edema (DME) is a leading cause 
of vision loss in the working-age population of 
developed countries, affecting approximately 15% 
of patients with diabetes [1]. Anti-VEGF agents are 
recommended as first-line therapy for DME, since 
vascular endothelial growth factor (VEGF) has been 
identified as one of the major factors contributing to 
the blood–retinal barrier breakdown. The efficacy 
and safety of anti-VEGF drugs in patients with DME 
have already been proven in landmark randomized 
controlled trials (RCT) [2–6]. In a comparative effec-
tiveness trial, The Diabetic Retinopathy Clinical 
Research Network (DRCR.net) Protocol T study com-
pared ranibizumab (Lucentis, Novartis, Genentech, 
South San Francisco, CA, USA), aflibercept (Eylea, 
Regeneron Pharmaceuticals, Tarrytown, NY, USA), 
and bevacizumab (Avastin, Genentech, Roche Group) 
for the treatment of DME. All three anti-VEGF drugs, 
dosed according to a protocol-specific algorithm, 
demonstrated similar mean visual gains at 2  years 
(+ 12.3, + 12.8, and + 10.0 Early Treatment Diabetic 
Retinopathy Study [ETDRS] letters for ranibizumab, 
aflibercept, and bevacizumab, respectively) [2]. How-
ever, given the restrictions of a clinical trial setting, 
such as a smaller and selected patient population, 
prescribed treatment protocols, and shorter obser-
vational periods, these conditions in RCTs do not 

always represent routine practices in real life. There-
fore, evaluating the long-term benefit of intravitreal 
anti-VEGF therapy for DME in a real clinical practice 
setting may provide further valuable information for 
treatment decisions.

Several real-life studies have been conducted to 
assess the consistency between RCTs and real-life 
settings, in which patients do not meet RCT inclu-
sion criteria due to diversity in systemic or ocular dis-
ease severity. These studies have shown that patients 
receive less frequent injections and have worse visual 
outcomes in clinical practice compared with par-
ticipants in landmark trials [7, 8]. However, there are 
only limited data on the long-term visual and ana-
tomic outcomes of patients with DME treated with 
anti-VEGF agents. The purpose of this study was to 
determine the efficacy and treatment frequency of 
intravitreal anti-VEGF therapy for DME in real clini-
cal practice in Turkey over a three-year period. This is 
the first large-scale, observational real-world study of 
anti-VEGF use for DME in Turkey.

Subjects and methods

Study design

This was a retrospective, observational, multicenter 
study of consecutive patients with center-involving 
DME treated with intravitreal anti-VEGF injections 
between April 2007 and February 2017. The Turk-
ish Social Security Institution issued a new ruling in 
2017, stating that three doses of bevacizumab should 
be administered first in patients who require anti-
VEGF treatment, with additional anti-VEGF medi-
cines being used only in resistant and/or unresponsive 
individuals. Therefore, we did not include the patients 
with DME in this study since 2017. Twenty-six oph-
thalmologists from 7 ophthalmology centers in Tur-
key participated in this study. Patients were treated 
with intravitreal anti-VEGF injections based on the 
routine practice of the ophthalmologist. Additional 
adjunctive treatments could be given at any time point 
according to ophthalmologist’s discretion.

This study was conducted in compliance with the 
tenets of the Declaration of Helsinki. The study was 
approved by the Research Ethics Committee of Gül-
hane Training and Research Hospital.
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Study population

The medical records of patients who were either 
treatment naïve or previously treated with a diag-
nosis of center-involving DME were reviewed. 
Inclusion criteria were: (1) age 18  years or older 
(2) having at least 1 intravitreal anti-VEGF injec-
tion between April 2007 and February 2017 (3) best 
corrected visual acuity (BCVA) ≥ 20 ETDRS letters 
(Snellen equivalent 20/400), (4) having a medical 
record of follow-up of at least 12 months. Exclusion 
criteria were (1) secondary macular edema from 
other retinal diseases (2) any concomitant ocular 
disease that could compromise visual acuity (VA) 
(3) a history of vitreoretinal surgery (4) intravit-
real anti-VEGF and/or steroid injection within three 
months prior to study inclusion (5) Macular laser 
photocoagulation within three months before inclu-
sion. If both eyes of a patient were eligible, both 
were included in the analysis.

Data collection

The medical data of patients at baseline and every 
visit (every 3 months) up to month 36 were collected. 
Demographics and clinical characteristics, including 
type, duration, and stage of diabetes mellitus, ocular 
history, prior treatments, and other systemic medi-
cal diseases, were noted at baseline. At each subse-
quent visit, BCVA (ETDRS letters), central macular 
thickness (CMT), intravitreal anti-VEGF injections, 
concomitant treatments for DME, systemic or ocu-
lar adverse events (AEs) related to intravitreal anti-
VEGF treatment were recorded.

Snellen VA values converted to approximate 
ETDRS line scores for analysis and calculated as fol-
lows: 85 + 50 × log (Snellen fraction) [9].

Optical coherence tomography (OCT) scans were 
obtained by spectralis OCT (Heidelberg Engineering, 
Heidelberg, Germany) or Cirrus OCT (Zeiss, Dublin, 
CA, USA) depending on the device available at each 
ophthalmology center. CMT values automatically 
measured by incorporated machine software were 
recorded.

Endpoints

The patient eyes were divided into three cohorts: eyes 
who completed 12  months of follow-up (12-month 
cohort), those who completed 24  months of follow-
up (24-month cohort), and those who completed 
36 months of follow-up (36-month cohort), with each 
cohort being mutually exclusive of the others. All 
outcomes were calculated on each cohort as a whole.

The primary endpoints were changes in BCVA and 
CMT from baseline to final visit in each cohort and 
frequency of visits and intravitreal anti-VEGF injec-
tions.  As secondary endpoints, VA outcomes were 
assessed in subgroups stratified by baseline VA [< 70 
ETDRS letters (Snellen equivalent 20/40) and ≥ 70 
ETDRS letters] and loading dose status of anti-VEGF 
injections. The patients who received 3 initial injec-
tions of ranibizumab at intervals of 4 weeks or 5 ini-
tial injections of aflibercept at intervals of 4  weeks 
were recorded into the subgroups of patients with a 
loading dose.

Statistical analyses

All statistical analyses were performed using the Sta-
tistical Package for the Social Science software ver-
sion 26 (IBM Corp., SPSS for Windows. Armonk, 
NY, USA). All analyses were performed on the 
patient-eye level. For individuals treated in both eyes, 
each eye was treated independently, and the results 
were recorded into the appropriate cohort. A value of 
p < 0.05 was considered statistically significant.

Baseline characteristics were summarized with 
descriptive statistics. Quantitative variables were 
defined as mean ± standard deviation (SD) and quali-
tative variables as number (n) and percentages (%). 
The Shapiro–Wilk test was used to evaluate whether 
the sample came from a normally distributed popula-
tion. Paired t-test with Bonferroni correction was used 
to compare the mean changes in VA and CMT from 
baseline to final visits in each cohort. After dividing 
the eyes into subgroups according to baseline VA and 
initial loading dose status, visual outcomes at final 
visits were also compared between subgroups within 
each cohort using the Mann–Whitney U test.

The last observation carried forward method 
(LCOF) was used to replace missing BCVA and 
CMT data.
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Results

One thousand seventy-two eyes of 706 patients with 
central-involving DME treated with intravitreal anti-
VEGF were included. Of 1072 eyes, there were 495 
(46.2%) eyes in the 12-month cohort, 293 (27.3%) 
eyes in the 24-month cohort, and 284 (26.5%) eyes 
in the 36-month cohort. Baseline demographics and 
clinical characteristics of studied eyes are presented 
in Table  1. The cohorts were similar in terms of 
demographics and clinical characteristics at inclusion 
(p > 0.05).

Three hundred sixty-six eyes of 706 (51.8%) 
patients underwent bilateral treatment dur-
ing the study period.  Overall, the mean age was 
60.8 ± 8.5 years and 358 of 706 (50.7%) patients were 
male. Most patients (93.3%) had type 2 diabetes. The 
mean duration of diabetes mellitus in patients was 
14.5 ± 6.2  years. At baseline, the mean presenting 
BCVA was 55.6 ± 18.5 ETDRS letters and the mean 
CMT was 426.5 ± 130.0  µm for the overall patient 
population. In total, 58.0% of eyes had no previous 
ocular treatment for visual impairment due to DME.

Visual outcomes

Figure  1 presents the mean monthly changes in 
ETDRS letters from baseline during follow-up by 
three cohorts. VA improvements compared to base-
line were significant for three cohorts at all follow-
ups (p < 0.01). No statistically significant differences 
in BCVA gain were found between three cohorts 
at any time point (p > 0.05).  In all three cohorts, 
VA improvement peaked at month 3 (+ 6.0, + 4.7, 
and + 6.0 ETDRS letters in the 12-, 24-, and 36-month 
cohorts, respectively, p < 0.001) and continued to 
improve up to month 12. The visual gains remained 
relatively stable until month 24 in the 24-month 
cohort, while visual gains decreased slightly at month 
36 in the 36-month cohort. At baseline, the mean 
BCVA was 55.2 ± 18.2, 55.7 ± 19.9, and 56.0 ± 17.7 
ETDRS letters in the 12-, 24-, and 36-month cohorts, 
respectively (Table  1). The mean increase in BCVA 
from baseline to month 12 (12-month cohort), month 
24  (24-month cohort), and month 36  (36-month 
cohort) were 8.2 (p < 0.001), 5.3 (p < 0.001), and 
4.4 ETDRS letters (p = 0.017), respectively (Fig.  1 
and 2).

When stratified by baseline VA, visual outcomes 
demonstrated ceiling effects, as shown in Fig.  2a–c. 
In the subgroup of patients with worse baseline VA 
(< 70 letters), significant VA gains from baseline 
were demonstrated (+ 11.5, + 9.6, and + 7.7 letters 
at 12-, 24-, and 36-month, respectively, p < 0.001); 
while the VA changes from baseline were not statis-
tically significant in the patients with better baseline 
VA (≥ 70 letters) (+ 0.2, -3.1, and -3.0 letters at 12-, 
24-, and 36-month, respectively, p > 0.05). The eyes 
with < 70 BCVA letters achieved more significant VA 
improvement at final visits in all cohorts compared 
with eyes with > 70 BCVA letters (p < 0.001).

Frequency of Anti-VEGF Injections and Clinical 
Visits

Table  2 indicates the mean number of clinical vis-
its and anti-VEGF injections received in year 1, 
years 2, and 3 during the study period. The aver-
age number of clinical visits and anti-VEGF injec-
tions was the highest in the first year (7.4 ± 2.1 vis-
its with 4.6 ± 2.0 injections) and decreased in the 
second (5.9 ± 2.5 visits with 2.3 ± 1.9 injections) and 
the third years (5.6 ± 2.3 visits with 1.8 ± 1.8 injec-
tions). The patients had on average 13.2 ± 3.8 visits 
at 24 months and 18.7 ± 5.7 visits at 36 months. The 
patients received on average 7.1 ± 3.1 injections over 
24 months and 8.0 ± 4.2 injections over 36 months.

In the entire cohort, the initial anti-VEGF agent 
was ranibizumab in 749 (69.9%) eyes, aflibercept in 
263 (24.5%) eyes, and bevacizumab in 60 (5.6%) eyes 
(Table  1). Four hundred twenty-two (422 of 1072, 
39.4%) eyes received a loading dose of 3 consecu-
tive injections for ranibizumab and 197 (197 of 1072, 
18.4%) received a loading dose of 5 consecutive 
injections for aflibercept. In total, 619 (57.7%) eyes 
received a loading dose of anti-VEGF drugs. The sub-
group of patients who received loading dose showed 
greater VA gains compared with those who did not 
in all follow-up cohorts (Fig. 3a–c). In the 12-month 
cohort, the visual gain was + 10.3 letters in patients 
who received loading dose compared to + 4.4 letters 
in those who did not (p < 0.001, Fig. 3a). Similar VA 
outcomes were found in 24- and 36-month cohorts 
(p = 0.09 and p = 0.011, respectively), (Fig. 3b and c).
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Table 1  Demographics and clinical characteristics at presentation of DME eyes stratified by cohort group

Overall  
(n = 1072 eyes)

12-month cohort 
(n = 495 eyes)

24-month cohort 
(n = 293 eyes)

36-month cohort 
(n = 284 eyes)

p value

Age, years, mean ± SD 60.8 ± 8.5 60.8 ± 8.8 61.2 ± 8.6 60.2 ± 7.9 0.318
Gender, M:F 358:348 165:180 103:88 90:80 0.446
DM duration, years, mean ± SD 14.5 ± 6.2 14.5 ± 6.3 14.3 ± 6.3 14.6 ± 6.1 0.892
Type of DM, n (%) 0.598
Type 1 72 (6.7) 36 (7.3) 16 (5.5) 20 (7.0)
Type 2 1000 (93.3) 459 (92.7) 277 (94.5) 264 (93.0)
Severity of retinopathy, n (%) 0.190
NPDR 768 (71.6) 342 (69.1) 213 (72.7) 213 (75.0)
PDR 304 (28.4) 153 (30.9) 80 (27.3) 71 (25.0)
HbA1c level, % mean ± SD 

(n=253)
8.4 ± 1.9 8.6 ± 1.9 8.3 ± 2.0 7.6 ± 1.9 0.101

Treatment of DM, n (%) 0.651
OAD only 292 (27.2) 129 (26.1) 81 (27.6) 82 (28.9)
Insulin only 564 (52.6) 263 (53.1) 160 (54.6) 141 (49.6)
OAD & insulin 216 (20.1) 103 (20.8) 52 (17.7) 61 (21.5)
Previous treatment status, n (%) 0.073
Treatment-naïve 622 (58.0) 320 (64.7) 171 (58.4) 131 (46.1)
Previously treated 450 (42.0) 175 (35.3) 122 (41.6) 153 (53.9)
Previous ocular treatment for 

DME, n (%)
0.098

Focal/grid laser photocoagulation 191 (17.8) 65 (13.1) 43 (14.7) 83 (29.2)
Subthreshold laser therapy 9 (0.8) 7 (1.4) 2 (0.7) −
Other anti-VEGF 124 (11.6) 59 (11.9) 41 (14.0) 24 (8.5)
Intravitreal triamcinolone aceto-

nide
15 (1.4) 4 (0.8) 6 (2.0) 5 (1.8)

Combination of 2 treatments 101 (9.4) 37 (7.5) 28 (9.6) 36 (12.7)
Combination of 3 treatments 10 (0.9) 3 (0.6) 2 (0.7) 5 (1.8)
Previous PRP treatment, n (%) 301 (28.1) 129 (26.1) 77 (26.3) 95 (33.5) 0.063
Lens status, n (%) 0.215
Phakia 827 (77.1) 372 (75.2) 226 (77.1) 229 (80.6)
Pseudophakia 245 (22.9) 123 (24.8) 67 (22.9) 55 (19.4)
Initial anti-VEGF agents, n (%) 0.089
Aflibercept 263 (24.5) 210 (42.4) 42 (14.3) 11 (3.9)
Bevacizumab 60 (5.6) 8 (1.6) 13 (4.4) 39 (13.7)
Ranibizumab 749 (69.9) 277 (56.0) 238 (81.2) 234 (82.4)
Loading dose status, n (%)
Patients with loading doses 619 (57.8) 322 (64.1) 161 (55.0) 136 (47.9) 0.083
Patients without loading doses 453 (42.2) 173 (35.9) 132 (45.0) 148 (52.1)
Comorbidities 0.231
Arterial hypertension 373 (34.8) 157 (31.7) 112 (38.2) 104 (36.6)
Coroner artery disease 96 (9.0) 51 (10.3) 33 (11.3) 12 (4.2)
Hyperlipidemia 22 (2.1) 17 (3.4) 1 (0.3) 4 (1.4)
Diabetic nephropathies 25 (2.3) 20 (4.0) − 5 (1.8)
Previous stroke 3 (0.3) 3 (0.6) − −
BCVA, ETDRS letters, mean ± SD 55.6 ± 18.5 55.2 ± 18.2 55.7 ± 19.9 56.0 ± 17.7 0.825
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Anatomical outcomes

Figure  4 presents the mean monthly changes in 
CMT values from baseline during follow-up by 
three cohorts. For all cohorts, a significant reduction 
in CMT compared to baseline was seen at month 3 
(−80.4 µm, −72.1 µm, and −81.0 µm in the 12-, 24-, 
and 36-month cohorts, respectively, p < 0.001) and 
continued to mildly decrease through months 12, 
24, and 36. There was a significant decrease in CMT 
compared to baseline at all time points (p < 0.001). 
No statistically significant differences in CMT reduc-
tion were found between 3 cohorts at any time point 
(p > 0.05).

At baseline, the mean CMT was 416.6 ± 120.5 µm, 
433.7 ± 131.8  µm, and 436.2 ± 142.7  µm in the 12-, 
24-, and 36-month cohorts, respectively (Table  1). 
The mean decreases in CMT from baseline to month 
12  (12-month cohort), month 24  (24-month cohort), 
and month 36  (36-month cohort) were −100.5  µm, 
−107.7 µm, and −114.3 µm, respectively (p < 0.001), 
(Fig. 4).

Adjunctive therapy

During the study period, additional ocular treat-
ments were required in 655 of 1072 (61.1%) eyes 
at some time point. Additional treatments were as 
follows: focal or grid macular laser photocoagula-
tion (n = 177, 16.5%), pan-retinal photocoagulation 
(PRP) (n = 124, 11.6%), intravitreal dexamethasone 
implant only (n = 144, 13.4%), focal or grid macu-
lar laser photocoagulation followed by intravitreal 
dexamethasone implant (n = 70, 6.5%), subthreshold 
laser therapy (n = 50, 4.7%), combined focal or grid 
macular laser photocoagulation and PRP (n = 43, 
4.0%), intravitreal dexamethasone implant followed 

by pars plana vitrectomy (PPV) (n = 39, 3.6%), and 
PPV only (n = 8, 0.7%).

Forty-six (5.6%) of  827 eyes which were 
phakic at the time of inclusion to the study had 
cataract extraction during the study period.  All 
patients received uneventful phacoemulsification 
surgery, followed by in-the-bag intraocular lens 
implantation.

Safety outcomes

Over the 36-month period, ocular AEs were regis-
tered in 44 of 1072 (4.1%) eyes. Ocular AEs were 
increased intraocular pressure (2%, n = 22), vitreous 
hemorrhage (1.3%, n = 14), glaucoma (0.05%, n = 5), 
traumatic cataract (0.09%, n = 1), and endophthalmi-
tis (0.09%, n = 1). No cases of retinal tears or detach-
ment were observed during the follow-up.

Eleven of 706 (1.5%) patients suffered systemic 
AEs that were suspected to be related to anti-VEGF 
treatment. The systemic AEs were myocardial infarc-
tion (0.8%, n = 6) and cerebrovascular accident 
(0.75%, n = 5).

Discussion

To date, the anti-VEGF injection has become the first-
line therapy for center-involved DME in most clini-
cal practices [10]. Nevertheless, due to difficulties in 
access to healthcare services, higher frequency of co-
morbidities, and/or poor adherence to the treatment 
by older patients, individualized treatment regimens 
vary substantially in a real-world setting, mainly 
resulting in fewer injections and fewer clinic vis-
its than those imposed by strictly monitored clinical 
trials [11, 12]. This current study of Turkey showed 

Table 1  (continued)

Overall  
(n = 1072 eyes)

12-month cohort 
(n = 495 eyes)

24-month cohort 
(n = 293 eyes)

36-month cohort 
(n = 284 eyes)

p value

 < 70 letters (< 20/40 SE), n (%) 740 (69.0) 352 (71.1) 193(65.9) 195 (68.7) 0.303

 ≥ 70 letters (≥ 20/40 SE), n (%) 332 (31.0) 143 (28.9) 100 (34.1) 89 (31.3)
CMT, µm, mean ± SD 426.5 ± 130.0 416.6 ± 120.5 433.7 ± 131.8 436.2 ± 142.7 0.069

BCVA best-corrected visual acuity, CMT central macular thickness, DM diabetes mellitus, DME diabetic macular edema, ETDRS 
Early Treatment Diabetic Retinopathy Study, F female, HbA1c glycated hemoglobin, M male, µm micrometre, NPDR non-prolifera-
tive diabetic retinopathy, OAD oral antidiabetic drugs, PDR proliferative diabetic retinopathy, PRP pan-retinal photocoagulation, SD 
standard deviation, SE Snellen equivalent, VEGF vascular endothelial growth factor
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Fig. 1   Change in mean 
BCVA from over 36 months 
baseline stratified by three 
cohorts
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Fig. 2   Change in mean BCVA by baseline VA stratification from baseline to month 12 (a), month 24 (b), and month 36 (c). Num-
bers on top or below of columns show mean change in BCVA letters (SD)

Table 2  Number of 
intravitreal anti-VEGF 
injections and clinical visits 
per year during the study 
period in each cohort

VEGF vascular endothelial 
growth factor, SD standard 
deviation
a Counted are patients with 
a follow-up of at least 
12 months (n = 1072)
b Counted are patients with 
a follow-up of at least 
24 months (n = 577)

Year 1 Year 2 Year 3 Total number (from 
baseline to final visit)

12-month cohort
Visits, mean ± SD 7.5 ± 2.2 – –
Injections, mean ± SD 5.0 ± 2.0 – –
24-month cohort
Visits, mean ± SD 7.1 ± 2.1 6.0 ± 2.4 – 13.2 ± 3.8
Injections, mean ± SD 4.6 ± 1.9 2.5 ± 2.0 – 7.1 ± 3.1
36-month cohort
Visits, mean ± SD 7.4 ± 2.0 5.7 ± 2.6 5.6 ± 2.3 18.7 ± 5.7
Injections, mean ± SD 4.0 ± 1.9 2.2 ± 1.9 1.8 ± 1.8 8.0 ± 4.2
Overall
Visits, mean ± SD 7.4 ± 2.1a 5.9 ± 2.5b 5.6 ± 2.3
Injections, mean ± SD 4.6 ± 2.0a 2.3 ± 1.9b 1.8 ± 1.8
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that anti-VEGF injections for DME were associated 
with functional and anatomic improvement in a real-
life setting, which was in line with results observed in 
clinical trials and other real-world studies. The greater 
improvements in VA were achieved in patients who 
had a lower baseline VA over three years. It was also 
observed that the patients who received loading doses 
showed better VA gains over  36 months of follow-up. 
However, in the present study, anti-VEGF injections 
for DME were administered less frequently and less 
effective than those in clinical trials.

Overall, the visual improvements observed in 
this study are consistent with real-life studies from 
other countries, though 12-month BCVA gain (+ 8.2 

letters) in the 12-month cohort of our study was bet-
ter than what has been reported in real-world data 
[11–16]. In the LUMINOUS study, a prospective 
multicountry analysis of 1063 DME eyes, the coun-
try-specific visual gains were between -0.3 and 6.9 
letters with an average of 2.2–6.0 injections over one 
year [13]. In the OCEAN prospective study, which 
included 1226 eyes in Germany, the mean VA out-
come during 12 months was + 4 letters, achieved with 
a mean of 4.4 injections [12]. In a 1-year Moorfield’s 
retrospective study of 102 treatment naïve eyes, a 
mean improvement of 9.9 letters with a mean of 6.9 
injections was observed [17]. Our functional results 
at 12 months were also similar with a slightly fewer 
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Fig. 4   Change in mean 
CMT from baseline over 
36 months stratified by 
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number of 4.6 injections. The visual gain was main-
tained over the second and third year of follow-up 
in the 24- and 36- month cohorts with mean 7.1 and 
8.0 intravitreal injections, respectively (+ 5.3 let-
ters in the 24-month cohort and + 4.4 letters in the 
36-month cohort). Consistent with our results, a 
retrospective study of 3-year outcomes from Thai-
land showed improvement of 6.8, 4.1, and 3.0 letters 
with a mean of 6, 8, and 9 injections at 12, 24, and 
36  months, respectively [11]. In another real-world 
BOREAL-DME study conducted at France, Massin 
et al. reported similar VA gains of 7.4 letters at month 
12 and 4.1 letters at month 36 [16].

The real-world DME study outcomes are nota-
bly worse than those from RCTs. RCTs have the 
intensive treatment and follow-up protocol and nar-
row inclusion and exclusion criteria, leading to bet-
ter outcomes. In the VISTA&VIVID study, the 
reported mean gain in BCVA from baseline to 3-year 
was between + 10.3 and + 11.7 ETDRS letters with 
18.1–32 injections [4]. Similar VA improvements 
were also observed at 36  months in other RCTs, 
including RESTORE (+ 8 letters) and RISE&RIDE 
(+ 11 and + 11.4 letters) [6, 18]. The present study 
suggests a potential role of undertreatment to account 
for inferior visual outcomes of our DME population. 
Recent studies have shown that higher visual gains 
were obtained with more frequent injections in clini-
cal trials than real-world reports [2, 19]. In line with 
this finding, a retrospective real-world study in the 
USA has reported that mean VA improvement had a 
linear relationship with a mean number of anti-VEGF 
injections at one year, suggesting that intensive 
treatment strategy in the first year is essential [20]. 
Another possible explanation for the differences in 
visual outcomes is varying population characteristics. 
Chronic DME and previous laser treatment-related 
structural damage may limit the potential for visual 
recovery that may account for the differences in long-
term results between the studies [3]. Therefore, con-
sidering that 42% of our patients had received previ-
ous ocular treatments, the chronicity and severity of 
DME in some of our patients and thus the relative 
delay in starting anti-VEGF are important factors fur-
ther contributing to the inferior outcomes.

As mentioned before, the mean number of injec-
tions observed in this study and other real-life studies 
was relatively lower than that observed in other RCTs. 
In the landmark trials, the patients have received 7–12 

injections in the first year, with over 20 injections at 
two years [4, 18]. In the present study, the patients 
received 4.6 injections in the first year, 7.1 and 8.0 
injections over 24 and 36 months, reflecting general 
undertreatment. Similarly, in a recently published 
real-life study with a 4-year duration, Epstein and 
Amren have reported 4.7, 1.4, 0.7, and 0.9 injections 
during years 1–4, respectively [21]. A possible expla-
nation for the low number of anti-VEGF injections in 
our study may be a high burden of health care vis-
its for patients with DME, and it is likely that missed 
visits or treatments contributed to reduced injection 
frequency. The patients had on average 7.4, 13.2, and 
18.7 visits at 12, 24, and 36 months, which is nota-
bly lower than strictly monitored controlled trials [4, 
19]. The poor adherence to the treatment in the cur-
rent study could be attributed to the need for bilat-
eral treatment, lack of education regarding the need 
for intensive therapy over a period, interference with 
work schedules, or other associated patient co-mor-
bidities that often contribute to a burden of hospital 
visits.

Despite undertreatment, substantial and con-
tinuous visual and anatomic improvement were 
observed through 36  months. Patients with low 
baseline VA (< 70 letters) and those receiving load-
ing doses showed the highest VA gains during the 
observation period of our study. In contrast, the 
patients with baseline VA of ≥ 70 ETDRS letters 
gained less but maintained higher vision than those 
with lower baseline VA. Considering similar VA 
outcomes, recently published Protocol V showed 
that the eyes with very good baseline VA (≥ 80 
ETDRS letters) could be managed by observation 
only instead of starting intravitreal anti-VEGF treat-
ment. Close monitoring rather than proactive treat-
ment may help decrease the burden of clinics and 
the initial cost of the treatment [22, 23]. Further-
more, results from our study highlight that patients 
who had a loading dose gained better VA gains than 
those who did not. Similarly, in a real-world study 
from Thailand, the authors revealed that the more 
remarkable mean VA improvement at 12  months 
was observed in eyes receiving three initial monthly 
loading injections compared to eyes with non-
loading injections [11]. These findings confirm the 
benefits of receiving loading treatment in a real-life 
setting.
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The incidence of ocular AEs (4.1%) observed in 
this study was lower than that observed in the RCTs, 
possibly because of under-reporting in this retrospec-
tive observational setting. There was only 1 case of 
endophthalmitis reported in the study. There were no 
retinal tears or retinal detachments during the study 
period. Overall, the safety results observed in this 
study were consistent with the known safety profile 
of anti-VEGF agents demonstrated in clinical trials of 
anti-VEGF therapy in patients with DME [4, 24, 25].

The strength of this current study is that this is the 
first largest population-based real-world study of anti-
VEGF use for DME in Turkey. The study enrolled 
patients with a variety of demographics and baseline 
characteristics, including co-morbidities which may 
have excluded patients from RCTs. Therefore, our 
study could provide additional information to guide 
management in patients who are more representative 
of a typical real-life population. Besides, the multi-
center nature of the current study could help to obtain 
more generalized data. Additionally, the results of 
this study depend on the sample that consists of 3 
mutually exclusive cohorts, each of which differs in 
terms of both the number of patients and their charac-
teristics. This could allow us to control for any poten-
tial impact of the loss to follow-up on visual and ana-
tomic outcomes in this real-life study.

This study has several potential drawbacks, typi-
cally associated with its retrospective nature, such 
as missing data and patients lost to follow-up. Lack 
of defined treatment criteria and non-standardized 
VA assessment among study centers could partially 
account for shortcomings of our real-world data. Fur-
thermore, we did not have information on the course 
of DME in the individual eyes before the inclusion 
of the study, which might have also influenced the 
outcome results. Lastly, the results for  three differ-
ent anti-VEGF agents without considering anti-VEGF 
switching in the treatment were taken together as 
a whole. In some studies, such as protocol T, some 
differences in visual outcomes were found between  
three drugs, which might influence or explain some of 
the data in the present study [2].

In conclusion, anti-VEGF therapy for DME over 
a three-year period was associated with improved 
functional and anatomic outcomes despite generally 
low injection numbers in real-life conditions. Base-
line VA scores and a loading regimen for anti-VEGF 

injections seem to be essential factors in achieving 
better VA outcomes through 3-year follow-up.
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