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Abstract
Objectives: This study aimed to evaluate the 48-month visual 
and anatomical outcomes, as well as the number of clinic visits and 
intravitreal injections, in patients treated with three consecutive 
loading doses of intravitreal anti-vascular endothelial growth factor 
(anti-VEGF) therapy for diabetic macular edema (DME) under real-
world conditions in Türkiye.
Materials and Methods: In this retrospective, multicenter study 
conducted by the BOSPHORUS-DME Study Group, the medical 
records of 2,424 eyes of 1,696 patients who experienced vision loss 
due to DME and were treated with intravitreal anti-VEGF injections 
between January 2019 and January 2023 were reviewed. The study 
was carried out across eight tertiary referral hospitals located on the 
European side of İstanbul and in the province of Kocaeli. Seven cohort 
groups were created based on follow-up at baseline and months 3, 6, 12, 
18, 24, 36, and 48. Best-corrected visual acuity (BCVA), central macular 
thickness (CMT), the number of clinic visits and injections, and the 
rates of anti-VEGF or dexamethasone switching were analyzed.
Results: The study included a total of 2,424 eyes of 1,696 patients 
(mean age: 60.6±10.0 years; 46.4% female). The mean baseline BCVA 
and CMT were 0.34±0.24 (decimal) and 400±134 µm, respectively. At 
month 48, these values improved to 0.49±0.29 (p<0.0001) and 324±115 
µm (p<0.0001). The mean cumulative number of injections at years 1, 
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Introduction
Diabetic macular edema (DME) is a vision-

threatening complication of diabetes and remains one 
of the leading causes of preventable blindness in the 
working-age population.1 The efficacy and safety of anti-
vascular endothelial growth factor (anti-VEGF) agents 
in the treatment of DME have been well established 
through randomized controlled trials (RCTs),2,3 and these 
agents are recommended as first-line therapy in clinical 
guidelines.4 The Diabetic Retinopathy Clinical Research 
Network (DRCR.net) Protocol T study compared the 
efficacy of intravitreal ranibizumab (Lucentis®, Novartis, 
Genentech, South San Francisco, CA, USA), aflibercept 
(Eylea®, Regeneron Pharmaceuticals, Tarrytown, NY, USA), 
and bevacizumab (Avastin®, Genentech, Roche Group, 
South San Francisco, CA, USA) for the treatment of DME. 
When administered according to a structured protocol, 
all three agents demonstrated comparable visual gains 
at two years (+12.3, +12.8, and +10.0 ETDRS letters for 
ranibizumab, aflibercept, and bevacizumab, respectively).5 
However, a five-year extension of the study showed that 
when patients transitioned to physician-discretion-based 
treatment in routine clinical practice, best-corrected visual 
acuity (BCVA) declined between years two and five despite 
ongoing care.6

In recent years, real-world studies derived from diverse 
clinical settings have gained increasing significance, 
particularly for chronic diseases like DME that require 
individualized treatment approaches.7 However, outcomes 
in real-world studies often fall short of RCT results due to 
undertreatment, infrequent monitoring, and suboptimal 
patient adherence.8,9,10 

Durukan et al.11 reported the first large-scale real-
world study on DME treatment conducted in the Central 
Anatolia region of Türkiye, demonstrating lower injection 
frequencies and modest visual improvements consistent 
with previous real-world findings. Similarly, Yayla et al.12 
conducted the MARMASIA Study across eight tertiary 
referral centers on the Asian side of the Marmara region 

and reported comparable outcomes. Although both studies 
provided valuable data, they reflected treatment practices 
prior to 2018 and included follow-up results of up to 36 
months.

Building on this foundation, we initiated a multicenter 
study across eight tertiary referral centers located on the 
European side of Istanbul and in the Kocaeli province 
of Türkiye to comprehensively evaluate the real-world 
outcomes of intravitreal anti-VEGF therapy for DME. 
The BOSPHORUS-DME study represents the post-
2018 treatment era following the reimbursement policy 
implemented by the Turkish Social Security Institution, 
which mandated three consecutive loading doses of 
bevacizumab as the initial therapy and expanded access to 
on-label anti-VEGF agents.13 With follow-up data extending 
up to 48 months, this large and contemporary multicenter 
cohort provides the most comprehensive assessment to 
date of visual and anatomical outcomes, injection burden, 
and patient adherence under real-world clinical conditions 
in Türkiye. Given the absence of a centralized national 
ophthalmology database, such multicenter collaborations 
are crucial for generating reliable real-world data that 
accurately reflect nationwide clinical practices and long-
term treatment outcomes.

Materials and Methods

Study Design
This retrospective, observational, multicenter study 

included patients with DME who received three consecutive 
monthly intravitreal anti-VEGF injections between January 
2019 and January 2023, with at least three months of follow-
up. The BOSPHORUS-DME Study Group comprised 23 
retina specialists from eight tertiary centers on the European 
side of Istanbul and in Kocaeli, Türkiye. Ethics approval 
was obtained from Kocaeli University Faculty of Medicine 
Ethics Committee (decision no: KÜ GOKAEK-2025/06/18; 
date: 13.03.2025; project: 2025/115). The study adhered to 
the Declaration of Helsinki, and written informed consent 
was obtained from all participants.

Abstract
2, 3, and 4 were 6.5, 9.6, 12.2, and 15.7, respectively. A switch in anti-VEGF therapy occurred between month 3 and 6 in 43.5% of eyes, mostly due 
to mandatory transition to on-label agents.
Conclusion: This is the largest and longest real-world study on DME treatment conducted in Türkiye. It demonstrates that visual and anatomical 
gains can be sustained over a 48-month period. While the overall trend aligns with previous real-world studies, the higher injection frequency in our 
cohort appears to have contributed to more favorable outcomes. These findings underscore the importance of early intensive therapy and sustained 
treatment adherence in the real-world management of DME.
Keywords: Aflibercept, anti-VEGF, bevacizumab, diabetic macular edema, intravitreal injection, long-term outcomes, ranibizumab, real-world 
evidence
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Study Population
The medical records of patients diagnosed with 

DME, either treatment-naïve or previously treated with 
intravitreal anti-VEGF injections, were retrospectively 
reviewed. Patients who had not received any intravitreal 
injections for DME within the six months prior to inclusion 
were considered treatment-naïve.

Following the reimbursement regulation issued by the 
Turkish Social Security Institution on December 28, 2018 
(published in the Official Gazette), patients initiating anti-
VEGF therapy for DME were required to receive three 
consecutive intravitreal bevacizumab (IVB) injections as 
a prerequisite for reimbursement.13 According to this 
regulation, alternative anti-VEGF agents (ranibizumab or 
aflibercept) were permitted only in cases demonstrating 
non-response or resistance to IVB. Therefore, eyes that 
had begun treatment prior to this regulation were excluded 
from the study.

In treatment-naïve eyes, three consecutive monthly 
IVB (1.25 mg/0.05 mL) injections were administered as 
the initial loading phase, followed by a pro re nata (PRN) 
treatment regimen based on anatomical and functional 
response. In eyes that had received three loading doses of 
IVB at other centers within the preceding six months, an 
additional loading phase was performed at the discretion 
of the treating physician, consisting of three consecutive 
monthly injections of either IVB or an on-label anti-
VEGF agent (ranibizumab 0.5 mg/0.05 mL or aflibercept 
2 mg/0.05 mL). Following completion of this loading 
phase, patients transitioned to PRN therapy and continued 
to receive additional anti-VEGF injections or adjunctive 
treatments as clinically indicated throughout the follow-up 
period. Thus, all eyes included in the study completed a 
full loading course of three consecutive injections before 
entering the PRN phase at our centers. 

The inclusion criteria were as follows: (1) age ≥18 
years, (2) receiving three consecutive loading doses of 
intravitreal anti-VEGF injections as the initial treatment 
for DME, and (3) having a minimum follow-up period of 
three months after the injections. Patients with a history of 
vitreoretinal surgery or secondary macular edema resulting 
from other retinal or systemic diseases were excluded 
from the study. No restrictions were imposed regarding 
additional procedures performed during follow-up, which 
could include phacoemulsification, pars plana vitrectomy, 
panretinal, focal, or grid laser photocoagulation, micropulse 
laser treatment, or intravitreal dexamethasone implant (IDI; 
Ozurdex®, AbbVie-Allergan, CA, USA) administration. In 
cases where both eyes met the inclusion criteria, each eye 
was analyzed separately.

Data Collection
Medical data were retrospectively collected at baseline 

and during each follow-up visit up to month 48. Baseline 
demographic and clinical characteristics included age, sex, 
stage of diabetic retinopathy (non-proliferative [NPDR] 
or proliferative [PDR]), and, when applicable, details of 
intravitreal injections administered within the preceding 
six months, including the type of agent and the number of 
injections.

The patients’ eyes were divided into seven cohorts 
according to follow-up duration. Follow-up data were 
extracted from examinations conducted at months 3, 6, 12, 
18, 24, 36, and 48, allowing for a ±2-week window. Because 
patients with longer follow-up durations also contributed 
to earlier time points, the cohorts were not independent.

All patients underwent a comprehensive ophthalmologic 
examination at baseline and during each follow-up visit. 
The examinations included BCVA assessment using a 
Snellen chart, intraocular pressure (IOP) measurement 
with Goldmann applanation tonometry, anterior segment 
evaluation with slit-lamp biomicroscopy, dilated fundus 
examination, and optical coherence tomography (OCT) 
imaging. OCT scans were obtained using one of the 
following devices, depending on the center: Spectralis 
OCT (Heidelberg Engineering, Heidelberg, Germany), 
Cirrus OCT (Zeiss, Dublin, CA, USA), RTVue-100 OCT 
(Optovue Inc., Fremont, CA, USA), DRI OCT Triton Plus 
swept-source OCT (Topcon Inc., Tokyo, Japan), or Xephilio 
WF-OCT S1 (Canon Inc., Tokyo, Japan).

At each visit, BCVA, lens status (phakic or 
pseudophakic), and OCT parameters were recorded, along 
with the type of intravitreal agent administered, cumulative 
number of injections and visits, and the presence of ocular 
adverse events associated with injection therapy or other 
procedure-related complications.

All OCT images were centered on the foveola, and 
central macular thickness (CMT, µm) was automatically 
calculated using the software of each device. OCT features 
were classified according to the criteria of the European 
School for Advanced Studies in Ophthalmology, as follows:14 

1.	 Cystic changes: absent (0), mild (1), moderate (2), 
severe (3);

2.	 Subretinal fluid: absent (0), present (1);

3.	 Disorganization of retinal inner layers (DRIL): 
absent (0), present (1);

4.	 Integrity of the ellipsoid zone (EZ) and external 
limiting membrane: intact (0), disrupted (1), absent 
(2);

5.	 Hyperreflective foci: <30 (0), ≥30 (1);
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6.	 Vitreoretinal interface: no pathology (0), incomplete 
posterior vitreous detachment (PVD) (1), complete 
PVD (2), vitreomacular traction (3), or epiretinal 
membrane (4);

7.	 Cyst content: hyporeflective or hyperreflective;

8.	 Subfoveal hard exudates: present or absent;

9.	 Foveal depression: present or absent.

Statistical Analysis

Statistical analyses were performed using SPSS version 
22.0 for Windows (IBM Corp., Armonk, NY, USA). Data 
distribution was assessed using histogram plots, Shapiro-
Wilk, and Kolmogorov-Smirnov tests. Continuous variables 
were expressed as mean ± standard deviation or median 
(interquartile range [IQR]: Q1-Q3), while categorical 
variables were presented as counts (n) and percentages (%). 
Snellen BCVA values were converted to logarithm of the 
minimum angle of resolution for statistical analyses.

Depending on data distribution and variable count, 
dependent variables were analyzed using paired samples 
t-test or repeated measures analysis of variance (ANOVA), 
and Wilcoxon signed-rank test or Friedman test. For 
comparisons involving more than two time points, post-
hoc analyses were conducted using Dunn–Bonferroni or 
SPSS-provided pairwise comparisons for ANOVA and 
Friedman test, respectively. Bonferroni-adjusted p values 
are reported as “adj. p” where applicable. Since patients 
with longer follow-up contributed to multiple cohorts, 
appropriate dependent tests were used. A two-sided p value 
<0.05 was considered statistically significant.

Results

Baseline Characteristics
This study included 2,424 eyes of 1,696 patients (mean 

age: 60.6±10.0 years; range: 19-93), of whom 787 (46.4%) 
were female. All eyes with at least three months of follow-
up were included in the 3-month cohort. As follow-up 
duration increased, the number of eyes declined across the 
6-, 12-, 18-, 24-, 36-, and 48-month cohorts, with 1,878, 
1,321, 697, 427, 204, and 86 included, respectively. Cohort-
specific baseline characteristics are summarized in Table 1.

Among all eyes, 2,190 (90.3%) were treatment-naïve 
and 234 (9.7%) had previously received anti-VEGF 
therapy. All eyes were treated with a PRN regimen 
following three consecutive monthly loading injections. 
The mean duration to complete the loading phase was 
66±9.5 days (range, 47-90 days). Bevacizumab was the 
most commonly used initial agent (93.3%), followed 
by ranibizumab (3.9%) and aflibercept (2.8%). Eyes 
treated with ranibizumab or aflibercept had received 

three consecutive bevacizumab injections at other centers 
within the previous six months.

Most patients (69.9%) had NPDR at baseline. Detailed 
clinical characteristics per cohort are provided in Table 
2, and OCT findings in Table 3. The most frequent cystic 
pattern was hyporeflective cysts (71.2%), followed by 
hyperreflective cysts (28.1%). In 0.7% of eyes with cysts, 
their content could not be assessed. Foveal depression was 
present in 50.7% and subfoveal hard exudates in 31.5% of 
the eyes. In addition to these anatomical characteristics, 
changes in lens status were also observed during follow-up. 
A total of 262 eyes underwent cataract surgery and were 
subsequently recorded as pseudophakic.

Functional and Anatomical Results 
In the study sample, the mean baseline BCVA 

(Snellen, decimal) was 0.34±0.24, and the mean CMT 
was 400±134 µm. BCVA showed gradual, statistically 
significant improvement at all follow-up points 
(p<0.0001), reaching 0.37±0.25, 0.41±0.26, 0.44±0.27, 
0.46±0.28, 0.48±0.28, 0.49±0.29, and 0.49±0.29 at months 
3, 6, 12, 18, 24, 36, and 48, respectively. Although modest, 
these functional gains were largely sustained over time, 
despite potential undertreatment and compliance issues 
in routine practice.

CMT also declined consistently to 354±120, 334±112, 
324±110, 327±112, 333±137, 324±120, and 324±115 µm at 
the same respective time points. Despite minor increases 
at months 18 and 24, all reductions from baseline were 
significant (p<0.0001). These results support the sustained 
anatomical benefits of anti-VEGF therapy in real-
world settings, even with variability in retreatment and 
monitoring.

Changes in BCVA and CMT over time are illustrated in 
Figures 1 and 2, respectively.

Number of Visits and Intravitreal Anti-VEGF 
Injections

The cumulative numbers of intravitreal injections and 
clinical visits were assessed annually. The average number 
of visits in years 1 through 4 was 7.5±2.9, 11.2±3.7, 
14.7±5.1, and 17.6±5.6, respectively; the corresponding 
mean number of injections was 6.5±1.7, 9.6±2.8, 12.2±3.9, 
and 15.7±5.5. Although both visit and injection counts 
increased over time, the rate of injections slowed notably 
after the first year. These findings suggest a tendency for 
reduced adherence to treatment intensity and monitoring 
over extended follow-up in real-world settings. Detailed 
data are provided in Table 4.
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Anti-VEGF Switch
Between months 3 and 6 of follow-up (i.e., following the 

initial loading phase), anti-VEGF switching was performed 
in 813 eyes (43.5%). Among these, 68.1% were switched to 
an on-label agent, while 31.9% were switched due to poor 
response. Both the choice of agent and timing of the switch 
were determined at the discretion of the treating physician. 
The distribution of switching in the subsequent follow-
up intervals was as follows: 255 eyes (19.3%) in months 
6-12, 94 eyes (13.6%) in months 12-18, 49 eyes (11.3%) in 
months 18-24, 17 eyes (7.8%) in months 24-36, and 14 eyes 
(15.5%) in months 36-48. Detailed information on switch 
timing and rationale is presented in Table 5.

In selected cases, combination therapy with IDI or a 
switch to IDI monotherapy was implemented based on 
the treating physician’s clinical assessment. The monthly 
distribution of IDI usage throughout the follow-up period 
is summarized in Table 6.

Adverse Events
During the 48-month follow-up period, recorded ocular 

adverse events included vitreous hemorrhage and elevated 

IOP. No ocular complications were reported beyond month 
36. Importantly, no cases of retinal tear, retinal detachment, 
or endophthalmitis occurred at any time. The monthly 
distribution of observed adverse events is summarized in 
Table 7.

Discussion
This large-scale, multicenter, real-world study presents a 

comprehensive evaluation of intravitreal anti-VEGF therapy 
for DME in tertiary centers across the European side of 
İstanbul and the Kocaeli province of Türkiye. Our findings 
confirm that anti-VEGF agents are effective in improving 
visual acuity and reducing CMT. Mean visual acuity 
increased from 0.34±0.24 Snellen at baseline to 0.49±0.29 at 
month 48, while mean CMT decreased from 400±134 µm 
to 324±115 µm over the same period. However, as observed 
in other real-world studies, visual gains plateaued after 
the second year, likely due to undertreatment, disease 
chronicity, and patient adherence issues.15,16 Treatment 
patterns varied considerably. Between months 3 and 6, 
43.5% of eyes required a switch from the initial anti-VEGF 
agent, mostly due to a transition to on-label drugs (68.1%). 

Table 1. Baseline characteristics of the patients and eyes in each cohort

Baseline 3-month cohort 
(whole group)

6-month 
cohort

12-month 
cohort

18-month 
cohort

24-month 
cohort

36-month 
cohort

48-month 
cohort

Eyes, n 2424 2424 1878 1321 697 427 204 86
Age, years, mean ± SD 60.6±10.0 60.6±10.0 60.8±9.9 60.6±10.0 60.2±10.2 59.4±10.7 59.1±10.6 58.4±11.2
Sex, n of patients (%)
	 Female
	 Male

787 (46.4)
909 (53.6)

787 (46.4)
909 (53.6)

650 (47.3)
728 (52.7)

435 (44.2)
549 (55.8)

225 (42.8)
300 (57.2)

140 (44)
178 (56)

58 (43.4)
89 (56.6)

24 (40.0)
36 (60.0)

BCVA, decimal,  
mean ± SD (range)

0.34±0.24
(0.01-1.0)

0.37±0.25
(0.01-1.0)

0.41±0.26
(0.01-1.0)

0.44±0.27
(0.01-1.0)

0.46±0.28
(0.01-1.0)

0.48±0.28
(0.01-1.0)

0.49±0.29
(0.01-1.0)

0.49±0.29
(0.01-1.0)

CMT, µm, mean ± SD 400±134 354±120 334±112 324±110 327±112 333±137 324±120 324±115
SD: Standard deviation, BCVA: Best corrected visual acuity, CMT: Central macular thickness

Table 2. Baseline clinical characteristics of all patients and eyes

Previous treatment status, n (%%)
Treatment-naive 2190 (90.3)
Previously treated 234 (9.7)

Baseline lens status, n (%%)
Phakic 1883 (77.7)
Pseudophakic 541 (22.3)

Baseline IOP, mmHg, mean ± SD (range) 15.9±3.4 (5-50)

Diabetic retinopathy stage, n (%%)
NPDR 1694 (69.9)
PDR 730 (30.1)

Initial treatment, n (%%)
Bevacizumab 2261 (93.3)
Ranibizumab 95 (3.9)
Aflibercept 68 (2.8)

IOP: Intraocular pressure. SD: Standard deviation. NPDR: Non-proliferative diabetic retinopathy. PDR: Proliferative diabetic retinopathy
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While 31.9% of eyes were switched due to poor response 
during this period, this rate climbed rapidly, reaching 75% 
in months 6–12 and 100% after month 24. Additionally, 
18.8% of eyes received IDI within the first 6 months, and 
the cumulative requirement increased to 38.7% by month 
48, indicating the need for alternative therapeutic strategies 
in refractory cases. Bevacizumab was initially administered 
in 93.3% of eyes, reflecting national reimbursement policies 
and highlighting the influence of healthcare regulations 
on clinical decision-making. Adverse events were rare: 
IOP elevation occurred in 0.4% and vitreous hemorrhage 
in 0.2% of eyes during the first 3 months, with no such 
events reported after month 36. Importantly, no cases 
of endophthalmitis or retinal detachment were detected 
throughout the study, reaffirming the overall safety of 
intravitreal therapy. 

Intravitreal anti-VEGF injection is widely recognized 
as the first-line therapy for center-involved DME in most 
clinical settings.4 However, in real-world practice, treatment 
regimens often diverge significantly from those employed in 
RCTs due to factors such as restricted access to healthcare, 
the presence of multiple comorbidities, and poor adherence, 
particularly among elderly patients. Consequently, patients 

tend to receive fewer injections and attend fewer follow-up 
visits than required by the more intensive regimens used 
in controlled studies. Previous studies have reported a wide 
range of visual outcomes with anti-VEGF therapy, largely 
influenced by follow-up duration and injection frequency. 
Over two years, visual gains of +3.36 letters with 12.4 to 13.1 
injections, +3.0 letters with 8.6 injections, and +2.7 letters 
with 9.1 injections have been documented.17,18,19 In shorter-
term studies, outcomes included gains of +6.6 letters with 6.6 
injections in one year and +4.3 to +4.9 letters with 2.6 to 3.8 
injections over six months.20,21 Conversely, in longer follow-
up, a four-year study reported a mean gain of +6.6 letters with 
7.7 injections.22 These findings emphasize the heterogeneity 
of treatment outcomes across studies and underscore the 
importance of individualized treatment strategies in daily 
practice. In our study, mean BCVA improved from 0.34±0.24 
at baseline to 0.49±0.29 Snellen at month 48, with patients 
receiving a mean of 15.7 injections during the entire follow-up 

Figure 2. Mean central macular thickness (CMT) over the 48-
month follow-up period. CMT decreased from a baseline value 
of 400 µm to 324 µm at month 48, with the most substantial 
reduction observed during the initial 6 months of treatment. 
Although a slight increase was noted at months 18 and 24, the 
overall reduction in CMT remained statistically significant at all 
follow-up visits compared to baseline (all p<0.0001)

Figure 1. Mean best corrected visual acuity (BCVA) in logMAR 
over the 48-month follow-up period. Visual acuity improved 
from a baseline value of 0.63 to 0.43 at both months 36 and 48. All 
post-treatment time points demonstrated statistically significant 
improvements compared to baseline (all p<0.0001)
logMAR: Logarithm of the minimum angle of resolution

Table 3. Baseline OCT parameters of all patients and eyes

Cysts, n (%%)

Absent (0) 117 (4.7)
Mild (1) 829 (34.2)
Moderate (2) 787 (32.5)
Severe (3) 691 (28.5)

Subretinal fluid, 
n (%%)

Absent (0) 1794 (74.0)
Present (1) 630 (26.0)

DRIL, n (%%)
Absent (0) 1890 (78.0)
Present (1) 442 (18.2)
Not evaluated 92 (3.8)

Hyperreflective 
foci, n (%%)

Less than 30 in number (0) 1166 (48.1)
More than 30 in number (1) 1258 (51.9)

EZ and/or ELM 
status, n (%%)

Intact (0) 1890 (78)
Disrupted (1) 440 (18.2)
Absent (2) 62 (2.6)
Not evaluated 32 (1.3)

Vitreomacular 
interface 
disorders, n (%%)

No (0) 1493 (61.5)
Incomplete PVD (1) 403 (16.9)
Complete PVD (2) 114 (4.7)
VMT (3) 46 (1.9)
ERM (4) 368 (15.1)

OCT: Optical coherence tomography. DRIL: Disorganization of the inner 
retinal layers. EZ: Ellipsoid zone. ELM: External limiting membrane. 
PVD: Posterior vitreous detachment. VMT: Vitreomacular traction. 
ERM: Epiretinal membrane
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period. Notably, the average number of injections in the first 
year was 6.5, which is higher than those reported in previous 
large-scale real-world studies from Türkiye. Durukan et al.11 
reported a mean of 4.6 injections, while the MARMASIA 
Study Group12 reported a median of 5 injections (IQR: 4-6) 
(Table 8). This relatively higher treatment intensity in our 
cohort likely contributed to the favorable early functional and 
anatomical outcomes. Furthermore, the injection frequency 
in our cohort surpassed that of international real-world 
studies, including the German OCEAN study23 (mean of 4.4 
injections) and IRIS Registry data from the United States 
(approximately 5 injections).24 These findings highlight the 
importance of strict adherence to the initial loading phase 

and regular retreatment to sustain visual and anatomical 
gains under routine clinical conditions. Nevertheless, as in 
other real-world reports, the cumulative injection numbers 
in our study remained considerably lower than those in 
RCTs, where patients typically received 7-12 injections in 
the first year and over 20 across two years. In comparison, 
a recent four-year study by Epstein and Amrén22 reported 
declining injection numbers, with patients receiving 4.7, 
1.4, 0.7, and 0.9 injections in years 1 through 4, respectively. 
This treatment gap may stem from the burden of frequent 
healthcare visits required for DME management, resulting 
in missed appointments and delayed care. In our cohort, 
the average number of visits was 7.5, 11.2, 14.7, and 17.6 at 

Table 4. Visit and intravitreal injection counts
12-month cohort
(n=1321)

24-month cohort 
(n=427)

36-month cohort 
(n=204)

48-month cohort 
(n=86)

Number of visits, cumulative mean ± SD (range) 7.5±2.9
(2-12)

11.2±3.7
(3-25)

14.7±5.1
(6-35)

17.6±5.6
(7-31)

Number of injections, cumulative mean ± SD 
(range)

6.5±1.7
(3-12)

9.6±2.8
(3-20)

12.2±3.9
(3-27)

15.7±5.5
(3-36)

SD: Standard deviation

Table 5. Intravitreal switch rates and reasons
Time period 
(months)

Total eyes switched, 
n (%%)*

Switched to an on-label agent, 
n (%%)**

Switched due to poor response, 
n (%%)**

3-6 813 (43.5) 554 (68.1) 259 (31.9)
6-12 255 (19.3) 64 (25.0) 191 (75.0)
12-18 94 (13.6) 14 (13.8) 80 (85.2)
18-24 49 (11.3) 2 (4.0) 47 (96.0)
24-36 17 (7.8) 0 (0.0) 17 (100.0)
36-48 14 (15.5) 0 (0.0) 14 (100.0)
*Total number and percentage of eyes that underwent agent exchange among the eyes being followed within the specified time period; **Percentage of 
total eyes switched during the time period

Table 7. Ocular adverse effects

Time period (months) VH, 
n (%%)*

Increase in IOP, 
n (%%)*

Baseline-3 5 (0.2) 12 (0.4)
3-6 3 (0.1) 9 (0.5)
6-12 8 (0.4) 15 (0.7)
12-18 3 (0.1) 4 (0.1)
18-24 1 (<0.1) 4 (<0.1)
24-36 2 (<0.1) 3 (<0.1)
36-48 - -
*Percentages are based on all eyes at baseline (n=2424). as adverse events 
could occur at any point during follow-up and might persist or recur 
across multiple follow-up intervals. Values are not cohort-specific
VH: Vitreous hemorrhage. IOP: Intraocular pressure

Table 6. Requirement and/or addition of dexamethasone 
implant

Time period (months)
DEX implant 
requirement/addition, 
n (%%)*

Baseline-6 352 (18.8)
6-12 331 (24.9)
12-18 171 (24.5)
18-24 87 (20.9)
24-36 57 (26.1)
36-48 36 (38.7)
*Cumulative number and percentage of eyes that received a DEX implant 
during the specified follow-up interval
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months 12, 24, 36, and 48, respectively, substantially fewer 
than those observed in tightly controlled clinical trials.2,25

The suboptimal treatment adherence observed in our 
study may be explained by several real-world barriers, such 
as the need for bilateral injections, limited patient awareness 
about the importance of intensive therapy, scheduling 
conflicts, and comorbidities that hinder regular hospital visits. 
The mean number of injections per patient over 48 months 
was 15.7, reflecting the difficulty of sustaining long-term, 
intensive treatment outside of clinical trial conditions. In our 
cohort, 43.5% of eyes required a switch in anti-VEGF agent 
between months 3 and 6 of follow-up, which corresponds 
to the period following the initial 3-month loading phase, 
and early switching was associated with better visual gains. 
This is consistent with Maggio et al.,26 who reported that 
although switching agents does not always improve outcomes, 
early therapeutic modifications tend to be more effective. 
Moreover, dexamethasone implants were needed in some 
of our patients, particularly those with chronic DME and 
persistent intraretinal cysts.18 In the same Maggio et al.26 
study, early steroid use led to greater CMT improvement. 
Similarly, 18.8% of our patients received dexamethasone 
implants in the first six months, increasing to 38.7% by month 
48. Since inflammation plays a key role in chronic DME, anti-
VEGF monotherapy may be insufficient for some patients.

In Türkiye, healthcare reimbursement policies require 
bevacizumab as the first-line anti-VEGF agent, significantly 
shaping treatment decisions. In our study, 93.3% of patients 

received bevacizumab initially. Maggio et al.26 suggested that 
the choice of first-line agent influences treatment outcomes, 
with aflibercept and ranibizumab often producing better 
results. Similarly, Durukan et al.11 and Yayla et al.12 noted 
that reimbursement restrictions limited both injection 
frequency and agent selection, potentially compromising 
long-term visual outcomes.

In our study, mean CMT decreased from 400±134 μm 
at baseline to 324±115 μm at 48 months. However, BCVA 
improvement did not always parallel CMT reduction. This 
supports Maggio et al.,26 who noted that CMT alone may not 
predict visual gains, emphasizing the importance of retinal 
structural integrity. Recent studies suggest that biomarkers 
like DRIL and EZ integrity are stronger predictors of long-
term vision.18

Study Limitations
This study has several limitations inherent to its 

retrospective design. Treatment decisions were made based 
on the clinical judgment of physicians at each participating 
center. The analysis included all eyes with available follow-
up data of varying durations up to 48 months. However, 
the number of patients decreased substantially over time, 
with only 86 eyes remaining under follow-up at month 
48. This finding clearly demonstrates the challenges of 
maintaining long-term anti-VEGF therapy for DME, where 
the high injection burden, frequent visit requirements, 
and the chronic nature of the disease constitute major 
barriers to sustained treatment adherence in real-world 

Table 8. Comparison of cumulative intravitreal anti-VEGF injection and clinical visit numbers in real-world studies from 
Türkiye

Present study Durukan et al.11 Yayla et al.12

Follow-up period (months) 48 36 36
Number of eyes
	 Start of therapy
	 Month 12
	 Month 24
	 Month 36
	 Month 48

2424
1321
427
204
86

1072
495
293
284
-

1372
1185
972
623
-

Number of cumulative intravitreal injections 
	 Month 12
	 Month 24
	 Month 36
	 Month 48

6.5±1.7
9.6±2.8
12.2±3.9
15.7±5.5

4.6±2.0
7.1±3.1
8.0±4.2
-

5 (4-6)
7 (5-8)
9 (7-10)
-

Number of cumulative visits
	 Month 12
	 Month 24
	 Month 36
	 Month 48

7.5±2.9
11.2±3.7
14.7±5.1
17.6±5.6

7.4±2.1
13.2±3.8
18.7±5.7
-

7 (6-10)
11 (9-14)
16 (14-18)
-

Injection and visit numbers reported as mean ± SD or median (range)
anti-VEGF: Anti-vascular endothelial growth factor. SD: Standard deviation
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settings. In addition, eyes that showed rapid improvement 
after short-term treatment or failed to respond despite 
multiple injections may not have been fully represented 
in the long-term outcomes. The use of different OCT 
devices across centers may have introduced minor technical 
variations in retinal thickness measurements. Finally, 
systemic and ocular adverse events were not consistently 
documented throughout the 48-month period. While some 
were recorded, others were not systematically entered into 
clinical files.

Conclusion
This large-scale real-world study provides important 

insights into intravitreal anti-VEGF therapy for DME. 
Our results were generally consistent with previous real-
world studies; however, the superior visual and anatomical 
outcomes observed in our cohort likely reflect a higher 
injection frequency. Nevertheless, the outcomes remained 
below RCT standards; this gap is primarily attributable 
to undertreatment and delays in routine clinical practice. 
Building on these findings, future BOSPHORUS-DME 
reports will explore clinical and anatomical subgroups 
to strengthen real-world evidence and support more 
personalized treatment strategies.
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