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Abstract
Purpose

To evaluate and compare the functional and anatomical outcomes of intravitreal ranibizumab (IVR) and
a�ibercept (IVA) treatments in patients with diabetic macular edema (DME).

Methods

Four hundred three eyes of 235 naïve patients who underwent IVR or IVA treatment for diabetic macular
edema and followed up to 36 months included in this retrospective, real-life study. All patients underwent
3 loading doses and followed up with a PRN regimen. Best corrected visual acuity (BCVA) and central
macular thickness (CMT) were measured at baseline, year 1, 2 and 3.  

Results

There were 198 eyes in IVR group and 205 eyes in IVA group. The changes in mean BCVA were 0.09±0.32
vs 0.17±0.41 logMAR (p=0.042) at year 1, 0.09±0.37 vs 0.12±0.45 logMAR (p=0.512) at year 2 and 0.13±
0.36 vs 0.15±0.48 logMAR (p=0.824) at year 3 in IVA and IVR groups, respectively. The baseline mean
BCVA were lower (p=0.004) in IVA group. In terms of CMT changes, there were no differences between
groups.

Conclusion

At year 1, change in mean BCVA was statistically signi�cantly higher in IVA group, however this difference
did not persist at year 2 and 3. Both ranibizumab and a�ibercept treatments achieved a good long-term
visual and anatomical response in DME patients. 

Introduction
The most common cause of visual deterioration in patients with diabetes mellitus is diabetic macular
edema (DME) [1] with an estimated prevalence of 7.5% in population with diabetes [2]. In the treatment of
DME, various options have been used. Intravitreal injection of steroids and anti-VEGFs are the most
favored treatment methods nowadays [3].

The vascular endothelial growth factor (VEGF) has a primary role in the pathogenesis of DME [4].
Increase in VEGF causes breakdown of the inner blood-retinal barrier and leakage which leads to DME
and visual impairment [5]. The anatomical and functional success of intravitreal anti-VEGF treatment has
been shown in the major randomized clinical trials (RCT) [4, 6]. Ranibizumab is a monoclonal antibody
fragment that suppresses angiogenesis by inhibiting vascular endothelial growth factor A (VEGF-A) [7].
Intravitreal ranibizumab improves vision depending on varying treatment protocols [8, 9]. On the other
hand, A�ibercept is a recombinant fusion protein that binds to VEGFs and acts like a “VEGF trap”. Hence
it inhibits the activity of VEGF-A, VEGF-B and placental growth factor (PGF) [10]. It has been shown in
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previous studies that patients with DME treated with a�ibercept gain a remarkable improvement in
functional and anatomical outcomes [11, 12].

It may not likely that complying with the tight follow-up schedule and treatment protocols recommended
by prospective studies in real life practice. Studies around the world have shown that the real-life
conditions in regard to the injection and visit numbers was away from the landmark prospective studies
[13, 14]. Still, we need to �nd an agreement that yields this effective therapy in an appropriate and
pragmatic way for the patients. In this study, we aimed to compare the e�cacy and outcomes of
intravitreal ranibizumab and a�ibercept treatment for naive DME patients in a real life setting in a tertiary
referral center.

Patients And Methods
This retrospective, single-center study which included up to 36-month observation of treatment-naive
DME patients without proliferative diabetic retinopathy was conducted at a tertiary eye care center in
Istanbul, Turkey. This research adhered to the tenets of the Declaration of Helsinki. Written informed
consent was acquired from all of the patients. The institutional review of board approval was obtained
from the University of Health Sciences, Turkey ethics committee (reference no: 20/356).

The clinical records of the patients who had DME and underwent intravitreal ranibizumab (IVR) or
a�ibercept (IVA) treatment between January 2016 and 2019 were analyzed. The patients ≥ 18 years old
with type 1 or 2 diabetes, who had naive centrally involved DME with at least 12 months of clinical follow-
up included in the study. Second eyes of the patients also included the study if they met the inclusion
criteria. Patients who were treated with previous intravitreal or subtenon injections, panretinal or
focal/grid laser or pars plana vitrectomy were excluded. Any eyes switched from ranibizumab to
a�ibercept or vice versa also excluded. Other exclusion criteria contain macular edema duo to other
causes, another vitreous or retinal disease.

At each visit, all patients had a standard ophthalmologic examination including best corrected visual
acuity (BCVA) with Snellen chart, measurement of intraocular pressure by Goldmann applanation
tonometer, evaluation of anterior segment and non-contact dilated fundus examination with slit-lamp
biomicroscopy. The measurement of central macular thickness (CMT) was taken with spectral-domain
optical coherence tomography (SD-OCT) (Spectralis, Heidelberg Engineering, Heidelberg, Germany) at
each visit. CMT which described as the average thickness of the retina 1 mm around the center of the
fovea, was measured by mapping software of the SD-OCT. Baseline fundus �uorescein angiography
(FFA) (Spectralis, Heidelberg Engineering, Heidelberg, Germany) was performed to exclude proliferative
DR and ischemia of macula for all patients before the intravitreal injections and repeated according to
clinicians’ decision. DME was de�ned by a CMT ≥ 250 µm.

Every injection was performed under sterile conditions following administration of topical anesthesia,
disinfection with 10% povidone-iodine on periorbital skin, eyelids and eyelashes, and 5% povidone-iodine
on the conjunctival surface. IVA 2 mg/0.05 ml (Eylea; Bayer, Basel, Switzerland) and IVR 0.5 mg/0.05 ml
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(Lucentis; Novartis, Basel, Switzerland) were injected through the pars plana at 3.5 mm posterior to the
limbus in pseudophakic patients and 4 mm posterior to the limbus in phakic patients.

In our routine clinical practice, the charge of injections was refunded by the National Health Insurance
through duration of the study only if the treatment started with loading doses of 3 consecutive intravitreal
injections. Therefore, every treatment begun with 3 intravitreal injections as loading doses which that was
followed-up with a pro re nata (PRN) regimen. The clinician decided which type of anti-VEGF drug will be
injected according to his/her own experience. In refractory DME in addition to monthly treatment, macular
laser and/or steroid injection were added as ancillary to IVA/IVR treatment according to clinicians’
decision. Also, panretinal laser was allowed if the clinician considers necessary. The number of injections
of the drugs per year and also whether the ancillary macular laser applied or not was recorded.

Primary endpoint of the study was the change in BCVA and CMT each year from baseline and
requirement of additional treatment (laser/steroid injection). Secondary endpoints were the number of
intravitreal injections delivered per year, BCVA and CMT values each year, and visual gain and loss
percentages.

Statistical analysis was performed using the software SPSS for Windows (version 22.0, SPSS, Inc.). BCVA
measurement were transformed to Early Treatment Diabetic Retinopathy Study (ETDRS) letters and
logarithm of minimum angle of resolution (LogMAR) for statistical analysis. Continuous variables are
reported as the mean and standard deviation. The Kolmogorov-Smirnov test was used to assess the
normality of the data. The Student-T test was used to compare groups for the statistical analysis, chi-
square test was used for categorical data. Bonferroni correction was used for con�dence interval
adjustment, and a repeated-measures ANOVA was used for repeated measurements. Differences were
considered statistically signi�cant when the p value was less than 0.05.

Results
A total of 235 patients’ 403 treatment naive eyes were enrolled in this study. There were 198 eyes in IVR
group and 205 eyes in IVA group. The baseline characteristics of each group are shown in Table-1. No
signi�cant differences were appreciated in terms of sex and laterality. The mean age of patients treated
with IVA (57.53 ± 9.31) were signi�cantly younger than those treated with IVR (60.34 ± 8.93) (p = 0.002).
Baseline mean BCVA of IVA group (0.66 ± 0.45 logMAR, 52.2 letters) was signi�cantly lower than IVR
group (0.54 ± 0.40 logMAR, 58.3 letters, p = 0.004). There was no signi�cant difference in baseline CMT
measurements (435.57 ± 146.26 vs 440.58 ± 131.11 𝜇m, p = 0.717) between groups. The mean BCVA and
CMT values of eyes each year are shown in Figure-1. The mean follow-up time was signi�cantly longer in
IVR group than IVA group (29.02 ± 8.93 vs 26.26 ± 9.57 months, p = 0.030). The mean number of
injections was 4.98 ± 1.29 vs 5.32 ± 1.70 (p = 0.023) in �rst year, 2.14 ± 1.67 vs 2.24 ± 1.75 (p = 0.621) in
second year, and 2.30 ± 1.74 vs 1.70 ± 1.42 (p = 0.020) in third year in IVR and IVA groups, respectively.
The mean total number of injections was 7.93 ± 3.38 vs 7.42 ± 3.05 (p = 0.112) and the mean ratio of the
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number of injections to follow-up period was 0.29 ± 0.11 vs 0.31 ± 0.12 (p = 0.087) per month, during
whole follow-up period in IVR and IVA groups, respectively.

In terms of BCVA changes, both groups resulted in signi�cant improvement in each year of treatment
compared to the baseline (Table-2). There was no signi�cant difference in the improvement between
groups except the �rst year. The mean BCVA difference in �rst year in IVA group (0.17 ± 0.41 logMAR, 8.2
letters) was signi�cantly higher than IVR group (0.09 ± 0.32 logMAR, 4.5 letters, p = 0.042). At 2nd and 3rd
years, changes in BCVA were not signi�cant (p = 0.512 for 2nd year and p = 0.824 for 3rd year) between
groups. At last visit, the change in mean BCVA was 0.12 ± 0.35 LogMAR (5.9 letters) in IVR group and
0.13 ± 0.43 LogMAR (6.6 letters) in IVA group (p = 0.717).

In terms of CMT changes, both groups resulted in signi�cant improvement in 1st, 2nd and 3rd years
compared with the baseline values (p < 0.001 for each). There was no statistically signi�cant difference
between groups (p = 0.270 for 1st year, p = 0.841 for 2nd year, p = 0.883 for 3rd year) (Table-3). At last
visit, the change in mean CMT was − 89.28 ± 157.27 𝜇m in IVR group and − 95.58 ± 163.90 𝜇m in IVA
group (p = 0.694).

At last visit, 32.8% of patients in IVR group and 38.5% of patients in IVA gained 10 letters or more in BCVA
(p = 0.232), 25.3% of patients in IVR group and 31.2% of patients in IVA group gained 15 letters or more in
BCVA (p = 0.184), versus baseline (Figure-2). Also, 12.6% of patients in IVR group and 19.5% of patients in
IVA lost 10 letters or more in BCVA, 6.6% of patients in IVR group and 8.8% of patients in IVA group lost 15
letters or more in BCVA. At last visit, there was no signi�cant difference between groups in terms of letter
gain (p = 0.741).

During the follow up time, 37.4% of eyes in IVR group and 36.2% of eyes in IVA group underwent focal
laser therapy (p = 0.812). In addition, 47.5% of eyes in IVR group and 34.6% of eyes in IVA group were
delivered steroid injections, hence the eyes in IVR group were statistically signi�cantly received more
steroid injections (p = 0.009). Moreover, 20.7% of eyes in IVR group and 14.6% of eyes in IVA group were
administered both laser and steroid therapy (p = 0.082). No serious complications were reported like
endophthalmitis or retinal detachment.

Discussion
The increase in retinal vascular permeability which drives the accumulation of liquid within the layers of
retina and increases its thickness results in DME. It is associated with the disruption of the blood-retinal
barrier and increase in the levels of VEGF [15]. The DME treatment has been revolutionized by the
progress in anti-VEGF injections, with a well-documented recovery in BCVA and a reduction of CMT, was
con�rmed by several RCTs [16, 17]. Nevertheless, there are only a few studies in real-life setting
comparing IVR and IVA in DME patients, while most of them have included low number of patients [18–
20].
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This retrospective, real-life study shows long term visual and anatomical outcomes in patients with sight-
impairing, center-involving DME treated with IVR or IVA up to 3 years in routine clinical practice in a
tertiary eye center. The visual and anatomical functions improved at year 1 and maintained stable at
years 2 and 3 in both groups, compared to the baseline. The amount of BCVA improvement between the
groups was similar except at �rst year. At year 1, BCVA recovery was signi�cantly superior (p = 0.042) in
IVA group. The change in CMT was also similar between the groups.

Protocol T is a RCT which compares IVA and IVR in DME patients. Based on the results of protocol T, IVA
seemed to be more e�cient in BCVA improvement, especially in eyes with BCVA between 20/50 and
20/320 at �rst year [21]. However, there was no difference in BCVA improvement between two drugs at
second and �fth years [4, 22]. In our real-world study, we also measured BCVA differences between IVR
and IVA groups at 1st and 2nd years, similar to the Protocol T. However, there were some major
differences. First of all, in our real-world study, the baseline mean BCVA of IVA group was signi�cantly
lower than IVR group (52.2 letters vs 58.3 letters, p = 0.04), which is probably the most important factor to
explain the difference. In Protocol T, the median baseline BCVA were 68 and 69 letters in IVR and IVA
groups, respectively. And also, the mean number of injections in IVA group was signi�cantly higher than
IVR group (5.32 vs 4.98, p = 0.023) which may also be associated with the BCVA difference. In Protocol T,
the median number of injections were 10 and 9 in a monthly period in IVR and IVA groups, respectively.
Furthermore, over 2 years, 52% and 41% of eyes treated with IVR and IVA, respectively, received focal/grid
laser (p < 0.01). Unlike our study, the macular laser treatment rates were higher and there was a
statistically signi�cant difference between two groups.

In general, the number of injections in real-life studies remains to be lower than that of RCTs. In our study,
the mean number of injections received in �rst year was 5.2 similar to other real-life studies in DME
patients (between 3.1–7.2 in �rst year) [23, 13, 24]. However, in RCTs, injection numbers were higher
(mostly 8 to 10 in �rst year) [25, 16, 26]. In 2nd and 3rd years, mean number of injections were 2.19 and
2.07, respectively. After the 1st year, the number of injections was reduced which may be related to
disease modifying properties of anti-VEGF treatment in DME patients [27].

The mean BCVA changes in IVR group were 4.5, 4.7 and 6.6 letters at years 1,2 and 3 and in IVA group, it
were 8.2, 6.0, and 7.4 letters at years 1,2 and 3. In protocol T it was 11.2 vs 13.3 letters at year 1, 12.3 vs
12.8 letters at year 2 in IVR and IVA groups, respectively [4]. In RESTORE-RESOLVE studies and Protocol I,
visual improvement after IVR at year 1 were 6.1, 10.3 and 9 letters, respectively [8, 28, 29]. In RISE and
RIDE studies, mean visual improvement after IVR at year 2 were 12.5 and 12 letters, respectively [6]. In
VISTA and VIVID studies, improvement after IVA at year 1 were 12.5 and 10.7 letters, respectively [17]. In
our real-life population, improvement in BCVA was less evident than Protocol T and other prospective
studies as obviously. The most probable reason for the difference is the higher frequency of injections
reported by these studies, being up to 12 injections per year. Additionally, patient selection, strict
adherence to follow-up periods, early intervention to complications may contribute to the difference.
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Plaza-Ramos et al. [18] conducted a real-life study with 213 eyes (122 IVR vs 91 IVA) and there was no
difference between groups at 12 months. Conversely to our study, the mean baseline BCVA values were
lower in IVR group (0.55 vs 0.48 logMAR) but not statistically signi�cant (p = 0.109). Change in mean
BCVA at 1st year was 0.15 logMAR in IVR group and 0.08 logMAR in IVA group which are similar to our
year 1 results, and naïve patient ratio were higher in IVR group (70% vs 26%) which may contribute to �nal
BCVA because chronic DME patients who previously treated with anti-VEGF therapy have a lower
response to treatment [30]. Eleven eyes (9%) in IVR group and 3 eyes (3.3%) in IVA group were
administered focal laser therapy (p = 0.096) which were not signi�cantly different, but the frequency of
laser therapy was much lower than our study (37.4% in IVR and 36.2% in IVA groups). In the real-life study
of Shimizu et al. [19] with a similar concept, 49 eyes in IVR group and 46 eyes in IVA group are included
and followed up for 6 months. The mean baseline BCVA was 0.48 logMAR in IVR group and 0.39 logMAR
in IVA group. Change in mean BCVA at month 6 was 0.03 vs 0.09 logMAR in IVR and IVA groups,
respectively and they reported that the effectiveness of IVA in improving the BCVA might be better than
IVR. In the study of Bhandari et al. [20] which includes 303 treatment naïve eyes (136 IVR vs 167 IVA) of
228 patients with DME who completed 12 months follow-up period, authors founded that both IVR and
IVA were effective for DME over 12 months, with a�ibercept having somewhat better anatomical
outcomes (change in CMT was − 126 𝜇m vs -89 𝜇m, p < 0.01). Larger BCVA gains were observed in IVA
group when the initial BCVA was ≤ 0.3 logMAR (change in BCVA was 10.6 letters vs 7.6 letters, p = 0.01).
Also 5 eyes (3.7%) in IVR group and 2 eyes (1.2%) in IVA group underwent macular laser treatment (p = 
0.24), furthermore 7 eyes (5.1%) in IVR group and 4 eyes (2.4%) in IVA group received steroid injection.
Frequency of these additional treatments was much lower than our study.

The main limitation of our study is its retrospective design which are inherent in real world studies. The
treated eyes were not divided to stages of non-proliferative diabetic retinopathy. The real-world population
was heterogeneous. However, we believe that publishing real-world data is of bene�t to the clinicians who
treat DME patients in real-life because clinical trial settings are di�cult to apply in routine clinical
practice. Still, further prospective studies with a larger cohort and longer follow-up time may be required
to better understand and compare the output of IVR and IVA for DME. To the best knowledge of the
authors, the current study which compares ranibizumab and a�ibercept e�ciency in DME patients,
includes the largest real-world population in literature and have a satisfactory potential to re�ect realistic
clinical practice in routine.

In conclusion, both ranibizumab and a�ibercept treatments achieved a good long-term visual and
anatomical response in DME patients. In real-life setting, it may not be simple to comply with the strict
follow-up and treatment protocols that were used in RCTs while treating DME. However, the clinical
management of the patients should be optimized to have better outcomes in real-life.
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Tables

Table 1: The baseline demographic
and clinical data of the patients

   

Total
population

 

IVR group

 

IVA group

 

P

 

Number of eyes

 

 

403

 

198

 

205

 

Age

(years)

58.91±9.22

 

60.34±8.93

 

57.53±9.31

 

0.002*

Right/Left 206/197 102/96 104/101 0.875**

Female/Male 176/227 92/106 84/121 0.267**

Follow-up

(months)

27.61±9.35 29.02±8.93 26.26±9.57 0.030*

Baseline BCVA

(LogMAR)

0.60±0.43 0.54±0.40 0.66±0.45 0.004*

Baseline CMT

(𝜇m)

438.12±138.61 435.57±146.26 440.58±131.11 0.717*

BCVA: Best corrected visual acuity; LogMAR: Logarithm of the minimum angle of resolution; 

CMT: Centreal macular thickness.

*: Student T test.

**: Chi-square test. 

Bold values indicate p <0.05 signi�cant.
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Figures

Figure 1

The mean BCVA and CMT in IVR and IVA groups at baseline, years 1, 2 and 3
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Table 2: Changes in mean BCVA (LogMAR) values of patients each year

   

Total

 

IVR

 

IVA

 

P*

 

Year 1

 

0.13±0.37

(N=403)

 

0.09±0.32

(N=198)

 

0.17±0.41

(N=205)

 

0.042

 

Year 2

 

0.11±0.41

(N=315)

 

0.09±0.37

(N=168)

 

0.12±0.45

(N=147)

 

0.512

 

Year 3 

 

0.14±0.41

(N=158)

 

0.13±0.36

(N=98)

 

0.15±0.48

(N=60)

 

0.824

IVR: Intravitreal ranibizumab; IVA: Intravitreal a�ibercept; BCVA: Best corrected visual acuity; LogMAR:
Logarithm of the minimum angle of resolution; N: Number of eyes.

*: Student T test. 

Bold values indicate p <0.05 signi�cant.

Table 3: Changes in mean CMT values of patients each year.

   

Total

 

IVR

 

IVA

 

P*

Year 1 -99.99±148.14

(N=403)

-91.65±150.95

(N=198)

-107.99±145.31

(N=205)

0.270

Year 2 -85.40±163.38

(N=315)

-87.14±169.10

(N=168)

-83.42±157.14

(N=147)

0.841

Year 3 -89.50±154.68

(N=158)

-90.92±154.60

(N=98)

-87.18±156.09

(N=60)

0.883

IVR: Intravitreal ranibizumab; IVA: Intravitreal a�ibercept; CMT: Centreal macular thickness; N:
Number of eyes.

*: Student T test.
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Figure 2

Percentages of BCVA gain and loss of treatment groups.


