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ABSTRACT
Aim: The purpose of this study is to see if switching from intravitreal Ranibizumab, an anti–Vascular 
Endothelial Growth Factor (anti-VEGF), to Aflibercept is evidence-based in the diabetic Saudi population. 
We compared the efficacy of three injections of the Aflibercept treatment regimen in diabetic macular 
edema (DME) cases refractory to Ranibizumab. Methods: In 2018, a retrospective single-arm cohort 
study was carried out. Cases of refractory DME were evaluated before and after three injections of 
Ranibizumab, as well as three Aflibercept treatment regimens. Optical Coherence Tomography (OCT) 
was used to investigate changes in Central Macular Thickness (CMT) (anatomic outcome). In addition, 
changes in the CMT and Best Corrected Visual Acuity (BCVA) (functional outcome) were assessed. 
Results: The cohort consisted of 74 eyes from 74 DME patients. As an anatomical indicator, the mean 
CMT decreased from 482±153 µ to 385.6±134.6 µ after three injections of Ranibizumab. In contrast, 
with Aflibercept treatment, the mean CMT decreased to 370.2±116.9 µ. The decrease in CMT was 
statistically significant [94.6µ (95% confidence interval (CI): 54.8; 134.3] (P 0.001). In addition, BCVA 
improved by two or more lines in 17 (23%) of the eyes treated with Aflibercept, remained unchanged 
in 40 (54%) of the eyes, and decreased in 17 (23%) of the eyes. Conclusion: The anatomic successes 
of both anti-VEGF (Ranibizumab and Aflibercept) treatment regimens in Saudi patients with DME are 
promising. The Aflibercept treatment regimen improves success in refractory DME cases, but the 
visual improvement appears to be limited.
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INTRODUCTION
Diabetic Macular Edema (DME) impairs central 
vision due to disruption of the blood-retinal 
barrier, resulting in fluid accumulation within 
the retinal layers at the macula.1,2 Anti-Vascular 
Endothelial Growth Factors (VEGF) such as 
Bevacizumab, Ranibizumab, and Aflibercept are 
more effective than laser in improving vision 
in DME patients.3,4 VEGF is a key mediator of 
abnormal vascular permeability in DME.5

Despite some documented limitations, the high 
cost of anti-VEGF treatments prompted the 
widespread use of Bevacizumab injection to treat 
DME.6 Several experts and ophthalmic societies 
have recommended that intravitreal anti-VEGF 
compounds be switched as needed.7-9 However, 
factors such as glycemic control, oxidative stress, 
hypertension control, and lipid levels all impact 
the response to DR and DME treatment.10 As a 
result, healthcare providers will be interested in a 
DME treatment protocol for selecting anti-VEGF 
medications for treating refractory DME in the 
diabetic Saudi population.
Previous research has found that intravitreal 
Aflibercept improves vision and reduces macular 
edema in patients who received anti-VEGF 
therapy.11,12 To the best of our knowledge, no 
study has been conducted in the Saudi population 
on the effect of Aflibercept on DME in patients 
who were refractory to Ranibizumab treatment.

METHODS
In August 2018, our institute’s ethical committee 
approved this retrospective study (R -1846). A 
Waiver of Informed Consent was obtained due 
to the nature of the study. The data was gathered 
through a chart review. For analysis, personally 
identifiable information was delinked from the 
data. Patients were eligible if they were 18 years 
or older and had received at least three doses of 
Ranibizumab (Lucentis®, Novartis Pharma Stein 
AG, Stein Switzerland) intravitreal injection– 
0.5 mg/0.05 mL. They were followed by at least 
three doses of intravitreal Aflibercept (Eylea®; 
Regeneron Pharmaceuticals Inc., New York, 
United States). The decision was made based 
on an assessment of disease progression after 
approximately 28 days of Ranibizumab injection. 
Patients with DME with CMT > 300um and/
or BCVA 20/25–20/200 Snellen equivalent 
monitored at our institution from February 2017 
to January 2018 were also eligible.13 Patients were 
excluded if they had received fewer than three 
injections of Ranibizumab or Aflibercept. The 
pregnant had ocular comorbidities such as Uveitis 
or Retinal Vascular Occlusion, and DME with 
epiretinal membrane or vitreomacular traction, 
or had hazy media. Furthermore, patients were 
excluded if there was inconclusive information 
on best-corrected visual acuity (BCVA) or central 
macular thickness (CMT) before switching anti-
VEGF treatments or at the end of the study. The 
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study’s objective is to look at the short-term functional and anatomical 
outcomes of diabetic macular edema (DME) patients switched from 
Ranibizumab to Aflibercept.
Before and after Aflibercept treatment, the CMT was assumed to be 
431.2 ±147.8 and 321.4± 98 μm, respectively.14 A one-armed cohort 
study requiring at least 58 eyes for evaluation before and after Aflibercept 
treatment was required to achieve a 95 percent confidence interval (CI) 
and 90 percent power. In addition, to compensate for data loss, the 
sample size was increased by 20%. As a result, the final sample included 
at least 70 eyes.
The study’s investigators included two retinal subspecialists, pharmacists 
and epidemiologists. Al-Rasheed et al. previously described our 
institution’s intravitreal injection protocol.15 Our Aflibercept vial contains 
4mg/0.1ml, and the recommended dosage per eye is 2 mg/0.05ml. The 
intravitreal injection is performed as an outpatient procedure, and 
the intraocular pressure (IOP) and vision are monitored immediately 
following the process. Three intravitreal injections were given at one-
month intervals. The evaluation of the CMT and BCVA was scheduled 
one month after the completion of the entire course of three injections.
The demographic information included age, gender, and the DME-
affected eye to which the anti-VEGF injection was administered, which 
could be either the right or left side.
At a 6-meter distance, BCVA was measured using a projection chart. The 
measurements were in feet. The BCVA was documented three times: at 
presentation, during the switch from Ranibizumab to Aflibercept, and 
one month after the third Aflibercept injection. Success was defined as 
improving more than two lines in BCVA at the last follow-up compared 
to BCVA before beginning Aflibercept treatment.
Optical coherence tomography (OCT) was used to assess CMT 
(Spectralis; Heidelberg Engineering, Heidelberg, Germany). The 
anatomical impact of Aflibercept was evaluated by comparing CMT 
when the intravitreal regimen was switched to CMT at the end of the 
study. Anatomical success was defined as a decrease in CMT, while 
failure was defined as either no change or CMT increase.
The data were gathered from the electronic case records of patients with 
DME treated during the study period. The information from a pretested 
data collection form was transferred using an Excel® spreadsheet 
(Microsoft Corp., Redmond, WA, USA). The information on intravitreal 
injection was also confirmed using the procedure room’s operation 
logbook. The data was transferred to the Statistical Package for Social 
Studies after checking for consistency, duplication, and completion 

(SPSS 26; IBM Corp., Armonk, NY, USA). The frequency and percentage 
proportion of qualitative data are presented. In addition, the mean and 
standard deviation of normally distributed quantitative data are shown. 
Matched pair analysis was used to examine the statistical validity of 
the outcome variables. The median and interquartile range (IQR) were 
calculated for non-normal quantitative data distributions. In order to 
compare outcome variables in subgroups, Mann-Whitney P values were 
calculated using a non-parametric method. A P value of 0.05 or less was 
considered statistically significant.

RESULTS
This study included 74 diabetic patients with DME, with a mean age of 
68.2±8.1 years. There were 51 (69%) males, and 33 (44.6%) of the total 
were right eye.
The median time between ophthalmic assessment for DME and the first 
Aflibercept injection was 23 days [interquartile range (IQR) 3.5; 35]. 
The median time between the first and second Aflibercept injections 
was 29 days (IQR 28; 35). The median time between the second and 
third Aflibercept injections was 28 days (IQR 28; 29). The median time 
between the third Aflibercept injection and the final assessment was  
40 days (IQR 30; 58).
Table 1 compares CMT and grades of visual impairment (VI) based on 
the BCVA at presentation, at the time of the switch between anti-VEGF 
compounds, and at last follow up. After 3 Aflibercept injections, there 
was a statistically significant reduction in CMT compared to the baseline 
mean CMT. (P <0.001).

Anatomical impact of Aflibercept treatment regimen on DME refractory 
to Ranibizumab treatment regimen:
After completing the Ranibizumab treatment regimen, 32 (43.2 %) eyes 
with DME had an increase in CMT, 37 (50%) had a decrease in CMT, and 
data were not available for five eyes. After switching to and completing 
the Aflibercept treatment regimen, 58 (78.5 %) had a reduction in CMT 
compared to before the switch, 11 (14.9 %) had an increase in CMT, and 
data were not available for five eyes.
Only 3 (9.4 %) of the 32 eyes with increased CMT after Ranibizumab 
treatment had increased CMT after three injections of Aflibercept. Thus, 
3 Aflibercept injections resulted in success by lowering CMT in 29 eyes.
The status of CMT at presentation, at the switch, and after completion of 
anti-VEGF treatment is compared in Figure 1.

Table 1: Central macular thickness and visual impairment grades at presentation, at the time of switching from Ranibizumab to Aflibercept, and 
after three intravitreal injections of Aflibercept.

Central Macula Thickness 
(µ)

At presentation At the time of the switch of anti 
VGEF

After three injections of 
Aflibercept

Validation

Mean
SDV

481.7
151.9

469.7
142.2

382.5
134.2

P <0.001

Validation (matched pair) Difference of mean at presentation and after three injections of Aflibercept =94.6 (95% CI 54.8; 134.3) P <0.001

Difference of mean at switch and after 3 injections of Aflibercept = 104.5 (95% CI 72.5 ; 136.4) P <0.001

Visual Impairment grade Number Percentage Number Percentage Number Percentage Validation

20/20 to 20/60 21 28.4 22 29.7 30 40.5
χ2 = 7.3
DF = 6
P = 0.3

<20/60 to 20/200 44 59.5 38 51.4 30 40.5

<20/200 to 20/400 6 8.1 10 13.5 12 16.2

<20/400 3 4.1 4 5.4 2 2.7

CI denotes confidence interval; P<0.05 is statistically significan
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Functional impact of Aflibercept treatment regimen on 
DME refractory to Ranibizumab treatment regimen
BCVA improved by two or more lines in 17 (23 %) eyes treated with the 
Aflibercept regimen. However, BCVA remained unchanged in 40 (54%) 
of the eyes after Aflibercept treatment and decreased in 17 (23%) of the 
eyes.
Figure 2 shows a comparison of BCVA before and after anti-VEGF 
treatment. The difference in BCVA between the two anti-VEGF 
treatments for DME was not statistically significant. (P = 0.3)

Factors influencing the anatomical impact of Aflibercept 
treatment regimen
Gender: In 49 male diabetic patients, the median decrease in CMT was 
65.0 μm. (IQR 10.0; 165.5). In 20 female diabetic patients, the median 
decrease in CMT was 77.5 μm. (IQR 32.8; 229.7) (Mann Whitney P = 0.4)

CMT before switching to Aflibercept
There was a significant reduction in the CMT after three intravitreal 
injections of Aflibercept compared to CMT before starting Aflibercept 
treatment. (Wilcoxon signed-rank test P 0.001).
Age of diabetic patient: The decline in CMT following the Aflibercept 
treatment regimen was not significantly related to the patient’s age. 
(Pearson P = 0.85).

DISCUSSION
The findings of this study show the utility of switching from Ranibizumab 
to Aflibercept treatment in patients with refractory DME. Although there 
was a significant anatomic success, visual gains were only moderate. 
CMT at the start of Aflibercept treatment was a determinant of success.
To our knowledge, this is the first study in a Saudi population that 
evaluates the role of Aflibercept treatment in eyes with DME that 
is refractory to Ranibizumab treatment. The current study enrolled 
Saudi diabetic patients, who are known to have poor primary diabetes 
prevention measures.16

In our study, more than three-quarters of DME cases had a decrease 
in CMT at their last postoperative visit. Chen et al. reported success in 
lowering CMT in two-thirds of DME eyes.17 In Chen et al.’s study, 20% 
of the eyes were treated with Bevacizumab, while the rest were treated 
with Ranibizumab before switching to Aflibercept.17 In the current study, 
all eyes were treated with three injections of Ranibizumab followed by 
three injections of Aflibercept. The cases of refractory DME varied 
between the present study and Chen et al.’s,17 which likely explains 
the disparities in success rates. Rahimy et al.12 and Wood et al.18 also 
reported encouraging anatomical success rates. However, in both of 
these studies, patients were first given a combination of Bevacizumab 
and Ranibizumab before being switched to Aflibercept treatment.12,18 
Laginhas et al.19 and Ashraf et al.20 reported that Aflibercept treatment 
reduced CMT and improved visual acuity in the eyes than the previous 
Bevacizumab treatment. In addition to refractory DME cases, promising 
results have been reported with Aflibercept treatment for macular edema 
in branch vein occlusion,21 central vein occlusion,22 and edema due to 
choroidal vasculopathy,23 which are frequent comorbidities of diabetic 
retinopathy or hypertension.
We found no significant improvement in vision after Aflibercept 
treatment. However, the anatomic success of intravitreal Aflibercept 
appears to be promising in many studies. The improvement of BCVA 
is debatable. For example, Chen et al.17 and Wood et al.18 reported 
significant improvements in vision, whereas Rahimy et al.12 did not 
report a significant improvement in BCVA. Variations in functional 
success definitions between studies may explain the differences in post-
Aflibercept BCVA.
In the current study, higher CMT before switching anti-VEGF 
treatments was associated with lower success in reducing CMT and 
visual gain. Chen et al.17 reported a similar outcome. Thus, CMT may 
be a proxy indicator of longer duration of edema and non-response to 
Ranibizumab treatment regimen. Higher CMT prior to switching anti-
VEGF treatments could have irreversible damage to the foveal neuro-
receptors, resulting in poor functional outcomes.
In the current study, the reduction in CMT after Aflibercept treatment 
was significantly higher in females than in males. In contrast, Chen  
et al.17 discovered no gender differences between responders and non-
responders to intravitreal Aflibercept. The higher prevalence of DR 
and sight-threatening diabetic retinopathy among males in the Saudi 
diabetic population suggests a greater need for anti-VGEF treatment in 
male diabetics.24 The different responses to Aflibercept based on gender 
reported in the current study warrant further investigation because it 
may influence strategies for reducing visual disabilities due to diabetes 
in the region.

Figure 1: Central macula thickness (CMT) as measured by Optical  
Coherence Tomography in Eyes with diabetic macular edema before 
and after anti-vascular growth factor treatment regimen. 
X-axis shows different times when CMT was measured. 
Y-axis shows CMT (µm). 
The lower and upper ends of the line depict the Interquartile range.
The central square symbol indicates the median value of CMT.

Figure 2: The Best-corrected distance visual acuity in eyes with diabetic 
macular edema before and after anti-vascular growth factor treatment 
regimen. 
X-axis shows the different times when central macula thickness was 
measured. 
Y-axis shows the number of eyes with different grades of visual 
impairment.
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We discovered that age did not affect the efficacy of Aflibercept treatment. 
This observation is consistent with the findings of Chen et al.17 When 
compared to young type II diabetics, older patients with a longer duration 
of diabetes, advanced stages of DR, and reduced immunity are less likely 
to respond to anti-VEGF treatment. The issue of age and response to 
anti-VEGF therapy warrants further investigation better to understand 
the pharmacokinetics of Aflibercept treatment in DME.
Several protocols for switching steroids to different anti-VEGF 
compounds and combination therapy have been proposed.25,26 However, 
the introduction of intravitreal steroid implants has reduced the need 
for combination therapy or switching treatments for DME. Intravitreal 
steroid implants are effective and patient-friendly. Because they reduce 
the frequency of intravitreal injections.13 As a result, the cost-effectiveness 
and the anatomic and functional outcomes of anti-VEGF compounds 
must be evaluated to guide medical retina specialists in selecting the 
appropriate treatment regimen.
This study has some limitations. First, the retrospective single-arm 
cohort study design precludes comparison to a cohort that received a 
different treatment regimen.
In conclusion, intravitreal Aflibercept treatment appears to augment 
the benefits of intravitreal Ranibizumab in Saudi patients with DME. 
However, the visual improvements do not correspond with the anti-
VEGF treatment’s high anatomical success. Because pretreatment CMT 
has an impact on final outcomes, switching should be done as soon as 
possible.
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