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Abstract
Background: To report the short term real-life outcomes of neovascular age-related macular degeneration (nAMD) patients switched to intravitreal aflibercept after 
failure to prior ranibizumab treatment.

Methods: Thirty eyes of thirty refractory nAMD patients with previously treated with intravitreal ranibizumab, that switched to intravitreal aflibercept injections 
were enrolled. The best corrected visual acuity (BCVA) measurements and spectral domain optical coherence tomography (SD OCT) characteristics over time were 
evaluated. 

Results: The mean age of the patients was 73.76 ± 6.75 years (range 58–88 years). The mean central macular thickness (CMT) decreased from 319.7 ± 85.2µm at 
baseline to 261.7 ± 74.3µm at 12th week. This reduction was found to be statistically significant (p<0.001). After 12 weeks treatment period, the number of patients 
that presented with intraretinal fluid (IRF) decreased from 19 (63.3%) to 10 (33.3%). This improvement was found to be statistically significant (p<0.001). By the 
same treatment period 24 patients (80%) with high reflective foci (HRF) was reduced to 12 patients (40%) (p<0.001). The mean BCVA improved from 1.0±0.75 
logMAR at baseline to 0.91 ± 0.75; however this change was not statistically signficant (p:0.097).

Conclusion: Switching to aflibercept resulted in a better anatomic response and visual stabilization in patients with nAMD resistant to ranibizumab treatment.
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Introduction
The neovascular form of age-related macular degeneration 

(nAMD), also known as wet AMD, is one of the major causes of visual 
loss in the elderly and is characterized by the development of choroidal 
neovascularization (CNV) [1,2]. The demonstration of vascular 
endothelial growth factor (VEGF)-A as the most important growth 
factor responsible for the pathophysiology of nAMD [3–5] led to the 
use of intravitreal anti VEGF therapy, that significantly improved the 
treatment outcome of these patients [6–10].

The ANCHOR and MARINA studies showed that monthly 
intravitreal injections of ranibizumab were efficient in the treatment 
of nAMD [9,10]. The efficacy was associated with the drug’s ability to 
reduce hemorrhage, subretinal fluid and intraretinal edema. However, 
many patients need continuous treatment to protect disease stability, 
while others, regardless of continuous treatment, continuously suffer 
from persisiting disease activity that leads to visual loss [11-13]. 
The mechanism of this resistance is not known, but the possibility 
of tolerance or tachyphylaxis has been claimed in several studies 
[11,12,14-17]. Some eyes may have a better response, with resolution of 
fluid, with the switch to another anti-VEGF drug. Gasperini et al. [11] 

showed that 81% of their tachyphylactic patients responded positively 
after switching the intravitreal drug.

Aflibercept is a recombinant fusion protein that possesses the 
ability to bind all isoforms of VEGF-A, VEGF-B and placental growth 
factor (PGF) [18-20]. Various reports have claimed that aflibercept has 
a higher affinity to VEGF than both ranibizumab and bevacizumab 
[19-21]. The randomized trials VIEW 1 and VIEW 2 proved that 
aflibercept was noninferior to ranibizumab, with the advantage of a 
more reduced need for treatment, which decreases the risk associated 
with intravitreal injections [22]. And also, aflibercept may have 
theoretical pharmacological and clinical advantages in the treatment of 
non-responders when compared with bevacizumab and ranibizumab 
with its higher VEGF-binding affinity [13]. 

Several studies showed a significant improvement in visual and 
anatomical outcomes in eyes with persistent subfoveal fluid after 
switching to intravitreal aflibercept despite previous anti-VEGF 
treatment with ranibizumab or bevacizumab [23-27]. However, 
there are conflicting results. Kumar et al. [23] and Singh et al. [27] 
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between non-normally distributed and/or categorical variables, the 
correlation coefficients and their significance were calculated using the 
Spearman test. The results were considered significant at P values < 0.05.

Results
A total of 30 subjects were included in the study. The mean age of 

the patients was 73.76 ± 6.75 years (range 58–88 years).Eighteen of the 
30 eyes (60%) were of male patients. Seventeen patients (54.8%) were 
phakic. The average number of intravitreal ranibizumab injections 
prior to study entry was 9.1 (range 3–28 injections). The baseline 
intraocular pressure measured with Goldmann applanation tonometer 
was 15 ± 3.02 mmHg (range 10-21 mmHg). At the end of the 12-week 
follow-up, the mean IOP was 13.8 ± 2.7 mmHg. None of the patients 
needed to be started an anti-glacomatous medication.   

The mean BCVA improved from 1.0 ± 0.75 logMAR at baseline to 
0.91 ± 0.75 at week 12. Only 2 patients (6.6%) lost one line visual acuity, 
18 patients (60%) were considered visually stable and 10 patients 
(33.4%) gained at least one line visual acuity. The trend in BCVA was 
resembling to double-hump appearence. This change in BCVA over 
time was not statistically signficant (p:0.097)(Figure 1). 

The mean CMT decreased from 319.7 ± 85.2 µm at baseline to 261.7 
± 74.3µm at week 12. The trend in CMT was found to be statistically 
significant (p<0.001). Post-hoc analyses showed that this significance 
was occured after the first injection and was limited to weeks 4. There 
was no siginificant CMT change within the second and third intravitreal 
injection intervals, weeks 8-12 (Figure 2).

At baseline, the proportion of eyes with SRF was 56.7% (17 
patients) and this proportion decreased to 46.7% (14 patients) at week 
24. Despite this improvement in SRF, it is not found to be statistically 
significant (p:0.112) (Figure 3). However, when we analyse just SRF 
height among patients with SRF, a statistically significant improvement 
is remarkable between baseline and week 4 (p:0.001, after bonferroni 
correction in post-hoc analysis) (Figure 4). 

With regards to PEDs, 23.3% (7 patients) of the patients presented 
with PED at baseline, this proportion slightly decreased to 20% (6 
patients) at week 12. This difference was not found to be statistically 
significant (p:0.392) (Figure 3). Nevertheless, when we look at PED 
height among patients with PED, a statistically significant improvement 
is remarkable between baseline and week 12 (p:0.008, after bonferroni 
correction in post-hoc analysis) (Figure 4).

Nineteen patients (63,3%) presented with IRF at baseline and at 
week 12 only 10 patients (33.3%) had still IRF. This improvement 
was found to be statistically significant (p<0.001). Post-hoc analyses 
showed that this improvement has emerged at week 8 (Figure 3). 

A similar trend was found in HRF. Twenty-four patients (80%) had 
HRF at baseline and this was reduced to 12 patients (40%) at week 12 
(p<0.001). Likewise, this improvement has occured at week 8 as in IRF 
(Figure 3). 

Best corrected visual acuity (BCVA), Central macular thickness 
(CMT), Subretinal fluid (SRF), Pigment epithelial detachment (PED), 
Intraretinal fluid (IRF) and hyper-reflective foci (HRF) course over 
time. (Table 1).

In the correlation analyses, BCVA improvement was not associated 
with any parameters (such as number of ranibizumab injection prior 
to enrollment, baseline BCVA, baseline CMT, baseline presence of 
SRF,PED,IRF or HRF). However; CMT improvement was found to be 

showed a significant improvement in both visual and anatomical 
outcomes in switched eyes. Conversely, Homer et al. [24] did not 
report an improvement but a maintanance in macular thickness and 
visual acuity. Finally, Pinheiro-Costa et al. [26] demonstrated only an 
anatomical improvement in switched eyes. 

The aim of this study was to evaluate visual and anatomical 
outcomes in patients who had insufficient response to ranibizumab 
and switched to intravitreal aflibercept.

Materials and methods
Thirty eyes of thirty consecutive nAMD patients with previously 

treated with intravitreal 0.5mg ranibizumab, that switched to a loading 
dose of 3 monthly intravitreal aflibercept injections due to the persisting 
disease activity were included to the study. The disease activity was 
defined as any persisting subretinal fluid (SRF), intraretinal fluid 
(IRF) and/or pigment epithelial detachment (PED) persisting after 3 
consecutive intravitreal 0.5mg ranibizumab injection. The study was 
carried out in accordance with the tenets of the Declaration of Helsinki, 
and was approved by the institutional ethical committee.

The medical records of the patients were reviewed and the 
following parameters (before enrollment and after a loading phase of 3 
consecutive monthly intravireal aflibercept injections) were all noted; 
demographic data, best corrected visual acuity (BCVA) measurements 
in logMAR, the total number of ranibizumab injections (prior to 
enrollment), central macular thickness (CMT), presence of SRF, IRS, 
PED and hyper-reflective foci (HRF). PED and SRF height were also 
evaluated in the subgroup analysis. 

Patients with a history of vitrectomy, prior treatment with 
verteporfin or subfoveal laser, uncontrolled glaucoma, or uveitis, 
and those with additional OCT pathologies that may influence the 
outcomes of the study such as epiretinal membrane and vitreomacular 
traction were excluded from the study. All the patients should have 
been followed up for at least 4 months after switching. The baseline (just 
before switching) and final (4 months after switching) measurements 
were analysed and the change in CMT and BCVA were calculated.

Cirrus HD-OCT (Carl Zeiss Meditec, Dublin, CA) were used to 
obtain the OCT scans. The OCT images of the patients were assessed 
by two experienced observer that masked to the patients’ information 
and the average of both values was used for statistical analysis. SRF was 
defined as a nonreflective area between the neurosensory retina and 
the retinal pigment epithelium. SRF height was measured manually 
using digital calipers from posterior border of the neurosensory retina 
to the retinal pigment epithelium. The maximum height was accepted. 
IRF was defined as a diffuse nonreflective area within the neurosensory 
retina. PED was defined as an area of sharply demarcated, dome-shaped 
elevation of the retinal pigment epithelium. Maximum PED height was 
measured manually using digital calipers from Bruch’s membrane to 
the base of the pigment epithelium. The presence of HRF was defined 
as scattered hyper-reflective spots into all retinal layers that was seen in 
at least one OCT scan.

SPSS software version 15.0 was used for statistical analyses. 
Descriptive analyses were presented using mean and standart deviation 
for continous variables, and percentages were used for categorical 
variables. Since the variables were not normally distributed, Friedman 
test was performed to assess whether there is a significant change in the 
variables over time. The Wilcoxon test was used to test the significance 
of pairwise differences using Bonferroni correction (0.05/6=0.008) to 
adjust for multiple comparisons. While investigating the associations 
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statistically significant and moderately associated with baseline CMT 
(r: 0.501; p:0.005) and baseline SRF (r: -0.494; p:0.006) (Table 2).

Discussion
The current study presented the short term outcomes of the 

patients with refractory nAMD switched from intravitreal ranibizumab 
to aflibercept. Both visual and anatomical improvement was achieved 
in almost all the patients but only CMT, IRF and HRF improvement 
reached statistical significance. Subgroup analyses showed that SRF 
and PED height were also signficantly reduced. 

We did not observe a significant improvement in BCVA. However, 
the vast majority of the patients maintained their initial BCVA. This 
may have resulted from our short follow-up time. Since Kumar et 
al. reported that a significant improvement in visual acuity was not 
observed after initial three injections but it was occured 6 months later 
[23]. On the other hand, Homer et al. did not declare a significant 
improvement in BCVA in their 24-month follow-up [24]. Most 
probably, BCVA improvement depends on multiple variables, such as 
initial IS/OS integrity, increasing age, increasing CMT, the presence of 
IRF and presence of PED [28]. Nevertheless, we did not establish such 
an association between BCVA improvement and any initial predictors 
in the Spearman correlation analysis. Besides, our small sample size did 
not enable us to perform a multiple logistic regression analysis.

We determined a significant reduction in CMT, particularly after 
the first injection. Most of the articles in the literature are in agreement 
with our results [23,26-28]. It seems that switching to aflibercept is 
more effective on CMT than BCVA improvement. Interestingly, initial 
CMT is found to be positively correlated with CMT reduction. The 
higher initial CMT decreases more, so it can not be accepted as a poor 
prognostic factor for CMT reduction.

The presence of SRF slightly decreased over time with no 
significance. However, SRF height reduced significantly after the 
first injection, furthermore, it was negatively correlated with CMT 
reduction emerging as a poor prognostic indicator. A similar trend 
was also observed in PED. While the presence of PED decreased 
insignificantly, PED height reduced significantly at the end of week 12. 
In a similar study by Major et al., a significant reduction in PED height 
in previously treated eyes with nAMD was reported [25]. We believe 
that continuos treatment with aflibercept after the first three injections 
may result in better outcomes for both parameters. 

To best our knowledge, there were two studies in the literature 
that focused on IRF and HRF in the switching patients with refractory 
nAMD [28,29]. Both studies showed that the switch from ranibizumab 
to aflibercept led to a significant decrease in the number of HRF. In our 
study, we also noted an improvement in both IRF and HRF over time, 

 Baseline Week 4 Week 8 Week 12 P value
BCVA 

(logMAR) 1.00±0.75 0.91±0.72 0.97±0.75 0.91±0.75 0.097

CMT (µm) 319.7±85.2 274.0±87.6 260.8±65.2 261.7±74.3 <0.001
Presence of 

SRF (%) 56.70% 53.30% 50% 46.70% 0.112

Presence of 
PED (%) 23.30% 23.30% 23.30% 20% 0.392

Presence of 
IRF (%) 63.30% 46.70% 23.30% 33.30% <0.001

Presence of 
HRF (%) 80% 56.70% 43.30% 40% <0.001

Table 1. Summarizes the changes in BCVA, CMT, presence of SRF, PED, IRF and HRF 
over time.

Figure 1. Best corrected visual acuity (BCVA) course over time. 

Figure 2. Central macular thickness (CMT) course over time. 

Figure 3. SRF, PED, IRF and HRF course over time.

Figure 4. SRF and PED height course over time.
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Number of 
Ranibizumab 

injection prior to 
study entry

Baseline BCVA Baseline CMT Baseline SRF Baseline PED Baseline IRF Baseline HRF

BCVA 
improvement 

R 0.145 0.187 -0.132 -0.108 -0.147 0.037 0.245
P value 0.444 0.323 0.486 0.57 0.437 0.846 0.192

CMT 
improvement

R 0.286 -0.005 0.501 -0.494 -0.15 0.288 -0.149
P value 0.125 0.979 0.005 0.006 0.428 0.123 0.431

Table 2. Spearman correlation analysis showed statistically significant and moderate correlation between CMT improvement and baseline CMT-SRF. 

particularly at weeks 8. Moreover, eyes with IRF at baseline were found 
to be more responsive to intravitreal aflibercept than eyes with SRF. 
Since HRF is accepted to be a sign of acute inflammation, intravitreal 
aflibercept may have such an anti-inflammatory effect. Some reports 
in the literature supports this finding. Kanda et al. demonstrated that 
aflibercept has a neutralizing effect against galectin-1, an angiogenic 
factor associated with proliferative diabetic retinopathy [30].

Limitations of this study include small sample size, short follow-
up time and retrospective design. However, most the studies in the 
literature suffer from this similar issues. A prospective randomized 
controlled trial with strict inclusion cirteria must be conducted. 

The current study indicates that aflibercept can achieve better 
anatomic response in patients with nAMD resistant to ranibizumab 
treatment. In addition, stabilization of BCVA seems to be possible. 
This effect may be due to the higher affinity of aflibercept to VEGF-A 
with the additional ability to bind VEGF-B and PGF. Switching to 
aflibercept should be considered in refractory patients. 
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