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ABSTRACT | Purpose: This study was conducted to evaluate
visual function and changes in the central macular thickness
of patients with unresponsive neovascular age-related macular
degeneration who were switched from ranibizumab (Lucentis®)
to aflibercept (Eylea®) treatment at 30 months. Methods:
This retrospective study examined patients with neovascular
age-related macular degeneration who were switched to afli-
bercept after >6 previous intravitreal ranibizumab injections at
4- to 8-week intervals. All patients were switched to intravitreal
aflibercept (2.0 mg) and analyzed after 3 consecutive injections
followed by a prore nata dosing regimen and after 30 months
of treatment. Best corrected visual acuity, biomicroscopic
examination, intraocular pressure, fundus examination, and
central macular thickness were recorded at the start of treatment,
before the transition to intravitreal aflibercept treatment, and at
6, 12, 18, 24, and 30 months of intravitreal aflibercept treat-
ment. Results: A total of 33 eyes met the inclusion criteria.
The median age of the patients was 73.57 + 7.98 years, and
21 (61.8%) patients were males and 12 (35.3%) were females.
Before the transition, the patients received a mean of 16.8 +
8.8 ranibizumab injections (range 6-38).After the transition to
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intravitreal aflibercept treatment, the mean number of aflibercept
injections was 9.09 + 3.94. No significant differences were
observed in best corrected visual acuity after the aflibercept
switch in any of the months. The central macular thickness was
significantly decreased at 6, 12, 18, and 30 months (p=0.01,
p=0.03,p=0.05,p=0.05,p<0.001, respectively). Conclusion:
Patients with neovascular age-related macular degeneration
who were switched to intravitreal aflibercept treatment due
to unresponsiveness to intravitreal ranibizumab exhibited a
significant anatomic improvement in the retina, and although
this state persisted, there was no significant functional gain.

Keywords: Macular degeneration; Ranibizumab/therapeutic use;
Angiogenesis inhibitors/therapeutic use; Intravitreal injections;
Retina/pathology; Visual acuity

RESUMO | Objetivo: Avaliar, depois de 30 meses, a fungdo
visual e as alteragdes na espessura macular central de pacientes
com degeneragdo macular relacionada a idade sem resposta
terapéutica ao ranibizumabe (Lucentis®) que mudaram seu
tratamento para o aflibercepte (Eylea®). Métodos: Realizou-se
um estudo retrospectivo de pacientes com degeneragdo macular
neovascular relacionada a idade que mudaram o tratamento
para o aflibercepte apés 6 ou mais injegdes intravitreas de
ranibizumabe a intervalos de 4-8 semanas. Todos os pacientes
mudaram para o aflibercepte intravitreo (2,0 mg) e depois de 3
injecdes consecutivas, seguidas de um regime de dosagem pro
re nata, foram avaliados apds 30 meses de tratamento. A melhor
acuidade visual corrigida, o exame biomicroscépico, a pressao
intraocular, a fundoscopia e a espessura macular central foram
registrados no inicio do tratamento, antes da transicdo para o
tratamento com aflibercepte intravitreo e aos 6, 12, 18, 24 e 30
meses de tratamento com o aflibercepte intravitreo. Resultados:
Satisfizeram aos critérios de inclusao 33 olhos. A mediana da
idade dos pacientes foi de 73,57 + 7,98 anos. Dos pacientes,
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21 (61,8%) eram homens e 12 (35,3%) eram mulheres. Antes da
transicdo para o tratamento com o aflibercepte intravitreo, os
pacientes receberam em média 16,8 + 8,8 inje¢oes de ranibi-
zumabe (faixa 6-38).Depois da transicdo, o nimero médio de
injecoes de aflibercepte foi de 9,09 + 3,94. Nao houve diferencas
significativas na melhor acuidade visual corrigida depois da
mudanca para o aflibercepte em qualquer das avalia¢gdes. Houve
diminuicdo significativa da espessura macular centralaos 6,12, 18
e 30 meses (respectivamente, p=0,01, p=0,03, p=0,05, p=0,05
e p<0,001). Conclusao: Pacientes com degeneracdo macular
neovascular relacionada a idade que mudaram seu tratamento
para o aflibercepte intravitreo devido a falta de resposta ao
ranibizumabe intravitreo, tiveram melhora anatdmica significativa
da retina; mas embora esse estado tenha persistido, ndo foi
observado nenhum ganho funcional significativo.

Descritores: Degeneragdo macular; Ranibizumab/uso terapéu-
tico; Inibidores de angiogénese /uso terapéutico; Inje¢des intra-
vitreas; Retina/patologia; Acuidade visual

INTRODUCTION

Age-related macular degeneration (AMD) is a chronic
degenerative disease and the leading cause of blindness
in elderly individuals living in developed countries®. In-
travitreal anti-vascular endothelial growth factor (VEGF)
agents have become the gold standard in the treatment
of neovascular AMD based on the understanding that
VEGF plays a key role in age-related AMD neovascu-
larization®.

Several multicenter studies have demonstrated the
efficacy and safety of intravitreal ranibizumab treatment
in n-AMD®%. Although monthly ranibizumab or pro re
nata (PRN) use was found to preserve visual acuity in
90% of patients, increase in visual acuity was reported in
30% of patients®®. Despite the positive results reported
in multicenter trials, AMD remains a chronic disease
requiring long-term follow-up and recurrent intravitreal
injections. Patients treated with ranibizumab may have
persistent edema or reactivation of the disease despite
repeated intravitreal injections®.

Aflibercept (Eylea®; Regeneron Pharmaceuticals, Tar-
rytown, NY, USA) is one of the anti-VEGF agents exhibi-
ting a higher affinity to VEGF, a longer half-life, and the
capability of inhibiting not only VEGF-A, which is also
inhibited by ranibizumab, but also VEGF-B and placental
growth factor”'%. Based on the result of VIEW 1 and 2
studies, aflibercept was approved by the Food and Drug
Administration (FDA) for the treatment of n-AMD"".

Switching the anti-VEGF agent is a commonly used
approach in cases with persistent fluid or multiple
recurrences during ranibizumab treatment'>'¥. Some
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clinical studies report that refractory patients who were
switched to aflibercept from bevacizumab/ranibizumab
had better functional and anatomical outcomes*'?. We
had also previously reported the 18-month outcomes of
patients with n-AMD resistant to ranibizumab treatment
who were switched to aflibercept”®.

In the present study, we evaluated the visual and ana-
tomical outcomes of switching from ranibizumab to afli-
bercept therapy in patients with n-AMD at 30 months.

METHODS

In this retrospective study, we reviewed the medical
records of all patients with n-AMD treated at Afyon
Kocatepe University Hospital, Turkey, a tertiary care
center, between January 2014 and June 2018. Our study
was approved by the local Ethical Committee and con-
ducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all study
participants. Patients with a known diagnosis of n-AMD
who were resistant to intravitreal ranibizumab injection
with PRN regimen and switched to aflibercept treatment
were included in this study.

Inclusion criteria for our study were as follows: the
presence of n-AMD previously treated with intravitreal
ranibizumab that was switched to intravitreal afliber-
cept, persistent intraretinal or subretinal fluid, a mini-
mum of 6 ranibizumab injections with PRN regimen
before the transition, the last injection of ranibizumab
being administered within 28-35 days of switching to
aflibercept, and at least 30 months of follow-up after the
switch to aflibercept. Exclusion criteria were history of
vitrectomy, choroidal neovascularization (CNV) lesions
secondary to causes other than AMD, the presence of
-6.00 D or greater myopia, uncontrolled glaucoma,
uveitis, or any other ocular disease that could poten-
tially confound the assessment of safety and/or efficacy
of treatment.

A total of 33 patients met the inclusion criteria and
were analyzed in this study. The indication for transition
to aflibercept was inadequate response to ranibizumab,
which was defined as persistent or recurrent subretinal
and/or intraretinal fluid. Persistent subfoveal fluid was
defined as the presence of intraretinal/subretinal fluid
at the fovea or subfoveal subretinal pigment epithe-
lium fluid with adjoining subretinal/intraretinal fluid,
and recurrent subretinal and/or intraretinal fluid was
defined as exudation suppressed with treatment, but
upon suspension, exudation recurred. During the mon-
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thly follow-up period, patients underwent complete
ophthalmologic examinations, including best corrected
visual acuity (BCVA) using Early Treatment Diabetic
Retinopathy Study (ETDRS) charts, intraocular pressure
(I0P) measurement, fundus examination, and spectral
domain optical coherence tomography (SD-OCT, Hei-
delberg Spectralis, Heidelberg Engineering, Heidelberg,
Germany) scanning. The same ophthalmologist (EE)
performed the first visit’s SD-OCT and fundus fluores-
cein angiography (FFA) evaluations. The CNV lesions
were graded as occult, predominantly classic, minimally
classic, polypoidal choroidal vasculopathy, or retinal an-
giomatous proliferation based on FFA findings.

After switching from ranibizumab, all patients recei-
ved a loading dose of 3 monthly aflibercept injections
(2 mg/0.05 ml) and were followed up monthly. Retreat-
ment with a single aflibercept injection was performed
on the basis of any of the following findings: visual acuity
loss of at least 5 letters with SD-OCT evidence of fluid
in the macula, persistent or recurrent intraretinal or su-
bretinal fluid in SD-OCT, or new subretinal hemorrhage
from CNV.

Demographic characteristics of the patients were re-
corded. The primary outcomes of the study were varia-
tions in BCVA and central macular thickness (CMT) after
switching to aflibercept at 0, 6, 12, 18, and 30 months
and the frequency of aflibercept injections.

The obtained data were analyzed using the statistical
package program (SPSS, version 18.0, SPSS, Chicago,
USA). The distribution of variables was evaluated using
the Kolmogorov-Smirnov test. Paired t-test was used to
compare the measurements obtained before and du-
ring injections. The evaluations were made at the 95%
confidence interval, and p<0.05 was considered to be
statistically significant.

RESULTS

A total of 33 eyes met the inclusion criteria. The me-
dian age of the patients was 73.57 + 7.98 years. There
were 21 (61.8%) male patients 12 (35.3%) female pa-
tients. The mean treatment time before the switch was
30.18 + 16.78 months. The mean number of ranibizu-
mab injections before the switch was 16.8 + 8.8 (range
6-38).The mean number of aflibercept injections after
the switch was 9.09 + 3.9 (range 3-16). Table 1 shows
the baseline characteristics of the patients who were
switched to aflibercept.

The CMT and BCVA measurements from baseline
to 30 months in all patients are presented in table 2.
A significant decrease in CMT was observed at 6, 12,
18, and 30 months (p=0.01, p=0.03, p=0.05, p=0.05,
p<0.001, respectively). BCVA measurements showed
no statistically significant difference during IVA treat-
ment (p=0.07, p=0.36, p=0.34, p=0.81, p=0.58,
respectively). The last SD-OCT imaging obtained at the
30" month showed no subretinal or intraretinal fluid in
23 patients (69.7%). During the study period, neither
systemic complications such as cardiovascular or cere-
brovascular events nor ocular complications such as en-
dophthalmitis, vitreous hemorrhage, retinal detachment,
and sustained 1OP increase were observed.

DISCUSSION

This study demonstrated that patients with n-AMD
who were unresponsive to ranibizumab treatment and
had persistent fluid or recurrence and were switched
to intravitreal aflibercept treatment had anatomical im-
provement of the macula, which continued throughout
the 30-month follow-up period. However, the impro-
vement in visual acuity was not as successful as the
anatomical improvement.

Several reasons may be proposed to explain the
anatomical improvement after the transition to afli-
bercept treatment. The first concern could be the
pharmacodynamics of the drug. Tachyphylaxis, defined
as a diminished therapeutic response to a pharmacologic
agent following repeated administrations over time, to
ranibizumab may have developed; therefore, there may
be a lack of response to the drug despite the high drug
concentration attained with frequent repeated injec-
tions in short time intervals"”. However, the drug may
regain its efficacy when treatment is suspended for a

Table 1. Patients characteristics

Total patients/eyes, n/n 33/33
Male, n (%) 21 (61.8%)
Age, years (range) 73.57 (58-86)
Average prior follow-up period, months (range) 30.18 (8-56)

16.8 + 8.8 (6-38)
9.09 + 3.9 (3-16)

Average prior injections + SD (range)
Average aflibercept injections + SD (range)

Angiographic classification, n (%)

Occult with no classic 17 (51.5)
Predominantly classic 10 (30.3)
Minimally classic 6 (18.2)
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Table 2. CMT and BCVA values of the patients

CMT mean * SD (IQR) p value BCVA mean #* SD (IQR) p value
Baseline 351.4 + 126.1 (243.0-438.5) = 1.08 + 0.53 (0.60-1.60) =
6 months 284.8 + 112.6 (208.5-345.0) 0.01 0.91 + 0.46 (0.57-1.30) 0.07
12 months 296.7 + 89.2 (232.0-350.5) 0.03 1.14 £ 0.59 (0.52-1.80) 0.36
18 months 282.6 + 81.6 (210.7-329.2) 0.05 0.94 + 0.55 (0.40-1.58) 0.34
24 months 292.3 + 109.9 (222.5-341.5) 0.05 1.07 £ 0.49 (0.62-1.51) 0.81
30 months 269.7 + 97.1(207.7-330.0) <0.001 1.15 = 0.57 (0.60-1.51) 0.58

Baseline= Before switch; CMT= central macula thickness; BCVA= Best corrected visual acuity; IQR= Interquartile range; p= paired t test.

short period of time. Another cause may be the develop-
ment of tolerance to ranibizumab, wherein long-term
use may lead to a significant decrease in the extent and
duration of drug efficacy. Unlike tachyphylaxis, drug
efficacy cannot be regained by suspending treatment.
One study demonstrated that 81% of patients with
tachyphylaxis who were switched from bevacizumab
to ranibizumab showed a positive response®. Further-
more, antibodies against the injected agent may have
developed in patients who developed a local or systemic
immune response after intravitreal injections. Studies
also suggest that chronic VEGF blockage leads to excessive
macrophage-mediated VEGF production in choroidal
neovascular tissue!'?9.

Pharmacological structure of the molecule may also
be one of the causes for the anatomical improvement
after the switch to aflibercept. Although ranibizumab is
a human 1gGT1 isotype, the integration of VEGF receptors
1 and 2 and 1gG crystalline fragments causes the mono-
clonal antibody aflibercept to exhibit 100 times higher
VEGF-A-binding affinity®'2?. Aflibercept also inhibits
other factors such as VEGF-B and placental growth
factor that affect neovascularization”. It has also been
demonstrated that aflibercept has a half-life of 7.13 days
in vitreous fluid and an intraocular duration of action of
48-80 days, which is longer than those of ranibizumab
(vitreous half-life 4.75 days, intraocular duration of
action 28-67 days)"°.

Aflibercept has also been reported to have longer
duration and higher binding affinity, and therefore lower
dose and fewer injections are required®”. Similarly, in
our study, the average number of injections was 16
before the switch to aflibercept and 9 after the switch,
despite the similar mean follow-up period®'-2%.

Although some studies have reported visual impro-
vement after the switch, several studies report the op-
posite®*2”. In our study, although the improvement in
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retinal thickness was apparent, this was not the case in
terms of visual function. This inconsistency between
the anatomical and visual outcomes might be explained
by the chronic structural changes of the macula and
the loss of foveal photoreceptors. The literature shows
that intravitreal injections used as initial treatment for
n-AMD lead to visual improvement that is later followed
by a plateau stage, in which chronic degeneration of
photoreceptors does not allow visual improvement to
accompany monthly injections®?. On the other hand,
chronic intrafoveal fluid has negative effects on the
cell morphology and function of photoreceptors®¢:28).
Long-term use of anti-VEGF may also increase the risk
of geographical atrophy®®. In our study, 23 (69.7%)
patients who were followed up for 30 months had dry
macula in their final examination, and 3 (13.1%) of these
patients had developed geographic atrophy. All these
factors may have contributed to the disappointing level
of visual recovery, although a larger series of studies is
necessary to support our results.

Possible limitations of our study were the small sam-
ple size of patients and the PRN protocol of aflibercept
administration. However, we believe that the results
obtained from the prospective planning of the study
protocol and the long-term follow-up of patients will
contribute to the literature.

In conclusion, switching to aflibercept treatment re-
sulted in anatomical recovery in the initial months of
therapy that continued for a long period of time in patients
with n-AMD who had recurrence or were unresponsive
to intravitreal ranibizumab, but there was no functional
improvement.
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