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Original Article

Purpose: To compare functional and anatomic outcome of intravitreal ranibizumab (IVR) and intravitreal aflibercept (IVA) 
treatments in neovascular age-related macular degeneration by using the treat and extend (TE) protocol. 

Methods: In this retrospective chart study, treatment naïve 74 eyes of 74 age-related macular degeneration patients treat-
ed with IVR and IVA (38 eyes in IVR and 36 eyes in IVA group) with TE protocol were included. Following three consecutive 
monthly intravitreal injections, TE protocol was applied to each group. Patients were followed up for at least 36 months. 
Mean change in best-corrected visual acuity (BCVA), central macula thickness (CMT) and injection numbers over 3 years were 
compared.

Results: Among 36 months period, the mean number of injections was 17 ± 4 for both groups (p > 0.05). In terms of CMT, 
there was no statistically significant difference between groups at 36 months compared to baseline. A decrease of 72.55 ± 
39.37 μm in CMT was detected in IVR group, whereas the decrease was 70.58 ± 33.96 μm in IVA group (p > 0.05). There was a 
significant increase in BCVA at 36 months of measurements. In addition, BCVA demonstrated an increase of 4.1 ± 0.44 letters 
in IVR group and 4.36 ± 0.67 letters in IVA group after 36 months compared to the baseline (p > 0.05).  

Conclusions: Both IVR and IVA injections provided significant improvements and stability in BCVA and CMT, however there 
was no significant difference between IVR and IVA injections with TE protocol of 36 months. 
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Age-related macular degeneration (nAMD) is one of the 
most common reasons of blindness in developed countries 
due to aging population [1]. Increased permeability of the 
blood vessels and new vessel formation in the macula 

could play a major role in nAMD. It is known that vascular 
endothelial growth factor (VEGF)-A is responsible for 
these actions. Therefore, recent treatments regarding the 
blockage of VEGF-A have facilitated a dramatic improve-
ment in these patients [2-5].

Intravitreal ranibizumab (IVR) and intravitreal afliber-
cept (IVA) exhibit an inhibitory effect on all isoforms of 
VEGF-A, which were approved in June 2006 and in No-
vember 2011 by Food and Drug Administration respective-
ly [6,7]. Previous randomized controlled studies have re-
vealed that a monthly injection of IVR and bi-monthly 
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injection of IVA, after a loading dose of 3 monthly injec-
tions, result in greatest visual acuity gain [8-12]. A similar 
improvement in visual acuity was obtained with optical 
coherence tomography (OCT) guided pro re nata (PRN) 
administration in the Prospective Optical Coherence To-
mography Imaging of Patients with Intraocular Ranibi-
zumab (PrONTO) study [13].

PRN therapy can facilitate a diminished number of in-
jections; however, disease recurrence should strictly be fol-
lowed by monthly assessment visits. Among all protocols, 
the extended treatment intervals of a treat and extend (TE) 
protocol could alleviate the burden of both patients and 
clinics by optimizing the number of hospital visits and the 
overall number of injections. In TE protocol, treatment is 
initiated with a series of monthly loading doses. The treat-
ment interval is then gradually extended in which the in-
tervals between treatments are extended as long as the 
macula remains dry [14-16].

This study was designed to compare the long-term func-
tional and anatomical effects of IVR and IVA administra-
tion by using TE protocol in patients with nAMD.

Materials and Methods

This study was a retrospective, consecutive case series 
and was approved by the institutional review board of T. C. 
Demiroglu Bilim University. Written informed consent 
was obtained from each subject following a detailed expla-
nation of the objectives and protocol of the study, which 
was conducted in accordance with the ethical principles 
stated in the Declaration of Helsinki. Clinical data were 
obtained from nAMD patients who were treated in our in-
stitution between March 2015 and January 2019. 

Patients who met all the following criteria were included 
in the study; demonstrating best-corrected visual acuity 
(BCVA) that range between 20 / 40 and 20 / 200 relying on 
Early Treatment Diabetic Retinopathy Study (ETDRS) 
chart, presence of leakage due to choroid neovasculariza-
tion (CNV) or macular edema in fundus fluorescein angi-
ography, having subretinal fluid, having cystic maculopa-
thy or central macular thickness (CMT) of at least 250 μm 
on OCT (Optovue, Fremont, CA, USA) and not being 
treated for macular degeneration. In our clinical setting we 
do not use any special criteria for deciding intravitreal in-
jection type. We included all patients who completed their 

follow-up period. Exclusion criteria were; existence of any 
disease other than AMD that might reduce BCVA (e.g., 
retinal angiomatous proliferation, polypoidal choroidal 
vasculopathy confirmed with indocyanine green angiogra-
phy, myopic CNV); existence of pigment epithelium de-
tachment without exudative symptoms; a history of vitrec-
tomy for the subject eye; having retinal photocoagulation 
treatment until 1 month prior to the onset of the study; 
missing at least one control visit; aphakia or posterior cap-
sule rupture; a history of glaucoma, having chronic renal 
failure and presence of bleeding diathesis. For all of the 
patients, the diagnosis of nAMD was confirmed by indo-
cyanine green angiography. In the venous intermediate 
frame and the late frame CNV edges were manually con-
toured and measured.

All intraocular injections were performed in the operat-
ing room. Following administration of local proparacaine 
hydrochloride 0.5%, eye leashes and conjunctiva were 
cleaned with 5% povidone iodine. After inserting the spec-
ulum to keep the eye open, the drugs were injected 
through the limbus upper temporal quadrant, at 3.5 mm 
distance for pseudo-phakic/aphakic eyes and 4 mm dis-
tance for phakic eyes from limbus. All patients were pre-
scribed a quinolone group of antibiotics, four times a day 
for 7 days.

IVR 0.5 mg/0.05 mL (Lucentis; Novartis Pharma AG, 
Basel, Switzerland) and IVA 2 mg/0.05 mL (Eylea; Bayer 
Pharma, Berlin, Germany) were injected monthly for 3 
consecutive months. During each visit; BCVA and intraoc-
ular pressure were evaluated. In addition, CMT measure-
ment via OCT was performed which is followed by biomi-
croscopic evaluation of anterior segment and examination 
of fundus. In case of absence of any signs of CNV activity, 
follow-up and treatment sessions were extended by  
2 week-intervals after the loading phase. However, if any 
signs of activation (persistant or recurrent cystic changes, 
100 µm or more increment in CMT, newly developed 
CNV, new hemorrhage, being unable to read five or more 
letters on ETDRS after the latest BCVA evaluation) were 
detected, treatment intervals would subsequently be short-
ened by 2 weeks. Anti-VEGF treatment was administered 
at every visit, regardless of CNV activity. The maximum 
interval between treatments was 12 weeks. Patients’ CMT 
and BCVA measurements compared at baseline, 12th, 
24th, and 36th months.

Statistical analysis was performed by using IBM SPSS 
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Statistics ver. 22.0 (IBM Corp., Armonk, NY, USA). The 
mean ± standard deviation and median (interquartile 
range) were rendered when assessing the study findings. 
The Kolmogorov-Smirnov test was employed to analyze 
the distributional behaviors of the data. A chi-squared test 
was used to analyze the differences between the IVR and 
IVA injections, while a t test was used to analyze the inde-
pendent samples. The differences between the baseline and 
12-month measurements were analyzed by using the Wil-
coxon signed-rank test. The results were considered within 
a confidence interval of 95% and a significance level of  
p < 0.05.

Results

The mean ages of 38 patients in the IVR group and  
36 patients in the IVA group were 72.95 ± 5.23 and 74.911 
± 5.03 years old, respectively ( p > 0.05). The baseline 
CMTs in the IVR and IVA groups were 365.68 ± 68.34 
versus 362.89 ± 59.06 µm, respectively (p > 0.05). There 
was no statistically significant difference between groups 
in terms of BCVA measurements (IVR 53.8 ± 8.30 vs. IVA 
54.28 ± 8.13 letters) and CNV size (IVR 1.8 ± 1.30 vs. IVA 
1.7 ± 1.2 mm2). The rest of demographic data is shown in 
Table 1. 

In terms of mean numbers of injections, no statistical 
difference found between groups (p > 0.05). Mean number 
of injections was 17.16 ± 3.98 in IVR group and 17 ± 4.13 in 
IVA group in 36 months (Fig. 1). In IVR group, 10%, 55%, 
and 60% patients received <5 intravitreal injections in the 
first, second and third year respectively. Also, In IVA 
group, 3%, 61%, and 63% patients received <5 intravitreal 
injections in the first, second and third year respectively 
(Fig. 2A, 2B).

The 36-month CMT measurement in the IVR group re-
vealed a decrease of 72.55 ± 66.67 μm when compared to 
the baseline measurements, whereas a decrease of 70.58 ± 
50.32 μm was determined in the IVA group; which were 
statistically significant for both groups (p < 0.05). Howev-
er, there was no significant difference between the groups 
in terms of the baseline, 12, 24, and 36 months CMT mea-
surements (p > 0.05) (Table 2 and Fig. 3, 4).

After 36 months, BCVA demonstrated an increase of 
4.11 ± 5.92 letters in IVR group and 4.46 ± 6.77 letters in 
IVA group compared to the baseline (p = 0.000, p < 0.001). 

However, there was no significant difference between the 
groups in terms of the baseline, 12, 24, and 36 months 
BCVA measurements (p > 0.05) (Table 2 and Fig. 3, 4).

Three patients (7.8%) in IVR group and four patients in 
IVA group (11.1%) experienced sub-conjunctival hemor-
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Fig. 1. Total number of intravitreal injections over three years in 
intravitreal aflibercept (IVA) and intravitreal ranibizumab (IVR) 
groups.

Table 1. Baseline characteristics for patients with neovascular 
age-related macular degeneration threated using a treat-and-
extend regimen (n = 74 eyes)

Baseline characteristics Treat and extend regimen 
Age (yr)  

Mean ± SD 73.51 ± 5.16
Median (min, max) 73 (62, 84)

Sex (n = 74)  
Male 34 (46)
Female 40 (54)

Hypertension  
Yes 35 (47)

No 39 (53)

Diabetes  
Yes 18 (24)
No 56 (76)

Vision (BCVA)  
Mean ± SD 53.82 ± 8.30
Median (min, max) 56 (35, 69)

CMT (µm)  
Mean ± SD 364.32 ± 64.01
Median (min, max) 365.50 (278, 510)

Values are presented as number (%) unless otherwise indicated.
SD = standard deviation; max = maximum; min = minimum; 
BCVA = best-corrected visual acuity; CMT = central macula 
thickness. 
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rhage. Transient IOP elevation after 15 minutes from appli-
cation was detected in four patients (10.5%) in IVR group 
and four patients (11.1%) in IVA group which resolved 
without medication.

Discussion

IVR is approved by Food and Drug Administration in 
June of 2006. Many studies concerning the determination 

Table 2. Visual and anatomical outcomes at 36 months in the intent-to-treat population (n = 74)

Parameter Aflibercept Ranibizumab
No. of eyes 36 38
Mean BCVA gain (ETDRS) 4.46 ± 6.77 (-9 to 22) 4.11 ± 5.92 (-7 to 17)
Mean % BCVA gain 9.39 ± 15.24 (-13.24 to 57.89) 8.58 ± 12 (-12.07 to 32.78)
Mean decrease in CRT (µm) -70.58 ± 50.32 (-176 to 7) -72.55 ± 66.67 (-210 to 59)
Mean % decrease in CRT -17.92 ± 11.40 (-36.82 to 2.44) -17.40 ± 15.52 (-43.44 to 20.70)

Values are presented as mean ± standard deviation (range); No significant difference between treatment groups for all parameters.  
BCVA = best-corrected visual acuity; ETDRS = Early Treatment Diabetic Retinopathy Study; CRT = central retina thickness.
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Fig. 2. Percentage of eyes and their average injection numbers during 1st, 2nd, and 3rd years in both groups. (A) Intravitreal ranibizumab 
and (B) intravitreal aflibercept.

Fig. 3. Comparison of average (AVG) central macular thickness 
(CMT) and visual acuity (VA) changes during first, 2nd and 3rd 
years in both groups. IVA = intravitreal aflibercept.

Fig. 4. Comparison of average (AVG) changes of central macu-
lar thickness (CMT) and visual acuity (VA) during 1st, 2nd, and 
3rd years in both groups. IVA = intravitreal aflibercept.
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of the frequency of injections which is required to protect 
vision have been reported in the literature [17,18]. MARI-
NA and ANCHOR studies suggests monthly injections for 
patients with nAMD, however this protocol may cause an 
increased financial burden both for the patients but and the 
health system [8,19].

PrONTO study is probably the first study that establish a 
patient specific protocol. They used ranibizumab injections 
and they designed the study to decrease the number of vis-
its. Even though they achieved better BCVA in 24 months, 
PRN regimen can place a high burden on patients/health-
care services due to the monthly monitoring visits. They 
performed an average of 9.9 injections in 24 months [13]. 

We also try to decrease the number of injections using TE 
protocol however it ended up giving an average of 17 in-
jections in 36 months. After performing first three injec-
tions, we provided at least one injection in every 2 to 3 
months. 

The VEGF Trap-Eye: regarding the letter gains in the 
scope of BCVA improvement and CMT decrease, Investi-
gation of Efficacy and Safety in Wet AMD 1 and 2 studies 
(VIEW 1 and 2) compared monthly injections of 0.5 mg of 
IVR, monthly injections of 2 mg of IVA, and bimonthly 
injections of IVA, after the initial 3-monthly injections of 
loading dose and determined no statistically significant 
difference between three groups after 1 year. The VIEW 1 
study found letter gains in the scope of BCVA improve-
ment of 8.1, 10.4, and 7.9 letters for the monthly IVR 
group, monthly IVA group, and bimonthly IVA group, re-
spectively. The VIEW 2 study calculated the same param-
eter as 9.4, 7.6, and 8.9 letters, respectively. However, the 
decreases in the CMT were 117, 117, and 129 μm in the 
VIEW 1 study and were 139, 157, and 149 µm in the VIEW 
2 study, respectively [10].  

A study by Berg et al. [20] investigated long-term visual 
results of treatment with anti-VEGF agents (IVR, IVA, 
and intravitreal bevacizumab) for nAMD following a TE 
regimen. They concluded that treatment of nAMD patients 
with a TE modality provided improvement and stability of 
vision for several years. In their study, mean BCVA was 
significantly improved after 4 years of treatment for the 
entire group of patients (8.6 letters at year 3). But in this 
study, all patients were treated with bevacizumab during 
the 1st year and but were switched to ranibizumab treat-
ment in the 2nd year. Also, aflibercept became available in 
the market from 6th year of study, after which only 16 eyes 

were switched from bevacizumab or ranibizumab to af-
libercept treatment. After 8 years of follow-up, 74% of the 
patients were discontinued from the study. More than half 
of patients were discontinued from the study within the 
first 2 years of treatment [20]. In our study BCVA demon-
strated an increase of approximately four letters after  
36 months in both groups. The difference between the 
studies at year 3 can be explained with homogeneity of 
study groups, treatment naive patient selection and exclu-
sion of switchers in our study. 

Smit et al. [21] also compares both IVR and IVA in a TE 
protocol and did not show any difference between groups 
(0.012 vs. 0.17, p > 0.05 and 122% vs. 120%, p > 0.05), how-
ever they injected IVA every other month versus IVR ev-
ery month and they observed the same BCVA improve-
ment. In addition, Gillies at al. [22] performed a similar 
study like Garweg et al. [23] and Smit et al. [21]. Their 
1-year study outcomes were also similar by using both 
IVR and IVA [22].

Garweg et al. [23] reported that both IVR and IVA 
showed the same functional and anatomical improvement 
in 24 months by using TE protocol. In this study, BCVA 
demonstrated an increase of 1.3 letters in IVR group and 
0.6 letters in IVA group after 24 months when compared 
to the baseline. However, in this retrospective study, pre-
dominantly classical CNVs were treated with IVR but all 
others underwent IVA. In our study there were no differ-
ence according to CNV type between IVA and IVR 
groups. On the other hand, we demonstrated a BCVA in-
crease of approximately five letters in both groups after  
24 months. Our result could be explained by therapeutic 
tailoring. We also propose that following the patients in a 
single center, applying injections by the same method, 
conducting BCVA measurements by the same specialist, 
and checking the CMT by using same devices could pro-
vide more reliable results in terms of the real-life data. 

A systemic review published by Ohji et al. [24] com-
pared visual outcomes and treatment burden between IVR 
and IVA TE regimens in patients with nAMD at 2 years. 
In this study six randomized-controlled trials were ana-
lyzed. Both regimens were associated with comparable ef-
ficacy regarding the number of ETDRS letters gained vs. 
baseline after 2 years, however IVA TE was associated 
with six fewer injections than IVR TE [24]. But this study 
was based on randomized-controlled trials conducted un-
der experimental conditions with tightly defined treatment 
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algorithms, which might not fully reflect the posology used 
in real clinical practice. 

In our study, both groups injection and visit numbers 
were similar (17.16 ± 3.98 in IVR group vs. 17 ± 4.13 in 
IVA group). Like other TE studies both groups’ visit num-
bers were not different [21-24]. After loading phase, both 
groups interval were prolonged 2 weeks equally. In our 
study both groups’ reactivation frequency were similar. 
Despite the fact that Aflibercept is usually administered at 
2-month interval, with our results we can conclude both 
drugs efficiency is equal.

Regarding the weaknesses of this study; inclusion of rel-
atively lower number of patients, presence of shorter fol-
low-up period and choice of a retrospective analysis could 
be emphasized. However, the strengths of the present 
study include the following: all of the injections were im-
plemented at a single center, BCVA was measured by the 
same specialist, CMT was measured by using the same de-
vice and strict follow-up criteria were performed.

In conclusion, in light of the real-life data obtained on 
the basis of 3-year IVR and IVA injections under a TE 
protocol, there were no significant differences between the 
IVR and IVA groups in terms of the BCVA, CMT, number 
of injections and number of patient visits. Although more 
intravitreal injections were performed in the 1st year, the 
need for intravitreal injections decreases in the 2nd and 
3rd years. From the 3rd year onwards, intravitreal injection 
is sufficient in every 3 months for more than half of the 
patients.
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