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Abstract
Purpose: This study aimed to compare the functional and anatomical outcomes of intravitreal ranibizumab (IVR) and intravitreal aflibercept (IVA) injections in 
patients with neovascular age-related macular degeneration (AMD).

Methods: The medical records of 80 AMD patients who received IVR treatment and IVA treatment were assessed. During each visit, best corrected visual acuity 
(BCVA) and central macular thickness (CMT) were measured. IVR and IVA were administered once per month for three consecutive months, and injections were 
repeated monthly, as needed, for 1 year. 

Results: No significant differences were detected between the two groups at baseline and 12-month measurements; CMT decreased by 74.95 μm in IVR group and 
74.06 μm in IVA group (p>0.05). In addition, BCVAs in both groups demonstrated an increase of 5.93 letters compared to the baseline (p>0.05).  

Conclusion: After 1 year, there were no significant differences between groups, in BCVA, CMT, and number of injections with as-needed regimen.  

Introduction
Neovascular age-related macular degeneration (AMD) is the most 

common cause of severe vision loss at a later age [1].  Angiogenesis plays 
a critical role in those diseases that frequently lead to blindness, such 
as diabetic retinopathy, retinopathy of prematurity, and age-related 
macular degeneration [2].  Vascular endothelial growth factor (VEGF), 
which has strong mitogenic effects on endothelial cells and increases 
vascular permeability, may stimulate angiogenesis when it is released 
from cells in hypoxic and ischemic conditions [3].  Overall, VEGF is the 
main angiogenesis inducer in the formation of neovascularization in 
AMD and diabetic retinopathy [4,5].  The treatment of AMD involves 
the suppression of VEGF, which plays a crucial role in pathogenesis of 
AMD [6-8].

Blocking all isoforms of AMD, ranibizumab, a recombinant 
humanized monoclonal fragment antigen binding (Fab) to human 
VEGF, was approved by the Food and Drug Administration (FDA) in 
June of 2006 [9].  Previous randomized controlled studies conducted 
with intravitreal ranibizumab (IVR) have revealed that a monthly 
injection results in the highest rate of visual acuity gain [10,11]. A similar 
improvement in visual acuity was obtained with pro re nata (PRN) 
administration in the Prospective Optical Coherence Tomography 
Imaging of Patients with Intraocular Ranibizumab (PrONTO) study, 
which was decided to repeat the injection according to the results of 
visual acuity and optical coherence tomography (OCT) after an initial 
three-month loading dose period [12].

Intravitreal aflibercept (IVA) was approved for use by the FDA in 
November of 2011. A bi-monthly IVA injection, after a loading dose 
of 3 monthly injections, was determined to be non-inferior when 
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compared to the IVR injections at the end of 12 months. In the next 
year, the same study continued with varying dose regimens, and both 
medications were found to be equally effective in terms of the visual 
acuity [13,14]. In addition, there are several studies that included 
switching to IVA for those patients with no or a partial response to the 
IVR treatment [15-17].

Based on the above information, the present study aimed to 
compare the real-life data of the one-year application of these two 
intravitreal agents, which are widely used in clinical practice.

Methods
This study incorporated a retrospective assessment of the records 

of 40 eyes of 40 consecutive patients who were given IVR, and 40 eyes 
of 40 consecutive patients who were given IVA at the ophthalmology 
department of Istanbul Bilim University. They were all diagnosed with 
nAMD and followed up for 1 year on an as-needed basis at our clinic 
from March 2015 to December 2016. The study was approved by the 
Ethics Committee of Istanbul Bilim University. Written informed 
consent was obtained from each subject with the ethical principles 
stated in the “Declaration of Helsinki”.
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Inclusion was set as meeting all of the following criteria: a best 
corrected visual acuity (BCVA), as measured by the Early Treatment 
Diabetic Retinopathy Study (ETDRS) scale, ranging between 20/40 
and 20/200; the existence of leakage demonstrative of choroidal 
neovascularization (CNV) or macular edema according to fundus 
fluorescein angiography (FFA); the presence of subretinal fluid, cystic 
maculopathy, or a central macular thickness (CMT) of at least 250 μm, 
as detected by OCT (Optovue, Fremont, USA);  having never been 
treated for macular degeneration and followed-up for at least 1 year. 
Exclusion was set as meeting at least one of the following criteria: the 
existence of any disease (other than AMD) that might reduce visual 
acuity; vitrectomy having been applied to the subject eye; received 
retinal photocoagulation treatment until 1 month prior to the onset 
of the study; missed at least one control visit; aphakia or the posterior 
capsule not being solid; the existence of glaucoma; or the presence of 
chronic renal failure and bleeding diathesis. 

The IVR (Lucentis; Novartis Pharma AG, Basel, Switzerland) at a 
dose of 0.5 mg/0.05 ml and IVA (Eylea; Bayer Pharma, Berlin, Germany) 
at a dose of 2 mg/0.05 ml were injected once per month for three 
consecutive months. The decision about whether to keep up further 
injections was made on an as-needed basis. During each visit, the best 
corrected visual acuity (BCVA) was measured by means of the ETDRS 
scale. Each visit also incorporated a biomicroscopic examination 
of the anterior segment, measurement of the intraocular pressure, a 
fundus examination, and a CMT measurement via OCT. For all of the 
patients, the diagnosis of nAMD was confirmed by indocyanine green 
(ICG) angiography. Any repeated injections were decided in light of 
the BCVA and CMT results for a given patient. The following criteria 
were sought while making a decision about reinjection: persistence or 
recurrence of subretinal fluid or cystic structures via OCT, an increase 
in the latest CMT by 100 µm or more, as measured by OCT, incipient 
CNV, incipient hemorrhage, and a loss of 5 or more letters when 
compared to the last recorded BCVA. 

The intraocular injections were carried out under operating theater 
conditions. Following the topically applied proparacaine, the eyelids, 
lashes, and conjunctiva were cleaned with 5% povidone iodine. After 
the placement of the speculum to keep the eyelids open, IVR and 
IVA were injected at a distance of 4 mm from the superior temporal 
quadrant. After the injection, the patient was given a topical antibiotic 
in the quinolone group to use 4 times each day for a period of 7 days.

Adverse events (AEs), serious AEs, and changes in vital signs were 
assessed during all visits. Biochemical values were measured at first 
visit and after 12 months, and hematology, blood chemistry, and urine 
were regularly monitored. Intraocular pressure measurement (before 
and after each administration by tonometry) and standard ophthalmic 
examination were also performed at every visit. 

Statistical Analysis 
When evaluating the findings obtained in this research, SPSS 22.0 

software was used for the statistical analysis. The mean ± standard 
deviation (SD) and median (interquartile range, IQR) were rendered 
when assessing the study findings. The Kolmogorov-Smirnov test was 
employed to analyze the distributional behaviors of the measured 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 independent 
samples. The differences between the baseline and 12-month 
measurements were analyzed using the Wilcoxon signed-rank test. 
The results were considered within a confidence interval of 95% and a 
significance level of p<0.05.

Results
The average ages of the 40 patients in the IVR group and the 40 

patients in the IVA group were 73.280±5.368 years old and 74.920 ± 
4.953 years old, respectively (p>0.05). The baseline CMTs in the IVR 
and IVA groups were 365.450 ± 69.282 µm and 363.180 ± 58.017 µm, 
respectively (p>0.05). There was no statistically significant difference 
between the IVR and IVA groups in terms of the baseline BCVA 
(54.150±6.258 letters and 54.230 ± 5.877 letters, respectively; p>0.05). 
The patients’ demographic details are summarized in Table 1.

The average number of injections in the IVR and IVA groups over 
the course of the 12-month period was 7.38 and 7.35, respectively. 
However, no statistically significant difference was found between these 
two groups in terms of the number of injections (p>0.05) (Figure 1 and 2).

The 12-month CMT measurement in the IVR group revealed a 
decrease of 74.95 μm when compared to the baseline measurements, 
whereas a decrease of 74.06 μm was determined in the IVA group; 
these were statistically significant for both groups (p<0.05). However, 
there was no significant difference between the groups in terms of the 
baseline and 12-month CMT measurements (p>0.05) (Figure 3).

An improvement of 5.93 letters was detected in the 12-month 
BCVA in the IVR group when compared to the baseline measurement, 
with the IVA group reflecting the exact same results. These BCVA 

 IVR IVA
(n=40) (n=40)
Sex Female 22 (%55,0) 21 (%52,5)
Male 18 (%45,0) 19 (%47,5)
Age Mean ± SD 73,280 ± 5,368 74,920 ± 4,953
Median (IQR) 73,5 (69-77,75) 74 (70-78,8)
HT 17 (%42,5) 19 (%47,5)
DM 7 (%17,5) 7 (%17,5)
Smoking 18 (%45,0) 19 (%47,5)
CMT Baseline Mean ± SD 365,450 ± 69,282 363,180 ± 58,017
Median(IQR) 366 (299-424) 361 (318-398)
VA Baseline Mean ± SD 54,150 ± 6,258 54,230 ± 5,877
Median(IQR) 56 (49-59) 55 (49-58)

*Statistical analysis performed using the chi-square test
** Statistical analysis performed using the Mann–Whitney U test

Table 1. The patients’ demographic details.

Figure 1. Comparison of mean injection numbers of intravitreal ranibizumab (IVR) and 
intravitreal aflibercept (IVA) groups at one year.
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improvements in both groups were statistically significant (p=0.000). 
However, there was no significant difference between the groups 
in terms of the baseline and 12-month measurements of the BCVA 
improvement (p>0.05) (Figure 4). 

Two patients (5%) experienced sub-conjunctival hemorrhage 
in IVR group and three patients (7.5%) experienced transient IOP 
elevation after 15 minutes from application in IVA group which were 
resolved without medication.

Discussion
Intravitreal ranibizumab was approved for use in the treatment of 

AMD by the FDA in June of 2006. Since then, many studies have been 
conducted to establish the optimal dose of the drug and to determine the 
frequency of injections required to protect vision. Once the as-needed 
method (which relies on determining injection repetition according to 
the BCVA and OCT results obtained after a three-monthly injection 
loading dose) revealed similar outcomes, it went into extensive use [12,18].

The VEGF Trap-Eye: Investigation 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 three monthly injections loading dose 
suggested no statistically significant difference between the 3 groups 
after 1 year in terms of letter gains in the scope of BCVA improvement 
and CMT decrease. The VIEW 1 study found letter gains in the scope 
of BCVA improvement of 8.1, 10.4, and 7.9 letters for the monthly IVR 
group, monthly IVA group, and bimonthly IVA group, respectively. 
The VIEW 2 study calculated the same parameter as 9.4, 7.6, and 8.9 
letters, respectively. However, the decreases in the CMT were 117, 
117, and 129 μm for the monthly IVR group, monthly IVA group, and 
bimonthly IVA group, respectively, in the VIEW 1 study. These values 
were 139, 157, and 149 µm, respectively, in the VIEW 2 study [13].

A study by Gillies et al. [19] retrospectively analyzed one-year 
BCVA findings pertaining to treatment-naïve patients with nAMD 
who were followed up under the Fight Retinal Blindness database, 
and who received 197 injections of IVR and 197 injections of IVA. 
The BCVA of the patients who received the IVR injections increased 
from 58.6 to 62.3 letters at the end of one year, while the BCVA of the 
patients who received the IVA injections increased from 58.9 to 63.1 
letters (p>0.05). The annual averages of the injections were 8.1 and 8.0 
in the IVR and IVA groups, respectively (p>0.05). The number of visits 
was 9.6 and 9.5 in the IVR and IVA groups, respectively (p>0.05). There 
was a switch to the other intravitreal agent in 27 of the patients who 
initially received the IVR, and in 6 of the patients who initially received 
the IVA (p<0.05). However, as-needed, treat and extend and monthly 
injection methods were employed at the participating centers. The 
treatment methods used by 17 of the participating centers remained 
unknown. Three of the patients included in the study had one eye in 
the IVR group and one in the IVA group. Moreover, the OCT findings 
of the patients were not evaluated.

In the present study, the letter gain was found to be 5.93 letters in 
both groups. Since the as-needed treatment method was used in our 
protocol, our patients received 13 follow up visits. We are of the opinion 
that following up the patients at a single center, applying injections 
by the same method, conducting BCVA measurements by the same 
specialist, and checking the CMT using the same device produce 
more reliable results in terms of the real-life data. The 12-month 
measurement of the CMT in the IVR group revealed a decrease of 74.95 

Figure 2. Distribution of injection numbers of intravitreal ranibizumab (IVR) and 
intravitreal aflibercept (IVA) groups.

Figure 4. Changes in best corrected visual acuity (BCVA) of intravitreal ranibizumab 
(IVR) and intravitreal aflibercept (IVA) groups at one year.

Figure 3. Changes in central macular thickness of intravitreal ranibizumab (IVR) and 
intravitreal aflibercept (IVA) groups at one year.



Jun Z (2018) Corneal aberrations after small-incision lenticule extraction versus Q-value-guided laser-assisted in situ keratomileusis

New Front Ophthalmol, 2018         doi: 10.15761/NFO.1000196  Volume 4(2): 4-4

μm against the baseline measurements, whereas a decrease of 74.06 μm 
was determined in the IVA group. 

In another study that compared the IVR and IVA on the basis of as-
needed treatment, after an initial three monthly injections loading dose, 
the baseline and final BCVAs in the IVR group were 0.86 ± 0.45 and 
0.72 ± 0.56, respectively, with 0.73 ± 0.37 and 0.58 ± 0.41, respectively, 
in the IVA group (p>0.05). The average number of injections was 4.5 ± 
1.3 and 4.3 ± 0.9 in the IVR and IVA groups, respectively. In line with 
the responsible physician’s decision, the control visits were performed 
at intervals of 1 to 2 months [20].  As demonstrated by previous studies, 
in the case of the IVA injections, fluctuations in the CMT might be 
observed, albeit with BCVA improvement during the bimonthly visits 
[13,21,22]. In the present study, the average number of intravitreal 
injections was 7.38 and 7.35 in the IVR and IVA groups, respectively. 
We consider that the difference between the abovementioned study 
and ours in terms of the number of injections might have been caused 
by the irregular nature of the control visits, which led to late decisions 
to repeat injections.

Another study by Böhni et al. [23] was conducted on the basis of 
11 patients who received IVA injections and 16 patients who received 
IVR injections on an as-needed basis, with a follow up period of one 
year. The IVA group showed an improvement of 5.63 letters, whereas 
an improvement of 15 letters was discovered in the IVR group at the 
end of the study period. However, this difference was not considered 
to be statistically significant. A decrease in the CMT was found (78.45 
μm and 155.5 μm in the IVA and IVR groups, respectively); however, 
this difference was not considered to be statistically significant, either. 
The annual average number of injections was 8.49 in the IVA group 
and 8.28 in the IVR group. We believe that the differences between this 
study and ours in terms of the letter gain and CMT decrease might have 
been caused by the design of the study. The two groups, as classified by 
Böhni et al., had differences in terms of the baseline BCVA and CMT 
measurements (-10.3 letters and -140.36 μm, respectively).

The weaknesses of this study may be expressed as the relatively 
lower number of patients, shorter follow-up period, and its 
retrospective nature. In addition, the intravitreal injections were given 
on an as-needed basis after a three monthly injections loading dose. 
Thus, the patients were visited monthly, and no difference was found 
between the two groups in terms of the number of visits. However, the 
strengths of the present study include the following: every patient was 
visited on a monthly basis, the BCVA and OCT measurements were 
recorded every month, and all of the injections were implemented at 
a single center.

To conclude, in light of the real-life data obtained on the basis of 
1-year IVR and IVA injections under an as-needed regimen, 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. 
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