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Objective: The objective of this study is to assess the follow-up and treatment outcomes of eyes with wet age-related macular degeneration 
(wet AMD) for two years in a real-life clinical practice setting.

Methods: In total, 37 eyes of 37 patients with wet AMD treated with 0.5 mg of intravitreal ranibizumab as needed and with at least 2 years of 
follow-up were retrospectively evaluated. Analyses included best-corrected visual acuity (BCVA) and central foveal thickness measurements 
(CFT) by optical coherence tomography at baseline, sixth month, first year, and second year along with the number of injections and follow-up 
visits.

Results: A total of 37 eyes of 37 patients (23 women and 14 men) with a mean age of 74.6±7.9 years were evaluated in this study. The mean 
BCVAs were 58.1±26.7 letters at baseline, 59.9±29.3 letters at the sixth month, 58.8±28.9 letters at the first year, and 59.2±28.5 letters at the 
second year. No statistically significant difference in BCVA was detected among the scores at baseline, sixth month, first year, and second year 
(p=0.214, 0.791, and 0.945, respectively). The CFTs averaged 340.6±89.7 μm at baseline, 316.9±87.8 μm at the sixth month, 330.2±95.8 μm 
at the first year, and 323.4±97.2 μm at the second year. Only the CFT at sixth month showed a statistically significant improvement over the 
baseline value (p=0.031).

Conclusion: Considering the number of injections and follow-up visits, along with the course of outcomes in BCVA and CFT, our real-life outcomes 
remained far below the outcomes reported in pivotal randomized clinical trials. However, recent papers related to real-life performance in wet 
AMD show similar results to those of our study.
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Amaç: Kliniğimiz retina birimince takip edilen yaş tip yaşa bağlı maküla dejeransı (YBMD) hastalarının 2 yıllık gerçek yaşam takip ve tedavi 
parametrelerinin değerlendirilmesi.

Gereç ve Yöntem: Çalışma kriterlerine uygun şekilde takipte kalan ve intravitreal 0,5 mg ranibizumab tedavisi uygulanan yaş tip YBMD tanısı 
almış 37 hastanın 37 gözü retrospektif olarak değerlendirildi. Demografik özelliklerin yanında başlangıç, 6. ay, 1. yıl, 2. yıl en iyi düzeltilmiş görme 
keskinlikleri (EİDGK), optik kohorens tomografi (OKT) santral foveal kalınlık (SFK) değerlerindeki değişim ile 1. yılda ve 2. yılda gerçekleştirilebilmiş 
muayene ve enjeksiyon sayıları irdelendi.

Bulgular: Yirmi dördü kadın 14’ü erkek 37 hastanın yaş ortalaması 74,6±7,9 iken, görme keskinliği skoruna göre EİDGK sırası ile başlangıçta 
ortalama 58,1±26,7 harf, 6. ayda 59,9±29,3 harf, 1. yılda 58,8±28,9 harf, 2. yılda 59,2±28,5 harf olarak gerçekleşti. EİDGK başlangıç değerleri ile 
1. yıl, 2. yıl değerleri arasında istatiksel olarak anlamlı farklılık izlenmedi (p=0,791, p=0.945). OKT SFK değerleri ise sırası ile başlangıçta ortalama 
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INTRODUCTION
Age-related macular degeneration (AMD) is reported as 
the most common cause of legal blindness that affects 
10%-13% of adults aged above 65 years in North America, 
Europe, Australia and, recently, Asia (1,2). AMD imposes a 
crucial medical and socioeconomic burden on resources 
worldwide, and its incidence is expected to double by 
2020 because of the greater longevity, diversification of 
environmental risk factors, and, in particular, the negative 
effects of arteriosclerosis, obesity, and smoking (3-7).

AMD is classified in two subtypes: dry and wet (or 
neovascular). Dry AMD is more common, whereas 80% of 
the patients who experience severe visual loss suffer from 
wet AMD (8,9). Wet AMD is characterized by an abnormal 
growth of newly formed blood vessels by processes that 
are not fully understood; however, the stimulation of 
pathological choroidal neovascularization (CNV) appears to 
involve the vascular endothelial growth factor (VEGF) (10). 
VEGF blockade is an effective treatment in patients affected 
by neovascular AMD (11,12). 

CNV subtypes observed in wet-type AMD are characterized 
as type 1 (occult), type 2 (classical), type 3 (retinal 
angiomatous proliferation), and polypoid choroidal 
vasculopathy (PCV) lesions (13). The inhibition of VEGF-A has 
been reported to mitigate the pathophysiological process 
of AMD, reverse the retinal damage partially, and sustain 
the neurosensory function in most eyes with neovascular 
AMD (11,14). One potent inhibitor is ranibizumab (Lucentis, 
Novartis, Switzerland), which is a recombinant, humanized, 
and monoclonal VEGF antibody specifically developed for 
use in the eye. 

Ranibizumab enhances angiogenesis and vascular 
permeability by binding and inactivating all the isoforms 
of VEGF-A for suppressing the formation of CNV 
lesions (15,16). This drug has undergone multi-centered, 
randomized, and prospective trials for licensing, and these 
studies have reported similar responses or no statistically 
significant differences for monthly application, three 
consecutive loadings, and treat-as-needed or treat-extend 
protocols (12,17-19). However, a significant difference could 

be anticipated between the “achievable” results of real-
life practice and the “maximized” results of these previous 
trials conducted under ideal conditions.

In this context, the objective of this study is to present the 
anatomical and functional real-life outcomes of eyes with 
AMD upon treatment with a “treat-as-needed” regimen 
following three consecutive monthly loading doses [pro 
re nata (PRN)] during a two-year course of injections and 
follow-ups. 

METHODS
The study was conducted in accordance with the tenets of 
the Declaration of Helsinki and after receiving the approval 
of the The study were approved by the Bakırköy Dr. Sadi 
Konuk Training and Research Hospital of Local Ethics 
Committee (Protocol number: 2017/68). Informed consent 
was obtained from all individual participants included in the 
study.

The records of eyes with AMD treated with intravitreal 
ranibizumab between October 2013 and October 2016 and 
followed up for 24 months in our tertiary eye clinic were 
retrospectively reviewed in this study. Patients were enrolled 
if they had developed CNV because of AMD and had not 
been treated previously anywhere else. Only the eye with 
the lower visual acuity was selected in the cases of bilateral 
involvement. The eyes of patients aged under 50 years; 
eyes having any comorbidity such as diabetic retinopathy, 
retinal vein occlusion, inflammatory eye disease, or previous 
intraocular surgery other than cataract surgery; or eyes with 
optical media obscuring the visual axis were excluded 
from the study. In addition, eyes with suspicious possible 
distinctive diagnosis, such as high myopia, choroid rupture, 
and angioid streak that could lead to secondary CNV, were 
also excluded from this study. 

The best-corrected visual acuities (BCVAs) of the eyes were 
converted to the Early Treatment Diabetic Retinopathy Study 
(ETDRS) letter scores. Intraocular pressure measurements, 
biomicroscopic anterior segment examination findings, 
and dilated fundus findings of all eyes were reviewed and 
entered onto data forms. 

340,6±89,7 μm, 6. ayda 316,9±87,8 μm, 1. yılda 330,2±9,8 μm, 2. yılda 323,4±97,2 μm olarak seyretti. OKT SFK değerlerinde 6. aydaki SFK 
değeri başlangıç değerine göre anlamlı ölçüde azalmış (p=0,031) olmakla beraber; 1. ve 2. yıllardaki SFK değerleri başlangıç değerlerine göre 
anlamlı bulunmamıştır (p=0,594, p=0,233).

Sonuç: Kliniğimiz retina birimince takip/tedavi edilen gözlere uygulanan enjenksiyon sayısı ve muayene sayısı konu ile ilgili rehber niteliği taşıyan 
çok merkezli randomize çalışmalarda bildirilen rakamlardan düşük olarak izlenmektedir. Buna karşılık gerçek yaşam pratiğinde tedavi ve takip 
performansı ile 2 yıllık süreçte başlangıç görme düzeyleri ve OKT parametrelerinin en azından korunmuş olduğu görülmektedir. Bu sonuç, benzer 
gerçek yaşam çalışmaları ile uyumludur.

Anahtar Kelimeler: Yaş tip YBMD, ranibizumab, PRN, gerçek yaşam sonuçları



117

Onur et al. Real-Life Outcomes in Wet AMD

Central foveal thickness (CFT) measurements obtained by 
the optical coherence tomography (OCT) (RTVue Optovue 
Inc., Fremont, California, USA) MM5 protocol were assessed. 
Importantly, the CNV subtypes were identified according 
to fundus fluorescein angiography (FFA) and OCT (Raster 
scans) images.

In our practice, 0.5 mg/0.05 mL of intravitreal ranibizumab 
(Lucentis, Novartis, Switzerland) was injected following 
oral/written consent before each session. Patients were 
treated with a PRN regimen following three loading doses 
administered one month apart. If stabilization was not 
achieved, then the ranibizumab injection was repeated 
monthly in the cases with a visual acuity reduction of five 
letters or more, the persistence of intraretinal or subretinal 
fluid on OCT, or the detection of an increase in macular 
thickness or hemorrhage. The patients were strictly 
instructed to come to treatment sessions and follow-ups at 
intervals not exceeding 4-6 weeks.

The data for the eyes followed up for two years after 
three consecutive loading doses and the PRN regime 
were assessed. In addition to the anatomic-functional 
parameters, such as at baseline, sixth month (±1 month), 
first year (±2 months), and second year (±2 months) BCVA 
and CFT, other performance parameters obtained in real-
life conditions, such as the time from the first visit to the FFA 
imaging, the time from the diagnosis/treatment decision to 
the first intravitreal injection, the completion time of the first 
three loading doses, the total number of injections, and the 
total number of follow-up examinations achieved were also 
considered. The mean, standard deviation, median, lowest 
and highest values, frequencies, and ratios were used in 
the descriptive statistics of the data. The distribution of 
variables was evaluated with the Kolmogorov-Smirnov test, 
followed by the Wilcoxon test for analyzing the dependent 
quantitative data. A value of p<0.05 was considered 
statistically significant.

Statistical Analyses
The SPSS 22.0 (SPSS Inc. Chicago, USA) software was used 
in the analysis.

RESULTS
Data were evaluated from the 37 eyes of 37 patients with wet 
AMD who received ranibizumab injections and remained on 
regular follow-ups for 2 years between October 2013 and 
October 2016. Of the 37 patients, 14 (38%) were males and 
23 (62%) were females. The mean age was 74.6±7.9 years. 
The CNV subtypes comprised type 1 lesions in 21 eyes (57%), 
type 2 lesions in 11 eyes (30%), type 3 lesions in 3 eyes (8%), 

and PCV (5%) in 2 eyes. The mean duration between the 
patients’ first examinations to FFA imaging was 40.5±64.1 
days (0-283). The consecutive and monthly administration of 
the first three loading doses per protocol were completed in 
a mean of 18.8±12.5 weeks. During the course of follow-ups, 
a mean of 3.3±1.5 injections were administered at the end 
of the first year and 5.0±2.5 injections were administered 
at the end of the second year. The first three loading dose 
targets per protocol could not be reached in eight patients 
at the end of the first year, and that number dropped to two 
patients at the end of the second year. The mean number of 
visits at the end of the first and second years were 5.9±2.2 
and 12.5±7.4, respectively.

The ETDRS letter scoring indicated a mean BCVA of 
58.1±26.7 letters before the injection, 59.9±29.3 letters at 
the sixth month after treatment, 58.8±28.9 letters at the first 
year, and 59.2±28.5 letters at the end of the second year. 
The mean BCVA did not differ significantly from baseline 
to the scores at the sixth month, first year, and second year 
(p=0.214, 0.791, and 0.945). Table 1 summarizes the changes 
in BCVA.

In total, 9 eyes (24%) lost 15 letters or more in the first year 
and 13 (35%) lost 15 letters or more in the second year. 
Moreover, 8 eyes (21%) gained 15 letters or more in the first 
year and 10 (27%) gained 15 letters or more in the second 
year.

The OCT measurements indicated a mean CFT of 
340.6±89.7 μm at baseline before treatment, 316.9±87.8 
μm at the sixth month after treatment, 330.2±95.8 μm at the 
first year, and 323.4±97.2 μm at the second year. The only 
significant decrease in CFT as compared to the baseline 
was observed at 6 months (p=0.031). In the first and second 
years, the reductions in SFT were not statistically significant 
as compared to the baseline level (p=0.594, 0.233). Table 2 
summarizes the changes in the CFT over time.

DISCUSSION
The widespread use of ranibizumab in routine clinical 
practice has raised concerns regarding the efficacy that can 

Table 1. Changes in BCVA (ETDRS Letters)

 Q1-Q3 Med Mean ± SD p

Baseline 43-80 65 58.1±26.7

Sixth month 35-87 59 59.9±29.3 0.214w

First year 35-89 59 58.8±28.9 0.791w

Second year 35-85 59 59.2±28.5 0.945w

 wWilcoxon test, Med: Median, SD: standard deviation, Q1, Q3: quartile 1, 
quartile 3, BCVA: Best-corrected visual acuity
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be achieved in real-life practice. In recent years, a number 
of studies have shown that the results obtained with 
ranibizumab in clinical practice do not correspond well with 
the results reported in company-sponsored multi-centered, 
randomized phase 3 clinical trials (20,21) For example, the 
Kaiser et al. (17) and Brown et al. (12)  studies, which used 
fixed monthly treatment regimens, reported the gains of 
+6.6 and +10.7 letters, respectively, as compared to the 
baseline at the end of 2 years. The Ho et al. (22)  study, which 
applied three consecutive monthly loading doses plus 
a PRN regimen, reported the gains of +7.9 letters after 2 
years and this result was similar to the results obtained with 
a fixed monthly treatment regimen. The comparison of a 
fixed monthly treatment regimen with one comprising three 
consecutive monthly loading doses plus PRN regimen itself 
in the CATT (23) and HARBOR studies revealed a difference 
of +1.2 letters in favor of the monthly regimen after 2 years, 
but the difference was not statistically significant.

By contrast, significant differences were reported for the 
results of the multi-centered Lalwani et al. (18)  and Ho et 
al. (22)  randomized trials that adopted the PRN treatment 
regimen, in agreement with the results of our real-life clinical 
practice values obtained at the end of the second year after 
providing the same treatment regimen to 37 patients. The 
comparison of the pre-treatment baseline results and the 
results at the end of the first year in the Lalwani et al. (18)  
and Ho et al. (22)  studies revealed a mean letter gain in 
the BCVA of +11.1 letters and +8.2 letters, respectively. By 
contrast, in our study, this difference was only + 0.7 letters. 
At the end of the second year, the letter gains in the Lalwani 
et al. (18)  and Ho et al. (22)  studies were +9.3 and +7.9 
letters, respectively, whereas this number was +1.1 letters 
in our study.

The Lalwani et al. (18)  and Ho et al. (22)  trials reported 
the rates of 35% and 30.2% for cases that gained 15 letters 
and above in BCVA in the first year, whereas that rate was 
21.6% in our study. Similarly, in the second year, the number 
of cases that gained 15 letters or more were 43% and 
33.1% in the Lalwani et al. (18)  and Ho et al. (22)  studies, 
respectively, whereas it was 27% in our study. In the first year, 

the prevention of the loss of more than 15 letters in BCVA 
was 95% and 94.5% in the Lalwani et al. (18)  and Ho et al. 
(22)  trials, respectively, but only 75.6% in our study. In the 
second year, these values were 97.5% and 90.9% for the 
Lalwani et al. (18)  and Ho et al. (22)  studies, respectively, 
but it was only 64.8% in our study.

The comparison of the pre-treatment baseline values in OCT/
CFT measurements revealed a significant decrease only in 
the sixth month in our study, with no significant decreases 
below baseline in the OCT/CFT measurements performed 
in the first and second years. However, the Lalwani et al. (18)  
and Ho et al. (22)  studies reported decreases in SFT of 215 
μm and 172 μm, respectively, in the second year.

The examination of the number of injections that could 
be performed in our study identified eight patients for 
whom the first three consecutive loading doses could not 
be completed in the first year; this number dropped to 
two patients in the second year. In our study, a mean of 3.3 
injections were performed in the first year and a mean of 
5.0 at the end the second year. By contrast, the reported 
average number of injections for the first year in the multi-
centered, randomized Lalwani et al. (18)  and Ho et al. (22)  
trials, which used the same treatment regimen as in our 
study, were 5.6 and 7.7, respectively, in the first year and 9.9 
and 13.3, respectively, in the second year. The Lalwani et 
al. (18)  and Ho et al. (22)  studies requested strict monthly 
follow-ups, even if no injections were administered. We 
achieved a mean of 5.9 visits in the first year and 12.5 visits 
in the second year in our study.

The accumulation of clinical practice studies reporting the 
outcomes of ranibizumab treatments for wet AMD is now 
revealing gaps between the results reported in the multi-
centered, randomized licensing trials and those obtained in 
the real-life studies. For example, the observational phase 
4 Kaiser et al. (17)  study, which evaluated the application 
of ranibizumab in clinical practice, reported an average 
letter loss of -1.3, whereas the mean number of injections 
was 6.2 (4.4 in the first year) at the end of the second year. 
In the series by Özkan et al. (24) in which they adopted a 
PRN protocol with two years of follow-up, the final level of 
vision was reported to be same as the initial baseline level, 
whereas the average number of injections was 5.8 (first year). 
The series by Chavan et al. (25) conducted according to the 
UK-based PRN dosing regimen, reported a mean letter loss 
of -2.3 letters at the end of the second year with a mean 
number of 9.9 injections. Another study by Frennesson and 
Nilsson (26) conducted according to the Swedish-based 
PRN dosing regimen, reported an average letter gain of +1 
letter at the end of the second year, whereas the average 

Table 2. Changes in CFT (μm)

 Q1-Q3 Med Mean±SD p

Baseline 296-377 340 340.6±89.7

Sixth Month 264-348 301 316.9±87.8 0.031w

First Year 266-389 299 330.2±95.8 0.594w

Second Year 258-357 309 323.4±97.2 0.233w

 w Wilcoxon test, CFT: Central foveal thickness, Med: Median, SD: Standard 
deviation, Q1, Q3: quartile 1, quartile 3
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number of injections was 7.9. A meta-analysis of 20 studies 
examined by Chong (20) reported a first year letter gain 
ranging from 2.0 to +5.5 and a weighted mean gain of +1.95 
letters for the real-life results of ranibizumab application in 
wet AMD. At the end of the first year, the rate of cases that 
gained 15 or more letters was 19±7.5%, whereas the rate 
of cases that lost 15 or fewer letters was 89±6.5% (74.4%-
97.4%) (20). The number of injections varied between 4.2 
and 7.5 at the end of the first year, with a mean value of 
5.5±0.8 (20).

The comparison of the number of injections and vision 
outcomes of this retrospective two-year real-life study 
with the results reported by the company-sponsored, 
multi-centered, and randomized trials reveal a significant 
difference. However, this difference is no longer significant 
when the results are compared with the results of similar 
real-life studies. In real-life studies, other parameters that 
influence the performance and outcomes can have pivotal 
roles; these can include the quality and performance of 
the health care providers and third parties, the quality of 
patient-physician communication, and the sociocultural 
features of the patients. In our study, the time from the first 
visit to FFA was clearly so long that it might have retarded 
the time to start the injections. However, FFA and OCT 
evaluations are prerequisites for the reimbursement process 
by our social security institution (SGK). Increasing patient 
loads, insufficient hospital conditions, and insufficient staff 
may also have negative effects on access to regular follow-
up visits, thereby reducing the number of injections. The 
preferences of the physicians or patients and the course 
of the disease dictate the flexibility in the protocols. 
However, similar problems are foreseen in all countries and 
institutions.

The main limitations of this study are its retrospective 
design, the inclusion of lower baseline BCVA scored eyes as 
finger counting, and a small number of patients. These all 
may explain why the results of our study were persistently 
lower than the values reported in company-sponsored, 
multi-centered trials. In addition, a number of patients 
dropped out of the study during treatment and follow-ups 
from the FFA stage. 

Regardless of the current follow-up and treatment protocols, 
the treatment follow-up cycle places a serious financial 
and moral burden on the patients. When the expression 
“real-life results” is defined in a broader sense to cover all 
patients unable to continue treatment and follow-ups, the 
outcomes are likely to show a greater underperformance 
than anticipated.

CONCLUSION 
In summary, an increase in the number of studies reporting 
“real-life” results by relevant clinics and physicians for the 
treatment of wet AMD would enable the exposure of the 
achievable treatment and follow-up performance related 
to this disease. The consideration of real-life results could 
also force the pharmaceutical industry to expedite its work 
in developing new drug formulations that require fewer 
injections. Alternatively, the development of customized 
treatment and follow-up protocols may be possible that 
consider AMD risk factors, such as the characteristics and 
course of CNV lesions on the diseased eye, the involvement 
of fellow eye, and so on. This would allow fewer follow-
up visits and injections in low-risk eyes and more frequent 
follow-ups and injections in high-risk eyes, along with an 
increased patient motivation.
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