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Purpose: Real-world evidence on short-term outcomes of ranibizumab in wet age-related macular degeneration (wAMD) following 
inadequate response to aflibercept is scarce. This study aimed to evaluate the functional and anatomic effects of switching to 
ranibizumab in cases of wAMD previously treated with aflibercept with inadequate response.
Patients and Methods: Prospective, observational study performed in eight ophthalmology hospital/private clinics in Greece, 
enrolling consented patients with active wAMD, ≥50 years-old, who had initiated ranibizumab ≥28 days and <2 months after their last 
aflibercept injection. Data were collected at enrollment, and at 1, 3 and 6 months post-treatment onset (post-baseline).
Results: Between September-2015 and November-2017, 103 eligible patients (56.3% females; mean age: 74.8±8.6 years) were 
consecutively enrolled. The age at AMD diagnosis in the study eye was 71.3±8.8 years. Aflibercept (median of 5 injections received 
over 11.3 months) had been discontinued for anatomical (in 69.9%) and/or functional (38.8%) reasons. At baseline (median: 24.3 
months after wAMD diagnosis), choroidal neovascularization was occult in 69.1% of evaluable study eyes; 60.2% of the study eyes 
had pigment epithelial detachment (PED); 42.7% cysts; 21.4% fibrosis; 66.0% subretinal, and 59.2% intraretinal fluid. At 6 months 
post-baseline: a median of 3 ranibizumab injections (range: 1–6) had been received; the best-corrected visual acuity (BCVA)≥0 letter 
gain rate was 81.8%; the BCVA ≥15 letter gain rate was 17.0%; BCVA gain was 3.2 letters [mean increase: 3.2±10.0 letters; median: 
0.0; p = 0.002]; PED greatest basal diameter (GBD; median: 1470.5 μm) also decreased (median decrease: 114.0 μm; p = 0.019). 
Baseline central retinal thickness (CRT; median: 312.0 μm) remained unchanged. One patient permanently discontinued ranibizumab 
due to adverse event occurrence, assessed as not causally related to ranibizumab. There were no ranibizumab-related adverse reactions.
Conclusion: Six-month treatment with ranibizumab in aflibercept inadequate responders led to visual acuity and PED GBD 
improvements, with no statistically significant CRT change.
Keywords: best corrected visual acuity, central retinal thickness, pigment epithelial detachment

Introduction
Age-related macular degeneration (AMD) is a progressive, degenerative disease of the retina, and a leading cause of vision 
loss worldwide.1 It is estimated that in 2020, 196 million people worldwide will be suffering from AMD, with this figure rising 
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to 288 million by 2040.2 Neovascular or wet AMD (wAMD) accounts for 10% of all AMD cases; nevertheless, it contributes 
to 90% of all severe vision loss cases associated with AMD.3 wAMD is characterized by choroidal neovascularization (CNV), 
ie, growth of abnormal blood vessels from the choroid layer into the subretinal space.4

Vascular endothelial growth factor (VEGF) plays a pivotal role in the pathogenesis of CNV. As a result, the 
introduction of anti-VEGF agents for the treatment of wAMD has drastically altered the standard of care in retinal 
medicine, substantially lowering the rates of legal blindness and visual impairment.5,6 Four anti-VEGF agents have been 
evaluated for the treatment of wAMD: pegaptanib, bevacizumab, ranibizumab, and aflibercept, of which ranibizumab and 
aflibercept are those most commonly used in routine care.7,8

The clinical efficacy and safety profile of ranibizumab in the treatment of subfoveal wAMD were established in two 
randomized clinical trials, ANCHOR and MARINA,9,10 and further validated in long-term studies11–13 and a 1-year 
retrospective analysis of real-world data from four European registries.14 Real-world evidence on the effectiveness of 
ranibizumab in the treatment of wAMD mainly stems from reports in treatment-naïve patients.15 However, reports in 
patients who have switched from another anti-VEGF are also needed, since due to the observed inadequate response of 
some patients to anti-VEGF agents or to their acquired resistance to treatment, following an initial good response, 
switching between agents has become common place in routine care. Despite the wealth of studies in eyes switched from 
ranibizumab to aflibercept,16–23 reports on patients who switched from aflibercept to ranibizumab are rather limited,24–27 

mainly including retrospective studies involving eyes that were switched back to ranibizumab following inadequate 
response to aflibercept.28–30

In light of the above, this non-interventional, prospective study mainly aimed to provide real-world data on the six- 
month effects of ranibizumab on anatomical and visual acuity outcomes in eyes with active neovascular AMD, that were 
previously treated with aflibercept and showed inadequate response, in a representative sample of patients treated in the 
routine care of Greece.

Materials and Methods
Study Design, Setting, and Population
This was a multicenter, observational, 6-month prospective study conducted by retina specialists practicing in hospitals/ 
private clinics in Greece. The study was performed in accordance with the Guidelines for Good Pharmacoepidemiology 
Practice of the International Society for Pharmacoepidemiology, the ethical principles laid down in the Declaration of 
Helsinki, and all applicable national regulatory requirements. The study protocol and informed consent form were 
approved by the Institutional Review Boards of the participating hospital sites before the enrollment of any patient in the 
study and performance of any study-related procedures. Signed written informed consent was obtained from all patients.

The study included male and female patients aged ≥50 years with active CNV secondary to AMD in the study eye 
and an inadequate response (according to the physician’s judgment) to aflibercept, after at least one injection prior to 
switching to ranibizumab. The reason(s) for aflibercept discontinuation were anatomical and/or functional; aflibercept 
could not have been discontinued for safety reasons, in order for the patient to be included in the study. The last 
aflibercept injection was received between 28 days and 2 months prior to ranibizumab treatment onset. Patients were 
required to have available optical coherence tomography (OCT) and visual acuity assessments in the study eye during the 
period elapsed between the last injection of aflibercept and the first injection of ranibizumab. Patients were treated with 
ranibizumab (Lucentis®) according to the summary of product characteristics. The decision to prescribe ranibizumab was 
taken prior to the patients’ enrollment and was separated from the physician’s decision to include the patient in the study. 
If both eyes were eligible, the eye with the greater central retinal thickness (CRT) at ranibizumab treatment onset 
(baseline) was selected for entry into the study. Patients were excluded from study participation if they had initiated 
treatment with ranibizumab more than 28 days prior to enrollment as well as in case they had received concurrent 
treatment with any investigational drug/device/intervention in either eye for any ocular condition. Data were collected 
using a web-based data capture system during four visits: at study enrollment and at approximately 1, 3, and 6 months 
post-baseline. A diagram of the study design is shown in Figure 1A.
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Study Objectives and Outcomes
The study’s primary objective was to evaluate anatomical improvements after six months of treatment with ranibizumab 
in patients with an inadequate response to aflibercept. The relevant outcomes were the mean change in CRT (μm) and 
pigment epithelial detachment (PED) dimensions [maximal PED height (MH, μm) and greatest basal diameter (GBD, 
μm)] from baseline at 6 months post-baseline. Secondary outcomes included changes in CRT and PED dimensions at 

Patients enrolled
N=104
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N=1

Patients eligible
N=103

Patients who completed 
the 6-month study follow-up

N=97

Patients who prematurely 
discontinued study participation

N=6
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adverse event occurrence (N=1)

•Patient’s relocation (N=1)
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Figure 1 (A) Study design. (B) Study patient flow chart displaying number of patients enrolled, eligible and who completed study participation. Adverse event occurrence 
corresponds to deterioration of macular edema and increase of intraretinal fluid.
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1 and 3 months post-baseline, and changes in BCVA measurements from baseline at 1, 3 and 6 months post-baseline, 
including the percentages of patients with a gain of ≥15 letters, loss or gain of <15 letters and loss of ≥15 letters at 6 
months post-baseline; the number of ranibizumab injections over the 6-month study observation period; and the 
incidence of ocular and systemic adverse events over the 6-month study observation period.

Assessments
OCT was used for measuring CRT (μm) and PED MH (μm) and GBD (μm). Early Treatment Diabetic Retinopathy Study 
(ETDRS) charts and Snellen charts were used to assess the BCVA, according to the physicians’ routine practice. Snellen 
scores were converted to ETDRS scores using the following formula: ETDRS = 85 + 50 x log (Snellen fraction).31 

Physicians were strongly encouraged to use the same rater and same OCT instrument and visual acuity charts for all 
study-related measurements throughout the study to avoid inter-instrument and inter-rater variability.

Statistical Analysis
The normality of distribution of continuous variables was assessed using the Shapiro–Wilk test. The statistical significance of 
changes of CRT, PED dimensions and BCVA between baseline and post-baseline timepoints was evaluated using the 
Wilcoxon signed-rank test. Due to the large number of missing/non-evaluable observations (>20%) in regard to the study’s 
primary endpoint, the Last Observation Carried Forward (LOCF) imputation method has been applied. More specifically, in 
case of a missing CRT, PED MH and PED GBD measurements at 6 months (± 3 weeks) among patients with at least one post- 
baseline assessment, the last recorded CRT/PED measurement prior to 6 months has been carried forward. The impact of 
various patient, disease, and treatment characteristics on CRT changes between baseline and the 6-month post-baseline 
timepoint was examined using multivariable linear regression analysis. The final multivariable model was selected using 
a stepwise method based on the minimization of the Akaike information criterion. All statistical tests were two-sided and 
performed at a 0.05 significance level. Statistical analyses were performed using SAS® statistical analysis software (v.9.4; 
SAS Institute, Cary, NC).

Sample Size Estimation
In light of the heterogeneity of CRT changes (study’s primary outcome) among studies in patients with wAMD switching 
between different anti-VEGF therapies,32–37 the highest reported SD of the change in CRT (SD: 93 μm), and the smallest 
reported mean change (−27 μm) were used for sample size calculation. Accordingly, 96 to 130 evaluable patients were 
estimated to be required to detect a mean CRT change of 27.0 μm, with an SD of 93.0, at a power ranging from 80% to 
90%, respectively, using a paired t-test with a 0.05 two-sided significance level. Furthermore, this sample was considered 
sufficient to estimate an adequately powered change in PED dimensions (study’s co-primary endpoint) based on 
published data; in particular, assuming the lowest reported change of 46 μm with an SD of 87.0 μm,18,33,35,38 31 to 40 
patients are required to detect the aforementioned difference with a power ranging from 80% to 90%. Therefore, the 
study originally sought to enroll a minimum of 96 evaluable patients. Nonetheless, a total of 72 patients were finally 
evaluable for the study primary endpoint of change in CRT (restricting the initially assumed power), while the target 
sample size of 31–40 patients was met for the co-primary endpoint.

Results
Patient Disposition
Between 09-September-2015 and 30-November-2017, a total of 103 eligible patients were enrolled in the study by eight 
ophthalmology hospital and private clinics located in four of the 13 administrative regions in Greece; 71.8% of the 
patients were enrolled by five clinics in Attica. The median [interquartile range (IQR)] duration of follow-up was 5.8 
(5.6, 6.1) months, with 97 patients attending the 6-month visit and six patients withdrawing (Figure 1B) after a mean 
(standard deviation; SD) period of 3.4 (2.9) months post-enrollment.
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Patients’ Characteristics at Enrollment
At enrollment, the patients’ mean age was 74.8 years, and 97.1% had at least one medical condition/surgery/comorbidity. 
The patients’ characteristics at enrollment and the medical conditions/surgeries/comorbidities reported for ≥10% of the 
patients are presented in Table 1.

Table 1 Patient and Disease Characteristics at Enrollment

Patient Characteristics

Sex (N=103), n (%)
Female 58 (56.3)

Race (N=103), n (%)
Caucasian 103 (100.0)

Residence (N=103), n (%)
Urban 93 (90.3)

Age (N=103), mean (SD), years 74.8 (8.6)

Age category (N=103), n (%)
>65 years 89 (86.4)

BMI (N=103), median (IQR), kg/m2 26.8 (24.7, 29.4)

BMI category (N=103), n (%)
Normal (18.5≤ BMI <25 kg/m2) 32 (31.1)

Overweight (25≤ BMI <30 kg/m2) 52 (50.5)

Obese (BMI ≥30 kg/m2) 19 (18.4)

Smoking status (N=103), n (%)
Never smoker 51 (49.5)
Current smoker 27 (26.2)

Former smoker 20 (19.4)

Occasional smoker 5 (4.9)

AMD characteristics

Study eye of active CNV secondary to AMDa (N=103), n (%)
Left 60 (58.3)

Age at AMD diagnosis in the study eye (N=103), mean (SD), years 71.3 (8.8)

Age at active neovascular AMD diagnosis in the study eye (N=103), mean (SD), years 72.2 (8.8)

CNV lesion location in the study eye at baseline (N=98), n (%)
Subfoveal 85 (86.7)

Juxtafoveal 10 (10.2)

Extrafoveal 3 (3.1)

CNV subtype in the study eye at baseline (N=94), n (%)
Occult 65 (69.1)

Classic 29 (30.9)

OCT findings in the study eye at baseline (N=103), n (%)
Subretinal fluid 68 (66.0)

PED 62 (60.2)
Intraretinal fluid 61 (59.2)

Cysts 44 (42.7)

Fibrosis 22 (21.4)
Hemorrhage 6 (5.8)

(Continued)
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wAMD Diagnosis and Treatment
Patients had been diagnosed with AMD in the study eye at a mean (SD) age of 71.3 (8.8) years. At baseline, occult CNV 
was reported for 69.1% (65/94) of the evaluable study eyes. In addition, 60.2% (62/103) of the study eyes had PED, with 
a median (IQR) MH and GBD of 262.5 (149.0, 408.0) μm and 1470.5 (918.0, 2977.0) μm, respectively. The baseline 
median (IQR) BCVA (ETDRS) was 50.0 (35.0, 65.0) letters (assessed by Snellen charts), while the median (IQR) CRT 
was 312.0 (251.0, 401.0) μm [assessed with a spectral-domain OCT in 98.1% of the cases]. Based on baseline OCT, 
subretinal fluid was present in 66.0% of the study eyes, intraretinal fluid in 59.2%, cysts in 42.7%, fibrosis in 21.4%, and 
hemorrhage in 5.8% (Table 1).

The immediately prior aflibercept treatment had been initiated a median of 6.3 months after wAMD diagnosis and 
discontinued a median of 49.0 days prior to ranibizumab onset, with a median (IQR) of 5 (3, 7) aflibercept injections 
received over a median period of 11.3 months (Table 2). The reasons for aflibercept discontinuation were exclusively 
anatomical in 61.2%, exclusively functional in 30.1%, and both anatomical and functional in 8.7% of the study eyes.

In addition, 55.3% of the patients had received prior treatment in the study eye other than the immediately prior aflibercept, 
including anti-VEGF therapy in 53.4% and photodynamic therapy in 13.6% (Table 2). Ranibizumab had been previously 
received in the study eyes of 51 (49.5%) patients (Table 2); treatment had been discontinued due to lack of efficacy in 35 cases, 
treatment completion in 14 cases, and disease relapse in two cases. Aflibercept had been administered a second time in the past 
in the study eye of one patient (1.0%) (Table 2), and had been discontinued due to disease relapse.

Ranibizumab was initiated a median of 24.3 months after wAMD diagnosis in the study eye, with all patients having 
received their first ranibizumab injection prior to (N = 19) or on the day of enrollment (N = 84). A median of 3 injections 
were received during the course of the study. In particular, 28.2% received <3 injections, 24.3% received 3, 26.2% received 
4, and 21.4% received 5 or 6 injections. At the end of the study observation period, treatment with ranibizumab had been 
permanently discontinued in a single case due to deterioration of macular edema and increase of intraretinal fluid. 
Physicians ranked the ease of ranibizumab administration as “much better” or “better” than that of aflibercept for 58.3% 
of the patients, as “similar” in 38.8%, and as “worse” in 2.9%. Patients treated with ranibizumab using pre-filled syringe had 
higher rankings for much better/better ease of administration (Table 2). During the course of the study, only one patient 
received concomitant treatment for wAMD in the study eye, which consisted of a single course of photodynamic therapy.

Effects of Ranibizumab Treatment on CRT and PED Dimensions
At baseline, 47.2% (34/72) of the study eyes with paired baseline and 6-month post-baseline assessments had CRT 
<300 μm. This proportion was 45.8% (33/72) at 6 months post-baseline, while 15.3% (11/72) of the study eyes shifted 

Table 1 (Continued). 

Patient Characteristics

Medical conditions/surgeries/comorbidities (other than AMD in the study eye) at enrolment

At least one medical condition/surgery/comorbidity (N=103), n (%) 100 (97.1)

Past or ongoing medical conditions, surgeries, comorbidities in ≥10% of the patients (N=103), 
n (%)

Hypertension 79 (76.7)

Dyslipidemia 56 (54.4)

Cataract 52 (50.5)
AMD in the fellow eye 22 (21.4)

Diabetes mellitus 21 (20.4)

Thyroid disorders 17 (16.5)

Notes: aActive CNV secondary to AMD was reported in both eyes for 10 patients. In these cases, the eye with the greater central retinal thickness at 
baseline was entered in the study. 
Abbreviations: AMD, age-related macular disease; BMI, body mass index; CNV, choroidal neovascularization; IQR, interquartile range; SD, standard 
deviation.
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from CRT ≥300 μm at baseline to CRT <300 μm at 6 months post-baseline. Baseline CRT did not statistically 
significantly change at any of the post-baseline timepoints based on as-observed data (Tables 3 and 4). Similarly, no 
statistically significant change at 6 months post-baseline was noted when applying the LOCF imputation method 
(Table 4).

Among evaluable study eyes with PED at baseline and with paired baseline and 6-month post-baseline assessments 
(N = 43), the baseline PED MH did not significantly change at any post-baseline timepoint based on as-observed data 
(Tables 3 and 4). However, using LOCF a statistically significant median decrease of 21.0 μm (p = 0.007) was observed 
at 6 months post-baseline (Table 4). In addition, a statistically significant decrease in GBD was noted at 3 months 
(median decrease: 82.0 μm, p < 0.001; Table 3) and at 6 months (median decrease: 114.0 μm, p = 0.019; Table 4) post- 
baseline based on as-observed data. A significant decrease (median: 143.0 μm, p = 0.002; Table 4) was also observed at 6 
months using LOCF.

Table 2 Prior Medications for AMD Management in the Study Eye

Prior Medications for AMD Management in the Study Eye

Any prior therapy excluding immediately prior aflibercept (N=103), n (%) 57 (55.3)
Prior VEGF therapy excluding immediately prior aflibercept 55 (53.4)

Ranibizumab 51 (49.5)

Bevacizumab 7 (6.8)
Aflibercept 1 (1.0)

Prior photodynamic therapy 14 (13.6)

Number of anti-VEGF courses including immediately prior aflibercept administered prior to study 
treatment with ranibizumab (N=103), n (%)

One prior anti-VEGF course (ie only the immediately prior aflibercept) 48 (46.6)

Two prior anti-VEGF courses 51 (49.5)

Three prior anti-VEGF courses 4 (3.9)

Immediately prior aflibercept treatment (N=103), n (%) 103 (100.0)

Treatment duration, median (IQR), months 11.3 (3.0, 22.2)
Number of injections received, median (IQR) 5 (3–7)

Reasons for aflibercept discontinuation
Anatomical 63 (61.2)
Functional 31 (30.1)

Anatomical & functional 9 (8.7)

Time from aflibercept discontinuation to ranibizumab onset, median (IQR), days 49.0 (36.0, 56.0)

Current treatment with ranibizumab

Age at treatment onset (N=103), mean (SD), years 74.8 (8.6)

Time from AMD diagnosis to ranibizumab onset (N=103), median (IQR), months 24.3 (10.9, 45.4)

Number of injections received (N=103), median (IQR) 3 (2–4)

Physician-assessed ease of ranibizumab administration compared to aflibercept administration (N=103), 
n (%)

Much better/better 60 (58.3)

Patients treated with prefilled syringe only (N=47), n (%) 46 (97.9)

Patients treated with vial only (N=46), n (%) 7 (15.2)
Patients treated with prefilled syringe or vial (N=10), n (%) 7 (70.0)

Patients who received the first 3 injections with 25–40 day dosing intervals (in patients who received ≥3 
injections, N=74), n (%)

15 (20.3)

Abbreviations: AMD, age-related macular disease; IQR, interquartile range; SD, standard deviation; VEGF, vascular endothelial growth factor.
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Effects of Ranibizumab Treatment on BCVA
Among study eyes with paired BCVA assessments, statistically significant visual acuity gains from baseline were demon
strated at all post-baseline timepoints. In particular, the mean (SD) BCVA increased from 50.4 (15.2) letters at baseline to 52.9 
(15.5) letters at 1 month (p = 0.002); from 52.3 (15.4) letters at baseline to 55.6 (15.7) letters at 3 months (p < 0.001); and from 
52.0 (15.2) letters at baseline to 55.2 (16.2) letters at 6 months (p = 0.002) (Figure 2A). Moreover, at 6 months post-baseline, 
81.8% (72/88) of the study eyes had a stable or improved ETDRS letter score (≥0-letter gain), while visual acuity gains of ≥15 
letters from baseline was achieved by 17.0% (15/88) of the evaluable study eyes (Figure 2B).

Table 3 Changes in Anatomical Measures at One Month and Three Months Post-Ranibizumab Treatment 
Onset in Study Eyes with Available Paired Assessments

One-Month as-Observed Paired Data Three-Month as-Observed Paired Data

n Median IQR p-valuea n Median IQR p-valuea

Central retinal thickness (μm)

Baseline 50 285.5 236.0, 395.0 66 288.5 250.0, 349.0

Post-baseline 50 287.0 248.0, 353.0 66 301.5 259.0, 380.0
Change 50 −3.0 −47.0, 16.0 0.304 66 6.5 −36.0, 58.0 0.396

PED greatest basal diameter (μm)

Baseline 30 2719.5 1306.0, 3263.0 44 2578.0 1186.5, 3223.5

Post-baseline 30 2530.0 1628.0, 3291.0 44 2542.0 1030.0, 3106.5
Change 30 −23.5 −310.0, 93.0 0.157 44 −82.0 −325.5, 3.0 <0.001

PED maximal height (μm)

Baseline 30 226.5 145.0, 403.0 44 218.5 147.0, 353.5

Post-baseline 30 229.0 145.0, 341.0 44 198.0 143.0, 340.5
Change 30 −7.0 −91.0, 11.0 0.058 44 −5.5 −43.0, 25.5 0.257

Notes: a Wilcoxon signed-rank test, p < 0.05 denotes statistical significance. 
Abbreviations: IQR, interquartile range; PED, pigment epithelial detachment.

Table 4 Changes in Anatomical Measures at Six Months Post-Ranibizumab Treatment Onset in Study Eyes 
with Available Paired Assessments

Six-Month as-Observed Paired Data Six-Month LOCF Paired Data

n Median IQR p-valuea n Median IQR p-valuea

Central retinal thickness (μm)

Baseline 72 310.0 250.5, 389.5 101 312.0 251.0, 401.0

Six months 72 314.0 245.5, 409.0 101 318.0 255.0, 417.0
Change 72 2.0 −47.0, 62.0 0.816 101 5.0 −41.0, 68.0 0.331

PED greatest basal diameter (μm)

Baseline 43 2394.0 1008.0, 3221.0 61 1593.0 933.0, 2977.0
Six months 43 2309.0 920.0, 3152.0 61 1577.0 850.0, 2834.0

Change 43 −114.0 −284.0, 47.0 0.019 61 −143.0 −350.0, 27.0 0.002

PED maximal height (μm)

Baseline 43 222.0 144.0, 391.0 61 268.0 150.0, 408.0
Six months 43 194.0 141.0, 329.0 61 205.0 142.0, 348.0

Change 43 −17.0 −66.0, 22.0 0.101 61 −21.0 −87.0, 15.0 0.007

Notes: aWilcoxon signed-rank test, p < 0.05 denotes statistical significance. 
Abbreviations: IQR, interquartile range; LOCF, last observation carried forward; PED, pigment epithelial detachment.
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Impact of Patient, Disease, and Treatment Characteristics on CRT Changes from 
Baseline at 6 Months Post-Baseline
Multivariable linear regression analysis identified CNV subtype and baseline CRT to be associated with change in CRT 
from baseline at 6 months. Specifically, the estimated mean CRT change between baseline and 6 months post-baseline 
was −49.595 μm for eyes with classic CNV and 17.777 μm for those with occult CNV, corresponding to a significant 
difference between the groups (p = 0.021), when adjusted for sex and baseline BCVA and CRT. Moreover, the estimated 
mean CRT change between baseline and 6 months post-baseline was −53.751 μm for eyes with baseline CRT >300 μm 
and 21.932 μm for those with baseline CRT ≤300 μm, corresponding to a significant difference between the two groups 
(p = 0.008), when adjusted for sex, baseline BCVA and CNV subtype (Table 5).
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Figure 2 Best corrected visual acuity (BCVA) outcomes after ranibizumab treatment. (A) Mean changes in BCVA [ETDRS (Early Treatment Diabetic Retinopathy Study) 
letters] after 1, 3, and 6 months of ranibizumab treatment. Error bars and numbers in parentheses represent standard deviation. Statistically significant changes at 1 month (p 
= 0.002), 3 months (p < 0.001) and 6 months (p = 0.002) post-baseline (Wilcoxon signed-rank test). (B) Distribution of patients according to ETDRS letters gained or lost at 
6 months post-baseline compared to baseline values.
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Safety
Overall, 62.1% of the patients experienced a total of 195 AEs, none of which was assessed as causally related to 
ranibizumab. The 95.4% of these events (186 reports) were ocular, including 179 serious ocular events. Systemic AEs 
were reported for 2.9% of the patients (serious in 1.9%). The AEs reported at a frequency ≥10% included: subretinal fluid 
(in 37.9% of the patients), retinal edema (in 34.0%), macular edema (in 27.2%), retinal cyst (in 25.2%), detachment of 
retinal pigment epithelium (in 14.6%), and condition aggravated (in 12.6%). One patient (1.0%) experienced 2 AEs 
(“Macular oedema” and “Retinal oedema”) which led to permanent discontinuation of treatment with ranibizumab.

Discussion
To date, “ELEVATE” constitutes one of the few real-world prospective studies to have examined the effectiveness of 
ranibizumab in eyes pre-treated with aflibercept. The study indicates that ranibizumab improves visual acuity and certain 
anatomic outcomes after only 6 months of treatment, even when fewer than the recommended injections are adminis
tered. Additionally, physicians ranked the ease of administration of ranibizumab as better (58%) or the same (39%) as 
that of aflibercept in the vast majority of the patients.

Regarding anatomic outcomes, CRT remained stable throughout the observation period, whereas a statistically 
significant mean decrease of 46.5 μm in PED height from baseline to 6 months (using LOCF imputation) was noted 
(matching the 46-μm mean change assumed for sample size estimation),35 while significant mean decreases were also 
observed in PED GBD of 114.0 μm based on as-observed data and of 143.0 μm using LOCF imputation. Previous reports 
on anatomical outcomes in eyes switched to ranibizumab from a previous anti-VEGF agent in routine care settings are 
limited. To the best of our knowledge, the real-world SAFARI study represents the only prospective study on 
a population switched from aflibercept to ranibizumab, which examined the short-term impact of ranibizumab on 
functional and anatomic outcomes.25 In SAFARI, after 6 months of treatment including a median of 6 injections (as 
per study design all patients were to receive the first 3 monthly injections followed by a pro re nata schedule), no 
decrease in PED GBD was observed at 6 months (median increase from baseline: 59.5 μm). In addition, in SAFARI, PED 
height slightly decreased by a median of 2.5 μm, compared to a significant median decrease of 21.0 μm (LOCF 
imputation) observed in our study (with a median of three ranibizumab injections).25 Moreover, in a retrospective 
study of patients switched to ranibizumab after induction treatment with bevacizumab, a mean CRT decrease of 61.4 μm 
after a mean of 5.8 ranibizumab injections and over the course of 39 weeks was reported.32 It is worth mentioning that in 
the mentioned study the switch from bevacizumab to ranibizumab was not prompted by an inadequate response, but by 
the availability of licensed ranibizumab, hindering comparability to ELEVATE. Moreover, in a small case series of 
patients switched back to ranibizumab after one injection with aflibercept, central macular thickness decreased from 

Table 5 Multivariable Linear Regression Analysis of the Association of CRT Changes Between Baseline and 6 Months Post-Baseline 
with Various Patient and Disease Characteristics

Patient/disease 
Characteristica

OLS Mean CRT 
Change

OLS 
Estimates

Standard 
Error

95% Wald CI p-value

Lower 
Limit

Upper 
Limit

Sex Male vs Female −43.193 vs 11.375 −54.568 27.654 −109.904 0.768 0.053

Angiographic lesion subtype Classic vs Occult −49.595 vs 17.777 −67.373 28.493 −124.387 −10.358 0.021

Baseline BCVA (ETDRS) −1.334 0.865 −3.064 0.396 0.128

Baseline CRT (μm) >300 vs ≤300 −53.751 vs 21.932 −75.683 27.483 −130.677 −20.690 0.008

Notes: aThe characteristics included in the initial model were sex, ever-smoking, obesity, choroidal neovascular lesion location; choroidal neovascular lesion subtype; 
presence of pigment epithelial detachment, intraretinal fluid, subretinal fluid, cysts, and fibrosis at baseline; history of hypertension, dyslipidemia, and diabetes mellitus; 
baseline BCVA (continuous); baseline CRT (≤300, >300 μm); age at ranibizumab onset (≤75, >75 years); age at neovascular age-related macular degeneration diagnosis 
(continuous); anatomical reasons for aflibercept discontinuation; prior receipt of photodynamic therapy; prior receipt of anti-VEGF therapy excluding immediately prior 
aflibercept; number of ranibizumab injections (≤3, >3); time elapsed from last ranibizumab injection to the 6-month CRT assessment (≤8, >8 weeks); and use of pre-filled 
syringe for ranibizumab injections. The final model presented was derived based on minimization of the Akaike information criterion. The change in CRT measurements from 
baseline to 6 months post-baseline was used as the outcome variable. 
Abbreviations: BCVA, best corrected visual acuity; CI, confidence interval; CRT, central retinal thickness; ETDRS, Early Treatment Diabetic Retinopathy Study; OLS, 
ordinary least squares.
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414.5 after the single aflibercept injection to 327.1 μm one month after returning to ranibizumab, while at 3 months it had 
returned to values observed one month prior to switching to aflibercept.39 Partial reporting of baseline characteristics in 
the previously mentioned study does not allow appraisal of whether disparity in the outcomes between this study and 
ELEVATE could be attributed to differences in confounding baseline factors. Notably, in ELEVATE, greater decreases in 
CRT were found to be associated with the presence of classic versus occult CNV and greater baseline CRT (>300 μm), 
with the latter reported as a predictor of anatomical outcomes in other studies as well.40,41 Specifically, both in patients 
with classic CNV and in those with baseline CRT >300 μm, the CRT decrease from baseline to 6 months post-baseline 
nearly reached (49.59 μm for the classic CNV subgroup) or exceeded (53.75 μm for those with baseline CRT >300 μm) 
the 50 μm cut-off used to define a clinically relevant significant reduction in a previous study.41

Regarding visual acuity assessments, a statistically significant median gain of 3.2 letters was found in ELEVATE at 6 
months post-baseline, with 17% of the eyes experiencing clinically meaningful increases of ≥15 letters, 37.5% gaining ≥5 
letters, and 82% having stable or improved BCVA. The SAFARI study reported median gains of 1 letter after 6 months of 
treatment in eyes switched to ranibizumab after poor response to aflibercept, with 11% of the study eyes gaining ≥15 letters.25 

Moreover, in a comprehensive analysis of 20 real-world studies of ranibizumab, a mean BCVA gain of about 2.9 letters at 12 
months was reported, while a mean of 19% of the patients in the 11 studies with available data were reported to have gained 
≥15 letters at 12 months.15 These findings are not different from those observed in ELEVATE. Of note, lower BCVA scores 
and lower visual improvement rates post-ranibizumab treatment onset have been associated with the presence of intraretinal 
fluid,42,43 and presence of PED,42,44 which were present in 59% and 60% of the study eyes, respectively, and may have thus 
restricted the size of the observed ranibizumab effect.

Moreover, it is widely documented that in real-world practice retina specialists utilize pro re nata and “treat-and-extend” 
(T&E) protocols in terms of injection frequency, which result in patients receiving fewer injections that those recommended by 
ranibizumab’s label. Unfortunately, many studies have implicated this lower number of injections in worse anatomical and 
functional outcomes.12,15,45–50 There is one report in which utilization of a T&E regimen yielded similar BCVA outcomes to that 
of randomized trials when a mean of 8.6 injections were given in one year.51 Nonetheless, the median of 3 injections administered 
in ELEVATE over the 5.8-month study period is not only lower from that recommended in the product’s label, but also from the 
aforementioned 8.6 per year. Additionally, in ELEVATE only 15 of the 103 patients had received their first 3 injections within 
intervals ranging between 25 and 40 days (ie, approximately one month), which would match the induction phase recommended 
by the product’s approved label. This undertreatment of the patient population, which is likely linked to the rigid and time 
consuming system of injection approval that has been implemented following the economic crisis in Greece for “high-cost” 
pharmaceutical products, may have contributed to the absence of greater improvements in CRT and may have restricted the 
observed effect on other effectiveness outcomes. The observed lack of correlation between BCVA and CRT outcomes at 6 
months in ELEVATE has also been reported elsewhere among patients treated with ranibizumab on a regular monthly schedule.43 

Notably, this lack of correlation was not shown when ranibizumab was administered quarterly nor at the 3- and 9-month 
timepoints with a regular schedule. It is also of interest to mention that in the study of Simader et al,43 the effect of ranibizumab on 
the presence of intraretinal and subretinal fluid during the course of therapy, displayed a “spike and wave” effect, which was more 
pronounced in patients not treated with ranibizumab on a regular monthly schedule, further implicating pathophysiological 
mechanisms behind the reason why in ELEVATE, CRT change did not significantly improve despite improvements in BCVA and 
PED. Furthermore, in ELEVATE, nearly half of the patients were difficult-to-treat cases,52 had received more than two prior anti- 
VEGF treatment courses, and the majority had been switched back to ranibizumab from aflibercept.

Certain limitations of the study need to be considered, mainly arising from its observational design, including patient 
selection bias and information bias. Consecutive sampling was utilized to minimize patient selection bias. Regarding 
information bias, the missing data rate in regard to the change in CRT at 6 months was nearly 30%; the LOCF imputation 
method was used to assess the impact of the missing data on the primary study outcomes. It needs to be mentioned however 
that, although LOCF is a commonly used imputation method to handle missing data, it cannot be considered unbiased, unless 
the imputed values are randomly missing, which is, of course, unknown.53 This is particularly critical to keep in mind in 
studies like the present, as LOCF could lead to overestimation of the effectiveness of the treatment under study, if missing 
values mainly derive from subjects who respond poorly or are intolerant to the study drug, and for whom the last observation 
may be their best observation. Moreover, as data have been collected as per the physicians’ treatment practice, variation in the 
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type of instruments employed, eg, for OCT, and the charts used for visual acuity assessments, and the instrument/chart 
assessors may have led to inter-instrument and inter-rater variability.54 This was accounted for by encouraging each 
participating study site to use the same assessor, OCT instrument, and visual acuity charts for all study-related measurements 
throughout the study. It should be noted that the conversion of Snellen scores to ETDRS scores may have introduced 
substantial errors, due to the wide range of baseline BCVA in the present study, since Snellen charts do not have regular 
geometrical progression of letter sizes between each line. Though discrepancies between Snellen and ETDRS measurements 
have been described,55 at the time of study design this conversion was selected as an acceptable approach to harmonize data 
obtained through different real-world practices. Lastly, the evaluable study size with regard to changes in CRT was lower than 
the target size derived during sample size estimation, with a total of 72 patients being finally evaluable for this endpoint, ie, 
25% lower than the initially proposed minimum sample size of 96 evaluable patients. Although this deviation compromises 
the initially assumed power, it is not expected to adversely impact the meaningfulness of the study outcomes, taking into 
account the real-world nature of the study that primarily aimed to capture data generated in the routine care rather than prove or 
reject a formal statistical hypothesis. Moreover, the evaluable sample size for the co-primary endpoint was 43, thus meeting 
the target sample size of 31–40 patients. Moreover, it should be mentioned that there was no uniform definition for “inadequate 
response” to aflibercept, rather this was based on the physician’s judgment and could have been derived even after 
administration of a single aflibercept injection. Despite the lack of such a definition, it was required by the protocol that the 
reasons for aflibercept discontinuation be solely anatomical and/or functional, and therefore, response-related, rather than due 
to safety reasons or physician’s preference. In regard to the generalizability of the study results, the study population was 
enrolled by eight retinal specialists practicing in public/university hospitals or private eye centers distributed across admin
istrative regions of Greece which are home to approximately two-thirds (65%) of the overall Greek population.

Conclusion
Overall, the study demonstrates that in the routine care of Greece, patients with wAMD receive fewer ranibizumab 
injections than those that would be administered under the approved dosage schedule. Under these conditions, after 
approximately 6 months of treatment, the patients’ visual acuity improved, modest improvements in PED dimensions 
were noted, and CRT remained stable Further real-world evidence is needed from studies more closely matching the 
approved dosage scheme, in order to identify predictors of early response, aiming to enhance outcomes in patients with 
wAMD who have inadequately responded to prior aflibercept treatment and to further delay the progression of the 
disease.
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