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Abstract
● AIM: To evaluate the outcomes of ≥6y ranibizumab therapy 
in neovascular age-related macular degeneration (AMD).
● METHODS: HELIX was a retrospective, observational eff-
eciveness study using medical records of patients treated 
in three clinics in Belgium. Patients had neovascular AMD 
and were initially treated with intravitreal ranibizumab (0.5 mg) 
between November 1, 2007 and October 31, 2008, had ≥6y of 
data available, and were treated on an ongoing, as-needed 
basis. Outcomes included best-corrected visual acuity 
(BCVA) and central retinal thickness (CRT).
● RESULTS: The sample consisted of 88 eyes from 69 patients. 
Mean age was 76.4±6.5y, most patients were female (62.3%). 
Most eyes (62.5%) were treatment-naive, 33 previously treated 
eyes had received predominantly other anti-vascular 
endothelial growth factor agents and verteporfin. Mean 
baseline BCVA was 57.4±12.7 ETDRS letters and CRT 
was 292±86 μm. On average, patients received 20.6±11.9 
ranibizumab injections over the ≥6y. Intervals between 
injections were on average 12.7±16.1wk. Mean change in 
BCVA from baseline to last observation for the sample 
was less than one letter (-0.9±17.3 letters), with an average 
loss of -3.2±15.6 letters in previously treated eyes versus 
a gain of 0.6±18.4 letters in treatment-naïve eyes. When 
considering a loss of <15 letters over 6y as stabilization of 
disease, 75.9% of all eyes showed a positive (improvement 
or stabilization) outcome. Mean change in CRT from 

baseline to last observation for the sample was -26.9±148.4 μm 
with the greatest reduction observed in treatment-naive 
eyes.
● CONCLUSION: This retrospective study of 69 neovascular 
AMD patients treated for ≥6y with ranibizumab demonstrates 
long-term visual stabilization. In light of the natural evolution 
of the disease, these data confirm that ranibizumab is 
effective long-term under real-world conditions of hetero-
geneity of patients, clinicians, and centers.
● KEYWORDS: ranibizumab; age-related macular degeneration; 
visual acuity; central retinal thickness; optical coherence 
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INTRODUCTION

A ge-related macular degeneration (AMD) with secondary 
choroidal neovascularization (CNV), also known as 

neovascular, exudative, or wet AMD, is the leading cause 
of blindness in people over the age of 50y in the Western 
world[1-5]. Neovascular AMD has a chronic and progressive 
nature with poor prognosis. If left untreated, patients typically 
lose one line of vision at three months, three lines at one year, 
and four lines at three years[6]. Introduced in 2006, ranibizumab 
(Lucentis®; Novartis) is a recombinant, humanized, mono-
clonal antibody fragment inhibiting neovascularization by 
neutralizing vascular endothelial growth factor-A (VEGF-A), 
a cytokine promoting angiogenesis and vascular permeability. 
Ranibizumab is administered by intravitreal injection with an 
initial loading phase of 3 monthly injections and a subsequent 
maintenance phase of regular injections. The clinical intent of 
ranibizumab therapy is to improve vision, or at least to prevent 
further decline and loss of vision in an elderly population.
The pivotal phase III ANCHOR[7] and MARINA[8] trials 
showed that monthly dosing with ranibizumab 0.5 mg was superior 
to photodynamic therapy with verteporfin (V-PDT) in 
predominantly classic CNV[7] and superior to sham in minimally 
classic or occult CNV[8] in terms of visual acuity, vision-related 
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quality of life, and changes in lesion characteristics over a 
2-year period. In these studies, best-corrected visual acuity 
(BCVA) was stabilized in approximately 90% of patients, 
including about 35% to 40% of patients who improved to a 
clinically significant level of being able to read at least 3 lines 
of letters more versus baseline on the Early Treatment Diabetic 
Retinopathy Study (ETDRS) test[9]. As clinical experience has 
grown, maintenance phase injection schedules have evolved 
from fixed monthly to pro re nata (PRN) schedules per clin-
icians’ best clinical judgment. In the CATT trial[10-11], the 
mean BCVA gain over 1y with PRN dosing was 6.8 ETDRS 
letters, which was statistically equivalent to the mean of 8.5 
letters observed with monthly dosing, but was achieved with, 
on average, 6.9 versus 11.7 injections[10]. Individualized PRN 
dosing with ranibizumab and treatment guided by visual 
acuity testing and/or optical coherence tomography (OCT) 
have been adopted by physicians worldwide, taking into 
account practical feasibility, local reimbursement limitations, 
and patients’ willingness and ability to come to clinical visits. 
Further, several observational studies on treatment patterns 
and associated outcomes in routine clinical practice have 
validated the real-world effectiveness of ranibizumab in 
neovascular AMD under conditions of greater heterogeneity 
in patients, physicians, and treatment schedules up to 1[12-15], 
2[16-19], 3[20-23], 4[24-25], 5[26], 6[27], and 7y[28-30]. At the population 
level, in Denmark rates of legal blindness among neovascular 
AMD patients aged 50 and older fell by 50% between 2000 
and 2010, with most of the decline occurring after the 2006 
introduction of anti-VEGF therapy[31]. A US study showed 
that among elderly persons newly diagnosed with neovascular 
AMD, the introduction of anti-VEGF therapy reduced vision 
loss by 41%, onset of severe vision loss and blindness by 46%, 
and long-term care facility use by 19%[32].
Though many neovascular AMD patients have now been 
treated with ranibizumab for 7 or more years and at least 
three studies have evaluated outcomes after 6[27] and 7y[28,31] of 
therapy, the evidence on long-term outcomes remains limited. 
Long-term data in neovascular AMD patients are of significant 
value as they help understand the chronic and progressive 
nature of the disease and the long-term, if not continuous, 
need for anti-VEGF treatment. Following up the two-year 
clinical outcomes observed in our prior HELIOS study[16], 
we report here on a retrospective study of BCVA and central 
retinal thickness (CRT) outcomes recorded in patients with 
neovascular AMD treated with ranibizumab for at least 6y in 3 
Belgian centers.
SUBJECTS AND METHODS
Design and Sampling  HELIX was a retrospective, observ-
ational, open-label effectiveness study using medical records of 
patients treated in two academic and one Community Eye Clinic 
in Belgium. Eligible for inclusion in this chart review study 

were patients with neovascular AMD in whom intravitreal 
ranibizumab (0.5 mg) treatment was initiated between Nove-
mber 1, 2007 and October 31, 2008, for whom at least 6y of 
data were available, and who were treated on an as-needed basis 
from treatment initiation until the moment of chart review. If 
treatment was initiated in a second eye during the follow-up 
period, the secondary eye was also included. Excluded were 
patients who received intravitreal bevacizumab (Avastin®; 
Roche) or other anti-angiogenic agents intermittently or 
concomitantly during the observational period of ranibizumab 
treatment. Patients with 6 or more years of treatment with 
ranibizumab were identified by screening the patient lists 
in the participating centers. The chart review examined, for 
eligible patients, all recorded visits from the first treatment 
with ranibizumab (baseline) to the censoring date of October 
15, 2014. 
Variables  The following parameters were recorded as baseline 
data: age, gender, smoking history, comorbidities, ocular 
and medical history, prior treatments, eye involvement at 
ranibizumab initiation, time from diagnosis to ranibizumab 
initiation, BCVA, and CRT. Data recorded for the 6-year 
treatment period included: BCVA, CRT, administration record 
of 0.5 mg intravitreal injections of ranibizumab by left or 
right eye, relevant concomitant ocular therapy (intravitreal 
corticosteroids, V-PDT, focal/grid macular laser, peripheral 
laser). If neovascular AMD appeared in the fellow eye, the 
same data were recorded as for the first eye.
Effectiveness was assessed using BCVA as the functional 
parameter and CRT as the anatomical parameter. BCVA, 
expressed as ETDRS letter score, was recorded according 
to the method used by the treating physician in the course of 
routine care. A Snellen fraction or decimal score was converted 
into an approximate ETDRS equivalent letter score, and was 
computed as [85+50×lg (Snellen fraction)][33]. For patients with 
bilateral impairment with neovascular AMD and treated with 
ranibizumab in both eyes, the occurrence of bilateral treatment 
was documented and data were recorded for each eye.
Safety was not an objective of the study. Adverse and severe 
adverse event data were not recorded as part of this study.
Data Sources  Patients’ medical records, whether electronic or 
paper-based, were the primary source of data collected for this 
study. The site investigator was queried directly about data not 
available in the medical record. 
Statistical Analysis  Descriptive statistics of frequency, central 
tendency, and dispersion were used under consideration of 
applicable levels of measurement. Testing was done using 
general linear mixed modeling or generalized estimation 
equations depending on distribution and measurement levels, 
taking into account the multi-level structure of the data. The 
level of statistical significance was set at 0.05. All statistical 
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analyses were performed using the SAS® statistical software 
package (Statistical Analysis System, Version 9.1.3; SAS 
Institute Inc., Cary, NC, USA). 
Human Subjects  This study was designed and implemented 
in accordance with the ethical principles set forth in the 
Declaration of Helsinki as subsequently amended. The protocol 
was reviewed and approved by the Medical Ethical Committee 
of the Leuven University Eye Hospital (Leuven, Belgium). No 
identifying patient data of patients were recorded and patients 
were only identified with a patient number. As legislation in 
Belgium does not require informed consent for a retrospective 
study where all precautions have been taken to safeguard 
patients’ identity, a waiver of informed consent, based on 
anonymous data collection and minimal risk, was granted in 
accordance with local regulations.
RESULTS
Patient and Eye Dispositions  In total, 69 patients met the 
eligibility criteria and their records were reviewed. Of these, 
19 patients had treatment initiated in the secondary eye during 
the observational study period. Thus, the evaluable sample 
consisted of 88 eyes of 69 patients.
Median follow-up times were 75mo (6.25y) for all 88 eyes, 
76mo (6.33y) for the 69 primary eyes, and 65mo (5.42y) 
for the 19 secondary eyes. The difference in median times 
between primary and secondary eyes is due to treatments in the 
secondary eyes being initiated after the primary eye.
Sample  Table 1 presents patient characteristics at start of 
ranibizumab therapy. Summarized, mean age was 76.4±6.5y 
and most patients were female (62.3%). The most common 
comorbidities were hypercholesterolemia and hypertension 
(13 cases, 18.8%, each); five cases (7.2%) of major vascular 
events were recorded. Of the 28 patients with available data for 
smoking history, most (78.6%) were non-smokers. In addition 
to being diagnosed with neovascular AMD, 14 patients 
(20.3%) had pseudophakic eye implants, and 5 patients (7.2%) 
suffered from glaucoma.
Of the 88 eyes treated, 46 involved the left and 42 the right 
eye. Most affected eyes (55 or 62.5%) were treatment-naïve. For 
the 33 previously treated eyes, the most common treatments 
involved other anti-VEGF agents and verteporfin (16 eyes,  
18.2% of all eyes each), followed by laser therapy (8 eyes,  
9.1% of all eyes) and intravitreal corticosteroids (7 eyes, 8.0% 
of all eyes). Note that these eyes could have been treated with 
more than one option.
Mean±SD BCVA was 57.4±12.7 ETDRS letters for the 
sample at large. Mean±SD values stratified by eye (primary 
vs secondary) and treatment status (treatment-naïve versus 
previously treated) were similar (all P=non-significant). 
Similarly, mean±SD CRT was 291.5±86.1 μm for the entire 
sample, and means did not differ significantly when stratified 
by eye or treatment status.

Table 1 Patient demographic and clinical characteristics at start 
of ranibizumab treatment1                                                        

Parameters n (%) sx ±
Age (median, a) 77 76.4±6.5
Gender 
M 26 (37.7)
F 43 (62.3)

Comorbidities2

Hypercholesterolemia 13 (18.8)
Hypertension 13 (18.8)
Myocardial infarction 3 (4.3)
Thromboembolic event 1 (1.4)
Stroke 1 (1.4)
Diabetes 1 (1.4)
Other 2 (2.9)

Smoking history
Non-smoker 22 (31.9)
Ex-smoker 3 (4.3)
Smoker 3 (4.3)
Unknown 41 (59.4)

Eye involvement at ranibizumab 
initiation 
Primary eye (n=69) 
(at ranibizumab initiation)
Left 34 (49.3)
Right 35 (50.7)

Secondary eye (n=19) 
(during follow-up period) 
Left 12 (63.2)
Right 7 (36.8)

Ocular history2

Pseudophakic eye implants 14 (20.3)
Glaucoma 5 (7.2)
Cataract 4 (5.8)
Vitrectomy 3 (4.3)
Melanoma 1 (1.4)

Prior treatments (both eyes, n=88)2

None 55 (62.5)
Other anti-VEGF 16 (18.2)
Verteporfin 16 (18.2)
Laser therapy 8 (9.1)
Intravitreal corticosteroids 7 (8.0)

Median
Time (mo) from diagnosis to 
ranibizumab initiation 
All patients (any eye) 2 10.1±16.3
Treatment-naïve eyes 0 5.3±11.7
Previously treated eyes 13 17.8±19.6

Ophthalmological parameters 
Visual acuity (ETDRS letters)
All patients 58.9 57.4±12.7
Primary eye 58.9 57.6±12.8
Secondary eye 59.5 56.7±12.4
Treatment-naïve eyes 58.9 57.1±12.9
Previously treated eyes 58.9 58.0±12.4

Central retinal thickness (µm)
All patients 290 291.5±86.1
Primary eye 300 301.1±88.5
Secondary eye 280 258.4±69.9
Treatment-naïve eyes 290 294.2±56.3
Previously treated eyes 286 289.8±101.6

1n=69 patients, unless noted otherwise; 2Categories not mutually 
exclusive (except for prior treatments “none”).

sx ±
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Treatment Patterns and Patient Exposure  The mean time interval 
between initial diagnosis of neovascular AMD and initiation 
of ranibizumab therapy was 10.1±16.3mo (median=2.0mo) 
(Table 1). Treatment-naïve eyes were started with ranibizumab 
at a mean interval of 5.3±11.7mo (median=0mo) following 
initial diagnosis, which is significantly sooner than previously 
treated eyes (mean interval=17.8±19.6mo; median=13.0mo) 
(P<0.001). As ranibizumab is only reimbursed on the Belgian 
market as from November 2007, patients who were diagnosed 
with neovascular AMD before that time point could not be 
initiated with ranibizumab, though could be treated with other 
agents such as verteporfin, laser, or corticosteroids, resulting 
in a greater delay between initial diagnosis and ranibizumab 
initiation in previously treated eyes compared to treatment-
naïve eyes.
The mean number of clinic visits associated with ranibizumab 
therapy was 47.5±14.3, starting with a median of 10 in year 1 
and a median of 7 in years 2 through 6 (Table 2). The mean 
frequency for year 1 was statistically significant from the 
subsequent years (P<0.001), which did not differ significantly 
from each other (all pairwise P=non-significant). On aver-
age, patients received 20.6±11.9 intravitreal injections of 
ranibizumab over the 6y, declining from a median of 5 in year 
1 to a median of 3 in all subsequent years, except for year 6 
when the median was 2. The mean number of injections for 
year 1 was statistically significant from the subsequent years 
(P<0.001), which did not differ significantly from each other 
(all pairwise P=non-significant). The average interval between 
injections over the study period was 12.7±16.1wk (median 
interval=8.6wk). From a median interval of 6.9wk in year 1 
rising to median intervals around 10wk in years 2 and 3, the 
median interval declined to around 8 in the remaining years. 
The mean interval for year 1 was statistically significant 
from the subsequent years (P≤0.001), which did not differ 
significantly from each other (all pairwise P=non-significant). 
Number of injections and interval durations did not differ 
significantly between treatment-naive and previously treated 
eyes (all P=non-significant) (Table 3).
Outcomes Visual Acuity  Figure 1 depicts the evolution by month 
in ETDRS letter score. Table 4 presents the corresponding 
median and mean±SD values for months 0, 1, 2, 3 and 6, and 
every 6mo thereafter up to 72mo. Summarized, the general 
trend in ETDRS letter score is an improvement in visual 
acuity during the loading phase of treatment and sustained 
through months 6 through 54, followed by a slight decline. 
The general trend in patients’ average change from baseline 
shows a consistent difference of 2.0 to 5.0 letters over baseline 
through year 2, and mainly zero or near-zero means through 
the remainder of the observational period.
Focusing on the evolution of baseline to last recorded observ-
ation, for the entire sample the mean difference between both 

time points was -0.9±17.3 letters. This loss was attributable 
mainly to a mean loss of -3.2±15.6 letters in previously treated 
eyes versus a gain of 0.6±18.4 letters in treatment-naïve eyes 
(Figure 2).
We classified visual acuity status at end of study in terms of 
the proportions of eyes with BCVA of 73 or more letters and 
eyes with BCVA of less than 73 letters; gains of 15 or more 
letters, 10-14 letters, 5-9 letters, or 0-4 letters; or losses of 1-14 
letters, 15-29 letters, or 30 or more letters (Table 5). Of the 79 
eyes with baseline and study end data, 18 (22.8%) had a BCVA 

Table 2 Ranibizumab treatment patterns

Treatment patterns Median sx ± P1

No. of visits2 All years 48 47.5±14.3
Year 1 10 10.3±3.5

<0.001

Year 2 7 7.1±2.9
Year 3 7 7.2±2.6
Year 4 7 7.0±2.9
Year 5 7 7.2±3.4
Year 6 7 6.9±3.2

No. of injections3 All years 20 20.6±11.9
Year 1 5 5.2±2.0

<0.001

Year 2 3 3.2±2.1
Year 3 3 3.1±2.2
Year 4 3 3.2±2.9
Year 5 3 3.1±3.1
Year 6 2 2.5±2.5

Interval (wk) 
between 
injections4

All years 8.6 12.7±16.1

Year 1 6.9 9.5±7.0

<0.001

Year 2 10.1 14.0±13.0
Year 3 9.9 13.9±14.9
Year 4 8.3 12.7±15.0
Year 5 8.0 12.7±20.3
Year 6 8.1 13.3±17.0

1Omnibus test for time (years 1 through 6); 2Unit of analysis: patients; 
n=69 at baseline, declining to n=52 by year 6; 3Unit of analysis: eye 
n=88 at baseline, declining to 77 by year 6; 4Includes all adjacent 
injection pairs, hence unit of analysis is time interval; n=1634 
intervals over study, ranging from 284 in year 1 to 193 in year 6.

Figure 1 Evolution of mean BCVA (ETDRS letters). 
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of at least 73 letters at last observation, mainly in treatment-
naïve eyes; 61 (77.2%) had a BCVA of less than 73 letters. Of 
these 79 eyes, 42 (53.2%) showed a gain in BCVA (0 or more 
letters) at 6y, again mainly in treatment-naïve eyes; whereas 
37 (46.8%) showed a loss of vision (-1 or more letters) relative 
to baseline. When considering a loss of less than 15 letters 
over 6y as stabilization of disease, 75.9% of all eyes showed a 
positive (improvement or stabilization) outcome. Losses of 15 
or more letters were disproportionately in previously treated 
eyes. 
Central Retinal Thickness  Figure 3 presents the evolution 
by month in CRT. The corresponding data for selected time 

points are found in Table 4. Summarized, the general trend is 
an improvement in CRT as evidenced by a decline in thickness 
during the loading phase of treatment, sustained through 
months 6 through 54, and followed by an increase in thickness 
without however returning to baseline. The general trend in 
patients’ average change from baseline shows a consistent 
difference between -27 mm and -76 mm over baseline from the 
end of the loading period (month 3) to month 72. Examining 
the data from baseline to last recorded observation reveals that 
the greatest reduction in CRT was observed in the primary eyes 
(median=-74 mm; data not shown) and in treatment-naïve eyes 
(median=-76.5 mm).

Table 3 Ranibizumab treatment patterns by treatment status

Treatment patterns by treatment status
Treatment-naïve1 Previously treated2

P
Median sx ± Median sx ±

No. of injections3 All years 20 21.5±11.5 20 19.1±12.6 0.250
Year 1 5 5.3±2.0 5 5.1±1.9

0.8104

Year 2 3.5 3.5±2.1 3 2.9±2.1
Year 3 3 3.2±2.2 3 2.9±2.4
Year 4 3 3.4±3.0 2 2.7±2.5
Year 5 3 3.4±3.2 3 2.8±2.8
Year 6 3 2.8±2.5 1 2.2±2.5

Interval (wk) between injections5 8.3 12.5±16.8 9.0 13.2±14.6 0.407
1n=55 eyes; 2n=33 eyes; 3Unit of analysis: eye; 4Omnibus test for time (years 1 through 6); 5Includes all adjacent 
injection pairs, hence unit of analysis is time interval; n=1634 intervals over study.

Table 4 Evolution of visual acuity and CRT across selected time points

Parameters Visual acuity (ETDRS) Central retinal thickness (µm)

Evolution by
month

Letters read Change from baseline1 µm Change from baseline1

Month n Median sx ± n Median sx ± n Median sx ± n Median sx ±
0 79 58.9 57.4±12.7 76 289.5 291.5±86.1
1 22 70.0 64.7±11.8 21 4.9 4.8±11.1 21 251.0 238.5±48.7 17 -61.0 -90.9±83.6
2 27 65.1 63.4±11.5 25 5.0 7.1±10.3 28 212.5 228.5±50.0 28 -44.0 -59.6±76.9
3 40 70.0 62.5±12.9 37 4.9 5.5±11.4 40 226.5 241.4±67.5 33 -53.0 -56.0±80.0
6 50 65.1 61.0±12.8 47 2.0 2.9±13.7 53 257.0 262.0±60.1 47 -27.0 -38.0±84.6
12 60 60.0 60.4±10.7 58 4.9 3.7±11.3 58 245.0 259.1±71.2 51 -40.0 -40.7±79.2
18 48 65.1 61.2±14.4 46 3.9 2.6±12.0 60 232.0 233.5±44.2 54 -61.5 -56.1±77.6
24 46 60.1 59.0±14.4 43 4.9 2.4±14.3 57 228.0 238.6±51.0 49 -59.0 -57.4±91.0
30 52 58.9 57.5±12.6 51 0.0 -0.7±11.8 58 229.5 230.2±54.0 50 -65.5 -65.4±96.3
36 58 60.1 58.0±16.1 55 0.0 1.1±15.3 60 219.5 232.0±62.1 53 -60.0 -58.6±98.3
42 51 60.1 58.3±12.6 51 -2.1 -0.6±12.2 64 222.0 224.8±49.3 56 -59.5 -65.6±87.9
48 59 60.1 60.4±12.8 57 0.0 2.6±12.3 60 221.5 232.2±73.0 56 -76.0 -73.1±105.8
54 59 58.9 57.8±14.0 55 0.0 0.3±13.9 65 217.0 234.1±86.9 57 -72.0 -60.7±124.5
60 55 54.9 53.9±14.9 49 0.0 -1.1±14.0 63 231.0 252.1±84.2 54 -57.0 -40.0±136.8
66 55 54.9 54.8±14.4 49 0.0 -0.6±14.3 61 239.0 272.2±93.7 52 -63.0 -21.4±155.9
72 52 55.0 56.0±15.6 46 -0.1 -1.6±15.6 56 239.5 262.4±88.3 50 -65.5 -34.6±146.1

Evolution from 
baseline to last 
observation

n Median sx ± n Median sx ±
All eyes 79 0.0 -0.9±17.3 All eyes 76 -68.5 -26.9±148.4

Treatment-naïve eyes 48 0.0 0.6±18.4 Treatment-naïve eyes 30 -76.5 -57.0±98.4
Previously treated eyes 31 0.0 -3.2±15.6 Previously treated eyes 46 -29.0 -7.3±171.6

1Change calculated within individual subjects (not at the sample level). Note that sample size for change between baseline and a given 
timepoint may not equal descriptive sample for that timepoint due to missing baseline data.
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DISCUSSION
The results of this retrospective study demonstrate the long-
term effectiveness of intravitreal ranibizumab therapy in 
treating neovascular AMD in a “real-world” clinical setting 
in Belgium. Visual acuity in 88 included eyes, treated with 
ranibizumab for at least 6y, improved until about the 24-month 
point, was subsequently sustained through month 54, before 
declining to levels slightly below baseline. The average visual 
loss at the last recorded observation was 0.9 letters, which is 
equivalent to long-term visual stabilization. The value of this 
finding is evident when contrasted to what can be considered 
the natural course of neovascular AMD as inferred from the 
sham injection groups of the MARINA and PIER[34] trials. 

Untreated controls in these studies lost approximately 3 to 4 
lines of vision over 2y, and one can safely assume that patients’ 
vision would have further declined over time, possibly to 
blindness, if left untreated.
In contrast to visual acuity, which slowly declined following 
the loading phase to near-baseline levels, CRT improvements 
were sustained up to month 54 followed by an obvious incr-
ease in mean CRT value close to the study end. It is unlikely 
however, that the loss of control of CRT at the end of the 
study without apparent concomitant vision loss is a reflection 
of increased disease activity in a proportion of the patients. 
CRT increases after month 54 were only observed in one of 
the three eye centers involved in the study and may rather 
be an artifact explained by a switch from OCT device, more 
specifically from a Stratus OCT (Carl Zeiss) to a Spectralis 
OCT (Heidelberg) at the end of the treatment course in that 
center. Since Spectralis OCT includes sub-RPE CNV thickness 
in the measurement of CRT, which is not the case for the 
Stratus OCT, CRT values are reportedly higher using Spectralis 
OCT compared to Stratus OCT[35].
A major goal in the management of neovascular AMD is to 
stop or retard the progression of visual loss and, if possible, 
ameliorate visual acuity. In our study, 53.2% of eyes gained 
visual acuity (≥0-letter gain) after 6y of ranibizumab treatment 
and 75.9% of the eyes lost less than 15 letters. The long-term 
results of VEGF inhibition for wet AMD as presented in this 
study are slightly better than those in the non-interventional 
SEVEN-UP[28] trial, which included 65 patients originally 
treated with ranibizumab in the ANCHOR, MARINA and 
HORIZON[36] studies. Comparing our results with those in 
the SEVEN-UP is interesting to put our data into perspective, 
although this comparison needs to be done with caution due 
to potential differences in patient populations between both 
studies. At a mean of 7.3y after entry into ANCHOR and 
MARINA baseline measurements, 43% of study eyes had a 
stable or improved letter score (≥0 letter gain) and 66% of eyes 
had lost less than 15 letters. The overall mean decline in vision 
in the SEVEN-UP study was 8.6 letters, compared to a minor 

Table 5 Visual acuity status at end of study                                                                                                                 n (%)

All eyes with VA data at baseline and last observation All eyes
(n=79)

Treatment-naïve
(n=48)

Previously treated
(n=31)

≥73 letters at study end 18 (22.8) 12 (25.0) 6 (19.4)
<73 letters at study end 61 (77.2) 36 (75.0) 25 (80.6)
Gain at study end ≥15 letters 17 (21.5) 11 (22.9) 6 (19.4)

10-14 letters 2 (2.5) 1 (2.1) 1 (3.2)
5-9 letters 10 (12.7) 6 (12.5) 4 (12.9)
0-4 letters 13 (16.5) 8 (16.7) 5 (16.1)

Loss at study end 1-14 letters 18 (22.8) 12 (25.0) 6 (19.4)
15-29 letters 13 (16.5) 7 (14.6) 6 (19.4)
≥30 letters 6 (7.6) 3 (6.2) 3 (9.7)

Figure 2 Evolution of mean change in BCVA versus baseline for 
treatment-naïve and previously treated eyes (ETDRS letters). 

Figure 3 Evolution of mean CRT. 
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average loss of 1.6 letters at the 6-year end-point in our study. 
One important difference between the SEVEN-UP study 
and our investigation is the injection schedule. Patients 
in SEVEN-UP were given 24 injections over the first 2y, 
followed by approximately 2 yearly injections in years 3 
and 4. During the average interval of 3.4y between exit from 
the HORIZON extension study and the end of the SEVEN-
UP study, participants received a mean of 6.8 anti-VEGF 
injections, corresponding to about 1 to 2 injections per year. In 
our study, the 88 included eyes received a mean total of 20.6 
ranibizumab injections over the 6-year study period, with a 
mean interval of 12.7wk. When evaluated per year, patients in 
our study were administered on average about 8-9 injections in 
the first 2y, followed by a regimen of approximately 3 yearly 
injections in the following years. The difference in initial 
treatment frequency accounts for the greater improvements in 
the SEVEN-UP study during the first two years compared to 
our study. On the other hand, the higher maintenance injection 
frequency in our study has avoided progressive visual loss 
and led to long-term stabilization of visual acuity compared 
to patients in the SEVEN-UP study. Considering other studies 
with similar maintenance frequency, a maintenance treatment 
at the level of about 3 yearly injections appears to be a minimal 
requirement for stabilization of disease progression. In the 
SEVEN-UP study, an intensively treated subgroup of patients 
who received 11 or more injections in the 3.4y after leaving 
HORIZON (i.e. approximately 3.2 yearly injections) had a 
significantly better mean gain in letter score than the overall 
SEVEN-UP study population, suggesting that vision may be 
related to injection frequency.
Several studies have confirmed a relationship between the 
number of ranibizumab injections and the maintenance or 
improvement of visual acuity[19,28-29,37]. The AURA study[19], 
a multi-country retrospective non-interventional study that 
assessed the effectiveness of anti-VEGF treatment regimens in 
patients with wet AMD, found that a higher frequency of visits 
and injections are correlated with more successful maintenance 
of visual acuity gains. In the recently published study by Peden 
et al[29], patients with exudative AMD were treated according 
to a continuous fixed-interval anti-VEGF regimen and received 
an average of 10.5 yearly injections over the 7-year study 
period. Initial visual gains were preserved over time with 
the final change in ETDRS letter score versus baseline being 
+12.1 letters at 7y, indicating that more intensive maintenance 
therapy may result in better long-term outcomes. The relatively 
low injection frequency in our study is likely partly due to 
constraints inherently associated with the Belgian Health Care 
System. At the time this study was performed, the number of 
ranibizumab injections reimbursed in Belgium was limited to 
8 in the first year, 6 in the second year, and 4 in the third year. 
For additional ranibizumab injections for patients who required 

more injections during this time period or whose disease was 
still active beyond the 3y of reimbursement, patients could 
benefit from a patient access program. Although beneficial for 
the patient, this patient access program implies an additional 
administrative burden for the physicians and may hence have 
limited their use of ranibizumab.
Our study underscores the importance of adequately main-
tained treatment frequency through regular monitoring so that 
patient’s clinical status can be upheld. Even after several years 
of frequent anti-VEGF treatment, exudative AMD patients 
may still have active choroidal neovascular lesions and thus 
still be at risk for substantial visual decline. In contrast to 
clinical trials where patients are intensively followed and 
treated in accordance to the study protocol, a real-world 
daily routine setting is more susceptible to under-treatment 
of the disease activity. At the end of the SEVEN-UP study[28], 
active exudative disease as detected by spectral-domain OCT 
was still present in 68% of the study eyes. In a retrospective 
study by Pushpoth et al[24] only 10% of patients had been 
discharged at 36mo for reasons of lesion stabilization. A 
4-year longitudinal study from 2007 to 2011 that investigated 
the pattern of discontinuation in 555 patients (600 eyes) with 
AMD treated with a variable intravitreal ranibizumab dosing 
regimen found that 20% (120 eyes) discontinued because of 
disease inactivity[25]. Treatment was resumed in 18% of this 
group, suggesting that even eyes with inactivity should still be 
monitored[25].
To ensure that patients continue to receive appropriate treatment 
through many years of the disease course, it is crucial that 
patients are monitored regularly and not lost to follow-up. 
Patients in our study were seen by their ophthalmologist an 
average of 48 visits over a period of 6y. In the long-term, 
this high visit frequency may become a burden to patients 
and relatives. In an attempt to prolong the treatment follow-
up interval while still providing comparable results in terms 
of visual acuity, a “Treat and Extend” (T&E) regimen was 
proposed recently. In contrast to a PRN (as needed) regimen 
where patients need to be closely monitored with frequent 
(monthly) office visits and where treatment is given when 
signs of recurrence are observed, the T&E regimen is an 
individualized dosing regimen with intervals between 
examinations being sequentially increased depending on 
disease activity and with an intravitreal anti-VEGF inj-ection 
being proactively administered at each extended visit. In a 
recent study by Arnold et al[38], which reported outcomes 
for a cohort of 1011 neovascular AMD patients undergoing 
anti-VEGF therapy by a T&E regimen, the mean number 
of injections and clinic visits over 24mo was 13.0 and 14.8, 
respectively, indicating that a T&E approach may effectively 
reduce visit burden and increase the ratio of number of inject-
ions to number of visits compared to a true PRN approach with 
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monthly follow-up. Other advantages of the T&E regimen over 
PRN dosing include improved retention rates in the long term, 
better patient appointment compliance, fewer recurrences, 
improved long-term vision outcomes, and better disease 
control[39]. The European Summary of Product Characteristics 
of ranibizumab[40] has been adopted with a guidance for 
treatment according to a T&E regimen.
Although the actual cause of vision decline in eyes on long-
term treatment with VEGF inhibitors is not known, recent 
data from the SEVEN-UP study[28] provide some interesting 
insights. The authors reported that neither macular thinning nor 
subfoveal fibrosis were significantly associated with long-term 
visual acuity outcomes[41]. In contrast, macular atrophy was the 
most prominent chronic factor determining long-term vision[41]. 
It has been hypothesized that anti-VEGF therapy itself may 
promote macular atrophy by counteracting physiological levels 
of VEGF and excessive drying of the retina. However, data 
from the HARBOR study indicate that more frequent injections 
in a PRN regimen do not appear to be associated with higher 
2-year macular atrophy rates[42]. Moreover, in the SEVEN-
UP study, progression of macular atrophy was observed even 
in the context of very low anti-VEGF injection frequency[28]. 
Finally, recent study results by Tanaka et al[27] suggest that 
geographic atrophy typically does not develop during the 
course of anti-VEGF therapy outside the original boundaries 
of a CNV lesion unless the eye had geographic atrophy outside 
these boundaries at the time of initiating anti-VEGF treatment. 
All together, these data indicate that the expansion of atrophy 
during treatment is either consistent with the natural evolution 
of AMD or associated with the CNV lesion, rather than being 
related to a direct toxicity of a VEGF-neutralizing agent.
This study has several limitations and strengths that should 
be acknowledged. It utilized convenience sampling and 
a retrospective design and thus selection bias cannot be 
excluded. As this was a study on real-world ranibizumab 
practice patterns and outcomes, all patients were treated with 
ranibizumab. Hence, there was no comparison group of either 
untreated patients, patients treated only with other products, or 
different regimens of ranibizumab to infer relationships of dose 
with outcome. Considering the inclusion criterion of being 
followed for at least 6y and the shift in ranibizumab treatment 
to PRN injections, there was significant variability year to 
year in the number of injections patients received. Some 
patients received no treatment in a given year but were being 
followed by their physician. Relatedly, as the patients in our 
study were considered to be in ongoing treatment, it remains 
unknown how many patients might have been lost to fibrosis, 
deterioration in visual acuity below treatment indication, 
or any other clinical reason. The small number of centers, 
coupled with the convenience sampling, limits generalizability 
of the findings. As safety was not an objective of our study, 

it is unknown to which extent certain parameters, which we 
did not look for in the chart review, such as the appearance 
of submacular hemorrhages, atrophy and fibrosis, as well as 
other unknown non-AMD related factors, have contributed to 
vision loss late in the disease stage in these elderly patients. 
Notwithstanding these limitations, our study provides the first 
long-term effectiveness data for Belgium, extends the two-year 
effectiveness findings of the HELIOS study[16], and contributes 
up-to-6-year real-world outcome data on visual acuity and 
CRT to the ranibizumab effectiveness literature. 
In summary, in this observational study, ranibizumab treatment 
of 69 neovascular AMD patients in three centers in Belgium 
resulted in long-term visual stabilization. In light of the natural 
evolution of the disease, these data confirm that ranibizumab 
is effective under real-world conditions of heterogeneity 
of patients, clinicians, and centers. Our findings add to the 
growing body of evidence of the long-term (≥2 and up to 7y) 
real-world effectiveness of ranibizumab[16-30] and underlines the 
importance of adequately maintained treatment frequency in 
order to achieve good visual outcomes at long-term. 
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