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Abstract

Purpose: To describe real-life data from wet age-related macular degeneration (AMD) patients treated with anti-
vascular endothelial growth factors (VEGFs) and to compare our results with previous studies and clinical trials.

Methods: This retrospective monocentric cohort study analyzed 865 eyes of 780 wet-AMD patients treated with an
anti-VEGF treat-and-extend regimen over a long-term follow-up period. Aflibercept and Ranibizumab were considered
first-line agents whereas Bevacizumab was reserved for use on a compassionate basis in patients not meeting
treatment criteria. All patients underwent a best corrected visual acuity (BCVA) assessment at each follow-up visit.

Results: One-year follow-up figures were available for 82.5% of patients, whilst follow-up data was recorded for 55.6%,
37.6%, 25.1%, and 15.0% of the cohort at years 2, 3, 4, and 5 respectively. Patients treated with Bevacizumab received
fewer yearly injections than those treated with Ranibizumab. However, no significant difference in the number of
injections per year was detected in other comparisons between groups. Whilst our data showed no significant
difference in mean BCVA between the three groups, there was a gradual deterioration of visual function over time for
the patient cohort as a whole.

Conclusion: No significant differences between the 3 anti-VEGF molecules were recorded in wet-AMD patients in real-
life conditions. Despite the long-term therapy, we found a slight reduction in visual function especially after the third
year of treatment.
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Introduction
Age-related macular degeneration (AMD) is currently
considered to be one of the chief causes of irreversible
visual loss in developed countries, with an estimated 7%
of global blindness being attributable to this condition
[1–3]. The prevalence of AMD is increasing due im-
provements in life expectancy and earlier detection of
the disease. Late stages of the disease are typically char-
acterized by the loss of central vision due to atrophic
changes and/or the presence of neovascularization aris-
ing from the choroidal, or occasionally from the retinal,
vascular network [4]. The wall structure of these new
vessels is abnormal, and their presence is frequently
associated with leakage and/or exudation within or be-
neath the retina. The importance of vascular endothelial
growth factor (VEGF) in the pathogenesis of neovascular
AMD was first established in 1983 [5], and since then,
numerous studies have confirmed the central role of this
protein in the disease process [6, 7]. Three VEGF-
targeting molecules have gained worldwide acceptance
for intravitreal use in the treatment of neovascular
AMD: Bevacizumab, a recombinant humanized mono-
clonal antibody; Ranibizumab, a monoclonal antibody
fragment; and Aflibercept, a recombinant fusion protein
consisting of the binding domains of VEGF receptors 1
and 2 together with the Fc portion of the human IgG1
immunoglobulin. Together these molecules represent
the first-line therapy for wet AMD [8], with many large-
scale and well-run clinical trials demonstrating their
safety and efficacy [9–11]. Recently, Brolucizumab has
been developed as a new long-acting anti-VEGF agent
and clinical trials are underway to define its efficacy and
safety profile [12]. Clinical trial results may not, however,
be replicable in real-world practice where patients fre-
quently fall outside of the rigid inclusion or exclusion
criteria used in the design of such trials and are exposed
to a less intensive course of treatment. The importance
of real-world data in wet AMD treatment is now widely
recognized and this has become an intense field of re-
search in recent years. Both the European Medicines
Agency (EMA) and the US Food and Drug Administra-
tion (FDA) have defined such data as that coming from
aggregation and analysis of data from clinical experience,
outside of randomized clinical trials [13, 14]. The pur-
pose of our study is to describe real-world outcomes in
wet AMD patients treated with anti-VEGF therapy over
a long follow-up period, and to compare these results
with those published by other centers and with clinical
trial data.

Methods
This real-life retrospective monocentric cohort study
was conducted at a tertiary referral centre, the Western
Eye Hospital, part of the Imperial College Healthcare

NHS Trust in London, United Kingdom. This study was
performed in accordance with the Declaration of
Helsinki and was approved by the local Institutional
Review Board. 865 eyes of 780 patients were analyzed.
All patients were treated for wet AMD in our one-stop
Macular Clinic with a treat-and-extend (TEX) regimen
in accordance with the National Institute for Health and
Care Excellence (NICE), UK guidelines (Table 1) [15, 16].
We considered Afilbercept and Ranibizumab as first-line
agents for newly diagnosed wet AMD patients. The deci-
sion to use Ranibizumab or Aflibercept was randomized
and made regardless of the patient's clinical and OCT
findings. In bilateral cases, the same anti-VEGF agent was
used for both eyes. Our TEX protocol for Ranibizumab
and Aflibercept is summarized as follows: new patients
began the treatment with a loading phase of three
monthly injections, the treatment was then continued on
a monthly basis for Ranibizumab (every 4 weeks) and on a
bimonthly basis for Aflibercept (every 8 weeks) until any
macular hemorrhages previously seen on slit lamp biomi-
croscopic examination had disappeared, and intraretinal
fluid (IRF) and/or subretinal fluid (SRF) on optical coher-
ence tomography (OCT) had resolved or was stable com-
pared to the previous two visits. The treatment interval
was then sequentially lengthened by 2 weeks at each visit
if there were no signs of disease activity, up to 12 weeks.
The follow-up period was shortened to 4 weeks if any sign
of exudation or new macular hemorrhage was evident
clinically or on OCT. The treatment interval was also
shortened if the patient had a subjective decline in vision
of 5 letters or more as measured using the Early Treat-
ment Diabetic Retinopathy Study (ETDRS) chart. The
treatment was discontinued and the patient discharged if
no signs of activity noticed for 3 consecutive visits at
12 weeks interval and/or if any permanent structural dam-
age noticed (e.g. macular atrophy, disciform scar, macular
fibrosis). The use of Bevacizumab was usually considered
on a compassionate basis in patients with single function-
ing eyes who did not meet the NICE treatment criteria for
use of Ranibizumab or Aflibercept (i.e. visual acuity
recorded as less than 6/96 or more than 6/12). Data was
collected retrospectively through Electronical Medical
Records software (EMR) (Medisoft, Medisoft Limited,
Leeds, UK) in a similar manner to that described in other
research [17–19]. Patients recorded with a new diagnosis

Table 1 A summary of NICE (National Institute for Health and
Care Excellence) guidelines for anti-VEGF treatment in Wet AMD

Indication • Wet AMD

Clinical and imaging
features

• Best-corrected visual acuity between 6/12 and
6/96

• Evidence of disease activity
• Absence of permanent structural damage to
the central fovea

• Lesion size ≤ 12 disc areas
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of wet AMD who attended the macular clinic between
December 2006 and April 2019 were included. Due to the
real-life nature of the study, we included patients until all
data needed was available, or loss of follow up and/or a
treatment stop was recoded. Other inclusion criteria were:
diagnosis of wet AMD with choroidal neovascularization
(CNV) confirmed with optical coherence tomography
angiography (OCTA) or fluorescein angiography (FA),
best correct visual acuity (BCVA) ≤ 6/12 and ≥ 6/96, no
previous ocular treatment, and absence of other systemic
or ocular pathologies that could compromise visual func-
tion, such as ischemic optic neuropathy or glaucoma. In
addition, pregnant women and patients who suffered from
a stroke or heart attack in the previous 6 months were
excluded from treatment, as were eyes that switched treat-
ment molecules during the observational period.
The baseline was considered as the time of diagnosis

of wet AMD, and anti-VEGF treatment was started on
the same day. At every visit all patients underwent a
BCVA recording using ETDRS chart, intraocular pres-
sure (IOP) measurement with an iCARE tonometer,
OCT of the macular region (with macular dense and 7
line scans) using the Spectralis HRA +OCT platform
(Heidelberg Engineering, Heidelberg, Germany), and
clinical examination of the posterior pole with a 66D or
90D indirect fundus-viewing lens. We considered pa-
tients with stable visual acuity as those who did not lose
more than 5 ETDRS letters from baseline at each year's
time-point thereafter. Our definition of reduced VA was
a loss of 15 or more ETDRS letters (0.3 LogMAR) from
baseline, and for improvement in VA, a gain of 15 letters
or more (0.3 LogMAR).

Statistical analysis
All statistical analyses were conducted using Prism soft-
ware (Version 8.1.1, GraphPad Software, Inc., San Diego,
CA), with BCVA recorded in LogMAR for analysis pur-
poses. Comparisons between mean BCVA for patient
groups treated with different drugs were made using
two-way ANOVA testing with drug and BCVA as fac-
tors. Differences between categorical variables were
tested for significance with a Chi-Square test.
Dunnett’s multiple comparison test was used to deter-

mine the significance of any change from baseline within

treatment groups. A P value < 0.05 was considered statis-
tically significant.

Results
Patient demographic data is displayed in Table 2 and
Fig. 1. The mean age of the group treated with Bevacizu-
mab was significantly lower than that of patients treated
with Aflibercept (71.9 versus 82.7 years, p < 0.0001,
Tukeys’ multiple comparison test) which was in turn sig-
nificantly lower than the mean age of the Ranibizumab
group (85.5 years, p = 0.0003, Tukeys’ multiple compari-
son test). The gender distribution was not significantly
different between the groups. One-year follow-up data
were available for 82.5% of patients, whilst follow-up
data was available for 55.6%, 37.6%, 25.1%, and 15.0% of
the cohort at years 2, 3, 4, and 5 respectively. Figure 2
shows the mean number of injections per eye per year of
Ranibizumab, Aflibercept, or Bevacizumab treatment.
No significant difference in the number of injections per
year was detected between the groups treated with
Ranibizumab and Aflibercept (p = 0.365, Tukey’s mul-
tiple comparison test), or between patients treated with
Aflibercept and Bevacizumab (p = 0.123). The Bevacizu-
mab group, however, received significantly fewer injec-
tions on average than those treated with Ranibizumab
(p = 0.015, Tukey’s multiple comparison test).
Baseline BCVA measured in the number of letters read

on the ETDRS chart is shown in Table 2. No significant
difference in mean baseline BCVA was detected between
the three groups (p > 0.05 for all comparisons, Tukey’s
multiple comparison test). Mean BCVA in patients
treated over the time period of the study is shown in
Fig. 3 for each of the three drugs. The number and per-
centage of patients who either gained or lost 15 letters
or more for each year of the study are displayed in Fig. 4.
No significant differences in these metrics were detected
between the three groups over the period considered
(Two way ANOVA F(2, 8) = 0.932, p = 0.43 for the
proportion gaining 15 or more letters; F(2, 8) = 0.465,
p = 0.64 for the proportion losing 15 or more letters).
Figure 5 shows the mean change in visual function over
the study period for each of the three drugs patients
were treated with. There was a gradual deterioration of
the BCVA over time for the patient group as a whole

Table 2 Baseline demographics and visual acuity of the eyes diagnosed with wet AMD and treated with either Ranibizumab,
Aflibercept or Bevacizumab

Baseline Ranibizumab Aflibercept Bevacizumab P

Number of eyes (patients) 373 (336) 457 (412) 35 (32) -

Age (years, mean) 85.5 (± 8.65) 82.7 (± 10.40) 71.9 (± 19.04) < 0.0001

Sex—male (%) 149 (39.9%) 191 (41.8%) 13 (37.1%) 0.74

Best Corrected Visual Acuity (BCVA, LogMAR) 0.59 (± 0.22) 0.56 (± 0.21) 0.62 (± 0.46) 0.53
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(two way ANOVA for effect of time F (4, 1905) = 3.57,
p = 0.007), but no difference was detected in this regard
between the three molecules used (two-way ANOVA for
effect of drug F(2, 1905) = 1.03, p = 0.36, interaction drug
x time F(8, 1905) = 1.10, p = 0.36).

Discussion
To the best of our knowledge, this is the first retrospect-
ive real-life clinical study in which three different anti-
VEGF agents for wet-AMD have been compared over a
long-term follow-up period.
In the literature, there are only short-term studies (1

or 2 years of follow-up) confirming substantial equality
in the effectiveness of the different molecules.
Martin et al. studied the effects of Ranibizumab and

Bevacizumab when administered either monthly or as
needed for two years [20]. The authors concluded that
mean gain in visual acuity was similar for both drugs
among patients following the same regimen for two years.
However, small differences in mean gain in visual acuity
emerged at year 2 when comparing the 2 dosing regimens;
as-needed dosing of either drug resulted in 2.4 letters less
mean gain than that seen with monthly dosing.
These results are supported by a recent meta-analysis

of all comparative trials, which showed essentially no dif-
ference between Bevacizumab and Ranibizumab in mean
change in visual acuity after 1 year of treatment [21].
A separate clinical trial comparing the effect of Afli-

bercept and Ranibizumab showed an equivalent visual
gain between Aflibercept injected every 8 weeks and
Ranibizumab injected every 4 weeks [11, 22].

Furthermore, a Cochrane review published in 2019
examined data from 16 randomized clinical trials
(RCTs) conducted worldwide with Ranibizumab, Beva-
cizumab, and Pegaptanib [23]. This review found that
visual acuity was improved after one year of treatment
and follow-up. Regarding longer term results, other
RCTs have reported a VA increase at 1- and 2-years
follow-up of wet AMD patients treated with intravitreal
anti-VEGF agents [24–26].
However, whilst clinical outcomes from the first 1 to

2 years of anti-VEGF treatment have been well docu-
mented by large-scale clinical trials, relatively few inves-
tigators have addressed outcomes after 3 or more years
[27–29]. Maguire and colleagues assigned patients
randomly to 1 of 4 treatment groups defined by drug
(Ranibizumab or Bevacizumab) and by dosing regimen
(monthly or as-needed). They concluded that even
though the vision was conserved in their cohort over the
first 2 years of treatment with both molecules, these vis-
ual gains were not maintained at 5 years, with a progres-
sive deterioration observed in further follow-up after
2 years. There were no obvious differences in visual acu-
ity outcomes at year 5 between the two different treat-
ment regimens [28]. Another recent review analyzed the
long-term outcomes (36 months) of six prospective ex-
tension/follow-up studies and five retrospective studies
[30]. Significant improvements in VA were observed in
the first few years of anti-VEGF therapy, followed by a
gradual decline in most studies. In the studies selected
for this review of long-term outcomes, patients were
mainly treated with an as-needed regime, whilst 3 of the
studies provided consistent dosing in the form of a fixed
or a treat-and-extend protocol. A consensus from these
publications seems to be that the greater frequency of
injections in consistent dosing regimens leads to super-
ior VA outcomes compared to as-needed dosing regi-
mens [27].
In our study, we retrospectively evaluated three differ-

ent cohorts of patients, showing real-life treatment out-
comes. Our patients were treated with Ranibizumab,
Bevacizumab, or Aflibercept over a maximum follow-up
of 5 years. One of the strengths of our study was that

Fig. 2 Number of injections per patient stratified by drug and year
of treatment

Fig. 3 Mean ± SEM BCVA expressed as an ETDRS letter score over
the five-year study period for patients treated with Ranibizumab,
Aflibercept, and Bevacizumab. **p < 0.01 versus baseline, ***p < 0.001
versus baseline, Dunnett’s multiple comparison test

Fig. 1 Number of patients included in the study grouped by
intravitreal treatment drug. The number of patients for whom one
to five years of follow-up data is available is displayed
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our results were obtained outside of clinical trial rules,
providing real-world data on the effectiveness of anti-
VEGF therapy. Because none of the drugs completely
eliminate neovascularization, treatment continues indef-
initely for most patients. Therefore, the 5-year-long
follow-up of our study contributes important data for
the long-term evaluation of these therapies.
It has been reported that the different treatment regi-

mens adopted for intravitreal therapy in wet AMD can
lead to high variability in BCVA results at 2 years [26].
Therefore, we used a TEX regime for all patients, in line
with recommendations from the UK Retinal Outcomes
Group [31], who concluded that a TEX regimen consti-
tutes the best regimen for patients. Our data showed a

relative stabilization of visual function during the first
2 years of treatment for all the patients, with no signifi-
cant differences detected between the different treat-
ment molecules. The VA then appeared to deteriorate
from year 3 onwards, in particular for the Bevacizumab
group in which a drop in visual acuity was noticed at
year four. We can speculate this result is due to the
significant drop in the number of patients.
Our visual outcomes are concordant with those from

Mehta et al. study, which reviewed 26 studies providing
outcome data on Ranibizumab and Aflibercept. They
found that the visual gains achieved in the first year of
treatment were rarely maintained, and suggested that
under-treatment was likely a contributing factor [32].
We are not able to speculate on macular health as we did

not correlate our results with the anatomical changes on
OCT. However, some authors have reported that macular
atrophy affects long-term visual outcomes of anti-VEGF
therapy and this may explain the gradual decline in the
BCVA after year 3 noticed in our cohort [33, 34].
Regarding adverse effects of anti-VEGF treatment,

Plyukhova et al. compared the safety of Bevacizumab,
Aflibercept, and Ranibizumab in their review of 13 RCTs
involving 4952 patients. They concluded that the safety
profile of these drugs did not differ significantly. How-
ever, macular atrophy was reported heterogeneously,
and it should be considered a serious adverse event [35].
It has also been reported that visual gain correlates

positively with the number of injections given [27].
Adrean et al. in 2018 analyzed data from patients that
had received at least 50 injections, with a mean follow-
up of 8 years, and found that over 35% of their patient
cohort had an improvement of 15 letters (3 lines) or

Fig. 4 Visual gains and losses in the cohort stratified by treatment drug. (A) Number of patients gaining 15 or more ETDRS letters from baseline
per treatment year. (B) Percentage of patients gaining 15 or more ETDRS letters from baseline per treatment year. (C) Number of patients losing
15 or more ETDRS letters from baseline per treatment year. (B) Percentage of patients gaining 15 or more ETDRS letters from baseline per
treatment year

Fig. 5 Mean ± SEM change in BCVA from baseline measured in
ETDRS letters for patients treated with Ranibizumab, Aflibercept
and Bevacizumab
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more with a TEX regime [36]. This is a substantially
greater proportion than the equivalent subset of patients
in our study. In addition, we found that in our cohort
patients treated with Bevacizumab received a lower
number of injections per year compared to the other
two groups of patients, whilst the average number of
yearly injections of Ranibizumab and Aflibercept did not
statistically significantly differ. This is probably explained
by the fact that Bevacizumab was used off-label only in
patients with advanced or early stages of macular
degeneration with very low or very good visual function.
The number of injections reported in our study differed
significantly from the average amount of injections re-
ported in clinical trials. However, our findings are in line
with a previously published real-life study by Gayadine-
Harricham et al. and with a review by Metha et al. show-
ing huge variability of this parameter in previous studies
ranging from 4.5 to 11.4 injections during the first year
of treatment [32, 33].
Other long-term studies have found that at five years,

a third of treated eyes lost 15 ETDRS letters (3 lines)
or more [28, 29]. This is broadly concordant with the
results of our study (Fig. 4), as are the results of
Engelbert et al., who published data suggesting visual
acuity preservation and stabilization occurred for up
to 36 months [37].
The current study is subject to some limitations, includ-

ing variations in the mean age and size of the 3 groups of
patients. This is because Bevacizumab was only used in
patients with relatively preserved visual function (present-
ing with early stages of disease) or very low visual function
(due to a more advanced stage of disease), who were more
likely to be older patients. Because of the real-life design
of the study, we chose to include the Bevacizumab group
and their data despite the potential source of bias.
The treatment stop or the loss at follow-up caused nu-

merous deviations from treatment regimen as previously
reported by Boyle et al. [38]. In addition, there were
patients with no minimal data requirements for analysis
at different time-points. This has resulted in missing
data and relatively few patients with long-term follow-up
data, especially after 3 years. Our dataset did not allow
us to provide detailed information about the percentage
of patients deviated from the TEX regimen and the
cause (e.g. discontinued treatment, loss of follow up,
missing data). Thus, further real-life studies investigating
the numerous and different causes of poor compliance
with the appointments and with the treatment regimen,
and investigating the rate of discontinuation of treat-
ment are needed.
The presence of 97 patients with only 1 year of follow-

up data available may introduce bias in our results, but
these patients were included in our statistical analysis in
order to reflect the real-life nature of the paper. Finally,

we have not stratified and analyzed therapeutic re-
sponses in different types of CNV (classical and occult),
although published literature has found that outcomes
between subtypes may not significantly differ after
5 years of anti-VEGF therapy [39].
Further studies that correlate morphological data with

functional data and try to explain the alterations under-
lying visual changes over time are important future ave-
nues of research, as is the incidence of adverse events in
a real-life setting.
In conclusion, we did not find any significant differ-

ences between therapy with 3 different anti-VEGF mole-
cules in patients with wet AMD in real-life conditions.
Despite long-term treatment, we found a slight reduc-
tion in visual function occurred after the third year of
follow-up.
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