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Abstract

Background: To review treatment outcomes from real-world data of patients with neovascular age-related macular
degeneration (nAMD) treated with intravitreal aflibercept (IVT-AFL) injection.

Methods: RAINBOW (ClinicalTrials.gov, NCT02279537) is an ongoing, observational, 4-year study to monitor the
effectiveness and safety of IVT-AFL in patients with nAMD in clinical practice in France. Treatment-naïve patients
diagnosed with nAMD who had been prescribed IVT-AFL by their treating physician were eligible. The regimens of
interest were regular treatment interval cohort (patients who received three initial monthly IVT-AFL injections followed
by regular injections every 2 months) and two irregular treatment interval cohorts (with and without three initial
monthly injections). Here we describe results at 24months in patients according to IVT-AFL treatment regimen.

Results: The mean change in best-corrected visual acuity (BCVA) with IVT-AFL from baseline to 24months was + 3.0
letters in the overall population (P < 0.05 vs baseline). The mean change was positive for the regular and irregular
treatment interval cohorts with initial doses (+ 4.9 and + 4.0 letters, respectively; P < 0.05 vs baseline) and negative for
the irregular treatment interval cohort without initial doses (− 2.5 letters; P = 0.365 vs baseline) at 24months. The mean
overall number of IVT-AFL injections over 12 and 24months was 6.0 and 8.8, respectively. The most common ocular
adverse events were lack of efficacy (6.3%), vitreous floaters (2.7%), and increased lacrimation (1.7%).

Conclusions: In the real-world RAINBOW study, visual outcomes observed at 24months were consistent with results
from the primary endpoint at 12months. In this study, treatment-naïve patients who received three initial IVT-AFL
doses and regular IVT-AFL treatment over the first 24months experienced better visual outcomes than patients who
received no initial doses and an irregular treatment regimen.

Trial registration: www.ClinicalTrials.gov (NCT02279537). Registered 29 October 2014.
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Background
There are two forms of age-related macular degener-
ation (AMD), the neovascular and the dry forms [1].
Anti-vascular endothelial growth factor (anti-VEGF)
agents, such as intravitreal aflibercept (IVT-AFL) and
ranibizumab, are available for the treatment of neovascu-
lar age-related macular degeneration (nAMD), and the
goal of disease management beyond the first year is to
maintain or improve functional and anatomical gains
while minimizing the burden on patients of clinic visits
and injections [2]. Although rapid visual and anatomic
improvements can be achieved in the first year of anti-
VEGF treatment, regression to baseline after initial gains
is not uncommon [2]. Findings from the VEGF Trap-
Eye Investigation of Efficacy and Safety in Wet AMD
(VIEW) studies showed that, in the second year of treat-
ment, the dosing interval for IVT-AFL can be adjusted
according to the patient’s response to treatment, without
clinically meaningful loss of visual gains [3, 4].
Before IVT-AFL was authorized in Europe in 2012, anti-

VEGF treatments for nAMD in France were administered
as needed (pro re nata) [5]. The introduction of IVT-AFL
led to changes in standard clinical practice from reactive
to proactive treatment protocols/regimens. As clinicians
became proficient with newly available anti-VEGF treat-
ments for nAMD, injection intervals varied substantially,
as did adherence to the indicated initiation of IVT-AFL
with three initial monthly doses [6]. In the Real Life of in-
travitreal Aflibercept In FraNce: oBservatiOnal study in
Wet AMD (RAINBOW) study, patients treated with IVT-
AFL for nAMD were expected to receive three initial
monthly injections followed by injections every 2months
for the first 12months, with extensions based on visual
and anatomic outcomes thereafter [4]. The purpose of this
study was not to identify differences in clinical practices
before and after any changes in approved dosing for IVT-
AFL, but rather to describe clinically led variations in
treatment practices in France and understand any impact
of those on patient outcomes.
Currently, there is limited real-world evidence demon-

strating how nAMD is managed in daily clinical practice
in France. Real-world evidence can complement clinical
trial data by providing information on the effectiveness
of a treatment under real-world conditions that can sup-
port clinical management decisions and improve patient
outcomes [7, 8]. Here, we report results from the second
year of the RAINBOW, an ongoing study collecting ef-
fectiveness and safety data from patients with nAMD
treated with IVT-AFL in clinical practice in France.

Methods
Study design
RAINBOW (NCT02279537) is an observational, 4-year
study designed to monitor the effectiveness and safety of

IVT-AFL in patients with nAMD in clinical practice.
Patients were enrolled from 55 centers across France
consisting of private, hospital and mixed-type clinical
settings. The present analysis reports 24-month out-
comes for patients followed up for a period of 4 years or
until discontinuation. The data collection period started
in October 2014. Data from patients who started IVT-
AFL treatment between January 2 and October 13, 2014,
were retrospectively collected and then prospectively
collected from October 14, 2014, onwards. Data are col-
lected during the initial visit and the routine follow-up
visits.

Procedures
As RAINBOW is an observational study, there was no
study pre-specified retreatment criteria, it was at the in-
vestigator’s discretion based on clinical expertise and
routine medical practice to determine when retreatment
was needed.

Participants
Patients aged ≥18 years with a diagnosis of nAMD
who were treatment naïve to any anti-VEGF agent or
macular laser in the study eye, which was defined as
the worst-seeing eye of each patient, but the second
eye was also considered if it was treatment naïve.
Patients were excluded if they had another retinal
disease (i.e. diabetic retinopathy, diabetic macular
oedema, myopic choroidal neovascularization, retinal
vein occlusion, central serous chorioretinopathy, or
angioid streaks) or if they were participating in any
other interventional study.

Endpoints
The primary endpoint was the change in best-corrected
visual acuity (BCVA) from baseline to Month 12 as
assessed by the Early Treatment Diabetic Retinopathy
Study (ETDRS) protocol or a visual logarithmic scale.
These results have been previously published [6]. Results
at 24 months in patients according to IVT-AFL treat-
ment regimen are presented here. Secondary outcomes
included the percentage of patients who gained more
than 0, 5, 10, or 15 letters, or lost more than 15 letters
at 24 months; and the proportion of patients with BCVA
over and inclusive of 70 letters at 24 months. All adverse
events (AEs) reported after the first injection of IVT-
AFL, and up to 30 days after the last IVT-AFL injection,
were documented.

Statistical analysis
Sample size calculations indicated that 600 patients
needed to be enrolled in the RAINBOW study to
achieve 390 usable data sets at Month 48. These esti-
mates were based on the VIEW studies, using a 10%
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annual dropout rate. Visual acuity analyses were based
on the full analysis set (FAS), which included patients
who had documented visual acuity and anatomic assess-
ments (in the study eye) at baseline and at least once
during follow-up. The FAS-targeted group had docu-
mented visual acuity assessments in the study eye at
baseline and at Month 24. The safety analysis set (SAS)
comprised data from patients who received at least one
IVT-AFL injection.
This 24-month analysis reports the effectiveness and

safety of IVT-AFL in patients with documented visual
acuity assessments at baseline and Month 24 (FAS-
targeted group), stratified by IVT-AFL regimen as fol-
lows: (1) regular treatment interval cohort: patients
who received three initial monthly (− 1/+ 2 weeks)
IVT-AFL doses and then IVT-AFL every 2 months
(− 3/+ 4 weeks) with ≥6 injections during the first 12
months; (2) irregular treatment interval cohort with
three initial doses: patients who received IVT-AFL
every < 2 or > 2 months with three initial doses over
the first 12 months; or (3) irregular treatment interval
cohort without three initial doses: including patients
who received IVT-AFL every < 2 or > 2 months with-
out three initial doses over the first 12 months. After
the first 12 months, treatment frequency and modality
for all cohorts was at the discretion of the treating
physician and in accordance with approved local pre-
scribing information. The statistical analysis was per-
formed with the software package SAS, release 9.4
(SAS Institute Inc., Cary, NC, USA).

Results
Patients
Data from 514 patients who had BCVA scores at base-
line and at least one follow-up assessment were included
in this 24-month analysis (the FAS, or overall popula-
tion). A total of 102 patients were included in the regu-
lar treatment interval cohort, and 268 and 60 patients
were included in the irregular treatment interval cohorts
with and without initial doses, respectively. Overall, 264
patients had documented visual acuity assessments in
the study eye at baseline and Month 24 (the FAS-
targeted population). Safety data were analysed from 588
patients (SAS) (Fig. 1). Patient baseline demographics
and characteristics (FAS and FAS-targeted populations)
are presented in Table 1. The mean (standard deviation;
SD) age at enrolment was 79.6 (7.9) years and the mean
(SD) duration of nAMD was 1.4 (8.7) months.

Injections and visits
Over 12 and 24months, the mean number of IVT-AFL
injections was 6.0 and 8.8, respectively; the difference in
mean number indicated that there were fewer injections
in the second year (Table 2). The interquartile range
(Q1; Q3, 25–75% of injections) for the regular cohort
was 8.0 to 13.0 injections, while for the irregular cohorts
with and without initial doses was 5.0 to 12.0 and 4.0 to
11.0, respectively (Table 2). The mean number of clinic
visits over 12 and 24 months was 9.3 and 15.1, respect-
ively (Table 2). The interquartile range (Q1; Q3, 25–75%
of visits) for the regular cohort was 13.0 to 19.0, while

Fig. 1 Patient disposition during the study. BCVA best-corrected visual acuity, FAS full analysis set, M0 Month zero
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for the irregular cohorts with and without initial doses
was 14.0 to 20.0 and 12.0 to 17.0 visits (Table 2).

Visual outcomes
The mean change in BCVA with IVT-AFL treatment
over 24 months was + 3.0 letters in the overall popula-
tion (P < 0.05 vs baseline). The mean change from base-
line was positive for the regular and irregular treatment

interval cohorts with initial doses (+ 4.9 and + 4.0 letters,
respectively; P < 0.05 vs baseline for both) and negative
for the irregular treatment interval cohort without initial
doses (− 2.5 letters; P = 0.365) (Fig. 2). The visual gains
observed with regular versus irregular IVT-AFL treat-
ment regimens with initial doses were not statistically
different (P = 0.571). The mean gain observed for the
regular treatment interval cohort was significantly
greater than the gain observed in the irregular treatment
interval without initial dose (P = 0.036). The mean
BCVA score in the overall population increased from
57.3 at baseline to 60.3 at Month 24 (Fig. 3).
The proportion of patients who experienced a gain in

visual acuity letter score of ≥15 letters from the initial
visit to Month 24 was 26.5% in the overall population.
When broken down by treatment frequency, a gain of
≥15 letters was observed in 25.7% of the regular treat-
ment interval cohort and 31.7% of the irregular treat-
ment interval cohort with initial doses. The proportion
of patients in the irregular treatment interval cohort
without initial doses who had a gain of ≥15 letters was
10.0% (odds ratio [OR; 95% CI]): 3.95 [1.11–14.03]; P =
0.034, a significantly lower proportion than the regular
treatment cohort. The odds for patients in the irregular
treatment interval cohort to gain ≥15 letters in a 24-
month period were five-fold greater than for patients in
the irregular interval treatment cohort without initial
doses (5.03 [1.53–16.61]; P = 0.008). The proportion of
patients who experienced a loss in visual acuity letter
score of > 15 letters from the initial visit to Month 24
was 12.1% in the overall population and 7.1% in the
regular treatment interval cohorts. The proportion of pa-
tients who experienced a loss in visual acuity letter score
of > 15 letters from the initial visit to Month 24 was

Table 1 Patient demographic and baseline characteristics

Characteristic FAS population
N = 514

FAS-targeted
population
at Months 0
and 24 N = 264

Age, years 79.6 (7.9) 79.2 (7.7)

Female, n (%) 315 (61.3) 163 (61.7)

Study eye, n (%)

Right 281 (54.7) 149 (56.4)

Left 233 (45.3) 115 (43.6)

Duration of nAMD, months 1.4 (8.7) 1.8 (11.0)

BCVA (letters) score at month 0 56.3 (18.6) 57.3 (17.9)

BCVA (letters) categories, n (%)

< 50 143 (27.8) 65 (24.6)

50–55 64 (12.5) 35 (13.3)

55–70 151 (29.4) 78 (29.5)

≥ 70 156 (30.4) 86 (32.6)

Intraocular pressure, mm Hg (n = 262) 14.9 (3.1) –

Diabetes, n (%) 43 (8.4) –

Hypertension, n (%) 196 (38.1) –

Cardiovascular diseases, n (%) 87 (16.9) –

Mean (SD) unless otherwise stated
BCVA best-corrected visual acuity, FAS full analysis set, nAMD neovascular age-
related macular degeneration, SD standard deviation

Table 2 IVT-AFL injections and visits over 12 and 24months of treatment

Overall population
(FAS; n = 514)

Regular cohort
(n = 102)

Irregular cohort with
initial doses (n = 268)

Irregular cohort without
initial doses (n = 60)

IVT-AFL injections

Mean (SD) over 12 Months 6.0 (2.1) 7.2 (0.8) 6.1 (2.2) 5.2 (1.8)

Mean (SD) over 24 Months 8.8 (4.3) 10.6 (2.8) 9.3 (4.6) 7.8 (3.7)

Min; max 1.0; 23.0 6.0; 17.0 3.0; 23.0 1.0; 16.0

Median 8.0 11.0 9.0 8.0

Q1; Q3 5.0; 12.0 8.0; 13.0 5.0; 12.0 4.0; 11.0

Visits

Mean (SD) over 12 Months 9.3 (2.3) 9.5 (1.8) 10.1 (1.9) 8.8 (1.8)

Mean (SD) over 24 Months 15.1 (5.1) 15.9 (4.2) 16.8 (4.2) 14.8 (3.8)

Min; max 2.0; 29.0 8.0; 27.0 6.0; 29.0 6.0; 23.0

Median 15.0 16.0 17.0 15.0

Q1; Q3 12.0; 19.0 13.0; 19.0 14.0; 20.0 12.0; 17.0

FAS full analysis set, IVT-AFL intravitreal aflibercept, n n numbers from the overall FAS population, Q1;Q3, interquartile range, SD standard deviation
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comparable between the irregular treatment interval co-
horts with initial doses (14.1%; OR [95% CI]: 0.47 [0.17–
1.31]; not significant [NS]) and without initial doses
(12.5%; OR [95% CI]: 0.54 [0.15–2.0]; NS), respectively.
The proportion of patients in the overall population who
achieved ≥70 letters according to IVT-AFL regimen is
presented in Fig. 4.

Safety
Overall, 38.4% (n/N = 226/588) of patients experienced
at least one treatment-emergent adverse event (TEAE)
and 10% (n = 59) experienced at least one treatment-
related TEAE (Table 3). The most common ocular AEs
were lack of efficacy (6.3%), vitreous floaters (2.7%), and
lacrimation increased (1.7%). The most common non-

Fig. 2 Change in visual acuity over 12 and 24 months according to intravitreal aflibercept regimen. Observed analysis. *P < 0.05 versus baseline.
BCVA best-corrected visual acuity, FAS full analysis set, IDs, initial doses, irreg irregular, reg regular, n number or patients

Fig. 3 Mean BCVA score at baseline and at Month 24. FAS targeted: n = 264. Regular treatment interval cohort: n = 70. Irregular treatment interval
cohort with initial doses: n = 142. Irregular treatment interval cohort without initial doses: n = 40. BCVA best-corrected visual acuity, ETDRS Early
Treatment Diabetic Retinopathy Study, FAS full analysis set
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ocular AEs included a product-use issue (3.1%), bron-
chitis (1.9%), fall (1.2%), and malaise (1.0%). Serious
TEAEs were reported in 10.9% of patients. Five deaths
were recorded during the study; no deaths were consid-
ered related to treatment.

Discussion
RAINBOW is an ongoing study investigating the effect-
iveness and safety of IVT-AFL for the management of
treatment-naïve patients with nAMD in real-life clinical
practice in France. In the present analysis, visual im-
provements were observed at Month 24 in patients with
nAMD following IVT-AFL treatment, with an increase
from baseline in BCVA of + 3.0 letters in the overall
population. Notably, patients who received three initial
monthly doses and regular IVT-AFL treatment experi-
enced better visual outcomes over 24 months than pa-
tients with irregular treatment without initial doses.
Visual gains observed with regular versus irregular IVT-
AFL treatment with initial doses were not statistically
different. A significant mean change from baseline in
BCVA was observed in the regular and irregular treat-
ment interval cohorts receiving initial doses, + 4.9 and +
4.0 letters, respectively, while the irregular treatment
interval cohort without initial doses of IVT-AFL experi-
enced a change of − 2.5 letters at 24 months. The find-
ings from this analysis at 24 months are consistent with
results from the initial 12-month analysis [6] and high-
light the importance of three initial monthly IVT-AFL
treatments to stabilize the disease and maintain visual
outcomes. The change from baseline in BCVA in this
analysis was not as large as in the VIEW clinical trials at
Week 96 (+ 7.6 letters) [3]. In VIEW the percentage of
patients gaining ≥15 letters was 33.4%, and the

percentage of patients maintaining visual acuity (losing
< 15 letters) was 92.4% at Week 96 in the IVT-AFL 2mg
group. It is important to note that in the VIEW studies,
in Year 1 patients received three initial doses and bi-
monthly injections, while in Year 2 patients received an
as-needed injection regimen with defined retreatment
criteria and mandatory dosing at least every 12 weeks
[3]. In the VIEW study, patients received a mean of 11.2
IVT-AFL injections over the 96-week period, with fewer
injections in the second year (4.2 injections from Week
52 to 96) [3]. In comparison, over the analysis period in
the present study, the mean number of IVT-AFL injec-
tions was 8.8 and, similar to the VIEW studies, there
were fewer injections in the second year. However, in
the VIEW studies patients exhibited a more severe dis-
ease (mean visual acuity at baseline = 53.6 [13.5] letters
in the patients treated with IVT-AFL 2mg bimonthly)
[3] than in the RAINBOW study.
Real-world evidence from the use of IVT-AFL for the

treatment of nAMD is also being collected in other
countries. PERSEUS (Prospective Non-intERventional
Study to asSEss the Effectiveness of Aflibercept in roU-
tine Clinical Practice in patientS With Wet Age-related
Macular Degeneration) is a 24-month prospective obser-
vational cohort study conducted in hospitals and med-
ical centers in Germany among treatment-naïve or
previously treated patients with nAMD. Following IVT-
AFL, there was a significant mean visual acuity gain at 1
year of + 6.1 letters in the population with regular treat-
ment intervals for IVT-AFL compared with + 1.5 letters
in those with irregularities in their treatment regimen
[9]. An observational database study in treatment-naïve
patients with nAMD from centers in Australia, New
Zealand, and Switzerland was conducted by the Fight

Fig. 4 Proportion of patients with a BCVA ≥70 letters by IVT-AFL regimen. Observed analysis. Regular treatment interval cohort: n = 102 (month
0); n = 102 (month 12); n = 70 (month 24). Irregular treatment interval cohort with initial doses: n = 268 (month 0); n = 268 (month 12); n = 142
(month 24). Irregular treatment interval cohort without initial doses: n = 60 (month 0); n = 60 (month 12); n = 40 (month 24). BCVA best corrected
visual acuity, IVT-AFL intravitreal aflibercept
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Retinal Blindness (FRB) group. Patients completed 2
years of proactive IVT-AFL treatment according to a
treat-and-extend regimen. Over 2 years of treatment, a
significant increase in mean visual acuity was reported
(+ 6.0 letters). In the FRB study, from the first to the sec-
ond year of treatment there was a decrease in the mean
number of injections (7.8 vs 5.7) and visits (8.7 vs 6.5)
for eyes completing 2 years of treatment [10]. In the
present study, the poor visual acuity in the irregular
treatment interval cohort without initial doses appears
to be more likely related to few patients (10%) achieving
gains ≥15 letters, patients losing > 15 letters (12.5%) and
fewer treatment injections and visits over the 24months
than other treatment groups. The findings from the
present study add to the real-world evidence supporting
the continued use of IVT-AFL through 24 months.
Safety findings from the RAINBOW study at 24

months were consistent with the known safety profile of
IVT-AFL in patients with nAMD [3, 11]. Five deaths
were recorded during the study; none were considered

related to treatment. The incidence of ocular AEs was
lower in the present study than in VIEW studies, which
may be due to possible underreporting in an observa-
tional study compared with a randomized study.
Due to the observational design of the RAINBOW

study there are a number of inherent limitations that
must be recognized when interpreting these findings.
The use of a variety of charts to assess visual acuity may
have introduced bias, especially when evaluating the
number of letters gained or lost after treatment. Further-
more, the limitations of analysing the evolution of visual
acuity in relation to the number of injections only must
be recognized. Disease-related evolution of nAMD can
occur that may not be directly influenced by treatment,
even if treatment is optimal. In addition, these findings
reflect real-life clinical practice in France and may not
be generalisable across countries.

Conclusions
Findings from the RAINBOW study at 24 months were
consistent with results from the primary endpoint at 12
months and highlight the importance of three initial
monthly IVT-AFL injections on visual outcomes. Not-
ably, treatment-naïve patients who received three initial
monthly IVT-AFL doses followed by regular treatment
over the first 12 months experienced better visual out-
comes at 24 months compared with irregular treatment
without initial doses. The overall safety profile was con-
sistent with previous studies of IVT-AFL. The results of
this 24-month analysis of the 4-year RAINBOW study
were only slightly lower than those of randomized
studies, such as VIEW, and demonstrate that IVT-AFL
(with initial doses) offers treatment effectiveness in real-
world practice.
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latory agencies on or after January 01, 2014.
Interested researchers can use www.clinicalstudydatarequest.com to request
access to anonymized patient-level data and supporting documents from
clinical studies to conduct further research that can help advance medical
science or improve patient care. Information on the Bayer criteria for listing
studies and other relevant information is provided in the Study sponsors sec-
tion of the portal.
Data access will be granted to anonymized patient-level data, protocols and
clinical study reports after approval by an independent scientific review
panel. Bayer is not involved in the decisions made by the independent re-
view panel. Bayer will take all necessary measures to ensure that patient priv-
acy is safeguarded.

Ethics approval and consent to participate
No Independent Ethics Committee and Institutional Review Board approval
was obtained due to the study’s observational design in accordance with
the requirements of local law and regulations in France. The protocol was
reviewed and approved by a French data privacy committee: Comité
Consultatif sur le Traitement de l’Information en Matière de Recherche dans
le Domaine de la Santé (CCTIRS) and Commission Nationale de
l’Informatique et des Libertés (CNIL). Bayer France received a positive
statement from the CCTIRS on 18 June 2014 and an authorization from the
CNIL on 14 October 2014 for the RAINBOW study. They gave Bayer the
possibility to collect, analyze and use anonymized data of patients included
in this study. All patients provided written informed consent to participate.

Consent for publication
Not applicable.
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