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ABSTRACT

Aflibercept is a fully human recombinant fusion
protein that includes the second domain of
human VEGF receptor 1 and the third domain
of human VEGF receptor 2. Despite the impor-
tant role played by VEGF in maintaining the
physiological condition of the retina under
normal conditions, dysregulation of VEGF can
result in pathological alterations including
hyperpermeability of the retinal capillaries and
migration and proliferation of retinal endothe-
lial cells. Over the years, a number of studies
have evaluated the use of intravitreal aflibercept
in different retinal diseases. In this review, we
aim to summarize the scientific evidence and
recommendations for wuse of intravitreal
aflibercept in neovascular age-related macular
degeneration, diabetic macular oedema, macu-
lar oedema associated with retinal vein occlu-
sion, and myopic choroidal neovascularization.
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Key Summary Points

It has been almost 10 years since
aflibercept received FDA approval for
treatment of neovascular age-related
macular degeneration (nAMD).

During the past decade, numerous
randomized clinical trials have been
carried out, and the widespread use of
aflibercept has enabled the publication of
multiple real-world evidence studies
(REW).

This article reviews the best evidence
available in the literature including
randomized controlled trials and RWE as
well as treatment practice guidelines in
different macular diseases.

Intravitreal aflibercept has been safe and
effective, showing favorable functional
and anatomical outcomes in AMD,
diabetic macular oedema, retinal vein
occlusion and myopic choroidal
neovascularization.
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DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14611902.

INTRODUCTION

Aflibercept, also known as vascular endothelial
growth factor (VEGF) Trap-eye (Eylea®, Regen-
eron, Rensselaer, NY, USA) is a fully humanized
recombinant protein that acts as a soluble decoy
receptor that binds to VEGF-A, VEGF-B and
placental growth factor (PIGF), thereby stop-
ping the binding and activation of VEGF
receptors [1]. Since its approval by the Food and
Drug Administration (FDA) for use in neovas-
cular age-related macular degeneration [2]
(nAMD) following the landmark VIEW1 and
VIEW?2 studies [3, 4], intravitreal aflibercept has
been approved for a variety of other patholo-
gies. In this review, we summarize the evidence
for the use of intravitreal aflibercept in retinal
diseases including nAMD, diabetic macular
oedema (DMO), macular oedema secondary to
retinal vein occlusion (RVO) and myopic chor-
oidal neovascularization (CNV). We will discuss
indications and outcomes of randomized con-
trolled trials and real-world data.

METHODS

A literature search was conducted on the
PubMed database for publications between the
years 2008 and 2021 with the words “Afliber-
cept”, “Diabetic Macular Oedema”, “Age-related
macular Degeneration”, “Retinal Vein Occlu-
sion” and “Myopic Choroidal Neovasculariza-
tion”, with additional filters including “Clinical
trial”, “Meta-Analysis”, “Randomized Con-
trolled Trial” and “Observational Study”, yield-
ing a total of 212 articles. Articles in languages
other than English, studies in animal models
and those combining surgical procedures were
excluded, as well as small case series. The
remaining abstracts and articles were reviewed

by two authors (RA and SYS) and were included
based on their relevance to this review article.

This study is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

NEOVASCULAR AGE-RELATED
MACULAR DEGENERATION

Age-related macular degeneration (AMD) is a
progressive, degenerative disease of the macula
that occurs with increasing frequency among
people aged 55 years and older [5]. There are
two main types of AMD, referred to as non-
neovascular or dry AMD and neovascular or wet
AMD (nAMD). The non-neovascular form is
characterized by yellow deposits under the
retina (drusen), changes in the retinal pigment
epithelium (RPE) and geographic atrophy [6].
The neovascular form is characterized by CNV
or macular neovascularization (MNV)—the new
definition coined by the Neovascular Age-Re-
lated Macular Degeneration Nomenclature
Study Group (CONAN [7]. Associated clinical
manifestations of nAMD include subretinal
fluid (SRF), intraretinal fluid (IRF), and retinal,
subretinal, or sub-RPE haemorrhage [6].

The global prevalence of any type of AMD is
estimated at 8.69% (95% confidence interval
(CI) 4.2-17.40%) among people age 45-85 years
[8]. Although neovascularization occurs in only
10% of cases, it accounts for 80% of AMD
patients with severe visual loss [5]. Without
treatment, nAMD can cause severe vision loss
(20/200 or worse) in the majority of eyes [9],
significantly impacting on the functional inde-
pendence and quality of life of individuals. In
addition, AMD imposes a significant economic
burden on the state, with an estimated cumu-
lative cost of £16.4 billion in the UK from 2010
to 2020 [10-12].

Randomized Clinical Trials

The Vascular Endothelial Growth Factor (VEGF)
Trap-Eye: Investigation of Efficacy and Safety in
Wet Age-Related Macular Degeneration (AMD)
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(VIEW)1 and VIEW2 [3, 4] studies were the lar-
gest randomized controlled trials (RCTs) com-
paring the efficacy and safety of intravitreal
aflibercept and ranibizumab in patients with
nAMD. Both were double-masked trials of sim-
ilar design carried out in different centres:
VIEW1 in the United States and Canada, and
VIEW2 in FEurope, the Middle EFEast, the
Asia-Pacific region and Latin America.

Patients (1217 participants VIEW1 and 1240
in VIEW2) were randomly assigned to four
groups: 0.5mg aflibercept every 4 weeks
(0.5g4), 2 mg aflibercept every 4 weeks (2g4),
2 mg aflibercept every 8 weeks (298) following
three monthly loading injections, and the
control group of 0.5 mg ranibizumab every 4
weeks (Rg4). The primary treatment lasted
52 weeks and the follow-up period was from
weeks 52 to 96. During the follow-up phase, all
groups were switched from a fixed monthly or
bimonthly regimen to an as-needed or pro re
nata (PRN) regime.

The studies showed that aflibercept 2 mg
every 8 weeks (2g8) produced non-inferior effi-
cacy to monthly ranibizumab, and efficacy
remained at 96 weeks [13, 17]. Patients in this
group (29g8) gained +7.6 letters from baseline at
week 96 compared with +8.4 letters at week 52.
Patients in the ranibizumab group gained +7.9
letters from baseline at week 96 compared with
+8.7 letters at week 52. Over 2 years, patients in
group (2g8) received an average of 11.2 injec-
tions, while patients treated with ranibizumab
had an average of 16.5 injections over the same
period. Thus, patients in group (2q8) had an
average of five fewer injections by 96 weeks. In
VIEW]1, at 52 weeks, the proportion of fluid-free
eyes on optical coherence tomography (OCT)
was 61% in group (298) and 63.6% in the
ranibizumab group. Similarly, in VIEW2, at
52 weeks, 64.4% in group (2q8) and 55.7% in
the ranibizumab group had no fluid. This ben-
efit remained at 96 weeks (combined data from
VIEW1 and VIEW?2), with 49.8% of participants
in group (2g8) and 45.5% of participants in the
ranibizumab group. Aflibercept was well toler-
ated, with no differences between any groups
for ocular treatment-emergent and injection-
related adverse events and for non-ocular sys-
temic adverse events.

For patients enrolled in VIEW1, there was an
extension study up to 212 weeks [13], with a
modified quarterly dosing amended to treat-
ment every 8 weeks. The mean number of
injections between weeks 96 and 212 was 12.9,
and visual acuity (VA) gains were largely main-
tained during the extension period, with +7.1
letters.

Another significant RCT published in 2017,
ALTAIR, evaluated two different treat-and-ex-
tend (T&E) regimens of aflibercept in a Japanese
population with nAMD for 96 weeks [14]. In
total, 247 patients were treated with three ini-
tial monthly loading doses of aflibercept 2 mg
and were then randomly assigned to two
groups: 2-week group with aflibercept (AFB-
2W) T&E and adjustment of intervals by
2 weeks (124 patients), and 4-week group with
aflibercept (AFB-4 W) T&E and adjustment of
intervals by 4 weeks (123 patients). The mean
change in VA from baseline to week 52 was 9.0
letters in the AFB-2 W group and 8.4 in the AFB-
4 W group. In the same period, the mean
change in central retinal thickness (CRT) was
—134.4 ym in AFB-2W and —126.1 um in AFB-
4 W. Functional and anatomical outcomes were
maintained to week 96. From baseline to week
96, the mean changes in VA were 7.6 (AFB-2 W)
and 6.1 (AFB-4 W) letters and mean changes in
CRT were —130.5 um (AFB-2 W) and —125.3 um
(AFB-4 W). The mean number of aflibercept
injections was the same in the two groups (10.4)
from baseline to week 96. The overall safety
profile of aflibercept was consistent with previ-
ous studies. These findings underscore the effi-
cacy of the aflibercept T&E regimen with 2- or
4-week adjustments, thereby reducing the
treatment burden for both patients and
healthcare providers [15].

Real-World Evidence Studies

Several studies have evaluated the efficacy of
aflibercept in real-world clinical settings given
the broader diversity of treatment cohorts in the
real world compared to necessarily homoge-
neous demographics in RCTs. In 2016, the UK
Aflibercept Users Group reported visual out-
comes of aflibercept treatment achieved in 16
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UK National Health Service (NHS) hospitals at
1 year based on the VIEW studies protocol.
Visual outcomes were comparable to the land-
mark trials. A total of 1840 treatment-naive eyes
of 1682 patients were enrolled and received a
median of eight injections over a median of
eight visits. Early visual gain after the monthly
injection loading phase was maintained
through 1 year, and the largest visual gains at
1 year occurred in eyes with the worst baseline
vision. The proportion of eyes achieving 70
letters or more increased from 16.4% at baseline
to 33.7% at 1 year [16].

Another significant real-world evidence
(RWE) study investigated 2-year, 3-year and
4-year outcomes of aflibercept treatment at
Moorfields Eye Hospital NHS Foundation Trust
[17-19]. The 2-year study included 109 treat-
ment-naive eyes from 102 patients, with data
from 94 eyes of 88 patients. Patients received
fixed doses of aflibercept in year 1 as per the
VIEW study protocol, which was switched to
T&E in year 2. Over 2 years, the mean visual
gain was 5.1 £+ 14.9 letters with a mean of 11.4
injections per eye. Ninety-five percent of
patients achieved VA maintenance at the end of
year 1 and 90.4% at the end of year 2, which is
comparable to the outcomes in the VIEW
studies. The mean decrease in central subfield
macular thickness (CMT) was 79 um, with
absence of macular fluid in 72.7% of the eyes. In
the 3-year study, patients received fixed dosing
of aflibercept in year 1 followed by a T&E
approach. These patients were found to have
good visual and anatomical outcomes. Over
3 years, 88.9% achieved VA maintenance and
30.5% eyes experienced a gain in VA. The mean
visual gain was 6.6 letters achieved with a mean
of 15.9 injections. The reduction in CMT was
77.9 + 101.4 pm, with absence of macular fluid
in 71% of eyes. Ninety-four eyes of 89 patients
completed 4-year follow-up. Thirty-three per-
cent of eyes gained > 15 ETDRS letters at the
end of 4 years, and 66 (70%) eyes had no mac-
ular fluid at the end of the follow-up. The mean
number of aflibercept injections received over
4 years was 19.3. The results suggest that good
long-term morphological and functional treat-
ment outcomes can be achieved wusing

intravitreal aflibercept for nAMD in a real-life
clinical setting.

In the past few years there have also been
reports of nAMD treatment outcomes from
global registries. One such registry is the Fight
Retinal Blindness! (FRB!), which was developed
with the aim of tracking outcomes of anti-VEGF
treatment for nAMD in Australia, New Zealand
and Switzerland from 2007 onwards [20]. The
FRB! investigators reported 24-month outcomes
in 136 eyes of 123 patients with nAMD treated
with an aflibercept T&E regimen. Over
24 months, VA gain was +6.0 letters (98% with
VA 70 letters or more at baseline maintained
this VA up to 24 months). Both the mean
number of injections and visits decreased from
year 1 to year 2 for eyes receiving treatment for
24 months. The mean visual gain over
24 months with the T&E dosing regimen from
the start was similar to previous RWE. In the
FRB! study, mean VA before treatment initiation
was at least 5 letters greater than other studies
and visual outcomes were better. These better
visual outcomes support the rationale for earlier
treatment intervention and/or consideration of
a T&E dosing regimen in year 1.

Practical Guidance

In 2020, a panel of UK retinal experts released
practical guidance and recommendations to
optimize the aflibercept T&E pathway for
nAMD patients that could be implemented in
clinical practice [21] (Fig. 1). According to their
report, treatment-naive nAMD patients should
receive three consecutive monthly loading
aflibercept injections. VA should be assessed at
each visit during the loading phase and OCT
(optional) obtained at visit 1 and visit 3, so as to
provide early treatment response data. The
fourth aflibercept dose is administered 8 weeks
after the third loading dose (VA and OCT
should be checked at visit 4 and at every sub-
sequent visit, to assess the length of the next
treatment interval). After the fourth injection,
the treatment interval is either maintained with
active disease or extended by 2 or 4 weeks with
inactive disease. After the fifth injection, the
treatment interval can be reduced, maintained
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Loading IVT x 3

4 weeks apart

VA +/- OCT

8 WEEKS*

Active disease IVT No. 4

VA + OCT

8 WEEKS*

Inactive disease

EXTEND
+2 to 4 WEEKS
(maximum 12 weeks)

IVT No. 5

and all subsequent IVTs

VA + OCT

and assess next interval

-2 to 4 WEEKS

+2 to 4 WEEKS
(maximum 16 weeks)

never changes with
shorter follow-up /
treatment intervals and
Prior challenge to
extend injection
interval has resulted in
disease reactivation so
no confidence to
extend interval further
at that point.

nAMD disease activity:
¢ Intraretinal fluid
and/or
*  New macular s
haemorrhage and/or
¢ Unstable subretinal
fluid.

MAINTAIN EXTEND®
REDUCE EXTEND
*  Loss of 25 ETDRS letters due * Noloss of 25 ETDRS letters «  No loss of > 5 ETDRS letters
to disease activity *  OCT shows no sign of fluid or: +  OCT shows no sign of fluid or:
*  OCT shows changing signs of *  OCT shows fluid that e OCT shows fluid that

never changes with
shorter follow-up /
treatment intervals and
Prior challenge to extend
injection interval has not
been attempted (or
attempted recently).

Fig. 1 The recommended aflibercept treat-and-extend protocol by the UK panel of retinal experts for nAMD

or extended, according to specific criteria (loss
of 5 ETDRS letters or more due to disease
activity, IRF and/or new macular haemorrhage
and/or unstable SRF).

In PRN protocols, patients receive treatment
injections in response to signs of disease activ-
ity, necessitating regular close monitoring. In
real-world clinical settings, this is often difficult

due to burden of visits on patients and health-
care  services, leading to  consequent
undertreatment and poorer visual outcomes
compared with landmark trials. The unpre-
dictable nature of reactive rather than proactive
treatment complicates capacity-planning in
AMD services, leading to potential treatment
delays. Conversely, the T&E dosing regimen
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involves regular injections with the aim of
minimizing risk of recurrence whilst individu-
alizing patient care based on visual and
anatomical response to treatment. Compared
with fixed dosing, the T&E regimen involves a
lower number of injections and visits in total
but results in superior outcomes. Future chal-
lenges in the management of AMD include
better use of multimodal imaging to improve
our understanding of this disease entity, corre-
lating imaging biomarkers with functional out-
comes, and individualizing treatment to the
patient in front of us.

DIABETIC RETINOPATHY AND
MACULAR OEDEMA

The physiopathology of diabetic retinopathy
(DR) and DMO is complex and still not well
understood [22]. High levels of VEGF-A have
been identified in the retina and vitreous of
patients with DMO and DR [23]. This signal
protein increases vascular permeability and
progression from non-proliferative diabetic
retinopathy (NPDR) to proliferative diabetic
retinopathy (PDR) [23, 24]. Anti-VEGF drugs
can successfully inhibit this protein and prevent
the aforementioned consequences.

Randomized Clinical Trials

The efficacy and safety of intravitreal aflibercept
for DMO compared with laser photocoagulation
was demonstrated in the Da Vinci [25] trial,
which was an industry-sponsored, randomized,
double-masked, multicentre, phase 2 clinical
trial comparing laser photocoagulation with
monthly, bimonthly and PRN intravitreal
aflibercept regimens. A total of 221 eyes with
DMO were randomized in a 1:1:1:1:1 ratio to
one of five treatment groups: aflibercept 0.5 mg
every 4 weeks; 2 mg every 4 weeks; 2 mg every
8 weeks after three initial monthly doses; 2 mg
dosing as needed after three initial monthly
doses; or macular laser photocoagulation. At
24 weeks, eyes treated with aflibercept gained
8.6, 11.4, 8.5 and 10.3 letters in the respective
groups, compared to a 2.5-letter gain in the laser

group (P < 0.0085). At 1 year, the differences
between the aflibercept groups and the laser
group persisted, showing a mean VA gain in the
aflibercept groups of 11.0, 13.1, 9.7 and 12.0
letters for the different dosing regimens,
respectively, versus 1.3 letters for the laser group
(P < 0.0001). At the end of the study, the mean
reductions in CRT in the aflibercept groups were
165.4 ym, 227.4 pm, 187.8 pm and 180.3 um,
versus 58.4 pm in the laser group (P < 0.0001 vs
laser). No significant differences in serious
adverse events were observed among the dif-
ferent groups.

FDA approval of aflibercept for the treatment
of DMO was based on two parallel clinical trials.
VISTA (N = 466) and VIVID [26] (N = 406) were
twin multicentre, randomized, double-masked,
phase 3 clinical trials comparing the safety and
efficacy of aflibercept (plus sham laser) in two
different doses, 2 mg every 4 weeks (2q4) and
2mg every 8weeks (2q8), after five initial
monthly doses compared to focal laser photo-
coagulation (with sham intraocular injections)
in patients with visual loss due to DMO.
Patients were randomized 1:1:1 to the different
groups. The mean change in VA at 52 weeks was
similar between the 2q4 (+10.5 letters, VISTA;
+12.5 letters, VIVID) and 2q8 (+10.7 letters,
VISTA and VIVID) groups, which was superior
to macular laser (+0.2 letters, VISTA; +1.2 let-
ters, VIVID). In both studies, more than 30% of
patients in the aflibercept groups experienced
an improvement in VA of > 15 ETDRS letters at
week 52, compared to 8-9% of patients in the
laser groups. Moreover, the percentage of eyes
in the laser group losing > 15 letters of VA was
9.1% and 10.6% in VISTA and VIVID, respec-
tively, compared to < 1% in the aflibercept
groups.

In terms of CRT, in VISTA the mean CRT
values were 1859 um and 183.1 um in the
aflibercept groups versus 73.3 um in the laser
group (P < 0.0001), and 195.0 pm and 192.4 um
versus 66.2 um in the laser group (P < 0.0001)
in VIVID. In addition, a proportion of eyes were
observed to have > 2-step improvement from
baseline in the Diabetic Retinopathy Severity
Scale (DRSS) score in both aflibercept groups
compared to laser, implying regression of the
underlying DR beyond the macula. The mean

A\ Adis



Ophthalmol Ther (2021) 10:413-428

419

number of injections received in the 2q4 and
2q8 groups was 11.8 and 8.4 in VISTA, and 12.2
and 8.7 in VIVID, respectively. Eyes in the laser
group received an average of 2.7 and 2.1 laser
treatments in VISTA and VIVID, respectively.
The incidence of ocular and non-ocular adverse
events was similar across treatment groups. It is
important to highlight that in both VISTA and
VIVID, the significant improvement in VA and
CRT with aflibercept versus laser control was
sustained through weeks 100 and 148, with
similar efficacy, in both aflibercept groups
[27, 28]. Sixty patients who completed the
3-year VISTA trial were enrolled in a phase IV,
2-year, open-label extension study. The main
objective of the ENDURANCE [29] extension
study was to evaluate the efficacy and safety of
2.0 mg intravitreal aflibercept retreatment for
DMO through the fifth year of management
with a PRN dosing regime. Twenty-five percent
of patients required no retreatment, and of the
patients who received at least one aflibercept
treatment, the mean number of injections over
2 years was 9.5. Visual and CRT improvements
achieved in VISTA were maintained with the
PRN regime during ENDURANCE. However,
10% of eyes progressed from NPDR to PDR for
the first time, with new PDR occurring approx-
imately 1year after the previous aflibercept
injection. After Syears of treatment, the
majority of patients would still require ongoing
clinical evaluation with repeat treatments,
although a minority may be stable without
ongoing anti-VEGF.

Protocol T [30] was a multicentre RCT
designed by the DRCR.net study group to
compare the efficacy of ranibizumab, aflibercept
and bevacizumab for the treatment of patients
with visual loss secondary to DMO. A total of
660 anti-VEGF treatment-naive patients with
baseline VA between 20/32 and 20/320 were
recruited and randomized to receive injections
of aflibercept 2mg (n=224), bevacizumab
1.25mg (n=218) or ranibizumab 0.3 mg
(n = 218) every 4 weeks. For the first 24 weeks,
injections were administered every 4 weeks
unless VA was 20/20 or better with normal CRT
and no improvement or deterioration in VA and
CRT. After 24 weeks, injections were continued
until VA and OCT were stable after two

consecutive injections. Treatment could be
resumed if the VA letter score or the retinal
thickness worsened. Focal/grid laser treatments
were initiated at or after 24 weeks only if per-
sistent DMO did improve after at least two
injections.

In terms of VA, primary outcome results at 1
year showed that all three drugs resulted in
significant improvement in VA. When baseline
vision was 20/32 to 20/40, there was no statis-
tical difference among the three drugs. The
mean improvement was 8.0 VA letter score with
aflibercept, 7.5 with bevacizumab and 8.3 with
ranibizumab (P > 0.50). When the baseline VA
was 20/50 or worse, the mean improvement was
18.9 with aflibercept, 11.8 with bevacizumab
and 14.2 with ranibizumab (P < 0.001 for
aflibercept vs bevacizumab, P =0.003 for
aflibercept vs ranibizumab, and P = 0.21 for
ranibizumab vs bevacizumab). The mean
decrease in CST was 169 £ 138 um with
aflibercept, 101 4+ 121 um with bevacizumab,
and 147 £ 134 um with ranibizumab, with
aflibercept and ranibizumab shown to be supe-
rior to bevacizumab (P < 0.001). The median
number of injections was 9 in the aflibercept
group, 10 in the bevacizumab group and 10 in
the ranibizumab group (P = 0.045 for overall
comparison). Laser photocoagulation was per-
formed at least once between 24 and 48 weeks
in 37% of aflibercept-treated eyes, 56% of
bevacizumab-treated eyes and 46% of ranibizu-
mab-treated eyes (P < 0.001 for overall com-
parison). No difference was observed in terms of
serious adverse events.

At 2 years [31], the superior visual outcomes
of aflibercept over ranibizumab that had been
noted at 1 year were no longer present (18.1
letters aflibercept vs 16.1 ranibizumab,
P =0.18). Nevertheless, the superiority of
aflibercept over bevacizumab was still present in
eyes with 20/50 or worse baseline VA (18.1 let-
ters aflibercept vs 13.3 bevacizumab, P = 0.02).
CRT decreased on average by 171 + 141 um
with aflibercept, 126 + 143 pm with beva-
cizumab and 149 £ 141 um with ranibizumab
(aflibercept vs bevacizumab, P < 0.001; afliber-
cept vs ranibizumab, P = 0.08; ranibizumab vs
bevacizumab, P < 0.001). No significant differ-
ence in the number of intravitreal injections
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was noted across all three treatment groups,
with 15, 16 and 15 over the full 2 years and 5, 6
and 6 in the second year alone in the afliber-
cept, bevacizumab and ranibizumab groups,
respectively. The observed reduction in the
need for anti-VEGF treatment for DMO was
consistent with results from Protocol I [32].
Over 2 years, 41% of eyes required laser treat-
ment in the aflibercept group compared with
64% for bevacizumab and 52% for ranibizumab
(global P < 0.001).

The Protocol T 5-year follow-up study [33]
explored standard care treatment distributions
along with functional and anatomical outcomes
3 years after Protocol T participation ended.
Participants were managed at the clinicians’
discretion and recalled for a 5-year visit to assess
clinical outcomes and characterize follow-up
treatments for DMO. In total, 317 participants
completed the 5-year visit. Between years 2 and
5, 68% of study eyes received at least one anti-
VEGF treatment (median, 4). At S years, mean
VA improved from baseline by 7.4 letters but
decreased by 4.7 letters between 2 and S years.
When baseline VA was 20/50-20/320, mean
5-year VA was 11.9 letters better than baseline
but 4.8 letters worse than 2 years. When base-
line VA was 20/32-20/40, mean 5-year VA was
3.2 letters better than baseline but 4.6 letters
worse than 2 years. Mean CST decreased from
baseline to Syears by 154pum and was
stable between 2 and 5 years. It was not possible
to compare pure treatment groups through
5 years since follow-up and treatment outside
the study were not standardized, and about half
of the eyes received an anti-VEGF agent that
was different from the randomized treatment.
The anti-VEGF agent received during the first
2 years did not lead to any statistically signifi-
cant treatment group differences in VA at
5 years. The discordance between mean changes
in VA and CST from years 2 to 5 does not appear
to be explained by cataract formation.

Protocol V [34] was the first major multi-
centre randomized clinical trial evaluating
patients with centre-involving DMO and good
VA (20/25 or better). Eyes were randomly
assigned to 2mg of intravitreal aflibercept
(n = 226) every 4 weeks, focal/grid laser photo-
coagulation (n = 240) treated at baseline with

retreatment at 13 weeks if indicated, or obser-
vation (n = 236). Aflibercept was the rescue
therapy for eyes in the laser photocoagulation
or observation groups that had decreased VA
from baseline by at least > 2 lines on an eye
chart at any visit or by 5-9 letters (1-2 lines) at
two consecutive visits. At 2 years, the percent-
age of eyes with at least a 5-letter decrease in VA
was 16%, 17% and 19% in the aflibercept, laser
photocoagulation and observation groups,
respectively. These rates of VA loss did not differ
significantly between groups. Three-quarters of
the eyes in the laser group and two-thirds of the
eyes in the observation group did not receive
anti-VEGF injections over the 2 years of follow-
up.

A Cochrane meta-analysis [35] of anti-VEGF
treatment in DMO was published in 2017. RCTs
which compared anti-VEGF injections, another
treatment, sham or no treatment in DMO were
included. They found that aflibercept, beva-
cizumab and ranibizumab were all more effec-
tive than laser at improving vision by three or
more lines after 1 year (high-certainty evi-
dence). On average there was no change in VA
with laser after 1 year, compared with a gain of
one or two lines with anti-VEGF treatment.
People receiving ranibizumab were less likely to
gain three or more lines of VA at 1 year com-
pared with aflibercept (moderate-certainty evi-
dence). On average, people receiving
ranibizumab had worse VA at 1 year (moderate-
certainty evidence) and higher CRT (low-cer-
tainty evidence) compared with aflibercept.

Real-World Evidence Studies

The efficacy of intravitreal aflibercept in the
treatment of centre-involving DMO in a real-
world setting at 12 months has been previously
described [36]. Ninety-nine eyes were analysed,
with patients initiated on five monthly loading
doses of intravitreal aflibercept injections, fol-
lowed by PRN injections at the clinicians’ dis-
cretion. At 12 months, the mean number of
aflibercept injections received was 6.92, which
is lower than the mean number of 9.2 in Pro-
tocol T. The mean change in VA was +9.9 letters
while in Protocol T it was +13 letters in the
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aflibercept group. The mean change in CRT
was —128 ym compared to —169 pm in the
aflibercept-injected eyes. The results of
36 months of RWE of aflibercept in patients
with DMO have also been published [37]. This
retrospective cohort included 64 eyes that
received a loading phase of five monthly
aflibercept injections, followed by injections if
needed at the clinicians’ discretion. The mean
number of aflibercept injections received was
12.59 at month 36. The mean change in VA was
+6.89 letters from baseline: subgroup analysis
by baseline VA showed statistically greater
improvement in vision in eyes with worse
baseline VA, whilst maintaining stable vision in
the subgroup with better baseline VA. The mean
change in CRT was —119 um at the end of the
36-month follow-up. The cohort gained statis-
tically significant improvement in VA and
anatomical outcomes over 3 years of treatment.

Another retrospective RWE study from the
FRB! Registry [38] compared ranibizumab and
aflibercept for DMO at 12 months for each drug
in routine clinical practice. A total of 383 eyes
were included (ranibizumab, n =166 -eyes;
aflibercept, n = 217 eyes). Aflibercept and rani-
bizumab both improved vision and reduced
macular thickness. Eyes receiving aflibercept
tended to have lower mean VA and thicker CRT
when they started treatment. In addition,
greater reductions in CRT were observed with
aflibercept as well as greater VA gains when
baseline VA was 20/50 or worse. Treatment
switches occurring within 12 months were
uncommon (5%) and were more frequent from
ranibizumab to aflibercept than vice versa.

A recent RWE study, APOLLON [39], descri-
bed outcomes in patients with DMO following
12 months of intravitreal aflibercept
monotherapy. Among the 147 patients inclu-
ded, 77 were treatment-naive and 70 had been
previously treated (laser, steroids or other anti-
VEGF). The mean number of aflibercept injec-
tions at 12 months was 7.6 for treatment-naive
patients and 7.6 for previously treated patients.
Treatment-naive patients achieved better visual
outcomes (+7.8 letters) than previously treated
patients (4+5.0 letters), even though mean
baseline VA letter scores were similar between
the two treatment cohorts. This study suggests

that early and effective treatment is crucial for
achieving the best visual outcomes.

Practical Guidance

A UK expert panel recently published a practical
approach translating evidence into practice
[40]. Three different aflibercept dosing regimens
can be used in DMO: (1) The licensed posology,
which is an intensive proactive dosing, 2 mg
injection every month for five consecutive
doses, followed by one injection every
2 months. After the first 12 months, the treat-
ment interval may be extended. The monitor-
ing schedule should be determined by the
treating ophthalmologist (Fig. 2).

(2) The Protocol T regime which is charac-
terized by PRN with 4-weekly monitoring in
year 1 (with extension of intervals once stability
has been reached), and monitor and extend in
year 2 (Fig. 2). The loading phase plays a crucial
role and the importance of intensive loading is
supported by post hoc analysis of pooled VIVID
and VISTA results, in which the proportion of
eyes gaining > 5 letters increased with each
subsequent aflibercept injection.

(3) Treat-and-extend: there is currently lim-
ited evidence available on the use of the
aflibercept T&E regime in DMO. Currently the
benefits are under investigation in the VIOLET
trial comparing the efficacy of this regimen,

DMO
CRT 2 400 pm

PRN regime 4 weeks apart
Unless VA 20/20 and CST < 250

Loading aflibercept 2 mg x 5
um, and no improvement or

4 weeks apart o
worsening in response to the last

2 injections

From week 24, If stable, the

. treatment interval could be
aflibercept 2mg x 3

extended; irrespective of whether
8 weeks apart

VA 20/20 or CST < 250 um had
been achieved

Fig. 2 The UK expert panel recommendations for DMO
treatment with aflibercept
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PRN, versus fixed dosing every 2 months
(NCT02818998).

RETINAL VEIN OCCLUSION

Retinal vein occlusion includes central retinal
vein occlusion (CRVO), branch retinal vein
occlusion (BRVO) and less commonly hemi-
retinal vein occlusion (HRVO). CRVO is a result
of impaired venous drainage with a resultant
increase in venous pressure, reduced arterial
perfusion and retinal ischaemia [41]. The esti-
mated prevalence of CRVO worldwide is 2.5
million [41, 42]. The Beaver Dam population
study revealed a cumulative 15-year incidence
of 0.5% [43]. BRVO is a common retinal vascu-
lar disorder and second only to DR in preva-
lence, usually occurring at an arteriovenous
crossing with arterial compression of the vein
[44]. RVO is associated with increasing age,
systemic hypertension, cardiovascular disease,
diabetes mellitus, hyperviscosity syndromes
and glaucoma [45, 46]. The most common
cause of progressive loss of vision from vein
occlusions is macular oedema [47]. VEGF is a
cytokine released by hypoxic cells. It increases
vascular permeability and leads to the develop-
ment of macular oedema in vein occlusions
[42, 48].

Randomized Clinical Trials

The COPERNICUS trial [49] was a landmark
phase III RCT in the United States and included
CRVO patients with centre-involving macular
oedema with CRT of > 250 microns. A total of
189 patients were included in the study and
randomized to receive either aflibercept 2 mg
monthly or sham injections for 24 weeks.
Beyond this period, patients received PRN
aflibercept if they had an increase in retinal
thickness of > 50 microns, new or persistent
intraretinal or SRF, or loss of > 5 letters from
best previous measurement with any increase in
CRT. The proportion of patients who gained
> 15 letters compared to baseline was 56.1%
versus 12.3% at week 24 in the aflibercept
group; this extended to 55.3% versus 30.1% at
week 52 and 49.1% versus 23.3% at week 100.

The increase in the proportion of patients with
visual gain at week 52 and week 100 in the sham
group included those patients who received
aflibercept due to the retreatment criteria
explained above [49-51]. The mean change in
CRT was —144.8 um in the sham group versus
—457.2 pm in the aflibercept group at 24 weeks.
The mean change improved in the sham group
when switched to receiving aflibercept post-
24 months, to —343.3 um at 100 weeks [49-51].
The study concluded that monthly aflibercept
injections resulted in a 21-letter visual gain at
24 weeks compared to sham (P = 0.001) [49]
and that a delay in treatment of 24 weeks in
patients in the sham group resulted in worse
visual outcomes when compared to the afliber-
cept group at 52 weeks and 100 weeks [50, 51].
Over 52 weeks, no patients in the aflibercept
arm developed neovascularization, compared to
five patients (6.8%) in the sham arm [51]. The
safety profile of aflibercept in the treatment of
CRVO was comparable to other anti-VEGF
agents such as bevacizumab and ranibizumab.
The GALILEO trial [52] was a similar phase III
randomized study conducted in Europe and
Australia evaluating the effect of aflibercept in
treating macular oedema secondary to CRVO.
VA and CRT inclusion criteria were similar to
the COPERNICUS trial. The study recruited a
total of 177 patients, who were randomized to
monthly aflibercept 2mg (n=106) or sham
intravitreal injections (n = 71). The results were
similar to those of the COPERNICUS trial, with
the proportion of patients who gained > 15
letters at 24 weeks totalling 60.2% in the
aflibercept group versus 22.1% in the sham
group [52]. The difference was statistically sig-
nificant and was maintained through 52 weeks
and 76 weeks despite visual gain after the
introduction of aflibercept at week 24 in the
sham group [52-54]. The mean change in CRT
was —448.6 um in the aflibercept group versus
—169.3 pm in the sham group at 24 weeks, and
this improved in the sham group to —306.4 um
at 76 weeks after the introduction of PRN
aflibercept at 24 weeks as described above
[52-54]. Within 52 weeks, 5.8% of patients in
the PRN aflibercept arm developed neovascu-
larization versus 8.8% in the sham group [53].
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The conclusions of the study were similar to
those found in the COPERNICUS trial.

The VIBRANT study [55] was a randomized
phase III trial that evaluated the efficacy of
monthly aflibercept injections versus macular
laser photocoagulation in the treatment of
macular oedema secondary to BRVO. A total of
183 patients were randomized to receive either
monthly aflibercept 2 mg for 6 months followed
by 8-weekly injections until week 48, or macu-
lar laser photocoagulation followed by sham
injections for 48 weeks. The primary outcome
was the proportion of eyes that gained > 15
ETDRS letters from baseline, and secondary
outcomes included change in vision from
baseline and CRT. Rescue injections were
available to the photocoagulation group from
week 24 if specific criteria were met. The results
showed that at 24 weeks, 52.7% of eyes in the
aflibercept group gained > 15 ETDRS letters
compared to 26.7% in the photocoagulation
group. This improved to 57.1% in the afliber-
cept group at 52 weeks compared to 41.1% in
the photocoagulation group, with 80.7% in the
laser group requiring rescue injections between
24 and 48 weeks. The mean change in letters
was 17.0 versus 6.9 at 24 weeks and 17.1 versus
12.2 at 52 weeks in the aflibercept versus laser
groups, respectively. In terms of CRT, the mean
change was —280.5 versus —128 at 24 weeks and
—283.9 versus —249.3 in the aflibercept and
laser groups, respectively. These landmark trials
proved the efficacy of aflibercept in the treat-
ment of RVO.

Real-World Evidence Studies

A number of real-world studies have confirmed
the efficacy of aflibercept in treatment-naive
patients with macular oedema from RVO, but
also in cases that have been refractory to other
previous anti-VEGF therapy. A recent prospec-
tive study [56] recruited 29 patients who were
previously treated with ranibizumab without
reduction in IRF following an average of 4.5
injections. Aflibercept was given on a PRN basis,
with a considerable reduction in CRT from
633.67 pm to 234.62 um and improvement in
BCVA from 1.34 £+ 0.66 logMAR to 0.91 + 0.73

logMAR. The average number of aflibercept
injections needed was 2.19. A prospective mul-
ticentre trial in Spain looked to evaluate the
safety and efficacy of an aflibercept T&E regi-
men in patients with macular oedema sec-
ondary to CRVO [57]. A total of 24 eyes from 24
patients were treated with monthly aflibercept
2 mg for 3 months, after which treatment was
individualized with a T&E regimen. Mean BCVA
improved significantly in the 12-month follow-
up period (P = 0.0001). Twelve patients (50%)
gained > 15 ETDRS letters. The study showed
an improvement in VA in patients with a T&E
regimen of aflibercept for macular oedema sec-
ondary to CRVO.

Current Anti-VEGF Guidelines
for Treatment of Retinal Vein Occlusion

The FEuropean Society of Retina Specialists
(EURETINA) guidelines [58] based on the liter-
ature and expert opinion in RVO recommend
that intravitreal aflibercept in the treatment of
macular oedema secondary to RVO should be
started early for optimal outcomes. After fixed
initial monthly injections, visual gain can lar-
gely be maintained with either extended inter-
treatment intervals or a PRN regimen. Intravit-
real aflibercept lowers the risk of neovascular-
ization in ischaemic CRVO, but long-term
monitoring for this and macular oedema is
advised.

MYOPIC CHOROIDAL
NEOVASCULARIZATION

The physiopathology of myopic CNV is not
fully understood; however, risk factors have
been identified and described, including patchy
retinal atrophy, lacquer cracks, and choroidal
thinning and delays in angiographic choroidal
filling [59].

Randomized Clinical Trials

The MYRROR study [60] was a phase III, multi-
centre, randomized, double-masked, sham-
controlled study carried out in Asia. The main
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objective was to evaluate the efficacy and safety
of intravitreal aflibercept 2 mg for myopic CNV.
A total of 122 patients were randomized 3:1 to
aflibercept 2 mg or sham injection. In the
intravitreal aflibercept arm, patients received
one injection at baseline and PRN in the case of
CNV persistence or recurrence at monthly vis-
its. In the sham arm, patients received sham
injections until week 20. At week 24, the
aflibercept group gained 12.1 and the sham
group lost 2 letters (P < 0.0001). At that stage
the sham group was switched to receiving one
intravitreal aflibercept and then PRN with
monthly assessment until week 44. At the end
of the follow-up, the aflibercept group gained
13.5 letters compared with 3.9 letters in the
original sham groups (P < 0.0001). The afliber-
cept group received a median of two injections
during the first 12 weeks and no injections
thereafter. In the sham + intravitreal afliber-
cept group, the median number of injections
was 2 and 1 in the third and fourth quarters,
respectively. Intravitreal aflibercept showed
important visual and anatomical benefits with a
limited number of injections given.

Real-World Evidence Studies

Limited case series of myopic CNV treated with
aflibercept in a real-world clinical setting have
been published. Brue et al. described a retro-
spective series of 38 treatment-naive eyes with
myopic CNV which were treated with an
intravitreal aflibercept injection PRN regime
and were followed for at least 18 months. The
mean logMAR VA improved from 0.69 at base-
line to 0.15 at 18 months (P < 0.01). The mean
improvement in VA was significantly greater in
the eyes of the younger myopic CNV group
compared with those aged > 50 years (0.21 vs
0.35; P <0.05). Over half of the treated eyes
obtained resolution with one aflibercept injec-
tion; 18.4% received two injections, 10.5%
received three injections, 15.8% received four
injections, and 5.3% received five injections
[61]. Erden et al. compared anatomical and
functional outcomes of intravitreal aflibercept
and ranibizumab in the treatment of myopic
CNV at lyear. A total of 30 eyes were

randomized to a aflibercept or ranibizumab PRN
protocol. At 1 year, the two treatment modali-
ties led to comparable anatomical outcomes,
but aflibercept had better visual outcomes (0.69
logMar vs 0.09 logMar P:0.006) [62].

Practical Guidance

Anti-VEGF therapy should be considered as a
first-line therapy [63]. A single injection of
aflibercept 2 mg with additional PRN injections
is required [59]. It is important to highlight that
a delay in the treatment can affect visual out-
comes, as was shown in the MYRROR study
[61]. For the first 3 to 6 months. patients should
be strictly monitored, and the decision to treat
should be based on symptoms (metamorphop-
sia), reduction in VA and OCT findings [59].
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