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Abstract

Purpose The purpose of this study is to
evaluate an early switch to aflibecept in eyes
with neovascular age-related macular
degeneration (nvAMD) showing partial or
lack of response for initial therapy with
bevacizumab.
Methods The Aflibercept as a Second Line
Therapy for Neovascular Age Related
Macular Degeneration in Israel (ASLI) was a
prospective, multicenter, single-arm clinical
trial. Eyes with nvAMD having incomplete
response to 3–9 prior bevacizumab injections
were recruited. Three monthly intravitreal
aflibercept (2 mg) injections were
administered, followed by two bi-monthly
injections and a final examination at week 28.
An optional injection was allowed at
week 20.
Results Forty-seven eyes of 46 patients
(mean±SD age 76± 8 years) were recruited.
The mean number of prior bevacizumab
injections was 5.5± 2.9. The mean visual
acuity improved from 60.3± 10 ETDRS letters
at baseline to 63.1± 15 letters at week 28
(P= 0.02, paired t-test). The central subfield
thickness (CST) reduced from 409± 127
micron at baseline to 330± 110 microns at
week 4 (P= 0.0002; paired t-test), and 277± 70
microns at week 28 (P= 0.00002; paired t-test).
Twenty-two eyes had three to five prior
bevacizumab injections (mean 5.1± 0.7), and
25 eyes had six to nine prior injections
(7.32± 1.2). Both groups had reduced CST
from baseline to week 28 (P= 0.0004 and
P= 0.0007; paired t-test, respectively). Thirty-
five (75%) eyes required the optional
additional aflibercept injection at week 20.
Conclusions The ASLI study demonstrated
improved BCVA and reduced CST following
an early switch to aflibercept therapy in eyes

with prior incomplete response to initial
therapy with three to nine bevacizumab
injections.
Eye (2017) 31, 890–898; doi:10.1038/eye.2017.7;
published online 17 February 2017

Introduction

Anti-VEGF compounds, administered
intravitreally, markedly improved the short- and
intermediate-term outcome of neovascular age-
related macular degeneration (nvAMD). On the
basis of several prospective multicenter clinical
trials, it was concluded that non-inferior visual
outcome is obtained when either ranibizumab or
bevacizumab is applied for treating nvAMD.1–5

The VEGF-Trap Eye Investigation of Efficacy
and Safety in Wet AMD (VIEW) 1 and VIEW 2
trials also described similar visual outcome
following either ranibizumab or aflibercept
treatment for nvAMD.6–8

Aflibercept is a recombinant fusion protein
consisting of the key human VEGF receptor
extracellular domains from receptors 1 and 2
(VEGFR1 and VEGFR2) fused to the Fc domain
of human IgG1.9 Aflibercept is different from
bevacizumab and ranibizumab by having
higher binding affinity for VEGF-A by binding
to placental growth factors 1 and 2 (PLGF1
and PLGF2) and VEGF-B, and by having a
longer half-life in the vitreous (compared to
ranibizumab).7,10 While, overall, bevacizumab,
ranibizumab, and aflibercept obtain similar
treatment outcome in nvAMD, differences
among these compounds may affect treatment
outcome in the subgroup of patients.
The VIEW 1 and VIEW 2 studies demonstrated
that aflibercept administered every 2 months
following three initial monthly loading doses
was non-inferior to monthly ranibizumab
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in maintaining vision in patients with treatment-naive
nvAMD over 1 year.6 Yet, a recent study reported that a
more frequent injection schedule may be required in
some of the cases.11

Despite the similar overall efficacy, when unsatisfactory
response is observed following treatment with a single
anti-VEGF compound, a switch to one of the other
available anti-VEGF drugs is often performed. This
strategy is based on several reports, suggesting anatomic
and visual outcome benefits following switching between
anti-VEGF therapies in cases of unfavorable response to
the first-line treatment.8,12–33

According to the program of the Israeli Ministry of
Health, off-label bevacizumab serves as the first-line
therapy for nvAMD in the majority of nvAMD cases.
Guidelines for the preferred timing and benefit of switch
to a second-line therapy for nvAMD were not developed
at the inception of this study. In many cases, such second-
line treatment is initiated only after multiple previous
injections of the first-line compound. By that time a
substantial visual loss and structural macular damage
have already occurred. Conceivably, an early switch,
when irreversible damage to foveal tissue is still limited,
may yield improved outcome.
To further assess the efficacy of aflibercept as an early

second-line therapy in nvAMD, we have conducted a
multicenter prospective clinical trial in nvAMD patients
with lack or incomplete response to prior first-line
bevacizumab treatment.

Materials and methods

Study design

The Aflibercept as Second Line treatment in Israel (ASLI)
study was a prospective, multicenter, open label, single-
arm clinical trial that was initiated by the Israeli Retina
Society. Forty-six patients (47 eyes) were enrolled during
12 months from April 2014 through April 2015 at eight
clinical centers around Israel. All patients were followed
for 28 weeks. The study was approved by the institutional
review board at each participating clinical center, and all
patients provided written informed consent. The ASLI
study was registered with ClinicalTrials.gov (identifier
no. NCT01918878).

Participants

Inclusion criteria for the study eye included incomplete or
no response to first-line intravitreal injections of
bevacizumab for nvAMD. First-line treatment was
provided in the setting of a clinic prior to recruitment to
the ASLI trial. Incomplete or no response was defined
based on OCT criteria that included the presence of

intra- or subretinal fluid (IRF, SRF), and/or pigment
epithelium detachment (PED) with maximal central point
thickness of 300 microns or larger (retinal thickness
including SRF, IRF, and PED) according to the Heidelberg
OCT. We included patients who received between three
and nine bevacizumab injections within the first year
from diagnosis of new onset choroidal neovascularization
(CNV) secondary to AMD. The intervals between each of
the last three injections had to be no longer than 6 weeks.
This interval was chosen as it reflected real-life clinic
setting treatment interval, and since it was considered
acceptable at the time.34–38 Best-corrected visual acuity
(BCVA) in the study eye was between 30 and 80 letters of
Early Treatment Diabetic Retinopathy Study (ETDRS)
visual acuity chart (Snellen equivalent of ~ 20/40 to
20/360). Inclusion imaging criteria were based on optical
coherence tomography (OCT) and fluorescein angiogram
(FA) performed at the screening visit. FA inclusion criteria
included total area of the lesion (including leakage, blood,
and scar/atrophy) smaller than five disc areas, of which
at least 50% must be active CNV. Exclusion criteria
included presence of any pathology, other than nvAMD,
that could be associated with the development of CNV,
more than 50% of the total lesion size consisting of
subretinal hemorrhage, presence of retinal angiomatous
proliferation, or RPE tears. Active or suspected ocular or
periocular infection or inflammation, clinically significant
epiretinal membrane, vitreomacular traction, macular
hole, or vitreous hemorrhage were other exclusion
criteria. Eyes with uncontrolled intraocular pressure (IOP)
or any intraocular surgery or thermal laser within
3 months of trial entry were also excluded.

Study protocol

BCVA and imaging (OCT and FA) were performed
following a standardized protocol. OCT images from the
screening visit were reviewed by the site's PI. FA images
were analyzed by a centralized reading center that
reviewed all FAs to determine eligibility (MG). To
approve eligibility for the study, the FA had to be deemed
eligible by the reading center, and the clinical details and
OCT images had to be reviewed by additional two PIs
from other participating centers. A unanimous consensus
was required to confirm participation of the patients in
the study.
Loading dosage composed of three monthly intravitreal

aflibercept (2 mg; day 0, week 4, and week 8) was
followed by further injections of aflibercept at weeks 16
and 24. In cases where IRF and/or SRF were detected at
week 16, an additional injection was provided at week 20
per the investigator's discretion. Thus, a total of five to six
aflibercept injections were administered during the study
period.
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At each visit, a full ophthalmic examination, including
protocol BCVA and IOP assessment with Goldman
applanation tonometry, adverse event monitoring, and
SD-OCT/ HD-OCT (Heidelberg Spectralis; Heidelberg
Engineering, Heidelberg, Germany, or Ziess cirrus, Carl
Zeiss Meditec, Dublin, CA, USA), measurement of both
eyes was conducted with appropriate correction factors of
adding 10 microns to the thickness for measurements that
were based on Cirrus HD-OCT to compare thickness to
the Spectralis SD-OCT.39 FA was performed at the
baseline at the last visit.

Statistical analysis

Statistical analysis was performed using SPSS (version
21.0; SPSS Inc., Chicago, IL, USA). Study sample was
calculated using Hochberg’s procedure to control the type
I error rate for the primary end point at 5% (two-sided),
and provide 80% probability that the change in the central
subfield thickness (CST) will be significant. Measures of
BCVA, CST, and maximal central thickness were
summarized using means, SDs, median, and range. Since
the data were normally distributed, comparisons with
and between groups for BCVA and CST parameters were
performed using two-sided t-tests. Where appropriate,
sensitivity analysis using nonparametric Wilcoxon-signed
rank tests was also performed. A P-value of less than 0.05
was considered significant.

Results

Baseline patient characteristics and patient retention

Forty-seven eyes of 46 patients were enrolled to the study
in eight academic medical centers around Israel. The
mean± SD age at baseline was 76± 8 years, and 28 (61%)
patients were female. Twenty-two eyes had three to five
prior bevacizumab injections (mean± SD 5.1± 0.7), and
25 eyes had six to nine prior injections (mean± SD
7.32± 1.2). Baseline characteristics are presented in
Table 1.
One patient was withdrawn from the study at week 16

because of unsatisfactory response according to the
discretion of the treating PI. This patient manifested
exacerbation of PED and adjacent subretinal fluid despite
3 monthly injections of afllebercept. One patient did not
receive the treatment at week 16 because of an active
herpes simplex keratitis in the study eye. When the
infection resolved, the remaining treatments were
provided as scheduled. Three ocular adverse events were
observed, one eye had retinal detachment during the
follow-up, and two eyes had transient elevated IOP. One
patient experienced bowel obstruction, which was treated
medically without the need for surgery.

Anatomic outcome

The CST reduced during the study from a mean± SD of
409± 127 microns at baseline to 330± 100 microns
(P= 0.0002) at week 4 and 277± 70 microns (P= 0.00002;
paired t-test) (Figure 1a) at week 28. Following the first
bi-monthly interval between the week 8 and week
16 visits, there was an increase in CST from 324± 112
to 358± 125 microns (P= 0.003; paired t-test). Overall,
35 (75%) eyes received the optional injection at week 20.
The CST remained stable in the 12 eyes that received
only the two bi-monthly injections at weeks 16 and 24
(Figure 1b).
Subgroup analysis for 22 eyes that had three to five

prior bevacizumab injections, and 25 eyes with prior six
to nine injections demonstrated reduction in CST in both
groups from mean± SD of 407± 145 and 405± 107
microns at baseline to 280± 84 and 272± 51 microns at
week 28 (P= 0.0004 and P= 0.0007, respectively; paired
t-test; Figure 1c). Both groups demonstrated similar visual
outcome during the follow-up (Figure 1c).
Thirty-three (70%) eyes had SRF at presentation,

while only 12 (25%) eyes had SRF at week 28 (P= 0.01).
Only four (8%) eyes had IRF at week 28 compared with 18
eyes (38%) at baseline (P= 0.01). PED was present in 18

Table 1 Baseline characterization of patients enrolled within the
ASLI study (n= 47)

Age (years) mean± SD 76± 8
Female/male (%) 61/39

Previous bevacizumab treatment, number (%)
3 15 (32%)
4 4 (8%)
5 3 (6%)
6 9 (19%)
7 7 (15%)
8 1 (2%)
9 8 (17%)

Vitreoretinal interface, number (%)
Attached vitreous 18 (38%)
PVD 15 (32%)
ERM 1 (2%)
VMT 1 (2%)

Drusen type, number (%)
Typical AMD 36 (77%)
Cuticular 3 (6%)
Subretinal drosenoid 3 (6%)

Retinal fluid, number (%)
SRF 33 (70%)
IRF 18 (38%)
PED 21 (45%)

Abbreviations: AMD, age-related macular degeneration; ERM, epiretinal
membrane; IRF, intraretinal fluid; PED, pigment epithelium detachment;
PVD, posterior vitreous detachment; SRF, subretinal fluid; VMT,
vitreomacular traction.
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Figure 1 The mean change in CST in microns according to OCT during 28 weeks of follow-up (n= 47; a). (b–c) A subgroup analysis of
CST changes during the study. (b) CST changes in eyes that received additional injection at week 20 (n= 35) and eyes without additional
injection (n= 12). There were similar CST changes in both groups. (c) CST changes along the study according to the number of
bevacizumab injections prior to enrollment to the study. There were similar CST changes in both groups. *Po0.05 for the comparison of
baseline vs follow-up examination in the same group. Error bars represent SEM.
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eyes (38%) at week 28 compared with 21 eyes (45%) at
baseline (P= 0.8).

Visual acuity outcome

BCVA score improved during the study from mean± SD
at baseline of 60.3± 10 to 63.1± 15 letters at the end of the
follow-up (P= 0.02; paired t-test; Figure 2a). At week 28,
21 (45%) eyes improved by five letters or more and three
(6%) eyes improved by 15 letters or more. Thirteen (28%)
eyes lost one or more letter. Six (12%) eyes lost less than
five ETDRS letters, three (6%) eyes lost 5–15 letters, and
four (8%) eyes lost more than 15 letters during the study.
Subgroup analysis identified no difference in visual
outcome between the 35 eyes that had additional injection
at week 20 and the remaining 12 study eyes (P= 0.73;
Figures 2b and 3). Subgroup analysis for 22 eyes with
three to five prior bevacizumab injections demonstrated
significant BCVA improvement from 60.4± 11.2 at
baseline to 62.8± 18.7 ETDRS letters at week 28 (P= 0.04;
paired t-test). A trend of BVCA improvement was
detected for the 25 eyes with prior six to nine injections
from 62.9± 8.5 ETDRS letters at baseline to 65.2± 11.6
ETDRS letters at week 28 (P= 0.23; paired t-test;
Figure 2c).

Discussion

In this prospective multicentre study, intravitreal
aflibercept therapy as an early second-line therapy
following bevacizumab failure yielded anatomical and
functional improvement. The mean macular thickness
reduced by over 100 micron and qualitative OCT
parameters improved. The mean visual acuity increased
by one ETDRS line or more in 45% of patients.
Multiple authors described outcomes after aflibercept

therapy in cases of incomplete response to prior therapy
with bevacizumab or ranibizumab in nvAMD.8,14–29,31–33

Recently, Lazzeri et al40 summarized these studies. Of the
21 studies identified, 16 were retrospective and 5 were
prospective.14,17,21,26,32 Unlike the ASLI study, the
majority of patients in the previous prospective studies
were treated with first-line ranibizumab and because of
partial response were switched to aflibercept. These
prospective studies included all together 157 eyes with a
follow-up period of 6–12 months. The mean number of
anti-VEGF injections prior to the switch to aflibercept was
30, as opposed to our study in which the number was
significantly lower (between three and nine). There were
large variations in the number of prior injections within
studies. Overall, the prospective studies reported a mean
reduction of ~ 50 microns in macular thickness at
6 months and a mean improvement of four letters in the
three studies who reported ETDRS visual acuity.40

Sarao et al30 recently reported another prospective
study that was not included in the meta-analysis of
Lazzeri et al.40 In this relatively large study (n= 92),
similar to our finding, an improvement of 1.8 letters in
visual acuity and reduction in CST of over 100 microns
was reported. Eyes were treated with aflibercept
following an initial PRN protocol with ranibizumab
injections and monthly monitoring and an average of 3.5
injections during 12 months of follow-up.30 Prior to
switching to aflibercept, these eyes received an average of
~ 15 injections during 18 months of therapy.
Overall, results of these previous prospective studies

are in accordance with our findings. The current trial
provided additional important insights into second-line
aflibercept treatment. Unlike previous prospective
studies, the ASLI trial focused on systematic assessment
of early conversion to second-line aflibercept and of the
required treatment interval period in such eyes. Such
early conversion may theoretically prevent the atrophic
macular changes and scar formation, which are often
observed in eyes with persistent CNV activity. Despite
this theoretical advantage, the magnitude of visual gain in
our study is in the same order of previous studied where
second-line therapy was initiated after longer periods of
first-line therapy. Furthermore, there was no difference in
outcome between eyes with less3–5 or more6–9 prior
bevacizumab injections within the ASLI trial. Thus,
conceivably, the benefit of early rather than delayed
conversion to aflibercept is not reflected in the absolute
visual gain following the conversion. Yet, it is likely that
early conversion to successful second-line therapy may
result in better outcome by avoiding the visual loss, which
occurs during the time period of treatment with less-
effective therapy for the particular eye.
According to its label for treatment of nvAMD, three

monthly intravitreal injections of aflibercept are initially
provided followed by bi-monthly injections. We have
adopted this treatment schedule but also allowed for a
rescue treatment at week 20, following the initial bi-
monthly interval in cases where IRF and/or SRF were
detected at week 16. Interestingly, we have found that
average macular thickness increased after the first bi-
monthly injection and that more than half of the patients
required monthly aflibercept injection during the first
6 months of second-line therapy. Accordingly, it was
recently suggested that bi-monthly aflibercept may not be
sufficient in some of the nvAMD patients who receive this
compound as a first-line therapy.11

The main caveats of our study is the lack of a control
group, the small number of patients and relatively short
follow-up period. It is not possible to assure that similar
anatomical and visual gains will not be detected
following longer treatment with first-line therapy, or
following strict q4-week treatment schedule with
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Figure 2 The mean change in BCVA measured by ETDRS letters (n= 47) during the study period (a). (b–c) A subgroup analysis of the
mean change in BCVA during the study. (b) BCVA changes in eyes that received additional injection at week 20 (n= 35), and in eyes
without additional injection (n= 12). (c) BCVA changes along the study according to the number of bevacizumab injections prior to
enrollment to the study. There were similar BCVA changes in both groups. *Po0.05 for the comparison of current vs follow-up
examination. Error bars represent SEM.
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bevacizumab. Furthermore, we have evaluated patients at
week 28, 4 weeks rather than 8 weeks after the last
aflebercept injection, a factor that may have also favorably
affected outcome. Yet, as mentioned above, previous

prospective studies that enrolled eyes following longer
period of prior first-line therapy also reported visual gain
similar to the ASLI trial once conversion to aflibercept
treatment was performed. Thus, it is likely that

Figure 3 Seventy-four-year-old female who previously received five bevacizumab injections had SRF, IRF, and PED at
baseline (a). Following the first aflibercept injection there was complete absorption of the IRF and minimal remnants of
SRF (b), which resolved at week 8 (c). However, after the first bi-monthly interval, at week 16 there was recurrence of SRF and IRF
(d). At week 20 there was a resolution of the fluid (e) and the macula remained dry until the end of the study under monthly therapy.
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conversion can at least shorten the time interval for visual
improvement in eyes with incomplete response to first-
line therapy.
In conclusion, in the ASLI study, aflibercept yielded

both anatomical and functional benefits following
incomplete response to first-line bevacizumab therapy in
nvAMD. Further studies should explore the benefit of
second-line anti-VEGF therapies to provide data that
facilitate the establishment of treatment protocols
designed according to evidence-based data.

Summary

What was known before
K Aflibercept may improve both anatomical outcome and

vision as a second-line treatment following incomplete
response to ranibizumab in nvAMD.

What this study adds
K Aflibercept therapy improves anatomical and visual

outcome in nvAMD eyes that had incomplete response
to first-line bevacizumab therapy. Majority of eyes
required monthly second-line aflibercept therapy during
the first 6 months to preserve a fluid-free macula.
Magnitude of anatomical and visual response may be
similar regardless whether second-line therapy is
commenced after few months of first-line therapy or
later. Yet, final outcome may depend on the initial
visual acuity.
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