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ABSTRACT

Introduction: Switching to an alternative anti-
vascular endothelial growth factor (anti-VEGF)
agent has been suggested for patients with
neovascular age-related macular degeneration
(nAMD) who have a suboptimal response to
initial therapy. However, post hoc analyses of
some studies have shown that continuation of
initial anti-VEGF therapy is, in many cases,
associated with stable visual outcomes or grad-
ual gains.

Methods: This ARIES (ClinicalTrials.gov Identi-
fier: NCT02581891) post hoc analysis describes
outcomes in patients with treatment-naı̈ve
nAMD receiving treat-and-extend intravitreal
aflibercept (IVT-AFL) for 104 weeks, who were
identified as meeting criteria for an early
hypothetical switch. Patients were categorized
retrospectively according to six criteria (pres-
ence of central intraretinal and/or subretinal
fluid at week 8 or 24, with/without a next
planned treatment interval B 8 weeks, and
with/without gains in best-corrected visual
acuity [BCVA] B 5 letters [with absolute
BCVA\ 70 letters]).
Results: Hypothetical switch criteria were lar-
gely met due to the presence of central sub-
retinal fluid rather than intraretinal fluid.Supplementary Information The online version

contains supplementary material available at https://
doi.org/10.1007/s40123-021-00448-w.
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Depending on the criterion, 8–46% of patients
were considered to be hypothetical switchers.
BCVA outcomes were not worse in the hypo-
thetical switchers, irrespective of criteria. Using
criteria of intraretinal/subretinal fluid at week
24 and a next planned treatment interval
B 8 weeks, mean changes in BCVA (letters) from
baseline in hypothetical switchers and non-
switchers were: ? 6.1 (95% confidence interval
[CI] 3.4, 8.8) and ? 6.6 (95% CI 4.7, 8.6),
respectively, at week 24; ? 8.2 (95% CI 5.0,
11.3) and ? 7.5 (95% CI 5.3, 9.7), respectively,
at week 52; and ? 5.7 (95% CI 1.3, 10.1)
and ? 3.4 (95% CI 0.1, 6.7), respectively, at
week 104.
Conclusions: In newly diagnosed nAMD, there
appears little rationale for early switching from
IVT-AFL since, with continuous proactive
treatment, comparable visual gains can be
achieved by patients meeting hypothetical
switch criteria compared with those who ini-
tially respond well on a treat-and-extend regi-
men. However, further prospective studies are
needed.
Trial registration: ClinicalTrials.gov Identifier:
NCT02581891.
Video Summary: Video summary of the ARIES Post
Hoc Analysis ‘‘Hypothetical Switch of Anti-Vascular
Endothelial Growth Factor in Neovascular Age-Related
Macular Degeneration’’ (MP4 54283 KB)

Keywords: Aflibercept; Age-related macular
degeneration; Intravitreal injections; Optical
coherence tomography; Treat-and-extend;
Treatment outcome; Vascular endothelial
growth factors

Key Summary Points

Why carry out this study?

Several single-arm studies have suggested
that there are benefits to switching anti-
vascular endothelial growth factor (anti-
VEGF) agents in patients with neovascular
age-related macular degeneration (nAMD)
who have a suboptimal response to
treatment of intravitreal anit-VEGF
agents; however, without a randomized
control group, it is not possible to
evaluate the effects of switching
treatments without the comparison of
continuing the original treatment.

We conducted a post hoc analysis of data
from the ARIES intravitreal aflibercept
(IVT-AFL) study in which we identified a
group of patients as theoretical switchers,
i.e., those who did not have have an
optimal response to treatment after the
first 8 or 24 weeks of treatment. We
describe here the functional outcomes of
these patients compared with those who
did not meet the switch criteria.

What was learned from the study?

In this post hoc analysis of the ARIES
study, for patients who met criteria for a
hypothetical switch of anti-VEGF
treatment, mean initial improvements in
best-corrected visual acuity were
maintained or even numerically improved
with continued proactive, individualized
treat-and-extend IVT-AFL therapy for
nAMD.

This post hoc analysis suggests that there
appears little rationale for early switching
from IVT-AFL in patients with nAMD.

With continuous proactive treatment,
comparable visual gains can be achieved
by patients meeting hypothetical switch
criteria compared with those who initially
respond well.

614 Ophthalmol Ther (2022) 11:613–627



DIGITAL FEATURES

This article is published with digital features,
including a video abstract, to facilitate under-
standing of the article. To view digital features
for this article, go to https://doi.org/10.6084/
m9.figshare.17185727.

INTRODUCTION

Neovascular age-related macular degeneration
(nAMD) is associated with a deterioration in
visual functioning and significant socioeco-
nomic implications through direct and indirect
medical costs, including loss of earnings, loss of
healthy life, and a clinically relevant reduction
in vision-related quality of life [1–3]. The sub-
stantial global burden of nAMD is well estab-
lished, with various models indicating a
considerable increase in the number of affected
individuals [4–6], largely due to an aging pop-
ulation. Agents targeting vascular endothelial
growth factor (VEGF) have had a significant
impact on treatment [5]. However, despite their
introduction as anti-VEGF agents over 15 years
ago [7], scientific debate continues regarding
the choice of therapeutic regimens and ade-
quate monitoring requirements [8].

Proactive, individualized treat-and-extend
(T&E) regimens are emerging as the preferred
method to maintain the improvements in
functional and anatomic outcomes associated
with anti-VEGF injections while reducing the
monitoring/treatment burden over the med-
ium/long term for patients and healthcare sys-
tems [9]. Due to lockdown during the COVID-
19 pandemic, clinical appointments have been
missed and the number of treatments in
patients with nAMD has decreased, leading to a
significant vision loss at 6 and 12 months
[10–12]. Thus, especially during the COVID-19
pandemic, identifying optimal T&E treatment
intervals, and minimizing clinic visits has
become particularly important for patient care
and resource planning.

For patients who have a suboptimal response
to initial anti-VEGF therapy, switching to an
alternative anti-VEGF has been suggested [13];

however, although several single-arm studies
have shown the benefits of switching, without a
randomized control group, it is not possible to
evaluate the effects of switching treatments
without the comparison of continuing the
original treatment [14]. Outcomes of a hypo-
thetical therapy switch in patients who have a
poor initial response but continue anti-VEGF
treatment without switching have been evalu-
ated in an analysis of patients from the Com-
parison of Age-Related Macular Degeneration
Treatments Trials (CATT) treated with fixed-
dose or pro re nata (PRN) ranibizumab or
bevacizumab [15], and the Phase 3 HARBOR
clinical trial of fixed-dose or PRN ranibizumab
[14]. These studies suggested that continuation
of initial anti-VEGF therapy will, in many cases,
result in gradual improvement or stabilization
of the eye [14, 15].

The ARIES study was a randomized, open-
label, phase 3b/4 study of patients with nAMD
and evaluated best-corrected visual acuity
(BCVA) in patients randomized at week 16 to
either early-start T&E, with 2-week interval
adjustments, or late-start T&E, with 8-week
intervals until week 48 and 2-week interval
adjustments thereafter [16]. This post hoc
analysis of data from the ARIES study explored
functional and anatomic outcomes (BCVA and
central retinal thickness [CRT]) in patients with
treatment-naı̈ve nAMD who were treated with
intravitreal aflibercept (IVT-AFL) for up to
104 weeks, but retrospectively were identified as
meeting criteria for a hypothetical switch early
during the course of treatment.

For a video summary of our research, please
see video 1 in the online/HTML version of the
manuscript or follow the digital features link
following the abstract.

METHODS

The ARIES Study

The study design, ethical approvals, patient
inclusion and exclusion criteria, and endpoints
of ARIES (ClinicalTrials.gov Identifier:
NCT02581891) have been published in full
previously [16]. The study was conducted in
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accordance with the Declaration of Helsinki and
the International Conference on Harmoniza-
tion guidelines E6: Good Clinical Practice. The
protocol and amendment were approved by the
independent ethics committee/institutional
review board at each site. All patients provided
written informed consent to participate in the
study.

In brief, patients with treatment-naı̈ve
nAMD received three initial monthly doses of
2 mg IVT-AFL, followed by an injection after an
8-week treatment interval (week 16). At week
16, patients were randomly assigned to early-
start T&E (2-week interval adjustments to a
maximum interval of 16 weeks) or late-start
T&E (8-week intervals until week 48 then
2-week interval adjustments to a maximum of
16 weeks). The full analysis set included all
randomly assigned patients who received IVT-
AFL and had a BCVA assessment at week 16 and
at least one additional BCVA assessment after
week 16.

Retinal and lesion characteristics were eval-
uated using spectral-domain optical coherence
tomography (SD-OCT). Images of the study eye

and the fellow eye were captured and assessed
by study-site personnel specifically trained and
certified for this assessment in order to ensure
consistency and quality in image acquisition.
Images obtained by OCT were evaluated by an
independent central reading center. Intraretinal
fluid (IRF) was defined as diffuse darkening
between the internal limiting membrane and
the photoreceptor layer, and subretinal fluid
(SRF) was defined as well-defined darkening
with a minimal horizontal extension of 100 lm
between the retinal pigment epithelium and
photoreceptor layer. IRF or SRF was considered
‘central’ if it was present in the central 1000-lm
(1-mm)-diameter area.

The anatomic criteria for extending the
treatment intervals for the study eye, as assessed
by investigators, were the absence of any IRF,
absence of new neovascularization or hemor-
rhage, and SRF not exceeding 50 lm in thick-
ness. If extension criteria were not met,
treatment intervals were reduced to the last
effective interval. The ARIES study stipulated
that treatment intervals following randomiza-
tion should not be\ 8 weeks unless patients

Table 1 Criteria for hypothetical switch

Criterion Presence of IRF
and/or SRF with
central involvement

Next planned
treatment interval

BCVA Population

1 Week 8 Any Any Overall population

2 Week 8 Any \ 70 and gains B 5 letters at week 8 Overall population

3 Week 24 Any Any Overall population

4 Week 24 Any \70 and gains B 5 letters at week 24 Overall population

5 Week 24 B 8 weeks at week 24 Any Early-start T&E

arma

6 Week 24 B 8 weeks at week 24 \70 and gains B 5 letters at week 24 Early-start T&E

arma

BCVA Best-corrected visual acuity, IRF intraretinal fluid, SRF subretinal fluid, T&E treat-and-extend
aCriteria 5 and 6 were assessed in the early-start T&E arm because the treatment interval could not be[ 8 weeks in year 1
in the late-start T&E arm
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were considered by the investigator to require
injections more frequently. In such cases
(n = 62), patients were able to continue in the
study, but were excluded from the per-protocol
population on which the primary endpoint was
based.

The primary endpoint of the study was mean
change in BCVA (Early Treatment Diabetic
Retinopathy Study [ETDRS] letters) from ran-
domization (week 16) to week 104 analyzed in
the per-protocol population. Secondary end-
points included mean change in BCVA from
baseline to week 52, from baseline to week 104
and from week 16 to week 52, and mean change
in CRT from baseline to weeks 52 and 104 and
from week 16 to weeks 52 and 104. Other sec-
ondary and exploratory efficacy endpoints have
been previously published.

Post Hoc Analyses

These post hoc analyses were conducted on the
per-protocol population (n = 210) and the full
analysis set (n = 269). To model real-life switch
situations, patients were categorized according
to six different criteria (Table 1) based on the
presence of either IRF with central involvement
or SRF with central involvement at week 8 or 24,
whether or not the next planned treatment
interval was B 8 weeks, and BCVA.

BCVA and CRT from baseline and the
hypothetical switch timepoint to weeks 52 and
104 were described, using a last observation
carried forward approach for missing values.
Due to the post hoc nature of the analysis, data
were reported descriptively, and no formal sta-
tistical comparisons were conducted.

RESULTS

In the ARIES study, 271 patients were randomly
assigned, 269 were included in the full analysis
set, and 236 completed the 104-week study. Of
these, 210 patients were included in the per-
protocol population. Baseline demographics
and disease characteristics in the retrospectively
defined, post-baseline groupings are shown in
Table 2, with no obvious differences in baseline
characteristics between groups.

The proportions of patients considered to
have a suboptimal initial response to IVT-AFL
varied widely depending on the criteria used
(7.6–46.2%). The application of criteria 2, 4, and
6, which included an additional BCVA element
within the definition, resulted in few patients
considered to have a suboptimal initial response
to IVT-AFL (n = 13–23) and limited meaningful
comparison of outcomes with the non-switch
group. Analyses therefore focused on criteria
excluding BCVA (criteria 1, 3, and 5).

Reasons for discontinuations have been
reported previously [16]. Discontinuation rates
by week 104 showed no clear trends in patients
who did and did not meet hypothetical switch
criteria (3.4% and 6.5% based on criterion 1;
7.2% and 6.2% based on criterion 3; and 7.3%
and 4.6% based on criterion 5). All hypothetical
switch criteria included the presence of either
IRF or SRF with central involvement. Given that
extension criteria included the absence of IRF
and SRF not exceeding 50 lm in thickness,
actual and planned treatment intervals were
numerically longer, and the number of injec-
tions received by weeks 52 and 104 were
numerically higher in the patients who met the
hypothetical switch criteria (Electronic Supple-
mentary Material [ESM] Table 1).

The proportion of patients with central IRF
and SRF over time in hypothetical switchers and
patients who did not meet switch criteria are
shown in Fig. 1. Hypothetical switch criteria
were largely met due to the presence of central
SRF rather than IRF. According to criterion 1,
central IRF was present in 7.4% of hypothetical
switchers and central SRF was present in 100%
of hypothetical switchers at week 8. According
to criterion 3, central IRF was present in 18.6%

bFig. 1 Proportion of patients in the per-protocol set with
central IRF and central SRF over time, grouped post
baseline by hypothetical switch criteria 1, 3, and 5: the
presence of central fluid at week 8 (a), week 24 (b), week
24 (c) and next planned treatment interval B 8 weeks.
The dashed box indicates the ‘‘index’’ weeks at which time
point hypothetical switch criteria were defined. IRF
Intraretinal fluid, SRF subretinal fluid

Ophthalmol Ther (2022) 11:613–627 619
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of hypothetical switchers and central SRF was
present in 89.7% of hypothetical switchers at
week 24. According to criterion 5, central IRF
was present in 29.3% of hypothetical switchers
and central SRF was present in 80.5% of hypo-
thetical switchers at week 24. There were nine
patients in the early T&E arm in whom central
SRF was present at week 24, but the treatment
interval was not B 8 weeks; hence, the propor-
tion of patients with SRF in the hypothetical
non-switch group according to criterion 5 was
13.8%.

In patients meeting the hypothetical switch
criteria, the proportions of patients with IRF
with central involvement were numerically
smaller at weeks 52 and 104 than in the ‘‘index
week’’ (the time point at which hypothetical
switch criteria were met); the same was true for
the proportions of patients with SRF with cen-
tral involvement.

Functional Outcomes

Absolute BCVA from baseline to week 104 for
the per-protocol population is shown in Fig. 2.
Irrespective of criteria used, mean BCVA was
not worse in those patients who were identified
for a hypothetical switch as having an initially
suboptimal response to IVT-AFL. According to
the presence of either IRF or SRF with central
involvement at week 8, mean changes in BCVA
from baseline in patients who met criterion 1
and those who did not were ? 9.5 and ? 8.8
letters, respectively, at week 52 and ? 6.8
and ? 5.8 letters, respectively, at week 104
(Fig. 2a). Mean changes in BCVA from baseline
in patients who met criterion 3 and those who
did not were ? 9.1 and ? 8.9, respectively, at

week 52 and ? 7.0 and 5.3, respectively, at week
104 (Fig. 2b). Mean changes in BCVA from
baseline in patients who met criterion 5 and
those who did not were ? 8.2 and ? 7.5 letters,
respectively, at week 52 and ? 5.7 and ? 3.4
letters, respectively, at week 104 (Fig. 2c).

Similar observations were seen in the full
analysis set, which included a minority of
patients who were treated with IVT-AFL with an
interval\8 weeks at least once during the
study, who were excluded from the per-protocol
population (ESM Fig. 1).

Anatomic Outcomes

Absolute CRT from baseline to week 104 is
shown in Fig. 3. Differences between the two
groups are shown to be largely driven by the
hypothetical switch criteria, all of which inclu-
ded the presence of central fluid.

According to the presence of either IRF or
SRF with central involvement at week 8, mean
changes in CRT from baseline in patients who
met criterion 1 and those who did not were,
respectively, - 146 and - 173 lm at week 52,
and - 141 and - 167 lm at week 104 (Fig. 3a).
Mean changes in CRT from baseline in patients
who met criterion 3 and those who did not
were, respectively, - 161 and - 171 lm at week
52 and - 149 and - 169 lm at week 104
(Fig. 3b). Mean changes in CRT from baseline in
patients who met criterion 5 and those who did
not were, respectively, - 152 and - 173 lm at
week 52 and - 138 and - 176 lm at week 104
(Fig. 3c).

Similar observations were seen in the full
analysis set (ESM Fig. 2).

DISCUSSION

In this post hoc analysis of ARIES, BCVA did not
decline, but rather was maintained or numeri-
cally increased, during continued IVT-AFL
treatment using proactive individualized T&E
regimens (either after three initial monthly
injections or after 1 year of dosing every
8 weeks) despite patients meeting hypothetical
switch criteria related to the presence of central
IRF or SRF. These results were observed

bFig. 2 Mean (± standard error of the mean [SEM])
absolute BCVA values over time in patients in the per-
protocol population grouped post-baseline by hypothetical
switch criteria 1, 3, and 5: the presence of central fluid at
week 8 (a), week 24 (b), and week 24 (c) and next planned
treatment interval B 8 weeks. The dashed line indicates
the ‘‘index’’ weeks at which point hypothetical switch
criteria were defined. BCVA Best-corrected visual acuity,
BL baseline, CI confidence interval
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irrespective of which of the three different cri-
teria (fluid at week 8, fluid at week 24, or fluid at
week 24 in addition to a next planned treat-
ment interval\8 weeks) were used to indicate a
potential switch from IVT-AFL to another anti-
VEGF agent.

The presence of central SRF, rather than
central IRF, was the most common parameter
leading to hypothetical switch criteria being
met at both week 8 and week 24. We did not
define hypothetical switch criteria according to
the presence of central IRF only since few
guidelines distinguish between the types of
fluid when providing recommendations, with
the same retreatment approach generally rec-
ommended regardless of the type and location
of fluid observed [17]. This is interesting given
that studies have shown what appears to be an
important difference in the relationship
between BCVA and either IRF or SRF [18].
Indeed, the presence of SRF in the central
macula was associated with better BCVA in
patients with nAMD [19], and the presence of
SRF has been proposed as an indicator of a more
benign form of nAMD [20].

Anti-VEGF agents have been the gold stan-
dard for the treatment of nAMD; however, dif-
ferences in individual responses are seen, and
fluctuations in BCVA and CRT values, which
can be relatively inconsequential when aver-
aged across a population, can be more con-
cerning on an individual level [8]. A suboptimal
response to anti-VEGF therapy may result from
misdiagnosis of the underlying condition and,
particularly, insufficient administration of
injections [13]. However, there are considerable
variations in the use of anti-VEGF agents in
nAMD in practice, and how to define subopti-
mal responses and manage such patients
remains a challenge clinically.

One approach to defining responses to anti-
VEGF therapy was proposed by a UK consensus
panel [21]. The panel proposed that an optimal
response comprises resolution of fluid (IRF, SRF,
and retinal thickening) and/or improvement
of[ 5 letters, with poor response defined as
\25% reduction in CRT and/or persistence of,
or new, SRF, IRF, intraretinal cysts, and a change
in BCVA of\ 4 letters [21]. According to the
authors, the response is best defined 1 month
after the last initiation dose (end of month 3 in
nAMD). The assumption is that, if treatment
with one anti-VEGF agent fails to achieve the
desired success by month 4, further treatment
with that same anti-VEGF agent is futile. How-
ever, the findings of the ARIES analysis are
contrary to that assumption, and consistent
with similar analyses undertaken based on data
from the HARBOR study and CATT [14, 15].

In the HARBOR analysis, all of the following
criteria were required for patients to meet cri-
teria for hypothetical switch: BCVA of 20/40
with gain of B 5 letters, and either IRF or SRF,
and central foveal thickness equal to or greater
than central subfield thickness at month 3 or
month 6. Based on these criteria,\ 5% of
patients met hypothetical switch criteria at
months 3 and 6 [14]. Patients had a mean letter
gain of 1.8–2.7 from switch to month 24, with
significant reductions (- 111 and - 136 lm,
depending on criteria) in central foveal thick-
ness [14]. Similarly, in the CATT analysis,
hypothetical switch criteria required BCVA
20/40 or worse, and gain B 1 letters and per-
sistent CRT at month 3 or month 6 [15]. Based
on these criteria, 7% and 11% of patients met
hypothetical switch criteria at months 3 and 6,
respectively. Patients had a 3- to 5-letter gain
and 40–70 lm reduction in CRT after switch
criteria were met [15].

The data reported here for ARIES focus on
the population of patients defined by more
stringent switch criteria than those used in the
HARBOR or CATT analyses, and exclude BCVA
components from the definitions. In ARIES,
very few patients (8–12%) fulfilled switch crite-
ria when a BCVA of\ 70 letters, with gains B 5
letters, was included in the criteria to define
hypothetical switch. Therefore, we concen-
trated our analyses on those definitions

bFig. 3 Mean (± SEM) absolute CRT values over time in
patients in the per-protocol population grouped post
baseline by hypothetical switch criteria 1, 3, and 5: the
presence of central fluid at week 8 (a), week 24 (b), and
week 24 (c) and next planned treatment inter-
val B 8 weeks. The dashed line indicates the ‘‘index’’ weeks
at which point hypothetical switch criteria were defined.
CRT Central retinal thickness
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focusing solely on the presence of fluid with or
without a next treatment interval B 8 weeks.
This is largely aligned with clinical practice,
where there is a shift from functional to mor-
phological outcomes to drive treatment deci-
sions. Using the defined criteria in this analysis
(excluding BCVA), 26–46% of patients met cri-
teria for a hypothetical switch. Due to the ARIES
study protocol and assessment time points, it
was not possible to define the switching time
point at month 3 and month 6, as was done
with the CATT and HARBOR analyses; the
ARIES switch time points were 8 and 24 weeks.
Thus, direct comparisons between the ARIES
analysis and the HARBOR and CATT analyses
should not be made.

We should acknowledge that this was a post
hoc analysis, which was not designed to evalu-
ate the effects of continuing the original anti-
VEGF agent in patients who have a suboptimal
initial response to IVT-AFL. Strengths include
presentation of data in both patients who met
and did not meet hypothetical switch criteria.
Although comparisons between the hypotheti-
cal switch and non-switch groups should not be
made, due to the retrospective allocation of
patients to these groups based on post-baseline
outcomes, it is interesting to see numerically
better BCVA outcomes in patients meeting
switch criteria. This is likely related to the fact
that most patients met switch criteria due to the
presence of SRF (in the absence of IRF).
Numerically greater improvements in BCVA in
patients with stable, residual SRF have also been
observed in post hoc analyses of other studies of
patients with nAMD [22–25].

CONCLUSIONS

In summary, in patients in the ARIES study with
nAMD who met criteria for a hypothetical
switch of anti-VEGF treatment, mean initial
improvements in BCVA were maintained or
even numerically improved with continued
proactive, individualized T&E IVT-AFL therapy.
Based on our findings, there is limited rationale
for switching treatment-naı̈ve nAMD patients
from IVT-AFL during the first half year of ther-
apy because, with continuous proactive

treatment, comparable visual gains can be
achieved to those who initially respond well on
a T&E regimen over a 2-year timeframe. Since
the ARIES study follow-up was 104 weeks, fur-
ther studies are needed to determine the rele-
vance of our findings over a longer period of
time.
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