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ABSTRACT

Introduction: Recently, there has been growing
interest in exploring the relationship between
visual acuity and fluid localization in different
retinal compartments. This post hoc analysis of
the ARIES study explores the relationship
between the presence of intraretinal fluid (IRF)
and subretinal fluid (SRF), both at baseline and

throughout treatment, and best-corrected visual
acuity (BCVA) in patients with neovascular age-
related macular degeneration (nAMD) treated
with intravitreal aflibercept (IVT-AFL) in a treat-
and-extend regimen.
Methods: ARIES (NCT02581891) was a multi-
center, randomized, phase 3b/4 study compar-
ing the efficacy of two IVT-AFL treat-and-extend
regimens over 2 years in patients with treat-
ment-naı̈ve nAMD. This post hoc analysis
explores the relationship between the presence
of SRF/IRF and absolute BCVA (letter score) at
baseline and fixed visits.
Results: In 210 patients (treat-and-extend
treatment arms combined), SRF presence at
baseline was associated at every time point with
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a numerically higher mean BCVA than if
absent, with 10 more letters at week 104. IRF
presence at baseline was associated at all but
one time point with a numerically lower mean
BCVA than if absent (week 104, 8-letter differ-
ence). Baseline SRF?IRF was associated with
lower BCVA (week 104, 7-letter difference) than
if only SRF was present, but higher BCVA (week
104, 8-letter difference) than if only IRF was
present. Absence of SRF?IRF was not associated
with better BCVA at any time point during the
study.
Conclusion: In ARIES, in patients with nAMD
treated with IVT-AFL, the presence of SRF was
associated with better visual acuity, whereas IRF
was associated with poorer visual acuity. The
findings of this post hoc analysis suggest that
differentiating IRF from SRF may offer better
prognostic value in guiding treatment-exten-
sion decisions than the use of combined or
‘‘any’’ IRF and SRF. Prospective trials are needed
to validate these results and determine their
clinical relevance.
Trial registration number (ClinicalTrials.
gov): NCT02581891.

Keywords: Aflibercept; Intraretinal Fluid; Neo-
vascular Age-Related Macular Degeneration;
Subretinal Fluid; Treat-and-Extend; Visual
Acuity

Key Summary Points

Why carry out this study?

Recently, there has been growing interest
in exploring how fluid localization in
different retinal compartments may offer
additional prognostic value to that of
central retinal thickness and in
elucidating the relationship between
visual outcomes, intraretinal fluid (IRF),
and subretinal fluid (SRF) in patients with
neovascular age-related macular
degeneration (nAMD).

This post hoc analysis of the ARIES study is
one of the first analyses to evaluate the
relationship between retinal fluid status
and visual acuity in patients with nAMD
who were treated with intravitreal
aflibercept in a treat-and-extend regimen
in a clinical trial setting.

What was learned from the study?

At baseline and the mandatory study
visits, the presence of SRF was associated
with better visual acuity, whereas IRF was
associated with poorer visual acuity; a
‘‘completely dry’’ retina (neither IRF nor
SRF present) was not associated with
better visual acuity during the study.

Differentiating IRF from SRF may offer
better prognostic value in guiding
treatment-extension decisions than the
combined use of IRF and SRF.

Further investigations are warranted to
validate these findings and explore the
mechanisms of action underlying the
effects of retinal fluid on visual acuity.

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.19214331.

INTRODUCTION

Effective suppression of vascular endothelial
growth factor (VEGF) is key to optimizing visual
acuity outcomes in patients with neovascular
age-related macular degeneration (nAMD)
[1, 2], and approved anti-VEGF therapies such as
intravitreal aflibercept (IVT-AFL) and ranibizu-
mab have become the gold standard in the
treatment of nAMD [2]. A proactive, individu-
alized treat-and-extend (T&E) regimen is the
current preferred approach over fixed dosing or
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the reactive pro re nata (PRN) regimen to
maintain improvements in functional and
structural outcomes while reducing the moni-
toring/treatment burden associated with anti-
VEGF therapies, particularly over the medium
to long term [3–5].

In clinical trials and routine clinical practice,
assessments of treatment efficacy and decisions
to re-treat or extend the treatment interval in
T&E regimens are typically based on changes in
anatomic endpoints such as central retinal
thickness (CRT), as assessed by optical coher-
ence tomography (OCT) [2, 6, 7]. Recently,
there has been growing interest in exploring
how fluid localization in different compart-
ments may offer superior prognostic value to
that of CRT in elucidating the relationship
between visual outcomes, intraretinal fluid
(IRF), and subretinal fluid (SRF) [6–9]. However,
to date, most analyses of the relationships
between retinal fluid status and visual acuity in
the management of nAMD have been based on
fixed-dose and PRN regimens [10].

The ARIES study (NCT02581891) compared
the efficacy and safety of two different T&E
regimens of 2 mg IVT-AFL in treatment-naı̈ve
patients with nAMD [11]. The treatment regi-
mens comprised early-start T&E (T&E initiated
after three initial monthly doses) and late-start
T&E (T&E initiated after 1 year of fixed dosing,
comprising three initial monthly doses followed
by fixed dosing every 8 weeks). The criteria for
treatment interval extension included the total
absence of IRF and the absence of SRF[50 lm.
The mean best-corrected visual acuity (BCVA)
outcomes for the early- and late-start T&E regi-
mens were similar, with one injection differ-
ence over 2 years.

The present post hoc analysis describes the
relationship between absolute BCVA and retinal
fluid compartment status (presence or absence
of IRF and/or SRF) at prespecified, mandatory
visits in the ARIES study.

METHODS

The ARIES Study

The methods used in the ARIES study
(NCT02581891) have been published in detail
elsewhere [11]. Briefly, ARIES was a multicenter,
randomized, open-label, phase 3b/4 study that
compared the efficacy of two different IVT-AFL
T&E dosing regimens over 2 years in treatment-
naı̈ve patients with nAMD. Eligible patients
were aged C 50 years with a baseline BCVA of
25–73 letters and active choroidal neovascular-
ization secondary to age-related macular
degeneration with foveal involvement. Patients
received three initial monthly doses of 2 mg
IVT-AFL (week 0, week 4, and week 8); after a
fourth dose at week 16, the patients (N = 271)
were immediately assigned randomly 1:1 to
either the early-start T&E arm (treatment inter-
vals adjusted by 2-week increments to a maxi-
mum of 16 weeks provided that all anatomic
criteria were met) or the late-start T&E arm
(fixed dosing every 8 weeks until week 48, fol-
lowing which the treatment intervals were
adjusted by 2-week increments to a maximum
of 16 weeks provided that all anatomic criteria
were met). Patients who had no IRF or SRF at
week 16 (i.e., were ‘‘completely dry’’) received a
single 4-week extension of their treatment
interval to a total of 12 weeks, with the next
visit being scheduled at week 28; from week 28,
the normal extension algorithm was applied.

The anatomic criteria for treatment interval
extension (based on spectral-domain OCT) were
the absence of IRF, absence of new neovascu-
larization or hemorrhage, and SRF B 50 lm in
thickness. When these criteria were not met,
the treatment interval was reduced to the last
effective interval but could be extended again if
the criteria were met in subsequent visits. SRF
and IRF presence or absence and SRF thickness
were assessed by the investigators and con-
firmed by a central reading center using spec-
tral-domain OCT scans with standardized
settings (volume scan, 6.0 mm 9 6.0 mm;
crosshair scan, 6.0 mm in length with fixation
on the macula). Fluid was assessed across the
entire macular scan and was not focused on
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either the foveal or non-foveal region alone.
The proportion of patients with changes in
morphologic criteria such as geographic atro-
phy and their mean BCVA at each time point
was not an outcome assessed in the ARIES trial;
these criteria were, therefore, not included in
this analysis.

The primary endpoint was the mean BCVA
change from randomization (week 16) to week
104 in the per-protocol set (PPS). The PPS
included all patients in the full analysis set
without any major protocol deviations (such as
a treatment duration of\ 52 weeks, no BCVA
assessment at C 52 weeks, or patients who nee-
ded injections at shorter intervals than every
2 months between week 16 and week 52). The
full analysis set included all randomized
patients who received any quantity of the study
drug and had a BCVA assessment at week 16
and C 1 BCVA assessment after week 16.

Analysis of Fluid Compartments
and BCVA

This post hoc fluid analysis of ARIES included
all patients in the PPS, with the early-start and
late-start treatment arms combined. The com-
bination of the two treatment arms was based
on the findings of the primary analysis of the
ARIES study [11]. Similar visual and anatomic
outcomes were observed in the two arms, with
only one injection difference reported over
2 years of treatment. Only data from the
mandatory study visits (baseline and weeks 4, 8,
16 [randomization], 52, and 104) were analyzed
here, as the treatment schedules were individ-
ualized and the timing of visits varied between
patients. Mean absolute BCVA (± standard error
of the mean [SEM]) at each mandatory visit
throughout the study up to week 104 was cal-
culated for patients grouped by the presence or
absence of either IRF or SRF, or both IRF and
SRF, at baseline. Mean absolute BCVA (SEM) was
also calculated for patients grouped by the
presence or absence of either IRF or SRF, or both
IRF and SRF, at each mandatory visit up to week
104. Data were analyzed at the level of each
fluid category at the specified time points, and
the analysis did not follow individual patients

across each time point (as the patients included
in each category were subject to change over
time). Due to the exploratory nature of these
analyses, only a descriptive statistical evalua-
tion was conducted and no statistical inferences
were made.

This article is based on a previously con-
ducted study (ARIES; NCT02581891) and does
not contain any new studies with human par-
ticipants or animals performed by any of the
authors.

RESULTS

Patients and Treatment Exposure

Data regarding overall patient disposition for
ARIES, as well as the patients’ baseline demo-
graphics and disease characteristics, have been
published previously [11]. All patients included
in the PPS from the ARIES study were included
in this fluid analysis (N = 210; two treatment
arms combined). The number of patients in the
different fluid compartment subgroups and
their baseline demographics and disease char-
acteristics are shown in Table 1. Of note,[ 90%
of patients (193/210) had SRF present at base-
line, and the number of patients without SRF
was small (n = 17). The mean age and sex ratio
were similar in the different fluid subgroups.
Over the 2-year course of the study, patients in
the different fluid subgroups received a similar
mean number of injections that ranged from
11.2 ± 2.2 to 13.0 ± 2.3.

BCVA According to Baseline Fluid Status

In patients with SRF at baseline, the mean BCVA
was numerically higher at all mandatory study
visits than in patients without baseline SRF,
with a 10-letter difference at week 104 (Fig. 1a).
In patients with IRF at baseline, the mean BCVA
was numerically lower at all mandatory study
visits than in those without baseline IRF, with
an 8-letter difference at week 104 (Fig. 1b). For
patients with both SRF and IRF at baseline, the
mean BCVA was numerically lower across the
study period than in patients with only SRF at

1122 Ophthalmol Ther (2022) 11:1119–1130



baseline (7 fewer letters at week 104; Fig. 1c).
The mean BCVA was numerically higher across
the study period in patients with both SRF and
IRF at baseline than in patients with only IRF at
baseline (8 more letters at week 104; Fig. 1c).

Unadjusted for any differences in baseline
BCVA or other potential confounder, the
mean ± standard deviation change in BCVA at
week 104 from baseline was 2.4 ± 12.5 letters
and 6.4 ± 12.8 letters for patients without and
with baseline SRF (irrespective of baseline IRF),
respectively, and 6.1 ± 10.5 letters and
6.1 ± 14.2 letters for patients without and with
baseline IRF (irrespective of baseline SRF),
respectively. The mean change in BCVA at week
104 from baseline was 1.8 ± 13.2 letters in
patients with only IRF at baseline, 6.0 ± 10.6
letters for those with only SRF at baseline, and
6.7 ± 14.3 letters for those with both SRF and
IRF at baseline.

Association Between Fluid Status
and BCVA at Mandatory Study Visits

The presence of SRF at each of the mandatory
visits was associated with numerically better
BCVA than if SRF was absent (Fig. 2a). The
presence of IRF was associated at all but one of
the mandatory visits with numerically poorer

BCVA than if IRF was absent (Fig. 2b). A com-
plete absence of SRF and IRF was not associated
with better BCVA at any of the mandatory visits
(Fig. 2c). By week 52, one patient had discon-
tinued the study, and by week 104, a further 15
patients had discontinued the study. These
patients were not included in the fluid analysis
at these time points. Both patients with and
without any fluid at week 104 showed
improvements in their mean BCVA compared
with baseline as a result of IVT-AFL treatment
(Fig. 2c).

DISCUSSION

This post hoc analysis of the ARIES study aimed
to evaluate the relationship between visual
acuity and the presence of IRF and SRF in
patients with nAMD treated with IVT-AFL T&E.
The presence of SRF at baseline was associated
with better visual acuity over the 2-year study
period, whereas the presence of IRF at baseline
was associated with worse visual acuity over this
period. Similarly, the post-baseline presence of
residual SRF was associated with better visual
acuity at each time point, whereas the presence
of residual IRF was associated with worse visual
acuity. Importantly, although both patients

Table 1 Baseline demographics and characteristics (per-protocol set)

SRF (with or without IRF) IRF (with or without SRF) Both SRF 1 IRFa

Present, n = 193 Absent, n = 17 Present, n = 123 Absent, n = 87 Present, n = 108

Age, years 75.8 ± 8.7 79.1 ± 9.9 77.3 ± 8.3 74.3 ± 9.3 77.1 ± 7.9

Sex, female, n (%) 110 (57.0) 10 (58.8) 71 (57.7) 49 (56.3) 62 (57.4)

BCVA, ETDRS letters 61.2 ± 11.1 55.5 ± 14.3 57.6 ± 12.5 65.2 ± 8.0 58.0 ± 12.1

Median 64.0 61.0 61.0 68.0 60.5

Range 25–73 27–71 25–73 40–73 25–73

CST, lm 462 ± 135 431 ± 119 491 ± 130 415 ± 126 497 ± 131

Values represent the mean ± SD unless otherwise indicated
aThis subgroup comprised patients in whom both SRF and IRF were simultaneously present at baseline
BCVA best-corrected visual acuity, CST central subfield thickness, ETDRS Early Treatment Diabetic Retinopathy Study,
IRF intraretinal fluid, SD standard deviation, SRF subretinal fluid

Ophthalmol Ther (2022) 11:1119–1130 1123



1124 Ophthalmol Ther (2022) 11:1119–1130



with and without any fluid showed improve-
ments in their mean BCVA over the study per-
iod, a ‘‘completely dry’’ retina (neither IRF nor
SRF present) was not associated with better
visual acuity at any time point.

The phase 3 HARBOR clinical trial evaluated
the efficacy and safety of ranibizumab in 1097
patients with treatment-naı̈ve nAMD [12], and a
post hoc analysis of HARBOR investigated the
relationship between retinal fluid and vision
outcomes in 917 of the patients aged C 50 years
with subfoveal nAMD associated with SRF and/
or IRF at baseline, screening, or week 1 (all
treatment arms pooled) [13]. The analysis indi-
cated that the presence of residual SRF at
months 12 and 24 was associated with higher
baseline BCVA compared with resolved SRF.
They further found that residual SRF in the
absence of IRF resulted in the largest mean
BCVA gains (adjusted for baseline BCVA) of all
the groups stratified by fluid status, with the
poorest vision outcomes being observed in eyes
with residual IRF. The authors concluded that
the evaluation of residual fluid in nAMD during
anti-VEGF treatment should be more nuanced
than determining whether the macula is wet or
dry. The aim of the present ARIES analysis was
to evaluate the potential impact of fluid on
absolute BCVA. We did not evaluate the impact
of fluid on the magnitude of BCVA gains fol-
lowing treatment, and the mean changes in
BCVA for patients in the baseline fluid cate-
gories are given for information purposes only
and not adjusted for baseline BCVA. No statis-
tical inferences were made.

Newer imaging technologies, particularly
advances in OCT imaging, are now enabling
more detailed analyses of the structures within
the retina, and investigations are ongoing to
determine their potential as structural criteria to

guide personalized treatment [6, 9]. However,
current treatment guidelines do not always
provide sufficient guidance regarding the dif-
ferentiation of retinal fluid types and how these
OCT findings should be interpreted [2, 6, 9].
Several studies have indicated the importance
of IRF and SRF as prognostic markers of visual
outcomes in nAMD, but there have been few
prospective studies, with the notable exception
of FLUID [14] and CATT [15], evaluating the
effect of fluid status on visual outcomes.
Instead, the majority of evidence has emerged
from post hoc and exploratory analyses of var-
ious randomized controlled trials. Further, a
recent systematic literature review extracted
data from both randomized clinical trials and
observational studies on the impact of fluid
compartments on functional outcomes in
nAMD [10].

Consistent with the findings of this post hoc
analysis, past studies have observed a negative
correlation between IRF and visual acuity, with
a similarly negative impact being observed for
intraretinal cysts [10, 13, 15–22]. Although
there is agreement across the medical and
research communities that there is a negative
effect of IRF on visual acuity, further research is
required to elucidate the contributing patho-
physiologic mechanisms. Certainly, IRF appears
to be associated with increased levels of macular
atrophy and photoreceptor impairment [23],
the latter possibly as a result of Müller cell
dysfunction [24].

The relationship between SRF and visual
acuity has been less clear; whereas several
studies have suggested that the presence of
some SRF is at least well tolerated [14, 21], other
studies have reported that baseline and
stable residual SRF are associated with better
visual acuity [13, 15, 16, 18, 19]. A systematic
literature review on the role of fluid compart-
ments found that treatment regimens tolerating
the presence of stable SRF (but not IRF) may
lead to improved visual outcomes in nAMD
[10].

A recent post hoc analysis of the OCTAVE
study illustrated the potential impact of SRF,
specifically within the ellipsoid zone (EZ) [23].
In this analysis, EZ integrity was found to be
correlated with better BCVA at all time points

bFig. 1 Mean absolute BCVA by presence/absence of
baseline a SRF (with or without IRF), b IRF (with or
without SRF), or c IRF only, SRF only, or SRF plus IRF at
the mandatory study visits. Values represent the mean ±

SEM. BCVA best-corrected visual acuity, ETDRS Early
Treatment Diabetic Retinopathy Study, IRF intraretinal
fluid, SEM standard error of the mean, SRF subretinal
fluid
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across the 12-month treatment period, and
baseline SRF was associated with increased EZ
integrity at month 12. Interestingly, EZ integ-
rity was preserved in areas containing residual
SRF, whereas the resolution of SRF was associ-
ated with areas of EZ impairment, indicating a
possible protective role of SRF.

There are several hypotheses regarding a
potential protective role of SRF in nAMD,
including the following: SRF may provide a
spatial buffer between the photoreceptors and
toxic metabolites within the diseased retinal
pigment epithelium [16, 23]; SRF may help to
maintain the photoreceptor alignment neces-
sary for photoreceptor signaling [23]; SRF may
help provide trophic support to the overlying
retina [16]; and SRF may contain neuroprotec-
tive molecules that promote the integrity of the
retinal pigment epithelium [16]. It has also been
suggested that, for some patients, SRF may be a
biomarker of a more benign form of nAMD
associated with type 1 macular neovasculariza-
tion [25]. At present, however, there is no con-
sensus regarding the volume of SRF that can be
tolerated. The FLUID study stipulated
SRF\200 lm for treatment interval extension
[14], whereas the ongoing TOLERANT study
(NCT02550002) is evaluating the use of either
no SRF or SRF B 100 lm in the central subfoveal
field among the anatomic criteria for interval
extension. In the ARIES study, the presence of
SRF B 50 lm was used as an anatomic criterion
for this purpose.

This is one of the first analyses to evaluate
the relationship between retinal fluid status and
visual acuity in nAMD treated with T&E IVT-
AFL in a clinical trial setting. However, it should
be acknowledged that the effects of other fac-
tors such as baseline BCVA, disease duration, EZ
integrity, atrophy, and the volume of SRF and
IRF were not assessed in this analysis, only the

presence or absence of these retinal fluids. Fur-
thermore, the presence or absence of subretinal
pigment epithelium fluid and the impact on
BCVA was not assessed, nor was the impact of
fluid status on functional outcomes. As this was
a post hoc analysis performed as a hypothesis-
generating exercise, it was not designed or
powered to detect statistical significance or to
investigate the effects of additional factors.
Performing multiple subgroup analyses on a
dataset is known to carry the risk of generating
spurious results [26], and we, therefore, focused
on one factor here, namely the impact of fluid
in the retinal compartments on BCVA. Finally,
several of the fluid subgroups were relatively
small, and 15 patients discontinued at week
104; this may limit the interpretation of these
results. Overall, this post hoc analysis reveals
interesting observations that are supported by
previous studies but should be validated in
prospective trials.

CONCLUSIONS

In ARIES, IVT-AFL T&E was shown to be effec-
tive in reducing fluid and improving vision in
treatment-naı̈ve nAMD eyes regardless of fluid
status. This post hoc analysis of ARIES indicated
that the presence of SRF was associated with
better visual acuity at baseline and consistently
higher visual acuity over the treatment period
compared with the absence of SRF. In contrast,
the presence of IRF was generally associated
with worse visual acuity, as was the complete
absence of IRF and SRF. These findings suggest
that the role of the fluid compartments should
be considered, and the use of combined or
‘‘any’’ SRF and IRF as a surrogate marker to guide
IVT-AFL treatment-extension decisions should
be reevaluated. Instead, elimination of IRF
should be considered key by clinicians using
proactive treatment regimens, as residual SRF
may play a role in preserving visual function,
which emerging evidence from other studies is
also indicating. Further investigations are nee-
ded to fully elucidate the mechanisms of action
underlying the effect of IRF and SRF on visual
acuity and to determine the clinical relevance

bFig. 2 Mean absolute BCVA by presence/absence of
a SRF (with or without IRF), b IRF (with or without
SRF), or c either IRF and/or SRF at each mandatory visit.
Values represent the mean ± SEM. BCVA best-corrected
visual acuity, ETDRS Early Treatment Diabetic Retinopa-
thy Study, IRF intraretinal fluid, SEM standard error of
the mean, SRF subretinal fluid
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thereof in the progression and treatment of
nAMD.
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