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Anti-VEGF-resistant subretinal fluid is associated with
better vision and reduced risk of macular atrophy
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ABSTRACT

Background/aim To evaluate relationships between
subretinal fluid (SRF), macular atrophy (MA) and visual
outcomes in ranibizumab-treated neovascular age-
related macular degeneration (NAMD).

Methods This post hoc HARBOR trial (NCT00891735)
analysis included ranibizumab-treated (0.5 or 2.0 mg,
monthly or as-needed, all treatment arms pooled)

eyes with nAMD and baseline (screening, baseline and
week 1) SRF. SRF presence, SRF thickness (0, >0-50,
>50-100 and >100 pm) and subretinal fluid volume
(SRFV) were determined by spectral domain optical
coherence tomography (SD-OCT). Best-corrected visual
acuity (BCVA) was assessed. MA was identified using
fluorescein angiograms and colour fundus photographs,
as well as SD-OCT.

Results Seven hundred eighty-five of 1097 eyes met
analysis criteria. In eyes without baseline MA, residual
versus no SRF at month (M) 3 was associated with lower
MA rates at M12 (5.1% vs 22.1%) and M24 (13.3% vs
31.2%) (both p<0.0001); MA percentages at M12/M24
were similar among patients with residual SRF at M6.
Higher baseline SRFV was associated with a lower MA
rate. Greater mean BCVA was observed with residual SRF
of any thickness (>0-50 pm, 71.2 letters; >50-100 um,
71.3 letters; >100 um, 69.2 letters) versus no SRF (63.6
letters), but the change in BCVA from baseline to M12 or
M24 was the same for eyes with or without treatment-
resistant subretinal fluid (TR-SRF) at M3 or M6.
Conclusion TR-SRF was not detrimental to vision
outcomes over 2 years, regardless of thickness. MA rates
were significantly higher without TR-SRF.

INTRODUCTION

The pivotal ANCHOR and MARINA trials
established the effectiveness of monthly intrav-
itreal ranibizumab injections for the treatment
of neovascular age-related macular degenera-
tion (nAMD)." > The uniform monthly regimen,
however, placed a significant treatment burden
on patients and physicians. The PrONTO study
demonstrated that optical coherence tomog-
raphy (OCT)-guided treatment can reduce the
number of injections while achieving vision
outcomes comparable with those obtained with
monthly dosing.” This paradigm, known as a pro
re nata (PRN, as-needed) regimen, later evolved
into treat-and-extend posology.* ° With OCT
becoming the main tool to assess disease activity,
the success of anti-vascular endothelial growth
factor (VEGF) treatment in individual patients
evolved to be judged principally by the resolution
of subretinal fluid (SRF) and intraretinal fluid
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(IRF) and the flattening of pigment epithelial
detachments. Data from subsequent randomised
clinical trials, however, have demonstrated that
nAMD eyes with anti-VEGF-resistant SRF (ie,
SRF that persists despite aggressive anti-VEGF
therapy) tend to have better visual outcomes
than those with complete resolution of SRF or
IRF.°® In contrast, the presence of anti-VEGF-
resistant IRF is associated with worse long-term
visual outcomes, which may reflect loss of integ-
rity of the external limiting membrane associated
with more severe retinal damage.” '° To under-
stand whether SRF has a biphasic effect (ie, some
SRF is good, but a lot of SRF is bad), we decided
to investigate the impact of different amounts of
residual SRF (at month (M) 3 and M6, in 50-um
increments) as well as baseline subretinal fluid
volume (SRFV) on vision outcomes and the
rate of developing macular atrophy (MA) in the
HARBOR trial.

MATERIALS AND METHODS

The study design of the phase III HARBOR trial
(NCT00891735) of ranibizumab in treatment-
naive patients with subfoveal nAMD is shown in
online supplemental figure S1. The trial has been
described in detail previously.'' ' Briefly, trial
participants were randomised to receive ranibi-
zumab 0.5 or 2.0 mg, monthly or PRN, after three
loading doses. The primary endpoint was mean
change from baseline in best-corrected visual
acuity (BCVA) at M12."" Retina anatomy was
evaluated with spectral domain optical coherence
tomography (SD-OCT). All groups continued on
the same treatment schedule through M24 (online
supplemental figure $1)."

For this post hoc analysis, all ranibizumab treatment
arms were pooled, and analysis was limited to eyes
with SRF at screening, baseline or week 1 (n=785).
Of the 1097 total patients in the HARBOR trial,
there were 917 evaluable studies, among which 785
(85.6%) patients had SRF present at screening, base-
line or week 1. Thus, 312 patients were excluded from
the 1097 total patients in the HARBOR trial. SRF
presence and thickness were evaluated using SD-OCT.
SRF, defined as exudation occurring between the
photoreceptor layer and the retinal pigment epithe-
lium (RPE), was determined from all SD-OCT b-scans
for each patient by two masked graders. A third grader
adjudicated any discrepancies between the first two
assessments. SRF thickness was measured at the two
furthest vertical points of the SRE. Eyes were grouped
according to SRF thickness (0, >0-50, >50-100 or
>100 pm).
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SRFV was evaluated at baseline using a deep learning algorithm
(convolutional neural network). For this purpose, a sparse selection
of 19 b-scans per volume across a total of 50 volumes (950 b-scans
in total) obtained from the Cirrus (Carl Zeiss Meditec) OCT scans
used in HARBOR was annotated by experts from the Liverpool
Ophthalmic Reading Centre by drawing contours of SRF. Subse-
quently, the U-Net, a convolutional neural network for biomed-
ical image segmentation, was trained to recognise SRF using the
annotated volumes as training material.”® Then, all OCT scans of
HARBOR were segmented using the resulting model, reaching a
Serensen—Dice similarity coefficient score of 0.6466 (SD +0.1738,
n=33) on the holdout set. The segmentations should be considered
proof of concept, but they showed promise to deliver value despite
the very early version. BCVA was assessed using standard ETDRS
protocols. SRFV was evaluated in circles centred under the fovea,
with diameters of 1000, 3000 and 6000 pm (hereon listed as 1, 3
and 6 mm).

MA presence was determined in two ways. First, MA presence
was identified using fluorescein angiograms (FAs) and colour fundus
photographs (CFPs) by masked graders. MA was defined as sharply
demarcated areas of RPE depigmentation with increased visibility
of choroidal vessels through the lesion on CFPs or FA, =250-um
diameter, corresponding to flat areas of well-demarcated staining
on FA, and included all atrophy immediately within, adjacent and
non-adjacent to choroidal neovascularisation (CNV) lesions (active
or regressed).” Second, MA presence was identified using SD-OCT
images that were reread using Zeiss-Cirrus HD-OCT software, as
described in detail by Sadda et al.'* Briefly, images were graded by
two independent unmasked graders. The first grader reviewed, and
if this grader required review of a case, then a second independent
unmasked grader reviewed the case. If there was non-consensus
in answers between the first and second graders that could not be
successfully adjudicated, then a review by the reading centre prin-
cipal investigator was triggered.

Statistical analyses

Descriptive statistics were used to evaluate differences in vision
outcomes by SRF thickness and presence of MA by fluid status. For
continuous variables, means, 95% ClIs and Student’s t-test p values

Table 1  Summary of key patient demographics and baseline
characteristics
Pooled treatment group

Characteristic (n=785)
Age (years), mean (SD) 77.5 (8.2)
Female, n (%) 449 (57.2)
White, n (%) 760 (96.8)
Hispanic or Latino ethnicity, n (%) 23(2.9)
BCVA (ETDRS letters), mean (SD) 54.6 (12.5)
Presence of MA, n (%)* 63 (8.0)
SRF thickness at baseline (um), n (%)t

>0-50 49 (6.7)

>50-100 189 (25.7)

>100 498 (67.7)

Key demographics and baseline characteristics for ranibizumab-treated patients
from the HARBOR trial with SRF at baseline (defined as screening, baseline or week
1). Patients with SRF at baseline in all treatment groups were pooled in this post
hoc analysis.

*Forty-six patients had an MA status at baseline that could not be determined.
tForty-nine patients were not included due to missing SRF thickness data or a value
of 0 (even though they had SRF at baseline).

BCVA, best-corrected visual acuity; MA, macular atrophy; SRF, subretinal fluid.

are reported. For categorical variables, frequencies, percentages and
x> p values are reported. Observed data were used, and there was
no imputation for missing data. All analyses were performed using
SAS V9.4.

RESULTS

Baseline values

A total of 785 ranibizumab-treated patients from the HARBOR trial
with SRF at baseline (defined as screening, baseline or week 1) were
included in this post hoc analysis. Key patient demographics and
baseline characteristics are summarised in table 1. Baseline BCVA
was evaluated as a function of SRF thickness at M12 or M24. Mean
BCVA at baseline was greater in eyes with residual SRF at M12
compared with eyes with no SRF, regardless of SRF thickness (mean:
no SREF, 53.6 (95% CI 52.6 to 54.7) ETDRS letters; >0-50 um SRE,
58.7 (95% CI 55 to 62.5) letters; >50-100 um SREF, 59.1 (95% CI
56.8 to 61.5) letters; >100 um SRE, 59.4 (95% CI 56.5 to 62.4)
letters). Similar trends were observed in mean BCVA at baseline and
M24 SRF thickness.

Effect of residual SRF on risk of developing MA following
ranibizumab treatment

Analysis based on FA and CFP

The impact of residual SRF thickness on developing MA
after ranibizumab treatment was assessed in eyes with
no MA at baseline (n=676). The presence of treatment-
resistant residual SRF at M3 was associated with signifi-
cantly lower rates of MA at M12 and M24 compared with
eyes with resolved SRF at M3. MA rate with residual versus
resolved SRF at M3 was 5.1% vs 22.1%, respectively, at
M12 (p<0.0001), and 13.3% vs 31.2%, respectively, at M24
(p<0.0001) (figure 1A). Similarly, in eyes with no MA at
baseline, presence of treatment-resistant residual SRF at M6
was also associated with significantly lower rates of MA at
M12 (p<0.0001) and M24 (p<0.0001) compared with eyes
with resolved SRF at M6 (figure 1B). When eyes were placed
in subgroups by thickness of SRF at baseline, a numerically
higher proportion of those in the >100 pm SRF thickness
group had no MA (vs those with MA) at M12 (68.9% vs
61.9%, respectively) and M24 (70.6% vs 61.5%, respec-
tively), although these differences were not statistically
significant.

Analysis based on MA status from SD-OCT

Using SD-OCT to identify MA, 652/785 (83.1%) eyes had
MA absent at baseline, and 92/785 (11.7%) eyes had MA
present. MA status was missing for 9 (1.1%) and question-
able for 32 (4.1%) of 785 eyes at baseline. Among eyes
with no MA at baseline, the rate of MA at M12 was 18.7%
(85/455) in eyes with no SRF at M3 and 8.1% (11/135) in
eyes with residual SRF at M3 (p=0.0036). By M24, the
rate was 28.1% (126/448) among eyes with no SRF at M3
and 15.6% (21/135) among eyes with residual SRF at M3
(p=0.0032) (figure 2A). Among eyes with no MA at baseline,
the rate of MA at M12 was 18.3% (80/438) in eyes with no
SRF at M6 and 9.6% (15/156) in eyes with residual SRF at
M6 (p=0.0114). By M24, the MA rate was 28.8% (124/431)
among eyes with no SRF at M6 and 13.9% (22/158) among
eyes with residual SRF at M6 (p=0.0002) (figure 2B). Thus,
the SD-OCT data corroborate the findings of the FA and CFP
data regarding the rate of MA development in the presence
and absence of treatment-resistant subretinal fluid (TR-SRF).
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Effect of residual SRF on the rate of MA development in eyes with no MA at baseline. Rate of ranibizumab-treated eyes (with no MA at

baseline) developing MA at months 12 and 24 is shown for eyes with no residual SRF versus those with residual SRF at (A) month 3 and (B)

month 6. MA, macular atrophy; SRF, subretinal fluid.

Effect of baseline SRFV on risk of developing MA following
ranibizumab treatment

To assess the impact of baseline SRFV on the risk of developing
MA, we quantified SRFV centred under the fovea in areas with
diameters of (1) 1 mm, (2) 3 mm and (3) 6 mm.

Analysis based on FA and CFP

Greater baseline SRFV was associated with lower rates of MA
at M12 and M24 (figure 3A,B; online supplemental figure S2).
SRFV at baseline, grouped into quartiles, was evenly distributed
in eyes that did not develop MA by M12, whereas there was a
trend towards lower baseline SRFV among eyes that developed
MA by M12 (figure 3A). A similar trend was observed at M24
(figure 3B). Overall, there was no obvious effect of different
circle diameters on the results.

Analysis based on SD-OCT

Among eyes with no MA at baseline, we found no significant
difference in mean SRFV at baseline by MA status at M12 or
M24 (online supplemental table S1). However, among eyes
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with no MA at baseline, eyes with SRFV in the first quartile,
the smallest amount of SRF at baseline, had higher rates of
MA at M12 compared with the other three quartiles, although
the trend was not statistically significant for the 3-mm circle
(p=0.0856) and was of borderline significance for the 6-mm
circle (p=0.0419) (online supplemental figure S3A). A similar
trend was seen at M24 (online supplemental figure S3B).

Effect of residual SRF thickness on visual acuity following
ranibizumab treatment

To evaluate the impact of residual SRF thickness on visual acuity
changes following ranibizumab treatment, BCVA was evaluated
at M12 and M24 for study eyes grouped by SRF thickness. At
M12, ranibizumab-treated eyes with residual SRF had greater
mean BCVA compared with eyes that had no SRF, regardless of
SRF thickness: no SRF, 63.6 ETDRS letters; >0-50 pm SREF,
71.2 letters; >50-100 um SREF, 71.3 letters; and >100 um SRF,
69.2 letters (figure 4A). These trends in BCVA values by SRF
thickness were similar at M24 (figure 4B). When mean change in
BCVA from baseline was considered, there were no differences
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Figure 2 Effect of residual SRF on MA status from SD-OCT. Rate of ranibizumab-treated eyes (with no MA at baseline) developing MA at
months 12 and 24 is shown for eyes with no residual SRF versus those with residual SRF at (A) month 3 and (B) month 6. MA, macular atrophy;

OCT, optical coherence tomography; SRF, subretinal fluid.
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Figure 3 Baseline SRFV by quartile and MA at months 12 and 24. MA was identified using colour fundus photographs and fluorescein angiograms.
First and fourth quartiles represent the lowest and highest SRFVs, respectively. There was a trend for SRFV at baseline to be larger in eyes without
MA and smaller in eyes that developed MA by (A) month 12 or (B) month 24. The MA analysis was limited to study eyes with SRF of >0 at baseline,
screening or week 1 and MA absent at baseline. SRFV that occurred more extensively in the area centralis was classified as 3- and 6-mm diameter
around the estimated retinal centre. SRFV was not analysed in the area solely under the fovea (1.0-mm diameter around the retinal centre) because
more than half of patients had volume=0 at baseline in this location. *p<0.05 for comparing the distribution of SRFV between the MA status groups.
'Diameter of retina-centred circle used to measure baseline SRFV. MA, macular atrophy; SRF, subretinal fluid; SRFV, subretinal fluid volume.

between eyes with residual SRF and those with no SRF, regard-
less of SRF thickness, both at M12 and M24 (figure 4C,D).

Effect of choroidal thickness and SRF thickness

We found no meaningful correlation between SRF thickness and
choroidal thickness at baseline or M24 (online supplemental
table S2).

DISCUSSION
We analysed anti-VEGF-resistant SRF in 50-pm increments and
found a reduced risk of MA, regardless of SRF thickness, with
no threshold detrimental to vision outcomes over 2 years. These
findings were obtained regardless of whether MA was assessed
using FA and CFPs or SD-OCT, despite the fact that SD-OCT is a
superior method of assessing the presence of MA. (We note that
fundus autofluorescence data are not available in the HARBOR
dataset.) Among eyes with no MA at baseline, we found no
significant difference in mean SRFV at baseline by MA status at
M12 or M24, as judged by SD-OCT images. In contrast, results
using CFP and FA to identify MA suggested that greater base-
line SRFV was associated with lower rates of MA at M12 and
M24. The discrepancy may be due to the difficulty in identifying
MA in the presence of SRE. Overall, these findings are consistent
with earlier analyses.*™®

Previously, Sadda et al” showed that TR-SRF was associated
with a lower incidence of MA in this cohort. In the present
analysis, we sought to determine whether this relationship was
biphasic. Although a small amount of SRF might not be detri-
mental, a large amount might be detrimental. Quantitatively,
concentration (c) is a function of distance (x) and time (t), as well
as the diffusion constant (D) and total mass (M). The relation is
c(x,t)=M(@mDt)* exp(—x*/(4Dt). Thus, diffusion of essential
components would be expected to decrease exponentially as a
function of distance. Examining the effect of increasing amounts
of SRF should allow a robust determination of the impact of
SRFV on the incidence of MA. Based on these considerations,
one might expect increased amounts of SRF to be associated

with worse visual outcomes. However, the opposite was the
case, and increased TR-SRF and, less consistently, increased
SRFV at baseline, were both associated with a lower risk of MA.
Eyes with TR-SRF exhibited comparable levels of change in
BCVA compared with eyes without TR-SRE. We also note that
patients with TR-SRF (vs those with no SRF) at M12 and M24
had greater baseline BCVA, as well as higher SRFV at baseline.
These facts prompt a reconsideration of the biological signifi-
cance of SRF in nAMD.

Hypoxia is the main physiological signal for expression of
VEGF-A."”” When solid tumours grow, the rapidly dividing
cells are gradually displaced from the existing capillaries.'®
The resulting hypoxia leads to VEGF-A expression, and new
capillaries sprout to meet the oxygen demands of the growing
tumour.'” One hypothesis of age-related macular degeneration
(AMD) pathogenesis is that damage to the RPE and choriocapil-
laris is associated with outer retinal hypoxia.'**' Hypoxia trig-
gers VEGF expression and CNV formation.”” In the absence of
an adequate homeostatic CNV response, MA ensues. Persistent
SRF in the course of anti-VEGF treatment may be a sign of
persistent CNV perfusion with transudation, which may operate
as an imperfect compensatory mechanism that maintains the
function of the degenerating macula. This suggestion is consis-
tent with what has been observed clinically,”™’ as well as in a
post hoc analysis of SD-OCT data derived from the HARBOR
trial.’ The permeability properties of CNV, either innately in
some patients or induced by anti-VEGF therapy in others, may
alter the biochemical composition of the SRF so that it more
closely mimics the extracellular milieu to which the photorecep-
tors are normally exposed. Not all SRFs are the same, as demon-
strated by the different effects of SRF associated with idiopathic
central serous chorioretinopathy?® and macula-involving rheg-
matogenous retinal detachment® on visual acuity. Therefore,
the SRF could potentially be a manifestation of an imperfect yet
critical ‘survival mechanism’ for the degenerating macula. The
cessation or absence of this imperfect survival mechanism may
be a harbinger of the development of atrophic changes (online
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Figure 4 Mean BCVA at months 12 and 24 by SRF thickness and mean change from baseline in BCVA at months 12 and 24 by SRF thickness.
Mean BCVA is shown for ranibizumab-treated eyes grouped by SRF thickness at (A) month 12 and (B) month 24. Mean change from baseline to
(C) month 12 and (D) month 24 is shown for eyes grouped by SRF thickness. Error bars represent 95% Cls. BCVA, best-corrected visual acuity;

SRF, subretinal fluid.

supplemental figure S4). From this post hoc analysis, we postu-
late that the higher baseline BCVA observed in patients who
were identified as having residual SRF later in the study may be
an indication that this protective mechanism was already in place
at baseline. In this regard, we note that Sadda et al'* reported
that a 100-um increase in baseline central subfoveal choroidal
thickness was associated with a ~25% decreased risk of any
MA or definite MA. Thus, patients with thinner choroids had
an increased risk of MA. This finding may indicate that patients
with lower choroidal perfusion capacity are at increased risk,
and that CNV is a homeostatic response to AMD-associated
choroidal damage.

Change in BCVA was similar among cohorts that had no SRF
versus some SRF, despite the difference in incidence of MA.
Given the relatively brief duration of follow-up (2 years), the
impact of MA on visual outcomes is difficult to determine, as
has also been observed by other investigators.’” >' Although the
posology of the HARBOR and FLUID® trials differed, the visual
acuity results are similar in that persistent SRF of <200 pm was
not associated with a worse visual acuity outcome.

We emphasise that the data presented here are derived
from a post hoc analysis of clinical trial results. The correla-
tion of reduced risk of MA associated with the presence of

SRF does not per se constitute a rationale for treating CNV
less aggressively with anti-VEGF agents. All of these patients
were treated aggressively with anti-VEGF therapy, which
suggests that this is anti-VEGF-resistant SRF. The presence of
SRF in the setting of anti-VEGF therapy might simply identify
a subset of patients with better anatomical outcomes for other,
more fundamental reasons than simply the presence of residual
SRE. For example, the presence of TR-SRF might be related
to a difference in the molecular architecture of the choroidal
new vessels in these patients or might reflect a difference in the
degree of AMD-induced choroidal damage. Alternatively, the
presence of TR-SRF might indicate the presence of relatively
greater amounts of healthy tissue (eg, RPE—choroid) capable of
producing VEGF as well as maintaining photoreceptor function.
In other words, TR-SRF might be a biomarker of some other
aspect of the patient’s anatomy or physiology that favours a
reduced risk of MA development. Eliminating patients with IRF
from this analysis may have biased the sample towards patients
with better retinal structural integrity and hence a lower risk
of MA. Nonetheless, it is important to recognise that residual
SRF in the course of anti-VEGF treatment may be a predictor of
positive treatment outcomes, at least with regard to the evolu-
tion of MA.
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