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ABSTRACT

Introduction: To evaluate the effect pegceta-
coplan, a C3 and C3b inhibitor, on the rate of
progression of geographic atrophy (GA) as
assessed by spectral domain optical coherence
tomography (SD-OCT) using a split-person
study design and deep-learning quantification.
Methods: A post hoc analysis of phase 2 FILLY
trial data comparing study (treated monthly,
treated every other month and sham-treated)
and fellow (untreated) eyes in a split-person
study design was performed. This analysis
included 288 eyes from 144 patients with
bilateral GA from the FILLY phase 2 trial (Clin-
ical Trials identifier: NCT02503332). Only

patients with bilateral GA and without evidence
of choroidal neovascularisation in either eye
were included. Patient study eyes were treated
with sham injections or with pegcetacoplan
monthly (PM) or every other month (PEOM) for
12 months. SD-OCT scans of study and fellow
eyes taken at baseline and 12 months were used
for the analysis. The main outcomes were the
annual change in the area of retinal pigment
epithelial and outer retinal atrophy (RORA), its
constituent features (photoreceptor degenera-
tion [PRD], retinal pigment epithelium [RPE]
loss, hypertransmission) and intact macula as
compared to the untreated fellow eye.
Results: Annual GA growth was reduced in eyes
treated with PM versus untreated fellow eyes for
OCT features, including RORA (study eye 0.792
vs. fellow eye 1.13 mm2; P = 0.003), PRD (0.739
vs. 1.23 mm2; P = 0.015), RPE-loss (0.789 vs.
1.17 mm2; P = 0.007) and intact macula
(- 0.735 vs. - 1.29 mm2; P = 0.011). Similar
(but not statistically significant) trends were
observed with the PEOM treatment or when GA
was quantified with fundus autofluorescence
(FAF). The sham treatment demonstrated no
effect. Pearson correlation coefficients showed
concordance in the enlargement rate of GA
between the study and fellow eyes in the sham
(R = 0.64) and PEOM (R = 0.68) groups, but not
in the PM group (R = 0.21).
Conclusions: Pegcetacoplan-treated eyes demon-
strated a reduction in spatial GA progression
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compared to their untreated counterparts. This
effect was more evident on OCT than with FAF.
Trial Registration: Clinical Trials identifier:
NCT02503332.

Keywords: Pegcetacoplan; AMD; Geographic
atrophy; OCT; Machine learning;
NCT02503332

Key Summary Points

Why carry out this study?

Geographic atrophy (GA) is a major
vision-threatening manifestation of age-
related macular degeneration. It is one of
the leading causes of blindness globally
and without a treatment in clinical use.

FILLY is a phase 2 trial evaluating efficacy
of intravitreal pegcetacoplan complement
C3 and C3b inhibitor on slowing GA
progression; only one eye per participant
was randomised to a treatment group, and
outcomes reporting have focused on the
study eyes to date.

As most participants had bilateral GA,
patient-level analysis is possible. Under
the twin assumptions of relative intra-
individual GA symmetry and beneficial
effect of pegcetacoplan, we hypothesised
that eyes in groups with the C3 and C3b
inhibitor treatment would progress at a
slower rate than their fellow eyes.

What was learned from the study?

Monthly pegcetacoplan treatment was
associated with slower growth of retinal
pigment epithelium and outer retinal
atrophy (RORA) and its features (retinal
pigment epithelium loss, photoreceptor
degeneration) when comparing study and
untreated fellow eyes using spectral
domain optical coherence tomography
imaging.

The treatment effect of pegcetacoplan was
most pronounced with monthly
intravitreal treatment. Similar but not
statistically significant associations were
seen in the case of pegcetacoplan
treatment every other month or when the
effect was analysed using fundus
autofluorescence imaging.

INTRODUCTION

Geographic atrophy (GA) is the defining lesion
of late non-neovascular age-related macular
degeneration (AMD), characterised by the pro-
gressive and irreversible loss of photoreceptors,
retinal pigment epithelium (RPE) and underly-
ing choriocapillaris. It can affect over 3.5% of
those aged [ 75, of which 40% report vision
below 6/60 [1, 2]. Involvement of one eye has
been hypothesised to increase the chance of GA
development in the fellow eye. Indeed, up to
65% of patients with GA have bilateral
involvement [3, 4]. The pathophysiology
underlying GA is a complex interplay of envi-
ronmental, physical and genetic factors, which
explains the high observed concordance in the
rate of GA progression within an individual but
significant variability between individuals [4, 5].
A high level of bilateral involvement and simi-
lar rates of progression make it an amenable
disease model for split-body studies.

In trials, randomisation can be used to
overcome patient heterogeneity and con-
founding, which is inherently accounted for in
split-body experiments [6]. Eyes present a
unique setting in which there is a direct com-
parator against treatment that is less affected by
the complex interplay of genetic or environ-
mental factors that act on the population level,
especially in conditions that are frequently
bilateral. Key ophthalmic examples include tri-
als in gene therapy for choroideremia or Leber’s
hereditary optic neuropathy (LHON), surgical
treatments of conditions such as myopia and
explorations of the association between cataract
surgery and AMD [7–9].
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Intravitreal pegcetacoplan, a complement C3
and C3b inhibitor, has demonstrated safety and
efficacy in slowing GA progression in the FILLY
phase 2 trial [10]. In that trial, only one eye per
enrolled participant was randomised to a treat-
ment group, and outcomes reporting have
focused on the study eyes to date. Yet most
participants had bilateral GA and longitudinal
imaging of both eyes, thus enabling patient-
level analysis. Under the twin assumptions of
relative intra-individual GA symmetry and
beneficial effect of pegcetacoplan, we have
hypothesised that eyes in groups with the C3
and C3b inhibitor treatment would progress at a
slower rate than their fellow eyes. Conversely,
no difference would be expected between study
and fellow eyes in the sham treatment group.
This study sets out to be the first to compare
both study and fellow eyes in reporting pegc-
etacoplan efficacy free of inter-individual
heterogeneity.

This post hoc analysis applies an externally
validated deep learning-based model to optical
coherence tomography (OCT) data captured in
FILLY, automatically quantifying GA and its
constituent features [11]. Moreover, novel OCT
biomarkers of GA growth were considered,
including photoreceptor degeneration (PRD) in
isolation and macula free of GA changes (i.e.
‘intact macula’) [12]. To this end we assessed the
effect of an intravitreal complement inhibitor
by comparing rates of GA progression between
treated eyes and their untreated counterparts
across the treatment groups randomised to
either pegcetacoplan or sham.

METHODS

Subjects and Data Source

The FILLY phase 2 trial (Clinical Trials identi-
fier: NCT02503332) reported the effect of
pegcetacoplan on GA as evaluated using fundus
autofluorescence [13]. This trial included 246
study subjects, with a single eye per person
randomised into one of three treatment arms
(intravitreal pegcetacoplan monthly [PM] or
every other month [PEOM] and a pooled sham
group including monthly and PEOM sham

injections). This study involves human partici-
pants who were enrolled as patients at 46 sites
in the USA (New England Institutional Review
Board, University of Miami, Mayo Clinic, Insti-
tutional Review Board of the Cleveland Clinic
Foundation, Duke University Health System
Institutional Review Board, and Research Com-
pliance Office Stanford University), Australia
(Bellberry Ltd), and New Zealand (Northern A
Health and Disability Ethics Committee, Health
and Disability Ethics Committees, and Ministry
of Health). The study was performed in accor-
dance with the tenets of the Declaration of
Helsinki, International Conference on Har-
monisation Good Clinical Practice guidelines
and all applicable regulations. Institutional
review board or ethics committee approval was
obtained at each site. All patients provided
written informed consent.

The present analysis only considered
patients with spectral domain (SD)-OCT imag-
ing acquired using the Spectralis ophthalmic
imaging platform (Heidelberg Engineering,
Heidelberg, Germany) with an acquisition den-
sity of at least 25 B-scans per volume at both
baseline and 12 months post-baseline. In addi-
tion, patients with either unilateral GA or
choroidal neovascularisation (CNV), an exuda-
tive complication of AMD characterised by
growth of aberrant vessels, were excluded from
the analysis (Electronic Supplementary Material
[ESM] Fig. S1), leaving a total of 144 patients (1
study eye and 1 fellow eye per patient).

Outcomes

The primary outcome of the analysis was a
comparison between study eyes and their
untreated counterparts in terms of mean
change of RPE and outer retinal atrophy (RORA)
from baseline to 12 months (in mm2). Second-
ary outcomes included change from baseline to
12 months for the constituent OCT features of
RORA as per the CAM (Classification of Atrophy
Meetings) definitions (defined as homogeneous
choroidal hypertransmission and absence of
RPE measuring at least 250 lm with overlying
outer retinal thinning and photoreceptor loss),
PRD in isolation (defined as PRD without
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overlapping RPE-loss or hypertransmission) and
macula completely absent of any GA changes
(intact macula). A non-OCT-based secondary
outcome of interest was the area of GA quanti-
fied by manual segmentation of fundus aut-
ofluorescence (FAF) images [11]. Finally,
Pearson correlation coefficients were used to
assess the symmetry of baseline areas of GA as
measured by both OCT and FAF, as well as
concordance in growth rate by treatment group
(RORA only).

Automatic Segmentation of GA Features
from OCT Images

The model used to automatically quantify GA
features from OCT images has been previously
published [14]. The area included in this anal-
ysis was restricted to the macula, as defined by
the Early Treatment Diabetic Retinopathy Study
(ETDRS) region, a circle measuring 6 mm in
diameter centred around the fovea [15]. This
allowed for accurate and near-instantaneous
quantification of area from available OCT
volumes.

Statistical Analysis

All data analyses were carried out with R
(https://www.r-project.org/) [16]. As a rule, the
characteristic of interest could not be approxi-
mated using the normal curve, and non-para-
metric tests (Wilcoxon rank test) were used for
comparisons. Statistical tests were two-sided
with alpha = 0.05. The Pearson correlation
coefficient was used to compare change in
treated and their paired untreated eyes.

RESULTS

Baseline Characteristics of Study Cohort

Of the 246 patients enrolled in the FILLY study,
144 had bilateral GA and therefore were taken
forward for analysis (ESM Fig. S1). In the present
analysis, these patients with bilateral GA were
on average (SD) 79.4 (7.54) years of age, pre-
dominantly female (63%), and Caucasian

(96%). This was also observed when sub-strati-
fied by treatment group (Table 1). These
demographic parameters of patients with bilat-
eral GA did not observably differ from patients
with unilateral GA or CNV (Table 1).

GA Lesion Characteristics are Symmetrical
at the Patient Level

The GA lesions were characterised using both
FAF and OCT imaging at baseline (Table 1c;
Fig. 1). The total areas of GA lesions between
study and fellow eyes were compared to query
individual-level differences (i.e. inter-eye lesion
symmetry) (Fig. 1; ESM Table S1); a strong pos-
itive concordance in baseline GA size was
demonstrated when measured by either FAF
(Pearson correlation coefficient = 0.67,
P\ 0.001) or OCT (RORA taken to be GA;
Pearson correlation coefficient = 0.71,
P\ 0.001) (Fig. 1a). Indeed, the absolute differ-
ence between the study and fellow eyes was
right-skewed with a median difference of 2.45
mm2 (mean 3.30 mm2, SD 2.87) when using
FAF to query GA (Fig. 1b;ESM Table S1). A lower
median difference at the individual level was
observed when using OCT to quantify GA: 1.92
mm2 (mean 2.48 mm2, SD 2.13; Pearson corre-
lation coefficient = 0.71, P\0.001). Similarly,
each of the constituent features of GA at the
OCT level was also symmetrical at the patient
level, including PRD (median 2.01 mm2; Pear-
son correlation coefficient = 0.73, P\0.001);
PRD in isolation (median 1.37 mm2; Pearson
correlation coefficient = 0.72, P\0.001); and
RPE-loss (median 1.90 mm2; Pearson correlation
coefficient = 0.71, P\0.001).

Asymmetrical GA Growth Suggests
Monthly C3 and C3b Inhibition Slows GA
Growth

The growth of GA at 12 months following
baseline was compared for study eyes and
untreated fellow eyes across each of the treat-
ment groups (Table 2; Fig. 2; ESM Fig. S2).
Nearly all OCT features of the GA growth rate
were demonstrably slower in the study eyes of
the PM treatment group when compared to
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corresponding untreated fellow eyes, including:
RORA (study eye 0.792 mm2 vs. fellow eye 1.13
mm2, P = 0.003), PRD (0.739 mm2 vs. 1.23
mm2, P = 0.015), RPE-loss (0.789 mm2 vs. 1.17
mm2, P = 0.007) and intact macula (- 0.735
mm2 vs. - 1.29 mm2, P = 0.011); the exception
was hypertransmission (HRT; 1.18 mm2 vs.
1.04 mm2, P = 0.186) (Table 2). In the PEOM
treatment group, mean growth of GA was
nominally lower in the study eyes than in the
fellow eyes for any of the OCT features (RORA:
study eye 1.14 mm2 vs. fellow eye 1.44 mm2, P =
0.353; PRD: 1.10 mm2 vs. 2.08 mm2, P = 0.104;
RPE-loss: study eye 1.16 mm2 vs. fellow eye 1.58
mm2, P = 0.286; intact macula: - 1.22 mm2 vs.
- 2.17 mm2, P = 0.121). When comparing study
and fellow eyes in the sham group, average
growth rates for OCT correlates of GA were not
consistently lower in study eyes and a statisti-
cally significant difference was not observed.
The annual growth rate of GA was also consid-
ered with FAF imaging (Table 2;Fig. 2). Here, a
statistically significant difference was not
detected between study and fellow eyes for any
of the treatment groups.

An alternate way of visualising treatment
effect on GA growth is represented in Fig. 3,
which plots the distribution of patient-level
RORA growth at 12 months around a line of no
effect. In the case of no treatment effect, one
would expect differences in growth between the
study and fellow eyes to be normally distributed
with the line as its origin and approximately
half the values on either side. A treatment effect

would be observed as asymmetrical growth,
with slower growth observed in the treated eyes
than in the untreated fellow eyes. In the sham
group, approximately half of its participants fell
on each side of the line of no effect. The cor-
relation of enlargement rates between eyes was
high (R = 0.64), suggesting high concordance of
GA growth. Individual-level GA growth was
higher in the fellow eye than in the study eye
for 55% (32/58) versus 45% (26/58) of patients,
respectively. The average (SD) distance to the
line of no effect was 0.1 (1.2) mm2. Conversely,
the mean (SD) difference in GA area between
the fellow and study eye in the PEOM group was
0.42 (1.2) mm2, with 69% (36/52) of patients
having faster GA growth in their fellow eye.
Overall, concordance between fellow and study
eye remained high, with a correlation coeffi-
cient of R = 0.68. In the PM group, however, a
significant correlation of GA growth was no
longer observed between fellow and study eyes
(R = 0.21; P = 0.23). In the PM group, 75% (42/
56) of patients had a higher GA growth rate in
the fellow eye at 12 months, and the mean (SD)
difference between eyes was 0.45 (1.2) mm2.
Assuming that GA growth is symmetrical at the
individual level, these data suggest that a mean
0.45 mm2 and 0.42 mm2 of RORA over 1 year
was prevented by monthly and every other
monthly pegcetacoplan therapy, respectively,
with the caveat of preserved inter-eye concor-
dance and lack of statistical significance for GA
area growth comparisons in the PEOM group.

DISCUSSION

In sham-controlled randomised phase 2 and 3
trials, intravitreal C3 and C3b inhibition resul-
ted in significantly slowed mean growth rates of
GA in the pegcetacoplan treatment groups
when compared to sham treatment [10, 17, 18].
In the present study, we demonstrate that in a
split-body post hoc analysis of the phase 2 FILLY
study cohort, the treatment effect of pegceta-
coplan can also be observed in treated study
eyes compared to their treatment-naı̈ve fellow
eyes. The effect on mean GA growth rate was
significant for monthly pegcetacoplan treat-
ment. A similar trend was observed on an every-

bFig. 1 Inter-eye correlation of GA lesion size at baseline.
A Scatterplot of GA lesion size between study eye (x-axis)
and fellow eye (y-axis) as measured by FAF (blue) and
OCT (RORA taken to signify GA; purple). Constituent
features of GA were also considered: PRD (yellow), PRD
isolated (green), RPE-loss (black) and HTR (red). Pearson
correlation coefficients and P values are shown. B Box and
whiskers plot depicting the distribution of absolute
differences in feature area between study and fellow eyes
for each of the features. FAF fundus autofluorescence, GA
geographic atrophy, HTR hypertransmission, OCT optical
coherence tomography, PRD photoreceptor degeneration,
RORA retinal pigment epithelial and outer retinal atrophy,
RPE retinal pigment epithelium, GA geographic atrophy
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other-month treatment pattern, but not in the
sham control group. On an individual patient
level, changes in GA area for the fellow eye
exceeded those in the study eye for most
patients in the pegcetacoplan treatment groups,
while changes in the sham group approached
randomness between study and fellow eyes.

In our study we used FAF as well as OCT-
based segmentation to assess change in GA and
its constituent features. Bilateral GA concor-
dance has previously been demonstrated for
FAF- [3, 5] and CFP (colour fundus photogra-
phy)-based GA imaging [4, 19, 20] (ESM
Table S2). One study using OCT-based GA
detection found no statistical difference in GA
progression between eyes if bilateral GA was

present at any specific location measured [3].
Our data are consistent with these reports, as all
OCT-based microstructural markers of GA,
including PRD, RPE-loss and full RORA, showed
inter-eye correlation coefficients of[0.7 at
baseline. For the eye pairs in the sham treat-
ment group, the correlation observed at base-
line was further maintained over time, and on
average, there was a similar change observed
versus baseline between fellow and study eye at
the 12 month observation time point. Con-
versely, monthly pegcetacoplan treatment dis-
rupted concordant GA growth rates, in favour of
the study eye.

FAF has been used in clinical trials, however
OCT-based imaging provides an opportunity to

Fig. 2 Change in GA area (mm2) from baseline. The
change in area for study eyes (black dotted line) and fellow
eyes (blue solid line) from each treatment arm are plotted
over time with their corresponding confidence intervals at
6 and 12-month timepoints. This is shown by treatment
arm (SHAM, PEOM and PM) and by imaging modality
(FAF as well as OCT features: RORA, PRD, PRD
[isolated], RPE-loss, HTR and intact macula). Peg EOM

pegcetacoplan every other month, PM pegcetacoplan
monthly, SHAM sham injected, FAF Fundus autofluores-
cence, PRD photoreceptor degeneration, RORA retinal
pigment epithelial and outer retinal atrophy, RPE retinal
pigment epithelium, SD standard deviation, PRD pho-
toreceptor degeneration, OCT optical coherence tomogra-
phy, GA geographic atrophy, HTR hypertransmission
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examine other biomarkers of GA progression
and the latter modality is likely to be preferred,
as noted by the Classification of Atrophy
Meetings (CAM) Consensus group [21]. Our
post-hoc analysis of FILLY data suggests that
FAF can underestimate treatment efficacy if
used as a sole diagnostic tool. For FAF, statisti-
cally significant differences in GA growth rate
were not detected between study and fellow
eyes for any of the analysis groups; in contrast,
significant differences were seen with OCT-
based analysis of GA area growth as well as
change in the microstructural markers of GA in
the monthly pegcetacoplan treatment group
(PM). OCT-based methods have the additional

advantage of visualising and quantifying the
microstructural changes within the retinal lay-
ers, allowing additional insights into the
pathophysiology of GA. It is critical to note that
the data presented here are of a sub-cohort of
the FILLY trial—those with bilateral GA and
without CNV in fellow eyes imaged on the
Heidelberg platform; as such, our results are not
directly comparable to the FILLY results.

We observed no statistically significant dif-
ference between fellow and study eyes for rates
of growth in areas of RPE-loss or PRD in the
sham treatment arm, suggesting that without
treatment not only RORA but also its individual
components progress at similar rates in paired

Fig. 3 Patient-level growth of GA at 12 months.
A Patient-level change in RORA at 12 months. Dotted
line through origin with gradient of 1 is taken to be line of
no treatment effect. Pearson correlation coefficients and
P values for the concordance in enlargement rate between
eyes are shown. B Individual-level GA growth in study
versus fellow eyes, presenting the number of patients in

each treatment arm with greater progression in study
versus fellow eye. C Distance to no effect line by treatment
arm, representing the mean (SD) change in RORA in each
treatment arm. EOM Every other month, SD standard
deviation, GA geographic atrophy, RORA retinal pigment
epithelial and outer retinal atrophy, PEOM pegcetacoplan
every other month, PM pegcetacoplan monthly
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eyes. The finding that monthly pegcetacoplan
can slow RPE-loss and PRD as well as RORA may
serve as further evidence that complement
inhibition is a disease-modifying pathway in
GA.

Adequately powered parallel-group ran-
domised trial designs are the gold standard for
efficacy and safety studies. Yet, the eyes are a
prominent example of a complex physiological
system, in which split body experiments are not
only possible, but have been successfully
applied in cases where parallel-group trials are
not feasible or desirable [22, 23]. In the context
of GA, fellow eye analysis can serve as an addi-
tional control for the specificity of observed
changes [24] because split-body experiments
inherently control for many patient factors,
reducing the effects of inter-patient hetero-
geneity. The present posthoc analysis corrobo-
rates findings from the FILLY, OAKS (Clinical
Trials identifier: NCT03525613), and DERBY
(Clinical Trials identifier: NCT03525600) trials,
and adds to the slowly growing body of evi-
dence to support that intravitreal C3 inhibition
slows mean growth rates of GA [10, 24].

This retrospective post-hoc study was limited
by the number of eyes with appropriate
pathology as well as relevant imaging with
Heidelberg Spectralis, which reduced the num-
bers that could be enrolled. Furthermore,
intravitreal therapies in AMD, namely anti-vas-
cular endothelial growth factor therapies, have
previously been shown to likely cross the blood-
retina barrier and exert an effect on the other
eye [25, 26]. Despite the local administration
this is a possibility and may be considered in
follow up studies.

CONCLUSION

In conclusion, C3 and C3b inhibition protects
eyes from spatial GA progression compared to
their treatment-naive fellow eyes. Treatment
effects are most pronounced with monthly
intravitreal treatment. This study further sup-
ports the use of OCT data in documenting GA,
as it affords additional insights into retinal
morphological markers of GA pathophysiology

and is more sensitive to GA progression than
other imaging modalities.
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