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Abstract

Background/Aims—To better understand the pattern of degeneration progression in cases with
choroideremia.

Methods—A cohort of genotypically confirmed choroideremia cases who underwent optical
coherence tomography (OCT) and fundus autofluorescence (FAF) imaging was studied. Using
HEYEX review software, the foveal centre was marked on FAF images under guidance of
corresponding OCT images, followed by application of an ETDRS grid. The boundaries of
preserved autofluorescence (AF) were manually segmented in each individual ETDRS subfield.
The regional distribution of preserved AF was assessed by comparing its area among the various
subfields.

Results—A total of 168 eyes from 84 choroideremia cases were enrolled. There was a
statistically significant difference in the amount of preserved AF area between inner subfields as
determined by one-way analysis of variance (F (3,668)=9.997, p<0.001) and also between outer
subfields (F (3,668)=8.348, p<0.001). A Tukey posthoc test revealed that the preserved AF area in
the nasal subfields in both the inner and outer subfields was significantly smaller compared with
analogue subfields.

Conclusion—The asymmetric spatial distribution of preserved AF in choroideremia
(corresponding to the stellate shaped nature of these regions) suggests that the progression of
degeneration has directional preference.

INTRODUCTION

Choroideremia as an X linked recessive, slowly progressive retinal degenerative disorder,!
affects the retinal pigment epithelium (RPE), neurosensory retina and choroid.2
Degenerative changes start from the periphery and expand centripetally.

Choroideremia is usually caused by null mutations in the CHM gene (Xqg21), which leads to
the absence of the intracellular protein, Rab escort protein-1.34
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There is no proven treatment for choroideremia yet but recently a pilot gene replacement
therapy has been considered as a potential treatment approach for the disease.>® This pilot
study suggesting a possible improvement in visual acuity has triggered interest in expanding
to larger trials and using outcome measures beyond visual acuity and prompted working on
anatomical outcome measures in choroideremia. We recently reported on quantitative
approaches for monitoring and measuring the progression of choroideremia.” In this
previous study, we observed that the configuration of the preserved outer retina and RPE,
manifesting as preserved autofluorescence (AF) by fundus autofluorescence (FAF) imaging,
varied considerably from cases to case and typically occupied an irregular, stellate shape,
very different from many other retinal degenerations. This observation prompted us to
investigate the pattern of progression of the outer retinal atrophy in choroideremia and to
evaluate for potential differences in the directional shrinkage of preserved AF in
choroideremia.

In the present study, we take advantage of a large longitudinal prospective natural history
study of choroideremia to evaluate the macular spatial distribution of preserved AF in
patients with choroideremia in order to gain better insight into the specific pattern of disease
progression.

Description of cohort

The design, inclusion and exclusion criteria and the participants in the natural history of the
progression of choroideremia (NIGHT) study have already been described in detail.”

Briefly summarised for the purpose of this article, subjects with a confirmed genetic
diagnosis of choroideremia were enrolled in this multicentre study. All participants
underwent spectral domain optical coherence tomography (SDOCT) and FAF imaging at
baseline using the Heidelberg Spectralis HRA+OCT (Heidelberg Engineering, Heidelberg,
Germany) system. OCT imaging was performed using 30x25 degree field of view and a 5.9
mmx5.9 mm pattern size with an ART of 12 images averaged. FAF images were obtained
using 488 nm (“blue peak’) light and a 30 degree field of view, centred on the fovea. The
analyses in this study were approved by the Institutional Review Board of the University of
California, Los Angeles. The research adhered to the tenets set forth in the Declaration of
Helsinki.

Grading protocol

The intragrader and intergrader reproducibility for segmenting areas of preserved AF
(representing areas of preserved RPE) on FAF imaging have been demonstrated in a
previous publication.” In this study, one of these certified Doheny Image Reading Center
(DIRC) senior graders performed all assessments. For each case, using the Heidelberg Eye
Explorer (HEYEX) review software, the foveal centre was marked on the infrared
reflectance image while simultaneously viewing the corresponding OCT. The ETDRS grid
was then applied centred on the foveal centre (figure 1). These marked infrared reflectance
images were then registered to the FAF images (figure 2). The boundaries of preserved AF

Br J Ophthalmol. Author manuscript; available in PMC 2020 July 01.
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were manually segmented in each individual ETDRS subfield (figure 3). Areas of preserved
AF were identified as well-demarcated regions of relative hyper autofluorescence (hyper
AF) compared with the background areas of surrounding atrophy. To be included, islands of
preserved AF were required to be at least 0.1 mm? in size and 175 zm in longest linear
dimension.

Statistical analyses

To assess the regional distribution of preserved AF, the area of preserved AF was compared
among the analogue subfields by 1-way analysis of variance (ANOVA) and Tukey posthoc
tests. The correlation between the preserved AF areas of similar subfields in two eyes of the
same subject was assessed using the Pearson correlation coefficient. For all the analyses,
significance was set at p<0.05. Statistical analyses were performed using commercial
software (Statistical Package for Social Science V.19.0, SPSS, Armonk, New York, USA).

RESULTS

A total of 168 eyes from 84 cases of choroideremia received at the Doheny Image Reading
Center from June 2017 to November 2017 were included in this analysis.

The mean of preserved AF area within the ETDRS subfields in all eyes was 5.25+5.23 mm?
(range: 0.1-26.72 mm?).

In 32 eyes, foveal centre subfield was completely preserved, and in 112 eyes the preservation
was partial.

The means of preserved AF areas in the various ETDRS subfields are shown in figure 4.

There was a statistically significant difference in the amount of preserved AF area between
inner subfields as determined by one-way ANOVA (F (3,668) = 9.997, p<0.001). A Tukey
posthoc test revealed that the preserved AF area in the inner nasal subfield was 0.42 mm?
smaller than the inner temporal subfield (95% CI 0.22 to 0.61 mm?Z; p<0.001), 0.25 mm?
smaller than the inner inferior subfield (95% CI 0.05 to 0.44 mm2; p = 0.008) and 0.23 mm?
smaller than the inner superior subfield (95% CI 0.04 to 0.43 mm?; p = 0.012). There was no
statistically significant difference between the inner inferior and inner temporal (p = 0.116),
inner inferior and inner superior subfields (p = 0.999) and inner temporal and inner superior
subfields (p = 0.081).

Analogously, there was a statistically significant difference in the amount of preserved AF
area between outer subfields as determined by one-way ANOVA (F (3,668) = 8.348,
p<0.001). A Tukey posthoc test revealed that the preserved AF area in the outer nasal
subfield was 0.52 mm?2 smaller than the outer superior subfield (95% CI 0.23 to 0.82 mm?;
p<0.001), 0.46 mm? smaller than the outer temporal subfield (95% CI1 0.17 to 0.76 mm?;
p<0.001) and 0.36 mm? smaller than the outer inferior subfield (95% CI 0.06 to 0.65 mmZ; p
= 0.010). There were no statistically significant difference between the outer inferior and
outer temporal (p = 0.789), outer inferior and outer superior subfields (p = 0.482) and outer
temporal and outer superior subfields (p = 0.959).

Br J Ophthalmol. Author manuscript; available in PMC 2020 July 01.
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Table 1 shows the correlation between preserved AF areas in similar ETDRS subfields of the
two eyes of the same subject.

DISCUSSION

In this analysis, we evaluated the macular spatial distribution of preserved AF in
choroideremia cases. We observed that the amount of preserved AF in ETDRS macular
subfields was smallest in nasal subfields. The asymmetric macular spatial distribution of
preserved AF in choroideremia (corresponding to the stellate shaped nature of these regions)
suggests that the progression of the degeneration in these cases has a directional preference.
To the best of our knowledge, this is one of the very few studies that supports a directional
difference in progression of the degeneration at the macula in choroideremia cases.8% We
denote this as supportive since our presumption is based on cross-sectional data.
Longitudinal data would be needed to confirm this finding. The stellate-shaped preserved
areas in choroideremia are distinctly different from many other retinal degenerations such as
retinitis pigmentosa where preserved areas are circular or oval, suggesting a more uniform
rate of progression in all directions. The stellate pattern is, however, also seen in retinal
degenerations caused by dominantly inherited RPE65 mutations, 10 which is an RPE specific
gene and this pattern might therefore be a feature specific to RPE layer degenerations.

Understanding the directional variability of progression of choroideremia would be
important for assessing the efficacy of therapeutic interventions. For example, if a therapy
was applied locally (eg, delivery of genetic material or stem cells) near one sector of a
region of preserved AF, it may be expected to have the greatest impact on that sector. If that
particular sector happens to manifest faster or slower underlying progression, it may affect
the interpretation of the results, particularly if single OCT B-scan-based quantitative
approaches such as measurement of EZ width are used.1112 |n addition, as choroideremia is
generally a slowly progressive disorder, recognising regions of faster progression may be
important, as they may prove to be the best targets for locally acting therapies such as gene
therapy. Also, recognising regions of faster progression in slowly progressive disorders may
eliminate the necessity for longer follow-ups that are needed for detection of the significant
changes in clinical trials.

The mechanism of this presumptive nasal macular directional preferential progression of the
degeneration in choroideremia, yielding these stellate shapes of preserved AF, is uncertain.
The finding that there is less preserved AF area nasally suggests that the nasal region may be
more vulnerable to degeneration. We have speculated as to whether there may be regional
anatomic variations in the outer retina and/or choroid that make these areas more vulnerable.
For example, it is known that the choroid is thinner in the nasal ETDRS subfields.3 These
areas that have a thinner choroid may precede the areas with thicker choroid in manifesting
loss of the overlying RPE and retina as the overall degeneration progresses. An alternative
explanation could be that the thinner areas of choroid provide less blood supply, and hence
those areas of retina with thinner choroid are much more vulnerable to degeneration.

Normative studies of outer photoreceptor layer thickness have shown that the RPE-Outer
Segment complex thickness in the superior macula, 0.5-3 mm from the foveal centre, was

Br J Ophthalmol. Author manuscript; available in PMC 2020 July 01.
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significantly increased compared with the corresponding inferior retina.24 In our study, there
was no statistically significant difference between the preserved AF area in superior and
inferior macula. Thus, anatomic variation in ellipsoid zone and/or RPE layer does not seem
to be related to the presumed directional preferential progression of the degeneration in
choroideremia.

Previously, it has been reported that there was a strong correlation between the preserved AF
areas of two eyes of the same subject.”15 In the present analysis, we also observed a
correlation between preserved AF areas within the individual ETDRS subfields of the two
eyes of the same subject (except for the outer nasal subfield). This suggests that directional
preferential progression is similar in the two eyes and may have important implications in
case the fellow eye is used as a control in choroideremia therapeutic trials.

Our study has some limitations which should be considered. First, this is a cross-sectional
analysis of baseline data, and thus, we do not directly measure the directional progression
rate of the degeneration in choroideremia cases. The directionality is only presumed based
on the stellate-shape and the variable preservation in the various subfields. However, in a
longitudinal study two sessions of grading of preserved AF areas in small ETDRS subfields
significantly increase the grading noise, thus in such a slowly progressive degeneration a
very long follow-up is needed to have a differential progression rate big enough to overcome
the grading noise. Second, this study only evaluates the outer retinal degeneration (reflected
by the FAF) associated with choroideremia and not the underlying associated choroidal
degeneration. Without evaluating corresponding indocyanine green angiography or OCT
angiography images, we cannot determine whether the choroidal degeneration follows a
similar course.

On the other hand, this study has some strengths, including the collection of a relatively
large cohort for an uncommon retinal disease. Another strength is the use of a trained,
certified reading centre grader who was the senior grader for the previous study that
demonstrated high levels of intergrader and intragrader reproducibility for FAF assessments
in choroideremia cases.

In summary, the asymmetric macular spatial distribution of preserved AF in choroideremia
(corresponding to the stellate shaped nature of these regions), while limited by its cross-
sectional rather than longitudinal design, suggests that the progression of the macular
degeneration in these cases has directional preference. This pattern could have implications
for the design of anatomic endpoints for choroideremia clinical trials.
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Figure 1.
Taking advantage of Heidelberg Eye Explorer (HEYEX) review software, the foveal centre

was marked on infrared reflectance images under the guidance of corresponding optical
coherence tomography scans in every case, followed by application of an ETDRS grid.
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Figure 2.
All infrared reflectance images with ETDRS grid (left panel) were registered to the fundus

autofluorescence images (right panel).
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Figure 3.
The boundaries of preserved autofluorescence were manually segmented in each individual

ETDRS subfield separately.
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The average of preserved autofluorescence areas in different ETDRS subfields in mm?.
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