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• PURPOSE: To evaluate the progression of atrophy as 
determined by spectral-domain optical coherence tomog- 
raphy (SD-OCT) in patients with molecularly confirmed 

PROM1 -associated retinal degeneration (RD) over a 24- 
month period. 
• DESIGN: International, multicenter, prospective case 
series. 
• METHODS: A total of 13 eyes (13 patients) affected 

with PROM1 -associated RD were enrolled at 5 sites and 

SD-OCT images were obtained at baseline and after 24 

months. Loss of mean thickness (MT) and intact area 
were estimated after semi-automated segmentation for the 
following individual retinal layers in the central subfield 

(CS), inner ring, and outer ring of the ETDRS grid: 
retinal pigment epithelium (RPE), outer segments (OS), 
inner segments (IS), outer nuclear layer (ONL), inner 
retina (IR), and total retina (TR). 
• RESULTS: Statistically significant losses of thickness of 
RPE and TR were detected in the CS and inner ring and 

of ONL and IS in the outer ring (all P < .05); a statis- 
tically significant decrease in the intact area of RPE and 

IS was observed in the inner ring, and of ONL in the 
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outer ring (all P < .05); the change in MT and the intact 
area of the other layers showed a trend of decline over an 

observational period of 24 months. 
• CONCLUSIONS: Significant thickness losses could be 
detected in outer retinal layers by SD-OCT over a 
24-month period in patients with PROM1 -associated 

retinal degeneration. Loss of thickness and/or intact 
area of such layers may serve as potential endpoints 
for clinical trials that aim to slow down the dis- 
ease progression of PROM1 -associated retinal degen- 
eration. (Am J Ophthalmol 2024;259: 109–116. 
© 2023 The Authors. Published by Elsevier Inc. 
This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ )) 
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targardt disease type 4 (STGD4) is caused by
disease-causing variants in the PROM1 gene on chro-
mosome 4. 1 These variants in PROM1 can be inher-

ted in an autosomal dominant (AD) trait as well as in an
utosomal recessive (AR) trait. 2 , 3 Whereas the AD form
ypically appears as a macular or Stargardt-like dystrophy,
he AR form manifests as a cone–rod dystrophy or retini-
is pigmentosa–like phenotype. Within the outer segments
OS) of the retina, the PROM1 gene encodes the prominin
 protein ( PROM1 ; also known as CD133 and AC133),
hich is involved in the organization and formation of

he photoreceptor disks. 1-3 Thus, a defective isoform of the
ROM1 protein is created that remains in the myoid region
f the photoreceptors and cannot migrate to the OS site
here the disks are formed, affecting the growth and orga-
ization of the photoreceptor disks. 2 Although there is not
et any currently approved therapy for STGD4, 4 robust out-
ome measures such as disease progression or the changes
f retinal layers over time are needed for future therapeu-
ic approaches. To identify such potential endpoints and
o gain a better understanding of the natural history of
TGD4, a prospective longitudinal observational study was

aunched. 5 

Visual acuity is the most common clinical endpoint in
phthalmic research 

6 ; however, it has numerous limitations
n inherited retinal dystrophies, including slow or delayed
UBLISHED BY ELSEVIER INC.
CLE UNDER THE CC BY LICENSE
NS.ORG/LICENSES/BY/4.0/)

109

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajo.2023.11.010&domain=pdf
http://AJO.com
mailto:r.strauss@medunigraz.at
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ajo.2023.11.010


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

n  

b

•  

i  

v  

c  

a  

T  

t  

S  

a  

3  

w  

I  

e  

r  

e  

l  

t  

1  

T  

R  

b  

a  

r  

t  

f  

c  

r  

e  

m  

s  

y  

o  

a  

n  

p  

l  

B  

t  

b  

t  

H  

c

•  

a  

s  

(  

m  

a
t  

v  

w  
progression, stable plateau phases, and a strong dependency
on stable fixation and location of atrophic changes. 6 In the
analysis of progression of the ABCA4 -related Stargardt dis-
ease cohort, it was found that visual acuity is not an appro-
priate main outcome measure for clinical trials, or else that
it should be used only in distinct subgroups. 7 Surrogate end-
points derived from retinal imaging are therefore needed,
and have received support by the regulating authorities for
treatments of macular diseases. 8 

Gene therapy using small molecule therapies such
as anti-sense oligonucleotides, lentiviral vectors, adeno-
associated viral vectors, or nanoparticles offer a strategy to
selectively target specific stages of the visual cycle or ele-
ments of retinal function. Although these therapies may
not offer a comprehensive cure, their primary aim is to
alleviate symptoms and to impede the progression of the
disease. 9 Investigations have been conducted to explore
the potential utility of molecular tools based on clustered
regularly interspaced short palindrome repeats (CRISPR),
with a particular focus on their application in the treat-
ment of inherited retinal diseases. 10-12 It is conceivable that
PROM1 may be responsive to one or more of the CRISPR-
based methodologies currently documented, which encom-
pass genome editing, epigenetic repression, base editing,
and prime editing. Nevertheless, the identification of suit-
able candidates for these therapeutic interventions has
posed a significant challenge, owing to the intricate role of
PROM1 in the visual cycle. To date, there is no approved
treatment option for PROM1 -associated retinal degenera-
tion. 

Spectral-domain optical coherence tomography (SD-
OCT) imaging allows visualization of the different reti-
nal and choroidal layers and detection of morphological
intraretinal changes that occur in macular diseases, and
thus provides potential surrogate endpoints. Consequently,
changes in SD-OCT have been selected as secondary end-
points in this study, with fundus autofluorescence being
the primary endpoint in accordance to the ABCA4 -related
Progstar study. 13 Herein, we present the estimated progres-
sion rates of atrophy derived from SD-OCT image analysis.

METHODS 

• PATIENTS AND PROCEDURES: The study design, with in-
clusion and exclusion criteria as well as the study team at
the participating sites, was previously described in detail. 5 

Briefly, patients (aged 6 years or older) with disease-causing
variants in the PROM1 gene and well-demarcated atrophy
in the primary study eye that did not exceed the 20 ° × 20 °
field of view in order to enable tracking by multimodal
imaging including SD-OCT were eligible for enrollment.
Clear ocular media and adequate pupillary dilation were re-
quired to ensure good quality of the image. The main exclu-
sion criteria were other retinal diseases including choroidal
110 AMERICAN JOURNAL OF OPHT
eovascularisation, diabetic maculopathy, epiretinal mem-
rane, vascular diseases, and glaucoma. 

SD-OCT AND GRADING MODALITIES: At the participat-
ng sites, SD-OCT scans using a Heidelberg Spectralis de-
ice were obtained at baseline from a 20 ° × 20 ° scan area
omposed of 49 B-scans centered onto the anatomical fovea
nd, after 24 months, using the built-in follow-up mode.
he Doheny Image Analysis Laboratory (DIAL) classifica-

ion algorithm, an automated segmentation algorithm for
D-OCT scans, was applied to segment single retinal layers;
lgorithm errors were manually corrected using O CTO R
.0 by 2 unmasked graders (M.G., G.S.) under consultation
ith a senior investigator (R.W.S.) in case of discrepancies.

mages with insufficient quality (ungradable images) were
xcluded from analysis. SD-OCT scans were analysed with
egard to changes in the mean thicknesses and intact ar-
as of the retinal layers, which are described below, at base-
ine and after 24 months. Results were obtained for the cen-
ral subfield (CS; 0.5-mm radius), the inner ring (IR; 0.5-
.5 mm), and the outer ring (OR 1.5-3 mm) of the Early
reatment of Diabetic Retinopathy Study (ETDRS) grid.
esults were included only for retinal locations that could
e imaged at both time points; that is, if patients developed
 new preferred retinal locus during the observational pe-
iod and consequently a different retinal region especially of
he outer ring area was imaged, these regions were excluded
rom analysis. Right eyes as the primary study eyes were
hosen for analysis, especially because PROM1 -associated
etinopathy is known to be a symmetrical disease of both
yes. We reviewed the 15 patients in our cohort for sym-
etricity between right and left eyes, which could be ob-

erved in all patients. The detailed segmentation and anal-
sis of individual layers has been described in detail previ-
usly 14 and is provided in the Supplemental Material; in
ddition, it is illustrated in Figure 1 . Of note, a minimum
umber of 25 B-scans were to be included per cube scan,
er eye, and per visit, but the scans for inclusion were se-
ected by the grader based on level of similarity to adjacent
-scans. Hence, if adjacent B-scans showed obvious quali-

ative differences in retinal sublayer thicknesses, they were
oth included, but if they were very similar, a gap of more
han one B-scan between selected B-scans was permitted.
owever, all B-scans of the fovea center (and hence the

entral subfield of the ETDRS grid) had to be included. 15 

STATISTICAL METHODS: Categorical data are presented
s quantity and percentage, and continuous data are pre-
ented as mean and SD. To evaluate the change over time
from baseline to 24 months), linear models for repeated
easures with endpoints (mean retinal thickness and intact

rea values) on the original scale, as well as square root–
ransformed endpoints (intact area values) as dependent
ariables and time as a continuous independent variable,
ere used. The β coefficients for time represent the yearly
HALMOLOGY MONTH 2024



FIGURE 1. Segmentation of a patient’s right eye diagnosed 
with PROM1-associated retinal degeneration; overlaid spectral- 
domain optical coherence tomography (SD-OCT) B-scans af- 
ter manual segmentation at baseline and after 24 months. The 
segmented layers in order from top to bottom are as follows: 
vitreous top = white; internal limiting membrane = yellow; 
outer plexiform layer = blue; external limiting membrane = red; 
inner segments/outer segments = orange; photoreceptor seg- 
ment layer = purple; retinal pigment epithelium = green; 
choroid = brown. A. SD-OCT B-scan of a patient’s right eye 
showing an atrophic lesion of the outer retinal layers and cen- 
tral debris at baseline. B. The SD-OCT B-scan of the same eye 
after 24 months. 
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progression rates and are displayed with their corresponding
standard errors (SEs). 

P values < .05 were interpreted as statistically significant.
SAS version 9.4 (SAS Inc.) was used for statistical analysis.

• ETHICS CONSIDERATIONS: The study was conducted ac-
cording to the International Conference on Harmonisation
of Technical Requirements for Registration of Pharmaceu-
ticals for Human Use (ICH) Good Clinical Practice (GCP)
Guidelines, the applicable regulatory requirements, and the
current Declaration of Helsinki, 16 and was in compliance
with the Health Insurance Portability and Accountability
Act if applicable. Ethics committee approval was granted
by the local institutional review boards of the participat-
ing sites. The studies were registered at www.clinicaltrials.
gov (identifier, NCT01977846). All patients gave informed
consent before enrollment. 

RESULTS 

Images with insufficient quality (ungradable images) were
excluded. In these patients, the images of the left eyes also
showed insufficient quality for potential grading; hence,
these patients were excluded. A total of 15 patients were
enrolled in the study. Gradable images were available for 13
right eyes of 13 patients for both the baseline and the 24-
month visit; information about disease-causing variants are
provided in the Supplemental Table. Of these 13 patients,
6 were male and 7 female. The mean age ( ±SD) at baseline
VOL. 259 PROM1-ASSOCIATED RETINAL DEGE
as 38.2 ± 14.2 years, and mean age of onset of symptoms
available for 12 patients) was 30.3 ± 16.3 years. Mean best-
orrected visual acuity ( ±SD) at baseline was 0.51 ± 0.53
ogMAR. In all eyes, the same region of central subfield and
nner ring could be imaged. In 6 of these eyes, the eye track-
ng option during follow-up could not be applied, and the
ube scan covered different retinal locations with respect to
he outer ring. Seven eyes with imaging of the same retinal
egions were included in the analysis of the outer ring. 

CENTRAL SUBFIELD: At the baseline visit, 1 eye (7.7%)
ad a mean thickness of 0 for ONL, 7 eyes (53.8%) had
ean thicknesses of 0 for IS, 9 eyes (69.2%) had mean

hicknesses of 0 for OS, and 4 eyes (30.8%) had mean thick-
esses of 0 for RPE. The RPE and the TR mean thickness
howed statistically significant declines over 24 months.
ables 1 and 2 show the mean retinal thicknesses and in-
act areas at the baseline and after 24 months in the cen-
ral subfield. In estimation of progression rates, RPE and the
R mean thickness showed significantly declines over 24
onths. 

INNER RING OF ETDRS SUBFIELD: The mean retinal
hickness and intact area values in the inner ring of TR, IR,
NL, IS, OS, and RPE for the visits at baseline and after 24
onths are summarized in Tables 1 and 2 . The mean RPE

hickness, the intact area of the RPE, the mean TR thick-
ess, and the intact area of the IS decreased significantly
uring the 24-month observation (all P < .05). 

OUTER RING OF ETDRS SUBFIELD: The ONL mean
hickness, the ONL area, and the IS mean thickness showed
tatistically significant declines after 24 months ( Tables 1
nd 2 ). The ONL mean thickness declined with an esti-
ated difference of –1.55 ± 0.481 µm per year, the ONL

rea with an estimated decline of –0.062 ± 0.017 mm2 per
ear, and the IS mean thickness with a thinning of –0.714

0.238 µm per year. 

DISCUSSION 

o the best of our knowledge, we present herein the first
rospective cohort study with structural changes as deter-
ined by SD-OCT in PROM1 -associated retinal degener-

tion. Statistically significant declines in mean thickness
n RPE and TR thickness were identified within the cen-
ral subfield CS and inner ring, as well as in ONL and IS
hickness within the outer ring. Furthermore, a statistically
ignificant decrease in the intact area of RPE and IS was
bserved in the inner ring, along with a reduction in the
ntact area of ONL in the outer ring. Moreover, during a 24-

onth observational period, there was an observed trend of
eclining macular thickness and intact area in other retinal
ayers. 
NERATION DETERMINED BY SD-OCT 111
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TABLE 1. Estimated Annual Decline Rates in Central Subfield, Inner Ring, and Outer Ring of Progression of Mean Thicknesses of Examined Retinal Layers. 

Retinal Layers Baseline Thickness ( µm), Mean ± SD Estimated Rate Difference in Progression ( µm/y) of Mean Thickness, Coefficient ± SE 

Central subfield Inner Ring Outer Ring Central Subfield P Value Inner Ring P Value Outer Ring P Value 

IR 89.83 ± 16.61 141.29 ± 21.02 132.96 ± 12.70 –1.981 ± 1.309 .156 –0.542 ± 0.062 .399 –0.029 ± 0.070 .969 

ONL 51.14 ± 30.53 42.44 ± 15.67 49.41 ± 16.62 –1.112 ± 1.056 .313 –1.108 ± 0.651 .114 –1.550 ± 0.481 .018 
IS 10.35 ± 16.74 7.18 ± 10.82 19.71 ± 15.19 –0.481 ± 0.405 .259 –0.600 ± 0.288 .059 –0.714 ± 0.238 .024 
OS 2.30 ± 4.19 1.38 ± 3.15 4.91 ± 4.63 0.069 ± 0.082 .417 –0.135 ± 0.093 .172 –0.307 ± 0.145 .078 

RPE 13.35 ± 12.73 14.35 ± 9.10 20.67 ± 4.60 –1.935 ± 0.846 .041 –1.939 ± 0.511 .003 –1.321 ± 0.917 .200 

TR 183.75 ± 48.81 222.11 ± 34.77 232.60 ± 34.25 –3.112 ± 0.965 .007 –2.746 ± 0.886 .009 –1.836 ± 0.904 .089 

IR = inner retina; IS = photoreceptor inner segment; ONL = outer nuclear layer; OS = photoreceptor outer segment; RPE = retinal pigment epithelium; TR = total retina. 

Boldface type denotes that progression is statistically significant ( P < .05) 

TABLE 2. Estimated Annual Growth Rates of Progression of Atrophy of Intact Area and Effective Lesion Radius, Determined From Square Root (Lesion Area / π ) for Intact Area of 
Examined Retinal Layers. 

Retinal 

Layers 

Baseline Value of Intact Area (mm2 ), Mean ± SD Estimated Rate Difference in Progression (mm2 /y) of Intact Area, Coefficient ± SE Estimated Rate Difference in Progression (mm/y) of Effective Lesion Radius Determined 

by Square Root, Coefficient ± SE 

Central Subfield Inner Ring Outer Ring Central Subfield P Value Inner Ring P Value Outer Ring P Value Central Subfield P Value Inner Ring P Value Outer Ring P Value 

IR 0.78 ± 0.00 6.28 ± 0.01 20.91 ± 0.41 0.001 ± 0.001 1.000 0.001 ± 0.001 .585 –0.019 ± 0.017 .297 0.001 ± 0.001 1.000 0.001 ± 0.001 .584 –0.002 ± 0.002 .296 

ONL 0.72 ± 0.22 6.05 ± 0.74 20.87 ± 0.45 0.002 ± 0.003 .387 –0.050 ± 0.056 .392 –0.062 ± 0.017 .011 0.001 ± 0.001 .387 –0.015 ± 0.017 .373 –0.007 ± 0.002 .011 
IS 0.25 ± 0.37 2.22 ± 2.47 14.93 ± 7.69 0.001 ± 0.002 .673 –0.114 ± 0.005 .043 –0.609 ± 0.276 .070 –0.003 ± 0.006 .605 –0.067 ± 0.027 .031 –0.123 ± 0.061 .090 

OS 0.20 ± 0.32 1.13 ± 1.77 11.96 ± 8.40 –0.008 ±
0.009 

.346 –0.194 ± 0.137 .181 –0.609 ± 0.293 .083 0.004 ± 0.011 .741 –0.064 ± 0.087 .283 –0.067 ± 0.087 .469 

RPE 0.42 ± 0.38 4.44 ± 2.29 20.01 ± 2.23 –0.033 ±
0.017 

.085 –0.397 ± 0.132 .011 –0.413 ± 0.241 .138 –0.030 ± 0.013 0.040 –0.128 ± 0.034 .003 –0.053 ± 0.034 .168 

TR 0.78 ± 0.01 6.28 ± 0.01 20.91 ± 0.41 0.001 ± 0.001 1.000 0.001 ± 0.001 .585 –0.019 ± 0.017 .299 0.001 ± 0.001 1.000 0.001 ± 0.001 .584 –0.002 ± 0.002 .296 

IR = inner retina; IS = photoreceptor inner segment; ONL = outer nuclear layer; OS = photoreceptor outer segment; RPE = retinal pigment epithelium; TR = total retina. 

Boldface type denotes that progression is statistically significant ( P < .05). 
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Imaging of the retina by SD-OCT has led to a better un-
derstanding of pathophysiology and changes in retinal de-
generations leading to photoreceptor and RPE cell death,
which can still be elusive. Both visualization of the pho-
toreceptor band on SD-OCT as well as advantages of SD-
OCT for assessing areas of atrophy, especially precision,
safety, and patient comfort, were described previously. Fur-
thermore, it might provide potential surrogate endpoints for
future clinical trials. 8 

SD-OCT was chosen as a secondary endpoint in the
ABCA4 -associated STGD1 studies 13 and, consecutively,
also in the PROM1 -associated STGD4 study, with fun-
dus autofluorescence being the primary endpoint. It has
been reported that the integrity of the EZ in patients with
STGD1 correlates with differences in visual acuity, mi-
croperimetry sensitivity, and the extent of fundus lesions,
as well as with multifocal ERG results; thus, the assess-
ment of the EZ might be a particularly important param-
eter in STGD1. 17–19 In another study, visual acuity was
directly correlated with EZ/OS volume and inversely cor-
related with en face EZ loss/atrophy and attenuation of
the OS/EZ. 20 However, there are significant differences be-
tween these STGD1 and STGD4, despite the common
nomenclature. It was observed that in patients affected by
STGD4, the disease may remain confined to the macular
region. In the early phase of the disease, there is an in-
creased foveal reflex and a red-speckled macular appearance
that progresses to bull’s-eye maculopathy (BEM), leading to
macular atrophy over time. 21 However, the exact pathogen-
esis is still poorly understood. The classic appearance with
ring-shaped RPE atrophy and intact foveal center is pos-
sibly due to an increasing lipofuscin accumulation in the
RPE, which is highest at the posterior pole and shows a
depression at the fovea. 22 , 23 With disease progression, the
foveal center also becomes involved. 21 It has been shown
that PROM1 is required for the maintenance of the ex-
pression levels of ABCA4 and RDH12 , which is consis-
tent with the idea that PROM 1 is also involved in the
regulation of the visual cycle, especially at the reducing
step of all-trans-retinal to all-trans-retinol. 4 Alternatively,
PROM1 may play an indirect role in lipofuscin accumu-
lation through ABCA4 dysfunction, resulting from a dis-
rupted outer segment structure. 24 , 25 These changes are also
reflected in the results in our study, which showed that the
RPE of the inner ring and the central subfield were partic-
ularly affected by atrophy. Two SD-OCT–derived variables
in particular may serve as potential surrogate endpoints: a
decrease in mean retinal thickness, and a decrease in the
intact area (ie, thickness > 0 µm at baseline). Although a
decrease in mean retinal thickness may show only small dif-
ferences over time (also, depending on grading protocols), 26 

a decrease in an intact area can provide more robust param-
eters. However, a decrease in an intact area may depend on
initial lesion size. To account for the initial size of the intact
area of the retinal layers analyzed, we considered the radius
determined by the square root of the area to better represent
VOL. 259 PROM1-ASSOCIATED RETINAL DEGE
he increase in atrophy, after significant differences were ob-
erved in our patient population regarding the initial size of
he intact area. Use of square root transformation of lesion
rea measurements in patients with geographic atrophy has
lready been described in age-related macular degeneration,
o eliminate the dependence of growth rates on original le-
ion size. 27 The square root strategy can simplify the design
nd enrollment in clinical trials because it may not be nec-
ssary to specify a range of lesion sizes or to include lesion
ize in the analysis. 27 

It is known that, over the course of inherited macular and
etinal dystrophies, there is a slow progressive loss of reti-
al function and structure, which, however, varies greatly
mong patients and individual families; this phenomenon
as been reported not only in families and/or patients with
ROM1 -associated retinal dystrophies, but also other mac-
lar/panretinal degenerations. 21 , 28-30 We could observe a
ecline in all retinal layers, although these were statisti-
ally significant only in distinct subretinal layers and dis-
inct retinal locations over a time period of 2 years. It is
nown that PROM1 -associated retinal degeneration shows
nly slow progression, and we did not know the onset age
f the disease in the patients in our study. Therefore, a
4-month observation period might represent an insuffi-
ient time period. However, to the best of our knowledge,
his study is the first to observe retinal thicknesses and in-
act retinal areas over a 24-month period in patients with
ROM1 -associated STGD4. 
The investigation and classification of atrophy in

TGD4 based on SD-OCT has proved to be difficult; the
oftware algorithm applied led to many errors due to the hy-
erreflective debris in areas of atrophy frequently occurring
n STGD4 (eg, in comparison to dry age-related macular
egeneration), and therefore significant manual corrections
ere necessary. 31 Indeed, similar observations were made in
 preliminary study regarding ABCA4 -related STGD1, and
n up to 20.2% of B-scans, the outer retina was misidenti-
ed, and more than 30% of B-scans revealed significant soft-
are errors. 32 Another preliminary analysis of repeatability
f SD-OCT grading showed considerable noise in analysis
f the RPE, with large variability in the difference between
radings (as indicated by poor intraclass correlations and
lso by the high relative absolute differences between grad-
ngs for thickness and intact area, whereas in measurements
f thickness and intact area the inner and outer segments in
he inner and outer ring regions had good to excellent in-
raclass correlations. 26 In addition, the phenotypes in the
tudy presented herein showed a very heterogeneous ap-
earance of PROM1 -related STGD4, depending on the re-
pective stage, and this proved to be a further challenge in
he use, investigation, and quantification of the SD-OCT
mages. 

These considerations must be kept in mind when ana-
yzing the progression data. Because of the significant noise
nvolved, it is important to consider that the progression of
hicknesses and the measurement of intact areas may be ap-
NERATION DETERMINED BY SD-OCT 113
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propriate only for certain subtypes of atrophy. The IS and
OS (including the EZ), however, might serve as potential
outcome measures. 

Longitudinal data are dependent on the same location
of the measurements. Although the imaging protocol re-
quired the photographers to center the 20 ° × 20 ° cube
scan onto the anatomical fovea and then use the follow-
up and eye-tracking function of the Heidelberg Spectralis
device, patients often had an eccentric fixation due to pre-
existing or developing atrophy, and the cube scan eventu-
ally could not be completely centered onto the anatomi-
cal fovea, or it led to a newly developing, preferred retinal
locus. As a consequence, either already at baseline and/or
during follow-up, some parts of the outer EDTRS ring were
missing, 33 which we had to exclude for the purpose of this
analysis. 

Despite its multicenter design, our study has some lim-
itations, especially the small number of cases (based on
the fact that the number of reported patients affected by
PROM1 -associated retinal degenerations was even smaller
at the time that the study was designed), and the fact that
we could not include the stage of the disease of the individ-
ual patients. We were able to address this at least partially
with respect to the size of the atrophic lesions and intact
area by using the square root calculation; however, it may
have had an impact on the mean thickness of the individual
retinal layers examined. 
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