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Purpose: The purpose of this study was to evaluate baseline best corrected visual
acuity (BCVA), full-field electroretinography (ERG), full-field stimulus thresholds (FST),
and their relationship with baseline demographic and clinical characteristics in the
Rate of Progression in Usher syndrome type 2 (USH2A)-related Retinal Degeneration
(RUSH2A) multicenter study.

Methods: Participants had Usher syndrome type 2 (USH2, N = 80) or autosomal reces-
sive nonsyndromic retinitis pigmentosa (ARRP, N = 47) associated with biallelic variants
in the USH2A gene. Associations of demographic and clinical characteristics with BCVA,
ERG, and FST were assessed with regression models.

Results: In comparison to ARRP, USH2 had worse BCVA (median 79 vs. 82 letters; P <
0.001 adjusted for age), lower rod-mediated ERG b-wave amplitudes (median 0.0 vs.
6.6 uV; P < 0.001) and 30 Hzflicker cone-mediated ERG amplitudes (median 1.5 vs.3.1 pV;
P =0.001), and higher (white, blue, and red) FST thresholds (means [—26, —31, —23 dB]
vs. [—39, —45, —28 dB]; P < 0.001 for all stimuli). After adjusting for age, gender, and
duration of vision loss, the difference in BCVA between diagnosis groups was attenuated
(P=10.09). Only diagnosis was associated with rod- and cone-mediated ERG parameters,
whereas both genders (P = 0.04) and duration of visual loss (P < 0.001) also were associ-
ated with FST white stimulus.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. @. BY _NC_NO
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Introduction

Variants in the Usher syndrome type 2 (USH2A)
gene are among the most common causes of inher-
ited retinal degenerations (IRDs).! Biallelic variants
can result in early partial sensorineural hearing loss
combined with retinitis pigmentosa (RP) - namely
Usher syndrome type 2 (USH2), the most common
form of Usher syndrome. In addition, USH2 4 variants
account for 12% to 25% of individuals with nonsyn-
dromic autosomal recessive RP (ARRP), thereby also
representing the most common cause of ARRP??3
Given that treatment trials for USH2A-related retinal
degeneration are ongoing, and that additional trials
are planned, it is imperative to learn more about the
natural history of USH2A-mediated disease in order
to select the best outcome measures of change in visual
function. The Rate of Progression of USHZ2A-related
Retinal Degeneration (RUSH2A) study was initiated
in 2017. The goal of this multicenter, international,
longitudinal natural history study is to evaluate the role
of state-of-the-art testing modalities to determine the
most effective and time-sensitive methods for monitor-
ing these individuals in future trials. Secondary goals
are to identify risk factors that influence the rate of
progression, to evaluate relationships among different
functional and structural measures, and to identify a
pool of well-characterized potential participants for
anticipated treatment trials.

Best-corrected visual acuity (BCVA), full-field
electroretinography (ERG) and the full-field stimulus
threshold (FST) test are three of the outcome measures
evaluated in the study herein. BCVA was measured
with the Early Treatment of Diabetic Retinopathy
Study (ETDRS) eye charts, and the electronic visual
acuity (EVA) equivalent, which are in widespread
use in clinical trials.*> The ERG is among the most
widely used measures for diagnosing and following
individuals with IRDs and, in the present study, were
used to assess rod- and cone-mediated responses at
baseline. The ERG was complemented by the FST
test, because individuals with moderate to severe
visual loss often have an ERG that is unmeasurable.®’
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Conclusions: USH2 participants had worse BCVA, ERG, and FST than ARRP participants.
FST was strongly associated with duration of disease; it remains to be determined
whether it will be a sensitive measure of progression.

Translational Relevance: Using standardized research protocols in RUSH2A, measures
have been identified to monitor disease progression and treatment response and differ-
entiate features of prognostic relevance between USH2 and ARRP participants with

The objectives of the current report are to describe
BCVA, ERG, and FST measures at baseline in the
RUSH2A study, to evaluate correlations between these
functional measures, and to evaluate their associations
with clinical characteristics.

Study Design

Details of the design of this multicenter, longitu-
dinal natural history study (NCT03146078) have been
described previously.® Briefly, 127 participants were
enrolled at 16 clinical sites in North America and
Europe. The study adhered to the tenets of the Declara-
tion of Helsinki and was approved by the institutional
review boards (IRBs) or ethics boards associated with
each participating site.

Participants were at least 8 years old with a clini-
cal diagnosis of rod-cone degeneration associated with
at least 2 disease-causing USH2A sequence variants
in trans. A committee reviewed all genetic reports to
confirm the variants as pathogenic or likely pathogenic.
The majority of testing was performed in the “study”
eye, defined as the eye with better baseline BCVA.
The primary cohort included 105 participants with a
baseline ETDRS letter score of 54 or greater (20/80
or better) in the better eye, central visual field at least
10 degrees diameter, and stable fixation. A secondary
cohort of 22 participants with ETDRS letter score
of 53 or worse (20/100 or worse), central visual field
less than 10 degrees diameter, or unstable fixation, was
enrolled to complete a baseline visit only. Both cohorts
are combined in this baseline cross-sectional report.

Outcome Measures

The wvisit schedule and testing procedure for
this prospective study have been documented previ-
ously.® The primary focus of the current report is
baseline BCVA, ERG, and FST measures. All measure-
ments were performed by study certified technicians
following standardized protocols. Following subjective
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refraction, BCVA was measured as the ETDRS letter
score on the EVA tester or ETDRS charts.*> Only
BCVA from study eyes was used for analyses.
Full-field ERG was performed following the
International Society for Clinical Electrophysiol-
ogy of Vision (ISCEV) protocol.” The full-field ERG
measures in the current analyses included the ampli-
tude of the b-wave from the dark adapted dim-flash
0.01 cd.s/fm2 ERG response (DA 0.01 ERG), which
reflects a rod-driven bipolar cell response; the ampli-
tude of the b-wave of the dark adapted standard flash
3.0 cd.s/m2 ERG (DA 3.0 ERG), which arises from a
combined response of both rod and cone systems; and
the trough-to-peak amplitude of the light-adapted 30
Hz flicker (LA 3.0 flicker ERG), which is cone-driven.
FST was performed on the Espion E* (Diagnosys
LCC, Lowell, MA). White, blue, and red stimuli
were used for FST testing, with a two parameter
Weibull function determining the actual threshold,
while considering false positives and false negatives.’
In the FST protocol for all three colors, the baseline
of 0 dB was defined as 0.1 cd/m?. Thresholds were
measured in triplicates for each color and the averaged
result from the three tests were used for each color in
order to determine receptor type mediating threshold.

Statistical Methods

The distributions of BCVA, ERG, and FST
measures were summarized using means and standard
deviations (SDs) or medians and interquartile ranges
(IQRs), depending on the distribution of the data. The
percentage of eyes with no response on ERG testing
was also reported. Correlations among BCVA, ERG,
and FST measures were assessed with Spearman corre-
lation coefficients.

Associations between participant characteristics
and BCVA, ERG, and FST outcomes were assessed.
Linear regression models were used to assess the
association between each participant characteristic and
BCVA score. A stepwise selection method was used
to determine a multivariable model for BCVA score.
Clinical diagnosis was forced into the model and other
factors with P value < 0.05 were considered as statis-
tically significant and remained in the final model.
Because BCVA scores have a skewed distribution, the
ranked normal score transformation of the BCVA
score was used as an outcome variable in the regression
model. Similar regression models were used for the FST
outcomes. All three ERG outcomes had a large propor-
tion of zero responses and the b-wave amplitude had a
skewed distribution; analyses for these outcomes were
performed with generalized linear regression models
for the Tweedie distribution and a log link function.'®
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All analyses were conducted using SAS version 9.4
(SAS Institute, Cary, NC) and reported P values are
two-sided.

Study Population

A detailed description of the RUSH2A participant
enrollment flow and baseline characteristics was previ-
ously published.® A total of 127 participants were
enrolled into the study, with 105 in the primary cohort
and 22 in the secondary cohort. The clinical diagno-
sis based on the self-reported hearing loss history was
USH2 for 80 (63%) participants and ARRP for 47
(37%) participants. The median age was 37 years (IQR
= 27 to 44 years) for the USH2 group and 44 years
(IQR = 36 to 50 years) for the ARRP group. Overall,
68 of the participants (54%) were women, 113 (89%)
were white, and 83 (65%) were enrolled in the US or
Canadian sites. The median age at onset of first noticed
vision loss was 16 years (IQR = 13 to 22 years) for the
USH2 group and 32 years (IQR =20 to 41 years) in the
ARRP group. Among the 122 participants with audiol-
ogy testing data, 97% (73 of 75) of the USH2 partici-
pants had moderate or worse hearing loss, whereas only
9% (4 of 47) of the ARRP participants had moderate
adult-onset hearing loss.

Summary of BCVA, ERG, and FST Findings at
Baseline

Summary of the BCVA, ERG, and FST findings at
baseline are provided in Table 1 for the entire study
group and stratified by clinical diagnosis. Overall, 75
(59%) of the participants had a baseline BCVA of > 79
letters (> 20/25). Fifty-four percent of the USH2 group
and 68% of the ARRP group had BCVA > 79 letters.
Those with USH2 had significantly worse BCVA scores
(median, 79 letters), than those with ARRP (median,
82 letters; P < 0.001 after adjusting for age).

All but one RUSH2A participant had ERG testing.
Scotopic responses to a dim-flash (DA 0.01) were
unmeasurable in 40 (51%) of participants with USH2
compared with 19 (40%) of those with ARRP. The
median rod-driven b-wave amplitude was significantly
larger in ARRP thanin USH2 (6.6 vs. 0.0 uV, P < 0.001
after adjusting for age; see Table 1). A lower percent-
age of the overall cohort had unmeasurable mixed rod-
cone DA 3.0 ERG responses (35%) than DA 0.01 ERG
responses (47%; see Table 1). The amplitudes for the
DA 3.0 ERG b-wave responses were also significantly
larger in ARRP than USH2 (median 11.6 vs. 5.0 uV,
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Table 1. Best Corrected Visual Acuity (BCVA), Electroretinography (ERG), and Full-Field Stimulus Threshold (FST)

Measures by Clinical Diagnosis

Overall (N = 127) USH2 (N = 80) ARRP (N = 47) P Value
BCVA Letter Score
<69 (< 20/40) 14 (11%) 11 (14%) 3 (6%)
69-73 (20/40) 14 (11%) 9 (11%) 5(11%)
74-78 (20/32) 24 (19%) 17 (21%) 7 (15%)
79-83 (20/25) 33 (26%) 18 (23%) 15 (32%)
>84(>20/20) 42 (33%) 25 (31%) 17 (36%)
Median (IQR) 80 (75, 85) 79 (74, 85) 82 (77,87) <0.0012
ERG Responses
No. with test results 126 79 47
DA 0.01 ERG amplitude (uV)
Unmeasurable, n 59 (47%) 40 (51%) 19 (40%)
Median (IQR) 0.7 (0.0,7.4) 0.0 (0.0, 5.0) 6.6 (0.0, 19.0) <0.001°
DA 3.0 ERG b-wave amplitude (uV)
Unmeasurable, n (%) 44 (35%) 30 (38%) 14 (30%)
Median (IQR) 6.2 (0.0, 15.5) 5.0(0.0,11.8) 11.6 (0.0, 64.0) <0.001°
LA 3.0 flicker ERG amplitude (uV)
Unmeasurable, n 37 (29%) 25 (32%) 12 (26%)
Median (IQR) 2.0(0.0,7.7) 1.5(0.0, 5.5) 3.1 (0.0, 20.0) 0.001°
FST (dB)
No. with test results 93 56 37
White stimulus, mean + SD —32+13 —26+10 —39+13 <0.0012
Blue stimulus, mean & SD —36+ 14 —31+11 —45 4+ 14 <0.001°
Red stimulus, mean 4 SD —25+7 —23+6 —28+38 <0.0012

2P value calculated using linear regression model, adjusting for age.
bp value calculated using generalized linear regression model with Tweedie distribution, adjusting for age.

P < 0.001 after adjusting for age). The percentage of
unmeasurable LA 3.0 flicker ERG responses was even
lower in the entire cohort (29%), and median ampli-
tudes were significantly higher in the ARRP group
than the USH2 group (3.1 vs. 1.5 uV, P = 0.001
after adjusting for age; Fig. 1A, Table 1). Compared
with normal individuals (typical mean + SD: 28 +
2.5 ms),!! participants with ARRP had a delay in
LA 3.0 flicker ERG implicit time (mean £ SD: 38 +
6 ms) that was significantly (P = 0.005) greater than
implicit time delay observed in USH2 (mean + SD: 34
+ 6 ms; Fig. 1B). FST was not available at all sites,
with 93 participants (73%) undergoing testing. There
were significant differences for all three stimuli, white,
blue, and red, between clinical diagnosis groups (P <
0.001), with the ARRP group showing lower thresholds
(less severely impaired retinal function) than the USH2
group (see Table 1). Figure 2 shows representative FST
threshold results from three different participants and
a normal subject. Each graph shows the probability
of a positive response against the stimulus intensity.
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Panel A, (USH2, age 55 years old), with a white thresh-
old of —20 dB, represents an example of a participant
with primarily cone mediated thresholds, because the
thresholds to the photopically matched blue and red
were similar. The participant shown in panel B (USH2,
age 19 years old) has a threshold to white of —35 dB.
The difference in blue and red thresholds was 10 dB,
suggesting that rods are mediating the response to the
blue (and white) stimulus. The participant shown in
panel C (USH2, age 61 years old) had a mean white
threshold of —55 dB. Thresholds for the blue stimu-
lus were 25 dB lower than thresholds to red, consistent
with rod mediation and similar to the blue-red thresh-
old difference seen in a normal observer (panel D, age
25 years old).

The relationship between FST white stimulus
threshold and blue-red threshold difference by duration
of vision loss is shown in Figure 3 for all partici-
pants. A difference between blue and red FST thresh-
olds of < 10 dB appears to indicate cone-mediated
dark-adapted thresholds. The upper right region of the
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Figure 1. Light-adapted 3.0 flicker Electroretinography (ERG)

response by clinical diagnosis. (A) Amplitude; (B) implicit time. The
bottom and top of each box denote the 25th and 75th percentiles,
theline inside the box denotes the median and the circle is the mean.

graph shows that approximately 40 of 93 participants
(43%) with FST data showed no definite evidence of
rod function. For these participants, white thresholds
were above —30 dB and blue-red differences around
zero, indicating that cones might be primarily mediat-
ing FST thresholds. The lower left corner shows partic-
ipants with blue-red differences of >20 dB indicating
rod mediation. Based on these results, the lower limit
for cone mediation of the white stimulus appears to be
—30 dB. Thus, when a participant has a white thresh-
old below —30 dB, we can assume that the patient
has rods mediating the threshold. Those with remain-
ing rod function are primarily those with < 20 years
of reported vision loss (39 of 44), whereas partici-
pants with cone-mediated thresholds tended to have >
20 years of reported vision loss (28 of 49).
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Figure 2.  Full-field stimulus thresholds (FST) threshold results
from three different participants and one normal subject. Black,
blue, and red colors represent responses from white, blue, and red
stimuli, respectively. (A) Cone-mediated (USH2, age 55 years old); (B)
mixed (USH2, age 19 years old); (C) rod-mediated (USH2, age 61 years
old); (D) normal (age 25 years old).”

Correlations Among BCVA, ERG, and FST
Measures

Correlations among BCVA, ERG, and FST
measures are shown in Table 2. Not surprisingly,
most measures are at least moderately correlated,
because all reflect the severity of disease. As expected,
there is a low correlation (0.17) of the BCVA with the
DA 0.01 ERG, but the correlation with LA 3.0 flicker
ERG though stronger, is still a limited correlation
(0.30). The FST white threshold was moderately corre-
lated with BCVA (—0.60; Supplementary Figure S2)
and with LA 3.0 flicker (—0.55) and DA 3.0 (—0.64)
ERG (see Table 2).
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Full-field stimulus thresholds (FST) white versus blue-red by duration of disease and clinical diagnosis. Filled symbols

represent USH2 participants and open symbols represent ARRP participants. Blue, red, and black symbols represent duration of disease at

< 10 years, 10 to < 20 years, and >20 years, respectively.

Association of Baseline Characteristics with
BCVA

Median (IQR) of BCVA letter score by participant
characteristics are shown in Table 3. Several partici-
pant characteristics were significantly associated with
lower BCVA letter score in univariable analyses: USH2
phenotype (P = 0.03), older age at enrollment (P <
0.001), and longer duration of vision loss (P < 0.001).
From the multivariable analysis, age at enrollment,
duration of vision loss, and gender were retained in
the model, with women having significantly lower VA
scores than men. Clinical diagnosis was marginally
associated with BCVA letter score after taking other
factors into account. Race/ethnicity, smoking status,
and dietary supplement use were not associated with
baseline BCVA letter score.

Association of Baseline Characteristics with
ERG

The variables associated with LA 3.0 flicker ERG
trough-to-peak amplitude are shown in Table 4. Clini-

Downloaded from tvst.arvojournals.org on 11/25/2020

cal diagnosis is the only factor that was significantly
associated with LA 3.0 flicker ERG response, with the
median amplitude in the ARRP group being roughly
twice the amplitude in the USH2 group (P = 0.004).
As shown in Supplementary Figure S1, age was not
associated with DA 0.01 ERG amplitude (panel A), DA
3.0 DA amplitude (panel B), or LA 3.0 flicker ampli-
tude (panel C). We also analyzed DA 0.01 ERG ampli-
tude and LA 3.0 flicker ERG implicit times (data not
shown); the only characteristic associated with either
of these parameters was clinical diagnosis.

Association of Baseline Characteristics with
FST

The participant characteristics associated with the
white FST thresholds are shown in Table 5. Clinical
diagnosis was a strong determinant, with mean thresh-
old to white stimulus being 13 dB lower (i.e. better
sensitivity) in the ARRP group than in the USH2
group. Duration of vision loss was also strongly associ-
ated with white thresholds; participants with >20 years
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Table 2. Spearman Correlation Coefficients Among Best Corrected Visual Acuity (BCVA), Electroretinography

(ERG), and Full-Field Stimulus Threshold (FST) Measures

Best Corrected

Full-Field Stimulus

Visual Acuity Electroretinography Threshold (FST)
(BCVA) DA0.01 ERG LA3.0Flicker DA3.0ERG White Blue Red
(N=127)? (N=126) (N=126) (N=126) (N=93) (N=93) (N=93)

BCVA

Correlation 1.0 +0.17 +0.30 +0.30 —0.60 —0.56 —0.58

Pvalue 0.06 <0.001 <0.001 <0.001 <0.001 <0.001
DA 0.01 ERG

Correlation +0.17 1.0 +0.61 +0.69 —-0.40 —-0.40 —0.45

Pvalue 0.06 <0.001 <0.001 <0.001 <0.001 <0.001
LA 3.0 flicker ERG

Correlation +0.30 +0.61 1.0 +0.82 —0.55 —0.52 —-0.42

Pvalue <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
DA 3.0 ERG

Correlation 4+0.30 +0.69 +0.82 1.0 —0.64 —0.62 —0.59

Pvalue <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
FST White

Correlation —0.60 —0.40 —0.55 —0.64 1.0 +0.96 +0.83

Pvalue <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
FST Blue

Correlation —0.56 —0.40 —0.52 —0.62 +0.96 1.0 +0.76

P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
FST Red

Correlation —0.58 —0.45 —042 —0.59 +0.83 +0.76 1.0

P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

aAmong 127 participants with VA scores, 126 had ERG results and 93 had FST results; all participants with ERG results had

FST results.

disease duration having a mean threshold 18 dB higher
than those with < 10 years disease duration. Gender
was only marginally associated with white thresh-
olds (P = 0.04). Mean unadjusted gender difference
(men and women) in FST white thresholds was only
1.7 dB (95% confidence interval [CI] = —3.7 to 7.0),
however, in the final multivariable regression model,
mean adjusted gender difference was 4.3 dB (95% CI
=0.2108.5).

Disease Asymmetry

Disease asymmetry between the right eye and left
eye was assessed on BCVA letter scores. The mean
difference between the right eye and left eye (OD-OS)
was —1.0 letters (95% CI = —2.3 to 0.3) and the intra-
class correlation coefficient was 0.85. The difference
was similar in both the USH2 group (mean = —0.9)
and the ARRP group (mean = —1.2). No significant
correlation was found between the difference in BCVA
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letter scores and gender (P = 0.21) or duration of
disease (P = 0.15).

Discussion

The majority of participants enrolled in the
RUSH2A study were middle-aged (median age 40 years
old),® with USH2 participants being slightly younger
(median 37 years) than the ARRP group (median
44 vyears). Most participants in the USH2 group
(median 79 letters; 20/25) and the ARRP group
(median 82 letters; 20/25) retained good BCVA, consis-
tent with results from previous studies.'> Sandberg
et al.” found that the majority of 125 patients with
USH2A sequence variants had one to two lines of
acuity loss at 30 years of age and the median age of
legal blindness due to decreased BCVA was 65 years.
Calzetti et al.'® reported acuity better than 20/50 at age
50 in all 14 patients with USH2. Despite the gener-
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Table 3. Participant Characteristics Associated With Best Corrected Visual Acuity (BCVA)
BCVA Letter Score Univariable Analysis Multivariable
N Median (Q1, Q3) P Value Analysis P Value
All 127 80 (75, 85)
Clinical diagnosis 0.03 0.09
USH2 80 79 (74, 85)
ARRP 47 82 (77,87)
Age at enrollment, y <0.001° 0.04
<30y 30 82(77,89)
30to <40y 34 80 (76, 84)
40to <50y 37 82 (77, 85)
>50y 26 72 (64,79)
Gender 0.09 0.01
Female 68 80 (73, 84)
Male 59 80 (75, 86)
Duration of disease, y° <0.0012 0.004°
<10 37 83 (77,87)
10to < 20 46 81 (76, 86)
>20 43 75 (66, 82)
Race/ethnicity 0.44 NAC
Non-Hispanic white 113 80 (75, 85)
Other 14 80 (75, 81)
Smoking status 0.33 NAC
Ever smoked daily 33 82 (77, 84)
Never smoked daily 94 79 (74, 85)
Dietary supplement use 0.59 NA®
None 53 82 (75, 86)
Vitamin A only 11 78 (74, 82)
DHA only 5 77 (76, 80)
Lutein only 9 79 (76, 84)
Multiple supplements 49 79 (72, 85)

#Variable was analyzed as continuous.
One participant in the ARRP group was missing age of onset (a participant-reported field based on their awareness of visual

translational vision science & technology

symptoms) and duration of disease (computed based on age of onset and date of enrollment).
“Factors with P values > 0.05 in the stepwise selection process were not included in the final multivariable model.

ally good acuity, we nevertheless found that BCVA in
USH2 was significantly worse than in patients with
ARRP, despite a slightly younger median age. Others
have also reported that acuity is better in nonsyn-
dromic patients than syndromic patients at the same
age.'"* Among the participant characteristics evaluated,
only age of enrollment, disease duration as measured
from reported age of visual loss, and gender were
associated with BCVA. The association with gender
has not been found previously and has no obvious
explanation.

Unlike BCVA, the full-field ERG was severely
reduced in our participants. The majority had unmea-
surable DA 0.01 ERG responses (mean age 40 years,
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range = 14-80), severely limiting the value of this
as a prospective measure in clinical trials. Similarly,
others have reported unmeasurable DA 0.01 ERGs by
age 26 years'> and in 17 of 18 patients in another
cohort.!3 As anticipated in a rod-cone dystrophy, cone
responses to LA 3.0 flicker ERG were less affected and
remained measurable in the majority of participants at
all ages. Similar to other studies,'® the ARRP group
had significantly larger LA 3.0 flicker ERG amplitudes
than the USH2 group despite being older on average.
In a multivariate analysis, no participant characteristic
other than clinical diagnosis was associated with LA
3.0 flicker ERG amplitude. Unmeasurable responses
were found at all ages and there was only a weak corre-
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Table 4. Participant Characteristics Associated With Light-Adapted 3.0 Flicker Electroretinography (ERG) Ampli-

tude
LA 3.0 Flicker ERG
Amplitude (uV) Univariable Multivariable
N Median (Q1,Q3) Unmeasurable %  Analysis P Value®  Analysis P value®
All 126 2.0(0.0,7.7) 29%
Clinical diagnosis 0.004 0.004
USH2 79 1.5(0.0,5.5) 32%
ARRP 47 3.1 (0.0, 20.0) 26%
Age at enrollment, y 0.69° NAS
<30y 30 3.1(0.2,6.8) 23%
30to <40y 34 2.4(0.0,6.7) 32%
40to <50y 36 1.9(0.0, 12.9) 31%
>50y 26 1.8(0.0,7.2) 31%
Gender 0.49 NAC
Female 68 2.0 (0.0, 6.6) 34%
Male 58 2.2(0.1,11.7) 24%
Duration of disease, y* 0.06° NAS
<10 37 5.9(1.8,12.8) 16%
10to < 20 46 1.7 (0.0, 6.2) 33%
>20 42 0.8(0.0,4.5) 38%
Race/ethnicity 0.28 NAC
Non-Hispanic white 112 2.0(0.0,7.6) 29%
Other 14 3.0(0.0,7.7) 36%
Smoking status 0.52 NAC
Ever smoked daily 33 1.5(0.0,7.2 33%
Never smoked daily 93 23(0.0,7.7 28%
Dietary supplement use 0.13 NA®
None 52 2.1(0.0,7.9) 35%
Vitamin A only 11 2.0(0.0,7.2) 27%
DHA only 5 0.0(0.0,1.3) 60%
Lutein only 9 8.8(1.8,10.3) 22%
Multiple supplements 49 2.2(0.1,6.7) 22%

aContinuous variable for DA 3.0 flicker amplitude was used as dependent variable.

bVariable was analyzed as continuous.

“Factors with P values > 0.05 in the stepwise selection process were not included in the final multivariable model.
d0ne participantin the ARRP group was missing age of onset (a participant-reported field based on their awareness of visual
symptoms) and duration of disease (computed based on age of onset and date of enrollment).

lation with BCVA, presumably because most of the
cones that contribute to the cone ERG are extrafoveal.
Delayed LA 3.0 flicker ERG implicit times are charac-
teristic of RP!7 and were present in virtually all patients
in the RUSH2A cohort. The USH2 group had signif-
icantly less delays than the ARRP group, presumably
because flicker responses in patients with small fields
are dominated by foveal cones, which are faster than
parafoveal cones.'®

FST was originally developed to provide a metric in
extremely low vision patients who could not perform
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other tests reliably.®” FST does not require stable
fixation and reflects the global light-sensitivity of
the remaining photoreceptors. Although it is a less
spatially specific measure compared to, for example,
microperimetry or static perimetry, it has been used
to provide a key reproducible outcome measure for
a registration trial of the gene therapy voretigene
neparvovec-rzyl (Luxturna, Spark Therapeutics) for
patients with RPE65-related retinal dystrophy.!” Here,
for the first time, it is being used as a functional
measure in a large prospective study. Using blue and
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Table 5. Participant Characteristics Associated With Full-Field Stimulus Thresholds (FST) White Stimulus
FST White

Stimulus (dB)

Univariable Multivariable

N Mean + SD Analysis P Value Analysis P Value
All 93 —32+13
Clinical diagnosis <0.001 <0.001
USH2 56 —26+£10
ARRP 37 —39+13
Age at enrollment, y 0.612 NAP
<30y 20 —33+9
30to <40y 26 —31+12
40to <50y 27 —32+15
>50y 20 —30+15
Gender 0.53 0.04
Female 51 —314+12
Male 42 —32+14
Duration of disease, y© <0.001° <0.001°
<10 27 —40 £ 11
10to < 20 33 —334£11
>20 33 —22+9
Race/ethnicity 0.53 NAP
Non-Hispanic white 84 —32+13
Other 9 —29+10
Smoking status
Ever smoked daily 26 —31+13 0.94 NAP
Never smoked daily 67 —324+13
Dietary supplement use
None 35 —32+12 0.55 NAP
Vitamin A only 8 —33+13
DHA only 5 —24+6
Lutein only 5 —37+9
Multiple supplements 40 —31415

#Variable was analyzed as continuous.

bFactors with P values > 0.05 in the stepwise selection process were not included in the final multivariable model.
¢Computed from age of onset (a participant-reported field based on their awareness of visual symptoms) and date of enroll-

ment.

red stimuli, it was possible to identify participants
with primarily rod-mediated thresholds to the white
stimulus. White thresholds were strongly associated
with clinical diagnosis and duration of vision loss,
and weakly associated with gender. It remains to
be determined whether unexpected gender differences
in BCVA and FST will be present on future visits.
The moderate correlation between FST threshold and
BCVA was unexpected but may be consistent with
the more general finding that cone loss (and reduced
BCVA) occurs after substantial loss of rod function.
It remains to be determined whether FST will be
a sensitive method for following progression in this
population.
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