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e PURPOSE: To describe the detailed retinal phenotype of
KCNV2-associated retinopathy.

e STUDY DESIGN: Multicenter international retrospec-
tive case series.

o METHODS: Review of retinal imaging including fundus
autofluorescence (FAF) and optical coherence tomogra-
phy (OCT), including qualitative and quantitative analy-
ses.

Supplemental Material available at AJO.com.
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e RESULTS: Three distinct macular FAF features were
identified: (1) centrally increased signal (n = 35, 41.7%),
(2) decreased autofluorescence (n = 27, 31.1%), and
(3) ring of increased signal (n = 37, 44.0%). Five dis-
tinct FAF groups were identified based on combinations
of those features, with 23.5% of patients changing the
FAF group over a mean (range) follow-up of 5.9 years
(1.9-13.1 years). Qualitative assessment was performed
by grading OCT into 5 grades: (1) continuous ellipsoid
zone (EZ) (20.5%); (2) EZ disruption (26.1%); (3) EZ
absence, without optical gap and with preserved retinal
pigment epithelium complex (21.6%); (4) loss of EZ
and a hyporeflective zone at the foveola (6.8%); and
(5) outer retina and retinal pigment epithelium complex
loss (25.0%). Eighty-six patients had scans available from
both eyes, with 83 (96.5%) having the same grade in both
eyes, and 36.1% changed OCT grade over a mean follow-
up of 5.5 years. The annual rate of outer nuclear layer
thickness change was similar for right and left eyes.

e CONCLUSIONS: KCNV2-associated retinopathy is a
slowly progressive disease with early retinal changes,
which are predominantly symmetric between eyes. The
identification of a single OCT or FAF measurement
as an endpoint to determine progression that applies
to all patients may be challenging, although outer nu-
clear layer thickness is a potential biomarker. Find-
ings suggest a potential window for intervention until
40 years of age. (Am ] Ophthalmol 2021;230: 1-
11. © 2021 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/))

KCNV 2-associated retinopathy (cone dystrophy with su-
pernormal rod responses; OMIM #610356) is an unusual
autosomal recessive retinal disorder and a leading cause
of cone-rod dystrophy.'” The KCNV2-retinopathy Study

Group is a multicenter international retrospective investi-
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gation of clinically and molecularly confirmed patients with
the disease. Report No. 1 of the study* highlighted the early
disease onset (<12 years of age), the severity of the clinical
phenotype, the genetic background, and established a co-
hort of patients with a wide geographic distribution. Full-
field electroretinograms (ERGs) are diagnostic and pathog-
nomonic.”'” Report No. 1 showed a normal rate of age-
associated ERG change, consistent with largely stable pe-
ripheral rod and cone system dysfunction across 6 decades.
The purpose of the current study (Report No. 2) is to char-
acterize the retinal architecture and the associated disease
natural history.

A wide range of fundus autofluorescence (FAF) abnor-
malities including ring-like or bull’s-eye changes, central
atrophy, or increased foveal autofluorescence (AF) have
been reported in KCNV2-retinopathy.”>’>>'¢ Optical co-
herence tomography (OCT) can show a variable degree
of changes in the outer retina, ranging from ellipsoid zone
(EZ) disruption to diffuse outer retinal atrophy with preser-
vation of the inner nuclear layers, usually limited to the
macula.'>!>>1720 In a cross-sectional study of 18 patients,
Sergouniotis and associates'’ identified 4 foveal OCT phe-
notypes: (1) discontinuous EZ (n = 6); (2) loss of EZ and
an optical gap at the foveola (n = 2); (3) EZ disruption
and profound foveal depth reduction, without optical gap
and with preserved retinal pigment epithelium (RPE) com-
plex (n = 2); and (4) outer retina and RPE complex abnor-
malities (n = 2). The literature describing the retinal phe-
notype of the disease is limited to cross-sectional studies,
or small longitudinal cohorts and case reports.” KCNV2-
retinopathy is a potential target for trial of novel therapeu-
tic interventions, such as gene augmentation thera\py,21 to
restore outer retinal function before the advent of macular
atrophy.

The KCNV2-retinopathy Study Group is the first mul-
ticenter international collaborative retrospective study in a
large cohort (n = 117) of adults and children with KCNV2-
retinopathy. Herein, we present Report No. 2, which pro-
vides a detailed analysis of retinal imaging both cross-
sectionally and longitudinally. Retinal phenotyping is a cru-
cial step toward the design of a prospective natural history
study, and of paramount importance for the feasibility and
the success of any upcoming therapeutic clinical trial in
KCNV 2-retinopathy, as well as identifying clinically mean-
ingful and reliable structural endpoints.

METHODS

The study protocol adhered to the tenets of the Declaration
of Helsinki and received approval from all local ethics com-
mittees of the participating institutions. Informed consent
was obtained from all adult patients, whereas informed con-
sent and assent were obtained from parents and children,
respectively, as indicated.
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* PATIENT IDENTIFICATION: Inclusion criteria for the
current study were the molecular and phenotypic confirma-
tion of likely biallelic KCNV2-retinopathy, as described in
Report No. 1.

e RETINAL IMAGING: FAF and OCT imaging was per-
formed using different imaging systems across sites (FAF:
Spectralis Heidelberg Engineering Ltd, Heidelberg, Ger-
many; Optos plc, Dunfermline, United Kingdom; OCT:
Spectralis Heidelberg Engineering Ltd; Cirrus HD OCT,
version 6.5, Carl Zeiss Meditec, Jena, Germany; DRI OCT,
Topcon, Tokyo, Japan), and was used to assess cross-
sectional and longitudinal structural changes.

Qualitative FAF and OCT analysis was performed us-
ing all available data from all participating institutions, at
baseline imaging and last follow-up. Quantitative analysis
was performed in all patients seen in a single referral center
(Moorfields Eye Hospital, London, United Kingdom), by a
single observer, and imaged using a single imaging system
(Spectralis; Heidelberg Engineering Ltd), in order to avoid
variability among systems and observers.

o FAF ANALYSIS: All FAF images were examined for the
pattern of AF and the presence of a hyperautofluores-
cent ring. In patients displaying a hyperautofluorescent ring
and/or a well-demarcated region of decreased AF (DAF),
quantitative analysis was performed. The ring area of in-
creased signal was calculated by subtracting from the area
delineated by the outer border of the hyperautofluorescent
ring, the aforementioned central area of DAE The Hei-
delberg Spectralis Region Finder tool was used for semi-
automated quantitative analysis on 30 degree x 30 de-
gree images, as previously described (Supplemental Mate-
rial: Methods).222® The baseline measurement of DAF and
the rate of progression (mm?’/y) were evaluated for disease
symmetry between eyes. The annual rate of progression was
calculated.

e OCT ANALYSIS: Qualitative assessment of foveal struc-
ture was performed by grading spectral domain-OCT im-
ages into 1 of 5 foveal OCT grades: (1) continuous EZ; (2)
EZ disruption; (3) EZ absence, without optical gap and with
preserved RPE complex; (4) loss of EZ and a hyporeflec-
tive zone (optical gap) at the foveola; and (5) outer retina
and RPE complex loss (Figure 1). For each patient, both
right and left eyes were graded at baseline and follow-up.
The presence/absence of foveal hypoplasia was also noted,
defined as the persistence of 1 or more inner retinal layers
(outer plexiform layer, inner nuclear layer, inner plexiform
layer, or ganglion cell layer) through the fovea, as previously
applied in the cone dysfunction syndromes.””"’!
Quantitative analysis was performed using digital calipers
(Heidelberg Eye Explorer; Heidelberg Engineering), and a
1-um:1-pum display with maximum magnification, on the
transfoveal horizontal line scan, with the foveal reflex used
as an anatomical landmark. The extent of the central EZ
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B. Grade 2 CCAD10

C. Grade 3

BD27-7318

E. Grade 5

FIGURE 1. Optical coherence tomography (OCT) grading sys-
tem. Qualitative assessment of foveal structure was performed
by grading transfoveal horizontal OCT images into 1 of 5 foveal
OCT grades: (A) Grade 1: continuous ellipsoid zone (EZ), (B)
Grade 2: EZ disruption, (C) Grade 3: EZ absence, without op-
tical gap and with preserved retinal pigment epithelium (RPE)
complex, (D) Grade 4: loss of EZ and a hyporeflective zone (op-
tical gap) at the foveola, and (E) Grade 5: outer retina and RPE
complex loss.
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FIGURE 2. Outer nuclear layer (ONL) thickness measure-
ment. Selected foveal optical coherence tomography horizontal
scans of patients with KCNV2-retinopathy: (A) without foveal
hypoplasia and (B) with foveal hypoplasia. (A) The ONL thick-
ness was calculated in patients without foveal hypoplasia, as the
distance between the internal limiting membrane (ILM) and the
external limiting membrane (ELM). (B) In patients with foveal
hypoplasia, ONL thickness was calculated as the distance be-
tween the outer plexiform layer (OPL) and ELM.

disruption was measured after marking the nasal and tem-
poral boundaries of the EZ lesion. The outer nuclear layer
(ONL) thickness was calculated in patients without foveal
hypoplasia as the distance between the internal limiting
membrane and the external limiting membrane, also us-
ing the digital calipers. In patients with foveal hypopla-
sia, ONL thickness was calculated as the distance between
the outer plexiform layer and the external limiting mem-
brane. Figure 2 shows examples of patients with and with-
out foveal hypoplasia. Follow-up mode was used, so that
the same scanning location was imaged at follow-up and
baseline. In addition, the methods described by Tee and
associates’” were employed to ensure serial analysis of the
same patient-specific retinal location (Supplemental Mate-

rial: Methods).

e STATISTICAL METHODS: Statistical analysis was per-
formed with IBM SPSS Statistics for Windows (Version
22.0; IBM Corp., Armonk, New York, USA). The Shapiro-
Wilk test of normality was used for all variables, and para-
metric or nonparametric tests were used accordingly.
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TABLE 1. Qualitative Fundus Autofluorescence (FAF) and Optical Coherence Tomography (OCT) Analysis

FAF?

Parameter Group 1 Group 2 Group 3 Group 4 Group 5 Cohort
Number of patients, n (%) 16 (19.0) 31(36.9) 4(4.8) 6 (7.1) 27 (32.1) 84

Mean age (y) 21.6 19.4 16.2 16.4 37.0 25.1
Median age (y) 16.5 18.0 16.6 16.9 39.8 21.0

Age range (y) 6-42 4-52 6-25 10-23 8-73 4-73
Increased macular autofluorescence, n (%) No Yes Yes No No 35 (41.7)
Decreased macular autofluorescence, n (%) No No No No Yes 27 (32.1)
Perimacular ring, n (%) No No Yes Yes Yes 37 (44.0)
OCT?

Parameter Grade 1 Grade 2 Grade3 Grade4 Grade5 Cohort
Number of patients, n (%) 18 (20.5) 23(26.1) 19(21.6) 6(6.8) 22 (25.00 88

Mean age (y) 14 25.5 214 12.4 43.3 25.8
Median age (y) 135 23.0 19.8 13.0 40.0 21

Age range (y) 4-27 5-52 4-41 4-19 19-71 4-71

2Results presented are for the right eyes; 82/82 patients had similar FAF findings and 83/86 patients had similar OCT

findings, in the fellow eye.

RESULTS

The demographics and genetics of the cohort were de-
scribed in detail in Report No. 1. The number of patients
with available data, baseline age, and the follow-up time are
indicated below on each individual assessment.

o QUALITATIVE FAF ANALYSIS: Eighty-four patients had a
baseline FAF assessment. Three distinct macular features
were identified: (1) increased signal (n = 35, 41.7%), (2)
DAF (n = 27, 31.1%), and (3) ring of increased signal
(n =37, 44.0%). The aforementioned characteristics form
5 distinct groups of FAF patterns: (1) Group 1: negative
for all 3 features, (2) Group 2: increased central signal, (3)
Group 3: perimacular ring and centrally increased AF, (4)
Group 4: perimacular ring without centrally increased AF,
(5) Group 5: DAF and perimacular ring. The FAF groups
are summarized in Table 1 and in the boxplots (Figure 3, A).
Eighty-two patients had bilateral data, with both eyes show-
ing the same FAF pattern. Examples of the 5 FAF groups are
presented in Figure 4.

Follow-up data were available for 47 patients, with a
mean follow-up (+standard deviation [SD], range) of 5.4
years (£3.6, 0.3-13.8 years). Thirteen patients were graded
as Group 5 at baseline (mean age: 35.8 years). Of the re-
maining 34 patients (Groups 1-4), 26 patients (76.5%) pre-
served the same FAF group and 8 patients (23.5%) changed
the FAF group over follow-up. Five patients changed from
Group 1 to Group 2 (n = 2), Group 3 (n = 1), Group 4
(n=1), and Group 5 (n = 1), and 2 patients changed from
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Group 2 to Group 4 (n = 1) and Group 5 (n = 1). One
patient progressed from Group 4 to Group 5. The mean
(range) follow-up in the patients with and without change
of the FAF group was 4.9 years (0.3-12.3 years) and 5.9 years
(1.9-13.1 years), respectively. The mean baseline age for the
patients with and without progression was 17.0 and 18.7
years, respectively.

e QUANTITATIVE FAF ANALYSIS: Seven patients had
quantifiable DAF and/or a ring of increased signal areas,
with a mean (range) age of 39.3 years (19.3-59.8 years).
Quantitative FAF measurements are summarized in Table 2.
The measurements of baseline DAF area, baseline ring area,
and their annual rate of progression were not significantly
different between eyes (P = .56, P = .29, P = .70, P = .12;
t=—0.62,t= —1.16, t = 0.41, and t = 1.80 respectively,
df = 6, paired ¢ test).

o QUALITATIVE OCT ANALYSIS: Eighty-eight patients had
a baseline OCT assessment (mean age, range; 25.8 years,
4-71 years). Qualitative assessment of foveal structure was
performed by grading SD-OCT images into 1 of 5 foveal
OCT grades (Figure 1), as presented in Table 1 and Figure 3,
B. Eighty-six patients had scans available from both eyes,
with 83 (96.5%) having the same grade in both eyes. An
example of disease asymmetry is presented in Supplemen-
tal Figure 1. Foveal hypoplasia was identified in 29 patients
(33.0%) and was present in both eyes. For 70 patients, OCT
and FAF imaging was available at the same visit. The graph
in Figure 3, C, presents how FAF groups relate to OCT
grades. Lower OCT grades (1 and 2) had mostly FAF groups
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FIGURE 3. Fundus autofluorescence (FAF) and optical coherence tomography (OCT) data analysis and graphs. (A) Boxplots for
the age of each identified FAF group. The X mark represents the mean for each group. The mean age for Group 5 was the highest,
but there was an age overlap between groups. (B) Boxplots for the age of each identified OCT grade. The X mark represents the
mean for each group. The mean age for Grade 5 was the highest, but there was an age overlap between grades similar to FAF groups.
(C) The graph presents the number of patients for each OCT grade, and what the FAF group of those patients was. Lower OCT
grades (1 and 2) had mostly FAF Groups 1 and 2, and OCT Grade 5 had in the vast majority FAF Group 5. (D) OCT grading
at baseline (orange) and follow-up (blue) for 56 patients, with a mean follow-up time (%standard deviation, range) of 4.38 years
(£2.82, 0.3-11 years). (E) Stacked scatter plot on the outer nuclear layer (ONL) thickness of patients with OCT Grades 1-4. The
black dots represent the mean of each grade. All grades had severely reduced ONL thickness. (F) The mean ellipsoid zone width
(EZW) loss for right and left eyes is plotted against age. There was a strong positive statistically significant correlation between the
EZW loss and age (r = 0.72, P < .000, Spearman).

1 and 2, and OCT Grade 5 had in the vast majority FAF age: 47.4 years). Of the remaining 46 patients (Grades 1-
group 5. 4), 28 patients (60.1%) preserved the same OCT grade

Follow-up data were available for 56 patients, with a | and 18 patients (36.1%) changed OCT grade. Six patients
mean follow-up time (+SD, range) of 4.38 years (42.82, changed from Grade 1 to Grade 2 (n = 5) and Grade 4
0.3-11 years). Ten patients were Grade 5 at baseline (mean (n = 1), and 7 patients changed from Grade 2 to Grade 3
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FIGURE 4. Fundus autofluorescence (FAF) in KCNV2-retinopathy. Based on the presence of (1) increased autofluorescence (AF),
(2) decreased autofluorescence (DAF), and/or (3) hyperautofluorescent perimacular ring, 5 groups/patterns of FAF were identified.
(A) Group 1: negative for all 3 features, (B) Group 2: increased central signal, (C) Group 3: perimacular ring and centrally increased
AF, (D) Group 4: perimacular ring, and (E) Group 5: DAF and ring.

(n = 6) and Grade 5 (n = 1). Five patients progressed from
Grade 3 to Grade 5. The mean (range) follow-up in the pa-
tients with and without change of OCT grade was 5.46 years
(1-10 years) and 3.51 years (0.3-9.2 years), respectively.
The mean baseline age for the patients with and without
progression was 19.5 and 18.4 years, respectively. One pa-
tient with asymmetry at baseline preserved the asymmetry
over time (Supplemental Figure 1), and another patient de-
veloped different grades between eyes during follow-up.

e QUANTITATIVE OCT ANALYSIS: The ONL thickness was
quantified in 31 patients (mean age, range: 20.7, 3.6-52.1
years). All patients had OCT Grades 1-4. Patients with
OCT Grade 5 by definition had the ONL thickness of 0
um because the outer retina is lost. Figure 3, E, presents
the ONL thickness for each group and patient. The val-
ues were similar for right and left eyes (P= .27, t = 1.13,
df = 30, paired t test). There was no statistically significant
correlation between baseline age and mean ONL thickness
for right and left eyes (P = .40, r = —0.16, Pearson).
Twenty-five patients (mean age, range: 22.4, 3.6-52.1
years) had longitudinal ONL thickness measurements. The
mean (£SD, range) follow-up time was 3.8 years (£2.51,
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0.4-9.2 years). The annual rate of ONL thickness change
was also similar for right and left eyes (P = .12, Z = —1.55,
Wilcoxon matched-pairs test): —2.22 and —1.45 um/y,
respectively. Table 2 summarizes ONL thickness baseline
measurements for right and left eyes, and individual grades,
and the annual rate of change.

In 21 patients (mean age, range: 27.5, 3.6-65.6 years),
the EZ width (EZW) loss was quantified. All patients had
OCT Grades 3-5. By definition, patients with Grades 1 and
2 lack EZW loss. The mean EZW loss for right and left eyes
and each individual grade are summarized in Table 2. The
EZW loss was not significantly different for right and left
eyes (P= .60, Z = —0.521, Wilcoxon matched-pairs test).
There was a strong positive statistically significant correla-
tion between the EZW loss and age (r = 0.72, P < .000,
Spearman, Figure 3, F).

Longitudinal EZW loss was evaluated for 17 patients
(mean age, range: 28.8, 3.6-65.6 years) over a follow-up
period of 1.3 to 9 years (mean: 4.1 years). The rate of
EZW loss is recorded in Table 2, and it was similar between
eyes (P = .10, Z = —1.63, Wilcoxon matched-pairs test).
There was no statistically significant correlation between
the mean rate of change for right and left eyes, and the base-
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TABLE 2. Quantitative Fundus Autofluorescence and Optical Coherence Tomography Analysis?

Fundus Autofluorescence (n = 7)
Parameter
Perimacular ring area at baseline
Right eye
Left eye
Ring area annual rate of change
Right eye
Left eye
DAF area at baseline
Right eye
Left eye
DAF annual rate of change
Right eye
Left eye
Optical Coherence Tomography
ONL thickness at baseline (n = 31)

Right eye

Left eye

Grade 1 (n = 6)°
Grade 2 (n = 12)°
Grade 3 (n = 9)°

Grade 4 (n = 4)°
ONL thickness annual rate of change (n = 25)
Right eye
Left eye
EZW loss at baseline (n = 21)
Right eye
Left eye
Grade 3 (n = 9)°
Grade 4 (n = 4)°
Grade 5 (n = 8)°
EZW loss annual rate of change (n =17)
Right eye
Left eye

Mean, +SD, Range

2.18, £1.22, 0.24-4.65 mm?
2.47, £1.54, 0.28-5.52 mm?

0.23, +0.14, 0.05-0.46 mm2/y
0.14, +£0.13, —0.04 to 0.39 mm?/y

2.17, +1.51, 0.08-4.55 mm?
2.38, +1.87, 0.07-5.94 mm?

0.14, £0.11, 0.00-0.31 mm?/y
0.12, £0.12, —0.04 to 0.31 mm?/y

38.26, +14.64, 14-70 um
3723, £16.14, 1277 um
46.67, £15.40, 31-77 um
35.50, £19.54, 12-75 um
35.33, +£10.24, 19-59 um
35.25, £12.19, 20-54 um

—2.22, £4.12, —13.62 t0 5.69 um/y
—1.45, +4.63, —14.25 10 9.16 um/y

1890, £1237, 437-4318 um
1873, £1168, 439-3995 um
1301, £763, 570-3090 um
748, 384, 439-1403 um
3080, £626, 1924-3995 um

—110, £126, —511 to 3 umly
—94, £116, —476 to 7 um/y

DAF = decreased autofluorescence, EZW = ellipsoid zone width, ONL = outer nuclear layer.
4There is no statistically significant difference for any of the examined measurements (P > .05),

between right and left eyes.
bValues were calculated for left eyes.

line age (r =0.16, P = .54, Spearman) or the mean baseline

EZW loss (r = 0.08, P = .75, Spearman).

DISCUSSION

We investigated the retinal phenotype and potential struc-
tural endpoints, both cross-sectionally and longitudinally,
in a large cohort of patients with KCNV 2-retinopathy, over
a wide range of ages. The retinal phenotype is broadly in
keeping with previous reports, and we were able to com-
prehensively quantify and qualify OCT and FAF features.
We identified a wide therapeutic window for planned and
anticipated interventional trials, variable and slowly pro-
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gressive structural changes, which may be a challenge for
the identification of primary anatomical outcomes.

o DISEASE NATURAL HISTORY: In the largest FAF study
of the disease to date (cross-sectional, n = 24), the iden-
tification of small rings of increased signal was suggested as
a nonspecific early manifestation of macular dysfunction.’
Herein, empowered by the far larger number of patients and
the available imaging in patients younger than the age of
10, we were able to identify patients with no obvious retinal
abnormalities on FAF and OCT imaging. We suggest a
model for the FAF phenotype, starting with a “normal” ap-
pearance (Group 1, Figure 4, A), progressing to a centrally
not well-defined increased signal (Group 2, Figure 4, B),
then a perimacular ring of increased signal forms (Group
3, Figure 4, C), and with time, the central increased signal
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shortly decreases similar to normal and is surrounded by a
hyperfluorescent ring (Group 4, Figure 4, D), and finally the
foveal center loses its signal (atrophy) and both the atrophic
area and the ring increase centrifugally over time (Group 5,
Figure 4, E). Similarly, OCT changes can start with contin-
uous EZ (Grade 1, Figure 1, A), followed by EZ disruption
(Grade 2, Figure 1, B), then EZ absence (Grade 3, Figure 1,
C) or loss of EZ and a hyporeflective zone (Grade 4,
Figure 1, D), and finally outer retina and RPE complex loss
(Grade 4, Figure 1, E). The continuous appearance of the
EZ does not translate to the normal outer retina structure
because of the severely decreased ONL thickness (Figure 3,
E), in agreement with a previous report by Sergouniotis
and associates.'” The low proportion of patients with FAF
Groups 3 and 4, and OCT Grades 3 and 4 (Table 1) in our
study, can support the speculation that those stages are short
transitional state of the disease natural history, in contrast
to CNGB3-, CNGA3-, and PDE6C-achromatopsia where
Grade 4 is more common.””*":* KCNV2-retinopathy is a
slowly progressive disease with early retinal changes.

o DISEASE SYMMETRY: All the parameters examined in the
study, both qualitative and quantitative, were evaluated for
disease symmetry. The quantitative FAF (DAF area, base-
line ring area, and annual rate of progression) and OCT
(EZW loss, rate of EZW loss, and ONL thickness) parame-
ters were not significantly different between eyes, as well as
the qualitative assessment for the FAF group (100%) and
OCT grade (96.5%). The identified disease symmetry sug-
gests similar therapeutic potential for both eyes, and it is
of value for randomization in clinical trials, with the fel-
low eye serving as control for the treated eye. However,
rare instances of asymmetry (Supplemental Figure 1) should
be considered when stratifying patients and evaluating the
outcomes of future clinical trials and were only observed
with OCT imaging. Disease symmetry can be a screen-
ing inclusion criterion for a trial. In this respect, KCNV2-
retinopathy is similar to other inherited retinal diseases,
which show a high degree of interocular symmetry.”%?%*

e IMAGING ENDPOINTS: An ideal endpoint for clinical tri-
als should have certain characteristics, including being re-
peatable and reliable, being identified/acquired in a good
proportion of patients, having clinical significance and im-
pact on the quality of life, and to be able to identify a change
within the time frame of the trial (1-3 years).”” FAF and
OCT endpoints are meaningful in progressive diseases be-
cause they can indicate relative stability or arrested degen-
eration in the treated eye. Less than one-quarter of the pa-
tients (23.5%) changed the FAF group, and just over one-
third of the patients (36.1%) changed OCT grade over a
mean follow-up of 5.9 and 5.46 years, respectively. OCT
qualitative assessment was able to identify progression in a
greater proportion of patients over slightly shorter follow-
up, but given the small number of patients, participating in
trials and the long follow-up needed are unlikely to provide
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a useful primary outcome measure. OCT quantitative mea-
surements can be more sensitive to identifying a change, but
were smaller in magnitude in KCNV2-retinopathy than in
other progressive conditions (eg, RPE65 and ABCA4 dis-
eases)’*’7 and greater than in more stationary conditions,
for example, achromatopsia.’® Repeatability and reliability
of the measurements in the current study was not evaluated;
however, based on recent studies in other inherited retinal
diseases that evaluated ONL thickness,’” DAF area,’® and
EZW loss,”” it is unlikely that these small OCT changes will
be sufficiently robust to exceed the repeatability coefficient.
Another noteworthy observation is the relative propor-
tion of patients with quantifiable FAF and OCT features,
with a ring of increased signal being identified in less than
half of the cohort (44%), DAF being present only in Group
5 FAF (32.1%), and EZW loss only present in Grade 3
and 4 OCT (combined 28.4%). In direct contrast, ONL
thickness can be quantified in a large proportion of patients
(Grades 1-4, 75%), who importantly are also likely can-
didates for potential intervention (eg, lack of foveal atro-
phy). The identification of a reliable and repeatable OCT
or FAF measurement that applies to most of the patients
with KCNV2-retinopathy may therefore be challenging.

e WINDOW FOR INTERVENTION: Sergouniotis and asso-
ciates'” suggested a window of opportunity in an OCT
study (n = 12), during which novel therapeutic interven-
tion, such as gene augmentation therapy, may rescue retinal
function, despite the early structural changes observed."’
Report No. 1 identified a normal rate of age-associated
change on full-field ERGs, consistent with largely stable
peripheral retinal dysfunction across 6 decades.* Stockman
and associates® psychophysically characterized the disease
and suggested an intact phototransduction process. Patients
with retinal atrophy (OCT Grade 5) are unlikely to ben-
efit from gene therapy, given the lack of foveal photore-
ceptors and the relatively stable peripheral retinal func-
tion. Patients with OCT Grades 1-4 have preserved ONL
and are likely to benefit from intervention, with the sub-
set of patients with preserved EZ (OCT Grades 1 and 2),
having even greater potential. Seventy-five percent of our
cohort had OCT Grades 1-4, and almost half of the co-
hort had Grades 1 and 2 (46%), with an age range of 4-
51 years (Table 1). As shown on the boxplots in Figure 3,
B, most of the patients with Grades 1-4 are below the age
of 40 years, but with an overlap between grades and with
no patient developing atrophy before the age of 19 years
(Table 1). Overall, the window for intervention is likely
to be up to approximately 40 years old, with every pa-
tient needing to be assessed individually for the presence
of retinal atrophy—given the variability and overlap in
grades.

e FUTURE DIRECTIONS: Investigation of retinal sensitiv-
ity measurements and their correlation with the struc-

tural findings of KCNV2-retinopathy may be a broadly
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applicable endpoint. Report No. 1 investigated the ge-
netic background of the disease but was not able to iden-
tify any definite genotype-phenotype correlations;* these
would however be valuable both to inform advice to pa-
tients on their prognosis and to potentially aid stratifica-
tion of trial participants, for example, by their rate of pro-
gression/greater disease severity. In addition, the presence
of intrafamilial variability is a common feature in inher-
ited retinal diseases and has not previously been explored in
KCNV2-retinopathy.

Moreover, a pilot study of advanced retinal imaging with
adaptive optics has previously identified decreased cone
density in KCNV2-retinopathy."” Further investigation us-
ing imaging systems with greater resolution,*' more exten-
sive protocols, and longitudinal prospective assessment will
be valuable to better characterize how rescuable the pho-
toreceptor mosaic is in KCNV2-retinopathy and also may
identify novel structural endpoints. Also, prospective stan-
dardized acquisition of OCT and FAF imaging at regular in-
tervals in a large cohort may further elucidate disease natu-
ral history, including allowing application of other measure-
ments not explored herein (eg, EZ area) and assessment of
“presymptomatic” patients.

o LIMITATIONS: Several limitations can be identified in
the current study, due to its retrospective and multisite na-
ture. Not all the data were available for all patients, and

many of the available data were acquired by different ma-
chines (eg, OCT, FAF) and/or different protocols (eg, field
of view, follow-up time). Axial length affects transverse
scaling of FAF and OCT images,** and it was not available
for the cohort for the scaling of EZW loss and DAF and ring
area measurements. FAF signal for group classification was
evaluated to be increased, normal, and decreased qualita-
tively (eg, no signal was quantified).

CONCLUSIONS

This study is the first in-depth analysis and long-term longi-
tudinal study of KCNV2-retinopathy. KCNV 2-retinopathy
is a slowly progressive disease with early macular changes
and shows a high degree of interocular symmetry in most
cases. The identification of an OCT or FAF-based end-
point that applies to the majority of patients with KCNV2-
retinopathy may be challenging. The window for interven-
tion is wide, up to 40 years of age, making it an attractive
target for therapies; however, given the variability in the
development of macular atrophy, patients will need to be
assessed individually. There is a need for a prospective lon-
gitudinal natural history study to further investigate disease
progression both structurally and with detailed functional
assessments.

Acknowledgment: M.M., E.Z., SK, and C.B. are members of the European Reference Network for Rare Eye Diseases (ERN-EYE).

All authors have completed and submitted the ICM]JE form for disclosure of potential conflicts of interest. Funding/Support: M.G. is supported by the
Onassis Foundation and Leventis Foundation. M.M., A.R.W., O.A.M., and A.G.R. are supported by grants from the National Institute for Health Research
Biomedical Research Centre at Moorfields Eye Hospital NHS Foundation Trust and UCL Institute of Ophthalmology, and Moorfields Eye Charity. M.M. is
supported by The Wellcome Trust (099173/Z/12/Z), Retina UK, and the Foundation Fighting Blindness (FFB, USA). N.P. is supported by a Moorfields Eye
Charity Career Development Award (R190031A). G.A. is supported by a Fight for Sight (United Kingdom) Early Career Investigator Award (5045/46).
O.A .M. is supported by The Wellcome Trust (206619/Z/17/Z). M.P. is supported by an unrestricted grant from Research to Prevent Blindness to Casey Eye
Institute, and NIH P30EY010572. A.C. is supported by the Instituto de Salud Carlos III (ISCIII) from the Spanish Ministry of Health FIS (P116/00425),
FIS (P119/00321); the regional government of Madrid RAREGenomics-CM (CAM, B2017/BMD-3721); the Spanish National Organization of the Blind
(ONCE); and the Ramon Areces Foundation. This work was supported by a grant from the Foundation Fighting Blindness USA (BR-GE-0214-0639-
TECH) to D.S. and E.B. R.M.H. is supported by an FFB Career Development Award (CD-CMM-0918-0747-MEEI). This work was also supported by the
Excellence Program of the German Government (DFG EXC 307, Center for Integrative Science) to E.Z.; the Tistou and Charlotte Kerstan Foundation
to Fadi Nasser; and the German Research Council (DFG, KFO134) and the German Ministry of Education and Research (01GM0850) to B.W. A.V.
is supported by the Foundation Fighting Blindness (USA; CD-CL-0617-0727-HSC). E.H. is supported by Henry Brent Chair and Fighting Blindness
Canada. The views expressed are those of the authors and not the funding organizations. Financial Disclosures: M.G. and M.M. consult for MeiraGTx.
K.E consults for Astellas Pharma Inc, Kubota Pharmaceutical Holdings Co, Ltd, Acucela Inc, Novartis AG, and Janssen Pharmaceuticals. E. C. consults
for AbbVie and Alimera. E.Z. consults for Acucela Inc, IVERIC bio Inc, Janssen Pharmaceuticals, ProQR Therapeutics N.V., Gyroscope Therapeutics
Ltd, and Biogen MA Inc. A.V. consults for Adverum Biotechnologies Inc. M.E.P. consults for Spark Therapeutics. S.K. consults for Novartis AG. The
rest of the authors have no conflicts of interest to disclose. All authors attest that they meet the current ICMJE criteria for authorship.

REFERENCES

1. Gill JS, Georgiou M, Kalitzeos A, Moore AT, Michaelides M.
Progressive cone and cone-rod dystrophies: clinical features,
molecular genetics and prospects for therapy. Br ] Ophthalmol.
2019;103:711-720.

2. Guimaraes TAC, Georgiou M, Robson AG, Michaelides M.
KCNV2 retinopathy: clinical features, molecular genet-
ics and directions for future therapy. Ophthalmic Genet.
2020;41:208-215.

VoL. 230

3. Pontikos N, Arno G, Jurkute N, et al. Genetic basis of inher-
ited retinal disease in a molecularly characterised cohort of
over 3000 families from the United Kingdom. Ophthalmology.
2020;127:1384-1394.

4. Georgiou M, Robson AG, Fujinami K,
et al. KCNV2-associated retinopathy: genetics, electro-
physiology and clinical course—KCNV2 Study Group
Report 1. Am J Ophthalmol. 2020;225:95-107.

5. Thiagalingam S, McGee TL, Weleber RG, et al. Novel mu-
tations in the KCNV2 gene in patients with cone dystrophy

KCNV2-RETINOPATHY STUDY GROUP: REPORT NO. 2 9


http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0001
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0001
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0001
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0001
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0001
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0001
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0002
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0002
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0002
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0002
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0002
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0003
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0003
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0003
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0003
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0003
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0004
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0004
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0004
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0004
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0004
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0005
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0005
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0005
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0005
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0005

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

10

and a supernormal rod electroretinogram. Ophthalmic Genet.
2007;28:135-142.

. Khan AO. Phenotype-guided genetic testing of pediatric in-

herited retinal disease in the United Arab Emirates. Retina.
2019;40:1829-1837.

. Robson AG, Webster AR, Michaelides M, et al. Cone

dystrophy with supernormal rod electroretinogram": a com-
prehensive genotype/phenotype study including fundus
autofluorescence and extensive electrophysiology. Retina.

2010;30:51-62.

. Vincent A, Robson AG, Holder GE. Pathognomonic (diag-

nostic) ERGs. A review and update. Retina. 2013;33:5-12.

. Zobor D, Kohl S, Wissinger B, Zrenner E, Jigle H. Rod and

cone function in patients with KCNV2 retinopathy. PLoS
One. 2012;7:e46762.

Ben Salah S, Kamei S, Senechal A, et al. Novel KCNV2 mu-
tations in cone dystrophy with supernormal rod electroretino-
gram. Am J Ophthalmol. 2008;145:1099-1106.

Fujinami K, Tsunoda K, Nakamura N, et al. Molecular char-
acteristics of four Japanese cases with KCNV2 retinopa-
thy: report of novel disease-causing variants. Mol Vis.
2013;19:1580-1590.

Lenis TL, Dhrami-Gavazi E, Lee W, et al. Novel com-
pound heterozygous mutations resulting in cone dystro-
phy with supernormal rod response. JAMA Ophthalmol.
2013;131:1482-1485.

Robson AG, Michaelides M, Saihan Z, et al. Functional char-
acteristics of patients with retinal dystrophy that manifest ab-
normal parafoveal annuli of high density fundus autofluores-
cence; a review and update. Doc Ophthalmol. 2008;116:79-89.
Michaelides M, Holder GE, Webster AR, et al. A detailed
phenotypic study of "cone dystrophy with supernormal rod
ERG". Br J Ophthalmol. 2005;89:332-339.

Vincent A, Wright T, Garcia-Sanchez Y, et al. Pheno-
typic characteristics including in vivo cone photorecep-
tor mosaic in KCNV2-related "cone dystrophy with super-
normal rod electroretinogram". Invest Ophthalmol Vis Sci.
2013;54:898-908.

Georgiou M, Fujinami K, Michaelides M. Retinal imaging in
inherited retinal diseases. Ann Eye Sci. 2020;5:25.
Sergouniotis PI, Holder GE, Robson AG, Michaelides M,
Webster AR, Moore AT. High-resolution optical coherence
tomography imaging in KCNV?2 retinopathy. Br ] Ophthalmol.
2012;96:213-217.

Xu D, SuD, Nusinowitz S, Sarraf D. Central ellipsoid loss asso-
ciated with cone dystrophy and KCNV2 mutation. Retin Cases
Brief Rep. 2018;12(Suppl. 1):S59-S62.

Khan AO. Recognizing the KCNV2-related retinal pheno-
type. Ophthalmology. 2013;120:e79—-e80.

Nakamura N, Tsunoda K, Fujinami K, et al. [Long-term ob-
servation over ten years of four cases of cone dystrophy with
supernormal rod electroretinogram]. Nippon Ganka Gakkai
Zasshi. 2013;117:629-640 [in Japanese].

Smith ], Ward D, Michaelides M, et al. New and emerging
technologies for the treatment of inherited retinal diseases: a
horizon scanning review. Eye (Lond). 2015;29:1131-1140.
Strauss RW, Ho A, Munoz B, et al. The natural history
of the progression of atrophy secondary to Stargardt dis-
ease (ProgStar) studies: design and baseline characteristics:

ProgStar Report No. 1. Ophthalmology. 2016;123:817-828.

AMERICAN JOURNAL OF OPHTHALMOLOGY

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kuehlewein L, Hariri AH, Ho A, et al. Comparison of
manual and semiautomated fundus autofluorescence analy-
sis of macular atrophy in Stargardt disease phenotype. Retina.
2016;36:1216-1221.

Strauss RW, Munoz B, Ho A, et al. Incidence of atrophic le-
sions in Stargardt disease in the progression of atrophy sec-
ondary to Stargardt disease (ProgStar) study: Report No. 5.
JAMA Ophthalmol. 2017;135:687-695.

Strauss RW, Munoz B, Ho A, et al. Progression of Stargardt
disease as determined by fundus autofluorescence in the retro-
spective progression of Stargardt disease study (ProgStar Re-
port No. 9). JAMA Ophthalmol. 2017;135:1232-1241.
Schmitz-Valckenberg S, Brinkmann CK, Alten F, et al. Semi-
automated image processing method for identification
and quantification of geographic atrophy in age-related
macular degeneration. Invest Ophthalmol Vis Sci. 2011;52:
7640-7646.

Cai CX, Light JG, Handa JT. Quantifying the rate of ellipsoid
zone loss in Stargardt disease. Am J Ophthalmol. 2018;186:1-9.
Georgiou M, Kane T, Tanna P, et al. Prospective cohort study
of childhood-onset Stargardt disease: fundus autofluorescence
imaging, progression, comparison with adult-onset disease,
and disease symmetry. Am ] Ophthalmol. 2020;211:159-175.
Georgiou M, Litts KM, Kalitzeos A, et al. Adaptive optics
retinal imaging in CNGA 3-associated achromatopsia: retinal
characterization, interocular symmetry, and intrafamilial vari-
ability. Invest Ophthalmol Vis Sci. 2019;60:383-396.

Georgiou M, Robson AG, Singh N, et al. Deep phenotyping
of PDE6C-associated achromatopsia. Invest Ophthalmol Vis Sci.
2019;60:5112-5123.

Mastey RR, Georgiou M, Langlo CS, et al. Characterization
of retinal structure in ATF6-associated achromatopsia. Invest
Ophthalmol Vis Sci. 2019;60:2631-2640.

Tee JJL, Carroll J, Webster AR, et al. Quantitative analysis of
retinal structure using spectral-domain optical coherence to-
mography in RPGR-associated retinopathy. Am J Ophthalmol.
2017;178:18-26.

Langlo CS, Patterson EJ, Higgins BP, et al. Residual foveal
cone structure in CNGB3-associated achromatopsia. Invest
Ophthalmol Vis Sci. 2016;57:3984-3995.

Litts KM, Georgiou M, Langlo CS, et al. Interocular symmetry
of foveal cone topography in congenital achromatopsia. Curr
Evye Res. 2020;45:1257-1264.

Thompson DA, Ali RR, Banin E, et al. Advancing therapeu-
tic strategies for inherited retinal degeneration: recommenda-
tions from the Monaciano Symposium. Invest Ophthalmol Vis
Sci. 2015;56:918-931.

Kumaran N, Georgiou M, Bainbridge JWB, et al. Reti-
nal Structure in RPE65-Associated Retinal Dystrophy. Invest
Ophthalmol Vis Sci. 2020;61:47.

Tanna P, Georgiou M, Strauss RW/, et al. Cross-sectional and
longitudinal assessment of the ellipsoid zone in childhood-on-
set Stargardt disease. Transl Vis Sci Technol. 2019;8:1.

Hirji N, Georgiou M, Kalitzeos A, et al. Longitudi-
nal assessment of retinal structure in achromatopsia pa-
tients with long-term follow-up. Invest Ophthalmol Vis Sci.
2018;59:5735-5744.

Mastey RR, Gaffney M, Litts KM, et al. Assessing the interoc-
ular symmetry of foveal outer nuclear layer thickness in achro-
matopsia. Transl Vis Sci Technol. 2019;8:21.

OCTOBER 2021


http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0005
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0006
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0006
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0007
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0007
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0007
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0007
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0007
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0008
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0008
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0008
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0008
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0009
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0009
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0009
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0009
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0009
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0009
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0010
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0010
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0010
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0010
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0010
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0011
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0011
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0011
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0011
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0011
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0012
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0012
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0012
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0012
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0012
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0013
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0013
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0013
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0013
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0013
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0014
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0014
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0014
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0014
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0014
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0015
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0015
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0015
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0015
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0015
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0016
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0016
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0016
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0016
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0017
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0017
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0017
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0017
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0017
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0017
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0017
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0018
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0018
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0018
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0018
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0018
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0019
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0019
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0020
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0020
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0020
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0020
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0020
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0021
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0021
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0021
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0021
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0021
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0022
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0022
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0022
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0022
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0022
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0023
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0023
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0023
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0023
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0023
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0024
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0024
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0024
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0024
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0024
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0025
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0025
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0025
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0025
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0025
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0026
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0026
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0026
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0026
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0026
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0027
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0027
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0027
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0027
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0028
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0028
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0028
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0028
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0028
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0029
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0029
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0029
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0029
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0029
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0030
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0030
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0030
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0030
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0030
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0031
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0031
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0031
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0031
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0031
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0032
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0032
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0032
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0032
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0032
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0033
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0033
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0033
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0033
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0033
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0034
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0034
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0034
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0034
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0034
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0035
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0035
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0035
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0035
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0035
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0036
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0036
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0036
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0036
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0036
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0037
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0037
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0037
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0037
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0037
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0038
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0038
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0038
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0038
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0038
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0039
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0039
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0039
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0039
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0039

40. Stockman A, Henning GB, Michaelides M, et al. Cone dys- 41. Georgiou M, Kalitzeos A, Patterson EJ, Dubra A, Carroll ],

trophy with "supernormal" rod ERG: psychophysical testing Michaelides M. Adaptive optics imaging of inherited retinal
shows comparable rod and cone temporal sensitivity losses diseases. Br ] Ophthalmol. 2018;102:1028-1035.

with no gain in rod function. Invest Ophthalmol Vis Sci. 42. Salmon AE, Sajdak BS, Atry F, Carroll ]. Axial scaling is inde-
2014;55:832-840. pendent of ocular magnification in OCT images. Invest Oph-

thalmol Vis Sci. 2018;59:3037-3040.

VoL. 230 KCNV2-RETINOPATHY STUDY GROUP: REPORT NO. 2 11


http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0040
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0040
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0040
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0040
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0040
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0041
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0041
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0041
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0041
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0041
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0041
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0041
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0042
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0042
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0042
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0042
http://refhub.elsevier.com/S0002-9394(21)00117-3/sbref0042

	KCNV2-Associated Retinopathy: Detailed Retinal Phenotype and Structural Endpoints-KCNV2 Study Group Report 2
	METHODS
	 Patient Identification
	 Retinal Imaging
	 FAF Analysis
	 OCT Analysis
	 Statistical Methods

	RESULTS
	 Qualitative FAF Analysis
	 Quantitative FAF Analysis
	 Qualitative OCT Analysis
	 Quantitative OCT Analysis

	DISCUSSION
	 Disease Natural History
	 Disease Symmetry
	 Imaging Endpoints
	 Window for Intervention
	 Future Directions
	 Limitations

	CONCLUSIONS
	REFERENCES


