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Fieure 1. Color fundus photographs and AF images of three rcpréscntativc cases with Stargarde disease, iHustrating the three AF subtypes in

subjects where there was no subtype transition over tme (patients 7, 50, and 54). 7op row: Color fundus photographs of patient 7 showing subtle
RPE changes at the foves at baseline with a mild increase in the degree of atropby atfollow-up. AF imaging demonstrates a localized low signal lesion
with a relatively high signal edge and 2 homogeneous background at baseline, and 2 low signal foveal lesion surrounded by patchy small foci with
high signal and 2 homogeneous background at follow-up; consistent with AF type 1 at baseline and follow-up. Middle rew: Patient 50 had macular
atrophy surcounded by yeHlowish-white flecks extending anterior 1o the vascutar arcades at baseline, and a low signal area at the macula surrounded
by high and Jow foct throughout the posterior pole (AF type 2) at bascline and follow-up, with 2 heterogencous background at baseline and follow-
up. Bottom row: Patent 65 had extensive areas of arophy throughout the posterior pole, extending beyond the vascular arcades, with yellowish-
white and atrophic flecks at bascline, and multiple arcas of low signal with heterogencous background (AF type 3) at bascline and foltows-up.

Where possible, AF images with a 30° X 30° field were
used for RAE analysis (i = 68 at baseline and 1 = 67 at
follow-up). For patents with AF images available in both
eyes at baseline and follow-up (» == 61), the cye used for
analysis was selected according to the Random Integer
Generator (available in the public domain at hup://www.

random.org/), and for individuals with AF imaging available
in only one eve (n = 7), that eye was sclected for analysis.
Paticnts who had central atrophy that extended beyond the
limits of the AF images obutained with field of view 30° X 30°
were excluded from the size of atrophy and RAE analyses
(o1 == 6).
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Tasie 1. Definition of Fundus AF Subtypes in Stargardt Discase

Type 1 Localized low AF signal at the fovea surrounded by
2 homogeneous background with/without
perifovenl foci of high' or low signal

Type 2 Localized low AF signal at the macula surrounded by
it heterogentous background and widespread foci -
of high or low AF signal extending anterior o the
vascular arcades

Type 3 Multipfe areas of low AF signal at posterior pole with a

heterogeneous background with/without foci of high
or fow signal

It has been challenging in Stargardt discase to establish
comprehensive. genotype-phenotype correlations due to the
variable phenotype and the heterogenceity of ABCA4; more
than 700 sequence variants have been reported 297153143 4
previous cross-sectional study of 43 patients with Stargardt
disease demonstrated that AF patterns appeared to relate to
functional abnormalities.’ A recent small AF study (= 12)
demonstrated variable rates of enlargement of RPE atrophy in
Starg,nrck discase, with a strong association between atrophy
enlargement and electrophysiological grouping.® Chen et al 39
also have. reported the progressive change in the area of
arrophy in 52 patients with Stargardt discase over 2 mean
follow-up of 2,92 years; with variable atrophy progression
demonstrated, and an association with electrophysiological
findings. However, comprehensive investigations over a long:
term follow-up of a large cohort of patients with Stargardt
disease, including AF imaging, clinical assessment, and
molecular analysis still are lacking.

The purpose of this study was to characterize the subtypes
of AF and investigate the enlurgement of RPE atrophy. in
patients with Stargardt disease in a longitudinal survey with a
mean follow-up of 9 years. This study also provided an
opportunity to investigate the association of these AF subtypes
and atrophy progression with the detwiled clinical and
muolecular genetic findings.

METHODS

Patients

A-cohort of 68 patients with a clinical diagnosis of Stargardt
disease uad a minimum of & vears of follow-up were
ascertained at Moorficlds Eye Hospital.

For the purpose of this study, patients with a clinical
history compatible with Stargardt disease and clinical signs
of bilateral macular atrophy, with or without surrounding
fiecks, were included. The clinical features of 42 patients in
this cohort have been described partially in un carlier report,
which did not include AF findings.” The panel included five
sibling pairs. After informed consent was obtained, blood
samples were taken for DNA extraction and mutation
screening of ABCA4. The protocol of the study adhered o
the provisions of the Declaration of Helsinki and was
approved by the local Ethics Committee of Moorficlds Eye
Hospital.

Clinical Assessment

We assessed 68 patients on at least two oceasions, with the
first and most recent visits taken s the baseline and “follow-
up” examinations, respectively, for the purposes of data
analysis. A full medical history was obtained and a
comprehensive ophthalmologic examination performed.
The age of onset was defined as the age at which visual
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loss was first noted by the patient. The duration of the
disease wis calculated as the difference between age at onset
and age at the baseline examination when AF imaging was
obmmcﬂ The interval of observation was détermined by the
difference between the agc at baseline and the age at the
most recent “follow-up™ examination when AF imaging was
done,

Best-corrected  Snellen visual acuity was converted 1o
equivalent logMAR visual acuity,*> and visual acuity reduction
was calculated as the difference between logMAR visual acuity
at bascline and follow-up.

Fundus AF Imaging

The AF imaging was performed using a confocal scanning laser
ophthalmoscope (¢SLO). Baseline images were obtained before
2003 using a Zeiss prototype cSLO (SM 304024, excitation
light 488 nm, barrier filter 521 nm, field of view 30° X 30°; Carl
Zeiss Meditee, Oberkochen, Germany). 3299648 Brom 2003 to
2009, images were obtained using-an HRA2 (excitation light
488 nm, barrier filter 500 nm, field of view 30° X 307
Heidelberg Engineering GmbH, Heidelberg, Germany). 7 After
2009, images were obtained using the Spectralis with viewing
module version 5.1.2.0 (excitation light 488 nm, barrier filter
500 nmy, ficlds of view 30° X 30% and 55° X $5% Heidelberg
Engineering GmbH). ¥

Patients were classified into 3 AF subtypes based on 2
recent report of AF findings in Stargardt disease:’® type 1 -
tocalized low AF signal at the fovea surrounded by a
homogencous background, with/without perifoveal foci of
high or low AF signal; type 2 - localized low AF signal at the
macula surrounded by a heterogencous background, and
widespread foci of high or low AF signal extending anterior
to the vascular arcades; and type 3 - multiple areas of low AF

signal at the posterior pole with a heterogencous background,

with/without foci of high or low AF signal (Table 1, Fig. 1). In
previously published reports, the progression of atrophy has
been influenced by two patterns of background AF (*homo-
geneous” and “heterogeneous™,® and muliiple atrophic
lesions at the posterior pole have been associated with a2 more
rapid functional deterioration.” The data of AF subtypes
obtained at follow-up were compared w those at bascline. A
patient (patient 61) who had an asymmetric AF subtype was
excluded from the AF subtype analysis.

Arcas of low AF signal were measured using custom
software (Retinal analysis tool; Halfyard AS, Fitzke FW,
University College London [UCL] Institute of Ophthalmology,
London, UK). With reference to a given distance between the
center of the optic nerve head and the foveola, which is
defined us 15°% this software enables measurement of the
dimensions of the area tracked manually and computation of
the size expressed in square degrees automatically (Fig. 2). The
significant low gray scale point on the images was decided
upon by agreement between the two investigators (KF RM)
and the dimension of the area within the tracked line of low
gray scale was calenlated.

All the values in square degrees were converted 1o square
millimeters using the previously reported conversion factor (1%
= 0.3 mm; Fitzke FW. JOVS 1981;20(uppi:ARVO Abstract
144). Only low AF signal lesions of >0.18 mm? in size were
considered, The total area of atrophy was calculated by
summation of all the measured Jow signal lesions. All of these
measurements were conducted by two investigators (KE RM),
and the averaged values were used for final analyses. The rate
of atrophy enlargement (RAE, mm?/y) was calculated as
follows according to previous reports®3®: size of the area of
atrophy at last follow-up minus size of the area of atrophy at
haseline (mm?) divided by the follow-up time (years) (Fig. 2).
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Purreose. We characterized subtypes of fundus autofluorescence (AF) and the progression of
retinal atrophy, and correlated these findings with genotype in Stargardt disease.

Mernons. Full clinical examination and AF imaging was undertaken in 68 padents with
Stargardt discase. The bascline data were compared to those at follow-up. Patients were
classified into three AF subtypes: type 1 had a localized low signal at the fovea surrounded by
a homogencous background, type 2 had a localized low signal at the macula surrounded by a
heterogenceous background with numerous foci of abnormal signal, and type 3 had multiple
low signal areas ar the posterior pole with a heterogeneous background. At bascline, there
were 19 patients with type 1, 41 witly type 2, and 8 with type 3 disease. The areas of reduced
AF signal were measured and rate of atrophy enlargement (RAE) was calculated as the
difference of the atrophy size over time (mm?) divided by the follow-up interval (years).
Molecular screening of ABCA4 was undertaken,

Resurrs, The mean follow-up interval was 9.1 years. A total of 42% cases with type 1 disease
progressed o type 2, and 12% with type 2 progressed to type 3. The RAE (um®/y) based upon
baseline AF subtypes was significantly different; 0.06 in type 1, 0.67 in type 2, and 4.37 in
type 3. ABCA4 variunts were identified in 37 patients. There was a significant association
between AF subtype and genotype.

Conausions. The AF pattern at baseline influences the enlargement of atrophy over time and
has genetic correlates. These data are likely to assist in the provision of counscling on
prognosis in Sturgardt disease and be valuable for future clinical trials.

Keywords: Sturgardt, ABCA4, autofluorescence

rargardt disease is the most common inherited macular
dystropity, and is associated with a variable phenotype and

and other lipofuscin fluorophores are elevated dramatically in
the RPE of postmortem samples from patients with Stargardt

disease severity.!"!12 Swuargardu disease typically presents with
central macular atrophy and yellow-white flecks at the
posterior pole, primarily at the level of the RPE. Progressive
retinad degeneration over time, including development/resorp-
ton of flecks, atrophy enlargement, and deterioration of retinal
function, has been reported in Stargarde discase.”™® Mutations
in the gene ABCA4 underlic Stargarde disease, and also have
been implicated in cone dystrophy, conerod dystrophy, and
“retinitis pigmentosa.”#91635-17 The ABCA4 gene encodes a
transmembrane rim protein in the outer segment dises of
phatoreceptors that is involved in active transport of retinoids
from photoreceptor to RPE.5-*1 Failure of this transport results
in accelerated deposition of « major lipofuscin fluorophore, N-
retinylidene-N-retinylethanolamiine (A2E), in the RPE2%-%2 A2E

Capyright 2013 The Association for Rescarch in Vision and Ophihalmology. Inc,
werwiovs.org | ISSN: 1552-5783

disease and in ABCA4 knockout mice (abead™”).t925 Qver
time, A2F-associated cytotoxicity is believed to cause RPE
dysfunction and cell death, with subsequent photoreceptor cell
loss.20:27

Autofluorescence (AF) imaging can provide useful informa-
tion about the distribution of lipofuscin in the RPE, and give
indirect information on the level of metabolic activity of the
RPE; lipofuscin levels are determined largely by the rate of
wienover of photereceptor outer segments.*™?? The abnormal
accumulation of lipofuscin, the presence of active and resorbed
flecks, and RPE atrophy leads to a characteristic appearance on
AF imaging in Stargardt discase; very low AF signals in
photoreceptor and RPE atrophy, and foci with tow or high AF
signals due to flecks, 501930
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SUPPLEMENTAL TABLE 7. Ir igation of the Pathagenicity of identified ABCA4 Vadants (Continued)
BT PolyPren 2* HEF Matsx®
Hoclentide Substitution and Humber of Induox Huo Var Seors Sty WM Aliolic Frequency
Exon Arning Agid Charge Allps Pravicys Report Pred, {01} Pred, w1 Affected  CV ¥ LV % Varigtion Otiserved by EV5* Relerencs
43 ©.5008 C» T, pleutd70Phe 1 Lewis?® Tol. 034 PRD 0997 Ho change ND
44 6078 G T, pleul027Phe 4 Allikmets intel. 002 PRD 0.998 No change 3710758 db SNP {rsB1751408)
44 e.605% G4, pAg2030Gin 2 Lewis™® Tol. 01 PRD 0689 Mo change /10788 db SNP (rs617505841)
48 ©.6320 Go A, pArg2107His 2 Fishman®' intet. & PRD 0.996 NA B3/1D758 (b SNP (rsB62642564)
47 £.6448 GoA, p.Cys2150Tyr El Fishman®’ intol, O PRD 0898 Don. 766 488 Site broken {-35.02) WIBTEE  db SNP (rsB1751384)

Ace, = ageeptor site; Don. = donor site; EVS = Exome Variant Server; HSF «. Human Splicing Finder program; Hum Var == Human Var score; Inl, « intron; intol. « intolgrant; Mt GV = mutant
d; PRD = probably damaging; Pred. == prediction; SIFT == Sorting Intolerant fram Tolerance programy; Tol. = tolerant; Wi GV = wild-

consensus value; NA = not applicable; ND = not

type consensus value,
ISIFT {version 4.0.4) results are reported 1o be tolerant if tol index 20,05 or intolerant if tok index « 0.05, PolyPhen-2 {version 2.1} appra ions qualitatively as Berign, Possibly

Damaging, or Probably Damaging base or the rmodel’s false-positive rate. The ¢DNA is numbered ding 1o £ bt ipt (D ENSTO0000370228, in which +1 is the A of the translation
start codon. Human Splicing Finder (HSF, version 24,1} reports the resuits from the HSF matrix; the higher the consensus value {OV), ths sironger the predicted splice site, The values for the wild-
type and mutant sequences are shown; the larger the difference between these values, the greater the chance that the variant can affect splicing, EVS denotes variants in the Exome Variant Server,
NHLBI Exome Saquencing Project, Seattie, WA, USA {accessed January 12, 2012; http://sop.gs.washington.edw/EVS/.
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SUPPLEMENTAL TABLE 7. Investigation of the Pathogenicity of Identified ABCA4 Variants

SIFT” PolyPhen 2* HSF atrix?
Huclootictn Substitution snd Humberof Ingox Hum Vat Seors Site W oMt Alielic Froquenty
Exnn Laving Acid Change Aflafes Freviows Feport  Pred. (01 Pred. [ Adtscted OV oy GV % ariation QObserves by EVS? Raference
3 c.161 GuA, p.CysS4Tyr 3 Lewis™ Tol, 0.11 PRD 0,634 No change 110758 db SNP (15150774447
3 ©.286 A>C, prAsnBEHIs 1 Papaicannou®™ Tel. 014 PRD 0.984 No change 1410758  db SNP (r561748529)
5 C. 465 A G, p. Hle 156 Val 2z Papaicannou®™ Tol,  0.46 Benign 0,003 No change 11710758  ob SNP {r5112467008)
& €. 758 G T, p.Val256ValiSplice site 1 Klevering™ Tl 058 NA Don. 704 58  She broken (~12.51} ND
g €.1222 C»T, pArgdos* 1 Webster™ NA NA
10 1283750, p.Phed188y i Zomant™ intel, © PRD 0.58 No change ND
10 c.1317 GoA, pTm439" 2 This study NA NA MO
12 cA721delAC, pAsp574Aspis 682 1 Briggs™® NA NA Ace.  47.2 68.3 New sile (44.5) ND
14 ¢ 1957 C> T, p.Ag6530ys 1 Rivera® Tol. 0.1 PRD 0.899 No change 110758  db SNF (r5141823837)
14 ©.2028 G A, pVal675le 1 This study Tol  0.07 PRD 0.989 NA MO
15 €.2238¢elC, p.Leu?47Cysts 787 1 This study HA NA Don. 347 77 New site (~122) ND
17 ©.2588 G>»C, p.Gly863Als & Alikmats™ intel, 0.0t PRD 0.996 No changa 53/10758  cb SNP {r576157638)
18 €.2781 G»A, pVald31tet 1 Allikmets®® Yol 012 PRD 0.716 No change 18716758  db SNP (rs58331765)
19 C.2828 G A, pAgI4IGn 3 Webster™ ftol, 0,03 Benign 0448 fwe. 522 811 New site (45548 340/10 738 ob SNB (51801581}
15 €288 A»G, p.Asng65Ser 1 Lewig®™ intel. ¢ PRD 0981 Acc,  53.4 823 New site {+54.20) ND
21 €30858 C»T, p.Thri019Met 2 Rozer™ intel. © PRD 0.689 Mo change D
22 ©.3211_3212insGT, 2 Alfiforsets'® HA NA Don. 683 28  Site broken (-58.55) NG
p.8er10710ysls" 1084
22 ©.3259 GorA, p.GRT087LYs 1 Lewis®® Intol. 0 PRD 0.897 No changs ND
22 c.3322 C» T, p g 11080y 2 Rozet™® intel, & PRD 0.986 No change /16758 ot SNP (s61750120;
22 ©.3323 G>A, p.Ag1108His 1 Webster™® intol,. 0 PRD 0.686 No change NO
28 €.4138 G, p.Pro1380Ley 4 Lewis™ intol. 0.01 Benign  0.377 No change 2/10758  db SNP [+s61750130)
fnt. 28 ¢.4253+5 G»T, Splice site 1 Lewis™ NA NA Don. * 87.9 75.6 Site broken {~14.02) 110758
28 C.A328 GoA, pAXg443His 1 Jaakson® Tol.  0.18 PRD 0.596 No change NO
30 ©. 4363 C>T, p. Cys14854rg 1 This study Tol. 0.34 PRD 0.604 NA ND
30 C.4468 GA, p.CysT480Tyr 1 Webster™* Intol, 0.03 PRD 0.454 No change ND
30 CASIBGHA, polyIS0T A 1 This study Tol 0.8 PRD 0.9%6  Acc. 789 789 Newsite{+5811} ND
30 ©.4537_4538insC, 1 Briggs™ NA NA fee. 917 333 Sie broken (-63.76) ND
2.Gly1513Profs 1554
35 c.4818 C» T, p.Arg1640Trp 1 Roze™® Intol. 0  PRD 1 No change ND
35 4886 T>G, p.Tyr1652° 1 Furnagali®™® NA NA
Int. 38 €.5461-10 THC 9 Briggs™® MA NA 3/10758  db SNP (51800728}
38 c. 5516 T>C, p. Phe18395er 1 This study intol. 0 PRD 0.988 No change NG
int. 40 ©.571445 G A, Bplice site 1 Cremers™ HNA NA Donor  85.5 73.3 Wild-type site broken ND
{-14.2%
4z ©.5882 G»A, p.Giy1951Gk 1 Allkmets'! Tol. 0.1B PRD 1 No change 29/10758  db SNP {rs1800553)
Continupd on next pags
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SUPPLEMENTAL TABLE 8. Electrophysiologic Group Transition and ABCA4 Variantsa Identified in 53 Patients With Stargardt

Disease (Continued}

. Screening Method (Yes/Noy
Electrophysiolagic

Pt Group (BL/FU)  Genotype Group  Number of Variants  Exon  Nucleotide Substitution Amino Acid Change SSCP APEX 08
35 H/n B 2 3  ci61GrA p.Cys54Tyr 1% - o
17 c.2588 G>C p.Gly863Ala %4 - -

36 n/n A 2 18 ¢.2791 G»A p.Valg3tMet - 124 -
Int. 38 ¢.5461-10T>C Splice site —_ e —

37 /s G 1 28 c.4139 C>T p.Pro1380Leu - 14 -
38 it/ A 2 22 ¢.3211_3212insGT  p.Seri071Cysfs*1084 —_ v -
28 c.4138 C>T p. Pro1380Leu —_ » -

39 f/n A 2 Int. 38 ¢.5461-10T>»C Spilice site -— P -
Int. 40 571445 G»A Splice site - P4 -

40 n/m D 0 I — -
41 iH/u D o %4 - e
42 /4 o] 1 3 c.161 G>A p.Cys54Tyr » - —
43 W7l D 4] I - -
44 174 C 1 18 c.2884 A>G p.Asn865Ser w - -
45 /s G 1 21 c.3086 C>T p.Thr1019Met 4 - —
48 Hi/ C 1 21 ©.3056 C»T p-Thr101SMet » — -
47 e/ ul C 1 47 ©.6448 G>A p.Cys2150Tyr P -— w
48 W/ A 2 int. 38 ¢.5461-10 T>C Splice site - d o
44 ¢.6079 C>T p.Leu2027Phe - I -

49 7/ A 1 12 c.1721delAC p.Asp574Aspfs"582 74 — —_
50 Hinall A 1 int. 38 ¢.5461-10T>C Splice site - 4 -
51 i/t B 2 35 c4918C>T p.Arg16407rp %4 - -
44 c.8079 Co»T p.Leu2027Phe - _ —

52 H/u C 1 22 ©/3323 G»A p.Arg1108His w - -
53 /i A 2 Int. 38 ¢.5461-10T>C Splice site - - I
47 ¢.6449 GoA p.Cys2150Tyr v - o

54 W/ A 2 Int. 38 ¢.5461-10 T>»C Splice site - - I
47 ©.6448 G>A p.Cys2150Tyr P - %4

55 W/ A 2 Int, 38 ¢.5461-10 T>C Splice site - » 4
47 c.6449 GA p.Cys2150Tyr - %4 »

56 gt D 0 » — —
57 LAl A 1 15 ©.2238delC p.Leu747Cysfs*787 » - »
58 i/ D ¢ 4 - —
58 /7 C 1 5 c.468 A>G p.lle1586 Val e - -

1 = yes; — = no; APEX = arrayed primer extension microarray; BL = baseline; DS = Sanger direct sequencing; FU = follow-up; Int. = intron;
SSCP = single-strand conformation polymorphism.
2pytative novel changes are in bold. All the variants are heterogeneous,

VoL, 155, NO. 6 CUNICAL AND ELECTROPHYSIOLOGIC STUDY OF STARGARDT DIISEASE 1088.el1
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SUPPLEMENTAL TABLE 6. Electrophysiologic Group Transition and ABCA4 Variants? Identified in 59 Patients With
Stargardt Disease

Electrophysiclogic

Screening Method {Yas/No}

Pt Group {BL /FLJ) Genotype Group  Number of Varignts £xon Nucleotide Substitution Amino Acid Change 35CP APEX b8
1 I/t A 3 6 c.768 G>T p.Val256Val/ Splice site I e -
17 c.2588 G>C p.Gly863Ala %4 w -
19 c.2828 G>A p.Argg43Gin - P —
2 171 G 1 289  c4328G>A p.Argi443His - 2 —
3 171 A 3 10 c.1317G>A p.Trp438* — %4 14
17 c.2588 G>C p.Gly863Ala - 124 %4
43 c.5808C>T p.l.eut870Phe - v w
4 171 Cc 1 44  c.B079C>T p.Leu2027Phe - o —
5 i1 A 3 17 ©.2588G>C p.GlyB63Ala — 174 -
19 c.2828 G>A p.Arg843Gin - 1% -
Int. 38 ©.5461-10 T»C Splice site —_ P2 -
6 I71 C 1 28  c4139C>T p-Pro1380Leu — %4 -
7 i/t 8] 0 2 — -
8 171 B 2 10 ¢12537T>C p.Phed188er I - P
44 c.6079 C>T p.Leu2027Phe 4 — 174
9 P/ A 2 Int. 28 ©.4253+5 G>T Splice site %4 P —
30  c4519G>A p.Gly1507Arg - - P
10 1 ¥2] B 2 30  c.4468 G>A p.Cys1480Tyr - I -
44  ¢.6083 G»A p.Arg2030Gin - %4 74
11 P/l D 0 — %4 -
12 1/1 C 1 3 c.286 A>C p.Asn86His P - —
13 171 A 1 30 ¢.4537_4538insC  p.Gly1513Profs*1554 — I -
14 171 D s} P — —
15 11 C 1 46 ¢.6320G>A p.Arg2107His %4 — -
16 i/1 D 0 - I -
17 1/1 C 1 3 c.161 G>A p.Cys54Tyr I - o
18 171 8 2 28  c4138C>T p.Pro1380Leu - g —
42 ¢.5882 G>A p.Gly1861Gluy - 74 —
19 1/1 C 1 22 c3322C>T p.Arg1108Cys I - -
20 1/1 A 2 10 ciI317G>A p.Trp439* - » I
17 2588 G>C p.Gly863Ala - e P4
21 I/t B 3 5 . 466 A»G p. He156 Val %4 —_ -
30 ¢.4363C>T p. Cys1455Arg 2 - w
39 c. 5516 T>C p. Phe1839Ser ¥ - -
22 (YA Cc 1 46 ¢.B320 G»A p.Arg2107His — P —_
23 (Fa o 1 17 c.2588G>C p.Gly863Ala - e -
24 171 A 1 35  c4856T>G p.Tyr1652* - » —_
25 /7 A 1 Int. 38 ¢.5461-10T>C Splice site - 4 -
26 I/ D 0 Py —- -
27 1/l A 1 22 ¢.3211_3212insGT  p.Ser1071Cysfs"1084 - %4 —
28 /1 A 2 g  ¢1222C>T p.Arg408* 4 — %4
14 c.2023G>A p.Val675ile %4 - %4
28 /i Cc 1 47 c.6449 G>A p.Cys2150Tyr - - %
30 W/ D 0 — P —
31 7 B 3 17 c.2588G>C p.GlyB63Ala » - —
22 ©.3322C>T p.Arg1108Cys e - —
19 c.2828G>A P.Arg943Gin I - -
32 H/n B 2 14 ci957 C>T p.Arg653Cys - 4 —
44  c.6089 G>A p.Arg2030Gin - 174 —
33 /i D 4] % - -
34 /s B 2 17 ¢.2588G>C p.Gly863Ala I — —
22 c.3258GrA p.Glu1087Lys I - -
Continued on next page
1088.e10 AMERICAN JOURNAL OF OPHTHALMOLOGY JUNE 2013
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SUPPLEMENTAL TABLE &. Detailed Results of Statistical Analysis® of Onset of Disease, Duration of Disease, Age at Baseline and
Follow-up, Interval of Follow-up, logMAR Visual Acuity, logMAR Visual Acuity Reduction, Yearly Amplitude Reduction, and Yearly Peak
Time Shift, With Respect to Electrophysiologic Group at Baseline, Electrophysiclogic Deterioration, and Genotype Group

Electrophysiolegic Electrophysiclogic
Group at Baseline Deteroration Genaotype Group
MW W
Kw KW S-D £ Value Pyalue MW £ Valus Kw KW S-D £ Value PValue
Onset of Disease
X DOF PValue Gpt Gp2 0326  .155 .034* X DOF  Pvalue GtA GiB .091 .038
143 2 .001* Gpt  Gp3  0.001 oo™ 143 2 001+ GtA  GtC  .B97  .660
Gp2 Gp3 0.047 .018* GtA  GtC 101 042"
Duration of Disease
X DOF PValue Gplt Gp2 8648 878 N DOF  PValue GtA GiB 835
2.2 2 337 Gpt  Gp3 3764 3.3 2 191 GtA  GIC 247
Gp2 Gp3 4104 GtA  GIC  .312
Age at Baseline
e DOF  Pvalue Gpl Gp2  .6044 283 ¥ DOF PValue GtA GIB  .390
1.3 2 521 Gpl  Gp3 6173 3.3 2 183 GtA  GiC  .677
Gp2 Gp3 .8982 : GtA  GiC 201
Interval of Follow-up
e DOF  PValue Gpt Gp2 2904 272 X DOF PVaiue GtA GIB 921
5.7 2 .057 Gpt  Gp3 .3833 0.8 2 668 GtA GIC 627
Gp2 Gp3d 0578 GtA GtC .860
iogMAR VA at Baseline
e DOF PValue Gp! Gp2 .3623 175 .00z ¥ DOF  Pvalue GtA GIB 276
120 2 003" Gpl  Gp3 .0028 .001™ 34 2 181 GtA GG .261
Gp2  Gp3 0536 .021° GtA  GtC 975
iogMAR VA Reduction
x* DOF PValue Gpt Gp2  .7266 510 x? DOF  Pvalve GtA GtB  .938
1.3 2 513 Gpt  Gp3 8456 1.0 2 608 GtA  GIC  .768
Gp2 Gp3 4984 GtA GG .582
Yearly Amplitude Reduction for Dark-Adapted 11.0 A-wave
¥? DOF PValue Gp1 Gp2 9769 .6153 013 e DOF Pvalue GIA GIB 042 .0162°
6.3 2 .042* Gpt  Gp3 0831 .0248" 7.7 2 Rivy GtA  GtC 181 .0784
Gp2 Gp3  .0887 0272 GtA  GtC  .201 .0B96
Yearly Peak Time Shift for Dark-Adapted 11.0 A-wave
x* . DOF PValue Gpl Gp2 8619 0os X DOF Pvalue GIA GIB  .303
2.1 2 343 Gpl  Gps 4272 2.4 2 .308 GtA GtC 973
Gp2 Gp3 3632 GiA GiC  .382
Yearly Amplitude Redugction for Light-Adapted 30 Hz
e DOF PValue Gp1 Gp2 5885 407 X DOF  Pvalue GIA GIB  .201
1.6 2 A50 Gp1  Gp3 .8065 3.6 2 166 GtA GtC  .996
Gp2 Gp3 4674 GtA  GiIC  .183
Yearly Peak Time Shift for Light-Adapted 30 Hz
P DOF PValue Gp! Gp2  .5452 .2969 000" ¥ DOF  Pvalue GtA GIB  .617
5.3 2 .072 Gpt Gp3  .0708 .0283* 4.7 2 094 GtA GIC  .338
Gp2 Gp3 3385 ,1634 GtA  GiC  .091

DOF = degree of freedom; Gp = group; Gt = genotype; KW = Kruskal-Wallis; MW = Mann-Whitney test; 8-D = Steel-Dwass.

The Mann-Whitney U test was also applied to study the parametérs in terms of which the Kruskal-Wallis test detected significant differences
between electrophysiclogic groups or genotype groups. *for P <..05 and "*for P < .01 are used to identify statistically significant differences.

“The Kruskal-Wallis test with Steel-Dwass mulﬁplecompaﬁsons was performed to compare the 3 eiectrophys:iologic groups and 3 genotype
groups in all cornbinations, The Mann-Whitney U test was applied to investigate the differences between subsets with/without evidence of
clinically significant electrophysiologic deterioration.
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SUPPLEMENTAL TABLE 4, Detailed Electrophysiologic Findings of 59 Patients With Stargardt Disease: Electrophysiologic Group, Electrophysiologic Deterioration, and Assessment of
Each Component of Full-field Electroretinography {Confinued)

ADOIOWTIVHIRAC) S0 IWNENO[ NNy

Setectes Eyatar  _TeRmpRySIOlogic Goup Electiaphysiologic Detadoraticn OrbeAtapter 0.01 A} DareAdupted 11.0 (A3 Ught-Adapted 36 Hz (RA) Light-Adagted 3.8 A

23 Datx Ms::'m aL FU Yeste  Ampifude Reducton  Pask Yime ShRt Bl i B B3 BL FU Bl g
37 L 2 3 w I % NIN 242 NN Al AR E3Y LY HA
3s L 2 3 » P o WIN AR NN A AR AR A AR
38 24 2 3 » - I NN NANA NN L57: AA AR Y7 AR
40 L 2 3 » o w 278 AIA N/N AR NN AR AR At
41 21 2 3 14 — e NN AJA NIN AR N AR WA AR
42 L 2 3 I P — MM AA NN AA AA AR NIN Ah
43 L 2 3 I P - MM AA N/N AR AA AR AA AA
44 B 2 3 w 1% w NN Al N/N AA AA AR AA AR
43 R 3 3 i e » HANA AA AA AA AA AR AA AA
48 L 3 3 w - o HNANA N AR AA AA AL AR BA
47 21 3 3 ted - b NANA A A AN NA AA MA AR
45 23 3 3 I 4 - MM AR NIA AR MA AR N AZA
48 L 3 3 ” =4 P A AR A MR A AfA AA oz
50 R 3 3 o I ' E57:% AA AIA Al AZA AA AA AR
51 =1 3 3 » — w AIA AIA A AR WA Adh AR AA
52 kL 3 3 e [ w AA AIA AR EeN AR AR AA AND
&3 L 3 3 - [ I AN WENDG A AA NDNG NDIND HOMD NOMD
54 R 3 3 e I %4 AA NOND AA AA NDMD ND/ND NO/NE NO/ND
58 L 3 3 w ” - NA NDIND AN AR AA ND/ND AA NO/ND
g8 R 3 3 ' 4 —- AIA NO/ND AA NOND NO/MD NDIND ND/ND NO/AMND
57 L 3 3 » » o AN AR AA AR AR AR A AR
58 L 3 3 e - » AIA A AA AA A AA AA AA
58 L 3 3 I I » L2 A NiA AR MNIA At HiA LY

3 = yes; — = no; A = Abnormal; BL = baseling; Dark-adapted 0.01 = dark-adapted dim flash ¢ inogram with flash ity 0.61 second (cd s Dark-adapted 11.0 = dark-
adapted bright flash slectror 4 vithflashi ity 11.0 cd- s/m®, FU = follove-up; L = left; Light-adapted 30 Hz = light. d 30 Hz flicker electroretinogram with flzsh intensity 3.0 cd-s/m%

Light-adapted 3.0 = kight-adapled 2 Hz electroretinagram with flash intensity 8.0 cd- s/m® N = normal; NA = not avadable; ND = not-detestable; Ptz patient; R = night; VA = visual acuity,
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SUPPLEMENTAL TABLE 4, Detafled Electrophysiclogic Findings of 59 Palierts With Stargardt Disease: Electraphysiologic Group, Electrophysiciogic Detaricoration, and Assessment of
Each Componenl of Full-field Elactroretinography

9 ON ST IOA

ISVISICY BOAVDNVIG $0 AQOHE DINOIOISAHO™DETY GRY O

238801

. Eetor Electrophysiciogio Groun Electroptysictogis Detenneation Dark-papied DO FA) ake-Adapted 15,53 PAY Ught-Adspted 30 Hz L) Light-Adapted 3.0 {RAJ

7 Dats Aralysis BL (24 YesMo  ampltude Reduction  Poak Time Shift BL 7 8, g2y B 23] # U
9 R 1 1 - - — NN NN PN NN NN 23] NN NN
2 L 1 1 - - - NN MM N N NN N N/N N
3 L 1 1 - - - NN M M N NN e NN Bl
4 R 1 1 - - - NN NN M N W/ N BN NN
5 i 1 1 - - - NN NN M N N/IN N N N
6 R 1 1 - - - NN NN HAH N M/ NN NN N
7 L 1 4 - — - NN NN 2141 A NN N M H
8 L 1 1 - - - NN NN 272 27234 373 N M ]

g R 1 1 - - - N HM N bt RN NN B2 NNA
10 R 1 1 - e - NN NN N NN NN N NN NN
1 33 1 i - - - NN NN M BN BN NN [l 2]
12 L 1 1 - - - NN MNIN A MM N N NN Nt
13 L 1 1 - - . N NN M NN MAN NAMN WM N
14 t 1 1 - - B NN NN NN NN N/N Nid KN NN
15 R 1 1 - e - MM NN NN NN NN NN /N NN
16 R 1 1 - - - NM M NN BN NN N NN NN
17 L 1 1 - - - N WN NN MNIN NN Nt NN NN

18 L 1 1 - - - [E7] WM NN NN N/N i NAMN NAMN
18 L 1 1 - - - N NN HIN NN NIN [e421 NN N
20 R 1 1 - - - wN MM NN N NN N N 2783
21 L 1 1 - - — NAMA AN N [k NN N AN fr7ed
22 R 1 2 i - » NN HM N 3% NN L2 NN AA
23 i 1 2 Il - » {75 Mt NN N NN AR NN NN
24 2] 1 2 »* - - MM 23] NN N NN AA NN Nt
25 R 1 3 w ' » N 2778 i N/A NN AR NN AA
25 L 1 3 > - b NN M NN BN NIN AA N/N AA
a7 L 1 3 w w I NN AA NN NN N/N AA NN AA
28 R 2 2 - - - NN N/ N/N NN AA LY NN ANA
29 R 2 2 I I NN /N NN N/N NN AA AA AA
0 L 2 2 - - - Nt NN N/ NN AA AA NN AA
31 i 2 2 - - - NN KA WA 7] AA LY AR PA
32 R 2 2 - - - NANA bt NN N AA A AA AA
33 L 2 2 b — I NN 27244 NN NN AA AR NANA A
34 R 2 2 - - - NN ] NN WM AA LY AA AR
35 R 2 2 - - - NN (4] (4484 728 AA AR AR WA
3% L 2 2 » I - Nl B N KM AA APA AIA AA

Continyed on next page
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SUPPLEMENTAL TABLE 8. Primer Sequences and Annealing Temperatures for ABCA4 Gene Screening

Primer Sequence (5'-3') Annealing Temperature (C)

Exon 2 forward GTGTCTGCTCTGGTTACGTTTIC 61

. Exon 2 reverse CCTTTTGTCTAGAAAGATCTTGGG
Exon 5 forward TCCAATCGACTCTGGCTGTT 64
Exon 5 reverse AGAGATCATGGGGCACAACC
Exon 9 forward CCAGCATGGAGTTGAATGAGAC 63
Exon 9 reverse TAAGTGGACTCTTGCGTTTCCTC
Exon 10 forward TTAGATTCTGTCAGCCCAGGAAG 63
Exon 10 reverse ACCAAGTGGGGTCACTGACTTT
Exon 15 forward AGAGAGCCCTTTAGGGCAGAAT 63
Exon 15 reverse GTTTCCTTGGAAGGGTCCGTAG
Exon 17 forward AACTGCGGTAAGGTAGGATAGGG 63
Exon 17 reverse GACCACCTTTCACAAGTTGCTG
Exon 30 forward GCCTAGGGATTTGTCAGCAACT 63
Exon 30 reverse ACTAAACCAAACTCCCTGCACC
Exon 38 forward GCCAGTTCACACACATCACCTCAG 83
Exon 38 reverse ATGAGTGCCACTTTCTTCCTCC
Exon 38 forward GTGCTGTCCTGTGAGAGCATCTG 64
Exon 39 reverse GAGGATTAGGGTGCCTCTGTTTIC
Exon 43 forward CCCGTGTCAACTGGGACTTAG 63
Exon 43 reverse ATAGTAGGGTGGCTCTGAGGCC
Exon 44 forward GCATTTCTGAAGGCAAATAGGAGA 63
Exon 44 reverse GTGCATTCTCTTGGAGATGAGAAA
Exon 46-47 forward TCTTTACTCTTGGATCCACCTCCT 3
Exon 46-47 reverse GTGTTCTCCATTGACACTTGGAAG

1088.¢6 AMERICAN JOURNAL OF OPHTHALMOLOGY JUNE 2013

207



SUPPLEMENTAL TABLE 2. Normal Ranges for Full-field Electroretinography in Older Adults

Dark-Adapted 11.0 Light-Adapted 3.0

Dark-Adapted 0.01 Aewave B-wave Light-Adapted 30 Hz A-wave B-wave

Amplitude  Peak Time Amplitude  Peak Time  Amplitude  Peak Time Amplitude  Peak Time  Amplitude  Peak Time Amplilude Peak Time

Age group 30-320 76-117 105-485 10-16 235-665 36-57 50-145 22-29 15-60 12-18 80-220 25-32
{50 years old)

Dark-adapted 0.01 = dark-adapted dim flash electroretinogram with flash intensity 0.01 candela second {cd-s)/m® Dark-adapted
11.0 == dark-adaplied bright flash electroretinogram with flash intensity 11.0cd -s/m?; Light-adapted 30 Hz = light-adapted 30 Hz flicker electro-
retinagram with flash intensity 3.0 cd-s/m?; Light-adapted 3.0 = light-adapted 2 Hz electroretinogram with flash intensity 3.0 cd-s/m?,
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SUPPLEMENTAL TABLE 1. Normal Ranges for Each Component of International Standard Full-field Electroretinography in

Young Adults
Dark-Adapted 11.0 Light-Adapted 3.0
Dark-Adapted 0.01 A-veave B-wave Light-Adapted 23D Hz A-wave Bewave
Ampltude  Peak Time  Amplitude Peak Time Amplitude Peak Time Amplitude Pesk Time Amplitude Peak Time Amplitude  Peak Time
(Y] {ms} 1V} fms) ) {ms) (1Y) {ms) (] (s} (] {ms)
Age group 135-455 84-107 250-470 7-14 320-755 38-66 70-200 23-27 30-80 12-15  95-298  27-32

(<50 years old)

Dark-adapted 0.01 = dark-adapted dim flash electroretinogram with flash intensity 0.01 candela second {(cd-s)/m® Dark-adapted
11.0 = dark-adapted bright flash electroretinogram with flash intensity 11.0 ed-s/m?; Light-adapted 30 Hz == light-adapted 30 Hz flicker electro-
retinogram with flash intensity 3,0 cd-s/m?; Light-adapted 3.0 == light-adapted 2 Hz electroretinogram with flash intensity 3.0 cd-s/m®,
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# Electrophyaiological
deterioration

% Stable

Genotype Genotypeﬂ Genotypel Genotype
groupA groupB groupC  group O
{n=19) {n=10) (n=18) (n=12)

SUPPLEMENTAL FIGURE 2. The association between geno-
type group and presence or absence of clinically significant
electrophysiologic deterioration, showing that patients with
Stargardt disease harboring 2 or more non-null variants (geno-
type group B) more frequently have stable electraphysiologic
function over time compared with those with more severe muta-

tions {genotype group A).
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¥ Electrophyslological
group 3

#. Electrophysiological
. group 2

1 ﬁ)aciréphysiological
group 1

Genotype‘ Genotype ‘ Geactype' Genotype
group A groupB  groupC group D
(n=18)  (n=10) (n=18) {n=12)

SUPPLEMENTAL FIGURE 1. The association between
genotype group and electrophysiologic group at baseline in
59 patients with Stargardt disease, showing that patients with
2 or more null variants (genotype group A) more frequently
had generalized rod involvement (electrophysiologic group 3).
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over a 10-year period, compared to 100% of those withan | and may inform the design, patient selection, and moni-
initial rod system ERG abnormality. These data assist the | toring of current and future clinical trials for ABCA4-
counseling of the patient in relation to visual prognosis | related rerinopathy.
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electrophysiologic  deterioration. The 3 patients who
progressed from Group 1 to Group 2 had abnormal light-
adapted 30 Hz ERGs without any abnormalities in light-
adapted 3.0 ERGs; the 30 Hz flicker ERG is known to be
a more sensitive indicator of altered cone function than
the single-flash photopic ERG. In contrast, both cone full-
field ERGs were abnormal in the 3 patients who progressed
from Group 1 to Group 3. All 6 patients had a >3 ms peak
time shift over time; careful observation of the light-adapred
30 Hz ERGs is important in monitoring Stargardr disease
patients with normal ERGs. All but 1 patient with abnor-
malities in dark-adapted 0.01 or dark-adapred 11.0 had
abnormal cone responses, suggesting that generalized cone
system dysfunction precedes generalized rod system dysfunc-
tion, as has previously been demonstrated.>!

All 5 patients with undetectable cone responses at
follow-up had a >50% amplitude reduction in dark-
adapted 11.0 during follow-up. Four patients still had
residual responses in dark-adapted 11.0 at follow-up and
1 patient had residual responses in dark-adapted 11.0 at
baseline, which became undetectable at follow-up. These
findings lend further support to the belief that generalized
cone system function is abolished before generalized rod
system loss, and that the amplitude of dark-adapted 11.0
responses may be helpful in assessing residual retinal func-
tion in cases with very severe retinal dysfunction.

The clinical characteristics of each ERG group showed
a statistically significant difference between Groups 1 and
3 and Groups 2 and 3 in terms of age of onset, in keeping
with the original cross-sectional data, with a younger age
of onset associated with more generalized retinal dysfunc-
tion.”! There was also a statistically significant difference
in logMAR VA between Groups 1 and 3 and Groups 2
and 3, with worse VA associated with increasingly severe
generalized retinal dysfunction, as has been previously
proposed.’’ No statistically significant differences were
observed between groups with respect to other parameters,
including age at baseline, duration of disease, and interval
of follow-up. In addition, the age of onser was earlier in
subjects who had clinically significant ERG progression
compared to those who did not meet criteria for clinically
significant deterioration, further supporting the likelihood
that age of onset in Stargardt disease is of prognostic value.
For ease of comparison between groups, a linear longitu-
dinal relationship has been assumed and the rate of change
expressed in terms of yearly amplitude reduction, yearly
percentage reduction, and yearly peak time shift. This study
has not examined the linearity of change between baseline
and follow-up testing; a prospective study with additional,
more frequent time point sampling will help address this
pertinent question. It is likely that progression will be
linear in some individuals and nonlinear in others, in
keeping with the commonplace phenotypic heterogeneity
of inherited retinal disorders.

ABCA4 mutations were originally reported in patients
with autosomal recessive Stargardc disease but shortly
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thereafter were identified in association with cone
dystrophy, cone-rad dystrophy, and “recinitis pigmentosa,”
with a genotype-phenotype relarionship having been
proposed, 1013132124303 1) b bresent cohort, 82% of
patients (22/27) in ERG Group 1 at baseline, 70% (12/
17) in Group 2, and 87% (13/15) in Group 3 harbored at
least | ABCA4 variant.

A likely disease-causing ABCA4 variant was identified
in 47 out of 59 patients, with 6 purtative novel murarions
detected. There was no statistically significant association
identified between the category of genotype and the extent
of electrophystologic dysfunction on the basis of ERG
group, although patients with 2 or more non-null variants
{genotype B group) less frequently had rod ERG involve-

‘ment. A statistically significant greater percentage of

patients with null variants (genotype A group) (68%,
13/19) had ERG deterioration, in comparison with patients
harboring 2 or more non-null variants (10%, 1/10), with
the majority therefore having a stable ERG (90%, 9/10).
There was also a statistically significant difference berween
genotype groups A and B with respect to yearly amplitude
reduction of dark-adapted 11.0 a-wave and light-adapted
30 Hz yearly peak time shift. There are several factors
that may account for the relative lack of more clearly
demonstrable genotype-phenotype correlations, including
the relatively small sample size, the fact thar only 1
disease-causing allele was identified in most cases, and
the vast allelic heterogeneity of ABCA4. However, one
particular variant (¢.5461-10T>C) was found to be associ-
ated with electrophysiologic progression. This mutation
has been previously reported to be associated with severe
disease in both the homozygous and compound heterozy-
gous states," ™ suggesting that it may be a marker for
more severe disease, which is likely to show clinically
significant progression.

Co-inheritance of p.Arg943Gln and p.Gly863Ala has
been previously reported,** with p.Are943GIn thought
to be a benign polymorphism®* and p.Gly863Ala
believed to be associated with milder phenotypes,
although there has been a single report of a severe
phenotype associated with p.Gly863Ala  in  the
homozygous configuration.* Only 2 out of 8 patients
harboring p.Gly863Ala in the present series had evidence
of ERG progression, suggesting this variant is indeed likely
to be associated with milder disease.

The longitudinal study described herein has identified
that a patient’s allocation to an individual ERG group, as
proposed in the original cross-sectional study, may change
over time—a conclusion that could not be made previously
because of the inherent limitations of a cross-sectional
survey. The rate of progression between groups and within
groups has been determined, and age of onset and, to a lesser
extent, visual acuity may predict the degree of eventual
generalized retinal dysfunction andfor progression. It is
important that only 20% of those patients with initially
normal full-field ERGs showed evidence of progression
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TABLE 4. Yearly Ghange® in Dark-Adapted Bright Flash Electrophysiclogic Responses and Light-Adapted 30 Hz Flicker Responses
With Respect to Electrophysiclogic Group at Baseline, Electrophysiclogic Deterioration, and Genotype Group, in 59 Subjects With
Stargardt Disease

Dark-Adapted 11.0 A-wave

Light-Adapted 30 He

Amplitude Peresntage Peak Time Shift Amplitude Reduction Percentage Redustion Peak Tima Shift

Reduction (pV/y) Reduction (%4} {ms/y} {pViy) (%2} sy}
Group 1 {n = 27) 5.5 1.7 0.10 2.7 2.2 0.14
Group 2 {n = 17) 4.5 1.5 0.09 1.1 1.7 0.19
Group 3 {n = 15) 4.9 3.8 0,18 1.5 3.1 0.32
Stable (n = 27) 3.9 1.2 0.04 2.2 1.8 0,07
Electrophysiologic 6.0 2.8 0.18 1.7 2.7 0.31

Deterioration (n == 32)

Genotype A (n = 19) 8.5 3.0 0,14 23 3.0 0.23
Genotype B (n = 10) 2.3 0.5 ~{.01 1.4 0.9 0.12
Genotype C (n = 18) 5.4 2.1 0.18 2.4 3.t 0.33
Genotype D (n = 12) 4.3 2.1 .08 1.1 0.9 ~(.04
Total {n == 58} 5.1 2.1 0.11 1.8 2.3 0.19

Dark-adapted 11.0 = dark-adapted bright flash electroretinogram (flash intensity 11.0 candela seconds {cd -s)fm?); Light-adapted 30 Hz =
light-adapted 30 Hz flicker slectroretinogram (flash intensity 8.0 cd-s/m?),

24 yearly amplitude reduction and a yearly percentage reduction were calculated by dividing the amplitude reduction or the percentage
reduction by the follow-up time. A yearly peak time shift (difference between peak time at baseline and follow-up) was also calculated by

dividing by the follow-up time.

TABLE 5. Distribution of the 4 Genolype Groups With
Respect to Electrophysiologic Group at Baseline and
Electraphysiologic Deterioration in Stargardt Disease

Genolype Genolype Genotype Gernotype
A B G D

Group 1 {n = 27)
Group 2 {n = 17}
Group 3 {n = 15}
Stable {n = 27)
Electrophysiciogic 1

deterioration {n = 32)°
Total {n = 59)

8
4
5
7
1

(VIR v R -
Bl B ¢ 1 |
~ R G

1

19 10 18 12

2The subset without evidence of significant deterioration is
described as “Stable.” )

shown in Table 5 and Supplemental Figure 2 (available at
AJO.com). Statistical analysis revealed a significant differ-
ence between genotype groups A and B and between geno-
type groups A and C in terms of age of onset. There was also
a statistically significant difference between genotype
groups A and B with respect to yearly amplitude reduction
of dark-adapted 11.0 a-wave and light-adapted 30 Hz yearly
peak rime shift {(Supplemental Table 5). No statistically
significant difference was seen between genotype groups
and the other ERG parameters (Supplemental Table 5).
Interestingly, 8 of the 9 patients harboring the variant
¢.5461-10 T>C (Patients 5, 25, 36, 39, 48, 50, 53-55)
had clinically significant ERG progression. All 3 unrelated
patients (1, 5, and 31) harboring p.Arg943GIn also had
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p-Gly863Ala, suggesting linkage disequilibrium of these
2 substitutions, with none of these subjects having clini-
cally significant ERG deterioration.

DISCUSSION

THISREPORT ADDRESSES LONGITUDINAL CHANGES IN CLIN-
ical and electrophysiologic features of Stargardt disease in
a large, well-characterized cohort of patients, with 1 or
both likely disease-causing ABCA4 alleles identified in
80% of subjects (47/59). The findings confirm the prog-
nostic value of ERG suggested by earlier cross-sectional
data and are relevant to the design of future clinical trials.

Approximately one-fifth of Group 1 patients (dysfunc-
tion confined to the macula) progressed to either Group
2 or Group 3 {generalized retinal dysfunction) over
a mean time period of 10.5 years, whereas 47% of subjects
with Group 2 ERG at baseline changed to Group 3 over the
same time period. Overall, there was clinically significant
electrophysiologic deterioration in 54% of all patients
(32/59), with progression in 22% (6/27) of Group 1
subjects, 65% (11/17) of Group 2, and 100% (15/15) of
Group 3. These ERG changes far exceed estimates of
normal age-related ERG decline.®® Thus all patients with
initial rod involvement (Group 3) demonstrated clinically
significant electrophysiologic deterioration, but only 22%
of the patients with normal ERGs (Group 1) at baseline
showed clinically significant progression,

A transition in ERG group was seen in 14 patients, with
all 14 also meeting the criteria for clinically significant
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