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Abstract: RPE65 biallelic mutation-associated inherited
retinal degeneration (IRD) is currently the only IRD for
which gene therapy is approved. This narrative review
provides a brief overview of the disease and an update of
the current literature on outcomes following the approval
of treatment with voretigene neparvovec (LuxturnaTM)
in 2017 (USA) and Europe (2018). Post-marketing results
confirm a significant therapeutic effect of this gene aug-
mentation on rod function similar to that seen in the phase
1to 3 clinical trials. The full-field chromatic light sensitivity
test is an appropriate test to demonstrate early and sus-
tained effects of treatment. Visual acuity and visual fields
may improve in less advanced disease. Accelerated chori-
oretinal atrophy (CRA) is a previously unrecognised adverse
effect that is now reported in 13 % to 50 % of treated eyes.
If central, visual acuity loss and paracentral visual field
defects may occur. Further studies are needed to identify
patients at risk of CRA in order to maximize patient benefit
from a costly intervention.

Keywords: RPE65 mutation-associated inherited retinal de-
generation RPE65-IRD; gene augmentation therapy, voreti-
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Introduction

RPEG65 biallelic mutation-associated inherited retinal de-
generation (IRD) is currently the only IRD with an approved
gene replacement therapy. It uses a specially designed ade-
no-associated virus 2 (AAV2) vector containing the normal
RPE65 gene (voretigene neparvovec, VN, Luxturna™),
which is delivered into the subretinal space after standard
3-port vitrectomy. The procedure usually follows the rec-
ommendations of Spark Therapeutics in the USA (https://
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sparktx.com/LUXTURNA_US_Prescribing_Information.pdf)
and of Novartis Suisse which markets the drug outside
the USA (https://www.novartis.com/sg-en/sites/novartis_sg/
files/Luxturna-0ct2021.SIN-App200122.pdf). Typically, after
appropriate dilution according to company instruction,
1.5 x 10" vg (vector genome) in a total volume of 0.3 mL are
injected through a 41 g cannula between outer retina and
retinal pigment epithelium (RPE), resulting in a transient
bleb equivalent to a localised retinal detachment lasting
approximately 1 to 2 days. The German national ophthal-
mic societies have published their recommendations for
the use of VN in 2019 (https://dog.org/wp-content/uploads/
sites/11/2013/03/10.1007_s00347-019-0906-2.pdf). In addi-
tion to details of the surgical procedure and perioperative
medication, patient selection based on the molecular ge-
netically confirmed diagnosis and the status of the outer
retina is discussed in detail. A prerequisite for VN to work
is the preservation of photoreceptor cells and the under-
lying retinal pigment epithelium RPE in which the gene is
expressed. The identification of the essential structures is
based on appropriate optical coherence scans of the central
retina. Since the approval of VN, the estimated number of
treated patients has been at least 200 in the US and 200 in
Europe (Claudio Spera, formerly Novartis Pharma Suisse,
personal communication 2022). This narrative review pro-
vides a brief overview of the disease, the preclinical results
and the clinical trials that led to the approval of the therapy.
The narrative review of post-marketing data is based on a
PubMed literature search, last accessed on 8 August 2024. It
describes post-marketing functional and anatomical results
and discusses them in terms of patient-relevant outcomes
and personal expert experience.

The disease

Epidemiology and phenotypes

Biallelic mutations in RPE65 cause a spectrum of autosomal
recessive inherited retinal phenotypes, now termed RPE65
mutation-associated IRD or RPE65-IRD. RPE65-IRD is ex-
tremely rare with an estimated prevalence of 1 in 300 000
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Table 1: Characteristic retinal findings in RPE65-IRD and associated clinical signs

- Rod-cone degeneration with variable degree of cone dysfunction in the first decade of life

- absentrod ERG; residual or absent cone ERG [e. g. 22, 30]

- profound nyctalopia in all and dependence of visual performance on good lighting from birth regardless of severity of phenotype

- range of BCVA up to logMAR 0.0, typically 1.0 [6]
- sensory defect nystagmus +

- Lack of blue light autofluorescence (BAF) in children and adolescents despite largely normal fundus [29]
- residual BAF in the presence of residual activity of the isomerohydrolase enzyme encoded by RPE65 [28], sequence variants without loss of

function (Lof) [45]

- BAFvariable with increasing age, typically in patients diagnosed with retinitis pigmentosa [23]
- Optical coherence tomography of the retina (SD-OCT, SS-OCT): Ellipsoid zone (EZ) shows early on structural changes and foveal hypoplasia [23, 28]
- Latefindings: salt and pepper fundus with or without bone spicules or large chorioretinal atrophies [33]

births based on a number of different reports [27]. It in-
cludes Leber congenital amaurosis (LCA, about 5% RPE65-
IRD), early onset severe retinal dystrophy (EOSRD), and
juvenile retinitis pigmentosa (about 1% RPE65-IRD) [6, 30].
The spectrum of phenotypes parallels the severity of rod
and cone dysfunction and degeneration respectively. Re-
cently, a comprehensive review of the available literature
including 100 relevant publications found a much higher
variation of numbers within the RP and the LCA groups [39],
which may indicate uncertainties in the reported epidemi-
ological data.

Pathophysiology and clinical course

Table 1 lists the main characteristics of RPE65-IRDs. Visual
acuity and visual fields are mostly measurable during
the 1¢* and 2" decade of life but blindness occurs without
therapy in the 3% to 4™ decade of life [6, 16, 27, 33]. RPE65
encodes an isomerchydrolase in the retinal pigment ep-
ithelium (RPE) that is essential for retinol recycling [35].
Some RPE65 sequence variants result in residual enzyme
activity and display a much later phenotype i. e. rod-cone
dystrophy (RCD) with juvenile onset [15, 28]. In addition to
profound night blindness due to the enzyme defect, lack of
fundus autofluorescence under blue light is a hallmark of
the disease in the early years when the retina may appear
relatively unremarkable [29]. It is caused by reduced ac-
cumulation of lipofuscin in the RPE due to the enzymatic
action of the enzyme, which results in little or no rhodopsin
being present in the rod outer segments which are phago-
cytosed in the RPE.

Molecular genetics and genotype-phenotype
correlation

Although previous reports on the natural history of the
disease have not described a clear genotype-phenotype cor-
relation [6], a recent paper found a more severe phenotype
for loss-of-function sequence variants compared to mis-
sense sequence variants associated with residual function
of the isomerohydrolase [43], supporting previous reports
[15, 28]. Sequence variants of unknown significance (VUS)
pose a challenge in terms of patient selection for therapy.
Reclassification of VUS has been based on functional
studies, in silico models, case reports and familial segre-
gation studies [47]. To demonstrate the biallelic presence
of sequence variants in RPE65-IRDs, familial segregation
studies are highly recommended, regardless of the type of
sequence variants.

The challenge of disease detection

Early detection of disease has become important to patients
who may be eligible for treatment. Without appropriate
clinical evaluation, including retinal imaging, electrodiag-
nostics and psychophysics, there is a high risk that milder
phenotypes may not be diagnosed as IRD, as early fundus
changes may be very subtle, leading to suspicion of infan-
tile or neurological nystagmus or central visual impairment
of unclear origin. A strong suspicion for RPE65-IRD is the
strong dependence of visual performance on adequate illu-
mination. The rate of undiagnosed RPE65-IRD has decreased
significantly since the pharmaceutical industry and patient
organisations such as ProRetina Deutschland have made
significant efforts to raise awareness of the disease among
healthcare providers. In the survey conducted by the Eu-
ropean Vision Institute Clinical Research Net (EVICR.net),
the percentage of central vision impairment has decreased
from 20 % in 2019 as initial misdiagnosis to 6 % in 2021 [27].
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However, the proportion of undiagnosed cases may still
be considerably high outside specialized centers, as for
example in Germany, the percentage of patients with IRDs
who receive a molecular genetic diagnosis is much lower in
non-university institutions than in specialized ophthalmo-
logic centers [21].

Preclinical studies and clinical trials
prior to approval

Breakthrough results in the long-term restoration of rod
and cone vision by single-dose recombinant adeno-associ-
ated virus (rAAV)-mediated gene transfer to the retina in
a canine model of RPE65-IRD [1] have paved the way for
human application. Successful phase 1-3 clinical trials led
to an effective adenovirus-associated (AAV) vector-based
approach (AAV2.hRPE65v2, voretigene neparvovec (VN))
with a single subretinal injection [38]. The results were
promising, as the majority of patients experienced a sig-
nificant increase in visual performance at reduced light
levels, indicating improved rod vision, while changes in
visual acuity representing cone function did not reach
statistical significance. A requirement for approval of
the novel therapy by the Food and Drug Administration
(FDA) was the demonstration of a patient-relevant benefit.
Therefore, the Multi-Luminance Mobility Test (MLMT) was
developed [6], which documented significantly improved
outcomes after VN therapy in the absence of significant
changes in best-corrected visual acuity, the classic outcome
measure used to demonstrate therapeutic efficacy. The FDA
approved VN (Luxturna™) in the US in 2017, and the Eu-
ropean Medicines Agency (EMA) in Europe in 2018. Since
then, many other countries have approved this gene aug-
mentation therapy. A recent review looked at the available
literature from 1974 to 2021 that examined the episomal
persistence of different rAAV vector genomes and the pre-
clinical and clinical evidence of long-term effects of differ-
ent RPE65 gene replacement therapies [24]. Viral genomes
were reported as transcriptionally active episomes for
at least 22 months, the longest follow-up in the study. In
dogs with RPE65-IRD, treatment effects lasted for almost
a decade and were more pronounced the earlier the inter-
vention. In humans with RPE65-IRD, long-term persistence
of therapeutic effects has been reported of up to 5 years
(MLMT) and 7.5 years (FST).
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Postmarketing results

The number of VN therapy results reported has increased
since its approval. Table 2 provides an overview of the 13
papers with at least 4 treated patients based on a literature
search of PubMed (last search August 8, 2024). Data include:
patient demographics (number of patients, age range, fol-
low-up), functional data (best corrected visual acuity and
full-field light stimulus threshold at baseline and at fol-
low-up as well as data on visual field changes) and mor-
phological data from multimodal retinal imaging. Some
patients are included in > 1 paper as indicated in the table
entry. The number of patients/eyes and the methods used at
baseline and follow-up often varied considerably making
statistical conclusions difficult. This problem is typical of
post-marketing data that do not follow a strict protocol of
predefined outcome measures. This is also true for the PER-
CEIVE registry (EUPAS31153, http://www.encepp.eu/encepp/
viewResource.htm?id=37005). From the data available to
date, a clear correlation of the functional and morphological
outcomes with the bleb location is not seen, although some
reports have found a trend (for more details see Table 2).
One reason may be that the location of the bleb, i.e. the area
between the neuroretina and the underlying RPE where
VN is applied during surgery (usually a single 0.3 mL bleb)
cannot be reliably predicted. This is due to many factors
such as variable adhesion of the degenerated neuroretina
to the underlying RPE, internal structure of the retina etc.
Some surgeons therefore create several smaller blebs de-
pending on the intraoperative situation, or perform limited
peeling of the internal limiting membrane to facilitate bleb
formation [10]. An additional problem is that the original
bleb may move to the periphery due to air-fluid exchange
at the end of the surgery [11].

Best corrected visual acuity (BCVA)

In most patients, the median or mean BCVA did not change
significantly (Table 2). This is consistent with the pre-mar-
keting results. However, individual patients experienced
significant (at least 0.310gMAR) changes for better or worse.
Paediatric eyes generally had a higher chance of improve-
ment [14, 26, 43]. In some cases, a decrease in BCVA corre-
lated with worsening of retinal changes seen on multimodal
retinal imaging (colour and infrared fundus photography,
blue-light fundus autofluorescence (BAF), spectral domain
optical coherence tomography (SD-OCT), after VN. These
changes may be associated with vitritis, which may indicate
inflammation or an unwanted immune response. The exact
aetiologies are controversial.
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Table 2: Comparison of post-marketing reports on VN treatment of RPE65-IRD involving at least 4 patients
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Author n Patients Follow-up BCVAatBL BCVAatFU FST at BL FST at FU Additional findings reported
Study design age range (y)
Diagnosis
[41]8 5,14-36 3mo FCto 0.2 Improved or Blue -3.39dB  Age strong predic- DAC cyan improved
single centre (dec) stable Red 0.83 dB tor for gain; ped>
EOSRD adults
[40] 41,2-44 Mean 10  Pediatric 75% £ 1 line white 0.6 dB Mean improve- Mean CFT pediatric 210 pm,
multicentre mo (0.25 mean change; noage +3.7 ment21.1dB £ adult 176 pm; mild thinning at
to 18.5) 20/150 effect; BL and 16.6 FU regardless age
(FCto CRA without Foveal detachment + did not
20/40) effect on influence outcome
Adult mean outcome
20/260 (LP
to 20/70).
[13] 10,5-20 Mean 11.3 logMAR Change logMAR  White -1.3log Mean improve- All with CRA from a larger
multicentre mo 0.82+0.51 0.09 +0.45 cd.s/m?+:0.44 ment-3.21log cohort
(4 sites) (4-18). cd.s/m? 8/10 bilateral; within bleb
38.9 %; within/outside
bleb 55.5 %; outside bleb
5.5 %;growth of atrophy over
time 100 %; mean myopia -
5.7 dpt (range -11.5 to +1.75)
Visual field: paracentral
scotoma related to atrophy 3
eyes, unrelated to atrophy 3
eyes (100 % of overall visual
field, 13 eyes).
[9] 14,4-17 Median Mean logMAR -0.8 White 2.0 log  White -4.1 log mean CST (19 eyes) at BL 215
single centre 513 days 20/191 (0.10 to 1.60) cd.s/m?+:0.7  cd.s/m?+0.9 pm (192 - 247); at FU 206 pm
LCA (167 - logMAR (185 to 230)
766) 0.98 (0.4 - GVF IIl4e (13 eyes):
1.7 At BL mean 163 sum degrees
(0 to 767).
At FU 384 sum degrees (17 to
1047)
[14] 4,3-6 Mean 18.5 logMAR Mean improve-  White -9.5dB  Improved by 230 BAF absent, nystagmus +,
single centre mo 1.3-0.7 ment-0.31 (1 patient) dB at 6 months improved post VN; mobility
LCA logMAR test failed < 40 lux pre and
4-year-old passed at 4 lux post VN; ERG
patient: scotopic and flicker non-re-
1 eye from 1.3 cordable preop, flicker positive
t0 0.6 in 2 patients post VN; measur-
6-year-old able Goldmann isopter IlI4e in
patient: 3 patients post VN.
1 eye from 0.7
t0 0.0
[18] 12,4-26 4-t015 BCVAgiven No significant White White All Danish patients treated
Single centre mo in letters, change Range-1.137 Range-1.319to  with VN
Snellen, LP, to -2.455 cd.s/ -5.565 cd/m? Vitritis minimal to mild 9/23
HM m? eyes, 4 with outer retinal
changes and subsequent
new CRA; median interval to
inflammation 89 days
[44] 6,7-17 6 mo Mean mean improve-  NA NA reduced CRT, reduced central
single centre 20/100 ment ONL thickness compared to
logMAR 0.7 -0.2 logMAR age-matched healthy eyes
+0.08 +0.7
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Table 2: Continued
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Author n Patients Follow-up BCVAatBL BCVAatFU FST at BL FST at FU Additional findings reported
Study design age range (y)
Diagnosis
[41]# 38,2-44 >12mo  logMAR 1.1 logMAR change White Change Correlation CRA - change FST
2 centres* +0.64 0.04 +0.53 -2491dB -15.99 + 11.43 CRA (n=20)-22.78£9.21
n=67 (n=67) 1.74 n=48 n=27 (n=15)
No CRA(n=51)-7.51+7.70
(n=12)
[12]* 103, 2-51 Mean logMAR logMAR change  White - 4.56 dB White Mean CRT 209.2 pm + 45.82
multicentre (15 0.8y+ 1.14+0.57 -0.03+0.55 +10.88 At12mo (n=42): (117 eyes);
countries 0.64; max (n=148) (2 years,n=24) (127 eyes) -18.24dB +14.62 Any ocular AEs 17.5% o
LCA, EOSRD; RP 23y
[19] 6, 18-49 8.2mo logMAR logMAR 1.46 White -4.41dB White -11.98 dB  Retinal atrophy: 12/12 eyes
RP (4), LCA (2) (1-12) 1.28+0.71 +0.6 +10.62 +113.83 injection site
8/12 within bleb area (mild,
asymmetrical)
2/12 within bleb and periph-
eral, severe
[20] 4,12-37 Mean 22.3 ND ND Blue Blue DA-2CTP results correspond to
single centre mo - 2.4 cd/m? -4.03cd/m?t FST improvement plus spatial
EOSRD +2.1 1.15 resolution
(6 eyes) (6 eyes)
[2]$ 14,5-26 22y + logMAR ND White ND Total eyes treated 187 = 14.4%
multicentre (5) 0.8 mean 0.8 Mean - 1.9 with atrophy CRA touchdown
cd/m? 14 eyes, nummular 15 eyes
perifoveal 12 eyes; > 1 type of
atrophy 15 eyes: growth rates
touchdown < nummular < per-
ifoveal (16.7 _ 1.8 mm?/year)
[26] 19, 8-40 Median logMAR Median BCVA Blue Blue at 12 mo Mean CRT 165.87 pm + 26.26
single centre 5 pediatric 151mo  1.25 stable (within Pediatric Pediatric median  atBL, and 157.69 um +30.3 at
EOSRD, RP 14 adult (1.1-32.2) (0.2-2.3) 0.1 logMAR) median - 5.85 -18.98 dB 12 mo; LLVA mean improve-
Pediatric ~ Pediatric: independent dB Adult median ment —1.05 logMAR; all
155mo  0.55 of age Adult median  -8.95dB pediatric eyes had GVF IIl4e at
(1.1-21.4) (0.3-1.5) Gain =2-0.3 -1dB BL, post VN improvement up
Adult 13.9 Adult: logMAR in 2/18 to 50 %; No adult eye GVF Ill4e
mo (6.2- 1.4(0.2-2.3) adultand 2/8 pre and post VN; DA-2CTP
32.2) pediatric eyes 2-color threshold perimetry
Loss >-0.3 significantly improved in
logMAR in 5/18 pediatric eyes; new CRA in
adult eyes 50 % (42 % at injection site,

42 % central, 42 % peripheral);
no correlation of CRA with
change in FST at 12 mo

AEs adverse events of special interest; BCVA best corrected visual acuity; BL base line; CFT central foveal thickness; CRT central retinal thickness;

CST central subfield thickness; CRA chorioretinal atrophies; DAC dark adapted campimetry, DA-2CTP dark adapted two color threshold perimetry;

dB decibel; dpt diopter; EOSRD early onset severe retinal degeneration; FU follow-up; FST dark adapted Fullfield Light Stimulus Threshold; GVF
Goldmann Visual Field; HM hand movements; LCA Leber congenital Amaurosis; LP light perception; logMAR logarithm of minimal angle of resolution
visual acuity; LLVA low luminance visual acuity; mo months; ND no data; RP retinitis pigmentosa; VN voretigene neparvovec; y years

§ see also several later publications including [36] describing CRAs in 13 eyes/8 patients (including the 5 patients in [42]).

# includes the patients/eyes described in [42] and [36]
* includes cases reported by [27, 36, 42 ]
$ Includes cases reported by [13]
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Visual field changes

The effects on Goldmann visual field changes (as measured
with Goldmann kinetic perimetry) are highly variable in
the different reports (Table 2). In very advanced cases, little
or no improvement was documented compared to earlier
stages of the disease, i. e. generally speaking younger pa-
tients, where significant improvements were seen, proba-
bly related to better preserved outer retinal structures and
underlying RPE, but not necessarily related to the location
of the bleb at the end of the procedure.

Dark-adapted chromatic fullfield light
stimulus sensitivity (DA-cFST)

In most patients, regardless of age, there was a statistically
significant change in retinal sensitivity, i.e. the patients
were able to see the stimulus at lower light levels after VN.
However, there was a tendency for younger patients to show
more improvement. The DA-cFST with blue and red light
stimuli allows estimating the effect on cone versus rod vision
without providing information on spatial resolution. Briefly,
the test is performed as follows: After pupil dilation and 45
min of dark adaptation, blue, red and white light flashes of
200 ms duration are presented with a Colordome full-field
stimulator (Diagnosys LLC, Littleton, MA, USA, or equiva-
lent). Each test takes 2 to 3 min. During the test, the EspionTM
software uses a proprietary probability density function to
automatically determine the threshold. In the FST protocol,
the 0 dB baseline is defined as 0.1 cd/m? for all three colours.
The baseline luminance for the first trial is typically chosen
to be at least 10 dB dimmer than the subject’s expected
threshold to avoid light-induced rod desensitisation. A short
break between sensitivity measurements avoids fatigue. A
gain or loss of at least 10 dB is considered meaningful. A com-
parison of the thresholds for blue and red indicates whether
the stimulus is perceived by rods or cones. [26].

Two-color-threshold perimetry (2CTP)

2CTP after dark adaptation measures retinal sensitivity to
blue and red light at defined retinal locations. Similar to
DA-cFST, it allows assessment of the more sensitive photore-
ceptor pathway by comparing blue and red thresholds. VN
therapy showed significant improvements in rod function
especially in younger patients [20, 26]. Unlike DA-cFST, 2CTP
provides insight into spatially resolved changes in retinal
sensitivity. 2CTP is not part of routine clinical practice but
available in some highly specialized centers. The results
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Figure 1: Comparison of multiluminance mobility test (MLMT)[7] and
Fullfield Stimulus Light Test (FST) results up to 4 years after treatment
with Voretigene Neparvovec in a phase 3 study. Modified after Maguire
2021[29].

compare well with the MLMT data [6], but the measure-
ments are similarly time consuming. As mentioned above,
DA-cFST is not a perfect substitute, as it is only a global test
without spatial resolution and therefore does not efficiently
delineate changes/enlargements of visual fields at low lumi-
nance levels (fig. 1 modified from [31]). However, in routine
clinical practice, the DA-cFST is a very useful test and should
be available in all centres where VN therapy is offered. In a
survey conducted in 2021 by the European Vision Research
Clinical Research network EVICR.net, 15 out of 26 centres
following RPE65-IRD patients reported that they did not
perform DA-FST [27], despite its importance in documenting
detailed treatment effects on cones and rods, respectively,
following VN therapy.

New or accelerated chorioretinal atrophy as
serious adverse effects

Chorioretinal atrophy (CRA) inside and outside the bleb in
up to 50 % and more of treated eyes (fig. 2), as well as in-
flammation, subretinal haemorrhage, subretinal neovascu-
larization, subretinal deposits in young patients, and para-
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OS (untreated)

preop

14 month postop

WFCFI

BAF, 55°

IR, 55° BAF, 30°

WEFCFI

BAF, 55°

Figure 2: Accelerated retinal degeneration right eye after treatment with Voretigene Neparvovec. Non treated left eye stable during follow-up. Shown are
widefield color images, blue light fundus autofluorescence images, and infrared images (right eye only). Modified after [26]. OD right eye, OS left eye.

central scotomas have recently been reported as a potential
complication of VN therapy. [9, 12, 13, 18, 19, 25, 26, 36, 40].
Changes in retinal thickness have also been reported using
optical coherence tomography (Table 2) [26]. CRA was not
assessed in the phase 1 to 3 clinical trials. CRA represents
irreversible photoreceptor loss associated with irreversible
RPE atrophy. It has been suggested that CRA may be more
common in myopic eyes and younger patients [13], but this
has not been subsequently confirmed. An immunological or
inflammatory response to the AAV capsid or gene product
may also play a role in the development of atrophy [4, 5].
A recent paper speculated that empty capsids may cause
adverse effects [3]. There is currently an open debate about
the possible functional effects of CRA [42], with some claim-
ing a higher improvement in DA-FST in the presence of CRA
[42], which has not been confirmed by others [26, 32]. The
effect on central visual function depends on the location
and growth rate of the CRA. Four types were identified in 27
eyes treated in 5 US centres: (1) at the injection site = “touch-
down”, (2) nummular (i. e. patchy CRAS) in the peripheral
retina, (3) perifoveal in the bleb area, and (4) mixed forms
[2]. The total number of eyes treated in these 5 centres was
187, resulting in an overall prevalence of CRA of 14.4% in
this particular study. The observed growth rates increased
from type 1 to type 4. Perifoveal CRA may cause paracen-
tral visual field defects and loss of BCVA, as reported by
some authors (Table 2). In addition to the clear accelera-
tion of disease in some patients following VN therapy, it is
important to remember that already in 2013, progressive
degeneration in both treated and untreated areas was re-
ported in the nine patients studied, while improved retinal
sensitivity persisted, albeit to varying degree [8]. CRA is
controversial, both in terms of its underlying causes and
its functional consequences. Further data are needed to
draw conclusions. Modification of the surgery to apply VN
may reduce the risk of touch-down CRA such as peeling of

the internal limiting membrane at the site of the planned
subretinal injection [10]. An interesting observation was
made after VN therapy in the second eye of four patients
previously treated with rAAV2-CB-hRPEG65 as part of a gene
augmentation clinical trial [20]. In 3 out of 4 eyes, areas of
robust visual field improvement were followed by CRA 5
to 22 months after treatment with VN. The authors hypoth-
esized that overexpression of normal RPE65 in eyes of pa-
tients with RPE65-IRD with a yet to define certain degree of
diseased RPE may lead to an initial significant improvement
of function followed by CRA. No atrophies were observed
after the previous treatment with rAAV2-CB-hRPE65, where
the treatment effects were in general much less pronounced
suggesting a less effective vector.

Conclusion and outlook

Post-marketing data from gene amplification therapy with
VN (Luxturna™) in patients with RPE65-IRD confirm the
benefit of increased visual performance under reduced
light including low contrast vision. Long-term persistence
of benefit for at least 4 to 5 years has been demonstrated
in phase 1 to 3 clinical trials. Visual acuity and visual field
results are variable and often do not reach statistical sig-
nificance as variable results have also been observed
in treatment-naive patients [37]. Treating less advanced
disease with a better preserved retina may be beneficial
but patients with more advanced disease may also see some
improvement. These beneficial effects need to be weighed
against the acceleration of retinal degeneration that has
been reported in up to 50 % of treated eyes post-market-
ing. Accelerated retinal degeneration can occur without
functional loss as long as the fovea is not affected. Due to
the high cost of VN therapy, the cost-benefit ratio must also
be considered [17, 46]. Further studies should clarify the
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pathology of adverse effects and identify the therapeutic
window in which patients benefit the most from therapy
with the lowest risk of adverse effects. The introduction of
VN therapy has clearly paved the way for gene therapy of
IRDs. Other forms are currently under investigation and
are expected to be approved in the near future — a great
perspective for patients with inherited blinding diseases for
which no causal treatment is yet available.

Research funding: None.

Author contributions: Only one author.
Competing interests: No conflict of interest.
Informed consent: Not applicable.

Ethical approval: Not applicable

References

[11 Acland GM, Aguirre GD, Bennett ], Aleman TS, Cideciyan AV,
Bennicelli J, Dejneka NS, Pearce-Kelling SE, Maguire AM, Palczewski
K, Hauswirth WW, Jacobson SG. Long-term restoration of rod and
cone vision by single dose rAAV-mediated gene transfer to the
retina in a canine model of childhood blindness. Mol Ther. 2005

[2] Bommakanti N, Young BK, Sisk RA, Berrocal AM, Duncan JL, Bakall
B, Mathias MT, Ahmed I, Chorfi S, Comander J, Nagiel A, Besirli
CG. Classification and Growth Rate of Chorioretinal Atrophy
after Voretigene Neparvovec-Rzyl for RPE65-Mediated Retinal
Degeneration. Ophthalmol Retina. 2024 Jan;8(1):42-48. doi:
10.1016/j.oret.2023.08.017. Epub 2023 Sep 3. PMID: 37660736;
PMCID: PMC11138130.

[3] Bennett), Maguire AM. Lessons Learned from the Development of
the First FDA-Approved Gene Therapy Drug, Voretigene Neparvo-
vec-rzyl. Cold Spring Harb Perspect Med 2022:a041307. Available at:
https://pubmed.ncbi.nlm.nih.gov/36167727/ [Accessed February 26,
2023].

[4] Bucher K, Rodriguez-Bocanegra E, Dauletbekov D, Fischer MD.
Immune responses to retinal gene therapy using adeno-associated
viral vectors - Implications for treatment success and safety. Prog
Retin Eye Res 2021;83. Available at: https://pubmed.ncbi.nlm.nih.
gov/33069860/ [Accessed February 26, 2023].

[5] Cao D, Byrne BJ, de Jong YP, Terhorst C, Duan D, Herzog RW,

Kumar SRP. Innate Immune Sensing of Adeno-Associated Virus
Vectors. Hum Gene Ther. 2024 Jul;35(13-14):451-463. doi: 10.1089/
hum.2024.040. Epub 2024 Jul 5. PMID: 38887999; PMCID:
PMC11310564.

[6] Chung DC, Bertelsen M, Lorenz B, Pennesi ME, Leroy BP, Hamel CP,
Pierce E, Sallum J, Larsen M, Stieger K, Preising M, Weleber R, Yang
P, Place E, Liu E, Schaefer G, DiStefano-Pappas J, Elci OU, McCague
S, Wellman JA, High KA, Reape KZ. The Natural History of Inherited
Retinal Dystrophy Due to Biallelic Mutations in the RPE65 Gene. Am
J Ophthalmol. 2019 Mar;199:58-70. doi: 10.1016/j.aj0.2018.09.024.
Epub 2018 Sep 28. PMID: 30268864; PMCID: PMC6445969.

[71 Chung DC, McCague S, Yu ZF, Thill S, DiStefano-Pappas J, Bennett J,
Cross D, Marshall K, Wellman J, High KA. Novel mobility test
to assess functional vision in patients with inherited retinal
dystrophies. Clin Exp Ophthalmol. 2018 Apr;46(3):247-259. doi:

(8

[

(0]

m

2]

(3]

(4]

[15]

[16]

07

10.1111/ce0.13022. Epub 2017 Aug 31. PMID: 28697537; PMCID:
PM(C5764825.

Cideciyan AV, Jacobson SG, Beltran WA, Sumaroka A, Swider M,
Iwabe S, Roman AJ, Olivares MB, Schwartz SB, Komaromy AM,
Hauswirth WW, Aguirre GD. Human retinal gene therapy for Leber
congenital amaurosis shows advancing retinal degeneration
despite enduring visual improvement. Proc Natl Acad Sci U S A.
2013 Feb 5;110(6):E517-25. doi: 10.1073/pnas.1218933110. Epub 2013
Jan 22. PMID: 23341635; PMCID: PM(C3568385.

Deng C, Zhao PY, Branham K, Schlegel D, Fahim AT, Jayasundera TK,
Khan N, Besirli CG. Real-world outcomes of voretigene neparvovec
treatment in pediatric patients with RPE65-associated Leber
congenital amaurosis. Graefes Arch Clin Exp Ophthalmol. 2022
May;260(5):1543-1550. doi: 10.1007/500417-021-05508-2. Epub 2022
Jan 10. PMID: 35001204; PMCID: PMC9010358.

Dormegny L, Studer F, Sauer A, Ballonzoli L, Speeg-Schatz

C, Bourcier T, Dollfus H, Gaucher D. Could internal limiting
membrane peeling before Voretigen neparvovec-ryzl subretinal
injection prevent focal chorioretinal atrophy? Heliyon. 2024

Jan 26;10(3):e25154. doi: 10.1016/j.heliyon.2024.e25154. PMID:
38322949; PMCID: PMC10844059.

Ducloyer JB, Pichard V, Mevel M, Galy A, Lefevre GM, Brument

N, Alvarez-Dorta D, Deniaud D, Mendes-Madeira A, Libeau L,

Le Guiner C, Cronin T, Adjali O, Weber M, Le Meur G. Intravitreal air
tamponade after AAV2 subretinal injection modifies retinal EGFP
distribution. Mol Ther Methods Clin Dev. 2023 Feb 15;28:387-393.
doi: 10.1016/j.omtm.2023.02.006. PMID: 36874242; PMCID:
PM(C9982454.

Fischer MD, Simonelli F, Sahni J, Holz FG, Maier R, Fasser C, Suhner
A, Stiehl DP, Chen B, Audo I, Leroy BP; PERCEIVE Study Group.
Real-World Safety and Effectiveness of Voretigene Neparvovec:
Results up to 2 Years from the Prospective, Registry-Based
PERCEIVE Study. Biomolecules. 2024 Jan 17;14(1):122. doi: 10.3390/
biom14010122. PMID: 38254722; PMCID: PMC10813228.

Gange WS, Sisk RA, Besirli CG, et al. Perifoveal Chorioretinal Atrophy
after Subretinal Voretigene Neparvovec-rzyl for RPE65-Mediated
Leber Congenital Amaurosis. Ophthalmol Retina 2022;6:58-64.
Available at: https://pubmed.ncbi.nim.nih.gov/33838313/ [Accessed
February 26, 2023].

Gerhardt M), Priglinger CS, Rudolph G, et al. Gene Therapy with
Voretigene Neparvovec Improves Vision and Partially Restores
Electrophysiological Function in Pre-School Children with Leber
Congenital Amaurosis. Biomedicines 2022;11. Available at: https://
pubmed.nchi.nim.nih.gov/36672611/ [Accessed February 26, 2023].
Hull' S, Holder GE, Robson AG, Mukherjee R, Michaelides M, Webster
AR, Moore AT. Preserved visual function in retinal dystrophy

due to hypomorphic RPE65 mutations. Br ] Ophthalmol. 2016
Nov;100(11):1499-1505. doi: 10.1136/bjophthalmol-2015-308019.
Epub 2016 Feb 23. PMID: 26906952.

Jacobson SG, Cideciyan AV, Ratnakaram R, Heon E, Schwartz SB,
Roman AJ, Peden MC, Aleman TS, Boye SL, Sumaroka A, Conlon

T), Calcedo R, Pang J), Erger KE, Olivares MB, Mullins CL, Swider

M, Kaushal S, Feuer W], Iannaccone A, Fishman GA, Stone EM,
Byrne BJ, Hauswirth WW. Gene therapy for leber congenital
amaurosis caused by RPE65 mutations: safety and efficacy in 15
children and adults followed up to 3 years. Arch Ophthalmol. 2012
Jan;130(1):9-24. doi: 10.1001/archophthalmol.2011.298. Epub 2011
Sep 12. PMID: 21911650; PMCID: PMC3600816.

Johnson S, Buessing M, O’Connell T, et al. Cost-effectiveness of
Voretigene Neparvovec-rzyl vs Standard Care for RPE65-Mediated


https://doi.org/10.1007/s00417-004-1020-x
https://doi.org/10.1007/s00417-004-1020-x
https://dog.org/wp-content/uploads/sites/11/2013/03/10.1007_s00347-019-0906-2.pdf
https://pubmed.ncbi.nlm.nih.gov/36167727
https://pubmed.ncbi.nlm.nih.gov/36167727
https://doi.org/10.1016/j.oret.2023.08.017
https://doi.org/10.1016/j.oret.2023.08.017
https://doi.org/10.1089/hum.2024.040
https://doi.org/10.1016/j.ajo.2018.09.024
https://doi.org/10.1016/j.ajo.2018.09.024
https://doi.org/10.1111/ceo.13022
https://doi.org/10.1073/pnas.1218933110
https://doi.org/10.1007/s00417-021-05508-2
https://doi.org/10.1016/j.heliyon.2024.e25154
https://doi.org/10.1016/j.omtm.2023.02.006
https://doi.org/10.1016/j.omtm.2023.02.006
https://pubmed.ncbi.nlm.nih.gov/33069860
https://pubmed.ncbi.nlm.nih.gov/33838313
https://pubmed.ncbi.nlm.nih.gov/33838313
https://doi.org/10.3390/biom14010122
https://doi.org/10.1136/bjophthalmol-2015-308019

DE GRUYTER

(18]

(9]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Inherited Retinal Disease. JAMA Ophthalmol 2019;137:1115-1123.
Available at: https://pubmed.ncbi.nlm.nih.gov/31318398/ [Accessed
February 26, 2023]

Kessel L, Christensen UC, Klemp K. Inflammation after Voretigene
Neparvovec Administration in Patients with RPE65-Related Retinal
Dystrophy. Ophthalmology 2022;129:1287-1293. Available at:
https://pubmed.ncbi.nim.nih.gov/35760216/ [Accessed February
26, 2023].

Kiraly P, Cottriall CL, Taylor LJ, Jolly JK, Cehajic-Kapetanovic J, Yusuf
IH, Martinez-Fernandez de la Camara C, Shanks M, Downes SM,
MacLaren RE, Fischer MD. Outcomes and Adverse Effects of
Voretigene Neparvovec Treatment for Biallelic RPE65-Mediated
Inherited Retinal Dystrophies in a Cohort of Patients from a

Single Center. Biomolecules. 2023 Oct 5;13(10):1484. doi: 10.3390/
biom13101484. PMID: 37892166; PMCID: PMC10605275.

Ku CA, Igelman AD, Huang SJ, Vasconcelos H, da Palma MM, Bailey
ST, Lauer AK, Weleber RG, Yang P, Pennesi ME. Improved Rod
Sensitivity as Assessed by Two-Color Dark-Adapted Perimetry in
Patients With RPE65-Related Retinopathy Treated With Voretigene
Neparvovec-rzyl. Transl Vis Sci Technol. 2023 Apr 3;12(4):17. doi:
10.1167/tvst.12.4.17. PMID: 37058101; PMCID: PMC10117223.

Kiinzel SH, Mahren E, Morr M, Holz FG, Lorenz B; Arbeitsgruppe IRDs
in Deutschland. Diagnostik und Management von Patient*innen
mit erblichen Netzhautdegenerationen in Deutschland: Ergebnisse
einer bundesweiten Umfrage an universitaren und nichtuniver-
sitdren Augenkliniken sowie Schwerpunktpraxen. [Diagnostics and
management of patients with inherited retinal diseases in Germany:
Results of a nationwide survey of university and non-university

eye departments and specialized practices] Ophthalmologie. 2023
Nov;120(11):1127-1137. German. doi: 10.1007/s00347-023-01902-9.
Epub 2023 Aug 15. PMID: 37582888

Kumaran N, Moore AT, Weleber RG, Michaelides M. Leber
congenital amaurosis/early-onset severe retinal dystrophy: clinical
features, molecular genetics and therapeutic interventions. Br
Ophthalmol. 2017 Sep;101(9):1147-1154. doi: 10.1136/bjophthalmol-
2016-309975. Epub 2017 Jul 8. Erratum in: Br ) Ophthalmol. 2019
Jun;103(6):862. doi: 10.1136/bjophthalmol-2016-309975corr1. PMID:
28689169; PMCID: PM(C5574398.

Kumaran N, Georgiou M, Bainbridge JWB, Bertelsen M, Larsen M,
Blanco-Kelly F, Ayuso C, Tran HV, Munier FL, Kalitzeos A, Michaelides
M. Retinal Structure in RPE65-Associated Retinal Dystrophy. Invest
Ophthalmol Vis Sci. 2020 Apr 9;61(4):47. doi: 10.1167/iovs.61.4.47.
PMID: 32347917, PMCID: PMC7401957.

Leroy BP, Fischer MD, Flannery )G, MacLaren RE, Dalkara D, Scholl
HPN, Chung DC, Spera C, Viriato D, Banhazi J. Gene Therapy

for Inherited Retinal Disease: Long-Term Durability of Effect.
Ophthalmic Res. 2023;66(1):179-196. doi: 10.1159/000526317. Epub
2022 Sep 14. PMID: 36103843.

Lopez J, Borchert M, Lee TC, Nagiel A. Subretinal deposits in

young patients treated with voretigene neparvovec-rzyl for
RPE65-mediated retinal dystrophy. Br | Ophthalmol 2023;107.
Available at: https://pubmed.ncbi.nlm.nih.gov/35835501/ [Accessed
February 26, 2023].

Lorenz B, Kiinzel SH, Preising MN, Scholz JP, Chang P, Holz FG,
Herrmann P. Single Center Experience with Voretigene Neparvovec
Gene Augmentation Therapy in RPE65 Mutation-Associated Inherited
Retinal Degeneration in a Clinical Setting. Ophthalmology. 2024
Feb;131(2):161-178. doi: 10.1016/j.0phtha.2023.09.006. Epub 2023 Sep
12. Erratum in: Ophthalmology. 2024 Apr 11:50161-6420(24)00160-X.
doi: 10.1016/j.0phtha.2024.02.021. PMID: 37704110.

[27]

(28]

[29]

(30]

(31

(32]

(33]

(34]

[35]

(36]

[37]

(38]

Birgit Lorenz, Long-term experience with gene augmentation therapy =——— 55

Lorenz B, Tavares J, van den Born LI, Marques JP, Pilotto E, Sting|

K, Charbel Issa P, Leroux D, Dollfus H, Scholl HPN. Current
Management of Patients with RPE65 Mutation Associated Inherited
Retinal Degenerations in Europe: Results of a 2-Year Follow-Up
Multinational Survey. Ophthalmic Res. 2023;66(1):727-748. doi:
10.1159/000529777. Epub 2023 Mar 6. PMID: 36878196.

Lorenz B, Poliakov E, Schambeck M, Friedburg C, Preising MN,
Redmond TM. A comprehensive clinical and biochemical functional
study of a novel RPE65 hypomorphic mutation. Invest Ophthalmol
Vis Sci. 2008 Dec;49(12):5235-42. doi: 10.1167/iovs.07-1671. Epub
2008 Jul 3. PMID: 18599565; PMCID: PMC5015590.

Lorenz B, Wabbels B, Wegscheider E, Hamel CP, Drexler W, Preising
MN. Lack of fundus autofluorescence to 488 nanometers from
childhood on in patients with early-onset severe retinal dystrophy
associated with mutations in RPE65. Ophthalmology. 2004
Aug;111(8):1585-94. doi: 10.1016/j.0phtha.2004.01.033. PMID:
15288992.

Lorenz B, Gyiiriis P, Preising M, Bremser D, Gu S, Andrassi M,
Gerth C, Gal A. Early-onset severe rod-cone dystrophy in young
children with RPE65 mutations. Invest Ophthalmol Vis Sci. 2000
Aug;41(9):2735-42. PMID: 10937591.

Maguire AM, Russell S, Chung DC, et al. Durability of Voretigene
Neparvovec for Biallelic RPE65-Mediated Inherited Retinal
Disease: Phase 3 Results at 3 and 4 Years. Ophthalmology.
2021;128(10):1460-1468. doi:10.1016/j.0phtha.2021.03.031

Melillo P, Testa F, Di Iorio V, Karali M, Citro A, Della Corte M, Rossi
S, Banfi S, Simonelli F. Objective Outcomes to Evaluate Voretigene
Neparvovec Treatment Effects in Clinical Practice. Ophthalmol
Retina. 2024 Jul;8(7):688-698. doi: 10.1016/j.0ret.2024.01.021. Epub
2024 Feb 1. PMID: 38295874.

Paunescu K, Wabbels B, Preising MN, Lorenz B. Longitudinal and
cross-sectional study of patients with early-onset severe retinal
dystrophy associated with RPE65 mutations. Graefes Arch Clin Exp
Ophthalmol. 2005;243(5):417-426. doi:10.1007/500417-004-1020-x
Pennesi ME, Weleber RG, Yang P, Whitebirch C, Thean B, Flotte

TR, Humphries M, Chegarnov E, Beasley KN, Stout JT, Chulay JD.
Results at 5 Years After Gene Therapy for RPE65-Deficient Retinal
Dystrophy. Hum Gene Ther. 2018 Dec;29(12):1428-1437. doi:
10.1089/hum.2018.014. Epub 2018 Jul 24. PMID: 29869534
Redmond TM, Poliakov E, Yu S, et al. Mutation of key residues

of RPE65 abolishes its enzymatic role as isomerohydrolase in

the visual cycle. Proc Natl Acad Sci U S A 2005;102:13658-13663.
Available at: https://pubmed.ncbi.nim.nih.gov/16150724/ [Accessed
March 17, 2023].

Reichel FF, Seitz I, Wozar F, et al. Development of retinal atrophy
after subretinal gene therapy with voretigene neparvovec. Br

) Ophthalmol 2022. Available at: https://pubmed.ncbi.nlm.nih.
gov/35609955/ [Accessed February 26, 2023].

Roman A, Cideciyan A v., Schwartz SB, et al. Intervisit variability of
visual parameters in Leber congenital amaurosis caused by RPE65
mutations. Invest Ophthalmol Vis Sci 2013;54:1378-1383. Available
at: https://pubmed.ncbi.nlm.nih.gov/23341016/ [Accessed February
26, 2023].

Russell S, Bennett J, Wellman JA, Chung DC, Yu ZF, Tillman A,
Wittes J, Pappas J, Elci O, McCague S, Cross D, Marshall KA,
Walshire J, Kehoe TL, Reichert H, Davis M, Raffini L, George LA,
Hudson FP, Dingfield L, Zhu X, Haller JA, Sohn EH, Mahajan VB,
Pfeifer W, Weckmann M, Johnson C, Gewaily D, Drack A, Stone E,
Wachtel K, Simonelli F, Leroy BP, Wright JF, High KA, Maguire AM.
Efficacy and safety of voretigene neparvovec (AAV2-hRPE65v2)


https://pubmed.ncbi.nlm.nih.gov/36672611
https://pubmed.ncbi.nlm.nih.gov/31318398
https://doi.org/10.1001/archophthalmol.2011.298
https://doi.org/10.1001/archophthalmol.2011.298
https://doi.org/10.3390/biom13101484
https://doi.org/10.3390/biom13101484
https://doi.org/10.1167/tvst.12.4.17
https://doi.org/10.1007/s00347-023-01902-9
https://doi.org/10.1007/s00347-023-01902-9
https://doi.org/10.1136/bjophthalmol-2016-309975
https://doi.org/10.1136/bjophthalmol-2016-309975corr1
https://doi.org/10.1167/iovs.61.4.47
https://pubmed.ncbi.nlm.nih.gov/35760216
https://doi.org/10.1159/000526317
https://doi.org/10.1016/j.ophtha.2023.09.006
https://doi.org/10.1016/j.ophtha.2024.02.021
https://doi.org/10.1016/j.ophtha.2024.02.021
https://doi.org/10.1159/000529777
https://doi.org/10.1167/iovs.07-1671
mailto:Stephanie.Cornelis@radboudumc.nl
https://doi.org/10.1016/j.ophtha.2004.01.033
https://doi.org/10.1016/j.ophtha.2021.03.031
https://doi.org/10.1016/j.oret.2024.01.021
https://doi.org/10.1016/j.oret.2024.01.021
https://pubmed.ncbi.nlm.nih.gov/35835501
https://pubmed.ncbi.nlm.nih.gov/16150724
https://pubmed.ncbi.nlm.nih.gov/16150724
https://pubmed.ncbi.nlm.nih.gov/35609955

56 —— Birgit Lorenz, Long-term experience with gene augmentation therapy

391

[40]

[41]

[42]

[43]

in patients with RPE65-mediated inherited retinal dystrophy: a
randomised, controlled, open-label, phase 3 trial. Lancet. 2017 Aug
26;390(10097):849-860. doi: 10.1016/50140-6736(17)31868-8. Epub
2017 Jul 14. Erratum in: Lancet. 2017 Aug 26;390(10097):848. PMID:
28712537; PMCID: PMC5726391.

Sallum JMF, Kaur VP, Shaikh J, Banhazi J, Spera C, Aouad;j C, Viriato
D, Fischer MD. Epidemiology of Mutations in the 65-kDa Retinal
Pigment Epithelium (RPE65) Gene-Mediated Inherited Retinal
Dystrophies: A Systematic Literature Review. Adv Ther. 2022
Mar;39(3):1179-1198. doi: 10.1007/512325-021-02036-7. Epub 2022
Jan 30. PMID: 35098484; PMCID: PM(C8918161.

Sengillo JD, Gregori NZ, Sisk RA, et al. Visual Acuity, Retinal
Morphology, and Patients’ Perceptions after Voretigene
Neparovec-rzyl Therapy for RPE65-Associated Retinal Disease.
Ophthalmol Retina 2022;6:273-283. Available at: https://pubmed.
ncbi.nlm.nih.gov/34896323/ [Accessed February 26, 2023].

Stingl K, Kempf M, Bartz-Schmidt KU, Dimopoulos S, Reichel F,
Jung R, Kelbsch C, Kohl S, Kortlim FC, Nasser F, Peters T, Wilhelm
B, Wissinger B, Wozar F, Zrenner E, Fischer MD, Stingl K. Spatial
and temporal resolution of the photoreceptors rescue dynamics
after treatment with voretigene neparvovec. Br ] Ophthalmol. 2022
Jun;106(6):831-838. doi: 10.1136/bjophthalmol-2020-318286. Epub
2021 Jan 20. PMID: 33472769; PMCID: PMC9132865.

Stingl K, Stingl K, Schwartz H, et al. Full-field scotopic threshold
improvement following voretigene neparvovec-rzyl treatment
correlates with chorioretinal atrophy. Ophthalmology 2023.
Available at: https://pubmed.ncbi.nlm.nih.gov/36822437/ [Accessed
February 26, 2023].

Testa F, Murro V, Signorini S, Colombo L, Iarossi G, Parmeggiani F,
Falsini B, Salvetti AP, Brunetti-Pierri R, Aprile G, Bertone C, Suppiej
A, Romano F, Karali M, Donati S, Melillo P, Sodi A, Quaranta L,
Rossetti L, Buzzonetti L, Chizzolini M, Rizzo S, Staurenghi G, Banfi
S, Azzolini C, Simonelli F. RPE65-Associated Retinopathies in the
Italian Population: A Longitudinal Natural History Study. Invest

[44]

[45]

[46]

[47]

DE GRUYTER

Ophthalmol Vis Sci. 2022a Feb 1;63(2):13. doi: 10.1167/i0vs.63.2.13.
PMID: 35129589; PMCID: PM(C8822366

Testa F, Melillo P, Di Iorio V, Iovino C, Farinaro F, Karali M, Banfi

S, Rossi S, Della Corte M, Simonelli F. Visual function and retinal
changes after voretigene neparvovec treatment in children

with biallelic RPE65-related inherited retinal dystrophy. Sci Rep.
2022b Oct 21;12(1):17637. doi: 10.1038/541598-022-22180-6. PMID:
36271235; PMCID: PMC9586929.

Testa F, Bacci G, Falsini B, Iarossi G, Melillo P, Mucciolo DP, Murro V,
Salvetti AP, Sodi A, Staurenghi G, Simonelli F. Voretigene neparvovec
for inherited retinal dystrophy due to RPE65 mutations: a scoping
review of eligibility and treatment challenges from clinical trials to
real practice. Eye (Lond). 2024 Sep;38(13):2504-2515. doi: 10.1038/
s41433-024-03065-6. Epub 2024 Apr 16. PMID: 38627549; PMCID:
PMC(C11385234.

Uhrmann MF, Lorenz B, Gissel C. Cost Effectiveness of Voretigene
Neparvovec for RPE65-Mediated Inherited Retinal Degeneration
in Germany. Transl Vis Sci Technol 2020;9:1-8. Available at:
https://pubmed.ncbi.nim.nih.gov/32879773/ [Accessed February
26,2023]

Walsh N, Cooper A, Dockery A, O’Byrne ). Variant reclassification
and clinical implications. ] Med Genet. 2024 Feb 21;61(3):207-211.
doi: 10.1136/jmg-2023-109488. PMID: 38296635.

Prof. Dr. med. Birgit Lorenz, FEBO, FARVO
TransMIT Centre of Translational
Ophthalmology, TransMIT GmbH

c/o Justus-Liebig-University Giessen

Am Galgenberg 37

35321 Laubach, Germany

e-mail: birgit.lorenz@augen-med-uni-
giessen.de


https://doi.org/10.1089/hum.2018.014
https://doi.org/10.1016/S0140-6736(17)31868-8
https://pubmed.ncbi.nlm.nih.gov/23341016
https://pubmed.ncbi.nlm.nih.gov/23341016
https://doi.org/10.1007/s12325-021-02036-7
https://pubmed.ncbi.nlm.nih.gov/34896323
https://doi.org/10.1136/bjophthalmol-2020-318286
https://doi.org/10.1167/iovs.63.2.13
https://doi.org/10.1038/s41598-022-22180-6
https://doi.org/10.1038/s41598-022-22180-6
https://pubmed.ncbi.nlm.nih.gov/36822437
https://doi.org/10.1038/s41433-024-03065-6

