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e PURPOSE: To evaluate the safety profile of lenadogene
nolparvovec (Lumevoq) in patients with Leber hereditary
optic neuropathy.

» DESIGN: Pooled analysis of safety data from 5 clinical
studies.

e METHODS: A total of 189 patients received single
unilateral or bilateral intravitreal injections of a recom-
binant adeno-associated virus 2 (rAAV2/2) vector en-
coding the human wild-type ND4 gene. Adverse events
(AEs) were collected throughout the studies, up to 5
years. Intraocular inflammation and increased intraocular
pressure (IOP) were ocular AEs of special interest. Other
assessments included ocular examinations, vector bio-
dissemination, and systemic immune responses against
rAAV2/2.

e RESULTS: Almost all patients (95.2%) received
9 x 10'° viral genomes and 87.8% had at least 2 years
of follow-up. Most patients (75.1%) experienced at least
one systemic AE, but systemic treatment-related AEs
occurred in 3 patients; none were serious. Intraocu-
lar inflammation was reported in 75.6% of lenadogene
nolparvovec-treated eyes. Almost all intraocular inflam-
mations occurred in the anterior chamber (58.8%) or in
the vitreous (40.3%), and were of mild (90.3%) or mod-
erate (8.8%) intensity; most resolved with topical corti-
costeroids alone. All IOP increases were mild to moderate
in intensity. No AE led to study discontinuation. Bio-
dissemination of lenadogene nolparvovec and systemic
immune response were limited. The safety profile was
comparable for patients treated bilaterally and unilater-
ally.

* CONCLUSIONS: Lenadogene nolparvovec had a good
overall safety profile with excellent systemic tolerability,

optic neuropathy; NAbs, neutralizing antibodies; OIS, ocular inflamma-
tion score; QI, first quartile; Q3, third quartile; rAAV2/2, recombinant
adeno-associated virus 2 of serotype 2; SD, standard deviation; vg, viral
genome.
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consistent with limited bio-dissemination. The product
was well tolerated, with mostly mild ocular side effects
responsive to conventional ophthalmologic treatments.

(Am ] Ophthalmol 2023;249: 108-125. © 2022 Else-
vier Inc. All rights reserved.)

INTRODUCTION

EBER HEREDITARY OPTIC NEUROPATHY (LHON) is
L a rare, maternally-inherited, genetic mitochon-

drial disease that leads to subacute bilateral vi-
sion loss. Three point mutations in the mitochondrial
DNA are responsible for about 90% of LHON cases:
m.3460G>A, m.11778G>A, and m.14484T>C in the
MTNDI, MTND4, and MTNDG6 genes, respectively.!
These genes code for 3 subunits of the respiratory complex
[, and their mutations impair ATP synthesis and increase
the production of reactive oxygen species, leading to the
degeneration of the vulnerable retinal ganglion cells.!?
Clinically, the disease manifests with rapidly progressive
painless bilateral loss of central vision, either simultane-
ously or sequentially in the 2 eyes.” The most common
LHON mutation is the m.11778G>A-ND4 mutation,
which accounts for about 70% of LHON in North America
and Europe."*?

Since 2015, the only treatment approved in the Euro-
pean Union for LHON is idebenone (Raxone, Santhera
GmbH), a synthetic coenzyme Q10 analog that facili-
tates mitochondrial electron flux in bypassing respiratory
complex 1.%7 Idebenone has been approved under excep-
tional circumstances, which means that additional studies
on long-term effects and safety are necessary.® To comple-
ment this limited therapeutic arsenal in LHON, alternative
therapeutic strategies are being developed, including gene
therapy.®"” One of these gene therapies is lenadogene nol-
parvovec (Lumevoq, GenSight Biologics), a recombinant
adeno-associated virus 2 of serotype 2 (rAAV2/2) vector en-
coding the human wild-type ND4 gene (rAAV2/2-ND4).
Lenadogene nolparvovec proposes to permanently correct
the m.11778G> A genetic mitochondrial mutation in MT-
ND4 LHON patients, based on the allotopic expression
strategy that involves the nuclear expression of the wild-
type mitochondrial gene engineered with an additional mi-
tochondrial targeting sequence and results in mRNA trans-
lation and co-translocation of the protein into mitochon-
dria.'®'” With the same objective, 2 other AAV2-ND4
gene therapy vectors are being studied: the tAAV2-ND4
from the Huazhong University of Science and Technol-
ogy (China)'%!%!¥ and the self-complementary scAAV2-
PIND4v2 from the Bascom Palmer Eye Institute of the
University of Miami (USA).!? !4
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Five clinical studies werefare being conducted with
lenadogene nolparvovec in MT-ND4 LHON patients: one
phase 1/2a dose-finding study evaluating the safety of 4
increasing doses of unilateral intravitreal injection (IVT)
of the gene therapy (REVEAL)!”>?%; 2 phase 3 random-
ized, double-masked, sham-controlled studies assessing the
efficacy and safety of a unilateral IVT of the gene ther-
apy (RESCUE and REVERSE)®”*!; 1 ongoing long-term
follow-up study of patients treated in the RESCUE and
REVERSE studies (RESTORE)??; and 1 ongoing phase 3,
randomized, double-masked, placebo-controlled study eval-
uating the efficacy and safety of bilateral IVT of lenado-
gene nolparvovec (REFLECT)."” Across the 4 phase 3 clin-
ical studies (RESCUE, REVERSE, RESTORE, and RE-
FLECT), both unilateral and bilateral lenadogene nolpar-
vovec induced bilateral improvement in best corrected vi-
sual acuity (BCVA) up to 3 years after treatment adminis-
tration,>”> %222 and until 5 years for the very first patients
who received treatment in the phase 1/2 study.'’

This manuscript presents the pooled safety data from the
5 clinical studies with lenadogene nolparvovec, providing
an overview of its safety profile in a large group of 189 pa-
tients with LHON over a 5-year period.

METHODS

e SAFETY POPULATION AND CLINICAL STUDIES: A to-
tal of 189 LHON patients received single unilateral
or bilateral IVT of lenadogene nolparvovec in 5 clin-
ical studies (3 completed and 2 ongoing) and were
followed for up to 5 years. The clinical studies in-
cluded REVEAL (NCT02064569, completed), RESCUE
(NCT02652767, completed), REVERSE (NCT02652780,
completed), RESTORE (NCT03406104, ongoing), and
REFLECT (NCT03293524, ongoing) (Figure 1). Accord-
ing to the inclusion criteria of the studies, all patients car-
ried the m.11778G>A-ND4 mutation and were at least
15 years old. No restriction on the duration of vision loss
was stipulated in REVEAL, whereas vision loss had to be
<1 year in RESCUE, REVERSE, and REFLECT. Patients
could not have known mutations in genes involved in
pathological retinal conditions, glaucoma, and optic neu-
ropathy other than LHON; entire mitochondrial and nu-
clear genome sequencing was not required. Ocular surgery
of clinical relevance within 90 days and treatment by
idebenone within 7 days prior to enrollment were exclusion
criteria.

All the studies were conducted in accordance with the
Good Clinical Practice of the International Council for
Harmonisation and with applicable local requirements.
Each study protocol was approved by an Institutional Re-
view Board/Ethics Committee and written informed con-
sent was obtained from each patient at screening.
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| [2014 2015 [2016 |2017 [2018 [2019 |2020 [2021 |2022 |2023 |2024 | >

REVEAL (Phase 1/2a)
N=1S — Initial 48 weeks FU extended to 5 years FU

RESCUE (Phase 3)

N=39 — 96 weeks FU

REVERSE (Phase 3)
N=37 — 96 weeks FU

H

. Completed

RESTORE (Long-term FU)
N=62 — 3 years of additional FU*

Ongoing

REFLECT (Phase 3)
N=98 — Initial 2 years FU extended to S years FU

FIGURE 1. Clinical development program of lenadogene nolparvovec. Timelines are based on first patient first visit/last patient last
visit (estimated dates for ongoing studies). FU = follow-up; N = number of patients. *“RESTORE evaluates the long-term safety of
patients treated in RESCUE or REVERSE studies for a total of 5 years post-treatment administration.

e TREATMENT ADMINISTRATION: Lenadogene nolpar-
vovec or rAAV2/2-ND4 (Lumevoq, GenSight Biologics)
consists of a suspension of purified viral vector formulated
in balanced sterile saline solution plus Pluronic F68. In
the phase 1/2 open-label REVEAL study, patients were
unilaterally injected with 180 uL of 1 of the studied doses
of lenadogene nolparvovec: 9 x 10%, 3 x 1019, 9 x 10'°,
and 1.8 x 10'! viral genomes (vg)/eye. In RESCUE and
REVERSE, patients received an IVT of 90 uL of lenado-
gene nolparvovec at a dose of 9 x 10'° vg into 1 eye. In
REFLECT, patients received either an IVT of lenadogene
nolparvovec (9 x 10'° vgleye in 90 uL) in both eyes or
lenadogene nolparvovec in 1 eye and IVT of 90 pL of
placebo (balanced sterile saline solution) in the second
eye. In the phase 3 studies (RESCUE, REVERSE, and
REFLECT), the allocation of treatment was unmasked
at the time of the primary efficacy endpoint analyses (48
weeks for RESCUE and REVERSE, and 1.5 years for RE-
FLECT). To prevent increased intraocular pressure (IOP)
due to the volume of the injection, an anterior chamber
paracentesis was performed aseptically under local anes-
thesia immediately before the IVT in REVEAL. In all the
phase 3 studies, an IOP lowering agent of the investigator’s
choice was systematically administered before treatment.
Patients in REFLECT received oral corticosteroids for 28
days starting 2 days prior to IVT as a peri-treatment for the
prevention or reduction of ocular inflammation related to
IVT. This preventive corticosteroid treatment was not used
in REVEAL, RESCUE, and REVERSE studies. Pre-IVT
procedures in all studies included pupil dilation, use of
peri-ocular antisepsis, and topical anesthesia.
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e SAFETY ASSESSMENTS: Adverse events

Adverse events (AEs) were collected throughout the pa-
tient’s participation in the studies (ie, up to 5 years after
treatment) and described by the investigator regarding the
nature, severity (mild, moderate, severe), seriousness, and
causal relationship to the study treatment or the study pro-
cedure (unrelated, unlikely, possible, or probable). The as-
sessment of relationship to the study procedure referred to
any procedure performed in the study and was not restricted
to the IVT. Neurological AEs were considered as systemic
adverse events of special interest (AESIs). Ocular AESIs
included intraocular inflammation and increased IOP.

Ocular assessments

Ocular examinations were performed at baseline, immedi-
ately after injection, and at 2, 4, 8, 12, and 24 weeks and 1,
1.5,2, 2.5, 3, 4, and 5 years after administration of lenado-
gene nolparvovec. The IOP of each eye was measured us-
ing applanation tonometry. Slit lamp biomicroscopy ex-
aminations were performed before and after pupil dilation.
Anatomic location, severity, and clinical evolution of in-
traocular inflammation were assessed according to the Stan-
dardization of Uveitis Nomenclature?’ for anterior chamber
cells and flare and vitreous cells, and to the National Insti-
tutes of Health Grading Scale for vitreous haze.’* At base-
line and at each post-treatment visit, eyes were graded for
determination of 4 separate inflammation subscores (ante-
rior chamber cell score, anterior chamber flare score, vitre-
ous cell score, and vitreous haze score) using a scale from 0
(no inflammation) to 4 (highest inflammation). A compos-
ite global ocular inflammation score (OIS) was then cal-
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culated for each eye by adding the 4 separate subscores,
leading to a global score ranging from O (no inflammation)
to 16 (highest inflammation). Anterior chamber cells and
flare, and vitreous cells were graded during slit lamp exam-
inations. Vitreous haze was graded based on color fundus
photos of the posterior pole of each eye.

Vital signs, physical examinations, and laboratory tests
Vital signs included blood pressure, pulse rate, and oral tem-
perature. The physical examination consisted of checking
the general appearance, skin, head, eyes, ears, nose, throat,
neck, thyroid, chest/lungs, heart, abdomen, lymph nodes,
extremities, and body weight of patients. Blood samples
were collected at baseline and after administration of the
treatment at 1 or 3 days, 2, 4, 8, 12, and 24 weeksand 1, 1.5,
2,2.5,3,4 and 5 years. Laboratory tests included hematol-
ogy (red blood cells, hemoglobin, hematocrit, white blood
cells with differential, and platelets), serum chemistry (glu-
cose, lipase, amylase, calcium, sodium, potassium, chloride,
bicarbonate, blood urea nitrogen, and creatinine), and liver
function tests (aspartate aminotransferase, alanine amino-
transferase, alkaline phosphatase, gamma-glutamyl trans-
ferase, total bilirubin, and albumin).

Bio-dissemination

In the RESCUE, REVERSE, and REFLECT studies, bio-
dissemination of lenadogene nolparvovec was analyzed in
the blood using a specific validated quantitative polymerase
chain reaction method targeting the ND4 transgene. In
REVEAL, bio-dissemination was assessed in blood, tears,
and urine; the quantified sequence was specific to the cy-
tomegalovirus promoter of the vector.

Immunogenicity

Anti-AAV?2 neutralizing antibodies (NAbs) were measured
in the serum by a customized seroneutralization assay. Cel-
lular immune response against the rAAV2/2 vector was es-
timated by interferon gamma enzyme-linked immunospot
assay.

o STATISTICAL METHODS: All data analyses were per-
formed using SAS version 9.4 (SAS Institute Inc). De-
scriptive statistics were used: number of filled data, mean,
standard deviation (SD), median, first quartile (Q1), third
quartile (QQ3), and minimum and maximum for quantitative
variables; and number of filled data, frequency, and percent-
age (referring to filled data) for qualitative variables. Anal-
yses are presented in all exposed patients and by doses at
the patient level (189 patients in total) and/or at the eye
level (378 eyes in total). No integrated safety analyses were
performed for the evaluation of vital signs, physical exami-
nations, bio-dissemination, and immunogenicity. With RE-
STORE and REFLECT currently ongoing, interim data are
presented for both studies (data cut-off date July 12, 2021
for RESTORE [3-year data available in most patients] and
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all data available at the time of the primary analysis at 1.5
years for REFLECT [ie, >1.5 years as applicable]).

RESULTS

e SAFETY POPULATION: The safety population included
189 MT-ND4 LHON patients who received a single unilat-
eral or bilateral IVT of lenadogene nolparvovec. Of these
189 patients, 49 patients were administered bilaterally in
the REFLECT study. Treatment exposure by dose is shown
in Table 1. Almost all patients (180 in total) were treated
with the dose of 9 x 10!° vg and 166 had at least 2 years
of follow-up after gene therapy (87.8%). Thirteen patients
(6.9%) were followed-up for 5 years, including 7 patients
treated at 9 x 10'° vg. Considering the low number of pa-
tients treated with doses other than 9 x 10 vg (3 pa-
tients/dose, ie, 9 patients in REVEAL), the safety data from
the 9 x 10 vg dose and all doses together (9 x 10,
3 x 10'° 1.8 x 10', and 9 x 10'° vg/eye) are presented
in this manuscript.

¢ DEMOGRAPHICS AND DISEASE CHARACTERISTICS: De-
mographic data of the safety population are presented in
Table 2. Approximately 80% of patients were male and
aged between 18 and 60 years. Overall, the mean (SD) age
at screening was 35.2 (15.2) years. A total of 18 children
(9.5%) were enrolled and aged between 15 and 18 years at
screening; all received the 9 x 10'° vg dose. Elderly patients
(>60 years) accounted for less than 8% of the safety popu-
lation and included 15 patients, 13 of whom were treated at
9 x 10'° vg. The oldest patient was 83.9 years and received
a dose of 9 x 10° vg in the REVEAL study.

The mean (SD) age at onset of LHON was 36.1 (15.2)
years for REVEAL, RESCUE, and REVERSE patients
treated at 9 x 10'° vg, whereas it was 31.9 years for RE-
FLECT patients. At baseline before injection with lenado-
gene nolparvovec, nearly all patients (97.4% overall) were
affected bilaterally, and the duration of vision loss ranged
from 1.7 to 272.5 months (median [Q1-Q3]: 8.7 [5.3-11.6]
months). Ten patients from REVEAL had a duration of vi-
sion loss longer than 1 year (maximum 23 years), in accor-
dance with the lack of restriction for the duration of vision
loss in this study. Mean (SD) BCVA at baseline (expressed
in LogMAR) was 1.4 (0.6) for the better eye and 1.7 (0.6)

for the worse eye.

« SYSTEMIC ADVERSE EVENTS: Many patients (75.1%)
experienced at least 1 systemic AE, for a total of 532
events. Most systemic AEs were of mild (69.3%) or mod-
erate (22.2%) intensity and were considered unrelated to
the study treatment or procedure. Headache was the most
frequent systemic AE, reported by 31 patients (16.4%),
closely followed by nasopharyngitis (26 patients, 13.8%).
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TABLE 1. Treatment Exposure by Dose — Safety Population.

Dose 9x10%9vg Dose 3 x 10'%vg Dose 1.8 x 10" vg Dose 9 x 10" vg One Eye At Dose Both Eyes at Total
9x10"%vg  Dose9 x 10" vg
REVEAL REVEAL REFLECT REVEAL RESCUE
RESCUE REVERSE
REVERSE REFLECT
n=3 n=3 n=3 n=282 n=49 n=49 n =189
Included patients in the 3 3 3 82 49 49 189
safety population
Included patients in the 0 0 0 8 6 4 18
pediatric safety
population
Study recruitment
REVEAL 3 3 3 6 0 0 15
RESCUE® 0 0 0 39 0 0 39
REVERSE 0 0 0 37 0 0 37
REFLECT 0 0 0 0 49 49 98
RESTORE® 0 0 0 62 0 0 62
Patients who completed 3 (100) 3 (100) 3 (100) 82 (100) 47 (95.9) 48 (98.0) 186 (98.4)
year 1
Patients who completed 2 (66.7) 3 (100) 3 (100) 79 (96.3) 39 (79.6) 40 (81.6) 166 (87.8)
year 2
Patients who completed 2 (66.7) 3 (100) 3 (100) 59 (72.0) 3(6.1) 2(4.1) 72 (38.1)
year 3
Patients who completed 2(66.7) 3 (100) 3 (100) 35 (42.7) 0 (0.0) 0 (0.0) 43 (22.8)
year 4
Patients who completed (0.0) 3 (100) 3 (100) 7 (8.5) 0 (0.0) 0 (0.0) 13 (6.9)
year 5

Data are shown as n or n (%)
20f the 39 enrolled patients in RESCUE, 1 patient received approximately half dose of the scheduled 9 x 10'° vg.
PRESTORE is the extension study of RESCUE and REVERSE; no treatment was administered in this study.

TABLE 2. Demographic Characteristics — Safety Population

Dose 9 x 1010 vg Dose 9 x 100 vg One Eye Dose 9 x 1010 vg Both Eyes All Doses (1.8 x 10'1; 3 x 1010;
9 x 109, 9 x 109)
REVEAL RESCUE REVERSE REFLECT (n = 49) REFLECT (n = 49) REVEAL RESCUE REVERSE
(n=82) REFLECT (n = 189)
Age at screening, years?
Mean (SD) 36.9 (15.6) 32.6 (13.4) 32.5 (14.4) 35.2 (15.2)
Median 35.2 30.3 277 30.4
Q1-Q3 22.5-48.0 20.4-41.4 23.2-411 22.6-46.9
Range 15.5-71.6 15.0-65.3 15.0-74.6 15.0-83.9
Categories of age at screening, years® n (%)
<15 0 (0.0) 0(0.0) 0 (0.0) 0 (0.0)
15-18 8(9.8) 6 (12.2) 4(8.2) 18 (9.5)
18-60 66 (80.5) 41 (83.7) 42 (85.7) 156 (82.5)
>60 8(9.8) 2(4.1) 3(6.1) 15 (7.9)
Gender, n (%)
Female 16 (19.5) 9 (18.4) 11 (22.4) 37 (19.6)
Male 66 (80.5) 40 (81.6) 38 (77.6) 152 (80.4)

2Screening visit occurred from 2 days to 4 weeks before treatment.

112 AMERICAN JOURNAL OF OPHTHALMOLOGY MoNTH 2023



Other common systemic AEs were increase in gamma-
glutamyltransferase (6.3%) or in alanine aminotransferase
(3.2%), hypertension (5.8%), and anxiety (4.8%). Seven
systemic AEs occurring in 3 patients (1.6%) (1 nausea, 1
nasopharyngitis, 2 toothaches, and 3 headaches) and 24 sys-
temic AEs in 18 patients (9.5%) were assessed as related to
the study treatment or study procedure, respectively; none
was serious. Eighteen patients experienced at least 1 serious
systemic AE, none were thought to be related to the study
treatment or procedure. Four deaths (2.1%) were reported
in the safety population, all were thought to be unrelated
to the study treatment or procedure. No systemic AE led to
study discontinuation.

As neurological defects may occur in LHON pa-
tients”’*’, neurological AEs were considered systemic AE-
SIs. A total of 47 patients (24.9%) reported at least 1 sys-
temic neurological AE, mostly headache (31 of 47, 66.0%),
and less commonly dizziness, migraine, and paresthesia (in
3 of 47, 1.6% patients each). Six serious neurological AEs,
all assessed as unrelated to study treatment or procedure,
occurred in 5 patients: a case of LHON plus with a Leigh-
like phenotype, 2 cases of multiple sclerosis, and 1 psychotic
disorder, neurologic entities that have been reported in as-
sociation with LHON?>*7 and a glioblastoma multiforme
in 1 patient (counted as 2 separate events because of re-
currence).”® These serious neurological disorders occurred
between 7 months and 3 years after injection of the gene
therapy.

Bilateral injection of lenadogene nolparvovec was not as-
sociated with differences in the frequency, nature, or sever-
ity of systemic AEs compared with unilateral injection.

e OCULAR ADVERSE EVENTS: Ocular AEs were more fre-
quent in eyes treated with lenadogene nolparvovec com-
pared with uninjected eyes and placebo eyes (90.3% vs
63.7% and 57.1% of eyes; 858 vs 137 and 52 events)
(Table 3). Higher proportions of ocular AEs were assessed
as related to the study treatment in lenadogene nolpar-
vovec eyes compared with uninjected/placebo eyes (78.2%
vs 13.6%). This trend was less marked for ocular AEs con-
sidered related to the study procedure (55.0% of lenadogene
nolparvovec eyes vs 37.9% of uninjected/placebo eyes).
Most ocular AEs were of mild intensity: 756/858 events
for lenadogene nolparvovec eyes (88.1%) and 169/189
events for uninjected/placebo eyes (89.4%). Severe ocu-
lar AEs were infrequent and occurred at a comparable fre-
quency between lenadogene nolparvovec eyes and unin-
jected/placebo eyes: 5 eyes (2.1%) and 2 eyes (1.4%), re-
spectively (Table 3). One patient experienced a serious oc-
ular AE—a retinal tear in the uninjected eye (1.1%)—
thought to unlikely be related to the study treatment or pro-
cedure, whereas no serious ocular AE was reported in any
lenadogene nolparvovec-treated eye. No ocular AE led to
study discontinuation in any patient.

The most common ocular AEs related to study treat-
ment were vitritis (lenadogene nolparvovec: 51.7%, un-
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injected/placebo: 2.1%), iridocyclitis (lenadogene nolpar-
vovec: 27.7%, uninjected/placebo: 3.6%), keratic precipi-
tates (lenadogene nolparvovec: 23.9%, uninjected/placebo:
0.7%) and iritis (lenadogene nolparvovec: 9.7%, unin-
jected/placebo: none) (Table 4). Punctate keratitis and
conjunctival hemorrhage were the most reported ocular
AEs related to the study procedure, occurring at a simi-
lar frequency in lenadogene nolparvovec eyes and unin-
jected/placebo eyes (punctate keratitis: 20.6% for lenado-
gene nolparvovec eyes and 22.9% for uninjected/placebo
eyes; conjunctival hemorrhage: 8.0% for lenadogene nol-
parvovec eyes and 6.4% for uninjected/placebo eyes)
(Table 5). Among the AEs considered related to the study
procedure, those consisting of ocular inflammation, such as
vitritis and iridocyclitis, were more frequently reported in
eyes treated with gene therapy (vitritis: 7.6% for lenado-
gene nolparvovec eyes vs none for the uninjected/placebo
eyes; iridocyclitis: 5.0% vs 0.7%).

The ocular safety profile of lenadogene nolparvovec for
pediatric patients (15 to 18 years) and the elderly (>60
years) was similar to the safety profile observed in the over-
all population.

Intraocular Inflammation

Events of intraocular inflammation, considered as AESIs,
were observed in the majority of lenadogene nolparvovec
eyes (180 eyes, 75.6%; 432 events) compared with a rela-
tively small number of uninjected and placebo eyes (8 eyes,
8.8%; 13 events and 5 eyes, 10.2%; 6 events, respectively)
(Table 6). Most of the intraocular inflammation events
were considered related to the study treatment and unre-
lated/unlikely related to the study procedure. In lenadogene
nolparvovec eyes, most inflammation events were of mild
(90.3%) or moderate (8.8%) intensity, and 4 were severe
(0.9%) (Table 6). The 4 severe intraocular inflammation
events occurred in the treated eyes of 2 patients (anterior
chamber inflammation and 2 episodes of vitritis in a RE-
VEAL patient’s eye; vitritis in a REVERSE patient’s eye)
and started 12 and 13 days after the injection of the gene
therapy; all resolved and were considered probably related
to study treatment. All inflammation events reported in un-
injected/placebo eyes were of mild intensity.

With the gene therapy product, almost all intraocular
inflammations occurred in the anterior chamber (58.8%)
or in the vitreous (ie, intermediate uveitis, 40.3%). There
were 3 posterior uveitis (retinal vasculitis) (0.7%), see
Table 6.

The mean (SD) and median time of occurrence of in-
traocular inflammation in lenadogene nolparvovec treated
eyes was 3.7 (5.0) months and 1.9 months post-treatment,
respectively. Among the 432 events of intraocular in-
flammation, 28 new events occurred beyond 1 year post-
treatment: 24 between 1 and 2 years and 4 between 2 and
3 years (Table 7 ). Intraocular inflammation had a longer
duration in lenadogene nolparvovec eyes (median 92 days)
compared with uninjected/placebo eyes (median 64 days),
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TABLE 3. Summary of Ocular Adverse Events — Safety Population

Lenadogene Nolparvovec Eye Uninjected/Placebo Eye
Dose 9 x 10'0 vg (n = 229) All Doses (n = 238) Total uninjected (n = 91) REFLECT Placebo - Dose All Doses (n = 140)
9 x 1010 vg (n = 49)

N E N E N E N E N E
At least 1 ocular AE 206 (90.0) 824 215 (90.3) 858 58 (63.7) 137 28 (57.1) 52 86 (61.4) 189
At least 1 ocular AE 179 (78.2) 482 186 (78.2) 505 10 (11.0) 13 9(18.4) 15 19 (13.6 28
related to study treatment
At least 1 ocular AE 125 (54.6) 259 131 (55.0) 266 38 (41.8) 54 15 (30.6) 20 53 (37.9) 74
related to study
procedure
At least 1 mild ocular AE 200 (87.3) 723 209 (87.8) 756 57 (62.6) 119 27 (55.1) 50 84 (60.0) 169
At least 1 moderate 50 (21.8) 92 51 (21.4) 93 14 (15.4) 16 2(4.1) 2 16 (11.4) 18
ocular AE
At least 1 severe ocular 5(2.2) 9 5(2.1) 9 2(2.2) 2 - - 2(14) 2
AE
At least 1 serious ocular - - - - 1(1.1) 1 - - 1(0.7) 1
AE
At least 1 ocular AE - - - - - - - - - -
leading to study
discontinuation
At least 1 ocular AE - - - - - - - - - -
leading to death
At least 1 AESI 176 (76.9) 474 185 (77.7) 498 12 (13.2) 21 5(10.2) 8 17 (12.1) 29
At least 1 increased IOP 52 (22.7) 57 60 (25.2) 66 7 (7.7) 8 1(2.0) 2 8(5.7) 10
AESI
At least 1 intraocular 173 (75.5) 417 180 (75.6) 432 8 (8.8) 13 5(10.2) 6 13 (9.3) 19

inflammation AESI

Data are presented as n (%) for number of eyes (N) and n for number of events (E)
AE = adverse event; AES| = adverse event of special interest; IOP = intraocular pressure




TABLE 4. Most Frequent (> 5%) Ocular Adverse Events Related to Study Treatment by Preferred Term — Safety Population

Lenadogene Nolparvovec Eye

Uninjected/Placebo Eye

Dose 9 x 100 vg All Doses Total Uninjected REFLECT Placebo - Dose All Doses
(n = 229) (n =238) (n=91) 9 x 10'0 vg (n = 49) (n = 140)

Number of eyes with at 179 (78.2) 186 (78.2) 10 (11.0) 9 (18.4) 19 (13.6)
least 1 ocular adverse
event related to treatment
Vitritis 117 (51.1) 123 (51.7) 1(1.1) 2(4.1) 321
Iridocyclitis 66 (28.8) 66 (27.7) 3(3.3) 2(4.1) 5 (3.6
Keratic precipitates 57 (24.9) 57 (23.9) - 1(2.0) 1(0.7
Iritis 3(10.0) 23(9.7) - -
Anterior chamber cell 17 (7.4) 17 (7.1) - 1(2.0) 1(0.7)
Anterior chamber 13 (5.7) 17 (71) - - -
inflammation
Vitreal cells 14 (6.1) 14 (5.9) 1(1.1) - 1(0.7)
Vitreous floaters 12 (5.2) 12 (5.0) - 1(2.0) 1(0.7)

Data are presented as n (%)

TABLE 5. Most Frequent (> 5%) Ocular Adverse Events Related to Study Procedure by Preferred Term — Safety Population

Lenadogene Nolparvovec Eye

Uninjected/Placebo Eye

Dose 9 x 1010 vg All Doses Total Uninjected REFLECT Placebo - Dose All Doses
(n = 229) (n = 238) (n=91) 9 x 100 vg (n = 49) (n = 140)

Number of eyes with at 125 (54.6) 131 (55.0) 38 (41.8) 15 (30.6) 53 (37.9)
least 1 ocular adverse
event related to procedure
Punctate keratitis 49 (21.4) 49 (20.6) 28 (30.8) 4(8.2) 32 (22.9)
Conjunctival hemorrhage 19 (8.3) 19 (8.0) 3(3.3) 6 (12.2) 9 (6.4)
Vitritis 18 (7.9) 18 (7.6) - - -
Conjunctival hyperaemia 14 (6.1) 14 (5.9) 6 (6.6) 1(2.0) 7 (5.0
Iridocyclitis 12 (5.2) 12 (5.0) 1(1.1) - 1(0.7)

Data are presented as n (%)

see Table 6. The longest period of sustained inflammation
was a nonserious, moderate vitritis in a lenadogene nolpar-
vovec eye that lasted approximately 3 years.

Most intraocular inflammations of the lenadogene nol-
parvovec eyes were either not treated (39.4%) or controlled
with topical corticosteroid drops alone (42.2%) (Table 8),
with a mean duration of treatment of 39.8 days (median
15.0 days). Less often, intraocular inflammation was treated
with both topical corticosteroids and systemic oral corticos-
teroids (13.9%) or with systemic oral corticosteroids alone
(4.4%). Over time, the frequency of ocular inflammation
events reported with gene therapy gradually decreased from
170 of 238 during the first 6 months (71.4%) to 82 of 234
between 1 and 2 years (35.0%) and to 30 of 206 between
2 and 3 years (14.6%), as did the use of corticosteroids to
treat them (Figure 2). Nearly all inflammation events re-
solved, and a few patients experienced intraocular inflam-
mation that had not resolved at the last available visit (to-
tal of 15 events, all in lenadogene nolparvovec eyes, none
being severe).

VoL. 249

During intraocular inflammation events, mean OIS re-
mained low but numerically higher in lenadogene nol-
parvovec eyes compared with uninjected/placebo eyes,
with mean global OIS for lenadogene nolparvovec eyes
of 1.2/16 for anterior chamber inflammation and 1.0/16
for intermediate uveitis (Table 9). In lenadogene nol-
parvovec eyes, the mean OIS increased from baseline to
week 8 post-IVT, then progressively decreased to baseline
values.

As noted above, patients in REFLECT all received oral
corticosteroids as a peri-treatment for the prevention or
reduction of ocular inflammation related to gene therapy,
whereas no preventive corticosteroid treatment was used
in the REVEAL, RESCUE, and REVERSE studies. With
the same dose of lenadogene nolparvovec injected per eye
(9 x 1019 vg), the number of eyes with at least one in-
traocular inflammation was higher in the REVEAL, RES-
CUE, and REVERSE studies compared with REFLECT: 69
of 82 eyes (84.1%) and 104 of 147 eyes (70.7%), respec-
tively (Table 6).
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TABLE 6. Characteristics of Intraocular Inflammation Events — Safety Population

Lenadogene Nolparvovec Eye

Uninjected/Placebo Eye

REVEAL RESCUE REFLECT Dose 9 x Total Dose 9 x 1010 vg All Doses (n = 238) Total Uninjected REFLECT Placebo - All Doses
REVERSE Dose 9 x 10'° 10"0 vg (n = 147) (n = 229) (n=91) Dose 9 x 10'0 vg (n = 140)
vg (n = 82) (n=49)
Number (%) of eyes with at least 1 69 (84.1) 104 (70.7) 173 (75.5) 180 (75.6) 8(8.8) 5(10.2) 13 (9.3)
intraocular inflammation AESI
Number of intraocular inflammation 186 231 417 432 13 6 19
events
Duration of inflammation (days)
n 177 224 401 415 13 6 19
Mean (SD) 204.5 (249.7) 159.2 (178.7) 179.2 (213.9) 1779 (212.7) 1271 (173.8) 166.3 (153.1) 139.5 (164.4)
Median 91.0 98.0 98.0 92.0 62.0 123.0 64.0
Q1-Q3 36.0-288.0 34.0-201.5 35.0-204.0 34.9-204.0 36.0-81.0 30.0-330.0 32.0-155.0
Range 7.0-1335.0 2.0-858.0 2.0-1335.0 2.0-1335.0 15.0-518.0 16.0-376.0 15.0-518.0
Missing data? 9 7 16 17 0 0 0
Maximal grade of inflammation
n 186 231 417 432 13 6 19
Mild 161 (86.6) 214 (92.6) 375 (89.9) 390 (90.3) 13 (100) 6 (100) 19 (100)
Moderate 21 (11.3) 17 (7.4) 38 (9.1) 38 (8.8) - - -
Severe 4(2.2) 0 (0.0) 4 (1.0) 4(0.9) - - -
Localization of inflammation
n 186 231 417 432 13 6 19
Anterior uveitis 114 (61.3) 135 (58.4) 249 (59.7) 254 (58.8) 11 (84.6) 4 (66.7) 15 (78.9)
Intermediate uveitis 71 (38.2) 93 (40.3) 164 (39.3) 174 (40.3) 2(15.4) 2(33.3) 4 (21.1)
Non-specified eye inflammation 1(0.5) 0 (0.0) 1(0.2) 1(0.2) - -
Posterior uveitis 0 (0.0) 3(1.3) 3(0.7) 3(0.7) - - -

Data are presented as n (%), unless otherwise stated
AESI = adverse event of special interest.
aDuration of inflammation is missing in a total of 17 eyes as no end dates were recorded in the database (includes 16 eyes with ongoing inflammation [1 eye recovering and 15 eyes not

recovered] and 1 eye reported as recovered with no end date).
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TABLE 7. Timing of Occurrence of Intraocular Inflammation — By Treatment Arm and Globally — Ongoing and New Intraocular Inflammation Events Over Time — Safety Population

Bilateral Lenadogene Nolparvovec (REFLECT)

(n=49)

Unilateral Lenadogene Nolparvovec (Placebo
Contralateral Eye) (REFLECT) (n = 49)

Unilateral Lenadogene Nolparvovec
(Uninjected Contralateral Eye) (REVEAL,
RESCUE, REVERSE, RESTORE)

(n=091)
First Affected Eye Second/Not Yet First Affected Eye Second/Not Yet Eye Lenadogene Eye Uninjected Total All Eyes Total All Doses
Lenadogene Affected Eye Lenadogene Affected Eye Nolparvovec (n=091) Treated (n = 180) (n =378)
Nolparvovec (n = 49) Lenadogene Nolparvovec (n = 49) Placebo (n = 49) (n=091)
Nolparvovec (n = 49)
Dose 9 x 1010 vg Dose 9 x 1010 vg Dose 9 x 1010 vg

Whatever the occurrence
Number (%) eyes with at least 1 35 (71.4) 35 (71.4) 34 (69.4) 5(10.2) 76 (83.5) 8 (8.8) 180 (75.6) 193 (51.1)
intraocular inflammation
Number of intraocular 74 79 78 6 201 13 432 451
inflammations
Time of occurrence (in months)

n 74 79 78 6 201 13 432 451

Mean (SD) 3.1 (3.9) 3.4 (4.3) 3.6 (3.9) 8.2 (77) 4.0 (5.9) 10.8 (11.0) 3.7 (5.0) 3.9 (5.4)

Median 19 19 19 5.3 18 57 19 19

Range 0.1-23.3 0.1-23.3 0.1-18.0 1.7-178 0.0-35.9 0.5-35.9 0.0-35.9 0.0-35.9
Between 1 and 2 years
post-treatment
Number (%) eyes with at least 2(4.1) 3(6.1) 5(10.2) 2(4.1) 6 (6.6) 1(1.1) 16 (6.7) 19 (5.0)
one intraocular inflammation
between 1 and 2 years
Number of new intraocular 3 4 6 2 1 4 24 30

inflammations occurring
between 1 and 2 years

(continued on next page)
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TABLE 7. (continued)

Bilateral Lenadogene Nolparvovec (REFLECT)
(n = 49)

Unilateral Lenadogene Nolparvovec (Placebo
Contralateral Eye) (REFLECT) (n = 49)

Unilateral Lenadogene Nolparvovec

(Uninjected Contralateral Eye) (REVEAL,

RESCUE, REVERSE, RESTORE)

(n=91)

First Affected Eye Second/Not Yet

First Affected Eye Second/Not Yet

Eye Lenadogene

Eye Uninjected

Total All Eyes

Total All Doses

Lenadogene Affected Eye Lenadogene Affected Eye Nolparvovec (n=091) Treated (n = 180) (n=378)
Nolparvovec (n = 49) Lenadogene Nolparvovec (n = 49) Placebo (n = 49) (n=091)
Nolparvovec (n = 49)
Dose 9 x 1070 vg Dose 9 x 100 vg Dose 9 x 10'0 vg
Time of occurrence (in months)
n 3 4 6 2 1 4 24 30
Mean (SD) 17.7 (5.5) 17.3 (4.6) 14.3 (2.6) 17.6 (0.4) 16.9 (1.9) 19.4 (1.5) 16.4 (3.2) 16.9 (3.0)
Median 177 17.0 12.8 17.6 16.6 191 16.6 17.3
Between 2 and 3 years
post-treatment
Number (%) eyes with at least 1 0(0.0) 0(0.0) 0 (0.0) 0 (0.0) 2(2.2) 1(1.1) 2(0.8) 3(0.8)
intraocular inflammation
between 2 and 3 years
Number of new intraocular 0 0 0 0 4 1 4 5
inflammations occurring
between 2 and 3 years
Time of occurrence (in years)
n - - - - 4 1 4 5
Mean (SD) - - - - 2.6 (0.4) 3.0 2.6 (0.4) 2.7 (0.4)
Median - - - - 2.7 3.0 2.7 3.0

Data are presented as n (%), unless otherwise stated




TABLE 8. Treatments for Adverse Events of Special Interest Related to Intraocular Inflammation — Safety Population

Lenadogene Nolparvovec Eye

Uninjected/Placebo Eye

Dose 9 x 1010 vg

All Doses (n = 238)

Total Uninjected REFLECT Placebo - All Doses (n = 140)

(n = 229) (n=91) Dose 9 x 1010 vg
(n = 49)

Number (%) of eyes with at 173 (75.5) 180 (75.6) 8(8.8) 5(10.2) 13 (9.3)

least one intraocular

inflammation

Treatment used for intraocular

inflammation
n 173 180 8 5 13
Local corticosteroids 76 (43.9) 76 (42.2) 4 (50.0) - 4 (30.8)
Local and systemic 25 (14.5) 25 (13.9) - 1(20.0) 1(77)

corticosteroids
None 64 (37.0) 71 (39.4) 4 (50.0) 4 (80.0) 8 (61.5)
Systemic corticosteroids 8 (4.6) 8 (4.4) - - -
Missing data 0 0 0 0 0

Number (%) of inflamed eyes 105 (60.7) 105 (58.3) 4 (50.0) 1(20.0) 5(38.5)

with at least 7 days of

corticosteroids treatment

Number (%) of inflamed eyes 73 (42.2) 73 (40.6) 4 (50.0) - 4 (30.8)

with at least 7 days of local

corticosteroids treatment

Number (%) of inflamed eyes 8 (4.6) 8 (4.4) - - -

with at least 7 days of systemic

corticosteroids treatment

Number (%) of inflamed eyes 24 (13.9) 24 (13.3) - 1(20.0) 1(77)

with at least 7 days of local and

systemic corticosteroids

treatment

Duration of treatment (days) for

local corticosteroids
n 471 471 7 5 12
Mean (SD) 39.8 (69.3) 39.8 (69.3) 80.9 (119.5) 11.6 (10.1) 52.0 (95.4)
Median 15.0 15.0 28.0 8.0 21.0
Q1-Q3 7.0-41.0 7.0-41.0 14.0-103.0 5.0-14.0 11.0-32.0
Range 1.0-490.0 1.0-490.0 14.0-343.0 3.0-28.0 3.0-343.0
Missing data 7 7 0 0 0

Duration of treatment (days)

for systemic corticosteroids
n 166 166 - 7 7
Mean (SD) 14.0 (29.4) 14.0 (29.4) - 12.1 (5.0) 12.1 (5.0)
Median 8.0 8.0 - 10.0 10.0
Q1-Q3 7.0-15.0 7.0-15.0 - 8.0-15.0 8.0-15.0
Range 2.0-373.0 2.0-373.0 - 8.0-21.0 8.0-21.0
Missing data 1 1 - 0 0

Data are presented as n (%), unless otherwise stated

Increased Intraocular Pressure

Elevation of IOP, the second AESI type, occurred with a
higher incidence in lenadogene nolparvovec-treated eyes
compared with uninjected eyes and placebo eyes (25.2%;
n = 60 eyes vs 7.7%; n = 7 eyes and 2.0%; n = 1 eye)
(Table 3). All IOP increases were mild to moderate in in-
tensity, and none were serious. Most events in lenadogene
nolparvovec eyes were considered as unrelated to study
treatment or procedure, and others were related to study

VoL. 249

treatment (14 of 60 eyes, 23.3%) or procedure (15 of 60
eyes, 25.0%) or both (5 of 60 eyes, 8.3%). Episodes of in-
creased IOP either did not require corrective treatment or
were treated with topical IOP-lowering agents. The com-
bination of topical and systemic (acetazolamide) treatment
occurred in 10% of cases (7 of 68 eyes with elevated IOP).
Many increases in IOP resolved without complication (10
events were still ongoing at the last available visit). Over
time, the frequency of IOP elevation decreased.
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FIGURE 2. Treatment of lenadogene nolparvovec eyes by visit — safety population. The Y axis represents frequencies; the numbers
above the bars indicate the numbers of eyes meeting each category of event. AE = adverse event; CS = corticosteroids.

TABLE 9. Mean Ocular Inflammation Scores (OIS) during Anterior and Intermediate Uveitis — Safety Population

Lenadogene Nolparvovec Eye

Uninjected/Placebo Eye

Dose 9 x 1070 vg All Doses Total Uninjected REFLECT Placebo - Dose All Doses
(n = 229) (n = 238) (n=91) 9 x 1070 vg (n = 49) (n = 140)
Anterior uveitis
Number of AESIs 249 254 1 4 15
Mean OIS during the
AESIs?
n 228 228 6 4 10
Mean (SD) 1.2 (1.1) 1.2 (1.1) 0.1(0.2) 0.2 (0.1) 0.1(0.2)
Median 0.8 0.8 0.0 0.2 0.1
Q1-Q3 0.5-1.6 0.5-1.6 0.0-0.3 0.1-0.3 0.0-0.3
Range 0.0-7.0 0.0-7.0 0.0-0.5 0.0-0.3 0.0-0.5
Missing data 21 26 5 0 5
Intermediate uveitis
Number of AESIs 164 174 2 2 4
Mean OIS during the
AESIs?
n 158 165 2 2 4
Mean (SD) 1.0 (1.2) 1.0 (1.2) 0.5(0.2) 0.3(0.1) 0.4 (0.2)
Median 0.6 0.6 0.5 0.3 0.3
Q1-Q3 0.5-1.1 0.5-1.0 0.3-0.7 0.3-0.3 0.3-0.5
Range 0.0-8.5 0.0-8.5 0.3-0.7 0.3-0.3 0.3-0.7
Missing data 6 9 0 0 0
AESI = adverse event of special interest
4Maximum OIS = 16.
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TABLE 10. Characteristics of Adverse Events of Special Interest (AESI) — By Treatment Arm — Bilateral Lenadogene Nolparvovec;
Unilateral Lenadogene Nolparvovec With Placebo injection For Contralateral Eye; Unilateral Lenadogene Nolparvovec With No
Injection For Contralateral Eye — Safety Population

Bilateral Lenadogene Nolparvovec (REFLECT)

Unilateral Lenadogene Nolparvovec (Placebo

Unilateral Lenadogene Nolparvovec

(n=49) Contralateral Eye) (REFLECT) (n = 49) (Uninjected Contralateral Eye) (REVEAL,
RESCUE, REVERSE, RESTORE)
(n=91)
First Affected Eye Second/Not Yet Affected  First Affected Eye Second/Not Yet Eye Lenadogene Eye Uninjected
Lenadogene Eye Lenadogene Lenadogene Nolparvovec Affected Eye Nolparvovec All
Nolparvovec Nolparvovec Placebo Doses
Dose 9 x 1010 vg Dose 9 x 1070 vg Dose 9 x 10'0 vg
N E N E E N E N E N E
Atleast 1 ocular AESI 35 (71.4) 83 37 (75.5) 89 34 (69.4) 86 5(10.2) 8 79 (86.8) 240 12(13.2) 21
Intraocular 35 (71.4) 74 35(714) 79 34 (69.4) 78 5(10.2) 6 76(83.5) 201 8(8.8) 13
inflammation
Anterior uveitis 28 (57.1) 43 24 (49.0) 45 29 (59.2) 47 3(6.1) 4 59 (64.8) 119 6 (6.6) 1
Intermediate uveitis 26 (53.1) 29 27 (55.1) 33 28 (57.1) 31 2 (4.1) 2 61 (67.0) 81 2(2.2) 2
Posterior uveitis 2 (4.1) 2 1(2.0) 1 (0.0) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0
Intraocular pressure 9 (18.4) 9 10 (20.4) 10 7 (14.3) 8 1(2.0) 2 34(374) 39 7(77) 8

increase

Data are presented as n (%) for number of eyes with at least one ocular AESI (N) and n for number of events (E)
E: Number of events; N: Number of eyes with at least one ocular AESI

AESI = adverse event of special interest

Mean (SD) IOP values were globally compara-
ble between lenadogene nolparvovec eyes and unin-
jected/placebo eyes during events of intraocular inflam-
mation: 15.3 (3.4) mmHg and 16.1 (3.7) mmHg. The
proportion of patients with at least 1 increase in IOP >
22 mmHg during intraocular inflammation was 43 of 180
(23.9%) for lenadogene nolparvovec eyes and 5 of 13
(38.5%) for uninjected/placebo eyes. At all timepoints,
mean IOP values in inflamed eyes were comparable to
non-inflamed eyes. Regarding immediate post-injection
IOP increases, 8 patients (3.4%) had IOPs > 22 mmHg
after the IVT, all of which were transitory, resolving with-
out complications. Two of these patients were part of the
REVEAL study, which used a higher injectable lenadogene
nolparvovec volume of 180 uL. The 6 other patients expe-
rienced elevated IOP following injection of the lenadogene
nolparvovec phase 3 presentation of 90 pL.

In REFLECT, bilateral injections of lenadogene nol-
parvovec were not associated with differences in the fre-
quency, nature, and severity of ocular AEs compared with
unilateral injections. The number of eyes with at least
1 ocular AESI was 35 of 49 (71.4%) for first affected
and 37 of 49 (75.5%) for second affected lenadogene
nolparvovec eyes of bilaterally treated patients (bilateral
REFLECT), 34 of 49 (69.4%) and 79 of 91 (86.8%)
for lenadogene nolparvovec eyes of unilaterally treated
patients (unilateral with placebo contralateral eye [RE-
FLECT] and unilateral with uninjected contralateral eye
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[REVEAL/RESCUE/REVERSE/RESTORE], respectively)
(Table 10).

e VITAL SIGNS, PHYSICAL FINDINGS, LABORATORY
TESTS: Overall, no clinically relevant changes from
baseline of vital signs, physical examination findings,
hematology, and biochemistry parameters were reported.
Liver function tests did not change over 2 years after
the injection of gene therapy (a few patients were tested
thereafter).

 BIO-DISSEMINATION: Lenadogene nolparvovec was de-
tected in blood at 2 weeks post-treatment for 2 of 39 pa-
tients (5.1%) in RESCUE, for none of the 37 patients in
REVERSE, and for 2 of 97 tested blood samples (2.1%)
in REFLECT. When the ND4 transgene was detected,
amounts were close to the lower limit of quantification.
In REVEAL (15 patients), presence of lenadogene nolpar-
vovec in blood was detected in a few patients with levels
close to the limit of quantification; all urine samples were
negative for the presence of lenadogene nolparvovec; and
some tear samples were positive up to 1 week after gene
therapy administration, but no sample remained positive 2
weeks after treatment.

o IMMUNOGENICITY: Humoral response against rAAV2/2
vector was assessed by the anti-AAV2 NAbs measured in
the serum of patients. After lenadogene nolparvovec injec-
tion, a transient mild increase in serum NAbs titers was
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reported in patients of the REVEAL study. This immune
response was not dose dependent. In RESCUE and RE-
VERSE, NAb levels in serum increased from week 2 post-
injection, peaking at week 24 in RESCUE and week 12
in REVERSE. Thereafter, NAb levels slowly decreased to-
ward baseline, and stabilized between week 48 and week 96
post-injection. In REFLECT, there was an increase in NAb
levels in serum, with a peak between 14 and 56 days fol-
lowing injection, followed by a decrease. Cellular immune
responses against rAAV2/2 were observed in 2 of 15 pa-
tients along the time course of the REVEAL study. In RES-
CUE and REVERSE studies, the cellular response against
rAAV2/2 was negative for all but 1 patient and all but
2 patients, respectively, but less than half of the samples
were evaluable. In REFLECT, a positive cellular immune
response was detected in 11 of 90 patients, which tended to
occur between 14 and 56 days after treatment.

For both humoral and cellular immune responses, no rel-
evant differences were observed between unilaterally and
bilaterally treated patients.

DISCUSSION

The safety population of these 5 pooled clinical studies
comprised 189 LHON patients with the m.11778G>A-
ND4 mutation who received single unilateral or bilateral
IVT of lenadogene nolparvovec. Almost all of them were
treated with a dose of 9 x 100 vg. This sizable sample of
the LHON population was globally representative of the
classic clinical presentation of the disease, including young
adults with a male predominance.” Most patients presented
with bilateral visual impairment and a duration of vision
loss within 1 year. Due to different inclusion criteria, 10 pa-
tients from the REVEAL study were chronic patients with
vision loss lasting for several years.

Most systemic events were of mild intensity, and most re-
ported events were common events such as headache. Sys-
temic AEs were exceptionally considered to be related to
lenadogene nolparvovec and rarely assessed as related to the
study procedure. None of these events were serious. In to-
tal, 4 patients died, but their death was unrelated to the
study treatment or procedure. Across the studies, few seri-
ous neurological events occurred but were assessed as un-
related to study treatment or procedure. Most of them cor-
responded to neurological disorders described in the liter-
ature to be associated with LHON.”’"*’ Regarding the pa-
tient developing a glioblastoma, the tumor excision tissue
analyses showed the absence of lenadogene nolparvovec,
indicating that tumor occurrence was unrelated to the gene
therapy.”® No patients discontinued the study due to a sys-
temic AE. The absence of systemic issues related to lenado-
gene nolparvovec is mainly supported by the limited bio-
dissemination of the product. It was observed in all clini-
cal studies that gene therapy shedding was negligible and
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transient in the blood, not detected in the urine, and lim-
ited and of short duration in patient tears. Of note, the few
positive results of bio-dissemination from REVEAL were
potentially due to concomitant cytomegalovirus infection
and not necessarily from the presence of lenadogene nolpar-
vovec in blood.?° Indeed, the detection method used in that
study targeted the cytomegalovirus promoter of the vector
and not the ND4 transgene as in the later studies.”’ Further-
more, the general humoral and cellular immune response
was limited, probably due to a low and transient systemic
exposure to the vector following IVT, confirming that the
eyes are immuno-privileged.

Most ocular AEs were of mild intensity and no ocular
AEs led to study discontinuation. Over the entire program,
there was 1 ocular SAE (retinal tear) that occurred in an
uninjected eye. The 2 ocular AESI types consisted of in-
traocular inflammation and IOP increase. Intraocular in-
flammation, frequently reported as related to lenadogene
nolparvovec, was mostly mild, as reflected by the low mean
global OIS. These local reactions were treated and con-
trolled with topical corticosteroids alone and rarely required
oral corticosteroids, even though oral corticosteroids were
not administered at the time of gene therapy injection in
4 of the clinical studies. Of note, a proportion of intraocu-
lar inflammations were not treated, reflecting the mildness
of these events. Intraocular inflammation events occurred
almost exclusively as anterior chamber inflammation and
intermediate (ie, vitreous) uveitis, very rarely as posterior
uveitis (retinal vasculitis). The proportion of eyes with in-
traocular inflammation progressively decreased over time,
along with the associated use of corticosteroid eye drops.
Nevertheless, the proportion of eyes with at least 1 intraoc-
ular inflammation event was higher in REVEAL, RESCUE,
and REVERSE studies, compared with REFLECT, which
was the only study that required oral corticosteroid regi-
men as a peri-treatment for the prevention or reduction of
ocular inflammation related to gene therapy. Furthermore,
the 4 severe intraocular inflammation events occurred in
REVEAL and REVERSE, and none was observed in RE-
FLECT, suggesting that a preventive treatment with oral
corticosteroids seems reasonable.

Intraocular inflammation is an expected side effect of
lenadogene nolparvovec. In the literature, intraocular in-
flammation is reported as one of the most common AEs in
clinical studies of AAV-mediated ocular gene therapies, ir-
respective of the route of administration (IVT or subreti-
nal) of the viral vector (AAV2 or AAVS).!*293* Several
reports have also documented intraocular inflammatory re-
sponses in preclinical studies of IVT or subretinal AAV
injections.””>*>*% Intraocular inflammation following gene
therapy is most likely related to viral capsid and/or exoge-
nous genetic material contained within the capsid.”

An increase in IOP can be secondary to the intraocu-
lar inflammation and/or treatment with topical steroids or,
more acutely, to the volume injected at the time of the IVT.
The increases in IOP, mostly mild, were either not treated or
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manageable with topical lowering agents alone, and rarely
required systemic treatment. Rare cases of elevated IOP af-
ter [VT were reported with the current lenadogene nolpar-
vovec injection volume (90 pL per injection), all resolving
without complications.

Among the most commonly reported ocular AEs related
to the study procedure, punctate keratitis and conjunctival
hemorrhage occurred at a similar frequency in lenadogene
nolparvovec and uninjected/placebo eyes. Punctate kerati-
tis is usually related to the preparation of the procedure
with use of antiseptic agents applied on the periocular skin,
whereas conjunctival hemorrhage is related to the IVT it-
self (pressure on the sclera for uninjected eyes and puncture
of the sclera for lenadogene nolparvovec/placebo eyes). In
clinical practice, these minor local reactions are frequently
observed with IVT'*4%4! and are treated symptomatically
(eg, treatment with artificial tear preparations in the case of
punctate keratitis).

Similar to the results of this safety analysis, the US team
that developed the scAAV2-PIND4v2 vector described
cases of uveitis after a single IVT of their gene therapy.'**
Two of 14 MT-ND4 LHON patients developed asymp-
tomatic mild anterior uveitis that resolved spontaneously
2 months after the injection. Exposure to this AAV2-ND4
vector also triggered the development of NADbs in a patient-
dependent manner as an increase in serum NAbs was ob-
served in 3 of 14 participants, including 1 of the 2 pa-
tients with uveitis but not the other.'* On the contrary,
no study treatment-related ocular AEs were reported dur-
ing 9 months of follow-up in 9 ND4-LHON patients who
received a single-dose IVT injection of the rAAV2-ND4
vector from the Chinese group.'’ However, the study con-
ditions were different from the current one, with a more in-
tensive preventive corticosteroid regimen consisting of oral
prednisolone administered 1 week before and for 8 weeks
after gene therapy.!’ Based on the Chinese group experi-
ence and the current studies, for which the mean OIS in-
creased from baseline to week 8 post IVT, the preventive
oral corticosteroid coverage regimen could be individual-
ized to patients, with extension over 8 weeks after treatment
as needed.

Analysis of the pooled safety data has provided an op-
portunity to examine the difference in safety profiles be-
tween unilateral and bilateral injections of lenadogene nol-
parvovec on a larger scale. In the REFLECT study, systemic
and ocular AEs in bilaterally treated patients (49 patients)
did not show differences in frequency, nature, or severity
compared with AEs from unilaterally treated patients. Ad-
ditionally, no relevant differences were observed between
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bilaterally and unilaterally treated patients in terms of bio-
dissemination and immunogenicity.

Regarding the long-term safety of lenadogene nolpar-
vovec, the interim analysis at year 3 of the 5-year follow-up
study RESTORE (62 patients) did not identify any safety
concerns,”” nor did the 5-year open-label, dose-escalation
study REVEAL (15 patients).”’ The follow-up of 189 MT-
ND4 LHON patients treated with lenadogene nolparvovec
confirms the good safety profile of lenadogene nolparvovec
over time after injection, with most patients followed for
at least 2 years, and more than one-third of patients fol-
lowed for 3 years post treatment. This is consistent with
data published by Yuan and associates'’ showing no sys-
temic or ocular adverse events during the 7-year follow-up
of their 8 patients treated with another rAAV2-ND4 gene
therapy.

Among the 189 MT-ND4 LHON patients in the cur-
rent safety population, 18 children aged 15 to 18 years
were included. The safety profile of lenadogene nolpar-
vovec in this pediatric population was similar to the safety
profile observed in the overall population. These results are
supported by data from 5 pediatric patients affected with
LHON who were treated in the expanded access program
under investigator-investigational new drug applications in
the USA; no significant safety findings were reported in 2
patients aged 13 years and 3 patients aged 14 years who
received bilateral IVTs of lenadogene nolparvovec (Don-
ahue SP, Scientific ePoster PO014, Annual Meeting of the
American Academy of Ophthalmology 2021). Likewise,
the safety profile of lenadogene nolparvovec was also favor-
able in elderly patients (>60 years).

This safety review of lenadogene nolparvovec for the
treatment of MT-ND4 LHON patients constitutes the
largest cohort of LHON patients studied after a gene ther-
apy treatment. One limitation of this report is related to
the reduced sample sizes of the pediatric and elderly popula-
tions, which is inherent to the demographic characteristics
of this disease.

In conclusion, based on the pooled safety data from 189
MT-ND4 LHON patients, lenadogene nolparvovec has a
good overall safety profile with excellent systemic tolera-
bility, consistent with its limited bio-dissemination. The
systemic humoral and cellular immune response is limited,
acknowledging the local ocular nature of the immune re-
sponse. Lenadogene nolparvovec has a good ocular tolera-
bility, characterized by mostly mild ocular side effects, re-
sponsive to conventional ophthalmologic treatments. This
safety profile is comparable for both bilaterally and unilat-
erally treated patients.
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