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Out-licensed to Avexis



EYE DISEASES
Hereditary Neuropathy (LUMEVOQ® 

Pivotal trial)

LIVER DISEASES
Crigler-Najjar disease (Pivotal 
trial ongoing , Fr, It, Netherl.)

IMMUNE AND BLOOD disease
Wiskott Aldrich (trial in France, US, UK)
Chronic Granulomatosis (trial in Fr US, UK)
Fanconi anemia (trial in Spain)
Severe X-linked immunodeficiencies (US 

trial)
Artemis (Trial in France)

Sickle Cell Anemia

PROGRAMS AT CLINICAL STAGE / MARKETED

MUSCLE DISEASES
SMA (Sub-licensed to Avexis/Novartis)

Myotubular myopathy (Sub-licensed to Audentes)

DMD (Phase1/2/3 ongoing)

LGMDs: FKRP (Phase 2b ongoing)

γ-sarcoglycanopathy (Phase 1 starting Q1 2024)

Pompe (Phase1/2 ongoing)

13 ONGOING CLINICAL TRIALS 
5 IN THE NEXT 3 YEARS
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Codon optimized µDystrophin (MD1)

• codon-optimized for tRNA frequency, GC content and mRNA stability
• consensus Kozak sequence to improve initiation of translation
•30-fold increase in microdystrophin expression
•muscle- and heart-specific (spc5.12) promoter
•murine, canine and human sequence variants
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Pr. George Dickson
RHUL

GNT0004: codon-optimized human µDystrophin-AAV

(Foster et al. Mol Ther 2008)

rAAV-hMD1

Partnership 
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Strength (3 months p.i.)

Fibrosis

Very robust therapeutic effect in skeletal muscle and 

heart in ratDmd

Microdystrophin



GNT0004 Non-Clinical Package

- GRMD Dog  Locoregional (short term) and systemic (long-
term) administration

Effective, long-term, and safe 
2x1013 vg/kg and 1x1014vg/kg in GRMD dogs

- DMDmdx Rat IV injection, follow-up 3-6 months
Restores histology and function of skeletal muscles and 
heart

Minimum Effective Dose : 1x1013 to 3x1013 vg/kg

 No Observed Adverse Effect Level (NOAEL) at 6.0x1013 vg/kg in WT 

and 2.1x1014vg/kg in DMDmdx rats

GRMD
+ rAAV8-µDys

WT dog GRMD
+ excipientNCL-DysB

Stéphane BLOT, 
ENVA

Caroline 
LE GUINER

Gernoux et al. 2021
Le Guiner et al. Nat. Comm. 2017
Larcher et al. 2014



Calendrier de l’essai

Baseline 
6-36 months

(F, UK)

Following 
dose 
selection

Baseline 
6-36 months

(F, UK+ US + Israel)

Natural history study

3x1013 vg/kg (Cohort 2)

6x1013 optional cohort

Follow-up 3 – 5 y

ANSM     Q1 2022
Approval to resume trial 

UK MHRA:   Q2 2022
CTA Approval2021 2023 2024 2025

Strasbourg, Brest, Lyon,
Lille, Bordeaux, Paris

Clinical development of GNT0004

NSAA at 52 w.
Microdystrophin expression at 8 W.

ActiMyo
Myotools (pintch, strength), ACTIVLIM, EQ5D
Muscle MRI
Heart function and respiratory function

A phase I-II-III study with a dose 
determination part followed by 
an efficacy and safety, quadruple 
blind placebo-controlled part, in 
ambulant boys aged 6 - 10 y.

Up to 5 y. follow-up

French ANSM :  Nov 2020
CTA approval 

Pivotal part (at selected dose, 42 pts)

Today

1x1013 vg/kg
SUSAR/Hold
May 2021



N Engl J Med 2023; 388:2294-2296



Approaches to reduce anti-capsid
or anti-transgene immune responses

Gross et al. Frontiers in Immunology 2022

for re-dosing
+ non-eligible patients

• Less immunogenic vectors
(ex capsid, promoters, miRT, innate motifs, …..)

• Novel or immunomodulatory treatments
(ex. SVP-rapa, others ? IDES)

• Repositioning existing immuno-
modulatory/suppressive treatments in GT
(ex. methotrexate, others ? )

• Deeper patient monitoring



Des questions en suspensNeed for re-dosing ?
(« stable » muscles vs regenerating vs growing)

« dilution » effect

of growth ?

Hypothetical kinetics of AAV-induced transgene

expression in skeletal muscles



“ICI” (Golden retriever muscular dystrophy dog)

• Born- Oct 2013
• AAV8-cMD1 gene therapy in 2014
• 10 years later and still doing well ! 

Persistence of the therapeutic benefit



MYOTUBULAR MYOPATHY (XLMTM)

• Congenital myopathy : ~1/40-50,000 live-born males
• Hypotonia and generalized muscle weakness
• Respiratory insufficiency (ventilation)
• Severe prognosis: >50% die before 2 years of age
• Mutations in the MTM1 gene, codes for myotubularin
• No approved disease-modifying therapy

Gangfuss et al. J. Neuromusc. Dis. 2021 

Ana BUJ-BELLO



ASPIRO CLINICAL TRIAL

Respiratory outcomes

USA, Canada, and Europe
Started 2017
24 treated patients 
IV, 2 cohorts, 1 x1014 vg/kg, 3 x1014 vg/kg )

AT132 
AAV8-MTM1

The Lancet Neurology, 2023



ASPIRO CLINICAL TRIAL

Respiratory outcomes The Lancet Neurology, 2023

AT132 
AAV8-MTM1

• Decrease in daily ventilation 
hours

• 16 patients achieved
ventilator independence

• Increase in muscle strength 
and progressive acquisition of 
motor milestones

• 12 patients stand
• 8 walk without support

• SAE and death in 4  patients 
 on hold

USA, Canada, and Europe
Started 2017
24 treated patients 
IV, 2 cohorts, 1 x1014 vg/kg, 3 x1014 vg/kg )



N=34 participants, age < 4 years
Duration on study: median 13 months (0.5-32.9 m)
Evaluation every 3 months

24% of participants had history of hepatic disease at enrollment
85% - at least one elevated value of ALT
62% - at least one elevated value of AST
35% - at least one elevated value of total or direct bilirubin
62% - hepatic adverse events or ultrasonographic imaging
abnormalities or both
50% received medications administrated for cholestatic or other
hepatic disease

91% of participants had history of hepatobiliary disease at 
enrollment or showed at least one sign of hepatic disease

XLMTM: LIVER PATHOLOGY



Research Preclinical Clinical trials

CTA cleared –
trial to start 1H 2024γ-sarcoglycanopathy – LGMD-R5

2025Calpainopathy – LGMD-R1

Cardiomyopathies 
(Dilated CM) – several 
targets

Phase1b in Europe & US
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GTx of LGMDs and cardiomyopathies

Organ-
sparing 

technologies

Technology 

Platforms

New 
promoters

New capsids 

Isabelle RICHARD

FKRP-deficiency– LGMD-R9 



ATA-100: LGMD-R9 (FKRP-deficiency)

AAV9

ITR ITRhuman FKRP

intron
mIRT+ pA

Desmin
promoter

Codon-optimized sequence of FKRP improving 
expression by 5x ratio 

miRNA target sequence to modulate transgene 
expression to prevent cardiac toxicity

AAV9

Total restoration (histological, functional) 
at 9E12 vg/kg (first clinical dose)

High safety margin 
(>30x)
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ATA-001 phase 1b preliminary results

All treated patients show marked decline in creatine kinase

Normal range 
(<170)

J Vissing et al, ESGCT 2023 oral presentation

Patient Dk-01-03: 42 years old, 82 kg
Data at 6 months

Velocity (10MWT): +32%
TUG: -15%
Quality of Life: +7%



Evidence of transgene expression: FKRP-positive fibers (ACD)

Positive fibers in red2

KO mice : significant histological and functional correction 
at doses > 4.5x1012 vg/Kg with at least 10% FKRP-positive fibers

IHF: muscle fiber membrane in green1, FKRP mRNA spots in red

Patient 2 Muscle Biopsy at 3 months

J Vissing et al, ESGCT 2023 oral presentation
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Gene therapies
of LGMD
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Gene therapies of Pompe disease

AAV2/8 α-glucosidase

rAAV9-DES-hGAA injected intramuscularly into the TA
Rituximab + Sirolimus prior to second injection into the contraletral muscle
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Myotonic dystrophy

From Izzo et al. 
Int. J. Mol. Sci. 2022



• Vaccines: 107-10 vg / dose 

• Duchenne : > 1015 vg / patient  
3 million L / 15 000 patients

Disruptive technologies are necessary

24

Large-scale production, a key limiting factor…

… and an opportunity
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Now we are at an inflection point (...) While the therapeutic 
potential of genetic therapies is immense, their real-world 
impact will be limited if we do not secure access for everyone 
who stands to benefit

Jennifer Doudna


