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Clinical trials are differents of real life

Efficacy in a short time >2 years Adverse events during the clinical trials

* Motor scores * Severe or Not

* Improvement of mobility * Biological abnormalities only

* New functions? * Event not linked to the
treatment

* Maintain of function ?
* Release of a symptom (epilepsy)
e Quality of live



Real life is different of clinical trials

Benefit Adverse event
* Long term>15 years * Long term >15 years

* What means improvement of a * What means toxicity ?

motor score? * Necessity of Registry
* Improvement of Autonomy in
the day life

e Supports? Hospitalisation?

* Schooling? Pregnancy?
* QOL?



Gene therapy and Antisens Oligonucleotides

* One shot or repeated treatments

* Different ways to deliver

* |n vivo and ex vivo
* Intraveinous, intrathecal, intracérébral, intraocular, intrahepatic, cutaneous....

* Expert centers
* Expansive treatments
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Myeloid Lineage

Ex vivo: hematopoietic cells

GENE THERAPY

Collect HSPC
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Enrich CD34+ HSPC
Gene Modify
(Ex vivo, GMP)

2\ Re-Infuse ’3

Intravenously

Gene-Modified
Blood Cells
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FIGURE 1 | Gene therapy corrects PIDs by restoring the affected blood cells. HSPC, hematopoietic progenitor and stem cells; BM, bone marrow; PBSC, peripheral
blood stem cells; GMP, good manufacturing practice laboratory; HSC, hematopoietic stem cells; CGD, Chronic Granulomatous Disease; LAD-1, Leukocyte Adhesion
Deficiency-l; X-ALD, X-linked Adrenoleukodystrophy; MLD, metachromatic Leukodystrophy; MPS, Mucopolysaccharidoses; Thal, a- or -Thalassemia; WAS,
Wiskott-Aldrich Syndrome; SCID, Severe Combined Immune Deficiency; HLH, Hemophagocytic Lymphohistiocytosis; IPEX, Immune Deficiency Polyendocrinopathy,
X-Linked; XHIM, X-linked Hyper IgM; XLP, X linked Lymphoproliferative. Diseases in bold font are currently in clinical trials. Parenthesis () mark non-PIDs.




Modulétion/suppression of the immune system l AAV vector engineering

Route of administration l Novel native serotype selection
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Vector genome optimizations

EpGﬁ
transgene u—o FIGURE 1 | Immune responses against AAVs. AAVs delivered systemically can be neutralized by pre-existing antibodies prior to entering the cells. If they evade nAb
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Vector production
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¥ Endotoxin-free
¥ Standardised titration
¥ High full/fempty capsid ratio

Animal model characterisation
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¥ Single/multiple relevant animal model(s)
¥ Minimum Effective Dose (MED) definition
¥ Functional and molecular biomarkers

Natural history

¥ Accurate knowledge of the pattern of
expression of the targeted protein
across tissues

Bioproduction scale up
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¥ Endotoxin-free

¥ Standardised titration

¥" High full/empty capsid ratio

¥" Similar process for preclinical and clinical
studies

Preclinical regulatory toxicology

(WT or disease model)
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¥ Cardiac, hepatic, renal, etc. biomarkers of
toxicity

¥ Mo Observable Adverse Effect Level (NOAEL)
definition

¥ AAV biodistribution & shedding

¥ AAV genotoxicity
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Q relevant specie(s)

Clinical trials

<@

L
X

¥ Efficacy assessment

¥ Immune response management

¥ Cardiac, hepatic, renal, etc. biomarkers
of toxicity

¥ Standardisation of procedures,
bioanalyses and references

Figure 1. Of rAAV and men: the ideal journey.




One example

Spinal Muscular atrophy



Spinal Muscular Atrophy
Mutation in (SMA)

the SMN1 gene

Deficiency in
the SMN protein
leads to splicing
defects in motor neurons

Physiopathology of SMA:
death of motoneurons: an emergency

Loss of motor neurons
in the anterior horns
of the spinal cord
prevents signalling
between the brain
and skeletal muscles

Progressive muscle
weakness and atrophy

il [ ™ =

Figure 1. The normal spinal cord of a 4-month-old infant (left) and spinal cord of a 5-month-old
infant with SMA type 1 due to homozygous deletion of SMN1 exon 7 (right). Both are transverse
sections through the cervical part of the spinal cord. SMAL1 is characterized by a significant loss of
anterior horn a-motoneurons. CON, control; SMA1, spinal muscular atrophy type 1. Cresyl violet



SMA before MTI Type 3
Walker

Risk of loss ambulation

Type 2
Sitter
Scoliosis

Type 1 Ventilatory support
No head control

death before 2 years
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Multidisciplinary approach

Pulmonary

Neuro-
Muscular /
rehabllitation

Coordinator

Patient
with
SMIA

Other organ
involvement

Orthopedic

Nutrition,
gastrointestinal
and bone health

Fig. 2. Multidisciplinary approach.
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Gene therapy since 2019 in France
National meeting every 15 days (RCP)

e 35 referral centers of the network FILNEMUS

* GT for age <24 months

* Résultat génétique et AC anti AAV Bulbar signs SMA type 1

* motor scores Respiratory PelllEfE EE
e \Vidéos insufficiency in 45% of case

Nutritional status
Respiratory function: ratio PT/HC
e Electromyogramm: CMAP

* Choice for the therapeutic center (N=8) "

ort Delay before
* Survey and monitorring of the adverse events therapy/ 15 days
* Long term evaluation in the real life




Improvement of the motor and respiratory scores
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2 SMN2 copy number 3 SMIN2 presympt.
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Non invasive evaluation
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Barrais et al. Journal of NeuroEngineering
Journal of NeuroEngineering and Rehabilitation ~ (2024) 21:183 Ll
https://doi.org/10.1186/512984-024-01477-9 and Rehabilitation

Acceptability, validity and responsiveness R
Non invasive measure of of inertial measurement units for assessing
motor recovery after gene therapy in infants
with early onset spinal muscular atrophy:

a prospective cohort study

R. Barrois3'%" B. Tervil’, M. Cacioppo®’, C. Barnerias', E. Deladriére!, V. Leloup-Germa', A. Hervé!, L. Oudre’,
D. Ricard™®, P. P Vidal®, N. Vayatis®, S. Quijano Roy’, S. Brochard®® C. Gitiaux'? and |. Desguerre'?

improvement
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French SMA - Registry

* Registry of all patients followed in France (treated and non-reated).

* Start of the registry in January 2020.

* Data collection: f E“'ﬁc:

"  Retrospective: September 2016 - January 2020.
" Prospective: from January 2020.

* Follow-up for 10 years.

* 64 participating centres: 32 paediatric, 29 adult, 3 mixed.



Research article

Journal of Meuromuscular Diseases

REGISTRE SMA FRANCE: A nationwide © The Authr(s) 2025

Article reuse guidelines:

observational registry of patients with _sagepub comljourls permissons
spinal muscular atrophy in France

journals.sagepub.com/homeljnd
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_Gené thérapy cohort

Adverse events during the first two weeks

* ASAT > 50 U/L: 34 patients (87%). 2 deceased patients:
« ASAT > 150 U/L: 16 patients (41%). -1in the context of TMA, 2 months post GT

- 1 in the context of respiratory infection, 4 months post GT
* Platelets < 150 G/L: 17 patients (44%).

* Platelets < 65 G/L: 5 patients (13%). =
=
E. g
' =
' =
' 250
i
E
[ I I l L L h - . = Days from traatment initiation B e
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Thrombotic Microangiopathy ) Chock for upcates
as an Emerging Complication of Viral
Vector-Based Gene Therapy

Nora Schwotzer'-’, Carine El Sissy”*’, Isabelle Desguerre®, Véronique Frémeaux-Bacchi®?,
Laurent Servais®® and Fadi Fakhouri'

1Service of Nephrology and Hypertension, Department of Medicine, Lausanne University Hospital and University of Lausanne,
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Pompidou, Paris, France; 3Paris University, Paris, France; “Paediatric Neurology Department, Necker Hospital, APHP Centre,
Université Paris Cité, Paris, France; *MDUK Oxford Neuromuscular Center and NIHR Oxford Biomedical Research Center,
University of Oxford, Oxford, UK; and ®Neuromuscular Center, Department of Pediatrics, University of Liege and University
Hospital of Liege, Belgium
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Résults of analysis of National Health insurance in France over 11 years
Medico-economic analysis

Patients identifiés avec une SMA dans le SNDS entre 2011 et 2022

N=1472
| X N =769
Patients incidents SMA Exclusion des patients non incidents et/ou non
classifies en SMA1, SMA2 ou SMA3
N=703
| i |
SMA1 SMA2 SMA3
N =377 (53,6 %) N =130 (18,5 %) N =196 (27,9 %)

| | |

I | | I I |
Patients traités Patients traités Patients traités

N =116 (30,8 %) N =107 (82,3 %) N =107 (54,6 %)



Résults- life expectancy
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Care trajectory -Data mining analysis
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Benefit of presymptomatic treatment : neonatal screening since september 2025 in France

Will et ol Drpharet J Rare Dis (2020) 16153

hitpss¥'doi.ongf10.1 186/ 13023-021-01 7838 OrPhanerJUurnal Df

Rare Diseases

RESEARCH Open Access

: : ®
Newborn screening for spinal muscular ho
atrophy in Germany: clinical results after 2 years

Katharina Vill''@®, Olver Schwartz™, Astrid Blaschek!, Dieter Glaser?, Uta Nennstiel®, Brunhilde Wirth?,
Siegfried Bu 'ggrai. Wl Rﬁschirge":. Marc Backar®, Ludwig Czibere®, Jirgen Durnar™, Katja E-gg-;»'rna"ms.

Bernhard Olgemﬁlle'g. Erik Harms'®, Ulrike Schara"!, Heike Kalbel''t and Wolfgang Ml ar-Felper'™

HINE Motor Milestone Scores Over Time Across

Studies

'+ The greatest improvements in total HINE Section 2 motor milestones were observed in
infants treated with nusinersen in the presymptomatic stage of SMA in NURTURE

@ NURTURE # NURTURE BCSIAM-T) & ENDEAR. + ENDEAR-sham

-----4—Max score=26

,.) Available online at waw, sciencadirect. com M n

oz ScienceDirect
Nemmomescular Discrders 20 (2019) 42 RS6
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Nusinersen initiated in infants during the presymptomatic stage
of spinal muscular atrophy: Interim efficacy and safety results
from the Phase 2 NURTURE study

Darryl C. De Vivo™*, Enrico Bertini®, Kathryn J. Swoboda®, Wuh-Liang Hwu®,
Thomas . Crawford®, Richard S. Finkel”, Janbernd Kirschner®", Mancy .. Kuntz’,
Julie A. Parsons’, Monique M. Ryan”, Russell J. Butterfield', Haluk Topaloglu™,
Tawfeg Ben-Omran ™, Valeria A. Sansone™, Yuh-Jyh Jong®, Francy Shu®, John F Staropoli'-',
Douglas Kerr™', Alfred W. Sandrock', Christopher Stebbins', Marco Petrillo’, Gabriel Braley’,
Kristina Johnson', Richard Foster”, Sarah Gheuens', Ishir Bhan', Sandra P. Reyna'',
Stephanie Fradette', Wildon Farwell', on behalf of the NURTURE Study Group

ASPRINT

: :
Patients treated pre-symptomatically o
show rapid improvement in motor function | i

Patients with 2 copies of SMN2 had early increases
in mean CHOP-INTEND score from baseline
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(1) Uncertain and unknown effects of a newly approved treatment
and the necessity of long-term follow-up

(2) Causes and consequences of overoptimism and hype (Network,
Parent Association)

(3) Implications of high treatment costs (price of the medication but
also recurrent hospitalisations and medical time consuming)

(4) Implications for newborn screening: presymptomatic treatment
for SMA type 1, 2, 3

(5) Changing the standard of care with more invasive cares (place of
ventilatory support, gastrostomy).



Quality of life? New needs?

* Longer life span increases the needs for financial support,
equipment, and assistance in activities of daily living

* It also has important existential and social implications, as those
living longer with disabling conditions share the human desire to live
independently, participate in the workforce, and have their own
families.



Ethical purposes

Principes: respect parent, patient’s autonomy, safety, legacy, quality of life
Multidisciplinary team and decision making process

Implication of the family in the discussion but the decision is medical in
accordance with the parents.....most of the time

First or best interest of the child
 Sometimes against the whishes of the parents
e Dilemna for the medical team, for the parents



4 AXIS: M Hully

Medical research in
clinical practice with

parents
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