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ATMP Revolution in Neuromuscular Diseases

From scientific breakthrough to healthcare transformation

First AAV trials

KEY MESSAGES

Industrial scale-up

® ® ® ©

Zolgensma (SMA) Evrysdi (SMA) Elevidys (DMD) Paradigm Shift

Multiple Phase Ill programs Regulatory maturity Reimbursement discussions

Neuromuscular diseases have become of the leading proving ground for ATMPs.

@

Next-gen ATMPs

New Players
Solid Biosciences,
Dyno Therapeutics,
Genethon, Kate Therapeutics,
Astellas Gene Therapies, ...

European Biotech Act




Engineering the Therapeutic Toolbox

Four converging modalities now shape ATMP development in neuromuscular disease

MOST WIDELY USED MOST WIDELY USED

Genome Editing Cell Therapies
Gene Replacement RNA Therapies
CRISPR/base/prime-editing Ex vivo engineered or stem-cell-
Viral-vector delivery of a Antisense oligonucleotides and platforms designed to derived products aimed at
functional transgene to restore a splice modulators that correct or permanently correct the muscle or motor-neuron
missing or non-functional gene modulate mMRNA processing.2 underlying mutation.3 regeneration.4

product.1

1. Naso MF et al. BioDrugs. 2017;31(4):317-334. 2. Aartsma-Rus A, Krieg AM. Nucdleic Acid Ther. 2017;27(1):1-3. 3. Anzalone AV et al. Nat Biotechnol. 2020;38(7):824-844. 4. Deneault E. Curr Issues Mol Biol. 2024;46(5):4147-4185.



Why Neuromuscular Diseases?

Monogenic biology, defined targets and validated outcome measures make this field an ATMP proving ground

Not-so-rare monogenic disorders Well-characterized biology Predictable natural history
SMA (~1/10,000) and DMD (~1/5,000 male Pathophysiology, causal genes and Disease trajectories are well documented,
births) are among the more prevalent single- animal/large-animal models (mouse, dog, pig) despite phenotypic variability, enabling
gene diseases, offering viable trial are extensively described.3 natural-history-controlled trials.4

populations.1,2

Validated outcome measures Mature collaborative networks

Accessible target tissue

NSAA, CHOP-INTEND, timed function tests, CK Long-standing reference centres and patient Skeletal muscle is abundant, richly
and accessible muscle biopsy provide registries (TREAT-NMD, European Reference vascularized and reachable by systemic AAV
sensitive, regulator-accepted endpoints.5 Networks) accelerate recruitment and follow- delivery, unlike many CNS targets.3

up.6

1.Verhaart IECet al. Orphanet) Rare Dis. 2017;12:124. 2. Crisafulli S et al. OrphanetJ Rare Dis. 2020;15:141. 3. Duan D etal. Nat Rev Dis Primers. 2021;7:13. 4. Mercuri E et al. Neuromuscul Disord. 2018;28(2):103-115. 5. Mazzone ES et al. Neurology.
2013;81(4):357-364. 6. Bushby K et al. Neuromuscul Disord. 2011;21(6):396-405.



Viral and Non-Viral Vectors

Delivery platform choice shapes tropism, durability, payload size and immunogenicity

CLINICAL STANDARD

JAVA\Y)

Adeno-associated virus

Lentivirus HSV LNP

Integrating retrovirus Herpes simplex virus Lipid nanoparticle (non-viral)

Non-integrating, episomal; broad

tissue tropism via serotype; low Stable genomic integration Very large payload capacity; Transient mRNA/siRNA delivery;
pathogenicity; long-term enables permanent correction; naturally neurotropic; mainly no viral genome, low integration
expression in post-mitotic tissue. used mainly in ex vivo cell/HSC explored for oncolytic and risk, but limited muscle tropism
1,2 gene therapy; insertional CNS/PNS delivery, not yet and repeat-dosing potential. 5
mutagenesis risk. 3 mainstream in NMD. 4
~4.7 kb payload ~8-10 kb payload >30 kb payload mRNA/oligonucleotide

1. Naso MF et al. BioDrugs. 2017;31(4):317-334. 2. Wang D, Gao G. Discov Med. 2014;18(98):151-161. 3. Milone MC, O'Doherty U. Leukemia. 2018;32(7):1529-1541. 4. Manservigi R et al. Open Virol J. 2010;4:123-156. 5. Hou X et al. Nat Rev Mater.
2021;6(12):1078-1094.



AAV Biology

A small, non-pathogenic parvovirus engineered as the workhorse vector of muscle gene therapy

Capsid

Icosahedral protein shell; serotype (e.g. AAV9) determines tissue tropism. 1

ITRs

Inverted terminal repeats flank the genome and are required for packaging. 2

Transgene

New working copy of the missing or nonfunctional gene

° Promoter / transgene

Drives tissue-specific expression of the therapeutic gene.2

Episomal persistence

Non-integrating genome — durable in muscle, diluted by growth.3,4

1. AiJ et al. Sci Rep. 2017;7:40336. 2. Naso MF et al. BioDrugs. 2017;31(4):317-334. 3. Duan D. Mol Ther. 2018;26(10):2337-2356. 4. Nathwani AC. Hematology Am Soc Hematol Educ Program. 2022;2022(1):1-8. 5. Figure adapted from Wang D, Gao G.
Discov Med. 2014,18(97):67-77.



Current Clinical Landscape

ATMPs approved or in late-stage development across paediatric neuromuscular disease

Disease

SMA

DMD

LGMD (R4/R5/R9)

Pompe disease

XLMTM

Myotonic dystrophy 1

Target

SMN1/SMN2

Dystrophin

SGCB/ SGCG/ FKRP

GAA

MTM1

DMPK repeat

Approved ATMP

Onasemnogene abeparvovec (AAV9-SMN1, IV,
2019)1

Delandistrogene moxeparvovec (AAVrh74-micro-
dystrophin, 2023/24)3

None approved

None (ERT only)

None

None

ERT, enzyme replacement therapy; XLMTM, X-linked myotubular myopathy.

Key investigational programmes

Intrathecal & next-gen AAV-SMN1 delivery in early development2

Genethon GNT-0004; Solid SGT-003; Pfizer programme discontinued (2024)4,5

Sarepta SRP-9003 (Ph3 EMERGENE); trial on hold & SRP-9005; Atamyo ATA-200/ATA-1006-8

Liver-targeted AAV2/8-GAA gene therapy, Phase 1/119

Resamirigene bilparvovec (AT132) -- ASPIRO trial on clinical hold10,11

Antibody-oligonucleotide conjugates (DYNE-101/A0C 1001), Phase 1, 2,3

1. Mendell JR etal.N Engl J Med. 2017;377(18):1713-1722. 2. Meyer K etal. Mol Ther. 2015;23(3):477-487. 3. Mendell JR et al. JAMA Neurol.2020;77(9):1122-1131. 4. Servais L et al. Mol Ther Methods Clin Dev. 2022;27:429-438 (GNT-0004). 5. Nature. AAV microdystrophin gene therapy
for DMD: progress and prospects. Gene Ther. 2025.6. Mendell JR et al. Nat Med. 2024;30:1006-1013 (SRP-9003). 7. ClinicalTrials.gov NCT06246513. 8. ClinicalTrials.gov NCT05973630 (Atamyo). 9. Byrne BJ et al. J Inherit Metab Dis. 2023. 10.Shieh PB et al. Lancet Neurol.
2023;22(12):1099-1108. 11. ClinicalTrials.gov NCT03199469. 12. ClinicalTrials.gov NCT06411288 (Avidity/Dyne).



SMA: First Proof of Concept

Onasemnogene abeparvovec: the paradigm shift for AAV gene therapy

2017 2019

First-in-human data published (NEJM) for FDA approval of onasemnogene
AAV9-mediated SMN1 gene transfer in abeparvovec — the first systemic, single-
SMA type 1 infants.1 dose AAV gene therapy approved for a

neuromuscular disease.2

1.Mendell JR etal. N EnglJ Med. 2017;377(18):1713-1722. 2. US FDA. Zolgensma approval letter, May 2019. 3. Al-Zaidy SA, Mendell JR. Pediatr Neurol. 2019;100:3-11.

1st

Proof that a single IV infusion of AAV9
could cross into the CNS and durably
rescue motor-neuron function in
infants.1,3



Key symptoms —motorneurone disease

Muscle weakness — hypotonia
Areflexia
Tong fasciculations

Normal cognition

Four Primary Types of SMA

Werdnig-
Hoffmann
Disease

60%

of all SMA cases

Number of SMN2 Copies
~Two

Onset:
<6 months

@

Unable to sit
without support.

Experiences trouble
breathing, coughing,
and swallowing

Most infants with
SMA type 1do not
survive past age 2

Dubowitz
Syndrome

Approximately
20-30%

of all SMA cases

Number of SMN2 Copies
~Three or Four

Onset:
6-18 months

Unable to stand or
walk without support.

May gradually
experience trouble
breathing, coughing,
and swallowing

With early diagnosis and
care, people with SMA
type 2 can survive
well into adulthood

Kugelberg-
Welander
Disease

Approximately
10-20%

of all SMA cases

Number of SMN2 Copies
~Three or Four

Onset:
> 18 months

Able to stand alone
and walk, but may lose
the ability to walk.

May experience
slight tremors and
muscle weakness

People with SMA type 3
typically have a normal
life expectancy

@ Gillette Children’s
Specialty Healthcare

<5%

of all SMA cases

Number of SMN2 Copies
~Four to Eight

Onset:
Adulthood

Able to stand alone
and walk, but may lose
mobility over time.

May experience
slight tremors and
muscle weakness

People with SMA type 4
typically have a normal
life expectancy




SMA: 3 recent ATMPs on the market

Reimbursement criteria Administration

All SMA Every 4-months IT

Symptomatic SMA type 1 AND <24 months
<13,5 kg

OR Once IV
Pre-symptomatic SMA with

1- 3 SMIN2-copies

Evrysar Symptomatic SMA type 1, 2
copgron. or3 Daily PO
OR
Pre-symptomatic SMA with
2022 1-4 SMIN2 copies




SMA: Gene Therapy — Outcome
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Gene therapy for spinal muscular atrophy: timing is key

Lowes et al., 2019
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Health - Europe
2024:47: 101112




Early treatment is key

Generalized
SMA NBS
access in
Belgium




Dystrophic Muscle

Healthy Muscle Corrected Muscle

DMD: Expanding the Paradigm

Micro-dystrophin gene therapies in clinical development: shared strategy, distinct constructs

Vector / promoter

Delandistrogene moxeparvovec (SRP-9001, AAVrh74, MHCK7 promoter, MD1 micro-

Sarepta / Roche Elevidys) dystrophin

Approved (2023 accelerated, 2024 full US approval)1,2

AAV8, muscle-specific promoter, MD1 micro-

Genethon GNT-0004 .
dystrophin

Phase 1/2/3, France (I-Motion platform)3

Engineered AAV capsid, next-gen micro-

Solid Biosciences SGT-003 .
dystrophin

Phase 1/2 IGNITE DMD, active4

Fordadistrogene movaparvovec (PF-
06939926)

Discontinued 2024 after Phase 3 CIFFREQ efficacy failure

Pfizer & deathss,6

AAVY, mini-dystrophin

All four sponsors share largely overlapping vector and promoter elements. A joint industry working group now pools safety data on transgene-related serious adverse events (myocarditis,
hepatotoxicity) across programmes.7

1. Mendell JR et al. JAMA Neurol. 2020;77(9):1122-1131. 2. US FDA. Elevidys full approval, June 2024. 3.Servais L et al. Mol Ther Methods Clin Dev. 2022;27:429-438. 4. ClinicalTrials.gov NCT03368742 (IGNITE DMD). 5. BioPharma Dive. Pfizer Ciffreo Phase 3 results, June
2024. 6. Gene Ther. AAV microdystrophin gene replacement therapy for DMD: progress and prospects. 2025. 7. Bonnemann CG et al. CGTLive presentation, 2025 (cross-sponsor SAE working group).



Delandistrogene Moxeparvovec Micro-Dystrophin vs Wild-Type Dystrophin

Delandistrogene moxeparvovec
micro-dystrophin?-’

Healthy muscle!”’

Laminin 2

Laminin 2

Extracellular matrix

SARCOLEMMAL
Sarcolemma

Cytoplasm

. W -
F-actin %%; s ST

F-actin

Delandistroge ne moxeparvovec has been approved by the US Food and Drug Administration for the treatment of DMD in ambulatory and non-ambulatory patients at least 4 years of age who have a confirmed mutation in the DM D gene, and in the
UAE, Qatar, Kuwait, Bahrain, Oman and Israel for the treatment of DMD in ambulatory paediatric patients aged 4 through 5 years with a confirmed mutation in the DMD gene (as of June 2024).

DMD, Duchenne muscular dystrophy; UAE, United Arab Emirates.

Figure adapted from Zhao J, et al. Hum Mol Genet 2016;25:3647-53.

1. Gao QQ. Compr Physiol 2015; 5:1223-39; 2. Harper SQ. Nat Med 2002;8:253-61; 3. Nelson DM. Hum Mol Genet 2018;27:2090-100; 4. Fairclough RJ. Nat Rev Genet 2013;14:373-8;
5. Aartsma-Rus A. Muscle Nerve 2006;34:135-44; 6. Zhao J. Hum Mol Genet 2016;25:3647-53; 7. Asher DR. Expert Opin Biol Ther 2020;20:263-74.
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Emerging Indications

The microdystrophin/SMN playbook is now being extended across the neuromuscular spectrum

LGMD R9 (FKRP) Pompe disease Congenital myopathies Congenital muscular
dystrophy
Atamyo ATA-1002 and related AAV- Liver-targeted AAV2/8—GAA gene AAV-MTM1 (XLMTM) paved the way; Early gene-addition and exon-
FKRP programmes in early-phase therapy in Phase I/Il, aiming to induce collagen VI- and RYR1-related skipping strategies explored for
trials for the most common European sustained endogenous enzyme congenital myopathies are next in LAMA2-related CMD, still largely
LGMD subtype.1l production and immune tolerance.2 preclinical pipelines.3 preclinical.4

Snapshot: as trial infrastructure and manufacturing platforms mature, the field is moving from single flagship diseases (SMA, DMD) toward a broader portfolio of ultra-rare neuromuscular
indications.

1. ClinicalTrials.gov NCT05973630 / Atamyo Therapeutics pipeline. 2. Byrne BJ et al.J Inherit Metab Dis. 2023;46(3):404-418. 3. Beggs AH et al. Mol Ther. 2022;30(2):582-593 (XLMTM). 4. Yurchenco PD et al. Matrix Biol. 2018;71-72:174-187.



Current Limitations

Structural constraints that current-generation AAV gene therapies must still overcome

Target, Off-target
specificity
And toxicity

Natural serotypes transduce liver
alongside muscle, driving
unwanted toxicity.5

Pre-existing immunity

Up to 30-60% of the population
carries neutralizing anti-AAV
antibodies, excluding many

patients from treatment.2

No redosing

Vector-induced immunity
typically precludes a second dose
of the same AAV serotype if
expression wanes.3

High selling prices
putting
reimbursement
systems under
pressure

Manufacturing scale Payload size

Systemic paediatric doses The ~4.7 kb AAV packaging limit

precludes delivery of large genes
such as full-length dystrophin.1

require very high vector particle
numbers, straining GMP
production capacity.4

1. Duan D. Mol Ther. 2018;26(10):2337-2356. 2. Boutin S et al. Hum Gene Ther. 2010;21(6):704-712. 3. Meliani A et al. Nat Commun. 2018;9:4098. 4. Ghosh Set al. Appl Biosaf. 2020;25(1):7-18. 5. Hordeaux J et al. Hum Gene Ther. 2020;31(15-16):808-

818.



Why Muscle is Difficult to Treat ?

Skeletal muscle's own scale works against efficient, muscle-restricted gene delivery

Systemic

IV infusion

Endothelial barrier

Capillary endothelium and basal lamina limit vector
extravasation into the interstitium before it reaches

myofibres.3

1. Sabatino DE et al. Mol Ther. 2022;30(8):2646-2663. 2. Duan D. Mol Ther. 2018;26(10):2337-2356. 3. Nonnenmacher M, Weber T. Gene Ther. 2012;19(6):649-658. 4. Chand DH et al. J Pediatr. 2021;231:265-268. 5. Hinderer C et al. Hum Gene Ther.

2018;29(3):285-298.

Liver (off-target sink)

First-pass capture reduces
muscle-available dosel

Skeletal muscle (target)

~40% of body mass —
vast surface to transduce2

Dose-toxicity trade-off

Compensating for inefficient muscle transduction requires
very high systemic doses, escalating hepatotoxicity and
complement activation risk.4,5

High vector dose
needed to saturate mass

Heterogeneous perfusion

Diaphragm, cardiac and distal limb muscles are perfused
and transduced unevenly at a single dose.2



The Pediatric Challenge

Growth and myofibre regeneration dilute non-integrating episomal genomes over time

Progressive loss of transduced nuclei and dystrophin with repeated regeneration cycles

— )

Proportion of Initial After 1st cycle After 2-3 cycles After multiple cycles
transduced nuclei (no regeneration) of regeneration of regeneration (advanced disease)
(AAV+)

Level of

.eeee u.eeeeé
dystrophin Ill B
Hin i Ii
ll.- '....-_ e

1. Duan D. Mol Ther. 2018;26(10):2337-2356. 2. Nathwani AC. Hematology Am Soc Hematol Educ Program. 2022;2022(1):1-8. 3. Chand DH et al.J Pediatr. 2021;231:265-268. 4. Al-Zaidy SA, Mendell JR. Pediatr Neurol. 2019;100:3-11. Curve is illustrative,
not derived from patient-level data.



Safety and Toxicity

The safety signals that have shaped dosing, monitoring and eligibility criteria

Hepatotoxicity

Acute transaminase elevation

and, rarely, acute liver failure;

most common systemic AAV
toxicity, dose-related.1,2

Thrombocytopenia / TMA

Transient platelet decline and, in
rare cases, thrombotic
microangiopathy ~1 week post-
infusion, linked to complement
activation.2,3

DRG toxicity

Dorsal root ganglion sensory
neuron injury observed
preclinically at high AAV doses;
clinical relevance under
investigation.4

Myotoxicity

Local and immune-mediated
muscle injury, including
transgene-directed T-cell
responses seen in DMD trials.5,6

1. Zolgensma. Prescribing information. Novartis Gene Therapies, Inc. 2. Chand DH et al. ) Pediatr. 2021;231:265-268. 3. Stone D et al.J Virol. 2008;82(15):7711-7715. 4. HordeauxJ et al. Hum Gene Ther. 2020;31(15-16):808-818. 5. Bonnemann CG et al.
Gene Ther. 2023;30(10):700-708. 6. Guridi M et al. Mol Ther Methods Clin Dev. 2020;18:389-399.



Safety and Toxicity

The safety signals that have shaped dosing, monitoring and eligibility criteria

Involvement of:

v' Innate Immune Response,
Hepatotoxicity Myotoxicity

v' Adaptive Immune Response (capside, transgene, promoter)

Most AAV vectors liver tro bl and immune-mediated
Acute transaminase elevd huscle injury, including
and, rarely, acute liver fai v Pl’eeXiSting Immune ReSponse, hnsgene-directed T-cell

most common systemic hses seen in DMD trials.5,6

toxicity, dose-related.1

v' Dose-Efficacy Relationship mechanisms

1. Zolgensma. Prescribing information. Novartis Gene Therapies, Inc. 2. Chand DH et al. J Pediatr. 2021;231:265-268. 3. Stone D et al.J Virol. 2008;82(15):7711-7715. 4. Hordeaux J et al. Hum Gene Ther. 2020;31(15-16):808-818. 5. Bonnemann CG et al.
Gene Ther. 2023;30(10):700-708. 6. Guridi M et al. Mol Ther Methods Clin Dev. 2020;18:389-399.




Lessons Learned

What the first decade of neuromuscular ATMPs has taught the field

Timing changes outcomes

Dose and safety are inseparable

Efficacy surrogates need scrutiny

Transparency across sponsors accelerates safety learning

One-size-dosing does not fit a growing child

Presymptomatic and newborn-screening-driven treatment consistently outperforms
symptomatic treatment across SMA trials.1,2

High systemic AAV doses that improve muscle transduction also raise hepatotoxicity,
TMA and DRG-injury risk — the therapeutic window is narrow.3,4

Accelerated approvals based on biomarker expression (e.g. micro-dystrophin levels) have
not always translated into confirmed functional benefit.5

Cross-company data-sharing on serious adverse events (DMD gene-therapy working
group) sped recognition of shared risk patterns.6

Episomal dilution with growth means paediatric durability differs fundamentally from
adult gene-therapy experience.3

1. RoparsJ et al. JAMA Netw Open. 2025. 2. De Vivo DCet al. Neuromuscul Disord. 2019;29(11):842-856 (NURTURE). 3. Chand DH et al.J Pediatr. 2021;231:265-268. 4. Hinderer Cet al. Hum Gene Ther. 2018;29(3):285-298. 5. BioPharma Dive. Pfizer

Ciffreo Phase 3 results, June 2024. 6. Bénnemann CG et al. CGTLive presentation, 2025.



Second-Generation Vectors

Directed evolution and Al-designed capsids are redefining the therapeutic window

Higher muscle transduction at lower dose

MyoAAV and related engineered capsids achieve 10-29x greater muscle transduction than AAV9 in mice at reduced systemic exposure.1

Reduced liver tropism

De-targeting capsid engineering lowers off-target hepatic uptake, widening the safety margin.2

Machine-learning-guided design

Sequence-function models now explore capsid space beyond conventional directed evolution or rational design.3,4

1. Tabebordbar M et al. Cell. 2021;184(19):4919-4938. 2. Weinmann J et al. Nat Commun. 2020;11:5432. 3. Bryant DH et al. Nat Biotechnol. 2021;39(6):691-696. 4. Molecular Therapy. Advances in AAV capsid engineering. 2025.




Precision Muscle Targeting E

Vector Copy Number
Protein Inhibition

Next-generation gene therapy: engineering safer, muscle-restricted expression cassettes

e
i @ AAV+rSGCA
@ AAV +rITGAV-B6

Abundance
IS
X
)

9rh74-5ffo

SR
Y?vy.@;\w&é\“’
e . & ¥
Simplified AAV expression cassette
Promoter Therapeutic Gene miRNA target sites
Tissue-specific promoters miRNA de-targeting Programmable regulatory Muscle-specific capsids
circuits
tMCK, desmin and other muscle- Insertion of miR-208a (cardiac- Future vision: inducible promoters, Engineered myotropic AAV capsids
restricted promoters limit specific) target sites suppresses off- multi-miRNA logic and synthetic- (e.g. MyoAAV) boost muscle
expression to skeletal/cardiac target cardiotoxic expression.2 biology switches for on/off transduction 10-29x while
muscle.1 control.3 reducing off-target liver uptake.4
_ First-generation ATMPs Next-generation ATMPs
Promoter Ubiquitous / strong constitutive Muscle-restricted, tunable
Tropism Natural serotype (e.g. AAV9) Engineered, muscle-selective capsids
Off-target risk Liver, DRG, cardiac exposure miRNA & capsid de-targeting
Dosing Fixed, single high dose Potentially inducible / lower dose

“Future gene therapies will deliver the right gene, at the right place, in the right cells.”

1. Salva MZ et al. Mol Ther. 2007;15(2):320-329. 2. Qiao C et al. Hum Gene Ther.2011;22(11):1343-1352. 3. Bailey CM et al. Mol Ther Methods Clin Dev. 2022;25:459-472. 4. Tabebordbar M et al. Cell. 2021;184(19):4919-4938.



Beyond AAV

Genome editing and non-viral delivery are broadening the ATMP toolkit for neuromuscular disease

Base Editing Prime Editing Lipid Nanoparticles (LNP)
Chemically converts a single DNA base without “Search-and-replace” editing capable of correcting Non-viral, non-integrating carriers already validated
double-strand breaks; explored preclinically to insertions, deletions and all base substitutions with for mRNA vaccines; muscle-tropic LNP formulations
correct point mutations underlying DMD and other minimal off-target activity; early preclinical DMD are now in preclinical development for repeat-
myopathies.1 correction reported.2 dosable therapies.3,4

None of these platforms has yet reached pivotal clinical trials in paediatric neuromuscular disease — they represent the next research frontier rather than

near-term clinical options.

1.Chemello F et al. Sci Adv. 2021;7(18):eabg4910. 2. Happi Mbakam Cet al. Nat Commun. 2024;15:2867. 3. Hou X et al. Nat Rev Mater. 2021;6(12):1078-1094. 4. Rurik JG et al. Science. 2022;375(6576):91-96.



Future Directions

Precision, durability, safety and accessibility: three fundamental design questions

WHERE?

WHEN?

HOW MUCH?

Control where the transgene is expressed.

¢ Tissue-specific promoters

Cell-specific enhancers

miRNA-mediated de-targeting

¢ Engineered capsids

Goal: Ensure that only target cells express the
therapeutic gene.

Control when and for how long the transgene
is expressed.

e Today: expression is often permanent

e Tomorrow: inducible promoters

Transient expression / RNA switches

Self-limiting vectors

Goal: Express the therapeutic gene only when
needed.

Control the level of therapeutic protein
expression.

e Promoter strength
e Enhancers & UTR engineering
e miRNA target sites

e \ector dose

Goal: Match protein output to the therapeutic
window.

Conceptual framework synthesised from: Bailey CM et al. Mol Ther Methods Clin Dev. 2022;25:459-472; Anzalone AV et al. Nat Biotechnol. 2020;38(7):824-844; Sabatino DE et al. Mol Ther. 2022;30(8):2646-2663.



A Paediatric Perspective on the European Biotech Act

Building an ecosystem where transformative ATMPs reach every child who may benefit

Ultra-rare-appropriate development models Conventional pharma business models do not fit populations of only a few dozen patients; the Act
should support innovative financing, academic/not-for-profit developers and proportionate
regulatory pathways.1

An equally ambitious clinical ecosystem Delivering an ATMP requires early diagnosis, genetic confirmation, specialised centres and
harmonised long-term follow-up — infrastructure that is as critical as manufacturing.1

European networks over duplication Reinforcing recognised centres of expertise (building on European Reference Networks) is more
effective than replicating highly specialised capacity in every Member State.1,2

Removing cross-border barriers Simplified referral, reimbursement and access procedures let children receive the right treatment
at the right time, regardless of country of residence — critical for progressive paediatric disease.1

Keeping European discoveries in Europe The Act should strengthen the full pathway from academic discovery to clinical delivery, so
European ATMP innovation is developed and manufactured within Europe.1

Status: the Commission's Biotech Act proposal (Dec 2025) includes SPC incentives for ATMPs; a Biotech Act Il on biomanufacturing was opened for consultation in 2026.3,4

1. Adapted from: Deconinck N. A paediatric perspective on the EuropeanBiotech Act in the context of ATMP development (position statement). 2. European Reference Netwok for Rare Neuromuscular Diseases (ERN EURO-NMD). 3. Crowell & Moring. European Commission Proposes Biotech Act, Dec 2025.
4. ERDERA. Biotech Act Il Call for Evidence, 2026.



A Paediatric Perspective on the European Biotech Act

Building an ecosystem where transformative ATMPs reach every child who may benefit

High selling prices
putting
reimbursement
systems under
pressure and
unequal availibility
accross Europe

a Ultra-rare-appropriate reimbursement models Unigue Reimbursement in Europe for ultra-rare disorders

Challenge Valuation of Pharma company prices

Status: the Commission's Biotech Act proposal (Dec 2025) includes SPC incentives for ATMPs; a Biotech Act Il on biomanufacturing was opened for consultation in 2026.3,4

1. Adapted from: Deconinck N. A paediatric perspective on the European Biotech Actin the context of ATMP development (position statement). 2. European Reference Netwok for Rare Neuromuscular Diseases (ERN EURO-NMD). 3. Crowell & Moring. European Commission Proposes Biotech Act, Dec 2025.
4. ERDERA. Biotech Act Il Call for Evidence, 2026.



Take-Home Messages

Five key messages for industry partners

Neuromuscular disease
leads the field

Monogenic biology, validated

endpoints and mature networks
make SMA and DMD the
proving ground for ATMP

development.

Timing determines
outcome

Presymptomatic, newborn-
screening-enabled treatment
consistently outperforms
symptomatic treatment.

Efficacy and safety are a
single equation

Dose-driven muscle
transduction must be balanced
against hepatotoxicity, TMA
and DRG risk — the therapeutic
window is still narrow.

The next decade is about
precision

Muscle-targeted capsids,
regulatable cassettes and
genome editing aim to widen
that window rather than raise
the dose.

A sustainable European
ecosystem is essential

Scientific excellence must be
matched by financing,
infrastructure and cross-border
access models fit for ultra-rare
paediatric disease.




Thank you — Team HUDERF (HUB)




Thank you — Team UZ Gent




Bottlenecks of ATMPs

. Current bottleneck Why it matters Next-generation solution

#  High vector dose Liver toxicity, immune activation Muscle-targeted capsids

@ Limited biodistribution Not all muscles efficiently transduced Engineered AAVs

I, Ongoing muscle degeneration Reduced efficacy in advanced disease Earlier diagnosis + newborn screening
§'§5 Limited transgene size Dystrophin too large for AAV Microdystrophin, dual AAV, gene editing

i Manufacturing Very high vector demand Scalable production platforms
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