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234 Kinder,bis 3 Kopienvon SMN2, Verlauf iber >18 Monate

Neugeborenenscreening- Kohortemit klinischem
Kohorte (N=44) Symptombeginn (N=190)
Behandlungsbeginn 1.3 Mt (SD 2.2) 10.7 Mt (SD 9.1)
Motorische Fahigkeit
Sitzen 40 von 44 (90,9%) 141 von 190 (74,2%)
Gehen 28 von 44 (63,6%) 28 von 190 (14,7%)

Uberleben: In der Neugeborenenscreening-Kohorte keine Todesfille <18 Monaten
In der Kohorte mit klinischem Symptombeginn 6 Todesfélle

11 Patienten mit 2 Kopienvon SMN2 aus der NBS Kohorte bei Behandlungsbeginn bereits
symptomatisch
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Figure 2. Probability of Gaining the Ability to Sit or Walk Independently

E Patients diagnosed by NBS or after CSO
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ﬂ Patients diagnosed by NBS who were asymptomatic vs symptomatic at start of treatment
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Age, mo
No. at risk No. at risk
Asymptomatic 29 24 5 4 1 0 0 0 0 Asymptomatic 29 29 24 10 5 3 1 1 0
Symptomatic 13 10 4 2 1 1 1 1 1 Symptomatic 13 13 13 13 9 8 5 4 3

Shaded areas indicate 99% Cls. Solid vertical lines show the 50th percentile and dashed vertical lines the 99th percentile. CSO indicates those diagnosed after
clinical symptom onset; NBS, those diagnosed via newborn screening.
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Systematic Review
Spinal Muscular Atrophy Treatment in Patients Identified by
Newborn Screening—A Systematic Review

Karolina Aragon-Gawinska !, Charlotte Mouraux 2(, Tamara Dangouloff > and Laurent Servais >*

Genes 2023, 14, 1377. https:/ /doi.org/10.3390/ genes14071377

O Ambulation acquired < 18 months
@ Ambulation acquired > 18 months
B Ambulation not acquired > 18 months

19%
86%

3%

1% 81%

29% 24%

Three SMN2 copies Two SMN2 copies asymptomatic Two SMN2 copies symptomatic
asymptomatic (n=41) (n=16)
(n=35)

)

Identification

Screening

[Inclusa on] [

Studies identified through search of
PubMed and Embase (N = 238)

Additional studies identified through
other sources
(N=2)

v

Duplicate studies removed
(N=78)

[

'

Studies screened by abstract
(N=162)

Full-text studies assessed for eligibility
(N =46)

Studies included in review
(N=18)

Studies irrelevant, excluded
(N=116)

Studies excluded (N = 28)
- No patient data (N = 19)
- Conference abstract (N = 3)
— - No treatment (N = 2)
- More recent data available (N = 2)
- Wrong intervention (N=1)
- Wrong patient population (N = 1)
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« Alter des Symptombeginns: Der mediane Beginn der
Symptome liegtbei 3 Jahren. Bis zum 18. Lebensjahr
sind fast 95% symptomatisch.

« Motorische Meilensteine: 3% der Patienten erlernten nie
das selbststandige Sitzen, 13% waren nie gehféhig und
33% der ambulanten Patienten verlorenim Verlauf der 0.50
Erkrankung die Gehfahigkeit.

=> Uberwachung asymptomatischer Trager:
engmaschiges Monitoring notwendig, falls nicht
behandelt

* Proaktive Behandlungsstrategie, um motorische S
Neuronenschaden zu verhindern, da die SMN- ; o r
Proteinproduktionin der friihen Lebensphase PORSES
moglicherweise unzureichend ist.

Fig. 1 Kaplan-Meier curve for age at disease onset: by the age of
18 years, approximately 95% of patients with four copies of SMN2
was affected by the disease

Insel Gruppe —Neuromuskular im Vogelflug



Clinical guidelines

Original research

Diagnostic workup in children with arthrogryposis:
description of practices from a single reference

Rare disease database request in the

centre, comparison with literature and suggestion towiptentsiorwnichagenetic | e T b

expertise had been asked

of recommendations
Pauline Le Tanno @, Xenia Latypova,’ John Rendu @ ,% Julien Fauré,’

Véronique Bourg,? Marjolaine Gauthier,* Gipsy Billy-Lopez,* Pierre-Simon Jouk,*
Klaus Dieterich

Le Tanno P, et al. J Med Genet 2023;60:13-24. doi:10.1136/medgenet-2021-107823

Alpes university Hospital

Patients consulting in the reference
‘- centre on their local medical team
recommendation or advice of

N=278

Exclusion of :
- Adults: n =82
- foetus :n =38

A

Exclusion of patients without
AMC strictosensu:n=1

v

Inclusion of 125 patients

hd

patients’ support group

Exclusion of patients that had never
been clinically evaluated by a clinical
geneticist between 2007 and
February 2019:n= 32

Data collection from patient’s paper and/or infors

(neonatal and at each evaluation) i.e. joints spontaneocus position a

Family histery, consanguinity, pregnancy history, birth, neonatal events, clinical presentation

associated extra-articular signs, main treatments conducted and management, outcome of functional
limitations, age at first and each appointment with the clinical geneticist, diagnostic investigations
(biological, functional or imaging investigations performed pre or postanally) and their result

matic files:

nd functional limitations,

Patients classification : \

Group 1T, 1aT, 2, 3C, 30

¥

Literature study focusing
on each paraclinical
investigation performed

Analysis of diagnostic workup |
L

J

I

| Recommendations |
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Typical (T)!

Minor criteria :

- Shortness of affected limbs

- Mild intra uterine growth retardation
- Spares the trunk

- Dimples overlying involved joint

Major criteria :

- sporadic

- symmetric/bilateral

- contractures distribution and joint position :
* upper limbs : internal rotation of shoulders, extended
elbows, pronation of the forearm, flexed wrist, adducted
thumbs, camptodactyly

* lower limbs : severe equinovarus feet, no rocker
bottom feet

- Muscular atrophy (shoulder girdle muscles when
limbs involved)

- Normal cognitive function, no sign of CNS involve

- Nevus flammeus over craniofacial midline

- Grarila actennnrantic lnno hnnoc

Strongly suggestive findings :
- AMC involving mainly extremities with varying
involvement of upper limbs :

* hands: overriding fingers, camptodactyly,
< pseudocamptodactyly with hypoplasia of

interphalangeal creases, ulnar deviation and/or wrist
extension
* feet: talipes equinovarus, calcaneovalgus deformities,

Diagnosis suggestive of Amyoplasia based on previ
pattern of contractures, response to treatment, mt

vertical talus and/or metatarsus varus

- conserved muscle mass

- normal cognitive function, no sign of CNS involvement
- key distinguishing features specific to each subgroup
(see Figure 4)

Other suggestive findings :

- familial cases with intrafamilial variability or
incomplete penetrance and autosomal dominant
transmission

- abnormal muscle tone

- Lack of flexion creases on limbs, fingers, hands

Type and Name
DA1 : Classic DA/digitotalar dysmorphism
DA2A: Freeman-Sheldon syndrome
DA2B: Sheldon-Hall syndrome

DA3 : Gordon syndrome

DA4 : DA with severe scoliosis

DAS : DA with ophthalmoplegia, ptosis and retinal
involvement

DAG6 : DA with sensorineural hearing loss and microcephaly

DA7 : Trismus-pseudocamptodactyly/Hecht syndrome
DA8 : Autosomal dominant multiple pterygium syndrome
DA9 : CCA/Beals syndrome

DA10 : with congenital plantar flexion contractures

Genes
TNNI2, TNNT3, TPM2,

~ MYH3, MYBPC1, MYLPF

MYH3

© TNNI2, TNNT3, TPM2,
 MYH3

PIEZO2
Uk

PIEZO2, ECEL1

Uk

MYH8

MYH3
FBN2
MYH2
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Criteria for Amyoplasia? See rigure 2
- Sporadic
- No CNS involvement, normal CK
- Characteristic joint distribution
- Absent muscle mass
- Characteristic mMRI pattern/X-ray
aspect
- Other : dimples, short limbs, naevus
flammeus, associated signs...

!

Typical Amyoplasia Congenita

Criteria for DA? See Figure 2
Predominant extremities involvement
Characteristic positions of extremities
(vertical talus, extended wrists, impaired
MCP joint motility)

No CNS involvement, no highly elevated CK
Main recognizable features :

pursed mouth = FSS

facial contracture = FSS, SHS
ptosis/tongue groove = ECEL1
blepharophimosis = PIEZO2
ophthalmoplegia = PIEZO2, ECEL1
arachnodactyly = FBN2

multiple pterygia = CHRNG, MYH3

Severe hypotonia or central signs ?
Severe hypotonia, decreased alertness,
swallowing/sucking issues, abnormal OFC, seizures
«- respiratory distress, dysmorphic features

Absence of evidence for any of

these categories

Other forms with CNS

involvement

No other investigations necessary
for diagnostic purposes

Definitive Diagnose: In 66 %

Distal arthrogryposis

| AMC genes targeted NGS |
m =
Diagnosis Reconsider the diagnosis
WES/WGS

* Durch genetische Untersuchung in Kombination
mit detaillierter Phanotypisierung

* Vorschlag invasive Untersuchungen aufgrund
ihrer begrenzten Ausbeute zu minimieren

For all :

= cMRI : together with scMRI before any surgical
intervention or if any neurological sign
develops, spectroscopy if mitochondrial
disorder suspected

= array-CGH +/- karyotype, AMC genes targeted
NGS or WES/WGS if negative

For selected patients :

- Severe hypotonia +/- suggestive features :
DMPK, SMN1 analyses

=> Severe hypotonia + mild/distal involvement :
15q11.2 locus analysis

=> 2 other organs involvment : mitochondrial
disease research (L/P, cMRI, spectroscopy, DNA
sequencing)

<> AChR ab ++ if severe, previously affected
siblings, affected mother, no other diagnosis. +
conservation of serum

=> metabolic check-up If severe/neurologic (AAp,
AAu, OAT, L/P), for other suspicion of metabolic
disorder, ask advice of specialist

= EEG : if warning signs

!

atypical Amyoplasia
Atypical DA

Other forms without
SNC involvment

Delineate a subgroup :
involvement : dysmorphic features,
other organ involvment

- Myopathy : intermediate/elevated
CK, weakness, cardiomyopathy,
progressive, rigid spine, respiratory
involvment...

- Connective tissue disease : small
size, disproportion, bone fragility,
abnormal skin, joint laxity,
dislocations..

- environmental/maternal cause :
pregnancy history

'

- Non genetic investigations if
needed (osteodensitometry..)

- Genetic investigations : array-CGH
if syndromic, targeted/WES/WGS

mitochondrial disease

- ENMG : if need to distinguish neurogenic/myopathic, after mMRI/US, as late as possible
- MB : as a last resort, after mMRI/US and at time of surgery, MRC study if suspicion of
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AAV gene therapy for Duchenne muscular
dystrophy:the EMBARK phase 3
randomized trial
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Phase 3 Studie, Delandistrogene moxeparvovec placebokontrolliert
125 DMD Patienten 24 bis <8 Jahren

Primérer Endpunkt: Veradnderung des NSAA-Scores (North Star Ambulatory Assessment) nach 52
Wochen: Statistisch nicht signifikant (p = 0.2441)

Delandistrogene

moxeparvovec Placebo Favors delandistrogene moxeparvovec LSM difference (95% CI) Pvalue
Primary NSAA 63 61 [ | 0.65 (-0.45, 1.74), points 0.241M
Key TTR 63 61 : . | -0.64 (-1.06, -0.23), seconds
secondary
T0MWR 63 61 I t -0.42 (-0.71, -0.13), seconds
T T T T T T T
-2 -1 ] 1 2 3 4 5

Standardized test statistics (95% CI)

Keine neuen Sicherheitsbedenken; keine lebensbedrohlichen Ereignisse oder Todesfélle gemeldet

Langzeitdaten erwartet
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Cellular and Molecular Life Sciences (2024) 81:198

https://doi.org/10.1007/s00018-024-05229-9 Cellular and Molecular Life Sciences
REVIEW q

Check for

updates

Molecular mechanisms and therapeutic strategies for neuromuscular
diseases

Alberto Andrea Zambon'23 . Yuri Matteo Falzone'? - Alessandra Bolino'3 - Stefano Carlo Previtali'2

Received: 2 January 2024 / Revised: 14 March 2024 / Accepted: 7 April 2024 / Published online: 28 April 2024
© The Author(s) 2024, corrected publication 2024
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Type of vectors
AAV

Lentivirus

Lipid
nanoparticles

Gene therapies
Gene replacement
Gene editing
Gene supplementation/
addition

Gene silencing
NG //

Modulation of RNA
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RNA interference
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Conjugated ASOs

Types of conjugated ASO

-Cell-penetrating peptide
-Fatty acid
-Antibody
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LAMA2 assoziierte
Muskeldystrophie

Merosin deficient congenital muscular dystrophy type 1A:
An international workshop on the road to therapy 15-17 November 2019,
Maastricht, the Netherlands

Hubert J.M. Smeets®*, Bram Verbruggc“, Pierre Springuel®, Nicol C. Voermans®?,
MDC1A Workshop Group”
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Y MDCIA Foundation “Voor Sara”, Dordrecht, The Netherlands
© Maastricht University, The Netherlands
4 Department of Neurology, Radboud University Medical Center. Nijmegen, The Netherlands

Received 29 March 2021; accepted 16 April 2021

Neuromuscular Disorders 36 (2024) 16-22
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European Joint Programme on Rare Diseases workshop:
LAMA2-muscular dystrophy: paving the road to therapy
March 17-19, 2023, Barcelona, Spain

Hubert Smeets®*, Bram Verhrugge“. Xavier Bulbena®, Liliya Hristova!, Julia Vogt®,
Isabelle van Beckhoven, on behalf of all participants’
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© LAMAZ-MD Foundation, ImpulsaT, Barcelona, Spain
“Maastricht University, Maastricht, the Netherlands
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Im Vergleichzum Konsensus von 2020:

Betonung des Neugeborenenscreenings: Die neue Konsens-Erklarung fordertausdricklich die
Aufnahme von SMA in Neugeborenenscreening-Programme in Landern, in denen mindestens eine
krankheitsmodifizierende Behandlung verfiigbar ist.

Dringlichkeit bei der Behandlungsinitiierung: Die Empfehlung fir den Zeitraum zwischen
Diagnose und Behandlungsbeginnwurde von 14 Tage auf «any delay in initiating treatment should
be avoided” geandert.

Datensammlung und Uberwachung: Der neue Konsens betont die Wichtigkeit der
systematischen Erfassung von Daten zur Wirksamkeit und Sicherheit. Es wird gefordert, dass
Behandlungszentren Gber ausreichende Ressourcen fir die langfristige Uberwachung verfiigen.

Alters/Gewichtseinschrankung wurde weggelassen: Hinweis auf hbheres Risiko fir
Nebenwirkungen und die Notwenigkeit einer langdauernden Steroid Therapie bei hbherem Alter
und Gewicht.

Kombinationstherapien werden aufgrund fehlender Evidenznichtempfohlen.
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Determining minimal clinically important differences in the
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MCID-Werte (minimal klinisch wichtiger Unterschied):

» Ziel: Referenzdatenfur MCID und minimal nachweisbare Veranderung (MDC) fir HFMSE mit
verschiedenen Methodenin einer grossen Kohorte von SMA Patienten zu finden

« FUr SMATyp IIl: Der MCID wurde durch die ROC-Analyse auf einen optimalen Cutoff von -2
Punkten festgelegt.

« Fuar SMATyp lll: Der MCID wurde auf -4 Punkte festgelegt.

» Heterogenitat: Die Ergebnisse betonen, dass die Interpretation eines einzelnen MCID-Wertesin
heterogenen Kohortenwie Typ Il und 111 SMA mit Vorsicht erfolgen sollte.

« Einfluss neuer Therapien: Angesichts derveranderten Krankheitsprogression durch neue
Behandlungen wird die Notwendigkeit neuer MCID- und MDC-Werte zur Reflexionder aktuellen
Krankheitsverlaufe hervorgehoben.

Insel Gruppe —Neuromuskular im Vogelflug



Efficacy and safety of gene therapy with onasemnogene
abeparvovec in children with spinal muscular atrophy in the
D-A-CH-region: a population-based observational study

Claudia Wefﬁ,'“‘b'“b'”d Lena-Luise Becker,™>**““® Johannes Friese,”*" Astrid Blaschek“* Andreas Hahn," Sabine llisinger,” Oliver Schwartz,
Gunther Bernert,” Maja von der Hagen, n Ralf A. Husain," Klaus Goldhahn/ Janbernd Kirschner," Astrid Pechmann,” Marina Flotats-Bastardas,’
Gudrun Schreiber,”™ Ulrike Schara,” Barbara Plecko,” Regina Trollmann,” Veronka Horber,” Ekkehard Wilichowski,” Matthias Baumann,”
Andrea Klein,” Astrid Eisenkalbl,” Cornelia Kohler,” Georg M. Stettner,” Sebahattin Cirak,” Oswald Hasselmann,” Angela M. Kaind] &b<ab-a
Sven F. Garbade,” Jessika Johannsen,”* and Andreas Ziegler,**** SMArtCARE and Swiss-Reg-NMD study group

Beweis der lebendigen D-A-CH Zusammenarbeit

J'l)

Check for
updates

The Lancet Regional
Health - Europe
2024,47: 101092
Published Online xxx
https://doi.org/10.

1016/j.lanepe.2024.
101092
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343 Patienten mit SMA , mittleres Alter bei GT 14 Monate (0-90)
79 (23 %) Patienten waren zum Zeitpunkt der Behandlung klinisch prasymptomatisch

172 (50 %) Patienten erhielten vor der GT SMN2-Spleiss-modifizierende Medikamente (Risdiplam: n =
16, Nusinersen:n = 154, beide:n = 2)

Die funktionelle motorische Verbesserung korrelierte mit dem Alter bei der GT, die besten motorischen
Ergebnisse beiPatienten, die jlinger als 6 Wochenwaren, 3 SMN2-Kopientragen und zum Zeitpunkt
der Behandlung klinisch asymptomatisch waren

Die Wahrscheinlichkeit, beatmet oder ernahrt werden zu mussen, stieg signifikant mit dem Alter zum
Zeitpunkt des GT und blieb danach stabil

Eine Vorbehandlung hatte keinen Einfluss auf die Krankheitsverlaufe

Leberbedingte unerwiinschte Ereignisse traten bis zum Alter von 8 Monaten signifikant seltener auf
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Systematic Review

Spinal Muscular Atrophy Treatment in Patients Identified by

Newborn Screening—A Systematic Review

Karolina Aragon-Gawinska !, Charlotte Mouraux 2(, Tamara Dangouloff > and Laurent Servais >*

—

Genes 2023, 14, 1377. https:/ /doi.org/10.3390/ genes14071377

Identification

) (

Screening

[Inclusion] [

Studies identified through search of
v

PubMed and Embase (N = 238)

Duplicate studies removed
(N=78)

Additional studies identified through
other sources
(N=2)

'

Studies screened by abstract
(N=162)

Studies irrelevant, excluded
(N =116)

Studies excluded (N = 28)
- No patient data (N = 19)
" D - Conference abstract (N =3)
Full-text studles( :s:sea;s)ed for eligibility -No treatment (N = 2)
- More recent data available (N = 2)
- Wrong intervention (N=1)
- Wrong patient population (N = 1)

Studies included in review
(N=18)
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O Ambulation acquired < 18 months
B Ambulation acquired > 18 months
B Ambulation not acquired > 18 months

47%

86%

3%

11%

Three SMN2 copies Two SMN2 copies asymptomatic
asymptomatic (n=41)
(n=35)

2 Kopien von SMN2

Symptomatische Behandlung: <20% erreichen Gehfahigkeit
Pra-symptomatische Behandlung: >70% erreichen Gehfahigkeit
12% NNIV, 8% Erndhrungsunterstiitzung

(Naturlicher Verlauf: 50% starben im Alter von 10 M)

Two SMN2 copies symptomatic
(n=16)

3 oder mehr Kopien von SMN2

Symptomatische Behandlung: Verbesserung der
motorischen Funktion

Pra-symptomatische Behandlung: >90% normale
motorische Entwicklung,

keine Unterstitzung bei der Atmung oder Ernahrung

(Naturlicher Verlauf: 34% walker)
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Congenital myasthenic syndromes:

increasingly complex

Sithara Ramdas™®, David Beeson® and Yin Yao Dong®

Curr Opin Neurol 2024, 37:493-601
DO 11 0.1 087 AWC0,0000000000001 300

* v.a. neue prasynaptische Formen

+  Multisystem Erkrankungen mit neuromuskularem Uebertragungsdefekt nur als Teilproblem
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FIGURE 1. Schematic diagram of how the different congenital myasthenia syndromes-associated gene products are involved
in neuromuscular junction biology, based on our current understanding. Gene names are in bold italicised capitals. Where the
protein names are different to the gene names, they are in brackets beneath the gene name.

Table 1. Summary of congenital myasthenia syndrome

genes

Prasynaptic
Defects in acetylchaline synthesis
and recycling
Vesicular exocytosis

Axonal ransport
Synaptic
Endplate AChR deficiency
Defects in collagen
Defect in laminin
Postsynaptic
Primary AChR deficiency

AChR kinetics defects [with o
without deficiency):

Fast channel syndrome and
Slow channel syndrome
Escobar

Sodium channel dysfunction
AChR<lustering defects
Agrin

RAPSN

DOK?

LRP4

MUSK

CHRMND

Defects in glycosylation

Defects in cyloskeleton

Defects in mitochondrial funclion
Defects in translational regulation
Defects in nuclear struchire
Transeription regulation

Defects in n AChR anchoring
to cytoskeleton

CHAT, SIC547,
SIC18A3, PREPL

SYT2, SNAP25B,
VAMPI, MUNC13-1,
RPH3A

MYOg

colaQ
COLI3AT
LAMAS, LAMB2

CHRMA, CHRNB,
CHRND, CHRNE

CHRIMA, CHRNB,
CHRND, CHRNE

CHRNA, CHRNB,
CHRND, CHRNE

CHRNG
SCIN4A

AGRN
RAPSN
DOK7
LRP4
MUSK
CHRND

AlGZ, ALG 14,
DPAGT 1, GFPTI,
GMPPB

PLEC
SIC25A1
PURA
TORTAIPT
CHD&
MACFI

AChR, acetylchaline receptor.



