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NBS - Disease modifiers

Spinal Muscular Atrophy

Other neuromuscular disorders - DD

Comments




Spinal Muscular Atrophy

Person living with SMA
less SMMN protein

-
. SMNZ2*
backup genes
g w
-
| g
é |
*the: amownt of EMN2 backup genes
determenes the severity of the condition.

SpinalMuscularAtrophy.net

Progressive - weakness: axial, proximal and lower limbs, bulbar
Tipo O - severe. death

Tipo 1 - 60% Onset 1- 6 meses. Death<2Y
Tipo 2 - > 6M. Seat, not walkers

Tipo 3 - >2Y, majority second decade . Walk - loss ambulation

Tipo 4 - later




SMA - New drugs + Care teams

Target: SMN1 mutation?
DNA-based strategy: gene therapy
(onasemnogene abeparvovec)

DIV ona

Transcription
Nucleus

Y

Target: SMN2 splicing?!
RNA-based strategy: antisense
oligonucleotides (nusinersen) and
small molecules (risdiplam)

Translation

Cytoplasm
p 4
@ @ @ )@ Protein

1. Mercuri E, et al. Nat Rev Neurol. 2020;16:706-15; 2.Eduardo F. Tizzano and Richard S. Finkel. «Spinal muscular atrophy: A changing phenotype beyond the clinical trials”

Neuromuscular Disorders 2017




New drugs

» What we learned :
» The sooner the better

» Not all patient have same results

» Pre symptomatic treatment )

NBS

2018 - Belgium, Germany




NBS - SMA in Europe mars 2023

1. Map - SMA Newborn Screening Alliance (sma-screening-alliance.org



about:blank

NBS - SMA in Europe nov 2023

2 @ NATIONALPROGRAMACTIVE () SMA APPROVED FOR NBS PANEL, PENDING IMPLEMENTATION APPLICATION FOR NATIONAL PROGRAM SUBMITTED ~  PILOTPLANNED (@ ACTIVEPLOT () NOPROGRAM

Alliance

Ireland, - starting

2024 slovakia,
luxemburg, Greece



NBS in SMA

But: 40 to 55% of patients with
2 copies are symtomatic at
first observation/treatment

Greenway for SMA treatment

Different from country to
country , center to center

Journal of Neuromusoular Discases 9 (2022) 389-396
DOT 10.3233ND-2 20789
105 Press

Research Report

Spinal Muscular Atrophy — Is Newborn
Screening Too Late for Children with Two
SMN2 Copies?

Oliver Schwartz®, Heike K&lbel®, Astrid Blaschek®, Dieter Gliser®, Siegfried Burggraf®,
Wulf Réschinger®, Ulrike Schara®, Wolfgang Miiller-Felber® and Katharina Vill®*



NBS in neuromuscular disorders: D
Duchenne

Duchenne Muscular Dystrophy
X linked
High Ck

Symptoms 2-3Y.

Loss ambulation 11-12Y
Motor+Cardiac. Cognition
Diagnosis: 2-2,5Y -4-45Y




NBS in neuromuscular
Duchenne

disorders: D

Raowurte Mechanism of action Completed clinical trials Ongaing clinical trials Comments
Gene therapy
PF-0G0939925 Intravencous A -gomediated micro- [ T-Y MNCTOIZE2502 (phase 1) & hold was placed in
(Fordadistrogens dystrophin replacerment; MNCTO4281485 (phase 3; CIFFRED)  Decermber, 2021, after one
FTROE PRE r e ess ) exclusion of patients with reparted death, but the trials
mutations in amy exon betwean are Now resuming; No pear-
9 anrnd 13 inclusive, or a deleticon reviewed publication available
affecting exons 29 and IO at the point of this Rewiew
SGET-001 Intravernous Ao gomediated micro- ML MCTOIFIEEFL42 (phase 1/23; A hold weas placed in 2018 amd
dystrophin replacerment; MGMNITE DRAIDY) 2019 after seriows adwerss
for all mutations events, but the trial is rowasr
MESUMMITeg; Mmoo peer-rewieweed
publication available at the
print aof this Rewicw
SRP-QOOA {racaN riFg Intravencous Asivrhi7g -rmediated rmicros- [T MNCTO4626674 (phase 1; Results frorm the orne-year

PMHCEF. micro-dystrophin)

rAANThF S MCE _micro-
dystrophin

Stop codon readthrowg b
Ataluren (PTC-12.4)

Exan skipping
Eteplirsen (AWVI-45658)

SRP-SOS51

Casimersen (SRP-4045)

Gablodireen (SEP- 4053 )

Intramuscuslar

Diral

Intravenous

Intravenous

Intravenaus

Intravenaus

dystrophin replacerment: For
frameshift or prematore stop
codon mutation betweoen
axwons 1E-5H

Asndrh7dg -rmediated micro-
dystrophin replacerment; for
mutations compatible with
miicro—dystrophin c[yM S

Ribosormee readthroegh of stop
codans; for non-sense
mutaticn Duochenme muscwlar

dystropiny

Ezoomn 51 skipping: for amenabile
mutations

Ezoomn 51 skipping: for amenabile
mutations

Exon 45 skipping: for armenabile
rmutatiors

Exon 53 skipping; for amenable
rmutatiors

MCTO2I76E816 (phase 1)

MNCTOoO592553 (phase 2),
MCTO1E26487 (phase 2; ACT
DMD), NCTO1S57400 (phase 3),
NMCTo2zB819557 (phase 2],
NCTOZ790637 (phase 2), and
MCTOI64B827 (phase 2)

MCTOL3I96Z39, NCTO1S40409,
MNCTOZ420379, NMCTOZZ286947,
and NCTOZ21899%5 (all phase 2},
MCTO2255557 (phase 3; PROMOW)

MCTOITFS25S (phase 1)

MNCTOZS5I0005 (phase 1)

MNCTOZ210906 (phase 1/2)

EMDEAWVOR),. MCTOIZFS 10
(phase 1/2), NCTOZIFE3116
(phase 2), NCTOS096221
(phasze 3: EMBARK)

[ oY

MNCTO43II6B26 (phase 2),
MCTO1247207 (phase 3),
MCTOI1IFS63]1 (phase 3 OLE),
MNCTOZI6EIAFIL (registry; STRIDXE)

MNCTOR992430 (phase 3;
MAISS1IOMN), NMCTozg98s878
(phase 2), NCTO417 3400
(phaze 2 duplicaticons™)
MNCTOL004065 (phase 2;
FAOMMEMNMTLIAAD

MCTOISIZSAD (phase 3 LTET),
MNCTOZS00381 (phase 3;
ESSEMCEL), NCTOL179409
(phase 2, duplications™])
MCTO4179400 (phase 2,
duplications™), NCTOZ5I2542
(phase 3 LTE+T), NCTOoZS0O0381
(phase 3; ESSEMNCETL)

follow-uvp of NMCTOZIIFS164
reparted in Mendell et al
(ZOozZ20o)®

Mo peer-revieswed publicaticn
available at the paint of this
Rewiews

Ha=s conditional EfMA approwal
(bramnd mame Translarma, NS
Pharma, Pararmuwes M), WSAF

Ha= FDwa approval (brarnd name
Exondys 51, Sarepta
Therapewtics, Cambridoge fA,
[N

Mo peer-reviewed publication
available at the paoint of this
Rewiews

Has= FDA approval (bBrand narme
Amondys 45, Sarepta
Therapewtics, Cambridge fA,
LIS &

Has= FDA approval (bBrand narme
Wyondys 53, Sarepta
Therapeutics, Cambiridoge Mo
USA}II—}&




NBS in neuromuscular disorders: D
Duchenne

» FDA Approves First Gene Therapy for Treatment of Certain Patients with Duchenne
Muscular Dystrophy

» June 22,2023

» Today, the U.S. Food and Drug Administration approved Elevidys, the first
gene therapy for the treatment of pediatric patients 4 through 5 years of age
with Duchenne muscular dystrophy (DMD) with a confirmed mutation in the
DMD gene who do not have a pre-existing medical reason preventing
treatment with this therapy.




NBS in neuromuscular disorders: D

Duchenne

» Older studies in some EU contries, USA, China, Canada, N Zealand

» Pilot studies ongoing in US (.. New York), Taywan, South Corea, Belgium..

International Journal of K\
Neonatal Screening MD\P}J

Article
Newborn Screening for Duchenne Muscular Dystrophy: First
Year Results of a Population-Based Pilot

Michael J. Hartnett !, Michele A. Lloyd-Puryear {7, Norma P. Tavakoli 27, Julia Wynn 3, Carrie L. Koval-Burt 3,
Dorota Gruber %3, Tracy Trotter ¢, Michele Caggana %, Wendy K. Chung 3, Niki Armstrong ’
and Amy M. Brower '*(

American College of Medical Genetics and Genomics (ACMG), Bethesda, MD 20814, USA

Division of Genetics, Wadsworth Center, New York State Department of Health, Albany, NY 12208, USA

Columbia University Irving Medical Center, New York, NY 10032, USA

Department of Pediatrics, Cohen Children’s Medical Center, Northwell Health,

New Hyde Park, NY 11040, USA

5 Departments of Pediatrics and Cardiology, Donald and Barbara Zucker School of Medicine at
Hofstra/Northwell, Hempstead, NY 11549, USA

& American Academy of Pediatrics, Itasca, IL 60143, USA

7 Parent Project Muscular Dystrophy, Washington, DC 20005, USA

*  Correspondence: abrower@acmg.net

da L P

of Clinical and Translational Neurology 61 E

OpenAccess

RESEARCH ARTICLE

Newborn screening for Duchenne muscular dystrophy: A
two-year pilot study

Norma P. Tavakoli"?(), Dorota Gruber®#{%), Niki Armstrong®, Wendy K. Chung®(?,
Breanne Maloney', Sunju Park’, Julia Wynn®, Carrie Koval-Burt®, Lorraine Verdade?,
David H. Tegay®’, Lilian L. Cohen®, Natasha Shapiro®, Annie Kennedy'®, Garey Noritz'",
Emma Ciafaloni'?, Barry Weinberger'®'?, Marty Ellington Jr'*', Charles Schleien®'%,

Regina Spinazzola'™'®, Sunil Sood''7, Amy Brower'8, Michele Lloyd-Puryear'®, Michele Caggana'?
& the Duchenne Muscular Dystrophy Pilot Study Group



NBS in neuromuscular disorders: D

NEW Wadsworth
YORK Department s
: of Health

A Consented Pilot Study in NYS to Screen
Newborns for Duchenne Muscular Dystrophy

Norma Tavakoli, PhD

Research Scientist, NYSDOH June 2, 2023

sune 2, 202 Screening Strategy

CK-MM below cut-off

.

Screen negative
infant

DBS was submitted for
genetic testing in
March 2021

NYS NBS Laboratory

v

CK-MM is Borderline

—

.

CK-MM is above referral cut-off

Repeat specimen
requested

v

Baby referred for
follow-up to SCC

-

Draw Blood or saliva sample
collection for NGS for DMD, Del/Dup
analysis, NGS for NM Panel

.

,

Screen positive for
DMD/BMD

Screen positive for
NM Disorder

vork | Department
$TATE | of Health

Wadsworth
Center



NBS in neuromuscular disorders: high

CK

1. DMD Sequencing and Microarray-based Comparative Genomic Hybridization (aCGH) Analysis: In
solution hybridization of the 79 coding exons, the muscle promoter as well as the region
surrounding several known deep intronic pathogenic variants, within the DMD gene. Direct
sequencing of the amplified captured regions performed using next generation short base pair
read sequencing. A custom aCGH for the DMD gene was used to detect deletions and /or
duplications.

2. If needed, perform neuromuscular disorders panel (47 genes): In solution hybridization of the
targeted coding exons within the genes tested.* The genes on this panel were chosen through
evidence-based analysis and direct sequencing of the amplified captured regions was per-
formed using next generation short base pair read sequencing,

3.  If needed, perform additional analysis (90 to 104 genes): These gene panels include sequencing
and deletion/duplication testing by NGS5 of up to 103 additional genes associated with
neuromuscular disorders and related neurological disorders.**

*ACTA1, AMPD1, ANOS, CAPN3, CAV3, COL6A1, COL6AZ2, COL6A3, CRPPA, DES, DMD, DYSF,
EMD, FKRF, FKTN, GAA, GNE, ISPD, ITGA7, LAMAZ2, LARGE1, LMNA, MYOT, NEB, PLEC, PMM2,
POMGNTI, POMT1, POMT2, PYGM, RYRI1, RYR2, SELENON, SGCA, SGCB, 5GCD, SGCE, 5GCG,
SIL1, TCAP, TNNI2, TNNTI1, TPM2, TPM3, TRIM32, TTN, VCP

**ADSSL1, AGREN, ALG14, ALG2, ATP2A1, B3GALNT2, B4GAT1, BAG3, BIN1, CACNAI1S, CAS5Q1,
CCDC78, CFL2, CHAT, CHKB, CHRENA1, CHRNE1, CHEND, CHRENE, CLCN1, CNTNI1, COL12A1,
COL13A1, COLQ, CPT2, CRYAB, DAGI1, DNAJB6, DNM2, DOK7, DPAGTI1, DPM1, DPM2, DPM3,
FHL1, FKBP14, FLNC, GFPT1, GMPPEB, GOSR2, GY(G1, GYS51, HACD1, HNRENPA2B1, HNENPDL,
ISCU, KBTEDI13, KCNJ]2, KLHL40, KLHIL 41, KLHL9, LAMB2, LAMP2, LDB3, LIMS2, LMOD3,
LRP4, MAP3JK20, MATR3, MEGF10, MICU1, MTM1, MTMR14, MUSK, MYH2, MYH7Y, MYL2,
MYOI18B, MYPN, ORAIl1, PNPLAZ2, POMGNT2, POMK, PREPL, PYROXDI1, RAPSN, RXYLT1,
SCN4A, SLCI8A3, SLC5A7, SMCHD1, SMN1, SMN2, SNAP25, SPEG, SQ5TM1, STAC3, STIM]I,
SUN1, SUN2, SYNE1, SYNE2, 5YT1, TAZ, TIA1, TK2, TMEM43, TNNT3, TNPO3, TOR1AIP1,
TRAPPC11, TTN, VAMP1, VMAZ21




NBS in neuromuscular disorders: D
Duchenne

Joumal of Neuromuscular Diseases 10 (2023) 15-28
DOT 103233 ND-221535
105 Press

Review

Newborn Screening for the Diagnosis
and Treatment of Duchenne Muscular
Dystrophy

First Workshop Report: Establishing Australian health system
readiness for the implementation and evaluation of a pilot program
in New South Wales and the Australian Capital Territory

» Multidisciplinary care measures
» Access to emerging therapies

» Familly counselling




NBS - Comments

Magnifico et al. Rare Dis Orphan Drugs J 2023;2:16

DOI: 10.20517/rdod].2023.17 Rare Disease and

Orphan Drugs Journal

Systematic Review Open Access

il Check for updales.

A systematic review of real-world applications of
genome sequencing for newborn screening

Giuditta Magnifico, Irene Artuso, Stefano Benvenuti

Fondazione Telethon ETS, Milan T 20129, taly (..)published recently; however, this evidence is not
yet sufficient to put an end to the broad and animated
debate on the use of GS for NBS. Ethical, legal, and
social issues still constitute great challenges and major
barriers to wide and uniform adoption of GS in NBS (..)




NBS - Comments

Journal of Neuromuscular Diseases 10 (2023) 15-28 15
DOL 103233 IND-221 535
10S Press

Review

Newborn Screening for the Diagnosis
and Treatment of Duchenne Muscular
Dystrophy

First Workshop Report: Establishing Australian health system
readiness for the implementation and evaluation of a pilot program
in New South Wales and the Australian Capital Territory

WORKSHOP STRUCTURE

Twenty attendees including clinicians, geneticists,
scientists, patient advocates, and government rep-
resentatives convened on 31% May 2021 for the
Newborn Screening for the Diagnosis and Treat-
ment of Duchenne Muscular Dystrophy- Australian
Health System Readiness Workshop. The stakeholder
committee consisted of individuals with expertise in

newborn screeming, neuromuscular diseases, imple-
mentation science, practice and health policy, funding

bodies and consumer facing (advocate) roles. This



NBS - Comments

» NBS for patients on “greenway” modifier of disease @

» NBS for diagnosis of disorders without treatment? and later (adult) onset ??

» NGS versus awareness ?




NBS - Comments

» Large discussion: etical, legal, clinical, organization, economical issues
» Discuss within centres of our contry and network - consensus

» Health systems, economy .... different




Questions




