i
|

||
|
l
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* SMA is caused by homozygous deletion or
mutation of SMN1 (Survival Motor
Neuron) gene that encodes the SMN
protein

* a C>T base change creates SMN2 "backup
@" gene” which forms an unstable protein
with both limited half-life and function

* The copy number of the SMNZ2 gene varies
between individuals, Severity of SMA

-- phenotype is correlated with SMN2 gene

== copies
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Telomeric

SNMIN1 pre-mRNA

SMN1I mRNA

!

Normal full-length SMN protein
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Centromeric

Deletion of SMN1 SMNZ2 ?
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SMNZ2 pre-mRNA

SMN2 mRNA *
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Nonoligomerizing unstable
truncated SMN protein
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Rapidly degraded
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+ Based on age of onset and maximum

motor function achieved!

SMA Disease Classification

Clinical Classification of SMA

SMA TYPE Age of Onset Motor Average Age of
Milestones Death
(limited interventions)
I < 6 months Unable to sit wlo < Zyears
support
I < 18 months | Sitindependently, | 2nd _ 3rd
cannot stand
decade
1] > 18 months | Stand and walk Normal life
independently expectancy
v Adolescent |Retainwalking, |Normal life
muscle pain
or Adult P expectancy
onset

1. Kolb et al; Participants of the International Conference on SMA Standard of Care. J

Child Neurol. 2010.
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* Modulation of the SMN2 - "Back-Up
Gene"

« Antisense oligonucleotides (ASO) -
synthetic strings of nucleotides that
bind and alter the expression of
target RNA - modify protein
expression

» Repeated administration is required
as they only affect the splicing not
the gene itself (not a genetic Tx)

v @&+ Require infrathecal administration
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SPINRAZA® (nusinersen)

DNA mRNA

Transcription Translation

Disease-associated
protein

DNA mRNA

Altered
Transcription Translation
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Antisense Drug
(Oligonucieatide)

Inhibit, restore, or

modify expression of
disease-associated

protein
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SPINRAZA® (nusinersen) -
Efficacy Outcomes

* Pre symptomatic <6 weeks of age at time

Of flf‘ST dOS€ Pre-

symptomatic
Newborns

m ture Biogen Study

« SMA-I symptomatic <7 month of age at

screen ‘

. Phase 3

« Symptomatic SMA-IT Age 2-12 years at

screen - Can sit but not walk

| ‘ :

Phase 3
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~110 patients

All ethnicities

Most - SMA type 2

From 2013 - carrier screening
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PERGAMON Neuromuscular Disorders 14 (2004) 5669

www .elsevier.com/locatesnmd

Workshop report

117th ENMC Workshop: Ventilatory Support in Congenital
Neuromuscular Disorders — Congenital Myopathies, Congenital
Muscular Dystrophies, Congenital Myotonic Dystrophy and SMA (1I)
4—6 April 2003, Naarden, The Netherlands

- a.% ) b . . o d
Carina Wallgren-Pettersson™*, Kate Bushby’, Uwe Mellies®, Anita Simonds

*The Folkhdlsan Department of Medical Genetics, University of Helsinki, P.O. Box 211, Topeliuksenkam 20, FIN-0025] Helsinki, Finland
PInstitute of Human Genetics, University of Newcastle upon Tyne, Newcastle upon Tyne, UK
“Department of Pediatrics and Pediatric Neurology, University of Essen, Essen, Germany
“Royal Brompton & Harefield NHS Trust, London, UK

Received 19 August 2003
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Available online at www.sciencedirect.com

i ScienceDirect

ELSEVIER Neuromuscular Disorders 25 (2015) 979-989

www.elsevier.com/locate/nmd

Workshop report
Ist Italian SMA Family Association Consensus Meeting:
Management and recommendations for respiratory involvement in spinal
muscular atrophy (SMA) types I-III, Rome, Italy, 30-31 January 2015

V.A. Sansone "“**, F. Racca **, G. Ottonello *, A. Vianello *, A. Berardinelli °, G. Crescimanno °,
— J.L. Casiraghi " on behalf of the Italian SMA Family Association

' Centro Clinico NEMO, Neurorehabilitation Unit, University of Milano, Milano, Italy
? Pediatric Anesthesiology and Intensive Care Unit, SS Antonio Biagio e Cesare Arrigo Hospital, Alessandria, Italy
3 Famiglie SMA Scientific Committee, Milan, Italy
* Respiratory Pathophysiology Division, University — City Hospital of Padova, Padova, Italy
* LR.C.C.S Istituto Newrologico Nazionale Casimiro Mondino, Pavia, Italy
% A.0. Ospedali Riuniti Villa Sofia-Cervello, Palermo, Italy
7 SMA Family Representative, Milan, Italy

Received 25 July 2015: received in revised form 24 August 2015; accepted 9 September 2015
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Available online at www.sciencedirect.com
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ELSEVIER Neuromuscular Disorders 25 (2015) 353-358

www.elsevier.com/locate/nmd

Workshop report
203rd ENMC international workshop: Respiratory pathophysiology in
congenital muscle disorders: Implications for pro-active care and clinical
research 13—15 December, 2013, Naarden, The Netherlands

A. Rutkowski “*. M. Chatwin ®, A. Koumbourlis ¢, B. Fauroux %, A. Simonds °, for the CMD

Respiratory Physiology Consortium '

* Cure Congenital Muscular Dystrophy and Kaiser SCPMG, Los Angeles, CA, USA
® Royal Brompton, London, UK
¢ Children’s National Medical Center, Washington, DC, USA
¢ Hépital Necker, Paris, France

Received 9 October 2014
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Respiratory complications, management and
treatments for neuromuscular disease in children

MyMy C. Buu

Purpose of review
To summarize current literature describing the respiratory complications of neuromuscular disease (NMD)
and the effect of respiratory interventions and to explore new gene therapies for patients with NMD.

Recent findings

Measurements of respiratory function focus on vital capacity and maximal inspiratory and expiratory
pressure and show decline over time. Management of respiratory complications includes lung volume
recruitment, mechanical insuffiation-exsufflation, chest physiotherapy and assisted ventilation. Lung volume
recruitment can slow the progression of lung restriction. New gene-specific therapies for Duchenne
muscular dystrophy and spinal muscular atrophy have the potential to preserve respiratory function
longitudinally. However, the long-term therapeutic benefit remains unknown.

Summary

Although NMDs are heterogeneous, many lead to progressive muscle weakness that compromises the
function of the respiratory system including upper airway tone, cough and secretion clearance and chest
wall support. Respiratory therapies augment or support the normal funcfion of these components of the
respiratory system. From a respiratory perspective, the new mutation and gene-specific therapies for NMD
are likely to confer long-term therapeutic benefit. More sensitive and standard tools to assess respiratory
function longitudinally are needed to monitor respiratory complications in children with NMD, particularly
the youngest patients.

Keywords

lung, neuromuscular disease, respiratory complications, respiratory insufficiency, respiratory therapy
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Therapists

Pulmonologists/ ot/e1/
respiratory therapisty speech
[intensivists

Nurses and nurse
practitioners

Neurologists/
neuromuscular
specialists

SMA multidisciplinary clinic
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Respiratory rate

Dyspnea / paradoxical breathing
Cough clinical assessment
Physical examination
Saturation

Transcutaneous CO2
Respiratory support

Time of f mechanical ventilation
Chest XR - ap diameter, shape/chest circumference
Sputum culture

Spirometry - FVC, MIP, MEP, peak cough flow, peak
expiration flow

Physiotherapy assessment
Echo - pulmonary HTN
Polysomnography
Scoliosis assessment

Dﬁhe
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Spinraza
1D Type DOB DOD | Ethnicity 51 52 53 54 S5 SE 57

1 9| 1 2 0304 2017 | 18.04 2017 | 09.05 2017 | 08.06.2017 | 15102017 | 1502 2018

Z 51 1 2 0504 2017 | 22.03.2017 | 0504 2017 | 03052017 | 03082017 | 04.01.2018 |06052018
3 1 1 i 30032017 | 13.04 2017 | 2704 2017 | 25052017 | 25082017 | 25012018 |24 052018
4 41 1 1 1302 2007 | 27.02 2017 | 13032017 | 12.04 2017 | 1308 2017 | 1412 2017 [16.04.2018
] gl 1 1 31012017 | 14.02 2017 | 28022017 | 30.03.2017 | 30072017 | 13122017 |[11.04 2018
3] 6| 1 211217 i 08032017 | 23.03 2017 | 06.04 2017 | 08052017 | 0508 2017

7 ol 1 1 1307 2007 | 27.07 2017 | 14082017 | 14.09.2017 | 14.01 2018 14.05 2018

g 81 1 1 21082017 |04.09.2017 | 18.09.2017 | 16.10.2017 | 18022018 | 17.06.2018

g 5| 1 1 20082017 [ 12.00.2017 | 27.09.2017 | 26.10.2017 | 25022018 | 25.06.2018

10 7| 2 1 15082017 | 30.08.2017 | 14092017 | 19102017 | 22022018 | 21.06.2018

11 T 1 2 21112017 | 5122017 | 1912 2017 | 16.01.2018 | 16.05 2018

12 41 3 2 21112017 | 5122017 | 1912 2017 | 18.01.2018 | 21.05 2018




>€  The DANA 1 year experience

» 10 type I (companionate- Biogen)

* 1 type IT (Court order) - post spinal
fusion

* 1 type IIT (private funding)
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Baseline

Name |Type| Sex |Ethnicity| Age SE:;:H Resp. suggzr"r from When Prior resp. hosp. c‘z:ig: egi‘j)s '

1 |JARH | 1 | M A 12m| NIV 4m Continous 4 1

2 B.Y. 1 | M A 16m NIV 9m Day+night sleep 4 (1int.) 3

3 H. L. 1 F A 4m NIV 4m Day+night sleep 1 1

4 L. M. 1 | M J 12m NIV 6m Night sleep 3(1lint) 3

5 N. D. 1 F J 8m NIV 6m Continous 1 3

6 R.R. 1 F A 14m NIV 6m Continous 1 2

7 Y. C 1 F J by NIV 12m Continous Numerous 2

8 R. L. 1 F J 8.5y| NIV 8y Night sleep 5 (4 int.) Exacerbations
9 M. T 1 F J 2m No 5m No No No

10 | S.V. 2 | M J 19y NIV 12y Night sleep Multiple in infancy | Exacerbations
1 E.F. 1 F A 3m No 3m No 1 No

12 AY. 3| M A 3.5y No No No No No
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The NEW ENGLAND JOUENAL of MEDICINE

ORIGINAL ARTICLE

Nusinersen versus Sham Control
in Infantile-Onset Spinal Muscular Atrophy

R.S. Finkel, E. Mercuri, B.T. Darras, A.M. Connolly, N.L. Kuntz, J. Kirschner,
C.A. Chiriboga, K. Saito, L. Servais, E. Tizzano, H. Topaloglu, M. Tulinius,
J. Montes, A.M. Glanzman, K. Bishop, Z.). Zhong, S. Gheuens, C.F. 3ennett,
E. Schneider, W. Farwell, and D.C. De Vivo, for the ENDEAR Study Group*

ABSTRACT

Phase 3

endear
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* 81 - nusinersen group 41 - control

» 15% of infants in the nusinersen group
and 8% in the control group had
received permanent assisted
ventilation at 3 months

» 31% and 48%, respectively, had
received permanent assisted
ventilation at 13 months

* Overall, 23% of the infants in the
nusinersen group and 32% in the
control group received permanent

— assisted ventilation. P = 0.13
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« SMA-T
« At diagnosis age 5wk -

v’ Hypotonia, eats well, sometimes cough
during eating, gains weight

v RR-72,Sat - 99% RA

v' Paradoxical breathing, retractions, normal
sounds

v Normal blood gas
v’ Chest XR
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 Initiation of Spinraza - 2m

« After initiation of Tx 5 months -

v Hypotonia, eats well and gains weight
v No respiratory exacerbations

v' Cough assist * 2 daily

v'RR - 46 , Sat - 997% RA

v’ Bell shape chest. Paradoxical breathing,
retractions, fine crackles bil.

v Normal blood gas
v &, ¥ Chest XR
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« SMA-I

« At diagnosis age 5wk -

v Hypotonia, eats well and gains weight
v'RR - 60, Sat - 957%RA

v' Paradoxical breathing, retractions, normal
sounds

v Normal blood gas
v Chest XR
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* age 12 wk -

v Hypotonia, tired when eats
v'No Tx, no electricity...

v RR - 56 , Sat - 95% RA

v’ Bell shape, paradoxical breathing,
retractions, normal sounds

v Normal blood gas
v’ Chest XR - bell shape
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 Initiation of Spinraza - 3m
 age 4 months -

v Full respiratory support NIV
v’ Cough assist * 6 daily

@% v Gastrostomy

v Recurrent hospitalizations d/t respiratory
exacerbations , RUL atelectasis,
pneumothorax secondary to recurrent
bronchoscopies
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The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 NOVEMEBER 2, 2017 VOL. 377 NO. 18

Single-Dose Gene-Replacement Therapy for Spinal Muscular
Atrophy

J.R. Mendell, S. Al-Zaidy, R. Shell, W.D. Arnold, L.R. Rodino-Klapac, T.W. Prior, L. Lowes, L. Alfano, K. Berry,
K. Church, ).T. Kissel, S. Nagendran, J. Lltalien, D.M. Sproule, C. Wells, J.A. Cardenas, M.D. Heitzer, A. Kaspar,
S. Corcoran, L Braun, S. Likhite, C. Miranda, K. Meyer, K.D. Foust, A.H.M. Burghes, and B.K. Kaspar

Fifteen patients with SMA1 received a single dose of intravenous adeno-associated virus
serotype 9 carrying SMN complementary DNA encoding the missing SMN protein.

In patients with SMA1, a single intravenous infusion of adeno-associated viral vector
containing DNA coding for SMN resulted in longer survival, superior achievement of
motor milestones, and better motor function than in historical cohorts. Further studies

at least 16 hours per day for at least 14 consecu-
tive days (considered equivalent to permanent
ventilation) was 10.5 months.* In one cohort of
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The NEW ENGLAND JOURNAL of MEDICINE

EDITORIAL

The Dilemma of Two Innovative Therapies for Spinal Muscular
Atrophy

Ans T. van der Ploeg, M.D., Ph.D.

Nusinersen for Spinal Muscular Atrophy
Are We Paying Too Much for Too Little?

Vinay Prasad, MD, MPH
Nusinersen, one of several recently approved drugsintended ~ $750 000 for the first year of treatment and $375 000 each year
for use in a rare disease, boasts an eye-popping price tag. Bio-  thereafter(prescribed indefinitely) for patients with spinal mus-

gen Pharmaceuticals announced that nusinersen will cost  cular atrophy (SMA).? Other recently approved costly thera-

jamapadiatrics.com JAMA Pediatrics February 2018 Valume 172, Number 2

| $750 000 for the first year of treatment and $375 000 each year |
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Dana

v'Pulmonology - Dr. Sadot, Prof. Amirav,
Dr. Diamant

v'Neurology - Prof. Fatal, Dr. Sagi

v GasTroenTerolo%y, Endocrinology,
Cardiology, Nephrology, Orthopedics,
Genetics.

v Multidisciplinary team

Alin

v'Dr. Beeri, Dr. Frenkel

v - Medical centers and home care doctors




