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Distrofia Muscolare di Duchenne (DMD)

Distrofia muscolare piu comune in eta pediatrica
Circa 1 ogni 5.000 nati maschi

Malattia X-linked

Assenza di distrofina a livello muscolare

Esordio di debolezza muscolare in eta infantile

Possibile ritardo di sviluppo globale, difficolta di linguaggio,
disturbi comportamentali

In assenza di trattamento, perdita della deambulazione entro
i 13 anni di eta e decesso entro inizio della 3* decade di vita
per insufficienza cardiaca o respiratoria

[1] Mendell J et al. Ann Neurol 2012;
[2] Pane M et al. J Pediatr. 2012; [3] Chieffo D PLoS One. 2015; [4] Hinton VJ et al. Dev Med Child Neurol. 2007.



Dystrophin: The protein product of the duchenne muscular dystrophy locus
Eric P. Hoffman,Robert H. Brown Jr., Louis M. Kunkel 51:919-928,1987

Duchenne muscular dystrophy: Deficiency of dystrophin at the muscle cell surface Eduardo Bonilla,
Craig E. Samitt, Armand F. Miranda, Arthur P. Hays, Giovanni Salviati, Salvatore DiMauro, Louis M.
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INICO precoce - Cammino
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Quadro clinico precoce - cammino




Quadro clinico precoce — corsa




Quadro clinico precoce — Gowers




Quadro clinico precoce — salire le scale




Quadpro clinico precoce — alzarsi da una sedia




Quadpro clinico precoce - salto




Diagnosi DMD in Italia

Studio multicentrico retrospettivo

384 ragazzi italiani con diagnosi di DMD dal 2005 al 2014

Eta media al primo sospetto: 31 mesi

Eta media alla diagnosi: 41 mesi

Principali reperti che hanno portato al sospetto di DMD:

* riscontro di iperCKemia (44%)
* ritardo motorio (16%)

* debolezza muscolare (14%)

* aumento transaminasi (9%)

» familiarita (8%)

* cammino sulle punte (5%)

* disabilita intellettiva (2.6 %)

e ritardo nel linguaggio (1%)

e altri sintomi (0.4%)

Age in Months
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Meuromuscular Disorders 27
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Diagnosi di Distrofia Muscolare di Duchenne in Italia
nell’ultima decade: problemi critici

Sospetto iniziale da parte di:

Diagnosis of Duchenne Muscular Dystrophy in Italy in the last decade:
Critical issues and areas for improvements
Adele D’ Amico “*, Michela Catteruccia *, Giovanni Baranello °, Luisa Politano °,
Alessandra Govoni “, Stefano Carlo Previtali ©, Marika Pane ’, Maria Grazia D’ Angelo %,

* Specialista di ospedale di | livello (38%)
e Pediatra di base (30%)
. ] . . . o Claudio Bruno ", Sonia Messina ', Federica Ricci’, Elena Pegoraro *, Antonella Pini ', |
Angela B dinelli ™, Ksenjia Gorni °, Roberta Battini °, Gianl Vita ', Federica T Y
* Specialista di centro di lll livello (22%) N e Robis e oo At Ao Andarts s st

Giuseppe Vita ', Tiziana Mongini’, Maurizio Moggio “, Giacomo Pietro Comi *, Eugenio Mercuri /|

i Alt ro (20%) Enrico Bertini *

Ritardo diagnostico

Diata analysis of ages at suspicion and diagnosis and the interval between presenting symptoms and diagnosis in the different groups of patients.

Regions of origin

Ape at first suspect

Ape at diagnosis

Time for diagnosis

Morthern n= 134 30 mo (0.2-84) 42 mo (1.1-101) 12 mo
Central n= 115 32 mo (2-86) J9mo (2-102) 7 mo
Southern n= 135 36 mo ((0.2-92) 45 mo (0.3-135) 9 mo
Presenting sign or symptom
Whole cohort 31 mo (0.2-95 mo) 41 mo ((0.3-135 mo) 10 mo
High CK/transaminases 25 mo (060 mo) 28.7mo (1-81 mo) 3.7 mo
Motor delay 30 mo (10-84 mo) 48 mo (11-107 mo) 18 mo
Intellectual disability 30 mo (12-72 mo) 52 mo (13-102 mo) 22 mo
Muscle weakness 45 mo (1892 mo) 62 mo (25-103 mo) 17 mo
Tip-toe walking 49 mo (12-95 mo) 70 mo (26-135 mo) 21 mo
27 mo (052 mo) 33 mo (169 mo) f mo

Family history




Diagnosi di Distrofia Muscolare di Duchenne in Italia
nell’ultima decade: problemi critici

Esami effettuati prima della diagnosi:

Valori di creatin-kinasi (CK) in tutti i pazienti
EMG in 34 pazienti (9%)
Ecografia muscolare in 5 pazienti (1.3%)

Ecografia epatica e sierologia per epatite dopo riscontro di
ipertransaminasemia in 17 su 36 pazienti (9.3%) e biopsia epatica in 2 casi

Valutazione fisiatrica e ortopedica in 10 su 61 pazienti (2.6%) con ritardo
motorio come unico sintomo di esordio

RMN encefalo e EEG in 4 su 10 pazienti con disabilita intellettiva



(Genotype and phenotype characterization in a large
dystrophinopathic cohort with extended follow-up

Francesca Magri - Alessandra Govoni - Maria Grazia ID’Angelo - Roberto Del Bo - Serena Ghezzi -
(andossini Sandra - Anna Carla Turconi - Monica Sciacco - Patrizia Ciscato - Andreina Bordoni -
Silvana Tedeschi * Francesco Fortunato - Valeria Luecchini - Sara Bonato - Costanza Lamperti -
Domenico Coviello - Yvan Torrente - Stefania Corti - Maurizio Moggio - Nereo Bresolin -
Giacomo Pietro Comi

J Neurol (2011) 258:1610-1623

« 320 pazienti (286 famiglie)

- 205 DMD (184 famiglie)

« 115 BMD (102 famiglie)



Criteri di inclusione

« Fenotipo clinico suggestivo di distrofinopatia
- Pattern distrofico alla biopsia muscolare
e
« Assenza o diminuzione di distrofina all’analisi immunoistochimica
elo

 Assenza o diminuzione di distrofina al Western Blot



Esami diagnostici

- Biopsia muscolare
* Immunoistochimica

Western Blot
*  Multiplex — PCR

(Sensibilita per delezioni: 97.5%)

- MLPA
- Sanger Sequencing

« Analisi del trascritto
- Targeted NGS
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Transcript
analysis
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118+84 deleted

25+8 duplicated
+ 3 deleted

17+2 nonsense

9+1 small ins./del

7+3 splicing
missense

splice site

no muscular
sample available

mutated

non mutated

Tasso complessivo di
identificazione delle
mutazioni: 99.6%
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Storia naturale
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Deambulazione e progressione di malattia valutata tramite 6-minute-walk-distance
(6MWT/6MWD) in pazienti con Distrofia Muscolare di Duchenne in trattamento

corticosteroideo giornaliero
Goemans et al. Neuromuscular Disorders 2013
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Storia naturale

m Without steroid treatment
m With steroid treatment

1 2 3 B 5 6 7 8 9 10

Peverelli et al. Histologic muscular history in steroid-treated and untreated patients with Duchenne
dystrophy. Neurology. 2015; 85:1886-93



Standard of care - diagnhosi

When to suspect DMD
Unexplained increase in If family history of DMD If no family history of DMD
transaminases Any suspicion of abnormal Not walking by 16-18 months,
muscle function Gowers' sign, or toe walking
(any age, expecially <5 years old)
|
Most commonly observed early signs and symptoms in patients with DMD
Crea_tine kinase | T'esting for serum creatine N _Creatine kinase Motor Non-motor
not increased kinase increased L : .
+ Abnormal gait « Behavioural issues
‘ « Calf pseudohypertrophy « Cognitive delay
Testing for DMD gene « Inability to jump « Failure to thrive or poor weight gain
deletion or duplication « Decreased endurance « Learning and attentional issues
« Decreased head control when pulled to sit « Speech delay or articulation difficulties
I « Difficulty climbing stairs
« Flat feet
« Frequent falling or clumsiness
| No mutation found | Mutation found I + Gowers'sign on rising from floor
« Gross motor delay
+» Hypotonia
« Inability to keep up with peers
No mutation found € « Loss of motor skills
« Muscle pain or cramping
« Toe walking
« Difficulty running or climbing

Mutation found

Birnkrant DJ et al. Diagnosis and management of Duchenne muscular dystrophy.
Lancet Neurol. 2018 May;17(5)



Standard of care — trattamento

Cautions

Initial discussion
Discuss use of steroids with family

v

Begin steroid regimen

+ Before substantial physical decline
« After discussion of side-effects

« After nutrition consultation

v

Recommended starting dose

» Prednisone or prednisolone 0-75 mg/kg per day
OR

« Deflazacort 0-9 mg/kg per day

Adrenal insufficiency

Patient and family education

« Educate on signs, symptoms, and management of
adrenal crisis

Prescribe intramuscular hydrocortisone for

administration at home

» 50 mg for children aged <2 years old

+ 100 mg for children aged =2 years old and adults

Stress dosing for patients taking >12 mg/m’ per day

of prednisone/deflazacort daily

« Might be required in the case of severe illness,
major trauma, or surgery

+ Administer hydrocortisone at 50-100 mg/m’ per day

Dosing changes

If side-effects unmanageable or intolerable

« Reduce steriods by 25-33%

= Reassess in 1 month

If functional decline

« Increase steroids to target dose per weight on the
basis of starting dose

« Reassess in 2-3 months

v

Use in non-ambulatory stage

« Continue steroid use but reduce dose as necessary to
manage side-effects

« Older steroid-naive patients might benefit from
initiation of a steroid regimen

Do not stop steroids abruptly

« Implement PJ Nicholoff steroid-tapering protocol

« Decrease dose by 20-25% every 2 weeks

« Once physiological dose is achieved (3 mg/m?
per day of prednisone or deflazacort) switch to
hydrocortisone 12 mg/m? per day divided into
three equal doses

« Continue to wean dose by 20-25% every week
until dose of 2.5 mg hydrocortisone every other
day is achieved

+ After 2 weeks of dosing every other day, discontinue
hydrocortisone

« Periodically check morning CRH-stimulated or
ACTH-stimulated cortisol concentration until HPA
axis is normal

« Continue stress dosage until HPA axis has recovered
(might take 12 months or longer)

122

Prednisone 0.75 mg/kg al giorno

Deflazacort 0.9 mg/kg al giorno

Birnkrant DJ et al. Diagnosis and management of Duchenne muscular dystrophy.

Lancet Neurol. 2018 May;17(5)



Standard of care — crescita

Growth

Assessment of height every

6 months until completion of
puberty and attainment of final
height

Impaired growth

Any of the following:

» Downward crossing of height
percentile

« Height velocity of <4 cm per year

» Height <3rd percentile

Referto
endocrinologist

Recommended

« Assessment of bone age with left-hand x-ray
» Thyroid function tests

« Coeliac panel

« Growth factors

« Comprehensive metabolic panel

« Complete blood count

To be considered
Growth hormone stimulation testing

Puberty

Physical assessment of pubertal
status by Tanner staging every

6 months starting by age 9 years

Delayed puberty
Testicular volume <4 cm’ at age
14 years or older

Refer to
endocrinologist

Recommended

Laboratory assays:

» Luteinising hormone

» Follicle-stimulating hormone

« Testosterone

Treatment for confirmed hypogonadism:

« Initiate testosterone replacment at low
dose and gradually increase over time

+ Recommended for age 214 years; can be
considered from aged 12 years

To be considered
Assessment of bone age with left-hand x-ray

Birnkrant DJ et al. Diagnosis and management of Duchenne muscular dystrophy.

Lancet Neurol. 2018 May;17(5)




Standard of care - nutrizione

Nutritional, swallowing, and gastrointestinal assessments

Every visit

Assessment by registered dietitian nutritionist

Monitoring of weight and height; an alternative height estimate should be used for non-ambulatory
patients

Every 6 months
Questions about dysphagia, constipation, gastro-oesophageal reflux, and gastroparesis

Annually
Assessment of serum concentrations of 25-hydroxyvitamin D
Assessment of dietary calcium intake

v - v -

Symptoms of dysphagia One or more of the following: 25-hydroxyvitamin D Calcium intake less than
+ Weight loss and dehydration <30-0 ng/mL recommended dietary allowance
» Malnutrition
» Aspiration

+ Moderate or severe dysphagia

. v - v

Refer to speech-language Recommend gastrostomy tube Treat for vitamin D deficiency Recommend increased calcium
pathologist for swallowing placement dietary intake and

assessment, including supplementation
videofluoroscopic swallowing

study

Birnkrant DJ et al. Diagnosis and management of Duchenne muscular dystrophy.
Lancet Neurol. 2018 May;17(5)




Standard of care — quadro respiratorio

Ambulatory stage

Once yearly: FVC

Twice yearly: FVC, MIP/MEP, PCF, Sp0,, p,C0./p,.CO,

Sleep study™ with dkpnography for signs and symptoms of obstructive sleep apnoea or sleep-disordered breathing

Interventions

Immunisation witl

| |
Lung volume recruitment when FVC s60% predicted

Assisted coughing when FVYC <50% predicted,
PCF <270 Lfmin, or MEP <60 ¢m H,O7

Mocturnal assisted ventilation with back-up rate of
breathing (non-invasive preferred) when there are
signs or symptoms of sleep hypoventilation or other
sleep-disordered breathing, £ abnormal sleep study,™
FWC =50% predicted, MIP <60 cm H,0, or awake

baseline Sp0, =95% or pC0, =45 mm Hg

Addition of assisted
daytime ventilation
when, despite
nocturnal ventilation,§
daytime Sp0, <95%,
pCO, =45 mm Hg,

or symptoms of awake
dyspnoea are present

Birnkrant DJ et al. Diagnosis and management of Duchenne muscular dystrophy.
Lancet Neurol. 2018 May;17(5)



Standard of care — cardiopatia

« ECG
« Ecocardiogramma
« RMN cardiaca

Diagnosis

» Cardiac medical history
+ Family history
+ Physical examination
» Electrocardiogram
» Non-invasive imaging:
« Echocardiogram
(<6-7 years old)
+ Cardiovascular MRI
(26-7 years old)

Baseline evaluation at diagnosis
» Consultation with cardiologist

v

Annvual assessment

« Cardiac medical history
+ Physical examination

» Electrocardiogram

+ Non-invasive imaging

Annual cardiovascular assessment

Assessment of female carriers

Cardiac assessment in early

adulthood

« Cardiovascular MRI

« If symptomatic or imaging
positive, increase assessment
frequency on the basis of
cardiologist recommendation

« If negative, repeat evaluation
every 3-5 years

» Increase assessment frequency
on the basis of cardiologist
recommendation

« Initiate pharmacological
treatment

v

\ 4

Ambulatory and early non-ambulatory stage

» Conduct cardiac assessment at least annually

» Initiate angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers by
age 10

Late non-ambulatory stage

« Monitor closely for signs and symptoms of
cardiac dysfunction; symptomatic heart failure
can be difficult to diagnose in this stage

+ Monitor for rhythm abnormalities

« Treat with known heart failure therapies

Surgery

» Assess with electrocardiogram and non-invasive
imaging before major surgery

+ Make anaesthetist aware of Duchenne muscular
dystrophy diagnosis; patients have increased
anaesthesia risks

Birnkrant DJ et al. Diagnosis and management of Duchenne muscular dystrophy.

Lancet Neurol. 2018 May;17(5)



Standard

of care - osteoporosi

Monitoring and diagnosis

At each clinical visit
» Presence of back pain or fractures

At baseline only (follow up as
appropriate)

» Serum calcium

» Phosphate

+ Magnesium

« Alkaline phosphatase

» Parathyroid hormone

At baseline and annually

« Calcium/vitamin D intake

« Spine BMD by DXA

+ Serum 25-hydroxyvitamin D,

At baseline and follow-up

« Lateral thoracolumbar spine
radiograph:
« On steroids, every 1-2 years
« Not on steroids, every 2-3 years

If back pain or 20-5 SD decline in

spine BMD Z score on serial

measurements over 12-month period

» Lateral thoracolumbar spine
radiograph

Continue monitoring until signs of
bone fragility*

Clinically
significant
bone
fragility*

Treatment: stabilisation phase

Before initiating intravenous
bisphosphonate therapy

» Treat calcium/vitamin D deficiency
« Verify normal renal function

When starting intravenous
bisphosphonate therapy

» Follow published regimen
« Treat until clinically stable

For monitoring of safety and efficacy
of treatment
« Obtain thoracolumbar spine
radiograph annually and monitor
the following every 6 months:
« Spine BMD by DXA
« Serum hydroxyvitamin D,
« Patient-reported back pain
« Calcium/vitamin D intake
= Biochemical markers of bone
and mineral ion metabolism

Clinically

T

stablet

Treatment: maintenance phase

Once clinically stable

« Consider continuing intravenous
bisphosphonate therapy with
titration to a lower dose, to
preserve gains realised during
stabilisation phase

« Vary duration of maintenance
therapy depending on bone health
status and whether steroid therapy
isongoing

Monitor safety and efficacy of
maintenance therapy

|

clinically
stablef

C

Birnkrant DJ et al. Diagnosis and management of Duchenne muscular dystrophy.
Lancet Neurol. 2018 May;17(5)




Standard of care — quadro ortopedico

Ambulatory stage
Assessments

| Assess range of mation at least every 6 months

Conduct visual inspection of the spine annually

Obtain radiographic assessment if curve
observed or visual inspection difficult

Interventions

Conduct visual inspection of the spine every 6 months

Obtain spine radiograph when patients become
non-ambulatory; if curve present, obtain
radiograph every 6 months to 1 year,
depending on skeletal maturity; refer to
orthopaedic surgeon for curve »20°

QObtain annual anteroposterior upright spinal
radiographs for patients with known
progressive scoliosis

With physical therapy guidance, implement home stretching programme focusing on ankles, knees, and hips

When passive dorsiflexion <10°, use
custom-molded nighttime ankle-foot
orthoses set in neutral position

Refer for surgery on foot and Achilles tendon te
improve gait if substantial ankle contracture
with good quadriceps and hip extensor strength

With occupational therapy guidance, add focus on upper extremities

Use custom-molded daytime ankle-foot
orthoses to delay worsening of equinovarus
contracture

Continue use of lower-extremity braces;
fabrication of custom wrist and hand splints
may be appropriate

Use standing programmes with caution

Initiate standing programme using standing
device or wheelchair with upright positioning

Refer for foot and ankle surgery to improve foot
positioning only if advacated by patient

Avoid use of spinal orthoses

Provide anticipatory fracture prevention guidance to families

Consult with cardiology and respiratory specialists before any surgical intervention

Refer for physical therapy after surgery

Refer for posterior spinal instrumentation and
fusion if spinal curve »20-30° in prepubertal
individuals who are not on corticosteroids;
provide preoperative and postoperative
evaluation with physical therapy

Refer for posterior spinal instrumentation and
fusion if curve is progressive

Ensure families and medical team are aware of fat embolism syndrome

Fisioterapia

Tutori e ortesi

Allungamento tendine di Achille
Prevenzione fratture

Scoliosi

Birnkrant DJ et al. Diagnosis and management of Duchenne muscular dystrophy.

Lancet Neurol. 2018 May;17(5)



Standard of care — intervento chirurgico

Cardiac care

A cardiologist should be consulted before all surgical procedures
Anaesthetists should be aware that patients with DMD are at risk of cardiac decompensation during surgery

Major surgical procedures
« Patients with DMD are at particular risk of cardiac compromise during major procedures
« Echocardiogram and electrocardiogram should be done in close proximity to any planned surgery

Minor surgical procedures
« In patients with normal cardiac function, a cardiac assessment is suggested if last investigation was
>1 year before

Respiratory care

Preoperative training in and postoperative use of assisted cough techniques
« Cough techniques are necessary for patients with baseline peak cough flow <270 L/min or baseline maximum
expiratory pressure <60 cm H,0*

Preoperative training in and postoperative use of non-invasive ventilation
« Non-invasive ventilation is necessary for patients with baseline FVC <30% predicted
« Non-invasive ventilation is strongly recommended for patients with FVC <50% predicted

Extubation to supplemental oxygen alone without concomitant use of non-invasive ventilation should be
avoided

Incentive spirometry is not indicated because it is potentially ineffective in patients with respiratory muscle
weakness, and preferred alternatives are available

Anaesthesia

Total intravenous anaesthesia is strongly recommencded
Depolarising muscle relaxants, such as suxamethonium chloride, are absolutely contraindicated because of
risk of fatal reactions

Risk of rhabdomyalysis and hyperkalaemia

+ Patients with DMD are at risk of developing rhabdomyolysis with inhalational anaesthetics or when given
suxamethonium chloride

+ Rhabdomyolysis complications are frequently confused with malignant hyperthermia

Blood foss

Hypotensive anaesthetics to minimise blood loss are not recommended because of haemodynamic risk with
cardiomyopathy in patients with DMD

Cell-saver technology, along with use of aminocarpeic acid or tanexamic acid, can be considered to help
manage intraoperative blood loss

Postoperative anticoagulation with heparin or aspirin is not appropriate for patients with DMD

Compression stockings of sequential compression might be indicated for prevention of deep-vein thrombosis

Birnkrant DJ et al. Diagnosis and management of Duchenne muscular dystrophy.

Lancet Neurol. 2018 May;17(5)



Standard of care — quadro psicosociale

| Assessments

Interventions

Ambulatory stage or childhood

+ Consider baseline evaluation during first year
of diagnosis
= Provide developmental (<4 years old) or

+ Pravide neuropsychological evaluation to
identify cognitive or leaming issues when
concerns exist about school performance

Provide neuropsychological evaluation when
concerns exist about change in functioning or
ability to manage daily affairs

« Valutazione neuropsicologica

neuropsychological evaluation (>5 years old)
when social or emational concerns or cognitive
delays exist

« Pravide neuropsychological evaluation when
transitioning to adulthood to assess whether
government-based assistance might be needed

* Ritardo nel linguaggio

Provide evaluation by speech-language
pathologist for children with suspected delays in
speech or language development

Provide evaluation by social worker at diagnosis
and then as needed

Provide evaluation by speech-language
pathologist for patients with loss or impairment
of functional communication ability, chewing
difficulties, or dysphagia

Provide evaluation by social worker of the needs of the patient and family

| Refer for psychotherapy or psychopharmacology, or both, when mental health concerns are identified for the patient or family

Implement fermal accommodations at school for health, safety, and accessibility; plan for health-related

absences

Set goals for future education and vocation

Provide parents with resources to educate teachers, school psychologists, and other school personnel

about DMD

Provide parents and patients with resources to educate peers about DMD

Refer to psychologist for social skills training as needed

Encourage patients and families to stay active and engaged

‘ Promote patient self-advocacy and independence

Assist with continuing education, vocational
training, and extended transitional education with
individualiced educati atil age

22 years

Assist with adjustments to accommodate job
requirements

Arrange for home health-care services if patient’s
health is at risk because sufficient care cannot be
provided in the current setting

Naotify patients and families about availability of palliative care
| |
Assist with arranging respite care for caregivers

Make hospice care available for patients at the
end of life

« Supporto psicologico

Housing
+ Examine where to live
(family home vs elsewhere)
Relationships with others - Modify home for
« Develop skills to connect with accessibility and safety Transportation
others to manage own affairs + Use assistive technology » Foster independent driving
(eg, social outings, with vehicle modifications
appointments) + Modify family-owned vehicle
« Work towards desired level of « Investigate accessible public
autonomy and independence transportation options
Young adult
with DMD
Education or employment Health care
« Plan early for future vocation + Transition from paediatric to
« Consider classes online vs adult health care
on campus + Move from family-centred
» Contact campus programmes Activities of daily living to patient-centred provider
for students with disabilities « Explore funding and benefits interactions
« Enlist employment or for care + Discuss age-related changes in
vocational planning resources « Learn to hire and train personal health-care benefits
care attendants « Assess the need for durable
« Ensure respite for family power of attorney for health care
caregivers
+ Consider need for guardianship
or conservatorship

Birnkrant DJ et al. Diagnosis and management of Duchenne muscular dystrophy.
Lancet Neurol. 2018 May;17(5)
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Eteplirsen

Criteri di inclusione: « Infusione endovenosa settimanale

*Eta 7-13 anni « 30 o 50 mg/kg/settimana

*6MWD compreso tra 180 e 440 metri

*Delezione compatibile con skipping esone 51 * Nationwide Children Hospital
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Ataluren (PTC124)
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Ataluren —= ACT DMD

Valutazione dell’efficacia di Ataluren dopo 48 settimane in pazienti con nmDMD

Endpoint primario
=\ariazione 6MWD

Endpoint secondari
=Peggioramento 10% 6MWD
=Variazione 10-m walk/run
=Variazione 4-stair climb
=\/ariazione 4-stair descend

Endpoint esplorativi
=\Variazione NSAA
=Variazione PODCI

Criteri di inclusione:

*Eta 27 e <16 anni

*Utilizzo di corticosteroidi 26 mesi
*6MWD 2150 m e <80% del predetto

Double-blind placebo-controlled study

Ataluren 10, 10, 20 mg/kg
N=110

—

Placebo Open-label
N=110 extension

48 weeks

 Somministrazione per via orale
e 10+ 10+ 20 mg/kg al giorno



Ataluren —= ACT DMD

» Variazione media del 6MWD dal baseline a settimana 48 a favore di Ataluren rispetto
al gruppo in placebo. Differenza significativa nel sottogruppo di pazienti con 6MWD

compreso tra 300 e 400 metri al baseline.

« Variazione media dei punteggi dei test temporizzati a favore di Ataluren rispetto a
placebo con differenze statisticamente significative per 4-stair descend (p=0.012) e 4-

stair climb (p=0.058).

ITT Population

o
|

N
o
1

A+15.4 m
p=0.213

(o))
o
1

-o- Ataluren ITT (n=114)

=®= Placebo ITT (n=114)
'80 | | | | | | |
Baseline 8 16 24 32 40 48

Change in Observed 6MWD, mean (m)
1 _b 1
o
|

Time (weeks)

Baseline 6MWD 2300 to <400 Meters Subgroup

0 -

N
o
|

(o))
o
|

-80

A+47.2 m
p=0.007

-o- Ataluren (n=47)
=®= Placebo (n=52)

Change in Observed 6MWD, mean (m)
1 _Ib 1
o
|

Baseline 8 16 24 32 40 48

Time (weeks)



Ataluren —= ACT DMD

« Eventi avversi simili nei pazienti trattati con Ataluren o placebo

Table 3. Treatment-related AEs With a >2.5% Higher
Incidence in the Ataluren Group vs the Placebo Group

TEAE, % Placebo
(n=115)
Vomiting 09
Headache 26
Diarrhea 09
Nausea 0

TEAESs, freatment-emergent adverse events.

Ataluren 40 mg/kg/day Decline Improvement
(n=115)
78 Meters, mean and 95% CI
-100 -5 -50 -25 0 25 50 75 100
52 L L L L : L | 1 |
43 —_—
35 PSP L MWD
s | * i
—— — 10-m walk/run
:ﬁ _
P N— b 4-stair climb
Phase 2 Subgroup (N=63)* Lo . .
} . ' L 4-stair descend
o . |

* Including only patients in the ambulatory decline  Seconds, mean and 95% CI
phasze subgroup matching ACT DMD entry criteria



Ataluren — Study 030

Sicurezza di Ataluren su 52 settimane in pazienti con nmDMD di eta 2-4 years

Primary endpoint
* Long term Safety

Secondary endpoints
« Plasma pharmacokinetics

Exploratory endpoints
« Change in TFTs
« Change in NSAA

Criteri di inclusione:
Eta =2 e <5 anni

‘Peso = 12 kg

Open label Phase 2 study

Ataluren 10, 10, 20 mg/kg
N=14

- =

52 weeks

Criteri di esclusione:

» Altro farmaco sperimentale <3 mesi

* Intervento chirurgico maggiore programmato
«  Comorbidita significativa

* Precedente trattamento con Ataluren

«  Somministrazione di aminoglicosidi <3 mesi

Riebling et al. 2018 Int. Con. Of the World Muscle Society



Ataluren — Study 030

« Eventi avversi: rash, flatulenza, nausea, vomito
* Nessun evento avverso di grado severo
 Farmacocinetica: concentrazione plasmatica media simile tra giorno 1 e 28

a0- A, Linear
Extension R Exﬁa Second dose
TEAE PK Phase Phase Overall cE =
(N=14) (N=14) £y L
(N=14) = c
Any TEAE 13(92.9%)  10(71.4%) 14 (100%) S8
Pyrexia 5 (35.7%) 3(21.4%) 6 (42.9%) E § 7
Ear Infection 1(7.1%) 3(21.4%) 4 (28.6%) S
Nasopharyngitis 1(7.1%) 3 (21.4%) 4 (28.6%) o ; 7 T : 3 - o
Rash 3 (21.4%) 0 (0.0%) 3 (21.4%) Hours Post Dose
Cough 2 (14.3%) 1(7.1%) 3 (21.4%) 100,000 B. Semi-Logarithmic
Vomiting 1(7.1%) 2(143%) 3 (21.4%) S Doy 28
Flatulence 2 (14.3%) 0 (0.0%) 2 (14.3%) o g
Upper 2 % 1.000 {
Respiratory Tract 1(7.1%) 1(7.1%) 2 (14.3%) % 2 2100
Infection 55
T S Second dose
Arthropod Bite 0 (0.0%) 2 (14.3%) 2 (14.3%) Z § 0.0104
Influenza 0 (0.0%) 2(14.3%) 2 (14.3%) S . | | . | | .
-2 o] 2 4 i1 a 10 12

Hours Piost Dose

Riebling et al. 2018 Int. Con. Of the World Muscle Society



Ataluren — Study 030

Indicatori di efficacia:

16

12

16

12

Diminuzione del punteggio ai test temporizzati e aumento del punteggio NSAA
rispetto al baseline dopo trattamento con Ataluren in paziente con nmDMD di eta
compresa tra 2 e 5 anni. In questa fascia di eta € generalmente previsto un
miglioramento legato alla normale crescita.

A. Descend 4 Stairs

16

B. Climb 4 Stairs

Baseline Week 28%°  Week 52
n=13 n=12 n=13
C. Stand from Supine
71
43 a1
Baseline Week 285 Week 52
n=14 n=13 n=14

12

16

12

53
|
45 20
Baseline Week 260 Week 52
n=13 n=13 n=14 20
D. 10 m Run/Walk
6.6 6.2 10
59
Basdine Week 288 Week 52
n=14 n=13 n=14

A. NSAA 16-Item

B. NSAA 8-ltem

2

*i

C. NSAA 3-ltem

30 30
215
19.8
16.0
| 20 20
121 128
10.5
10 10
5.4 5.8 5.6
0 - 0 -
Baseline Week®® Week Baseline Week?® Week Baseline Week?® Week
28 52 28 52 28 52
n=14 n=13 n=13 n=14 n=13 n=14 n=14 n=13 n=14

Riebling et al. 2018 Int. Con. Of the World Muscle Society
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