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Suitability of Functional Scales
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* Longitudinal natural history data
* Reliability

*  Validity

*  Clinically meaningfulness

* Used in previous clinical trials

*  Clinical utility




CHOP INTEND:

Children’s Hospital of Philadelphia Infant
Test of Neuromuscular Disorders

» Source: Jackie Montes, PT, Columbia Univ.
» Validated, 16 items, 64-point scale
» Shown reliable in SMA Type | subjects

» Derived In part from TIMP (Test of Infant
Motor Performance)

» Designed to measure motor function in
weak infants with neuromuscular disease

» Includes active (spontaneous, goal-
directed) and elicited reflex movements




CHOP INTEND:

Children’s Hospital of Philadelphia Infant
Test of Neuromuscular Disorders

» Designed to move from easiest to hardest

» Does not include respiratory or feeding
assessments

» Grading includes with gravity eliminated
(lower scores) to antigravity movements
(higher scores)

» Scores range from 0-4 in all items

» Completed in short period of time, well
tolerated
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CHOP INTEND:

Children’s Hospital of Philadelphia Infant
Test of Neuromuscular Disorders

» SMA Type | infant average baseline score:
20—-22 out of 64 points

» Infants with 2 copies of SMN2: no baseline
value over 40 points

» Score above 50 may correlate with sitting
milestone

» Used successfully in ASO (lonis/Biogen) and
gene therapy (Avexis) Type | clinical trials



NeuroNEXT Baseline Results

of Clinical and Translational Neurology

RESEARCH ARTICLE

Baseline results of the NeuroNEXT spinal muscular atrophy
infant biomarker study
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Annals of inical and Translational
Neurology 2016; 3(2): 132145
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PNCR NH Study: CHOP INTEND

Longitudinal Data
» Subjects enrolled within 3 months of symptom onset (“recent”)
» Subjects enrolled more than 3 months after symptom onset (“chronic™)

N=17
(4 recent,13 chronic)

mean change over 1 year
=127

CHOP-INTEND Tolnl Scoie

Finkel R et al. Neurology 2014




NeuroNEXT: Longitudinal CHOP-INTEND Data

Healthy SMA

CHOP-INTEND Scores by Study Visit for Healthy Gontrol Subjects CHOP-INTEND Score by Study Visit in SMA
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Change of CHOP-INTEND from 6 month visit

Change in CHOPANTEND in subjects with SMNZ Copy Number = 2
15
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All differences in CHOP-INTEND from & months were statistically
significant.

The observed trend in differences is not linear (p = 0.1161).
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TIMPSI:

Test of Infant Motor Performance
Screening Items

» 29 Items, 99-point scale
» Valid and reproducible in SMA Type | infants

» Tests rolling, crawling, not sitting, and
Includes many items In prone position

» Not well tolerated by Type | infants
» Overlaps with CHOP INTEND

» Has been used in Biomarker NNext SMA 101
study but not in clinical trials




AIMS:
Alberta Infant Motor Scale

> 58-1tem observational scale

» Developed to assess motor development in
children from birth to independent walking

» Includes many items in prone position
» Used in Pompe’s disease clinical trial

» Used in NeuroNEXT infant biomarkers study
to evaluate infants scoring high on TIMPSI

» No infants with 2 copies of SMN2 received
AIMS in NeuroNEXT study (too weak)
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Motor Function Testing Algorithm

TIMPSI

+

TIMPSI <41 TIMPSlI=or > 41
Rest / Comfort
20 min
23 SMA 3 SMA

CHOP-INTEND AIMS

Annals of dinical and Translational
Neurofogy 2016; 3(2): 132-145

Courtesy of Dr. Steven J. Kolb, OSU

of Clinical and Translational Neurology

RESEARCH ARTICLE

Baseline results of the NeuroNEXT spinal muscular atrophy
infant biomarker study




Bayley Scales of
Infant Development

» Includes assessment of fine and gross motor
function, cognition, language

» Bayley-Illl language assessment includes receptive
and expressive language

» Bayley-lll motor assessment includes scale scores
for fine and gross motor development

» Normative data available

» Advantage: can also assess fine motor, cognition,
and language (receptive and expressive)



HINE:

Hammersmith Infant Neurological
Examination

» Neurological exam for infants 2—24 mo

» 37 Items In 3 sections
» Section I: Neurological examination
» Section Il: Developmental milestones

» Section llIl: Behavioral scale, state of
consciousness

> Pure motor milestone test

» Not developed specifically for SMA, not
validated in SMA



HINE:

Hammersmith Infant Neurological
Examination

Optimality score for the neurologic examination of

the infant at 12 and 18 months of age

Leena Haataja, D, PhD, Eugenio Mercurd, sD, PhD, Rivka Regev, D, Frances Cowan, MBBS, MRCP, PhD,
Mary Rutherford, mp, MRCP, Victor Dubowitz, MD, FRCPCH, PhD, and Lilly Dubowitz, #MD, FRCPCH

» Used as exploratory outcome measure in
lonis CS3A open label Type | study

» Used as primary outcome measure in
ENDEAR lonis CS3B study of Nusinersen

THE JOURNAL OF PEDIATRICS

VoLumME |35, NUMBRER 2, PART |




Developmental Milestones

%@ World Health

Windows of achievement for six gross motor milestones ‘\1‘,‘ ~%4¥ Organization
e

Walking alone
Standing alone

Walking with assistance
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Hands-&-knees crawling

H  Standing with assistance

H Sitting without support H

Age in months

Reference: WHO Multicentre Growth Reference Study Group. WHO Motor Development Study: Windows of achievement
for six gross motor development milestones. Acta Paediatrica Supplement 2006:;450:86-95.




HINE

Section |I;
Developmental
milestones

THE JOURNAL OF PEDIATRICS
VoLuME |35, NUMBER 2, PART |

Column 1 2 3 4 5 6
Head control unable to wobbles all the time Observed:
——— | Mantain head mantained
upright upright Reported
(normal <3 mo)| (normal at 4 mo)}| (normal at 5 mo) (age):
12 m (%) 100
18 m (%) 100
Sitting Cannot sit With support Props Stable sit Pivots Observed:
| ——
E; ﬂ Reported
(age):
(normal at 4 mo) (normal at 6 mo) | (normal at 7mo) (normal
ati0mo) |
12 m (%) 1 99 ""_"“_'
[ 18 m (%) B 100
Voluntary Observed:
grasp no grasp uses whole hand | index finger and | pincer grasp
— thumb but Reported
immature grasp (age):
12 m (%) 3 97
18 m (%) 2 98
Ability to no kicking horizontally upward touches leg touches toes | Observed:
kick: legs do not lift (vertically)
(in supine) ! OD Reported
— (normal at (age):
(normal at (normal at 5-6 mo)
3 mo) 4-5 mo) -0 mo
12 m (%) 100
18 m (%) 100
Rolling no rolling rolling to side prone to supine | supine to prone Observed:
(normal at 4 mo) or supine fo and
prone prone to supine Reported
(normal at 6 mo) |(normal at 7 mo) (age):
12 m (%) 1 1 98 A
18 m (%) 100 e
Crawling Does not lift On elbow On outstretched | Crawling flat on | Crawling on | Observed:
——— head hand abdomen hands
and knees Reported
(normal at 3 ma) (normal at (normal at
4-5mo) (normal at 8 mo) 10 mo)
2 4 94
- 100
Observed:
Standing Does not Supports weight Stands with Stands unaided
——— support weight support Reported
(normal at 4-5 (age):
mao) (normal at 8 me) | (normal at 12 mo)
12 m (%) 3 18 75
18 m (%) 2 08
Walking Observed:
—— Bouncing Cruising (walks Walking
holding on) Reported
(normal at 6 mo) [(normal at 11 mo) | (normal at 15 mo) {age):
12 m (%) 4 45 51
18 m (%) 2 98




CMAP:

Compound Muscle Action Potential

» Summation of all motor unit potentials with
supramaximal stimulation of the nerve innervating
a particular muscle

» Used in recent SMA Type I clinical trials as
electrophysiological biomarker



CMAP

Compound Muscle Action Potential

» Correlates with age, motor function, and
SMN2 copy number (Swoboda et al., Ann
Neurol 2005)

» Symptomatic Type | patients: reduced
CMAP amplitudes remain low over time

» Presymptomatic infants: CMAP
amplitudes normal with subsequent
precipitous decline



CMAP

Compound Muscle Action Potential

> Used in NeuroNEXT SMA infant
biomarker study

»Average CMAP peak amplitudes:
e entire SMA cohort: 1.4 mV
« SMA patients with 2 copies SMN2: 0.5 mV
e control cohort: 5.5 mV

»Entire SMA cohort had positive
correlation between CMAP amplitude
values and motor functional ability




CMAP Peak Amplitude (mV)

Healthy SMA

CMAF Peak Amplitude (mV) with Healthy Controls CMAP Peak Amplitude (mV) by Study Visit in SMA
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