A Closer Look at Functional Assessments

in Duchenne Muscular Dystrophy

DMD is caused by an absence of functional dystrophin protein'*

Duchenne muscular dystrophy (DMD) is a degenerative, neuromuscular disease characterized by variable, but progressive
sequential loss of important milestones related to ambulation, upper limb function, and cardiopulmonary function. A range
of functional scales are used to monitor and anticipate disease progression.

North Star Ambulatory
Assessment (NSAA)®

The NSAA is a validated scale
developed to measure motor
function in DMD. The score is

a count of ability to perform

17 skills that are important for
everyday mobility, with a total
possible score of 34. It is useful
to monitor progression over the
ambulant phase of the disease and
is recognized by the FDA as an
endpoint in clinical trials.
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Prognostic value of NSAA?

At the population level, the NSAA is useful for predicting disease progression.
Studies of natural history have shown that patients can be grouped into 1of 4
general classes.
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At the individual level, there is a wide variation in disease trajectories.
Therefore, detection of treatment effect in clinical trials may be facilitated

by limiting the heterogeneity of the study populations and including an
appropriate sample size to determine mean outcomes. It is also important that
treatment and placebo groups are well-matched.>*

*CLASS 1(27% of patients): NSAA total scores falling to <5 around 10 years of age CLASS 2 (34% of patients): NSAA total scores falling to <5 around 12 years of age CLASS 3 (20% of patients): NSAA total
scores falling to <5 around 14 years of age CLASS 4 (19% of patients): NSAA total scores remaining >5 to at least 15 years of age
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Sensitivity of NSAA and Timed Function Tests (TFTs)

NSAA provides a broad assessment of physical function'”

NSAA scoring levels are designed to capture significant, step-wise alterations in muscular functions important for daily
living. The “1 score” for an NSAA skill encompasses a wide range of quality of movement from performing with slight
difficulty to barely able to perform. This aspect of NSAA may limit its sensitivity to changes over shorter time spans. TFTs
may detect changes in skills sooner than changes within NSAA scoring as shown in the example below.

-------------- Patient with function -------------- Complete loss

of function
NSAA*¢
Ordinal Qualitative Data —— —— ——
NSAA SCORING PER ITEM
Perform Perform with Perform with Unable to
slight difficulty great difficulty perform
EVALUATION OF TIME TO RISE (TTR) 3.1 4.7 7.3
ACROSS NSAA SCORES®” Seconds Seconds Seconds

Other measures of motor function?®"

A variety of TFTs and wearable devices are used to assessed motor function status. The NSAA includes timed items

(e.g. TTR and 10-meter walk/run 10MWR)) that can be used to measure function independently of NSAA. The actual time
taken to complete these tasks are not captured in the NSAA score but provides a potentially more continuous quantitative
measure of abilities that can be monitored over time.

----------- Part of NSAA assessment -----------
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Most assessments used in DMD were originally designed to capture loss of clinical milestones over natural DMD
progression.®®®® Clinical trials use these assessments to elucidate short-term (e.g. 1-year) impact of various
intervention modalities and to detect changes in disease trajectory.”

TFTs may be more sensitive to functional changes than
NSAAS-6:12,20 Timed Function Tests?°

Continuous Quantitative Data
INDIVIDUAL TIMED FUNCTION TEST

Timed function tests yield continuous quantitative data, which provide
different information than categorical data (as measured in NSAA) and
may allow for greater sensitivity to detect differences among patients

in clinical trials. Continuous

The TFTs, including IOMWR, TTR, and time to ascend 4 steps, are common in seconds

endpoints in DMD clinical trials, used to track gross motor abilities.”

*Hypothetical case; not based on actual patient data
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Prognostic Value of Timed Function Tests

TFTs are useful in observing decline in performance prior to loss of skills*¢

TTR, 1I0OMWR, time to ascend 4 steps, I00MWR, and SV95C are common endpoints used in DMD clinical trials. Ability
to perform TFTs is lost in a predictable and sequential manner. There are certain time thresholds in TFTs that are
predictive of an acceleration of disease progression leading to loss of ambulation (LoA). Decline in NSAA, TTRs, and
10MWR are prognostic for loss of ambulation.

TTR at baseline is predictive of Pattern of decline in
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significantly associated with an older age at LoA.”

The median (IQR) age at LoA for TTR no more than 3.5

seconds, from 3.6 to 5 seconds, and more than 5 seconds Data from UK Northstar registry presented centiles for

was 14 years 5 months (12 years 5 months—16 years 1 NSAA, IOMWR,1J0MWR velocity, TTR and TTR velocity

month), 12 years 5 months (10 years 8 months —14 years 1 created from a cohort of glucocorticoid treated DMD boys
month), and 10 years 2 months (9 years—11 years 11 months) between the ages of 5-16.°

respectively.’ The median age of loss of NSAA in this cohort is 12.6 years

(95% Cl: 11.8,14.7 years). The median age of loss of TTR is
10.6 years (95% Cl: 9.9, 11.9 years). The median age at loss
of IOMWR is 12.2 years (95% CI:11.5, 13.9 years).°

TTR greater than 5 seconds is predictive of
functional decline.” Ten seconds or longer in 1I0OMWR
is similarly linked to progression of loss of ambulation

within two years.® TTR is a sensitive marker of disease progression in
earlier stages of the disease and has been used as
the primary endpoint in a registrational trial.5"
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Understanding Intervention Aims in DMD

DMD is a progressive and irreversible disease'

As boys with DMD age, increased fibrosis and loss of muscle become irreversible. Due to the continuous and irreversible
decline in function, a proactive approach to intervention is needed.

Reversible Process?* Irreversible Process>*

INJURY MUSCLE NECROSIS REGENERATION FIBROSIS MUSCLE LOSS
Skeletal muscle contraction INFLAMMATION Active regeneration of Myofiber necrosis and Severe loss of muscle tissue
causes damage Muscle fiber necrosis muscle to replace or repair inflammation cause
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inflammation with fat and fibrotic tissue
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Intervention aim®*
Interventions aim to slow or stabilize disease Healthy children reached peak NSAA score of 34 seen after age 47
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Interventions aim to slow or stabilize

greater/quicker loss of function is expected. underlying pathologic process®

Assessing for intervention effectiveness in
individuals is challenging. Change from baseline
may not be an appropriate method to assess
treatment outcomes as individual patient
trajectories are difficult to predict.
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Summary

Functional assessments provide essential information for estimating patient prognosis, but the ability of each test to
accurately determine the effect of an intervention has yet to be fully understood.>™"

The emergence of treatment-related data for patients with Duchenne may provide insight on how functional test results
can be used to appropriately assess treatment effect.'%>

There is no established consensus for a single primary endpoint for use in clinical trials in DMD. The appropriate measures
may depend highly on specific populations studied and duration of study."

* Image adapted from infographic on https://medhub.ptcbio.com/neuromuscular/dmd/. Last accessed: February 2024.
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