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1. LIST OF ABBREVIATIONS
Abbreviation Definition
AE Adverse Events
CHOP-INTEND C_hildren’s Hospital of Philadelphia Infant Test of Neuromuscular
Disorders
Cl Confidence Interval
CRO Contract Research Organization
EC Ethics Committee
eCRF Electronic Case Report Form
EDC Electronic Data Capture
EU European Union
FAS Full Analysis Set
FDA Food and Drug Administration
G-BA Gemeinsamer Bundesausschuss (Federal Joint Committee)
GPP Good Pharmacoepidemiological Practice
HFMSE Hammersmith Functional Motor Scale Expanded
ICH International Conference on Harmonization
ICSR Individual Case Safety Report
IRB Institutional Review Board
MAH Marketing Authorization Holder
MedDRA Medical Dictionary for Regulatory Activities,
NBS Newborn Screening
RULM Revised Upper Limb Module
SAE Serious Adverse Events
SAP Statistical Analysis Plan
SDV Source Data Verification
SMA Spinal Muscular Atrophy
SMN 1/2 Survival Motor Neuron 1/2
SmPC Summary of Product Characteristics
WHO World Health Organization
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3. SYNOPSIS

TITLE:
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VERSION NUMBER:
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PRODUCT

MAIN AUTHOR:
INDICATION:

MARKETING
AUTHORIZATION
HOLDER:

Rationale and
background

Research question
and objectives

EVALUATION OF A REAL WORLD DATA COLLECTION
FOR THE REASSESSMENT OF THE ADDITIONAL
BENEFIT OF EVRYSDI® (RISDIPLAM)

ML44661
3.0
24.06.2024

EVRYSDI® (RISDIPLAM)

Spinal Muscular Atrophy (SMA)

Roche Registration GmbH
Emil-Barell-Strasse 1
D-79639 Grenzach-Wyhlen
Germany

The objective of this study is to evaluate the comparative
effectiveness and safety of risdiplam versus a therapy
according to physician’s choice taking into account
nusinersen and onasemnogene abeparvovec. The
described study design is based on the previous exchange
with the Gemeinsamer Bundesausschuss (G-BA, Federal
Joint Committee) and scientific experts (1-6). Based on the
previous assumptions on the specifics of the disease, the
regulatory requirements and the novelty of this project,
futility will be checked in the interim analysis.

The primary objectives for this study are as follows
(presented by population):

Pre-symptomatic patients with a 5g-associated SMA
and up to three copies of the survival motor neuron 2
(SMN2) gene:

EVRYSDI® (risdiplam)—F. Hoffmann-La Roche Ltd
Protocol ML44661, Version 1.0
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e To evaluate the safety of risdiplam compared to
nusinersen or onasemnogene abeparvovec measured
as number of adverse events (AE) leading to
hospitalization over time

Symptomatic patients with a clinically diagnosed SMA
type 1:

e To evaluate the efficacy of risdiplam compared to
nusinersen or onasemnogene abeparvovec measured
as time to death or permanent ventilation

Symptomatic patients with a clinically diagnosed SMA
type 2 and up to three copies of the SMN2 gene:

e To evaluate the efficacy of risdiplam compared to
nusinersen or onasemnogene abeparvovec
measured as change from baseline of the Revised
Upper Limb Module (RULM) total score at 36 months
after treatment start

Symptomatic patients with a clinically diagnosed SMA
type 3 and up to three copies of the SMN2 gene:

e To evaluate the efficacy of risdiplam compared to
nusinersen or onasemnogene abeparvovec
measured as change from baseline of RULM total
score at 36 months after treatment start

The secondary objectives for this study are as follows:

e To assess the oral treatment with risdiplam
compared to nusinersen or onasemnogene
abeparvovec for

o Pre-symptomatic patients with a 5q-
associated SMA and up to three copies of
the SMN2 gene

o Symptomatic patients with a clinically
diagnosed SMA type 1

o Symptomatic patients with a clinically
diagnosed SMA type 2 and up to three
copies of the SMN2 gene

o Symptomatic patients with a clinically
diagnosed SMA type 3 and up to three
copies of the SMN2 gene

including the following variables:

e Mortality
o Death
e Morbidity

o Motorfunction (assessed with age-
appropriate instruments)

o Achievement and loss of motor milestones
(World Health Organization (WHO) motor
development milestones)

o Respiratory function (need for permanent
ventilation)

EVRYSDI® (risdiplam)—F. Hoffmann-La Roche Ltd
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o Bulbar function (ability to swallow, need for
non-oral nutritional support, ability to
speak)

o Other complications of disease (e.g.
orthopedic complications)

The safety objectives for this study are as follows:

e To assess the safety and tolerability of oral
treatment with risdiplam compared to nusinersen
or onasemnogene abeparvovec for

o Pre-symptomatic patients with a 59-
associated SMA and up to three copies of
the SMN2 gene

o Symptomatic patients with a clinically
diagnosed SMA type 1

o Symptomatic patients with a clinically
diagnosed SMA type 2 and up to three
copies of the SMN2 gene

o Symptomatic patients with a clinically

diagnosed SMA type 3 and up to three
copies of the SMN2 gene

including the following safety variables:

¢ Number of adverse events (AE) leading to
hospitalization over time

e Proportion of patients with a serious adverse event
(SAE)

e Proportion of patients with an adverse event (AE)
leading to hospitalization

e Proportion of patients with a selected SAE:
retinopathy, effect on epithelial tissue,
thrombocytopenia, nephropathy, hydrocephalus,
hepatopathy, cardiac events, sensory neuropathy

Study design Registry-based study, comparative, non-interventional,
multicentric, multinational, open-label. As the treatment start
date differs there will be simultaneously enrolled controls
and not simultaneously enrolled controls.

Start Date of Study:

The planned start of this study is after confirmation of the
submitted study protocol and statistical analysis plan by
the G-BA.

Start of treatment with risdiplam is March 26, 2021 at the
earliest. Start of treatment with nusinersen is May 30,
2017 at the earliest. Start of treatment with
onasemnogene abeparvovec is May 18, 2020 at the
earliest.

EVRYSDI® (risdiplam)—F. Hoffmann-La Roche Ltd
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End of Study

All patients in the study should generally be followed up
for at least 36 months. Follow-up time can vary between
patients depending on their entry date in the registry.

The planned end of study date is January 01, 2026. Data
that is documented in the study database after that time
point will not be taken into account.

Length of Study

Interim analysis are planned 12 and 24 months after start
of the study and will be handed in to G-BA latest 18 and
30 months after the start of the study. Final analysis will
take place in January 2026.

This registry-based study is based on the data of the

Data sources SMACARE registry. The SMAItCARE project
(www.smartcare.de) provides a platform to collect
longitudinal clinical routine data on SMA patients in
Germany, Austria and Switzerland. Data from Germany
and Austria will be used for this analysis.

Patients’ data will be recorded on case report forms
(CRFs). The degree of detail and completeness of data
collected is dependent on local clinical practice. Data from
patient notes should be entered on the CRF as soon as
they become available.

An electronic data capture (EDC) system will be used in
this registry. Each patient will be identified in the registry
by a unique patient identification code (patient number)
that is assigned when the patient is registered and is
retained as the primary identifier for the patient throughout
entire participation in the registry and also in case the
patient returns to registry participation after a temporary
discontinuation.

Patients must meet the following criteria for study entry:
For all populations:

¢ Signed informed consent form (if applicable by
legal representative) to participate in the study

¢ Genetically confirmed 5g-autosomal recessive
SMA

e Treatment according to the Summary of Product
Characteristics (SmPC) with risdiplam OR
nusinersen OR onasemnogene abeparvovec with
treatment starting not earlier than March 26, 2021
for risdiplam, not earlier than May 30, 2017 for
nusinersen and not earlier than May 18, 2020 for
onasemnogene abeparvovec

Specific to the indicated populations:

Pre-symptomatic patients with a 5g-associated SMA
and up to three copies of the SMN2 gene:

e Pre-symptomatic diagnosis

EVRYSDI® (risdiplam)—F. Hoffmann-La Roche Ltd
Protocol ML44661, Version 3.0
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e SMN2 copy number is <3
Symptomatic patients with a clinically diagnosed SMA
type 1:
¢ Not pre-symptomatic at time of diagnosis
e Onset of symptoms < 6 months OR never
achieved ability to sit unaided
Symptomatic patients with a clinically diagnosed SMA
type 2 and up to three copies of the SMN2 gene:
¢ Not pre-symptomatic at time of diagnosis
e SMN2 copy number is <3
e Onset of symptoms > 6 months and < 18 months
OR never achieved ability to walk unaided
Symptomatic patients with a clinically diagnosed SMA
type 3 and up to three copies of the SMN2 gene:
¢ Not pre-symptomatic at time of diagnosis
e SMN2 copy numberis <3
¢ Onset of symptoms > 18 months

e Patient is able to walk unaided OR was able to
walk unaided but has lost that ability

Patients who meet any of the following criteria will be
excluded from study entry:

e Prior treatment with disease-modifying therapy
before the patient was included in the registry
(risdiplam, nusinersen OR onasemnogene
abeparvovec). Exception: Patients with initial
treatment (nusinersen OR risiplam) for less than
three months followed by an alternative treatment
will not be excluded but assigned to the
subsequent treatment (7).

e Current treatment with therapies which
effectiveness is being tested for the treatment of
SMA: e.g. salbutamol, riluzole, phenylbutyrate,
valproate, hydroxyurea

e Current or previous participation in clinical trials

EVRYSDI® (risdiplam)—F. Hoffmann-La Roche Ltd
Protocol ML44661, Version 3.0
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Pre-
symptomatic
patients

Patients with
SMA Type 1

Patients with
SMA Type 2

Patients with
SMA Type 3

Number of AE
leading to
hospitalization
over time

Time to death or
permanent
ventilation (two
consecutive
documentations
of permanent
ventilation of >
16 hours/day)

Change from
baseline of
RULM total
score at 36
months after
treatment start

Change from
baseline of
RULM total
score at 36
months after
treatment start

Secondary Variables

Pre-
symptomatic
patients

Patients with
SMA Type 1

Patients with
SMA Type 2

Patients with
SMA Type 3

Overall Survival

and event free survival

Time to death or
permanent
ventilation (two
consecutive
documentations
of permanent
ventilation of >
16 hours/day)

Time to death

Time to
permanent
ventilation (two
consecutive
documentations
of permanent
ventilation of >
16 hours/day)

Time to any
respiratory
support

Time to death

Time to
permanent
ventilation (two
consecutive
documentations
of permanent
ventilation of >
16 hours/day)

Time to any
respiratory
support

Time to death or
permanent
ventilation (two
consecutive
documentations
of permanent
ventilation of >
16 hours/day)

Time to death

Time to
permanent
ventilation (two
consecutive
documentations
of permanent
ventilation of >
16 hours/day)

Time to any
respiratory
support

Time to death or
permanent
ventilation (two
consecutive
documentations
of permanent
ventilation of >
16 hours/day)

Time to death

Time to
permanent
ventilation (two
consecutive
documentations
of permanent
ventilation of >
16 hours/day)

Time to any
respiratory
support

Achievement of WHO motor deve

lopment mileston

es

Time from first
treatment to
reaching the
WHO motor
development
milestone of
sitting without
support

Time from first
treatment to
reaching the
WHO motor
development
milestone of

Time from first
treatment to
reaching the
WHO motor
development
milestone of
sitting without
support

Time from first
treatment to
reaching the

WHO motor

Time from first
treatment to
reaching the
WHO motor
development
milestone of
walking without
support

EVRYSDI® (risdiplam)—F. Hoffmann-La Roche Ltd
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standing without
support

Time from first
treatment to
reaching the
WHO motor
development
milestone of
walking without
support

development
milestone of
standing without
support

Time from first
treatment to
reaching the
WHO motor
development
milestone of
walking without
support

Sustainability of

motor milestones

Time from
gaining WHO
motor
development
milestone to
permanent loss
of milestone
ability:

- Loss of the
ability to sit
without support

- Loss of the
ability to stand
without support

- Loss of the
ability to walk
without support

Time from
gaining WHO
motor
development
milestone to
permanent loss
of milestone
ability:

- Loss of the
ability to sit
without support

- Loss of the
ability to stand
without support

- Loss of the
ability to walk
without support

Time from
gaining WHO
motor
development
milestone to
permanent loss
of milestone
ability:

- Loss of the
ability to walk
without support

Time from
gaining WHO
motor
development
milestone to
permanent loss
of milestone
ability:

- Loss of the
ability to walk
without support

Motorfunction Tests

Change from
baseline in
CHOP-INTEND
total score at 12,
24 and 36
months after
treatment start*

Change from
baseline in
CHOP-INTEND
total score at 12,
24 and 36
months after
treatment start*

Change from
baseline in
HFMSE total
score at 12, 24,
36 months after
treatment start**

Change from
baseline in
RULM total
score at 12 and
24 months after
treatment
start***

Change from
baseline
HFMSE total
score 12, 24, 36
months after
treatment start**

Change from
baseline in
RULM total
score at 12 and
24 months after
treatment
start***

Walking perform

ance endpoints

For ambulatory
patients:

Relative change
from baseline in
walking distance
at 12, 24 and 36

EVRYSDI® (risdiplam)—F. Hoffmann-La Roche Ltd
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months after
treatment start*

Evaluation of the
total walking
distance at
month 36 after
treatment start*

Bulbary function

Proportion of
patients with
age-appropriate
Bayley Il scores
in the subscales
“Expressive
Language” and
“Receptive
Language” at 24
months of age

Proportion of
patients with
deterioration of
swallowing
function at 12,
24, 36 months
after treatment
start

Proportion of
patients with
need of non-oral
nutritional
support at 12,
24, 36 months
after treatment
start

Proportion of
patients with
age-appropriate
Bayley Il scores
in the subscales
“Expressive
Language” and
“Receptive
Language” at 24
months of age

Proportion of
patients with
deterioration of
swallowing
function at 12,
24, 36 months
after treatment
start

Proportion of
patients with
need of non-oral
nutritional
support at 12,
24, 36 months
after treatment
start

Proportion of
patients with
deterioration of
swallowing
function at 12,
24, 36 months
after treatment
start

Proportion of
patients with
need of non-oral
nutritional
support at 12,
24, 36 months
after treatment
start

Proportion of
patients with
deterioration of
swallowing
function at 12,
24, 36 months
after treatment
start

Proportion of
patients with
need of non-oral
nutritional
support at 12,
24, 36 months
after treatment
start

Orthopedic complications

Time to first Time to first Time to first Time to first
documentation |documentation |documentation |documentation
of scoliosis or of scoliosis or of scoliosis or of scoliosis or
orthopedic orthopedic orthopedic orthopedic
surgery surgery surgery surgery

Time to first Time to first Time to first Time to first
documentation |documentation |documentation |documentation
of scoliosis of scoliosis of scoliosis of scoliosis Time
Time to first Time to first Time to first BO first -

. . . ocumentation
documentation |documentation |documentation :

. . . of orthopedic
of orthopedic of orthopedic of orthopedic surgery
surgery surgery surgery
Hospitalizations
Number of Number of Number of Number of
planned planned planned planned
hospitalizations | hospitalizations |hospitalizations | hospitalizations
over time over time over time over time

EVRYSDI® (risdiplam)—F. Hoffmann-La Roche Ltd
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(including
hospitalizations
for SMA
treatment
administration

(including
hospitalizations
for SMA
treatment
administration)

(including
hospitalizations
for SMA
treatment
administration)

(including
hospitalizations
for SMA
treatment
administration)

CHOP-INTEND = Children’s Hospital of Philadelphia Infant Test
of Neuromuscular Disorders, HFMSE = Hammersmith
Functional Motor Scale Expanded, *As part of the regular
SMArtCARE guidelines the CHOP-INTEND is used for follow-up
monitoring of the following patients: Children: All children < 2
years of age; All patients > 2 years of age without ability to sit.
Adults: For patients without ability to sit, **As part of the regular
SMArtCARE guidelines the HFMSE | used for follow-up
monitoring of the following patients: Children > 2 years for all
patients with ability to sit; If CHOP INTEND score >50: CHOP
INTEND and HFMSE; If CHOP INTEND score >60: HFMSE
instead of CHOP INTEND. Adults: All patients with ability to sit,
*** As part of the regular SMArtCARE guidelines for follow-up
monitoring the RULM is used for follow-up monitoring of the
following patients: Children > 2 years and adults: For all patients
with ability to sit in a wheelchair (see SMArtCARE:
Recommendations for the evaluation of adult patients with
SMA), #As part of the regular SMAtCARE guidelines for follow-
up monitoring used for the following patients: > 2 years for all
patients with ability to walk

Safety Variables

Pre- Patients with Patients with Patients with
symptomatic SMA Type 1 SMA Type 2 SMA Type 3
patients
Proportion of Number of AE Number of AE Number of AE
patients with a | leading to leading to leading to
SAE hospitalization hospitalization hospitalization
over time over time over time

Proportion of
patients with an
AE leading to
hospitalization

Proportion of
patients with a
selected SAE:
retinopathy,
effect on
epithelial tissue,
thrombocytopeni
a, nephropathy,
hydrocephalus,
hepatopathy,
cardiac events,
sensory
neuropathy

Proportion of
patients with a
SAE

Proportion of
patients with an
AE leading to
hospitalization

Proportion of
patients with a
selected SAE:
retinopathy,
effect on
epithelial tissue,
thrombocytopeni
a, nephropathy,
hydrocephalus,
hepatopathy,
cardiac events,
sensory
neuropathy

Proportion of
patients with a
SAE

Proportion of
patients with an
AE leading to
hospitalization

Proportion of
patients with a
selected SAE:
retinopathy,
effect on
epithelial tissue,
thrombocytopeni
a, nephropathy,
hydrocephalus,
hepatopathy,
cardiac events,
sensory
neuropathy

Proportion of
patients with a
SAE

Proportion of
patients with an
AE leading to
hospitalization

Proportion of
patients with a
selected SAE:
retinopathy,
effect on
epithelial tissue,
thrombocytopeni
a, nephropathy,
hydrocephalus,
hepatopathy,
cardiac events,
sensory
neuropathy
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Study size In this study patients will be enrolled across the German
and Austrian SMArtCARE centers (according to the
SMArCARE homepage, there are currently 49 centers in
Germany and 13 centers in Austria).

The described study design is based on the previous
exchange with the G-BA and scientific experts (ref.). Due
to insufficient data on effect sizes and the distribution
between patients receiving nusinersen and patients
receiving onasemnogene abeparvovec, it is not possible to
calculate the sample size yet. As stated in the G-BA
decision the sample size calculations will be re-assessed
at the first interim analysis based on the observed effects
and recruiting rates (section 8.7.5 ) and considering all
relevant endpoints. In addition futility will be checked in the
interim analysis.

Data Analysis All analyses are based on the full analysis set (FAS),
including all enrolled patients. The participants will be
included in the analyses according to the treatment they
received at enrollment. To adjust for differences in the
confounder variables between the treatment groups,
propensity score weighting will be applied if sufficient
overlap and balance between the scores is given.
Depending on the amount of missing data for the
confounder variables, a complete case analysis or multiple
imputation prior to propensity score calculation are
considered according to the rules defined in the statistical
analysis plan (SAP).

All primary estimands as defined in Section 8.3 will be
evaluated following the treatment-policy strategy to handle
intercurrent events (e.g. early discontinuation from the study
treatment or treatment switch). Additionally, supplementary
estimands with the hypothetical strategy will be investigated
as well, as described in the SAP. For hypothesis testing,
statistical significance is controlled at the 1-sided, 0.025
alpha level and the shifted null hypothesis. Point estimators
will be presented with 2-sided 95% confidence intervals.

Milestones First Data Extraction:
The first data extraction is the date from which the variables
used for the analysis as per protocol start to be extracted.
For details, see section 5. MILESTONES

Last Data Extraction:

The last data extraction is the date from which the minimum
set of data required to perform the statistical analyses
leading to the results for the primary objective(s) is
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completely available. The planned last data extraction date
is January 2026.
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4. AMENDMENTS AND UPDATES

1. Amendment due to G-BA requirements from April 4th, 2024 (8)
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5. MILESTONES
Milestone Planned Date
First Data Extraction At study start
Last Data Extraction January 2026
Status report 6, 18 and 30 months after study
start
Interim report 18 and 30 months after study start
Final report of study results (CSR) Not applicable
Publication submission August 2026
6. RATIONALE AND BACKGROUND

Spinal muscular atrophy (SMA) is a rare autosomal recessive neuromuscular disorder
characterized by the progressive loss of proximal motor neurons leading to muscle
weakness and profound neuromotor disability. It is primarily characterized by
degeneration of the anterior horn cells of the spinal cord resulting in muscle atrophy and
proximal muscle weakness. It is caused by a homozygous deletion in the survival motor
neuron 1 (SMN1) gene on chromosome 5q13. The severity of the disease is highly
variable and correlates with the age of onset and SMN2 copy number. For classification
purposes, patients are usually categorized into three main subtypes based on clinical
criteria, including achieving (or failing to achieve) physical motor milestones, age of
onset, and expected life span:

e Type 1 SMA (severe infantile type with onset before 6 months of age; infants never
sit without support, with death due to respiratory distress usually within 2 years),

e Type 2 SMA (intermediate chronic infantile type with onset after the age of 6
months, children unable to stand or walk without support),

e Type 3 SMA (chronic juvenile type with onset around the age of 18 months, children
able to walk until the disease progresses)

For the best possible development or preservation of motor function, it is particularly
important that treatment is started as early as possible. In October 2021, the newborn
screening (NBS) for SMA was therefore implemented in Germany. This will allow
newborns with SMA to be diagnosed immediately after birth. One consequence of the
introduction of the NBS for SMA is that fewer symptomatic patients will be diagnosed in
the long term.
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In all types of SMA, as the disease progresses, clinical symptoms include hypotonia,
symmetrical muscle weakness and atrophy (predominantly of the proximal muscles of
the shoulder and pelvic girdle), diminished or absent deep tendon reflexes, tremor of
fingers and hands, fasciculation of the tongue muscles, and hyporeflexia with orthopedic
deformities (contractures, scoliosis). Progressive respiratory failure and frequent
pulmonary infections and superinfections are common in Types 1 and 2 SMA. Other
common comorbidities include failure to thrive, pneumonia, osteopenia and osteoporosis
with pathological fractures, poor cough and secretion clearance, reduced vital capacity,
gastroesophageal dysmotility, urinary incontinence, hip dislocation, and joint and muscle
pain.

6.1 STUDY RATIONALE

On the basis of the ongoing or completed studies on risdiplam considered for approval,
the) identified evidence gaps, particularly comparative data of a treatment with risdiplam
Versus existing appropriate therapy alternatives are missing for patients.

Thus, the G-BA initiated a procedure to require an evaluation of a real world data
collection for the reassessment of the additional benefit of risdiplam with the following
PICO scheme requirements.

Population:
e Pre-symptomatic patients with a 5g-associated SMA and up to three copies of the
SMN2 gene

e Symptomatic patients with a clinically diagnosed SMA type 1

e  Symptomatic patients with a clinically diagnosed SMA type 2 and up to three copies
of the SMN2 gene

e  Symptomatic patients with a clinically diagnosed SMA type 3 and up to three copies
of the SMN2 gene

Intervention:
e Risdiplam

Treatment according to the Summary of Product Characteristics (SmPC).
Comparator:

e Therapy according to physician’s choice taking into account nusinersen und
onasemnogene abeparvovec.

Treatment according to the respective SmPC.

Outcome
e  Mortality: Number of deaths
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Morbidity:
Motorfunction (assessed with age-appropriate instruments)

Achieving and loss of motor milestones (World Health Organization (WHQO) motor
development milestones)

Respiratory function (need for permanent ventilation)

Bulbar function (ability to swallow, need for non-oral nutritional support, ability to
speak)

Other complications of the disease (e.g. orthopedic complications)

Number of AE leading to hospitalization over time

Adverse events:
Proportion of patients with a SAE
Proportion of patients with an AE leading to hospitalization

Proportion of patients with a selected SAE: retinopathy, effect on epithelial tissue,
thrombocytopenia, nephropathy, hydrocephalus, hepatopathy, cardiac events,
sensory neuropathy
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RESEARCH QUESTION AND OBJECTIVES

The objective of this study is to evaluate the comparative effectiveness and safety of
risdiplam versus a therapy according to physician’s choice taking into account
nusinersen and onasemnogene abeparvovec. The research questions are a result of the
participation process with G-BA, the G-BA appraisal, the G-BA advice and discussions
with medical experts regarding the evaluation of a real world data collection for the
reassessment of the additional benefit of risdiplam. The research questions will be
addressed using registry data from the SMArtCARE registry.

Primary Objectives
The primary objectives for this study are as follows:

e Pre-symptomatic patients with a 5g-associated SMA and up to three copies of
the SMN2 gene:

To evaluate the safety of risdiplam compared to nusinersen or onasemnogene
abeparvovec measured as number of AE leading to hospitalization over time

e Symptomatic patients with a clinically diagnosed SMA type 1.

To evaluate the efficacy of risdiplam compared to nusinersen or onasemnogene
abeparvovec measured as time to death or permanent ventilation

e Symptomatic patients with a clinically diagnosed SMA type 2 and up to three
copies of the SMN2 gene:

To evaluate the efficacy of risdiplam compared to nusinersen or onasemnogene
abeparvovec measured as change from baseline of Revised Upper Limb
Module (RULM) total score at 36 months after treatment start

e Symptomatic patients with a clinically diagnosed SMA type 3 and up to three
copies of the SMN2 gene:

To evaluate the efficacy of risdiplam compared to nusinersen or onasemnogene
abeparvovec measured as change from baseline of RULM total score at 36
months after treatment start

Secondary objectives
The secondary objectives for this study are as follows:

e Pre-symptomatic patients with a 5g-associated SMA and up to three copies of
the SMN2 gene:

To assess the impact of treatment on time to death or permanent ventilation
To assess the impact of treatment on time to death
To assess the impact of treatment on time to permanent ventilation

To assess the time to any respiratory support
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To evaluate the time from first treatment to reaching the WHO motor development
milestone of sitting without support

To evaluate the time from first treatment to reaching the WHO motor development
milestone of standing without support

To evaluate the time from first treatment to reaching the WHO motor development
milestone of walking without support

To evaluate the time from gaining WHO motor development milestone to permanent
loss of milestone ability:

- Loss of the ability to sit without support
- Loss of the ability to stand without support

- Loss of the ability to walk without supportTo assess the change from baseline
in CHOP-INTEND total score at 12, 24 and 36 months after treatment start

To evaluate the proportion of patients with age-appropriate Bayley Il scores in the
subscales “Expressive Language” and “Receptive Language” at 24 months of
age

To evaluate the proportion of patients with deterioration of swallowing function at
12, 24 and 36 months after treatment start

To evaluate the proportion of patients with need of non-oral nutritional support at
12, 24 and 36 months after treatment start

To assess orthopedic complications by measuring the time to first documentation of
scoliosis or orthopedic surgery

To assess orthopedic complications by measuring the time to first documentation of
scoliosis

To assess orthopedic complications by measuring the time to first documentation of
orthopedic surgery

To assess the number of planned hospitalizations over time (including
hospitalizations for SMA treatment administration)

e Symptomatic patients with a clinically diagnosed SMA type 1:
To assess the impact of treatment on time to death
To assess the impact of treatment on time to permanent ventilation
To assess the time to any respiratory support

To evaluate the time from first treatment to reaching the WHO motor development
milestone of sitting without support

To evaluate the time from first treatment to reaching the WHO motor development
milestone of standing without support

To evaluate the time from first treatment to reaching the WHO motor development
milestone of walking without support
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To evaluate the time from gaining WHO motor development milestone to permanent
loss of milestone ability:

- Loss of the ability to sit without support
- Loss of the ability to stand without support
- Loss of the ability to walk without support

To assess the change from baseline in CHOP-INTEND total score at 12, 24 and 36
months after treatment start

To evaluate the proportion of patients with age-appropriate Bayley Il scores in the
subscales “Expressive Language” and “Receptive Language” at 24 months
months of age

To evaluate the proportion of patients with deterioration of swallowing function at
12, 24 and 36 months after treatment start

To evaluate the proportion of patients with need of non-oral nutritional support at
12, 24 and 36 months after treatment start

To assess orthopedic complications by measuring the time to first documentation of
scoliosis or orthopedic surgery

To assess orthopedic complications by measuring the time to first documentation of
scoliosis

To assess orthopedic complications by measuring the time to first documentation of
orthopedic surgery

To assess the number of planned hospitalizations over time (including
hospitalizations for SMA treatment administration)

e Symptomatic patients with a clinically diagnosed SMA type 2 and up to three
copies of the SMN2 gene:

To assess the impact of treatment on time to death or permanent ventilation
To assess the impact of treatment on time to death

To assess the impact of treatment on time to permanent ventilation

To assess the time to any respiratory support

To assess the time from first treatment to reaching the WHO motor development
milestone of walking without support

To assess the time from gaining WHO motor development milestone to permanent
loss of milestone ability:

- Loss of the ability to walk without support

To assess the change from baseline in HFMSE total score at 12, 24, 36 months
after treatment start cTo assess the change from baseline in RULM total score
at 12 and 24 months after treatment start ¢
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To evaluate the proportion of patients with deterioration of swallowing function at
12, 24 and 36 months after treatment start

To evaluate the proportion of patients with need of non-oral nutritional support at
12, 24 and 36 months after treatment start

To assess orthopedic complications by measuring the time to first documentation of
scoliosis or orthopedic surgery

To assess orthopedic complications by measuring the time to first documentation of
scoliosis

To assess orthopedic complications by measuring the time to first documentation of
orthopedic surgery

To assess the number of planned hospitalizations over time (including
hospitalizations for SMA treatment administration)

e Symptomatic patients with a clinically diagnosed SMA type 3 and up to three
copies of the SMN2 gene:

To assess the impact of treatment on time to death or permanent ventilation
To assess the impact of treatment on time to death

To assess the impact of treatment on time to permanent ventilation

To assess the time to any respiratory support

To assess the time from gaining WHO motor development milestone to permanent
loss of milestone ability:

- Loss of the ability to walk without support

To assess the change from baseline HFMSE total score 12, 24, 36 months after
treatment start ¢

To assess the change from baseline in RULM total score at 12 and 24 months after
treatment start

For ambulatory patients: to assess the relative change from baseline in walking
distance at 12, 24 and 36 months after treatment start (As part of the regular
SMArtCARE guidelines for follow-up monitoring used for the following
patients: > 2 years for all patients with ability to walk)

For ambulatory patients: to evaluate the total walking distance at month 36 (As part
of the regular SMArCARE guidelines for follow-up monitoring used for the
following patients: > 2 years for all patients with ability to walk)

To evaluate the proportion of patients with deterioration of swallowing function at
12, 24 and 36 months after treatment start

To evaluate the proportion of patients with need of non-oral nutritional support at
12, 24 and 36 months after treatment start
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To assess orthopedic complications by measuring the time to first documentation of
scoliosis or orthopedic surgery

To assess orthopedic complications by measuring the time to first documentation of
scoliosis

To assess orthopedic complications by measuring the time to first documentation of
orthopedic surgery

To assess the number of planned hospitalizations over time (including
hospitalizations for SMA treatment administration)

Safety Objectives
The safety objectives of this study are as follows:

e To assess the safety and tolerability of oral treatment with risdiplam
compared to nusinersen or onasemnogene abeparvovec:
including the following safety variables:

Number of AE leading to hospitalization over time
Proportion of patients with SAE
Proportion of patients with AE leading to hospitalization

Proportion of patients with selected SAE: retinopathy, effect on epithelial tissue,
thrombocytopenia, nephropathy, hydrocephalus, hepatopathy, cardiac events,
sensory neuropathy

8. RESEARCH METHODS

8.1 STUDY DESIGN

This study is a registry-based, comparative, non-interventional, multicentric,
multinational, open-label study. As the treatment start date differs, there will be
simultaneously enrolled controls and not simultaneously enrolled controls.This registry-
based study is based on the data of the SMArtCARE registry. The SMArtCARE project
(www.smartcare.de) provides a platform to collect longitudinal clinical routine data on
SMA patients in Germany, Austria, and Switzerland.

The registry collects data from SMA patients since 2017. Retrospective data for patients
treated with nusinersen will be analyzed since the beginning of the registry (May 30,
2017 at the earliest), data for patients treated with onasemnogene abeparvovec since
approval in 2020 (May 18, 2020 at the earliest) and data for patients treated with
risdiplam since approval in 2021 (March 26, 2021 at the earliest). Details of the registry
are given in the SMArtCARE protocol.
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Start Date of Study:
The planned start is after confirmation of the submitted study protocol and statistical
analysis plan by the G-BA.

Interim Analysis

Interim analysis are planned 12 and 24 months after start of the study and will be
handed in to G-BA latest after 18 and 30 months after the start of the study. Based on
these interim analysis, a final sample size estimate will be made using more precise
effect assumptions. Final analysis will take place in January 2026.

End of Study:
All patients in the study should generally be followed up for at least 36 months. Follow-
up time can vary between patients depending on their entry date in the registry.

The planned end date is January 01, 2026. Data that is documented in the study
database after that time point will not be taken into account.

8.1.1 Rationale for Study Design

According to the requirements of the G-BA the study follows a non-randomized design
comparing risdiplam with nursinersen and onasemnogene abeparvovec. Since the
treatment start date differs there will be simultaneously enrolled controls and not
simultaneously enrolled controls. The described study design is based on the previous
exchange with the G-BA and scientific experts experts (4, 6, 5, 2, 1, 3). Due to
insufficient data on effect sizes and the distribution between patients receiving
nusinersen and patients receiving onasemnogene abeparvovec, it is not possible to
calculate the sample size yet. As stated in the G-BA Beschluss the sample size
calculations will be re-assessed at the first interim analysis based on the observed
effects and recruiting rates (Section 8.7.5) and considering all relevant endpoints. In
addition, futility will be checked in the interim analysis (4).

8.1.2 Number of Patients Observed in the Study

In this study patients will be enrolled across the German and Austrian SMArtCARE
centers.

The planned number of cases can’t be determined yet due to insufficient data on effect
sizes and the distribution of patients (see section 8.5). Based on the interim analysis, a
sample size estimate will be made for each population using the observed effect
assumptions.
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8.1.3 Sites

The registry collects data of patients from Germany and Austria (according to the
SMArtCARE homepage, https://www.smartcare.de/).

8.2 SETTING

8.2.1 Selection Criteria

The following criteria regarding data quality as required by G-BA must be fulfilled
(especially for historic data):

¢ Data collection according to SMArtCARE registry protocol

o Exact definition or operationalization of exposures (type and duration of exposures),
drug therapy and other accompanying therapies), clinical events, endpoints and
confounders

e Use of standard classifications and terminologies

e Use of validated standard survey instruments (questionnaire, scales, tests)
e  Study sites trained on data collection and collection

¢ Implementation of an agreed disease-specific core data set

e Use of exact dates about the patient, the illness, important examinations and
treatments/interventions

e Clearly defined inclusion and exclusion criteria for registry patients

e Strategies to avoid unwanted selection during patient inclusion to achieve
representativeness

¢ Requirements to ensure the data completeness for all time points and of the data
per time point

e Source data verification for 100% of patients per study site for the primary endpoint
and for at least 10% of randomly selected patients of each study site for all other
endpoints since the beginning of the data collection

e Ensuring scientific independence and transparency of the register

Patients must meet the following criteria for study entry:

For all populations:
¢ Signed informed consent form (by legal representative) to participate in the study

o Genetically confirmed 5g-autosomal recessive SMA

e Treatment according to the SmPC with risdiplam OR nusinersen OR
onasemnogene abeparvovec with treatment starting no earlier than March 26, 2021
for risdiplam, not earlier than May 30, 2017 for nusinersen and not earlier than May
18, 2020 for onasemnogene abeparvovec.
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Specific to the indicated populations:

Pre-symptomatic patients with a 5q-associated SMA and up to three copies of
the SMN2 gene:

Pre-symptomatic at time of diagnosis

SMN2 copy number is < 3

Symptomatic patients with a clinically diagnosed SMA type 1:

Not pre-symptomatic at time of diagnosis

Onset of symptoms < 6 months OR never achieved ability to sit unaided

Symptomatic patients with a clinically diagnosed SMA type 2 and up to three
copies of the SMN2 gene:

Not pre-symptomatic at time of diagnosis
SMN2 copy number is < 3

Onset of symptoms > 6 months and < 18 months OR never achieved ability to walk
unaided

Symptomatic patients with a clinically diagnosed SMA type 3 and up to three
copies of the SMN2 gene:

Not pre-symptomatic at time of diagnosis
SMN2 copy number is < 3
Onset of symptoms > 18 months

Patient is able to walk unaided OR was able to walk unaided but has lost that ability

Patients who meet any of the following criteria will be excluded from the evaluation of the
real world data collection for the reassessment of the additional benefit of Evrysdi®:

Prior treatment with disease-modifying therapy before the patient was included in
the registry (risdiplam, nusinersen, or onasemnogene abeparvovec). Exception:
Patients with initial treatment (nusinersen OR risiplam) for less than three months
followed by an alternative treatment will not be excluded but assigned to the
subsequent treatment (7).

Current treatment with therapies whose effectiveness is being tested for the
treatment of SMA: e.g. salbutamol, riluzole, phenylbutyrate, valproate, hydroxyurea

Current or previous participation in clinical trials

8.2.2 Treatment

8.2.2.1 Dosage, Administration, and Compliance
Dosing and treatment duration of any studied medicinal products are according to the
respective SmPC.
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Risdiplam

The recommended once daily dose of risdiplam is determined by age and body weight
(see Table 1). Risdiplam is taken orally once a day after a meal at approximately the
same time each day.

Table 1: Dosing regimen by age and body weight

Age* and body weight Recommended daily dose
< 2 months of age 0.15 mg/kg

2 months to < 2 years of age 0.20 mg/kg

= 2 years of age (< 20 kg) 0.25 mg/kg

= 2 years of age (= 20 kg) 5mg

*based on corrected age for preterm infants

Risdiplam is taken orally once a day after a meal at approximately the same time each
day, using the reusable oral syringe provided. In infants who are breastfed, risdiplam
should be administered after breastfeeding. Risdiplam should not be mixed with milk or
formula milk. Risdiplam should be taken immediately after it is drawn up into the oral
syringe. If it is not taken within 5 minutes, it should be discarded from the oral syringe
and a new dose be prepared. If risdiplam spills or gets on the skin, the area should be
washed with soap and water. The patient should drink water after taking risdiplam to
ensure the medicinal product has been completely swallowed. If the patient is unable to
swallow and has a nasogastric or gastrostomy tube in situ, risdiplam can be
administered via the tube. The tube should be flushed with water after delivering
risdiplam.

Nusinersen

The recommended dosage of nusinersen is 12 mg (5 ml) per administration. Nusinersen
treatment should be initiated as early as possible after diagnosis with 4 loading doses on
Days 0, 14, 28 and 63. A maintenance dose should be administered once every 4
months thereafter.

Nusinersen is for intrathecal use by lumbar puncture. Treatment should be administered
by health care professionals experienced in performing lumbar punctures. Nusinersen is
administered as an intrathecal bolus injection over 1 to 3 minutes, using a spinal
anesthesia needle. The injection must not be administered in areas of the skin where
there are signs of infection or inflammation. It is recommended that the volume of
cerebral spinal fluid, equivalent to the volume of nusinersen to be injected, is removed
prior to administration of nusinersen. Sedation may be required to administer
nusinersen, as indicated by the clinical condition of the patient. Ultrasound (or other
imaging techniques) may be considered to guide intrathecal administration of
nusinersen, particularly in younger patients and in patients with scoliosis.
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Onasemnogene abeparvovec

Onasemnogene abeparvovec is administered as a single-dose intravenous infusion.
Patients will receive a dose of nominal 1.1 x 10'* vg/kg onasemnogene abeparvovec.
The total volume is determined by patient body weight.

Onasemnogene abeparvovec should be administered with a syringe pump as a single
intravenous infusion with a slow infusion of approximately 60 minutes. It must not be
administered as an intravenous push or bolus. Insertion of a secondary (‘back-up’)
catheter is recommended in case of blockage in the primary catheter. Following
completion of infusion, the line should be flushed with sodium chloride 9 mg/mL (0.9%)
solution for injection. Starting 24 hours prior to infusion of onasemnogene abeparvovec it
is recommended to initiate an immunomodulatory regimen. Prior to initiation of the
immunomodulatory regimen and prior to administration of onasemnogene abeparvovec,
the patient must be checked for symptoms of active infectious disease of any nature.

8.2.3 Concomitant Medication and Treatment

Concomitant medication will be allowed except for treatments defined as exclusion
criterion.

Medication taken on a regular basis is documented in the SMArtCARE database.

8.3 ENDPOINTS AND ESTIMANDS
8.3.1 Primary Objectives and Corresponding Estimands
Table 2: Primary Objectives and Corresponding Estimands
Primary Objective Estimand Definition
To evaluate the safety of risdiplam Population: Presymptomatic patients with a
compared to nusinersen or 5g-associated SMA and up to three copies of the SMN2
onasemnogene abeparvovec gene as defined by the study inclusion and exclusion
measured as the number of AE criteria (see Section 8.2.1 of the protocol)
leading to hospitalization over time | Epngpoint: number of AE leading to hospitalization over
time

Treatment (see Section 8.2.2 of the
protocol):Experimental arm: Risdiplam according to
SmPC

Control arm: Nusinersen or onasemnogene abeparvovec
according to SmPC

Intercurrent events and handling strategies:

Early discontinuation from study treatment: Treatment-
policy strategy

Treatment switch: Treatment-policy strategy
Population-level summary: Rate ratio

To evaluate the efficacy of risdiplam | Population: Symptomatic patients with a clinically
compared to nusinersen or diagnosed SMA type 1 (see Section 8.2.10f the protocol)
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Primary Objective

Estimand Definition

onasemnogene abeparvovec
measured as time to death or
permanent ventilation

Endpoint: Time to death or permanent ventilation (two
consecutive documentations of permanent ventilation
of > 16 hours/day)

Treatment: as defined above
Intercurrent events and handling strategies:

Early discontinuation from study treatment: Treatment-
policy strategy

Treatment switch: Treatment-policy strategy
Population-level summary: hazard ratio

To evaluate the efficacy of risdiplam
compared to nusinersen or
onasemnogene abeparvovec
measured as change from baseline
of RULM total score

Population: Symptomatic patients with a clinically
diagnosed SMA type 2 and up to three copies of the
SMN2 gene (see Section 8.2.1 of the protocol). Only
patients with a baseline value and a value at month 36
after treatment start are included.

Endpoint: Change from baseline of RULM total score at
36 months after treatment start

Treatment: as defined above
Intercurrent events and handling strategies:

Early discontinuation from study treatment: Treatment-
policy strategy

Treatment switch: Treatment-policy strategy
Population-level summary: Cohen’s d

To evaluate the efficacy of risdiplam
compared to nusinersen or
onasemnogene abeparvovec
measured as change from baseline
of RULM total score

Population: Symptomatic patients with a clinically
diagnosed SMA type 3 and up to three copies of the
SMN2 gene (see Section 6.1 of the protocol). Only
patients with a baseline value and a value at month 36
after treatment start are included.

Endpoint: as defined above
Treatment: as defined above

Intercurrent events and handling strategies: as defined
above

Population-level summary: as defined above

Additional information to primary objectives:

Table 3: Operationalization of primary endpoints in SMArtCARE eCRF

Primary Endpoint

Fields of SMArtCARE eCRF

Pre-symptomatic patients | e

Number of AE leading to
hospitalization over time

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of

treatment)

e Adverse events: Date recorded

e Adverse events: Has there been any adverse event since the last
visit?

e Adverse events: Has there been unplanned or prolonged

hospitalisation?
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Adverse events: Start date

Patients with SMA Type 1
Time to death or permanent

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

RULM total score at 36
months after treatment start

ventilation (two consecutive | ® End of data collection: Date of death
documentations of e Medical assessment: Visit date
permanent ventilation of > | ¢ Medical assessment: Start of ventilator use
16 hours/day) e Medical assessment: Ongoing use of ventilator?
e Medical assessment: End of ventilator use
e Medical assessment: Time of ventilator use = Continuous
(>16h/day)
Patients with SMA Type 2 | ¢ Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
Change from baseline of treatment)

RULM: Date of assessment
RULM: Total RULM score

Patients with SMA Type 3

Change from baseline of
RULM total score at 36
months after treatment start

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

RULM: Date of assessment

RULM: Total RULM score

8.3.2

Secondary Variables

Table 4: Secondary Variables

Pre-symptomatic
patients

Patients with SMA
Type 1

Patients with SMA
Type 2

Patients with SMA
Type 3

Overall Survival and event free survival

Time to death or
permanent ventilation
(two consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to death

Time to permanent
ventilation (two
consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to any respiratory
support

Time to death

Time to permanent
ventilation (two
consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to any respiratory
support

Time to death or
permanent ventilation
(two consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to death

Time to permanent
ventilation (two
consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to any respiratory
support

Time to death or
permanent ventilation
(two consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to death

Time to permanent
ventilation (two
consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to any respiratory
support

Achievement of WHO motor development milestones

Time from first treatment
to reaching the WHO
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Pre-symptomatic
patients

Patients with SMA
Type 1

Patients with SMA
Type 2

Patients with SMA
Type 3

Overall Survival and event free survival

motor development
milestone of sitting
without support

Time from first treatment
to reaching the WHO
motor development
milestone of standing
without support

Time from first treatment
to reaching the WHO
motor development
milestone of walking
without support

Time from first treatment
to reaching the WHO
motor development
milestone of sitting
without support

Time from first treatment
to reaching the WHO
motor development
milestone of standing
without support

Time from first treatment
to reaching the WHO
motor development
milestone of walking
without support

Time from first treatment
to reaching the WHO
motor development
milestone of walking
without support

Sustainability of motor milestones

Time from gaining WHO
motor development

milestone to permanent
loss of milestone ability:

- Loss of the ability to sit
without support

- Loss of the ability to
stand without support

- Loss of the ability to
walk without support

Time from gaining WHO
motor development

milestone to permanent
loss of milestone ability:

- Loss of the ability to sit
without support

- Loss of the ability to
stand without support

- Loss of the ability to
walk without support

Time from gaining WHO
motor development

milestone to permanent
loss of milestone ability:

- Loss of the ability to
walk without support

Time from gaining WHO
motor development

milestone to permanent
loss of milestone ability:

- Loss of the ability to
walk without support

Motorfunction Tests

Change from baseline in
CHOP-INTEND total
score at 12, 24 and 36
months after treatment
start*

Change from baseline in
CHOP-INTEND total
score at 12, 24 and 36
months after treatment
start*

Change from baseline in
HFMSE total score at 12,
24, 36 months after
treatment start**

Change from baseline in
RULM total score at 12
and 24 months after
treatment start***

Change from baseline
HFMSE total score 12,
24, 36 months after
treatment start**

Change from baseline in
RULM total score at 12
and 24 months after
treatment start***

Walking performance en

dpoints

For ambulatory
patients:

Relative change from
baseline in walking
distance at 12, 24 and 36
months after treatment
start?

Evaluation of the total
walking distance at
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Pre-symptomatic
patients

Patients with SMA
Type 1

Patients with SMA
Type 2

Patients with SMA
Type 3

Overall Survival and event free survival

month 36 after treatment
start?

Bulbary function

Proportion of patients
with age-appropriate
Bayley Il scores in the
subscales “Expressive
Language” and
“Receptive Language” at
24 months of age

Proportion of patients
with deterioration of
swallowing function at
12, 24, 36 months after
treatment start

Proportion of patients
with need of non-oral
nutritional support at 12,
24, 36 months after
treatment start

Proportion of patients
with age-appropriate
Bayley lll scores in the
subscales “Expressive
Language” and
“Receptive Language” at
24 months of age

Proportion of patients
with deterioration of
swallowing function at
12, 24, 36 months after
treatment start

Proportion of patients
with need of non-oral
nutritional support at 12,
24, 36 months after
treatment start

Proportion of patients
with deterioration of
swallowing function at
12, 24, 36 months after
treatment start

Proportion of patients
with need of non-oral
nutritional support at 12,
24, 36 months after
treatment start

Proportion of patients
with deterioration of
swallowing function at
12, 24, 36 months after
treatment start

Proportion of patients
with need of non-oral
nutritional support at 12,
24, 36 months after
treatment start

Orthopedic complication

S

Time to first
documentation of
scoliosis or orthopedic
surgery

Time to first
documentation of
scoliosis

Time to first
documentation of
orthopedic surgery

Time to first
documentation of
scoliosis or orthopedic
surgery

Time to first
documentation of
scoliosis

Time to first
documentation of
orthopedic surgery

Time to first
documentation of
scoliosis or orthopedic
surgery

Time to first
documentation of
scoliosis

Time to first
documentation of
orthopedic surgery

Time to first
documentation of
scoliosis or orthopedic
surgery

Time to first
documentation of
scoliosis Time to first
documentation of
orthopedic surgery

Hospitalizations

Number of planned
hospitalizations over time
(including
hospitalizations for SMA
treatment administration

Number of planned
hospitalizations over time
(including
hospitalizations for SMA
treatment administration)

Number of planned
hospitalizations over time
(including
hospitalizations for SMA
treatment administration)

Number of planned
hospitalizations over time
(including
hospitalizations for SMA
treatment administration)

CHOP-INTEND = Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders,
HFMSE = Hammersmith Functional Motor Scale Expanded, *As part of the regular SMAtCARE
guidelines the CHOP-INTEND is used for follow-up monitoring of the following patients:
Children: All children < 2 years of age; All patients > 2 years of age without ability to sit. Adults:
For patients without ability to sit, **As part of the regular SMArtCARE guidelines the HFMSE |
used for follow-up monitoring of the following patients: Children > 2 years for all patients with
ability to sit; If CHOP INTEND score >50: CHOP INTEND and HFMSE; If CHOP INTEND
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score >60: HFMSE instead of CHOP INTEND. Adults: All patients with ability to sit, *** As part
of the regular SMArtCARE guidelines for follow-up monitoring the RULM is used for follow-up

monitoring of the following patients: Children > 2 years and adults: For all patients with ability to
sit in a wheelchair (see SMArtCARE: Recommendations for the evaluation of adult patients with
SMA), #As part of the regular SMArtCARE guidelines for follow-up monitoring used for the
following patients: > 2 years for all patients with ability to walk

Table 5: Operationalization of secondary endpoints in SMArtCARE eCRF

Variable

\ Fields of SMArtCARE eCRF

Secondary Variables (as applicable)

Time to death

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN (Date of
treatment)
End of data collection: Date of death

Time to permanent
ventilation (two consecutive
documentations of
permanent ventilation

of >16 hours/day)

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

Medical assessment: Visit date

Medical assessment: Start of ventilator use

Medical assessment: Ongoing use of ventilator?

Medical assessment: End of ventilator use

Medical assessment: Time of ventilator use = Continuous

(>16h/day)
Time to death or permanent | e  Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
ventilation (two consecutive treatment)

documentations of e End of data collection: Date of death
permanent ventilation of > e Medical assessment: Visit date
16 hours/day) e Medical assessment: Start of ventilator use
e Medical assessment: Ongoing use of ventilator?
e Medical assessment: End of ventilator use
e Medical assessment: Time of ventilator use = Continuous
(>16h/day)
Time to any respiratory ¢ Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
support treatment)

Medical assessment: Visit date

Medical assessment: Does the patient receive ventilator support?
Medical assessment: Type of ventilation

o Non-invasive

o Invasive

Time from first treatment to
reaching the WHO motor
development milestone
“sitting without support”

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

Medical assessment: Best current motor function = Sitting or
higher current motor function

Medical assessment: Age gained of new motor milestone
Medical assessment: Age at visit (if age gained of new motor
milestone not filled)

Time from first treatment to
reaching the WHO motor

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)
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development milestone
“standing without support”

Medical assessment: Best current motor function = Standing
without support or higher current motor function

Medical assessment: Age gained of new motor milestone
Medical assessment: Age at visit (if age gained of new motor
milestone not filled)

Time from first treatment to
reaching the WHO motor
development milestone
“walking without support”

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

Medical assessment: Best current motor function = Walking
without support

Medical assessment: Age gained of new motor milestone
Medical assessment: Age at visit (if age gained of new
motor milestone not filled)

Time from gaining WHO
motor development

milestone to permanent
loss of milestone ability:

e Loss of the ability to sit
without support

e Loss of the ability to
stand without support

e Loss of the ability to
walk without support

Medical assessment: Best current motor function

Medical assessment: Changes in motor milestones

Medical assessment: Age gained of hew motor milestone
Medical assessment: Age loss of previous motor milestone
Medical assessment: Age at visit (if age gained/loss of motor
milestone not filled)

Change from baseline in
CHOP INTEND total score
at 12, 24 and 36 months
after treatment start

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

CHOP-INTEND: Date of evaluation

CHOP-INTEND: Score

Change from baseline in
HFMSE total score at 12,
24 and 36 months after
treatment start

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

HFMSE: Date of assessment

HFMSE: Extended Total HFMSE

Change from baseline in
RULM total score at 12 and
24 months after treatment
start

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

RULM: Date of assessment

RULM: Total RULM score

For ambulatory patients:

relative change from
baseline in walking
distance at 12, 24 and 36
months after treatment start

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

Walk test: Date of assessment

Walk test: distance_na

For ambulatory patients:

Evaluation of the total
walking distance at month
36 after treatment start

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

Walk test: Date of assessment

Walk test: distance_na

Proportion of patients with
deterioration of swallowing
function at 12, 24, 36
months after treatment start

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

Medical assessment: Visit date

Medical assessment: Swallowing? = With difficulties

Medical assessment: Does the patient use a gastric or nasal feeding
tube? = Yes - exclusively fed by tube
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Medical assessment: Does the patient use a gastric or nasal feeding
tube? = Yes — supplementary e.g. for fluids.

Medical assessment: Start of tube feeding (date)

Medical assessment: Visit date (if start of feeding tube not filled).

Proportion of patients with
need of non-oral nutritional
support at 12, 24, 36
months after treatment start

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

Medical assessment: Does the patient use a gastric or nasal feeding
tube? = Yes - exclusively fed by tube

Medical assessment: Does the patient use a gastric or nasal feeding
tube? = Yes — supplementary e.g. for fluids

Medical assessment: Start of tube feeding (date)

Medical assessment: Visit date (if start date of feeding tube not
filled)

Proportion of patients with
age-appropriate Bayley llI
scores in the subscales
“Expressive Language” and
“Receptive Language” at
24 months of age

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

Bayley: Date of Evaluation

Bayley: Expressive Language

Bayley: Receptive Language

Time to first documentation
of scoliosis or orthopedic
surgery

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

Medical assessment: Visit date

Medical assessment: Does the patient have scoliosis?

Medical assessment: Orthopedic surgery since last visit?

Time to first documentation
of scoliosis

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

Medical assessment: Visit date

Medical assessment: Does the patient have scoliosis?

Time to first documentation
of orthopedic surgery

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
treatment)

Medical assessment: Visit date

Medical assessment: Orthopedic surgery since last visit?

Number of planned
hospitalizations over time
(including hospitalizations
for SMA treatment
administration)

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of

treatment)

Medical assessment: Visit date

Medical assessment: Planned hospitalization since last visit

(except for treatment administration)?

Medical assessment: Admission date

Nusinersen/onasemnogene abeparvovec; Care setting = Inpatient

(overnight)?
Note: Onasemnogene abeparvovec is exclusively
administered in an inpatient setting in Germany.
SMATrCARE CRF accordingly refers to the
hospitalization for treatment. One planned hospitalization
is counted for each patient receiving onasemnogene
abeparvovec at the date of treatment.

8.3.3 Safety Variables
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In the SMArtCARE eCRF there is no specific field for the documentation of serious
adverse events. Instead, there is an option to document adverse events that lead to
unplanned or prolonged hospitalization. Further, seriousness can be documented in a
free text field. For this study the “adverse events that lead to unplanned or prolonged
hospitalization” are used to approximately represent serious adverse events. Additional
criteria for “serious adverse events” are: Adverse events leading to death, life-
threatening adverse events, adverse events leading to permanent or serious disability or
invalidity, medically significant, development of a congenital anomaly or birth defect.

Pre-symptomatic
patients

Patients with SMA
Type 1

Patients with SMA
Type 2

Patients with SMA
Type 3

Proportion of patients
with a SAE

Proportion of patients
with an AE leading to
hospitalization

Proportion of patients
with a selected SAEs?

Number of AE leading
to hospitalization over
time

Proportion of patients
with a SAE

Proportion of patients
with an AE leading to
hospitalization

Proportion of patients
with a selected SAEs?

Number of AE leading
to hospitalization over
time

Proportion of patients
with a SAE

Proportion of patients
with an AE leading to
hospitalization

Proportion of patients
with a selected SAEs?

Number of AE leading
to hospitalization over
time

Proportion of patients
with a SAE

Proportion of patients
with an AE leading to
hospitalization

Proportion of patients
with a selected SAEs?

aselected SAEs are: retinopathy, effect on epithelial tissue, thrombocytopenia, nephropathy,
hydrocephalus, hepatopathy, cardiac events, sensory neuropathy

Table 6: Operationalization of safety endpoints in SMArtCARE eCRF

Variable

Fields of SMArtCARE eCRF

Safety Variables

Number of AE leading to *
hospitalization over time

treatment)

visit?

e Adverse events: Date recorded
e Adverse events: Has there been any adverse event since the last

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of

e Adverse events: Has there been unplanned or prolonged
hospitalization?
e Adverse events: Start date

a SAE

Proportion of patients with *

treatment)

visit?

e Adverse events: Date recorded
e Adverse events: Has there been any adverse event since the last

Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of

e Adverse events: Has there been unplanned or prolonged
hospitalization?

e Adverse event: Start date

e Adverse event: Description of adverse event
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Variable Fields of SMArtCARE eCRF

Safety Variables

Proportion of patients with ¢ Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
an AE leading to treatment)
hospitalization e Adverse events: Date recorded
e Adverse events: Has there been any adverse event since the last
visit?

e Adverse events: Has there been unplanned or prolonged
hospitalization?
e Adverse event: Start date

Proportion of patients with ¢ Nusinersen/onasemnogene abeparvovec/risdiplam: MIN(Date of
a selected SAE (each of treatment)
the of the following): e Adverse events: Date recorded

o Adverse events: Has there been any adverse event since the last

e retinopathy

isit?
o effect on epithelial visit:

o Adverse events: Has there been unplanned or prolonged

tissue R
«  thrombocytopenia hospitalization?
e nephropath o Adverse events: Any unexpected events without hospitalization?
e h Zro cs h a}llu s e Adverse events: Type of unexpected event
. hZ ato gth e Adverse events: Start date
. Cafdi acp ev e):lts e Adverse event: Description of adverse event
e  sensory neuropathy
8.4 DATA SOURCE(S)
8.4.1 Collection of Data on the CRF

All clinical data for this project is collected in the SMArtCARE registry. Study site
personnel is responsible for patient data collection and data entry into SMArtCARE. Data
will be entered into electronic case report forms (eCRFs) of the SMArtCARE registry as
timely as possible (see also SMArtCARE protocol (9)).

At enroliment and baseline the SMA confirmation including the genetic details (SMN2
copy numbers) are documented together with date of birth and gender. The following
baseline data are documented: pre-symptomatic /age at onset of symptoms, motor
function, pulmonary function, nutrition, scoliosis surgery in the past, other medical
history, (previous) treatment of SMA, participation in clinical studies currently/in the past.

At each visit a detailed medical assessment will be performed and documented in the
eCRF giving also details on the SMA treatment and other concomitant medication. In
addition, the adverse events eCRF will be completed at each visit. The eCRF pages
documenting the main inclusion criteria, and effectiveness and safety variables are given
in the following table.
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Special documentation is available for administration of nusinersen and onasemnogene

abeparvovec.

Table 7: CRF pages documenting the main inclusion criteria and effectiveness and safety
variables

Variable eCRF page

Main inclusion criterion

Pre-symptomatic diagnosis / no pre-
symptomatic diagnosis

Baseline — Results of the genetic examination
Baseline — Clinical diagnosis

Onset of symptoms < 6 months

Onset of symptoms > 6 months and < 18
months

Onset of symptoms > 18 months

Baseline — Clinical diagnosis

Never achieved ability to sit unaided
Never achieved ability to walk unaided

Patient is able to walk unaided OR was able to
walk unaided but has lost that ability

Baseline— Clinical diagnosis

SMN2 copy number is < 3

Baseline— Results of the genetic examination

Primary effectiveness variables

AE leading to hospitalization

—Adverse events

Time to death or time to permanent ventilation
(two consecutive documentations of permanent
ventilation of > 16 hours/day)

Adverse events / End of data collection

Medical assessment — Pulmonary function and
support

RULM total score

Physiotherapeutic evaluation - RULM

Secondary effectiveness variables

WHO motor development milestones

Medical assessment

HFMSE score

Physiotherapeutic evaluation - HFMSE

CHOP INTEND score

Physiotherapeutic evaluation - CHOP INTEND

Bayley score

Physiotherapeutic evaluation — Bayley Scale

Respiratory support

Baseline and Medical assessment— Pulmonary
function and support

Swallowing function

Medical assessment - Nutrition

Non-oral nutritional support

Baseline and Medical assessment - Nutrition

Scoliosis

Medical assessment - Orthopedic symptoms

Orthopedic surgery

Baseline and Medical assessment - Orthopedic
symptoms

Walking distance

Walk test - ,distance_na“ (Total distance)

Hospitalizations

Medical assessment - Hospitalization

Safety variables

Adverse events

Adverse events
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Variable eCRF page
Treatment of SMA Medical assessment— Medication
8.4.2 Safety Data Collection

All adverse events and serious adverse will be collected at every visit and documented
in the CRF in a specific AE section. For regular follow-up patients adverse events
include events with unplanned or prolonged hospitalization and additionally unexpected
events without hospitalization.

For specific medications, selected AE will be collected, e.g. possible treatment-related
medical occurrences such as lumbar puncture associated AE.

Death will be documented in the “End of data collection” CRF.

8.5 SAMPLE SIZE

Pre-symptomatic patients with a 5g-associated SMA and up to three copies of the
SMNZ2 gene.

The current evidence for pre-symptomatic patients treated with risdiplam, nursinersen or
onasemnogene abeparvovec is still limited. There is no evidence to date, for making
assumptions on differences between treatments. It is therefore not possible to calculate
the sample size yet.

The primary endpoint for pre-symptomatic patients is the number of AE leading to
hospitalization over time. A negative binomial regression model will be used to estimate
the rate ratio. Based on the first interim analyses (see section 8.7.5), the sample size for
a shifted null hypothesis (RR = 0,5), an one-sided alpha of 2.5% and a power of 80% wiill
be calculated using the observed effect size.

Symptomatic patients with a clinically diagnosed SMA type 1:

For patients with a clinically diagnosed SMA type 1, the sample size estimation is based
on the endpoint time to death or permanent ventilation.

The probability of the event death or permanent ventilation of patients treated with
nusinersen is assumed to be 40 %, while the probability for patients treated with
onasemnogene abeparvovec is assumed to be 9 % (10). Since the distribution between
patients receiving nusinersen and patients receiving onasemnogene abeparvovec is not
yet known, assumptions for the probability of the comparison arm cannot be derived. It is
therefore not possible to calculate the sample size yet.
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Based on the first interim analyses (see section 8.7.5), the sample size for a shifted null
hypothesis (HR = 0,5), an one-sided alpha of 2.5% and a power of 80% will be
calculated using the observed effect size.

Symptomatic patients with a clinically diagnosed SMA type 2 and up to three
copies of the SMN2 gene

In the population of patients with clinically diagnosed SMA type 2, sample size
estimation is based on the endpoint change from baseline in RULM total score.

Based on the CHERISH study, one can expect a change from baseline to month 12 of
3.7 points in the RULM total score for patients treated with Nusinersen (10), but there is
no data available for the change from baseline to month 36. At the time of submission,
there is no data published showing the performance in RULM total score for
onasemnogene abeparvovec. Further, the distribution between patients receiving
nusinersen and patients receiving onasemnogene abeparvovec is not yet known. It is
therefore not possible to calculate the sample size yet.

Based on the first interim analyses (see section 8.7.5), the sample size for a shifted null
hypothesis (Cohen’s d < 0,5), an one-sided alpha of 2.5% and a power of 80% will be
calculated using the observed effect size. The threshold was chosen with regard to
Cohen’s rule of thumb for interpreting results (Medium Effect = 0.5) (11).

Symptomatic patients with a clinically diagnosed SMA type 3 and up to three
copies of the SMN2 gene

Currently data available on SMA type 3 patients treated with Nursinersen or
onasemnogene abeparvovec is not sufficient to calculate the sample size.

The primary endpoint for the pre-symptomatic patients is the change from baseline in
RULM total score. Based on the first interim analyses, the sample size will be calculated
for a shifted null hypothesis (Cohen’s d < 0,5), an one-sided alpha of 2.5% and a power
of 80% using the observed effect size.

8.6 DATA MANAGEMENT

Following the extraction from the data source, anonymized data will be stored at
Chrestos Concept GmbH & Co. KG (named Chrestos in the following). Access to the
data will be restricted to members of Chrestos. No personal data will be provided to
Roche/Genentech.
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8.6.1 Data Quality Assurance

Data used for this study is collected and stored in the SMArtCARE registry.

The clinical sites are responsible for implementing and maintaining quality assurance
and quality control systems with written SOPs. Data are entered at the site into an eCRF
as timely as possible. The clinical database is provided by OpenApp. SMArtCARE uses
SAS software to review the data for completeness, consistency and plausibility. Patient
data is validated by automated checks, which are specified beforehand, and manual
checks by clinical monitors. Query lists are sent to the investigator who corrects data
directly in the eCRF (see SMArtCARE protocol (9)). All programs which can be used to
influence data or data quality are validated. The Sponsor will emphasize to investigators
the importance of collecting complete data, both for outcome measures and for the
confounder variables at baseline. On-site monitoring by clinical research associates will
be performed at each site to improve data quality and completeness. Monitoring reports
will be written for each visit and will include all findings and the expected corresponding
corrections and changes.

Implausible data will further be assessed in Data Review Meetings conducted before
each status report, interim analysis and final analysis. In this meeting the handling of
implausible data and outliers will be discussed and documented.

8.6.2 Electronic Case Report Forms

SMArtCARE uses an electronic data capture (EDC) system. This system is implemented
and maintained by Open Applications Consulting Ltd. SAS software is used to review the
data for completeness, consistency and plausibility. Query resolution processes are
implemented. All programs which can be used to influence data or data quality are
validated (e.g. data validation programs, programs for CRF/query tracking, programs for
import of EDC data into SAS or for import of external data, etc.).

8.6.3 Source Data Documentation

Source data verification (SDV) is performed by SMArtCARE according to protocol in
order to verify the accuracy and completeness of the entries on the eCRF by comparing
them with the source data, and to ensure and increase the quality of the data
(SMArtCARE protocol).

In addition, SDV for 100% of patients for the primary endpoint and for at least 10% of
randomly selected patients for all other endpoints over the period since the start of data
collection will be performed by Clinische Studien Gesellschaft (CSG).
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8.7 DATA ANALYSIS

All analyses are based on the Full Analysis Set (FAS), including all enrolled patients.
The participants will be included in the analyses according to the treatment they received
at enrollment. If an initial therapy is documented for less than three months followed by
an alternative therapy , the patient is allocated to the treatment of the following therapy

(7).

The index date for each patient will be the date of the therapy decision. If the therapy
decision was not documented, the index date will be the date of the first treatment
administration (of the treatment the patient was allocated to). Relevant confounders
have been specified according to the description in Section 8.7.4. To adjust for
differences in the confounder variables between the treatment groups, propensity score
weighting will be applied if sufficient overlap and balance between the scores is given.
Depending on the amount of missing data for the confounder variables, a complete case
analysis or multiple imputation prior to propensity score calculation are considered
according to the rules defined in the statistical analysis plan (SAP).

8.7.1 Primary Objectives Analyses

All primary estimands will be evaluated following the treatment-policy strategy to handle
intercurrent events (e.g. early discontinuation from the study treatment or treatment
switch). Additionally, supplementary estimands with the hypothetical strategy will be
investigated as well, as described in the SAP. Sensitivity analyses will be conducted as
described in the SAP to assess the heterogeneity in the control arm and the use of
prospective and retrospective enrolled patients in a pooled analysis. For hypothesis
testing, statistical significance is controlled at the 1-sided, 0.025 alpha level and the
shifted null hypothesis. Point estimators will be presented with 2-sided 95% confidence
intervals.

The comparison of the number of AE leading to hospitalization over time between the
arms will be performed using a negative binomial regression model, which accounts for
different follow-up times, with the patient’'s number of AE leading to hospitalization as a
function of treatment arm and the time that each patient stays in the hospital included as
an offset in the model. This analytic model estimates the rate ratio, which quantifies the
risk of AE leading to hospitalization associated with risdiplam in comparison to the
control arm.

Time to death or permanent ventilation will be presented graphically using Kaplan-Meier
curves and with the median and 25% quantiles. To quantify the treatment effect, the
hazard ratio (and the 2-sided 95% confidence interval (CI) will be estimated.

For the change from baseline of RULM total score, a MMRM analysis will be performed.

With the estimated means and standard deviations, Cohen’s d will be estimated as a

Mi—M,

measure of the effect size via d = . The estimated treatment difference in the

Dpooled
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mean change from baseline will be presented with a 95% CI and the p-value will be
presented based on a 1-sided t-test. The score and change from baseline score will also
be summarized using descriptive statistics. The mean absolute scores and change from
baseline scores over time will also be presented graphically using a line plot.

8.7.2 Safety Analyses

The analysis of safety outcomes/variables is based on all SAE, AE leading to
hospitalization and selected SAE. The number and percentage of patients with a
(serious) adverse event in each category will be summarized and compared using
relative and absolute effect measures, including absolute risk reduction, odds ratio and
relative risk

All SAE, AE leading to hospitalization and selected SAE term entered by the physician
describing the event (the “verbatim term”) will be assigned to a standardized term (the
“preferred term”) based on the most up-to-date version of Medical Dictionary for
Regulatory Activities (MedDRA). Summary statistics of SAE, AE leading to
hospitalization and selected SAE will be performed using preferred terms and their
according system organ class.

Follow-up times will be evaluated in the Data Review Meeting before the final analysis to
investigate if time to event analyses are more appropriate for all SAE, AE leading to
hospitalization and selected AE than responder analyses.

The proportion of patients with SAE, AE leading to hospitalization and selected SAE will
be summarized according to the preferred term and their according system organ class.

The number of AE leading to hospitalization over time will be analyzed separately using
negative binomial regression models.

8.7.3 Subgroups

Subgroup analyses will be performed to investigate the generalizability of the results
when comparing risdiplam to the control arm as described in the SAP. Analyses will be
presented for the following subgroups:

Table 8: Subgroups

Subgroups Categories Populations
Sex Male, female All
Age at treatment initiation 0 to 18 months, 18 months to | All

5 years, 6 to 11 years, 12 to
17 years, and 18 to 25
years, > 25 years

Geographic region Germany, Austria All

History of scoliosis surgery Yes, no SMA2, SMA3
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Highest motor milestone at None, Sitting without support, | All
baseline (disease severity) Crawl on hands and knees,
Standing without support,
Walking without support,
Climb stairs
Nutrition support Yes — exclusively, yes — All
supplementary, no
Ventilation support Yes, no All
Contractures Yes, no SMA1, SMA2, SMA3
SMN2 Copy Number 1,2, 3 All

Baseline CHOP-INTEND

< median score, > median
score2

SMA1, presymptomatic

Baseline HFMSE score < median score, > median SMA2, SMA3
score

Baseline CMAP amplitude <1.5mV, 21.5mV presymptomatic

Time between first treatment | < 3 months, > 3 months SMA1

and onset of symptoms

ajn accordance with the real world data collection for the reassessment of the additional benefit of
onasemnogene abeparvovec

8.7.4

For the real world data collection for the reassessment of the additional benefit of
risdiplam all confounders should be identified in advance through a systematic research
and prespecified for the analyses.

Confounder

The Institute for Quality and Efficiency in Health Care (IQWIiG) issued a rapid report on
May 13, 2020, titled "Concepts for the generation of data in health care settings and their
evaluation for the purpose of assessing the benefit of drugs according to § 35a SGB V,"
version 1.1. This document offers guidance on how to analyze patient-specific data
within the context of drug benefit assessments under § 35a SGB V. IQWIiG addresses
crucial elements such as the planning of studies and statistical analyses, as well as the
significance of accounting for confounders in studies that are not randomized. The report
stresses the need for a priori definition of confounders based on scientific literature and,
where necessary, their validation by clinical experts. Accordingly, a systematic literature
review (SLR) was performed to identify potential confounders for SMA, outlined in
national and international guidelines, recommendations, and publications, and validated
them with clinical experts, ensuring compliance with the evidence development
requirements in Germany.

The results and the used methodology to identify confounder via a systematic literature
review and validation by clinical experts are described in detail in the final report of the
systematic confounder research (12).
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Clinical experts categorized the identified confounders into three groups:

Very Important: Essential for adjusting non-randomized studies to ensure validity.
Less Important: Marginally affect outcomes but not critical to study validity.

Not Important: Irrelevant to the study due to specific characteristics.

The following rules were applied to select which potential confounders and
characteristics will be used during data analysis:

e Confounders which were classified as “not important” will not be used during data
analysis.

¢ All potential confounders which are classified as “very important” will be used for

analysis. Except for “Presymptomatic/symptomatic at onset” which is already a

stratification factor.

e If there is more than one “characteristic” found for one potential confounder, the

most important one is used. In case there are several “characteristics” with the

same level of importance the same characteristic will be used as in the protocol
of onasemnogene abeparvovec.

o “Less important” will be used in case it is required by the IQWiG or it is used in

the protocol of onasemnogene abeparvovec.

Table 9: Confounders

Risdiplam/
nusinersen/
onasemnogene

Confounder [Type of [Clinical |Definition Operationalization [Applicable to
variabel [relevanc in SMArtCARE analysis population
Cha eCRF
SMN2 copy [Discrete |[Very SMN2 copy Genetic Test All
number importantinumber Result: SMN2 copy
number
Age at Continuo |Less Age of Clinical Diagnosis: [SMA type 1,
symptom us importantjsymptom onset [Age at symptom SMA type 2,
onset in months for  |onset SMA type 3
Ssymptomatic
patients
Age at Continuo |[Very Age in weeks |Registries, Clinical [Pre-symptomatic
treatment us importantlat treatment Trials: Age at visit |patients: directly
initiation initiation AT SMA type 1,
Registries, Clinical [SMA type 2,
Trials: Visit date = |[SMA type 3:

Derived (treatment
delay defined as time

from symptom onset
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Confounder |Type of [Clinical [Definition Operationalization |Applicable to
variabel [relevanc in SMArtCARE analysis population
e @ eCRF
abeparvovec: to treatment initiation)
MIN(Date of
treatment)
Early Discrete |Very Neonatal Baseline All
diagnosis importantiscreening and |characteristics,
early diagnosis |newborn screening
Nutrition Discrete |Very Gastric tube or [Nutrition: Does the |SMA type 1,
support importantjnasal feeding |patient use a SMA type 2,
tube (exclusive/|gastric or nasal SMA type 3
supplemental/ [feeding tube?
no ne) at AT
Fr?‘?‘tme”t Registries, Clinical
Initiation Trials: Visit date =
Risdiplam/
nusinersen/
onasemnogene
abeparvovec:
MIN(Date of
treatment)
Ventilation |Discrete |Very Duration of Pulmonary: Does |SMA type 1,
support importantjventilator use [the patient receive |SMA type 2,
(nighttime/inter |ventilator support? |SMA type 3
mittent/ =Yes
permanent AND
(216h/day) at Pulmonary: Time of
Fr?‘f’“me”t ventilator use
initiation . .
1. Night (during
sleep)
2. Intermittent
day time and
continuous at night
3. Continuous
(>16h/day)
AT
Registries, Clinical
Trials: Visit date =
Risdiplam/
nusinersen/
onasemnogene
abeparvovec: MIN
(Date of treatment)
Contractures |Discrete |Less Contractures |Clinical SMA type 1,
important|limiting function |Examination: Are  |SMA type 2,
(yes/no) at any contractures  |SMA type 3

treatment

present? = Yes
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Confounder |Type of [Clinical [Definition Operationalization |Applicable to
variabel [relevanc in SMArtCARE analysis population
e @ eCRF
initiation AND
Registries, Clinical
Trials: Type of
limitation = Severe
(imposing limits to
function)
AT
Registries, Clinical
Trials: Visit date =
Risdiplam/
nusinersen/
onasemnogene
abeparvovec: MIN
(Date of treatment)
Motoric Discrete |Very Highest motor [Best current motor |[SMA type 2,
function: importantjmilestone at  [function: Best SMA type 3
Highest treatment current motor
motor initiation: function
milestone (at None/n.a. AT
Frigtipent Sitting without [Registries, Clinical
initiation) support Trials: Visit date =
Crawl on hands|Risdiplam/
and knees nusinel’sen/
Standing onasemnoge.ne
without support abeparvovec: MIN
: ) (Date of treatment)
Walking without
support
Climb stairs
Motoric Discrete |Very CHOP-INTEND |CHOP-INTEND: All
Function important|score at Score
CHOP- treatment AT
INTEND Initiation Registries, Clinical
Trials: Visit date =
Risdiplam/
nusinersen/
onasemnogene
abeparvovec: MIN
(Date of treatment)
Motoric Discrete |Very Mean HFMSE: total SMA type 1,
Function: importantHammersmith |AT SMA type 2
HFMSE score treatment|Registries, Clinical [SMA type 3
score initiation Trials: Visit date =
Risdiplam/
nusinersen/
onasemnogene
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Confounder |Type of [Clinical [Definition Operationalization |Applicable to
variabel [relevanc in SMArtCARE analysis population
e @ eCRF

abeparvovec: MIN
(Date of treatment)

Physical Discrete |Less Physiotherapy SMA type 1,
activity important SMA type 2
Multiple Discrete |Less Multiple Medical history SMA type 1,
disorders important|disorders SMA type 2,

SMA type 3

a Depiction of assessment from advising clinical experts and not subject to any input from Roche
Pharma AG. Categorization of “less important” vs. “very important” does not influence depiction or
handling of confounder in statistical analysis.

All confounder variables will be included in the propensity score model as indicated by
their type (continuous, discrete), as long as the criteria regarding the amount of missing
data as specified in the SAP is fulfilled.

8.7.5 Planned interim analyses and status reports

First status report (submission 6 months after study start):

Disposition, summaries of demographics / baseline characteristics, exposure and
patient-related observation period will be analyzed as described in the SAP and will be
presented in the status report. Further analyses might be conducted and presented if
appropriate. The data cut for this analysis will be at study start (retrospective enrolled
patients and, if possible, prospective enrolled patients).

Second status report and first interim analysis (submission 18 months after
study start):

Disposition, summaries of demographics / baseline characteristics, exposure and
patient-related observation period will be analyzed as described in the SAP. The primary
endpoints (and secondary endpoints if appropriate) will be analyzed as described in the
SAP. Module 4 of the dossier template will be used to submit the results. Based on this
interim analysis, the sample size will be calculated using observed effect sizes and
recruitment rates as assumptions. If the expected power is less than 60% for a primary
endpoint (and relevant secondary endpoints) the enrollment might be stopped due to
futility in the respective population. The data cut for this analysis will be 12 months after
study start.

Third status report and second interim analysis (submission 30 months
after study start):

Disposition, summaries of demographics / baseline characteristics, exposure and
patient-related observation period will be analyzed as described in the SAP. The primary
endpoints (and secondary endpoints if appropriate) will be analyzed as described in the

SAP. Module 4 of the dossier template will be used to submit the results. If the expected
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power is less than 60% for a primary endpoint (and relevant secondary endpoints) the
enrollment might be stopped due to futility in the respective population. The data cut for
this analysis will be 24 months after study start.

8.8 DATA QUALITY ASSURANCE AND QUALITY CONTROL

The Marketing Authorization Holder (MAH) must maintain adequate and accurate
records to enable the conduct of the study to be fully documented, including but not
limited to the protocol, protocol amendments, and documentation of Institutional Review
Board/Ethics Committee (IRB/EC) and governmental approval/notification (if necessary).

Chrestos, a Contract research Organization (CRO) commissioned by MAH, shall ensure
that the datasets and statistical programs used for generating the data included in the
final study report are kept in electronic format and are available for auditing and
inspection.

Data not held within MAH systems will be periodically transferred electronically from
SMArtCARE registry to Chrestos. SMACARE registry will comply with the MAH
procedures as written in the contract regarding content, archiving and records
management of process documents.

Retention of Records

Archiving at the study site has to be for at least five years after final study report or first
publication of study results, whichever comes later; or according to local regulation.

Records and documents pertaining to the conduct of this study must be retained by
SMArtCARE for at least 25 years after completion of the study, or for the length of time
required by relevant national or local health authorities, whichever is longer. After that
period of time, the documents may be destroyed, subject to local regulations.

No records may be disposed of without the written approval of the SMArtCARE. Written
notification should be provided to the SMArtCARE prior to transferring any records to
another party or moving them to another location.

8.9 LIMITATIONS OF THE RESEARCH METHOD

As any observational research this study is subject to a risk of bias. The data collected in
this study is dependent on routine clinical practice and the level of data collected may
differ between participating sites. Consequently, the data obtained in this study will be
less comprehensive than data obtained from a prospective, interventional clinical study.
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To minimize the bias, certain measurements will be performed (detailed description in
the SAP). Missing confounder values will be addressed (complete case, multiple
imputation or exclusion of variables). Propensity score weighting will be applied to adjust
for differences in the confounder variables between the treatment groups. Data reporting
will be conducted in a consistent way to avoid bias in the data collection process.

9. PROTECTION OF HUMAN PATIENTS

Data will be collected as part of routine clinical practice. The responsibility lies with the
treating physician.

9.1 INFORMED CONSENT

The patients have explicitly agreed to any secondary use of their data.

9.2 CONFIDENTIALITY

The SMArCARE registry maintains confidentiality standards by coding each patient
enrolled in the study through assignment of a unique patient identification number.
This means that patient names are not included in datasets that are transmitted to
any SMArtCARE registry location. Only aggregated data from the registry are
available and are used in this study.

Patient medical information obtained by this study is confidential and may be
disclosed to third parties only as permitted by the Informed Consent Form (or
separate authorization for use and disclosure of personal health information) signed
by the patient, unless permitted or required by law.

Data generated by this study must be available for inspection upon request by
representatives of the U.S. FDA and other national and local health authorities, CSG
monitors, representatives, and collaborators, and the IRB/EC for each study site, as
appropriate.

9.3 COMPLIANCE WITH LAWS AND REGULATIONS

This study will be conducted in full conformance with the Guidelines for Good
Pharmacoepidemiological Practice (GPP) published by the International Society of
Pharmacoepidemiology (ISPE) and the laws and regulations of the country in which the
research is conducted.
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9.4 INSTITUTIONAL REVIEW BOARD OR ETHICS COMMITTEE

This protocol and relevant supporting information must be submitted to the EC, and
reviewed and approved by the EC before the study is initiated.

SMATrtCARE is responsible for providing written summaries of the status of the study to
the EC annually or more frequently in accordance with the requirements, policies, and
procedures established by the EC.

10. MANAGEMENT AND REPORTING OF ADVERSE EVENTS

All adverse events extracted from the data source for the study as specified in the
protocol will be summarized as part of any interim analyses and in the final value dossier
submission in scope of the reassessment of the additional benefit of risdiplam by G-BA

(4).

11. PLANS FOR DISSEMINATION AND COMMUNICATION OF
STUDY RESULTS

Study results will be published in scope of the reassessment of the additional benefit of
risdiplam by G-BA (4).
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LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS

Abbreviation or Term
AE

AR

BSID

CHOP-INTEND

eCRF
EDC
FAS
G-BA
HFMSE
HR

ICH
IPTW
MAR
MedDRA
MICE
MMRM
NBS
RULM
SAE
SAP
SD
SDV
SMA
SMN 1/2
SmPC
SOP
WHO

Description
adverse event
autoregressive
Bayley scale of infant development

Children’s hospital of Philadelphia infant test of neuromuscular
disorders

electronic case report form

electronic data capture

full analysis set

Gemeinsamer Bundesausschuss (Federal Joint Committee)
Hammersmith functional motor scale expanded
hazard ratio

International Council on Harmonization
inverse probability of treatment weights
Missing at random

Medical Dictionary for Regulatory Activities
multiple imputation by chained equations
mixed model repeated measures

newborn screening

Revised upper limb module

serious adverse events

Statistical Analysis Plan

standard deviation

source data verification

spinal muscular atrophy

survival motor neuron 1/2

summary of product characteristics
standard operating procedures

World health Organization
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1. INTRODUCTION

This Statistical Analysis Plan (SAP) describes the planned statistical analysis of the data
collected within the framework of study ML44661. It is based on the final study protocol,
version 3.0, dated 24 Jun 2024 and follows the principles of the Guideline ICH E9. It
gives all details for the statistical analysis of this study. The statistical analysis will be
carried out according to Chrestos standard operating procedures (SOP).

The SAP contains a more technical and detailed elaboration of the procedures described
in the study protocol for conducting the statistical analyses.

This SAP was written and finalized prior to database hard lock and data analysis.

Spinal muscular atrophy (SMA) is a rare autosomal recessive neuromuscular disorder
characterized by the progressive loss of proximal motor neurons leading to muscle
weakness and profound neuromotor disability. It is primarily characterized by
degeneration of the anterior horn cells of the spinal cord resulting in muscle atrophy and
proximal muscle weakness. It is caused by a homozygous deletion in the survival motor
neuron 1 (SMN1) gene on chromosome 5q13. The severity of the disease is highly
variable and correlates with the age of onset and SMN2 copy humber. For classification
purposes, patients are usually categorized into three main subtypes based on clinical
criteria, including achieving (or failing to achieve) physical motor milestones, age of
onset, and expected life span:

e Type 1 SMA (severe infantile type with onset before 6 months of age; infants never
sit without support, with death due to respiratory distress usually within 2 years),

e Type 2 SMA (intermediate chronic infantile type with onset after the age of 6
months, children unable to stand or walk without support),

e Type 3 SMA (chronic juvenile type with onset around the age of 18 months, children
able to walk until the disease progresses)

For the best possible development or preservation of motor function, it is particularly
important that treatment is started as early as possible. In October 2021, the newborn
screening (NBS) for SMA was therefore implemented in Germany. This will allow
newborns with SMA to be diagnosed immediately after birth. One consequence of the
introduction of the NBS for SMA is that fewer symptomatic patients will be diagnosed in
the long term.

In all types of SMA, as the disease progresses, clinical symptoms include hypotonia,
symmetrical muscle weakness and atrophy (predominantly of the proximal muscles of
the shoulder and pelvic girdle), diminished or absent deep tendon reflexes, tremor of
fingers and hands, fasciculation of the tongue muscles, and hyporeflexia with orthopedic
deformities (contractures, scoliosis). Progressive respiratory failure and frequent
pulmonary infections and superinfections are common in Types 1 and 2 SMA. Other
common comorbidities include failure to thrive, pneumonia, osteopenia and osteoporosis
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with pathological fractures, poor cough and secretion clearance, reduced vital capacity,
gastroesophageal dysmotility, urinary incontinence, hip dislocation, and joint and muscle
pain.

On the basis of the ongoing or completed studies on risdiplam considered for approval,
the) identified evidence gaps, particularly comparative data of a treatment with risdiplam

versus existing appropriate therapy alternatives are missing for patients.

Thus, the G-BA initiated a procedure to require an evaluation of a real world data
collection for the reassessment of the additional benefit of risdiplam.

1.1 OBJECTIVES AND ENDPOINTS AND ESTIMANDS
1.1.1 Primary Objectives and corresponding Estimands
Table 1. Primary Objectives / Estimands

Primary Objective

Estimand Definition

To evaluate the safety of risdiplam
compared to nusinersen or
onasemnogene abeparvovec
measured as the number of adverse
events (AE) leading to
hospitalization over time

Population: Presymptomatic patients with a
5g-associated SMA and up to three copies of the SMN2
gene as defined by the study inclusion and exclusion
criteria (see protocol for details)

Endpoint: Number of AE leading to hospitalization over
time
Treatment (see protocol for details):

Experimental arm: Risdiplam according to Summary of
Product Characteristics (SmPC)

Control arm: Nusinersen or onasemnogene abeparvovec
according to SmPC

Intercurrent events and handling strategies:

Early discontinuation from study treatment: Treatment-
policy strategy

Treatment switch: Treatment-policy strategy
Population-level summary: Rate ratio

To evaluate the efficacy of risdiplam
compared to nusinersen or
onasemnogene abeparvovec
measured as time to death or
permanent ventilation

Population: Symptomatic patients with a clinically
diagnosed SMA type 1 (see protocol for details)

Endpoint: Time to death or permanent ventilation (two
consecutive documentations of permanent ventilation
of > 16 hours/day)

Treatment: as defined above
Intercurrent events and handling strategies:

Early discontinuation from study treatment: Treatment-
policy strategy

Treatment switch: Treatment-policy strategy
Population-level summary: Hazard ratio

To evaluate the efficacy of risdiplam
compared to nusinersen or
onasemnogene abeparvovec

Population: Symptomatic patients with a clinically
diagnosed SMA type 2 and up to three copies of the
SMN2 gene (see protocol for details). Only patients with
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Primary Objective

Estimand Definition

of RULM total score

measured as change from baseline

a baseline value and a value at month 36 after treatment
start are included.

Endpoint; Change from baseline of RULM total score at
36 months after treatment start

Treatment: as defined above
Intercurrent events and handling strategies:

Early discontinuation from study treatment: Treatment-
policy strategy

Treatment switch: Treatment-policy strategy
Population-level summary: Cohen’s d

of RULM total score

To evaluate the efficacy of risdiplam
compared to nusinersen or
onasemnogene abeparvovec
measured as change from baseline

above

Population: Symptomatic patients with a clinically
diagnosed SMA type 3 and up to three copies of the
SMN2 gene (see protocol for details). Only patients with
a baseline value and a value at month 36 after treatment
start are included.

Endpoint: as defined above
Treatment: as defined above
Intercurrent events and handling strategies: as defined

Population-level summary: as defined above

Abbreviations; RULM = revised upper limb module

1.1.2

Secondary Objectives and Endpoints

Table 2:

Secondary Endpoints

Pre-symptomatic
patients

Patients with SMA
Type 1

Patients with SMA
Type 2

Patients with SMA
Type 3

Overall Survival and event free survival

Time to death or
permanent ventilation
(two consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to death

Time to permanent
ventilation (two
consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to any respiratory
support

Time to death

Time to permanent
ventilation (two
consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to any respiratory
support

Time to death or
permanent ventilation
(two consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to death

Time to permanent
ventilation (two
consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to any respiratory
support

Time to death or
permanent ventilation
(two consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to death

Time to permanent
ventilation (two
consecutive
documentations of
permanent ventilation of
> 16 hours/day)

Time to any respiratory
support

Achievement of WHO motor development milestones
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Pre-symptomatic
patients

Patients with SMA
Type 1

Patients with SMA
Type 2

Patients with SMA
Type 3

Overall Survival and eve

nt free survival

Time from first treatment
to reaching the WHO
motor development
milestone of sitting
without support

Time from first treatment
to reaching the WHO
motor development
milestone of standing
without support

Time from first treatment
to reaching the WHO
motor development
milestone of walking
without support

Time from first treatment
to reaching the WHO
motor development
milestone of sitting
without support

Time from first treatment
to reaching the WHO
motor development
milestone of standing
without support

Time from first treatment
to reaching the WHO
motor development
milestone of walking
without support

Time from first treatment
to reaching the WHO
motor development
milestone of walking
without support

Sustainability of motor milestones

Time from gaining WHO
motor development

milestone to permanent
loss of milestone ability:

- Loss of the ability to sit
without support

- Loss of the ability to
stand without support

- Loss of the ability to
walk without support

Time from gaining WHO
motor development

milestone to permanent
loss of milestone ability:

- Loss of the ability to sit
without support

- Loss of the ability to
stand without support

- Loss of the ability to
walk without support

Time from gaining WHO
motor development

milestone to permanent
loss of milestone ability:

- Loss of the ability to
walk without support

Time from gaining WHO
motor development

milestone to permanent
loss of milestone ability:

- Loss of the ability to
walk without support

Motorfunction Tests

Change from baseline in
CHOP-INTEND total
score at 12, 24 and 36
months after treatment
start*

Change from baseline in
CHOP-INTEND total
score at 12, 24 and 36
months after treatment
start*

Change from baseline in
HFMSE total score at 12,
24, 36 months after
treatment start**

Change from baseline in
RULM total score at 12
and 24 months after
treatment start***

Change from baseline
HFMSE total score 12,
24, 36 months after
treatment start**

Change from baseline in
RULM total score at 12
and 24 months after
treatment start***

Walking performance en

dpoints

For ambulatory
patients:

Relative change from
baseline in walking
distance at 12, 24 and 36
months after treatment
start?

Evaluation of the total
walking distance at
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Pre-symptomatic
patients

Patients with SMA
Type 1

Patients with SMA
Type 2

Patients with SMA
Type 3

Overall Survival and event free survival

month 36 after treatment
start?

Bulbary function

Proportion of patients
with age-appropriate
Bayley Ill scores in the
subscales “Expressive
Language” and
“Receptive Language” at
24 months of age

Proportion of patients
with deterioration of
swallowing function at
12, 24, 36 months after
treatment start

Proportion of patients
with need of non-oral
nutritional support at 12,
24, 36 months after
treatment start

Proportion of patients
with age-appropriate
Bayley lll scores in the
subscales “Expressive
Language” and
“Receptive Language” at
24 months of age

Proportion of patients
with deterioration of
swallowing function at
12, 24, 36 months after
treatment start

Proportion of patients
with need of non-oral
nutritional support at 12,
24, 36 months after
treatment start

Proportion of patients
with deterioration of
swallowing function at
12, 24, 36 months after
treatment start

Proportion of patients
with need of non-oral
nutritional support at 12,
24, 36 months after
treatment start

Proportion of patients
with deterioration of
swallowing function at
12, 24, 36 months after
treatment start

Proportion of patients
with need of non-oral
nutritional support at 12,
24, 36 months after
treatment start

Orthopedic complication

S

Time to first
documentation of
scoliosis or orthopedic
surgery

Time to first
documentation of
scoliosis

Time to first
documentation of
orthopedic surgery

Time to first
documentation of
scoliosis or orthopedic
surgery

Time to first
documentation of
scoliosis

Time to first
documentation of
orthopedic surgery

Time to first
documentation of
scoliosis or orthopedic
surgery

Time to first
documentation of
scoliosis

Time to first
documentation of
orthopedic surgery

Time to first
documentation of
scoliosis or orthopedic
surgery

Time to first
documentation of
scoliosis Time to first
documentation of
orthopedic surgery

Hospitalizations

Number of planned
hospitalizations over time
(including
hospitalizations for SMA
treatment administration

Number of planned
hospitalizations over time
(including
hospitalizations for SMA
treatment administration)

Number of planned
hospitalizations over time
(including
hospitalizations for SMA
treatment administration)

Number of planned
hospitalizations over time
(including
hospitalizations for SMA
treatment administration)
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CHOP-INTEND = Children’s Hospital of Philadelphia Infant Test of Neuromuscular
Disorders, HFMSE = Hammersmith Functional Motor Scale Expanded, *As part
of the regular SMArtCARE guidelines the CHOP-INTEND is used for follow-up
monitoring of the following patients: Children: All children < 2 years of age; All
patients > 2 years of age without ability to sit. Adults: For patients without
ability to sit, **As part of the regular SMArtCARE guidelines the HFMSE | used
for follow-up monitoring of the following patients: Children > 2 years for all
patients with ability to sit; If CHOP INTEND score >50: CHOP INTEND and
HFMSE; If CHOP INTEND score >60: HFMSE instead of CHOP INTEND. Adults:
All patients with ability to sit, *** As part of the regular SMArtCARE guidelines
for follow-up monitoring the RULM is used for follow-up monitoring of the
following patients: Children > 2 years and adults: For all patients with ability to
sit in a wheelchair (see SMArtCARE: Recommendations for the evaluation of
adult patients with SMA), #As part of the regular SMArtCARE guidelines for
follow-up monitoring used for the following patients: > 2 years for all patients
with ability to walk

Table 3: Safety Endpoints

Pre-symptomatic
patients

Patients with SMA
Typel

Patients with SMA
Type 2

Patients with SMA
Type 3

Proportion of patients
with a SAE

Proportion of patients
with an AE leading to
hospitalization
Proportion of patients
with a selected SAEs?

Number of AE leading
to hospitalization over
time

Proportion of patients
with a SAE

Proportion of patients
with an AE leading to
hospitalization

Proportion of patients
with a selected SAEs?

Number of AE leading
to hospitalization over
time

Proportion of patients
with a SAE

Proportion of patients
with an AE leading to
hospitalization

Proportion of patients
with a selected SAEs?

Number of AE leading
to hospitalization over
time

Proportion of patients
with a SAE

Proportion of patients
with an AE leading to
hospitalization

Proportion of patients
with a selected SAEs?

aselected SAEs are: retinopathy, effect on epithelial tissue, thrombocytopenia, nephropathy,
hydrocephalus, hepatopathy, cardiac events, sensory neuropathy
Abbreviations: AE — adverse event, SAE — serious adverse event

1.2

STUDY DESIGN

This study is a registry-based, comparative, non-interventional, multicentric,
multinational, open-label study. As the treatment start date differs, there will be
simultaneously enrolled controls and not simultaneously enrolled controls.This registry-
based study is based on the data of the SMArtCARE registry. The SMArtCARE project
(www.smartcare.de) provides a platform to collect longitudinal clinical routine data on
SMA patients in Germany, Austria, and Switzerland.

The registry collects data from SMA patients since 2018. Retrospective data for patients
treated with nusinersen will be analyzed since the beginning of the registry (May 30,
2017 at the earliest), data for patients treated with onasemnogene abeparvovec since
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approval in 2020 (May 18, 2020 at the earliest) and data for patients treated with
risdiplam since approval in 2021 (March 26, 2021 at the earliest). Details of the registry
are given in the SMArCARE protocol (1).

Start Date of Study:
The planned start of this study is after confirmation of the submitted study protocol and
statistical analysis plan by the G-BA.

Interim Analyses

Interim analyses are planned 12 and 24 months after start of the study and will be
handed in to G-BA latest after 18 and 30 months after the start of the study. Based on
these interim analysis, a final sample size estimate will be made using more precise
effect assumptions. Final analysis will take place in January 2026.

End of Study:
All patients in the study should generally be followed up for at least 36 months. Follow-
up time can vary between patients depending on their entry date in the registry.

The planned end date is January 01, 2026. Data that is documented in the study
database after that time point will not be taken into account.

1.21 Data Monitoring

Data used for this study are collected and stored in the SMArtCARE registry.

The clinical sites are responsible for implementing and maintaining quality assurance
and quality control systems with written SOPs. Data are entered at the site into an
electronic case report form (eCRF) as timely as possible. The clinical database is
provided by OpenApp. SMArCARE uses SAS software to review the data for
completeness, consistency and plausibility. Patient data is validated by automated
checks, which are specified beforehand, and manual checks by clinical monitors. Query
lists are sent to the investigator who corrects data directly in the eCRF (see SMArtCARE
protocol). All programs which can be used to influence data or data quality are validated.
On-site monitoring by clinical research associates will be performed at each site to
improve data quality and completeness. Monitoring reports will be written for each visit
and will include all findings and the expected corresponding corrections and changes.

Implausible data will further be assessed in Data Review Meetings conducted before
each status report, interim analysis and final analysis. In this meeting the handling of
implausible data and outliers will be discussed and documented.

SMArtCARE uses an electronic data capture (EDC) system (1). This system is
implemented and maintained by Open Applications Consulting Ltd. SAS software is
used to review the data for completeness, consistency and plausibility. Query resolution
processes are implemented. All programs which can be used to influence data or data
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guality are validated (e.g. data validation programs, programs for CRF/query tracking,
programs for import of EDC data into SAS or for import of external data, etc.).

Source data verification (SDV) is performed by SMArtCARE according to protocol in
order to verify the accuracy and completeness of the entries on the eCRF by comparing
them with the source data, and to ensure and increase the quality of the data (1).

In addition, SDV for 100% of patients for the primary endpoint and for at least 10% of
randomly selected patients for all other endpoints over the period since the start of data
collection will be performed by Clinische Studien Gesellschaft (CSG).

2. STATISTICAL HYPOTHESES AND SAMPLE SIZE
DETERMINATION
2.1 STATISTICAL HYPOTHESES

Pre-symptomatic patients with a 5g-associated SMA and up to three copies of the
SMNZ2 gene.

The comparison of the number of AE leading to hospitalization over time between both
arms will be performed using a negative binomial regression model. This analytic model
estimates the rate ratio, Ae/ A ¢, which quantifies the risk of AE leading to hospitalization
associated with risdiplam (A e) in comparison to nusinersen or onasemnogene
abeparvovec (A ¢). Statistical significance is controlled at the 1-sided, 0.025 alpha (a)
level. The Wald test will be performed via the following hypothesis:

Ho: Rate Ratio = 0.5 versus Hi: Rate Ratio < 0.5

Symptomatic patients with a clinically diagnosed SMA type 1:

Treatment comparison of the time to death or permanent ventilation will be based on the
Cox-regression test. Statistical significance is controlled at the 1-sided, 0.025 alpha (a)
level. The shifted null and alternative hypotheses can be phrased as:

Ho: Hazard Ratio = 0.5 versus Hi: Hazard Ratio < 0.5

Symptomatic patients with a clinically diagnosed SMA type 2 and up to three
copies of the SMN2 gene:

The Change from baseline of RULM total score change from baseline endpoints a mixed
model repeated measures (MMRM) analysis will be performed and Cohen’s d will be
estimated as a measure of the effect size. Statistical significance is controlled at the 1-
sided, 0.025 alpha (a) level. The hypothesis to be tested with a t-test is that the
difference in the mean change from baseline in the total RULM score at Month 36
between risdiplam and nusinersen or onasemnogene abeparvovec () is:

Ho: < 0.5 versus Hi: 6> 0.5
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Symptomatic patients with a clinically diagnosed SMA type 3 and up to three
copies of the SMN2 gene:

See SMA type 2 and up to three copies of the SMN2 gene.

2.2 SAMPLE SIZE DETERMINATION

Pre-symptomatic patients with a 5g-associated SMA and up to three copies of the
SMNZ2 gene.

The current evidence for pre-symptomatic patients treated with risdiplam, nursinersen or
onasemnogene abeparvovec is still limited. There is no evidence to date, for making
assumptions on differences between treatments. It is therefore not possible to calculate
the sample size yet.

The primary endpoint for pre-symptomatic patients is the number of AE leading to
hospitalization over time. A negative binomial regression model will be used to estimate
the rate ratio. Based on the first interim analyses (see Section 4.7.1), the sample size for
a shifted null hypothesis (RR = 0.5), an one-sided alpha of 2.5% and a power of 80% will
be calculated using the observed effect size.

Symptomatic patients with a clinically diagnosed SMA type 1.:

For patients with a clinically diagnosed SMA type 1, the sample size estimation is based
on the endpoint time to death or permanent ventilation.

The probability of the event death or permanent ventilation of patients treated with
nusinersen is assumed to be 40 % (2), while the probability for patients treated with
onasemnogene abeparvovec is assumed to be 9 % (3). Since the distribution between
patients receiving nusinersen and patients receiving onasemnogene abeparvovec is not
yet known, assumptions for the probability of the comparison arm cannot be derived. It is
therefore not possible to calculate the sample size yet.

Based on the first interim analyses (see Section 4.7.1), the sample size for a shifted null
hypothesis (HR = 0,5), an one-sided alpha of 2.5% and a power of 80% will be
calculated using the observed effect size.

Symptomatic patients with a clinically diagnosed SMA type 2 and up to three
copies of the SMN2 gene

In the population of patients with clinically diagnosed SMA type 2, sample size
estimation is based on the endpoint change from baseline in RULM total score.

Based on the CHERISH study, one can expect a change from baseline to month 12 of
3.7 points in the RULM total score for patients treated with nusinersen (4), but there is
no data available for the change from baseline to month 36. At the time of submission,
there is no data published showing the performance in RULM total score for
onasemnogene abeparvovec. Further, the distribution between patients receiving
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nusinersen and patients receiving onasemnogene abeparvovec is not yet known. It is
therefore not possible to calculate the sample size yet.

Based on the first interim analyses (see Section 4.7.1), the sample size for a shifted null
hypothesis (Cohen’s d < 0,5), an one-sided alpha of 2.5% and a power of 80% will be
calculated using the observed effect size. The threshold was chosen with regard to
Cohen'’s rule of thumb for interpreting results (medium effect = 0.5) (5).

Symptomatic patients with a clinically diagnosed SMA type 3 and up to three
copies of the SMN2 gene

Currently data available on SMA type 3 patients treated with nursinersen or
onasemnogene abeparvovec is not sufficient to calculate the sample size.

The primary endpoint for the pre-symptomatic patients is the change from baseline in
RULM total score. Based on the first interim analyses, the sample size will be calculated
for a shifted null hypothesis (Cohen’s d < 0,5), an one-sided alpha of 2.5% and a power
of 80% using the observed effect size.

3. ANALYSIS SETS

The participant analysis sets for the purposes of analyses are defined in Table 4.

Table 4  Participant Analysis Sets

Participant
Analysis Set Description
FAS All enrolled participants; participants will be included in the analyses

according to the treatment they received at enrollment. If an initial therapy
is documented for less than three months followed by an alternative
therapy, the patient is allocated to the treatment of the following therapy.

FAS = full analysis set

4. STATISTICAL ANALYSES
4.1 GENERAL CONSIDERATIONS

All clinical data will be downloaded and transferred into SAS® datasets. All statistical
analyses will be carried out using SAS®, version 9.4 or higher and R, version 4.3.0 or
higher.

If not specified otherwise, descriptive statistics will be presented by treatment group and
time point, where appropriate. For continuous data the sample size, mean, standard
deviation (SD), median, range (min, max) and interquartile range (Q1, Q3) will be
presented. Categorical data will be displayed by absolute and relative frequencies
(percentages). Percentages will be based on all non-missing values. Missing categories
might be displayed in addition (only by absolute frequencies). Exceptions to this rule are
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to be specified explicitly. In any case, the percent basis will be specified in a table
footnote. Percentages will be rounded to one decimal place.

For hypothesis testing, statistical significance is controlled at the 1-sided, 0.025 alpha
level and the shifted null hypothesis. Point estimators will be presented with 2-sided 95%
confidence intervals.

For responder and change from baseline analyses planned to be conducted at a certain
month of age/after treatment start (e.g. at 12m, 24m, 36m), the closest assessment
within a time frame of £2 months will be used for the analysis, unless otherwise
specified. This time frame considers that visits take place every four months. If there was
no assessment within this time frame, the value is assumed to be missing.

The index date for each patient will be the date of the therapy decision. If the therapy
decision was not documented, the index date will be the date of the first treatment
administration (of the treatment the patient was allocated to). The closest visit before or
at the index date will be used as baseline visit. .

Every switch between the study medications risdiplam, nusinersen and onasemnogene
abeparvovec (exception: initial therapy is documented for less than three months
followed by an alternative therapy) will be considered a treatment switch, including
switches between nusinersen and onasemnogene abeparvovec within the control arm.

411 Confounder

Confounders have been identified in advance through systematic research, as described
in the Protocol Section 8.7.4. The following confounders will be considered.

Table 5: Confounders

Confounder [Type of |Clinical |Definition Operationalization |Applicable to
variabel relevanc in SMArtCARE analysis population
ed eCRF
SMN2 copy |[Discrete [Very SMN2 copy Genetic Test All
number importantnumber Result: SMN2 copy
number
Age at Continuo |Less Age of Clinical Diagnosis: |SMA type 1,
symptom us importantjsymptom onset |Age at symptom SMA type 2,
onset in months for  |onset SMA type 3
symptomatic
patients
Age at Continuo |Very Age in weeks at|Registries, Clinical [Pre-symptomatic
treatment us importanttreatment Trials: Age at visit |patients: directly
initiation initiation AT SMA type 1,
SMA type 2,
SMA type 3:
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Confounder [Type of [Clinical |Definition Operationalization |Applicable to
variabel |relevanc in SMArtCARE analysis population
e? eCRF
Registries, Clinical |Derived (treatment
Trials: Visit date = |delay defined as time
Risdiplam/ from symptom onset
nusinersen/ to treatment initiation)
onasemnogene
abeparvovec:
MIN(Date of
treatment)
Early Discrete |Very Neonatal Baseline All
diagnosis important/screening and |characteristics,
early diagnosis |newborn screening
Nutrition Discrete |Very Gastric tube or |[Nutrition: Does the [SMA type 1,
support importantnasal feeding |patient use a SMA type 2,
tube (exclusive/|gastric or nasal SMA type 3
supplemental/ |feeding tube?
no ne) at AT
.”?"?“me”‘ Registries, Clinical
initiation Trials: Visit date =
Risdiplam/
nusinersen/
onasemnogene
abeparvovec:
MIN(Date of
treatment)
Ventilation |Discrete |Very Duration of Pulmonary: Does [SMA type 1,
support importantiventilator use [the patient receive |SMA type 2,
(nighttime/inter |ventilator support? |SMA type 3
mittent/ =Yes
permanent AND
(216h/day) at Pulmonary: Time of
_t”??“”_“e”t ventilator use
initiation

1. Night (during
sleep)

2. Intermittent
day time and
continuous at night
3. Continuous
(>16h/day)

AT

Registries, Clinical
Trials: Visit date =
Risdiplam/
nusinersen/
onasemnogene
abeparvovec: MIN
(Date of treatment)
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Confounder [Type of [Clinical |Definition Operationalization |Applicable to
variabel |relevanc in SMArtCARE analysis population
e? eCRF
Contractures |Discrete |Less Contractures  [Clinical SMA type 1,
important|limiting function [Examination: Are  |[SMA type 2,
(yes/no) at any contractures  |[SMA type 3
treatment present? = Yes
initiation AND
Registries, Clinical
Trials: Type of
limitation = Severe
(imposing limits to
function)
AT
Registries, Clinical
Trials: Visit date =
Risdiplam/
nusinersen/
onasemnogene
abeparvovec: MIN
(Date of treatment)
Motoric Discrete |Very Highest motor |Best current motor |SMA type 2,
function: importantmilestone at  [function: Best SMA type 3
Highest treatment current motor
motor initiation: function
milestone (at None/n.a. AT
Fr?‘?‘tme”t Sitting without [Registries, Clinical
initiation) support Trials: Visit date =
Crawl on hands [Risdiplam/
and knees nusinel’sen/
Standing onasemnogene
without support abeparvovec: MIN
: ) (Date of treatment)
Walking without
support
Climb stairs
Motoric Discrete |Very CHOP-INTEND |CHOP-INTEND: All
Function important/score at Score
CHOP- treatment AT
INTEND initiation Registries, Clinical
Trials: Visit date =
Risdiplam/
nusinersen/
onasemnogene
abeparvovec: MIN
(Date of treatment)
Motoric Discrete |Very Mean HFMSE: total SMA type 1,
Function: importantHammersmith |AT SMA type 2
HFMSE score treatment SMA type 3
score initiation
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Confounder [Type of [Clinical |Definition Operationalization |Applicable to
variabel |relevanc in SMArtCARE analysis population
e? eCRF

Registries, Clinical
Trials: Visit date =
Risdiplam/
nusinersen/
onasemnogene
abeparvovec: MIN
(Date of treatment)

Physical Discrete |Less Physiotherapy SMA type 1,
activity important SMA type 2
Multiple Discrete |Less Multiple Medical history SMA type 1,
disorders important|disorders SMA type 2,

SMA type 3

All confounder variables will be included in the propensity score model as indicated by
their type (continuous, discrete), as long as the criteria regarding the amount of missing
data as specified below is fulfilled.

412 Propensity Score

To adjust for differences in the confounder variables between the treatment groups,
propensity score weighting will be applied if sufficient overlap and balance between the
scores is given, as detailed below.

The propensity score is the probability that a patient was assigned to a treatment
conditional on the observed baseline covariates, e(x) = pr(z = 1 | x), and will be
estimated using logistic regression (6).

After calculation of propensity scores for each patient, the overlap of propensity scores
between the treatment groups will be evaluated. To date, there is no established
criterion for sufficient overlap. Thus an overlap is considered sufficient if the overlap of
propensity score distributions between the treatment groups is >50%, which is in
accordance with the rules defined in the onasemnogene abeparvovec study protocol (7).
If applicable guidelines are available at a later date, the criterion used might be
amended. If the overlap is not sufficient for applying propensity score methods, only
naive comparisons will be performed.
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In case of sufficient overlap, weights will be calculated based on the propensity scores.
Two weighting methods will be considered, inverse probability of treatment weights
(IPTW) and fine stratification weights (8). IPTW defines the weights for treated patients
as 1/PS and weights for patients in the comparison arm as 1/(1 — PS). To avoid extreme
weights, propensity scores above 0.95 and below 0.05 will be excluded from the
analysis. For fine stratification weights, the propensity scores are used to define fine
stratums (9). A fixed width of 0.1 will be used to define stratums, resulting in 10 stratums
total. Weights are then calculated based on the total number of patients within each
stratum, for all stratums with at least one treated and one reference patient, and are
deﬁned as (Ntotal in PS stratum i/ Ntotal) / (Nexposed in PS stratum i/ Ntotal exposed) fOI’ treated patientS,
and as (Ntotal in PS stratum i/ Ntotal) / (Nreference in PS stratum i/ Ntotal reference) fOf the Compafison.

For both weighting methods, the balance between treatment groups for each confounder
variable will be evaluated by calculating standardized differences after weighting. The
balance is sufficient for performing propensity score analyses if abs(SMD) < 0.2 is given
for each confounder. Otherwise, only naive comparisons are performed. If both
weighting methods show sufficient balance between the treatment groups, the weighting
method with the best overall confounder balance after weighting will be used for all
analyses. As an overall measure of balance, the post-weighting C statistic can be used
(10).

A detailed description of the unweighted and weighted analysis population will be done
using baseline characteristics (as described in section 4.6.2).

41.3 Handling of Missing Data

For efficacy variables, an incomplete event date will be replaced by the last day of the
month, assuming the month and year are known. For safety variables, an incomplete
event date will be replaced by the first day of the month (assuming the month and year
are known), unless there is evidence that the patient was event-free within that month, in
which case the date the patient was last known to be event-free within that month will be
used as the event date. Efforts to minimize the amount of missing dates are described in
protocol section 8.6.1.

The Sponsor will emphasize to investigators the importance of collecting complete data,
both for outcome measures and for the confounder variables at baseline required for the
propensity score analysis described above.

In case missing data are still present in the confounder variables, the following steps will
be performed.

4131 Descriptive Analysis of Missing Data

The patterns of missing data for the confounder variables will be summarized with upset-
plots by population and treatment group. Furthermore, the number of complete cases
will be summarized.

EVRYSDI® (risdiplam)—F. Hoffmann-La Roche Ltd
Statistical Analysis Plan ML44661, Version 3.0 22



Depending on the percentage of missing data the method to deal with it will be chosen,
as described below.

4.1.3.2 Dealing with Missing Data

There are different methods to deal with missing data. For this study complete case
analysis and multiple imputation are considered. It is planned to align with the rules of
thumb described by Jakobsen et al. (11). According to these rules missing data can be
ignored, if the proportion of missing data is below 5%. On the other hand, it is not
recommended to use multiple imputation, if more than 40% of the data is missing.

With multiple confounder variables there are two ways to assess the proportion of
missing data, at subject level and at variable level. It is planned to focus on the subject
level first. If 95% or more of the subjects have no missing confounder variables the
complete case analysis will be used, meaning that only patients without missing
confounder variables will be included in the analysis. Otherwise the percentages of
subjects with missing data per confounder variable will be considered. All variables with
an amount of missing data below 40% percent will be included in the multiple imputation
approach (described below). Variables with more than 40% of subjects with missing data
are not imputed at all and are not used as confounder. If a variable is excluded due to
this rule, the distribution between the treatment arms will be assessed after the
propensity weights are implemented. The resulting limitations due to potential
imbalances will be described in the report.

41.3.3 Multiple Imputation

The confounder variables to be included in the multiple imputation are selected as
described before. The missing variables will be imputed by non-missing baseline
covariates using the multiple imputation by chained equations (MICE) algorithm (12). For
numeric variables the Predictive mean matching method is used and for factorial
variables the Logistic regression method (for 2 factors), the Multinomial logit model (for
>2 factors) or the ordered logit model (for >2 ordered factors) is used.

1000 imputed datasets will be generated. For each dataset, propensity scores will be
estimated using logistic regression, as described above. For each patient, propensity
scores will be averaged across all imputed datasets, following the across-approach
previously described (13-15) . Based on the averaged propensity scores, the overlap
between treatment groups will be evaluated, weights will be generated if appropriate and
the balance of confounder variables will be evaluated (Section 4.1.2). All statistical
analyses described in Sections 4.2 - 4.5 will be conducted with the chosen weights.

4.2 PRIMARY ENDPOINT ANALYSIS
42.1 Definition of Primary Enpoints

Pre-symptomatic patients with a 5g-associated SMA and up to three copies of the
SMN2 gene:
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The primary endpoint is the number of AE leading to hospitalization over time. The
primary estimand is defined as follows:

e Population: Presymptomatic patients with a 5q associated SMA and up to three
copies of the SMN2 gene as defined by the study inclusion and exclusion criteria
(see Section 8.2.1 of the protocol)

e Endpoint: number of AE leading to hospitalization over time
e Treatment (see Section 8.2.2 of the protocol):
o Experimental arm: Risdiplam according to SmPC
o Control arm: Nusinersen or onasemnogene abeparvovec according to SmPC
¢ Intercurrent events and handling strategies:
o Early discontinuation from study treatment: Treatment-policy strategy
o Treatment switch: Treatment-policy strategy
e Population-level summary: Rate ratio

Symptomatic patients with a clinically diagnosed SMA type 1:

The primary endpoint is the time to death or permanent ventilation. The primary
estimand is defined as follows:

e Population: Symptomatic patients with a clinically diagnosed SMA type 1 (see
Section 8.2.10f the protocol)

e Endpoint: Time to death or permanent ventilation (two consecutive documentations
of permanent ventilation of > 16 hours/day)

e Treatment (see Section 8.2.2 of the protocol):

o Experimental arm: Risdiplam according to SmPC

o Control arm: Nusinersen or onasemnogene abeparvovec according to SmPC
e Intercurrent events and handling strategies:

o Early discontinuation from study treatment: Treatment-policy strategy

o Treatment switch: Treatment-policy strategy

Population-level summary: hazard ratio

Symptomatic patients with a clinically diagnosed SMA type 2 and up to three
copies of the SMN2 gene:

The primary endpoint is the change from baseline of RULM total score at 12 months
after treatment start. The primary estimand is defined as follows:

e Population: Symptomatic patients with a clinically diagnosed SMA type 2 and up to
three copies of the SMN2 gene (see Section 8.2.1 of the protocol). Only patients
with a baseline value and a value at month 36 after treatment start are included.
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start

Endpoint: Change from baseline of RULM total score at 36 months after treatment

Treatment (see Section 8.2.2 of the protocol):

o Experimental arm: Risdiplam according to SmPC

o  Control arm: Nusinersen or onasemnogene abeparvovec according to SmPC

e Intercurrent events and handling strategies:

o Early discontinuation from study treatment: Treatment-policy strategy

o Treatment switch: Treatment-policy strategy

e Population-level summary: Cohen’s d

Symptomatic patients with a clinically diagnosed SMA type 3 and up to three

copies of the SMN2 gene:

The primary endpoint is the change from baseline of RULM total score at 12 months
after treatment start. The primary estimand is defined as follows:

o Population: Symptomatic patients with a clinically diagnosed SMA type 3 and up to
three copies of the SMN2 gene (see Section 8.2.1 of the protocol). Only patients
with a baseline value and a value at month 36 after treatment start are included.

e Endpoint: Change from baseline of RULM total score at 36 months after treatment

start

e Treatment (see Section 8.2.2 of the protocol):

o Experimental arm: Risdiplam according to SmPC

o  Control arm: Nusinersen or onasemnogene abeparvovec according to SmPC

e Intercurrent events and handling strategies:

o Early discontinuation from study treatment: Treatment-policy strategy

o  Treatment switch: Treatment-policy strategy

Population-level summary: Cohen’s d

Table 6: Operationalization of primary endpoints in SMArtCARE eCRF

Primary Endpoint

Fields of SMArtCARE eCRF

Pre-symptomatic patients

Number of AE leading to
hospitalization over time

¢ Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

e Adverse events: Date recorded

e Adverse events: Has there been any adverse event since
the last visit?

e Adverse events: Has there been unplanned or prolonged
hospitalisation?

e Adverse events: Start date

Patients with SMA Type 1

¢ Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

EVRYSDI® (risdiplam)—F. Hoffmann-La Roche Ltd
Statistical Analysis Plan ML44661, Version 3.0 25



Time to death or permanent | ¢ End of data collection: Date of death
ventilation (two consecutive | ¢  Medical assessment: Visit date
documentations of e Medical assessment: Start of ventilator use
permanent ventilation of > e Medical assessment: Ongoing use of ventilator?
16 hours/day) e Medical assessment: End of ventilator use
e Medical assessment: Time of ventilator use = Continuous
(>16h/day)
Patients with SMA Type 2 | ¢ Nusinersen/onasemnogene abeparvovec/risdiplam:
Change from baseline of MIN(Date of treatment)
RULM total score at 36 e RULM: Date of assessment

months after treatment start | ®© RULM: Total RULM score

Patients with SMA Type 3 | ¢ Nusinersen/onasemnogene abeparvovec/risdiplam:

Change from baseline of MIN(Date of treatment)
RULM total score at 36 e RULM: Date of assessment

months after treatment start | ® RULM: Total RULM score

4.2.2 Main Analytical Approach for Primary Endpoint(s)

Pre-symptomatic patients with a 5q-associated SMA and up to three copies of the
SMNZ2 gene:

The rationale of using FAS population and treatment policy strategy for the primary
estimand is to provide a picture of a treatment effect foreseen in clinical practice when
treatment (including treatment switches) is administered. Additional analysis applying
hypothetical strategy to treatment switches (intercurrent events) will also be provided
(details see Section 4.2.3).

The main analysis for the primary endpoint will be performed using a negative binomial
regression model, which accounts for different follow-up times, with the patient's number
of AE leading to hospitalization as a function of treatment arm and the time that each
patient stays in the included as an offset in the model. This analytic model estimates the
rate ratio, which quantifies the risk of AE leading to hospitalization associated with
risdiplam in comparison to the control arm.

Symptomatic patients with a clinically diagnosed SMA type 1:

The rationale of using FAS population and treatment policy strategy for the primary
estimand is to provide a picture of a treatment effect foreseen in clinical practice when
treatment (including treatment switches) is administered. Additional analysis applying
hypothetical strategy to treatment switches (intercurrent events) will also be provided
(details see Section 4.2.3).

The primary efficacy variable is time to death or permanent ventilation, defined as the
time from index date to the date death or the start date of permanent ventilation
(whichever occurs first). Permanent ventilation is defined as two consecutive
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documentations of permanent ventilation of more than 16 hours/day. Patients who have
not had an event will be censored at the date they are last known to be alive and event
free on or prior to the clinical cutoff date. Data for patients who are enrolled without any
post baseline assessments will be censored at the date of index date plus 1 day.

The main analysis for the primary endpoint will be performed using a Cox proportional
hazards model. A Cox-regression test will be performed and the hazard ratio (and 95%
confidence interval (CI)) will be estimated.

Time to death or permanent ventilation will be presented graphically using Kaplan-Meier
curves and with the median and 25% quantiles based on the Kaplan-Meier approach.
Additionally, the p-value will be presented based on a 1-sided Logrank test.

Symptomatic patients with a clinically diagnosed SMA type 2 and up to three
copies of the SMN2 gene:

The rationale of using FAS population and treatment policy strategy for the primary
estimand is to provide a picture of a treatment effect foreseen in clinical practice when
treatment (including treatment switches) is administered. Additional analysis applying
hypothetical strategy to treatment switches (intercurrent events) will also be provided
(details see Section 4.2.3).

The main analysis for the primary endpoint will be performed using a MMRM. The model
will include the change from baseline at the visits up to 36 months as response variable
and will include the categorical covariates of treatment group, visit, visit-by-treatment
group interaction, baseline RULM Total Score (continuous), as fixed effects. The MMRM
model will assume an unstructured covariance structure. If there are convergence
problems with the model, then a heterogeneous compound symmetry or an
autoregressive (AR) (1) covariance structure may be fitted.

With the estimated means and standard deviations, Cohen’s d will be estimated as a

measure of the effect size via d = %. The estimated treatment difference in the
pooled

mean change from baseline will be presented with a 95% CI and the p-value will be
presented based on a 1-sided t-test. The score and change from baseline score will also
be summarized using descriptive statistics. The mean absolute scores and change from
baseline scores over time will also be presented graphically using a line plot.

As part of the regular SMArtCARE guidelines for follow-up monitoring the RULM is used
for follow-up monitoring of the following patients: Children > 2 years and adults: For all
patients with ability to sit in a wheelchair. Only patients fulfilling the criteria for using the
RULM at baseline with a baseline value and a value at month 36 after treatment start will
be included in the analysis.
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Symptomatic patients with a clinically diagnosed SMA type 3 and up to three
copies of the SMN2 gene:

As described above for type 2 patients.

423 Supplementary Analyses

Pre-symptomatic patients with a 5g-associated SMA and up to three copies of the
SMN2 gene:

The analysis method, population, and definition of intercurrent events will be the same
as the main analysis (Section 4.2.1). However, all treatment switches will follow a
hypothetical strategy, where for patients that switch treatments (risdiplam, nusinersen,
onasemnogene abeparvovec) only AE leading to hospitalization before the treatment
switch will be included in the analysis. The follow up times included into the negative
binominal regression model for these patients ends with the treatment switch.

Symptomatic patients with a clinically diagnosed SMA type 1:

The analysis method, population, and definition of intercurrent events will be the same
as the main analysis (Section 4.2.1).

However, all treatment switches will follow a hypothetical strategy, where the time to
death or permanent ventilation will be censored at the date of treatment switch, to
estimate a treatment effect in the absence of treatment switches.

Symptomatic patients with a clinically diagnosed SMA type 2 and up to three
copies of the SMN2 gene:

The analysis method, population, and definition of intercurrent events will be the same
as the main analysis (Section 4.2.1). However, all treatment switches will follow a
hypothetical strategy, where all values will be censored after the occurrence of the
intercurrent event, to estimate a treatment effect in the absence of treatment switches.
Data censored after treatment switches following hypothetical strategy will be implicitly
imputed by the MMRM model assuming missing at random (MAR).

Symptomatic patients with a clinically diagnosed SMA type 3 and up to three
copies of the SMN2 gene:

As described above for type 2 patients.

424 Sensitivity Analyses

To analyze the heterogenity in the control arm which includes both patients treated with
nusinersen and patients treated with onasemnogene abeparvovec, sensitivity analyses
will be performed. The primary endpoints for all populations will be analyzed by

comparing patients in the experimental arm treated with risdiplam separately to patients
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treated with nusinersen, as well as patients treated with onasemnogene abeparvovec.
The analysis method, population, and definition of intercurrent events will be the same
as the main analysis.

As an additional sensitivity analysis, the primary analysis will also be conducted on the
patient population with prospective enroliment to assess the adequacy of a pooled
analysis for retrospective and prospective enrolled patients.

4.3 SECONDARY ENDPOINTS ANALYSES

Time to event analyses will be presented graphically using Kaplan-Meier curves. The
median time and the 25% quantile (and 95% CIs) will be presented. To quantify the
treatment effect, the hazard ratio (and 95% 2-sided CI) will be estimated using a Cox
proportional hazards model, p-values will be presented based on a 1-sided Cox
Regression test. Additionally, p-values will be presented based on a 1-sided Logrank
test.

Responder analyses will describe the number and percentage of patients who are
classified as a responder. To compare between treatment arms, relative and absolute
effect measures will be presented, including absolute risk reduction, odds ratio and
relative risk with corresponding 95% Cls. Calculation of these effect measures will be
model-based using a logistic regression model. Wald p-values (1-sided) will be
presented for the relative risk.

For analyses describing the change from baseline, an MMRM analysis will be performed
as described in Section 4.2.2. With the estimated means and standard deviations,

Cohen’s d will be estimated as a measure of the effect size via d = —-2-Y2 The

SDpooled
estimated treatment difference in the mean change from baseline will be presented with
a 95% CI and the p-value will be presented based on a 1-sided t-test. The values and
change from baseline values will also be summarized using descriptive statistics. The
mean absolute values and change from baseline values over time will be presented
graphically using a line plot.

43.1 Secondary Endpoints
Table 7. Operationalization of secondary endpoints in SMArtCARE eCRF

Variable \ Fields of SMArtCARE eCRF

Secondary Variables (as applicable)

Time to death ¢ Nusinersen/onasemnogene abeparvovec/risdiplam: MIN
(Date of treatment)
e End of data collection: Date of death

Time to permanent ¢ Nusinersen/onasemnogene abeparvovec/risdiplam:
ventilation (two consecutive MIN(Date of treatment)

documentations of e Medical assessment: Visit date

permanent ventilation e Medical assessment: Start of ventilator use

of >16 hours/day) e Medical assessment: Ongoing use of ventilator?
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Medical assessment: End of ventilator use
Medical assessment: Time of ventilator use = Continuous
(>16h/day)

Time to death or permanent
ventilation (two consecutive

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

documentations of e End of data collection: Date of death
permanent ventilation of > e Medical assessment: Visit date
16 hours/day) e Medical assessment: Start of ventilator use
e Medical assessment: Ongoing use of ventilator?
¢ Medical assessment: End of ventilator use
e Medical assessment: Time of ventilator use = Continuous
(>16h/day)
Time to any respiratory ¢ Nusinersen/onasemnogene abeparvovec/risdiplam:
support MIN(Date of treatment)
¢ Medical assessment: Visit date
¢ Medical assessment: Does the patient receive ventilator
support?
e Medical assessment: Type of ventilation
o Non-invasive
o0 Invasive
Time from first treatmentto | ¢  Nusinersen/onasemnogene abeparvovec/risdiplam:
reaching the WHO motor MIN(Date of treatment)
development milestone e Medical assessment: Best current motor function = Sitting or
“sitting without support” higher current motor function
e Medical assessment: Age gained of new motor milestone
¢ Medical assessment: Age at visit (if age gained of new
motor milestone not filled)
Time from first treatmentto | ¢  Nusinersen/onasemnogene abeparvovec/risdiplam:
reaching the WHO motor MIN(Date of treatment)
development milestone e Medical assessment: Best current motor function = Standing
“standing without support” without support or higher current motor function
e Medical assessment: Age gained of new motor milestone
e Medical assessment: Age at visit (if age gained of new
motor milestone not filled)
Time from first treatmentto | ¢ Nusinersen/onasemnogene abeparvovec/risdiplam:
reaching the WHO motor MIN(Date of treatment)
development milestone e Medical assessment: Best current motor function = Walking
“walking without support” without support
¢ Medical assessment: Age gained of new motor milestone
Medical assessment: Age at visit (if age gained of new
motor milestone not filled)
Time from gaining WHO e Medical assessment: Best current motor function
motor development e Medical assessment: Changes in motor milestones
milestone to permanent ¢ Medical assessment: Age gained of new motor milestone
loss of milestone ability: e Medical assessment: Age loss of previous motor milestone
e Medical assessment: Age at visit (if age gained/loss of motor

e Loss of the ability to sit
without support

e Loss of the ability to
stand without support

e Loss of the ability to
walk without support

milestone not filled)

Change from baseline in
CHOP INTEND total score

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)
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at 12, 24 and 36 months
after treatment start

CHOP-INTEND: Date of evaluation
CHOP-INTEND: Score

Change from baseline in
HFMSE total score at 12,
24 and 36 months after
treatment start

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

HFMSE: Date of assessment

HFMSE: Extended Total HFMSE

Change from baseline in
RULM total score at 12 and
24 months after treatment
start

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

RULM: Date of assessment

RULM: Total RULM score

For ambulatory patients:

relative change from
baseline in walking
distance at 12, 24 and 36
months after treatment start

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

Walk test: Date of assessment

Walk test: distance_na

For ambulatory patients:

Evaluation of the total
walking distance at month
36 after treatment start

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

Walk test: Date of assessment

Walk test: distance_na

Proportion of patients with
deterioration of swallowing
function at 12, 24, 36
months after treatment start

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

Medical assessment: Visit date

Medical assessment: Swallowing? = With difficulties

Medical assessment: Does the patient use a gastric or nasal
feeding tube? = Yes - exclusively fed by tube

Medical assessment: Does the patient use a gastric or nasal
feeding tube? = Yes — supplementary e.g. for fluids.

Medical assessment: Start of tube feeding (date)

Medical assessment: Visit date (if start of feeding tube not
filled).

Proportion of patients with
need of non-oral nutritional
support at 12, 24, 36
months after treatment start

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

Medical assessment: Does the patient use a gastric or nasal
feeding tube? = Yes - exclusively fed by tube

Medical assessment: Does the patient use a gastric or nasal
feeding tube? = Yes — supplementary e.g. for fluids

Medical assessment: Start of tube feeding (date)

Medical assessment: Visit date (if start date of feeding tube
not filled)

Proportion of patients with
age-appropriate Bayley IlI
scores in the subscales
“Expressive Language” and
“Receptive Language” at
24 months of age

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

Bayley: Date of Evaluation

Bayley: Expressive Language

Bayley: Receptive Language

Time to first documentation
of scoliosis or orthopedic
surgery

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

Medical assessment: Visit date

Medical assessment: Does the patient have scoliosis?

Medical assessment: Orthopedic surgery since last visit?
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Time to first documentation
of scoliosis

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

Medical assessment: Visit date

Medical assessment: Does the patient have scoliosis?

Time to first documentation
of orthopedic surgery

Nusinersen/onasemnogene abeparvovec/risdiplam:
MIN(Date of treatment)

Medical assessment: Visit date

Medical assessment: Orthopedic surgery since last visit?

Number of planned
hospitalizations over time
(including hospitalizations
for SMA treatment
administration)

Nusinersen/onasemnogene abeparvovec/risdiplam:

MIN(Date of treatment)

Medical assessment: Visit date

Medical assessment: Planned hospitalization since last visit

(except for treatment administration)?

Medical assessment: Admission date

Nusinersen/onasemnogene abeparvovec; Care setting =

Inpatient (overnight)?
Note: Onasemnogene abeparvovec is exclusively
administered in an inpatient setting in Germany.
SMArtCARE CRF accordingly refers to the
hospitalization for treatment. One planned
hospitalization is counted for each patient receiving
onasemnogene abeparvovec at the date of
treatment.

4311 Time to death

Time-to-death is defined as the time in months from the date of first treatment
administration until the date of death from any cause. Patients with no death reported
prior to the analysis cutoff date will be censored at the latest date before the cutoff in
which they were known to be alive. Patients who have been withdrawn from the study
with no event reported prior to withdrawal will be censored at the date of withdrawal.

43.1.2 Time to permanent ventilation

Time to permanent ventilation is defined as the time from date of first treatment
administration to the first documentation of permanent ventilation. Permanent ventilation
is defined as two consecutive documentations of ventilation of at least 16 hours per day.
Patients with no event reported prior to the analysis cutoff date will be censored at the
latest date before the cutoff in which they were known to be without permanent
ventilation. Patients who have been withdrawn from the study with no event reported
prior to withdrawal will be censored at the date of withdrawal.

4.3.1.3 Time to death or permanent ventilation

See Section 4.2.1.

43.1.4 Time to any respiratory support

Time to any respiratory support is defined as the time from date of first treatment
administration to the first documentation of ventilator support. Patients with no event
reported prior to the analysis cutoff date will be censored at the latest date before the
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cutoff in which they were known to be without any respiratory support. Patients who
have been withdrawn from the study with no event reported prior to withdrawal will be
censored at the date of withdrawal.

4.3.1.5 Time from first treatment to reaching the WHO motor
development milestone “sitting without support”
Time to reaching the WHO motor development milestone “sitting without support” is
defined as the time from date of first treatment administration to the first documentation
of reaching the WHO motor development milestone “sitting without support”. Patients
with no event reported prior to the analysis cutoff date will be censored at the latest date
before the cutoff in which they were known to have not reached the motor milestone.
Patients who have been withdrawn from the study with no event reported prior to
withdrawal will be censored at the date of withdrawal. Patients who have reached the
motor milestone “sitting without support” at the time of first treatment administration will
be excluded from the analysis.

4.3.1.6 Time from first treatment to reaching the WHO motor
development milestone “standing without support”
Time to reaching the WHO motor development milestone “standing without support” is
defined as the time from date of first treatment administration to the first documentation
of reaching the WHO motor development milestone “standing without support”. Patients
with no event reported prior to the analysis cutoff date will be censored at the latest date
before the cutoff in which they were known to have not reached the motor milestone.
Patients who have been withdrawn from the study with no event reported prior to
withdrawal will be censored at the date of withdrawal. Patients who have reached the
motor milestone “standing without support” at the time of first treatment administration
will be excluded from the analysis.

4.3.1.7 Time from first treatment to reaching the WHO motor
development milestone “walking without support”

Time to reaching the WHO motor development milestone “walking without support” is
defined as the time from date of first treatment administration to the first documentation
of reaching the WHO motor development milestone “walking without support”. Patients
with no event reported prior to the analysis cutoff date will be censored at the latest date
before the cutoff in which they were known to have not reached the motor milestone.
Patients who have been withdrawn from the study with no event reported prior to
withdrawal will be censored at the date of withdrawal. Patients who have reached the
motor milestone “walking without support” at the time of first treatment administration will
be excluded from the analysis.
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4.3.1.8 Time from gaining WHO motor development milestone to
permanent loss of milestone ability: Loss of the ability to sit
without support
Time to the permanent loss of the ability to sit without support is defined as the time from
the date of gaining the WHO motor development milestone “sitting without support” to
the first documentation of loss of the milestone ability. Documentation of the new
(worsened) highest motor milestone at 2 consecutive visits is required. Patients with no
event reported prior to the analysis cutoff date will be censored at the latest date before
the cutoff in which they were known to have not lost the motor milestone. Patients who
have been withdrawn from the study with no event reported prior to withdrawal will be
censored at the date of withdrawal.

Only patients who have a documented date for gaining the motor milestone “sitting
without support” will be included in the analysis.

4.3.1.9 Time from gaining WHO motor development milestone to
permanent loss of milestone ability: Loss of the ability to stand
without support
Time to the permanent loss of the ability to stand without support is defined as the time
from the date of gaining the WHO motor development milestone “standing without
support” to the first documentation of loss of the milestone ability. Documentation of the
new (worsened) highest motor milestone at 2 consecutive visits is required. Patients with
no event reported prior to the analysis cutoff date will be censored at the latest date
before the cutoff in which they were known to have not lost the motor milestone. Patients
who have been withdrawn from the study with no event reported prior to withdrawal will
be censored at the date of withdrawal.

Only patients who have a documented date for gaining the motor milestone “standing
without support” will be included in the analysis.

4.3.1.10 Time from gaining WHO motor development milestone to
permanent loss of milestone ability: Loss of the ability to walk
without support
Time to the permanent loss of the ability to walk without support is defined as the time
from the date of gaining the WHO motor development milestone “walking without
support” to the first documentation of loss of the milestone ability. Documentation of the
new (worsened) highest motor milestone at 2 consecutive visits is required. Patients with
no event reported prior to the analysis cutoff date will be censored at the latest date
before the cutoff in which they were known to have not lost the motor milestone. Patients
who have been withdrawn from the study with no event reported prior to withdrawal will
be censored at the date of withdrawal.

Only patients who have a documented date for gaining the motor milestone “walking
without support” will be included in the analysis.
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4.3.1.11 Change from baseline in CHOP INTEND total score at 12, 24
and 36 months after treatment start

The change from baseline in the CHOP INTEND total score at 12, 24 and 36 months
after treatment start will be presented.

The CHOP-INTEND consists of 16 items scored from 0 to 4, with a higher score
indicating better motor skills. Both the left and right sides are scored and the maximum
score is selected for the final item score. The total score is calculated by summing the
item scores to give a maximum possible score of 64. If an individual item is missing or
‘Cannot Test (CNT)’ is recorded, the item score will be set to 0.

As part of the regular SMArtCARE guidelines for follow-up monitoring, the CHOP-
INTEND is used for the following patients: Children: All children < 2 years of age; All
patients > 2 years of age without ability to sit. Adults: For patients without ability to sit.

Only patients fulfilling the criteria for using the CHOP-INTEND at baseline with a
baseline value and a value at the respective month after treatment start will be included
in the analysis.

4.3.1.12 Change from baseline in HFMSE total score at 12, 24 and 36
months after treatment start

The change from baseline in the total score of HFMSE at 12, 24 and 36 months after

treatment start will be presented.

The HFMSE was developed to assess the motor function ability of individuals aged two
years or older, with Type 2 and 3 SMA (16). The scale contains 33 items which score on
a 3-point Likert scale (0-2) and are summed to derive the total score, with lower scores
indicating greater impairment. The HFMSE was designed to assess important functional
abilities, including standing, transfer, ambulation, and proximal and axial function.

For items recorded as “Not Done” for the HFMSE scale, these items are considered as
missing with missing item scores.

If 6 or fewer items are missing, the missing items will be imputed to be “0” (unable to
perform the task) prior to the calculation of the total score of HFMSE. If more than 6
items are missing at an assessment time point, the total score of HFMSE at this
assessment time point will not be calculated.

As part of the regular SMArtCARE guidelines the HFMSE | is used for follow-up
monitoring of the following patients: Children > 2 years for all patients with ability to sit; If
CHOP INTEND score >50: CHOP INTEND and HFMSE; If CHOP INTEND score >60:
HFMSE instead of CHOP INTEND. Adults: All patients with ability to sit.

Only patients fulfilling the criteria for using the HFMSE at baseline with a baseline value
and a value at the respective month after treatment start will be included in the analysis.
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4.3.1.13 For ambulatory patients: relative change in walking distance
from baseline at 12, 24 and 36 months after treatment start

For the relative change from baseline in walking distance at months 12, 24 and 36 after

treatment start, the mean relative distance and relative change from baseline distance at

each time point will be summarized using descriptive statistics and presented graphically

using a line plot.

Walking distance describes the distance walked in the 6 minute walking test.

As part of the regular SMArtCARE guidelines for follow-up monitoring, the test is used
for the following patients: > 2 years for all patients with ability to walk.

Only patients fulfilling the criteria for using the 6 minute walking test at baseline with a
baseline value and a value at the respective month after treatment start will be included
in the analysis.

4.3.1.14 For ambulatory patients: evaluation of the total walking
distance at month 36 after treatment start

For the evaluation of the total walking distance at month 36 after treatment start, the

mean total distance and difference between means will be summarized using descriptive

statistics.

4.3.1.15 Proportion of patients with deterioration of swallowing
function at 12, 24, 36 months after treatment start

The assessed swallowing function is ordered as follows:

No feeding tube, swallowing = normal

No feeding tube, swallowing = with difficulties
Feeding tube (supplementary e.g. for fluids)
Feeding tube (exclusively fed by tube)

E A

A shift table will present the number/percentage of patients per category at 12, 24 and
36 months after treatment start versus the corresponding swallowing function at
baseline.

4.3.1.16 Proportion of patients with need of non-oral nutritional support
at 12, 24, 36 months after treatment start

Non-oral nutritional support includes the use of a gastral or nasal feeding tube, either

exclusively or supplementary.

The proportion of patients with need of non-oral nutritional support at 12, 24 and 36
months after treatment start will be presented. Patients who have needed non-oral
nutritional support at least once between the start of treatment and the respective time
point will be classified as responders. Patients who have no need of non-oral nutritional
support, or have been withdrawn, or died, will be classified as non-responders for the
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analysis. Patients with only missing assessments will also be classified as non-
responders.

4.3.1.17 Proportion of patients with age-appropriate Bayley Il scores in
the subscales “Expressive Language” and “Receptive
Language” at 24 months of age
The proportion of patients with age-appropriate Bayley Il scores in the subscales
“Expressive Language” and “Receptive Language” at 24 months of age will be
presented. Patients who do not show age-appropriate Bayley Il scores will be classified
as non-responders for the analysis. Patients with a missing Bayley Ill score assessment
at month 24 will also be classified as non-responders, if the patient was in the study at
this age and the option for an age-appropriate Bayley Il assessment was given.

The Bayley scale of infant development (BSID)-IIl assesses the developmental progress
of infants and young children, and is primarily used to identify children with
developmental delays and to evaluate the impact of intervention efforts. The BSID-III
consists of a core battery of five scales: three scales are administered with child
interaction, the Cognitive Scale, the Language Scale (Receptive Communication and
Expressive Communication), and the Motor Scale (Fine Motor and Gross Motor); two
additional scales (Social-Emotional and Adaptive Behavior) are conducted with
parent/caregiver questionnaires (Bayley 2006).

Age-appropriate scores will be defined as growth scores above the 5" percentile at
month 24 as given in the BSID-IIl manual.

As part of the regular SMArtCARE guidelines for follow-up monitoring, the Bayley Il is
evaluated once for children at the age of 24 months. Only patients with the option for an
age-appropriate Bayley Il assessment at month 24 of age are included in the analysis.

4.3.1.18 Time to first documentation of scoliosis or orthopedic surgery
Time to first documentation of severe scoliosis or orthopedic surgery is defined as the
time from date of first treatment administration to the first documentation of scoliosis or
to the first documentation of orthopedic surgery, whichever comes first. Patients with no
event reported prior to the analysis cutoff date will be censored at the latest date before
the cutoff in which they were known to be without scoliosis or orthopedic surgery.
Patients who have been withdrawn from the study with no event reported prior to
withdrawal will be censored at the date of withdrawal. Patients with scoliosis at the time
of treatment start will be excluded from the analysis.

4.3.1.19 Time to first documentation of scoliosis

Time to first documentation of scoliosis is defined as the time from date of first treatment
administration to the first documentation of scoliosis. Patients with no event reported
prior to the analysis cutoff date will be censored at the latest date before the cutoff in
which they were known to be without scoliosis. Patients who have been withdrawn from
the study with no event reported prior to withdrawal will be censored at the date of
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withdrawal. Patients with scoliosis at the time of treatment start will be excluded from the
analysis.

4.3.1.20 Time to first documentation of orthopedic surgery

Time to first documentation of orthopedic surgery is defined as the time from date of first
treatment administration to the first documentation of orthopedic surgery. Patients with
no event reported prior to the analysis cutoff date will be censored at the latest date
before the cutoff in which they were known to be without any orthopedic surgery.
Patients who have been withdrawn from the study with no event reported prior to
withdrawal will be censored at the date of withdrawal. Patients with severe scoliosis at
the time of treatment start will be excluded from the analysis.

4.3.1.21 Number of planned hospitalizations over time (including
hospitalizations for SMA treatment administration)

The comparison of the number of planned hospitalization over time between the arms
will be performed using a negative binomial regression model, which accounts for
different follow-up times, with the patient’'s number of planned hospitalizations as a
function of the treatment arm and the time that each patient stays in the hospital
included as an offset in the model. This analytic model estimates the rate ratio, which
guantifies the risk of planned hospitalization associated with risdiplam in comparison to
the control arm.

4.4 SUBGROUP ANALYSES

Subgroup analyses will be performed to investigate the generalizability of the results
when comparing risdiplam to the control arm.Analyses will be presented for the following
subgroups:

Table 8: Subgroups

Subgroups Categories Populations
Sex Male, female All
Age at treatment initiation 0 to 18 months, 18 months to | All

5 years, 6 to 11 years, 12 to
17 years, and 18 to 25
years, > 25 years

Geographic region Germany, Austria All

History of scoliosis surgery Yes, no SMA2, SMA3
Highest motor milestone at None, Sitting without support, | All

baseline (disease severity) Crawl on hands and knees,

Standing without support,
Walking without support,
Climb stairs

Nutrition support Yes — exclusively, yes — All
supplementary, no
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Subgroups Categories Populations
Ventilation support Yes, no All

Contractures Yes, no SMA1, SMA2, SMA3
SMN2 Copy Number 1,2,3 All

Baseline CHOP-INTEND

< median score, > median
score?

SMAL, presymptomatic

Baseline HFMSE score < median score, > median SMA2, SMA3
score

Baseline CMAP amplitude <1.5mV, =1.5mV presymptomatic

Time between first treatment < 3 months, > 3 months SMA1

and onset of symptoms

ajn accordance with the real world data collection for the reassessment of the additional benefit of
onasemnogene abeparvovec

Interaction tests (likelihood-ratio-tests) will be done for all subgroups, excluding
categories like “missing” or “unknown”. The corresponding p-values will not be
interpreted if in both arms combined there are less than 10 patients or events in one
category. The significant interactions will be discussed in detail in the report. The
consistency of the results across the various endpoints will be assessed, as well as the
concordance of the effects in the individual subgroup categories. During the
interpretation of the results it will also considered whether there is a medical rationale for
an effect modification.

4.5 SAFETY ANALYSES

45.1 Adverse Events
Table 9: Operationalization of safety endpoints in SMArtCARE eCRF

Variable Fields of SMArtCARE eCRF

Safety Variables

Nusinersen/onasemnogene abeparvovec/risdiplam:

MIN(Date of treatment)

e Adverse events: Date recorded

e Adverse events: Has there been any adverse event since
the last visit?

e Adverse events: Has there been unplanned or prolonged
hospitalization?

e Adverse events: Start date

Proportion of patients with ¢ Nusinersen/onasemnogene abeparvovec/risdiplam:

a SAE MIN(Date of treatment)

e Adverse events: Date recorded

e Adverse events: Has there been any adverse event since
the last visit?

e Adverse events: Has there been unplanned or prolonged
hospitalization?

e Adverse event: Start date

e Adverse event: Description of adverse event

Number of AE leading to *
hospitalization over time
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Variable Fields of SMArtCARE eCRF

Safety Variables

Proportion of patients with ¢ Nusinersen/onasemnogene abeparvovec/risdiplam:
an AE leading to MIN(Date of treatment)
hospitalization e Adverse events: Date recorded

Adverse events: Has there been any adverse event since
the last visit?

e Adverse events: Has there been unplanned or prolonged
hospitalization?

e Adverse event: Start date

Proportion of patients with ¢ Nusinersen/onasemnogene abeparvovec/risdiplam:
a selected SAE (each of MIN(Date of treatment)
the of the following): e Adverse events: Date recorded

e Adverse events: Has there been any adverse event since
the last visit?
¢ Adverse events: Has there been unplanned or prolonged

e retinopathy
o effect on epithelial

. :Ihsrsolﬁb ocytopenia hospitalization? _
« nephropathy . Adve_rse_ evgnts: Any unexpected events without
«  hydrocephalus hospitalization?
e hepatopathy e Adverse events: Type of unexpected event
e cardiac events e Adverse events: Start date
e Adverse event: Description of adverse event

e sensory

neuropathy

The analysis of safety outcomes/variables is based on SAE, AE leading to
hospitalization and selected SAE. The number and percentage of patients with a
(serious) adverse event in each category will be summarized and compared using
relative and absolute effect measures, including absolute risk reduction, odds ratio and
relative risk. Calculation of these effect measures will be model-based using a logistic
regression model. Wald p-values (1-sided) will be presented for the relative risk.

All SAE, AE leading to hospitalization and selected SAE term entered by the physician
describing the event (the “verbatim term”) will be assigned to a standardized term (the
“preferred term”) based on the most up-to-date version of MedDRA. Data displays of
SAE and selected SAE will be performed using the preferred terms and their according
system organ class.

The proportion of patients with SAE, AE leading to hospitalization and selected SAE will
be summarized using the preferred terms and their according system organ class.

The number of AE leading to hospitalization over time will be analyzed separately using
negative binomial regression models.
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All safety analyses will follow the hypothetical strategy for treatment switches. For
responder analyses, only adverse events before the treatment switch will be considered.
For the number of AE leading to hospitalization over time, only AE leading to
hospitalization before the treatment switch will be included and the follow up times
included into the negative binominal regression model for these patients end with the
treatment switch. Additionally, all safety analyses will be analyzed using the treatment-
policy strategy for all intercurrent events.

4.6 OTHER ANALYSES
46.1 Patient Disposition

All summaries will be done by treatment group and by retrospective / prospective
enrolled patients.

Population details will be presented based on the total population in terms of:

o Number of patients enrolled (= FAS)
o  Number of patients treated

The disposition will be summarized as the overall count and percentage of patients who
completed respectively discontinued the study prematurely including the categories for
the primary reason for withdrawal as specified in the CRF.

4.6.2 Summaries of Demographics and Baseline Characteristics

Demographic and baseline characteristics such as age, sex, geographic region, and
baseline disease characteristics (such as history of scoliosis surgery, highest motor
milestone, HFMSE score, nutrition support, ventilation support, contractures, SMN2
Copy Number, CHOP-INTEND, CMAP amplitude, time between first treatment and
onset of symptoms, pre-existing illness, need for wheelchair, participation in other
registries) will be summarized by treatment group and by retrospective / prospective
enrolled patients using means, SDs, medians, and ranges for continuous variables, and
counts and proportions for categorical variables, as appropriate.

4.6.3 Concomitant medication/ Therapy interventions

Concomitant medication on regular basis (treatment names), Therapy interventions
(Physiotherapy, Feeding/Speech therapy, Occupational therapy, Other) and will be
summarized by treatment group.

46.4 Extent of Exposure

The exposure (duration of treatment) to SMA-Medication (risdiplam, nusinersen,) will be
summarized by treatment group. Dose and number of interruptions (> 4 weeks) for
risdiplam will be summarized. The number of subjects treated with onasemnogene
abeparvovec will be summarized.
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The number of subjects that switched treatment will be summarized by treatment group.
The exposure (duration of treatment) for the switched treatments will be summarized as
well.

46.5 Orthoses/Devices/Wheelchair use

The use, location and type of orthoses, the use and type of devices and the use and
type of wheelchairs will be summarized by treatment group and visit.

4.6.6 Observation period

The patient-related observation period will be summarized (median, min, max) by
treatment group and by retrospective / prospective enrolled patients (overall and end-
point specific if applicable).

4.7 INTERIM ANALYSES / STATUS REPORTS

4.7.1 Planned interim analyses and status reports

First status report (submission 6 months after study start):

Disposition, summaries of demographics / baseline characteristics, exposure and
patient-related observation period will be analyzed as described above and will be
presented in the status report. Further analyses might be conducted and presented if
appropriate. The data cut for this analysis will be at study start (retrospective enrolled
patients and, if possible, prospective enrolled patients).

Second status report and first interim analysis (submission 18 months after study start):

Disposition, summaries of demographics / baseline characteristics, exposure and
patient-related observation period will be analyzed as described above. The primary
endpoints (and secondary endpoints if appropriate) will be analyzed as described above.
Module 4 of the dossier template will be used to submit the results. Based on this interim
analysis, the sample size will be calculated using observed effect sizes and recruitment
rates as assumptions considering all relevant endpoints.. If the expected power is less
than 60% for a primary endpoint (and relevant secondary endpoints) the enroliment
might be stopped due to futility in the respective population. For populations without a
calculated sample size at study start, the same procedure will be conducted to check for
futility. The data cut for this analysis will be 12 months after study start.

Third status report and second interim analysis (submission 30 months after study start):

Disposition, summaries of demographics / baseline characteristics, exposure and
patient-related observation period will be analyzed as described above. The primary
endpoints (and secondary endpoints if appropriate) will be analyzed as described above.
Module 4 of the dossier template will be used to submit the results. If the expected
power is less than 60% for a primary endpoint (and relevant secondary endpoints) the

EVRYSDI® (risdiplam)—F. Hoffmann-La Roche Ltd
Statistical Analysis Plan ML44661, Version 3.0 42



enrolliment might be stopped due to futility in the respective population. The data cut for
this analysis will be 24 months after study start.

4.8 CHANGES TO PROTOCOL-PLANNED ANALYSES
Not applicable.

5. SUPPORTING DOCUMENTATION

This section is not applicable, since there is no additional supporting document.
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1. Introduction and objective

Spinal muscular atrophy (SMA) is a rare, genetic neuromuscular disorder character-
ized by the progressive and irreversible loss of motor neurons, resulting in muscle
wasting. This leads to advancing muscle weakness and paralysis, difficulties in swal-
lowing and breathing, and, in more severe cases, premature death (Mercuri et al.,
2018), (Kolb & Kissel, 2015).

SMA is caused by the homozygous deletion of the survival motor neuron gene 1
(SMN1), which results in a deficiency of survival motor neuron (SMN) protein (Kolb &
Kissel, 2015). This protein is crucial for motor neuron health and survival. Additionally,
there is a backup gene, survival motor neuron 2 (SMN2), which is closely homologous
to SMN1 and capable of producing the SMN protein. Individuals affected by SMA pri-
marily rely on the SMIN2 gene due to a mutation on chromosome 5q that renders the
SMIN1 gene unable to produce adequate levels of functional SMN protein. Neverthe-
less, it is important to note that only about 10-15% of the protein produced by SMN2
is full-length and functional (Lefebvre et al., 1995), (Darbar et al., 2011). Research
indicates that enhancing SMN protein levels offers significant clinical benefits for in-
dividuals across various SMA types (Anderton & Mastaglia, 2015).

SMA is classified into five types (0 through 4), each defined by symptom severity, age
at onset, and motor milestones achieved. SMA type 0O, detected prenatally, involves
no motor milestones. Type 1 appears from 0 to 6 months, and is characterized by
minimal head control and supported sitting. Type 2 occurs between 6 to 18 months,
with the ability to sit but not stand independently. Type 3, emerging after 18 months,
enables walking, while type 4, presenting in adulthood, maintains full motor functions
(Angilletta et al., 2023). The number of SMN2 gene copies an individual has is in-
versely related to the severity of the disease and correlates with the type of SMA;
SMA type 0, the most severe form, is associated with only one copy of the SMN2 gene.
SMA type 1 patients have two copies, and SMA type 2 varies between two to three
copies, indicating a moderate form of the disease; 97% of infants with two copies of
SMN2 will develop type 1 SMA. Conversely, infants with three SMIN2 copies have a 7%
chance of developing type 1 SMA and an 83% chance of developing type 2 SMA. SMA
type 3 patients possess three to four copies, leading to a milder disease manifesta-
tion. Lastly, SMA type 4, which presents in adulthood with the mildest symptoms, is
characterized by the presence of four or more SMN2 gene copies (Angilletta et al.,

2023), (Calucho et al., 2018), (Wirth et al., 2020).

Infants with SMA type 1, while alert and aware, experience a loss of the ability to
swallow and feed safely by mouth, and do not achieve any developmental milestones
beyond their initial presentation. These infants develop progressive skeletal muscle
weakness and atrophy, and they suffer from chronic ventilatory failure(Kolb & Kissel,
2015),(De Sanctis et al., 2018), (Wadman et al., 2020). SMA type 2 is characterized by
the peak motor skill of being able to sit unsupported, typically reached around an
average age of 1 year (Lin et al., 2015), (Farrar et al., 2017). In contrast, SMA type 3 is
differentiated from type 2 by the ability of individuals to walk independently (Fujak
et al., 2013).
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The primary cause of mortality among these patients is respiratory failure (Mercuri et
al., 2018), (Farrar et al., 2023). Infants with SMA experience rapid and significant mus-
cle weakening, which progresses to the inability to breathe or swallow. Death typically
occurs following a severe respiratory illness (Finkel et al., 2018). SMA type 0 typically
has a life expectancy of less than 6 months. SMA type 1, also severe, has a life expec-
tancy of less than 2 years, while patients with SMA type 2 generally have a life expec-
tancy of more than 2 years. Both SMA types 3 and 4, which are less severe, allow
individuals to reach adulthood with a reduced impact on life expectancy compared to
the more severe types (Angilletta et al., 2023), (M. J. Wang et al., 2022).

The Institute for Quality and Efficiency in Health Care (IQWiG) issued a rapid report
on May 13, 2020, titled "Concepts for the generation of data in health care settings
and their evaluation for the purpose of assessing the benefit of drugs according to §
35a SGB V," version 1.1 (Institut fir Qualitdt und Wirtschaftlichkeit im Gesund-
heitswesen, 2020). This document offers guidance on how to analyze patient-specific
data within the context of drug benefit assessments under § 35a SGB V. IQWiG ad-
dresses crucial elements such as the planning of studies and statistical analyses, as
well as the significance of accounting for confounders in studies that are not random-
ized. The report stresses the need for a priori definition of confounders based on sci-
entific literature and, where necessary, their validation by clinical experts. Accord-
ingly, this project aimed to carry out a systematic literature review (SLR) to identify
potential confounders in this clinical area, outlined in national and international
guidelines, recommendations, and publications, and validate them with clinical ex-
perts, to assist Roche in analyzing the data for the benefit assessment of Evrysdi
(risdiplam), ensuring compliance with the evidence development requirements in
Germany.
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2. Methodology

2.1 Overview and Objectives

This project was conducted in two distinct phases; the first phase, consisting of two
individual steps, involved the systematic identification of evidence-based guidelines
and recommendations (step 1), as well as systematic reviews and meta-analyses (step
2), that reported potential confounders in the indication of SMA, through literature
searching in relevant databases. The second phase focused on the validation of these
confounders through engagement with key opinion leaders (KOLs). Figure 1 provides
an overview of the two phases, with further details presented below: identification
of confounders through the SLR, and validation of confounders via expert input.

Phase 1: Identification of Confounders

. Objective: To systematically identify evidence-based guidelines and
recommendations, as well as systematic review and meta-analyses studies,
that report potential confounders in the indication of SMA.

. Tasks:

> Develop appropriate inclusion and exclusion criteria to ensure
the relevance and quality of the data collected;

> Conduct a comprehensive literature review in pre-specified da-
tabases to identify existing guidelines, recommendations, and non-ran-
domized studies that report confounders;

> Create a database or spreadsheet to organize and catalog the
confounders identified during the literature review;

> Summarize findings in a preliminary report that lists all poten-
tial confounders extracted from the literature review.

Phase 2: Validation of the Confounders

. Objective: To validate the identified confounders through expert input
via interviews and/or a workshop (or via email).

. Tasks:

> Identify and recruit KOLs in the field, ensuring a broad repre-
sentation of expertise.

> Design and plan interviews or a workshop with these KOLs to
discuss and validate the identified confounders.




Phase 1
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> Develop interview guides or workshop materials focusing on
the evaluation of the relevance and impact of each identified con-
founder.

> Conduct the interviews or workshop, collecting detailed feed-
back from the KOLs.

> Analyze the feedback to determine which confounders are
most significant and relevant according to expert consensus.

> Finalize report following input from KOLs.

Figure 1: Overview of methodology in this study

Identification of guidelines and rec-

ommendations Identification of systematic reviews

e Systematic guidelines & recom- and meta-analyses

mendations searches on MEDLINE e  Systematic searches of non-ran-

domized studies on MEDLINE and
e Free-hand search on German and Cochrane databases
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o -

Extraction of confounders
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Final list of confounders
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2.2 Phase 1: Identification of Confounders

2.2.1 Scope for the review

The review aimed to conduct an SLR to identify potential confounders cited in na-
tional and international guidelines, recommendations, and publications (systematic
reviews and meta-analyses). The review process is integral to the broader scope of
this research, and involves an identification of potential confounders as detailed in
relevant guidelines and publications across various regions. The aim is to ensure a
comprehensive understanding and precise accounting of confounding variables in
SMA clinical research contexts.

To fulfil the requirements for identifying confounders in non-randomized studies, a
two-step methodological approach was employed. In step 1, evidence-based guide-
lines and recommendations were identified through a systematic search of the MED-
LINE bibliographic database. Subsequently, a supplementary structured free-hand
search was carried out across various databases and on specific websites of German
and international professional societies. In step 2, a systematic search was performed
in the bibliographic databases MEDLINE and the Cochrane Database to identify full-
text publications of systematic reviews and meta-analyses in the indication of SMA.

2.2.2 Data sources

The bibliographic databases used for systematic information retrieval included MED-
LINE (PubMed) and the Cochrane Library (Cochrane Database of Systematic Reviews),
with supplementary free-hand searching performed to ensure that all relevant rec-
ords were identified.

2.2.2.1 Guidelines and recommendations

The bibliographic search was conducted within the MEDLINE bibliographic database
using an appropriate search strategy. Details of the search strategy can be found in
Annex 1.

Additionally, a structured free-hand search was performed across various databases
and websites. Each search strategy was individually adapted to suit the specific re-
qguirements of the respective databases and websites. This search took place in the
following databases and organization websites: Association of the Scientific Medical
Societies (AWMF), Canadian Medical Association (CMA) Infobase, Turning Research
Into Practice (TRIP) Database, and Google Scholar. Additionally, a general internet
search was executed to identify current guidelines from German organizations, in-
cluding Gesellschaft fir Neuropadiatrie and Deutsche Gesellschaft fir Muskelkranke
e.V., as well as international bodies including Translational Research in Europe for the
Assessment and Treatment of Neuromuscular Disease (Treat-NMD), Neuromuscular
Network, SMA Europe, and Cure SMA. Searches also covered the PubMed database
to ensure comprehensive coverage.
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2.2.2.2 Systematic reviews and Meta-analyses

This search was conducted within the MEDLINE bibliographic database and the
Cochrane Database of Systematic Reviews. The search strategies were individually
tailored and structured for each database. Detailed descriptions of the search strate-
gies can be found in Annex 1 and Annex 2.

2.2.3 Search strategies

The search strings used were designed in a manner analogous to the evidence search
conducted by the Federal Joint Committee (Gemeinsamer Bundesausschuss, GBA).
The search strategies employed a combination of relevant controlled vocabulary and
natural language to strike a balance between sensitivity and specificity. All search
terms used for each included database are documented in Annex 1 and Annex 2.

2.2.4 Inclusion criteria

2.2.4.1Types of study to be included

The records eligible for inclusion can be classified into two publication types: (1) cur-
rent valid versions of evidence-based guidelines and recommendations, and (Il) full-
text publications of systematic reviews and meta-analyses. Both record types should
be related to the indication of SMA.

2.2.4.2 Population

The population of interest for this review comprised patients diagnosed with SMA
(entire indication included for the guidelines and recommendations review), with the
inclusion criteria detailed for different patient groups with an SMA diagnosis for the
systematic reviews and meta-analyses review:

- Presymptomatic Patients: These include individuals with 5g-associated SMA
who have a biallelic mutation in the SMN1 gene and up to three copies of the SMN2

gene.

- Symptomatic Patients: This group is further subdivided based on the type of

SMA:

> Patients with a biallelic mutation in the SMN1 gene and clinically diagnosed
type 1 SMA.

> Patients with a biallelic mutation in the SMN1 gene and clinically diagnosed

type 2 SMA, who also have up to three copies of the SMN2 gene.

> Patients with a biallelic mutation in the SMN1 gene and clinically diagnosed
type 3 SMA, who also have up to three copies of the SMN2 gene.
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2.2.4.3 Interventions

There were no limitations on the types of interventions to be included in the studies
reviewed. This approach allowed for a broad scope of analysis covering various treat-
ment methods and care strategies for SMA.

2.2.4.4 Comparators

There were no restrictions on the comparators to be included. This inclusion criterion
ensured that all potential comparative analyses relevant to SMA treatments and out-
comes were considered.

2.2.4.5 Outcomes

The objective of this review was to identify and synthesize evidence that provides
insight into key endpoints such as confounders, risk factors, and prognostic factors
associated with SMA.

Guidelines and Recommendations Review: Guidelines and recommendations should
include information on prognostic factors relevant to SMA.

Systematic Reviews and Meta-Analyses Review: The studies should report data on
at least one patient-relevant outcome across the following dimensions:

- Mortality: Documentation of deaths.

- Morbidity: Assessment includes motor function, which should be evaluated
using age-appropriate instruments based on disease severity, notably the achieve-
ment of world health organization (WHO) motor development milestones. Respira-
tory function considerations include the need for permanent ventilation. Bulbar func-
tion is assessed by the ability to swallow and speak and the necessity for non-oral
nutritional support. Other complications such as pain and orthopaedic issues should
also be reported.

- Side-effects: Recording of adverse events.

- Health-related Quality-of-Life: Measurement of health-related quality-of-life
using an age-appropriate assessment instrument.

These criteria ensured a comprehensive inclusion of outcomes that are critical for
managing SMA effectively.

2.2.4.6 Country

There were no geographic limitations on the studies included in this review. Studies
that met the inclusion criteria and were conducted in any country were eligible for
inclusion. This approach ensured a broad and diverse range of data sources, enhanc-
ing the comprehensiveness of the review.
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2.2.4.7 Language

Only studies published in full text in English or German were included in the review.
Studies with abstracts in English or German but with full texts in other languages were
excluded.

2.2.4.8 Publication timeframe

All studies published from the inception of the database to the present were included
in this review. This approach was intended to capture all available evidence, provid-
ing a comprehensive overview of the research conducted within the specified
timeframe.

2.2.5 Exclusion criteria

For the review of systematic reviews and meta-analyses, specific study types were
excluded from consideration. These included Health Technology Assessment (HTA)
reports, dose-finding studies, non-interventional studies, narrative reviews, case re-
ports, retrospective studies and cohort studies, opinion pieces, and animal studies or
in vitro studies. Additionally, only documents that were available as full-text publica-
tions were included. Conference abstracts or presentations that did not provide full-
text access were excluded.

2.2.6 Screening of records

The screening of records was conducted by two independent reviewers. This process
included an initial screening of titles and abstracts according to pre-specified inclu-
sion and exclusion criteria, which was then followed by a comprehensive full-text
screening procedure.

A 'search diary' was maintained to document the databases searched, the keywords
used, and the outcomes of these searches. Titles and abstracts of studies deemed
potentially relevant were logged using the Rayyan.ai online tool (https://www.ray-
yan.ai/), with notes on the source of each reference. Decisions regarding inclusion or
exclusion were also recorded in this database. Two independent reviewers then car-
ried out the screening of the retrieved results.

2.2.6.1First screening

Titles and abstracts of all records retrieved through the electronic search were as-
sessed. This initial screening was conducted by two independent reviewers who ex-
cluded any articles that were unrelated to the review question. Discrepancies be-
tween the reviewers' decisions were resolved through discussion. If a consensus
could not be reached, a third reviewer was consulted to make the final decision.
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2.2.6.2Second screening

When studies potentially met the inclusion criteria based on their title and abstract,
or if the abstract lacked sufficient information to make a decision, two review authors
assessed the full text of the articles. Any disagreements between the reviewers' de-
cisions were resolved through discussion. If consensus was not reached, a third re-
viewer was consulted. The reasons for excluding studies at this stage was docu-
mented. The outcomes of these reviews were reported in accordance with the
PRISMA statement (Page et al., 2021).

2.2.7 Data extraction

Data from all included studies were extracted using a pre-designed and validated data
extraction form developed in Microsoft Excel. The data elements extracted included,
but were not limited to, study title and year of publication, sponsor (if applicable),
countries of study execution, study setting, study population, inclusion/exclusion cri-
teria, baseline characteristics, study methodology, results, potential confounding fac-
tors, risk factors, and prognostic factors.

The data extraction was conducted by one reviewer and verified by a second inde-
pendent reviewer to ensure accuracy. Any discrepancies between the reviewers were
resolved through discussion and, if necessary, by consulting a third review author. In
cases of incomplete or missing data, the authors of the respective studies were con-
tacted for clarification. The main findings from this data extraction process were sum-
marized in 'Summary of Included Studies' tables.

2.3 Phase 2: Validation of Confounders

Phase 2 of the project was dedicated to verifying the relevance of confounders that
had been identified from various sources such as national and international guide-
lines and recommendations, as well as systematic reviews and meta-analyses studies
related to SMA. This phase began following the extraction of confounders deemed
potentially relevant from the literature. These confounders were further evaluated
for their impact and importance to the target population.

The methodology of this phase involved identifying a group of KOLs from the SMA
field, who bring a diverse range of expertise to the project. The activities of this phase
include detailed planning and execution of interviews (via email or virtual) or work-
shop with these KOLs. The objective was to engage in thorough discussions and criti-
cal evaluations of each confounder’s relevance and potential impact on SMA re-
search, particularly with a view to assisting Roche in analyzing the data for the benefit
assessments of Evrysdi (risdiplam) in Germany. These interactions were structured
and guided utilizing meticulously prepared materials, which were designed to aid in
a comprehensive examination of each confounder.

Feedback collected from these expert discussions was methodically analyzed to iden-
tify which confounders are considered most significant and relevant, based on a
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consensus among the experts. This feedback is instrumental in refining the focus of
the research and ensuring its applicability to real-world settings.

From a clinical perspective, the identified confounders were categorized into three
distinct groups, reflecting their impact on research outcomes:

. Very Important: This category includes confounders that are essential for ad-
justing non-randomized studies. These are critical elements that must be accounted
for to ensure the validity of the study results.

. Less Important: Confounders in this group may marginally affect study out-
comes. While it is beneficial to control these confounders if feasible, their absence
does not compromise the overall validity of the study.

. Not Important: These are confounders that are considered irrelevant to the
study due to their specific characteristics, such as being study endpoints themselves
or related to the particular settings of the study.

This classification helped to streamline the research process by prioritizing the most
important confounders and identifying those that can be considered less critical. The
outcomes of this phase provide a clearer understanding of the factors that Roche
need to take into account when conducting any statistical analysis for Evrysdi (risdip-
lam) for GB-A submission in Germany, leading to more accurate and reliable results
and evidence.
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3. Results

3.1 Phase 1: Identification of Confounders
Guidelines

The PRISMA diagram shown in Figure 2 illustrates the screening and selection
process for relevant guidelines and recommendations, which form the basis for

the identification of confounders. The search yielded 52 hits in the MEDLINE biblio-
graphic database. In the structured free-hand search, 62 potentially relevant publica-
tions were identified. After excluding duplicates, 53 hits remained to be evaluated via
the 2-step selection/screening procedure.

During the first stage of screening, non-relevant publications were excluded based on
title and abstract by checking for population, study type and language. In total, 61
publications were excluded. In the second screening stage, full texts of publications
remaining from the first stage (53 hits) were reviewed and checked for relevance. In
addition to the criteria from the first screening stage, the full texts were also checked
for information on prognostic endpoints. As a result, a total of 21 evidence-based
guidelines and recommendations publications related to the indication of SMA were
included.
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Figure 2 : PRISMA diagram-guidelines and recommendations review

Records identified through
database searching
(n=52)

Additional records identified
through other sources

Records after duplicates removed

(n = 114)

Records screened
(n=114)

Records excluded
(n=61)

Full-text articles assessed
for eligibility
(n =53)

Full-text articles excluded,
with reasons
(nh=32)

Studies included
(n=21)




Table 2: List of guidelines reviewed in full-text stage and excluded with reason

No

Study title

Reason for

exclusion

Deignan, J. L., Astbury, C., Behlmann, A., Guha, S., Monaghan, K. G., Reddi, H. V, Sei-
fert, B. A, Tayeh, M., & Wakeling, E. (2021). Addendum: Technical standards and
guidelines for spinal muscular atrophy testing. Genet Med, 23(12), 2462.

Study type not
fulfilled

Glascock, J., Sampson, J., Connolly, A. M., Darras, B. T., Day, J. W., Finkel, R., Howell,
R. R, Klinger, K. W., Kuntz, N., Prior, T., Shieh, P. B., Crawford, T. O., Kerr, D., & Jarecki,
J. (2020). Revised Recommendations for the Treatment of Infants Diagnosed with Spi-
nal Muscular Atrophy Via Newborn Screening Who Have 4 Copies of SMN2. J Neuro-
muscul Dis, 7(2), 97-100.

Duplicate

Hagenacker, T., Hermann, A., Kamm, C., Walter, M. C., Weiler, M., Glinther, R., Wurs-
ter, C. D., & Kleinschnitz, C. (2019). [Spinal Muscular Atrophy - expert recommenda-
tions for the use of nusinersen in adult patients]. Fortschr Neurol Psychiatr, 87(12),
703-710. https://doi.org/10.1055/a-0996-0994 %(Spinale Muskelatrophie — Exper-
tenempfehlungen zur Behandlung von erwachsenen Patienten mit Nusinersen.

Study type not
fulfilled

Ivanov, |., Atkinson, D., Litvinenko, I., Angelova, L., Andonova, S., Mumdjiev, H.,
Pacheva, I., Panova, M., Yordanova, R., Belovejdov, V., Petrova, A., Bosheva, M.,
Shmiley, T., Savov, A., & Jordanova, A. (2018). Pontocerebellar hypoplasia type 1 for
the neuropediatrician: Genotype-phenotype correlations and diagnostic guidelines
based on new cases and overview of the literature. Eur J Paediatr Neurol, 22(4), 674—
681.

Study type not
fulfilled

Kichula, E. A., Proud, C. M., Farrar, M. A., Kwon, J. M., Saito, K., Desguerre, |., & McMil-
lan, H. J. (2021). Expert recommendations and clinical considerations in the use of
onasemnogene abeparvovec gene therapy for spinal muscular atrophy. Muscle
Nerve, 64(4), 413—-427. https://doi.org/10.1002/mus.27363

Duplicate

Kirschner, J., Butoianu, N., Goemans, N., Haberlova, J., Kostera-Pruszczyk, A., Mercuri,
E., van der Pol, W. L., Quijano-Roy, S., Sejersen, T., Tizzano, E. F., Ziegler, A., Servais,
L., & Muntoni, F. (2020). European ad-hoc consensus statement on gene replacement
therapy for spinal muscular atrophy. Eur J Paediatr Neurol, 28, 38-43.
https://doi.org/10.1016/j.ejpn.2020.07.001

Study type not
fulfilled

Kooi-van Es, M., Erasmus, C. E., Voet, N. B. M., van den Engel-Hoek, L., & van der
Wees, P. J. (2024). Best practice recommendations for speech-language pathology in
children with neuromuscular disorders: A Delphi-based consensus study. Int J Speech
Lang Pathol, 26(1), 45-58. https://doi.org/10.1080/17549507.2023.2181224

Endpoints not
fulfilled

Lyu, F., Zheng, C., Wang, H., Nie, C., Ma, X., Xia, X., Zhu, W.,, Jin, X., Hu, Y., Sun, Y., Zhu,
Y., Kuwabara, S., Cortese, R., Magbool Hassan, K., Takai, K., Paredes, |., Webere, R.,
Turk, M., Kimura, J., & Jiang, J. (2020). Establishment of a clinician-led guideline on
the diagnosis and treatment of Hirayama disease using a modified Delphi technique.
Clin Neurophysiol, 131(6), 1311-1319. https://doi.org/10.1016/j.clinph.2020.02.022

Study type not
fulfilled
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national workshop. Formation of a European network to initiate a European data col-
lection, along with development and sharing of treatment guidelines for adult SMA

9 McMillan, H. J., Kernohan, K. D., Yeh, E., Amburgey, K., Boyd, J., Campbell, C., Dowling, | Study type not
J. )., Gonorazky, H., Marcadier, J., Tarnopolsky, M. A., Vajsar, J., MacKenzie, A., & | fulfilled
Chakraborty, P. (2021). Newborn Screening for Spinal Muscular Atrophy: Ontario Test-
ing and Follow-up Recommendations. Can J Neurol Sci, 48(4), 504-511.
https://doi.org/10.1017/cjn.2020.229

10 Mercuri, E., Finkel, R. S., Muntoni, F., Wirth, B., Montes, J., Main, M., Mazzone, E. S., | Endpoints not
Vitale, M., Snyder, B., Quijano-Roy, S., Bertini, E., Davis, R. H., Meyer, O. H., Simonds, | fulfilled
A. K., Schroth, M. K., Graham, R. J., Kirschner, J., lannaccone, S. T., Crawford, T. O,, ...

Sejersen, T. (2018). Diagnosis and management of spinal muscular atrophy: Part 1:
Recommendations for diagnosis, rehabilitation, orthopedic and nutritional care. Neu-
romuscul Disord, 28(2), 103—115. https://doi.org/10.1016/j.nmd.2017.11.005

11 Ou, J. Y, Liu, J. )., Xu, J., Li, J. Y, Liy, Y., Liu, Y. Z,, Lu, L. M., Pan, H. F., & Wang, L. (2023). | Study type not
Quality appraisal of clinical practice guidelines for motor neuron diseases or related | fulfilled
disorders using the AGREE Il instrument. Front Neurol, 14, 1180218.
https://doi.org/10.3389/fneur.2023.1180218

12 Petri, S., Grehl, T., Grosskreutz, J., Hecht, M., Hermann, A., Jesse, S., Lingor, P., Loscher, | Study type not
W., Maier, A,, Schoser, B., Weber, M., & Ludolph, A. C. (2023). Guideline “Motor neu- | fulfilled
ron diseases” of the German Society of Neurology (Deutsche Gesellschaft fiir Neuro-
logie). Neurol Res Pract, 5(1), 25. https://doi.org/10.1186/s42466-023-00251-x
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Systematic reviews and meta-analyses

The PRISMA diagram shown in Figure 3 illustrates the screening and selection
process for relevant systematic reviews and meta-analyses, which forms the sec-
ond basis for the identification of confounders. The search yielded 350 hits in the
MEDLINE bibliographic database and 40 hits were identified in the Cochrane Li-
brary. After excluding duplicates, 390 hits remained to be evaluated via the 2-
step selection/screening procedure. During the first stage of screening, non-rele-
vant publications were excluded based on title and abstract by checking for pop-
ulation, endpoints, study type, documentation type and language. In total, 256
publications were excluded. In the second stage of screening, full texts of publi-
cations remaining from the first screening (124 hits) were reviewed and checked
for relevance. As a result, 39 systematic review/meta-analyses publications were
included for the indication.
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Figure 3: PRISMA diagram- systematic reviews and meta-analysis
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Table 4: List of systematic reviews and meta-analyses reviewed in full-text and excluded with

reason
Reason for
No. Study title
exclusion

1 Zang, J. et al. DySMA - an Instrument to Monitor Swallowing Function in Chil- Study type not ful-
dren with Spinal Muscular Atrophy ages 0 to 24 Months: Development, Con- filled
sensus, and Pilot Testing. J Neuromuscul Dis 11, 473-483 (2024).
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costeroid dependence and good response to infliximab. Rheumatol Int 41,
1531-1539 (2021).

not fulfilled




CSG

27
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3.2 Overview of Identified Confounders

We conducted a comprehensive literature review to systematically identify evi-
dence-based guidelines, recommendations, systematic reviews, and meta-anal-
yses that report potential confounders in the context of SMA. This review involved
extensive literature searching in relevant databases. The inclusion criteria encom-
pass pre-symptomatic patients with 5g-associated SMA having a biallelic mutation
in the SMIN1 gene and up to three copies of the SMN2 gene, as well as symptomatic
patients categorized by SMA type. The tables detail the confounders and prognos-
tic factors identified from the literature, with the importance of each confounder
identified by key opinion leaders provided in the following tables.

The review identified several critical confounders influencing outcomes in SMA pa-
tients. The age of onset is a significant factor for symptomatic patients (types |, Il,
and lll), with earlier onset often correlating with more severe disease progression,
and is of less importance according to key opinion leaders. Age at treatment initi-
ation is crucial across all patient types, impacting disease progression and quality
of life, and is considered very important. Comorbidities, while relevant for all pa-
tient types, are deemed not important. Regional and cultural standards influence
access to care and treatment efficacy for all patient types but are not important.
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Lean body mass and race are notable for specific SMA types but are not important.
Understanding the origin of SMA disease is crucial. Differentiating between differ-
ent SMA types is essential for tailoring treatment plans and understanding disease
severity, though this is considered not important. The number of SMN2 gene cop-
ies is very important for all patient categories, influencing disease severity and
treatment response. Genotype variants, however, are not important.

Treatment response is another vital aspect. Initiating treatment in pre-sympto-
matic stages can significantly improve outcomes across all patient types and is very
important. Early diagnosis and genetic screening are essential for timely treatment
initiation, which is crucial for better outcomes but is considered not important.
Nutritional manifestations play a significant role in managing SMA. Gastrostomy
and nutritional support are important for symptomatic patients but are considered
not important. Issues such as feeding and swallowing difficulties are less im-
portant. Bone mineral density issues are not important. Orthopedic and motoric
manifestations are also critical. Contractures and motoric function significantly af-
fect mobility and quality of life in symptomatic patients, with contractures being
less important and motoric function being very important. Various functional
scores, such as the Hammersmith Motor Function Scale Expanded (HFMSE), are
very important for evaluating motor function and tracking disease progression.
Respiratory function management, including ventilatory support, is very important
for maintaining overall health, while other aspects like airway secretion clearance
and lung function are less important.

Other factors include pain management and family support, which are vital for the
patient's quality of life and well-being but are not important. The response to treat-
ments and genetic factors influence treatment efficacy and disease progression
but are not important. Additionally, multiple disorders and complications can com-
plicate treatment and affect prognosis, with complications being not important.
Biomarkers are valuable for monitoring disease progression and response to treat-
ment but are not important.

3.3 Phase 2: Validation of Confounders

Phase 2 of the project focused on verifying the relevance of confounders identified
from national and international guidelines, systematic reviews, and meta-analyses
related to SMA. This phase began with extracting potentially relevant confounders
from the literature and evaluating their impact on the target population.

We conducted a workshop with 7 clinical experts on 4th June 2024, presenting the
identified confounders to the panel for ranking. The methodology involved inter-
views and workshops with key opinion leaders (KOLs) from the SMA field to discuss
and evaluate each confounder’s relevance and potential impact on SMA research,
particularly to aid Roche in analyzing data for Evrysdi (risdiplam) benefit assess-
ments in Germany.

Feedback from these discussions was analyzed to identify the most significant and
relevant confounders. These were categorized into three groups:
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Very Important: Essential for adjusting non-randomized studies to ensure validity.
Less Important: Marginally affect outcomes but not critical to study validity.
Not Important: Irrelevant to the study due to specific characteristics.

The outcomes are provided in the following tables.
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tomatic tomatic 3 Tvoe | Tvoe | Tvpe | (Key Opinion Lead-
Factor 1/2SMN2 | SMIN2 le ‘:':’ ‘I'I‘I’ ers)
copies copies
(NICE, 2016), (Claborn et al., 2019), (Wan et al., 2020), (Al-
brechtsen et al., 2020), (Polido et al., 2019), (Amin et al., 2017),
(Baranello et al., 2021), (Bischof et al., 2021), (Cobo-Vicente et
al., 2021), (Kennedy et al., 2020), (Abbas et al., 2022), (Angeli et
al., 2022), (Gavriilaki et al., 2022), (Ribero et al., 2022), (Wu et
Ageonset | /g€ 3tsymptom NA NA v v v _ al., 2022), (M. Yang et al., 2022), (Zhong et al., 2023), (Qiao et
onset Less important al., 2023), (Al-Taie & Késeoglu, 2023), (Gavriilaki et al., 2023),
(D. Yang et al., 2023), (Bellai & Rae, 2024), (Dosi & Masson,
2024), (Mercuri et al., 2020), (Lin et al., 2015), (Wadman et al.,
2019), (Ziegler et al., 2020), (Mercuri et al., 2018), (Dryden Pal-
mer et al., 2022), (Nennstiel et al., 2020)
(Stevens et al., 2020), (Albrechtsen et al., 2020), (Solé et al.,
Age at treatment 2020), (Alhammoud et al., 2021), (Baranello et al., 2021), (Bis-
v v v v v Verv i tant chof et al., 2021), (Jiang et al., 2023), (D. Yang et al., 2023), (Ara-
ery importan ; .
gon-Gawinska et al., 2023), (Pascual-Morena et al., 2024), (Mi-
chelson et al., 2018), (Kichula et al., 2021), (Dryden Palmer et
Age Treatment al., 2022)
nitiation Age a't study NA NA v 4 v Very important (Mercuri et al., 2020)
start (first dose)
Early treatment NA NA v v v Very important (Wan et al., 2020), (Wadman et al., 2019), (Erdos & Wild,

initiation

2022)

CSG. An IGES Group company.
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Comorbidities Comorbidities v v v v 4 Not important (Wan et al., 2020), (Mercuri et al., 2020)
Regional and
Region cultural 4 4 v 4 4 Not important (Lin et al., 2015), (Mercuri et al., 2018)
standards
Le?::;gdy NA NA v NA Not important (C. H. Wang et al., 2007)
Race NA NA NA Not important (Prior, 2008)
Abbreviations: SMA: Spinal Muscular Atrophy.
Table 7: Confounders at baseline - category origin of SMA disease
Relevance for
el Pre-sym Pre-sym Importance for
Prognostic Characteristics Y 'p y .p SMA | SMA | SMA P Sources
Factor tomatic tomatic Tvoe | Tvoe | Tvoe Study
1/2SMN2 | 3 SMN2 le ‘:r ‘I’I‘I’
copies copies
(Lin et al., 2015), (Stevens et al., 2020), (Albrechtsen et al.,
Not important: 2020), (Polido et al., 2019), (Wijngaarde et al., 2017), (Amin et
(Age at onset & high- al., 2017), (Bedi et al., 2018), (Landfeldt et al., 2019), (Alham-
SMA Type SMA Type NA NA 4 4 v est motor milestone moud et al., 2021), (Coratti et al., 2021), (Angeli et al., 2022),
at baseline captured (Erdos & Wild, 2022), (Gavriilaki et al., 2022), (Ribero et al.,
individually) 2022), (Gauvriilaki et al., 2023), (D. Yang et al., 2023), (Kichula et
al., 2021), (Ziegler et al., 2020), (Nennstiel et al., 2020)
(Claborn et al., 2019), (Stevens et al., 2020), (Wadman et al.,
SMN2 copy SMN2 copy num- v v v v v Very important 2019), (Mercuri et al., 2020), (Wadmarl et al., 2020), (Cusco et
number ber al., 2020), (Glascock et al., 2020), (Wijngaarde et al., 2017),

(Baranello et al., 2021), (Bischof et al., 2021), (Cobo-Vicente et
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al., 2021), (Abbas et al., 2022), (Gavriilaki et al., 2022), (Erdos &

Wild, 2022), (Ribero et al., 2022), (Wu et al., 2022), (M. Yang et
al., 2022), (Al-Taie & Kdseoglu, 2023), (Aragon-Gawinska et
al., 2023), (Gavriilaki et al., 2023), (Jiang et al., 2023), (Qiao et
al., 2023), (D. Yang et al., 2023), (Zhong et al., 2023), (Dosi &
Masson, 2024), (Pascual-Morena et al., 2024), (Pitarch Castel-

lano et al., 2022), (Abiusi et al., 2023), (Kichula et al., 2021),
(Dryden Palmer et al., 2022),(Cuscé et al., 2024), (Nennstiel et
al., 2020)

SMN2 geno-
type/variants

Genotype of
SMN2

Not important

(Glascock et al., 2020), (Meylemans & De Bleecker, 2019),
(Michelson et al., 2018), (Polido et al., 2019), (Angeli et al.,
2022),(Lee et al., 2021), (Ziegler et al., 2020), (Mercuri et al.,
2018), (Cuscé et al., 2024)

Abbreviations: SMA: Spinal Muscular Atrophy.

Table 8: Confounders at baseline - category impact on the treatment response

Relevance for

Con-
.. Pre-symp- | Pre-symp- Importance for
founder/Prog- Characteristics b _p y 'p SMA | SMA | SMA P Sources
nostic Factor tomatic tomatic Type | Type | Type S
1/2SMN2 | 3 SMN2 le ‘ﬁ’ ‘I’I"I’
copies copies
Pre-sympto-

Pre- ) .

Zensqyr:opn:(;:sgf/ wm Tc?r?wz/tic at v v v v v Verv important (Wan et al., 2020), (Lee et al., 2021), (Cuscé et al., 2024),

ymp e ymp . yimp (Nennstiel et al., 2020)
treatment initiation treatment initia-

tion
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Time between di-
agnosis or symp-

(Lin et al., 2015), (NICE, 2016), (Oliver et al., 2017), (Milligan et

v v v v v i
Early diagnosis tom onset and Not important al., 2022), (Nennstiel et al., 2020)
start of treatment
Neonatal
Albrecht tal., 2020), (Abiusi et al., 2023), (Cuscé et al.
Screening and v v v v v Very important (Albrechtsen et al., 2020), (Abiusi et al., 3), (Cuscéetal,
) ) 2024)
Early Diagnosis
Abbreviations: SMA: Spinal Muscular Atrophy.
Table 9: Confounders at baseline - category nutrition manifestations
Relevance for
LT Pre-sym Pre-sym Importance for
Prognostic Fac- | Characteristics ¥ .p v .p SMA | SMA | SMA P Sources
. tomatic tomatic Tvoe | Tvoe | Tvoe Study
1/2SMN2 | 3 SMN2 le ‘:f ‘I’I‘I’
copies copies
Gastroesopha- v 4 4 4 Not important (C. H. Wang et al., 2007)
geal reflux
Gastrostomy
Gastrostomy tube feeding NA NA 4 4 4 Not important (Polido et al., 2019), (Moore et al., 2016), (NICE, 2016)
Gastrostomy . .
NA NA 4 4 4 Not important (Amin et al., 2017)
placement
. (Amin et al., 2017), (Bischof et al., 2021), (Erdos & Wild,
Nutritional sup- 2022), (Al-Taie & Késeoglu, 2023), (Aragon-Gawinska et
Nutrition port NA NA v v v Very important , (Al-lale OS€OslY, , (Aragon-Gawinska e

al., 2023), (Jiang et al., 2023), (Zhong et al., 2023), (Kichula et
al., 2021), (Ziegler et al., 2020), (Finkel et al., 2018)




CSG

40

Over/l,!n.der-nu- 4 4 4 4 4 Not important (Moore et al., 2016)
trition
Feeding and
Swallowing Is- NA NA v v v . (Moore et al., 2016), (Cobo-Vicente et al., 2021), (Lee et al.,
sues Less important 2021)
B i I
or:;z:wsli:jra NA NA v v v Not important (Cobo-Vicente et al., 2021)

Abbreviations: SMA: Spinal Muscular Atrophy.

Table 10: Confounders at baseline - category orthopaedic and motoric manifestations

Relevance for

Sl Pre-sym Pre-sym Importance for
Prognostic Fac- | Characteristics v ‘p ¥ _p SMA | SMA | SMA P Sources
- tomatic tomatic Tvoe | Tvpe | Tvoe Study
1/2SMN2 | 3 SMN2 ylp ‘:':' ‘I’I"I’
copies copies
Contractures NA NA v v v . (Mercuri et al., 2020)
Less important
Contractures Flexion
v v v v NA . (C. H. Wang et al., 2007)
Contractures Less important
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Highest motor

(Claborn et al., 2019), (Mercuri et al., 2020), (Wadman et al.,
2020), (Landfeldt et al., 2019), (Kennedy et al., 2020), (Abbas
et al., 2022), (Gavriilaki, Moschou, Papaliagkas, Notas, Chat-
zikyriakou, Zafeiridou, et al., 2022), (Gavriilaki, Moschou, Pa-
paliagkas, Notas, Chatzikyriakou, Papagiannopoulos, et al.,

milestone at NA NA NA | v v Very important 2022), (Ribero et al., 2022), (Wu et al., 2022), (M. Yang et al.,
baseline 2022), (D. Yang et al., 2023), (Zhong et al., 2023), (Bellai &
Rae, 2024), (Pascual-Morena et al., 2024), (Pitarch Castel-
lano et al., 2022), (Ziegler et al., 2020), (Dryden Palmer et
al., 2022), (Finkel et al., 2018)
Motoric function (Wan et al., 2020), (Meylemans & De Bleecker, 2019),
HFMSE score, (Coratti et al., 2021), (Gavriilaki, Moschou, Papaliagkas, No-
6MWT, NA NA v v v Very important tas, Chatzikyriakou, Zafeiridou, et al., 2022), (Jiang et al.,
ADL Scores 2023), (Qiao et al., 2023), (Dosi & Masson, 2024), (Pas-
cual-Morena et al., 2024)
(Wan et al., 2020), (Gavriilaki, Moschou, Papaliagkas, Notas,
RULM score NA NA v v v Very important Chatzikyriakou, Zafeiridou, et al., 2022)(Jiang et al., 2023),
(Qiao et al., 2023)
HINE-2 score NA NA v v Very important
CHOP-INTEND . Mercuri et al., 2020), (Stevens et al., 2020), (Wadman et al.,
score Y Y Y Y Very important ( 2019), (Bisch)of(et al., 2021), (Lee et) a(l., 2021)
. . Physical activity NA NA v v Not important (Wan et al., 2020)
Physical activity - -
Physiotherapy NA NA v v NA Less important (C. H. Wang et al., 2007)
Orthotics NA NA 4 4 NA Not important (C. H. Wang et al., 2007)

Abbreviations: 6MWT: 6-Minute Walk Test, ADL: Activities of Daily Living, CHOP-INTEND: Children's Hospital of Philadelphia Infant Test of Neuromuscular Disorders, HFMSE:
Hammersmith Functional Motor Scale Expanded, HINE: Hammersmith Infant Neurological Exam, RULM: Revised Upper Limb Module, SMA: Spinal Muscular Atrophy.
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Table 11: Confounders after baseline — category respiratory function
Relevance for
I By Pre-sym Pre-sympto Importance for
Prognostic Fac- | Characteristics ¥ .p y .p SMA | SMA | SMA P Sources
- tomatic matic Tvoe | Tvoe | Tvoe Study
1/2SMN2 | 3 SMN2 le ‘:':’ ‘I'I‘I’
copies copies
(Wadman et al., 2019), (Wadman et al., 2020), (AlBalawi et
. al., 2022), (Zhong et al., 2023), (Pascual-Morena et al.,
v v v
FVC measure NA NA Less important 2024), (NICE, 2016), (Oliver et al., 2017), (Nennstiel et al.,
2020)
. Ventilatory Sup- (Amin et al., 2017), (Al-Taie & Koseoglu, 2023), (Jiang et
Respiratory func- . al., 2023) (Claborn et al., 2019), (Albrechtsen et al., 2020),
. port NA NA v v v Very important ) )
tion (Aragon-Gawinska et al., 2023), (Lee et al., 2021), (Kichula
et al,, 2021), (Ziegler et al., 2020)
Airway secretion NA NA v v 4 Less important (Angeli et al., 2022)
clearance
Lung function v v v v v (Gavriilaki, Moschou, Papaliagkas, Notas, Chatzikyriakou,

Less important

Zafeiridou, et al., 2022), (Finkel et al., 2018)

Abbreviations: FVC: Forced Vital Capacity, SMA: Spinal Muscular Atrophy.
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Table 12: Confounders after baseline — category others

Pre-
Confounder .
. / Characteris- sympto- | Pre-symp- | SM | SM | SM Importance for
Prognostic . . . Sources
Factor tics matic tomatic A A A Study
1/2 3SMN2 | Typ | Typ | Typ
SMN2 copies el | ell | elll
copies
Pai - | Pai -
ain manage aln manage NA NA v v v Not important (Wan et al., 2020)
ment ment
f .
Support Sup;o;\t”yrom v v v v v Not important (Wan et al., 2020), (Glascock et al., 2020)
Response to Response to NA NA v v v Not important (Solé et al., 2020)
Treatments Treatments
(Claborn et al., 2019), (Stevens et al., 2020), (Wad-
Genetic modi- . man et al., 2019), (Baranello et al., 2021), (Aragon-
v v v v v ¢ ’ ! !
fiers Not important Gawinska et al., 2023), (Lee et al., 2021), (Nennstiel
Genetic factors et al., 2020)
SMN1 ;—]ene v v v v v Not important (Al-Taie & Koseoglu, 2'023), (Milligan et al.,
Mutations 2022), (Mercuri et al., 2018)
Multiple disor- | Multiple disor- NA NA 4 v 4 Less important (Bedi et al., 2018)
ders ders
(Alhammoud et al., 2021), (Pitarch Castellano et al.,
Complications Complications v v 4 v 4 Not important 2022), (Ziegler et al., 2020), (Dryden Palmer et al.,
2022)
Neurophysio- (Dosi & Masson, 2024; Gavriilaki, Moschou,
Biomarkers logic Bi- NA NA v v v Not important Papaliagkas, Notas, Chatzikyriakou, Papagian-
omarkers nopoulos, et al., 2022), (Lee et al., 2021)
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Other bi-

tion

v Not important (Dosi & Masson, 2024)
omarkers
Access/quality | Access/quality v v NA Not important (C. H. Wang et al., 2007)
Adaptation Adaptation NA v NA Not important (C. H. Wang et al., 2007)
Education
Nutrition about nutri- 4 v NA Not important (C. H. Wang et al., 2007)
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Table 13: Details of confounders /prognostic factors from included systematic reviews and meta-analysis

Relevance for

Pre-
sympto- Pre-
P ic fac- -
Study ID rognostic fac Characteristics matic sym;?to SMA | SMA | SMA Details
tor 1/2 matic3 | Type | Type | Type
SMN2 SMI'\IZ | | 1
. copies
copies
SMA is classified into types based on the age of onset, which corre-
lates with disease severity. Earlier onset (such as in type 0 and type
Age onset Age at symptom on- v v v v v 1, wthh occur before 6 months gf age) is associated with more se-
set vere disease and poorer prognosis. Later onset types (such as
Types 2, 3, and 4) present with milder symptoms and a better prog-
nosis.
The number of copies of the SMN2 gene is a significant prognostic
factor. Patients with more copies of SMN2 tend to have a milder
SMN2 copy SMN2 copy number v v v v v form of SMA. For example, |nd|V|.duaIs with only one cop}/ of SMIN2
number have a very severe form of the disease and a shortened life expec-
Claborn 2019 tancy, while those with more copies have less severe symptoms
and a longer life expectancy.
Motoric func Highest motor The maximum motor function attained is another prognostic fac-
tion milestone at base- v 4 v v v" | tor. This includes the ability to sit, stand, or walk. Patients who
line achieve higher motor milestones generally have a better prognosis.
. The need for respiratory support at birth is indicative of a more se-
Respiratory . . . . .
function Ventilatory support 4 4 vere disease form. Patients requiring such support typically have a
Worse prognosis.
A homozygous deletion of SMN1 exon 7 is confirmatory for SMA
Genetic factors Genetic factors 4 4 4 4 v diagnosis. This genetic marker helps in diagnosing the severity of
the disease and aids in prognostication.
Age at symptom on- The age of onset plays a significant role in prognosis. Earlier onset
Wan 2020 Age onset & ymp 4 v 4 4 v & plays a signi N Prognosis. =ari
set (e.g., SMA type llla with onset before 3 years of age) is generally
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Study ID

Prognostic fac-
tor

Characteristics

Relevance for

Pre-
sympto-
matic
1/2
SMIN2
copies

Pre-
sympto-
matic 3
SMN2
copies

SMA

Type
|

SMA

Type
|

SMA

Type
1

Details

associated with a more rapid decline in function compared to later
onset (e.g., SMA type lllb with onset after 3 years of age).

Physical activ-
ity

Physical activity

The role of physical activity is mentioned with respect to maintain-
ing muscle function and mobility. The paper discusses that engage-
ment in physical activities correlates with slower progression in
motor function decline.

Comorbidities

Comorbidities

The presence of comorbidities can influence the rate of deteriora-
tion and overall prognosis. Studies have shown that the rate of de-
cline in muscle strength and function can vary significantly based
on the presence of additional health issues.

Age Treatment
initiation

Age at treatment

The age at which treatment is initiated significantly impacts the ef-
fectiveness of therapies. For instance, studies have shown that
early treatment with disease-modifying therapies can result in sig-
nificant improvements in motor function and delay the progression
of the disease. In contrast, treatment initiated later in life, espe-
cially in adults with longstanding SMA, shows more modest im-
provements due to the advanced stage of motor neuron degenera-
tion.

Early treatment initi-
ation

The paper emphasizes the importance of early treatment initiation
in improving outcomes for individuals with SMA. Early interven-
tion, particularly in the presymptomatic stage, is associated with
better motor function and slower disease progression. Nusinersen,
when initiated in infants during the presymptomatic stage, has
shown interim efficacy and safety results that highlight the benefits
of early treatment.
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Relevance for
Pre-
syn:pto Pre-
Prognostic fac- - . to- | SMA | SMA | SMA :
Study ID 8 Characteristics matic sym? Details
tor 1/2 matic3 | Type | Type | Type
SMN2 SMI.\IZ | | 1l
. copies
copies
Presympto- The initiation of treatment during the presymptomatic stage is as-
matic/ . sociated with significantly better outcomes. Studies have shown
: Presymptomatic/ : ) . .
symptomatic . that treatments like nusinersen are more effective when adminis-
symptomatic at 4 v 4 4 v . . .
at o tered early, leading to better motor function and slower disease
- treatment initiation . s L . . .
treatment initi- progression. This highlights the importance of early diagnosis and
ation intervention.
- HEMSE score The rate of muscle strength decline is a significant prognostic fac-
v v v 4 v | tor. Studies have shown a mean annual loss of 0.5 point for the
Motoric func- HFMSE.
tion Declines in motor function measures such as the RULM score is im-
- RULM score 4 4 4 4 v' | portant for predicting disease progression. These measures help in
assessing the gradual loss of motor skills over time.
The paper does not detail specific strategies for pain management
Pain manage- Pain management v v v v v within the seFtlons provided. However, it does discuss the manage-
ment ment of physical symptoms and the general approach to support-
ive care which likely encompasses pain management strategies.
The paper emphasizes the significant role of family support in man-
aging SMA, highlighting how supportive family environments influ-
Support Support from family 4 4 4 ence both psychological and physical health outcomes. It notes
that strong relationships with family and friends are crucial for cop-
ing and engaging positively with the disease.
Age at treatment v v v v v The paper mentions the availability of treatments like nusinersen
Mercuri 2020 Age Treatment and Zolgensma, which have shown positive results, particularly
initiation Age at study start v v v v v when administered early. This emphasizes that early treatment ini-
(first dose) tiation is crucial for improving motor function and slowing disease
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Study ID

Prognostic fac-
tor

Characteristics

Relevance for

Pre-
sympto-
matic
1/2
SMIN2
copies

Pre-
sympto-
matic 3
SMN2
copies

SMA

Type
|

SMA

Type
|

SMA

Type
1

Details

progression in SMA patients. "The cumulative findings in this re-
view help to better understand the variability of natural history
data in untreated patients and will be of use for comparison to the
real-world patients treated with the recently approved therapies
that have shown encouraging results in clinical trials”.

Comorbidities

Comorbidities

The study notes that the severity of the phenotype, including res-
piratory and feeding difficulties, influences disease progression and
outcomes. Infants with more severe comorbid conditions tend to
exhibit faster declines in motor function and overall health. This
highlights the critical role of comorbidities in the clinical manage-
ment and prognostic assessment of SMA. "These studies described
for the first time the range of changes, suggesting some variability
in the results that were possibly related to a number of factors, in-
cluding baseline values, age, duration of symptoms, and the sever-
ity of the phenotype with associated respiratory and feeding
comorbidities progression”.

Contractures

Contractures

In infants with type | SMA, which is the most severe form of the
disease, the loss of motor neurons leads to profound muscle weak-
ness and atrophy. As the muscles weaken and are used less fre-
quently, they may shorten, leading to contractures. These typically
occur in the limbs, and can severely restrict joint mobility.

SMN2 Copy
Number

SMN2 Copy Number

The number of SMN2 gene copies is a critical prognostic factor for
SMA. The study found that patients with fewer SMN2 copies, par-
ticularly those with two copies, exhibited a more severe disease
progression and faster decline in motor function. In contrast,
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Study ID

Prognostic fac-
tor

Characteristics

Relevance for

Pre-
sympto-
matic
1/2
SMIN2
copies

Pre-
sympto- | SMA | SMA | SMA
matic3 | Type | Type | Type
SMN2 | | 1
copies

Details

patients with three or more SMIN2 copies showed a slower rate of
decline. For instance, the paper notes that patients with two SMN2
copies had varied rates of progression based on their baseline
CHOP-INTEND scores, while the unique patient with four copies
had a significantly slower rate of progression. These findings un-
derscore the importance of SMN2 copy number in determining the
clinical trajectory of SMA patients.

Motoric func-
tion

CHOP-INTEND scores

Baseline CHOP-INTEND scores are a significant predictor of disease
progression in SMA patients. The study categorizes patients based
on their initial CHOP-INTEND scores and finds that those with
lower scores at baseline (below 25) tend to experience a faster de-
cline in motor function. Specifically, patients with scores between
25 and 35 also show a rapid decline, while those with scores above
35 experience a slower progression. This variability in progression
rates is crucial for understanding individual patient trajectories and
highlights the prognostic value of initial CHOP-INTEND assessment.

Age onset

Age at symptom on-
set

The age at which SMA symptoms first appear significantly influ-
ences disease progression. The study reports that infants with neo-
natal onset (within the first month of life) generally have lower
CHOP-INTEND scores and a more rapid decline in motor function.
This early onset is associated with a mean decline rate of 1.71
points per month. Conversely, patients with onset after the neona-
tal period exhibit more variability in their progression, with age at
baseline being a significant predictor of the rate of decline. These
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Relevance for
Pre-
. sympto- Pre-
Study ID Prognostic fac- Characteristics matic sym?to- SMA | SMA | SMA Details
tor 1/2 matic3 | Type | Type | Type
SMN2 SMI.\IZ | | 1l
. copies
copies
findings highlight the critical role of age at onset in the prognostic
assessment of SMA patients.
Patients with type Il SMA have less severe symptoms and are able
SMA Type SMA Type v v v v v' | to walk and reach the major motor milestones, but often lose the
ability to walk over time as the disease progresses.
Age at symptom on- The weighted mean (standard deviation) ages of onset were 2.5
Age onset cet 4 v 4 4 v' | (0.6), 8.3 (1.6), and 39.0 (32.6) months for SMA types I, II, and llI,
Lin 2015 respectively.
Time between For studies reporting both age of onset and diagnosis, the weighted
Early diagnosis symptom onset v v v v v' | diagnostic delay was 3.6, 14.3, and 43.6 months for types |, Il, and
and 1st DMT Ill, respectively.
. A subgroup analysis by region (data not shown) indicated that pa-
Region Regional and cultural 4 4 4 4 v' | tients in North America appeared to have been diagnosed earlier
standards . . - .
than those in Europe or the Asia Pacific region.
The paper discusses that the SMA type, determined largely by the
number of SMIN2 copies and the age at onset, is a crucial prognos-
tic factor in determining the course of the disease and the poten-
tial response to treatments such as onasemnogene abeparvovec-
SMA Type SMA Type Y Y Y Y Y xioi. Early treatment, especially in SMA type 1, is associated with
Stevens 2020 significantly better outcomes compared to later treatment, empha-
sizing the need for rapid diagnosis and management in these pa-
tients.
SMIN2 copy The paper highlights that individuals with more copies of the SMN2
number SMN2 copy humber v v v v v' | gene typically exhibit less severe disease symptoms. This correla-
tion is crucial as it affects the expected treatment outcomes with
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Relevance for
Pre-
. sympto- Pre-
Study ID Prognostic fac- Characteristics matic sym?to- SMA | SMA | SMA Details
tor 1/2 matic3 | Type | Type | Type
SMN2 SMI.\IZ | | 1l
. copies
copies
onasemnogene. Those with fewer SMN2 copies tend to have a
more severe form of SMA and may require more aggressive man-
agement strategies.
Early treatment, particularly before symptom onset, is emphasized
in the paper as being critical for optimal outcomes. Infants treated
at younger ages demonstrate significantly better motor function
Age Treatment . . .
initiation Age at Treatment 4 v 4 4 v' | improvements and survival rates compared to those who receive
treatment later in the disease course. The paper states that this
early intervention is key to maximizing the therapeutic benefits of
onasemnogene.
The initial motor function, measured using the CHOP-INTEND scale,
as a predictive factor for treatment response. The paper discusses
I\/Iotoric func- CHOP-INTEND score v v v v v that Patients with higher baselinfa CHOP-INTEND scores before
tion starting treatment tend to experience greater improvements post-
treatment. This suggests that baseline motor capabilities are indic-
ative of potential gains from therapy.
Specific genetic modifiers, such as mutations in exon 7 of the
SMN2 gene, are mentioned as influencing the clinical phenotype
Genetic factors Genetic Modifiers 4 4 4 4 v" | and thus the treatment response. The paper notes that these ge-
netic factors can lead to variations in disease severity, which in
turn affects how patients respond to gene therapy.
Age onset Age at symptom on- v v v v v Early onset before six months is indicative of a more severe form of
Wadman set SMA.
2019 SMN2 copy SMN2 copy number v v v v v The 'number of copies ofthe SMNZ gene is crucia!. Fewer copies
number (typically two) are associated with more severe disease.
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Relevance for
Pre-
syn:pto Pre-
Prognostic fac- - . to- | SMA | SMA | SMA :
Study ID 8 Characteristics matic sym? Details
tor 1/2 matic3 | Type | Type | Type
SMN2 SMI.\IZ | | 1l
. copies
copies
. . Genetic mutations and deletions in the SMN1 gene are primary in-
Genetic factors Genetic factors 4 v v v v ) & P Y
dicators of SMA.
. Respiratory insufficiency is a significant factor affecting survival.
Respiratory . . . . . . ]
Function Respiratory Function v v v v v' | The severity of respiratory muscle involvement directly impacts
prognosis.
The study emphasizes that all participants were less than seven
months old at the time of inclusion, highlighting early age at treat-
Age Treatment | Early Treatment Ini- v v v v v ment initiation as a key factor for better outcomes. Early interven-
initiation tiation tion is noted as crucial due to the progressive nature of SMA type |,
where earlier treatment can potentially preserve more motor neu-
ron function.
- HINE-2
score A higher proportion of nusinersen-treated infants showed im-
- CHOP-IN- 4 4 4 4 v' | provements in motor milestone response on the HINE-2 and the
TEND CHOP-INTEND compared to those receiving a sham treatment.
Scores
. Head Control: 16 out of 73 nusinersen-treated infants achieved
Motoric func- .
tion head control, compared to none in the control group.
Ability to Sit Independently: 6 out of 73 in the treatment group
Motor Milestone v v v v v achieved this milestone.

Ability to Roll and Stand: Additional milestones like rolling and
standing were achieved by some infants in the nusinersen group
but not in the sham group, underlining the impact of nusinersen on
motor function development.
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Genetic factors Genetic factors v v v v v T.he presgnce of a homozygous deletion qf t.he S'MN'l gene is cru-
cial for diagnosing SMA and has prognostic implications.
The age at which symptoms appear significantly impacts prognosis.
A -
Age onset geat sysrzftom on v v v v v' | SMA type Il typically presents between six and 18 months, whereas
SMA type Ill presents after 18 months.
Wadman Motorlc Func- - HEMSE score v v v Bfasellne mot(?r function scorg (HFMSE) is important for assessing
tion disease severity and progression.
2020 - -
SMN2 co The number of copies of the SMN2 gene is a well-known prognos-
numberpy SMN2 copy humber 4 v 4 4 v' | tic factor. Generally, a higher number of SMN2 copies is associated
with a milder disease phenotype.
Respirator Measures such as FVC are important for evaluating respiratory
P . y FVC measure v v v muscle strength and function, which can be severely affected in
Function
SMA.
The paper mentions that the number of SMN2 copies did not influ-
SMN2 copy SMIN2 copy number v v v v v ence ogtcomes. in thfe treatment with nusinersen. It also sta.ltes
number that children with a higher copy number generally have a milder
Albrechtsen phenotype.
2020 Age Treatment The paper states, "Improvements were strongest in younger chil-
(included ge ‘redl Age at treatment v v v v v" | dren, and there was no difference between children with two or
Initiation -
from google three SMIN2 copies".
scholar) The review highlights that "children treated before neurological
Age onset Age at symptom on- v v v v v symptoms presenteclil (pres.y.mptom'itic S.MA) had a near-normal
set motor development". Additionally, "Nusinersen treatment before
the first neurological symptoms has been shown to improve
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survival and motor development in children with genetically diag-
nosed SMA".
The paper discusses the importance of newborn screening, stating
"Genetic screening for spinal muscular atrophy and pre-sympto-
Early diagnosis | Neonatal screening 4 v 4 4 v" | matic nusinersen start may lead to near-normal motor develop-
ment". It further elaborates, "Newborn SMA screening may be im-
plemented to facilitate presymptomatic treatment".
The differences in treatment outcomes based on SMA type are de-
tailed: "For SMA type 1, nusinersen improved both survival without
SMA Type SMA Type v 4 v v v' | permanent respiratory support and development of motor func-
tion. For SMA types 2 and 3, nusinersen improved or stabilised mo-
tor function development".
The paper reports, "Nusinersen increased survival without perma-
nent ventilatory support in children with SMA type 1". It also
Respir.atory Ventilatory Support v v v v v s.tates, "Survival without permanent respiratory support” was de-
funcion fined as no death or need for permanent respiratory support (non-
invasive ventilation or tracheostomy more than 16 hours/day for
more than 21 days)".
The paper mentions that the SMA phenotype is related to the copy
SMN2 geno- number of the SMN2 gene. This is discussed in the context of the
type Genotype of SMN2 v v v v v' | genetic basis of SMA, where the loss of function of both alleles of
Meylemans . .
5019 the SMN1 gene leads to decreased expression of SMN protein,
causing motor neuron degeneration.
Motoric func- HEMSE score v v v v v Significant and meaningful changes from baseline in the HFMSE

tion

scores were observed in children with later-onset SMA treated
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with intrathecal nusinersen. More than half of the patients in the
treatment group had a clinically meaningful increase in HFMSE
score of at least three points, with the greatest improvements in
younger children and those who received treatment early.
There is a significant increase in the amount of infants with early-
Motor milestone v v v v v onset SMA treatfed with nusinersen wh.o.have a mo.tor—.mllesfcone
response according to the HINE-2. Additionally, a significant in-
crease in CHOP-INTEND scores was noted.
The paper notes that cognitive outcomes tend to be poorer in
SMN2 geno- Genotype of SMN2 v v v v v studlies involving children V\{Ith SMA typg l, SL{ggestlng a dlrecF (.:or-
type relation between the severity of motor impairment and cognitive
impairment.
Children with SMA type | may need mechanical ventilation, nursing
Gastrostomy Gastrostorny tube v v v care, gastréstomy, tracheostqmy, and therapies (motor and respir-
feeding atory physiotherapy, occupational therapy, speech therapy for al-
ternative communication and dysphagia).
10 | Polido 2019 The review indicates that the developmental stage of the children
Age at symptom L . . .
Age onset stage 4 4 4 4 v' | plays a significant role, with earlier onset SMA types (like type )
& showing more significant cognitive deficits.
The study highlights that the type of SMA significantly influences
cognitive outcomes. Children with SMA type |, who often have the
SMA Type SMA Type v v v v v most severe form of the disease, tend to show poorer cognitive

performance, particularly in visual and auditory attention and exec-
utive function tasks. In contrast, children with types Il and 1ll SMA
generally demonstrate better cognitive outcomes.
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This genetic factor was discussed as influential in determining the
severity of SMA, with lower SMN2 copy numbers leading to more
SMN2 copy SMIN2 copy number v v v v v severe fc.)rms'of SMA ar.\d associlated cardiac abnormalities. The pa-
number per details this correlation, noting that an over-representation of
11 Wijngaarde patients with SMA type 1 who also had cardiac defects had only
2017 one SMN2 copy.
The paper mentions that cardiac rhythm disorders, including vari-
ous arrhythmias and conduction abnormalities, were more fre-
MAT MAT v v v v 4 !
S ype S ype quently reported in patients with milder forms of SMA (e.g., SMA
type 3), compared to those with more severe forms (SMA type 1).
Studies focusing on SMA1 reported decreased hospitalizations and
prolonged survival as outcomes of NIV use. The review notes that
SMA Type SMA Type 4 4 4 4 v' | about 50% of studies reported decreased hospitalizations, and 75%
reported on mortality outcomes, highlighting NIV's role in improv-
12 Bedi 2018 ing ’Fhe management.of res.piratory insufﬁc?encies in SMAl.
For infants with multiple disorders, the review synthesized results
Multiple Disor across studies, noting that outcomes varied significantly based on
gers Multiple Disorders 4 4 4 individual conditions and their severities. This category included in-
fants with more than one underlying condition affecting their res-
piratory status.
There is variability in nutritional management practices interna-
13 | Moore 2016 Gastrostomy Gastrostomy tube v v v tionally, with different approaches noted in the use of gastrostomy

feeding

tubes and dietary interventions. These variations emphasize the
need for personalized nutritional management to optimize care.
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The review indicates that body composition is often abnormal in
Over/Under-nutri- v v v v v patients with SMA, showing increased fat mass and decreased fat-
tion free mass. This is crucial as it impacts nutritional status and man-
agement approaches.
Nutrition Feeding and swallowing difficulties are prevalent in SMA types |
. and I, complicating nutritional intake and increasing the risk of se-
Feeding and Swal- o . . . .
) v v 4 4 v' | vere complications such as aspiration pneumonia. The review dis-
lowing Issues o . . . .
cusses the association of these issues with the severity of disease
and functional abilities, such as sitting and head control.
According to the findings, the type of SMA significantly impacts
Landfeldt quality-of-life. For example, more severe types (like SMA Type I)
14 SMA t SMA t v v v v . ’ . .
2019 ype ype generally correlate with lower quality-of-life scores compared to
v milder forms (SMA types Il and IIl).
The distribution of SMA types and their associated prognostic im-
SMA Type SMA Type v v v v v plications are detailed in the "Resu.lts" section, par‘.ticularly.notihg
the prevalence of type Il SMA and its early and rapid deterioration
compared to type .
Alhammoud Age Treatment The avera'lge age at surgical intgrvention and its im.plication's on the
15 2021 initiation Age at treatment 4 4 4 4 v" | natural history and postoperative outcomes are discussed in the
"Results" and "Discussion" sections of the paper.
The "Results" section and the table summarizing post-operative
Complications Complications v v v v v complications detail the common spine-related and chest-related

complications and their potential impact on patient outcomes
post-surgery.
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The influence of the SMN2 copy number on survival and disease
SMN2 Copy severity is extensively reviewed. It is mentioned that in untreated
MN2 N v v v v v
Number S Copy Number infants with type 1 SMA, a higher SMN2 copy number is associated
with increased survival.
Th hat i 1 SMA, inf ith |
Age at Symptom On- e paper. rfeportst atin typ.e SMA, infants wit atgr symptom
Age onset cot 4 onset exhibit prolonged survival compared to those with symp-
16 Baranello toms at birth.
2021 The age at treatment initiation is highlighted as a treatment-effect
Age Treatment I . L .
Initiation v 4 v v v" | modifier, particularly noting its impact on the outcomes of disease-
modifying therapies across different SMA types.
The presence of the NAIP gene is associated with increased survival
Genetic factors Presence of NAIP v v v in infants with type 1 SMA. Higher NAIP'copy numbers contri.bute
Gene to a longer median survival, reinforcing its role as a prognostic fac-
tor.
The CHOP INTEND score is highlighted as a validated motor out-
| ifically for inf: ith SMA 1
Motor function | CHOP INTEND score v v v v v come measur(? developed speci .ca y for infants Wl.t S .type ,
used to quantify the natural decline of motor function for infants
not receiving disease-modifying therapy.
17 | Bischof 2021 Nutritional support is noted as a critical indicator of disease pro-
gression, especially as bulbar dysfunction is universal among pa-
Nutrition Nutritional Support 4 4 4 4 v tients with severe SMA, leading to increased feeding and swallow-
ing difficulties, weight loss, pulmonary aspiration, and the need for
mechanical feeding.
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The age at which symptoms first appear is indicated in the baseline
Age onset Age at Symptom On- v v v characteristics of the study population, which helps to categorize
set the severity and prognosis of SMA at an early stage.
Age treatment T.he.b.aseline characteristi.cs include the age at study .st.art, which is
initiation Age at treatment 4 v 4 4 v' | significant for understanding when treatment was initiated and its
potential impact on treatment outcomes.
This is identified as a key prognostic factor that influences the se-
SMN2 Copy verity of.the distease; more copies of the SMN2 gene ge.nerally cor-
Number SMN2 Copy Number v 4 v v v" | relate with a milder phenotype of SMA. The paper details the role
of SMN2 copy number in predicting disease severity and treatment
outcomes.
The paper discusses the impact of the age and timing of disease
Age onset Age at Symptom On- v v v v v f)nset on prqgnosis in the "Study CharacFeristics" sect‘ion,.highlight-
set ing that earlier onset often correlates with more severe disease
forms and worse outcomes.
Cobo-Vicente The "Study Selection" section describes the influence of genetic
18 SMN2 Copy . L .
2021 Number SMN2 Copy Number 4 4 4 4 v factors, particularly SMN2 gene copy number variations, on disease
severity and prognosis.
. The review highlights that NMES contributes to positive changes in
. Bone mineral den- o . .. . .
Nutrition sity 4 4 4 body composition, specifically noting improvements in bone min-
eral density.
The overall effect of nusinersen across different ages and SMA
19 | Coratti 2021 SMA Type SMA Type v 4 types is discussed in the conclusion section of the paper, highlight-
ing that the benefits are observed irrespective of age.
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Motoric func-
tion

HFMSE

The study details improvements in HFMSE scores in treated pa-
tients on pages 3 and 4, highlighting subgroup analyses by age and
SMA type.

RULM score

Improvements in RULM scores and significant subgroup differences
are discussed where the paper emphasizes better outcomes in pe-
diatric patients and SMA type 2.

6MWT

The results and significance of improvements in the 6MWT are
mentioned on pages 6 and 7, with reference to both adult and pe-
diatric populations.

20

Kennedy 2020

Age onset

Age at Symptom On-
set

The paper indicates that increasing age are associated with slower
walking speeds in children with neuromuscular diseases, including
SMA. This is specifically discussed in the context of SMA type 3,
congenital muscular dystrophy, and Duchenne muscular dystrophy
as these conditions are linked to more limited endurance and am-
bulatory capacity.

Motoric func-
tion

Highest motor
milestone at base-
line

Muscle weakness, as the primary impairment in neuromuscular
diseases affecting children, is noted to have a profound impact on
gait and functional ambulation. This factor leads to problems such
as poor standing balance, increased falls, and reduced mobility, es-
pecially highlighted in conditions like SMA.

6MWT

The paper reviews assessments of gait and functional ambulation,
mentioning the use of endurance and functional tests like the
6MWT and the 10m walk/run test. It notes that the six-minute
walk distance is significantly reduced in paediatric neuromuscular
diseases, including SMA.
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The paper details the classification of SMA into different types
Age onset Age at symptom on- v v v v v b.ased on age of onset and fur'ther explains how these cIas.S|ﬁca- .
set tions affect the study population and outcomes observed in the tri-
als.
The genetic background, specifically mutations or deletions in the
SMN2 copy SMN1 gene and the compensatory role of SMN2 gene copies, is
SMN2 copy numbers v v v v v . . o o )
21 | Abbas 2022 numbers Py discussed and explains the biological underpinnings of SMA and its
impact on motor neuron survival and function.
Efficacy of nusinersen, including significant improvements in motor
milestones and HINE-2 scores, is detailed. The results indicate a
Motor function HINE-2 scores 4 4 4 4 v' | significant risk difference in motor milestone response and im-
provement in the HINE-2 score in the nusinersen group compared
to the control group.
The paper indicates that children with SMA type 1 using long-term
. Respiratory - NIV generally have higher mortality rates compared to those using
22 | AlBalawi 2022 . Ventilation support v v v v v
function PP IMV. However, for SMA types other than type 1, NIV may be as ef-
fective as IMV in reducing mortality.
The type of SMA, which critically influence progression and respir-
atory outcomes, are detailed in the Introduction section, which
MAT MAT v v v v v ’ ,
S ype S ype outlines the characteristics of SMA types | through IV and their re-
23 | Angeli 2022 spective impact on muscle function and survival.
Respirator Airway secretion The progressive decline of respiratory function due to muscular
piratory v v v 4 4 v' | weakness is discussed in the Discussion section. This deterioration
Function clearance . ) S .
is attributed to inspiratory and expiratory muscle weakness, poor
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airway secretion clearance, feeding and swallowing difficulties, and
reduced chest wall compliance.
The genetic basis of SMA, specifically mutations in the SMN1 gene,
Genotype of Genotype of v v v v v is a fundamental prognostic factor. The number of copies of the
SMN2 SMN2 SMN2 gene can modify the severity of the disease, influencing mo-
tor function outcomes and survival.
Age at symptom on- The paper describes how the age at symptom onset is a critical
Age onset cet 4 v 4 4 v' | prognostic factor, with earlier onset (as seen in type | SMA) associ-
ated with more severe disease and poorer outcomes.
The impact of SMA type on treatment outcomes is discussed
throughout the paper. For example, it mentions that "nusinersen
SMA Type SMA Type 4 4 4 4 v' | improved motor functions in SMA type 1 patients, while in SMA
type 2 to type 4 patients stabilisation or small improvements" were
observed.
Age Treatment | Early treatment initi- The paper.st.ates .that "infants who initiat.e treatment prior to the
itiation ation v v v v v onset of clinical signs of SMA, show considerable contrast to the
24 Erdos 2022 natural history of untreated SMA".
The need for respiratory and nutritional support as quality-of-life
Nutrition Nutritional Support v v v v v indicators is highlighted in se\{eral parts ofthfe paper, indicating
these needs as measures of disease progression and treatment re-
sponse.
SMN2 Copies SMN2 Copies num- . . . The influence of the numbe'r of SM_NZ copies on' disease §everity
numbers bers and response to treatment is mentioned in the introduction and
background of the paper.




CSG 63
Relevance for
sy:;;o Pre-
Prognostic fac- . . . - .
# Study ID ognosticac Characteristics matic sym?to SMA | SMA | SMA Details
tor 1/2 matic3 | Type | Type | Type
SMN2 SMI.\IZ | | 1l
. copies
copies
The paper discussed the adaptation of scales such as the HFMSE
- HFMSE test v v v v and the 6MWT. These tests measure SMA progression but it re-
- 6BMWT mains uncertain whether small improvements are clinically signifi-
Motor function cant.
. Muscle strength was frequently assessed using the MRC score and
Highest motor . .
. HHD. The progression of muscle strength, particularly measured by
milestone at base- 4 v v v N . ;
line novel devices like MyoGrip and MyoPinch dynamometers, showed
significant declines in some cohorts.
Lung function tests are described as stable across different studies,
L . which might indicate their insensitivity to depicting progression in
R
Gavriilaki esplra.tory Lung function 4 4 4 SMA. The stability of lung function is particularly noted across dif-
25 2022 function e . .
. ferent cohorts, suggesting its limited utility as a biomarker for SMA
(Biomarker) .
progression.
Neurobhvsiologic Bi- Neurophysiologic measures such as CMAP and MUNE are empha-
omerkersg 4 4 4 v' | sized for their potential in illustrating the natural history of SMA by
quantifying motor neuron loss and compensatory reinnervation.
Biomarkers MRI assessments of the central and peripheral nervous system
Other biomarkers v v wgre undertaken in several studlies. '!'he data sugg.ests pqtenhal
utility, but more robust and longitudinal research is required to val-
idate MRI as a reliable biomarker for monitoring SMA progression.
26 Gauvriilaki SMA Type SMA Type v v v v v The effectiveness of nusinersen was more notable in SMA types 3

2022 (2)

and 4, particularly in the short-term. This is discussed in the paper




CSG 64
Relevance for
Pre-
. sympto- Pre-
# Study ID Prognostic fac- Characteristics matic sym?to- SMA | SMA | SMA Details
tor 1/2 matic3 | Type | Type | Type
SMN2 SMI.\IZ | | 1l
. copies
copies
(Nusinersen) where improvements in HFMSE and RULM scores are mentioned,
showing better responses in these SMA types.
While the specific discussion on SMN2 copy number and its impact
SMN2 Copy on r.)rogr?osis is not explicitly detailed .in this.paper, it is widely rec-
Number SMN2 Copy Number 4 v 4 4 4 ognized in literature and briefly mentioned in the paper where the
genetic basis of SMA, including the role of SMN1 and SMN2, is ex-
plained.
The paper mentions that nusinersen is effective even in patients
Age onset Age at symptom on- v v v v v wit.h a longer d.isease duration. This indicates that a.ge and the du-
set ration of the disease at the onset of treatment can influence out-
comes.
Motor function as a prognostic factor is evident from the motor
Motoric func- - HFMSE test v v v v v function scales (HFMSE, RULM) used to measure the efficacy of
tion - RULM test nusinersen, with initial functional status impacting the degree of
observed improvement.
Type of SMA are discussed in the paper, outlining the differences in
SMA Type SMA Type v v v v v disease pro'gression amqng Types 0-4, with Typ(.e O bc?ing th(? most
severe, typically presenting prenatally and requiring immediate
respiratory support.
27 | Ribero 2022 Age at symptom on- The paper mentions that infants with type 1 SMA present with
Age onset st 4 4 4 4 v symptoms before 6 months of age, which typically correlate with
more severe disease and worse prognosis if untreated.
Motoric func- Baseline motor function is a critical prognostic factor. The paper
tion CHOP-INTEND score Y Y Y Y Y notes the use of the CHOP-INTEND scale to assess motor function
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in infants with type 1 SMA, indicating that lower scores correlate
with more severe disease.
SMN2 Copy The SMN2 copy number is referenced as a prognostic factor affect-
SMN2 Copy Number v 4 v v v' | ing disease severity. Patients with more SMN2 copies generally
Number .
have a less severe form of SMA and a better prognosis.
The paper highlights the role of SMN2 copy number as a major de-
SMN2 Copy terminant of disease severity, impacting the range of clinical fea-
Number SMN2 Copy Number d Y d d Y tures. The paper discusses the function of the SMN2 gene and its
variable copy number across patients.
The classification of SMA types based on the age of onset and mo-
28 Wu 2022 Age onset Age at symptom on- v v v v v tor milestones is detailed ir.1 Table 1. This t:'slble outlines hon early
set or later onset affects the clinical presentation and progression of
the disease.
Motoric func- Table 1 also details the maximal motor function achieved by pa-
tion Motoric function 4 4 4 4 v' | tients with different SMA types, indicating the prognosis associated
with each type based on motor development.
The genetic mutation in the SMN1 gene and the number of SMN2
SMN2 Copy gen.e copies are criﬁcal. The .pa.per discusse§ the role of thgse ge-
Number SMN2 Copy Number 4 4 4 4 v" | netic components in determining the severity of SMA, noting that a
smaller number of SMN2 copies is associated with a more severe
29 Yang 2022 disease phenotype.
The paper mentions that the age at which symptoms first appear is
Age onset Age at symptom on- v v v v v a significant determinant of disease severity. Early onset, particu-

set

larly before 6 months (type 1 SMA), is linked to more severe dis-
ease
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Baseline motor function and its progression are highlighted as im-
Motoric func- Motoric function v v v v v portant prognostic indicators. The pfa\per states that higher initial
tion motor function and slower progression of motor function loss are
associated with better long-term outcomes
The paper emphasizes the importance of respiratory function, not-
Respiratory Respiratory compli- v v v v v ing that respiratory complications are a major cause of morbidity
function cation and mortality. It mentions the impact of ventilatory support on pa-
tient outcomes, particularly the need for permanent ventilation.
The need for nutritional support and its impact on disease progres-
Nutrition Nutritional support v v v v v sion and quéljty-of-life are discus.sed. The paper F)oin.tst out th.at ad-
equate nutritional management is crucial for maintaining patient
health and potentially improving outcomes.
The paper emphasizes that SMA results from mutations or dele-
Genetic Fac- SMN1 Gene Muta- v v v v v tions in the SMIN1 gene, which is crucial for motor neuron survival.
tors tions This genetic basis directly impacts disease severity and is men-
tioned as the primary cause of the condition.
The number of copies of the SMN2 gene significantly influences
. SMN2 Copy SMN2 Copy Number v v v v v disease severity and patient outcomgs, as SMIN2 partly com.pen-
30 | Al-Taie 2023 Number sates for the loss of SMN1. More copies are generally associated
with milder forms and later onset of SMA.
Age at symptom on- As described in the paper, SMA type 1, the most severe form, typi-
Age onset cet v v v v v' | cally presents within the first six months of life, affecting prognosis
significantly compared to other types, which manifest later.
Motoric func- HINE-2 score v v v v v The paper outlines how baseline motor functions, assessed
tion CHOP-INTEND score through various scales like HINE-2 and CHOP-INTEND, serve as
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prognostic indicators. Better initial function typically suggests a
milder disease progression.
The paper discusses the vital role of respiratory function as a prog-
. nostic factor. SMA, particularly types 1 and 2, often involves signifi-
Respiratory . . o . .
Function Ventilatory support 4 v 4 4 v' | cant respiratory muscle weakness, necessitating support like venti-
latory assistance, which correlates with disease severity and
survival rates.
The paper highlights the importance of managing nutritional needs
o . due to difficulties in swallowing and feeding, which are more pro-
Nutrition Nutritional support 4 v 4 4 v . . S .
nounced in severe cases. Effective nutritional management can im-
pact overall health outcomes and quality-of-life.
The number of SMN2 copies is a primary prognostic factor for SMA
severity. The paper states, "the level of SMN protein produced
from SMIN2 copies is inversely correlated with disease severity"
and "the SMIN2 copy number is the main, but not the only prognos-
SMN2 Co tic factor of SMA type. Specific findings include:
Aragon- Py SMN2 Copy Number 4 4 4 4 v - About 86% of patients with SMA type 1 have two copies
- Number
31 Gawinska of SMIN2.
2023 - 87% of patients with SMA type 2 have three copies of
SMN2.
- 64% of patients with SMA type 3 have three copies of
SMN2 and 31% have four copies of SMIN2.
Age Treatment | Age at Treatment In- v v v v v Early initiation of treatment is emphasized as critical. The paper

Initiation

itiation

states, "clinical trial results indicated that disease-modifying
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treatments are highly effective when given prior to symptom on-
set. Specific data shows, "Among 35 patients with three SMN2 cop-
ies treated before 42 days of age and followed-up for at least 18
months, all but one achieved autonomous ambulation”.
. Achieving motor milestones is a key indicator of prognosis. The pa-
. Highest motor ) " . . .
Motoric func- . per discusses, "Of 41 patients with two SMN2 copies, who were
. milestone at base- v 4 v v v . e ; o )
tion line non-symptomatic at treatment initiation, all achieved a sitting posi-
tion independently and 31 were able to walk.
Resoi
ii‘:g?;gry Ventilation support v v v v v' | 12% used non-invasive ventilation at last follow-up.
The need for nutritional support is highlighted as a prognostic fac-
Nutrition Nutritional support 4 v 4 4 v' | tor. The paper mentions, "Among patients with two copies of
SMN2, 8% had nutritional support”.
Variants in SMN2 and other genetic modifiers influence disease se-
verity. The paper refers to mutations in SMN2 also modify the se-
Genetic factors Genetic Modifiers 4 4 4 4 v' | verity of SMA" and highlights the c.859G > C variant, which "pro-
motes exon 7 inclusion, increasing the amount of correct SMN
protein produced".
N The study reported that CSF GFAP levels decreased significantly in
Gauvriilaki . . .
32 2023 SMA type SMA type v v v v v' | treated SMA type 3 but not in type 2 patients, showing that the
type of SMA influences biomarker responses.
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The paper included patients aged 11 to 72 years, highlighting that
A t t - . . X
Age onset gea sysrzf omon v v v v v' | age and disease duration can influence treatment outcomes and
the progression of SMA.
The paper mentioned that CSF protein and Qalb levels were corre-
SMN2 copy ; s -
numbers SMN2 copy humbers 4 v 4 4 v' | lated with the number of SMN2 gene copies, indicating the impact
of genetic factors on disease severity and treatment response.
Age onset Age at symptom on- v v v v v The age.at y\{hich the ﬁ.rst treatment dose is administered is consid-
set ered a significant predictor of treatment response.
Age Treatment This is highlighted as one of the strongest predictors of treatment
& nitiation Age at treatment v v v v v' | response and is crucial for accurate assessment of SMA treatment
outcomes.
Factors such as the use of feeding tubes and the extent of baseline
Nutrition Nutritional Support 4 4 differences in swallowing and feeding difficulties across trial popu-
lations are also significant.
33 Jiang 2023 g -
. Scores from assessments like the HFMSE or the RULM are used to
Motoric Func- HFMSE score v v v . L
. measure motor function at the start of treatment and are critical
tion RULM score . )
for evaluating treatment efficacy.
SMN2 Copy SMN2 Copy Number v v v v v The nu'mber of SMNZ gene coples is a genetic factor that signifi-
Number cantly influences disease severity and treatment response.
. The need for ventilatory support at baseline is an important prog-
Respiratory . . .. . . L .
Function Ventilatory Support 4 v nostic factor. This includes variations in definitions across different
trials, impacting the comparability of results.
Age at symbtom on SMA type | is the most common phenotype, occurring in the first
34 Qiao 2023 Age onset € ysetp v v v v v' | six months of life, and it is associated with functional impairments
and progressive weakness of the respiratory muscles, leading to a




CSG 70
Relevance for
sy:;;o Pre-
Prognostic fac- o . - .
# Study ID ognosticac Characteristics matic sym?to SMA | SMA | SMA Details
tor 1/2 matic3 | Type | Type | Type
SMN2 SMI.\IZ | | 1l
. copies
copies
high rate of infant mortality or invasive ventilation by 2 years of
age.
SMN2 co The SMN2 copy number is negatively correlated with disease se-
Py SMN2 copy number v v v v v' | verity and a higher level of functional SMN protein is associated
numbers . .
with milder phenotypes.
It is reported that nusinersen treatment was beneficial for increas-
ing the score of the HFMSE (WMD: 4.90; 95% Cl: 3.17, 6.63; p <
Motor Func- - HFMSE score 0.00001), RULM (WMD: 3.70; 95% Cl: 3.30, 4.10; p < 0.00001), and
. - RULM score v v v v v" | HINE-2 (WMD: 5.21; 95% Cl: 4.83, 5.60; p < 0.00001). In addition,
tion . L L
- HINE-2 score the risdiplam treatment group also showed statistically significant
improvements in the HFMSE score (WMD:0.87; 95% Cl: 0.05, 1.68;
p =0.04), and (WMD: 1.29; 95% CI: 0.57, 2.01; p = 0.0005).
Patients older than 8 months were more likely to experience ad-
Age onset Age at symptom on- v v v v v verse events such as thrombocytopenia (79.3%) a.nd elevated ami-
set notransferases (71.7%) compared to younger patients (5% and
28.5%, respectively).
SMA patients diagnosed and treated at a younger age tend to have
35 Yang 2023 Age Tr'eatcment Early treatment v v v v v better outcomes. The age at dosing with onasemnogerje abepar-
Initiation vovec ranged from 0.5 to 59 months, and younger patients gener-
ally showed better responses.
SMN2 Co SMN2 is the highly homologous copy of SMN1 while only yielding
Numbefy SMN2 Copy Number v v v v v' | 10% of full-length SMIN protein. Hence, the copy number of SMN2
is negatively associated with disease severity.
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Pooled incidence rate of at least one new motor-milestone
achievement was 84.5% in the ‘two SMIN2 copy numbers’ group
and 81.9% in the ‘three SMN2 copy numbers’ group.
The type of SMA (e.g., type 1, type 2) influences prognosis. Most
SMA type SMA type v v v v v patients in the study w?re of SMA type 1, whlch is a;soaated with
a more severe prognosis but also showed significant improvement
with gene therapy.
Higher baseline motor function, as assessed by tools such as the
Motoric Func- CHOP-INTEND score, is indicative of better treatment outcomes.
tion Motoric function v 4 v v v" | Maintenance of CHOP INTEND scores >40 points was observed in
86.9% of patients during long-term follow-up, indicating significant
improvement in motor function.
Early onset SMA, particularly before 6 months of age, is associated
Age onset Age at symptom on- v v v v v with a more severe disease course and poorer prognosis. Later on-
set set types, such as SMA types 2 and 3, generally have a better prog-
nosis due to milder symptoms and slower disease progression.
The number of copies of the SMN2 gene significantly influences the
36 | Zhong 2023 SMN2 copy SMN2 copy numbers v v v v v seyerlty of SMA. Individuals with more .SMNZ copies usually ex.hlblt
numbers milder symptoms and a better prognosis compared to those with
fewer copies.
Baseline motor function at the time of diagnosis is crucial. Patients
Motorlc func- Motoric function v v v v v presenting with better mqtor function at diagnosis tend to hav_e a
tion more favourable prognosis and respond better to treatments like
nusinersen.
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Proper nutritional management is vital. Malnutrition or poor nutri-
Nutrition Nutritional support v v v v v' | tional status can worsen the prognosis, whereas good nutritional
status supports overall health and enhances treatment efficacy.
Baseline respiratory function is a significant prognostic factor, as
Respira?tory Respiratory function v v v v v respira.tor.y complications are ‘? primar.y cause of m.orb.idity an.d
function mortality in SMA. Better baseline respiratory function is associated
with improved outcomes.
Earlier onset of weakness is linked to higher numbers of CAG re-
Age onset Age at symptom on- v v v v v peats.. Eleven of the ’fhirteen articles identified a statistically signifi-
set cant inverse correlation between CAG repeat length and age of
37 Bellai 2024 weakness onset in SBMA.
Motoric func- Functional disability progresses slowly in SMA patients. ADL scores,
tion ADL Scores 4 4 4 4 v" | which measure the impact of muscle weakness on daily activities,
correlate with both age and CAG repeat number.
SMN2 copy number is strongly correlated with SMA phenotype in
SMN2 Copy p.atients‘with SMN1 deleﬁqn, whilej no corirelation was found .in pa-
Number SMN2 Copy Number 4 4 4 v' | tients with an SMN1 mutation. Patients with three SMN2 copies
show a highly variable clinical phenotype ranging from severe (type
38 Dosi 2024 1) to mild (type llic).
In type | SMA, patients with three SMIN2 copies typically show a
Age onset Age at symptom on- v v v v v !ater onset of symptoms compared to thos? with two SMIN2 cqp-
set ies. The mean age at onset in type | SMA with three SMN2 copies
varies, with studies reporting onset at 1-3.5 months.
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For types Il and Il SMA, the mean age at clinical onset is lower in
patients with three SMIN2 copies compared to those with four cop-
ies.
Patients with three SMIN2 copies generally exhibit a slower decline
Motqr Func- HEMSE scores v v v v in motor function compared to those WI.th twc? coples.. For in-
tion stance, HFMSE scores tend to be better in patients with three
SMN2 copies in cross-sectional studies.
Neurobhvsiologic Bi- Compound Muscle Action Potential amplitude is significantly re-
omerkersg v 4 v v v" | lated to SMN2 copy number and may serve as a sensitive measure
of motor function impairment in infants before symptoms develop.
Biomarkers Other biomarkers, including NAIP copy number, PLS3, coronin 1C
Other biomarkers v v v v v expre.ssmr'\, SMN prot'elln levels, microRNA, neurc?ﬁlament prot.elns,
creatine kinase, creatinine levels, and Tau levels in CSF, are being
considered to further guide prognosis and treatment response.
The paper highlights the significance of early treatment initiation.
"The limited available evidence suggests that risdiplam is an effec-
Age Treatment . L
o Early treatment 4 4 4 4 v' | tive and safe drug for the treatment of SMA. In addition, long-term
initiation . . . .
clinical benefit may be partly determined by the stage of disease at
39 Pascual-Mo- which treatment is initiated”.
rena 2024 After 12 months of treatment, 57% of participants with SMA1
CHOP-INTEND Score 4 4 4 4 v" | achieved a CHOP-INTEND score 240 points, and more than half
Motor Func-
tion were able to feed orally and had head control.
RULM v v v v v In SMA2/3 RULM, and HFMSE increased by 2.09 (1.17, 3.01), 1.73
HFMSE Scores (1.25, 2.20), and 1.00 (0.40, 1.59) points, respectively.
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In SMA1 or probable SMAL1 (i.e., two copies of SMN2), CHOP-IN-
TEND 240 points was achieved in more than half of the participants
Highest motor at 12 months, and in 100% of the presymptomatic participants. At
milestone at base- 4 v 4 4 v' | 24 months, 76% of participants achieved CHOP-INTEND >40 points.
line In addition, 85% were able to feed orally, 71% had head control,
44% were able to sit for >30 s, and 90% did not require permanent
ventilatory support at 24 months.
Respiratory In SMA2/3, FVC and FEV1 tended to decrease at 12 and 24 months,
. Respiratory Function v 4 v v v" | while PCF remained stable and SNIP tended to improve. Efficacy on
Function . L . .
respiratory function in SMA2/3 was inconsistent.
There are various phenotypes of SMA, which are largely correlated
by the copies of the SMN2 gene. SMA type 1 [SMA1, MIM:
SMN2 copy 253300]. Patients with SMA1 usually have one or tVYO copises of the
numbers SMN2 copy number 4 v 4 4 v' | SMIN2 gene. SMA type 2 [SMA2, MIM: 253550]. Patients with

SMAZ2 usually have three copies of the SMN2 gene. Finally, SMA
type 3 [SMA3, MIM: 253400]. Patients with SMA3 usually have
three or four copies of the SMN2 gene.

Abbreviations: 6MWT: 6-Minute Walk Test, ADL: Activities of Daily Living, CHOP-INTEND: Children's Hospital of Philadelphia Infant Test of Neuromuscular Disorders, Cl:
Confidence Interval, CMAP: Compound Muscle Action Potential, CSF: Cerebrospinal Fluid, FEV1: Forced Expiratory Volume 1, GFAP: Glial Fibrillary Acidic Protein, GMFM:
Gross Motor Function Measure, HFMSE: Hammersmith Functional Motor Scale Expanded, HHD: Handheld Dynanometry, HINE: Hammersmith Infant Neurological Exam, IMV:
Intermittent Mandatory Ventilation, MRC: Medical Research Council, MUNE: Motor Unit Number Estimation, NAIP: Neuronal Apoptosis Inhibitory Protein, NIV: Non Invasive
Ventilation, NMES: Neuromuscular Electrical Stimulation, PCF: Peak Cough Flow, RULM: Revised Upper Limb Module, SBMA: Spinal and Bulbar Muscle Atrophy, SMA: Spinal
Muscular Atrophy, SNIP: Sniff Nasal Inspiratory Pressure, WMD: Weighted Mean Difference.
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Table 14: Details of confounders /prognostic factors from included guidelines and recommendations

Relevance for

Prognostic fac- e Pre-symp- | Pre-symp- .
Study ID g - Characteristics tomatic | tomatic3 | SMA :M/: SMA Details
1/2SMN2 | SMN2 | Typel ‘:':' Type Il
copies copies
Age onset Age at symptom v v v v v You.nger age at onset generally correlates with a better prog-
onset nosis.
Time between diag-
Early diagnosis nosis or symptom v v v v v Longer delay between symptom onset and diagnosis is asso-
y diag onset and start of ciated with a poorer prognosis.
NICE Guide- treatment
lines 2016 Respiratory FVC measure v v v v v Poor respiratory function at diagnosis, such as lower FVC, is
Function a predictor of shorter survival.
Presence and timing of gastrostomy can influence progno-
Gastrostomy Gastrostomy v v v v v sis gote Y prog
Genetic factors Genetic factors v v v v v Certain gene mutations as.soaated w.|th familial forms of
MND may also play a role in prognosis.
Respirator Poor respiratory function at diagnosis is linked to a worse
P . 4 FVC measure v v v v v p v g
Function prognosis.
Oliver 2017 Time between di-
Earlv diagnosis agnosis or symp- v v v v v A shorter time from the onset of symptoms to the time of
ydiag tom onset and diagnosis is associated with a poorer prognosis.
start of treatment
SMN2 copy num- | SMN2 copy num- v v v v v In paediatric patients, the maximum motor developmental
ber ber milestone achieved (SMA types 0-3) and the number of
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SMN2 copies, the main prognostic factors used before the
new treatments were developed, continue to be relevant.
. SMA has traditionally been classified into 5 broad categories
Castellano Highest motor according to the maximum motor developmental milestone
Motoric function | milestone at base- v v v v v . & - .p
2022 line achieved and the age of clinical onset; this enables us to es-
tablish a working prognosis in untreated patients.
Complications Complications v v v v v :(ressnce of scoliosis, history of scoliosis surgery, or contrac-
The number of SMN2 gene copies is a significant prognostic
SMN2 copy num- | SMN2 copy num- v v v v v factor, as the severity of SMA inversely correlates with
ber ber SMN2 copy number. More copies generally lead to a less se-
vere phenotype.
The presence of hybrid genes, which combine elements of
Milligan Genetic factors SMN1 Qene Muta- v v v v v SMN1 and SMIN2, Fan reSL.J|t in increased exor? 7 inclusion in
2022 tions SMN mRNAs, leading to higher levels of functional SMN pro-
tein and a milder SMA phenotype.
Time between Early di?gnQSis through newborn screening .and subseqyept
Early diagnosis symptom onset v v v v v det.ermlnatlon.o.f SMN2 copy nl.meer and disease-modifying
and 1st DMT variants are critical for prognosis. Early treatment can halt
neuron degeneration and significantly improve outcomes.
The number of SMN2 gene copies is inversely related to dis-
SMN2 copy num- | SMN2 copy num- v v v v v ease severity. Patients typically have two to four copies of
ber ber the SMIN2 gene, and a higher copy number generally indi-
Abiusi 2023 cates a milder phenotype.
Neonatal screen- The implementation of genetic testing and NBS for SMA al-
Early diagnosis v v v v v lows for early diagnosis and treatment, which can signifi-

ing

cantly improve outcomes. The study emphasizes the
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importance of standardized SMN2 copy number assessment
and testing for SMN2 splicing-modifier variants in NBS pro-
grams.

Michelson
2018

SMN2 genotype

Genotype of SMN2

The prognostic importance of SMN1 and SMN2 gene muta-
tions or deletions is highlighted, with evidence showing that
infants with homozygous deletions or mutations in SMIN1
improve their probability of permanent ventilation-free sur-
vival when treated with nusinersen compared to historical
controls.

Age Treatment
initiation

Age at treatment

The paper provides Class | evidence supporting that infants
with SMA and 2 copies of the SMN2 gene benefit signifi-
cantly from early treatment initiation (younger than 7
months), which results in better motor milestone responses
and higher rates of event-free survival than the sham con-
trol.

Amin 2017

Gastrostomy

Gastrostomy
placement

The use of gastrostomy tube feeds is highlighted as one of
the three significant factors that improve survival for chil-
dren with SMA. This intervention helps manage nutrition ef-
fectively, particularly in patients who have difficulties with
oral intake.

SMA type

SMA type

The severity and prognosis of SMA vary by type. Type 1
(Werdnig-Hoffman disease) is the most severe, with onset
between birth and 6 months and a life expectancy of less
than 2 years. Type 2 has onset before 18 months, with pa-
tients able to sit but not stand, and death generally occurs
after age 2. Type 3 is the mildest form, with onset after 18
months and a normal life expectancy.
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Age onset Age at symptom v v v v v The age at which symptoms first appear significantly influ-
onset ences the disease trajectory and overall prognosis.
The use of NIV and invasive ventilation significantly impacts
Respiratory func- Ventilatory Sup- surviv.al rates anc! quality-of-life. NIV improves the respira-
tion port v v v v v tory disturbance index, sleep architecture, and overall sur-
vival. The use of MI-E devices and gastrostomy tube feeds
are crucial factors that improve survival.
Aggressive nutritional management has contributed to im-
i, . proved survival rates. Proper nutrition is vital for maintain-
Nutrition Nutritional support v v v v v ing muscle strength and overall health, which can affect the
progression of SMA.
The patient's response to ongoing treatments, especially
Response to Response to Treat- those i!'\vol.ving immun.osuppress.ive and. immunomodulating
Treatments ments v v v v v therapies, impacts their prognosis. Continued treatment
without manifestations suggestive of COVID-19 is recom-
mended to avoid disease relapse.

Solé 2020 For children with type 1 or type 2 SMA, the initiation of
treatment with nusinersen is considered a therapeutic
emergency because delaying treatment can have severe

Age Treatment Age Treatment ini- v v v v v functional and vital consequences.
initiation tiation For adolescents and adults with type 2 and type 3 SMA, the
therapeutic objective is more focused on stabilizing or
slightly improving the functional state, allowing for some
flexibility in delaying the initiation of treatment.

Lee 2021 Genetic factors SMN1 Gene Muta- v v v v v Spinal muscular atrophy is a progressive disorder character-

tions ized by degeneration of spinal cord and brainstem motor
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neurons caused by homozygous deletions in the SMN1
gene, resulting in loss of SMIN protein.
Furthermore, early dosing appears to be critically important,
and therefore consensus expert opinion recommends treat-
SMN2 (;OeF;Y num- | SMN2 CbOeF;V num- v v v v v ment of patients with two or three copies of SMIN2 as soon
as possible, including those who are presymptomatic and
identified via newborn screening programs.
Pre-sympto- .
matic/sympto- Pre-symptomanc/ Implementation of newborn screening SMA in 33 US states
matic at symptoma.tls .at v v v v v and increased genetic carrier screening have led to an in-
L treatment initia- . . .
treatment initia- tion crease in early, presymptomatic diagnosis of SMA.
tion
Motoric function CHOP-INTEND v v v v v Scored at the 50th percentile on the AIMS and 40 out of 64
score on the CHOP-INTEND.
Repeat examination on the day of gene transfer treatment
Neurophysiologic at 37 days of age (CGA of 40 weeks 1 day) revealed absent
Biomarkers Biomarkers v v v v v reflexes, hypotonia and weakness. His ulnar and peroneal
CMAP amplitudes had decreased by 85% and 70%, respec-
tively (ulnar, 0.8 mV; peroneal, 1.2 mV).
. To have mildly increased work of breathing and cough while
. Ventilatory Sup- . .
ResplraFory func- port v v v feeding f’:lt 1-m9nth follow-up. At 6 months.of age, Fontmued
tion to have intermittent tachypnea with tasks like feeding but
has not required additional respiratory support.
Feeding and Swal- A bedside swallow evaluation at 5 months of age demon-
Nutrition lowing Issues v v v strated deep penetration with thin and nectar thick consist-
encies requiring modification of oral feeding.
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10

Kichula 2021

SMN2 Copy
Number

SMN2 Copy Num-
ber

v

v

The severity of SMA is largely dependent on the number of
copies of the SMN2 gene, a back-up gene to SMN1. Each
SMN2 copy produces approximately 10% of the functional
SMN protein produced by a single functional SMN1 copy,
partially compensating for the disrupted SMN1 genes as
SMN protein is essential for life.

Age Treatment
initiation

Age at treatment

The age at which treatment is initiated significantly influ-
ences outcomes. Early treatment, especially in presympto-
matic infants or those in the early symptomatic stage, leads
to better prognoses, including improved survival and
achievement of motor milestones. Clinical studies have con-
sistently demonstrated the benefits of early treatment initi-
ation in SMA, before irreversible loss of motor neurons.

SMA Type

SMA Type

The traditional classification of SMA into types 0, 1, 2, 3, and
4 based on age of onset and maximum motor milestones
achieved is less relevant with disease-modifying therapies. A
more functional classification into non-sitters, sitters, and
walkers is recommended.

Historically, SMA was classified into three major phenotypes
(SMA types 1, 2, and 3), differentiated by the child's age at
symptom onset and maximum motor milestone achieved.
SMA types 0 and 4 were added to describe rare congenital
and adult-onset forms of SMA, respectively.

Nutrition

Nutritional support

The requirement for nutritional support before treatment

can indicate the severity of SMA and influence the progno-
sis. Patients needing less support generally have better out-
comes. Onasemnogene abeparvovec was found to increase
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motor milestone attainment and reduce the need for nutri-
tional support in many patients.
The requirement for respiratory support before treatment
can indicate the severity of SMA and influence the progno-
Respiratory fun- Ventilatory sup- v v v v v sis. Patients needing less support generally have better out-
cion port comes. Onasemnogene abeparvovec was found to increase
motor milestone attainment and reduce the need for respir-
atory support in many patients.
The number of SMN2 gene copies significantly influences
SMN2 Copy SMN2 Copy Num- v v v v v the disease severity and prognosis. More SMIN2 copies gen-
Number ber erally correlate with a milder phenotype and better progno-
Sis.
Age onset Age at symptom v v v v v Earlier onset _Of symptc?ms typically indicgtes a more severe
onset form of the disease, with worse prognosis.
SMA is categorized into types 1 through 4 based on age at
onset and severity. Type 1 (Werdnig-Hoffmann disease) is
. the most severe, with onset in infancy and typically the
11 Ziegler 2020 SMA Type SMA Type v v v v v worst prognosis. Type 2 and 3 have a later onset and a rela-
tively better prognosis, while Type 4 is adult-onset and usu-
ally the least severe.
. Initial motor function and the progression rate of motor de-
Highest motor . . L o
Motoric function | milestone at base- v v v v v cline 'are crucial prognost"lc |nd|cators.' Better'lnmal motor
line functlon'and slower decline are associated with a better
prognosis.
. Ventilatory Sup- Respiratory complications are common in SMA, especially in
Respiratory func- port v v v v v more severe types. The need for ventilatory support is a sig-

tion

nificant prognostic factor, with those requiring earlier and
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more intensive respiratory support having a poorer progno-
Sis.
Over/Under-nutri- Poor nutritional status and difficulties in feeding are associ-
Nutrition tion v v v v v ated with worse outcomes. Maintaining adequate nutrition
is critical for patient management and prognosis.
The presence and severity of complications, such as scolio-
Complications Complications v v v v v sis, Fontractyres, and cardiac issues, also inﬂ.uen.ce the prog—
nosis. Effective management of these complications can im-
prove quality of life and outcomes.
The number of SMN2 copies is crucial for determining the
severity of SMA. Type 1 SMA patients usually have two
SMN2 Copy SMN2 Copy Num- v v v v v SMN2 copies, type 2 and early-onset type 3 SMA patients
Number ber have three copies, late-onset type 3 patients have four cop-
ies, and type 4 patients have four to six copies. This factor is
essential for prognosis and therapeutic approaches.
SMA is commonly caused by homozygous deletions of exons
12 | Mercuri 2018 | Genetic factors SMN1 G'ene Muta- v v v v v 7 and 8 of the SMIN1 gene. Other mutations i'n SMNl'can.be
tions found in a small percentage of cases, usually in combination
with an SMIN1 deletion on the other allele.
The age at which symptoms begin significantly impacts the
Age onset Age at symptom v v v v v prognosis. Earlier onset is associated with a more severe dis-
onset ease progression.
Regional and cul- Studies have shown variations in the carrier frequency of
Region & v v v v v SMN1 deletions among different ethnic groups, with Asians
tural standards . . .
having the highest carrier frequency.
13 | Palmer 2022 SMN2 Copy SMN2 Copy Num- v v v v v The number of copies ofthe .SMNZ gene is a critical deter-
Number ber minant of disease severity. Higher SMN2 copy numbers are
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generally associated with milder phenotypes and better out-
comes. This is because SMN2 can partially compensate for
the loss of SMN1 gene function.

Age onset

Age at symptom
onset

Earlier onset of symptoms, particularly before six months of
age, is associated with more severe disease (Type 1 SMA)
and poorer outcomes. Later onset of symptoms typically
correlates with milder forms (Types 2 and 3) and better
prognoses.

Motoric function

Highest motor
milestone at base-
line

Higher baseline motor function before treatment initiation
is associated with better outcomes. This underscores the
importance of early intervention.

Age Treatment
initiation

Age at treatment

Early initiation of disease-modifying therapies significantly
improves outcomes, particularly in infants with type 1 SMA.
Delays in treatment initiation can lead to irreversible motor
neuron loss and poorer functional outcomes.

Complications

Complications

The development of complications such as scoliosis and
joint contractures can negatively impact motor function and
overall prognosis, especially in patients aged 6-15 years.

14

Hagenacker
2019

Genetic factors

Genetic modifiers

In addition to the molecular genetic confirmation of the di-
agnosis of 5g-associated SMA, there should be anamnetic
evidence of SMA-related deterioration of motor function in
the past years or months.

Motoric function

Motoric function

In addition to the molecular genetic confirmation of the di-
agnosis of 5g-associated SMA, there should be anamnetic
evidence of SMA-related deterioration of motor function in
the past years or months.
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Study ID

Prognostic fac-
tor

Characteristics

Relevance for

Pre-symp-
tomatic
1/2 SMN2
copies

Pre-symp-
tomatic 3

SMA
SMN2 Type |

copies

SMA
Type

SMA
Type Il

Details

Comorbidities

Comorbidities

v

v

In the context of an individual benefit-risk assessment, the
age of the patient and any life-limiting comorbidities, such
as severe oncological diseases, should be considered.

Age Treatment
initiation

Early treatment in-
itiation

In general, the indicated treatment with nusinersen should
be started as soon as possible after diagnosis of 5q-SMA, re-
gardless of the patient's age, to preserve or improve as
many of the patient's remaining motor functions as possi-
ble.

15

Cuscd 2024

SMN2 copy num-
ber

SMN2 copy num-
ber

It is stated that the number of SMN2 copies is the most sig-
nificant modifier of disease phenotype and has implications
for patient stratification in clinical trials and therapeutic ap-
proaches.

SMN2 genotype

Genotype of SMIN2

The paper emphasizes the importance of establishing accu-
rate genotype-phenotype correlations to guide treatment
decisions and predict disease progression. This is discussed
throughout the "Results" and "Discussion" sections, high-
lighting the role of careful analysis and retesting when dis-
crepancies arise.

Presymptomatic/

symptomatic at

treatment initia-
tion

Presymptomatic
vs. symptomatic at
the time of disease

The paper provides guidelines specifically for cases identi-
fied through neonatal screening. It discusses how asympto-
matic patients with various SMIN2 copy numbers might be
expected to present and suggests actions based on those
expectations. For example, a neonate with one SMN2 copy
usually presents with congenital SMA, but if they are asymp-
tomatic at birth, this might suggest an error in SMN2 quanti-
fication or the presence of a positive modifier variant.
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Study ID

Prognostic fac-
tor

Characteristics

Relevance for

Pre-symp-
tomatic
1/2 SMN2
copies

Pre-symp-
tomatic 3
SMN2
copies

SMA
Type |

SMA
Type

SMA
Type Il

Details

Early diagnosis

Neonatal Screen-
ing and Early Diag-
nosis

v

v

The significance of neonatal screening in detecting SMA
early, which can critically affect the course of the disease
and therapeutic outcomes, is discussed in the "Introduc-
tion" and "Discussion" sections. Early diagnosis through
screening allows for timely interventions, potentially modi-
fying the disease trajectory significantly.

16

Glascock
2020

SMN2 copy num-
ber

SMN2 copy num-
ber

All individuals with SMA have a variable copy number
SMNZ2, a paralog of SMN1, that produces low, but essential
levels of SMIN protein. Copy number of SMN2 correlates in-
versely with SMA phenotype severity, as greater SMN2 copy
number is associated with milder phenotypic presentation.

SMN2 genotype

Genotype of SMN2

SMA types 1 and 2 represent a large majority of SMA cases
and account for the bulk of those who screen positive for
SMA and have three or fewer copies of SMN2. Specific Copy
Number Associations:

"80% of those with SMA type 1 have two or fewer copies of
SMN2",

"82% of those with SMA type 2 have three copies of SMN2".
"96% of those with SMA type 3 have three or four copies of
SMN2",

Support

Support from fam-
ily

Physicians should instruct parents/caregivers to contact
them immediately if they see any of the following: signifi-
cant change in child’s movement, feeding, or breathing pat-
tern, change in voice/weak cry, increased fatigue without in-
creased activity, trouble feeding in young children or
infants, decline or loss of function in previously attained
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Relevance for
# Study ID ALGEE L Characteristics P:ﬁ.f,‘;:f F:;emsa\:nr:;; sma | SMA 1 gvia Details
tor 1/2SMN2 | SMIN2 | Typel T‘:fe Type lll
copies copies
motor ability or failure to show progress in expected motor
ability, abdominal breathing, failure to thrive.
The age at which symptoms begin is critical in determining
Age onset Age at symptom v v v v v the severity gf SMA.. The classification i.nC|l.Jde.S SMA types 0
onset through 4, with earlier onset generally indicating more se-
vere disease.
Highest motor The highest motor milestone achieved (such as the ability to
Motoric function | milestone at base- v v v v v sit or walk) is used to classify and predict the severity of
line SMA.
The number of SMN2 gene copies is a genetic factor that in-
SMN2 (E)Oeriy num- | SMN2 CbOeF;V num- v v v v v fluences disease severity. Fewer copies are associated with
17 | Kolbel 2022 more severe forms of SMA .
Ventilatory Sup- Respiratory insufficiency and the need for ventilation sup-
Respiratory func- port v v v port are significant prognostic indicators. SMA1 patients of-
tion ten require invasive ventilation early on, while SMA2 and
some SMA3 patients may need non-invasive ventilation.
Contractures Contractures v v v v The presence ijoi.nt contractyres, which often require sur-
gical intervention, is common in more severe forms of SMA.
Rare variants in the SMIN2 gene and other positive SMN-in-
Genetic factors Genetic modifiers v v v v v dependent genetic modifiers can influence the phenotype
and are considered in prognosis.
The age at which symptoms first appear is critical. Early on-
Nenn- Age at symptom set, especially within the first few weeks of life, is associated
18 . Age onset v v v v v with a more severe form of the disease (SMA type 1) and a
stiel 2022 onset . . . s . e
higher risk of mortality within the first two years of life if un-
treated.
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Prognostic fac- L Pre-symp- | Pre-symp- .
# Study ID g . Characteristics tomatic | tomatic3 | SMA iMA SMA Details
or 1/2SMN2 | SMIN2 | Typel ‘:fe Type lll
copies copies
SMA is traditionally classified into five types based on motor
skills achieved. The classification includes type 0 (most se-
, type | (severe infantile form), type Il, type Ill, and type
MA T MA T v v v v v | vere)
S ype S ype IV (mildest). A more pragmatic classification into "non-sit-
ter," "sitter," and "walker" is also used. The specific type im-
pacts prognosis significantly.
Ventilatory Sup- The involvement of respiratory muscles and the need for
Respiratory func- port v v v v v mechanical ventilation are crucial prognostic factors. Severe
tion respiratory muscle weakness often leads to higher mortal-
ity.
Pre-sympto- . s . L
m:tics Pre-symptomatic/ Initiating therapy pre-symptomatically has shown significant
symptomatic at symptoma.tiF .at v v v v v improvement in 'm'oto.r and respiratory outcomes. Drugs for
o treatment initia- SMN2 gene modification or SMN1 gene replacement have
treatment initia- . 8 . .
tion tion dramatically improved prognosis.
Early diagnosis Time between di- Early diagnosis and intervention allow for the prompt initia-
agnosis and start v v v v v tion of treatment, which can prevent motor regression and
of treatment early mortality.
The disease is caused by genetic defects in the SMN1 gene
MN1 Muta-
Genetic factors S nge uta v v v v v on chromosome 5. Most cases are due to a homozygous de-
tions .
letion of the SMN1 gene.
SMN2 copy num- | SMN2 copy num- v v v v v The more SMN2 copies are present, the more likely it is that
ber ber the disease will start later and have a milder course.
The severity of SMA correlates with mutations in the SMN1
. SMN1 Gene Muta- gene on chromosome 5g13.2. A homozygous deletion of ex-
Ludolph 2021 | Genetic fact v v v v v
19 ucelp eneticfactors tions ons 7 and 8 or only exon 7 of the SMN1 gene is found in
about 94% of patients.
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Relevance for
Prognostic fac- .. Pre-symp- | Pre-symp- .
# Study ID g . Characteristics tomatic | tomatic3 | SMA iMA SMA Details
or 1/2SMN2 | SMN2 | Typel ‘:fe Type lll
copies copies
The severity of SMA is inversely related to the number of
MN2 - SMN2 -
S CbOeF;V num ZOeF;V num v v v v v SMN2 copies, with fewer copies generally correlating with
more severe disease.
SMA is classified into types (0, 1, 2, 3, and 4) based on the
i tor skills achieved (never-sitting, sitting, walk-
SMAT SMAT v | v v/ | maximim mo ; oo SRS
ype ype ing) and the age of onset. This classification helps in deter-
mining the prognosis and expected progression.
Highest motor . . . .
Motoric function | milestone at base- v v v v v Patients with more severe loss of muscle function typically
line have poorer outcomes.
Respiratory assessment and support should be of highest
priority. Management should include proactive measures in-
Respiratory func- . cluding optimizing use of bilevel positive airway pressure
: . Lung functi v v v v v : . )

20 | Finkel 2018 tion ung function (i.e., NIV, not CPAP) respiratory support with a backup res-
piratory rate and augmented secretion clearance prior to
empiric oxygen supplementation.

As reported in the Nutritional Care Section, during acute ill-
Nutrition Nutritional Sup- v v v v v n.ess, fasting should be.av0|ded to prevent me'tabollc acido-
port sis, hyper/hypoglycemia or fatty acid metabolism abnormal-
ities.
The document explains that the age at which symptoms ap-
pear is a critical prognostic factor. SMA type | manifests
Leitfaden ithi i i i i i
21 Age onset Age at symptom v v v v v within the first 6 m'onths' of I|fe'and is as'souated with severe
2017 onset symptoms such as inability to sit or roll independently. Con-

versely, SMA type IV appears in adulthood with milder
symptoms.
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Study ID

Prognostic fac-
tor

Characteristics

Relevance for

Pre-symp-
tomatic
1/2 SMN2
copies

Pre-symp-
tomatic 3
SMN2
copies

SMA
Type |

SMA
Type

SMA
Type Il

Details

Motoric function

Highest motor
milestone at base-
line

v

v

Achieving motor milestones is a significant indicator of dis-
ease severity. SMA type | patients are unable to sit inde-
pendently, SMA type |l patients can sit but not walk inde-
pendently, and SMA type Il patients can walk but may lose
this ability over time.

SMN2 copy num-
ber

SMN2 copy num-
ber

The number of SMN2 gene copies strongly influences the
disease severity. Generally, a higher number of SMN2 copies
correlates with a milder form of the disease. For example,
SMA Type | patients typically have 2 copies of the SMN2
gene, whereas SMA Type IV patients may have 4 to 6 copies.

Respiratory
Function

Lung function

Respiratory complications are common and significant prog-
nostic factors in SMA. Regular assessments of lung capacity
and monitoring for changes in respiratory function are cru-
cial. Breathing problems, especially in those who cannot sit,
can lead to severe health issues.

Nutrition

Nutritional support

Proper nutritional management and bone health are critical
in SMA. Nutritional deficiencies can exacerbate symptoms,
and ensuring adequate intake of calcium and vitamin D is
essential to prevent osteoporosis. Regular monitoring and
tailored nutritional plans are recommended

Orthotics

Orthotics

v

v

v

v

v

Orthopedic complications, such as scoliosis and joint con-
tractures, impact the prognosis of SMA. Regular monitoring
and interventions like orthoses or surgical options help
maintain mobility and prevent further complications.

Abbreviations: AIMS: Alberta Infant Motor Scale, CMAP: Compound Muscle Action Potential, CPAP: Continuous Positive Airway Pressure, DMT: Disease-Modifying Treatment,
FVC: Forced Vital Capacity, MND: Motor Neurone Disease, MI-E: Mechanical Insufflation-Exsufflation, NBS: Newborn Screening, NIV: Non Invasive Ventilation, SMA: Spinal
Muscular Atrophy
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Al Annex 1 MEDLINE search strategy

Table 15: Search string for review of guidelines and recommendations
Database MEDLINE

Search interface PubMed
Search date 02.05.2024
No | Search terms Results

(((("Muscular Atrophy, Spinal"[mh] OR "Motor Neuron Disease"[mh:noexp])
OR (motor[Title/Abstract] AND neuron*[Title/Abstract] AND disease*[Ti-
tle/Abstract])) OR (spinal[tiab] OR bulbo-spinal[tiab] OR bulbospinal[tiab] OR
1 | myelopath*[tiab] OR progressiv*[tiab] OR spinobulbar[tiab] AND (muscu- 44,943
lar[tiab] OR muscle[tiab]) AND atroph*[tiab])) OR ((spinal[tiab] OR (neuro-
genic scapuloperonea*[tiab])) AND amyotroph*[tiab])) OR ((Spinal[tiab] OR
bulbo-spinal[tiab] OR bulbospinal[tiab] OR spinobulbar([tiab] OR spinopon-
tin*[tiab] OR (hereditary motor[tiab])) AND neuronopath*[tiab])

(#1) AND (Guideline[ptyp] OR Practice Guideline[ptyp] OR guideline*[Title]

OR

2 Consensus Development Conference[ptyp] OR Consensus Development Con- 112
ference,
NIH[ptyp] OR recommendation*[Title])

3 (#1) AND (Guideline[ptyp] OR Practice Guideline[ptyp] OR guideline*[Title] 5

OR Consensus Development Conference[ptyp] OR Consensus Development
Conference, NIH[ptyp] OR recommendation*[Title]) Filters: from 2015 - 2024

CSG. An IGES Group company.
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Table 16: Search string for review of systematic reviews and meta-analyses

Database MEDLINE

Search interface PubMed

Search date 02.05.2024

No

Search terms

Results

((("muscular atrophy, spinal"[MeSH Terms]) OR (("spinal"[Title/Abstract] OR
"bulbo-spinal"[Title/Abstract] OR "bulbospinal"[Title/ Abstract] OR "mye-
lopath*"[Title/Abstract] OR "progressiv*"[Title/Abstract] OR "spino-
bulbar"[Title/Abstract]) AND ("muscular"[Title/Abstract] OR "muscle"[ Ti-
tle/Abstract]) AND "atroph*"[Title/Abstract])) OR (("spinal"[Title/Abstract]
OR "neurogenic scapuloperonea*"[Title/Abstract]) AND "amyotroph*"[Ti-
tle/Abstract])) OR (("spinal"[Title/Abstract] OR "bulbo-spinal"[Title/Abstract]
OR "bulbospinal"[Title/ Abstract] OR "spinobulbar"[Title/Abstract] OR "spin-
opontin*"[Title/Abstract] OR "hereditary motor"[Title/Abstract]) AND "neu-
ronopath*"[Title/Abstract])

19,732

(#1) AND (((Meta-Analysis[ptyp] OR systematic[sb] OR ((systematic re-
view([ti] OR meta-analysis[pt] OR meta-analysis[ti] OR systematic literature
review([ti] OR this systematic review[tw] OR pooling project[tw] OR (system-
atic review[ tiab] AND review[pt]) OR meta synthesis[ti] OR meta-analy*[ti]
OR integrative review[tw] OR integrative research review[tw] OR rapid re-
view[tw] OR umbrella review[tw] OR consensus development conference[pt]
OR practice guideline[pt] OR drug class reviews[ti] OR cochrane database
syst rev[ta] OR acp journal club[ta] OR health technol assess[ta] OR evid rep
technol assess summ{ta] OR jbi database system rev implement rep[ta]) OR
(clinical guideline[ tw] AND management[tw]) OR ((evidence based]ti] OR ev-
idence-based medicine[mh] OR best practice*[ti] OR evidence synthe-
sis[tiab]) AND (review[ pt] OR diseases category[mh] OR behavior and be-
havior mechanisms[mh] OR therapeuticsmh] OR evaluation study[pt] OR
validation study[pt] OR guideline[ pt] OR pmcbook)) OR ((systematic[tw] OR
systematically[tw] OR critical[ tiab] OR (study selection[tw]) OR (predeter-
mined[tw] OR inclusion[tw] AND criteri*[tw]) OR exclusion criteri*[tw] OR
main outcome measures[tw] OR standard of care[tw] OR standards of
care[tw]) AND (survey[tiab] OR surveys| tiab] OR overview*[tw] OR re-
view([tiab] OR reviews[tiab] OR search*[tw] OR handsearch[tw] OR analy-
sis[ti] OR critique[tiab] OR appraisal[tw] OR (reduction[ tw] AND (risk[mh]
OR risk[tw]) AND (death OR recurrence))) AND (literature[ tiab] OR arti-
cles[tiab] OR publications[tiab] OR publication[tiab] OR bibliography| tiab]
OR bibliographies[tiab] OR published[tiab] OR pooled data[tw] OR un-
published[tw] OR citation[tw] OR citations[tw] OR database[tiab] OR inter-
net[ tiab] OR textbooks[tiab] OR references[tw] OR scales[tw] OR papers[tw]
OR datasets[tw] OR trials[tiab] OR meta-analy*[tw] OR (clinical[tiab] AND
studies][ tiab]) OR treatment outcome[mh] OR treatment outcome[tw] OR
pmcbook)) NOT (letter[pt] OR newspaper article[pt])) OR Technical Re-
port[ptyp]) OR (((((trials[tiab] OR studies[tiab] OR database*[tiab] OR litera-
ture[tiab] OR publication*[tiab] OR Medline[tiab] OR Embase[tiab] OR
Cochrane[tiab] OR Pubmed]tiab])) AND systematic*[tiab] AND (search*[tiab]
OR research*[tiab]))) OR ((((((((((((HTA[tiab]) OR technology assess-
ment*[tiab]) OR technology report*[ tiab])) OR (systematic*[tiab] AND re-
view*[tiab])) OR (systematic*[tiab] AND overview*[tiab])) OR meta-
analy*[tiab]) OR (meta[tiab] AND analyz*[ tiab])) OR (meta[tiab] AND
analys*[tiab])) OR (meta[tiab] AND analyt*[ tiab]))) OR (((review*[tiab]) OR
overview*[tiab]) AND ((evidence[tiab]) AND based[tiab]))))))

457
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#2 Filters: from 2015 - 2024

356

(#3) NOT "The Cochrane database of systematic reviews"[Journal]

350
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A2  Annex 2 Cochrane search strategy

Table 17: Search string for review of systematic reviews and meta-analyses

Database Cochrane Database of Systematic Reviews
Search interface Cochrane Library
Search date 02.05.2024
No Search terms Results
1 [mh "spinal muscular atrophy"] 148
2 [mh "motor neuron disease"] 1,113
3 (motor NEXT neuron* NEXT disease*):ti,ab,kw 605

(spinal OR "bulbo spinal" OR bulbospinal OR myelopath* OR progres-

\V* OR

4 |SV°O 712

spinobulbar):ti,ab,kw AND (Muscular OR muscle):ti,ab,kw AND
(Atroph*):ti,ab, kw

5 (Spinal OR (neurogenic NEXT scapuloperonea*)):ti,ab,kw AND (Amyo- 174
troph*):ti,ab,kw

6 (Spinal OR "bulbo spinal" OR bulbospinal OR spinobulbar OR spinopon- 2
tin* OR "hereditary motor"):ti,ab,kw AND (Neuronopath*):ti,ab,kw

7 | #L OR #2 OR #3 OR #4 OR #5 OR #6 1893
#7 with Cochrane Library publication date from Jun 2015 to Jun 2024, in 34

Cochrane Reviews
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A3

Table 18: Guideline databases and selected websites for hand-search

Annex 3 Free-hand search — Guidelines and recommendations

Guideline databases

AWMF Guidelines

CMA Infobase: (CPGs) — Clinical Practice Guidelines Database

TRIP Database

Selected websites of German and international professional societies

Gesellschaft fiir Neuropadiatrie

Deutsche Gesellschaft fir Muskelkranke e.V.

Treat NMD Neuromuscular Network

SMA Europe

Cure SMA

World Muscle Society

Spinal Muscular Atrophy Foundation

My Care Plus

Muscular Dystrophy UK

NHS - Protocol and Guidelines

NICE Guidelines

Gesellschaft fiir Neuropadiatrie

Treat-NMD Neuromuscular Network

Deutsche Gesellschaft fur Muskelkranke e.V.

Initiative SMA

Schweizerischen Muskelgesellschaft

Neurologienetz

Deutsche Gesellschaft fiir Humangenetik e.V.

Deutsche Gesellschaft fiir Kinder-und Jugendmedizine.V.

Deutsche Muskelstiftung

Deutsche Muskelschwund-Hilfe e.V.

Muskeln ftr Muskeln

Patientenstimme SMA

SMA Europe

Marathon
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CTM-Austria

AFM Telethon

European Neuro Muscular Centre

Additional free-hand search & PubMed

PubMed

Google

Google-Scholar
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