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1. ABSTRACT
 

Name of Sponsor/Company European Medical Agency

Name of Finished Product Not applicable

Name of Active Ingredient(s) Not applicable

Protocol No.: EUPAS50476

Title of Study: A registry-based cohort study of Spinal Muscular Atrophy (SMA) disease to describe the
natural history of SMA, the evolution of SMA care management and disease progression considering new
disease modifying therapies (DMTs)

Version and date: Version 5.1, 5 April 2024

Study Name: Not applicable

Sponsor's Responsible Party: Carla Jonker, EMA

Keywords: SMA, Natural History of Disease, Treatment Patterns, Disease Outcomes, Healthcare
Management

EU PAS Register Number: EUPAS50476

NCT No.: Not applicable

Clinical Registry No.: Not applicable

Marketing Authorization Holder(s): Not applicable

Names and Affiliations of Principal Investigator(s): Laurent Servais, Professor of Paediatric
Neuromuscular Diseases, University of Oxford (Principal investigator for TREAT-NMD), Nicolas
Deltour, Vice President Real World Strategy (Coordinating-Principal investigator for Aetion)

Study Center(s): Belgium, Czech Republic and Slovakia, Germany and Austria, Spain, Sweden, United
Kingdom and Ireland

Publication (Reference): None

Study Period: The study period began on each registry's start date, ranging from December 2007 for the
UK and Ireland registry to January 2018 for the Belgium registry; and continued until the end of data
availability, ranging from December 2021 for the Belgium registry to May 2023 for the Czech Republic &
Slovakia, Germany and Austria, Spain, Sweden, and UK and Ireland registries. All data provided by the
participating registries were used for analyses.

Rationale and background: Spinal muscular atrophy (SMA) is a rare recessive progressive
neurodegenerative disorder. It results from the progressive loss of alpha motor neurons that leads
progressive amyotrophy and hypotonia. Muscle weakness also affects respiratory and bulbar muscle in
the most severe and frequent cases. The age of onset is highly variable from birth to adulthood, leading to
a broad phenotypic spectrum. Secondary consequences of muscle weakness include respiratory,
nutritional, or skeletal deformities.
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Since the approval of new treatments for SMA, studies have reported disease trajectories that significantly
differ from the known natural history of SMA. Considered together with the limited evidence on the
long-term safety and efficacy available at drug approval, the EMA, to address the Committee for
Advanced Therapies’ needs, asked to investigate SMA patients’ course of the disease, and the SMA
standards of care delivery, as well as the disease progression given newly available disease-modifying
therapies (DMTs), in real-world settings. Challenges and lessons learned from using disease-specific
registries will also be discussed.

Research question and objectives: The specific research question is to investigate SMA patients’ course
of disease and standard of care delivery over time, in multiple European countries:

● Objective 1: to describe, by SMA type, the natural history of SMA (the disease and its
progression) in the “NEVER TREATED” cohort and the “TREATED” cohort also stratified by
DMT, including patient characteristics, disease progression based on motor function assessment
as well as respiratory, nutritional and skeletal deformities, post-diagnostic outcomes of interest,
and serious adverse events of special interest.

● Objective 2: to describe by SMA type the evolution of diagnosis methods and of medicinal and
non-medicinal treatment over time, including adoption of DMTs in the “ALL” cohort and the
DMTs patterns.

Study design: The study is a non-interventional, primarily descriptive, retrospective cohort study of SMA
patients using 6 European registries (9 countries) federated in the TREAT-NMD network. The study
period spanned from the registry start date, with the earliest start date being April 2008 to May 15, 2023.
Patients were followed from registry entry to the date of latest available information. The study was
conducted in line with the European Network of Centres for Pharmacoepidemiology and
Pharmacovigilance (ENCePP) principles and tools for scientific independence and transparency.

● Registry start date: Czech Republic &x Slovakia (May 2011), Belgium (Jan 2018), Germany and
Austria (April 2008), Spain (Feb 2015), Sweden (Oct 2010), and United Kingdom (UK) and
Ireland (Jan 2008)

● End of data availability: Czech Republic & Slovakia (May 2023), Belgium (Dec 2021), Germany
and Austria (May 2023), Spain (April 2023), Sweden (April 2023), United Kingdom and Ireland
(May 2023)

Setting: This study used data collected from patients enrolled across 6 patient- and clinician-based
registries in 9 European countries (Belgium, Sweden, Czech Republic & Slovakia, Germany & Austria,
Spain, and UK and Ireland).

Population and Study Size: The study population included all SMA patients with genetically confirmed
5q SMA enrolled in each of the registries selected for the study, with at least the month and year of birth
date available. To assess the different objectives, three cohorts were studied:

● All patients (“ALL”): to study management care changes and differences across European
countries

● Never treated patients (“NEVER TREATED”): to study the natural history of SMA
● Treated patients (“TREATED”): to study the natural history of SMA and to describe the use of

available DMTs

Variables and Data Sources:

Exposure: The treated cohort (TREATED) consisted of patients who had been exposed to any DMT.
Patients were classified as never treated (NEVER TREATED) if they had no record of DMT treatment at
any point in their registry data and TREATED if they ever received a DMT. Based on a time-varying
exposure approach, the patients could then contribute to more than one exposure category.
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Outcomes: Natural history of SMA and SMA healthcare management were assessed with demographics,
SMA history, genetic testing, nutritional status, motor function, scoliosis, pulmonary function,
rehabilitative interventions, DMTs, co-medications, patient-reported outcomes, and hospitalisations. The
following post-diagnosis outcomes were used to describe SMA natural history, and disease progression
after DMT intake: motor function, skeletal deformities, pulmonary function, nutrition, hospitalisations,
and deaths. The following outcomes were described for the assessment of DMT patterns: use of Spinraza
/Zolgensma /Evrysdi, reasons for discontinuation, and treatment switch, age at first DMT, adequate dose
administration, and treatment duration for Spinraza and Evrysdi. The incidence of the following serious
adverse events of special interest (SAESI) was estimated among the causes of death and hospitalisation,
even if they were not identified as DMT-related by the registries: thrombocytopenia and coagulation
abnormalities, renal toxicity, hydrocephalus, meningitis, hypersensitivity reactions, cutaneous vasculitis,
hepatotoxicity, and cardiac adverse event.

Data sources: Data from 6 registries in 9 European countries (Belgium, Sweden, Czech Republic &
Slovakia, Germany & Austria, Spain, and UK and Ireland) were collected. Each registry provided data to
the TREAT-NMD registry network. The German and Austrian registry provided aggregated data; all other
registries provided de-identified patient-level data directly in the TREAT-NMD Central Data Warehouse
(CDW) in a harmonised way, using a pre-defined import template to form the SMA Core dataset structure
for analysis.

Statistical Methods: Descriptive analyses, mean, standard deviations, median and quartiles, minimum
and maximum values were presented for continuous variables, and raw number and percentage of patients
for categorical variables. Exploratory interrupted time series (ITS) were used to investigate trends in
post-SMA diagnosis outcomes with respect to the availability of DMTs in each registry.

RESULTS:

A total of 2,188 patients were included in analyses across all registries (“ALL”), among whom 1,321 were
classified as treated (“TREATED”), 847 were never treated (“NEVER TREATED”). In ALL, SMA type 1
represented 432 patients (19.7%), SMA type 2, 914 patients (41.8%) and SMA type 3, 779 (35.6%).

Preliminary objective: Description of registry specificities in terms of SMA population capture (in
ALL, N=2,188):

● The greatest number of patients were identified from the Germany and Austria registry (31.9%),
and the lowest from Sweden (8.0%); the breakdown for the other registries was 18.0% in the UK
and Ireland, 15.9% in Czech Republic, 14.6% in Spain and 11.7% in Belgium.

● Patients with SMA Type 1 represented 19.7%, SMA Type 2 41.8% and SMA Type 3 35.6%,
Across all registries, SMA type 1 ranged from 13.3% in Belgium to 27.6% in the Czech Republic
and Slovakia; SMA type 2 ranged from 33.6% in the Czech Republic and Slovakia to 48.0% in
Spain and SMA type 3 ranged from 29.2% in Spain to 40.6% in Sweden.

● Registry time coverage varied with Germany and Austria, and UK and Ireland registries
covering 15 years (2008 to 2023) while Belgium covering only 4 years (2018 to 2021). The
observed duration of follow-up ranged from 42 months (in Czech Republic and Slovakia) to
104.5 months (Sweden).

● There was an almost equal split between male (51.6%) and female (48.4%) across all registries,
except in the Spain and the UK and Ireland registries with 54.5% male in both registries.

● The most common age at onset of symptoms was less than 6 months old for patients with SMA
type 1, 6-18 months old for patients with SMA type 2, and 2-6 years old for SMA type 3, across
all the registries.
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● The MLPA was the most common method used for genetic testing across all SMA types and
registries (24.1%).

● Duration of the disease across registries was on average 252.1 months.
● Overall, 24.5% of patients were lost to follow-up across all the country-specific registries, among

which there were very few patients lost to follow-up in the Spain and Sweden registries.
● Patients treated with at least one DMT increased over time, from 2.2% in 2014-2016 to a peak of

68.4% in 2021 and 66.1% in 2022 (prior to 2017, this usage included only treatment intakes
during clinical trials). Treatment with Spinraza was common across calendar periods, 2014-2023,
across all registries with the highest distribution of patients treated with Spinraza in 2021
(51.1%). Treatment with Evrysdi did not begin until 2018 and the overall usage was less
common, with the highest percentage observed in 2023 (23.1%). Treatment with Zolgensma did
not begin until 2018 and was rare across all SMA types and across all registries. Treatment with
more than 1 DMT was also rare across all SMA types.

● Supportive strategies like invasive, non-invasive ventilation and feeding tube usage were most
commonly reported in patients with SMA type 1 across all the registries. Overall, more than 50%
of patients had at least one episode of wheelchair use across registries and all the calendar
periods.

● PROs were available in Belgium and Spain registries only, between 2018-2021 and 2020-2023
respectively. On average, patients across SMA types had approximately only one available record
of PRO for each patient.

Objective 1: Natural history and impact of DMT treatments on disease progression (in “NEVER
TREATED”, N=847 and “TREATED”, N=1,321):

In the SMA type 1 population, an improvement of “Best functional status” and “Best achieved motor
milestones” was observed after patients started treatment, suggesting a positive effect of DMTs on the
disease progression for SMA type 1 patients.

● In never treated patients (N=154)

○ Best Motor function:

■ Functional status and achieved motor milestones were not reported

■ The CHOP-INTEND best score median was non-estimable (<5 cases).

○ Median event-free survival (death or permanent ventilation) was 11.5 [5.2, 39.8]
months.

○ PRO was non-estimable (< 5 cases) in both Spain and Belgium registries.

● In treated patients (N=276)

○ Best Motor function:

■ Missingness 27.9%, 101 patients (36.6%) achieved “sitter” and 33 (12%)
“walker” status.

■ 75 patients (27.2%) achieved “sitting without support”, 51 (18.5%) achieved
“rolling onto their side”, 7.2% were able to “stand with assistance”, 6.5% to
“walk with assistance”, 2.9% to “walk without assistance” and 1.8% to “walk
10m without assistance”.

■ The CHOP-INTEND best score median was 44 [33, 54].

○ Median event-free survival (death or permanent ventilation) was 10 [6, 24] months.
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○ PRO was 64.5 [48.8, 80.1] for the “Best score for Spain PROFuture Mobility and
Independence PRO” and non-estimable for the “Best score for Belgium ACTIVLIM
PRO”.

In the SMA type 2 population, an improvement in “Best functional status” and “Best achieved motor
milestones” was observed after patients started treatment, suggesting a positive effect of DMTs on the
disease progression for SMA type 2 patients.

● In never treated patients (N=361)

○ Best Motor function:

■ Missingness 97.8%, 7 patients (1.9%) achieved “roll onto side”, less than 5
patients achieved “Hold head without support”.

■ CHOP-INTEND, RULM and HFMS(-E) best score median were non-estimable
(<5 cases).

○ Median event-free survival (death or permanent ventilation) was 219 [156, 515]
months.

PRO was 56.9 [51, 64.9] for the “Best score for Spain PROFuture Mobility and Independence
PRO” and -8.1 [-8.1, -8.1] for the “Best score for Belgium ACTIVLIM PRO”.

● In treated patients (N=540)

○ Best Motor function:

■ Missingness 8.5%, 329 patients (60.9%) achieved “sitter”, 133 (24.6%) “walker”
status, and only 5.9% remained “non-sitters”.

■ 205 patients (38.0%) achieved “sitting without support”, 86 (15.9%) “walk with
assistance”, 13.9% “crawl”, 7.8% “stand with assistance”, 3% ”walk 10m
without assistance” and 3% “walk without assistance”.

■ CHOP-INTEND, RULM and HFMS(-E) best score median were 46 [35, 57.5],
17 [10, 24] and 12.5 [4, 31.2], respectively.

○ Median event-free survival (death or permanent ventilation) was 143 [83, 246] months.

○ PRO was improved with 50 [28.2, 66.3] for the “Best score for Spain PROFuture
Mobility and Independence PRO” and -6.6 [-8.1, -3.7] for the “Best score for Belgium
ACTIVLIM PRO”.

In the SMA type 3 population, an improvement in “Best functional status” and “Best achieved motor
milestones” was observed after patients started treatment, suggesting a positive effect of DMTs on disease
progression for SMA type 3 patients.

● In never treated patients (N=299)

○ Best Motor function:

■ Functional status and achieved motor milestones were not reported.

■ CHOP-INTEND, RULM and HFMS(-E) best score median were non-estimable,
33 [23.2, 37] and 51 [14.5, 60], respectively.

○ Median event-free survival (death or permanent ventilation) was 532 [393.5, 588.5]
months.

○ PRO was 42 [27.4, 50] for the “Best score for Spain PROFuture Mobility and
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Independence PRO” and -3.5 [-8.1, -2.6] for the “Best score for Belgium ACTIVLIM
PRO”.

● In treated patients (N=476)

○ Best Motor function:

■ Missingness 5.5%, 418 patients (87.8%) achieved “walker” and only 1.5%
remained “non-sitters” status.

■ 302 patients (63.4%) were able to “climb stairs”, 92 (19.3%) were able to “walk
10 metres without assistance”, 22 (4.6%) to “walk without assistance”.

■ CHOP-INTEND, RULM and HFMS(-E) best score median were 51 [28.5, 64],
35.5 [26.8, 37] and 50 [29.8, 58], respectively.

○ No event (death or permanent ventilation) was reported to estimate the median
event-free survival.

○ PRO was improved with 10.9 [4.8, 27.7] for the “Best score for Spain PROFuture
Mobility and Independence PRO” and 0.1 [-2.4, 2.8] for the “Best score for Belgium
ACTIVLIM PRO”.

From the exploratory ITS analyses, we observed that after the introduction of Spinraza (i.e., after
2017-07-01), the number of SMA type 1 and SMA type 2 patients first receiving full time ventilation was
significantly reduced.

A total of 5 SAESI were observed across ALL 2,188 patients. The specific events include renal toxicity,
hypersensitivity reactions, and hepatotoxicity.

Objective 2: Evolution of healthcare management (in ALL, N=2,188):

Patients taking at least one DMT increased steadily from 2.2% in 2014-2016 (clinical trials participation),
to as high as 68.4%, in 2021. Spinraza and Zolgensma usage was often reported among patients with
SMA type 1, whereas a higher distribution of patients with SMA type 2 were treated with Evrysdi. The
number of patients treated with more than one DMT was low.

We observed an increase in the use of any ventilation across calendar periods spanning from 2011 to 2020
across SMA types. Ventilation usage in SMA type 1 has evolved from 18.8% in 2011/13 to 57.0% in
2020, in SMA type 2 from 10.3% in 2011/13 to 32.2% in 2020.

With respect to wheelchair usage, more than 50% of participants overall used it across all calendar
periods. Wheelchair usage in SMA type 1 has evolved from 21.9% in 2011/13 to 62.2% in 2021, and in
SMA type 2 increased slightly from 69.7% in 2011/2013 to 77.2% in 2021.

Muscular physiotherapy is similarly reported (36.9% overall) across all SMA types and others
rehabilitative interventions (i.e., respiratory physiotherapy, contracture management, spinal brace, and
speech therapy) have been more reported in SMA type 1 patients than in SMA type 2 and then in SMA
type 3.

Feeding tube usage was most common in patients with SMA type 1. Usage in SMA type 1 increased from
25.0% in 2011/13 to 40.6% in 2021, and in SMA type 2 from 4.6% 2011/2013 to 6.0% in 2021.
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DISCUSSION AND CONCLUSION:

DISCUSSION:

Preliminary objective: Description of registry specificities in terms of SMA population capture:

Registries have been implemented at different points in time, resulting in various lengths of history and
data availability: from 2008 in Germany and UK and Ireland, 2010 in Sweden, 2011 in Czech republic,
2015 in Spain and 2018 in Belgium.

The features of registries were similar, and the data consistently reported across the 6 registries albeit
some heterogeneities have been observed:

- The Czech Republic reported a higher proportion of SMA 1 (27.6%), Spain a higher proportion of
SMA 2 (48%), and Sweden a higher proportion of SMA 3 (40.6%).

- Slightly more male than female patients included in the Spain, and UK and Ireland registries.

- Spain and Sweden registry had 100% patient retention.

- In Spain, a high proportion of SMA type 1 patients (19 patients, 26.8%) and SMA type 2 (55
patients, 35.9%) were classified as “Walkers” at their best functional status. In this project, the
definition of a "Walker", was a patient that: "walk with assistance", "walk without assistance",
"walk 10 metres without assistance", or "climb stairs". However, the Spanish registry defined a
walker as: “Someone who can walk at least 10 metres. Therefore, those who walk with assistance
or without assistance but don't reach the 10 metres mark are not considered walkers”.

- The UK and Ireland registry had the highest amount of missing data for the genetic report data,
followed by the Sweden registry while this variable was well recorded in all the other registries.

- PRO data were available only in Spain and Belgium, with very few records per patient.

Missingness for some variables was high across all registries, in particular for the “reason for and method
of genetic testing” and the “duration of the disease”.

Objective 1: Natural history and impact of DMT treatments on disease progression:

There was an improvement in “Best functional status” and “Best achieved motor milestones” observed
once patients were under treatment, suggesting a positive effect of DMT on disease progression for SMA
type 1, SMA type 2 and SMA type 3 patients. In addition, from exploratory ITS, after the introduction of
Spinraza (i.e., after 2017-07-01), we observed that the number of SMA type 1 and SMA type 2 patients
first receiving full time ventilation was significantly reduced.

In SMA type 1 patients:

Published studies showed that among untreated SMA type patients, none of them achieved independent
sitting or other more advanced motor milestones. No functional status and no achieved motor milestones
have been reported in the current study in SMA 1 patients who were never treated. In contrast, in SMA 1
patients who were treated, 36.6% achieved “sitter” status and 12% achieved “walker” status and more
than a quarter (27.2%) of treated patients achieved “sitting without support”, while 18.5% retained
“rolling onto their side” as their best achieved motor milestone.

In SMA type 2 and 3 patients:

Other published observational research literature also shows that untreated patients with SMA type 2
could sit independently but not walk, whereas untreated patients with SMA type 3 develop independent
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walking. In our study, very few functional status have been reported in SMA 2 and SMA 3 never treated
patients. In contrast, in the treated SMA 2 patients, 60.9% achieved “sitter” status and 24.6% achieved
“walker” status. Further, more than two thirds (38.0%) of treated patients achieved “sitting without
support”. Higher motor milestones were also achieved by these SMA type 2 patients, including “walking
with assistance” (15.9%), “crawl” (13.9%), “stand with assistance” (7.8%), “walking without assistance”
(3.0%), and “walking 10 metres without assistance” (3.0%). In treated SMA 3 patients, 87.8% achieved
“walker” status and 63.4% of treated patients were able to “climb stairs” and 19.3% were able to “walk 10
metres without assistance” and 4.6% to “walk without assistance”

Finally, the reduced proportion of SMA type 2 patients with scoliosis likely reflects that, in some
registries, patients are no longer reported as having scoliosis after spinal fusion procedures.

SMA Pre-symptomatic patients: Results that do not match with existing literature.
Only 8 patients have been reported as pre-symptomatic or having been identified by NBS. However-
Germans authors reported 47 patients identified by NBS in Germany and Belgian authors reported 16
cases. It is thus very likely that these patients have been reported in the different types following the
number of SMN2 copies (patients with 2 copies = SMA1; patients with 3 copies = SMA2 and patients
with 4 copies = SMA type 3). This could explain the high proportion of SMA type 1 walkers after
treatment (12%) (which is nearly never reported in the literature) or the more intriguing proportion of
non-sitters at genetic report in SMA type 3 (12.4%) - which normally never happens or very rarely.

Objective 2: Evolution of healthcare management:

Over the last decade, there has been increasing evidence of improvements in management of the disease
progression of all SMA patients. Such findings have also been identified in the study, with a high rate of
screening using MLPA or with more than 50% of participants using wheelchairs across the calendar
period or also, we did see an increase in the use of any ventilation across calendar periods spanning from
2011 to 2020. Those results reflect the adapting strategies as standard of care across a wide range of
clinical profiles of SMA patients.

CONCLUSIONS:

This large pan European/UK study is the first of its kind to evaluate natural disease progression, clinical,
healthcare management and treatment patterns from multiple specific-disease registries across Europe, in
the context of rare SMA disease. The study used data collected in SMA from patients enrolled across 6
patient- and clinician-based registries in 9 European countries (Belgium, Sweden, Czech Republic &
Slovakia, Germany & Austria, Spain, and UK and Ireland) as part of the TREAT-NMD network.

The results were globally consistent with existing studies evaluating the natural history and progression of
the SMA disease. Clinically relevant gains in motor function were observed in SMA 1, SMA 2 and SMA
3 treated patients per DMTs.

Improving the data accuracy and quality, reducing the missingness, identifying important data items - e.g.,
registry entry date, diagnosis date, presymptomatic and others - could help greatly answering key
questions for the SMA community and for regulatory decision making. These different elements plead for
a common dictionary for SMA Registries across Europe with Regulators for contributing to its definition.

Our study exemplified that the use of multiple registries in rare disease provides complementary
information and new avenues to answer regulatory research questions.
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2. LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS
Abbreviation Description

6MWT 6-Minute Walk Test

AAV9 Adeno-associated virus serotype 9

ADR Adverse Drug Reaction

AE Adverse Event

AT As Treated

ASD Absolute Standardised Difference

BNMDR Belgian Neuromuscular Diseases Registry

CDW Central Data Warehouse

CGI-S/CGI-I Clinician Global Impression of Severity / of Improvement

CHOP-INTEND Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders

CMAP Compound Muscle Action Potential

DEXA Dual Energy X-ray Absorptiometry scan

DMT Disease Modifying Therapy

EMA European Medicines Agency

ENCePP European Network of Centres for Pharmacoepidemiology and Pharmacovigilance

EP Endpoint

EU European Union

FFP Fit For Purpose

FundAME Registro Nacional de Pacientes de la Fundación Atrofia Muscular Espinal

FVC Forced Vital Capacity

GRP Global Registry Platform

HINE Hammersmith Infant Neurologic Examination

HFMSE Expanded Hammersmith Functional Motor Scale

ICD International Classification of Diseases

ICH International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use

ISPE International Society for Pharmacoepidemiology

ITS Interrupted Time Series
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ITT Intention To Treat

JR Jumping Rivers; the TREAT-NMD’s subcontractor in charge of statistical analyses

MAH Marketing Authorization Holder

MedDRA Medical Dictionary for Regulatory Activities

MFM Motor Function Measure

MRI Magnetic Resonance Imaging

PAS Post-Authorization study

PCF Peak Cough Flow

PGI-I Patient Global Impression of Improvement

PPRL Privacy-Preserving Record Linkage

PRO Patient Reported Outcomes

QoL Quality of Life

REQueST Registry Evaluation and Quality Standards Tool

RSV Respiratory Syncytial Virus

RULM Revised Upper Limb Module

SAE Serious Adverse Event

SAESI Serious adverse events of special interest

SAP Statistical Analysis Plan

SMA Spinal Muscular Atrophy

SMN1 Survival of Motor Neuron 1

SMN2 Survival of Motor Neuron 2

SPIFD Structured Process to Identify Fit-for-purpose Data

Swiss-Reg-NMD Swiss Registry for Neuromuscular Disorders

TGDOC TREAT-NMD Global Data Oversight Committee

UK United Kingdom

VAS Visual Analogue Scale
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Definition of Term(s):

Registry An organised system that uses observational study methods to collect uniform data (clinical
and other) to evaluate specified outcomes for a population defined by a particular disease,
condition, or exposure, and that serves one or more predetermined scientific, clinical, or
policy purposes.

Study The term “study” indicates the collection of data for research purposes only. The use of this
term in no way implies that any interventional treatments or procedures, planned or
otherwise, have been provided or performed.

Retrospective
non-interventional
study

A study that has all information collected from source data or a retrospective database.
Normally, there is no new collection of information from the patient, although this may be
required to address specific questions. Studies/Programs/Related Research Activities with
only one visit can be considered prospective or retrospective bearing in mind this definition
and the source of information.

3. INVESTIGATORS

Coordinating - Principal Investigator for Aetion: Nicolas Deltour, MSc

Principal investigator for TREAT-NMD: Laurent Servais, MD, PhD

Sponsor’s responsible party - EMA: Carla Jonker, PhD

4. OTHER RESPONSIBLE PARTIES
Organisation Key person Position Role

Aetion Germany
GmbH

Nicolas Deltour* VP, Real World Strategy,
Pharmacoepidemiologist

Coordinating-Principal
Investigator for Aetion

Siyana Kurteva* Senior Scientist,
Pharmacoepidemiologist

Scientific lead

Elizabeth Garry* Head of Scientific
Research

Scientific review

Coralie Lecomte * Senior Director Data
Science,
Pharmacoepidemiologist

Data feasibility
assessment

Elodie Boin Scientist, Scientific Data
Insights

Data feasibility
assessment

Anabel Ferreras* Senior Project Director Project management
and results review

TREAT-NMD Seung Lee* Project Manager Project management
and results review
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Neil Bennett Research and
communication manager

Registry and
communication
support

Marcel Heidemann Data processor Data management and
analyst

David Allison CEO Project director

Pr. Laurent Servais* Professor of Paediatric
Neuromuscular Diseases,
University of Oxford

Principal investigator
for TREAT-NMD

Jumping Rivers Theo Reo Statistician Data analyst/ project
management

Rhian Davies Senior statistician Data analyst

Jack Kennedy Senior statistician Data analyst

* Considered an author of this report

5. MILESTONES

Milestones Planned date Actual Date Comments

Study protocol
submission to EMA

July 17, 2022 November 17, 2022

Start of data collection
(Data extraction from
imported data)

September 2, 2022 December 5, 2022

Planned study protocol
validation

August 19, 2022 December 16, 2022

Registration in the EU
PAS register

September 19, 2022 December 19, 2022

Statistical Analysis
Plan

Not planned April 27, 2023

End of data collection
(last derived dataset)

Not planned May 15, 2023
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V1of report delivered
to EMA

December 19, 2022 October 11, 2023 Draft version including
key results

Final Version (V5.1) of
report delivered to
EMA

NA March 14, 2024 Addressed EMA minor
comments on V4
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6. BACKGROUND AND RATIONALE
SMA is a rare recessive progressive neurodegenerative disorder with an estimated incidence of 1 in 6,000
to 1 in 10,000 live births and it is the leading genetic cause of mortality in infants and children (1). SMA
is caused by the deletion or loss-of-function mutations of motor neuron 1 gene (SMN1), which results in
insufficient levels of SMN1 protein (2). Around 95% of SMA cases are caused by homozygous deletions
and less frequently point to mutations in SMN1 gene (3). In humans, there is a paralogous gene, SMN2,
that also codes for SMN protein.

Patients lacking a functional SMN1 gene are dependent on their SMN2 gene. However, the number of
SMN2 gene copies varies from one up to eight in some individuals, and children born with multiple copies
of the SMN2 gene usually have milder phenotypes.

A Spanish study published in 2009 showed that about 90% of SMA patients present homozygous exon
7-SMN1 deletion, hybrid SMN1–SMN2 genes were observed in 5% and small mutations in 4% (4). A
Brazilian study published in 2020 showed that some of these small mutations (c.770_780dup and
c.734_735insC) have a clinical phenotype correlated with SMN2 copy number, whereas others (c.460C>T
and c.5C>G) determine a milder phenotype independently of the SMN2 copies (5).

Indeed, SMA encompasses a wide clinical continuum of disease severity and is categorised into several
types, including: SMA type 0, SMA type 1, SMA type 2, SMA type 3 and SMA type 4, which are defined
according to the age of symptom onset and maximum motor function achieved, as summarised by patient
ability or not to sit or to walk (6).

SMA is a complex disorder with heterogeneous phenotypes of motor impairment and related
comorbidities. It results from the progressive loss of alpha motor neurons that leads progressive
amyotrophy and hypotonia. Muscle weakness also affects respiratory and bulbar muscle in the most
severe and frequent cases with an immense majority developing symptoms before adulthood. The age of
onset is highly variable from birth to adulthood, leading to a broad phenotypic spectrum. Secondary
consequences of muscle weakness include respiratory, nutritional, or skeletal deformities (7).
Neuromuscular and musculoskeletal evaluations should be performed regularly by trained examiners
every six months. Physical rehabilitation may influence disease progression with specific goals being
dependent on the functional status (non-sitters, sitters, and ambulants) and motor achievements of the
patient. Similarly, orthopaedic management goals are dependent on the stage and needs of the patient,
including the use of devices and surgery. Nutritional management is essential for all SMA types and
requires regular assessments of growth, metabolic functions, and gastrointestinal symptoms.

A cohort study in the Netherlands recently assessed survival by more granular SMA subtypes (8). Based
on this study, overall survival and / or mechanical ventilation seem to be relevant post-diagnosis outcomes
for SMA type 1 and 2. For the least severe SMA types, and / or after DMT availability, these outcomes
may be less relevant, notably as the exposure duration will be limited. Moreover, no studies in adults with
SMA have yielded a robust, reliable measurement of study progress or treatment effectiveness. The
considerable heterogeneity and slow disease progression in adults with SMA has contributed to the
paucity of research and to the lack of treatment efficacy observed in the limited number of trials to date.
Long durations and robust clinical outcome measures sensitive to changes in disease progression (or
response to DMTs) are required in these specific populations. Identifying relevant outcome measures
remains a key issue in SMA research, particularly in light of the significant benefit in quality of life
derived from small functional changes in adults with SMA.

Several risk factors affecting survival have been identified (9). SMN2 copy number is a strong prognostic
factor for survival although the genotype- phenotype relationship of SMN2 copy number depends also on
the SMN1 mutation variant (still, no perfect reliability; as it cannot predict disease severity or disability
levels). Clinical disease severity is also a strong prognostic factor of survival, as measured by the SMA
type, the age at onset of symptoms or the occurrence of severe symptoms (respiratory distress at birth,
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reduced foetal movement, absence of head/trunk control). Supportive care including assisted ventilation
or nutritional support may play an important role in survival as well. Increasing SMN2 copy number is
prognostic of improved motor function in individuals with type 1 SMA. This is less obvious in types 2
and 3 SMA, potentially due, as previously explained, to the large heterogeneity between individuals, an
insufficient follow-up to capture differences in individuals who are declining more slowly or who are
already severely disabled, or motor function scales that are inadequate to detect small changes that
nonetheless would have significant benefit for the patient. Disease progression in types 2 and 3 SMA also
typically depends on age. Younger age groups experience gains in motor function. The steepest declines
in motor function occur during adolescence. Coratti et al. reported that age and baseline values were
predictors of motor functional changes in type 2-SMA (10).

Moreover, a systematic newborn genetic screening has started in some countries like Germany (since
October 2021) (11) and Belgium (since March 2021) which may render inappropriate or less relevant the
SMA types as currently defined since pre-symptomatic patients may be treated before apparition of
symptoms and have their natural course of disease modified.

Recently, the European Medicines Agency (EMA) approved three disease modifying therapies (DMT) for
SMA: Nusinersen (Spinraza®) (12), Onasemnogene Abeparvovec-xioi (Zolgensma®) (13,14), and
Risdiplam (Evrysdi®) (15,16). The year and type of approval by the EMA, mechanism of action, detailed
indication and mode of administration are described in Table 1 below.

Table 1. Description of SMA disease-modifying therapy by year of approval, mechanism of
action, indication and administration.

Spinraza®. Zolgensma® Evrysdi®

Year/type of
approval by
EMA

2017/Full 2022/Full (conditional in
2020)

2021/Full

Mechanism
of action

Synthetic anti-sense
oligonucleotide that
enables the SMN2 gene to
produce full length protein,
which is able to work
normally. This replaces the
missing protein, thereby
relieving the symptoms of
the disease.

Gene therapy that contains
a functional copy of the
SMN1 gene. When
injected, it passes into the
nerves from where it
provides the correct gene to
make enough of the protein
and thereby restore nerve
function.

Corrects the splicing of
SMN2 leading to an
increased production of
functional and stable SMN
protein, increasing and
sustaining functional SMN
protein levels.

Detailed
indication
(population)

For the treatment of 5q
SMA

For the treatment of
patients with 5q SMA with
a bi-allelic mutation in the
SMN1 gene and a clinical
diagnosis of SMA Type 1,
or patients with 5q SMA
with a bi-allelic mutation in

Evrysdi is indicated for the
treatment of 5q spinal
muscular atrophy (SMA) in
patients with a clinical
diagnosis of SMA Type 1,
Type 2 or Type 3 or with
one to four SMN2 copies.
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the SMN1 gene and up to 3
copies of the SMN2 gene.

Administratio
n

Solution for injection,
intrathecal use by lumbar
puncture.

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

Single-dose intravenous
infusion.

Evrysdi is taken orally
once a day after a meal at
approximately the same
time each day.

<2 months of age: 0.15
mg/kg

2 months to <2 years: 0,20
mg/kg

>2 years and <20 kg: 0.25
mg/kg

≥2 years and >20 kg: 5 mg

Since the approval of new treatments for SMA, studies have reported disease trajectories that significantly
differ from the known natural history of SMA (1). Considered together with the limited evidence on the
long-term safety and efficacy available at drug approval due to the rarity of disease, the EMA, to address
the Committee for Advanced Therapies’ needs, asked to investigate SMA patients’ course of the disease
and the standards of SMA care delivery in real-world settings.

This study using multiple specific-disease registries across Europe, with data collected by physicians or
patients depending on the country, also served to better understand the challenges, limits or advantages of
using such data-sources, notably in the framework of rare disease.
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7. RESEARCH QUESTION AND OBJECTIVES
Research Question: The specific research question was to investigate SMA patients’ course of disease,
evolution of standard of care delivery over time, and use, effectiveness, and safety of DMTs, in multiple
European countries, using data routinely collected by existing SMA registries.

A total of 6 European registries (covering 9 countries) were selected: 3 are physician-reported registries
and 3 are patient-reported registries.

Objectives:
Preliminary objective aimed at assessing the heterogeneity of management of care or reporting over time
within each registry and between registries (i.e., registry specificities in terms of SMA population
capture). It was assessed in the ALL cohort.

Objective 1 aimed at describing the natural history of SMA (the disease and its progression), stratified by
SMA type. It was assessed according to the patients’ current age, by disease severity, in the NEVER
TREATED cohort, and in the TREATED cohort, further stratified by DMT.
In addition to describing demographic and clinical characteristics of patients, outcomes of interest
included (please refer to section 9.4 for more information):

● Disease management endpoints such as motor function assessment, respiratory, nutritional, and
skeletal deformities

● Post-diagnostic outcomes of interest such as overall survival, the use of invasive ventilation,
diagnosis of scoliosis, among others

● Serious adverse events such as thrombocytopenia, renal toxicity, hydrocephalus, among others
● Impact on quality of life (QoL) using patient-reported outcomes (PROs) where available.

Objective 2 aimed at describing patients’ clinical management (i.e., health care management) and its
evolution over time considering all available treatment options including use of DMTs. This second
objective included two components:

Objective 2.1. Description of the evolution of diagnosis methods and of medicinal and non-medicinal
treatment over time.

This component was assessed in the “ALL” cohort, by SMA type, as well as further stratified by calendar
time in a few selected variables.

● Distribution of patients by methods used to diagnose SMA and their evolution over time
● SMA therapeutic options used overtime, including:

o DMT adoption (percentage of patients treated by DMTs).
o Percentage of patients with rehabilitative intervention (muscular or respiratory

physiotherapy, orthoses including spinal brace, wheelchair use, speech therapy)
over time

Objective 2.2. Description of the DMTs patterns:

This component was described in the TREATED cohort, stratified by SMA type. The outcomes included:

● Modality of treatment with DMT
● Mean age at initiation

Exploratory objective aimed at investigating trends in post-SMA diagnosis outcomes with respect to the
availability of DMTs through the use of interrupted time-series (ITS) analyses, using the overall cohort
“ALL”; selected post-diagnosis outcomes included death, full-time ventilation, and a composite outcome
of these two outcomes of interest.
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Hypothesis: This was an exploratory descriptive study to describe natural history and disease
management of SMA patients. No hypotheses were specified or tested.

8. AMENDMENTS AND UPDATES

V1of report delivered
to EMA

December 19,
2022

October 11, 2023 Draft version including key results

V2 of report delivered
to EMA

NA November 10, 2923 Addressed EMA comments on V1

V3 of report delivered
to EMA

NA December 14, 2023 Addressed EMA minor comments
on V2

V4 of report delivered
to EMA

NA January 29, 2024 Addressed EMA minor comments
on V3

Inclusion of the results of “Never
Treated” cohort

Final Version (V5) of
report delivered to
EMA

NA March 14, 2024 Addressed EMA minor comments
on V4

Version 5.1 NA April 5, 2024 Addressed EMA minor comments
on V5

9. RESEARCHMETHODS

9.1. Study Design

9.1.1. Overview of Study Design

The study was a non-interventional retrospective cohort study of SMA patients using 6 European
registries federated in the TREAT-NMD network. The cohort design allowed the follow-up of patients
over time to describe the natural history of SMA, as well as changes over time in patient care.
Furthermore, ITS analyses were also implemented to explore SMA progression according to several
post-diagnosis outcomes since the availability of DMTs.

9.1.2. Changes in Conduct

This is not applicable for this study.
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9.2. Setting

After an in-depth feasibility assessment of 16 SMA-specific registries federated in the TREAT-NMD
network that were interested in participating in this study, a total of 7 registries were initially selected and
considered fit for the study purpose, mainly according to the availability of key data, data quality process
in place and size of registry. Four clinician-reported registries were considered: Belgium, Sweden,
Switzerland, and Czech Republic (collecting also data from Slovakia), as well as three patient-reported
registries: Spain, Germany (collecting also data from Austria) and UK (collecting data from Ireland as
well). However, due to the lag time in the contracting and data sharing process, Switzerland was excluded
from the data analyses. The number of patients by selected registries that contributed to the final data
analyses are as follows: Belgium - 256, Czech Republic and Slovakia - 348, Germany and Austria - 697,
Spain - 319, United Kingdom and Ireland - 393, and Sweden - 175. All genetically confirmed SMA
patients and available follow-up time was used for the descriptive analyses. Please refer to Appendix D
“Feasibility Report”, for a detailed description of the initial feasibility results.

9.2.1. Study Period

The study period started on each registry start date, with the earliest being the registry start date for UK
and Ireland, December 2007, and ended on the last date of data availability, which corresponded to 15
May 2023 (end of data availability for UK and Ireland). Patients were followed from their entry in the
registry until the earliest between the end of data availability in the registry, the death, or the censor at the
last available information before loss to follow-up. In addition, in registries, the historical data of patients
were reported at their baseline registration. This data corresponded to events or measures occurring or
collected in the patient file before the date of registry implementation and thus, with dates prior the
registry start date.

Table 2. Registry start date and end date of data availability for each of the registries
included in the analyses.

Registry start date End date of data availability

Belgium January 2018 December 2021

Czech Republic and Slovakia May 2011 May 2023

Germany and Austria April 2008 May 2023

Spain February 2015 April 2023

United Kingdom and Ireland December 2007 May 2023

Sweden October 2010 April 2023
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9.3. Patient Population

The primary study population included all SMA patients with genetically confirmed 5q SMA included in
each of the registries selected for the study between the registry start date and 15 May 2023. No other
inclusion or exclusion criteria were applied.

To assess the different objectives, three main cohorts were built and studied:

● Overall cohort of all patients (ALL): to study the SMA care management overtime and
differences across European countries/registries

● Never treated patients (”NEVER TREATED”): to study the natural history of SMA
● Treated patients (TREATED): to study the natural history of SMA and to describe the pattern of

DMTs use since their availability on the market

The treated cohort (TREATED) consisted of patients who had been exposed to any DMT. Patients were
classified as never treated (NEVER TREATED) if never treated with any DMTs at any point of their
journey and TREATED if they ever received a DMT. Based on a time-varying exposure approach, the
patients could then contribute to more than one exposure category.

Patients entered the TREATED cohort when they received at least one of the following DMTs:
● Spinraza®
● Zolgensma®
● Evrysdi®

9.3.1. Study Subpopulations

Several subpopulations were defined to 1) assess the changes in prognostic factors such as type of SMA,
age at symptom onset, best functional status and SMN2 copy number across patients with various disease
severity, 2) describe healthcare management such as the use of DMTs or supportive care, as well as 3)
assess and describe the heterogeneity of data across countries or registry. The subpopulations of clinical
interest were defined as follows:

● Class of age at symptom onset: presymptomatic, prenatal, <1 month, [1-3 months), [3-6
months), [6-18 months), [1.5- 2 years), [2-6 years), [6-11 years), [11-18 years), 18 years+,
missing

● Type of SMA: 1, 2, 3, 4, other

When different types were reported for the same patient, the last reported type/subtype was
considered to define the SMA type of a given patient.

● SMN2 copy number: 0, 1, 2, 3, 4, > 4, unknown

● Functional SMA status: non-sitter, sitter, walker, unknown

● Individual DMT(s) and overall combinations

● Achieved motor milestone: climb stairs, walk 10 metres without assistance, walk without
assistance, walk with assistance, stand without assistance, stand with assistance, crawl, sit without
support, roll onto side, hold head without support, unknown
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● Registry: Belgium, Czech Republic and Slovakia, Germany and Austria, Spain, Sweden, UK and
Ireland

The definition of classes of age at onset of symptoms was based on a combination of categories presented
in ICH (International Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use) E11 guideline (17) and clinical input confirming that the 2-year age limit is important, as it
is used as a threshold for clinical trial inclusion and in differentiating treatment posology for Risdiplam.
(18) Moreover, we used the 6-year cutoff as it presented a point in which effectiveness of certain DMTs
significantly improves. (19) The 11-years of age was used as some DMTs are reimbursed using this limit.

9.4. Variables

9.4.1. Indicators and Characteristics For Preliminary Analysis (Description of registry specificities)

ID Name Description
Relevant columns in
the TreatNMD dataset

1.01 Calendar year of registry entry (n, %) Calendar year of registry entry Derived

1.02 Calendar year of death (n, %)

Date of the death of the individual. The date of
death may be provided as a year only, if the month
is not known. Date of death

1.03 Sex (n, %)

Current biological sex of the individual.

Possible values: male, female, intersex, unspecified Sex

1.04 Class of age at symptom onset (n, %)

Derived from the date of the onset of the first
symptoms as defined in the item Symptom onset.
Registries may ask for the onset age in their data
collection form and calculate the date from the date
of birth.

Derived from Symptom
onset date

1.05 Best functional SMA status (n, %)

Based on the number of reported measures in the
Motor ability columns.

Possible values for motor ability include: roll onto
side, sit without support, crawl, stand with
assistance, stand without assistance, walk with
assistance, walk without assistance, walk 10 metres
without assistance, climb stairs, useful function of
hands, reach overhead in a sitting position, raise
hands to mouth in a sitting position.

Derived from Motor
ability

1.06 Best achieved motor milestone (n, %)

Motor ability of the individual (best achieved)

Possible values: hold head without support, roll
onto side, sit without support, crawl, stand with
assistance, stand without assistance, walk with
assistance, walk without assistance, walk 10 metres
without assistance, climb stairs, useful function of
hands, reach overhead in a sitting position, raise
hands to mouth in a sitting position) Motor ability

1.07 SMN1 gene mutation type (n, %)

SMN1 gene mutation type of the individual.

Possible values: homozygous deletion exon 7,
compound heterozygous deletion exon 7,
compound heterozygous substitutions, homozygous
substitution) SMN1 variant
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ID Name Description
Relevant columns in
the TreatNMD dataset

1.08 Number of SMN2 copies (n, %)

SMN2 copy number follows the following format:

If the precise number is known, it is given as an
integer, for example "3"
If only a range is known, the lower and upper
inclusive bounds are given and separated by a
hyphen-minus. For example, if the copy number is
known to be at least 3 and at most 5, it is specified
as "3-5".
If only a lower bound is known, it is specified with
an appended plus sign. For example, if the copy
number is known to be at least 4, it is specified as
"4+". SMN2 copy number

1.09 Methods used for genetic testing (n, %)

Testing method used to obtain the genetic result.

Registries may add an additional free-text field in
their data collections forms to capture possible
methods other than the ones provided in this item;
values in the free-text field should be checked by a
curator and mapped to the provided values
wherever possible. New methods may be added to
the dataset by TREAT-NMD whenever appropriate.

This item refers to the testing method used to obtain
the result provided in SMN1 variant and SMN1
variant HGVS.

Possible values: RFLP (Restriction Fragment
Length Polymorphism), HRM (High Resolution
Melting), MLPA (Multiplex Ligation-dependent
Probe Amplification), DNA Sequencing, qrtPCR
(Quantitative Real-Time PCR), ddPCR (Droplet
Digital PCR) SMN1 testing method

1.10

Duration of follow up (registry entry to death,
end of data or loss to follow-up) (mean, sd,
median, IQR)

Duration of follow up (registry entry to death, end
of data or loss to follow-up) Derived

1.11

Duration of SMA (from onset of symptoms to
death, end of data or loss to follow-up, in
months) (mean, sd, median, IQR)

Duration of SMA (from onset of symptoms to
death, end of data or loss to follow-up, in months) Derived

1.12
Duration between two consecutive visits
collected in the registry (mean, sd, median, IQR)

Duration between two consecutive visits collected
in the registry Derived

1.13
Duration between genetic report date and
registry entry (mean, sd, median, IQR)

Duration between genetic report date and registry
entry Derived

1.14 Reason for genetic testing (n, %)

Specifies whether the diagnosis was made as a
result of screening. This item refers to a diagnosis
of 5q SMA.

Possible values: family screening (the diagnosis
was made as a result of family screening), newborn
screening (the diagnosis was made as a result of a
newborn screening programme), prenatal screening
(the diagnosis was made as a result of prenatal
screening), no screening (the diagnosis was not
made as a result of screening). Screening
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ID Name Description
Relevant columns in
the TreatNMD dataset

1.15
Age at onset of SMA symptoms (mean, sd,
median, IQR)

Derived from the date of the onset of the first
symptoms as defined in the item Symptom onset.
Registries may ask for the onset age in their data
collection form and calculate the date from the date
of birth. Symptom onset date

1.16
Age at genetic report date (mean, sd, median,
IQR)

Derived from the date of the genetic report
confirming the individual’s diagnosis. Genetic report date

1.17 Age at registry entry (mean, sd, median, IQR) Age at registry entry Derived

1.18 Age at death (mean, sd, median, IQR)

Derived from the date of the death of the individual.
The date of death may be provided as a year only, if
the month is not known. Date of death

1.19 Lost to follow-up (n, %)

Patients will be considered lost to follow-up if > 24
months has elapsed since their last available data, in
absence of death. Derived

1.20 Treated with at least one DMT (n, %)

Derived from DMT, which specifies the
disease-modifying therapy the individual is
receiving or has received at some point.

DMT

1.21 Treated with more than one DMT (n, %) DMT

1.22 Treated with nusinersen (Spinraza®) (n, %) DMT

1.23 Treated with Zolgensma (Zolgensma®) (n, %) DMT

1.24 Treated with risdiplam (Evrysdi®) (n, %) DMT

1.25 Invasive ventilation (n, %)

Episode that describes current or previous usage of
invasive ventilation due to the individual's
neuromuscular condition. Only periods of two
weeks or more are to be added.

Invasive ventilation
episode

1.26 Non-invasive ventilation (n, %)

Episode that describes current or previous usage of
non-invasive ventilation due to the individual's
neuromuscular condition. Only periods of two
weeks or more are to be added.

Non-invasive
ventilation episode

1.27 Feeding tube usage (n, %)

Episode that describes current or previous usage of
a feeding tube due to the individual's
neuromuscular condition. The start, stop and
ongoing dates of this record apply to the feeding
tube usage of the type specified in Feeding tube
usage type. If the individual was switched from one
type of usage to another, two record instances must
be provided.

Feeding tube usage
episode

1.28 Wheelchair usage (n, %)

Episode that describes when the individual used or
has been using a manual or powered wheelchair or
similar assisted mobility device due to their
neuromuscular condition.

Wheelchair usage
episode

1.29

At least one reported measure by available
motor function scale or test, and by at least one
PRO (n, %)

Based on the number of reported measures in the
Motor ability and/or PRO columns.

Possible values for motor ability include: roll onto
side, sit without support, crawl, stand with Motor ability & PRO
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ID Name Description
Relevant columns in
the TreatNMD dataset

assistance, stand without assistance, walk with
assistance, walk without assistance, walk 10 metres
without assistance, climb stairs, useful function of
hands, reach overhead in a sitting position, raise
hands to mouth in a sitting position

Possible PROs include: ACTIVLIM (Measurement
of Activity Limitations), provide score between 0
and 36, and PROs as recorded in the Spanish
PROFuture questionnaire. Please see sections 9.4.6
and Appendix B and C .

1.30

At least three reported measure by available
motor function scale or test, and by at least one
PRO (n, %) Motor ability & PRO

1.31

Available number of records of each motor
function scale by patient (mean, sd, median,
IQR) Motor ability & PRO

1.32
Available number of records of each PRO by
patients (mean, sd, median, IQR) Motor ability & PRO

9.4.2. Indicators and Characteristics Used to Assess SMA Natural History and Disease Progression

ID Name Description

Relevant columns
in the TreatNMD
dataset

2.01 Sex (n, %)

Current biological sex of the individual.

Possible values: male, female, intersex, unspecified Sex

2.02 Registry (n, %) Belgium, Spain, Czech Republic, etc. Metadata

2.03 Age at symptom onset (mean, sd)

Derived from the date of the onset of the first
symptoms as defined in the item Symptom onset.
Registries may ask for the onset age in their data
collection form and calculate the date from the date
of birth.

Derived from
Symptom onset date

2.04 Reason for genetic testing (n, %)

Specifies whether the diagnosis was made as a result
of screening. Possible values include: Family
screening, Newborn screening, Prenatal screening,
No screening Screening

2.05 Method used for genetic testing (n, %)

Testing method used to obtain the genetic result.

Registries may add an additional free-text field in
their data collections forms to capture possible
methods other than the ones provided in this item;
values in the free-text field should be checked by a
curator and mapped to the provided values wherever
possible. New methods may be added to the dataset
by TREAT-NMD whenever appropriate.

This item refers to the testing method used to obtain
the result provided in SMN1 variant and SMN1
variant HGVS.

Possible values: RFLP (Restriction Fragment Length
Polymorphism), HRM (High Resolution Melting),
MLPA (Multiplex Ligation-dependent Probe
Amplification), DNA Sequencing, qrtPCR
(Quantitative Real-Time PCR), ddPCR (Droplet
Digital PCR)

SMN1 testing
method

2.06 SMN1 variant (n, %) Presence of SMN1 gene mutation. SMN1 variant
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ID Name Description

Relevant columns
in the TreatNMD
dataset

Possible values: homozygous deletion exon 7,
compound heterozygous deletion exon 7, compound
heterozygous substitutions, homozygous substitution)

2.07 Functional status at genetic report date (n, %)

Based on the number of reported measures in the
Motor ability columns.

Possible values for motor ability include: roll onto
side, sit without support, crawl, stand with assistance,
stand without assistance, walk with assistance, walk
without assistance, walk 10 metres without
assistance, climb stairs, useful function of hands,
reach overhead in a sitting position, raise hands to
mouth in a sitting position.

Derived from Motor
ability episode

2.08
Achieved motor milestone at genetic report date
(n, %)

Motor ability
episode

2.09 Best functional status (n, %)
Derived from Motor
ability episode

2.10 Best achieved motor milestone (n, %)
Motor ability
episode

2.11 Best functional status before treatment (n, %)
Derived from Motor
ability episode

2.12 Best functional status after treatment (n, %)
Derived from Motor
ability episode

2.13
Best achieved motor milestone before treatment
(n, %)

Motor ability
episode

2.14
Best achieved motor milestone after treatment (n,
%)

Motor ability
episode

2.15 Height (mean, sd)
Height or length of the individual, as directly
measured in centimetres. Height

2.16 Weight (mean, sd) Weight of the individual. measured in kilograms. Weight

2.17
Age at first acquisition of -the best any of the
motor ability episodes (mean, sd)

Age at first acquisition of -the best any of the motor
ability episodes

Motor ability
episode (early age
record if multiple)

2.18
Age at first loss of the best any of the motor ability
episodes (mean, sd)

Age at first loss of the best any of the motor ability
episodes

Motor ability
episode (early age
record if multiple)

2.19 Full-time or part time wheelchair use (n, %)

Specifies the frequency of wheelchair usage.
Possible values include: Part-time (the individual is
sometimes able to get around without a wheelchair or
similar device), Full-time (the individual is unable to
get around at all without a wheelchair or similar
device)

Wheelchair usage
frequency

2.20
Age at first full-time or part-time wheelchair usage
(mean, sd)

Age at first full-time or part-time wheelchair usage
(mean, sd)

Wheelchair usage
frequency

2.21
No contracture, one contracture, more than one
contractures (n, %)

Combination of 8 contracture variables that Specifies
whether the individual has location specific
contractures

Contracture
variables

Confidential 34

https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/clinical-observations#item-height
https://datasets.treat-nmd.org/sma/groups/clinical-observations#item-weight
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/wheelchair#item-wheelchair-usage-frequency
https://datasets.treat-nmd.org/sma/groups/wheelchair#item-wheelchair-usage-frequency
https://datasets.treat-nmd.org/sma/groups/wheelchair#item-wheelchair-usage-frequency
https://datasets.treat-nmd.org/sma/groups/wheelchair#item-wheelchair-usage-frequency
https://datasets.treat-nmd.org/sma/groups/clinical-observations#item-shoulder-contractures
https://datasets.treat-nmd.org/sma/groups/clinical-observations#item-shoulder-contractures


NI-PASS Study Report EUPAS50476 Version 5.1

ID Name Description

Relevant columns
in the TreatNMD
dataset

2.22
Score for CHOP-INTEND at genetic report date
(mean, sd)

The list of measures included in the item Motor
measure represents all validated motor measures that
TREAT-NMD know to be currently in use for SMA.
Selection of appropriate motor measure(s) is at the
discretion of the clinician and/or preference of the
individual.
The Motor measure value description specifies the
unit in which the outcome must be provided.

Motor Measures

2.23 Best score for CHOP-INTEND (mean, sd) Motor Measures

2.24 Most recent score for CHOP-INTEND (mean, sd) Motor Measures

2.25
Score for HFMS(-E) at genetic report date (mean,
sd) Motor Measures

2.26 Best score for HFMS(-E) (mean, sd) Motor Measures

2.27 Most recent score for HFMS(-E) (mean, sd) Motor Measures

2.28 Score for RULM at genetic report date (mean, sd) Motor Measures

2.29 Best score for RULM (mean, sd) Motor Measures

2.30 Most recent score for RULM (mean, sd) Motor Measures

2.31 Score for HINE-2 at genetic report date (mean, sd) Motor Measures

2.32 Best score for HINE-2 (mean, sd) Motor Measures

2.33 Most recent score for HINE-2 (mean, sd) Motor Measures

2.34 Score for MFM32 at genetic report date (mean, sd) Motor Measures

2.35 Best score for MFM32 (mean, sd) Motor Measures

2.36 Most recent score for MFM32 (mean, sd) Motor Measures

2.37 Score for 6MWT at genetic report date (mean, sd) Motor Measures

2.38 Best score for 6MWT (mean, sd) Motor Measures

2.39 Most recent score for 6MWT (mean, sd) Motor Measures

2.40
Change between scores in HFSM-E in consecutive
age classes (mean, sd)

The list of measures included in the item Motor
measure represents all validated motor measures that
TREAT-NMD know to be currently in use for SMA.
Selection of appropriate motor measure(s) is at the
discretion of the clinician and/or preference of the
individual.
The Motor measure value description specifies the
unit in which the outcome must be provided
This record is longitudinal, for each record instance,
a date stamp with month and year must be captured
which can be used to compute change between scores
in consecutive sage classes.

Transformation of
Motor Measures

2.41
Change between scores in RULM in consecutive
age classes (mean, sd)

Transformation of
Motor Measures

2.42

Change between scores in 6MWT in consecutive
age classes (mean, sd)

Transformation of
Motor Measures

2.43
Age at report of (first) best CHOP-INTEND score
(mean, sd)

The list of measures included in the item Motor
measure represents all validated motor measures that
TREAT-NMD know to be currently in use for SMA.
Selection of appropriate motor measure(s) is at the
discretion of the clinician and/or preference of the
individual.
The Motor measure value description specifies the
unit in which the outcome must be provided
This record is longitudinal, for each record instance,
a date stamp with month and year must be captured

Motor Measures

2.44
Age at report of (first) best HFMS(-E) score
(mean, sd) Motor Measures

2.45
Age at report of (first) best RULM right side score
(mean, sd) Motor Measures

2.46
Age at report of (first) best HINE-2 score (mean,
sd) Motor Measures
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https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
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ID Name Description

Relevant columns
in the TreatNMD
dataset

based on which the age can be determined at report
of (first) best score2.47

Age at report of (first) best MFM32 score (mean,
sd) Motor Measures

2.48
Age at report of (first) 6MWT best score (mean,
sd) Motor Measures

2.49 Ever diagnosed with scoliosis (n, %)

Specifies whether the individual has ever been
diagnosed with scoliosis. Possible values for scoliosis
diagnosis include: Yes or No Scoliosis Diagnosis

2.50 Cobb angle value <30°, 30-45°, >45° (n, %)
Cobb angle according to radiology results. The unit
of values is degrees.

Convert numeric
cobb angle into
categories

2.51 At least one use of spinal brace ever (n, %)

A list of Rehabilitative interventions the individual
has received at some time during the period from
Begin date to End date including spinal brace.

Rehabilitative
Interventions

2.52 Surgery for scoliosis (n, %)

Specifies whether the individual has ever undergone
surgery specifically to try and correct scoliosis.
Possible values for scoliosis surgery include: Yes or
No Scoliosis surgery

performed

2.53 Age at surgery for scoliosis (mean, sd)
Date of the scoliosis surgery based on which the age
at the time of surgery for scoliosis can be determined.

Transformation of
Scoliosis Surgery
Date

2.54

Annual number of vertebral fracture by patient
reported in cause of hospitalisation or as a
comorbidity (mean, sd)

Main reason for acute hospitalisation as a
ICD-10/ICD-11/MedDRA code

Hospitalisation
acute reason code

2.55

Annual number of non-vertebral fractures by
patient reported in cause of hospitalisation or as a
comorbidity (mean, sd)

Hospitalisation
acute reason code

2.56 Age at first reported vertebral fracture (mean, sd)

Age based on start date of episode for first reported
vertebral fracture identified using
ICD-10/ICD-11/MedDRA code

Hospitalisation
acute reason code

2.57 Forced vital capacity percent (mean, sd)
Forced vital capacity as percentage of predicted
value.

Forced vital
capacity percentage

2.58 Forced vital capacity volume (n, %) Forced vital capacity as absolute volume in litres.
Forced vital
capacity volume

2.59
At least one episode of airway clearance assistance
(n, %)

Specifies how often the individual currently uses
assistance in airway clearance and/or secretion
mobilisation, for example using suction, chest
percussion or a cough assist device.

Airway Clearance
Assistance

2.60
At least one episode of any non-invasive
ventilation (n, %)

Episode that describes current or previous usage of
non-invasive ventilation due to the individual's
neuromuscular condition. Only periods of two weeks
or more were added.
Possible values include: Full-time, Part-time awake
and sleeping, Part-time sleeping, Part-time

Non-invasive
ventilation episode

2.61
At least one episode of full-time non-invasive
ventilation (n, %)

Non-invasive
ventilation episode

2.62
At least one episode of part-time awake and
sleeping non-invasive ventilation (n, %)

Non-invasive
ventilation episode
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https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/scoliosis#item-scoliosis-diagnosis
https://datasets.treat-nmd.org/sma/groups/scoliosis#record-cobb-angle
https://datasets.treat-nmd.org/sma/groups/scoliosis#record-cobb-angle
https://datasets.treat-nmd.org/sma/groups/medication#record-rehabilitative-interventions
https://datasets.treat-nmd.org/sma/groups/medication#record-rehabilitative-interventions
https://datasets.treat-nmd.org/sma/groups/scoliosis#item-scoliosis-surgery-performed
https://datasets.treat-nmd.org/sma/groups/scoliosis#item-scoliosis-surgery-performed
https://datasets.treat-nmd.org/sma/groups/scoliosis#item-scoliosis-surgery-date
https://datasets.treat-nmd.org/sma/groups/scoliosis#item-scoliosis-surgery-date
https://datasets.treat-nmd.org/sma/groups/scoliosis#item-scoliosis-surgery-date
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#item-forced-vital-capacity-percentage
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#item-forced-vital-capacity-percentage
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#item-forced-vital-capacity-volume
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#item-forced-vital-capacity-volume
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#item-airway-clearance-assistance
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#item-airway-clearance-assistance
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
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ID Name Description

Relevant columns
in the TreatNMD
dataset

2.63
At least one episode of part-time sleeping
non-invasive ventilation (n, %)

Non-invasive
ventilation episode

2.64
Age at start of first full-time non-invasive
ventilation episode (mean, sd)

Age based on start date of first full-time non-invasive
ventilation episode

Non-invasive
ventilation episode

2.65
At least one episode of any invasive ventilation (n,
%)

Episode that describes current or previous usage of
invasive ventilation due to the individual's
neuromuscular condition. Only periods of two weeks
or more were added. Possible values include:
Full-time, Part-time awake and sleeping, Part-time
sleeping, Part-time

Invasive ventilation
episode

2.66
At least one episode of full-time invasive
ventilation (n, %)

Invasive ventilation
episode

2.67
At least one episode of part-time awake and
sleeping invasive ventilation (n, %)

Invasive ventilation
episode

2.68
At least one episode of part-time sleeping invasive
ventilation (n, %)

Invasive ventilation
episode

2.69
Age at start of first full-time invasive ventilation
episode (mean, sd)

Age based on start date of first full-time invasive
ventilation episode

Invasive ventilation
episode

2.70
Bronchopulmonary infections reported in cause of
hospitalisation or as a comorbidity (n, %)

Main reason for acute hospitalisation as a
ICD-10/ICD-11/MedDRA code

Hospitalisation
acute reason code

2.71
At least one episode of respiratory physiotherapy
(n, %)

A list of Rehabilitative interventions the individual
has received at some time during the period from
Begin date to End date including respiratory
physiotherapy.

Rehabilitative
Interventions

2.72 At least one episode of feeding tube usage (n, %)

Episode that describes current or previous usage of a
feeding tube for feeding due to the individual's
neuromuscular condition. Possible values include:
Exclusive, Supplementary

Feeding tube usage
episode

2.73
At least one episode of exclusive feeding tube
usage (n, %)

Feeding tube usage
episode

2.74
At least one episode of supplementary feeding
tube usage (n, %)

Feeding tube usage
episode

2.75
At least one gastronomy reported in cause of
hospitalisation or as a comorbidity (n, %)

Main reason for acute hospitalisation as a
ICD-10/ICD-11/MedDRA code

Hospitalisation
acute reason code

2.76 Age at first gastrostomy (mean, sd) Age based on admission date of hospitalisation.
Hospitalisation
admission date

2.77 At least one hospitalisation (n, %)

Hospitalisation admission date.

Hospitalisation
admission date

2.78 Annual number of hospitalisations (mean, sd)
Hospitalisation
admission date

2.79
Event-free survival (death or permanent
ventilation) (mean, sd)

Time to death or to permanent ventilation.
(Date of the death of the individual. The date of
death may be provided as a year only, if the month is
not known. Episode that describes current or
previous usage of non-invasive/invasive ventilation
due to the individual's neuromuscular condition.
Possible values include: Full-time invasive or
non-invasive ventilation, respectively).

Date of death or
first full-time
invasive ventilation
or full-time
non-invasive
ventilation

2.80 Causes of death (n, %) Cause of death as code of the classification specified Cause of death code
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https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/medication#record-rehabilitative-interventions
https://datasets.treat-nmd.org/sma/groups/medication#record-rehabilitative-interventions
https://datasets.treat-nmd.org/sma/groups/nutrition#record-feeding-tube-usage-episode
https://datasets.treat-nmd.org/sma/groups/nutrition#record-feeding-tube-usage-episode
https://datasets.treat-nmd.org/sma/groups/nutrition#record-feeding-tube-usage-episode
https://datasets.treat-nmd.org/sma/groups/nutrition#record-feeding-tube-usage-episode
https://datasets.treat-nmd.org/sma/groups/nutrition#record-feeding-tube-usage-episode
https://datasets.treat-nmd.org/sma/groups/nutrition#record-feeding-tube-usage-episode
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations#item-hospitalisation-admission-date
https://datasets.treat-nmd.org/sma/groups/hospitalisations#item-hospitalisation-admission-date
https://datasets.treat-nmd.org/sma/groups/hospitalisations#item-hospitalisation-admission-date
https://datasets.treat-nmd.org/sma/groups/hospitalisations#item-hospitalisation-admission-date
https://datasets.treat-nmd.org/sma/groups/hospitalisations#item-hospitalisation-admission-date
https://datasets.treat-nmd.org/sma/groups/hospitalisations#item-hospitalisation-admission-date
https://datasets.treat-nmd.org/sma/groups/living-status#item-date-of-death
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/living-status#item-cause-of-death-code
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ID Name Description

Relevant columns
in the TreatNMD
dataset

in Cause of death classification (ICD-10/ICD-11
codes).

2.81 Causes of hospitalisation (n, %)

Main reason for hospitalisation as a code in the
classification specified in Hospitalisation acute
reason classification (ICD-10/ICD-11
codes/MedDRA).

Hospitalisation
acute reason code

2.82 Comorbidity

Comorbidity as code of the classification specified in
Comorbidity classification (ICD-10/ICD-11
codes/MedDRA). Comorbidity code

2.83

Score for Spain PROFuture Mobility and
Independence PRO at genetic report date (mean,
sd)

Patient Global Impression of Severity (PGI-S)
according to the individual, or according to a
caregiver answering on behalf of the individual
(“Select the option that best describes how affected
you are now by your SMA”).
The Patient-reported outcome measure value
description specifies which type of score must be
provided.

Patient-reported
outcome measures

2.84
Best score for Spain PROFuture Mobility and
Independence PRO (mean, sd)

Patient-reported
outcome measures

2.85
Most recent score for Spain PROFuture Mobility
and Independence PRO (mean, sd)

Patient-reported
outcome measures

2.86
Score for Belgium ACTIVLIM PRO at genetic
report date (mean, sd)

Patient-reported
outcome measures

2.87
Best score for Belgium ACTIVLIM PRO (mean,
sd)

Patient-reported
outcome measures

2.88
Most recent score for Belgium ACTIVLIM PRO
(mean, sd)

Patient-reported
outcome measures

9.4.3. Indicators and Characteristics Used to Assess SMA Healthcare Management

ID Name Description Relevant columns in dataset

3.01 SMN1 testing method (n, %)

Testing method used to obtain the genetic
result.

Registries may add an additional free-text
field in their data collections forms to
capture possible methods other than the
ones provided in this item; values in the
free-text field were checked by a curator
and mapped to the provided values
wherever possible. New methods may be
added to the dataset by TREAT-NMD
whenever appropriate.

This item refers to the testing method used
to obtain the result provided in SMN1
variant and SMN1 variant HGVS.

Possible values: RFLP (Restriction
Fragment Length Polymorphism), HRM
(High Resolution Melting), MLPA
(Multiplex Ligation-dependent Probe SMN1 testing method
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https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations#item-comorbidity-code
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
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ID Name Description Relevant columns in dataset

Amplification), DNA Sequencing, qrtPCR
(Quantitative Real-Time PCR), ddPCR
(Droplet Digital PCR)

3.02 SMN2 testing method (n, %)

Testing method used to obtain the genetic
result.

Registries may add an additional free-text
field in their data collections forms to
capture possible methods other than the
ones provided in this item; values in the
free-text field should be checked by a
curator and mapped to the provided values
wherever possible. New methods may be
added to the dataset by TREAT-NMD
whenever appropriate.

This item refers to the testing method used
to obtain the result provided in SMN2
copy number.

Possible values: RFLP (Restriction
Fragment Length Polymorphism), HRM
(High Resolution Melting), MLPA
(Multiplex Ligation-dependent Probe
Amplification) SMN2 copy number testing method

3.03 At least one DMT (n, %)

Specifies the disease-modifying therapy
the individual is receiving or has received
at some point.

DMT

3.04

Taken the drugs listed as
comedications at least once
from registry entry (n, %)

Prescribed allopathic drug or supplement
the individual has taken.

Allopathic drug

3.05
Annual influenza vaccination
(n, %) Allopathic drug

3.06
At least one pneumococcal
vaccination (n, %) Allopathic drug

3.07
Pneumococcal vaccination at
least once every 5 years (n, %) Allopathic drug

3.08
At least one episode of any
ventilation (n, %)

Episode that describes current or previous
usage of non-invasive/invasive ventilation
due to the individual's neuromuscular
condition. Only periods of two weeks or
more are added.

Invasive ventilation episode or
Non-invasive ventilation episode

3.09
At least one episode of feeding
tube usage (n, %)

Episode that describes current or previous
usage of a feeding tube for feeding due to
the individual's neuromuscular condition. Feeding tube usage episode

3.10
At least one episode of
wheelchair use (n, %)

Episode that describes when the individual
used or has been using a manual or
powered wheelchair or similar assisted
mobility device due to their neuromuscular
condition. Wheelchair usage episode
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ID Name Description Relevant columns in dataset

3.11

Age at first episode of any
ventilation (invasive or
non-invasive) (mean, sd,
median, IQR)

Age based on start date of first
non-invasive/invasive ventilation episode

Invasive ventilation episode or
Non-invasive ventilation episode

3.12

Age at first episode of invasive
ventilation (mean, sd, median,
IQR)

Age based on start date of first invasive
ventilation episode Invasive ventilation episode

3.13

Age at first episode of feeding
tube usage (mean, sd, median,
IQR) Feeding tube usage episode

3.14

Age at first episode of
gastrostomy (mean, sd,
median, IQR)

Age based on start date of first
gastrostomy episode Hospitalisation acute reason code

3.15

At least one episode of
muscular physiotherapy ever
(n, %)

A list of rehabilitative interventions the
individual has received at some time
during the period from Begin date to End
date including muscular physiotherapy. Rehabilitative Interventions

3.16

At least one episode of
respiratory physiotherapy ever
(n, %)

A list of rehabilitative interventions the
individual has received at some point
during the period from Begin date to End
date including respiratory physiotherapy. Rehabilitative Interventions

3.17

At least one episode of
contracture management using
orthotics ever (n, %)

A list of rehabilitative interventions the
individual has received at some point
during the period from Begin date to End
date including contracture management
using orthotics . Rehabilitative Interventions

3.18
At least one episode of spinal
brace ever (n, %)

A list of rehabilitative interventions the
individual has received at some point
during the period from Begin date to End
date including spinal brace. Rehabilitative Interventions

3.19
At least one episode of speech
therapy ever (n, %)

A list of rehabilitative interventions the
individual has received at some point
during the period from Begin date to End
date including speech therapy. Rehabilitative Interventions

3.20 Age at first DMT (mean, sd)
Date on which the individual received first
therapy specified in DMT. DMT

3.21
Patients who received more
than one DMT (n,%)

Specifies the disease-modifying therapy
the individual is receiving or has received
at some point. Possible values include:
Nusinersen, Onasemnogene abeparvovec,
Risdiplam.

DMT

3.22
Treated with nusinersen
(Spinraza®) (n, %) DMT

3.23
Treated with Zolgensma
(Zolgensma®) (n, %) DMT

3.24
Treated with risdiplam
(Evrysdi®) (n, %) DMT
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ID Name Description Relevant columns in dataset

3.25

Treated with nusinersen
(Spinraza®) & Zolgensma
(Zolgensma®) (n, %) DMT

3.26

Treated with nusinersen
(Spinraza®) & risdiplam
(Evrysdi®) (n, %) DMT

3.27

Treated with Zolgensma
(Zolgensma®) & risdiplam
(Evrysdi®) (n, %) DMT

3.28

Treated with nusinersen
(Spinraza®) & Zolgensma
(Zolgensma®) & risdiplam
(Evrysdi®) (n, %) DMT

3.29

Age at initiation of nusinersen
(Spinraza®) (mean, sd,
median, IQR)

Date on which the individual received
nusinersen. DMT

3.30

Age at initiation of Zolgensma
(Zolgensma®) (mean, sd,
median, IQR)

Date on which the individual received
Onasemnogene abeparvovec. DMT

3.31
Age at initiation of risdiplam
(Evrysdi®) (mean, sd)

Date on which the individual received
risdiplam. DMT

3.32
Dose regarding weight at
administration (n, %)

Value of the dosage, given in the unit
specified in DMT dosage unit:
Vector genomes per kilogram body
weight, Milligrams per kilogram body
weight, Milligrams

DMT dosage value

3.33
Co-administration of
corticosteroids (n, %)

Duration in days of the administration of
prophylactic systemic corticosteroids in
relation to Zolgensma administration

DMT corticosteroid administration
duration > 0

3.34

Anti-AAV9 antibody test
before Zolgensam
administration (n, %)

Anti-AAV9 antibody test date &
Date on which the individual received a
single administration of the therapy
specified in DMT.

Anti-AAV9 antibody test date &
DMT single administration date

3.35
Positive (>1:50) anti-AAV9
antibody test (n, %)

Antibody titre measured in this anti-AAV9
antibody test. Possible values include: <=
1:50, > 1:50 Anti AAV9 antibody test result

3.36
At least one adequate dose
(12mg) (n, %)

Value of the dosage, given in the unit
specified in DMT dosage unit:
Vector genomes per kilogram body
weight, Milligrams per kilogram body
weight, Milligrams DMT dosage value

3.37

Time between genetic report
date and first administration
(D0) (mean, sd)

This item currently only applies to
nusinersen and risdiplam. Deviation
definition for nusinersen: Specifies
whether the interval between any two
consecutive administrations of nusinersen
differs by 14 days or more from that
specified in the applicable prescription
information.
Deviation definition for risdiplam:
Specifies whether the individual has ever

DMT administration schedule
deviation
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ID Name Description Relevant columns in dataset

failed to take the prescribed dosage of
risdiplam for 7 consecutive days or more
during this episode.

3.38

Treatment duration defined as
the time from initiation to last
available administration date
(discontinuation date, death,
loss to follow-up, date of
data-extraction if the last
information indicates that
nusinersen (Spinraza®) is
ongoing) (mean, sd, median,
IQR)

This is an episode record: For each record
instance, the following dates must be
captured:

● Start date: The month and year
when the condition described by
the record started to hold, if
known

● Stop date: The month and year
when the condition ceased to
hold, if applicable and known

● Ongoing date: The month and
year on which the condition was
known to hold, if applicable

DMT episode

3.39

Ongoing nusinersen
(Spinraza®) at their last
reported dose (n, %) DMT episode

3.40
Treatment discontinuation (n,
%)

Specifies whether this therapy is ongoing
or stopped.
Stopped: The individual has stopped
receiving the therapy since the date
specified in Start date DMT status

3.41
Reason for treatment
discontinuation (n, %)

Reason the individual has stopped
receiving the therapy specified in DMT (in
the case of a continuous treatment), or has
received a different disease-modifying
therapy after receiving a
single-administration therapy specified in
DMT. Possible values include: Funding,
Side effects from procedure, Side effects
from drug, Scoliosis, Insufficient benefit,
Insufficient initial improvement, Loss of
response, Elective choice DMT stopping reason

3.42

Treatment duration in patients
with treatment discontinuation
(mean, sd)

Specifies whether this therapy is ongoing
or stopped. For each record start date and
stop date must be captured. DMT status

3.43

At least one adequate dose
regarding age and weight (n,
%)

Value of the dosage, given in the unit
specified in DMT dosage unit:
Vector genomes per kilogram body
weight, Milligrams per kilogram body
weight, Milligrams DMT dosage value

3.44

Treatment duration defined as
the time from initiation to last
available administration date
(discontinuation date, death,
loss to follow-up, date of
data-extraction if the last
information indicates that
risdiplam (Evrysdi®) is
ongoing) (mean, sd, median,
IQR)

This is an episode record: For each record
instance, the following dates were
captured:

● Start date: The month and year
when the condition described by
the record started to hold, if
known

● Stop date: The month and year
when the condition ceased to
hold, if applicable and known DMT episode
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ID Name Description Relevant columns in dataset

● Ongoing date: The month and
year on which the condition was
known to hold, if applicable

3.45

Ongoing risdiplam (Evrysdi®)
at their last reported dose (n,
%) DMT episode

3.46
Treatment discontinuation (n,
%)

Specifies whether this therapy is ongoing
or stopped.
Stopped: The individual has stopped
receiving the therapy since the date
specified in Start date DMT status

3.47
Reason for treatment
discontinuation (n, %)

Reason the individual has stopped
receiving the therapy specified in DMT (in
the case of a continuous treatment), or has
received a different disease-modifying
therapy after receiving a
single-administration therapy specified in
DMT. Possible values include: Funding,
Side effects from procedure, Side effects
from drug, Scoliosis, Insufficient benefit,
Insufficient initial improvement, Loss of
response, Elective choice DMT stopping reason

3.48

Treatment duration in patients
with treatment discontinuation
(mean, sd)

Specifies whether this therapy is ongoing
or stopped. For each record start date and
stop date must be captured. DMT status

3.49

At least one SAE reported in
the registry related to any
DMT (n, %)

Specifies whether the reason for
hospitalisation specified in Hospitalisation
acute reason code or was classified as a
serious adverse event (SAE) in relation to
a disease-modifying therapy. Or
whether this comorbidity was classified as
a serious adverse event (SAE) in relation
to a disease-modifying therapy.

Hospitalisation SAE or Comorbidity
SAE

3.50

At least one SAE reported in
the registry related to
nusinersen (Spinraza®) (n, %)

Disease-modifying therapy to which this
SAE was related.

Hospitalisation SAE DMT or
Comorbidity SAE DMT

3.51

At least one SAE reported in
the registry related to
Zolgensma (Zolgensma®) (n,
%)

Hospitalisation SAE DMT or
Comorbidity SAE DMT

3.52

At least one SAE reported in
the registry related to
risdiplam (Evrysdi®) (n, %)

Hospitalisation SAE DMT or
Comorbidity SAE DMT

3.53 Incidence rate of listed SAESI

Main reason for hospitalisation as a code
in the classification specified in
Hospitalisation acute reason classification
(ICD-10/ICD-11 codes/MedDRA).

Hospitalisation acute reason code
matches defined ICD-10 list

9.4.4. Disease Modifying Treatment Usage

Exposure: Patient exposure was defined according to the information collected in the registry. The
exposures of interest were as follows:
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● Treated with at least one DMT (this served to create an overall exposure category representing all
patients who were treated, regardless of the treatment or combination of treatments received
during the follow-up).

● Treated with Spinraza®, and possible combinations with Spinraza®.
● Treated with Zolgensma®, and possible combinations with Zolgensma®.
● Treated with Evrysdi®, and possible combinations with Evrysdi®

Treated with at least one DMT or possible treatment combinations was defined using the following fields
available within the TreatNMD network:

● The “DMT received field” indicator (e.g. “Yes”)
● A field indicating the name of the specific DMT taken Spinraza®, Zolgensma®, and Evrysdi®
● A field indicating the corresponding start date (or a single administration date for Zolgensma®)

All three fields were needed to be specified for the individual to be considered as exposed to a given
DMT and flagged as a treated patient. The availability of individual DMTs in each participating country,
according to information provided by the registries during the feasibility assessment are summarised in
Appendix D (Provided a stand-alone document, submitted along with this report).

Exposure definition: In all the analyses, the treated cohort (TREATED) consisted of patients who had
been exposed to any DMT. Based on a time-varying exposure approach, patients were categorised among
monotherapy or/and treatment combination categories. Patients were classified as never treated (NEVER
TREATED) if never treated with any DMTs at any point of their journey. For all patients, end of
follow-up was the earliest of date of death or end of follow-up / end of data (censoring at last available
information in lost-to follow-up patients).
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9.4.5. Evaluation of Safety:

Serious adverse events of special interest (SAESI):

The following events were searched using ICD (International Classification of Diseases) codes among the
causes of death and hospitalisation, even if they were not identified as DMT-related by the registries.
Please refer to the Statistical Analysis Plan for the definition of the code lists.

● Thrombocytopenia and coagulation abnormalities
● Renal toxicity
● Hydrocephalus
● Meningitis
● Hypersensitivity reactions
● Cutaneous vasculitis
● Hepatotoxicity
● Cardiac adverse event

Adverse events of interest:
ICD codes among the causes of death and hospitalisation were used to identify the following events
considered as adverse event of interest:

● Osteoporosis
● Fractures
● Pulmonary infections including bronchopulmonary infections
● Sleep apnea
● Pneumothorax
● Atrial or ventricular defect
● Diabetes
● Vertebral fracture
● Non-vertebral fractures

9.4.6. Evaluation of Effectiveness/Clinical Response and Patient Outcomes:

Post-SMA diagnosis outcomes:

Exploratory Interrupted Time Series (ITS) analysis has also been implemented to explore SMA
progression according to specific post-diagnosis outcomes. ITS has been assessed over periods before /
after DMT availability. The following outcomes have been assessed:

o Rates of death and permanent invasive/non-invasive ventilation (composite outcome)
o Rates of death
o Rates of permanent invasive/non-invasive ventilation

Patient-reported outcomes: PRO scores from data contained in the Spanish (PROFuture) and Belgium
(ACTIVLIM) registries were included. Upon data availability, PRO scores were measured/reported: 1) at
genetic report date, 2) as an overall best score, and 3) at the most recent score. Standard classifications
were used as reported in the literature (24,25) for the PRO score’s calculations. Specific registries'
questionnaires used in the construction of each PRO score are included in the Appendix B & C. Scores
were generated by converting raw data into a linear measure of activity limitation using a Rasch model.
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PROFuture, used by the Spanish registry, has been validated in adults, but not yet children (26).
ACTIVLIM has been validated in both children (6-15) and adults (16-80)(25).

The following PROs were measured and included in the analyses:

1) Spain PROFuture mobility and independence score as measured at genetic report date
2) Spain PROFuture mobility and independence best score measured over the entire

follow-up period
3) Spain PROFuture mobility and independence most recent score as reported across various

current age categories
4) Belgium ACTIVLIM PRO score as measured at genetic report date
5) Belgium ACTIVLIM PRO best score measured over the entire follow-up period
6) Belgium ACTIVLIM PRO most recent score as reported across various current age

categories

9.4.7. Medical Resource Utilisation and Health Economics

These types of analyses were not applicable to this study report.

9.4.8. Sample Collection and Handling

No sample collection or handling occurred as a result of this non-interventional study.

9.5. Data Sources and Data Management

TREAT-NMD is a global registry network launched in 2007 for the neuromuscular field that provides an
infrastructure to ensure the most promising new therapies reach patients as quickly as possible across
multiple diseases. The global registry network is composed of Member Registry Curators including
Patient Representatives and supported by the TREAT-NMD Ethic Board Representatives. The
TREAT-NMD SMA core dataset containing 23 data items was established in 2008 when the main purpose
of the registries was clinical trial readiness and recruitment. TREAT-NMD currently has 26 SMA
registries (19 in Europe) as part of the network with an estimated 4,800 patients. The TREAT-NMD
Registry Network is made up of SMA clinician, patient reported and dual reported registries.

The purpose of the TREAT-NMD Central Data Warehouse (CDW) is to collect data in a harmonised way
by using the SMA Core dataset, to build a natural pool of data and allow for better data analysis. The core
data model was developed through extensive stakeholder engagement with registry curators, physicians,
physiotherapists, patient representatives and industry representatives. The final list of registries
contributing data to this project has been determined after fit-for-purpose data assessment.

This study used data from multiple existing SMA registries across Europe. Data sources were selected
after pre-feasibility and feasibility assessments based on the EMA guideline on registry-based studies
(27), the REQueST tool (28), and a structured process to identify fit-for-purpose data (SPIFD - generating
a ranking for data elements considered in the assessment) (29). The feasibility included assessment on
registry characteristics, governance and quality assurance, data reliability, data relevance, data access, as
well as minimum data needs (demographics, genetic diagnosis, clinical characteristics, treatments, disease
outcomes and patient-reported outcomes). A total of 16 SMA registries across 18 European countries
within the TREAT-NMD network were initially contacted for pre-feasibility assessment (Bulgaria,
Croatia, Czech Republic & Slovakia, Georgia, Hungary, Latvia, Slovenia, Turkey Kukas, Turkey Lukam,
Ukraine, Belgium, Germany & Austria, Spain, Sweden, Switzerland, United Kingdom & Ireland). Among
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those, 10 were selected for feasibility assessment; main reasons for exclusion were low sample size,
capturing only children, absence of data quality assurance process or audit practices, country-specific
situation, and workload preventing participation. Variability in data availability was observed across
registries assessed. Almost all patients had genetically confirmed SMA diagnosis (except for some
patient-based registries); genetic testing methods were available in a few registries. Overall, treatments
and disease outcomes were recorded with more details in clinician-based registries. Dosage of DMTs was
not available across patient-based registries. Motor function test results were not collected in
patient-based registries. Patient-reported outcomes data were generally limited. Based on overall registry
ranking, European regional coverage, and registry type, 7 registries were recommended for the study
conduct: 3 patient-based registries (Germany & Austria, Spain, UK & Ireland) and 4 clinician-based
registries (Belgium, Sweden, Switzerland, Czech Republic & Slovakia). Switzerland was finally not
included in the study due to lag time in the contracting process and data sharing. In Spain, the PROfuture
questionnaire was in the validation phase at the time of registry assessment; nonetheless PRO data were
used for the study. The final registries included in the study are described below. The detailed feasibility
findings are presented in Appendix D.

Belgium
The Belgian Neuromuscular Diseases Registry (BNMDR)5 is a national clinician-based registry which
started in 2008 (and restructured in 2018), with 272 adults and children SMA patients included as of June
2022. This registry is funded by the National Health Insurance (Belgium National Institute for Health and
Disability Insurance). The registry is governed by a Steering Committee that meets annually. This
committee includes representatives of experts (physicians), patient organisations, one representative of the
National Health Insurance and two representatives of Sciensano who manages the registry (a public
research institution established in 2018). During the annual meeting, data collected, and evolution of the
project are being discussed. A Scientific Committee composed by experts from participating centres
(physicians) is also in place. This committee can meet more regularly to support decision making on
scientific aspects.
A dedicated quality team is responsible for managing Sciensano's quality management system. They
ensure that all services comply with quality standards in order to guarantee the accuracy of the analysis
results that they issue and the reliability of the opinions or conclusions that they formulate. The quality
standards applied within Sciensano are ISO 15189, 17025 and 17043.
At the beginning of each project, documents such as study protocol and report, statistical analysis plan
and data management plan are created and regularly updated.
Registry patient-level data are de-identified and can be shared with TREAT-NMD. Patients followed over
different centres can be identified, and most complete data are being kept in the registry. A data validation
process is in place to avoid the entry of aberrant data within the form completed by data
providers/physicians. In addition, statistics are being run on the registry data and compared to historical
checks once a year (e.g., description such as counts, distribution, percentages of key characteristics). If
discrepancies are identified, queries are being raised for aberrant data. Missing data are checked once a
year and trends checked with data providers/physicians in order to improve completion (e.g.,
unavailability of source data or changing to mandatory fields).

Czech Republic & Slovakia
The REaDY is a national clinician-based registry which started in 2011 covering both Czech Republic
and Slovakia. It was developed by the Institute of Biostatistics and Analyses, with 317 adults and children
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SMA patients included as of May 2022. This registry is funded by the pharmaceutical industry. The
registry has been endorsed by ethical committees and regulatory authorities in both Czech and Slovak
Republics.
Quality documentation for the registry implementation is available: data management plan and data
validation plan. In addition, a validation process is set up within the database with data quality control by
the system. Each eCRF adjustment is discussed and approved by a study guarantor.
Registry patient-level data are de-identified and can be shared with TREAT-NMD. Data verification
statistics are run on the data upon request such as checking date/integer ranges or checking correct data
types. No specific actions are put in place to improve missingness.

Germany & Austria
The SMA-Patient registry for Germany and Austria (DMD- und SMA-Patientenregister für Deutschland
und Österreich) is a patient-based registry which started in 2008, with 893 adults and children SMA
patients included as of June 2022. This registry is operated by the Friedrich Baur Institut in Munich
University Hospital (Germany)6, dedicated to patient care and cutting-edge research in the field of
neuromuscular disorders (NMD). This registry is funded by research project sponsors. The registry is
governed by an independent oversight committee.
Registry patient-level data are de-identified and can only be shared with TREAT-NMD at an aggregated
level. Registry participants provide a copy of human genetic findings which are reviewed at the centre and
added to the participant's dataset. All participants are asked at least once per year to review and add
genetic reports to the dataset for timeliness and completeness. Missing data are checked every 6 months
and query raised to ask for completion.

Spain
The Registro Nacional de Pacientes de la Fundación Atrofia Muscular Espinal (FundAME) is a national
patient-based registry which started in 2015, with 273 adults and children SMA patients included as of
June 2022. This registry is funded by FundAME7. The registry governing bodies are as follows: 2
curators, 1 data manager who is responsible for the registry, 1 patient representative and 1 financial &
administrative responsible.
The following information is being described into a protocol: curation method, responsibilities,
instructions, and resources during the different phases including promotion and training activities within
the patient registry.
Required data changes and dataset modifications are documented. Currently the data is migrating to a new
platform, hence documentation will be updated.
Registry patient-level data are de-identified and can be shared with TREAT-NMD. The following items
are being checked against medical records by a physician or a (research) nurse: SMN1 data, SMN2 data
and forced vital capacity. All other items are curated by a SMA specialist healthcare professional. Data is
being verified every time there’s a data modification or update in every patient. Patients are encouraged
through contacts or phone calls to complete missing data or send medical reports.

Sweden
The Swedish National Registry for NMD (Neuromuskulära sjukdomar i Sverige - NMiS) is a national
clinician-based registry which started in 2010, with 177 adults and children SMA patients included as of
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September 2022. This registry is funded by the government. The registry is governed by a Steering
Committee composed by 2 representatives of patient organisations.
The quality standards applied for the platform used by the NMiS-registry are following ISO 13485:2016.
It covers NMiS-registry on a general level regarding platform development, risk analysis, maintenance,
etc.
Registry patient-level data are de-identified and can be shared with TREAT-NMD. A data verification
process is in place where all registry items are being checked against medical records by a physician or a
(research) nurse once a year. Queries are being raised to ask for completion of missing information. In
order to improve completion of missing data, helptext, automatic reminders and mandatory fields are also
put in place in the registry.

UK & Ireland
The UK SMA Patient Registry8 is a patient-based registry which started in 2007 covering the United
Kingdom and Ireland, with 566 adults and children SMA patients included as of June 2022. This registry
is funded by Biogen, through its funding of Adult SMA REACH. This registry is governed by an
independent steering committee. This includes representation from three patient organisations, SMA UK,
MDUK and TreatSMA. Enrolment is patient-initiated and achieved online through the registry website
(www.sma-registry.org.uk). Patients become aware of the registry through patient organisations, through
the clinical studies Adult SMA REACH and SMA REACH UK (paediatric) and through distribution of
registry information leaflets from their neuromuscular clinic.
The patient registry has a study protocol in place but does not have a quality plan document. Registry
patient-level data are de-identified and can be shared with TREAT-NMD. Data management is performed
by the registry coordinator. Patients are requested to share a copy of their genetic report with the registry,
enabling the registry coordinator or medical staff to verify their eligibility upon receipt. Duplicate
registrations are routinely investigated and removed, following contact with the patient. Data is regularly
reviewed by the curator and any anomalies are followed-up with the patient. Periodic follow-ups with
patients are performed to request missing data, notably genetic reports. This is through both targeted and
more general communications. All database entries and contacts are traceable through an audit trail.
Self-audit is performed approximately every two years.

All data was collected via the TREAT-NMD Global Registry Platform (GRP), where it was validated and
stored in the central data warehouse (CDW) ready for analysis. All the data was shared with the CDW by
March 15th, 2023. Core Member Registries collected and processed data according to the national or
international laws and best practices that apply to each of them respectively (in particular, accuracy and
minimization of missing data; informed consent concerning use of the data for research; right of the
patients to withdraw consent etc).

Several processes were put in place to ensure data quality:
● The TREAT-NMD Privacy-Preserving Record Linkage (PPRL) Generator is an online tool

developed for use within the Global Registry Network to generate a unique record string based on
demographic information. The purpose of the PPRL tool is twofold:

o The process of de-identifying the patient data is completed by the PPRL tool within the
registry databases. This allows patient level data to be shared without revealing any
identifying information to TREAT-NMD.

o Management of duplicate records: some patients may be registered in more than one
single registry. The use of the TREAT-NMD PPRL generator will allow TREAT-NMD to
alert the registry(s) of a potential duplicate PPRL.
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For direct user registries, creation of an export file ready to transfer data will automatically
include the patients’ PPRLs. These are not visible to the user, but rather the system will identify
and flag duplicate records. Indirect user registries will be provided with the TREAT-NMD PPRL
generator tool for use in their own systems.

● Before data is transferred to TREAT-NMD all safety reporting instances are checked by a curator
for accuracy and will be corrected before being transferred.
The system has automated validation built into its functionality for direct user registries, to ensure
that any fields that have missing data, fields that have a query raised against it (for example,
outside of an agreed range)and any text added to a field where numbers are expected, are
checked.
The Curator has the responsibility to check through any validation flags raised by the system and
either resolve the issue by sending the query back to the data provider or accept the validation
error if it is deemed to be reasonable/appropriate. All of these checks are the responsibility of the
Curator before transferring data to the CDW holding area.
Whilst the de-identified data is in the holding area, the individuals’ record will be checked via
automatic process, for any validation errors and also by the TREAT-NMD data analyst. Any
automatic validation errors that are not within a small tolerance will be returned to the registry
curator for another check of the data content. If the data has passed the automatic process
validation or the error is within a small tolerance, then the data will be approved by the data
analyst and transferred into the CDW for storage and future analysis.

● Once the data is in the CDW the data analyst will then analyse the data for data
quality-management purposes and future uses of the data, whether that is for enquiries or post
marketing activities.

No auditing practices were in place between TREAT-NMD and the Registries. Registries were
encouraged to collect data at regular intervals (every 6 or 12 months). However, how the data collection
occurred in each registry depended on their internal data governance and management. TREAT-NMD did
not have authority or right to govern registries’ internal process, although advice and support were
provided to registries for regular data collections.

Data items with reference period time included the data collection period: begin and end dates, reported at
each visit /data-collection. Begin date specified the beginning of the period to which the question refers;
end date specified the end of the period to which the question refers.

The data collection period covered:

● The year before registry entry for the first visit
● The period between the last update (last visit) to the date of data entry (current visit).

Historical data was also collected by registries, notably for longitudinal data or when data entry was not at
diagnosis. The date stamp in this case was the date when the clinical examination or test was done.

Certain events were collected by the registries over the data collection period as “currently”, “previously”
or “never” occurred over the period of interest. These events were then mapped by TREAT-NMD as:

● “Currently” when the event is current,
● “Previously when it has been previously the case, but is not currently
● “Never” when it has never been the case
● Sometime when it has been the case at some time, but it is unknown whether it is currently the

case
● Not currently when it is currently not the case, but it is unknown whether it has previously been

the case.
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9.6. Bias

There are several limitations derived from the use of specific disease registries that may result in specific
biases. First, participation and involvement in these registries is voluntary, and therefore, not all SMA
patients treated or not treated might be included in this study. This may introduce a selection bias if
certain subgroups of patients are routinely included in or excluded from the registry or if participation in
the registries is differential depending on the patient socioeconomic status (e.g., if participation is higher
among more economically advantaged patients), on the health system in place in the country or any other
factor. Also, there is a potential for healthy user effect, where patients who participate and agree to be part
of the registry may differ in their health-related behaviour, having a direct impact on their willingness to
participate in the data collection.

Second, while registries offer a unique opportunity to compare patients on a given treatment to those
untreated, the inability to determine accurately the treatment duration preceding the study entry point,
introduces the potential of including some prevalent users of the treatments of interest. The extent to
which our participants could have used any of the DMTs prior to registry entry is unknown. Nevertheless,
there may be a potential for selection bias, where patients who had been on the treatment for a while have
survived the early high-risk period for drug-related adverse reactions following treatment initiation. This
is especially exacerbated in the context of missing the start date of treatment and being unable to
determine the duration of treatment. However, given the descriptive nature of this study and the lack of
formal safety and/or comparative effectiveness analysis, this bias is less of a concern.

Thirdly, registry information is collected by physicians or directly entered by patients. A form of
information bias, surveillance bias, may be introduced if routine follow-up of patients is influenced by the
treatment they receive. Therefore, if the administration differs between DMTs, if closer monitoring is
required for some DMT-treated patients, or if monitoring has evolved over time or differs between
countries, there is potential for surveillance bias. Delay for diagnosis may be longer for milder phenotypes
(type 3 and 4) which may lead to an underestimation of the burden of disease for those phenotypes and
delay initiation of new therapies, while there is consistent evidence of the benefit of early treatment (30).
In addition, the diagnosis date is not directly captured within the TREAT-NMD GRP. As a result, the
genetic report date was used as a proxy. However, some issues with this variable are worth noting. The
assumption was made that the date that a genetic diagnosis was confirmed was the date of diagnosis.
Indeed, patients might have entered a date from a hospital letter relating to their diagnosis, rather than the
true genetic report date. It may also be a missing variable for some records. We do not know how many at
present. As a side note, The TREAT-NMD GRP allows patients to provide multiple records for genetic
diagnosis reports. In the case where multiple genetic report dates are given for a patient, the earliest
genetic report date was used. This may result in an information bias where duration of diagnosis is
underestimated.

In addition, historical data was reported at baseline registration. This data corresponded to events or
measures occurring or collected in the patient file before entry to the registry. In this situation, the actual
date of occurrence or examination was set prior to the date of registry entry. Historical longitudinal data
such as growth or historical events were used when available. Please note that the registry entry date was
derived for each patient based on reported event and date stamps. Therefore, it is difficult to estimate the
extent to which historical data was used in these analyses.

9.7. Study Size

The study being descriptive by nature, all genetically confirmed SMA patients and available follow-up
were used, without any formal sample size calculation. The overall number of patients across all SMA
types eligible for inclusion was 2188, with 256 (11.7%) in Belgium, 348 (15.9%) in Czech Republic and
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Slovakia, 697 (31.9%) in Germany and Austria, 319 (14.6%) in Spain, 393 (18.0%) in UK & Ireland and
175 (8.0%) in Sweden.

For the exploratory ITS analyses, the power to detect change in outcome trends is especially linked to the
number of time points, as the power increases when the number of time points increases. At least 24 time
points were recommended to have more than 80% power to detect intervention effects of 1.0 or greater
(defined as the expected intervention effect over its standard deviation). All registries provided at least 48
months of data, however, available follow-up after DMT intake was limited. Thus, only Spinraza and
Zolgensma were considered. Evrysdi was not considered, as it was not available until 2021-03-26; that
did not give us the required number of quarters (8) to estimate post-DMT regression coefficients.

9.8. Data Transformation

Please refer to Part 9.5 of the report for a detailed view of the data transformation part.

9.9. Statistical Methods

Data analysis was based on the approved protocol, and a detailed statistical analysis plan (Appendix E1 -
stand-alone document) and was conducted using R software by TREAT-NMD. Data of the registries from
Belgium, Sweden, Czech Republic & Slovakia, Spain, and United Kingdom & Ireland were locally
extracted with site-specific programs and shared with TREAT-NMD for central analysis. Data from
Germany & Austria were extracted and analysed locally, and aggregated data was shared with
TREAT-NMD. Data was formatted to a common structure to facilitate the analysis. Pooled analysis using
patient-level data or aggregate data were performed when appropriate. Detailed methodology and
analyses were described in the SAP. In absence of data access during protocol development, some
analyses and definitions in the SAP were refined as required during the statistical analysis process. An
SAP addendum has been provided in 9.9.7 and as part of the Appendix E (E2 - stand-alone document).

For descriptive analysis, mean, standard deviations, median and quartiles, minimum and maximum values
were presented for continuous variables, and raw number and percentage of patients for categorical
variables. Missing data for each variable was counted, overall, by registry, by SMA type as well as in
patients with / without DMT. No imputation of missing data was performed as per the SAP. Loss to
follow-up was also studied in the same groups of patients and numbers are presented in Table 8 for
overall, treated, and never treated groups. To preserve patient confidentiality, cells with a number of
patients or events below 5 were marked with asterisk (*).

Stratified and cross-analyses according to SMA types and other pre-specified subpopulations were
performed overall and by registry: age at symptom onset, best functional status in never treated or before
treatment, SMN2 copy number, and best achieved milestone.

For each variable, analyses by registry were implemented in all registries where the variable was
available, while overall analyses were implemented where the variable was available and considered of
good quality. Please refer to the detailed feasibility assessment (Appendix D - stand-alone document) for
more information on these variables.

Periods of analysis

Preliminary analyses aiming at assessing the heterogeneity of care management or reporting overtime
within each registry and between participating registries were implemented in the ALL cohort, and over
the whole period from start to end of data collection by calendar time.

SMA natural history and disease progression (including post-diagnosis outcomes of interest) were studied
over the whole study period, according to the patients’ current age (age of the patients when they
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experienced the outcomes), in the NEVER TREATED cohort and the TREATED cohort, overall and
stratified by DMTs.

To assess the SMA clinical management evolution by SMA type in the ALL cohort, calendar time was
used. The use of DMT in the TREATED cohort was studied overall during the time when patients were
exposed to the DMTs of interest.

On the contrary, ITS was assessed over periods before / after DMT availability according to the
information provided by the registry regarding DMT availability. The date of issue of marketing
authorization for Spinraza was 30/05/2017, for Zolgensma: 18/05/2020, and for Evrysdi: 26/03/202. The
first day of the quarters following the Marketing Authorisation for each DMT was considered as the
interruption point.
Incidence rates in patient-years of disease-related outcomes of interest / post-diagnosis outcomes and of
SAESI were calculated according to the (whole) period at risk in the NEVER TREATED / TREATED
cohorts. These incidence rates were further stratified by SMA type.

9.9.1. Main Summary Measures

9.9.1.1. Preliminary analyses: description of registry specificities in terms of SMA
population capture

These descriptive analyses were done in the ALL cohort, overall, by registry, and by type of registries and
displayed per SMA type. Please refer to Section 9.4.1 for a Table containing the final list of variables for
this objective.

9.9.1.2. Description of SMA natural history and disease progression

SMA natural history, the disease, and its progression, were described in the NEVER TREATED and
TREATED overall cohorts and displayed per SMA type. Please refer to Section 9.4.2 for a Table
containing the final list of variables for this objective.

9.9.1.3 Description of SMA health care management

Health care management was described in the ALL cohort and DMTs pattern was described in the
TREATED cohort and displayed per SMA type. Please refer to Section 9.4.3 for a Table containing the
final list of variables for this objective.

9.9.1.4. Safety Analyses

Safety of selected individual DMTs was described in the TREATED cohort per DMTs (e.g.,
Spinraza/Zolgensma/Risdiplam or combination) presented as 1) crude incidence of patients with at least
one adverse event (AE) / serious adverse event (SAE) reported in the registry in relation with
Spinraza/Zolgensma/Risdiplam or a combination of these as well as 2) incidence rate of listed SAESI.
The list of SAESI included the following:

● Thrombocytopenia and coagulation abnormalities
● Renal toxicity
● Hydrocephalus
● Meningitis
● Hypersensitivity reactions
● Cutaneous vasculitis
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● Hepatotoxicity
● Cardiac adverse event

Other relevant comorbidities considered as event of interest were:
● Osteoporosis
● Fractures
● Pulmonary infections
● Sleep apnea
● Pneumothorax
● Atrial or ventricular defect
● Diabetes
● Vertebral fracture
● Non-vertebral fractures
● Bronchopulmonary infections
● Gastrostomy

ICD-10 codes used to identify these comorbidities and adverse events were detailed in the statistical
analyses plan in Appendix E1.

9.9.1.5. Analysis of Effectiveness/Clinical Response

Due to the descriptive nature of the study, no formal comparative effectiveness analyses (e.g., no
hypothesis testing) were performed. Nevertheless, in addition to the descriptive analysis, we further
investigated trends in specific post-SMA diagnosis outcomes (e.g., ventilation, death, composite) with
respect to the availability of DMTs using exploratory interrupted time series (ITS) analysis. ITS analysis
is useful for investigating the effect of an intervention (here the introduction of DMTs) where
randomisation is not suitable or possible. Statistical methods applicable for this objective are described in
Section 9.9.2.4

9.9.1.6. Medical Resource Utilisation and Health Economics Analyses

Assessing medical resource utilisation and health economics analyses was beyond the scope of the
objectives of this report.

9.9.2. Main Statistical Methods

9.9.2.1. Preliminary analyses: description of registry specificities in terms of SMA population
capture

The preliminary analyses aimed to assess the heterogeneity of management of care or reporting over time
within each registry and between registries. All indicators (as listed below) were stratified by registry and
displayed by SMA type. Descriptive statistics were used to summarise the variables such as counts, means
and medians as indicated for each indicator in the table. The study population were all patients (ALL
cohort), across the entire study period. The indicators and their related variables are given in the table
below.
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Table 3. Indicators for Preliminary Analysis

ID Description Relevant columns in dataset Time axis

1.01 Calendar year of registry entry (n, %) Derived No

1.02 Calendar year of death (n, %) Date of death No

1.03 Sex (n, %) Sex No

1.04 Class of age at symptom onset (n, %) Derived from Symptom onset date No

1.05 Best functional SMA status (n, %) Derived from Motor ability No

1.06 Best achieved motor milestone (n, %) Motor ability No

1.07 SMN1 gene mutation type (n, %) SMN1 variant No

1.08 Number of SMN2 copies (n, %) SMN2 copy number No

1.09 Methods used for genetic testing (n, %) SMN1 testing method No

1.10

Duration of follow up (from registry entry to
death, end of data or loss to follow-up, in
months) (mean, sd, median, IQR) Derived No

1.11

Duration of SMA (from onset of symptoms
to death, end of data or loss to follow-up, in
months) (mean, sd, median, IQR) Derived No

1.12

Duration between two consecutive visits
collected in the registry (mean, sd, median,
IQR) Derived No

1.13
Duration between genetic report date and
registry entry (mean, sd, median, IQR) Derived No

1.14 Reason for genetic testing (n, %) Screening Calendar period

1.15
Age at onset of SMA symptoms (mean, sd,
median, IQR) Symptom onset date Calendar period

1.16
Age at genetic report date (mean, sd, median,
IQR) Genetic report date Calendar period

1.17
Age at registry entry (mean, sd, median,
IQR) Derived Calendar period

1.18 Age at death (mean, sd, median, IQR) Date of death Calendar period

1.19 Lost to follow-up (n, %) Derived Calendar period

1.20 Treated with at least one DMT (n, %) DMT Calendar period

1.21 Treated with more than one DMT (n, %) DMT Calendar period

1.22 Treated with nusinersen (Spinraza®) (n, %) DMT Calendar period

1.23
Treated with Zolgensma (Zolgensma®) (n,
%) DMT Calendar period

1.24 Treated with risdiplam (Evrysdi®) (n, %) DMT Calendar period
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ID Description Relevant columns in dataset Time axis

1.25 Invasive ventilation (n, %) Invasive ventilation episode Calendar period

1.26 Non-invasive ventilation (n, %) Non-invasive ventilation episode Calendar period

1.27 Feeding tube usage (n, %) Feeding tube usage episode Calendar period

1.28 Wheelchair usage (n, %) Wheelchair usage episode Calendar period

1.29

At least one reported measure by available
motor function scale or test, and by at least
one PRO (n, %) Motor ability & PRO Calendar period

1.30

At least three reported measure by available
motor function scale or test, and by at least
one PRO (n, %) Motor ability & PRO Calendar period

1.31

Available number of records of each motor
function scale by patient (mean, sd, median,
IQR) Motor ability & PRO Calendar period

1.32
Available number of records of each PRO by
patients (mean, sd, median, IQR) Motor ability & PRO Calendar period

9.9.2.2. Description of SMA natural history and disease progression

SMA natural history, the disease and its progression, was described in the NEVER TREATED and
TREATED overall cohorts and displayed per SMA. Statistics were summarised over the entire study
period and displayed per SMA type. The results were also stratified in the following manner:

● DMT
● Class of age at symptom onset
● SMN2 copy number
● Functional status at age of symptom onset
● Achieved motor milestone at age of symptom onset

The indicators and their related variables are given in Table 4.

Table 4. Indicators for the SMA natural history and disease progression analysis

ID Description Relevant columns in dataset Time axis

2.01 Sex (n, %) Sex None

2.02 Registry (n, %) Metadata None

2.03 Age at symptom onset (mean, sd) Derived from Symptom onset date None

2.04 Reason for genetic testing (n, %) Screening None

2.05 Method used for genetic testing (n, %) SMN1 testing method None

2.06 SMN1 variant (n, %) SMN1 variant None
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ID Description Relevant columns in dataset Time axis

2.07 Functional status at genetic report date (n, %) Derived from Motor ability episode None

2.08 Achieved motor milestone at genetic report date (n, %) Motor ability episode None

2.09 Best functional status (n, %) Derived from Motor ability episode None

2.10 Best achieved motor milestone (n, %) Motor ability episode None

2.11 Best functional status before treatment (n, %) Derived from Motor ability episode None

2.12 Best functional status after treatment (n, %) Derived from Motor ability episode None

2.13 Best achieved motor milestone before treatment (n, %) Motor ability episode None

2.14 Best achieved motor milestone after treatment (n, %) Motor ability episode None

2.15 Height (mean, sd) Height Current Age

2.16 Weight (mean, sd) Weight Current Age

2.17
Age at first acquisition of -the best any of the motor ability
episodes (mean, sd)

Motor ability episode (early age record if
multiple) None

2.18
Age at first loss of the best any of the motor ability episodes
(mean, sd)

Motor ability episode (early age record if
multiple) None

2.19 Full-time or part time wheelchair use (n, %) Wheelchair usage frequency Current Age

2.20 Age at first full-time or part-time wheelchair usage (mean, sd) Wheelchair usage frequency None

2.21
No contracture, one contracture, more than one contractures (n,
%) Combination of 8 contracture variables Current Age

2.22 Score for CHOP-INTEND at genetic report date (mean, sd) Motor Measures None

2.23 Best score for CHOP-INTEND (mean, sd) Motor Measures None

2.24 Most recent score for CHOP-INTEND (mean, sd) Motor Measures Current Age

2.25 Score for HFMS(-E) at genetic report date (mean, sd) Motor Measures None

2.26 Best score for HFMS(-E) (mean, sd) Motor Measures None

2.27 Most recent score for HFMS(-E) (mean, sd) Motor Measures Current Age

2.28 Score for RULM at genetic report date (mean, sd) Motor Measures None

2.29 Best score for RULM (mean, sd) Motor Measures None

2.30 Most recent score for RULM (mean, sd) Motor Measures Current Age

2.31 Score for HINE-2 at genetic report date (mean, sd) Motor Measures None

2.32 Best score for HINE-2 (mean, sd) Motor Measures None

2.33 Most recent score for HINE-2 (mean, sd) Motor Measures Current Age

2.34 Score for MFM32 at genetic report date (mean, sd) Motor Measures None

2.35 Best score for MFM32 (mean, sd) Motor Measures None

2.36 Most recent score for MFM32 (mean, sd) Motor Measures Current Age

2.37 Score for 6MWT at genetic report date (mean, sd) Motor Measures None
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ID Description Relevant columns in dataset Time axis

2.38 Best score for 6MWT (mean, sd) Motor Measures None

2.39 Most recent score for 6MWT (mean, sd) Motor Measures Current Age

2.40
Change between scores in HFSM-E in consecutive age classes
(mean, sd) Transformation of Motor Measures Current Age

2.41
Change between scores in RULM in consecutive age classes
(mean, sd) Transformation of Motor Measures Current Age

2.42
Change between scores in 6MWT in consecutive age classes
(mean, sd) Transformation of Motor Measures Current Age

2.43 Age at report of (first) best CHOP-INTEND score (mean, sd) Motor Measures None

2.44 Age at report of (first) best HFMS(-E) score (mean, sd) Motor Measures None

2.45 Age at report of (first) best RULM right side score (mean, sd) Motor Measures None

2.46 Age at report of (first) best HINE-2 score (mean, sd) Motor Measures None

2.47 Age at report of (first) best MFM32 score (mean, sd) Motor Measures None

2.48 Age at report of (first) 6MWT best score (mean, sd) Motor Measures None

2.49 Ever diagnosed with scoliosis (n, %) Scoliosis Diagnosis Current Age

2.50 Cobb angle value <30°, 30-45°, >45° (n, %)
Convert numeric cobb angle into
categories Current Age

2.51 At least one use of spinal brace ever (n, %) Rehabilitative Interventions None

2.52 Surgery for scoliosis (n, %) Scoliosis surgery performed Current Age

2.53 Age at surgery for scoliosis (mean, sd) Transformation of Scoliosis Surgery Date None

2.54
Annual number of vertebral fracture by patient reported in cause
of hospitalisation or as a comorbidity (mean, sd) Hospitalisation acute reason code None

2.55
Annual number of non-vertebral fractures by patient reported in
cause of hospitalisation or as a comorbidity (mean, sd) Hospitalisation acute reason code None

2.56 Age at first reported vertebral fracture (mean, sd) Hospitalisation acute reason code None

2.57 Forced vital capacity percent (mean, sd) Forced vital capacity percentage Current Age

2.58 Forced vital capacity volume (n, %) Forced vital capacity volume Current Age

2.59 At least one episode of airway clearance assistance (n, %) Airway Clearance Assistance Current Age

2.60 At least one episode of any non-invasive ventilation (n, %) Non-invasive ventilation episode Current Age

2.61 At least one episode of full-time non-invasive ventilation (n, %) Non-invasive ventilation episode Current Age

2.62
At least one episode of part-time awake and sleeping
non-invasive ventilation (n, %) Non-invasive ventilation episode Current Age

2.63
At least one episode of part-time sleeping non-invasive
ventilation (n, %) Non-invasive ventilation episode Current Age

2.64
Age at start of first full-time non-invasive ventilation episode
(mean, sd) Non-invasive ventilation episode None

2.65 At least one episode of any invasive ventilation (n, %) Invasive ventilation episode Current Age

2.66 At least one episode of full-time invasive ventilation (n, %) Invasive ventilation episode Current Age
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ID Description Relevant columns in dataset Time axis

2.67
At least one episode of part-time awake and sleeping invasive
ventilation (n, %) Invasive ventilation episode Current Age

2.68
At least one episode of part-time sleeping invasive ventilation (n,
%) Invasive ventilation episode Current Age

2.69
Age at start of first full-time invasive ventilation episode (mean,
sd) Invasive ventilation episode None

2.70
PBronchopulmonary infections reported in cause of
hospitalisation or as a comorbidity (n, %) Hospitalisation acute reason code Current Age

2.71 At least one episode of respiratory physiotherapy (n, %) Rehabilitative Interventions None

2.72 At least one episode of feeding tube usage (n, %) Feeding tube usage episode Current Age

2.73 At least one episode of exclusive feeding tube usage (n, %) Feeding tube usage episode Current Age

2.74 At least one episode of supplementary feeding tube usage (n, %) Feeding tube usage episode Current Age

2.75
At least one gastrostomy reported in cause of hospitalisation or
as a comorbidity (n, %) Hospitalisation acute reason code Current Age

2.76 Age at first gastrostomy (mean, sd) Hospitalisation admission date None

2.77 At least one hospitalisation (n, %) Hospitalisation admission date Current Age

2.78 Annual number of hospitalisations (mean, sd) Hospitalisation admission date None

2.79 Event-free survival (death or permanent ventilation) (mean, sd)

Date of death or first full-time invasive
ventilation or full-time non-invasive
ventilation None

2.80 Causes of death (n, %) Cause of death code None

2.81 Causes of hospitalisation (n, %) Hospitalisation acute reason code None

2.82 Incidence rate of each listed comorbidity Comorbidity code None

2.83
Score for Spain PROFuture Mobility and Independence PRO at
genetic report date (mean, sd) Patient-reported outcome measures None

2.84
Best score for Spain PROFuture Mobility and Independence
PRO (mean, sd) Patient-reported outcome measures None

2.85
Most recent score for Spain PROFuture Mobility and
Independence PRO (mean, sd) Patient-reported outcome measures Current Age

2.86
Score for Belgium ACTIVLIM PRO at genetic report date
(mean, sd) Patient-reported outcome measures None

2.87 Best score for Belgium ACTIVLIM PRO (mean, sd) Patient-reported outcome measures None

2.88 Most recent score for Belgium ACTIVLIM PRO (mean, sd) Patient-reported outcome measures Current Age

9.9.2.3. Description of healthcare management

Descriptive statistics of SMA diagnosis, healthcare management and its evolution over time were studied
in the ALL cohort and displayed per SMA. The DMTs pattern was described in the TREATED cohort,
and displayed per SMA type, across the entire period and in the Calendar Period. The analysis in this
section was also stratified in the following manner.
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● Registry
● SMN2 copy number
● Functional status at age of symptom onset

The indicators and their related variables are given in Table 5. Note that the population for this analysis
varied between indicators.

Table 5. Indicators for SMA healthcare management over time analysis

ID Population Description Relevant columns in dataset Time axis

3.01 All SMN1 testing method (n, %) SMN1 testing method Calendar period

3.02 All SMN2 testing method (n, %)
SMN2 copy number testing
method Calendar period

3.03 All At least one DMT (n, %) DMT Calendar period

3.04 All
Taken the drugs listed as comedications at
least once from registry entry (n, %) Allopathic drug Calendar period

3.05 All Annual influenza vaccination (n, %) Allopathic drug Calendar period

3.06 All
At least one pneumococcal vaccination (n,
%) Allopathic drug Calendar period

3.07 All
Pneumococcal vaccination at least once
every 5 years (n, %) Allopathic drug None

3.08 All
At least one episode of any ventilation (n,
%)

Invasive ventilation episode or
Non-invasive ventilation episode Calendar period

3.09 All
At least one episode of feeding tube usage
(n, %) Feeding tube usage episode Calendar period

3.10 All
At least one episode of wheelchair use (n,
%) Wheelchair usage episode Calendar period

3.11 All

Age at first episode of any ventilation
(invasive or non-invasive) (mean, sd,
median, IQR)

Invasive ventilation episode or
Non-invasive ventilation episode Calendar period

3.12 All
Age at first episode of invasive ventilation
(mean, sd, median, IQR) Invasive ventilation episode Calendar period

3.13 All
Age at first episode of feeding tube usage
(mean, sd, median, IQR) Feeding tube usage episode Calendar period

3.14 All
Age at first episode of gastrostomy(mean,
sd, median, IQR) Hospitalisation acute reason code None

3.15 All
At least one episode of muscular
physiotherapy ever (n, %) Rehabilitative Interventions None

3.16 All
At least one episode of respiratory
physiotherapy ever (n, %) Rehabilitative Interventions None
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ID Population Description Relevant columns in dataset Time axis

3.17 All
At least one episode of contracture
management using orthotics ever (n, %) Rehabilitative Interventions None

3.18 All
At least one episode of spinal brace ever (n,
%) Rehabilitative Interventions None

3.19 All
At least one episode of speech therapy ever
(n, %) Rehabilitative Interventions None

3.20 Treated Age at first DMT (mean, sd) DMT Calendar period

3.21 Treated
Patients who received more than one DMT
(n,%) DMT Calendar period

3.22 Treated Treated with nusinersen (Spinraza®) (n, %) DMT Calendar period

3.23 Treated
Treated with Zolgensma (Zolgensma®) (n,
%) DMT Calendar period

3.24 Treated Treated with risdiplam (Evrysdi®) (n, %) DMT Calendar period

3.25 Treated
Treated with nusinersen (Spinraza®) &
Zolgensma (Zolgensma®) (n, %) DMT Calendar period

3.26 Treated
Treated with nusinersen (Spinraza®) &
risdiplam (Evrysdi®) (n, %) DMT Calendar period

3.27 Treated
Treated with Zolgensma (Zolgensma®) &
risdiplam (Evrysdi®) (n, %) DMT Calendar period

3.28 Treated

Treated with nusinersen (Spinraza®) &
Zolgensma (Zolgensma®) & risdiplam
(Evrysdi®) (n, %) DMT Calendar period

3.29 Treated
Age at initiation of nusinersen (Spinraza®)
(mean, sd, median, IQR) DMT Calendar period

3.30 Treated
Age at initiation of Zolgensma
(Zolgensma®) (mean, sd, median, IQR) DMT Calendar period

3.31 Treated
Age at initiation of risdiplam (Evrysdi®)
(mean, sd) DMT Calendar period

3.32
Zolgensma
(Zolgensma®)

Adequate dose regarding weight at
administration (n, %) DMT dosage value Calendar period

3.33
Zolgensma
(Zolgensma®) Co-administration of corticosteroids (n, %)

DMT corticosteroid
administration duration > 0 Calendar period

3.34
Zolgensma
(Zolgensma®)

Anti-AAV9 antibody test before Zolgensam
administration (n, %)

Anti-AAV9 antibody test date &
DMT single administration date Calendar period

3.35
Zolgensma
(Zolgensma®)

Positive (>1:50) anti-AAV9 antibody test (n,
%) Anti AAV9 antibody test result Calendar period

3.36
nusinersen
(Spinraza®) At least one adequate dose (12mg) (n, %) DMT dosage value Calendar period

3.37
nusinersen
(Spinraza®)

Time between genetic report date and first
administration (D0) (mean, sd)

DMT administration schedule
deviation None
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ID Population Description Relevant columns in dataset Time axis

3.38
nusinersen
(Spinraza®)

Treatment duration defined as the time from
initiation to last available administration
date (discontinuation date, death, loss to
follow-up, date of data-extraction if the last
information indicates that nusinersen
(Spinraza®) is ongoing) (mean, sd, median,
IQR) DMT episode Calendar period

3.39
nusinersen
(Spinraza®)

Ongoing nusinersen (Spinraza®) at their last
reported dose (n, %) DMT episode Calendar period

3.40
nusinersen
(Spinraza®) Treatment discontinuation (n, %) DMT episode Calendar period

3.41
nusinersen
(Spinraza®) Reason for treatment discontinuation (n, %) DMT stopping reason Calendar period

3.42
nusinersen
(Spinraza®)

Treatment duration in patients with
treatment discontinuation (mean, sd) DMT episode Calendar period

3.43
risdiplam
(Evrysdi®)

At least one adequate dose regarding age
and weight (n, %) DMT dosage value Calendar period

3.44
risdiplam
(Evrysdi®)

Treatment duration defined as the time from
initiation to last available administration
date (discontinuation date, death, loss to
follow-up, date of data-extraction if the last
information indicates that risdiplam
(Evrysdi®) is ongoing) (mean, sd, median,
IQR) DMT episode Calendar period

3.45
risdiplam
(Evrysdi®)

Ongoing risdiplam (Evrysdi®) at their last
reported dose (n, %) DMT episode Calendar period

3.46
risdiplam
(Evrysdi®) Treatment discontinuation (n, %) DMT episode Calendar period

3.47
risdiplam
(Evrysdi®) Reason for treatment discontinuation (n, %) DMT stopping reason Calendar period

3.48
risdiplam
(Evrysdi®)

Treatment duration in patients with
treatment discontinuation (mean, sd) DMT episode Calendar period

3.49 Treated
At least one SAE reported in the registry
related to any DMT (n, %)

Hospitalisation SAE or
Comorbidity SAE Calendar period

3.50
nusinersen
(Spinraza®)

At least one SAE reported in the registry
related to nusinersen (Spinraza®) (n, %)

Hospitalisation SAE or
Comorbidity SAE Calendar period

3.51
Zolgensma
(Zolgensma®)

At least one SAE reported in the registry
related to Zolgensma (Zolgensma®) (n, %)

Hospitalisation SAE or
Comorbidity SAE Calendar period

3.52
risdiplam
(Evrysdi®)

At least one SAE reported in the registry
related to risdiplam (Evrysdi®) (n, %)

Hospitalisation SAE or
Comorbidity SAE Calendar period

3.53 Treated Incidence rate of listed SAESI
Hospitalisation acute reason code
matches defined ICD-10 list Calendar period
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9.9.2.4. Exploratory analyses: Interrupted time series analysis

In addition to the descriptive analysis, we further investigated trends in post-SMA diagnosis outcomes
(death, full-time ventilation, and the composite outcome of the two) with respect to the availability of
DMTs using exploratory interrupted time series (ITS) analysis. The main goal was to see if the underlying
patterns in the number of events per quarter changed after the introduction of DMT.

The three outcomes (death, having used full-time ventilation or a composite outcome) were analysed
separately - no efforts to model dependence between the three outcomes was made.

Although the data was available by months, the outcomes were aggregated and analysed by quarter.
Quarterly analysis was chosen as it provided a good trade-off between maximising sample size per
observation, whilst providing enough unique time points post-interruption to fit the model correctly. The
calendar quarters run with Q1 starting in January and Q4 ending in December. ITS required a minimum of
8 observations (7) before and after the intervention to have sufficient power to estimate the regression
coefficients.

Population of interest: For each analysis, the population included all patients (regardless of treatment),
who have SMA type 1 or 2. By restricting the population to patients with the most severe type of SMA,
we ensured that the underlying populations being compared shared similar characteristics. Moreover,
given the severity of these two types of SMA, we also assumed that uptake of newly available therapy
options would be rapid post-market approval.

Interruption points definition: For each outcome, two interruption points were considered, relating to the
EU marketing authorisation dates for Spinraza® and Zolgensma®. On the other hand, since Evrysdi®
was only recently authorised (March 2021), there were not enough observation points post-intervention to
consider this interruption point. For Spinraza and Zolgensma, the interruption points were chosen at the
start of the next quarter following the market authorisation. For example, Spinraza® was authorised at the
end of May 2017, and the considered interruption point was 01/07/2017 (the start of the next quarter.) The
market authorisation dates, and related interruption points are detailed in Table 6 below. The use of a
single intervention point of the EU market authorisation, rather than considering the availability of DMTs
per country of registry separately was necessary. A multiple baseline ITS approach was initially
considered, allowing the interruption to vary across registries. However, due to the possible different
rollout lag times across registries and the potential complications of COVID-19, it was decided to not
allow different interruption points for different registries. Instead, the same, real, calendar time point for
all registries was applied.

Table 6. Market authorisation dates for DMTs and interruption time point considered

DMT Date of issue of marketing authorisation valid
throughout the European Union

Interruption point

Spinraza® 30/05/2017 01/07/2017

Zolgensma® 18/05/2020 01/07/2020

Evrysdsi® 26/03/2021 NA
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Statistical models: A Poisson GLM with log link function was used to model the rates of the occurrence
of each of the specified outcomes. Poisson model was used as this is the classic choice for count data with
the base R function glm() to fit the models. For each of the three outcomes, the linear predictor was of the
form:

log(µ(𝑡)) = η(𝑡) =   β
0
 +  β

1
𝑡 +  (β

3
 +  β

4
𝑡)×𝐼(𝑡 >  𝑡') 

In this function, the represented the expected number of events at time , terms were unknownµ(𝑡) 𝑡 β
coefficients, was the interruption point and was an indicator function returning 1 whenever 𝑡' 𝐼(𝑡 >  𝑡') 

and 0 otherwise; could be interpreted as the expected number of patients who𝑡 >  𝑡' µ(𝑡)
died/ventilated/both in each quarter.

To ensure model adequacy, various checks and more advanced models (Negative Binomial GLM, Poisson
GLM with zero inflation and INGARCH(1, 1) with quarter, DMT intervention and a corresponding
interaction term as covariates) were performed to assess the appropriateness of the Poisson ITS model.
The checks were also performed to ensure that the choice of the linear predictor was appropriate.

9.9.5. Missing Values

Missing data, being informative on registry completeness, were reported as counts and proportions in
descriptive analyses for each relevant variable. Missing data for each variable was counted, overall, by
registry, by SMA type as well as in patients with / without DMT. No imputation of missing data was
done, as planned.

9.9.6. Sensitivity Analyses

No sensitivity analyses were performed for this descriptive study.

9.9.7. Amendments to the Statistical Analysis Plan

In absence of data access during protocol development, some analyses and definitions in the SAP were
refined as required during the statistical analysis process. An SAP addendum has been provided as part of
the Appendix E-2.

9.10. Quality control

Quality control was applied throughout the whole process: at registry level, centrally by TREAT-NMD,
and at the analytical level. At the registry level, all participating registries applied specific processes and
quality standards to assess, control and check the origin and quality of their data. Before data was
transferred to TREAT-NMD, the curator of the registry had the responsibility to check all safety reporting
instances for accuracy, any validation flags raised by the system. At the central level, all data was
collected via the TREAT-NMD Global Registry Platform (GRP). TREAT-NMD applied processes to
ensure quality of data stored in their central data warehouse (CDW) ready for analysis. The system had
automated validation built into its functionality to ensure that any fields that have missing data, open
query were checked, and additional checks were performed by the data-analyst.

All data analyses were performed by Jumping River, on behalf of TREAT-NMD, using the R
programming language, version 4.2. All scripts were stored on gitlab.com under the Jumping Rivers
account and mirrored to the TreatNMD Git server. No user was able to push to the main branch directly.
All code merged into the main branch required two approvals from other developers. All developer roles
were detailed in the CODEOWNERS file.
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The {renv} framework was used to fully specify the R packages (with associated version numbers) to
ensure future reproducibility. A continuous integration process was launched when the code was
committed to the Git repository. This used the packages specified via {renv}, a docker image and a
dummy but representative data set to test the code. Code that was merged into the main branch passed this
continuous integration step.

In addition to code reproducibility, we enforced code style and documentation via the {lintr} package.

Key git commits were tagged to allow for code versioning.

10. RESULTS
Overall, four main analyses (Table 7) were planned and conducted: three descriptive summaries and one
exploratory analysis. Three main cohorts were studied:

● Overall cohort of all patients (ALL): to study the SMA care management overtime and
differences across European countries/registries

● Never treated patients (NEVER TREATED): to study the natural history of SMA
● All treated patients (TREATED): to study the natural history of SMA and to describe the pattern

of DMTs use since their availability on the market.
For each main cohort, results in the tables have been displayed per SMA type.

The results have also been provided by a number of sub-groups. It is to be noted that the results from such
sub-groups encountered issues due to the low/ very low number of patients in strata, making it difficult to
interpret and draw conclusions. Nevertheless, sub-groups results have been presented in Appendix G
(stand-alone document)

Table 7. Main cohorts and sub-groups according to the objectives, at a glance

Analysis Main cohorts and sub-groups

Preliminary analysis ● Main cohort: ALL, displayed per SMA type
● Sub-groups from ALL:

○ Per registry, displayed per SMA type

SMA natural history and
disease progression
(Objective 1)

● Main cohorts:
○ NEVER TREATED, displayed per SMA type
○ TREATED, displayed per SMA type

● Sub-groups from TREATED and NEVER TREATED:
○ per DMT, displayed per SMA type
○ per Class of age at symptom onset
○ per SMN2 copy number
○ per Functional status at age of symptom onset
○ per Achieved motor milestone at age of symptom onset

Description of SMA
healthcare management
over time (Objective 2)

● Main cohort: ALL, displayed per SMA type
● Sub-groups from ALL:

○ per SMN2 copy number
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Analysis Main cohorts and sub-groups

○ per Functional status at age of symptom onset

Exploratory Analysis NA (ITS model based on before/after DMT start date)

10.1. Participants

Table 8. Distribution of ALL patients, the TREATED and NEVER TREATED patients
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ALL

(N = 2188)

TREATED

(N = 1321) *

NEVER TREATED

(N = 847)

Registry n (%)

Belgium 256 (11.7) 202 (15.3)
54 (6.4)

Czech Republic & Slovakia 348 (15.9) 269 (20.4)
79 (9.3)

Germany & Austria 697 (31.9) 302 (22.9)
380 (44.9)

Spain 319 (14.6) 262 (19.8)
57 (6.7)

UK & Ireland 393 (20.0) 170 (12.9)
218 (25.7)

Sweden 175 (8.0) 116 (8.8)
59 (7.0)

Sex

female / male (%) 48.4 / 51.6 48.3 / 51.7 48.6 / 51.4

SMA type n (%)

SMA Type 1
432 (19.7) 276 (20.9) 154 (18.2)

SMA Type 2
914 (41.8) 540 (40.9) 361 (42.6)

SMA Type 3
779 (35.6) 476 (36.0) 299 (35.3)

SMA Type 4
22 (1.0) 9 (0.7) 13 (1.5)

SMA Type missing
26 (1.2) 9 (0.7) 16 (1.8)

SMA type other
7 (0.3) 4 (0.3) 3 (0.4)

SMA Type presymptomatic
8 (0.4) 7 (0.5) 1 (0.1)

DMTs**

Patients treated with at least one 1321 (60.4)* 1321* (100) NA
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*1321 patients have been considered as TREATED with at least one DMT and with no missing DMT
intake start date (of note, 20 patients have been excluded as DMT intake start date was not available).

**As exposure was assigned based on a time-varying exposure approach, the patients could contribute to
more than one exposure category

The three clinician-based registries (Belgium, Czech Republic & Slovakia and Sweden,) contained 779
patients and the 3 patient-based registries (Germany & Austria, Spain, UK & Ireland) 1409 patients.
Patients with SMA 1 (19.7%), SMA 2 (41.8%) and SMA 3 (35.6%) were the most observed and 61.3% of
patients have been treated with at least one DMT out of which over half were treated with Spinraza
(45.8%).

Of note, 24.5% of patients have been lost to follow-up with 55.4% of never treated patients and 5.0%
among treated patients.

10.2. Descriptive data

Please refer to the “10.4 main descriptive results” section for the overall summary of results for each
objective.

10.3. Outcome data

Please refer to the “10.4 main descriptive results” section for the overall summary of results for each
objective.

10.4. Main descriptive results

10.4.1. Preliminary analyses: description of registry specificities in terms of SMA population
capture

Please note that all results are available in a stand-alone document - Appendix G (“Objective 0
(Preliminary) Results 2024_03_13”), submitted along with this report.

All Cohort (N=2188)
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DMT (n, %)

Patients treated at least once
with Spinraza (n, %) 1003 (45.8) 1003 (75.9) NA

Patients treated at least once
with Zolgensma (n, %) 101 (4.6) 101 (7.6) NA

Patients treated at least once
with Evrysdi (n, %) 403 (18.5) 403 (30.5) NA

Patients treated with more than
one DMTs (n, %) 186 (8.5) 186 (14.1) NA

Patients who discontinued

treatment (n, %) NA (226, 16.9) NA

Patients who died (n, %) (37, 1.7) (11, 0.8) (26, 3.1)

Patients lost to follow-up (n, %) (535, 24.5) (66, 5.0) (469, 55.4)
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Cohort ALL was used to assess the ability of registries to capture and report SMA management (Table
10).

A total of 2188 patients met the study eligibility criteria. Out of these, 432 patients were classified as
SMA type 1 (19.7%), 914 patients were classified as SMA type 2 (41.8%), 779 as SMA type 3 (35.6%),
22 as SMA type 4 (1.0%), 7 (0.3%) as SMA type Other, 8 (0.4%) as SMA type Presymptomatic, and 26
(1.2%) had an SMA type missing.

Table 9: Description of ALL cohort per SMA 1, SMA 2 and SMA 3

ALL (N=2188) SMA Type 1 (N=432) SMA Type 2 (N=914) SMA Type 3 (N=779)

Calendar year of
registry entry; n (%)
2008 27 (1.2%) 6 (1.4%) 14 (1.5%) 5 (0.6%)
2009 23 (1.1%) 5 (1.2%) 9 (1.0%) 8 (1.0%)
2010 41 (1.9%) * 25 (2.7%) 10 (1.3%)
2011 59 (2.7%) 14 (3.2%) 20 (2.2%) 24 (3.1%)
2012 147 (6.7%) 21 (4.9%) 64 (7.0%) 62 (8.0%)
2013 101 (4.6%) 15 (3.5%) 49 (5.4%) 37 (4.7%)
2014 203 (9.3%) 32 (7.4%) 88 (9.6%) 83 (10.7%)
2015 187 (8.5%) 29 (6.7%) 89 (9.7%) 67 (8.6%)
2016 136 (6.2%) 43 (10.0%) 55 (6.0%) 37 (4.7%)
2017 199 (9.1%) 36 (8.3%) 90 (9.8%) 72 (9.2%)
2018 428 (19.6%) 75 (17.4%) 188 (20.6%) 157 (20.2%)
2019 193 (8.8%) 48 (11.1%) 66 (7.2%) 70 (9.0%)
2020 150 (6.9%) 32 (7.4%) 69 (7.5%) 46 (5.9%)
2021 114 (5.2%) 25 (5.8%) 33 (3.6%) 48 (6.2%)
2022 121 (5.5%) 33 (7.6%) 37 (4.0%) 36 (4.6%)
2023 43 (2.0%) 7 (1.6%) 15 (1.6%) 15 (1.9%)
Missing 16 (0.7%) 7 (1.6%) * *
Sex; n (%)
Female 1059 (48.4%) 206 (47.7%) 457 (50.0%) 367 (47.1%)
Male 1129 (51.6%) 226 (52.3%) 457 (50.0%) 412 (52.9%)
Class of age at
symptom onset; n (%)
Presymptomatic 8 (0.4%) - - -
Prenatal 6 (0.3%) * * -
< 1 month 32 (1.5%) 22 (5.1%) * 5 (0.6%)
[1 - 3 months) 111 (5.1%) 102 (23.6%) 7 (0.8%) *
[3 - 6 months) 146 (6.7%) 108 (25.0%) 36 (3.9%) *
[6 - 18 months) 645 (29.5%) 47 (10.9%) 500 (54.7%) 95 (12.2%)
[1.5 - 2 years) 116 (5.3%) * 47 (5.1%) 68 (8.7%)
[2 - 6 years) 254 (11.6%) - 18 (2.0%) 236 (30.3%)
[6 - 11 years) 59 (2.7%) - * 54 (6.9%)
[11 - 18 years) 102 (4.7%) * * 94 (12.1%)
18 years + 30 (1.4%) - - 16 (2.1%)
Missing 679 (31.0%) 148 (34.3%) 296 (32.4%) 208 (26.7%)
Duration of follow up
(months)
Mean (SD) 70.9 (38.4) 59.2 (33.2) 76.4 (38.4) 73.1 (38.6)
Missing; n (%) 16 (0.7%) 7 (1.6%) * *
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Duration of SMA
(months)
Mean (SD) 252.1 (195.8) 90.1 (78) 240 (166.6) 343.1 (210.2)
Missing; n (%) 699 (31.9%) 153 (35.4%) 299 (32.7%) 210 (27.0%)
Number of SMN2
copies; n (%)
0 15 (0.7%) * 7 (0.8%) 6 (0.8%)
1 10 (0.5%) * * *
2 321 (14.7%) 235 (54.4%) 52 (5.7%) 29 (3.7%)
3 800 (36.6%) 85 (19.7%) 479 (52.4%) 223 (28.6%)
4 251 (11.5%) - 30 (3.3%) 208 (26.7%)
>4 10 (0.5%) * * 7 (0.9%)
Other 52 (2.4%) * * 39 (5.0%)
Missing 729 (33.3%) 105 (24.3%) 337 (36.9%) 263 (33.8%)
Methods used for
genetic testing; n (%)
DNA Sequencing - - * -
HRM - - - *
MLPA 527 (24.1%) 88 (20.4%) 195 (21.3%) 215 (27.6%)
RFLP 5 (0.2%) - 5 (0.5%) -
ddPCR * - * *
qRT-PCR 25 (1.1%) * 7 (0.8%) 13 (1.7%)
Missing 1625 (74.3%) 340 (78.7%) 705 (77.1%) 547 (70.2%)

With respect to the calendar year of registry entry, the highest percentage of patients entered in 2018,
19.6% of the overall population (of note: 2018 corresponded to the start of data collection in Belgium -
190 Belgium patients (74%) entered in the Belgium registry in 2018 - and it is also the year when
TREAT-NMD expanded the SMA V1 core dataset in September 2018, and Spinraza was approved in
2017). Between 2008-2011, only a few patients entered the registry data collection with <3% for each
year across SMA types. For the other years, entry into the registries were similar with % ranging from 4.6
to 9.3% for the overall population of patients.

Overall, there was an equal split across male (51.6%) and female (48.4%), with the distribution being
consistent across SMA types.

The most frequent age at symptom onset was 6-18 months across all SMA types, driven by SMA type 2
which mostly manifest symptoms at this age (54.7%). SMA type 1 was symptomatic earlier between 1-3
months and 3-6 months (23.6% and 25.0%) while SMA type 3 was symptomatic later, between 2-6 years
30.3%. Overall, close to one third of patients had missing values recorded for this variable, with the %
being consistent across SMA types.

The longest duration of follow-up was for SMA type 2 and 3 with a mean of 76.4 months (SD=38.4) and
73.1 (SD=38.6); SMA type 4 had a duration of only 41.8 (SD=18.7) months; the variable was well
recorded with only 0.7% missing.

Mean duration of SMA by type: SMA type 1 and 2 had mean durations of 90.1 and 240 months,
respectively. SMA type 3 and 4 had the longest durations, with 343.1 and 319.9 months, respectively;
with an overall % of missingness around 31.9% across all SMA types.

The overall mean duration between genetic report dates and registry entry was 72.8 months (SD=94),
with SMA type 1 having a shorter duration: mean of 22.6 (SD=50.7). Again, there was 26% missingness
for this variable.
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Best functional SMA status is reported with 34.5% of missing value, from 25.9% in SMA type 3 to
51.6% in SMA type 1. In SMA type 1, 15.7% were non-sitters, 25% were sitters, and 7.6% were walkers.
Among SMA type 2: the majority were sitters (44.7%) with 17.6% being able to walk. SMA type 3, more
than half were able to walk (68.7%), with that percentage increasing for SMA type 4. For the best
achieved motor milestone: overall, 34.5% had missing data with the highest percentage of missingness
across SMA type 1. SMA type 3 and SMA type 4 had high numbers of patients who were able to climb
stairs (49.4% and 63.6% respectively). For SMA type 1, 18.8% were able to sit without support, with this
number being higher for SMA type 2 (27.9%).

Regarding the number of SMN2 copies, SMA type 1: 54.4% had 2 copies, SMA type 2: 52.4% had 3
copies, SMA type 3: 28.6% had 3 copies and 26.7% had 4 copies. The method used for genetic testing
was mostly not reported/missing with 74.3% missingness across all SMA types. When reported, the
primary method was MLPA: 24.1% overall and 20.4% -45.5% across SMA subtypes.

DMT usage started in 2017 with 12.2% of patients treated with at least one DMT and steadily increased
over the years to peak at 68.4% in 2021. Of note, very few patients, 2.2.%, received some treatments in
2014-2016, before approval, only as part of clinical trials.

Treatment with Spinraza started in 2017 (11.7%) and steadily increased across calendar periods, with the
highest proportion of patients treated with Spinraza in 2021 (51.1%). Patients with SMA type 1 had the
highest percentages of patients treated with Spinraza. Overall, treatment with Zolgensma was less
common across calendar periods, with the highest % observed in 2022 (5.9%). Patients with SMA type 1
had the highest proportion treated with Zolgensma than patients with SMA type 2 and 3. Treatment with
Evrysdi was observed beginning in 2017 (i.e., clinical trials) and the overall usage was less common,
with the highest percentage observed in 2022 (23.0%). Evrysdi was relatively more common among SMA
type 2 patients, with the highest percentage observed in 2022 (28.1%).

Overall, approximately 9% of patients reported using feeding tubes and proportion of patients receiving
feeding tube usage in the SMA type 1 was highest, i.e., approximately 40% and was fairly consistent
across the calendar periods. More than 50% of overall patients had at least one episode of wheelchair
use, with this trend being consistent across SMA types.

Quality of life (QoL) using patient-reported outcomes (PROs) were available in Spain (i.e.,
PROFuture Mobility and Independence PRO) and in Belgium (i.e., ACTIVLIM PRO). On average,
patients across SMA types had approximately one available record of PRO for each patient.

ALL cohort per registry

Table 10: Description of ALL cohort per registry

ALL
(N=2188)

Belgium
(N=256)

Czech
republic &
Slovakia
(N=348)

Germany &
Austria
(N=697)

Spain
(N=319)

UK & Ireland
(N=393)

Sweden
(N=175)

Calendar year
of registry
entry; n (%)
2008 27 (1.2%) - - * - 23 (5.9%) -
2009 23 (1.1%) - - 13 (1.9%) - 10 (2.5%) -
2010 41 (1.9%) - - 8 (1.1%) - * 29 (16.6%)
2011 59 (2.7%) - 12 (3.4%) 11 (1.6%) - 7 (1.8%) 29 (16.6%)
2012 147 (6.7%) - 22 (6.3%) 117 (16.8%) - * 6 (3.4%)
2013 101 (4.6%) - 10 (2.9%) 83 (11.9%) - * 7 (4.0%)
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2014 203 (9.3%) - 16 (4.6%) 123 (17.6%) - 48 (12.2%) 16 (9.1%)
2015 187 (8.5%) - 16 (4.6%) 75 (10.8%) 7 (2.2%) 85 (21.6%) *
2016 136 (6.2%) - 16 (4.6%) 51 (7.3%) 25 (7.8%) 36 (9.2%) 8 (4.6%)
2017 199 (9.1%) - 23 (6.6%) 68 (9.8%) 80 (25.1%) 21 (5.3%) 7 (4.0%)
2018 428 (19.6%) 190 (74.2%) 47 (13.5%) 55 (7.9%) 85 (26.6%) 33 (8.4%) 18 (10.3%)
2019 193 (8.8%) 38 (14.8%) 31 (8.9%) 36 (5.2%) 44 (13.8%) 24 (6.1%) 20 (11.4%)
2020 150 (6.9%) 15 (5.9%) 60 (17.2%) 24 (3.4%) 33 (10.3%) 9 (2.3%) 9 (5.1%)
2021 114 (5.2%) 11 (4.3%) 47 (13.5%) 13 (1.9%) 20 (6.3%) 11 (2.8%) 12 (6.9%)
2022 121 (5.5%) - 34 (9.8%) 12 (1.7%) 21 (6.6%) 46 (11.7%) 8 (4.6%)
2023 43 (2.0%) - * * * 31 (7.9%) *
Missing 16 (0.7%) * 10 (2.9%) * - * *
Sex; n (%)
Female 1059 (48.4%) 129 (50.4%) 176 (50.6%) 341 (48.9%) 145 (45.5%) 179 (45.5%) 89 (50.9%)
Male 1129 (51.6%) 127 (49.6%) 172 (49.4%) 356 (51.1%) 174 (54.5%) 214 (54.5%) 86 (49.1%)
Class of age
at symptom
onset; n (%)

Presymptomat
ic 8 (0.4%) - 6 (1.7%) * - * -
Prenatal 6 (0.3%) * - * - * -
< 1 month 32 (1.5%) * 6 (1.7%) 10 (1.4%) 7 (2.2%) 5 (1.3%) *
[1 - 3

months) 111 (5.1%) 13 (5.1%) 34 (9.8%) 14 (2.0%) 30 (9.4%) 7 (1.8%) 13 (7.4%)
[3 - 6

months) 146 (6.7%) 20 (7.8%) 38 (10.9%) 24 (3.4%) 31 (9.7%) 18 (4.6%) 15 (8.6%)
[6 - 18

months) 645 (29.5%) 88 (34.4%) 110 (31.6%) 153 (22.0%) 154 (48.3%) 88 (22.4%) 52 (29.7%)
[1.5 - 2

years) 116 (5.3%) 18 (7.0%) 20 (5.7%) 18 (2.6%) 26 (8.2%) 14 (3.6%) 20 (11.4%)
[2 - 6 years) 254 (11.6%) 35 (13.7%) 56 (16.1%) 71 (10.2%) 34 (10.7%) 35 (8.9%) 23 (13.1%)
[6 - 11 years) 59 (2.7%) 10 (3.9%) 18 (5.2%) 11 (1.6%) 6 (1.9%) 7 (1.8%) 7 (4.0%)
[11 - 18

years) 102 (4.7%) 15 (5.9%) 15 (4.3%) 40 (5.7%) 13 (4.1%) 11 (2.8%) 8 (4.6%)
18 years + 30 (1.4%) * 12 (3.4%) 7 (1.0%) * * *
Missing 679 (31.0%) 48 (18.8%) 33 (9.5%) 347 (49.8%) 16 (5.0%) 202 (51.4%) 33 (18.9%)
Duration of
follow up
(months)
Mean (SD) 70.9 (38.4) 55.5 (13.7) 51.6 (34.3) 86.9 (35.4) 58.3 (22.2) 67.8 (43.9) 96.9 (49.9)
Missing; n

(%) 16 (0.7%) * 10 (2.9%) * - * *
Duration of
SMA
(months)
Mean (SD) 252.1 (195.8) 235.8 (163.3) 209.8 (170.3) 300.7 (215.2) 232 (186) 311.1 (225.9) 211.5 (171.6)
Missing; n

(%) 699 (31.9%) 52 (20.3%) 45 (12.9%) 348 (49.9%) 16 (5.0%) 205 (52.2%) 33 (18.9%)
Number of
SMN2 copies;
n (%)
0 15 (0.7%) - * 13 (1.9%) - * -
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1 10 (0.5%) * 6 (1.7%) * - - -
2 321 (14.7%) 37 (14.5%) 72 (20.7%) 94 (13.5%) 73 (22.9%) 18 (4.6%) 27 (15.4%)
3 800 (36.6%) 126 (49.2%) 156 (44.8%) 214 (30.7%) 183 (57.4%) 61 (15.5%) 60 (34.3%)
4 251 (11.5%) - 77 (22.1%) 99 (14.2%) 32 (10.0%) 12 (3.1%) 31 (17.7%)
>4 10 (0.5%) - - 10 (1.4%) - - -
Other 52 (2.4%) 50 (19.5%) * * - - -
Missing 729 (33.3%) 42 (16.4%) 35 (10.1%) 263 (37.7%) 31 (9.7%) 301 (76.6%) 57 (32.6%)
Methods used
for genetic
testing; n (%)
DNA

Sequencing - * - - - - -
HRM - * - - - - -
MLPA 527 (24.1%) 201 (78.5%) 93 (26.7%) 82 (11.8%) - 27 (6.9%) 124 (70.9%)
RFLP 5 (0.2%) * - - - * -
ddPCR * * - - - - -
qRT-PCR 25 (1.1%) 15 (5.9%) * 6 (0.9%) - * -
Missing 1625 (74.3%) 30 (11.7%) 254 (73.0%) 609 (87.4%) 319 (100.0%) 362 (92.1%) 51 (29.1%)
Patients in
treated group
(n, %) 1321 (60.4%) 202 (78.9%) 269 (77.3%) 302 (43.3%) 262 (82.1%) 170 (43.3%) 116 (66.3%)
Patients in
never treated
group (n, %) 847 (38.7%) 54 (21.1%) 79 (22.7%) 380 (54.5%) 57 (17.9%) 218 (55.5%) 59 (33.7%)

Belgium
Overall, 256 patients in the Belgium registry met study eligibility criteria. Select characteristics for the
overall population in the Belgium registry are presented in Table 10. Among these patients, 34 (13.3%)
patients were classified as SMA type 1, 101 (39.5%) patients were classified as SMA type 2, 103 (40.2%)
as SMA type 3, 8 (3.1%) as SMA type 4, 3 (1.2%) as SMA type Other, 7 (2.7%) had SMA type missing,
and 0 patients had SMA type Presymptomatic.

In Belgium, the study period covered January 2018 to December 2021. With respect to the calendar year
of registry entry, the highest proportion of patients entered in 2018 (74.2%) at registry initiation. The
proportion of patients entering the registry in subsequent years was between 4.3% -14.8%.

Overall, the proportions of male (49.6%) and female (50.4%) were similar, and the distribution was
similar across the SMA types with reported values.

With respect to the class of age at symptom onset, the most commonly observed age in the overall group
was 6-18 months (34.4%). Data on class of age at symptom onset was missing for 18.8% of patients
overall. For SMA type 1, the most common age of symptom onset was 3-6 months, 6-18 months for SMA
type 2 and 2-6 years for SMA type 3.

The mean duration of follow-up, overall, was 55.5 months (SD=13.7). This estimate was fairly
consistent across all the SMA types. A limited number of patients were lost to follow-up until 2021 with
fewer than 15 SMA patients (less than 5.9% of patients overall) being lost to follow-up between
2018-2021 (of note, Belgium registry covers 2018-2021 and is updated once a year. Belgium data have
not been updated after 2021). The majority of the patients lost to follow-up were with SMA type 3.

Regarding the mean duration of SMA, SMA type 1 had a duration of 83.3 months and SMA type 2 had
a duration of 221.7 months. SMA types 3 and 4 had the longest durations, with 301.4 months and 310.7
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months, respectively. Data were missing for 20.3% of patients across all SMA types. The overall mean
duration between genetic report dates and registry entry was 99.2 months (SD=96.7), with SMA type
1 having the shortest durations of 8.5 [1, 22.8] months. The highest mean duration of 124.7 months
(SD=103.8) was noted for SMA type 3.

Data on best functional SMA status, and best achieved motor milestone was missing for 2.7% of
patients overall. “Walker'' was the most common best functional status among the overall patients
(51.2%), of which, the majority had SMA type 3. “Sitter” was the most common best functional SMA
status among patients with SMA type 1 (55.9%) and type 2 (82.2%). The most common best achieved
motor milestone was “sit without support” among patients with SMA type 1 (47.1%) and SMA type 2
(58.4%). For the SMA type 3 (85.4%) and type 4 (100.0%), the most common motor milestone was
“climb stairs”. Limited data was available for other SMA type stratifications.

Data on the number of SMN2 copies was missing for 16.4% of patients overall. For patients with SMA
type 1, 70.6% had 2 copies and 14.7% had 3 copies. For patients with SMA type 2, 68.3% had 3 copies
and 7.9% had 2 copies. For the SMA type 3 group, 44.7% had 3 copies. MLPA was the most common
method used for genetic testing across all SMA types (78.5%). Missingness associated with this variable
was 11.7% across all SMA types.

DMT use was observed from 2018, corresponding to the start of data collection in this registry. In 2018,
49.5% of patients were treated with a DMT. The percentage of DMT usage increased in the subsequent
years up to 85.3% in 2021. The majority of the patients in our study cohort, across SMA types, first
started receiving treatment with a DMT in 2021. Patients across all SMA types were not treated with
more than one DMT until 2019; SMA type 1 patients in 2020 had the highest proportion (25.9%) of
patients receiving treatment with more than one DMT. The data was limited for this variable.

Treatment with Spinraza was common across calendar periods, 2018-2021, with the highest proportion
of patients treated with Spinraza in 2020 (60.1%). Patients with SMA type 1 had the highest percentage of
patients treated with Spinraza during 2020 (70.4%). Treatment with Evrysdi did not begin until 2018 and
the overall usage was less common, with the highest percentage observed in 2021 (28.4%). Evrysdi usage
was common among patients with SMA type 2. Treatment with Zolgensma did not begin until 2019, with
the overall usage being rare across all SMA types. In the overall group, the highest percentage of usage
was observed in 2021 (3.1%).

Overall, approximately 14% of patients reported using feeding tubes and the proportion of patients
receiving feeding tube usage in the SMA type 1 group was highest. More than 50% of overall patients had
at least one episode of wheelchair use since 2018 and the highest proportion of patients reporting at least
one episode of wheelchair usage was in 2018 (78.9%). Patients with SMA type 2 had the highest
proportion of patients reporting at least one episode of wheelchair usage followed by SMA type 3 across
the calendar periods.

On average, patients across SMA types had approximately one available record of PRO for each patient
from calendar periods 2017 to 2021.

Czech Republic and Slovakia
Among patients in the Czech Republic and Slovakia registries, a total of 348 patients met the study
eligibility criteria. Select characteristics for the overall population in this registry are presented in Table
10. Overall, 96 patients were classified as SMA type 1 (27.6%), 117 patients were classified as SMA type
2 (33.6%), 120 as SMA type 3 (34.5%), 8 as SMA type 4 (2.3%), 1 (0.3%) as SMA type Other, 6 (1.7%)
as SMA type Presymptomatic, and 0 patients had an SMA type missing.

In the Czech Republic and Slovakia, the data collection period covered May 2011 to May 2023. With
respect to the calendar year of registry entry, more patients entered in 2020 than any other year (17.2%
of the overall population). Between registry initiation in 2011 and 2017, <7% of patients entered the
registry data collection each year across SMA types. From 2018 to 2022, percentages for entry into the
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registry ranged from 8.9% to 17.2% of patients. There was limited missing information for this indicator
(overall 2.9%).

Overall, there was an almost equal split across males (49.4%) and females (50.6%).

With respect to the class of age at symptom onset, 30.2% of SMA type 1 patients from the Czech
Republic and Slovakia registries had their symptom onset between 1-3 months, 29.2% between 3-6
months and 16.7% between 6-18 months. The majority (64.1%) of SMA type 2 had their symptom onset
between 6-18 months, and 44.2% of SMA type 3 had their symptom onset between 2-6 years of age.
Overall, close to 10% of patients had missing values recorded for this variable, with the percentage being
consistent among SMA type 2 patients but increasing to 19.8% among SMA type 1 patients.

The overall mean duration of follow-up was 51.6 (SD=34.3) months. The longest duration of follow-up
was for SMA type 2 with a mean of 61.5 months (SD=36.2). SMA type 4 had a duration of only 30
(SD=12.3) months. Patients lost to follow-up represented a low percentage of the registry population
across calendar periods i.e., less than or equal to 10% across the calendar periods.

Regarding the mean duration of SMA, SMA type 1 had a duration of 89.9 months and SMA type 2 had
a duration of 221.6 months. SMA types 3 and 4 had the longest durations, with 276 and 294 months,
respectively. Data were missing for 12.9% of patients across all SMA types. The overall mean duration
between two consecutive visits was 7.1 (SD=9.3) months and was consistent across all SMA types, with
15.2% missingness for this variable. The overall mean duration between genetic report dates and
registry entry was 88.1 (SD=132.8) months, with SMA type 1 and type 4 having the shortest durations of
27.8 (SD=65.3) and 27.7 (SD=33) months, respectively. There was low missingness (2.9%) for this
variable.

Data on best functional SMA status were missing for 24.7% of all patients in the registry, 57.3% of
SMA type 1 patients, 16.2% of SMA type 2 patients, 5.8% of SMA type 3 patients, and fewer than five
SMA type 4 patients. Among SMA type 1 patients, 28.1% of patients were sitters, 12.5% were
non-sitters, and fewer than five patients were walkers. Among SMA type 2 patients, 58.1% were sitters,
18.8% were non-sitters, and 6.8% were walkers. Among SMA type 3 patients 66.7% of patients were
walkers, 20.8% were sitters, and 6.7% were non-sitters. Three quarters of SMA type 4 patients were
walkers. For the best achieved motor milestone, data were missing for the same proportions of patients.
Among SMA types 1 and 2 patients, the highest proportion of patients were able to sit without support
(22.9% and 33.3%, respectively). For SMA type 3 patients, the majority (54.2%) were able to climb
stairs.

Data on the number of SMN2 copies was missing for 10.1% of patients overall. For patients with SMA
type 1, 59.4% had 2 copies and 28.1% had 3 copies. For patients with SMA type 2, 78.6% had 3 copies,
7.7% had 2 copies and 4.3% had 4 copies. For the SMA type 3 group, 54.2% had 4 copies and 27.5% had
3 copies. The majority of methods used for genetic testing were MLPA: 26.7% across all SMA types,
with similar numbers across SMA type 1, 2, 3 and 4. This variable had a high extent of missingness with
73% across all SMA types.

DMT use: Patients across SMA types began receiving treatment with a DMT as of 2017 (13.4% of
patients overall). This percentage increased in 2018, with most SMA types 1 and 2 receiving treatment
with a DMT from 2018 onward. A majority of SMA type 3 patients began receiving treatment with a
DMT from 2019 onward. SMA type 1 patients in 2021 had the highest proportion (13.3%) of patients
receiving treatment with more than one DMT. Overall, treatment with more than 1 DMT was less
common.

Treatment with Spinraza was common across calendar periods (2017-2023), with the highest proportion
of patients treated with Spinraza in 2020 (79.2%). Patients with SMA type 1 had the highest percentage of
patients treated with Spinraza across the calendar periods compared to patients with other SMA types.
Treatment with Evrysdi was less common, with the highest percentage observed in 2022 (29.2%). SMA
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type 2 patients had the highest percentage treated with Evrysdi. Overall, treatment with Zolgensma was
the least common across calendar periods, with the highest percentage observed in 2023 (16.7%). Patients
with SMA type 1 had the highest proportion treated with Zolgensma.

Overall, 8.6-16.4% of patients reported using feeding tubes of which the majority of the patients were
SMA type 1. More than 50% of patients across SMA types had at least one episode of wheelchair use.
SMA type 2 patients had the highest percentages of patients with wheelchair use across calendar periods,
with the highest percentage reported for 2014 to 2016 (100%). SMA type 3 had the lowest percentages of
patients with wheelchair use, with the highest percentage reported for 2020 (41.5%).

Germany and Austria
A total of 697 patients in the Germany and Austria registry met study eligibility criteria. Selected
characteristics for the overall population in this registry are presented in Table 10. 134 patients were
classified as SMA type 1 (19.2%), 291 as SMA type 2 (41.8%), 269 as SMA type 3 (38.6%), 2 as SMA
type 4 (0.3%), 0 as SMA type other, 1 as presymptomatic SMA (0.1%), and 0 were missing SMA type
information.

In Germany and Austria, the data collection period covered April 2008 to May 2023. With respect to the
calendar year of registry entry, the highest percentage of patients entered in 2014 (17.6%). Few patients
had a registry entry date from 2008 through 2011, or from 2021 through 2023 (<2% in each year). The
percentage of patients with a registry entry date in other calendar years ranged from 3.4% to 16.8%.

Overall, around half of patients were female (48.9%), and this distribution was similar across SMA types.

Data on class of age at symptom onset was missing for 49.8% of patients overall, with the highest
missingness in the SMA type 1 group 60.4%. Patients with SMA type 1 had the earliest symptom onset
on average, with most patients having onset at 18 months or earlier. For the SMA type 2 group, the most
common age of symptom onset was 6-18 months (40.9%). For patients with SMA type 3, symptom onset
before 6 months was rare, and the most common age was 2-6 years (23.8%). Limited data was available
for SMA types of stratifications.

Overall, patients had a mean of 86.9 (SD=35.4) months of follow-up. Patients in the SMA type 3 group
had the longest mean duration of follow-up (91.8 months, SD=33.8), followed by patients with SMA
type 2 (90.3 months, SD =35.0), and SMA type 1 (71 months, SD=33.9). Patients lost to follow-up
ranging from 0.9% in 2019 to 41.9% in 2022.

Mean duration of SMA was 300.7 months overall. Patients with SMA type 3 had the longest duration
(409.6 months), followed by patients with SMA type 2 (251.3 months), and patients with SMA type 1
(112.7 months). Missingness for this variable was 49.9% overall. The overall mean duration between
two consecutive visits was 25.2 months and was consistent across all SMA types, with 5.3% missingness
for this variable. The overall mean time between genetic report date and registry entry was 55.1
months. This duration was shorter in patients with SMA type 1 (18.7 months). Missingness for this
variable was 23.0% overall.

Data on best functional SMA status, and best achieved motor milestone was missing for 49.6% of
patients overall, and 65.7% of patients in the SMA type 1 group. “Non-sitter” was the most common best
functional status for the SMA type 1 group (15.7%), whereas in the SMA type 2 group “sitter” was most
common, (58.1%). “Walker” was the most common best functional SMA status among patients with
SMA type 3 (58.7%) The most common best achieved motor milestone was “roll onto side” among
patients with SMA type 1 (10.4%) and “sit without support” for patients with SMA type 2 (14.8%). For
the SMA type 3 group, the most common motor milestone was “climb stairs” (51.7%). Limited data was
available for other SMA type stratifications.
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Data on the number of SMN2 copies was missing for 37.7% of patients overall. For patients with SMA
type 1, 48.5% had 2 copies. For patients with SMA type 2, 42.6% had 3 copies. For the SMA type 3
group, 21.2% had 3 copies and 28.6% had 4 copies. Data on the methods used for genetic testing had
high missingness (87.4% overall). Of patients with this information, almost all had MLPA as the method
used (11.8% overall).

DMT use: Prior to 2017, very few patients were treated, only as part of clinical trials, with at least one
DMT (3.1% or less across calendar periods). DMT use increased in 2017, with 14.7% of patients overall
treated with at least one DMT, a 30.1% of SMA type 1 patients. Overall, the highest proportion of patients
with DMT use was in 2023 (63.6%). Treatment with more than one DMT was rare.

Treatment with Spinraza was common from 2017 onward (ranging from 14.3% of patients in 2017 to
43.9% in 2021). Patients with SMA type 1 were more likely to receive Spinraza vs other SMA types.
Treatment with Evrysdi was observed in very few patients from 2017 through 2019 (n<5 in each calendar
period) then was more common from 2021 onward, with the highest proportion of patients receiving the
treatment in 2022 and 2023 (26.0% overall in both years). Use of Evrysdi was more common in the SMA
type 2 group. Treatment with Zolgensma was less common across calendar periods, but was observed
from 2022 onward, with the highest proportion observed in 2023 (6.5% overall). Patients in the SMA type
1 group were more likely to receive Zolgensma.

Overall, less than 10% of patients reported using feeding tubes of which the majority of the patients were
SMA type 1. Across calendar periods, roughly 50% or more of patients overall had at least one episode of
wheelchair usage. Wheelchair usage was most common among patients with SMA type 2, with the
highest percentage observed in the Before 2011 calendar period where 90% of SMA type 2 patients had
wheelchair usage.

Spain
Among patients in the Spain registry, a total of 319 patients met the study eligibility criteria. Select
characteristics for the overall population in this registry are presented in Table 10. Overall, 71 patients
were classified as SMA type 1 (22.3%), 153 patients were classified as SMA type 2 (48.0%), 93 as SMA
type 3 (29.2%), 2 as SMA type 4 (0.6%), and 0 patients had SMA type Other, SMA type Presymptomatic,
or had an SMA type missing.

In Spain, the data collection period covered February 2015 to April 2023. With respect to the calendar
year of registry entry, more patients entered in 2018 than any other year (26.6% of the overall
population), followed by 2017 (25.1%).

Overall, there were slightly more male (54.5%) than female (45.5%) patients, with this distribution
remaining consistent across SMA types 1 and 2 and levelling out among SMA type 3 patients (49.5%
female).

With respect to the class of age at symptom onset, 9.9% of SMA type 1 patients from the Spain registry
had their symptom onset at less than 1 month, 42.3% between 1-3 months, 40.8% between 3-6 months
and 7% between 6-18 months. A majority (90.2%) of SMA type 2 had their symptom onset between 6-18
months, and 36.6% of SMA type 3 had their symptom onset between 2-6 years of age. Overall, 5% of
patients had missing values recorded for this variable, with the highest percentage of missingness among
SMA type 3 patients (12.9%).

The longest duration of follow-up was for SMA type 2 patients with a mean of 61.5 months (SD=20.8),
followed by SMA type 3 with a mean of 58.4 (SD=22.1), and SMA type 1 with a mean of 51.6 (23.1).
This variable was recorded for all patients. There were no, or very few, patients lost to follow-up across
calendar periods.

Regarding the mean duration of SMA, SMA type 1 had a duration of 83.4 months, SMA type 2 had a
duration of 234.9 months, and SMA type 3 had the longest duration of 349.9 months. Data were missing
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for 5% of patients across all SMA types. The overall mean duration between two consecutive visits was
9.5 months, with 2.5% missingness for this variable. The overall mean duration between genetic report
dates and registry entry was 80 months, with SMA type 1 having the shortest duration of 26.4 months.
There was low missingness (3.1%) for this variable.

Data on best functional SMA status were missing for 9.1% of all patients in the registry, 25.4% of SMA
type 1 patients, 3.9% of SMA type 2 patients, and 5.4% of SMA type 3 patients. Among SMA type 1
patients, 32.4% of patients were sitters, 26.8% were walkers, and 15.5% were non-sitters. Among SMA
type 2 patients, 60.1% of patients were sitters and 35.9% were walkers. Among SMA type 3 patients,
93.5% of patients were walkers. For the best achieved motor milestone, data were missing for the same
proportions of patients. Among SMA types 1 and 2 patients, the highest proportion of patients were able
to sit without support (28.2% and 56.9%, respectively). For SMA type 3 patients, 72% of patients were
able to walk 10 metres without assistance and 21.5% were able to climb stairs.

Data on the number of SMN2 copies was missing for 9.7% of patients overall. For patients with SMA
type 1, 78.9% had 2 copies and 19.7% had 3 copies. For patients with SMA type 2, 73.2% had 3 copies,
8.5% had 2 copies, and 3.69% had 4 copies. For the SMA type 3 group, 61.3% had 3 copies and 26.9%
had 4 copies. Data were missing or limited for other SMA types. Data on the methods used for genetic
testing was missing for all patients.

DMT use: Patients across SMA types began receiving treatment with a DMT as of 2017 (18.9% of
patients overall). This percentage increased in 2018, with a majority of patients across SMA types 1 and 2
receiving treatment with a DMT from 2018 onward. A majority of SMA type 3 patients began receiving
treatment with a DMT from 2020 onward. SMA type 1 patients in 2022 had the highest proportion (8.8%)
of patients receiving treatment with more than one DMT.

Treatment with Spinraza was common across calendar periods (2017-2023), with the highest proportion
of patients treated with Spinraza in 2021 (66.3%). Patients with SMA type 1 had the highest percentage of
patients treated with Spinraza and the highest percentage overall in 2018 (90.6%). Treatment with Evrysdi
was less common, with the highest percentage observed in 2021 (12.8%). SMA type 2 patients had the
highest percentage treated with Evrysdi. Overall, treatment with Zolgensma was the least common
across calendar periods, with the highest percentage observed in 2022 (3.6%). Patients with SMA type 1
had the highest proportion treated with Zolgensma (of note: In Spain, Zolgensma is only reimbursed for
type 1 or patients younger than 6 weeks of age, but there is no newborn screening done nationally so,
logically, the treated are type 1).

Overall, approximately 10% of patients reported using feeding tubes of which the majority of the patients
were SMA type 1. More than 50% of overall patients had at least one episode of wheelchair use, with
this trend being consistent across SMA types for all calendar periods except for 2018, during which SMA
type 1 patients had 46.9% and SMA type 3 patients had 43.1% with at least one episode of wheelchair
use. SMA type 2 had the highest percentages of patients with wheelchair usage, with the highest observed
in 2023 (94.6%).

On average, patients across SMA types had approximately one available record of each PRO from
calendar periods 2020 to 2023.

UK and Ireland
Among patients in the UK and Ireland, a total of 393 patients met the study eligibility criteria. Select
characteristics for the overall population in this registry are presented in Table 10. Overall, 69 patients
were classified as SMA type 1 (17.5%), 183 patients were classified as SMA type 2 (46.6%), 123 as SMA
type 3 (31.3%), 0 as SMA type 4 or SMA type Other, 1 as SMA type Presymptomatic, and 17 (4.3%) had
an SMA type missing.

In the UK and Ireland, the data collection period covered December 2008 to May 2023. With respect to
the calendar year of registry entry, most patients entered in 2015 (21.6% of the overall population),
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with a steady flow of data participants entering throughout the study period. There was very little missing
data for this indicator (overall <5 patients). This trend was similar across SMA types.

Overall, there was an almost equal split between male (54.5%) than female (45.5%) patients, with this
distribution remaining consistent across SMA types 1, 2 and 3.

With respect to the class of age at symptom onset, 10.1% of SMA type 1 patients from UK & Ireland
had their symptom onset between 1-3 months, 17.4% between 3 and 6, and 8.7% between 6-18 months.
Overall, there was a high degree of missingness (51.4%) for this indicator.

Duration of follow-up was highest among the SMA type 2 patients [74.1 months, (SD=45.4)] with the
overall mean duration of follow-up for the overall population in this registry being 67.8 months
(SD=43.9). This variable was well recorded with less than 5 patients having missing information across
all SMA types. The percentage of patients lost to follow-up ranged from 2.2% in 2016 to 16.2% before
2011.

Regarding the mean duration of SMA, SMA type 1 had a duration of 90 months, SMA type 2 had a
duration of 296.2 months, and SMA type 3 had the longest duration of 419.4 months. Data were missing
for 52.2% of patients across all SMA types. The overall mean duration between two consecutive visits
was 33.2 months, with 19.1% missingness for this variable. The overall mean duration between genetic
report dates and registry entry was 83.6 months, with SMA type 1 having the shortest duration (13.6
months). There was a high degree of missingness (85.5%) for this variable.

Data on best functional SMA status were missing for 53.7% of all patients in the registry, with an even
higher percentage observed for SMA type 1 patients: 68.1%. Overall, 18.8% were sitters: among SMA
type 1 patients, and 25.1% of patients among SMA type 2; 18.6% were walkers among SMA type 3 and
54.5% among SMA type 4. For the best achieved motor milestone, data were missing for 53.7%% of all
patients in the registry. There was a high percentage of patients who had at some point during the
follow-up a best achieved motor milestone as “climbs stairs”: 43.9% for SMA type 3. Among SMA types
1 and 2 patients, the highest proportion of patients were able to stand with assistance and roll onto one
side.

Data on the number of SMN2 copies was missing for 76.6% of patients overall. For patients with SMA
type 1, 18.8% had 2 copies. For patients with SMA type 2, 21.9% had 3 copies. For the SMA type 3
group, 13.0% had 3 copies and 9.8% had 4 copies. The most commonly used methods used for genetic
testing were MLPA: 6.9% overall, with similar numbers across SMA type 1, 2, 3 and 4. This variable had
a very high extent of missingness with 92.3% across all SMA types.

DMT use: Patients across SMA types began receiving treatment with a DMT as of 2017. This percentage
started to increase over the years. Overall, patients in 2022 had the highest proportion (43.2%) of patients
receiving treatment with at least one DMT. Treatment with more than 1 DMT was rare across all the SMA
types.

Treatment with Spinraza was common across calendar periods (2018-2023), with the highest proportion
of patients treated with Spinraza in 2021 (16.3%). Overall, Spinraza treatment was more common among
patients with SMA type 3. Treatment with Evrysdi was less common, with the highest being 22.7% in
2022. Overall, treatment with Evrysdi was more common among patients with SMA type 2. Treatment
with Zolgensma was least common across all SMA types with the highest proportion (5%) being treated
in 2022.

The highest percentage of feeding tube usage was observed between 2014-2016, with 14.7% of patients
having at least one episode, with SMA type 1 patients having the highest proportion of feeding tube
usage, followed by SMA type 2. Wheelchair usage was fairly common across all calendar periods,
approximately 40% of overall patients. Proportion of patients using wheelchairs was higher among
patients with SMA type 2 compared to all other types.
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Sweden
Overall, 175 patients in the Swedish registry met study eligibility criteria. Select characteristics for the
overall population in this registry are presented in Table 10. Overall, 28 (16.0%) patients were classified
as SMA type 1, 69 (39.4%) patients were classified as SMA type 2, 71 (40.6%) as SMA type 3, 2 (1.1%)
as SMA type 4, 3 (1.7%) as SMA type Other, 2 (1.1%) had SMA type missing, and 0 patients had SMA
type Presymptomatic.

In Sweden, the data collection period covered October 2010 to May 2023. The highest proportions of
patients entered the registry in 2010 (16.6%) and 2011 (16.6%), then registry entry slowed down until
peaking again in 2019 (11.4%).

Overall, 50.9% of patients were female and the distribution of sex was similar across the SMA types with
reported values, except for SMA type 1, 60.7% were male.

With respect to the class of age at symptom onset, 29.7% of the overall patients had their symptom onset
between 6-18 months. Data on class of age at symptom onset was missing for 18.9% of patients overall.
For SMA type 1, the most common age of symptom onset was 1-3 months, 6-18 months for SMA type 2
and 2-6 years for SMA type 3.

The mean duration of follow-up, overall, was 96.9 (SD=49.9) months. The longest mean duration of
follow-up was noted for SMA type 2 (107.9, SD=49.7) and type 3 (104.9, SD=45), whereas SMA type 1
group had the shortest mean duration of follow-up (55.9, SD=35.9). This variable was well recorded with
minimal missing values across all SMA types. There were no patients lost to follow-up.

The mean duration of SMA varied by SMA type, with SMA type 1 having a duration of 67.2 months,
SMA type 2 having a duration of 204.7 months, and SMA type 3 having a duration of 252.2 months. The
overall median duration between two consecutive visits was 8.3 [5.1, 12] months, with minimal
missingness for this variable. Patients with SMA type 3 had the longest duration between two consecutive
visits, i.e., 9.4 [6.5, 15.6] months. The overall median duration between genetic report dates and registry
entry was 8 [1, 56.2] months, with SMA type 2 having the longest duration of 19 [1, 75] months.

Data on best functional SMA status, and best achieved motor milestone was missing for 42.9% of
patients overall. “Walker'' was the most common best functional status among the overall patients
(30.9%), of which, the majority had SMA type 3 (59.2%). “Sitter” was the most common best functional
status among patients with SMA type 1 (35.7%) and type 2 (39.1%). The most common best achieved
motor milestone was “sit without support” among patients with SMA type 1 (32.1%) and SMA type 2
(20.3%). For the SMA type 3 (26.8%), the most common motor milestone was “climb stairs”. Limited
data was available for other SMA type stratifications.

Data on the number of SMN2 copies was missing for 32.6% of patients overall. For patients with SMA
type 1, 71.4% had 2 copies. For patients with SMA type 2, 60.9% had 3 copies, and 7.2% had 2 copies.
For the SMA type 3 group, 40.8% had 4 copies and 19.7% had 3 copies. MLPA was the most common
method used for genetic testing across all SMA types (70.9%). Missingness associated with this variable
was 29.1% across all SMA types.

DMT use: Patients across SMA types began receiving treatment with a DMT between 2014 and 2016.
Approximately 60% patients received treatment with at least one DMT in 2019 and this proportion fairly
remained consistent until 2023. Treatment with at least one DMT was most common in SMA type 1, with
at least 82.1% of patients in this group receiving treatment with a DMT in each year from 2017 onward.
Patients across all SMA types were not treated with more than one DMT until 2021; SMA type 1 patients
in 2022 had the highest proportion (42.9%) of patients receiving treatment with more than one DMT. The
data was limited for this variable.
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Treatment with Spinraza was common across calendar periods, 2017-2023, with the highest proportion
of patients treated with Spinraza in 2020 (64.5%). Patients with SMA type 1 had the highest percentage of
patients treated with Spinraza during 2021 (91.3). Treatment with Zolgensma did not begin until 2021
and the overall usage was less common, with 2.9% of patients receiving treatment with Zolgensma in
2022 and 2023. Treatment with Evrysdi did not begin until 2021, with the highest percentage of usage
observed in 2022 (30.8%). Patients with SMA type 1 had the highest proportion of patients treated with
Zolgensma followed by SMA type 3.

Overall, less than 5% of overall patients reported using feeding tubes and the usage was common
among patients with SMA type 1 compared to other SMA types. Close to 50% or higher percentage of
overall patients had at least one episode of wheelchair use across the calendar periods. The highest
proportion of patients reporting at least one episode of wheelchair usage was in 2021 (65.2%). Patients
with SMA type 2 had the highest proportion of patients reporting at least one episode of wheelchair usage
followed by SMA type 3 across the calendar periods.

10.4.2. Description of the SMA natural history and disease progression

Please note that all results are available in a stand-alone document - Appendix G (“Objective 1 (Natural
History) Results 2024_1_26”), submitted along with this report. Additional sub-group analyses are also
available in Appendix G (“Supplementary Results Objective 1 (Natural History) 2024_1_26”).

10.4.2.1 Never treated SMA Patients

Overall (Table 11), 847 patients were never treated. Among these patients 154 (18.2%) had SMA Type 1,
361 (42.6%) had SMA type 2, 299 (35.3%) had SMA type 3, 13 (1.5%) had SMA type 4, 3 (0.4%) had
SMA type other, 1 (0.1%) had presymptomatic SMA, and SMA type information was missing for 16
(1.9%) patients.

Among never treated patients, the largest proportion came from the Germany/Austria registry (44.9%),
followed by the United Kingdom and Ireland (25.7%), Czech Republic and Slovakia (9.3%), Sweden
(7.0%), Spain (6.7%), and Belgium (6.4%).

Males represented 51.4% of all never treated patients and were more present in SMA type 2 than females.

Median age at symptom onset was 0.3 months in SMA type 1, 1 year in SMA type 2 and 3 years in SMA
type 3.

Regarding the reason for genetic testing, most patients did not have this information recorded (75.0%),
while 23.1% had “no screening.” The majority of patients (86.0%) were missing data on the method used
for genetic testing. The most common recorded method was MLPA (12.9%).

Table 11: Sex, registry, age at symptom onset and method used for genetic testing in SMA
1, SMA 2 and SMA 3 never treated patients

Overall (N =847) SMA Type 1 (N =154) SMA Type 2 (N =361) SMA Type 3 (N =299)

Sex: female / male (%) 48.6% / 51.4% 56.5% / 43.5% 45.7% / 54.3% 49.2% / 50.8%
Registry n, %
Belgium 54 (6.4%) 5 (3.2%) 18 (5.0%) 26 (8.7%)
Czech R & Slovakia 79 (9.3%) 25 (16.2%) 17 (4.7%) 30 (10.0%)
Germany & Austria 380 (44.9%) 80 (51.9%) 165 (45.7%) 134 (44.8%)
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Spain 57 (6.7%) * 34 (9.4%) 20 (6.7%)
UK & Ireland 218 (25.7%) 41 (26.6%) 103 (28.5%) 60 (20.1%)
Sweden 59 (7.0%) * 24 (6.6%) 29 (9.7%)
Age at symptom onset
(years) - Median [IQR] 1.5 [0.8, 4] 0.3 [0.1, 0.5] 1 [0.6, 1] 3 [1.8, 10]
Method used for
genetic testing; n (%)
MLPA 109 (12.9%) 6 (3.9%) 40 (11.1%) 57 (19.1%)
missing 728 (86.0%) 148 (96.1%) 318 (88.1%) 235 (78.6%)
Reason for genetic
testing; n (%)
Family screening 14 (1.7%) * * 8 (2.7%)
Newborn screening * * - -
No screening 196 (23.1%) 5 (3.2%) 88 (24.4%) 94 (31.4%)
Missing 635 (75.0%) 146 (94.8%) 272 (75.3%) 197 (65.9%)

Motor function assessment (Table 12)

Functional status at genetic report date was missing to a large extent (94.5%), with “non-sitter” being
the most common recorded functional status (2.1%) and a higher proportion of SMA type 3 patients with
“walker” status (4.0%). The best functional status is highly missing overall (99.1%) and when reported
it was for “non-sitter” status (0.9%)

Achieved motor milestones at the genetic report date was missing for 94.5% of patients. Of patients
with data on this indicator, “hold head without support” was the most common milestone recorded
(1.4%), followed by “sit without support” (1.3%).

The best achieved motor milestones were missing to a large extent (99.1%). Only 7 (1.9%) SMA 2
patients reported “Roll onto side” (0.8%) and less than 5 reported “Hold head without support”. Median
age at first acquisition of the best motor ability episodes ranged from 3.5 years in SMA type 1 to 24.2
years in SMA type 2 to 39.2 years in SMA type 3. And median age at first loss of the best motor ability
episodes was 25.8 and 46.5 years in SMA Types 2 and 3, respectively; and non-estimable (<5 cases) for
SMA type 1.

Best CHOP-INTEND score was missing for 98.9% of patients overall. The median scores by SMA type
were non-estimable (< 5 cases).

Best HFMS(-E) score was missing for 97.8% of patients overall. The median score for SMA type 3 was
51 [14.5, 60]. This indicator was non-estimable for SMA types 1 and 2.

Best RULM score was missing for 98.5% of patients overall. The median score for SMA type 3 was 33
[23.2, 37]. This indicator was non-estimable for SMA types 1 and 2.

Best MFM32 score was missing for 99.3% of patients overall. The median score was non-estimable for
SMA types 1, 2, and 3.

Best 6MWT score was missing for 98.5% of patients overall. The median score for SMA type 3 was
435.5 [251, 599.8]. This indicator was non-estimable for SMA types 1 and 2.

Table 12: Motor function assessment in SMA 1, SMA 2 and SMA 3 never treated patients
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Overall (N = 847) SMA Type 1 (N = 154) SMA Type 2 (N = 361) SMA Type 3 (N = 299)

Functional status at
genetic report; n (%)
Non-sitter 18 (2.1%) - 9 (2.5%) 8 (2.7%)
Sitter 15 (1.8%) - 11 (3.0%) *
Walker 14 (1.7%) - * 12 (4.0%)
Missing 800 (94.5%) 154 (100.0%) 340 (94.2%) 275 (92.0%)
Best functional status ;
n (%)
Non-sitter 8 (0.9%) - 8 (2.2%) -
Missing 839 (99.1%) 154 (100.0%) 353 (97.8%) 299 (100.0%)
Achieved motor
milestone at genetic
report; n (%)
Climb stairs - - - -
Crawl * - - *
Hold head without
support 12 (1.4%) - * 8 (2.7%)
Roll onto side 6 (0.7%) - 6 (1.7%) -
Sit without support 11 (1.3%) - 10 (2.8%) *
Stand with assistance * - * *
Stand without assistance - - - -
Unknown - - - -
Walk 10 metres without
assistance 9 (1.1%) - * 8 (2.7%)
Walk with assistance - - - -
Walk without assistance 5 (0.6%) - - *
Missing 800 (94.5%) 154 (100.0%) 340 (94.2%) 275 (92.0%)
Best achieved motor
milestone; n (%)
Climb stairs - - - -
Crawl - - - -
Hold head without
support * - * -
Roll onto side 7 (0.8%) - 7 (1.9%) -
Sit without support - - - -
Stand with assistance - - - -
Stand without assistance - - - -
Unknown - - - -
Walk 10 metres without
assistance - - - -
Walk with assistance - - - -
Walk without assistance - - - -
Missing 839 (99.1%) 154 (100.0%) 353 (97.8%) 299 (100.0%)
Age at first acquisition
of the best motor
ability episodes
Median [IQR] 33.2 [18.8, 47.6] 3.5 [2.1, 3.7] 24.2 [15.6, 33.4] 39.2 [23.7, 52.2]
Missing 650 (76.7%) 149 (96.8%) 297 (82.3%) 183 (61.2%)
Age at first loss of the
best motor ability
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episodes
Median [IQR] 34.9 [22.1, 50.8] * 25.8 [20.7, 38.3] 46.5 [33.6, 57.3]
Missing 686 (81.0%) 150 (97.4%) 283 (78.4%) 221 (73.9%)
Best score for
CHOP-INTEND
Median [IQR] 27 [13, 42] * * *
Missing 838 (98.9%) 150 (97.4%) 358 (99.2%) 298 (99.7%)
Best score for
HFMS(-E)
Median [IQR] 36 [5, 60] * * 51 [14.5, 60]
Missing 828 (97.8%) 153 (99.4%) 359 (99.4%) 284 (95.0%)
Best score for RULM
Median [IQR] 31 [18, 37] - * 33 [23.2, 37]
Missing 834 (98.5%) 154 (100.0%) 360 (99.7%) 287 (96.0%)
Best score for MFM32
Median [IQR] 83 [61, 93] - * *
Missing 841 (99.3%) 154 (100.0%) 360 (99.7%) 295 (98.7%)
Best score for 6MWT
Median [IQR] 456 [276, 598] - - 435.5 [251, 599.8]
Missing 834 (98.5%) 154 (100.0%) 361 (100.0%) 287 (96.0%)
Note: * indicates n < 5 patients

A majority of overall never treated patients aged 2 years or older had full-time or part-time wheelchair
use (Figure 1), with the highest use reported for patients aged 2-6 years (n=202; 99%). The median age at
first full-time or part-time wheelchair usage for overall never treated patients was 3.6 years and ranged
from 2 years in SMA type 1 patients to 13.3 years in SMA type 3 patients.
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Figure 1. Proportion of patients with full-time or part-time wheelchair use per class of age in SMA
1, SMA 2 and SMA 3 never treated patients.

*Data are only displayed for age categories with sufficient sample size (i.e. > 5 cases) to report proportions. For SMA type 1, the
age category 21-31 years was excluded from the figure. For SMA type 2, the age category >60 years was excluded from the
figure.

Skeletal deformities (Figure 2)

The proportion of patients ever diagnosed with scoliosis varied by age group. The highest proportion of
patients diagnosed with scoliosis was observed in the 11-16 year age group (100%), followed by the
16-21 year age group (95.8%).

Surgery for scoliosis was less common for patients aged 1 month to 11 years and aged 31 years or older,
with a majority of these patients never having undergone surgery, whereas a majority of patients 11 to 31
years did have surgery. This trend varied by SMA type: 96.7% of patients with SMA type 2 aged 16-21
years had surgery for scoliosis and a majority of SMA type 3 in all age groups had never had surgery for
scoliosis. For patients with SMA type 1, most patients younger than 11 had not had surgery and there was
limited information for older age groups. The median age at surgery for scoliosis among all never
treated patients was 17.2 years and ranged from 2.2 years in SMA type 1 patients to 35.9 years in SMA
type 3 patients.

Confidential 84



NI-PASS Study Report EUPAS50476 Version 5.1

Figure 2. Proportion of patients ever diagnosed with scoliosis per class of age in SMA 1, SMA 2 and
SMA 3 never treated patients

*Data are only displayed for age categories with sufficient sample size (i.e. > 5 cases) to report proportions. For SMA type 1, age
categories 2-6 years, 6-11 years, 11-16 years, 16-21 years, and 21-31 years were excluded from the figure. For SMA type 2, age
categories 51-61 years and >60 years were excluded from the figure. For SMA type 3, the age category 6-11 years was excluded
from the figure.

Respiratory function (Figures 3-5)

Forced vital capacity percentage (fig. 3) was estimable for SMA type 2 patients aged 11-16 years to
41-51 years and SMA type 3 patients aged 21-31 years to 51-61 years. The lowest value was observed
among SMA type 2 patients aged 11-16 years (22% [18%, 50%]) and the highest value was observed
among SMA type 3 patients aged 41-51 years (93.5% [66%, 99.5%]).
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Figure 3. Median forced vital capacity percentage per class of age in SMA 1, SMA 2 and SMA 3
never treated patients

*Data are only displayed for age categories with sufficient sample size (i.e. > 5 cases) to report proportions. For SMA type 1, age
categories 1.5-2 years, 2-6 years, and 11-16 years were excluded from the figure. For SMA type 2, age categories 6-11 years and
51-61 years were excluded from the figure. For SMA type 3, age categories 6-11 years, 11-16 years, 16-21 years, and >60 years
were excluded from the figure.

The proportion of patients who had ever received airway clearance assistance (fig. 4) varied by age
group, with the highest proportion observed in the 16-21 year category (59.3%). Airway clearance
assistance was not reported for SMA type, 1 was more common in SMA type 2 patients than SMA type 3
patients.
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Figure 4. Proportion of patients with at least one episode of air clearance assistance per class of age
in SMA 1, SMA 2 and SMA 3 never treated patients

*Data are only displayed for age categories with sufficient sample size (i.e. > 5 cases) to report proportions. For SMA type 1, age
categories 6-18 months, 2-6 years, 6-11 years, 16-21 years, and 21-31 years were excluded from the figure. For SMA type 2, age
categories 2-6 years, 6-11 years, and 51-61 years were excluded from the figure.

A majority of never treated patients aged 16 to 61 years had at least one episode of non-invasive
ventilation (fig.5), with the highest proportions observed among SMA type 2 patients aged 51-61 years
(n=6; 85.7%) and SMA type 3 patients aged 51-61 years (n=6; 85.7%).
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Figure 5. Proportion of patients with at least one episode of non-invasive ventilation per class of age
in SMA 1, SMA 2 and SMA 3 never treated patients.

*Data are only displayed for age categories with sufficient sample size (i.e. > 5 cases) to report proportions. For SMA type 1, the
age category 21-31 years was excluded from the figure. For SMA type 2, the age category >60 years was excluded from the
figure. For SMA type 3, age categories 11-16 years, 21-31 years, 31-41 years, and >60 years were excluded from the figure

Data on invasive ventilation were available only for SMA type 1 patients. Invasive ventilation was
observed in 100% (n=9) of SMA 1 patients aged 6-11 years and full time invasive ventilation was
observed in the majority of the 6-11 year age group (n=8; 88.9%).

Pulmonary infections reported as a cause of hospitalisation or as a comorbidity was rare across all age
groups (fewer than five patients in age groups 16-21 years and 21-31 years). Data on respiratory
physiotherapy were missing for 814 patients overall; among SMA type 2 patients, 75% (n=12) of
patients aged 21-31 years and 75% (n=6) of patients aged 31-41 years had at least one episode of
respiratory therapy.

Nutritional function

Exclusive feeding tube usage was reported in few patients aged 16-21 years (n=5, 26.3%) and 21-31
years (n=5; 29.4%). The majority of SMA types 1 and 2 patients in age groups for which data were
estimable did not have an episode of exclusive feeding tube usage. Gastrostomy was observed in very
few patients overall (n<5 in each age category).

Hospitalisations and deaths

Data on the annual number of hospitalisations was missing for 94.3% of patients. The median number of
annual hospitalizations was 1 [1, 1.4] and was similar across SMA type 1, 2 and 3 groups.

Cause of death data was missing for 99.2% of patients, with n<5 patients in each reported category.
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The median event-free survival (death or permanent ventilation) was 11.5 months in SMA type 1, 219
months in SMA type 2, and 532 months in SMA type 3.

Quality of life (QoL) using patient-reported outcomes (PROs) (Table 13)

Spain PROFuture Mobility and Independence PRO at genetic report date was available for 25
(43.9%) patients and the median [IQR] score for the entire never treated population was 50 [42, 60.6].
The best score for Spain PROFuture Mobility and Independence PRO was also available for 25 (43.9%)
never treated patients. Among the never treated patients for whom the best score for Spain PROFuture
Mobility and Independence PRO was reported, the median score was 50 [40.2, 59] for overall never
treated patients and was highest for SMA type 2 (56.9, [51, 64.9]) and least for SMA type 3 (42, [27.4,
50]).

Belgium ACTIVLIM PRO at genetic report date was available for 47 (87.0%) never treated patients
and the median [IQR] score for the entire never treated population was -8.1 [-8.1, -2.9]. The best score
for Belgium ACTIVLIM PRO was available for 46 (85.2%) never treated patients and the median score
was -6.6 [-8.1, -2.7] for overall never treated patients and was lowest for SMA type 2 (-8.1, [-8.1, -8.1] )
and highest for SMA type 3 (-3.5, [-8.1, -2.6]).

Table 13 - In Spain and Belgium, Quality of life (QoL) using patient-reported outcomes (PROs) in
SMA 1, SMA 2 and SMA 3 never treated patients

Spain Overall (N = 57) SMA Type 1 (N < 5) SMA Type 2 (N = 34) SMA Type 3 (N = 20)

Score for Spain
PROFuture Mobility
and Independence
PRO at genetic report
date
Median [IQR] 50 [42, 60.6] - 59.3 [51.5, 67.5] 43.3 [36.5, 50]
PRO available; n (%) 25 (43.9%) 0 (0.0%) 12 (35.3%) 13 (65.0%)
Best score for Spain
PROFuture Mobility
and Independence
PRO
Median [IQR] 50 [40.2, 59] - 56.9 [51, 64.9] 42 [27.4, 50]
PRO available; n (%) 25 (43.9%) 0 (0.0%) 12 (35.3%) 13 (65.0%)
Belgium Overall (N = 54) SMA Type 1 (N = 5) SMA Type 2 (N = 18) SMA Type 3 (N = 26)
Score for Belgium
ACTIVLIM PRO at
genetic report date
Median [IQR] -8.1 [-8.1, -2.9] * -8.1 [-8.1, -8.1] -5.2 [-8.1, -2.7]
PRO available; n (%) 47 (87.0%) 1 (20.0%) 17 (94.4%) 24 (92.3%)
Best score for Belgium
ACTIVLIM PRO
Median [IQR] -6.6 [-8.1, -2.7] * -8.1 [-8.1, -8.1] -3.5 [-8.1, -2.6]
PRO available; n (%) 46 (85.2%) 1 (20.0%) 17 (94.4%) 23 (88.5%)
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10.4.2.2 SMA Patients Treated with DMTs

Overall (Table 14), 1,321 patients were ever treated across all registries, 276 (20.9%) patients having
SMA type 1, SMA type 2 having 540 (40.9%) patients, SMA type 3 having 476 (36.0%) patients, SMA
type 4 having 9 (0.7%) patients, SMA type other having 4 (0.3%) patients, SMA type presymptomatic
having 7 (0.5%) patients, and 9 (0.7%) patients with a missing SMA type.

Out of all patients that were treated, the largest proportion of patients were included in registries from the
Germany and Austria (22.9%), followed by Czech Republic and Slovakia (20.4%), Spain (19.8%),
Belgium (15.3%), United Kingdom and Ireland (12.9%), and Sweden (8.8%).

Males represented 51.7% of all patients and were more present in SMA type 1 and 3 while females were
52.8% in SMA type 2.

Methods used for genetic testing were missing for the majority of treated patients. However, among 437
treated patients with non-missing data (33.1% of total treated population), the majority (n=412) had
MLPA as their method used for genetic testing, with similar trends observed across all SMA types. The
majority (88.9%) of all treated patients had a homozygous deletion of exon 7 as their SMN1 variant and
similar trends were observed across all SMA types.

Table 14: Sex, registry, age at symptom onset and method used for genetic testing in SMA 1, SMA 2
and SMA 3 treated patients

Overall (N = 1321) SMA Type 1 (N = 276) SMA Type 2 (N = 540) SMA Type 3 (N = 476)

Sex: female / male (%) 48.3% / 51.7% 42.8% / 57.2% 52.8% / 47.2% 46.2% / 53.8%
Registry n, %
Belgium 202 (15.3%) 29 (10.5%) 83 (15.4%) 77 (16.2%)
Czech R & Slovakia 269 (20.4%) 71 (25.7%) 100 (18.5%) 90 (18.9%)
Germany & Austria 302 (22.9%) 53 (19.2%) 116 (21.5%) 131 (27.5%)
Spain 262 (19.8%) 70 (25.4%) 119 (22.0%) 73 (15.3%)
UK & Ireland 170 (12.9%) 27 (9.8%) 77 (14.3%) 63 (13.2%)
Sweden 116 (8.8%) 26 (9.4%) 45 (8.3%) 42 (8.8%)
Age at symptom onset
(years) - Median [IQR] 1 [0.5, 2] 0.2 [0.1, 0.3] 0.8 [0.6, 1.1] 2.5 [1.5, 6]

Method used for
genetic testing; n (%)
MLPA 412 (31.2%) 80 (29.0%) 153 (28.3%) 156 (32.8%)
missing 884 (66.9%) 192 (69.6%) 377 (69.8%) 310 (65.1%)

Motor function assessment (table 15)
With respect to functional status at genetic report, data were missing for a majority (75.9%) of all
treated patients. However, among 319 treated patients with non-missing data, a majority (n=197 - 14.9%)
had non-sitter as their functional status, which held true across all SMA types 1, 2, and 3. Patients with
SMA type 3 had a higher proportion of walkers (10.7%) than the overall population (4.3%).

With respect to best functional status after treatment with a DMT, data were missing for 11.7% of all
treated patients. Among SMA type 1 patients, 36.6% of patients achieved “sitter” status, followed by
23.6% who achieved “non-sitter” status, and 12% who achieved “walker” status. These trends differed
among other SMA type subgroups, with 60.9%, 24.6%, and 5.9% of SMA type 2 patients achieving
“sitter,” “walker,” and “non-sitter,” status, respectively. Among SMA type 3 patients, 87.8% of patients
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achieved “walker” status, followed by 5.3% of patients who achieved “sitter” status and 1.5% of patients
who achieved “non-sitter” status.

Among all treated patients, 11.7% also had missing data for their best achieved motor milestone after
treatment with a DMT. The largest proportion of patients had achieved climbing stairs after treatment
(n=330; 25%). This trend was largely driven by SMA type 3 patients, among whom 63.4% had achieved
this motor milestone. However, among SMA types 1 and 2, the motor milestone with the highest observed
proportion of patients was sitting without support, with 75 (27.2% of all SMA type 1 patients) and 205
(38% of all SMA type 2 patients) achieving this milestone, respectively. Among SMA type 3 patients, 92
(19.3% of all SMA type 3 patients) had achieved walking 10 metres without assistance. A majority
(88.9%) of SMA type 4 patients had achieved climbing stairs.

For the best score for CHOP-INTEND, data were missing for 83.6% of patients. The median [IQR] best
score for all treated patients was 46 [33.8, 56.2], with SMA types 1 and 2 having median best scores of 44
[33, 54] and 46 [35, 57.5], respectively. SMA type 3 patients had a median best score of 51 [28.5, 64] and
SMA type presymptomatic patients had a median best score of 53 [38, 62]. At the report of the first best
CHOP-INTEND score, the mean ages for SMA types 1 and 2 were 3.4 (SD=3.3) years and 8.7 (SD=8.6)
years, respectively, while the mean ages for SMA types 3 and presymptomatic were 21.4 (SD=16) years
and 0.2 (SD=0.2) years, respectively.

For the best score for HFSM(-E), data were missing for 68.7% of patients. SMA types 1 and 2 had lower
median values of 15 [3, 27] and 12.5 [4, 31.2], respectively, while SMA types 3 and 4 had median values
of 50 [29.8, 58] and 44 [39, 62], respectively. At the report of the first best HFSM(-E) score, the mean age
increased across SMA types 1, 2, 3, and 4, with mean ages of 5.9 (SD=6.6) years, 11.8 (SD=9.5) years,
21.4 (SD=15.5) years, and 42.3 (SD=10.8) years, respectively.

For the best score for RULM, data were missing for 73.2% of patients. The median best recorded score
increased across SMA types 1, 2, and 3, with values of 11.5 [8.2, 19.5], 17 [10, 24], and 35.5 [26.8, 37],
respectively. At the report of the first best RULM right side score, the mean ages of SMA types 1, 2, and
3 patients were 5.4 (SD=3.7) years, 12.7 (SD=9.1) years, and 12 (SD=4.3) years, respectively.

For the best score for MFM32, data were missing for a majority (94.3%) of all treated patients. The
median best recorded score for SMA type 2 patients was 37 [26, 48], while the median best recorded
score for SMA type 3 patients was 80 [53.5, 90].

Data on the best recorded score for HINE-2 were not reported/missing for 100% of patients. Regarding
the best recorded 6MWT score, data were missing for 100% of SMA type 1 patients and 99.8% of SMA
type 2 patients. The median best scores for SMA type 3 and type 4 patients were 376 [275, 458] and 450
[190, 525], respectively. The mean ages at the report of the first best 6MWT score for SMA type 3 and
type 4 patients were 21.5 (SD=15) years and 42.5 (SD=9.9) years, respectively.

Table 15: Motor function assessment in SMA 1, SMA 2 and SMA 3 treated patients

Overall (N = 1321) SMA Type 1 (N = 276) SMA Type 2 (N = 540) SMA Type 3 (N = 476)

Functional status at
genetic report; n (%)
Non-sitter 197 (14.9%) 25 (9.1%) 111 (20.6%) 59 (12.4%)
Sitter 65 (4.9%) * 53 (9.8%) 10 (2.1%)
Walker 57 (4.3%) - 6 (1.1%) 51 (10.7%)
Missing 1002 (75.9%) 249 (90.2%) 370 (68.5%) 356 (74.8%)
Best functional status
before treatment; n
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(%)
Non-sitter * * * -
Sitter 15 (1.1%) - 15 (2.8%) -
Walker 18 (1.4%) - * 14 (2.9%)
Missing 1286 (97.4%) 275 (99.6%) 521 (96.5%) 462 (97.1%)
Best functional status
after treatment; n (%)
Non-sitter 106 (8.0%) 65 (23.6%) 32 (5.9%) 7 (1.5%)
Sitter 460 (34.8%) 101 (36.6%) 329 (60.9%) 25 (5.3%)
Walker 600 (45.4%) 33 (12.0%) 133 (24.6%) 418 (87.8%)
Missing 155 (11.7%) 77 (27.9%) 46 (8.5%) 26 (5.5%)
Best achieved motor
milestone after
treatment; n (%)
Climb stairs 330 (25.0%) * 15 (2.8%) 302 (63.4%)
Crawl 92 (7.0%) 6 (2.2%) 75 (13.9%) 9 (1.9%)
Hold head without
support

41 (3.1%) 14 (5.1%) 21 (3.9%) 5 (1.1%)

Roll onto side 65 (4.9%) 51 (18.5%) 11 (2.0%) *
Sit without support 296 (22.4%) 75 (27.2%) 205 (38.0%) 13 (2.7%)
Stand with assistance 62 (4.7%) 20 (7.2%) 42 (7.8%) -
Stand without assistance 10 (0.8%) - 7 (1.3%) *
Unknown - - - -
Walk 10 metres without
assistance

115 (8.7%) 5 (1.8%) 16 (3.0%) 92 (19.3%)

Walk with assistance 107 (8.1%) 18 (6.5%) 86 (15.9%) *
Walk without assistance 48 (3.6%) 8 (2.9%) 16 (3.0%) 22 (4.6%)
Missing 155 (11.7%) 77 (27.9%) 46 (8.5%) 26 (5.5%)
Best score for
CHOP-INTEND
Median [IQR] 46 [33.8, 56.2] 44 [33, 54] 46 [35, 57.5] 51 [28.5, 64]
Missing 1105 (83.6%) 170 (61.6%) 453 (83.9%) 466 (97.9%)
Best score for
HFMS(-E)
Median [IQR] 29 [8.2, 50] 15 [3, 27] 12.5 [4, 31.2] 50 [29.8, 58]
Missing 907 (68.7%) 221 (80.1%) 372 (68.9%) 296 (62.2%)
Best score for RULM
Median [IQR] 24 [14, 36] 11.5 [8.2, 19.5] 17 [10, 24] 35.5 [26.8, 37]
Missing 967 (73.2%) 242 (87.7%) 377 (69.8%) 328 (68.9%)
Note: * indicates n < 5 patients

Skeletal deformities

A majority of SMA type 1 patients had been diagnosed with scoliosis from ages 2 (n=72; 63.7%) to 31
years (n=9; 90%), peaking within the age groups of 11 to 16 years (n=13; 100%) and 16 to 21 years (n=6;
100%). Among SMA type 1 patients younger than 2 years, 40% (n=12) of patients aged 6 to 18 months
and 35.7% (n=5) of patients aged 1.5 to 2 years had been diagnosed with scoliosis. Among SMA type 2
patients, a majority of patients in the age ranges 6-11 years (n=81; 76.4%) through 51-61 years (n=15;
93.8%) had been diagnosed with scoliosis, with the lowest proportion observed among patients aged 2 to
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6 years (n=34; 45.3%). A smaller proportion of SMA type 3 patients had been diagnosed with scoliosis,
with the majority of patients in the age groups 11-16 (n=38; 70.4%) through 31-41 years (n=25; 55.6%)
being diagnosed while 12.5% (n < 5) of patients aged 2 to 6 years and 27.6% (n=8) of patients aged older
than 60 years had been diagnosed.

Almost one third (32.2%) of SMA type 1 patients had reported at least one use of a spinal brace ever,
while 15% of SMA type 2 patients and 4% of SMA type 3 patients had reported at least one use.

Among SMA type 1 patients, surgery for scoliosis was observed among patients aged 2 to 31 years, with
the highest proportion observed among patients aged 11 to 16 years (n=8; 61.5%); the mean age at
surgery was 7 (SD=7.2) years. Among SMA type 2 patients, surgery for scoliosis was observed among
patients aged 2 to 61 years, with the majority of patients in the age groups 11-16 (n=75; 81.5%) through
31-41 years (n=24; 53.3%) having had surgery. The highest proportion of patients with surgery was
observed in the age class 16 to 21 years (n=71; 93.4%); the mean age at surgery was 18.7 (SD=13.3)
years. A smaller proportion of SMA type 3 patients had reported having surgery for scoliosis; with
surgery beginning at 6-11 years (n < 5; 7.7%), peaking in the 11 to 16 year age group (n=15; 33.3%), and
extending to the 51 to 61 year age group (n=5; 10%). The mean age at surgery for SMA type 3 patients
was 32.9 (SD=18.7) years.

Respiratory function (figures 6, 7, 8)

With respect to airway clearance assistance, a growing majority of SMA type 1 treated patients in the
age groups 0.5-1.5 years (n=16; 37.2%) through 21-31 years (n=8; 72.7%) had at least one episode of
assistance. Among SMA type 2 treated patients, a majority of patients in the age groups 6-11 years (n=68;
63.6%) through 51-61 years (n=11; 73.3%) had at least one episode of airway clearance assistance while a
majority of SMA type 3 treated patients did not require airway clearance assistance. Data were limited for
other SMA types.

Figure 6: Proportion of patients with at least one episode of air clearance assistance per class of age
in SMA 1, SMA 2 and SMA 3 treated patients

With respect to non-invasive ventilation, a majority of SMA type 1 treated patients in the age groups 1-3
months (n=12; 66.7%) through 21-31 years (n=9; 100%) had at least one episode. Among SMA type 2
treated patients, a majority of patients in the age groups 2-6 years (n=18; 90%) through 51-61 years (n=8;
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100%) had at least one episode of non-invasive ventilation, while a majority of SMA type 3 treated
patients in the age groups 41-51 (n=7; 100%) through 51-61 years (n= 9; 90%) had at least one episode.
Data were limited for other SMA types.

Figure 7: Proportion of patients with at least one episode of any non-invasive ventilation per class of
age in SMA 1, SMA 2 and SMA 3 treated patients

*Data are only displayed for age categories with sufficient sample size (i.e. > 5 cases) to report proportions. For SMA type 3, age
categories 6-11 years, 11-16 years, 21-31 years, 31-41 years, and >60 years were excluded from the figure.

With respect to full-time non-invasive ventilation, a majority of SMA type 1 patients did not have an
episode; a growing proportion of patients in the age groups 3-6 months (n < 5; 1.9%) through 11-16 years
(n < 5; 9.1%) had at least one episode of full-time non-invasive ventilation. Similarly, a majority of SMA
type 2 patients did not have an episode, with the highest proportion reported among patients aged 51 to 61
years (n < 5; 11.1%). There were no SMA type 3 patients with an episode of full-time non-invasive
ventilation.

Figure 8: Proportion of patients with at least one episode of full-time non-invasive ventilation per
class of age in SMA 1, SMA 2 and SMA 3 treated patients

Invasive ventilation has been observed primarily in SMA type 1. A majority of treated SMA type 1
patients from age categories 6 to 18 months (n=13; 81.2%) to 16 to 21 years (n < 5; 100%) had
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experienced at least one episode of any invasive ventilation. Few SMA type 2 patients, and SMA type 3
patients, (<5 patients per age category) reported invasive ventilation from 6 years and older, and from 41
years and older, respectively. Regarding full-time invasive ventilation, 60% (n=12) of SMA type 1
patients aged 6 to 11 years and 66.7% (n=6) of patients aged 11 to 16 years had experienced at least one
episode of full-time invasive ventilation. This information was limited to SMA type 1 patients.

Pulmonary infections reported as a cause of hospitalisation or as a comorbidity were rare across all age
groups and SMA type, with less than 5 cases when occurred. Respiratory physiotherapy episodes were
observed in the majority of SMA type 1 patients, starting from 1 month with increasing percentages. A
similar trend was observed in patients with SMA type 2, and very few cases (fewer than 5) in SMA 3.

Nutritional function

Exclusive feeding tube usage was most common in SMA type 1 patients with a majority of patients in the
age groups 3-6 months (n=14; 31.8%) through 6-11 years (n=14; 73.7%) experiencing at least one episode
of exclusive feeding tube usage. SMA type 2 patients experienced exclusive feeding tube usage to a lesser
extent and for older age categories in the age groups 6-11 years (n=6; 100%) through 11-16 years (n=7;
58.3%) with some cases reported until 51-61 years. No gastrostomy was observed.

Hospitalisations and deaths (table 16)

Data on the annual number of hospitalisations were missing for the majority of all treated patients (n=802;
60.7%). Among all treated patients, the median [IQR] annual number of hospitalisations was 1 [1, 2], with
identical values across SMA types 1, 2, and 3. There were insufficient data to report this variable across
other SMA types.

Causes of death were poorly reported (these data were missing for 99.8%) and the most commonly
reported ones were for “Pneumonia, organism unspecified,” “Hypovolaemic shock,” or “Instantaneous
death,” with fewer than five patients in each category.

The median event-free survival (death or permanent ventilation) was 10 months in SMA type 1 and 143
months in SMA type 2 and no event (death/permanent ventilation) has been reported in SMA 3 patients.

Table 16: Hospitalisation and event-free survival in SMA 1, SMA 2 and SMA 3 treated patients

Overall (N = 1321) SMA Type 1 (N = 276) SMA Type 2 (N = 540) SMA Type 3 (N = 476)

Annual number of
hospitalisations
Median [IQR] 1 [1, 2] 1 [1, 2] 1 [1, 2] 1 [1, 2]
Missing 802 (60.7%) 134 (48.6%) 318 (58.9%) 328 (68.9%)
Event-free survival,
death or permanent
ventilation (months)
Median [IQR] 13 [6, 35] 10 [6, 24] 143 [83, 246] -
Number (%) of censored
patients

1271 (96.2%) 235 (85.1%) 531 (98.3%) 476 (100%)

Quality of life (QoL) using patient-reported outcomes (PROs) (Table 17)

Spain PROFuture Mobility and Independence PRO at genetic report date was available for 123
(46.9%) treated patients and the median [IQR] score for the entire treated population was 44 [22.3, 66.1].
The Best score for Spain PROFuture Mobility and Independence PRO was available for 114 (43.5%)
treated patients. Among the treated patients for whom this score was reported, the median score was 39.5
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[17.8, 64.8] for overall treated patients and was the highest for SMA type 1 and the lowest for SMA type
3.

Belgium ACTIVLIM PRO at genetic report date was available for 148 (73.3%) treated patients and
the median [IQR] score for the entire treated population was -3.7 [-8.1, 0.1]. The Best score for Belgium
ACTIVLIM PRO was available for 139 (68.8%) treated patients and the median score was -3 [-8.1, 0.4]
for overall treated patients.

Table 17 - In Spain and Belgium, Quality of life (QoL) using patient-reported outcomes (PROs) in
SMA 1, SMA 2 and SMA 3 treated patients

Spain Overall (N = 262) SMA Type 1 (N = 70) SMA Type 2 (N = 119) SMA Type 3 (N = 73)

Score for Spain
PROFuture Mobility
and Independence
PRO at genetic report
date
Median [IQR] 44 [22.3, 66.1] 65.9 [46.5, 80.6] 51.5 [38.6, 67.8] 13.1 [6, 29.7]
PRO available; n (%) 123 (46.9%) 23 (32.9%) 62 (52.1%) 38 (52.1%)
Best score for Spain
PROFuture Mobility
and Independence
PRO
Median [IQR] 39.5 [17.8, 64.8] 64.5 [48.8, 80.1] 50 [28.2, 66.3] 10.9 [4.8, 27.7]
PRO available; n (%) 114 (43.5%) 22 (31.4%) 56 (47.1%) 36 (49.3%)

Belgium Overall (N = 202) SMA Type 1 (N = 29) SMA Type 2 (N = 83) SMA Type 3 (N = 77)

Score for Belgium
ACTIVLIM PRO at
genetic report date
Median [IQR] -3.7 [-8.1, 0.1] * -8.1 [-8.1, -3.9] -0.1 [-3.5, 2.5]
PRO available; n (%) 148 (73.3%) * 70 (84.3%) 69 (89.6%)
Best score for Belgium
ACTIVLIM PRO
Median [IQR] -3 [-8.1, 0.4] * -6.6 [-8.1, -3.7] 0.1 [-2.4, 2.8]
PRO available; n (%) 139 (68.8%) * 65 (78.3%) 65 (84.4%)

SMA Patients Treated with Evrysdi
Overall (Table 18), 403 patients were treated with Evrysdi across all registries. Of these patients, 64
(15.9%) had SMA Type 1, 226 (56.0%) had SMA type 2, 101 (25.1%) had SMA type 3, 1 (0.2%) had
SMA type 4, 3 (0.7%) had SMA type other, 1 (0.2%) had presymptomatic SMA, and SMA type
information was missing for 7 (1.7%) patients. The largest proportion of patients was from the
Germany/Austria registry (21.8%), followed by the United Kingdom and Ireland (20.3%), Czech
Republic and Slovakia (18.1%), Belgium (15.9%), Sweden (13.9%), and Spain (9.9%).

Males represented 46.4% of all patients. More than 50% of patients with SMA type 1 and type 3 were
males, while 57.5% of patients with SMA type 2 were females.

Methods used for genetic testing were missing for 59.1% of treated patients. Among treated patients
with non-missing data, the majority had MLPA as their method used for genetic testing (38.5%), with
similar trends observed across all SMA types. The majority (86.1%) of all treated patients had a
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homozygous deletion of exon 7 as their SMN1 variant and similar trends were observed across all SMA
types.

Table 18: Sex, registry, age at symptom onset and method used for genetic testing among patients
with SMA type 1, SMA type 2 and SMA type 3 treated with Evrysdi

Overall (N = 403) SMA Type 1 (N = 64) SMA Type 2 (N =226) SMA Type 3 (N = 101)

Sex: female / male (%) 53.6%/46.4% 46.9%/53.1% 57.5%/42.5% 47.5%/52.5%
Registry n, %
Belgium 64 (15.9%) 11 (17.2%) 38 (16.8%) 9 (8.9%)
Czech R & Slovakia 73 (18.1%) 17 (26.6%) 38 (16.8%) 16 (15.8%)
Germany & Austria 88 (21.8%) 12 (18.8%) 46 (20.4%) 30 (29.7%)
Spain 40 (9.9%) 7 (10.9%) 30 (13.3%) *
UK & Ireland 82 (20.3%) * 56 (24.8%) 20 (19.8%)
Sweden 56 (13.9%) 13 (20.3%) 18 (8.0%) 23 (22.8%)
Age at symptom onset
(years) - Median [IQR] 1 [0.5, 1.5] 0.2 [0.2, 0.4] 0.9 [0.6, 1.2] 2 [1.5, 3]

Method used for
genetic testing; n (%)
MLPA 155 (38.5%) 29 (45.3%) 74 (32.7%) 42 (41.6%)
missing 238 (59.1%) 33 (51.6%) 145 (64.2%) 58 (57.4%)
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Motor function assessment (Table 19)

Data on functional status at genetic report date was missing for the majority of patients (75.4%), with
“non-sitter” being the most common recorded functional status overall (17.4%), and across all SMA type
stratifications with available data. Data on achieved motor milestones at genetic report date was also
missing for 75.4% of patients. Of patients with data on this indicator, “hold head without support” was the
most common milestone recorded (15.1%), followed by “sit without support” (5.0%).

Data on the best functional status after treatment, as well as the best achieved motor milestone after
treatment was missing for 16.4% of patients overall. “Sitter” was the most common status recorded
overall (40.4%) and for SMA type 2 patients (58.5%). Among SMA type 1 patients, 29.7% had achieved
“non-sitter” and 29.7% had achieved “sitter.” Among SMA type 3 patients, 83.2% of patients had
achieved “walker” and 7.9% had achieved “sitter.” For the best achieved motor milestone after
treatment with a DMT, the most common milestones overall were “sit without support” (26.1%) and
“climb stairs” (15.4%). A majority (54.5%) of SMA type 3 patients achieved climbing stairs, while no
SMA type 1 patients and fewer than 5 SMA type 2 patients achieved this milestone. Among SMA type 1
patients, 23.4% achieved sitting without support and 20.3% achieved rolling onto their side. Among SMA
type 2 patients, 36.3% achieved sitting without support, while 2.2% achieved walking 10 metres without
assistance.

The best score for CHOP-INTEND was 36 [28.8, 50.2]. The median scores for patients with SMA type 1
and 2 were fairly consistent with the overall estimate. Data relating to CHOP-INTEND for other SMA
types was either limited or missing. At the report of the first best CHOP-INTEND score, the overall
median age was 2.8 [1.7, 12.6] years. The best score for HFMS(-E) was 15 [3, 34] overall, with lower
scores observed for patients with SMA type 1 (5 [0.5, 20.5]) and SMA type 2 (6 [2.8, 21.2]), and a higher
score for patients with SMA type 3 (39 [24.8, 60]). At the report of the first best HFSM(-E) score, the
overall median age was 11.2 [6.7, 15.5] years and patients with SMA type 1 were youngest with median
age being 5.2 [3.6, 11.3] years. Regarding the best score for RULM, data were missing for 72.5% of
patients. The median best recorded score increased across SMA types 1, 2, and 3, with values of 10.5 [-,
14.2], 15 [9, 22], and 36 [22, 37], respectively. At the report of the first best RULM right side score, the
median age of SMA types 1, 2, and 3 patients were 3.3 [2.8, 5] years, 10.1 [4.4, 19.2] years, and 12.8
[10.6, 14.7] years, respectively. The best score for MFM32 were missing for a majority (91.1%) of all
treated patients. The median best recorded score for SMA type 2 patients was 34.5 [26, 45.2], while the
median best recorded score for SMA type 3 patients was 46 [35.8, 69.5]. Data on the best recorded score
for HINE-2 were missing for 100% of patients. Regarding the best recorded 6MWT score, data were
missing for 93.6% of the patients. The median best scores for SMA type 3 were 485 [353, 539.8]. The
median age at the report of the first best 6MWT score for SMA type 3 was 11.2 [8.8, 12.2] years.

Table 19: Motor function assessment in patients with SMA type 1, SMA type 2 and SMA type 3
treated with Evrysdi

Overall (N = 403) SMA Type 1 (N = 64) SMA Type 2 (N =226) SMA Type 3 (N = 101)

Functional status at
genetic report; n (%)
Non-sitter 70 (17.4%) 9 (14.1%) 38 (16.8%) 22 (21.8%)
Sitter 24 (6.0%) - 22 (9.7%) *
Walker 5 (1.2%) - * *
Missing 304 (75.4%) 55 (85.9%) 164 (72.6%) 74 (73.3%)
Best functional status
before treatment; n
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(%)
Non-sitter * * * -
Sitter 7 (1.7%) - 7 (3.1%) -
Walker * - * *
Missing 391 (97.0%) 63 (98.4%) 217 (96.0%) 99 (98.0%)
Best functional status
after treatment; n (%)
Non-sitter 39 (9.7%) 19 (29.7%) 17 (7.5%) *
Sitter 163 (40.4%) 19 (29.7%) 133 (58.8%) 8 (7.9%)
Walker 135 (33.5%) * 45 (19.9%) 84 (83.2%)
Missing 66 (16.4%) 25 (39.1%) 31 (13.7%) 7 (6.9%)
Best achieved motor
milestone after
treatment; n (%)
Climb stairs 62 (15.4%) - * 55 (54.5%)
Crawl 35 (8.7%) * 32 (14.2%) *
Hold head without
support

18 (4.5%) 6 (9.4%) 10 (4.4%) *

Roll onto side 21 (5.2%) 13 (20.3%) 7 (3.1%) -
Sit without support 105 (26.1%) 15 (23.4%) 82 (36.3%) 5 (5.0%)
Stand with assistance 20 (5.0%) * 17 (7.5%) -
Stand without assistance * - * *
Unknown - - - -
Walk 10 metres without
assistance

27 (6.7%) - 5 (2.2%) 21 (20.8%)

Walk with assistance 31 (7.7%) - 30 (13.3%) *
Walk without assistance 15 (3.7%) * 6 (2.7%) 7 (6.9%)
Missing 66 (16.4%) 25 (39.1%) 31 (13.7%) 7 (6.9%)
Best score for
CHOP-INTEND
Median [IQR] 36 [28.8, 50.2] 38 [24, 46] 34 [30, 40] *
Missing 367 (91.1%) 47 (73.4%) 213 (94.2%) 99 (98.0%)
Best score for
HFMS(-E)
Median [IQR] 15 [3, 34] 5 [0.5, 20.5] 6 [2.8, 21.2] 39 [24.8, 60]
Missing 296 (73.4%) 45 (70.3%) 170 (75.2%) 73 (72.3%)
Best score for RULM
Median [IQR] 19 [10, 26] 10.5 [-, 14.2] 15 [9, 22] 36 [22, 37]
Missing 292 (72.5%) 52 (81.2%) 156 (69.0%) 74 (73.3%)
Note: * indicates n < 5 patients

Skeletal deformities

For overall patients, scoliosis diagnosis was seen in patients as young as 6-18 months. The highest
proportion of patients with a scoliosis diagnosis was in the 16-21 year age group (n=48; 100.0%). SMA
type 2 had the highest proportion of patients with scoliosis diagnosis. Overall, 20.3% of SMA type 1
patients had reported at least one use of a spinal brace ever, while 10.6% of SMA type 2 patients and
5.9% of SMA type 3 patients had reported at least one use. Surgery for scoliosis was less common for all
treated patients aged less than 6 years, whereas 50% or more of patients 11 to 40 years did have surgery
(n=17; 50% of patients aged 31-41 years to n=58; 84.1% of patients aged 11-16 years). Trends observed
for individual SMA type subgroups differed, though this may be influenced by small sample size and
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limited data within stratifications. Patients with SMA type 2 were more likely to have had surgery vs
patients overall.

Respiratory function

The proportion of patients who had ever received airway clearance assistance varied by age group, with
the highest proportion observed in the 6-11 year category (n=23; 71.9%). Airway clearance assistance was
more common in the SMA type 2 group, for age categories with available data. In general, data
availability by stratification was limited for this indicator. With respect to any non-invasive ventilation,
SMA type 1 treated patients aged 1 month to 31 years had at least one episode. Among SMA type 2
treated patients, a majority of patients aged 2 to 61 years had at least one episode of non-invasive
ventilation. Data were limited for other SMA types. Data availability was either limited or missing for any
invasive ventilation and full-time invasive ventilation, hence no interpretations were made for this
variable.

Pulmonary infections reported in cause of hospitalisation or as a comorbidity were rare (n<5 in each age
category) across all age groups. Respiratory physiotherapy was observed in patients as young as 3-6
months old, with the highest proportions observed in the 16-21 years age group (n=12; 100%) and 21-31
years age group (n=7; 100.0%). Data for SMA type stratifications was limited.

Nutritional function

Exclusive feeding tube usage was observed in patients as young as 3-6 months old, with the highest
proportions observed in the 2-6 years age group (n=11; 100%) and 6-11 years age group (n=6; 100.0%).
Data for SMA type stratifications was limited. No case of gastrostomy was noted across the different age
categories.

Hospitalisations and death

Data on annual number of hospitalisations was missing for 75.7% of patients overall. Of overall patients
with data available, the median number of annual hospitalizations was 1 [1, 1]. The highest median
number of hospitalisations was observed for SMA type 2 patients (1 [1, 1.3]). Cause of death data was
missing for 99.5% of patients overall. The event-free survival was 8 months in SMA type 1 and 120
months in SMA type 2 and no event (i.e., death or permanent ventilation) in SMA type 3. For the
incidence rate of comorbidities per patient-year, zero comorbidities were noted in the overall group.

Quality of life (QoL) using patient-reported outcomes (PROs)

Spain PROFuture Mobility and Independence PRO at genetic report date was missing for 94.5% of
the overall population, and the median score for the remaining patients with data was 57 [47.2, 74.8]. The
Best score for Spain PROFuture Mobility and Independence PRO at genetic report was missing for
95.0% of treated patients. Among the treated patients, the Best score for Spain PROFuture Mobility and
Independence PRO was only reported for SMA type 2 (54.5 [40.9, 67.3]).

Belgium ACTIVLIM PRO at genetic report date was missing for 88.6% of the overall population, and
median score for overall patients with data was -5.6 [-8.1, -3.1]. The Best score for Belgium
ACTIVLIM PRO was missing for 91.6% of treated patients and the median score was -5.3 [-8.1, -2.5]
for overall treated patients.

SMA Patients Treated with Spinraza

Overall (Table 20), there were 1,003 patients treated with Spinraza across all registries. Of these patients,
215 (21.4%) had SMA Type 1, 363 (36.2%) had SMA type 2, 411 (41.0%) had SMA type 3, 8 (0.8%) had
SMA type 4, 1 (0.1%) had SMA type other, 2 (0.2%) had presymptomatic SMA, and SMA type
information was missing for 3 (0.3%) patients.
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The largest proportion of patients was from the Germany/Austria registry (22.5%), followed by Spain
(22.2%), Czech Republic and Slovakia (21.1%), Belgium (15.7%), Sweden (10.7%), and United
Kingdom and Ireland (7.8%),

Males represented 52.9% of all patients and a similar trend was observed across the SMA types.

Methods used for genetic testing were missing for 69.2% of treated patients. Among treated patients
with non-missing data, the majority had MLPA as their method used for genetic testing (29.3%), with
similar trends observed across all SMA types. The majority (90.0%) of all treated patients had a
homozygous deletion of exon 7 as their SMN1 variant and similar trends were observed across all SMA
types.

Table 20: Sex, registry, age at symptom onset and method used for genetic testing among patients
with SMA type 1, SMA type 2 and SMA type 3 treated with Spinraza

Overall (N =1003) SMA Type 1 (N =215 ) SMA Type 2 (N =363) SMA Type 3 (N = 411)

Sex: female / male (%) 47.1%/52.9% 42.3%/57.7% 49.6%/50.4% 47.0%/53.0%
Registry n, %
Belgium 157 (15.7%) 23 (10.7%) 57 (15.7%) 70 (17.0%)
Czech R & Slovakia 212 (21.1%) 58 (27.0%) 71 (19.6%) 80 (19.5%)
Germany & Austria 226 (22.5%) 41 (19.1%) 77 (21.2%) 106 (25.8%)
Spain 223 (22.2%) 56 (26.0%) 97 (26.7%) 70 (17.0%)
UK & Ireland 78 (7.8%) 15 (7.0%) 20 (5.5%) 43 (10.5%)
Sweden 107 (10.7%) 22 (10.2%) 41 (11.3%) 42 (10.2%)
Age at symptom onset
(years) - Median [IQR] 1 [0.5, 2] 0.2 [0.1, 0.3] 0.8 [0.6, 1.1] 3 [1.5, 6]

Method used for
genetic testing; n (%)
MLPA 294 (29.3%) 54 (25.1%) 96 (26.4%) 133 (32.4%)
missing 694 (69.2%) 159 (74.0%) 264 (72.7%) 269 (65.5%)

Motor function assessment (table 21)

Data on functional status at genetic report date was missing for the majority of overall patients
(74.2%), with remaining patients as “non-sitter” (16.0%), “walker” (5.3%) and “sitter” (4.6%). Data on
achieved motor milestones at genetic report date was also missing for 74.2% of patients. Of the
remaining patients with data on this indicator, “hold head without support” (13.2%) was the most
common milestone recorded followed by “sit without support” (3.9%).

Data on the best functional status after treatment, as well as best achieved motor milestones after
treatment was missing for 9.6% of patients overall. “Walker” was the most common status recorded
overall (49.1%), followed by “sitter” (34.1%). A higher proportion of patients achieved “walker” status in
the SMA type 3 group (87.1%). For best achieved motor milestones after treatment, the most common
milestone overall was “climb stairs” (28.0%), followed by “sit without support” (22.6%). A majority
(63.5%) of SMA type 3 patients achieved climbing stairs, while fewer than 5 SMA type 1 patients
achieved this milestone. Among patients with SMA type 2, 40.5% and 32.1% of patients with SMA type
1 achieved “sit without support”.

The best score for CHOP-INTEND was 44 [32.8, 55.2]. The median scores for patients with SMA type 1
and 2 were fairly consistent with the overall estimate, while the score was higher for SMA type 3 (61 [39,
64]). Data relating to CHOP-INTEND for other SMA types was either limited or missing. At the report of
the first best CHOP-INTEND score, the overall median age was 3.3 [1.9, 7.3] years. The median best
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score for HFMS(-E) score was 31 [11, 51] overall, with a highest score for patients with SMA type 3 (50
[29, 58]). At the report of the first best HFSM(-E) score, the overall median age was 10.2 [5.4, 20.8] years
and patients with SMA type 1 were youngest with median age being 3.8 [2.5, 5.2] years. Regarding the
best recorded score for RULM, data were missing for 72.3% of patients. The median best recorded score
increased across SMA types 1, 2, and 3, with values of 12 [9, 21.8], 18 [11.2, 25], and 35 [27, 37],
respectively. At the report of the first best RULM right side score, the median age of SMA types 1, 2, and
3 patients were 4.1 [3.3, 6.2], 9.5 [5.2, 16.8], and 12.5 [8.8, 14.6] years, respectively. Data surrounding the
best recorded score for MFM32 were missing for a majority (95.3%) of all treated patients. The median
best recorded score for SMA type 2 patients was 39 [33, 48], while the median best recorded score for
SMA type 3 patients was 84 [69, 91]. Data on the best recorded score for HINE-2 were missing for
99.9% of patients. Regarding the best recorded 6MWT score, data were missing for 89.8% of the
patients. The median best scores for SMA type 3 was 376 [269, 458]. The median age at the report of the
first best 6MWT score for SMA type 3 was 17.6 [10.4, 29.1] years.

Table 21: Motor function assessment in patients with SMA type 1, SMA type 2 and SMA type 3
treated with Spinraza

Overall (N =1003) SMA Type 1 (N =215 ) SMA Type 2 (N =363) SMA Type 3 (N = 411)

Functional status at
genetic report; n (%)
Non-sitter 160 (16.0%) 19 (8.8%) 89 (24.5%) 51 (12.4%)
Sitter 46 (4.6%) * 36 (9.9%) 8 (1.9%)
Walker 53 (5.3%) - * 49 (11.9%)
Missing 744 (74.2%) 194 (90.2%) 234 (64.5%) 303 (73.7%)
Best functional status
before treatment; n
(%)
Non-sitter * * * -
Sitter 10 (1.0%) - 10 (2.8%) -
Walker 16 (1.6%) - * 13 (3.2%)
Missing 975 (97.2%) 214 (99.5%) 350 (96.4%) 398 (96.8%)
Non-sitter 73 (7.3%) 46 (21.4%) 19 (5.2%) 6 (1.5%)
Sitter 342 (34.1%) 90 (41.9%) 230 (63.4%) 22 (5.4%)
Walker 492 (49.1%) 28 (13.0%) 95 (26.2%) 358 (87.1%)
Missing 96 (9.6%) 51 (23.7%) 19 (5.2%) 25 (6.1%)
Best achieved motor
milestone after
treatment; n (%)
Climb stairs 281 (28.0%) * 11 (3.0%) 261 (63.5%)
Crawl 63 (6.3%) * 51 (14.0%) 8 (1.9%)
Hold head without
support

25 (2.5%) 7 (3.3%) 13 (3.6%) *

Roll onto side 48 (4.8%) 39 (18.1%) 6 (1.7%) *
Sit without support 227 (22.6%) 69 (32.1%) 147 (40.5%) 11 (2.7%)
Stand with assistance 43 (4.3%) 17 (7.9%) 26 (7.2%) -
Stand without assistance 9 (0.9%) - 6 (1.7%) *
Unknown - - - -
Walk 10 metres without
assistance

94 (9.4%) * 11 (3.0%) 77 (18.7%)
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Walk with assistance 77 (7.7%) 14 (6.5%) 62 (17.1%) *
Walk without assistance 40 (4.0%) 8 (3.7%) 11 (3.0%) 19 (4.6%)
Missing 96 (9.6%) 51 (23.7%) 19 (5.2%) 25 (6.1%)
Best score for
CHOP-INTEND
Median [IQR] 44 [32.8, 55.2] 42.5 [29, 52] 45 [36, 56] 61 [39, 64]
Missing 831 (82.9%) 127 (59.1%) 290 (79.9%) 403 (98.1%)
Best score for
HFMS(-E)
Median [IQR] 31 [11, 51] 14 [4.2, 25.2] 14 [4, 33] 50 [29, 58]
Missing 669 (66.7%) 185 (86.0%) 232 (63.9%) 243 (59.1%)
Best score for RULM
Median [IQR] 26.5 [16, 37] 12 [9, 21.8] 18 [11.2, 25] 35 [27, 37]
Missing 725 (72.3%) 189 (87.9%) 253 (69.7%) 276 (67.2%)
Note: * indicates n < 5 patients

Skeletal deformities

Relating to scoliosis diagnosis, overall patients aged 6 months to 51 years, the majority in each age group
had a scoliosis diagnosis. The same was true across SMA types, where data was available. The highest
proportion of patients with a scoliosis diagnosis was in the 16-21 year age group (n=73; 89.0%). Overall,
34.4% of SMA type 1 patients had reported at least one use of a spinal brace ever, while 19.3% of SMA
type 2 patients and 3.9% of SMA type 3 patients had reported at least one use. Surgery for scoliosis was
less common for all treated patients across the SMA types aged less than 6 years and aged 51 years and
older. Proportions of patients undergoing surgery for scoliosis was highest in the 11-16 years age group
[  n=62 (59.0%)]. Patients with SMA type 2 were more likely to have had surgery vs patients overall.

Respiratory function

The proportion of patients who had ever received airway clearance assistance varied by age group, with
the highest count observed in the 6-11 year category (n=80; 54.1%). Airway clearance assistance was
more common for patients with SMA type 1 aged less than 16 years and SMA type 2 aged 6 years and
older. With respect to any non-invasive ventilation, a majority of SMA type 1 treated patients in the age
groups 1-3 months (n=10; 62.5%) through 16-21 years (n=5; 100%) had at least one episode. Among
SMA type 2 treated patients, a majority of patients in the age groups 2-6 years (n=17; 89.5%) through
31-41 years (n=11; 100%) had at least one episode of non-invasive ventilation. Data were limited for
other SMA types. Data availability was limited for any invasive ventilation and full-time invasive
ventilation. At least one episode of full time invasive ventilation was most commonly observed in
patients aged 2-6 years (n=12; 37.5%) and 6-11 years old (n=10; 58.8%) with SMA type 1. Limited data
was available for other SMA type stratifications.

Pulmonary infections reported in cause of hospitalisation or as a comorbidity was rare across all age
groups, with the highest proportion reported in the 2-6 year age group (n=6; 4.4%). Occurrence of
respiratory physiotherapy was observed in patients as young as 1-3 months old, with the highest
proportion observed in the 11-16 years age group (n=32; 86.5%). Data for SMA type stratifications was
limited.

Nutritional function

Exclusive feeding tube usage was observed in overall patients aged from 1 months through 51 years
overall and was highest specifically in the 6-11 year age category (n=16; 80.0%). No cases of
gastrostomy were noted.

Hospitalisations and death
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Data on annual number of hospitalisations was missing for 59.6% of patients overall. Of overall patients
with data available, the median number of annual hospitalizations was 1 [1, 2]. Cause of death data was
missing for 99.8% of patients overall; no summary statistics were calculated. The event-free survival was
10 months among SMA type 1 patients and no events (i.e., death or permanent ventilation) were observed
in other SMA types. For the incidence rate of comorbidities per patient-year, rates of 0 were observed for
all the conditions.

Quality of life (QoL) using patient-reported outcomes (PROs)

Spain PROFuture Mobility and Independence PRO at genetic report date was missing for 89.4% of
the overall population. Of overall patients with data available, the median score for Spain PROFuture
Mobility and Independence PRO at genetic report date was 40.1 [18.3, 64.8]. The Best score for Spain
PROFuture Mobility and Independence PRO at genetic report was missing for 90.3% of treated
patients. The overall median Best score for Spain PROFuture Mobility and Independence PRO was 37.5
[15.5, 60.6].

Belgium ACTIVLIM PRO at genetic report date was missing for 88.4% of the overall population. Of
overall patients with data available, the median score for Belgium ACTIVLIM PRO at genetic report was
-3.5 [-8.1, 0.8]. The Best score for Belgium ACTIVLIM PRO was missing for 89.1% of treated patients
and the median score was -2.4 [-8.1, 1.2] for overall treated patients.

SMA Patients Treated with Zolgensma
Overall (Table 22), 101 patients were treated with Zolgensma across all registries, with SMA type 1
having 68 (67.3%) patients, SMA type 2 having 22 (21.8%) patients, SMA type 3 having 4 (4.0%)
patients, SMA type 4 having 0 patients, SMA type other having 1 (1%) patients, SMA type
presymptomatic having 6 (5.9%) patients, and SMA type missing having 0 patients. Out of all patients
that were treated with Zolgensma, the largest proportion of patients were included from the Czech
Republic and Slovakia registries (42.6%), followed by the United Kingdom and Ireland (17.8%),
Germany and Austria (16.8%), Spain (10.9%), Belgium (6.9%), and Sweden (5.0%).

Males represented 61.4% of all patients. More than 50% of patients with SMA type 1 were males, while
54.5% of patients with SMA type 2 were females. Data was missing for other SMA types.

Methods used for genetic testing were missing for 56.4% of treated patients. Among treated patients
with non-missing data, the majority had MLPA as their method used for genetic testing (42.6%), with
similar trends observed across all SMA types. The majority (86.1%) of all treated patients had a
homozygous deletion of exon 7 as their SMN1 variant and similar trends were observed across all SMA
types.

Table 22: Sex, registry, age at symptom onset and method used for genetic testing among patients
with SMA type 1, SMA type 2 and SMA type 3 treated with Zolgensma

Overall (N = 101) SMA Type 1 (N = 68) SMA Type 2 (N = 22) SMA Type 3 (N = 4)

Sex: female / male (%) 38.6%/61.4% 36.8%/63.2% 54.5%/45.5% *
Registry n, %
Belgium 7 (6.9%) * * -
Czech R & Slovakia 43 (42.6%) 22 (32.4%) 12 (54.5%) *
Germany & Austria 17 (16.8%) 12 (17.6%) 5 (22.7%) -
Spain 11 (10.9%) 11 (16.2%) - -
UK & Ireland 18 (17.8%) 15 (22.1%) * -
Sweden 5 (5.0%) * * -
Age at symptom onset 0.2 [0.1, 0.5] 0.2 [0.1, 0.3] 0.8 [0.5, 0.8] *
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(years) - Median [IQR]
Method used for
genetic testing; n (%)
MLPA 43 (42.6%) 24 (35.3%) 10 (45.5%) *
missing 57 (56.4%) 44 (64.7%) 11 (50.0%) *

Motor function assessment (Table 23)

With respect to functional status at genetic report, data were missing for a majority (88.1%) of all
Zolgensma-treated patients. However, among 12 treated patients with non-missing data, all had non-sitter
as their functional status, which held true across SMA types 1 and 2. There was also a large extent of
missingness for best achieved functional status and best achieved motor milestone, with data missing for
100% of all Zolgensma-treated patients. With respect to best functional status after treatment with
Zolgensma, data were missing for 13.9% of all patients. Among SMA type 1 patients, 42.6% had
achieved “sitter” status,” followed by 27.9% of patients who achieved “non-sitter” status and 11.8% of
patients who achieved “walker” status. Among SMA type 2 patients, 63.6% had achieved “sitter” status,
followed by 31.8% of patients who had achieved “walker” status. Data on the best achieved motor
milestone after treatment with Zolgensma were missing for 13.9% of patients. Among SMA type 1
patients, 26.5% had achieved sitting without support, 25% had achieved rolling onto their side, and 11.8%
had achieved standing with assistance. Among SMA type 2 patients, 27.3% had achieved sitting without
support and 27.3% had achieved crawling.

Data on the best score for CHOP-INTEND were missing for 59.4% of patients treated with
Zolgensma.The median [IQR] best score for CHOP-INTEND for all patients was 53 [39, 60], while SMA
types 1, 2, and presymptomatic patients had best scores of 46.5 [34.2, 54], 60 [54, 64], and 62 [36, 62],
respectively. At the report of the first best CHOP-INTEND score, the overall median age was 1.7 [0.8,
2.2] years. Data on the best score for HFMS(-E) were missing for 75.2% of the Zolgensma-treated
population. For the overall population, the median [IQR] best recorded score for HFMS(-E) was 41 [33,
53]. Among SMA type 1 and type 2 patients, the median [IQR] best recorded scores were 38 [12, 59] and
37.5 [34, 42.5], respectively. At the report of the first best HFSM(-E) score, the overall median age was
2.5 [1.8, 3] years. Regarding the best recorded score for RULM, data were missing for 95.0% of patients.
The overall median best recorded score score for RULM was 28 [14, 31]. Data surrounding the best
recorded score for MFM32 were missing for all treated patients. Data on the best recorded score for
HINE-2 and 6MWT were limited and missing for the majority of the patients, hence, no interpretations
were made.

Table 23: Motor function assessment in patients with SMA type 1, SMA type 2 and SMA type 3
treated with Zolgensma

Overall (N = 101) SMA Type 1 (N = 68) SMA Type 2 (N = 22) SMA Type 3 (N = 4)

Functional status at
genetic report; n (%)
Non-sitter 12 (11.9%) 6 (8.8%) 6 (27.3%) -
Sitter - - - -
Walker - - - -
Missing 89 (88.1%) 62 (91.2%) 16 (72.7%) *
Best functional status
before treatment; n
(%)
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Non-sitter - - - -
Sitter - - - -
Walker - - - -
Missing 101 (100.0%) 68 (100.0%) 22 (100.0%) *
Best functional status
after treatment; n (%)
Non-sitter 21 (20.8%) 19 (27.9%) * -
Sitter 45 (44.6%) 29 (42.6%) 14 (63.6%) -
Walker 21 (20.8%) 8 (11.8%) 7 (31.8%) *
Missing 14 (13.9%) 12 (17.6%) - -
Best achieved motor
milestone after
treatment; n (%)
Climb stairs 5 (5.0%) - * *
Crawl 11 (10.9%) * 6 (27.3%) -
Hold head without
support

* * - -

Roll onto side 19 (18.8%) 17 (25.0%) * -
Sit without support 24 (23.8%) 18 (26.5%) 6 (27.3%) -
Stand with assistance 10 (9.9%) 8 (11.8%) * -
Stand without assistance - - - -
Unknown - - - -
Walk 10 metres without
assistance

5 (5.0%) * * -

Walk with assistance 7 (6.9%) * * -
Walk without assistance * * * *
Missing 14 (13.9%) 12 (17.6%) - -
Best score for
CHOP-INTEND
Median [IQR] 53 [39, 60] 46.5 [34.2, 54] 60 [54, 64] -
Missing 60 (59.4%) 42 (61.8%) 13 (59.1%) *
Best score for
HFMS(-E)
Median [IQR] 41 [33, 53] 38 [12, 59] 37.5 [34, 42.5] *
Missing 76 (75.2%) 57 (83.8%) 14 (63.6%) -
Best score for RULM
Median [IQR] 28 [14, 31] * * -
Missing 96 (95.0%) 66 (97.1%) 19 (86.4%) *
Note: * indicates n < 5 patients

Skeletal deformities

Data on scoliosis diagnoses were available only for Zolgensma-treated patients aged 6 months to 6 years.
A majority of overall patients had not been diagnosed with scoliosis, however, a majority (n=14; 53.8%)
of SMA type 1 patients aged 2 to 6 years had been diagnosed with scoliosis. Overall, 27.9% of SMA type
1 patients had reported at least one use of a spinal brace ever, data relating to other SMA types were
missing. Data on surgery for scoliosis were also limited to Zolgensma-treated patients aged 6 months to
6 years, with 100% of patients never having had surgery.

Respiratory function

Information regarding airway clearance assistance was available only for Zolgensma-treated patients
aged 1 month to 6 years. A majority of overall patients did not have at least one episode of airway
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clearance assistance. However, among SMA type 1 patients aged 2 to 6 years, 66.7% (n=12) of patients
had at least one episode of airway clearance assistance. Among SMA type 2 patients aged 1.5 to 2 years,
100% (n=6) of patients did not have at least one episode of airway clearance assistance. With respect to
any non-invasive ventilation, a majority of SMA type 1 patients in age categories 3-6 months to 2-6
years had at least one episode, peaking in the 6-18 month age category (n=18; 94.7%). Data were
unavailable for other SMA types. Data on any invasive ventilation were not available for any
Zolgensma-treated patients.

All treated patients across all available age categories (1 to 3 months to 2 to 6 years) did not have
pulmonary infections reported in cause of hospitalisation or as a comorbidity, a trend largely driven by
SMA type 1 patients. For SMA type 2 patients, this variable was reported only for the age category of 2 to
6 years, among whom 100% (n=7) of patients did not have pulmonary infections reported in cause of
hospitalisation or as a comorbidity. Data on respiratory physiotherapy were available for SMA type 1
patients from age categories 6 to 18 months to 2 to 6 years. A majority of these patients had experienced
at least one episode of respiratory physiotherapy. The 2 to 6 years age category had the highest proportion
(n=9; 75%) of patients with at least one episode of respiratory physiotherapy.

Nutritional function

Exclusive feeding tube usage was reported for SMA type 1 patients from age categories 6 to 18 months
to 2 to 6 years. Among patients aged 6 to 18 months and 1.5 to 2 years, a majority (n=8; 61.5% and n=9;
64.3%, respectively) did not have at least one episode of exclusive feeding tube usage. Half (n=9) of
patients aged 2 to 6 years had at least one episode of exclusive feeding tube usage. All patients treated
with Zolgensma aged 1 month to 6 years (age categories for which data were reported) did not have a
gastrostomy.

Hospitalisations and death

Data surrounding the annual number of hospitalisations were missing for 47.5% of all Zolgensma-treated
patients. Among all treated patients, the median [IQR] annual number of hospitalisations was 1 [1, 1.3],
while the median [IQR] annual number of hospitalisations for SMA types 1 and 2 were 1 [1, 1] and 1.2 [1,
2], respectively. There were insufficient data to report this variable across other SMA types. With regard
to causes of death, these data were missing for 100% of all treated patients. Event-free survival has not
been estimated because no event (i.e., death or permanent ventilation) has been reported in the Zolgensma
group. For the incidence rate of comorbidities per patient-year, a rate of 0 was observed for each
comorbidity.

Quality of life (QoL) using patient-reported outcomes (PROs)

Data on the score for Spain PROFuture Mobility and Independence PRO at genetic report date was
missing for 99% of the overall population, and data on the score for Belgium ACTIVLIM PRO at
genetic report date was missing for 100% of the overall population.

10.4.3. Description of SMA healthcare management

Please note that all results are available in a stand-alone document - Appendix G (“Objective 2
(Healthcare) Results 2024_03_13”), submitted along with this report. Additional sub-group analyses are
also available in Appendix G (“Supplementary Results Objective 2 (Healthcare) 2024_03_13”).

10.4.3.1 Evolution of diagnosis methods and of medicinal and non-medicinal treatment over time.

This objective was described in the ALL cohort (i.e., 2188 patients).
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Methods used to diagnose SMA over time
For SMN1 copy and SMN 2 copy, we observed a similar testing method across calendar years from
before 2011 until 2023 with the most common methods being MLPA; this trend was consistent across
SMA types as well.

Evolution of medicinal treatment over time:

● Use of DMT (figure 8 in 10.4.3.2) has started in 2014/16 with few users initially (8.2% in SMA
type 1 and very few or no users in other SMA types), followed by a yearly increase until 2021
(81.9% of DMT users in SMA type 1, 67.5% in SMA 2 and 63.6% in SMA 3).

● The use of listed comedications (Vit D, Calcium, bisphosphonates, drugs for constipation, for
gastroesophageal reflux, …) has started from 2014/16 with around 10% of users until 2019, and
then increasing to 18-20% in 2021 similarly across SMA types.

● Annual influenza vaccination has been in place since 2014 in around 20-30% of patients per
year and similarly between SMA types.

● Pneumococcal vaccination has been reported in very few patients (less than 5 per year)
irrespective of SMA type.

Evolution of non-medicinal treatment over time:

● With respect to any ventilation, before 2011 fewer than 5 patients across all types of SMA
reported at least one episode of any ventilation. There were 34 (8.7%) patients across all SMA
type from 2011-2013, 97 (11.1%) patients from 2014-2016, 153 (15.3%) patients in 2017, 285
(20.2%) patients in 2018, 320 (20.3%) patients in 2019, 445 (26.3%) patients in 2020, 369
(24.7%) patients in 2021, 295 (22.9%) patients in 2022, and 156 (19.9%) patients in 2023.
Ventilation usage in SMA type 1 has evolved from 18.8% in 2011/13 to 57.0% in 2020, in SMA
type 2 from 10.3% in 2011/13 to 32.2% in 2020. In other SMA types, usage of ventilation has
remained low over time.

● Regarding wheelchair usage, before 2011, 51 (56.0%) patients across all types of SMA reported
at least one episode of wheelchair usage. There were 207 (53.2%) patients across all SMA type
with at least one episode of wheelchair usage from 2011-2013, 558 (64.0%) patients from
2014-2016, 630 (63.1%) patients in 2017, 899 (63.8%) patients in 2018, 957 (60.6%) patients in
2019, 995 (58.7%) patients in 2020, 990 (66.2%) patients in 2021, 810 (62.9%) patients in 2022,
and 454 (57.9%) patients in 2023. Wheelchair usage in SMA type 1 increased from 21.9% (n=14)
in 2011/13 to 63.6% (n=152) in 2022, in SMA type 2 from 66.7% (n=32) before 2011 to 72.8%
(n=409) in 2022, in SMA type 3 approximately 50% of patients consistently reported wheelchair
usage across all the calendar years. The data were limited for other SMA types.

● Feeding tube usage was reported in patients with SMA type 1 and SMA type 2 starting in
2011/2013. There were 24 (6.2%) patients across all SMA type with at least one episode of
feeding tube usage from 2011-2013, 82 (9.4%) patients from 2014-2016, 65 (6.5%) patients in
2017, 137 (9.7%) patients in 2018, 146 (9.2%) patients in 2019, 154 (9.1%) patients in 2020, 144
(9.6%) patients in 2021, 115 (8.9%) patients in 2022, and 54 (6.9%) patients in 2023. Feeding
tube usage in SMA type 1 increased from 25.0% in 2011/13 to 40.6% in 2021, in SMA type 2
from 4.6% 2011/2013 to 6.0% in 2021. The data were limited for other SMA types.

At least one rehabilitative intervention (Table 24)

All rehabilitative interventions have been reported in approximately half of patients (i.e., 55% of
missing).

36.9% of patients had at least one muscular physiotherapy, similarly across all SMA types. Other
rehabilitative interventions (i.e., respiratory physiotherapy, contracture management, spinal brace

Confidential 108



NI-PASS Study Report EUPAS50476 Version 5.1

and speech therapy), have been more reported in SMA type 1 patients than in SMA type 2 and SMA
type 3.

Table 24: Usage of rehabilitative interventions in SMA1, SMA2 and SMA3

Overall
(N=2188)

SMA Type 1
(N=432)

SMA Type 2
(N=914)

SMA Type 3
(N=779)

All - At least one episode of muscular
physiotherapy ever (n, %)
no 171 (7.8%) 14 (3.2%) 76 (8.3%) 78 (10.0%)
yes 808 (36.9%) 173 (40.0%) 355 (38.8%) 270 (34.7%)
missing 1209 (55.3%) 245 (56.7%) 483 (52.8%) 431 (55.3%)
At least one episode of respiratory
physiotherapy ever (n, %)
no 702 (32.1%) 87 (20.1%) 285 (31.2%) 317 (40.7%)
yes 277 (12.7%) 100 (23.1%) 146 (16.0%) 31 (4.0%)
missing 1209 (55.3%) 245 (56.7%) 483 (52.8%) 431 (55.3%)
At least one episode of contracture
management using orthotics ever (n, %)
no 577 (26.4%) 59 (13.7%) 233 (25.5%) 273 (35.0%)
yes 402 (18.4%) 128 (29.6%) 198 (21.7%) 75 (9.6%)
missing 1209 (55.3%) 245 (56.7%) 483 (52.8%) 431 (55.3%)
At least one episode of spinal brace ever
(n, %)
no 768 (35.1%) 97 (22.5%) 334 (36.5%) 325 (41.7%)
yes 211 (9.6%) 90 (20.8%) 97 (10.6%) 23 (3.0%)
missing 1209 (55.3%) 245 (56.7%) 483 (52.8%) 431 (55.3%)
At least one episode of speech therapy
ever (n, %)
no 802 (36.7%) 85 (19.7%) 378 (41.4%) 326 (41.8%)
yes 177 (8.1%) 102 (23.6%) 53 (5.8%) 22 (2.8%)
missing 1209 (55.3%) 245 (56.7%) 483 (52.8%) 431 (55.3%)

10.4.3.2 DMTs use patterns

Overall (see figure 9), 1321 patients received at least one DMT, 1003 patients were treated with
Spinraza, 403 by Evrysdi and 101 by Zolgensma.
Overall, 19 (2.2%) patients were treated with at least one DMT from 2014 to 2016, 122 (12.2%) in 2017,
488 (34.7%) in 2018, 717 (45.4%) in 2019, 901 (53.2%) in 2020, 1023 (68.4%) in 2021, 851 (66.1%) in
2022 and 454 (58.0%) in 2023. The total number of patients being treated with at least one DMT peaked
in the year 2021 (n=1023), with SMA type 1 having 208 (81.9%) treated patients with at least one DMT,
SMA type 2 having 447 (67.5%) patients, SMA type 3 having 350 (63.6%) patients, SMA type 4 having 7
(50%) patients, SMA type other and SMA type presymptomatic having less than 5 patients, and SMA
type missing having 6 (66.7%) patients.
Of note, some patients started receiving DMT from 2014, before the respective marketing authorization.
This exposure to DMT corresponds to patients exposed in clinical trials.
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Figure 9: Proportion of patients treated with at least one DMT over time in SMA 1, SMA 2 and
SMA 3

Treated with Spinraza (Figure 10):

1003 patients have been treated at least once with Spinraza. Between 2014-2016, 19 (5.3%) patients
were treated with Spinraza across all SMA types, 117 (23.4%) patients in 2017, 454 (55.2%) in 2018, 669
(68.7%) in 2019, 799 (73.2%) patients in 2020, 760 (67.5%) patients in 2021, 544 (56.9%) patients in
2022, 261 (46.1%) patients in 2023. A higher proportion of patients with SMA type 1 compared to other
types were treated with Spinraza across all calendar periods.
The mean time between “Genetic report date” and “first Spinraza administration date” was 71.2
months; ranging from 18.4 months in SMA 1, 77.4 months in SMA 2 and 97 months in SMA 3.
Regarding the treatment duration for Spinraza, the overall mean duration once on the market steadily
decreased from 2017 to 2022 spanning from 61.6 months to 10.4 months. Conversely, the treatment
discontinuation for Spinraza increased over time; very few patients in 2017 (<5) to 100% in 2022.
Reasons for discontinuation were mainly driven by “Elective choice” but other reasons have been
reported in less than 10% of cases as Insufficient benefit, “Insufficient initial improvement, Loss of
response, Scoliosis, Side effects from drug, Side effects from procedure”.
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Figure 10: Proportion of patients with Spinraza intake over time in SMA 1, SMA 2 and SMA 3

Treated with Zolgensma (Figure 11):
101 patients have been treated with Zolgensma. In 2018, less than 5 patients were treated with
Zolgensma across all SMA types, 7 (0.7%) in 2019, 29 (2.7%) patients in 2020, 61 (5.4%) patients in
2021, 76 (7.9%) patients in 2022, 42 (7.4%) patients in 2023. A higher proportion of patients with SMA
type 1 were treated with Zolgensma across all calendar periods than all other SMA types, whereas none of
the patients with SMA type 4 were treated with Zolgensma. Adequate dose regarding weight at
administration is poorly reported.

Confidential 111



NI-PASS Study Report EUPAS50476 Version 5.1

Figure 11: Proportion of patients with Zolgensma intake over time in SMA 1, SMA 2 and SMA 3

Treated with Evrysdi (Figure 12):
403 patients have been treated at least once with Evrysdi. In 2017, 5 (1.0%) patients were treated with
Evrysdi across all SMA types, 32 (3.9%) patients in 2018, 44 (4.5%) in 2019, 105 (9.6%) patients in
2020, 244 (21.7%) patients in 2021, 296 (31.0%) patients in 2022, 152 (26.9%) patients in 2023. A higher
proportion of patients with SMA type 2 were treated with Evrysdi across all calendar periods.
Regarding treatment duration for Evrysdi, the overall mean duration in 2017 was 63 months (SD=16.9)
across the SMA types. The mean duration of treatment steadily decreased over the years, in 2022 the
mean treatment duration for Evrysdi was 11.5 months (SD=3.1). Regarding treatment discontinuation,
overall, 5 (100%) patients in 2021 discontinued the treatment and the mean duration of treatment was 4
months (SD=1.9) among patients with discontinuation. In 2022, 9 (81.8%) patients discontinued the
treatment and the mean duration of treatment was 11 months (SD=7.3). Data on discontinuation was
missing (or present in less than 5 patients) for all other calendar years.

Reasons for discontinuation were mainly driven by “Elective choice” across the SMA types and
calendar years. Other reasons have been reported were, “Availability, Scoliosis, Insufficient Benefit, Side
effects from procedure”.
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Figure 12: Proportion of patients with Evrysdi intake over time in SMA 1, SMA 2 and SMA 3

The number of patients treated with more than one DMT was low, starting from 2020 with 34 patients,
(2.1%) to 2022 with 69 patients (7.2%). Relating to treatment in combination with Spinraza and
Zolgensma, less than 5 patients across the SMA types were treated with the combination in 2019, 16
(1.5%) patients in 2020, 17 (1.5%) patients in 2021, 8 (0.8%) patients in 2022 and 5 (0.9%) patients in
2023. A higher proportion of the patients with SMA type 1 received treatment with Spinraza and
Zolgensma compared to other types. With regard to treatment in combination with Spinraza and Evrysdi,
less than 5 patients overall were treated with the combination in 2019, 17 (1.6%) in 2020, 28 (2.5%) in
2021, 56 (5.9%) in 2022, and 0 in 2023. Relating to treatment with a combination of Zolgensma and
Evrysdi, very few patients were treated with these combinations across all SMA types and across all
calendar periods. Also, the data were limited or missing for SMA type 4, SMA type other, SMA type
presymptomatic, and those with missing SMA type.

10.5. Exploratory analyses: Interrupted time series analysis

All the ITS implementation, model validation and detailed results have been described in the full ITS
report (Provided as stand-alone document).

Number of patients per quarter who have died, started full time ventilation for the first time and the
composite outcome was plotted (Figure 13) allowing the following initial observations:

• Prior to 2012-01-01, only one death was recorded across all registries and the number of recorded
deaths has steadily increased over time.

• The number of patients receiving full time ventilation for the first time was increasing until about
2017, where the numbers started to decrease.

• For the composite outcome, numbers are quite small pre 2012 and then start to rise until about
2015 where numbers become fairly stable.

• For each quarter, the number of events is typically quite small (less than 5 cases).

Confidential 113



NI-PASS Study Report EUPAS50476 Version 5.1

Figure 13. Time series of patients who have died, started full time ventilation for the first time and
the composite outcome.

Note: Vertical lines are superimposed at the start of the quarter following DMT availability on the
market. Solid blue like is a Loess curve, with corresponding grey 95% confidence interval for the mean
number of events per quarter.

Based on these initial observations, including limitation to the very few number of quarterly outcomes,
various ITS models were applied and based on the most appropriate GLM model the following trends
have been observed:

- After the introduction of Spinraza (i.e., after 2017-07-01), a statistically significant (at the 5%
level) reduction in the numbers of patients first receiving full time ventilation was observed
(Figure 14), and also a statistically significant reduction in the composite outcome (Figure 15).
No change has been observed for the number of patients who died per quarter.

- Following Zolgensma introduction (i.e., 2020-07-01), none of the coefficients has been deemed
statistically significant; thus no change in quarterly number of patients who died, started full time
ventilation or the composite outcome after 2020-07-01 was observed.
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Figure 14. Fitted model with 80% and 95% prediction intervals superimposed for the quarterly full
time ventilation and Spinraza interruption.
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Figure 15. Fitted model with 80% and 95% prediction intervals superimposed for the quarterly
composite outcome and Spinraza interruption.
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10.6. Serious adverse events occurring in SMA patients

Across all registries, there were very few SAESI events observed, with a total of 5 events observed in the
overall cohort (n=2,188). The specific SAESI events observed were renal toxicity, hypersensitivity
reactions and hepatotoxicity. Less than 5 patients with SMA type 1 and 3 treated with Spinraza had a
record of an SAE in 2018 and 2020, respectively. No SAE were noted in association with Zolgensma
treatment. Less than 5 patients with SMA type 2 treated with Evrysdi had a record of an SAE in 2023.

11. DISCUSSION

11.1. Key results

11.1.1 Description of registry specificities in terms of SMA population capture (in “ALL”, N=2,188):

Among the 2,188 patients with SMA across all registries overall, the greatest number of patients were
identified from the Germany and Austria registry (31.8%), and the lowest from Sweden (8.0%); The
breakdown for the other registries was 18.0% in the UK and Ireland, 15.9% in Czech Republic, 14.6% in
Spain and 11.7% in Belgium. Among the 2,188 patients, 1,321 were classified as treated (“TREATED”),
847 were never treated (“NEVER TREATED”)

Per SMA type: Overall, SMA type 1 represented 19.7% of patients, SMA type 2, 41.8% and SMA type
3, 35.6% of patients. Across all registries, SMA type 1 ranged from 13.3% in Belgium to 27.6% in the
Czech Republic and Slovakia; SMA type 2 ranged from 33.6% in the Czech Republic and Slovakia to
48.0% in Spain and SMA type 3 ranged from 29.2% in Spain to 40.6% in Sweden.

Registry time coverage varied with Germany, Austria registry, and UK and Ireland registries covering 15
years (2008 to 2023) while Belgium covering only 4 years (2018 to 2021). The observed duration of
follow-up ranged from 42 months (in Czech Republic and Slovakia) to 104.5 months (Sweden).

There was an almost equal split between male (51.6%) and female (48.4%) patients in the overall SMA
population, with the distribution being similar across all registries, except, there were slightly more male
than female patients in the Spain registry, and UK and Ireland registry (54.5% male in both registries).

With respect to the age group at symptom onset, the most common age at onset of symptoms was less
than 6 months old for patients with SMA type 1, 6-18 months old for patients with SMA type 2, and 2-6
years old for SMA type 3 across all the registries.

With regards to best functional SMA status, “Sitter” was the most common status among all patients
with SMA type 1 (25.0%) and type 2 (44.7%). “Walker” was the most common status among all SMA
type 3 patients (68.7%). These trends were consistent across all the registries.

The most common best achieved motor milestone was the ability to “sit without support” among
patients with SMA type 1 (18.8%) and SMA type 2 (27.9%) in all registries, except for patients in the UK
and Ireland registry where the most common milestones in patients with SMA type 1 were “stand with
assistance” (10.1%) and “roll onto side” (10.1%), and Germany where the most common milestone was
“roll onto side” (10.4%). For SMA type 3, the most common motor milestone was the ability to “climb
stairs” (49.4%), with the only exception being the Spain registry wherein most of the SMA type 3 patients
(72.0%) had the ability to walk 10 metres without assistance.

With respect to the methods of genetic testing and the diagnosis of SMA across registries, MLPA,
which is a gold standard for SMA diagnosis, was the most common method used for genetic testing
across all SMA types and registries (24.1%). Overall, missingness associated with this variable was high
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(74.3%). When reported in very few cases, the reason for genetic testing was only “family screening”
until 2017 and “Newborn screening” had also started to be reported from 2018 onwards in Belgium, from
2020 onwards in Germany and Austria, and from 2022 onwards in Czech Republic and Slovakia (of note,
systematic newborn genetic screening (NBS) was introduced in Germany in October 2021 and in Belgium
in March 2021; a pilot NBS project was introduced in the Czech Republic in January 2022).

Duration of the disease across registries was on average 252.1 months overall. SMA type 3 and SMA
type 4 are a milder form of the disease and do not affect a patient's life expectancy. Hence, SMA types 3
and 4 had the longest mean duration of the disease across registries, averaging approximately to 300
months. For patients with SMA type 2, which is an intermediate form of disease that can plausibly affect
the life span of patients, the mean duration of the disease was 240 months. SMA type 1 is the most severe
form of disease with the shortest duration observed across the registries, averaging to 90 months.
Missingness for this variable was 31.9% overall across all SMA types.

Regarding the duration between genetic report and registry entry, for SMA type 1, the two events
were closer in time (22.6 months) and SMA type 3 had the highest recorded time (90.4 months). This
suggests that efforts were made to enrol patients of SMA type 1 shortly after their SMA diagnosis.

Overall, 24.5% of patients were lost to follow-up across all the country-specific registries. Of note, no
patient loss of follow-up has been observed in Spain and Sweden.

The proportion of patients treated with at least one DMT increased over time, from 2.2% in 2014-2016 to
a peak of 68.4% in 2021 and 66.1% in 2022 (prior to 2017, this usage included only treatment intakes
during clinical trials). Patients with SMA type 1 were most likely to receive a treatment with DMT across
all registries. Treatment with Spinraza was common across calendar periods, (2014-2023), and across all
registries with the highest distribution of patients treated with Spinraza in 2021 (51.1%). Patients with
SMA type 1 had the highest percentage of patients treated with Spinraza. Treatment with Evrysdi did not
begin until 2018 and the overall usage was less common, with the highest percentage observed in 2022
(23.0%). Evrysdi was relatively more common among SMA type 2 patients than other SMA types.
Treatment with Zolgensma did not begin until 2018 and was rare across all SMA types and across all
registries. Treatment with more than 1 DMT was also rare across all SMA types and registries.

Supportive strategies like invasive, non-invasive ventilation and feeding tube usage were most
commonly reported in patients with SMA type 1 across all the registries. The proportion of patients
receiving feeding tube usage in the SMA type 1 was approximately 40% and was fairly consistent across
the calendar periods. Overall, more than 50% of patients had at least one episode of wheelchair across all
the calendar periods. Patients with SMA type 2 had the highest proportion (around 75%) of patients
reporting at least one episode of wheelchair usage across the registries.

PROs were available in Belgium and Spain registries only, between 2018-2021 and 2020-2023
respectively. On average, patients across SMA types had approximately only one available record of PRO
for each patient.

11.1.2 Natural history and impact of DMT treatments on disease progression (in “NEVER
TREATED”, N=847 and “TREATED”, N=1,321):

In the SMA type 1 population, an improvement in “Best functional status” and “Best achieved motor
milestones” has been observed after patients started treatment, suggesting a positive effect of DMT on
disease progression for SMA type 1 patients.

● In never treated patients (N=154)

○ Best Motor function:
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■ Functional status and achieved motor milestones were not reported

■ The CHOP-INTEND best score median was non-estimable (<5 cases).

○ Median event-free survival (death or permanent ventilation) was 11.5, [5.2, 39.8]
months

○ PRO was non-estimable (< 5 cases) in both Spain and Belgium registries.

● In treated patients (N=276 SMA)

○ Best Motor function:

■ Missingness 27.9%, 101 patients (36.6%) achieved “sitter” and 33 (12%)
“walker” status.

■ 75 patients (27.2%) achieved “sitting without support”, 51 (18.5%) achieved
“rolling onto their side”, 7.2% were able to “stand with assistance”, 6.5% to
“walk with assistance”, 2.9% to “walk without assistance” and 1.8% to “walk
10m without assistance”.

■ The CHOP-INTEND best score median was 44 [33, 54].

○ Median event-free survival (death or permanent ventilation) was 10 [6, 24] months.

○ PRO was 64.5 [48.8, 80.1] for the “Best score for Spain PROFuture Mobility and
Independence PRO” and non-estimable for the “Best score for Belgium ACTIVLIM
PRO”.

In the SMA type 2 population, an improvement in “Best functional status” and “Best achieved motor
milestones” has been observed after patients started treatment suggesting a positive effect of DMT on
disease progression for SMA type 2 patients.

● In never treated patients (N=361)

○ Best Motor function:

■ Missingness 97.8%, 7 patients (1.9%) achieved “roll onto side”, less than 5
achieved “Hold head without support”.

■ CHOP-INTEND, RULM and HFMS(-E) best score median were non-estimable
(<5 cases).

○ Median event-free survival (death or permanent ventilation) was 219 [156, 515]
months.

○ PRO was 56.9 [51, 64.9] for the “Best score for Spain PROFuture Mobility and
Independence PRO” and -8.1 [-8.1, -8.1] for the “Best score for Belgium ACTIVLIM
PRO”.

● In treated patients (N=540):

○ Best Motor function:

■ Missingness 8.5%, 329 patients (60.9%) achieved “sitter” and 133 (24.6%)

Confidential 119



NI-PASS Study Report EUPAS50476 Version 5.1

“walker” status and only 5.9% remaining “non-sitters”.

■ 205 patients (38.0%) achieved “sitting without support”, 86 (15.9%) “walk with
assistance”, 13.9% “crawl”, 7.8% “stand with assistance”, 3% ”walk 10m
without assistance” and 3% “walk without assistance”

■ CHOP-INTEND, RULM and HFMS(-E) best score median were 46 [35, 57.5],
17 [10, 24] and 12.5 [4, 31.2], respectively.

○ Median event-free survival (death or permanent ventilation) was 143 [83, 246] months.

○ PRO was improved with 50 [28.2, 66.3] for the “Best score for Spain PROFuture
Mobility and Independence PRO” and -6.6 [-8.1, -3.7] for the “Best score for Belgium
ACTIVLIM PRO”.

In the SMA type 3 population, an improvement in “Best functional status” and “Best achieved motor
milestones” has been observed after patients started treatment suggesting a positive effect of DMT on
disease progression for SMA type 3 patients.

● In never treated patients (N=299)

○ Best Motor function:

■ Functional status and achieved motor milestones were not reported

■ CHOP-INTEND, RULM and HFMS(-E) best score median were non-estimable,
33 [23.2, 37] and 51 [14.5, 60], respectively.

○ Median event-free survival (death or permanent ventilation) was 532 [393.5, 588.5]
months

○ PRO was 42 [27.4, 50] for the “Best score for Spain PROFuture Mobility and
Independence PRO” and -3.5 [-8.1, -2.6] for the “Best score for Belgium ACTIVLIM
PRO”.

● In treated patients (N= 476)

○ Best Motor function:

■ Missingness 5.5%, 418 patients (87.8%) achieved “walker” and only 1.5%
remaining “non-sitters” status.

■ 302 patients (63.4%) were able to “climb stairs”, 92 (19.3%) were able to “walk
10 metres without assistance”, 22 (4.6%) to “walk without assistance”

■ CHOP-INTEND, RULM and HFMS(-E) best score median were 51 [28.5, 64],
35.5 [26.8, 37] and 50 [29.8, 58], respectively

○ No event (death or permanent ventilation) has been reported to estimate the median
event-free survival.

○ PRO was improved with 10.9 [4.8, 27.7] for the “Best score for Spain PROFuture
Mobility and Independence PRO” and 0.1 [-2.4, 2.8] for the “Best score for Belgium
ACTIVLIM PRO”.
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11.1.3 Evolution of healthcare management:

In our study population, we had patients receiving their first DMT as early as 2014-2016 due to
participants’ early enrolment in clinical trials; this trend was observed in almost all registries, as data was
collected historically prior to registry entry. An uptake of the available treatments was observed across all
participants in all registries: the proportion of patients on at least one DMT increased steadily from 2.2%
in 2014-2016, to as high as 68.4%, in 2021, with the approval of drugs in more countries and the adoption
of standard SMA treatment protocols. Spinraza and Zolgensma usage was often reported among patients
with SMA type 1, whereas a higher distribution of patients with SMA type 2 were treated with Evrysdi
across all calendar periods. The number of patients treated with more than one DMT was low, starting
from 2020 across all SMA types and treatment with a combination of Spinraza and Evrysdi, Zolgensma
and Spinraza, and Zolgensma and Evrysdi were particularly very scarce across all calendar periods.

Data relating serious adverse events leading to hospitalisation associated with DMT usage were very
limited across the calendar periods and SMA types, hence no interpretations were made.

With respect to the use of ventilation, we observed an increase in the use of any ventilation across
calendar periods spanning from 2011 to 2020 across SMA types. Ventilation usage in SMA type 1 has
evolved from 18.8% in 2011/13 to 57.0% in 2020, in SMA type 2 from 10.3% in 2011/13 to 32.2% in
2020.

With respect to patients using wheelchairs, more than 50% of participants overall had usage across all
calendar periods. Wheelchair usage in SMA type 1 has evolved from 21.9% in 2011/13 to 62.2% in 2021.
In SMA type 2, usage increased slightly from 69.7% in 2011/2013 to 77.2% in 2021.

Muscular physiotherapy was similarly reported (36.9% overall) across all SMA types and others
rehabilitative interventions (i.e., respiratory physiotherapy, contracture management, spinal brace
and speech therapy) have been more reported in SMA type 1 patients than in SMA type 2 and than in
SMA type 3.

Feeding tube usage was most common in patients with SMA type 1. Usage in SMA type 1 increased
from 25.0% (n=16) in 2011/13 to 40.6% (n=103) in 2021, and in SMA type 2 from 4.6% 2011/2013 (n=8)
to 6.0% (n=40) in 2021.

11.2. Limitations

These findings and limitations have been taken into account when interpreting the study results.

Feasibility phase:

Quality and completeness of the registry data:
A preliminary assessment of SMA registries part of the TREAT-NMD network was conducted (please
refer to the full description and summary of the main findings in the feasibility report in Appendix D) to
select fit for purpose registries. As a result, 7 registries were recommended for the study and 6 were
finally included. This SPIFD framework was used to select registries because it operationalizes principles
with respect to data reliability, relevance and accessibility. The final selection of registries was made
based on the responses from both pre-feasibility and feasibility questionnaires.

A summary of the main findings for each registry included in the study (based on the pre-analysis phase)
is presented below.
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The Belgian registry was recommended for its apparent good comprehensiveness of records for all data
elements, as well as for administrative information and quality requirements. Patients follow up is greater
than 5 years. The 3 disease modifying therapies were available in the country at the time of the feasibility
assessment. Spinraza has been available since 2018, Zolgensma since 2021 and Evrysdi since June 2022.
Approximately 73%, 21% and 2% of patients of the Belgian registry have received Spinraza, Evrysdi and
Zolgensma respectively. Comorbidities and PROs were collected in the registry database. Non-medicinal
product therapies and support were not collected. No specific process exists to collect SAEs.

The Czech and Slovak registry was recommended based on its apparent comprehensiveness of records
for the majority of data elements and very good administrative information and quality requirements. The
registry has the highest number of patients among clinician-based registries. Spinraza has been available
since 2017, Zolgensma since 2020 and Evrysdi since 2021. Approximately 80% of patients in the registry
have received a DMT with Spinraza being the most administered. However, dosing and administration
dates for DMTs were missing. The motor function test was partially reported as well as scoliosis data.
Orthopaedic disorders were not collected. Date of death was recorded but the cause of death was missing
for 95% of records. Comorbidities are well reported. The percentage of records for SAEs was extremely
low, nonetheless each comorbidity, hospitalisation and death could be reported as a SAE in the database.
The registry did not collect any PRO.

The Swedish registry was recommended for its apparent good comprehensiveness of records for all data
elements as well as for administrative information and quality requirements. Founded in 2010, the
Swedish registry is a national registry with patient follow-up greater than 5 years. The 3 DMTs were
available in the country. Spinraza has been available since 2017 and Zolgensma and Evrysdi have been
available since February 2022. As of September 2022, 59% of patients in the Swedish registry have
received Spinraza and stopped receiving it with the stopping reasons of elective choices (85% of the
reasoning responses) and loss of DMT response (15% of the responses). Comorbidities were collected in
the database; however, SAEs and PROs were reported only for a small number of patients.

The Spanish registry was recommended considering the overall apparent data quality, very good
administrative information and quality requirements as well as the future collection of PRO (PROfuture
questionnaire) at the time of feasibility assessment. The registry started collecting data in 2015. All SMA
patients in the registry have a confirmed 5q diagnosis and their consent has been uploaded in the database.
The average patient follow-up in the registry was greater than 5 years. Spinraza has been available since
2018 and Zolgensma since 2021, both were financed through the reimbursement pricing system with
some restrictions. Evrysdi was not yet available at the time of feasibility assessment. Dosage of DMTs
was not collected in the registry. The patient motor function was not well reported, start date of
wheelchair usage, motor function test and muscle contractures were not collected. Enteral nutrition and
thoraco-pulmonary disorders were well reported. Regarding the height and weight of patients, the registry
should start collecting these variables after discussion with their internal advisory committee.
Comorbidities were collected in free text and the registry had no record of diagnosis date for
comorbidities in the database. SAEs were not collected.

The German & Austrian registry was recommended considering the high number of patients included,
overall data quality, very good administrative information and quality requirements. The registry started
collecting data in 2008, consequently the average patient follow-up in the registry is greater than 6 years.
The registry had the highest number of patients including the highest number of patients with a
genetically confirmed 5q diagnosis among all patient-based registries. DMTs are covered by the public
health insurance in Germany and Austria. Spinraza has been available since 2017, Zolgensma since 2020
and Evrysdi since March 2021. Approximately 40%, 2% and 11% of patients in the registry have received
Spinraza, Zolgensma or Evrysdi respectively. The dosage of DMTs was not collected.
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The SMA characteristics (symptom onset date) as well as the motor ability status were reported for half of
the patients. More than half of patients had a record of their motor function (wheelchair usage and
frequency, start date of wheelchair usage and muscle contractures), however motor function tests were not
collected. Scoliosis was well reported although Cobb Angle value was not collected. Pulmonary function
tests were reported, as well as the invasive and non-invasive ventilation usage and the need for airway
clearance assistance. Death and cause of death were not collected. More than half of patients had one or
several weight and height values recorded in the database. Comorbidities and their start date were
collected. SAE and PRO were not collected.

The UK & Ireland registry was recommended considering the number of SMA patients with genetic
confirmation was in the range of the Spanish registry. This registry had much less 5q SMA patients than
the German & Austrian registry. The UK & Ireland registry received a favourable opinion of the ethics
committee to begin collecting data in 2007; the average patient follow up was greater than 5 years.
Spinraza has been available since 2019, Zolgensma since 2021 and Evrysdi since 2022. Less than half of
patients in the registry had an administration of DMTs recorded. The dosage of DMTs was not collected.
The SMA clinical characteristics (symptom onset date) was reported for approximately 44% of patients
with a genetic SMA confirmation which is lower than the percentage of other patient-based registries. The
motor ability status was poorly reported (only 16% records). Motor function tests were not collected.
Pulmonary function and hospitalizations, which were critical information, were not well reported.
Overall, the UK & Ireland registry had less information on SMA clinical characteristics, functional status,
and scoliosis diagnosis, and much less information on ventilation usage and hospitalisation information
compared to the registry in Germany & Austria.

Logistical challenges with accessing registries: Some registries had timeline issues and delays in
delivering the data due to ethical approval and contracting challenges. It was the case for the registry in
Switzerland that was finally not included in the study due to lag time in the contracting process and data
sharing.

Patient enrolment in registries: Participation and involvement in both physician- and patient-based
registries is voluntary and therefore, not all SMA patients treated or never treated might be included in
these registries and hence, in this study. Also, albeit there are no direct benefits (e.g., incentives) to
patients to be part of registries, the patients get awareness thanks to the exposure to information like
innovations, clinical trials, drug development, part of SMA community etc. Therefore, potential selection
and information biases cannot be excluded.

Post-analysis phase:

Quality and completeness of the registry data:

Once data was analysed, we observed that the extent of missing data was higher than predicted during
feasibility for some variables; in particular for the “age at symptom onset”, “number of SMN2 copies",
“reason for and method of genetic testing” and the “duration of the disease”. Missingness was notably
higher in never treated patients (e.g., “Best functional status” and “Best achieved motor milestones”),
suggesting a less accurate follow up of such patients in registries.

One important date requested in the study protocol was “SMA diagnosis date”. Unfortunately, this is not
directly captured within the TREAT-NMD GRP. One possible proxy is the “genetic report date”. It was
assumed that “genetic report date” is the date when genetic diagnosis was confirmed. However, this may
not be the case as physicians, or patients, might have entered a date from a hospital letter relating to their
visit, rather than the true genetic report date. As a side note, the TREAT-NMD GRP allows patients to
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provide multiple records for genetic reports. In the case where multiple genetic report dates were
available for a specific patient, the earliest genetic report date has been used.
"Presymptomatic” is also not collected directly in the SMA type variable within the TREAT-NMD GRP.
Thus, patients selecting “Asymptomatic to Symptom onset” and “Yes, to Genetic confirmation” have
been classified as “presymptomatic".

DMTs in the context of SMA have been made available on the market recently (2017, 2020 and 2021,
Spinraza, Zolgensma and Evrysdi, respectively), resulting in a limited follow-up duration in the registries
after treatment start. Longer duration of follow-up might be required to make conclusive and robust
observations of disease progression in the context of treatment initiation.

The lack of data completeness we have observed, especially for motor and functional status variables,
results in an incomplete picture of this patient population and may have resulted in limited ability to
identify post-diagnostic outcomes of interest or patient prognostic characteristics that may influence the
treatment decision (initiation, stop, combination). This can notably apply to variables for patients entered
in the registry later after onset of symptoms or diagnosis, or treatment initiation. Also, as registries differ
in terms of size and data quality, large registries with lower data quality may have negatively impacted the
study results (although data considered of poor quality at the feasibility phase were not included in the
analyses).

Heterogeneity and sample size across registries:

The use of multiple registries in rare disease provides complementary information. In our study, 6
registries, either physician-based (Belgium, Czech Republic & Slovakia and Sweden) or patient-based
(Spain, UK & Ireland and Germany & Austria) with various sample sizes and with some data
heterogeneities have been combined. In total, 2188 patients with 7 types of SMA have been pooled,
coming from the Germany and Austria registry (31.8%), 18.0% from the UK and Ireland, 15.9% from
Czech Republic, 14.6% from Spain, 11.7% from Belgium and 8.0% from Sweden. Pooling all
heterogenous registries may have introduced imbalances and different weights in the descriptive statistics
that may have impacted artifactually the percentages and estimates.

Report of AESI, Deaths and lost to follow up:

We observed a very low number of SAESI globally, with less than 5 events of interest reported in the
study. The low rate of SAESI points towards the underreporting of SAESIs in registries and the need to
increase efforts to identify and report SAESIs in relation to DMTs. Several reasons for this underreporting
are possible. Firstly, SAESIs are often required to be reported in multiple locations to different interested
parties, and therefore patients or clinicians may not also update registry records as they believe data to
already be reported elsewhere. Secondly, SAESIs can result in rapid acceleration of disease severity or
prolonged hospitalisation, resulting in missed clinician appointments in which registry data is collected.
Missing data concerning AEs is indicative of the fact that registry datasets have not been originally
developed for monitoring of safety of medicines.

We observed a very low number of deaths (less than 5 per quarter). In such disease registries, without any
linkages, most historical deaths may not have been reported. In particular, patients with SMA 1 known to
have (or used to have) very short life span may not have been included in the registry data.

We observed, overall, 24.5% of patients were lost to follow-up across all registries (5.0% among treated
patients and 55.4% among “Never treated” patients). Patients can be lost to follow-up for several reasons,
including significant progression of disease severity or death. For example, patient death is not collected
comprehensively in registries, therefore high proportions of deceased patients may appear lost to
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follow-up. Another reason patients can be lost to follow-up is if the patient is missing appointments or is
under the care of an alternative healthcare provider. The highest rates of loss to follow-up was observed in
the “never treated” group of patients. This might illustrate that this group have less interactions with the
healthcare system, or that these patients deteriorate rapidly. Loss to follow-up could introduce selection
and information biases, especially as it differs between treated and never treated patients.

COVID-19 concomitant context:
Finally, the study period overlapped with the outbreak of COVID-19. COVID-19 was first present in
Europe in early 2020; this was close to the availability of Zolgensma, and after the introduction of
Spinraza. As exploratory ITS analyses were concerned, the outcomes of interest (i.e., death or ventilation)
are also known as direct consequences of COVID-19. Accounting for COVID-19 in ITS modelling was
not possible due to the fact that the introduction of DMTs had a large overlap with the emergence of
COVID-19 across Europe and the available data were not able to distinguish the effects of COVID-19
from DMT. Thus, the interpretation of trends in ITS results should consider that 1/COVID-19 may lead to
patient’s death, or a requirement for full-time ventilator use, especially for those with pre-existing health
conditions as SMA patients, 2/ due to the additional strain on healthcare professionals, keeping registry
data up to date may not have been a priority, especially early on in the pandemic and 3/ a decrease in the
number of SMA patients receiving full time ventilation/composite after Spinraza introduction may be also
due to the lack of ventilators available. Also, the exploratory ITS analysis was not correcting for multiple
testing (e.g., Bonferroni correction). As very few p-values have been close to the threshold of 5%, it was
assumed this likely would not cause any drastic changes to conclusions.

Quality of life (QoL) using patient-reported outcomes (PROs):

PROs were available in Belgium and Spain registries only, between 2018-2021 and 2020-2023
respectively. PROFuture, used by the Spanish registry, has been validated in adults, but not yet in
children. In Belgium, ACTIVLIM has been validated in both children and adults. Overall, the PRO
availability ranged between 16.8% and 43.5% in Spain and between 48.6% and 68.8% in Belgium, and
each patient had on average only one available record of PRO. Thus, the observed improvement of PRO
scores at population level, once treated by DMTs, should be interpreted as trends only.

11.3. Interpretation

Description of registry specificities in terms of SMA population capture

The three clinician-based registries (Belgium, Czech Republic & Slovakia and Sweden) represented 779
patients (35.6%) and the 3 patient-based registries (Germany & Austria, Spain, UK & Ireland) 1409
patients (64.4%).

Registries have been implemented at different times resulting in various lengths of history and data
availability: from 2008 in Germany and UK and Ireland, 2010 in Sweden, 2011 in Czech republic, 2015
in Spain and 2018 in Belgium.

The features of registries were similar and the data consistently reported across the 6 registries albeit
some heterogeneities have been observed:

- The Czech Republic reported a higher proportion of SMA 1 (27.6%), Spain a higher proportion of
SMA 2 (48%), and Sweden a higher proportion of SMA 3 (40.6%)

- Slightly more male than female patients included in the Spain, and UK and Ireland registries
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- Spain and Sweden registries had 100% patient retention

- In Spain, a high proportion of SMA type 1 patients (19 patients, 26.8%) and SMA type 2 (55
patients, 35.9%) were classified as “Walkers” at their best functional status. This might be due to
a different definition of Spanish clinicians of "walk with assistance", and "walk without
assistance". Another potential explanation may be access to orthotic aids. Countries in which
patients have greater or easier access could lead to higher numbers of patients able to walk with
assistance, which would increase the proportion of walkers in that country.

- In this project, the definition of a "Walker", was a patient that: "walk with assistance", "walk
without assistance", "walk 10 metres without assistance", or "climb stairs.” However, the Spanish
registry internally defines a walker as: “Someone who can walk at least 10 metres.” Therefore,
those who walk with assistance or without assistance but don't reach the 10 metres mark would
not be considered walkers in the Spanish registry, but are categorised as such in this project.

- The UK and Ireland registry had the highest amount of missing data for the genetic report data,
followed by the Sweden registry while this variable was well recorded in all the other registries.

- PRO data were available only in Spain and Belgium, with very few records per patient

Missingness for some variables was high across all registries, in particular for the “reason for and method
of genetic testing” and the “duration of the disease”.

The MLPA, which is a gold standard for SMA diagnosis (31), was also observed as the most common
method used for genetic testing across all SMA types and registries (24.1%).

As previously published (32), the age at onset of symptoms for patients with SMA type 1 was less than 6
months old, 6-18 months old for patients with SMA type 2 and 2-6 years old for SMA type 3 across all
the registries.

With respect to the screening method, across all registries, most patients were not identified as a result of
a screening but based on symptoms. Standard “newborn screening” being the agreed appropriate tool to
ensure timely diagnosis, the findings from this study point to the lack of such systemic disease
management strategy. (33). Nevertheless, for SMA type 1 patients, and across all registries, the duration
between genetic report and registry entry were closer in time (22.6 months) than for SMA type 2 (82.6
months) and SMA type 3 (90.4 months), suggesting a more accurate enrolment and follow up amongst the
most severe SMA patients.

Among all patients treated with at least one DMT (61.3%), some started receiving treatment prior to their
first marketing authorization, which corresponded to treatment intakes during clinical trials (this has been
confirmed by TREAT-NMD and Registry owners). Across all registries, the DMT usage increased since
the marketing authorization and peaked in 2021-2022. Treatment with Spinraza, first on the market since
2017, was common across calendar periods and with the highest proportion of patients treated with
Spinraza in 2021. Patients with SMA type 1 had the highest percentage of patients treated with Spinraza.
Treatment with Evrysdi was less common than Spinraza, with the highest percentage observed in 2022
and Evrysdi was relatively more common among SMA type 2 patients. Usage of Zolgensma was less
frequent across all SMA types and across all registries. Treatment with more than 1 DMT was rarely
reported across all SMA types.

Natural history and impact of DMT treatments on disease progression:

Overall, in order to assess the impact of DMTs on disease progression, we focused on some key elements
such as “Best functional status” and “Best achieved motor milestones” and their improvement during
treatment. The improvements observed once patients are under treatment suggest positive effects of DMT
on disease progression for SMA type 1, SMA type 2 and SMA type 3 patients, however no formal
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comparison was attempted. In addition, from exploratory ITS, after the introduction of Spinraza (i.e., after
01-07-2017), we observed that the number of SMA type 1 and SMA type 2 patients first receiving full
time ventilation was significantly reduced. Improvement of healthcare delivery over time can also be an
explanation for this finding.

In SMA type 1 patients:

Studies show that 50% of SMA type 1 patients will have died or required permanent daily non-invasive
ventilation support by 10.5 months of age and 92% by 20 months of age. (34) The classic clinical
phenotype of untreated SMA type 1 patients is characterised by motor weakness and regression within 6
months of life, followed by respiratory failure and death. (35,36) Observational studies were also able to
describe the natural history of SMA type 1 patients while focusing on meaningful outcomes used in
clinical trials. (34,37) These studies showed that among never treated SMA type patients, none of them
achieved independent sitting or other more advanced motor milestones. Functional status and achieved
motor milestones have not been reported in the current study in SMA 1 patients who were never treated.
In contrast, in SMA 1 treated patients, 36.6% achieved “sitter” status and 12% achieved “walker” status.
Further, more than a quarter (27.2%) of treated patients achieved “sitting without support”, while 18.5%
retained “rolling onto their side” as their best achieved motor milestone. Higher motor milestones were
also achieved by these patients, including walking with assistance (6.5%), walking without assistance
(2.9%), and walking 10 metres without assistance (1.8%). The surprisingly higher percentages observed
in our study could be explained by differences in the definition of walkers with other published studies
(e.g., the case of Spain as described above - among the 33 (12%) walkers, 19 come from Spain) or
misclassification of patients in the different SMA types following the number of SMN2 copies rather than
the phenotype (patients with 2 copies = SMA1; patients with 3 copies = SMA2 and patients with 4 copies
= SMA type 3).

An open-label study of Evrysdi in patients with SMA type 1, 1-7 months of age at enrolment, assessed the
efficacy and safety of daily administration of Evrysdi as compared to untreated patients. (38) The authors
reported that treatment with Evrysdi resulted in a higher percentage of patients who achieved better motor
milestones and improvements in motor functions compared to untreated historical controls. In our
descriptive study, the trend in improvement of “best motor milestones” in SMA type 1 patients treated
with Evrysdi was similar.

In SMA type 2 and 3 patients:

The SUNFISH trial (39), which looked at the two-year efficacy and safety of risdiplam, reported
clinically relevant gains in motor function in SMA 2 and 3. Other published observational research
literature (37) also shows that untreated patients with SMA type 2 could sit independently but not walk,
whereas untreated patients with SMA type 3 develop independent walking. In our study, very few
functional status measurements have been reported in SMA 2 and SMA 3 never treated patients. In
contrast, in the overall treated SMA 2 patients, 60.9% achieved “sitter” status and 24.6% achieved
“walker” status. Further, more than two thirds (38.0%) of treated patients achieved sitting without
support. Higher motor milestones were also achieved by these patients, including walking with assistance
(15.9%), “crawl” (13.9%), “stand with assistance” (7.8%) walking without assistance (3.0%), and walking
10 metres without assistance (3.0%). In treated SMA 3 patients, 87.8% achieved “walker” status and
63.4% of treated patients were able to climb stairs and 19.3% were able to walk 10 metres without
assistance.

Finally, the decreasing proportion of scoliosis in SMA type 2 likely reflects that patients are not reported
with scoliosis after spinal fusion in some registry.
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SMA Pre-symptomatic patients:
Only 8 patients have been reported as pre-symptomatic or having been identified by newborn genetic
screening (NBS). However, some Germans authors reported 47 patients identified by NBS in Germany
and Belgian authors reported 9 cases (40,41), suggesting an underreporting of presymptomatic patients in
our registries from the same countries. It is thus very likely that these patients have been reported in the
different types following the number of SMN2 copies (patients with 2 copies = SMA1; patients with 3
copies = SMA2 and patients with 4 copies = SMA type 3). This could also explain the high proportion of
SMA type 1 walkers after treatment (12%) (which is nearly never reported in the literature) or the more
intriguing proportion of non-sitters at genetic report in SMA type 3 (12.4%) - which normally never
happens or very rarely.(32)

Healthcare management and standard of care:

Over the last decade, there has been increasing evidence of improvements in management of the disease
progression of all SMA patients (7,42). Such findings have also been identified in the study, with a high
rate of screening using MLPA or with more than 50% of participants using wheelchairs across the
calendar period or also, we did see an increase in the use of any ventilation across calendar periods
spanning from 2011 to 2020. Those results reflect the adapting strategies as standard of care across a wide
range of clinical profiles of SMA patients (43,44).

11.4. Generalisability

The SMA patients included in this study represent a total of 6 registries from 9 countries across
Europe/UK, having a high external validity. In light of all registries that exist across the Europe/UK,
conducting a study combining together multiple data sources represents a significant effort to leverage
information across existing registries, initially assessed for good data quality and with wide geographical
coverage. The results of this study and the capacity of participating registries to capture important
elements may have been influenced by different factors, such as organisation of the national healthcare
systems and their personal attitudes towards the integration of registries into clinical practices. In
addition, variations in standard of care among participating countries may have had an impact on the
extent of recorded patient outcomes, and as such, may not be generalizable to populations in other
countries.

Moreover, patients' treatment and their disease progression as a result of available treatment options may
differ from other EU countries and beyond, such as Canada, where treatment availability is limited. (45)
Spinraza was recently approved by the EMA (May 2017) and the US Food and Drug Administration
(December 2016) (45) and is now reimbursed in several European countries and in the USA. However, in
Canada, the drug did not pass the price negotiation for the treatment, as the Canadian Agency for Drugs
and Technologies in Health recommended against reimbursement and access to Spinraza for SMA
patients. As such, treatment patterns and information on clinical characteristics, including changes in
motor milestone status or any other clinical indicators may not be generalizable to other patients in
countries where the drugs are not reimbursed. (46)

In the TREAT-NMD network, it is encouraged that all available data are entered in registries, which
includes all available data from all visits in clinician-based registries and all available data whenever
possible in patient registries. However, an important consideration is the potential for enrolment bias,
which could be an issue if patients are enrolled differently and maintained within the registries through
regularly scheduled appointments with doctors or nurses, which vary across countries. Thus, patients in
this study might be different from other registries on SMA patients that employ different techniques for
patient retention across other various geographical locations. We are not aware of any incentives used to
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maintain patients within the registries and as such, we cannot comment on the extent to which this bias is
at play in this longitudinal cohort of patients.

We would recommend further research projects with robust comparative designs and a more limited data
set on some key pre-defined motor functions; to be started by a pilot in a few voluntary registries to assess
the accuracy and quality of the required data.

Lessons learned

The use of multiple registries in rare disease provides complementary information to answer regulatory
research questions. From 16 registries pre-identified across the TREAT-NMD network, we recommended
7 registries and finally 6 (from 9 countries) were considered the most fit-for-purpose for this specific
study. This large pan European/UK study is the first of its kind to evaluate natural disease progression,
clinical, healthcare management and treatment patterns from multiple disease-specific registries across
Europe, with data collected by physicians or patients depending on the country, in the context of rare
SMA disease. It offers a unique opportunity to compare patients’ clinical profiles in the context of
emerging treatment options and healthcare management changes, such as the introduction of systematic
newborn genetic screening (NBS) in Germany (October 2021) and Belgium (March 2021). (47,48)
However, this could not be captured in registries as the patients identified by NBS were not really
recorded as such.

The quality and completeness of the registry data have been assessed through a feasibility study based on
a fit for purpose questionnaire sent to registry owners. The questionnaire was designed according to the
study objectives and the required key outcomes (age, type of SMA, medications, disease characteristics,
disease outcomes etc) and by using EMA Guideline on registry-based studies, REQueST tool items and
FAIR principles. At this feasibility phase, the completeness of data was not based on accurate quantitative
counting rather on the registry owner's judgement. Once data was analysed, we observed that the extent of
missing data was important for some variables. At the feasibility phase, further quantitative counting and
higher granularity in defining the required data should be considered in the future.

The main limitations for collaboration with registries were tight timelines for feasibility and data sharing
to TREAT-NMD, no systematic data quality assurance processes in place and data missingness related to
study-specific research questions. In 2015, the Patient Registries Initiative was established with the aim to
support a systematic and standardised approach for registry contribution to medicines assessment,
especially in the context of PASS and post-authorization effectiveness studies. Moving forward, registry
reporting, quality assurance processes and governance will need to be put in place to ensure further
development of individual registries in order to support their use and contribution to medicines’
regulatory assessments. (49)

In addition, complete data collection on critical disease variables is crucial; primary medication
information is essential and should include the start and the stop date where applicable. (50) In the
registries that we included for participation, we observed a high rate of data completion for the start date
of treatment (only 20 patients flagged as “treated”, did not have a start date recorded) and generally many
variables were better recorded in the treated patients than never treated. Furthermore, PROs are of
increased interest and importance to stakeholders, and as reported in this study, only two of the
participating registries were able to contribute with PRO information; out of the two (Spain and Belgium),
the mean number available of each record of each PRO was only around 1. Thus, better efforts are needed
to ensure that sufficient information with respect to important and clinically validated PROs is collected
on a regular basis and with good quality and completeness.

The absence of recorded AESIs points to the underreporting of special AEs in registries; better efforts to
report AEs related to DMTs or alternative solutions, such as linkage are needed to ensure the suitability of
registries to participate in safety and comparative effectiveness studies. As such, we were not able to draw
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any descriptive comparisons between different groups due to the lack of data on such events. The low
recorded rate may also indicate little interest in the topic or that registries might have not been originally
developed for routine data collection on AEs, and consequently, for monitoring of safety medicines.
Improvements in processes related to reporting of such adverse events is crucial for future safety research.

In this study, we observed a high degree of missingness for some important clinical motor indicators.
Also, given the elevated attrition rate observed in some registries, retention of participants is of crucial
importance. These two observations point to one of the key factors identified as needed to facilitate the
use of registries for supporting regulatory assessments: sustainability. (50) Registry funding and support
may have been limited in the participating registries in this study, especially during the COVID-19 period,
and as such, may have caused difficulties in maintaining reliable quality assurance processes and staff
training. Given that data entry is often done on a voluntary basis and manually by clinical staff directly,
registry sustainability is critical for long-term development of registries. Also, these different elements
plead for a common dictionary (e.g., common minimal SMA data model, common definition for the
collection of key criteria and/or clinical judgement) for registries across Europe. Finally, linkage of such
SMA registries with other data sources available at a country level (e.g., EHR, claims, spontaneous
reports, , mortality register) should also be considered in a larger vision of possible usages and beneficials
(i.e., early clinical research, clinical development, regulatory, HTA and Payers decisions).

Finally, the logistical challenge related to statistical analyses has been of importance. The complexity of
describing cohorts from registry-based data when there are many subgroups and the population is
dynamic (i.e., stratified cohort with varied and changing denominators over calendar time) should not be
underestimated.

12. OTHER INFORMATION

13. CONCLUSIONS
This large pan European/UK study is the first of its kind to evaluate natural disease progression, clinical,
healthcare management and treatment patterns in SMA disease across multiple European registries . The
study used data collected in SMA from patients enrolled across 6 patient- and clinician-based registries in
9 European countries (Belgium, Sweden, Czech Republic & Slovakia, Germany & Austria, Spain, and
UK and Ireland) as part of the TREAT-NMD network.

The results were globally consistent with existing studies evaluating the natural history and progression of
the SMA disease. Clinically relevant gains in motor function were observed in SMA 1, SMA 2 and SMA
3 treated patients per DMTs, although due to lack of comparison, no definite conclusion could have been
drawn.

Improving the data accuracy and quality, reducing the missingness, and standardisation of definition of
variables and having a common set of important data to be collected could help greatly answering key
questions for the SMA community and for regulatory decision making. These different elements plead for
a common data model for SMA Registries across Europe with Regulators for contributing to its
definition.

Our study exemplified that the use of multiple registries in rare disease provides complementary
information and new avenues to answer regulatory research questions.
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15. APPENDICES

Appendix A. Additional information

Supplementary Table 1. Years of availability of different disease modifying treatments (DMTs) in the 6
selected study registries.

Medication and year of
availability Sweden Czech Republic &

Slovakia Belgium Switzerland Spain Germany
& Austria

Spinraza availability

2017 1* 1 - 1 - 1

2018 2 2 1 2 1 2

2019 3 3 2 3 2 3

2020 4 4 3 4 3 4

2021 5 5 4 5 4 5

2022 6 6 5 6 5 6

Zolgensma availability

2017 - - - - - -

2018 - - - - - -

2019 - - - - - -

2020 - 1 - - - 1

2021 - 2 1 1 1 2

2022 1 3 2 2 2 3

Evrysdi availability

2017 - - - - - -

Confidential 135



NI-PASS Study Report EUPAS50476 Version 5.1

2018 - - - - - -

2019 - - - - - -

2020 - - - - - -

2021 - 1 - 1 - 1

2022 1 2 1 2 - 2

* For each year, the cell value represents the total number of years the drug has been available on the
market in the specific country of interest. If a value is missing, this is indicative of the medication being
unavailable in a specific country in a specific year. Note that as of 2022, Evrysdi has still not been made
available in Spain.
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Appendix B. PRO Questionnaire: Spain
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Appendix C. PRO Questionnaire: Belgium
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Appendix D - Stand-alone Document - Feasibility Report

Please note that the full feasibility report (including Description of different data sources) is available in
a stand-alone document, submitted with this report.

Appendix E - Stand-alone Document - Statistical Analysis Plan

Please note that the SAP (Appendix E1) and addendum (Appendix E2) is available in a stand-alone
document, submitted with this report.

Appendix F- Stand-alone Document - ITS Analyses Report

Please note that the exploratory analysis is available in a stand-alone document, submitted with this
report.

Appendix G - Stand-alone Document - Supplementary Tables

Please note that the supplementary tables are available in stand-alone documents, submitted with this
report.

Appendix G1 - Objective 0 (Preliminary) Results 2024_03_13

Appendix G2 - Objective 1 (Natural History) Results 2024_1_26

Appendix G3 - Objective 2 (Healthcare) Results 2024_03_13

Appendix G4 - Supplementary Results Objective 1 (Natural History) 2024_1_26

Appendix G5 - Supplementary Results Objective 2 (Healthcare) 2024_03_13
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Appendix D Feasibility report

Non-interventional registry-based Study
Protocol: EUPAS50476

A registry-based cohort study of Spinal Muscular Atrophy (SMA) disease to describe the natural
history of SMA, the evolution of SMA care management and disease progression considering new

disease modifying therapies (DMTs).
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1. Rationale and Background

TREAT-NMD is a global registry network launched in 2007 for the neuromuscular field that provides an
infrastructure to ensure the most promising new therapies reach patients as quickly as possible across
multiple diseases. The global registry network is composed of Member Registry Curators including
Patient Representatives, and supported by the TREAT-NMD Ethic Board Representatives. The
TREAT-NMD spinal muscular atrophy (SMA) original core dataset containing 23 data items was
established in 2008 when the main purpose of the registries was clinical trial readiness and
recruitment. The TREAT-NMD SMA dataset was expanded in 2018 and the subsequent version 2 was
released, with 120 data items in the new version. TREAT-NMD currently has 26 SMA registries (19 in
Europe) as part of the network with an estimated 4,800 patients. The TREAT-NMD Registry Network is
made up of SMA clinician, patient reported and dual reported registries.

By becoming members, the Registries are also signing up to The Charter which sets some criteria and
standards on which Registries need to meet which include collecting the core datasets, data transfer
and attending annual meetings.

The purpose of the TREAT-NMD Central Data Warehouse (CDW) is to collect data in a harmonised
way by using the SMA Core dataset, to build a natural pool of data and allow for better data analysis.
The core data model was developed through extensive stakeholder engagement with registry curators,
physicians, physiotherapists, patient representatives and industry representatives.

Recently, the European Medicines Agency (EMA) approved three disease modifying therapies (DMT) for
SMA: nusinersen (Spinraza®), onasemnogene abeparvovec-xioi (Zolgensma®), and risdiplam
(Evrysdi®). Since the approval of these new treatments for SMA, studies have reported disease
trajectories that significantly differ from the known natural history of SMA1. Considered together with the
limited evidence on the long-term safety and efficacy available at drug approval due to the rarity of
disease, the EMA, to address the Committee for Advanced Therapies’ needs, asked to investigate SMA
patients’ course of the disease and the standards of SMA care delivery, as well as to explore use,
effectiveness and safety of these DMTs in real-world settings. In order to inform the related study protocol
(refer to Section 2 for study objectives), a fit-for-purpose (FFP) assessment of registries part of
TREAT-NMD network was performed.

2. Study Objectives

The specific research question is to investigate SMA patients’ course of disease and standards of care
delivery over time in at least 5 European countries including at least 4 Member States of the European
economic area (EEA).
A preliminary objective will assess potential heterogeneity in the management care or reporting across
participating registries:

● First objective: To describe the natural history of SMA (the disease and its progression) based on
patients’ characteristics, post-diagnosis outcomes of interest and quality of life.

● Second objective: To describe the diagnosis methods, medicinal and non-medicinal management
care and the use, effectiveness and safety of DMTs.
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3. Feasibility Objectives

This FFP assessment aimed to identify FFP registries within the TREAT-NMD network that could be
leveraged for the SMA study.

The feasibility objectives were as follows:

● To conduct a preliminary assessment among registries part of TREAT-NMD network located in
Europe and Middle East to assess administrative information and general registry metrics in order
to recommend registries for FFP data assessment.

● To conduct a FFP data assessment as per study objectives (refer to Section 2) among selected
candidate data sources to assess and recommend registries for the study.

4. Methods

A preliminary assessment was conducted using a pre-feasibility questionnaire (refer to Section 4.1 for
further details) to select registries for FFP data assessment (refer to Section 4.2 for further details). A
feasibility questionnaire was sent to the registries identified during pre-feasibility for further assessment
(refer to Section 4.3 for further details). The final selection of registries was made based on the responses
of both pre-feasibility and feasibility questionnaires. The pre-feasibility and feasibility questionnaires were
developed based on the EMA guideline on registry-based studies2, the Request tool3 and the Structured
Process to Identify Fit-for-Purpose Data framework (SPIFD)4. The SPIFD framework outlines a systematic
approach to evaluating data sources to ensure their fitness for addressing regulatory-grade research
using observational data. This framework operationalizes principles with respect to data reliability,
relevance and accessibility. Reliability is demonstrated when data are valid, consistent, and complete
such that they accurately represent the healthcare concept of interest. Relevance is demonstrated
through the ability to capture key variables (e.g., exposure, outcome) and contribute sufficient sample size
and follow-up. Accessibility is demonstrated in the ability to effectively contract, collect, and analyse the
data. SPIFD-based feasibility assessments support the choice of a robust data source in which to conduct
an observational study.

4.1. Pre-feasibility

The pre-feasibility questionnaire leverages the items defined in the checklist for evaluating the suitability
of registries for registry-based studies of the EMA guideline2.

Items included in the pre-feasibility questionnaire were as follows:
- Country
- Clinician-based registry or Patient-based registry or both
- Funding sources
- Registry governance
- Registry start date
- Last data available
- Coverage of the registry (e.g., national, regional, local)
- Type of SMA included (e.g., only specific genetic variant, any variants)
- Adults or Children or both included in registry
- Total number of patients with SMA in registry
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- Approximate number of new SMA patients entering the registry per year (on average)
- Approximate number of SMA patients lost per year (on average)
- Consent for research purposes
- Quality requirements: capability and experience in data management (cleaning, verification) &

analysis, quality planning/control/assurance process, audit practice
- Ethics committee/Review Board approval
- Data privacy
- Data corresponding to the ""TREAT-NMD Core dataset version 2 for SMA"" dataset
- Inclusion in the registry from diagnosis
- Longitudinality of patient data
- Average time between 2 follow up visits
- Completeness of information

4.2. Identification and reduction of data source options

Based on the responses to the pre-feasibility questionnaire obtained from the registries, registries were
selected for feasibility assessment. The reasons for the exclusion of registries are described in Section
5.1. Pre-feasibility results (corresponding to the Step 2 of SPIFD).

4.3. Conduct detailed data feasibility assessment

Operationalization and ranking of minimal criteria required to answer the research question was used to
develop the feasibility questionnaire (corresponding to the Step 1 of SPIFD).
The feasibility questionnaire included questions regarding the core data elements (except pregnancy)
listed in the EMA guideline for registry based studies.
The data elements part of feasibility assessment were based on required data to achieve the main study
objectives and were further categorised as follows. The “Need to have” data elements were defined
based on important disease management information and disease outcomes (such as genetic information
and SMA status, DMT information, hospitalisation, pulmonary disorder, etc.), and to allow stratifications as
planned in the study protocol. Other data elements that were identified as less critical for the conduct of
the study were classified as “Nice to have”.

“Need to have” data elements are as follows:
● Patient demographics

○ Age
○ Sex
○ Geography

● Diagnosis of SMA
○ Type of SMA
○ Age at onset
○ Functional status ( non sitter/sitter/walker)
○ Genetic testing results

● Treatment characteristics
○ Disease modifying therapies

● Outcomes
○ Hospitalisations
○ Vital status
○ Thoraco-pulmonary disorders
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○ Feeding tube
○ Wheelchair
○ Motor function
○ Scoliosis & hip disorders

“Nice to have” data elements are as follows:
● Patient demographics

○ Height & weight
● Diagnosis of SMA

○ Genetic methods (initially not assessed to reduce registry burden - not identified as
critical for the study conduct; added as follow-up request)

● Treatment characteristics
○ Non-medicinal therapies
○ Comedications (not assessed to reduce registry burden - not identified as critical for the

study conduct)
○ Immunisation (not assessed to reduce registry burden - not identified as critical for the

study conduct)
● Clinical characteristics

○ Comorbidities
● Patient reported outcomes (PROs)
● Outcomes

○ Serious adverse events

The SPIFD framework generates a ranking for data elements considered in the assessment. The FFP
heatmap presents the FFP fitness score of each data source for each data element. A score of 1 (low
fitness) to 5 (high fitness) is assigned to each data element. The FFP fitness score is detailed in the
SPIFD framework4.

For this feasibility assessment, the score is based on the percentage of missingness or completeness of
records for each data element or/and based on qualitative data (as shown in Figure 1 below).

Ranking 1 2 3 4 5

Legend

Very few
patients / items
with a value
recorded
(<25%)

Less than half
of patients
/items with a
value recorded
(25-50%)

More than half
of patients
/items with a
value recorded
(50-75%)

Majority of
patients / items
with a value
recorded
(75-95%)

Nearly all
patients /items
with a value
recorded
(95-100%)

Figure 1. Ranking of data elements
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For data elements for which completeness of records cannot be used, the score was based on the
qualitative data provided by the registry (refer to Table 1 below).

Table 1. Data type used for registries ranking

Quantitative data Quantitative and qualitative data Qualitative data

● Demographics
● SMA characteristics
● Functional status (=Motor ability

status)
● Motor function test
● Wheelchair usage
● Feeding tube
● Scoliosis
● Thoraco-pulmonary disorders

● Hospitalizations
● Living status
● Comorbidities
● SAEs
● PROs
● DMTs

● Non-medicinal product
therapies and aid

● Administrative information
and Quality requirements

DMT: disease modifying therapy; PRO: patient reported outcome; SAE: serious adverse event
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5. Results

The results from the pre-feasibility and feasibility assessment are presented in Section 5.1 and Section
5.3, respectively. A description of each registry which completed the pre-feasibility assessment is
presented in Section 5.2.

5.1. Pre-feasibility results

A total of 19 registries from the TREAT-NMD network across 20 countries were contacted across Europe
and the Middle East region. These registries have an active TREAT-NMD membership. The registries
included in the pre-feasibility are listed in Table 2.

Table 2. List of registries included in the pre-feasibility
European registries Bulgaria, Czech Republic & Slovakia, Croatia, Hungary, Latvia, Slovenia, Belgium, Germany &

Austria, Spain, Sweden, Denmark, Poland, UK and Ireland

Non-EEA registries Georgia, Turkey (3), Ukraine, Switzerland

EEA: European Economic Area

After reaching out to the 19 registries, all registries except the Istanbul University registry (Turkey)
provided a first feedback. Thus, this registry was excluded.
The Danish registry was extremely busy and did not complete the pre-feasibility assessment. The Polish
registry had limited resources due to the conflict in Ukraine. These 2 registries were also excluded.

The pre-feasibility assessment was completed by 16 registries (84% response rate). Among those, the
Swedish registry completed the pre-feasibility and feasibility assessment altogether.
The main results of the pre-feasibility are summarised in Table 3 below.
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Table 3. Pre-feasibility results

Country Registry
start date

SMA
patient
count

Data
follow-up

Frequency of
visits

Data quality
process

Audit
practice

Patient-level
data sharing

Ethics/
Review
board

approval
needed

Bulgaria 2014 93 3-4 years
Treated patients:

6 months
Others: 1 year

No No No No

Czech
Republic &
Slovakia

2011 317 3 years 5 months Yes Yes Yes No

Croatia✦ 2017 43 ≥5 years < 6 months Yes Yes No Yes

Georgia✦ 2019 51 3-4 years 6 months No No Yes Yes

Hungary 2008 161 1 year 6 months, less for
treated patients No No Yes No

Latvia 2016 38 ≥5 years
6 months
paediatric

1 year adults
No No Yes No

Slovenia 2017 37 ≥5 years 1 year Yes No Yes Yes

Turkey
Kukas✦ 2009 65 1 year 6 months Yes Unknown Yes Yes

Turkey
Lukam 2020 60 3-4 years 6 months No No Yes No

Ukraine 2007 360 4-5 years 1 year Yes No Yes Yes

Belgium 2018 272 ≥5 years 6 months Yes No Yes Yes

Germany &
Austria 2008 893 ≥5 years 1 year Yes Yes No* Yes

Spain 2015 273 ≥5 years < 6 months Yes Yes Yes Yes

Sweden 2010 177 ≥5 years 6 to 12 months Yes Yes Yes Yes

Switzerland 2008 137 4 years
Treated patients:

4 months
Others: 1 year

Yes No Yes Yes

UK &
Ireland 2007 566 ≥5 years

6 months for
paediatric and
patients treated
with nusinersen
or risdiplam.
Others: 1 year

Yes Yes Yes Yes

✦ Children registries; Non-European economic area countries; Patient-based registries
*Germany & Austria registry has the capabilities to run analysis locally
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The registry in Croatia was not selected due to the low number of SMA patients (n=43) being children
only, and the fact that patient-level data cannot be shared.
The 2 registries in Turkey (Kukas and Lukam) were not selected due to their relatively low size and not
being part of the EEA. The Kukas registry includes 65 patients and most of them are children. The Lukam
registry includes 60 patients, both adults and children.
Bulgaria and Hungary were not recommended by Aetion due to a lack of capability and experience in data
quality assurance and audit practices, and not being able to share patient-level data for Bulgaria and
having only 1 year of longitudinal data for Hungary. Ukraine was excluded due to the ongoing conflict and
the long time estimated to complete the feasibility assessment (6 months).

The selection process of registries for the feasibility assessment is presented in Figure 2.
The registries selected for the feasibility assessment are:

- Patient-based registries: Spain, Germany & Austria, and UK & Ireland
- Clinician-based registries: Belgium, Czech Republic & Slovakia, Latvia, Sweden, Georgia,

Switzerland, Slovenia

EEA: European Economic Area
Figure 2: Attrition of Registries for Feasibility assessment
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5.2. Registry description

5.2.1. Belgium
The Belgian Neuromuscular Diseases Registry (BNMDR)5 is a national clinician-based registry which
started in 2008 (and restructured in 2018), with 272 adults and children SMA patients included as of June
2022. This registry is funded by the National Health Insurance (Belgium National Institute for Health and
Disability Insurance). The registry is governed by a Steering Committee that meets annually. This
committee includes representatives of experts (physicians), patients organisations, one representative of
the National Health Insurance and two representatives of Sciensano who manages the registry (a public
research institution established in 2018). During the annual meeting, data collected and evolution of the
project are being discussed. A Scientific Committee composed by experts from participating centres
(physicians) is also in place. This committee can meet more regularly to support decision making on
scientific aspects.
A dedicated quality team is responsible for managing Sciensano's quality management system. They
ensure that all services comply with quality standards in order to guarantee the accuracy of the analysis
results that they issue and the reliability of the opinions or conclusions that they formulate. The quality
standards applied within Sciensano are ISO 15189, 17025 and 17043.
At the beginning of each project, documents such as study protocol and report, statistical analysis plan
and data management plan are created and regularly updated.
Registry patient-level data are de-identified and can be shared with TREAT-NMD. Patients followed over
different centres can be identified and most complete data are being kept in the registry. A data validation
process is in place to avoid the entry of aberrant data within the form completed by data
providers/physicians. In addition, statistics are being run on the registry data and compared to historical
checks once a year (e.g., description such as counts, distribution, percentages of key characteristics). If
discrepancies are identified, queries are being raised for aberrant data. Missing data are checked once a
year and trends checked with data providers/physicians in order to improve completion (e.g.,
unavailability of source data or changing to mandatory fields).

5.2.2. Bulgaria
The Bulgarian SMA registry is a national clinician-based registry which started in 2014, with 93 children
and adults SMA patients included as of June 2022. This registry does not have funding sources. The
registry is governed only by the clinicians in the Expert centre for hereditary neurologic and metabolic
disorders. Registry patient-level data cannot be shared with TREAT-NMD. All registry items are being
checked against medical records by a physician or a (research) nurse once a year. Queries are being
raised to ask for completion of missing information by contacting the patient or checking medical
documentation.

5.2.3. Croatia
The Croatian registry for paediatric NMD is a national clinician-based registry which started in 2017, with
43 children SMA patients included as of June 2022. This registry receives funds via TREAT-NMD. The
registry does not have a governing body in place. Registry patient-level data are de-identified and can be
shared with TREAT-NMD. The registry performs quality checks notably verifying patient duplicates and
has audit practice.

5.2.4. Czech Republic & Slovakia
The REaDY is a national clinician-based registry which started in 2011 covering both Czech Republic and
Slovakia. It was developed by the Institute of Biostatistics and Analyses, with 317 adults and children
SMA patients included as of May 2022. This registry is funded by the pharmaceutical industry. The
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registry has been endorsed by ethical committees and regulatory authorities in both Czech and Slovak
Republics.
Quality documentation for the registry implementation is available: data management plan and data
validation plan. In addition, a validation process is set up within the database with data quality control by
the system. Each eCRF adjustment is discussed and approved by a study guarantor.
Registry patient-level data are de-identified and can be shared with TREAT-NMD. Data verification
statistics are run on the data upon request such as checking date/integer ranges or checking correct data
types. No specific actions are put in place to improve missingness.

5.2.5. Georgia
The Georgian paediatric NMD registry is a national clinician-based registry which started in 2019, with 51
children SMA patients included as of June 2022. This registry receives funds from the TGDOC registry
bursary and the Georgian Association of Child Neurologists and Neurosurgeons. The registry did not
specify whether they have a governing body in place. Registry patient-level data are de-identified and can
be shared with TREAT-NMD. The registry has clinical trial-specific documentation and procedures when
performed at their hospital. All registry items are being checked against medical records by a physician or
a (research) nurse every 3 to 6 months. Missing data are being checked every 3 to 6 months and queries
raised for completion. Missing data are completed as much as possible during follow-up visits with the
patients.

5.2.6. Germany & Austria
The SMA-Patient registry for Germany and Austria (DMD- und SMA-Patientenregister für Deutschland
und Österreich) is a patient-based registry which started in 2008, with 893 adults and children SMA
patients included as of June 2022. This registry is operated by the Friedrich Baur Institut in Munich
University Hospital (Germany)6, dedicated to patient care and cutting-edge research in the field of
neuromuscular disorders (NMD). This registry is funded by research project sponsors. The registry is
governed by an independent oversight committee.
Registry patient-level data are de-identified and can only be shared with TREAT-NMD at an aggregated
level. Registry participants provide a copy of human genetic findings which are reviewed at the centre and
added to the participant's dataset. All participants are asked at least once per year to review and add
genetic reports to the dataset for timeliness and completeness. Missing data are checked every 6 months
and query raised to ask for completion.

5.2.7. Hungary
The Hungarian SMA/DMD Registry is a national patient-based registry which started in 2008, with 161
adults and children SMA patients included as of June 2022. This registry does not have any funding
sources. The registry belongs to the Semmelweis University and has been endorsed by the National
Ethics Committee. Registry patient-level data are de-identified and can be shared with TREAT-NMD.

5.2.8. Latvia
The NMD registry in Latvia (NMS datu kolekcija) is a national clinician-based registry which started in
2016, with 38 adults and children SMA patients included as of June 2022. This registry is funded by the
hospital. This registry does not have any governing body in place. Registry patient-level data are
de-identified and can be shared with TREAT-NMD. All registry items are being checked against medical
records by a physician or a (research) nurse once a year. Missing values as left in the registry with no
further action.
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5.2.9. Slovenia
The Slovene registry of children with NMD is a national clinician-based registry which started in 2017, with
37 children SMA patients included as of June 2022. This registry does not have any funding source. This
registry does not have any governing body in place. Patient duplicates are being verified. Registry
patient-level data are de-identified and can be shared with TREAT-NMD.

5.2.10. Spain
The Registro Nacional de Pacientes de la Fundación Atrofia Muscular Espinal (FundAME) is a national
patient-based registry which started in 2015, with 273 adults and children SMA patients included as of
June 2022. This registry is funded by FundAME7. The registry governing bodies are as follows: 2 curators,
1 data manager who is responsible for the registry, 1 patient representative and 1 financial &
administrative responsible.
The following information is being described into a protocol: curation method, responsibilities, instructions
and resources during the different phases including promotion and training activities within the patient
registry.
Required data changes and dataset modifications are documented. Currently the data is migrating to a
new platform, hence documentation will be updated.
Registry patient-level data are de-identified and can be shared with TREAT-NMD. The following items are
being checked against medical records by a physician or a (research) nurse: SMN1 data, SMN2 data and
forced vital capacity. All other items are curated by a SMA specialist healthcare professional. Data is
being verified every time there’s a data modification or update in every patient. Patients are encouraged
through contacts or phone calls to complete missing data or send medical reports.

5.2.11. Sweden
The Swedish National Registry for NMD (Neuromuskulära sjukdomar i Sverige - NMiS) is a national
clinician-based registry which started in 2010, with 177 adults and children SMA patients included as of
September 2022. This registry is funded by the government. The registry is governed by a Steering
Committee composed by 2 representatives of patient organisations.
The quality standards applied for the platform used by the NMiS-registry are following ISO 13485:2016. It
covers NMiS-registry on a general level regarding platform development, risk analysis, maintenance, etc.
Registry patient-level data are de-identified and can be shared with TREAT-NMD. A data verification
process is in place where all registry items are being checked against medical records by a physician or a
(research) nurse once a year. Queries are being raised to ask for completion of missing information. In
order to improve completion of missing data, helptext, automatic reminders and mandatory fields are also
put in place in the registry.

5.2.12. Switzerland
The Swiss Registry for NMD (Swiss-Reg-NMD) is a national clinician-based registry which started in
2008, with 137 adults and children SMA patients included as of June 2022. This registry is funded by
patient organisations, foundations and the pharmaceutical industry. The governing bodies of the
Swiss-Reg-NMD are the Steering Committee and the Executive Office. The Steering Committee is
currently composed of a group of 7 specialised physicians. It is the Swiss-Reg-NMD legal representative
superordinate organ and acts as a supervisory authority. Among other things, the Steering Committee
defines the objectives, the research questions and the dataset of the Swiss-Reg-NMD. The tasks of the
Executive Office include management and legal issues, data collection and storage, data quality check,
communication with different stakeholders, finances, research and collaborations.
The Swiss-Reg-NMD is currently planning and discussing with interested parties the involvement of
patient representatives in the registry work.
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Specific guidelines and agreements regulate data collection, data use and dissemination, responsibilities,
time schedules, and goals within the Swiss-Reg-NMD.
Registry patient-level data are de-identified and can be shared with TREAT-NMD. Data completeness and
quality checks (consistency over time) are being conducted at first data entry and every 6 months.
Queries on missing or discrepant data are raised and discussed with the treating physician. Missing data
can be collected during on site visits.

5.2.13. Turkey - KUKAS
The KUKAS registry in Turkey is a local clinician-based and patient-based registry, with 65 children (and
few adults) SMA patients included as of June 2022. This registry does not have any funding source. The
registry does not have any governing body in place. Patients' families are able to register however if they
do not come to visit the local clinic for assessments and sign a consent form their registration is not
confirmed.
Registry patient-level data are de-identified and can be shared with TREAT-NMD.

5.2.14. Turkey - LUKAM
The LUKAM registry in Turkey is a local clinician-based registry which started in 2020, with 60 children
and adults SMA patients included as of June 2022. This registry does not have any funding source. The
registry governance is directed by Prof. Karaduman who is a very experienced clinician in the registry and
connected with the association of DMD families in Turkey. Also, she is a member of the oversight
committee of TREAT-NMD. Registration of patients is performed using Turkish ID numbers to avoid
duplicates.
Registry patient-level data are de-identified and can be shared with TREAT-NMD.

5.2.15. UK & Ireland
The UK SMA Patient Registry8 is a patient-based registry which started in 2007 covering the United
Kingdom and Ireland, with 566 adults and children SMA patients included as of June 2022. This registry
is funded by Biogen, through its funding of Adult SMA REACH. This registry is governed by an
independent steering committee. This includes representation from three patient organisations, SMA UK,
MDUK and TreatSMA. Enrolment is patient-initiated and achieved online through the registry website
(www.sma-registry.org.uk). Patients become aware of the registry through patient organisations, through
the clinical studies Adult SMA REACH and SMA REACH UK (paediatric) and through distribution of
registry information leaflets from their neuromuscular clinic.
The patient registry has a study Protocol in place but does not have a quality plan document. Registry
patient-level data are de-identified and can be shared with TREAT-NMD. Data management is performed
by the registry coordinator. Patients are requested to share a copy of their genetic report with the registry,
enabling the registry coordinator or medical staff to verify their eligibility upon receipt. Duplicate
registrations are routinely investigated and removed, following contact with the patient. Data is regularly
reviewed by the curator and any anomalies are followed-up with the patient. Periodic follow-ups with
patients are performed to request missing data, notably genetic reports. This is through both targeted and
more general communications. All database entries and contacts are traceable through an audit trail.
Self-audit is performed approximately every two years.

5.2.16. Ukraine
The Children with Spinal Muscular Atrophy (CSMA) is a national clinician-based and patient-based
registry which started in 2007, with 360 adults and children SMA patients included as of June 2022. This
registry is auto-funded. The governing bodies of the CSMA are the curators of the registry, including
patient organisation representatives. There is no external independent committee.
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Registry patient-level data are de-identified and can be shared with TREAT-NMD. RThe registry curators
perform data quality checks each time a new record is created (by the patient or by their doctor).
Duplication of patients is also checked.

5.3. Feasibility results

Among the 10 countries selected for the feasibility assessment, Slovenia declined participation. Bulgaria
provided their feasibility assessment even though this registry was not initially recommended. The
Bulgarian registry received as all registries the initial set of feasibility assessment without further request
for completion; hence their response was not expected. Nonetheless it is included in this report for
comprehensiveness.

The following registries were included in the feasibility assessment:
- Patient-based registries: Spain, Germany & Austria, and UK & Ireland
- Clinician-based registries: Belgium, Czech Republic & Slovakia, Latvia, Sweden, Georgia,

Switzerland, Bulgaria.

5.3.1. Administrative information and Quality requirements

The below Table 4 summarises administrative information and quality requirements for each registry. The
overall assessment is based on the number of item requirements met (refer to Figure 3 below). The
ranking is as follows: 5=all items met, 4=nearly all met, 1=very few or none met.

Further details on data quality checks performed by each registry are further described in Section 5.2
(Registry description).

Figure 3. Administrative information and Quality requirements items considered
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Table 4. Administrative information & Quality requirements for each registry included in the feasibility assessment

Items
Germa
ny &

Austria
Spain

UK &
Irelan
d

Belgiu
m Sweden Switzerla

nd

Czech
Republi
c &

Slovaki
a

Bulgari
a

Georgia
✦

Latvia

Ethics committee/review
board approval

Obtain
ed

In
progres

s*

Obtai
ned

Obtai
ned

In
progres

s*

In
progress

*

Not
require

d

No
follow-
up

No
follow-
up

No
follow-
up

Governance and
transparency
(steering committee or
governance body in
place)

Yes Yes Yes Yes Yes Yes Yes No No No

Patient-level data sharing
for central study analysis No Yes Yes Yes Yes Yes Yes No Yes Yes

Financing (funding) Yes Yes Yes Yes Yes Yes Yes No Yes Yes

Data cleaning
(capability/experience) Yes Yes Yes Yes Yes Yes Yes No No No

Quality assurance (quality
control, data verification) Yes Yes Yes Yes Yes Yes Yes No No No

Auditing practice Yes Yes Yes No Yes No Yes No No No

Overall Qualitative
assessment (item
requirements met)

4 5 5 4 5 4 5 1 1 1

UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.

*For Spain, Sweden and Switzerland registries, there are awaiting the final protocol to request Ethics committee approval.
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5.3.2. Patient population covered

5.3.2.1. Start date of registry
All registries selected for the feasibility assessment started collecting data before 2019 (except Georgia).

UK: United Kingdom. Note: Belgium registry was restructured in 2018
Figure 4: Registry start date

5.3.2.2. Size of registry
The Figure 5 below presents the SMA patient count per registry as of September 2022.

For both registries in Germany & Austria and the UK & Ireland, a difference can be observed between the
number of patients in the registry and those with a genetically confirmed 5Q diagnosis.
The German & Austrian registry is actively following-up with patients to submit their reports, nonetheless
the registry should rely on their willingness to do so.
In the UK & Ireland registry not all patients have a copy of their genetic test report. If they have one,
patients are encouraged to share it with the registry. If they do not have a copy, the registry asks to share
their clinic details, so that the registry can approach the clinic and request a copy. There is mixed success
at receiving reports through this route. This registry includes older patients who probably received a
diagnosis from their physician before genetic testing for SMA had been developed. There was no
treatment available until 2017 and it is probable that some of these patients had not been offered genetic
testing to confirm their diagnosis.

For the Spanish registry, the numbers are similar due to an update campaign run by the Spanish registry
during summer 2022 to obtain the genetic report from all the patients included in the registry.
The clinician-based registries have lower amounts of SMA patients but nearly all patients have a genetic
confirmation of their diagnosis.
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SMA: spinal muscular atrophy; UK: United Kingdom.
Figure 5: SMA Patient count per registry (September 2022)

Figure 6 presents the percentage of patients' entry and loss per year based on the total number of
patients in each registry.
The percentages of SMA patients entering the registry per year is higher than the number of patients lost
per year. In Switzerland, each year, the registry size grows by approximately 6,5%. The percentage of
patients entering the registry per year is 8,5% of the registry size and the percentage of patients lost per
year is approximately 2% of the registry size. The percentage of patients lost per year is unknown for the
UK & Ireland and for Latvia.

SMA: spinal muscular atrophy; UK: United Kingdom.
Figure 6: Percentage of SMA patients’ entry and loss per year across registries (September 2022)
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Table 5 summarises the availability of DMT per country. Spinraza is available in all the countries with a
registry selected for FFP assessment except in Georgia. Zolgensma has been available in Sweden since
February 2022 and is not available in Bulgaria and Georgia. Evrysdi is only available from 2022 in half of
the countries selected for FFP assessment and is not yet available in Spain and Ireland.
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Table 5. Year of availability of SMA disease modifying therapy across registries

Year 2017 2018 2019 2020 2021 2022

Spinraza
availability

● Germany &
Austria

● Sweden
● Switzerland
● Czech republic &

Slovakia

● Spain
● Belgium

● Bulgaria
● Latvia
● UK &

Ireland

Zolgensma
availability

● Germany &
Austria

● Czech
Republic &
Slovakia

● Belgium
● Spain
● Switzerland
● UK & Ireland

● Sweden

Evrysdi
availability

● Germany &
Austria

● Switzerland
● Czech Republic

& Slovakia
● Georgia

● Sweden
● Belgium
● Bulgaria
● Latvia
● UK (not

Ireland)

SMA: spinal muscular atrophy; UK: United Kingdom.
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5.3.2.3. Type of SMA and Genetic testing focus
Table 6 summarises the type of SMA recorded and genetic testing information availability in each registry. There are almost no type 0 across all
registries, and all have patients with SM2 copy. Details on the methods of SMA testing collected in each registry are presented in Section 5.3.4 on
“Nice to have” data elements.

Table 6. Type of SMA and SMA genetic testing

Data elements
German
y &

Austria
Spain UK &

Ireland Belgium Swede
n

Switzerla
nd

Czech
Republi
c &

Slovakia

Bulgaria Georgia
✦

Latvia

SMA patients
● Type 0
● Type 1,2,3,4
● Undetermin

ed
● Pre-sympto

matic

● 0
● 814
● 1
● 1

● 0
● 289
● 0
● 0

● 0
● 474
● 1
● 0

● 0
● 257
● 0
● 13

● 0
● 171
● 3
● 0

● 2
● 153
● 1
● 3

● 1
● 315
● NA
● 1

● 0
● 46
● NA
● NA

● 0
● 48
● 3
● 0

● 0
● 20
● 0
● 1

Genetically confirmed
5q SMA patients
(patients with genetic
testing)

610 289 215 254 171 156 309 90 48 20

Patients with SMN2
copy number recorded 377 263 78 212 148 128 273 46 48 20

Patients with SMN1
gene mutation type - 289 - 254 157 145 294 45 48 20

SMA: spinal muscular atrophy; UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.
Note: The following methods of SMA testing can be selected RFLP, HRM, MLPA, DNA sequencing, qrtPCR, ddPCR (source: TREAT-NMD version 2 dataset)
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5.3.2.4. Duration of follow-up
All registries have an average duration of follow up greater than 3 years.
The registries with an average duration of follow up between 3 and 4 years are: Bulgaria, Czech Republic
& Slovakia, Georgia and Switzerland.
The registries with an average duration of follow-up greater than 4 years are Latvia, Belgium, Spain,
Sweden, UK & Ireland, Germany & Austria.

For each registry that will be included in the study, the maximum available data will be used in order to
maximize the follow-up time during which disease progression metrics and post-diagnosis outcomes will
be evaluated.

5.3.3. “Need to have” data elements
The “Need to have” data elements (refer to Section 4.3 for further details on selection of these data
elements) were classified in 3 categories: patient characteristics, DMT and outcomes. Patient
characteristics and outcomes encompass several subcategories, where DMT has only one. The ranking
of each subcategory, summarised in the below Table 7, is further detailed in this chapter and corresponds
to an average ranking based on corresponding data elements ranking.
Overall, among clinician-based registries in Belgium, Sweden, Switzerland and Czech Republic &
Slovakia are ranking the highest across the 3 categories. Among patient-based registries Spain ranks
similarly to these clinician-based registries. The 2 other patient-based registries have quite similar overall
rankings. Nonetheless, the registry in Germany & Austria has better SMA clinical characteristics,
functional status and scoliosis diagnosis information, and much better on ventilation usage and
hospitalisation information compared to the UK & Ireland registry.
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Table 7. Ranking of “Need to have” data elements across registries

Data elements
German
y &

Austria
Spain UK &

Ireland Belgium Sweden Switzerl
and

Czech
Republic

&
Slovakia

Bulgaria Georgia
✦

Latvia

Patient characteristics

Demographics 5 5 5 5 5 5 5 5 1 1

SMA
characteristics 3 5 2 4 3 4 4 3 5 3

Functional status
(=Motor ability
status)

2 4 1 2 5 4 4 3 4 3

DMT

DMTs information 2 3 2 5 5 3 3 5 2 1

Outcomes

Motor function
test 4 5 5 3 1 4 3

Wheelchair
usage 4 5 4 5 5 5 4 3 2 3

Feeding tube 4 5 5 5 5 3 5 5 1 1

Scoliosis 3 3 2 5 5 3 3 4 4 1

Thoraco-pulmona
ry disorders 3 4 2 5 5 4 5 4 1

Hospitalizations 4 2 1 5 5 4 4 1 2 2

Living status 1 4 1 5 5 4 3 5 4 1

DMT: disease modifying therapy; SMA: spinal muscular atrophy; UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.
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5.3.3.1. Patient characteristics
Table 8 below summarises the patient characteristics information available across registries.
Demographics include age at diagnosis and sex. These 2 data elements are mandatory to collect in
Germany & Austria, UK & Ireland and Sweden. They are well captured in all other registries except for
Georgia and Latvia.

SMA characteristics include the symptom onset date which means the date when the patient started
presenting symptoms of the disease. The collection of this information varies across registries. UK &
Ireland is the one with the lowest percentage of value recorded since this data element is recorded for
43% of patients with a 5q SMA diagnosis. For Czech Republic & Slovakia, the age (in years) at symptom
onset is collected instead of the symptom onset date. For patients with an onset that started before 3
years old, the age of onset is recorded in months.

The functional status (=Motor ability status) is defined by one or several of these motor skills assessment:
Hold head without support, roll onto side, sit without support, crawl, stand with assistance, stand without
assistance, walk with assistance, walk without assistance, walk 10 metres without assistance, climb
stairs, useful function of hands, reach overhead when seated, raise hands to mouth when seated.
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Table 8. Patient characteristics information across registries

Data elements Germany &
Austria Spain UK &

Ireland Belgium Swede
n Switzerland

Czech
Republi
c &

Slovakia

Bulgaria Georgia
✦

Latvi
a

Demographics
● Age at

diagnosis
● Sex

5 5 5 5 5 5 5 5 1 1

SMA clinical
characteristics
● Symptom

onset date

3 5 2 4 4 4 5 3 5 3

Registry entry
date 5 5 5 4 5 5 5 5 4 3

Functional status
(=Motor ability
status)

2 4 1 2 5 4 4 3 4 3

SMA: spinal muscular atrophy; UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.
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5.3.3.2. Disease modifying therapies (DMT)
Table 9 below summarises DMT information available across registries. The DMT administration date is generally very well recorded across all
registries except in Czech Republic & Slovakia, Georgia and Latvia. The DMT dosage is poorly recorded or not recorded except for Belgium,
Sweden and Bulgaria.

Table 9. Disease modifying therapy (DMT) information across registries

Data
elements

Germany
& Austria Spain UK &

Ireland Belgium Sweden Switzerlan
d

Czech
Republi
c &

Slovakia

Bulgaria Georgia
✦

Latvia

DMTs (% of
patients with
a value
recorded for
DMT)
1/ Spinraza
2/ Zolgensma
3/ Evrysdi

n=342
(56%)

1/ 71%
2/ 4%
3/ 20%

n~
76%

n=90
(42%)

1/ 27%
2/ 4%
3/ 32%

Total
treated
unknown

98%
records

1/ 73%
2/ 2%
3/ 21 %

n=113
(64%)

1/ 92%
2/ 4%
3/ 14%

Total
treated
unknown

77%
records

Total
treated
unknow
n

80%
records

1/ 62%
2/ 9%
3/ 15%

Total
treated
unknow
n

100%
records

1/ 25%
2/ NA
3/25%

Total
treated
unknow
n

1/ NA
2/ 4%
3/ 69%

Total
treated
unknow
n

1/ 21%
2/ 0%
3/ 5%

Administratio
n date if DMT
recorded

5 5 5 5 5 5 3 5 2 1

Dosage
recorded

Not
collected

Not
collect
ed

Not
collected 5 5 1 3 5 2 1

Administratio
n status
stopped
recorded if
administration
status start is
recorded

n=63/314 Unkno
wn n=2/59 Unknow

n

n=17/1
04

Spinraz
a

n=04/1
6

Evrysdi

80%
records

5%
records

100%
records n=14/35 Unknow

n

DMT: disease modifying therapy; UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.
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5.3.3.3. Outcomes

● Motor Function
Table 10 below summarises the motor function information available across registries. The wheelchair
usage and frequency of usage are well reported for all registries except for the Georgian registry. The
type of wheelchair (manual or electric) is not reported in Belgium, Germany & Austria, Switzerland, UK &
Ireland, Georgia, Latvia hence this variable was not included in the feasibility assessment.
In Czech Republic & Slovakia, the patient’s age at the start of wheelchair usage is recorded.
In Spain, the start date of wheelchair usage is not collected. Wheelchair usage is collected at several
time points (sometimes/permanent).
Motor function test is not available in all patient-registries and poorly reported in Bulgaria.
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Table 10. Motor function information across registries

Data
elements

Germany
& Austria Spain UK &

Ireland Belgium Sweden Switzerland

Czech
Republi
c &

Slovakia

Bulgaria Georgia
✦

Latvia

Wheelchair
usage and
frequency

4 5 4 5 5 5 4 3 2 3

Start date of
wheelchair
usage

3 Not
collect
ed

4 2 5 1 4 3 2 1

Motor function
test Not

collected

Not
collect
ed

Not
collecte

d
4 5 5 3 1 4 3

Muscle
contracture 3 1 2 5 5 5 5 1 5 3

UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.
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● Nutrition/Feeding tube
Table 11 below summarises information on nutrition collected across registries.

Table 11. Nutrition information across registries

Data
elements

Germany
& Austria Spain UK &

Ireland Belgium Sweden Switzerlan
d

Czech
Republi
c &

Slovaki
a

Bulgari
a

Georgia
✦

Latvia

Feeding tube
usage
● Y/N option
● Pre-select

ed
answers

● Other

Other Y/N
option Other

Pre-sele
cted
answers

Pre-sele
cted
answers

Pre-select
ed
answers

Pre-sel
ected
answe
rs

Y/N
option

Y/N
option

Pre-sele
cted
answers

Feeding tube
usage
recorded (%)

4* 5 5* 5 5 3 5 5 1 1

G-tube or
gastrostomy 4* 5 5* 3 5 4 5 5

Not
collecte

d
1

*For Germany & Austria and UK & Ireland(i.e. nasogastric tube vs G-tube) cannot be distinguished.
UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.
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● Orthopaedic disorders
Table 12 below summarises information on scoliosis and hip disorder collected across registries.

Table 12. Scoliosis and hip disorder information across registries

Data
elements

Germany
& Austria

Spain UK &
Ireland

Belgium Swede
n

Switzerland Czech
Republic

&
Slovakia

Bulgaria Georgia
✦

Latvia

Scoliosis 3 3 2 4 4 3 3 4 4 1

Diagnosis 3 3 2 5 5 4 4 4 4 1

Cobb Angle
value (CAV)

Not
collected

Not
collect
ed

Not
collecte

d
3 3 2 2 1 Unknow

n 1

Surgery 5 5 5 5 5 3 3 5 Unknow
n 1

Hip disorder :
surgical
treatment

1 1 1 1 1 Not
collected

Not
collected 5 1 1

UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.
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● Thoraco-pulmonary disorders
Table 13 below summarises information on pulmonary function collected across registries.

Table 13. Pulmonary function information across registries

Data
elements

Germany
& Austria Spain UK &

Ireland Belgium Swede
n

Switzerlan
d

Czech
Republic

&
Slovakia

Bulgaria Georgia
✦

Latvia

Thoraco-pulm
onary
disorders

3 4 2 5 5 4 5 4 1

Forced Vital
Capacity

Not
collected 4

Not
collecte

d
4 5 5 4 2 5 2

Airway
clearance
assistance

3 4 2 4 5 3 5 3 Unknow
n 2

Non invasive
ventilation
usage

4 5 2 5 5 4 5 5 Unknow
n 1

Invasive
ventilation
usage

4 5 1 5 5 4 5 5 Unknow
n 1

UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.
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● Hospitalisation and survival
Table 14 below summarises information on living status and hospitalisations collected across registries.
All patients in the German & Austrian registry are supposed to be alive. Many are lost to follow-up and thus may be deceased, but remain in the
registry until notification of their death. Deceased patients are generally removed from the registry.
In Spain, the cause of death is known for some patients but is not coded; death certificates are not collected.

Table 14. Hospitalisation and vital status information across registries

Data
elements

Germany
& Austria

Spain UK &
Ireland

Belgium Swede
n

Switzerlan
d

Czech
Republic

&
Slovakia

Bulgaria Georgia
✦

Latvia

Living status,
date and
cause of death

1* 4 1 5 5 4 3 5 4 1

Hospitalisation
reason (acute
or planned
hospitalisation
) and date
recorded

4 2 1 5 5 4 4 1 2 2

* All patients in the German & Austrian registry are supposed to be alive. Deceased patients are generally removed from the registry.
UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.
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5.3.4. “Nice to have” data elements
The “Nice to have” data elements (refer to Section 4.3 for further details on selection of these data
elements) ranking is summarised in the Table 15 below.
Non-medicinal product therapies and aid ranking is based on qualitative information on the use of
rehabilitative interventions in each registry.
PROs ranking is based on qualitative information on the use of PROs assessing different dimensions
which are different from the patient's global impression of change/improvement.
The Spanish registry does not collect height and weight, they will evaluate the possibility of starting to
collect it with their internal advisory committee.
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Table 15. Ranking of “Nice to have” data elements

Data elements Germany
& Austria Spain UK &

Ireland
Belgiu
m

Swede
n Switzerland

Czech
Republic

&
Slovakia

Bulgaria Georgia
✦

Latvia

Height and
Weight 3 2 4 4 3 4 3 1 1

Non-medicinal
product therapies
and aid

4 5 4 4 4 3 1 3

Comorbidities* 2 1 2 5 5 2 4 1 2 1

SAEs 1 1 2 1 1 1 1

PROs 1 4 1 3

Genetic testing
methods 1 1 4 4 1 3 5 3

PROs: patient reported outcomes; SAE: serious adverse events; UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.
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5.3.4.1. Major non-medicinal product therapies and aid/support
Table 16 below summarises the use of rehabilitative interventions in each registry.

Table 16. Rehabilitative interventions usage across registries

Rehabilitati
ve
intervention
s usage

Germany &
Austria Spain UK &

Ireland
Belgiu
m Sweden Switzerlan

d

Czech
Republi
c &

Slovaki
a

Bulgari
a

Georgia
✦

Latvia

Physiotherapy
sessions (e.g.,
stretches)

Yes Yes Yes No Yes Yes Yes No Yes Yes

Respiratory
physiotherapy Yes Yes Yes No No Yes No No No Yes

Orthoses usage No Yes No No Yes Yes Yes No No Yes

Spinal brace Yes Yes Yes No Yes No Yes No No Yes

Speech therapy Yes Yes Yes No Yes No No No No No

Occupational
therapy Yes Yes Yes No Yes Yes No No No Yes

Others

Contracture
managemen

t using
orthotics,

Hydrotherap
y, home

programme
and

massage

Home
program
me,

Massage
,

Hydrothe
rapy

Contractur
e

managem
ent using
orthotics,
Hydrother
apy, Home
programm

e,
massage

No

Home
program
me

Hydrothe
rapy

Hydrothera
py

Hydroth
erapy No No No

UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.

Confidential 177



NI-PASS Study Report EUPAS50476 Version 5.1

5.3.4.2. Comorbidities and serious adverse events (SAEs)
Table 17 below summarises the comorbidities and SAEs collected in each registry. All registries collect comorbidities, nonetheless patient based
registries collect them for a lower range of the population. Among clinician based registries Belgium, Sweden and Czech Republic & Slovakia are
ranking the highest.

Table 17. Comorbidities and Serious adverse events collected across registries

Data
elements

Germany
& Austria Spain UK &

Ireland Belgium Sweden Switzerland

Czech
Republi
c &

Slovaki
a

Bulgari
a

Georgia
✦

Latvia

Comorbidities
2 1 2 5* 5* 2 4* 1 2 1

SAEs
Not

collected

Not
collect
ed

Not
collecte

d
1 1 2 1 1 1 1

*Comorbidities recorded in ICD-10 codes, others are recorded in free text then coded before data transfer
SAEs: serious adverse events; UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.
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5.3.4.3. Patient reported outcomes (PROs)
The below Table 18 summarises whether registries collect PROs locally with estimated completion where
available. PROs are generally poorly collected except for Belgium.

Table 18. Patient reported outcomes (PROs) collected in each registry

Patient based registries Clinician based registries

● Germany & Austria: No PROs
● Spain: Profuture Questionnaire currently in

validation phase
● UK & Ireland: EQ-5D-L, EQ-5D-Y, SMA

Independence Scale (non-ambulant), Global
Impression of Change (implemented in April
2022 - 17% completion)

● Belgium: ACTIVLIM (completed 1/year by
patients between 6 and 80 years old - 74%
recorded)

● Sweden: EQ-5D-5L (15 % recorded),
EQ-5D-3L, EQ-5D-Y

● Switzerland: Patient Global Impression of
Improvement, planned SMA Independence
Scale

● Bulgaria: No PROs
● Czech Republic & Slovakia: No PROs
● Georgia: No PROs
● Latvia: PEDI and PEDSQL (for 75% of patients)

5.3.4.4. Genetic methods testing
Table 19 below summarises the genetic methods tested information collected in each registry.
Despite having all genetic reports for patients entered into the Spanish registry, the registry is not
collecting this information in their data model. Retrieving this additional information from the genetic
reports represents a burden for the Spanish registry.
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Table 19 . Genetic methods testing information across registries

Data
elements

Germany
& Austria Spain UK &

Ireland Belgium Sweden Switzerland

Czech
Republi
c &

Slovaki
a

Bulgari
a

Georgia
✦

Latvia

Genetic
method testing 1

Not
collect
ed

1 4 4 Not
collected 1 3 5 3

Methods

RFLP
HRM
MLPA
DNA
sequencin
g
qrtPCR
ddPCR

Not
collect
ed

RFLP
MLPA
DNA
sequenci
ng
qrtPCR
Next
Generati
on
Sequenc
ing for
Whole
Exome
Sequenc
ing
Whole
Genome
Sequenc
ing
sspC
gene
analysis
Fluoresc
ent STS
gene
analysis

RFLP
MLPA
DNA
sequenc
ing
qrtPCR
ddPCR

MLPA
DNA
sequen
cing

Not
collected

MLPA
qrtPC
R

MLPA MLPA
qrtPCR

RFLP
MLPA
qrtPCR

ddPCR: droplet digital polymerase chain reaction; DNA: deoxyribonucleic acid; HRM: high resolution melting; MLPA: multiplex ligation-dependent probe amplification; RFLP: restriction
fragment length polymorphism; qrtPCR: quantitative reverse transcription polymerase chain reaction; UK: United Kingdom.✦children-only registry; bold characters represent
patient-based registries.
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6. Discussion

A summary of the main findings for each registry participating in the feasibility assessment is provided
below.

6.1. Clinician-based registries

The Swedish registry is highly recommended for its very good completeness of records for all data
elements as well as for administrative information and quality requirements. Founded in 2010, the
Swedish registry is a national registry with patient follow-up greater than 5 years. The 3 DMTs are
available in the country. Spinraza has been available since 2017 and Zolgensma and Evrysdi have been
available since February 2022. As of September 2022, 59% of patients in the Swedish registry are
receiving or have received Spinraza and stopped receiving it. Comorbidities are collected in the database
however SAEs and PROs are reported only for a small number of patients.

The Belgian registry is highly recommended for its very good completeness of records for all data
elements as well as for administrative information and quality requirements. The registry collects data on
SMA patients since 2015. Patient follow up is greater than 5 years. The 3 disease modifying therapies are
available in the country. Spinraza has been available since 2018, Zolgensma since 2021 and Evrysdi
since June 2022. Approximately 73%, 21% and 2% of patients of the Belgian registry are currently or
have received Spinraza, Evrysdi and Zolgensma respectively. Comorbidities and PROs are collected in
the registry database. Non medicinal product therapies and support are not collected. No specific process
exists to collect SAEs in the Belgian registry.

The Swiss registry is recommended based on its good completeness of records for the majority of data
elements and very good administrative information and quality requirements. The registry started in 2008
and went through a restructuring process in 2018. The first completed dataset entered in the database
was in 2018 so the patient follow up is around 4 years. Approximately 80% of patients in the registry are
receiving or have received a DMT. Spinraza has been available since 2017 and Zolgensma and Evrysdi
since 2021. Dosage of DMTs is not recorded in the Swiss registry. Orthopaedic disorders are not collected
and data regarding scoliosis and nutrition (feeding tube) are missing. Comorbidities and SAEs are
reported only for a small number of patients.

The Czech and Slovak registry is recommended based on its good completeness of records for the
majority of data elements and very good administrative information and quality requirements. The registry
started collecting data in 2011 and has the highest number of patients among clinician-based registries.
Spinraza has been available since 2017, Zolgensma since 2020 and Evrysdi since 2021. Approximately
80% of patients in the registry are receiving or have received a DMT with Spinraza being the most
administered. However, dosing and administration dates for DMTs are missing. The motor function test is
partially reported as well as scoliosis data. Orthopaedic disorders are not collected. Date of death is
recorded but the cause of death is missing for 95% of records. Comorbidities are well reported. The
percentage of records for SAEs is extremely low nonetheless each comorbidity, hospitalisation and death
can be reported as a SAE in the database. The registry does not collect any PROs.

The Bulgarian registry was deprioritized due to the lack of quality assurance processes and low to
medium completeness of data elements compared to other clinician-based registries.
The registry started collecting data in 2014. Spinraza has been available since 2019 and Evrysdi since
March 2022 in Bulgaria. Zolgensma is not available in the country. Motor function tests, hospitalizations,
comorbidities, SAEs are missing. PROs and rehabilitative interventions usage are not collected.
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The Latvian registry and the Georgian registry were deprioritized due to the low number of SMA
patients included in the registries, the absence of a governance structure, the lack of quality assurance
processes and the lower completeness of data elements compared to other clinician-based registries.
The Latvian registry started in 2016 and includes 38 patients. Only 20 patients in the registry have a 5Q
SMA diagnosis. The Georgian registry started in 2019 and includes 51 patients. Both registries have no
records of the age and sex of patients. Spinraza and Zolgensma are not available in Georgia, only
Evrysdi is available since 2021. In Latvia, Spinraza is available since 2019 and Evrysdi since February
2022, Zolgensma is not yet available. The date of administration and dosage of available DMTs are
missing. The outcomes (feeding tube, scoliosis, thoraco-pulmonary disorders etc.) as well as the “Nice to
have” data elements are poorly to moderately reported, except for genetic testing methods in Georgia.

6.2. Patient-based registries

The Spanish registry is recommended considering the overall good data quality, very good
administrative information and quality requirements as well as the future collection of PROs.
The registry started collecting data in 2015 and the database is currently being renovated. All SMA
patients in the registry have a confirmed 5q diagnosis and their consent uploaded in the database.
The average patient follow up in the registry is less than 5 years. Spinraza has been available since
2018 and Zolgensma since 2021, both are financed through the reimbursement pricing system with some
restrictions. Evrysdi is not yet available. Dosage of DMTs is not collected in the registry. The patient motor
function is not well reported, started date of wheelchair usage, motor function test and muscle
contractures are not collected. Enteral nutrition and thoraco-pulmonary disorders are well reported.
Regarding the height and weight of patients, the registry will start collecting these variables after
discussion with their internal advisory committee. Comorbidities are collected in free text and the registry
has no records of diagnosis date for comorbidities in the database. SAEs are not collected. The registry
and its renovation is fully financed by the foundation FundAME which develops a research project called
PROfuture collecting PROs. The PROfuture questionnaire is currently in the validation phase and will be
soon available in the database.

The German & Austrian registry is recommended considering the high number of patients included,
overall good data quality, very good administrative information and quality requirements. The registry
started collecting data in 2008 consequently the average patient follow up in the registry is greater than 6
years. The registry has the highest number of patients including the highest number of patients with a 5q
diagnosis genetically confirmed among all registries. All patients included in the registry have given their
consent for the use of their deidentified data for research purposes. DMTs are covered by the public
health insurance in Germany and Austria. Spinraza has been available since 2017, Zolgensma since
2020 and Evrysdi since March 2021. Approximately 40%, 2% and 11% of patients in the registry have
received or are currently receiving Spinraza, Zolgensma or Evrysdi respectively. The dosage of DMTs is
not collected.
Regarding the “need to have” data elements, the patient SMA characteristics (symptom onset date) as
well as the motor ability status are reported for half of the patients included in the registry. More than half
of patients have a record of their motor function (wheelchair usage and frequency, start date of wheelchair
usage and muscle contractures) however motor function tests are not collected. Scoliosis is well reported
although Cobb Angle value is not collected. Pulmonary function tests are reported as well as the invasive
and non-invasive ventilation usage and the need for airway clearance assistance. Death and cause of
death are not collected.
In regards to the “nice to have data elements”, more than half of patients have one or several weight and
height values recorded in the database. Comorbidities and their start date are collected. SAEs and
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PROs are not collected.

The UK & Ireland registry is recommended considering the number of SMA patients with genetic
confirmation is in the range of the Spanish registry. This registry has much less 5q SMA patients than the
German & Austrian registry. The UK & Ireland registry received a favourable opinion of the ethics
committee to begin collecting data in 2007; the average patient follow up is greater than 5 years. All
patients included in the registry have given their consent for the use of their deidentified data for research
purposes. Spinraza has been available since 2019, Zolgensma since 2021 and Evrysdi since 2022. Less
than half of patients in the registry have had an administration of DMTs recorded. The dosage of DMTs is
not collected.
Regarding the “need to have” data elements, the SMA clinical characteristics (symptom onset date) is
reported for approximately 44% of patients with a genetic SMA confirmation which is lower than the
percentage of other patient-based registries. The motor ability status is poorly reported (only 16%
records). Motor function tests are not collected. Pulmonary function and hospitalizations, which are critical
information, are not well reported. Overall, the UK & Ireland registry has less information on SMA clinical
characteristics, functional status and scoliosis diagnosis, and much less information on ventilation usage
and hospitalisation information compared to the registry in Germany & Austria. These limitations will need
to be taken into account when interpreting the study results.

Confidential 183



NI-PASS Study Report EUPAS50476 Version 5.1

The overall registry assessment is summarised in the Table 20 below.

Table 20. Overall registry assessment

Registry
(n=SMA 5Q diagnosis)

German
y &

Austria
(n=610)

Spain

(n=289)

UK &
Ireland
(n=215

)

Belgium

(n=254)

Swede
n

(n=171
)

Switzerla
nd

(n=146)

Czech
Rep. &
Slovak
ia

(n=309
)

Bulgari
a

(n=90)

Georgia
✦

(n=48)

Latvia

(n=20)

Longitudinal patient
data ≥5 years <5 years ≥5 years ≥5 years ≥5 years 4 years 3 years 3-4 years 3-4 years ≥5 years

“Need to have” data elements

Patient characteristics 4 4 3 4 5 4 5 4 3 2

DMTs 2 3 2 5 5 3 3 5 2 1

Outcomes 3* 4* 2* 5 5 4 4 3* 2 2

“Nice to have” data
elements 2 1 2 3 3 2 2 1 2 2

Administration & Quality 4 5 5 4 5 4 5 1 1 1

*absence /very limited motor function
DMT: disease modifying therapy; SMA: spinal muscular atrophy; UK: United Kingdom.✦children-only registry; bold characters represent patient-based registries.
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7. Conclusion

To support the research questions and after FFP assessment of each registry and considering the need to
get at least 5 registries included in the study, Aetion recommends including 4 clinician-based registries
(Belgium, Sweden, Switzerland and Czech Republic & Slovakia) and 3 patient-based registries (Spain,
Germany & Austria, and UK & Ireland).
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Appendix E - Statistical Analysis Plan

Non-interventional registry-based Study
Protocol: EUPAS50476

A registry-based cohort study of Spinal Muscular Atrophy (SMA) disease to describe the natural
history of SMA, the evolution of SMA care management and disease progression considering new

disease modifying therapies (DMTs).
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4. Introduction

4.1 Background
Spinal muscular atrophy (SMA) is a rare recessive progressive neurodegenerative disorder. The
age of onset is highly variable from birth to adulthood, leading to a broad phenotypic spectrum.
Since the approval of new treatments for SMA, studies have reported disease trajectories that
significantly differ from the known natural history of SMA. This study uses patient registry data
from seven registries to investigate SMA patients’ course of the disease with and without these
new therapies, and the SMA standards of care delivery including the newly available
disease-modifying therapies in real-world settings.

4.2 Design of the study
The study will be a non-interventional, primarily descriptive, retrospective cohort study of SMA
patients using seven registries (spanning ten countries) from the TREAT-NMD federated
network. The study period will start on each registry start date and end on 30 November 2022 (or
latest data available per registry). Patients will be followed from the registry entry date until the
earliest of end of study, or death, or loss to follow-up. Please refer to section 8.3.1 for the
censoring criteria when describing disease modifying therapies (DMT) patterns of use.

4.3 Aims and planned analyses
There are four main analyses planned: three descriptive summaries and one exploratory analysis.
The descriptive summaries will be stratified by certain key properties, as detailed in Table 1.

Table 1: Breakdown of stratifications and time periods for each analysis

Analysis Stratifications Time Period/Axis

Preliminary analysis ● Registry
○ SMA type

Calendar year

SMA natural history
and disease
progression

● SMA Type
○ DMT

■ Class of age at symptom
onset

■ SMN2 copy number
■ Functional status at age of

symptom onset
■ Achieved motor milestone at

age of symptom onset

Class of current age
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Analysis Stratifications Time Period/Axis

Description of SMA
healthcare
management over
time

● Registry
○ SMA type
○ SMN2 copy number
○ Functional status at age of symptom

onset

Calendar year

Exploratory Analysis NA NA

4.4 Sample size
A feasibility assessment was conducted in the European registries of the TREAT-NMD network.
Based on this feasibility assessment and the seven selected registries, the projected minimum
number of patients with genetically confirmed 5q SMA are presented in Table 2.

Table 2: Projected minimum number of patients with genetically confirmed 5q SMA

Belgium Sweden
Czech
Republic &
Slovakia

Germany&
Austria

Spain
United
Kingdom &
Ireland

Patients with
genetically
confirmed 5q SMA, n

254 171 309 610 289 215

Patients receiving at
least one DMT, %

100% 64% 80% 56% 100% 42%

Average length of
follow-up

≥5 years ≥5 years 3 years ≥5 years ≥5 years ≥5 years

5. Populations

5.1 Eligibility criteria
The primary study population will include all SMA patients entered in each of the registries
selected for the study between registry entry date and 30 November 2022, that meet the
following eligibility criteria:
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● Patients with genetically confirmed 5q SMA
● Patients with the month and the year of their birth available.

To assess the different objectives, three main cohorts will be studied:
● All patients (ALL): to study management care changes overtime and differences across

European countries/registries.
● Untreated patients (UNTREATED): to study the natural history of SMA.
● Treated patients (TREATED): to study the effectiveness and safety of DMT.

A patient will be included in the UNTREATED cohort before initiation of a DMT, then the
patient will be considered to be in the overall TREATED cohort at initiation of 1st DMT.
Exposure categories will be constructed in a way that allows patients to switch from the
untreated group to the different treatment exposure regimens based on the individual’s DMTs.
Patients will also be followed across different treatment exposure regimens if they switch from
one DMT to another or have an add-on therapy. Patients will start contributing to the TREATED
cohort when they have received at least one of the DMTs of interests:

● Nusinersen (Spinraza®)
● Onasemnogene abeparvovec-xioi (Zolgensma®)
● Risdiplam (Evrysdi®)

Please see exposure definition in section 8.3 for more details.

6. Data sources
TREAT-NMD is a global registry network launched in 2007 for the neuromuscular field that
provides an infrastructure to ensure the most promising new therapies reach patients as quickly
as possible across multiple diseases. The global registry network is overseen by TGDOC - a
committee of 3 Chairs, Member Registry Curators and Patient Representatives, supported by the
TREAT-NMD Ethics Committee members as required.

TREAT-NMD currently has 28 Core SMA registries (16 in Europe) and includes clinician-,
patient-, and dual-reported registries. Collectively, the registries collect data on approximately
6,000 patients (4,778 in Europe).
Registries joining the network agree to abide by the TGDOC Charter, which sets some criteria
and standards Registries should meet - including collecting a TREAT-NMD core dataset, sharing
data, and attending annual meetings.

The TREAT-NMD SMA core dataset containing 23 data items was established in 2008 when the
main purpose of the registries was clinical trial readiness and recruitment. The dataset was
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expanded significantly through a process (started in 2018) that involved extensive stakeholder
engagement with registry curators, physicians, physiotherapists, patient representatives and
industry representatives. The current dataset includes 120 data items.

Data from all Registry Members can be collated in the TREAT-NMD Central Data Warehouse
(CDW) to build a harmonised pool of data and allow for better data analysis.

The final list of registries contributing data to this project has been determined after
fit-for-purpose data feasibility assessment.

7. Data management processes
The SMA Registries are currently implementing or actively collecting the latest dataset v2
largely displayed in section 9.3.2 of the study protocol and which can be found in the
TREAT-NMD Core Datasets. This is part of their membership commitment to the TREAT-NMD
Global Data Oversight Committee (TGDOC). Data from different registries is collated in the
TREAT-NMD central data warehouse (CDW), which carries out validation checks before
making data available for analysis.

Registries can share data with the CDW regularly, or in response to a specific request. For the
purpose of this study, a date on which all data should be transferred by, is 17th March 2023.

Core Member Registries collect and process data according to the national or international laws
and best practices that apply to each of them respectively (in particular, accuracy and
minimization of missing data; informed consent concerning use of the data for research; right of
the patients to withdraw consent etc).

Several processes are in place to ensure data quality:

● The TREAT-NMD PPRL Generator is a tool developed for use within the Global
Registry Network to generate a unique record string based on demographic information.
The purpose of the PPRL tool is twofold:

○ de-identification of data: patient data is de-identified by registries using the PPRL
tool. This allows patient level data to be shared without revealing identifying
information to TREAT-NMD.

For registries using TREAT-NMD Global Registry Platform, creation of an export file to
transfer data to the CDW will automatically include the patients’ PPRLs. Registries using
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different platforms will be provided with the TREAT-NMD PPRL Generator for local
use.

● Before data is transferred to TREAT-NMD, all safety monitoring instances are checked
by a curator for accuracy and will be corrected before being transferred.

● Deidentified data uploaded to the CDW is initially stored in a holding area. Whilst the
de-identified data is in the holding area, the individuals’ record will be checked via
automatic process, for any validation errors and also by the TREAT-NMD data analyst.
Any automatic validation errors that are not within a small tolerance will be returned to
the registry curator for another check of the data content. If the data has passed the
automatic process validation or the error is within a small tolerance, then the data will be
approved by the data analyst and released into the CDW for storage and future analysis.

● Once the data is in the CDW the data analyst will then analyse the data for data
quality-management purposes and future uses of the data, whether that is for enquiries or
post marketing activities.

No auditing practices are in place between TREAT-NMD and the Registries.

Data is intended to be collected by the registries at regular intervals (at least every 12 months).
The data collection (reference) period begin and end dates are set at each visit/data-collection.
Begin date specifies the beginning of the period to which the question refers; end date specifies
the end of the period to which the question refers.

The data collection period should cover:
● The year before registry entry for the first visit
● The period between the last update (last visit) to the date of data entry (current visit).

Historical data may be also collected by registries, notably for longitudinal data or when data
entry is not at diagnosis. The date stamp in this case should usually be the date when the clinical
examination or test has been done.
Certain events are collected by the registries over the data collection period as “currently”,
“previously” or “never” occurred over the period of interest. These events are then mapped by
TREAT-NMD as:

● “Currently” when the event is current,
● “Previously when it has been previously the case, but is not currently
● “Never” when it has never been the case
● “Sometime” when it has been the case at some time but it is unknown whether it is

currently the case
● Not currently when it is currently not the case but it is unknown whether it has previously

been the case.
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In addition, start and stop dates of events (e.g hospitalisation, comorbidities, or invasive
ventilation when reported as previously occurred or currently occurring) are also reported, as
well as ongoing date when the condition is known to hold.

Comorbidities, cause of deaths or of hospitalisations are reported using dropdown lists with
prespecified events or may also be reported and will be coded by the curator of the registry using
ICD-10 codes.

For any drugs or classes of drugs which have been identified as relevant co-medications but
which are not included in the predefined list of drugs in the TREAT-NMD core dataset (items
"Allopathic drug" and "Allopathic drugs"), the values of the items "Other allopathic drug" and
"Other allopathic drugs" will be searched for the INNs of the respective drugs.
Operational definitions for the presence and/or occurrence for each outcome will be further
detailed in the SAP as it will differ according to the nature of the outcome and the availability of
data.

8. Stratifications
The data will be stratified in a combination of ways as detailed in Table 1. The following
stratifications will be considered:

● Registry
● SMA Type
● DMT
● Class of age at symptom onset
● SMN2 copy number
● Functional status at symptom onset date
● Achieved motor milestone at symptom onset date
● Time period

Please note that SMA type includes a category of “presymptomatic” patients (see section 8.2).
As the identification method needed to be classified as presymptomatic occurs through newborn
screening, the “presymptomatic” category is also included as part of the age of symptom onset
(see section 8.4).
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8.1 Registry
Where the data is stratified by registry, it will be split into ten groupings: the seven registries,
plus three groupings of those same registries. The three groupings will be patient-reported
registries, clinician-reported registries, and all registries combined.

8.2 SMA type
The types of SMA which will be considered will be Presymptomatic, 1, 2, 3, and 4 and “other”.
The corresponding variable in the TREAT-NMD database is SMA Type. SMA types 3a and 3b
will be simplified and re-coded as SMA type 3 to help with sample size. Presymptomatic is not
collected directly in the SMA type variable. Patients selecting Asymptomatic to Symptom onset,
and Yes to Genetic confirmation will be classified as presymptomatic. Genetic confirmation
includes diagnosis made as a result of screening such as family screening, newborn screening
and prenatal screening.
According to the feasibility assessment, only three patients overall had SMA type 0. SMA type
was undetermined in 10 patients by the selected registries. These will be grouped into an “other”
category.

When different types have been reported for the same patient, the last reported type will be
considered to define the SMA type of this patient.

8.3 DMT Exposure

8.3.1. Construction of Exposure Variables:

Patient exposure will be defined according to the information collected in the registry.
The exposure of interest are:

● Treated with at least one DMT (this will serve to create an overall exposure category
representing all patients who were treated regardless of the treatment or combination of
treatments received during the follow-up).

● Treated with nusinersen (Spinraza®), and possible combinations with Spinraza®.
● Treated with onasemnogene abeparvovec-xioi (Zolgensma®), and possible combinations

with Zolgensma®.
● Treated with risdiplam (Evrysdi®), and possible combinations with Evrysdi®

Treated with at least one DMT or possible treatment combinations will be defined using the
following fields available within the TreatNMD network:

● The “DMT received field” indicator (e.g.,: “Yes”)
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● A field indicating the name of the specific DMT taken (nusinersen (Spinraza®),
onasemnogene abeparvovec-xioi (Zolgensma®), and risdiplam (Evrysdi®)

● A field indicating the corresponding start date (or a single administration date for
Zolgensma®)

All three fields will need to be specified for the individual to be considered as exposed to a given
DMT and flagged as a treated patient.

8.3.2. Exposure Definition:

In all the analyses, a time-varying exposure, where the exposure status of a patient is updated
based on the current treatment that the patient is on, will be used to model the use of DMTs,
alone or in combination, with each other, during the follow-up period. (1)(2)(3)(4). This
exposure definition accounts for the dynamic treatment landscape and allows patients to
discontinue their initial pharmacological treatments, switch treatment or start add-on therapies
and consequently be exposed to multiple pharmacological treatments at the same time. This
approach will have patients contributing person-time in different mutually exclusive categories,
whether it is an exposure to a single treatment or a category that combines two treatments (in
case of concomitant use). The possible combinations of use will be constructed based on
combinations seen in the registries’ data. For all patients, end of follow-up will be the earliest of
date of death or end of follow-up / end of data (censoring at last available information in lost-to
follow-up patients).

The SMA natural history and disease progression analysis will be stratified by DMT exposure
categories. The possible cohorts will consist of:

● Untreated
● Treated (Any DMT)
● Nusinersen (Spinraza®)
● Onasemnogene abeparvovec-xioi (Zolgensma®)
● Risdiplam (Evrysdi®)
● Zolgensma + Spinraza
● Zolgensma + Evrysdi
● Evrsydi + Spinraza

The Treated cohort consists of patients who have been exposed to any DMTs. Patients will be
classified as Untreated until they receive their first DMT, and then will be classified as Treated
from that time point onwards until there is an observed change in their treatment exposure status
during the follow-up resulting in treatment discontinuation. If a treatment discontinuation is
observed with Evrysdi and Spinraza (treatment discontinuation is not applicable for Zolgensma
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therapy, which assumes an never/ever exposure definition, see Section 8.3.2 for more details),
then the patient will switch back to contribute person-time to the Untreated category as per the
time-varying exposure definition (please see Section 8.3.2 and Table 3 below for more
operational details on this). Please refer to treatment discontinuation rules below for how
treatment periods will be constricted. Depending on the type of DMT received, patients will be
categorised in various categories of monotherapy or/and treatment combination categories.
Sankey plots will be used to visually display the different treatment patterns of use and treatment
switches.

Treatment discontinuation/treatment switch will be defined as follows, depending on the type of
DMT used:

● For onasemnogene abeparvovec-xioi (Zolgensma®), a patient is considered exposed
from the first administration with a single-dose infusion until the end of follow-up. Given
the nature of the onasemnogene abeparvovec-xioi (Zolgensma®) treatment where the
effect of the single-dose gene therapy is considered irreversible, there will be no
treatment discontinuation rule created and the analytical approach here will carry forward
the initial exposure status; once the patient is exposed, they will be always considered
exposed to this type of therapy. In case where the patient had an add-on therapy with
either 1) nusinersen (Spinraza®) or 2) risdiplam (Evrysdi®), this patient will be counted
(contribute person-time) in the respective category that combines Zolgensma and the
add-on therapy: Zolgensma + Spinraza, or Zolgensma + Evrysdi.

● For nusinersen (Spinraza®), patients are considered exposed to the treatment from the
first administration date to the stop date (exposure will be updated on the last ongoing
date if no stop date is reported), which will correspond to the:

○ 2 months after the loading dose administration period,
○ 6 months after the maintenance administration period (as maintenance dose

should be administered every 4 months).
● For risdiplam (Evrysdi®) that should be taken daily, patients are considered exposed

from the first intake date to the stop date (exposure status will be updated on the last
ongoing date if no stop date is reported or the last ongoing date if no stop date is
reported) + 1 month.

● Subsequent treatment switches will be defined as the switch from the first (or previous)
DMT the patient was initiated.

● The number of patients who have been treated with more than one DMT will be reported
in each of the respective categories as they appear in the registries’ data (n,%).

In each of the possible exposure categories (monotherapy or combination therapy), patients will
be followed-up until the earliest of death or end of data availability.
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Table 3 provides a graphical representation of how the modelling for the different hypothetical
patient scenarios and treatment patterns will be considered, in light of a treatment switch,
discontinuation or add-on therapy. Please note that for simplicity, we did not present every
possible combination of medications, but these will be considered in the final analyses. In
addition, the dates below are hypothetical and not taken from the real-world setting but provided
only for illustrative purposes.

Table 3. An example of how modelling for different hypothetical exposures will be modelled
accounting and allowing for treatment switches, add-on therapies and discontinuations.
Patie
nt ID

DMTs Start
date
(dd/mm/
yy)

Stop
date
(dd/mm/
yy)

Overal
l
exposu
re

Onasemnog
ene
abeparvove
c-xioi
(Zolgensma
®)

Nusiner
sen
(Spinra
za®)

Spinraz
a +
Evrysdi

Zolgens
ma +
Spinraz
a

Zolgens
ma +
Evrysdi

Risdipl
am
(Evrys
di®)

1 Onasemnogene
abeparvovec-xioi
(Zolgensma®)
(one-time
administration)

01-12-202
0

NA1 1 1 0 0 0 0 0

1 Risdiplam
(Evrysdi®)

01-12-202
1

30-01-20
22

1 0 0 0 0 1 0

2 Nusinersen
(Spinraza®)
loading
administration

12-01-202
0

12-03-20
20

1 0 1 0 0 0 0

2 Nusinersen
(Spinraza®)
maintenance
administration

02-12-202
0

08-12-20
20

1 0 1 0 0 0 0

2 Risdiplam
(Evrysdi®)

03-18-202
1

03-07-20
21

1 0 0 0 0 0 1

3 Risdiplam
(Evrysdi®)

02-01-202
0

03-10-20
20

1 0 0 0 0 0 1

3 Nusinersen
(Spinraza®)

03-08-202
0

03-10-20
20

1 0 0 1 0 0 0

4 Nusinersen
(Spinraza®)

04-04-202
1

04-06-20
21

1 0 1 0 0 0 0

4 Onasemnogene
abeparvovec-xioi
(Zolgensma®)

14-08-202
2

NA 1 0 0 0 1 0 0

1Patients on Zolgensma therapy will be considered exposed to Zolgensma throughout the follow-up period. The stop date will
correspond to the end of follow-up, which will be the earliest of date of death or end of available data.
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8.3.3 Illustrative examples:
Patient ID 1: As this patient received Zolgensma as their initial treatment, they will begin
contributing person-time to the Zolgensma exposure category until the start of their add-on
therapy with Evrysdi. From that moment on, this patient would start contributing person-time in
the treatment exposure category that combines Zolgensma and Evrysdi. If there is an observed
treatment discontinuation with Evrysdi, based on the discontinuation rule specified above, then
that patient will stop contributing person-time to the combination therapy (will no longer be
counted in this group) and switch back to the Zolgensma only treatment category (given the
“once exposed, always exposed” definition for this type of DMT), where, from this moment on,
they will be counted only in the monotherapy exposure group of Zolgensma until a subsequent
add-on therapy, if any, is observed.

Patient ID 3: As this patient initiated treatment on Spinraza, they will be considered exposed to
monotherapy with Spinraza until the moment when they switch to monotherapy with Evrysdi, as
of which, patient will start contributing person-time to the exposure category of Evrysdi
monotherapy (as in the case of this patient, there is no drug overlap between the two DMTs as
per the above-mentioned discontinuation rules).

8.4 Class of age at symptom onset
This stratification will consider the patients, as grouped by their age when symptoms began. The
age classes are categorical and will be defined as follows:

● Presymptomatic
● Prenatal
● < 1 month
● [1 - 3 months)
● [3 - 6 months)
● [6 - 18 months)
● [1.5 - 2 years)
● [2 - 6 years)
● [6 - 11 years)
● [11 - 18 years)
● 18 years +
● Missing
● All

8.5 SMN2 copy number
This comes from the SMN2 copy number variable in the TREAT-NMD database. This is usually
reported as an integer, for example, "3". However, in some cases, there may only be a range (3-5)
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or a lower bound (4+) reported. Any non-integer values or missing SMN2 copies will be collated
in an “Other” category for the stratifications. The possible categories will be:

● 0
● 1
● 2
● 3
● 4
● >4
● Other
● Missing

8.6 Functional status at symptom onset
Functional status is not collected directly within the TREAT-NMD database, but is instead
derived from the motor milestones according to the highest class where at least an item is
reached.

The categories considered will be:

● Walker: Patients who can walk with assistance, walk without assistance, walk 10 metres
without assistance, or climb stairs.

● Sitter: Non-walkers, who can “sit without support,” “crawl,” “stand with assistance,” or
“stand without assistance.”

● Non-sitter: Patients who do not meet the Walker or Sitter requirements, but have some
data for motor milestones

● Unknown: No data on motor milestones

8.7 Achieved motor status at symptom onset
Motor status is collected in the Motor ability variable. The possible values that we will consider
are:

● Climb stairs
● Walk 10 metres without assistance
● Walk without assistance
● Walk with assistance
● Stand without assistance
● Stand with assistance
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● Crawl
● Sit without support
● Roll onto side
● Hold head without support
● Unknown

There may be multiple observations of achieved motor status for each patient. In the case of
multiple observations, the highest value will be taken, and also the most recent. The highest will
be calculated based on the ordering in the above list (top-to-bottom).

8.8 Time Period
Certain indicators will also be stratified by a time period to show possible changes over time.
In the preliminary analysis and the SMA healthcare management analysis the time period will be
calendar year. In the SMA natural history and disease progression the time period will be the
current class of age. These time periods are described in more detail below.

8.8.1 Calendar period

For the preliminary analysis and SMA healthcare management analysis, the time periods have
been chosen to reflect the availability of DMTs and the publication of standards of care
guidelines. Since the first international consensus statement on care was published in 2007 and
updated in 2017, and the first DMT was approved in 2017, the following time periods will be
used.

● Before 2011
● 2011 - 2013
● 2014 - 2016
● 2017
● 2018
● 2019
● 2020
● 2021
● 2022

8.8.2 Current class of age
For the SMA natural history and disease progression, certain indicators will be reported by the
age of the patient when they report that statistic - their “current class of age”. The bounds for
these ages are given below.
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● < 1 month
● [1 - 3 months)
● [3 - 6 months)
● [6 - 18 months)
● [1.5 - 2 years)
● [2 - 6 years)
● [6 - 11 years)
● [11 - 16 years)
● [16 - 21 years)
● [21 - 31 years)
● [31 - 41 years)
● [41 - 51 years)
● [51 - 61 years)
● > 60 years
● Missing
● All

9 Data handling
In this section, we will discuss general data handling that affects both the descriptive analysis
and the exploratory analysis. The two analyses are then described in more detail in sections 10 &
11 respectively.

9.1 Data Validation
Data validation is handled during the data ingestion into the TREAT-NMD CDW as described in
the Section 7. Unit tests will be written to ensure the validity of the R scripts, and all coding will
be assessed by two analysts as described in Section 9.9.

9.2 Missing data
Missing data for each variable will be counted, overall, by registry and by SMA type. No
imputation of explicitly missing values is planned. Missing data due to loss to follow-up will
result in an individual's data being censored. Missing data are assumed to be missing-at-random
(MAR), with no significant differences seen between registries.
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9.3 Limitations of the descriptive analysis
The descriptive statistics are simple statistical summaries such as count and means. The
limitations of these simple summaries are minimal, although the mean can be skewed by extreme
values within the population.

9.4 Loss to follow-up
Lost to follow-up will be defined as patients with last available data > 24 months in absence of
death.

9.5 Key date variables
There are three date variables of key importance which feed into a number of indicators across
the analyses, symptom onset, diagnosis date and registry entry,

9.5.1 Symptom onset
We suspect this date we will be fairly straight forward and should be well represented within the
data. This is a defined, required variable within the TREAT-NMD Global Registries Platform.

9.5.2 Diagnosis date
One date requested within the study protocol is diagnosis date. Unfortunately, this is not
something directly captured within the TREAT-NMD GRP. One possible proxy is the genetic
report date, however, there can be some issues with this variable. We assume that this date is the
date that a genetic diagnosis was confirmed, but this may not be the case as patients might have
entered a date from a hospital letter relating to their diagnosis, rather than the true genetic report
date. It may also be a missing variable for some records. We do not know how many at present.
As a side note, The TREAT-NMD GRP allows patients to provide multiple records for genetic
diagnosis reports. In the case where multiple genetic report dates are given for a patient, we will
use the earliest genetic report date.

9.5.3 Registry entry
Another date referred to in the protocol is registry entry. This is not a variable which is collected
within the TREAT-NMD GRP. We will derive this from an earliest longitudinal date stamps or
timestamps variable, based on the earliest date we observe for a patient. Note that this assumes
that longitudinal data is never added retrospectively; this assumption will be verified on the data
received
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9.6 ICD codes
A number of indicators relate to co-morbidities and SAESI which will require ICD-10 codes for
mapping. The co-morbidities and SAESIs which require ICD-10 codes as are follows:

SAESI:
● Thrombocytopenia and coagulation abnormalities
● Renal toxicity
● Hydrocephalus
● Meningitis
● Hypersensitivity reactions
● Cutaneous vasculitis
● Hepatotoxicity
● Cardiac adverse event

Other relevant comorbidities:
● Osteoporosis
● Fractures
● Pulmonary infections
● Sleep apnea
● Pneumothorax
● Atrial or ventricular defect
● Diabetes
● Vertebral fracture
● Non-vertebral fractures
● Bronchopulmonary infections
● Gastrostomy

The mapping of these ICD-10 codes are described in Appendix III. For indicator 2.95, causes of
death, ICD-10 codes will be reported at the four-digit ICD-10 code level (labelled) and all codes
above that hierarchically.

9.7 Pooled analysis for registries
Some analyses require data to be pooled across all registries. This is in order to increase the
sample size, and provide a representative summary across the full population. The registries from
Belgium, Sweden, Czech Republic & Slovakia, Spain and the United Kingdom and Ireland will
provide patient-level data to the TREAT-NMD Central Data Warehouse for central analysis. Data
will be formatted to a common structure to facilitate the analysis.
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However, the Germany & Austrian NMD Registry cannot share patient-level data. These
registries will therefore be analysed separately by a different analysis team.

To ensure that the analyses are comparative, the same raw data will be collected and the same
variables derived via the use of R scripts. The same R scripts will be used to perform the
analysis, regardless of registry, with in-built sanity checks to ensure robustness across analyses.
This will ensure that the process is standardised and repeatable, regardless of the registry.

9.8 Statistical packages
All data analysis will be performed using the statistical programming language R, version 4.2.
The analysis will use several R packages which are downloaded and installed from the
Comprehensive R Archive Network (CRAN). Each R package has been considered for stability
and suitability.

9.9 Reproducibility and version control
Ubuntu, R and the associated R packages are all popular and commonly used open-source, freely
available pieces of software. All scripts will be stored on gitlab.com under the Jumping Rivers
account and mirrored to the TreatNMD Git server. No user will be able to push to the main
branch directly. All code merged into the main branch will require two approvals from other
developers. All developer roles will be detailed in the CODEOWNERS file.

The {renv} framework will be used to fully specify the R packages (with associated version
numbers) to ensure future reproducibility. A continuous integration process will be launched
when the code is committed to the Git repository. This will use the packages specified via
{renv}, a docker image and a dummy but representative data set to test the code. Code that is
merged into the main branch must pass this continuous integration step. In addition to code
reproducibility, code style and documentation will be enforced via the {lintr} package.
Key git commits will be tagged to allow for code versioning.

9.10 COVID-19
The study period overlaps with the outbreak of COVID-19. A number of the outcomes of interest
in this study relate to death or ventilation. Known consequences of COVID-19 are ventilation
and death. The effect that COVID-19 had on SMA patients and the progression of the disease has
not been fully studied and is not well understood. We will not attempt to incorporate the
COVID-19 outbreak into our analysis.
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10. Descriptive analysis

10.1 Analysis flow
An overview of the stages of the analysis for the descriptive analyses are given below. The
processes in the blue box will need to be repeated twice. Once for the registries whose data is
available to be shared with the external analysts via the TREAT-NMD CDW, and separately for
registries with restricted access (Germany & Austria). These indicator summaries will then be
combined across all registries (where appropriate) to create the final results table.

10.2 Reporting statistics
In the descriptive statistics, there are two types of indicators, categorical and continuous.
When reporting categorical data, we will present the counts for each category of interest, and the
percentages (n, %).

For the continuous indicators, we will report the mean and the standard deviation (mean, sd)In
addition, medians and upper and lower quartiles will be provided for continuous indicators which
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are reported at a per-registry level. However, it is not possible to provide medians and quartiles
for aggregated registries as the analysis team will not have access to the record-level data for
Germany, only predefined statistical summaries.
For example, we will be able to provide the mean and median age at death in months for
individual registries (Spain etc.), but we can provide the mean only for “All registries”.

All numbers will be reported to one decimal place. Percentages will be calculated with missing
values included in the denominator. Sample sizes will be reported.

To preserve patient confidentiality, cells with a number of patients or events below five will be
merged with another relevant category.

10.3 Preliminary analysis
The preliminary analyses aims to assess the heterogeneity of management of care or reporting
over time within each registry and between registries. All indicators will be stratified by registry
and by SMA type. The study population will be all patients, across the entire study period.

The indicators and their related variables are given in Table 4.

Table 4: Indicators for Preliminary Analysis
ID Description Relevant columns in dataset Time axis

1.01
Calendar year of registry entry
(n, %) Derived No

1.02 Calendar year of death (n, %) Date of death No

1.03 Sex (n, %) Sex No

1.04
Class of age at symptom onset
(n, %)

Derived from Symptom onset
date No

1.05
Best functional SMA status (n,
%) Derived from Motor ability No

1.06
Best achieved motor milestone
(n, %) Motor ability No

1.07 SMN1 gene mutation type (n, %) SMN1 variant No

1.08 Number of SMN2 copies (n, %) SMN2 copy number No

1.09
Methods used for genetic
testing (n, %) SMN1 testing method No

1.10

Duration of follow up (registry
entry to death, end of data or
loss to follow-up) (mean, sd,
median, IQR) Derived No
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ID Description Relevant columns in dataset Time axis

1.11

Duration of SMA (from onset of
symptoms to death, end of
data or loss to follow-up, in
months) (mean, sd, median,
IQR) Derived No

1.12

Duration between two
consecutive visits collected in
the registry (mean, sd, median,
IQR) Derived No

1.13

Duration between genetic
report date and registry entry
(mean, sd, median, IQR) Derived No

1.14
Reason for genetic testing (n,
%) Screening Calendar period

1.15
Age at onset of SMA symptoms
(mean, sd, median, IQR) Symptom onset date Calendar period

1.16
Age at genetic report date
(mean, sd, median, IQR) Genetic report date Calendar period

1.17
Age at registry entry (mean, sd,
median, IQR) Derived Calendar period

1.18
Age at death (mean, sd,
median, IQR) Date of death Calendar period

1.19 Lost to follow-up (n, %) Derived Calendar period

1.20
Treated with at least one DMT
(n, %) DMT Calendar period

1.21
Treated with more than one
DMT (n, %) DMT Calendar period

1.22
Treated with nusinersen
(Spinraza®) (n, %) DMT Calendar period

1.23

Treated with onasemnogene
abeparvovec-xioi
(Zolgensma®) (n, %) DMT Calendar period

1.24
Treated with risdiplam
(Evrysdi®) (n, %) DMT Calendar period

1.25 Invasive ventilation (n, %) Invasive ventilation episode Calendar period

1.26 Non-invasive ventilation (n, %) Non-invasive ventilation episode Calendar period

1.27 Feeding tube usage (n, %) Feeding tube usage episode Calendar period
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ID Description Relevant columns in dataset Time axis

1.28 Wheelchair usage (n, %) Wheelchair usage episode Calendar period

1.29

At least one reported measure
by available motor function
scale or test, and by at least
one PRO (n, %) Motor ability & PRO Calendar period

1.30

At least three reported measure
by available motor function
scale or test, and by at least
one PRO (n, %) Motor ability & PRO Calendar period

1.31

Available number of records of
each motor function scale by
patient (mean, sd, median, IQR) Motor ability & PRO Calendar period

1.32

Available number of records of
each PRO by patients (mean,
sd, median, IQR) Motor ability & PRO Calendar period

10.4 SMA natural history and disease progression
SMA natural history will be described in the untreated and treated cohorts according to the
patient's current age. Statistics will be summarised over the entire study period. The results will
be stratified in the following manner:

● SMA Type
○ DMT (including a category for overall untreated patients)

■ Class of age at symptom onset
■ SMN2 copy number
■ Functional status at age of symptom onset
■ Achieved motor milestone at age of symptom onset

The indicators and their related variables are given in Table 5.

Table 5: Indicators for the SMA natural history and disease progression analysis
ID Description Relevant columns in dataset Time axis

2.01 Sex (n, %) Sex None
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ID Description Relevant columns in dataset Time axis

2.02 Registry (n, %) Metadata None

2.03
Age at symptom onset (mean,
sd)

Derived from Symptom onset
date None

2.04
Reason for genetic testing (n,
%) Screening None

2.05
Method used for genetic
testing (n, %) SMN1 testing method None

2.06 SMN1 variant (n, %) SMN1 variant None

2.07
Functional status at genetic
report date (n, %)

Derived from Motor ability
episode None

2.08
Achieved motor milestone at
genetic report date (n, %) Motor ability episode None

2.09 Best functional status (n, %)
Derived from Motor ability
episode None

2.10
Best achieved motor milestone
(n, %) Motor ability episode None

2.11
Best functional status before
treatment (n, %)

Derived from Motor ability
episode None

2.12
Best functional status after
treatment (n, %)

Derived from Motor ability
episode None

2.13
Best achieved motor milestone
before treatment (n, %) Motor ability episode None

2.14
Best achieved motor milestone
after treatment (n, %) Motor ability episode None

2.15 Height (mean, sd) Height Current Age

2.16 Weight (mean, sd) Weight Current Age

2.17

Age at first acquisition of -the

best motor ability

episodes (mean, sd)
Motor ability episode (early age
record if multiple) None
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https://datasets.treat-nmd.org/sma/groups/clinical-observations/#item-symptom-onset-date
https://datasets.treat-nmd.org/sma/groups/clinical-observations/#item-symptom-onset-date
https://datasets.treat-nmd.org/sma/groups/genetics/#item-screening
https://datasets.treat-nmd.org/sma/groups/genetics/#item-smn1-variant
https://datasets.treat-nmd.org/sma/groups/genetics/#item-smn1-variant
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/clinical-observations#item-height
https://datasets.treat-nmd.org/sma/groups/clinical-observations#item-weight
https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
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ID Description Relevant columns in dataset Time axis

2.18

Age at first loss of the best

motor ability episodes (mean,
sd)

Motor ability episode (early age
record if multiple) None

2.19
Full-time or part time
wheelchair use (n, %) Wheelchair usage frequency Current Age

2.20

Age at first full-time or
part-time wheelchair usage
(mean, sd) Wheelchair usage frequency None

2.21

No contracture, one
contracture, more than one
contractures (n, %)

Combination of 8 contracture
variables Current Age

2.22
Score for CHOP-INTEND at
genetic report date (mean, sd) Motor Measures None

2.23
Best score for CHOP-INTEND
(mean, sd) Motor Measures None

2.24
Most recent score for
CHOP-INTEND (mean, sd) Motor Measures Current Age

2.25
Score for HFMS(-E) at genetic
report date (mean, sd) Motor Measures None

2.26
Best score for HFMS(-E) (mean,
sd) Motor Measures None

2.27
Most recent score for HFMS(-E)
(mean, sd) Motor Measures Current Age

2.28
Score for RULM at genetic
report date (mean, sd) Motor Measures None

2.29 Best score for RULM (mean, sd) Motor Measures None

2.30
Most recent score for RULM
(mean, sd) Motor Measures Current Age

2.31
Score for HINE-2 at genetic
report date (mean, sd) Motor Measures None

2.32
Best score for HINE-2 (mean,
sd) Motor Measures None

2.33
Most recent score for HINE-2
(mean, sd) Motor Measures Current Age
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https://datasets.treat-nmd.org/sma/groups/motor-function#record-motor-ability-episode
https://datasets.treat-nmd.org/sma/groups/wheelchair#item-wheelchair-usage-frequency
https://datasets.treat-nmd.org/sma/groups/wheelchair#item-wheelchair-usage-frequency
https://datasets.treat-nmd.org/sma/groups/clinical-observations#item-shoulder-contractures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
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2.34
Score for MFM32 at genetic
report date (mean, sd) Motor Measures None

2.35
Best score for MFM32 (mean,
sd) Motor Measures None

2.36
Most recent score for MFM32
(mean, sd) Motor Measures Current Age

2.37
Score for 6MWT at genetic
report date (mean, sd) Motor Measures None

2.38
Best score for 6MWT (mean,
sd) Motor Measures None

2.39
Most recent score for 6MWT
(mean, sd) Motor Measures Current Age

2.40

Change between scores in
HFSM-E in consecutive age
classes (mean, sd)

Transformation of Motor
Measures Current Age

2.41

Change between scores in
RULM in consecutive age
classes (mean, sd)

Transformation of Motor
Measures Current Age

2.42

Change between scores in
6MWT in consecutive age
classes (mean, sd)

Transformation of Motor
Measures Current Age

2.43

Age at report of (first) best
CHOP-INTEND score (mean,
sd) Motor Measures None

2.44
Age at report of (first) best
HFMS(-E) score (mean, sd) Motor Measures None

2.45

Age at report of (first) best
RULM right side score (mean,
sd) Motor Measures None

2.46
Age at report of (first) best
HINE-2 score (mean, sd) Motor Measures None

2.47
Age at report of (first) best
MFM32 score (mean, sd) Motor Measures None

2.48
Age at report of (first) 6MWT
best score (mean, sd) Motor Measures None
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https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
https://datasets.treat-nmd.org/sma/groups/motor-measures
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2.49
Ever diagnosed with scoliosis
(n, %) Scoliosis Diagnosis Current Age

2.50
Cobb angle value <30°, 30-45°,
>45° (n, %)

Convert numeric cobb angle into
categories Current Age

2.51
At least one use of spinal
brace ever (n, %) Rehabilitative Interventions None

2.52 Surgery for scoliosis (n, %) Scoliosis surgery performed Current Age

2.53
Age at surgery for scoliosis
(mean, sd)

Transformation of Scoliosis
Surgery Date None

2.54

Annual number of vertebral
fracture by patient reported in
cause of hospitalisation or as
a comorbidity (mean, sd)

Hospitalisation acute reason
code None

2.55

Annual number of
non-vertebral fractures by
patient reported in cause of
hospitalisation or as a
comorbidity (mean, sd)

Hospitalisation acute reason
code None

2.56
Age at first reported vertebral
fracture (mean, sd)

Hospitalisation acute reason
code None

2.57
Forced vital capacity percent
(mean, sd) Forced vital capacity percentage Current Age

2.58
Forced vital capacity volume
(n, %) Forced vital capacity volume Current Age

2.59
At least one episode of airway
clearance assistance (n, %) Airway Clearance Assistance Current Age

2.60
At least one episode of any
non-invasive ventilation (n, %) Non-invasive ventilation episode Current Age

2.61

At least one episode of
full-time non-invasive
ventilation (n, %) Non-invasive ventilation episode Current Age

2.62

At least one episode of
part-time awake and sleeping
non-invasive ventilation (n, %) Non-invasive ventilation episode Current Age
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https://datasets.treat-nmd.org/sma/groups/scoliosis#item-scoliosis-diagnosis
https://datasets.treat-nmd.org/sma/groups/scoliosis#record-cobb-angle
https://datasets.treat-nmd.org/sma/groups/medication#record-rehabilitative-interventions
https://datasets.treat-nmd.org/sma/groups/scoliosis#item-scoliosis-surgery-performed
https://datasets.treat-nmd.org/sma/groups/scoliosis#item-scoliosis-surgery-date
https://datasets.treat-nmd.org/sma/groups/scoliosis#item-scoliosis-surgery-date
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#item-forced-vital-capacity-percentage
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#item-forced-vital-capacity-volume
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#item-airway-clearance-assistance
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
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2.63

At least one episode of
part-time sleeping
non-invasive ventilation (n, %) Non-invasive ventilation episode Current Age

2.64

Age at start of first full-time
non-invasive ventilation
episode (mean, sd) Non-invasive ventilation episode None

2.65
At least one episode of any
invasive ventilation (n, %) Invasive ventilation episode Current Age

2.66

At least one episode of
full-time invasive ventilation
(n, %) Invasive ventilation episode Current Age

2.67

At least one episode of
part-time awake and sleeping
invasive ventilation (n, %) Invasive ventilation episode Current Age

2.68

At least one episode of
part-time sleeping invasive
ventilation (n, %) Invasive ventilation episode Current Age

2.69

Age at start of first full-time
invasive ventilation episode
(mean, sd) Invasive ventilation episode None

2.70

P ulmonary infections

reported in cause of
hospitalisation or as a
comorbidity (n, %)

Hospitalisation acute reason
code Current Age

2.71

At least one episode of
respiratory physiotherapy (n,
%) Rehabilitative Interventions None

2.72
At least one episode of feeding
tube usage (n, %) Feeding tube usage episode Current Age

2.73

At least one episode of
exclusive feeding tube usage
(n, %) Feeding tube usage episode Current Age

2.74

At least one episode of
supplementary feeding tube
usage (n, %) Feeding tube usage episode Current Age
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https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/medication#record-rehabilitative-interventions
https://datasets.treat-nmd.org/sma/groups/nutrition#record-feeding-tube-usage-episode
https://datasets.treat-nmd.org/sma/groups/nutrition#record-feeding-tube-usage-episode
https://datasets.treat-nmd.org/sma/groups/nutrition#record-feeding-tube-usage-episode
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2.75

At least one gastronomy
reported in cause of
hospitalisation or as a
comorbidity (n, %)

Hospitalisation acute reason
code Current Age

2.76
Age at first gastrostomy
(mean, sd) Hospitalisation admission date None

2.77
At least one hospitalisation (n,
%) Hospitalisation admission date Current Age

2.78
Annual number of
hospitalisations (mean, sd) Hospitalisation admission date None

2.79

Event-free survival (death or
permanent ventilation) (mean,
sd)

Date of death or first full-time
invasive ventilation or full-time
non-invasive ventilation None

2.80 Causes of death (n, %) Cause of death code None

2.81
Causes of hospitalisation (n,
%)

Hospitalisation acute reason
code None

2.82
Incidence rate of each listed
comorbidity Comorbidity code None

2.83

Score for Spain PROFuture
Mobility and Independence
PRO at genetic report date
(mean, sd)

Patient-reported outcome
measures None

2.84

Best score for Spain PROFuture
Mobility and Independence
PRO (mean, sd)

Patient-reported outcome
measures None

2.85

Most recent score for Spain
PROFuture Mobility and
Independence PRO (mean, sd)

Patient-reported outcome
measures Current Age

2.86

Score for Belgium ACTIVLIM
PRO at genetic report date
(mean, sd)

Patient-reported outcome
measures None

2.87
Best score for Belgium
ACTIVLIM PRO (mean, sd)

Patient-reported outcome
measures None

2.88
Most recent score for Belgium
ACTIVLIM PRO (mean, sd)

Patient-reported outcome
measures Current Age
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https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations#item-hospitalisation-admission-date
https://datasets.treat-nmd.org/sma/groups/hospitalisations#item-hospitalisation-admission-date
https://datasets.treat-nmd.org/sma/groups/hospitalisations#item-hospitalisation-admission-date
https://datasets.treat-nmd.org/sma/groups/living-status#item-date-of-death
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/pulmonary-function#record-non-invasive-ventilation-episode
https://datasets.treat-nmd.org/sma/groups/living-status#item-cause-of-death-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations/#item-hospitalisation-acute-reason-code
https://datasets.treat-nmd.org/sma/groups/hospitalisations#item-comorbidity-code
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdatasets.treat-nmd.org%2Fsma%2Fgroups%2Fpatient-reported-outcome-measures&data=05%7C01%7Cseung.lee%40treat-nmd.com%7Ce1890e6127de48b88b6108db31e36ab0%7C5da78ddea98f4500b5b1cd18d9122442%7C0%7C0%7C638158625046514112%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4%2FJwH2Nbm5gzeNI8QxrMeDzLz9U6QcCqXVyLShw%2FiRk%3D&reserved=0
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10.4.1 PROs
As indicated in Table 5 above, PRO scores from data contained in the Spanish (PROFuture) and
Belgium (ACTIVLIM) registries will be included in the analyses of SMA natural history and
disease progression. Upon data availability, PRO scores will be measured/reported: 1) at genetic
report date, 2) as an overall best score, and 2) at the most recent score. Standard classifications
will be used as reported in the literature for the PRO scores calculations. Specific registries'
questionnaires used in the construction of each PRO score are included in the Appendix IV & V.
Scores are generated by converting raw data into a linear measure of activity limitation using a
Rasch model. PROFuture, used by the Spanish registry, has been validated in adults, but not yet
children (5). ACTIVLIM has been validated in both children (6-15) and adults (16-80)(6).

10.5 Description of SMA healthcare management over time
Descriptive summary statistics of SMA diagnosis, healthcare management and its evolution over
time will be studied in all patients, across the entire period and in the Calendar Period. The
analysis in this section will be stratified in the following manner.

● Registry
○ SMA type
○ SMN2 copy number
○ Functional status at age of symptom onset

The indicators and their related variables are given in Table 6. Note that the population for this
analysis varies between indicators.

Table 6: Description of SMA healthcare management over time

ID Population Description
Relevant columns in
dataset Time axis

3.01 All SMN1 testing method (n, %) SMN1 testing method Calendar period

3.02 All SMN2 testing method (n, %)
SMN2 copy number
testing method Calendar period

3.03 All At least one DMT (n, %) DMT Calendar period

3.04 All

Taken the drugs listed as
comedications at least once
from registry entry (n, %) Allopathic drug Calendar period

3.05 All
Annual influenza vaccination
(n, %) Allopathic drug Calendar period

3.06 All
At least one pneumococcal
vaccination (n, %) Allopathic drug Calendar period
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ID Population Description
Relevant columns in
dataset Time axis

3.07 All

Pneumococcal vaccination
at least once every 5 years
(n, %) Allopathic drug None

3.08 All
At least one episode of any
ventilation (n, %)

Invasive ventilation
episode or
Non-invasive
ventilation episode Calendar period

3.09 All
At least one episode of
feeding tube usage (n, %)

Feeding tube usage
episode Calendar period

3.10 All
At least one episode of
wheelchair use (n, %)

Wheelchair usage
episode Calendar period

3.11 All

Age at first episode of any
ventilation (invasive or
non-invasive) (mean, sd,
median, IQR)

Invasive ventilation
episode or
Non-invasive
ventilation episode Calendar period

3.12 All

Age at first episode of
invasive ventilation (mean,
sd, median, IQR)

Invasive ventilation
episode Calendar period

3.13 All

Age at first episode of
feeding tube usage (mean,
sd, median, IQR)

Feeding tube usage
episode Calendar period

3.14 All

Age at first episode of
gastronomy (mean, sd,
median, IQR)

Hospitalisation acute
reason code None

3.15 All

At least one episode of
muscular physiotherapy
ever (n, %)

Rehabilitative
Interventions None

3.16 All

At least one episode of
respiratory physiotherapy
ever (n, %)

Rehabilitative
Interventions None

3.17 All

At least one episode of
contracture management
using orthotics ever (n, %)

Rehabilitative
Interventions None

3.18 All
At least one episode of
spinal brace ever (n, %)

Rehabilitative
Interventions None

3.19 All
At least one episode of
speech therapy ever (n, %)

Rehabilitative
Interventions None

3.20 Treated Age at first DMT (mean, sd) DMT Calendar period
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ID Population Description
Relevant columns in
dataset Time axis

3.21 Treated
Patients who received more
than one DMT (n,%) DMT Calendar period

3.22 Treated
Treated with nusinersen
(Spinraza®) (n, %) DMT Calendar period

3.23 Treated

Treated with onasemnogene
abeparvovec-xioi
(Zolgensma®) (n, %) DMT Calendar period

3.24 Treated
Treated with risdiplam
(Evrysdi®) (n, %) DMT Calendar period

3.25 Treated

Treated with nusinersen
(Spinraza®) &
onasemnogene
abeparvovec-xioi
(Zolgensma®) (n, %) DMT Calendar period

3.26 Treated

Treated with nusinersen
(Spinraza®) & risdiplam
(Evrysdi®) (n, %) DMT Calendar period

3.27 Treated

Treated with onasemnogene
abeparvovec-xioi
(Zolgensma®) & risdiplam
(Evrysdi®) (n, %) DMT Calendar period

3.28 Treated

Treated with nusinersen
(Spinraza®) &
onasemnogene
abeparvovec-xioi
(Zolgensma®) & risdiplam
(Evrysdi®) (n, %) DMT Calendar period

3.29 Treated

Age at initiation of
nusinersen (Spinraza®)
(mean, sd, median, IQR) DMT Calendar period

3.30 Treated

Age at initiation of
onasemnogene
abeparvovec-xioi
(Zolgensma®) (mean, sd,
median, IQR) DMT Calendar period

3.31 Treated
Age at initiation of risdiplam
(Evrysdi®) (mean, sd) DMT Calendar period

3.32

onasemnoge
ne
abeparvovec

Adequate dose regarding
weight at administration (n,
%) DMT dosage value Calendar period
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ID Population Description
Relevant columns in
dataset Time axis

-xioi
(Zolgensma®)

3.33

onasemnoge
ne
abeparvovec
-xioi
(Zolgensma®)

Co-administration of
corticosteroids (n, %)

DMT corticosteroid
administration duration
> 0 Calendar period

3.34

onasemnoge
ne
abeparvovec
-xioi
(Zolgensma®)

Anti-AAV9 antibody test
before Zolgensam
administration (n, %)

Anti-AAV9 antibody test
date & DMT single
administration date Calendar period

3.35

onasemnoge
ne
abeparvovec
-xioi
(Zolgensma®)

Positive (>1:50) anti-AAV9
antibody test (n, %)

Anti AAV9 antibody test
result Calendar period

3.36
nusinersen
(Spinraza®)

At least one adequate dose
(12mg) (n, %) DMT dosage value Calendar period

3.37
nusinersen
(Spinraza®)

Time between genetic report
date and first administration
(D0) (mean, sd)

DMT administration
schedule deviation None

3.38
nusinersen
(Spinraza®)

Treatment duration defined
as the time from initiation to
last available administration
date (discontinuation date,
death, loss to follow-up, date
of data-extraction if the last
information indicates that
nusinersen (Spinraza®) is
ongoing) (mean, sd,
median, IQR) DMT episode Calendar period

3.39
nusinersen
(Spinraza®)

Ongoing nusinersen
(Spinraza®) at their last
reported dose (n, %) DMT episode Calendar period

3.40
nusinersen
(Spinraza®)

Treatment discontinuation
(n, %) DMT episode Calendar period

3.41
nusinersen
(Spinraza®)

Reason for treatment
discontinuation (n, %) DMT stopping reason Calendar period
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ID Population Description
Relevant columns in
dataset Time axis

3.42
nusinersen
(Spinraza®)

Treatment duration in
patients with treatment
discontinuation (mean, sd) DMT episode Calendar period

3.43
risdiplam
(Evrysdi®)

At least one adequate dose
regarding age and weight
(n, %) DMT dosage value Calendar period

3.44
risdiplam
(Evrysdi®)

Treatment duration defined
as the time from initiation to
last available administration
date (discontinuation date,
death, loss to follow-up, date
of data-extraction if the last
information indicates that
risdiplam (Evrysdi®) is
ongoing) (mean, sd,
median, IQR) DMT episode Calendar period

3.45
risdiplam
(Evrysdi®)

Ongoing risdiplam (Evrysdi®)
at their last reported dose
(n, %) DMT episode Calendar period

3.46
risdiplam
(Evrysdi®)

Treatment discontinuation
(n, %) DMT episode Calendar period

3.47
risdiplam
(Evrysdi®)

Reason for treatment
discontinuation (n, %) DMT stopping reason Calendar period

3.48
risdiplam
(Evrysdi®)

Treatment duration in
patients with treatment
discontinuation (mean, sd) DMT episode Calendar period

3.49 Treated

At least one SAE reported in
the registry related to any
DMT (n, %)

Hospitalisation SAE or
Comorbidity SAE Calendar period

3.50
nusinersen
(Spinraza®)

At least one SAE reported in
the registry related to
nusinersen (Spinraza®) (n,
%)

Hospitalisation SAE or
Comorbidity SAE Calendar period

3.51

onasemnoge
ne
abeparvovec
-xioi
(Zolgensma®)

At least one SAE reported in
the registry related to
onasemnogene
abeparvovec-xioi
(Zolgensma®) (n, %)

Hospitalisation SAE or
Comorbidity SAE Calendar period

3.52
risdiplam
(Evrysdi®)

At least one SAE reported in
the registry related to
risdiplam (Evrysdi®) (n, %)

Hospitalisation SAE or
Comorbidity SAE Calendar period
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ID Population Description
Relevant columns in
dataset Time axis

3.53 Treated Incidence rate of listed SAESI

Hospitalisation acute
reason code matches
defined ICD-10 list Calendar period

The recommended dosing of onasemnogene abeparvovec-xioi (Zolgensma®) required for
indicator 3.32 is given in Appendix I. The recommended dosing of risdiplam (Evrysdi®)
required for indicator 3.43 is given in Appendix II.

11. Exploratory analyses
In addition to the descriptive analysis, we will further investigate objective two through
exploratory comparative analysis. This analysis will investigate trends in post-SMA diagnosis
outcomes with respect to the availability of DMTs using interrupted time series (ITS) analysis.
ITS analysis is useful for investigating the effect of an intervention where randomisation is not
suitable or possible.

11.1 Outcomes of interest
The three post-SMA diagnosis outcomes of interest are;

● Died in the quarter
● Have started using full-time ventilation (invasive or noninvasive) in that quarter
● Composite outcome; the total number of patients who have died in the quarter or started

the use of full-time ventilation (invasive or noninvasive) in that quarter

These outcomes will be analysed separately - no efforts to model dependence between the three
outcomes will be made.

11.2 Time-axis

Although the data is available to us monthly, the outcomes will be aggregated and analysed
quarterly. Quarterly was chosen as it provides a good trade-off between maximising sample size
per observation, whilst providing enough unique time points post-interruption to fit the model
correctly. ITS requires a minimum of 8 observations (7) before and after the intervention to have
sufficient power to estimate the regression coefficients.
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11.3 Choice of the interruption points

For each outcome, two interruption points will be considered, relating to the EU marketing
authorisation dates for Spinraza® and Zolgensma®. Since Evrysdi® was only recently
authorised (March 2021), there will not be enough observations post-intervention to consider this
interruption point. The interruption points have been chosen at the start of the next quarter
following the market authorisation. For example, Spinraza® was authorised at the end of May
2017, we will consider the interruption point to be 01/07/2017 (the start of the next quarter.) The
market authorisation dates and related interruption points are detailed in Table 7.

Table 7: Market authorisation dates for DMTs

DMT Date of issue ofmarketing
authorisation valid throughout the
European Union

Interruption point

Spinraza® 30/05/2017 01/07/2017

Zolgensm
a®

18/05/2020 01/07/2020

Evrysdsi® 26/03/2021 NA

One question might be - why use a single intervention point of the EU market authorisation,
rather than considering the availability of DMT per country of registry separately? A multiple
baseline ITS approach was initially considered, allowing the interruption to vary across registries
and considering the outcomes before and after a general “Time 0” rather than using calendar
time.

However, due to the possible different rollout lag times across registries and the potential
complications of COVID-19, it was decided to not allow different interruption points for
different registries. Instead we will use the same, real, calendar time point for all registries. These
are defined in Table 7.

11.4 Population of interest

For each analysis, the population will be all patients (regardless of treatment), who have SMA
type 1 or 2. By restricting the population to just patients with the most severe type of SMA, we
are ensuring that the underlying populations being compared share similar characteristics.
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Moreover, given the severity of these two types of SMA, we also assume that uptake of newly
available therapy options will be rapid after their market approval.

A natural question might be - why not run the analysis for the Spinraza® interruption point on
just the population of patients treated with Spinraza®? The main reason this is not possible, is
because the average life expectancy of patients with SMA type 1 or 2 was very short prior to the
availability of DMTs. This means all patients who were in the registry 18 months or earlier than
the introduction of Spinraza® will have likely died before getting the opportunity to use
Spinraza® and therefore be excluded from the analysis. This would mean that we do not have the
required number of observations before the interruption point to perform the modelling.
It would also be challenging to model the switching of DMTs appropriately within this
framework. For these reasons, we will perform the analysis on the population of all patients,
regardless of treatment.

11.5 Statistical Model

A Poisson GLM with log link function will be used to model the rates of the occurrence of each
of the specified outcomes. We use a Poisson model as this is the classic choice for count data. We
will use the base R function glm() to fit the models.
For each of the three outcomes, the linear predictor will be of the form

.log(µ(𝑡)) = η(𝑡) =   β
0
 +  β

1
𝑡 +  (β

3
 +  β

4
𝑡)×𝐼(𝑡 >  𝑡') 

Where is the expected number of events at time , terms are unknown coefficients, isµ(𝑡) 𝑡 β  𝑡'

the interruption point and is an indicator function returning 1 whenever and 0𝐼(𝑡 >  𝑡') 𝑡 >  𝑡'
otherwise. can be interpreted as the expected number of patients who died/ventilated/both inµ(𝑡)
each quarter.

11.6 Model adequacy

Various checks will be performed to assess the appropriateness of the Poisson ITS model. The
checks will answer the following assumptions

1. Is the Poisson model appropriate?
2. Is the choice of linear predictor appropriate?

For assumption 1 we will run the following diagnostic tests and, if the test indicates a potential
violation of the assumption, investigate the potential alternative models as indicated in Table 8:

Table 8: Diagnostic tests and their implications
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Diagnostic test What is the test
investigating?

Alternative course of action

Residual plot: plot η
^

(𝑡)
against estimated residuals
- look for any patterns inε

^
 
the plot

Whether the linear predictor
is of an appropriate form.

Consider building in
additional terms (e.g.
quadratic) or transforming
time to e.g. log(time) in the
linear predictor.

Residual plot: plot η
^

(𝑡)
against estimated residuals
- look for any change inε

^
  
the variance of whenε

^
  

plotted against η
^

(𝑡)

Whether the estimated
variance of the counts is
reasonable. The mean and
variance of a Poisson
distribution are equal - this
needs to be checked against
the data.

Fit alternative models. As
above, try zero inflated
models or a different linear
predictor. We can also try
fitting a negative binomial
model to account for
overdispersion.

Test for over/under
dispersion with
dispersiontest() from the
{AER} package.

Formalises the graphical
check for over/under
dispersion.

As above; investigate
alternative models.

Check for zero inflation by
fitting a zero inflated Poisson
(ZIP)model. This can be done
with the zeroinfl() function
from {pscl}.

We will compare the fit of a
standard Poisson model to a
ZIP mode1 via AIC. If the AIC
of ZIP model is smaller than
the standard Poisson, this
suggests zero inflation is
present.

Use the fitted zero-inflated
model.

Check for autocorrelation via
an autocorrelation plot Investigating as to whether

autocorrelation is present in
the residuals of the time
series. Autocorrelation will be
deemed present if a
statistically significant (at 5%
level) is present in the plot.
However, if the
autocorrelation is mild, we
may be able to ignore it.

Fit an alternative model such
as an INGARCH(p, q) model.
This will be possible for
Poisson and Negative
Binomial models, but not ZIP
models.
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11.7 Possible Limitations

Although ITS has many strengths, there are important limitations to be aware of. Firstly,
estimating the level and slope parameters requires a minimum of 8 observations (1) before and
after the intervention to have sufficient power to estimate the regression coefficients. Lack of
randomisation means that drawing definitive answers about the effects of the treatment is
limited. ITS cannot be used to make inferences about individual-level outcomes when the series
is a set of population counts.

11.8 Results
The analysis will be performed for each of the six models:

Outcome Interruption point

Died in the quarter 01/07/2017

Started using full-time ventilation (invasive
or noninvasive) in that quarter

01/07/2017

Composite outcome; the total number of
patients who have died in the quarter or
started the use of full-time ventilation
(invasive or noninvasive) in that quarter

01/07/2017

Died in the quarter 01/07/2020

Started using full-time ventilation (invasive
or noninvasive) in that quarter

01/07/2020

Composite outcome; the total number of
patients who have died in the quarter or
started the use of full-time ventilation
(invasive or noninvasive) in that quarter

01/07/2020

For each of the above six scenarios we will report:

- The fitted model formulation
- A table of coefficients
- A plot of the fitted regression model pre/post intervention with 80% and 95% prediction

intervals. See below figure for a simulated example.
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The table of coefficients will report point estimates, 95% confidence intervals and p-values for
the following parameters of the linear predictor:

- Slope parameter pre-interruption
- Intercept parameter pre-interruption
- Slope adjustment post-interruption
- Intercept adjustment post-interruption
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Appendix I. Recommended dosing of onasemnogene
abeparvovec-xioi (Zolgensma®)
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Appendix II. Recommended dosing of risdiplam
(Evrysdi®)
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Appendix III. ICD Codes

Comorbidity ICD-10 Code ICD-10 Description

Thrombocytopenia
and coagulation
abnormalities

D65
Disseminated intravascular coagulation
[defibration syndrome]

D66 Hereditary factor VIII deficiency
D67 Hereditary factor IX deficiency
D68 Other coagulation defects
D69 Purpura and other haemorrhagic conditions

Renal toxicity

N17.0, N17.1, N17.2, N17.3, N17.8,
N17.9

Acute kidney failure

N19 Unspecified kidney failure

N05.0, N05.1, N05.2, N05.3, N05.4,
N05.5, N05.6, N05.7, N05.8, N05.9

Unspecified nephritic syndrome

N06.0, N06.1, N06.2, N06.3, N06.4,
N06.5, N06.6, N06.7, N06.8, N06.9

Isolated proteinuria with specified
morphological lesion

N14.0, N14.1, N14.2, N14.3, N14.4
Drug- and heavy-metal-induced
tubulo-interstitial and tubular conditions

N15.0, N15.1, N15.8, N15.9 Other renal tubulo-interstitial diseases
R34 only Anuria and oliguria (R34 only)

R94.0, R94.1, R94.2, R94.3, R94.4,
R94.5, R94.6, R94.7, R94.8

Abnormal results of function studies

Hydrocephalus 

G91.0, G91.1, G91.2, G91.3, G91.8,
G91.9

Hydrocephalus

P91.7 Acquired hydrocephalus of newborn
Q03.0, Q03.1, Q03.8, Q03.9 Congenital hydrocephalus

P37.1
Congenital toxoplasmosis – Hydrocephalus
due to congenital toxoplasmosis

Meningitis

G00.0, G00.1, G00.2, G00.3,
G00.8, G00.9

Bacterial meningitis, not elsewhere classified

G01
Meningitis in bacterial diseases classified
elsewhere

G02
Meningitis in other infectious and parasitic
diseases classified elsewhere

G03.8, G03.9
Meningitis due to other and unspecified
causes

A17.0 Tuberculous meningitis
A20.3 Plague meningitis
A39.0 Meningococcal meningitis

Confidential 234



NI-PASS Study Report EUPAS50476 Version 5.1

A87.0, A87.1, A87.2, A87.8, A87.9 Viral meningitis

B00.3 Herpesviral meningitis
B01.0 Varicella meningitis
B02.1 Zoster meningitis
B26.1 Mumps meningitis
B37.5 Candidal meningitis
B38.4 Coccidioidomycosis meningitis
B45.1 Cerebral cryptococcosis
A01.01, A02.21, A27.81, A32.11,
B06.02, B27.02, B27.12, B27.82,
B27.92

Other meningtis related ICD-10-CM codes

Hypersensitivity
reactions

T78.4 Allergy, unspecified

Cutaneous vasculitis M31.0 Hypersensitivity angiitis

Hepatotoxicity 

K71, K71.0, K71.1, K71.2, K71.3, K71.4,
K71.5, K71.6, K71.7, K71.8, K71.9

Toxic liver disease

K72.0, K72.1, K72.9 Hepatic failure, not elsewhere classified
K75.2 Nonspecific reactive hepatitis
K75.9 Inflammatory liver disease, unspecified

R17.0, R17.9
Hyperbilirubinaemia, with or without
jaundice, not elsewhere classified

Cardiac adverse
event

I50.1, I50.2, I50.3, I50.4, I50.8,
I50.9, Heart failure

Osteoporosis 

M80.0, M80.1, M80.2, M80.3,
M80.4, M80.5, M80.8, M80.9,

Osteoporosis with pathological fracture

M81.0, M81.1, M81.2, M81.3, M81.4,
M81.5, M81.6, M81.8, M81.9

Osteoporosis without pathological fracture

M82.0, M82.1, M82.8
Osteoporosis in diseases classified
elsewhere

Fractures

S02.0, S02.1, S02.2, S02.3, S02.4,
S02.5, S02.6, S02.7, S02.8, S02.9

Fracture of skull and facial bones

S12.0, S12.1, S12.2, S12.3, S12.4,
S12.5, S12.6, S12.7, S12.8, S12.9

Fracture of neck

S22.0, S22.1, S22.2, S22.3, S22.4,
S22.5, S22.8, S22.9

Fracture of rib(s), sternum and thoracic
spine

S32.0, S32.1, S32.2, S32.3, S32.4,
S32.5, S32.7, S32.8

Fracture of lumbar spine and pelvis

S42.0, S42.1, S42.2, S42.3, S42.4,
S42.7, S42.8, S42.9

Fracture of shoulder and upper arm
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S52.0, S52.1, S52.2, S52.3, S52.4,
S52.5, S52.6, S52.7, S52.8, S52.9

Fracture of forearm

S62.0, S62.1, S62.2, S62.3, S62.4,
S62.5, S62.6, S62.7, S62.8

Fracture at wrist and hand level

S72.0, S72.1, S72.2, S72.3, S72.4,
S72.7, S72.8, S72.9

Fracture of femur

S82.0, S82.1, S82.2, S82.3, S82.4,
S82.5, S82.6, S82.7, S82.8, S82.9

Fracture of lower leg, including ankle

S92.0, S92.1, S92.2, S92.3, S92.4,
S92.5, S92.7, S92.8, S92.9

Fracture of foot, except ankle

T02.0, T02.1, T02.2, T02.3, T02.4,
T02.5, T02.6, T02.7, T02.8, T02.9

Fractures involving multiple body regions

T08 Fracture of spine, level unspecified
T10 Fracture of upper limb, level unspecified
T12 Fracture of lower limb, level unspecified
T14.2 Fracture of unspecified body region

Pulmonary infections
(Bronchopulmonary
infections)

J09
Influenza due to identified zoonotic or
pandemic influenza virus

J10.0, J10.1, J10.8
Influenza due to identified seasonal
influenza virus

J11.0, J11.1, J11.8 Influenza, virus not identified

J12.0, J12.1, J12.2, J12.3, J12.8, J12.9 Viral pneumonia, not elsewhere classified

J13
Pneumonia due to Streptococcus
pneumoniae

J14 Pneumonia due to Haemophilus influenzae
J15.0, J15.1, J15.2, J15.3, J15.4,
J15.5, J15.6, J15.7, J15.8, J15.9

Bacterial pneumonia, not elsewhere
classified

J16.0, J16.8
Pneumonia due to other infectious
organisms, not elsewhere classified

J17.0, J17.1, J17.2, J17.3, J17.8 Pneumonia in diseases classified elsewhere
J18.0, J18.1, J18.2, J18.8, J18.9 Pneumonia, organism unspecified
J20.0, J20.1, J20.2, J20.3, J20.4,
J20.5, J20.6, J20.7, J20.8, J20.9,

Acute bronchitis

J21.0, J21.1, J21.8, J21.9 Acute bronchiolitis
J22 Unspecified acute lower respiratory infection
A20.2 Pneumonic plague
A21.2 Pulmonary tularemia
A31.0 Pulmonary mycobacterial infection
A43.0 Pulmonary nocardiosis
A48.1 Legionnaires' disease
B01.2 Varicella pneumonia
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B05.2 Measles complicated by pneumonia
B25.0 Cytomegaloviral pneumonitis
B39.0 Acute pulmonary histoplasmosis capsulati
B37.1 Pulmonary candidiasis
B59 Pneumocystosis
B38.0 Acute pulmonary coccidioidomycosis
B38.2 Pulmonary coccidioidomycosis, unspecified
B58.3 Pulmonary toxoplasmosis
J85.1 Abscess of lung with pneumonia

A01.03, A02.22, A37.01, A37.11,
A37.81, A37.91, J15.211, J15.212,
J15.29, B06.81, J10.00, J10.08,
J11.00, J11.08, J12.81, J12.89, B77.81

Other Pulmonary related ICD-10-CM codes

Sleep apnea
G47.3 Sleep apnoea
P28.3 Primary sleep apnoea of newborn

Pneumothorax
J93.0, J93.1, J93.8, J93.9 Pneumothorax

P25.1
Pneumothorax originating in the perinatal
period

Atrial or ventricular
defect

Q21.0 Congenital malformations of cardiac septa

Diabetes

E10.1,E10.2, E10.3, E10.4, E10.5, E10.6,
E10.8, E10.9

Type 1 diabetes mellitus

E11.0, E11.1, E11.2, E11.3, E11.4, E11.5,
E11.6, E11.8, E11.9

Type 2 diabetes mellitus

E12 Malnutrition-related diabetes mellitus

E13.0, E13.1, E13.2, E13.3, E13.4, E13.5,
E13.6, E13.8, E13.9

Other specified diabetes mellitus

E14 Unspecified diabetes mellitus

Vertebral fracture

T08 Fracture of spine, level unspecified

S12.0, S12.1, S12.2, S12.3, S12.4,
S12.5, S12.6, S12.7, S12.8, S12.9

Fracture of neck

S22.0, S22.1, S22.2, S22.3, S22.4,
S22.5, S22.8, S22.9

Fracture of thoracic vertebra

S22.1 Multiple fractures of thoracic spine
S32.0 Fracture of lumbar vertebra
S32.1 Fracture of sacrum
S32.2 Fracture of coccyx

S02.0, S02.1, S02.2, S02.3, S02.4,
S02.5, S02.6, S02.7, S02.8, S02.9

Fracture of skull and facial bones

S22.2, S22.3, S22.4, S22.5, S22.8,
S22.9

Fracture of rib(s), sternum and thoracic
spine
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S32.3, S32.4, S32.5, S32.6, S32.8,
S32.9

Fracture of lumbar spine and pelvis

S42.0, S42.1, S42.2, S42.3, S42.4,
S42.7, S42.8, S42.9

Fracture of shoulder and upper arm

S52.0, S52.1, S52.2, S52.3, S52.4,
S52.5, S52.6, S52.7, S52.8, S52.9

Fracture of forearm

S62.0, S62.1, S62.2, S62.3, S62.4,
S62.5, S62.6, S62.7, S62.8

Fracture at wrist and hand level

S72.0, S72.1, S72.2, S72.3, S72.4,
S72.7, S72.8, S72.9

Fracture of femur

S82.0, S82.1, S82.2, S82.3, S82.4,
S82.5, S82.6, S82.7, S82.8, S82.9

Fracture of lower leg, including ankle

S92.0, S92.1, S92.2, S92.3, S92.4,
S92.5, S92.7, S92.8, S92.9

Fracture of foot, except ankle

T02.0, T02.1, T02.2, T02.3, T02.4,
T02.5, T02.6, T02.7, T02.8, T02.9

Fractures involving multiple body regions

T10 Fracture of upper limb, level unspecified
T12 Fracture of lower limb, level unspecified
T14.2 Fracture of unspecified body region

Bronchopulmonary
infections

Combined with pulmonary infections as Prof Servais confirmed there is no
difference.

Gastrostomy Z93.1 Gastrostomy status
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Appendix IV. PRO Questionnaire: Spain
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Appendix V. PRO Questionnaire: Belgium
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Appendix E (2) - Statistical Analysis Plan Addendum

Non-interventional registry-based Study
Protocol: EUPAS50476

A registry-based cohort study of Spinal Muscular Atrophy (SMA) disease to describe the natural
history of SMA, the evolution of SMA care management and disease progression considering new

disease modifying therapies (DMTs).

This addendum supplements the Statistical Analysis Plan (SAP), which was last updated on 26 April
2023. The study protocol was developed in absence of data access; therefore, the SAP refinement during
the implementation process was inevitable. The list of SAP changes – analyses and definitions
refinements are provided below.

SAP
section

SAP original
description where
available

SAP refinement or new addition
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5.1
Eligibility
criteria

The primary study
population will
include all SMA
patients entered in
each of the registries
selected for the study
between registry entry
date and 30 November
2022

(Refinement) The primary study population will include
all SMA patients entered in each of the registries selected
for the study from registry entry date till the end of data
availability.

Registry Start date of
data collection

End date of data
availability

Belgium January 2018 December 2021

Czech Republic
and Slovakia May 2011 May 2023

Germany and
Austria April 2008 May 2023

Spain February 2015 April 2023

United Kingdom
and Ireland December 2007 May 2023

Sweden October 2010 April 2023

8.3.2.
Exposure
Definition

(New) Treatment discontinuation (except Zolgensma): a
patient is counted as discontinued if they have a stop date
or a text discontinuation reason.

8.6
Functional
status at
symptom
onset

(New) If there isn't an exact match of the functional status
date with date of symptom onset, the best-known
functional status/motor milestone within +/- 3 months of
symptom onset date is used.

8.7
Achieved
motor
status at
symptom
onset

(New) If there isn't an exact match of the achieved motor
status date and date of symptom onset, the best-known
functional status/motor milestone within +/- 3 months of
symptom onset date is used.

8.8.1
Calendar
period

The following time
periods will be used.

● Before 2011

● 2011 - 2013
● 2014 - 2016
● 2017
● 2018

(Refinement) The following time periods will be used.

● Before 2011

● 2011 - 2013
● 2014 - 2016
● 2017
● 2018
● 2019
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● 2019
● 2020
● 2021
● 2022

● 2020
● 2021
● 2022
● 2023 (New addition)

9.5.2
Diagnosis
date

(New) Indicators at genetic report date will use records
closest to the genetic report date within three-month
deviation and earliest.

9.5.3
Registry
entry

We will derive this
from an earliest
longitudinal date
stamps or timestamps
variable, based on the
earliest date we
observe for a patient.

(Refinement) The date of Registry entry is defined as the
earliest longitudinal datestamp or timestamp after the
registry start date with assumptions of no historical or
retrospective data entry. Any datestamps or timestamps
before the registry start date will be removed. This is with
assumption that the dates before the registry start date
were added as historical data at the registries.

9.6 ICD
codes

Other relevant
comorbidities:
● Osteoporosis
● Fractures
● Pulmonary

infections
● Sleep apnea
● Pneumothorax
● Atrial or

ventricular defect
● Diabetes
● Vertebral fracture
● Non-vertebral

fractures
● Bronchopulmonar

y infections
● Gastrostomy

(Refinement) Amongst other relevant comorbidities list,
Bronchopulmonary infections were merged with
pulmonary infections as confirmed by Prof. Laurent
Servais that there are no differences between them.

Other relevant comorbidities:
● Osteoporosis
● Fractures
● Pulmonary infections (including Bronchopulmonary

infections)
● Sleep apnea
● Pneumothorax
● Atrial or ventricular defect
● Diabetes
● Vertebral fracture
● Non-vertebral fractures
● Gastrostomy

9.6 ICD
codes

For indicator 2.95,
causes of death,
ICD-10 codes will be
reported at the
four-digit ICD-10
code level (labelled)
and all codes above
that hierarchically.

(Refinement) For indicator 2.80, causes of death, ICD-10
codes will be reported at the four-digit ICD-10 code level
(labelled) and all codes above that hierarchically.

10.2
Reporting
statistics

To preserve patient
confidentiality, cells
with a number of
patients or events
below five will be

(Refinement) To preserve patient confidentiality when
counts are below 5, the values are replaced with ‘*’ for
tables and graphs. This is applied to counts, means and
medians. Values with 0 are reported as ‘-’ in table outputs.
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merged with another
relevant category.

Table 5:
Indicators
for the
SMA
natural
history and
disease
progression
analysis

2.17: Age at first
acquisition of any of
the motor ability
episodes (mean, sd)

(Refinement) 2.17: Age at first acquisition of the best
motor ability episodes (mean, sd)

Table 5:
Indicators
for the
SMA
natural
history and
disease
progression
analysis

2.18: Age at first loss
of any of the motor
ability episodes
(mean, sd)

(Refinement) 2.18: Age at first loss of the best of the
motor ability episodes (mean, sd)

Table 5:
Indicators
for the
SMA
natural
history and
disease
progression
analysis

2.70:
Bronchopulmonary
infections reported in
cause of
hospitalisation or as a
comorbidity (n, %)

(Refinement) 2.70: Pulmonary infections reported in cause
of hospitalisation or as a comorbidity (n, %)

10.4.1
PROs

(New) For contractual reasons in the UK and Ireland
Registry, PROMs data associated with patients receiving
Risdiplam and Nusinersen are not allowed to share with
third parties. PROMs data only with Zolgensma is
available to share.

Table 6:
Description
of SMA
healthcare
managemen
t over time

3.07: Pneumococcal
vaccination at least
every 5 years (n, %)

(Refinement) 3.07: Pneumococcal vaccination at least
once every 5 years (n, %)
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Table 8:
Diagnostic
tests and
their
implication
s

(New)

Diagnostic test What is the test
investigating?

Alternative course of
action

Check for
autocorrelatio
n via an
autocorrelatio
n plot

Investigating
as to whether
autocorrelation
is present in
the residuals of
the time series.
Autocorrelatio
n will be
deemed present
if a statistically
significant (at
5% level) is
present in the
plot. However,
if the
autocorrelation
is mild, we
may be able to
ignore it.

Fit an alternative
model such as an
INGARCH(p, q)
model. This will be
possible for Poisson
and Negative
Binomial models, but
not ZIP models.

Appendix F - ITS Analysis Report
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Non-interventional registry-based Study
Protocol: EUPAS50476

A registry-based cohort study of Spinal Muscular Atrophy (SMA) disease to describe the natural
history of SMA, the evolution of SMA care management and disease progression considering new

disease modifying therapies (DMTs).
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Exploratory Analysis (Version 4)

Jumping Rivers | support@jumpingrivers.com

Aims, scope & methods

The aim of this exploratory analysis is to analyse the numbers of patients in the available
data, who either died (Death), or were placed onto full time ventilation, which includes
invasive and non-invasive, (Ventilation) before and after the availability of disease
modifying therapies (DMTs). We also consider the composite outcome; that is, the numbers
of patients who either died or were placed onto full time ventilation (Composite). We may
refer to any of the three outcomes as “events”. We will model the three outcomes
independently. Joint modelling is beyond the scope of this analysis.

The main statistical approach in this analysis is using interrupted time series (ITS) to see if
the underlying patterns in the numbers of events per quarter change after the introduction
of DMT. In this analysis, we use quarterly event counts as this strikes a good balance
between two competing objectives:

1. ensuring that the number of events per quarter is not almost always zero
2. providing a sufficiently large samples size pre- and post- DMT introduction to have

sufficient power to estimate model coefficients. For an ITS analysis, it is
recommended that at least 8 data points are available pre and post intervention.

Data for the analysis

Although the registries have records of data before the foundation of the registry, this data
is sparse. To ensure that the data is reliable, we only consider data after the quarter
2008-07. This quarter is the first quarter after the start date of the first registry (2007-12)
for which the number of patients is non-zero (see Table 4). The start dates for the registries
are: 2018-01-01 (BE), 2011-05-01 (CZ), 2008-04-01 (DE), 2015-02-01, 2010-10-01 (SE)
and 2007-12-01 (UK).

We therefore do not consider any event that occurred prior to 2008-07-01. The end date for
the analysis is NA. All dates are in the format year-month-day. All the counts for a quarterly
totals of the three outcomes. The population of interest is all patients with SMA types 1 or
2.

DMTs

The DMTs we consider in this analysis are Spinraza and Zolgensma. Evrysdi is not
considered, as it was not available until 2021-03-26. this would not give us the required
number of quarters (8) to estimate post-DMT regression coefficients. The interruption
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points are given in Table 1, and correspond to the start first quarter after the date of issue
of marketing authorisation valid throughout the European Union.

Models

Our baseline model will be a Poisson GLM with log-link function. This is the simplest
appropriate model for an ITS analysis with count data. The formulation for this model is

where is the number of observed events in quarter , are unknown regression𝑌
𝑡

𝑡 β
𝑖

coefficients to be inferred, and is an indicator function returning the value when𝐼 𝑡 ≥ 𝑡′( ) 1
and otherwise. In our case, will be the intervention point corresponding to the𝑡 ≥ 𝑡′ 0 𝑡′

introduction of either Spinraza or Zolgensma.

More advanced models considered are:

• Negative Binomial GLM
• Poisson GLM with zero inflation
• INGARCH(1, 1) with quarter, DMT intervention and a corresponding interaction

term as covariates.

Our philosophy will be to adopt the simplest possible model unless there is a compelling
reason to favour another model. Higher order INGARCH models will not be considered as
the sample size is small relative to the model complexity. Compelling reasons to choose a
more complex model are:

• Graphical or numerical diagnostics indicating that the Poisson GLM is inadequate
• Model fit — measured by AIC — favours a more complex model.
• For the more complex model to be chosen, it must also pass the relevant graphical

and numerical diagnostic checks.
Table 1: Interruptions dates for Spinraza and Zolgensma. These are the first day of the
quarters following the Marketing Authorisation for each DMT.

DMT Quarter

Spinraza 2017-07-01

Zolgensma 2020-07-01

Initial analysis

Prior to any statistical modelling, we plot the data (Figure 1) and make the following
observations:

• Prior to 2012-01-01, only one death is recorded across all registries. This will be a
difficult aspect of the data to model.

• The number of recorded deaths has steadily increased over time.
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• The number of patients receiving full time ventilation for the first time was
increasing until about 2017, where the numbers start to decrease. This coincides
with the introduction of Spinraza.

• For the composite outcome, numbers are quite small pre 2012 and then start to rise
until about 2015 where numbers become fairly stable.

• For each quarter, the number of events is typically quite small. The largest number
of events per quarter is 5 which occurs on 2017-01-01.

Figure 1: Time series of patients who have died, started full time ventilation
for the first time and the composite outcome (top-bottom). Vertical lines are
superimpose at the start of the quarter where each DMT became available.
Solid blue like is a loess curve, with corresponding grey 95% confidence
interval for the mean number of events per quarter.
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Diagnostics for the Poisson GLM model.

Residual plots

Figure 2: Pearson residual plots for each outcome with the Zolgensma
interruption point. Central dashed black line indicates 0 with the dotted red
lines being at .± 2

For the Deaths outcome in Figure 2, there may be some autocorrelation in the residuals -
around 2016, the residuals form two stripes. However, this may just be a symptom of low
numbers of deaths. This will be investigated more formally with autocorrelation plots (this
diagnostic will be applied to all models). We see that 2% of Pearson residuals are outside

. This is slightly less than the 5% we would expect. This could be due to zero inflation,± 2
which we will investigate soon.

The other residual plots for the Zolgensma interruption points show no serious issues.
There is little reason to suspect autocorrelation in the residual structure. For the
Ventilation outcome, 2% of Pearson residuals are outside of the limits, and for the± 2
Composite outcome we have 8% are outside of . This is slightly above what we expect,± 2
but not a major cause for concern.
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Figure 3: Pearson residual plots for each outcome with the Spinraza
interruption point. Central dashed black line indicates 0 with the dotted red
lines being at .± 2

Because the observed values are the same for each outcome, regardless of DMT, the residual
plots for the same outcomes are similar with the two different interruption periods.

For the Deaths outcome in Figure 3, there may be some autocorrelation in the residuals,
again, this may actually be a case of zero inflation. We see that 2% of Pearson residuals are
outside . This is slightly less than the 5% we would expect, but still close. This could be± 2
due to zero inflation, which we will investigate soon.

As above, the residual plots corresponding to Ventilation and Composite for Spinraza show
no serious issues, but the respective proportion of Pearson residuals outside are 2%± 2
and 8% . There is perhaps a case of the estimated variance being slightly too big, however,
many residuals are close to these limits which suggests there is not a serious mismatch
between the model and data.

Dispersion tests

Outcome DMT
Dispersion

estimate p-value

Death Zolgensma 0.85 0.45

Ventilation Zolgensma 0.94 0.66

Composite Zolgensma 1.07 0.72
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Outcome DMT
Dispersion

estimate p-value

Death Spinraza 0.84 0.34

Ventilation Spinraza 0.84 0.20

Composite Spinraza 0.92 0.68

In this case, the estimated dispersion parameters are all close to , with p-values1
comfortably above . This indicates that there is little evidence to doubt the Poisson0. 05
assumption that . Because the dispersion estimates are all , it is not𝑚𝑒𝑎𝑛 = 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 < 1
possible to fit a negative binomial model, which is based on the assumption that the
dispersion parameter is .≥ 1

Zero inflation

We will fit ZIP (zero inflated Poisson) models to each time series. One issue with the ZIP
model is the number of parameters. This model is a mixture of a Poisson model and a
logistic regression:

where the the mixing proportion, and modelled by a logistic regression with linearπ
𝑡

predictor and is the linear predictor for the Poisson aspect of the model, thus has theλ
𝑡

same form as the linear prediction for a standard Poisson GLM. The logistic regression is
used to “inflate” the number of zeros we would expect to see under a Poisson model.

To check for zero inflation, we will use AIC to measure if the zero inflated models are a
better fit to the data than the standard Poisson GLMs. Recall that a lower AIC indicates a
more appropriate model.

Outcome DMT AIC (zeroinfl) AIC (GLM)

Death spinraza 121.26 120.64

Ventilation spinraza 135.57 128.48

Composite spinraza 182.25 179.04

Death zolgensma 125.40 121.64

Ventilation zolgensma 141.74 134.23

Composite zolgensma 188.15 184.78

For all cases, we see that the AIC is lower for the simpler GLMs than the zero inflated
variants. For this reason, we do not favour the more complex model in any case and retain
the Poisson GLMs.

Residuals Autocorrelation

The next assumption to investigate is autocorrelation in the residuals. Since the data are
time series, it is natural to expect autocorrelation in the residuals.
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To investigate whether or not autocorrelation is a potential problem, we will first construct
autocorrelation plots. We will superimpose cut-off bands on the plots which indicate
plausible values for the autocorrelation at lag under the assumption that the residuals are𝑘
independent. The bands indicate an acceptance region where approximately 95% of points
should lie, under the null hypothesis that residuals are independent. These are approximate

bands, with width given by where is the series length and is the lag. The bands are4
𝑛−𝑘

𝑛 𝑘

known to be on the conservative side (higher than intended type 2 error rate) and should
be used as a guide or rule of thumb rather than a hard cut off. We are however performing
multiple tests, and we do not correct for multiple testing in these plots.

Figure 4: Autocorrelation plots for the Spinraza models. Grey bars indicate
the value of the autocorrelation at a given lag; pink band represents
approximate 95% acceptance region.
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Figure 5: Autocorrelation plots for the Zolgensma models. Grey bars indicate
the value of the autocorrelation at a given lag; pink band represents
approximate 95% acceptance region.

INGARCH(1, 1) models

A more formal approach to investigating for dependence amongst the standardised
residuals would be to git an INGARCH model. The formulation for the particular
INGARCH(1, 1) model we use is where and are coefficients to be inferred, representsα

𝑖
β

1
𝑡

the quarter, and are unknown regression coefficients to be inferred, and is the historyη
𝑖

𝐷
𝑡

of the time series up to time .𝑡

To investigate if there is any improvement offered by the INGARCH(1, 1) model we will use
similar diagnostics to before. Namely, plot Pearson residuals against quarter, and construct
autocorrelation plots.
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Figure 6: Standardised residuals for spinrazaINGARCH(1, 1) models.
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Figure 7: Autocorrelation plots for the Spinraza INGARCH(1, 1) models. Grey
bars indicate the value of the autocorrelation at a given lag; pink band
represents approximate 95% acceptance region.

The Pearson residual plots for the Spinraza models (Figure 6) all show at least one
standardised residual greater than in modulus. The number of residuals greater than 3 in3
modulus is, 2 for the deaths data, 0 for ventilations and 1 for the composite outcome. For a
sample of size 61 we would not expect any to be this large. The autocorrelation do not
provide any evidence to suggest the model is inadequate (Figure 7). The autocorrelation
coefficients are small and comfortably within the acceptance bands. However, because of
the extreme outliers, the INGARCH(1, 1) models will not receive any further consideration
for the Spinraza analysis.
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Figure 8: Standardised residuals for Zolgensma INGARCH(1, 1) models.
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Figure 9: Autocorrelation plots for the zolgensma INGARCH(0, 1) models.
Grey bars indicate the value of the autocorrelation at a given lag; pink band
represents approximate 95% acceptance region.

In general, the Pearson residuals resulting from fitting an INGARCH(1, 1) model to the
Zolgensma data, look fine. The exception being the Deaths data, which has one very large
standardised residual; see Figure 8. The autocorrelation plots do not suggest any serious
data-model conflict (Figure 9). The autocorrelation coefficients are small and comfortably
within the acceptance bands. The INGARCH(1, 1) model will not be considered any further
for the Deaths data, but will will retain the INGARCH(1, 1) model as a candidate model for
only:

• Ventilation with Zolgensma interruption
• Composite with Zolgensma interruption

Best AIC for each dataset
Table 2: Chosen models for each data set, with their corresponding AIC.

Outcome DMT Model AIC

Death Zolgensma GLM 121.6417

Ventilation Zolgensma GLM 134.2267

Composite Zolgensma GLM 184.7807
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Outcome DMT Model AIC

Death Spinraza GLM 120.6437

Ventilation Spinraza GLM 128.4808

Composite Spinraza GLM 179.0384

In all cases but one, we see in Table 2, using AIC for model selection leads to the simple GLM
being the most appropriate model. We saw that there was no evidence to suggest the data
were over-dispersed, nor that the data were zero inflated. An AIC table for all fitted models
is available in the appendix, in particular, see Table 6.

Limitations, results & conclusions

Limitations

One limitation of the analysis is the occurrence of Covid 19. Covid 19 was first present in
Europe in early 2020; this is close to the availability of Zolgensma, and after the
introduction of Spinraza. This causes problems for multiple reasons, which include:

1. It is well known that Covid 19 may lead to a patient’s death, or a requirement for
full-time ventilator use, especially for those with pre-existing health conditions.

2. Due to the additional strain on medical professionals, keeping registry data up to
date may not have been a priority, especially early on in the pandemic.

3. A decrease in the number of SMA type 1 & 2 patients receiving full time ventilation
may be due to the lack of ventilators available.

Accounting for Covid 19 is not possible. This is because the introduction of DMTs has a
large overlap with the emergence of Covid 19 across Europe. The available data is not able
to distinguish the effects of Covid 19 from DMT. Another complication is that data for this
analysis are aggregated across different registries and therefore countries; different
countries took different approaches to managing Covid 19, accounting for this in our model
is not feasible.

Another limitation of the analysis is not correcting for multiple testing. All p-values have
been provided, thus post-hoc methods such as a Bonferroni correction can be applied. A
small number p-values in Table 3 has p-values close to , so this likely will notα = 0. 05
cause any drastic changes to conclusions.

Results

Having fit various models for each DMT-outcome combination, we have concluded that the
simple GLM models are the most appropriate models. We will now present model
summaries in the following order:

1. Fitted model formulations (with coefficients given to 2 significant figures)
2. Table of model coefficients with standard errors, p values and 95% CIs
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3. Plots of the data with fitted mean functions superimposed, as well as superimposed
80% and 95% prediction intervals.

1. Fitted model formulations

Recall that all models are of the form . For this reason, we will write out𝑌
𝑡

∼ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛 λ
𝑡( )

only the linear predictor — the formula for — for each model. Models will be𝑙𝑜𝑔λ
𝑡

indicated by the form DMT-outcome

Spinraza-death
𝑙𝑜𝑔λ

𝑡
=− 15 + 0. 00088𝑡 + 4. 9 − 0. 00034𝑡( )𝐼 𝑡 ≥ 𝑡′( )

Spinraza-ventilation
𝑙𝑜𝑔λ

𝑡
=− 8. 2 + 0. 0005𝑡 + 38 − 0. 0022𝑡( )𝐼 𝑡 ≥ 𝑡′( )

Spinraza-composite
𝑙𝑜𝑔λ

𝑡
=− 9. 7 + 0. 00062𝑡 + 14 − 0. 00084𝑡( )𝐼 𝑡 ≥ 𝑡′( )

Zolgensma-death
𝑙𝑜𝑔λ

𝑡
=− 7. 5 + 0. 0004𝑡 + 20 − 0. 0011𝑡( )𝐼 𝑡 ≥ 𝑡′( )

Zolgensma-ventilation
𝑙𝑜𝑔λ

𝑡
=− 4. 2 + 0. 00025𝑡 + 34 − 0. 0019𝑡( )𝐼 𝑡 ≥ 𝑡′( )

Zolgensma-composite
𝑙𝑜𝑔λ

𝑡
=− 4. 6 + 0. 0003𝑡 + 19 − 0. 001𝑡( )𝐼 𝑡 ≥ 𝑡′( )

2. Model coeffcients
Table 3: Table showing the pre-interruption coefficients and the change in the coefficient
post-interruption for the slope and intercept for the chosen models.

DMT Outcome Term
Pre/Post
DMT

Estim
ate 95% CI

p
value

Spinra
za

Death Interce
pt

Pre -1.5e+
01

(-27, -5.2) 0.00
540

Spinra
za

Death Interce
pt

Post 4.9e+
00

(-11, 21) 0.55
000

Spinra
za

Death Slope Pre 8.8e-0
4

(0.00028,
0.0016)

0.00
750

Spinra
za

Death Slope Post -3.4e-
04

(-0.0013,
0.00056)

0.46
000

Spinra
za

Ventilati
on

Interce
pt

Pre -8.2e+
00

(-15, -1.8) 0.01
500
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DMT Outcome Term
Pre/Post
DMT

Estim
ate 95% CI

p
value

Spinra
za

Ventilati
on

Interce
pt

Post 3.8e+
01

(19, 59) 0.00
016

Spinra
za

Ventilati
on

Slope Pre 5.0e-0
4

(1e-04,
0.00093)

0.01
600

Spinra
za

Ventilati
on

Slope Post -2.2e-
03

(-0.0034,
-0.0011)

0.00
014

Spinra
za

Composi
te

Interce
pt

Pre -9.7e+
00

(-16, -4.3) 0.00
065

Spinra
za

Composi
te

Interce
pt

Post 1.4e+
01

(3.7, 25) 0.00
810

Spinra
za

Composi
te

Slope Pre 6.2e-0
4

(0.00029,
0.00098)

0.00
040

Spinra
za

Composi
te

Slope Post -8.4e-
04

(-0.0014,
-0.00025)

0.00
550

Zolgen
sma

Death Interce
pt

Pre -7.5e+
00

(-14, -1.6) 0.01
700

Zolgen
sma

Death Interce
pt

Post 2.0e+
01

(-7.2, 48) 0.15
000

Zolgen
sma

Death Slope Pre 4.0e-0
4

(4.9e-05,
0.00078)

0.03
100

Zolgen
sma

Death Slope Post -1.1e-
03

(-0.0026,
0.00039)

0.16
000

Zolgen
sma

Ventilati
on

Interce
pt

Pre -4.2e+
00

(-8.4, -0.16) 0.04
700

Zolgen
sma

Ventilati
on

Interce
pt

Post 3.4e+
01

(-46, 140) 0.43
000

Zolgen
sma

Ventilati
on

Slope Pre 2.5e-0
4

(2.6e-06, 5e-04) 0.05
100

Zolgen
sma

Ventilati
on

Slope Post -1.9e-
03

(-0.0075,
0.0023)

0.40
000

Zolgen
sma

Composi
te

Interce
pt

Pre -4.6e+
00

(-8.1, -1.3) 0.00
810

Zolgen
sma

Composi
te

Interce
pt

Post 1.9e+
01

(-6.2, 46) 0.14
000

Zolgen
sma

Composi
te

Slope Pre 3.0e-0
4

(9.5e-05, 5e-04) 0.00
440

Zolgen
sma

Composi
te

Slope Post -1.0e-
03

(-0.0025,
0.00029)

0.13
000
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A summary of the column in Table 3 is as follows:

• DMT indicates which DMT the interruption point corresponds to; Outcome indicates
the response variable (Deaths, Ventilations, Composite)

• Term indicates the parameter of the statistical model (intercept, slope)
• Pre/Post DMT indicates whether the term corresponds to before or after the

interruption point
• Estimate is the point estimate for the parameter
• 95% CI is an approximate 95% confidence interval for the parameter
• p value is the p value under the null that the parameter is zero.

3. Plots of fitted models

Figure 10: Fitted model with 80% and 95% prediction intervals
superimposed for the quarterly deaths and Spinraza interruption.
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Figure 11: Fitted model with 80% and 95% prediction intervals
superimposed for the quarterly first time ventilation episode and Spinraza
interruption.
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Figure 12: Fitted model with 80% and 95% prediction intervals
superimposed for the quarterly composite outcome and Spinraza
interruption.
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Figure 13: Fitted model with 80% and 95% prediction intervals
superimposed for the quarterly deaths and Zolgensma interruption.
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Figure 14: Fitted model with 80% and 95% prediction intervals
superimposed for the quarterly ventilations and Zolgensma interruption.
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Figure 15: Fitted model with 80% and 95% prediction intervals
superimposed for the quarterly composite outcome and Zolgensma
interruption.

Conclusions

After the introduction of Spinraza, we observed a statistically significant (at the 5% level)
change in the numbers of patients first receiving full time ventilation, and we also saw a
statistically significant change in the composite outcome. Observing Figure 11 and
Figure 12, and observing the coefficients in Table 3, indicates that this change is a reduction
in both of these quarterly counts. No other changes can be deemed significant at the 5%
level, thus there is no evidence to suggest that after the introduction of Spinraza (i.e. after
2017-07-01), that the number of types 1 & 2 SMA patients who die per quarter has
changed. Likewise, none of the coefficients corresponding to Zolgensma can be deemed
significant, thus we cannot say that there has been a change in quarterly number of patients
who die, start full time ventilation or the composite outcome after 2020-07-01.

All graphs show that prior to the introduction of DMT, that the numbers of all cases were
increasing. With the exception of the Deaths and Ventilation outcome for the Zolgensma
interruption, the slope parameter for each model pre-DMT is significant at the 5% level.
This, in part, will be due to the fact that over time more registries have started to collect
data, rather than a higher proportion of patients contributing to each of the possible
outcome.
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Appendix

Number of patients by quarter
Table 4: Number of patients in the registry for each quarter, from 2008-07 to 2023-07. This
data is visually represented in Figure 16.

Quarter
Number of patients across all

registries

2008-07-01 5

2008-10-01 25

2009-01-01 30

2009-04-01 32

2009-07-01 42

2009-10-01 49

2010-01-01 57

2010-04-01 67

2010-07-01 75

2010-10-01 81

2011-01-01 87

2011-04-01 100

2011-07-01 117

2011-10-01 137

2012-01-01 156

2012-04-01 217

2012-07-01 253

2012-10-01 275

2013-01-01 295

2013-04-01 340

2013-07-01 360

2013-10-01 369

2014-01-01 394

2014-04-01 469

2014-07-01 509

2014-10-01 552

2015-01-01 592

2015-04-01 626

2015-07-01 639

2015-10-01 671
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Quarter
Number of patients across all

registries

2016-01-01 740

2016-04-01 760

2016-07-01 783

2016-10-01 821

2017-01-01 872

2017-04-01 906

2017-07-01 941

2017-10-01 981

2018-01-01 1062

2018-04-01 1209

2018-07-01 1295

2018-10-01 1392

2019-01-01 1443

2019-04-01 1491

2019-07-01 1522

2019-10-01 1564

2020-01-01 1615

2020-04-01 1647

2020-07-01 1680

2020-10-01 1710

2021-01-01 1730

2021-04-01 1750

2021-07-01 1772

2021-10-01 1793

2022-01-01 1804

2022-04-01 1823

2022-07-01 1786

2022-10-01 1789

2023-01-01 1616

2023-04-01 1609

2023-07-01 1560
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Figure 16: Number of patients in the registry for each quarter,from 2008-07
to 2023-07.

Data used for modelling
Table 5: Data used for modelling.

Quarter Deaths Ventilation Composite

2008-07-01 0 0 0

2008-10-01 0 0 0

2009-01-01 1 0 1

2009-04-01 0 1 1

2009-07-01 0 0 0

2009-10-01 0 1 1

2010-01-01 0 1 1

2010-04-01 0 0 0

2010-07-01 0 0 0

2010-10-01 0 1 1

2011-01-01 0 0 0

2011-04-01 0 0 0

2011-07-01 0 1 1
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Quarter Deaths Ventilation Composite

2011-10-01 0 0 0

2012-01-01 1 1 2

2012-04-01 0 1 1

2012-07-01 0 0 0

2012-10-01 0 1 1

2013-01-01 1 1 2

2013-04-01 0 2 2

2013-07-01 1 3 4

2013-10-01 0 1 1

2014-01-01 1 0 1

2014-04-01 0 2 2

2014-07-01 1 1 2

2014-10-01 1 0 1

2015-01-01 0 0 0

2015-04-01 1 0 1

2015-07-01 0 0 0

2015-10-01 1 1 2

2016-01-01 1 2 3

2016-04-01 1 1 2

2016-07-01 0 0 0

2016-10-01 2 2 4

2017-01-01 1 4 5

2017-04-01 1 1 2

2017-07-01 0 3 3

2017-10-01 0 1 1

2018-01-01 0 1 1

2018-04-01 1 1 2

2018-07-01 0 0 0

2018-10-01 1 3 4

2019-01-01 1 1 2

2019-04-01 0 2 2

2019-07-01 2 0 2

2019-10-01 0 0 0

2020-01-01 0 1 1

2020-04-01 1 0 1
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Quarter Deaths Ventilation Composite

2020-07-01 2 0 2

2020-10-01 1 1 2

2021-01-01 2 0 2

2021-04-01 0 0 0

2021-07-01 2 0 2

2021-10-01 1 0 1

2022-01-01 1 0 1

2022-04-01 2 1 3

2022-07-01 5 0 5

2022-10-01 0 0 0

2023-01-01 1 0 1

2023-04-01 0 0 0

2023-07-01 0 0 0

AIC for all possible models
Table 6: AIC for all fitted models.

Outcome DMT AIC Model

Ventilation Zolgensma 136.8654 INGARCH

Composite Zolgensma 187.9090 INGARCH

Death Spinraza 123.5039 INGARCH

Ventilation Spinraza 130.3246 INGARCH

Composite Spinraza 183.0060 INGARCH

Death Zolgensma 125.3958 ZEROINFL

Ventilation Zolgensma 141.7434 ZEROINFL

Composite Zolgensma 188.1515 ZEROINFL

Death Spinraza 121.2603 ZEROINFL

Ventilation Spinraza 135.5652 ZEROINFL

Composite Spinraza 182.2529 ZEROINFL

Death Zolgensma 121.6417 GLM

Ventilation Zolgensma 134.2267 GLM

Composite Zolgensma 184.7807 GLM

Death Spinraza 120.6437 GLM

Ventilation Spinraza 128.4808 GLM

Composite Spinraza 179.0384 GLM

Ventilation Zolgensma 136.8654 INGARCH

Composite Zolgensma 187.9090 INGARCH
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Outcome DMT AIC Model

Death Spinraza 121.2603 ZEROINF

Ventilation Spinraza 135.5652 ZEROINF

Composite Spinraza 182.2529 ZEROINF

Death Zolgensma 125.3958 ZEROINF

Ventilation Zolgensma 141.7434 ZEROINF

Composite Zolgensma 188.1515 ZEROINF

Death Zolgensma 121.6417 GLM

Ventilation Zolgensma 134.2267 GLM

Composite Zolgensma 184.7807 GLM

Death Spinraza 120.6437 GLM

Ventilation Spinraza 128.4808 GLM

Composite Spinraza 179.0384 GLM
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