




 









 



Project Team 

Project Support 

Correspondence: 

This report should be referenced as follows: 

 

Conflict of interest  

 

IMPRINT 

Publisher: 

Responsible for content: 

AIHTA Policy Briefs 

AIHTA Policy Briefs

file://///Users/dorisgiess/Downloads/claudia.wild@aihta.at
http://www.icmje.org/
https://www.aihta.at/
https://eprints.aihta.at/view/types/policy=5Fbrief.html


  

Content .................................................................................................................................................... 5 

List of abbreviations ................................................................................................................................. 7 

Zusammenfassung .................................................................................................................................. 9 

Executive Summary .............................................................................................................................. 12 

1 Introduction..................................................................................................................................... 15 

1.1 Currently approved therapies for SMA ........................................................................................ 17 

1.2 Costs of therapies and cost of illness ............................................................................................. 18 

1.3 Updated HTA assessments and recommendations ...................................................................... 18 

1.4 Objectives and scope of this report ............................................................................................... 20 

2 Methods ........................................................................................................................................... 21 

2.1 Research question ........................................................................................................................... 21 

2.2 Inclusion criteria ............................................................................................................................ 21 

2.3 Literature search and Study selection ........................................................................................... 21 

2.4 Data extraction ............................................................................................................................... 24 

2.5 Quality assessment of the studies .................................................................................................. 24 

2.6 Synthesis and presentation of findings ......................................................................................... 24 

3 Results .............................................................................................................................................. 25 

3.1 Study Characteristics ..................................................................................................................... 25 

3.2 Outcomes ......................................................................................................................................... 34 

3.2.1 Nusinersen in SMA type 1 ........................................................................................................ 36 

3.2.2 Nusinersen in type 1 and 2 SMA ............................................................................................. 38 

3.2.3 Nusinersen in type 2-3 SMA .................................................................................................... 39 

3.2.4 Nusinersen in SMA type 3 ambulant patients ....................................................................... 42 

3.2.5 Nusinersen in SMA type 1-3 and 1-4 ...................................................................................... 44 

3.2.6 Onasemnogene abeparvovec in SMA 1 ................................................................................... 45 

3.2.7 Risdiplam in SMA 1 .................................................................................................................. 48 

3.2.8 Risdiplam in SMA 2 and non-ambulant SMA 3 patients ..................................................... 49 

3.2.9 Combination therapies ............................................................................................................. 52 

4 Discussion ........................................................................................................................................ 57 

4.1.1 Limitations ................................................................................................................................. 62 

5 Conclusion ....................................................................................................................................... 63 

6 References ........................................................................................................................................ 65 

7 Appendix ......................................................................................................................................... 70 

7.1 RoB Assessment tables ................................................................................................................... 70 

7.2 Search strategies ........................................................................................................................... 132 

  

https://www.aihta.at/


 ........... 16 

 ....................................................................................................................... 23 

  

Table 1-1: SMA classification. Adjusted from Table 1 in [1]...................................................................... 16 

Table 2-1: PICO framework .......................................................................................................................... 21 

Table 2-2: Overall risk of bias (RoB) point scores for RoB assessment of case series ............................... 24 

Table 2-3: Cut-off criteria for the risk of bias (RoB) assessment of overall RoB of case series ................ 24 

Table 3-1: Included studies on nusinersen ................................................................................................... 28 

Table 3-2: Included studies on onasemnogene abeparvovec ....................................................................... 31 

Table 3-3: Included studies on risdiplam ..................................................................................................... 32 

Table 3-4: Included studies on combination therapies ............................................................................... 33 

Table A- 1: Risk of bias assessment of included studies on nusinersen in SMA 1 .................................... 70 

Table A- 2: Risk of bias assessment of studies on nusinersen in SMA 1 continued ................................. 71 

Table A- 3: Risk of Bias assessment of included studies on Nusinersen in SMA 1+2 ............................. 73 

Table A- 4: Risk of bias assessment of included studies on nusinersen in SMA 2+3 .............................. 74 

Table A- 5: Risk of bias assessment of included studies on nusinersen in SMA 1-3 and 1-4 ................... 75 

Table A- 6: Risk of bias assessment for included studies on onasemnogene abeparvovec in SMA 1 ...... 76 

Table A- 7: Risk of bias assessment for included studies on risdiplam in SMA 1 .................................... 77 

Table A- 8: Risk of bias assessment on included studies on risdiplam in SMA 2 and 2+3 ..................... 78 

Table A- 9: Risk of bias assessment of included studies on combination therapies ................................. 79 

Table A- 10: Nusinersen in SMA 1 ............................................................................................................... 89 

Table A- 11: Nusinersen in SMA 1+2 .......................................................................................................... 98 

Table A- 13: Nusinersen in SMA 3 ............................................................................................................. 106 

Table A- 14: Nusinersen in SMA 1-3 .......................................................................................................... 109 

Table A- 15: Nusinersen in SMA 1-4 .......................................................................................................... 112 

Table A- 16: Onasemnogene abeparvovec in SMA 1 ................................................................................. 114 

Table A- 17: Risdiplam in SMA 1 ............................................................................................................... 117 

Table A- 18: Risdiplam in SMA 2+3 .......................................................................................................... 120 

Table A- 19: Onasemogene abeparvovec + nusinersen in SMA 1 ............................................................ 125 

Table A- 20: Risdiplam + nusinersen, onesamnogene abeparvovec, olesoxime OR RG7800 in SMA 1-3

 ........................................................................................................................................................ 127 

Table A- 21: Risdiplam + nusinersen in SMA 2 ....................................................................................... 129 

 

  

https://www.aihta.at/


6 MWT ..................... 6-minute walk test 

10 MWT ................... 10-minute walk test 

AE ............................. adverse event 

AIHTA ..................... Austrian Institute for Health Technology Assessment 

ALSFRS ................... Amyotrophic Lateral Sclerosis Functional Scale- revised 

ASO .......................... antisense oligonucleotide 

BiPAP ....................... bilevel positive airway pressure 

BSID-III ................... Bayley Scales of Infant Development-III 

CI .............................. confidence interval 

CADTH ................... Canadian Agency for Drugs and Technologies in Health 

CNS .......................... central nervous system 

CFS .......................... cerebrospinal fluid  

CHOP INTEND ..... Children's Hospital of Philadelphia Infant Test of Neuromuscular Disorders 

CMAP ...................... compound muscle action potential 

CoI ............................ conflict of interest 

DMT......................... Disease modifying therapy 

ECG .......................... electrocardiogram 

EMA ......................... European Medicines Agency 

EK ............................ Egen Klassifikation 

FSS  .......................... fatigue severity scale 

FU ............................ follow-up 

FEV1 ........................ forced expiratory volume in 1 minute 

FVC .......................... forced vital capacity  

GAS .......................... Global Attainment Scale 

HFMSE .................... Hammersmith Functional Motor Scale Expanded for SMA 

HINE-2 .................... Hammersmith Infant Neurological Examination 

HRQoL .................... health-related quality of life 

HTA ......................... health technology assessment 

IBS ............................ irritable bowel syndrome 

IHE ........................... Institute of Health Economics 

INAHTA .................. International Network of Agencies for Health Technology Assessment 

IQR ........................... interquartile range 

IQWiG...................... Institut für Qualität und Wirtschaftlichkeit im Gesundheitswesen 

IV .............................. invasive ventilation  

LP ............................. lumbar puncture 

m ............................... month 

MCID ....................... minimal clinically important difference 

MFM ........................ motor function measure 

MMT ........................ manual muscle test 

MRC ......................... Medical Research Council 

n ................................ number 

NG ............................ nasogastric   

NICE ........................ National Institute for Health and Care Excellence 

NIV ........................... non-invasive ventilation  

https://www.aihta.at/


n.r. ............................ not reported 

P/C- CGI-C.............. Patient/clinician-reported clinical global impression of change 

PEG .......................... percutaneous endoscopic gastrostomy 

p-FOIS ..................... The paediatric functional oral intake scale 

RCT .......................... randomized controlled trial 

RoB ........................... risk of bias 

(R)ULM ................... (revised) upper limb module for SMA 

SAE........................... serious adverse event 

scAAV9 ..................... systemic complementary adeno-associated virus 9 

SF-36 ........................ 36-Item Short Form Survey 

SMA ......................... spinal muscular atrophy 

SMAFRS .................. spinal muscular atrophy functional rating scale 

SMAIS-ULM ........... SMA- Independence Scale -Upper Limb Self Report Module 

SMN ......................... survival motor neuron 

U/L RTI ................... upper/lower respiratory tract infection 

WHO ........................ World Health Organisation 

WHO-MGRS ........... WHO Multicentre Growth Reference Study 

y ................................ year 

 

 

https://www.aihta.at/


Hintergrund: 

Spinale Muskelatrophie (SMA) ist eine autosomal-rezessiv vererbte Erkran-

kung. Ein genetischer Defekt auf Chromosom 5q13 führt zu einer verringer-

ten Expression des SMN-Proteins, was zu progressiver Muskelschwäche 

führt. Abhängig vom Erkrankungsalter und der maximal erreichten motori-

schen Leistungsfähigkeit kann SMA in Typ 1 (die schwerste Form) bis Typ 4 

eingeteilt werden. 

Bis zur Entwicklung der SMA-Therapien bestand die Behandlung ausschließ-

lich aus „best supportive care“. Derzeit sind drei Behandlungen zugelassen: 

Nusinersen seit 2017, onasemnogen abeparvovec seit 2020 und risdiplam seit 

2021. Nusinersen und risdiplam erhöhen die Verfügbarkeit von funktionel-

lem SMN-Protein in Zellen durch Einfluss auf den mRNA-Spleißprozess. Ein 

wichtiger Unterschied besteht darin, dass nusinersen intrathekal verabreicht 

werden muss, während risdiplam oral eingenommen werden kann. Onasem-

nogene abeparvovec ist eine auf viralen Vektoren basierende Gentherapie. 

Alle Therapien tragen hohe Kosten, was insbesondere in Gesundheitssyste-

men mit öffentlicher Finanzierung zu einem Dilemma bei der Erstattungs-

politik führt. 

Ziel unseres Review-Updates ist es, die Evidenz zur längerfristigen Sicherheit 

und Wirksamkeit (24 Monate für nusinersen und onasemnogen abeparvovec 

und 12 Monate für risdiplam) als Monotherapie oder in Kombination zu-

sammenzufassen, mit besonderem Augenmerk auf die Stabilisierung und 

Persistenz der motorischen Fähigkeiten, dem Einfluss auf die Atmungs- und 

Ernährungsfunktion und Lebensqualität insgesamt. 

Methoden: 

Im Juli 2023 wurde eine systematische Literaturrecherche durchgeführt. Die 

ausgewählten Publikationen wurden auf interne Validität und Verzerrungs-

potenzial bewertet und alle relevanten Daten in standardisierte Tabellen ex-

trahiert. Die Ergebnisse wurden narrativ zusammengefasst, da extensive He-

terogenität der Studien eine quantitative Analyse limitiert. 

Ergebnisse: 

In die Synthese wurden zwanzig Beobachtungsstudien und ein RCT einbezo-

gen, die insgesamt über 1374 Patient*innen berichteten. Fünfzehn Studien 

untersuchten nusinersen in 948 Patient*innen, eine Studie wurde zu onas-

menogene abeparvovec identifiziert und untersuchte 12 Patient*innen, und 

zwei Studien untersuchten risdiplam in 221 Patient*innen. 193 Patient*in-

nen erhielten eine Kombinationstherapie.  

SMA: genetische 

Erkrankung,  

SMA Typ 1-4  

3 zugelassene 

Therapien: 

Nusinersen,  

Risdiplam und 

Onasmenogene 

abeparvovec 

Forschungsfrage: 

Evidenz zur 

längerfristigen 

Sicherheit und 

Wirksamkeit von SMA-

Therapien 

systematische 

Literatursuche, 

qualitative (narrative) 

Synthese 

Ergebnisse: 20 

Beobachtungsstudien 

und 1 RCT,  

insg. 1374 

Patient*innen 
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Nusinersen bei SMA 1 (n=212) 

10 Patient*innen (5%) starben trotz Therapie. 

In den Studien, die diese Ergebnisse berichteten, wurde der MCID-Schwel-

lenwert für CHOP INTEND und HINE-2 von 100% bzw. 63–80% der Pati-

ent*innen erreicht. Es wurde beobachtet, dass ein früherer Behandlungsbe-

ginn die Verbesserungen positiv beeinflusst, der Einfluss der SMN2-Kopien-

zahl war jedoch nicht schlüssig. 100% von Kindern mit Therapiebeginn unter 

7 Monaten lernten sitzen, aber nur 17.5 % von Kindern älter als 2.  

Nusinersen bei SMA 2 bis 4 (n=736) 

Der HFSME- und RULM-Score verbesserte sich in den ersten 26 Monaten 

der Behandlung bei etwa ¼ bis ¾ der Patient*innen kontinuierlich, mit mo-

deraten Veränderungen danach. 15% von SMA 2 Patienten, die sitzen konn-

ten, lernten gehen. Die höchsten Verbesserungen traten bei Kindern mit frü-

hem Behandlungsbeginn und/oder hoher motorischer Grundfunktion auf.  

Onasemnogen abeparvovec bei SMA 1 (n=12) 

Nach 24 Monaten konnten 75% der Patienten  30 Sekunden lang sitzen und 

17% mit Unterstützung stehen. Alle Patient*innen (100%) erreichten den 

CHOP INTEND MCID-Schwellenwert und 92% erreichten >40 Punkte.  

Risdiplam bei SMA 1 (n=41) 

Drei Patient*innen starben trotz Behandlung. CHOP INTEND MCID wurde 

von 90% der Patient*innen nach 12 bzw. 24 Monaten Behandlung erreicht, 

wobei 76% bzw. 54% der Patient*innen >4 Punkte erreichten. 44% lernten 

sitzen, aber keiner lernte gehen.  

Risdiplam bei SMA 2 bis 3 (n=180) 

Nach 12-monatiger Behandlung wurden signifikante Unterschiede in den 

MFM32- und RULM-Punkten zwischenbehandelten Patient*innen und der 

Placebogruppe beobachtet, und nach 24 Monaten signifikante Unterschiede 

in den MFM 32-Scores zwischen der Risdiplam-Gruppe und der externen, 

unbehandelten Vergleichsgruppe. Mehr behandelte Patient*innen erreichten 

den MCID-Schwellenwert von 3 Punkten oder Stabilisierung. Es wurde 

keine Verbesserung der Lebensqualität festgestellt. 

Kombinationstherapien 

Onasemnogen abeparvovec + Nusinersen (n=13, SMA 1) 

Sieben Patient*innen erhielten gleichzeitig nusinersen. Achtzig Prozent er-

reichten eine Stabilisierung und zwei Patient*innen (unter Monotherapie) 

konnten gehen. 

Risdiplam + Nusinersen (n=6, SMA 2) 

Zwei Patient*innen erhielten zuvor Nusinersen. MCID RULM wurde in 33% 

erreicht und die Lebensqualität verbesserte sich – ALSFRS-R und EK2 

MCID wurden in 50% bzw. 83% erreicht.  

Nusinersen bei SMA 1: 

Verbesserung der 

motorischen Funktion 

um 63–100%, 

frühzeitige 

Behandlung günstig 

Nusinersen bei SMA 2- 

4: verbesserte 

motorischer Funktion 

bei ¼ bis ¾ der Ptn, 

frühzeitige 

Behandlung günstig 

Onasemnogen 

abeparvovec bei SMA 1: 

75% lernten sitzen, 100% 

MCID 

Risdiplam bei SMA 1:  

44 % lernten sitzen,  

90 % MCID 

Risdiplam bei SMA 2-3: 

deutlich verbesserte 

Motorik und 

Stabilisierung 

primäre 

Forschungsfrage nicht 

auf Kombinations-

therapie ausgerichtet, 

deshalb Ergebnisse 

weniger 

aussagekräftig 
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Risdiplam + RG7800, Olexosim, Nusinersen oder Onasemnogen apebarvovec 

(n=174, SMA 1 bis 3) 

Das Hauptziel dieser Studie war die Sicherheit von Risdiplam bei nicht vor-

behandelten Patient*innen. Es wurden keine weiteren Endpunkte gemessen. 

Risdiplam wurde als sicher befunden. 

In allen Studien, die diese Endpunkte berichten, wurden unabhängig vom 

SMA-Typ und der verwendeten Therapie keine signifikanten Verbesserungen 

der Atmungs- und Ernährungsfunktion verzeichnet, wobei die meisten Stu-

dien keine Veränderung oder einen Anstieg des Bedarfs an Beatmung und 

Ernährungsunterstützung berichten. 

Unerwünschte Ereignisse traten in allen Studien, in denen darüber berichtet 

wurde, häufig auf, wurden jedoch selten als behandlungsbedingt eingestuft. 

In den Nusinersen-Studien wurde häufig über ein postlumbales Punktions-

syndrom berichtet, und insgesamt waren krankheitsbedingte Atemwegskom-

plikationen häufig. 

Schlussfolgerung: 

Es liegen Daten für die Sicherheit und Wirksamkeit aller Therapien auf die 

motorische Funktion bei Patient*innen mit allen SMA-Typen vor. Es gibt 

klare Hinweise darauf, dass ein früher Behandlungsbeginn zu besseren Er-

gebnissen führt, was die Wichtigkeit des Neugeborenen-Screenings unter-

streicht. Verbesserungen und Stabilisierung bei älteren SMA-Patient*innen 

mit späterem Krankheitsbeginn waren ebenfalls erkennbar, was auf eine Stei-

gerung der Gesamtfunktionalität bei Patient*innen mit leichteren Krank-

heitsverläufen hindeutet. 

Es gibt keine eindeutigen Hinweise für eine Verbesserung der Atmungs- und 

Ernährungsfunktion, unabhängig vom SMA-Typ oder der Therapie. Viele 

Fragen zu Langzeit-Permanenz oder Regression der Motorfunktionen, zur 

Auswirkung der Therapien auf die Lebensqualität, zum Behandlungszeitrah-

men sowie zu klaren Indikatoren für einen Abbruch und zu den veränderten 

medizinischen Bedürfnissen behandelter SMA-Patient*innen bleiben unbe-

antwortet. 

Auf jeden Fall gibt es keine stichhaltigen Beweise, dass es sich bei den Be-

handlungen um "kurative“ Therapien handeln, sondern "krankheitsmodifi-

zierende" Therapieansätze.  
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Background: 

Spinal muscular atrophy (SMA) is an autosomal recessively inherited disease. 

A genetic defect on chromosome 5q13 leads to expression of reduced levels of 

the SMN protein, which causes progressive muscle weakness. Dependent on 

the age of onset and maximum achieved motor ability, SMA can be classified 

into type 1 (most severe form) to type 4.  

Until the advent of SMA therapies, the only treatment was best supportive 

care. Three treatments have been approved: nusinersen in 2017, 

onasemnogene abeparvovec in 2020 and risdiplam in 2021. Nusinersen and 

risdiplam both work by increasing the availability of functional SMN protein 

in cells by interfering with the mRNA splicing process, with the important 

difference that nusinersen needs to be administered intrathecally whilst 

risdiplam can be taken orally. Onasemnogene abeparvovec is a viral vector-

based gene therapy. 

All therapies are prohibitively expensive, causing dilemmas for reimburse-

ment policies, particularly in health systems with public funding. 

The present review aims to update the evidence on longer-term safety and 

efficacy (24 months for nusinersen and onasemnogene abeparvovec and 12 

months for risdiplam) as monotherapies or in combination with particular 

attention to stabilisation and persistence of motor skills, effect on respiratory 

and nutritional function and overall quality of life in patients with SMA 1 to 

4. 

Methods: 

A systematic literature search was conducted in July 2023. The selected pub-

lications were assessed for internal validity and risk of bias and all relevant 

data were extracted into standardised tables. Results were summarized narra-

tively as substantial heterogeneity of studies prevents meaningful quantita-

tive analysis. 

Results: 

Twenty observational studies and one RCT were included in the synthesis, 

reporting on 1374 patients in total. Fifteen studies investigated nusinersen in 

948 patients, one study was identified on onasmenogene abeparvovec, evalu-

ating 12 patients and two studies investigated risdiplam in 221 patients. A 

combination of therapies was received by 193 patients. 

Nusinersen in SMA 1 (n=212) 

10 patients (5%) died despite therapy. 

Across all studies reporting these outcomes, MCID for CHOP INTEND and 

HINE-2 was reached by 100% and 63-80% of patients, respectively. Earlier 

treatment initiation was shown to positively influence improvements but the 

influence of SMN2 copy number was inconclusive. 100% of children who in-

itiated treatment before age 7 months achieved sitting, compared to only 

17.5% in children older than 2.  

SMA: genetic disease,  

SMA type 1-4  

3 approved therapies: 

nusinersen,  

risdiplam, and 

onasmenogene 

abeparvovec 

research question: 

evidence on longer-

term safety and 

efficacy of SMA 

therapies 

systematic literature 

search, qualitative 

(narrative) synthesis 

20 observational 

studies, 1 RCT, 

in total 1374 patients 

nusinersen in SMA 1: 

motoric function 

improvement in 63-

100%, early treatment 

favourable 
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Nusinersen in SMA 2 to 4 (n=736) 

HFSME and RULM scores continuously improved in the first 26 months of 

treatment in approximately ¼ to ¾ of patients, with only moderate changes 

thereafter. 15% of SMA 2 sitters learned to walk. The highest improvement 

occurred in children with early treatment initiation and/or high baseline mo-

tor function.  

Onasemnogene abeparvovec in SMA 1 (n=12) 

After 24 months, 75% of patients achieved sitting  30 s and 17% achieved 

standing with support. All patients (100%) achieved the CHOP INTEND 

MCID and 92% achieved >40 points. Patients experienced deterioration in 

respiratory function and no change in nutritional status despite therapy. 

Risdiplam in SMA 1 (n=41) 

Three patients died despite treatment. CHOP INTEND MCID was reached 

by 90% of patients after 12 and 24 months of treatment with 76% and 54% of 

patients achieving >4 points, respectively. 44% achieved sitting but none 

achieved walking. Worsening of respiratory function and nutritionalstatus oc-

curred despite therapy. 

Risdiplam in SMA 2 to 3 (n=180) 

After 12 months of treatment, significant differences in MFM32 and RULM 

scores were observed between treated patients and the placebo group, and 

after 24 months, significant differences in CHOP INTEND scores between 

the risdiplam group and the external untreated comparator. More patients 

achieved the MCID 3 points and stabilisation in the treated group.  

Combination Therapies  

Onasemnogene abeparvovec + nusinersen (n=13, SMA 1) 

Seven patients received nusinersen concomitantly. 80% achieved stabilisa-

tion and 2 patients (on monotherapy) achieved walking. 

Risdiplam + nusinersen (n=6, SMA 2) 

Two patients had previously received nusinersen. MCID RULM was achieved 

by 33%, and quality of life improved- ALSFRS-R and EK2 MCID were 

achieved by 50%, and 83%, respectively. 

Risdiplam and RG7800, olexosime, nusinersen or onasemnogene apebarvovec 

(n=174, SMA 1 to 3) 

The primary objective of this study was the safety of risdiplam in non-treat-

ment-naïve patients. No other endpoints were reported. Risdiplam was con-

sidered safe. 

In all patient cohorts, irrespective of SMA type or therapy used, no significant 

improvements were recorded for respiratory and nutritional function with the 

majority of studies reporting no change or an increase in the need for ventila-

tion and nutritional support at follow-up. 

Adverse events were common in all studies that reported it but seldom classi-

fied as treatment-related. Post-lumbar puncture syndrome was frequently re-

ported across nusinersen studies, and overall, disease-related respiratory com-

plications were common.   

nusinersen in SMA 2-4: 

motor improvement in 

¼ to ¾ of patients, 

early treatment 

favourable 

onasemnogene 

abeparvovec in SMA 1:  

75% learned to 

sit,100% MCID 

risdiplam in SMA 1:  

44% learned to sit, 

90% MCID 

risdiplam in SMA 2-3: 

significantly improved 

motor function and 

stabilisation 

none of the studies 

investigated the effect 

of combination on 

outcomes 

all studies: 

no significant 

improvements in 

respiratory or 

nutritional function,  

adverse events 

frequent but treatment-

unrelated 
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Conclusion: 

Both trial data and real-world evidence exists for the safety and efficacy of all 

therapies on the motor function in all SMA-type patients with clear indica-

tions that early treatment initiation leads to better outcomes, showcasing the 

importance of newborn screening. Improvements and stabilisation in older, 

later-onset SMA patients were also evident, suggesting an increase in overall 

functionality in patients with milder disease variations. 

No clear evidence exists for any improvement in respiratory and nutritional 

function regardless of SMA type or therapy. Important questions remain on 

lifetime permanence or regression of gains, impact on Qol, the timeframe for 

therapy maintenance as well as clear indicators for discontinuation, and the 

changing medical needs of treated SMA patients. 

In any case there is no compelling evidence to support the notion of “curative” 

therapy, but rather “disease-modifying” treatment. 
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Spinal muscular atrophy is one of the most common autosomal recessive in-

herited diseases with an estimated frequency of 1: 6000 live births and carrier 

status and a carrier frequency of 1 in 50 in Europeans [1, 2]. 

The most frequent form is caused by a homozygous mutation or deletion on 

the SMN1 (SMN=survival motor neuron) gene on chromosome 5q13 leading 

to the production of reduced levels of SMN protein. This causes the loss of 

alpha motor neurons and leads to progressive proximal and axial muscle at-

rophy with respiratory muscle weakness playing a dominant role in morbidity 

and mortality of patients [3, 4]. 

Humans possess an alternative SMN gene which also encodes the production 

of SMN protein but due to a single nucleotide difference, the translation of 

this gene results predominantly in short, non-functional variants instead of 

the full-length version [5]. It has been suggested that 5-10% of SMN produced 

by SMN2 translation is functional. This is not enough to compensate for the 

loss of SMN1 but explains the role of SMN2 copy numbers as disease modifi-

ers.  

An inverse relationship between disease severity and high SMN copy number 

can be observed but there are exceptions and other factors are likely to influ-

ence phenotypic expression, so that SMN2 copy alone cannot be reliably used 

as a prognostic indicator [1, 6].  

Nevertheless, the majority of type 1 SMA patients carry two SMN2 copies, 

type 2 SMA patients three SMN2 copies, type 3a SMA patients (age of onset 

before 3 years) three SMN2 copies, type 3b SMA patients (age of onset after 3 

years) four SMN2 copies, and type 4 four to six SMN2 copies (Table 1-1 and 

Figure 1-1). 

SMA has traditionally been divided into four groups dependent on the age of 

onset and maximum achieved motor ability (Table 1-1): 

◼ SMA 1: onset <6 months, never able to sit. 

◼ SMA 2: onset <6-18 months, never able to walk. 

◼ SMA 3: onset 1.5-10 years, able to walk but regresses. 

◼ SMA 4: adult onset with slow decline.  

The most severe form of SMA 1 leads to rapid deterioration of muscle func-

tion, requiring respiratory and nutritional support, with an average life ex-

pectancy of 24 months prior to the advent of disease-modifying therapies 

(DMT), whilst patients with later onset forms (SMA 2 to 4) can achieve higher 

motor function and have a longer to normal life expectancy. Regression of 

motor skills and respiratory complications still dominate the disease progress. 

Table 1-1 and Figure 1-1 demonstrate the relationship of SMA type, age, and 

motor skills in the natural disease history. 

  

SMA: autosomal-

rezessiv vererbte 

genetische 

Erkrankung,  

verringertes SMN-

Protein führt zu 

Muskelatrophie 

Anzahl der SMN2 

Genkopien beeinflusst 

den Krankheitsverlauf, 

mehr Kopien= milderer 

Verlauf mit besserer 

Motorfunktion und 

höherer 

Lebenserwartung  

SMA 1: schwerste 

Form 

Lebenserwartung 

unbehandelt 12-24 

Monate 
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Table 1-1: SMA classification. Adjusted from Table 1 in [1] . 

Bold numbers indicate the most frequent SMN2 copy number. 

Figure 1-1: Correlation between SMA subtypes and SMN2 copy nummer Adjusted from Figure 1 in [1]   
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Since our last review [7] in 2021 was conducted, no new treatments have been 

approved for the treatment of SMA. 

Nusinersen (Spinraza ) by Biogen has been licenced since 2017 for the use 

in any patient with 5q SMA type 1 to 4, without limitations, based on 2 piv-

otal trials [8, 9]. 

Nusinersen is an antisense oligonucleotide which increases the proportion of 

exon 7 inclusion in SMN2 messenger ribonucleic acid (mRNA) transcripts. 

Displacement of splicing factors leads to retention of exon 7 in the SMN2 

mRNA and hence when SMN2 mRNA is produced, it can be translated into 

the functional full-length SMN protein.  

Because of the inability of antisense oligonucleotide (ASO) to cross the brain-

blood barrier, nusinersen must be administered intrathecally and only in-

creases SMN protein in the central nervous system (CNS), but not in periph-

eral nerve and organ tissue. Treatment should be initiated as early as possible 

after diagnosis with four loading doses on days 0, 14, 28 and 63. A mainte-

nance dose should be administered once every four months thereafter. There 

is currently no consensus on the duration of treatment. The most commonly 

reported side effects are related to administration of treatment through lum-

bar puncture and include headache, back pain and vomiting. Some cases of 

hydrocephalus have been reported. Scoliosis and associated spinal fusion sur-

gery complicate intrathecal delivery [10, 11]. 

Onasemnogene abeparvovec (Zolgensma) by Novartis has been approved 

since 2020 for use in patients with 5q SMA, bi-allelic mutation in the SMN1 

gene and a clinical diagnosis of SMA type 1, or patients with 5q SMA, bi-

allelic mutation in the SMN1 gene and up to 3 copies of the SMN2 gene. 

Onasemnogene abeparvovec is a gene therapy and works by the systemic in-

travenous application of a non-replicating self-complementary adeno-associ-

ated virus 9 (scAAV9) that introduces intact SMN1 cDNA into infected cells. 

This leads to the expression of functional SMN protein in both peripheral 

muscle and organ tissues as well as spinal and CNS motor neurons. 

Treatment is delivered as a one-time single-dose infusion and needs to be ac-

companied by steroid treatment to reduce the risk of side effects. Hepatotox-

icity has been established as a potentially fatal, but rare severe adverse event. 

Other common side effects are raised liver enzymes, thrombocytopenia, raised 

levels of troponin (indicating damage to the heart muscle), fever and vomiting 

[11, 12] 

Risdiplam (Evrysdi) by Roche is the latest and only orally administered 

medication approved since 2021 for the treatment of patients with 5q SMA 

aged 2 months and older, with a clinical diagnosis of SMA type 1, 2 or 3, or 

patients with 1 to 4 copies of SMN2 [13] 

Risdiplam is a small molecule that increases exon 7 inclusion during SMN2 

pre-mRNA splicing resulting in increased functional SMN protein in periph-

eral muscle tissue and CNS system. The ability to cross the blood-brain bar-

rier reduces the need for intrathecal administration and allows systemic dis-

tribution. This increases functional SMN protein, not only in the central nerv-

ous but also in the peripheral nervous system and non-neuronal organs and 

tissues. 

seit dem letzten 

Review keine weitere 

Neuzulassung für 

SMA-Therapie 

Spinraza®, Mai 2017  

SMA 1-4  

Zolgensma®, Mai 2020, 

SMA 1  

Evrysdi®, Mai 2021,  

SMA 1-3   
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Safety profile has been favourable during the pivotal trials FIREFISH 

NCT02913482 [14] and SUNFISH NCT02908685  [15] with fever, rash and 

diarrhoea as the most common side effects reported. Results for the ongoing 

RAINBOWFISH trial NCT03779334 of risdiplam in pre-symptomatic infants 

from birth to 6 weeks are still outstanding. 

 

 

 

The cost of annual nusinersen and risdiplam treatment is €300.000 and 

€85.000 respectively [16, 17]. The one-time treatment with onasemnogene 

abeparvovec is €1.9 million [18]. Evidence on the cost of illness of SMA is 

limited and complicated due to variability across disease phenotypes and dif-

ferences in scope and cost of medical resources across different geographic 

areas. A recent systematic review [19] conducted by authors of the Karolinska 

Institute in Sweden evaluating studies on eight countries (Australia, France, 

Germany, Italy, Sweden, the UK and the US) estimated the mean per-patient 

annual medical cost between $3320 for SMA type 3 in Italy and $324410 for 

SMA type 1 in the US. They also estimated mean per-patient annual non-

medical and indirect costs with the highest indirect medical cost being esti-

mated at $136800 in a study on SMA type 1 in Sweden, and the highest mean 

per-patient indirect cost being estimated at $74910 for SMA type 2 in Aus-

tralia. 

 

 

 

provide context we reviewed results of several HTA institutions (Institut für 

Qualität und Wirtschaftlichkeit im Gesundheitswesen (Germany, Canada’s 

Agency for Drugs and Health Techologies (CADTH) /Canada and National 

Institute for Care Excellenc (NICE)/UK) for updates since our last review.  

IQWiG has not provided any updates since our last review, NICE has updated 

its recommendation for To onasemnogene abeparvovec and has now released 

its recommendation for risdiplam, and CADTH has updated its recommen-

dation for nusinersen in SMA 2 and 3 patients. 

 [17, 20, 21] 

Nusinersen: Indication of a major added benefit in comparison with best sup-

portive care (BSC) in children with early onset of disease (in the first 6 months 

of life, but an added benefit in comparison with BSC in later onset SMA types 

is not proven due to lack of any relevant data for the assessment. For infants 

who are not yet symptomatic but are expected to have early onset of disease 

due to a certain genetic predisposition (no more than two SMN2 gene copies), 

a hint of a non-quantifiable added benefit of nusinersen in comparison with 

BSC can be derived from the study data. 

Onasemnogene abeparvovec: No added benefit proven for any of the 3 forms 

of SMA ((presymptomatic )SMA 1, SMA 2 and SMA 3)due to lack of data. 

sehr hohe Kosten für 

Therapien, wenig 

Information zu 

direkten und 

indirekten Kosten  

von SMA 

nur 3 (große)  

HTA-Institutionen 

angesehen:  

 

IQWiG, CADTH, NICE 

keine Änderung  

Nusinersen: 

Zusatznutzen (ZN) für 

SMA 1, kein ZN für 

SMA 2+3  

 

Onasemnogene 

abeparvovec kein ZN, 

Mangel and Daten 
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Risdiplam: Suggestion of a non-quantifiable added benefit in SMA1 children 

with early onset of disease and no added benefit proven for any of the other 

three types of SMA patients (pre-symptomatic, SMA 2 and SMA 3).  

Nusinersen remains recommended for pre-symptomatic patients with two to 

three SMN2 copies or patients with disease duration of less than six months, 

two copies of SMN2, and symptom onset after the first week after birth and 

on or before seven months of age, or are patients who are 12 years of age or 

younger with symptom onset after six months of age, and never achieved the 

ability to walk independently under the condition that the patient is not cur-

rently requiring permanent invasive ventilation.  

Recently a recommendation was made against reimbursement of the treat-

ment of patients with type 2 and type 3 5q spinal muscular atrophy (SMA) 

regardless of ambulatory status if initiated in patients older than 18 years of 

age. 

Onasemnogene abeparvovec remains recommended for patients who are 

symptomatic or pre-symptomatic with one to three copies of SMN2, six 

months of age or younger and are not currently requiring permanent feeding 

or ventilatory support (either invasive or non-invasive) - only under specialist 

care. 

Risdiplam remains recommended for patients symptomatic and either aged 

between two and seven months or non-ambulatory patients eight months to 

25 years with 2 or 3 SMN2 copies and who are not currently requiring invasive 

ventilatory support. 

Nusinersen remains recommended as a treatment option for pre-symptomatic 

SMA, or SMA type 1, 2 or 3, and the conditions in the managed access agree-

ment (which includes being free from permanent invasive ventilation) are fol-

lowed. 

Onasmenogene abeparvovec is now also recommended for treating presymp-

tomatic 5q SMA with a biallelic mutation in the SMN1 gene and up to 3 copies 

of the SMN2 gene in babies aged up to 12 months old under consideration of 

the commercial agreements specified and also remains recommended for 

SMA 1 in patients under 6 months of age, and if they are aged 7 to 12 months 

old, only if their treatment is agreed by the national multidisciplinary team. 

It is recommended for these groups only if the patients are not on permanent 

ventilation for more than 16 hours a day or a tracheostomy is not needed and 

the company provides it according to the commercial arrangement (which in-

cludes being free from permanent invasive ventilation). 

Risdiplam is recommended since April 2023 as an option to treat 5q spinal 

muscular atrophy (SMA) in people older than 2 months and a clinical diag-

nosis of SMA 1, 2 or 3 or with pre-symptomatic SMA and 1 to 4 SMN2 copies, 

and the conditions of the managed access agreement (which includes being 

free from permanent invasive ventilation) are followed. 

 

 

Risdiplam: ZN für SMA 

1 kein ZN für SMA 2+3 

Nusinersen:  

(prä)symptomatisch 

SMA 1 (2-3 SMN2 

Kopien) < 7 Monate 

oder 

SMA 2 <12 Jahre 

SMA 2+3 (≥ 18 J): 

keine Empfehlung 

 

Onasemnogene 

abeparvovec: 

SMA 1 

(prä)symptomatisch 

(1-3 SMN2 Kopien) 

≤ 6 Monate 

Risdiplam: 

symptomatische, nicht 

ambulante Pts. 2-7 

Monate 

(2 SMN2 Kopien) 

7 Monate -25 Jahre  

(2-3 SMN2 Kopien) 

Nusinersen: 

SMA 1 

präsymptomatisch 

oder SMA 1-3 

Onasemnogene 

abeparvovec: SMA 1 

präsymptomatisch  

(bis 3 SMN 2 Kopien) 

<12 Monate und SMA 1 

<6 Monate 

 

 

Risdiplam:  

SMA 1-3  

>2 Monate oder 

präsymptomatisch 

SMA 1-4 < 7 Monate 

(bis 4 SMN2 Kopien) 
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In 2021, the Austrian Institute for Health Technology Assessment (AIHTA) 

published a systematic review [7] on the evidence of ≥ 12-month follow-up of 

patients with spinal muscular atrophy (SMA) treated with nusinersen, 

onasemnogene abeparvovec or combination therapies . No data was available 

for risdiplam at that time. 

In our last review, we assessed the mid-term outcomes (12 months) of SMA 

1 patients treated with nusinersen or onasemnogene abeparvovec, and SMA 

type 2 to 4 patients treated with nusinersen. Of 225 SMA type 1 patients 

treated with nusinersen, nine died, six withdrew due to lack of efficacy, and 

35 patients were lost to follow-up. In terms of motor outcomes, 100% of pa-

tients reached the minimal clinically important difference (MCID) for CHOP 

INTEND and 67-100% for HINE-2.  In 12 SMA type 1 patients treated with 

onasemnogene abeparvovec, 75% achieved sitting for 30 seconds and 17% 

achieved standing unsupported, both motor milestones not normally observed 

during the natural disease history of SMA type 1 patients. In one study of 18 

patients treated with a combination of onasemnogene abeparvovec and 

nusinersen, 100% reached the MCID for CHOP-INTEND, but only 40% for 

HINE-2.  

In patients with SMA type 2 to 4, of 341 patients treated with nusinersen, one 

patient died and nine withdrew due to lack of improvement. Small improve-

ments (below the MCID) and stabilisation as well as deterioration were ob-

served. 

Whilst motor outcomes improvement was consistently observed, in all patient 

groups, regardless of SMA type or treatment used, no significant improve-

ments were observed in the need for respiratory and nutritional support 

measures.  

Adverse events were reported in almost 100% of patients. 

This review aims to update the evidence on longer-term safety and efficacy 

outcomes of SMA type 1 to 4 patients treated with nusinersen, onasmenogene 

abeparvovec, risdiplam or combination therapies. Given the later approval of 

risdiplam, compared to nusinersen and onasemnogene abeparvovec, we in-

clude studies with a follow-up time of ≥12 month and ≥24 month, respec-

tively. 

Questions regarding stabilisation or further improvement of motor skills over 

time, persistence of gained abilities, effect on respiratory and nutritional 

function and overall quality of life (QoL) will be discussed utilising the most 

up-to-date evidence. 

Ziel des Updates:  

Aktualisierung der 

Evidenz zu mittel- bis 

langfristigen 

Effektivität und 

Sicherheit von allen 

zugelassenen SMA 

Therapien in SMA 1-4 

Nachbeobachtung: 

Nusinersen und 

Onasemnogen 

abeparvovec: 24 m 

Risdiplam 12 m 
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What mid- to longer-term (≥ 24 months for nusinersen and onasemnogene 

abeparvovec and ≥ 12 months for risdiplam or a combination of these thera-

pies) clinical benefit on motor function, respiratory function, nutritional 

needs as well as quality of life and safety are observed in paediatric and adult 

patients suffering from SMA type 1 to 4 treated with any of the three currently 

approved SMA-therapies? 

 

 

 

The inclusion criteria of the previous systematic review from 2021 have been 

slightly adapted regarding the follow-up periods. Details are summarized in 

Table 2-1. 

Table 2-1: PICO framework 

 

 

2.3  

A systematic literature search was performed in July 2023 using the Cochrane 

library, Medline, Embase and International Network of Agencies for Health 

Technology Assessment database (INAHTA). Details on the search strategy 

can be found in Appendix. 

Forschungsfrage: 

mittel- bis 

längerfristige 

Wirksamkeit und 

Sicherheit der  

3 zugelassenen  

SMA Therapien 

systermatische 

Literatursuche Juli 

2023 
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After the removal of duplicates, the abstracts of 323 records were screened 

independently by two researchers (CW, DG) and 61 full texts were evaluated 

for inclusion eligibility. In case of discrepancies, mutual discussion or consul-

tation with a third reviewer was utilized to resolve the issue. We also screened 

the publications of our previous review in order to include all existing data 

matching the updated search criteria to maximise the relatively scarce body 

of evidence. In the end, 21 studies in 29 publications were included. 

 

323 Zitate identifiziert, 

+ 1 durch Handsuche, 

+ 9 Zitate aus der 

letzten Review: 

21 Studien in  

29 Publikationen 

eingeschlossen 
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Figure 2-1: PRISMA flowchart
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One researcher (DG) extracted all relevant data systematically into extraction 

tables which were reviewed by a second researcher (JE) for accuracy. 

 

 

 

Both researchers independently evaluated the risk of bias (ROB) in the in-

cluded studies applying the Institute of Health Economics (IHE) Risk of Bias 

checklist for case series [28] and the Cochrane ROB tool for randomized con-

trolled trials [29]. Results are presented in the Appendix  RoB Assessment 

tables. 

Overall RoB was assessed using a predefined point score (range: 0 – 20, Table 

2-2): a high score indicates a low RoB and a low score indicates a higher RoB. 

Detailed thresholds are presented in Table 2-3. 

Table 2-2: Overall risk of bias (RoB) point scores for RoB assessment of case 

series 

Table 2-3: Cut-off criteria for the risk of bias (RoB) assessment of overall RoB of 

case series 

 

 

 

Due to the included studies’ heterogeneity, we were unable to perform quan-

titative statistical analysis. 

A narrative review of the results for different SMA types and treatments under 

consideration of MCID, where applicable, are presented in plain text. Results 

were summarised in Table A- 10 to Table A- 21. 

 

4-Augen Prinzip in 

allen Arbeitsschritten 

Bewertung der 

Studienqualität: 

IHE checklist and 

Cochrane ROB 2.0 

qualitative Synthese  
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Our review includes 21 studies in 29 publications on the mid- to long-term 

effectiveness and safety of nusinersen, onasemnogene abeparvovec, risdiplam 

or a combination of therapies. 

Five studies in nine publications were already included in our last review but 

were included again as they describe longer-term follow-up and add to the 

body of evidence which is still of limited quantity.  

Fifteen studies evaluated treatment with nusinersen, one with onasemnogene 

abeparvovec and two with risdiplam. Three studies included patients receiv-

ing a combination of therapies. 

Nusinersen was assessed for treatment in SMA type 1 patients in seven studies 

(in nine publications), in SMA type 1 and 2 patients in one study, in SMA 

type 2 and 3 patients in four studies, for ambulant SMA type 3 patients in one 

study and for SMA type 1 to 3 and 1 to 4 in one study, respectively.  

The onasemnogene abeparvovec study exclusively enrolled SMA type 1 pa-

tients. One risdiplam study evaluated treatment in SMA1 type patients, and 

one evaluated treatment in both SMA type 2 and 3. 

Three studies included a combination of therapies although the effect of the 

combination was not the primary investigation objective, rather patients in-

cluded in the treatment for one drug had previously or concomitantly received 

another without this being considered in the methods or results evaluation. 

One study evaluated onasemnogene abeparvovec and nusinersen in SMA type 

1 patients, one study evaluated risdiplam and any other DMT in SMA type 1 

to 4 patients, and one study evaluated risdiplam and nusinersen in SMA type 

2 patients. 

The total number of patients enrolled in all studies was 1374 patients. 

The total number of patients enrolled in all nusinersen studies was 948 and 

included 212 patients with SMA type 1, 327 with SMA type, 2, 407 with SMA 

type 3 and two with SMA type 4. 

The total number of SMA type 1 patients enrolled in the onasemnogene 

abeparvovec study was 12.  

The total number of patients enrolled in the two risdiplam trials was 221: 41 

SMA-type 1 patients and in type 2 and 3 SMA trials 128 and 52 patients, re-

spectively. 

The combination therapies enrolled a total of 193 patients, with one study 

enrolling 13 SMA type 1 patients, one study enrolling six SMA type 2 patients 

and a third study enrolling 15 SMA type 1, 108 SMA type 2 and 51 SMA type 

3 patients. 

  

21 Studien 

eingeschlossen:  

 

15 zu Nusinersen,  

1 zu Onasemnogen 

abeparvovec,  

2 zu Risdiplam und  

3 zu Kombinations-

therapie  

1.374 Patient*innen 

 

SMA1: 293  

SMA2: 569  

SMA3: 510  

SMA4: 2  

Nusinersen: 948 Ptn.  

(SMA 1: 212, SMA 2: 

327, SMA 3: 407,  

SMA 4: 2) 

Onasemnogen 

abeparvovec: 12 SMA 1 

Risdiplam: 221 Ptn.   

(SMA 1: 41, SMA 2: 128 

SMA 3: 52) 

Kombinations-

therapien: 193 Ptn.  

(SMA 1: 28, SMA 2: 

112, SMA 3: 51) 
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Thirteen studies enrolled only paediatric patients [14, 30-48] one study inves-

tigated only adult SMA patients [49] and the rest assessed a mix of age ranges. 

This raises the question of the clinical validity of their diagnosis and high-

lights issues with the genotype-phenotype correlation of the disease and bal-

ancing this in trials and studies. 

In terms of follow-up, the mean follow-up periods of the nusinersen studies 

ranged from 24 months to 48 months, whilst the onasemnogene abeparvovec 

study only reports 24-month follow-up findings to date. For risdiplam, we in-

cluded studies with a minimum follow-up of 12 months due to this treatment 

only being approved in June 2020 and no studies having been available for 

our last review. The included studies for risdiplam in SMA type 1 and 2 re-

ports on the same cohorts, for 12-, and 24 -month follow-up time, respectively. 

The combination therapy study on onasemnogene abeparvovec with 

nusinersen in SMA1 has the longest follow-up time, with 5.2 years. The other 

two combination therapy studies include risdiplam in combination and only 

have 12 months of follow-up data. 

Loss to follow–up was reported in 14 studies, while in five studies all patients 

could be followed up until the pre–defined study end [37, 41-43, 46, 47, 50]. 

One [49] was unclear in their description.   

Concerning study design, all studies were of an observational, non-compara-

tive design except for the risdiplam study in SMA 1 patients, which was a 

randomized controlled trial (RCT). Two observational studies used historical 

controls. Eleven studies were conducted prospectively, six retrospectively and 

the rest were unclear about this in their publication. 

The majority of studies (14/21) were multicentre studies conducted in a vari-

ety of countries. 

Most publications reported on efficacy outcomes as well as safety, with five 

focusing mainly on adverse events. Most reported efficacy endpoints were mo-

tor skills. The assessment tools Children’s Hospital of Philadelphia Infant 

Test of Neuromuscular Disease (CHOP-INTEND), Hammersmith Infant 

Neurological Examination- section 2 (HINE-2) and Bayley Scales of Infant 

Development-III (BSID-III) were mostly used for infantile-onset SMA types 

and Hammersmith Functional Motor Scale- Expanded (HFSME), (Revised) 

Upper Limb Module (RULM), 6-Meter-Walk Test (6MWT), Motor Function 

Measure (MFM) and Manual Muscle Test (MMT) using the Medical Re-

search Council Scales (MRC) for patients with less severe forms and older 

onset forms. 

Respiratory outcome was assessed by evaluating the need for invasive and 

non-invasive ventilation, and in some studies also by lung function tests. 

Bulbar function was mainly assessed by describing the need for nutritional 

support.  

Quality of life outcomes were only assessed by six studies using the Amyo-

trophic Lateral Sclerosis Functional Scale -Revised (ALSFRS), Egen Klassi-

faktion (EG), Clinician/Patient described Global Impression of Change (C-

GIC, P-GI), Fatigue Severity Scale (FSS), Short Form Survey SF36 , SMA 

Independence Scale-Upper Limb Self Report Module (SMAIS-ULM) and 

Global Attainment Scale (GAS). 

7 Studien mit Kindern, 

8 Studien mit 

Erwachsenen und  

7 Studien mit 

gemischter 

Studienpopulation 

Nachbeobachtung:  

Nusinersen: 24-48 M 

Risdiplam: 12-24 M  

Onasemnogen 

abeparvovec: 24 M 

Kombinationstherapie: 

12 Monate - 5 Jahre 

“Loss to FU“ häufig 

berichtet 

20 Beobachtungs-

studien, davon 2 mit 

historischen 

Kontrollgruppen,  

1 RCT 

Endpunkte:  

Wirksamkeit und 

Sicherheit 

 

nur 6/21 Studien 

berichten auch über 

Lebensqualität 
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Fifteen studies under investigation were funded by the manufacturer and four 

were funded by a research institute, non-profit organisation, or research grant. 

In 23/29 publications, authors declared a conflict of interest. One study re-

ported conflict of interest without specifying details and one study declared 

no conflict of interest.  Table 3-1 to Table 3-4 include details on study charac-

teristics 

Multiple publications on the same study cohort occurred in five instances: 

Two publications [34, 39] reported the 24-month and 48-month follow-up 

findings on the same cohort of patients. The NCT02122952 study population 

was reported on in three publications Lowes et. Al 2019 [47] and two publica-

tions by Al-Zaidy et.al. [42, 46] and part of the CS2 study cohort 

(NCT01703988, NCT02052791) was reported on in two publications (Darras 

et.al. and Montes et.al [45, 48]. Data from the FIREFISH trial NCT02913482 

was analysed at 12 and 24 months by Mercuri et al. and Oskoui et al. [15, 51]. 

Our risk of bias analysis evaluated the majority of studies at moderate risk of 

bias, mainly because of single-arm and unblinded designs, funding and con-

flict of interest concerns, retrospective data collection and lack of details on 

loss to follow-up or adverse events. Only three studies were considered at high 

risk and three at low risk. The RCT evaluated with the Cochrane ROB tool 

was assessed to be at low risk of bias. 

Details on the risk of bias assessment can be found in the Appendix  RoB 

Assessment tables. 

15/21 Studien vom 

Hersteller finanziert. 

In 23/29 Publikationen 

Autor*innen mit 

Interessenskonflikten 

Mehrfachpublikatonen 

über gleiche 

Patient*innenkohorten  

RoB meist moderat, 

RCT niedrig 
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Table 3-1: Included studies on nusinersen 
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Table 3-2: Included studies on onasemnogene abeparvovec 
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Table 3-3: Included studies on risdiplam 
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Table 3-4: Included studies on combination therapies 
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Most studies used validated instruments to assess the effect of the therapies 

on the motor skills of patients and depending on the age of the patient and 

the SMA type, the following instruments were commonly used: 

For SMA type 1 patients, the CHOP INTEND scale and the HINE-2 score 

were evaluated frequently. One RCT assessed infants with the BSID-III. 

CHOP INTEND is a 64-point scale developed specifically for children with 

SMA type 1 aged 3 months up to age 4 years, and includes items such as spon-

taneous movement, head control, rolling over, and hand grip which can easily 

be observed by the investigator [57]. Children affected by SMA 1 score much 

lower than unaffected children (median 20 vs 50 points) [58]. The minimal 

clinically important difference (MCID) is  4 points. 

Section 2 of HINE examines the motor skills of children up to 2 years of age 

and evaluates eight key functions: Voluntary grasp (reaching out and grasping 

an object), head control (controlling the muscles of the head and neck), kick-

ing while lying on the back, rolling over, sitting up, crawling, standing and 

walking. A maximum of 26 points is possible [57]. The MCID is 2 points. 

BSID-III assesses development of children aged one to 42 months and covers 

5 domains- cognition, motor, language, socio-emotional and adaptive behav-

iour [59]. Only section 2- the motor section was used to evaluate SMA type 1 

patients. 

For patients suffering from later-onset SMA form SMA type 2 to 4, HFSM(E), 

(R)ULM, 6MWT, MFM and the MRC scales were used to assess motor skills.  

The HFSM(E) measure has been developed to assess the physical abilities of 

children with non-ambulatory SMA and can be applied to patients of all ages 

who have type 2 or 3 SMA, however a significant floor effect affects use in 

adults [60]. The expanded version has extra items adjusted for type 3 SMA 

patients who can walk. The maximum score is 66 points. The MCID is 3 

points. 

The 6MWT is used for the clinical evaluation of fatigue, muscle strength, and 

walking ability in ambulatory SMA patients. Although the test was tradition-

ally developed for patients with cardiac or respiratory disease, it has been val-

idated for assessment of SMA patients [60]. Patients have to walk a 30-metre 

course for six minutes with the aim of walking as far as possible and the MCID 

is >30 metres.  

The RULM is a tool developed to assess the upper limb function in SMA pa-

tients with a maximum score of 37 points and a MCID of  2 points. It evalu-

ates motor skills with consideration of daily living functionality (close ziplock 

bag, writing, picking up tokens, lifting weight above shoulders) and is a useful 

addition to HFSME. It shows a ceiling effect in ambulant patients with SMA 

type 3 (without upper limb weakness) and a floor effect in a proportion of 

non-sitters [60] . 

The MMT was used in one study for SMA types 2 and 3 and is an alternative 

approach to assessing SMA patients. Manual muscle testing measures muscle 

strength according to the six-point Medical Research Council (MRC) score.  
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A score of zero defines a plegic muscle, and five indicates normal muscle 

strength [61]. 

MFM32 is a validated tool to assess motor skills in patients with SMA types 

2-3. A change of  3 points is a considered a clinically meaningful improve-

ment, whilst a score change of 0 points indicates stabilisation [62]. 

These outcomes were assessed by ALFRS, EK, SF-36, FSS, SMAIS-ULM, 

CGI-C and GAS. 

ALFRS-R has been adapted for use in SMA patients and has recently been 

validated [63]. It assesses daily functioning by assessing 12 items covering 

four domains (bulbar, upper limbs, lower limbs, respiratory) with a maximum 

score of 48.  

EK is a validated tool for SMA patients that assesses 17 items for eight daily‐

life categories (wheelchair use, wheelchair transfers, trunk mobility, eating, 

swallowing, breathing, coughing, fatigue).  

The SF-36 survey is a questionnaire on health-related quality of life assessing 

eight different dimensions of health-related quality of life (HRQoL): physical 

functioning, role-limitations due to physical health, bodily pain, perception 

of general health, vitality, social functioning, role-limitations due to emo-

tional status and mental health [64]. 

The FSS is a validated scale evaluating physical, social, and cognitive effects 

of fatigue experienced during the past week. 

The SMAIS-ULM is a tool to assess the degree of assistance required for an 

SMA type 2 or non-ambulant type 3 patient to perform typical daily activities. 

A change of 3 points has been suggested as clinically meaningful [63]. 

The CGI-C is a tool initially developed for psychiatric patients with the ob-

server rated scale ranging from very much worse (1 point) to very much im-

proved (7 points) and can be completed by clinicians, caregivers or patients 

themselves [65]. 

The GAS is a tool where personalized functional goals are established at base-

line during discussion with the patient and re-evaluated at the end of the 

study period. Each goal is rated on a 5-point scale, with the degree of attain-

ment captured for each goal area [66]. 

Evaluated as separate outcomes in many studies, these outcomes are inextri-

cably to a patient’s quality of life. They are important indicators for disease 

management as respiratory complications (often related to aspiration) are the 

main cause of death in SMA patients [67]. Most studies reported on the num-

ber of patients receiving respiratory support, either invasive ventilation (IV) 

or non-invasive ventilation (NIV) and most report details on number of 

hours/day or number of tracheostomies. However, not all studies report base-

line and follow-up findings, making conclusions difficult. 

MFM: Motorfunktion in 

Kindern und 

Erwachsenen MCID 3 

Punkte 

Lebensqualität mit 

zum Teil validierten 
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When (severe) adverse events (S)AE were evaluated, drug- and procedure-re-

lated, as well as disease-related adverse outcomes were reported. 

 

 

 

Safety and efficacy of nusinersen in type 1 SMA patients was evaluated in 

seven studies (in 9 publications) with a total of 196 patients enrolled. Three 

studies enrolled patients aged older than 4 years of age, prompting inquiries 

into the accuracy of their SMA 1 diagnosis of since life expectancy in this most 

severe form of SMA has been shown to be significantly shortened with the 

majority of children affected dying by age 2 [2, 68]. Five studies were con-

ducted prospectively, two retrospectively and for two this was not clearly ex-

plained. The follow-up period varied between 24 months and 48 months. Loss 

to follow-up was discussed in all studies, with only two studies reporting data 

for all patients until the pre-defined last visit. 

In the five studies reporting loss to follow-up, a total of 10 patients died. Only 

one study described details on cause of death. In Lavie et al. [40] two patients 

reportedly died of respiratory failure and one due to hypoxic brain injury after 

an aspiration incident. In Acsadi et al. [30],one patient in the control group 

died during the placebo phase, but all other patients both from the interven-

tion group and the cross-over group continued until the study end. In Finkel 

et al.[36], five patients died, two withdrew with no explanation given, and 11 

discontinued to enter a new trial (SHINE NCT02594124). During the first 24 

months in Pane et al. [39], there was no loss to follow up. However, during the 

24-48-month observation period, one patient died, five patients changed treat-

ment and seven discontinued, three because of perceived lack of benefit and 

four because of side effects. Menard et al. [41] report the death of one patient. 

Of the seven studies, one did not collect any information on motor outcomes 

[35, 40]. Three studies reported CHOP INTEND at baseline and follow up, 

one study reported HINE-2 results at baseline and follow-up and two studies 

reported on both. 

Mean CHOP INTEND scores were reported as improved above the MCID 

threshold in all studies that reported this outcome. From 30±10.5 to 48 ±12.7 

(+17.3±12.2) at a median follow-up of 36 months [36], from 19.11 ±14.28 to 

26.5 ±18.04 (+7.38, p<0.001) at a mean follow-up of 26 months [32], from 

18.09±14.22 to 26.75±19.35 (+8.66±9.35) at 24 months, and with improve-

ment of +10.6±12.1in the same cohort after 48 months follow-up [34, 39]. 

Two studies- (43) (44)reported median and interquartile ranges (IQR) rather 

than mean findings. Baseline was recorded as 27 (19.5-28.4) and 32, with me-

dian scores at follow-up being 46 (31-55.5) and 42. 

Pane et al. [34, 39]conducted subgroup analysis for age at treatment initiation 

and found statistically significant changes across the whole cohort after 24 

months of treatment. After 48 months only the changes in the 5-12 years old 

cohort were non-significant. Overall, the positive trajectory persisted, 37 

unerwünschte 
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meist berichtet  
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Ergebnis berichteten 

 

statistisch signifikante 
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patients improved (77.1%) and 33 (68.8%) achieved the MCID threshold. 

This was the only study that investigated the influence of SMN2 copy number 

on outcomes and this was not found to be a predictive variable for change, 

whilst age at treatment initiation being <210 days resulted in a significant 

difference in the magnitude of changes at any time point.  

Influence of disease severity on outcome was also investigated showing statis-

tically significant CHOP INTEND changes only in Dubowitz score 1.5 and 

1.9 patients, but not in the worst affected 1.1 patients.  The Dubowitz score is 

an infrequently used scale to distinguish variations of disease severity within 

the specific SMA types [69]. 

The other study reporting on SMA type 1 subgroups (type 1a, b and c) [37] 

reported an equal percentage of each group to show improvement but follow-

up data was missing on one 1a patient, one 1b patient and three type c pa-

tients. 

In the study with crossover design [30], HINE-2 scores in the nusinersen 

group improved from baseline 7.6±5.4 to 15±2 at 33-months follow up, whilst 

the crossover group improved from baseline 6.7±5.0 to 9±2 at 21 months, 

with the 33-month scores not recorded. Eighty percent of the nusinersen 

group were motor milestone responders. 

Another study [36] evaluating low and high-dose nusinersen treatment in pa-

tients with either 2 or 3 SMN2 copies, reported the scores for the total cohort 

only at baseline (2 ±2.4). Two patients from the low-dose cohort (all had 2 

SMN2 copies) achieved MCID threshold, as well as both patients from the 

high-dose cohort with 3 SMN2 copies.In the remaining seven patients from 

the high-dose cohorts with 2 SMN2 copies, the mean improvement was 

+10.43± 6.18. 63% of the per-protocol efficacy evaluable population achieved 

motor milestones. 

In the study evaluating the same cohort at 24 and 48 months [34, 39], the 

HINE-2 score improved from 0.88±1.33 by +2.62±4.39 (p<0.001) at 24 

months and +4.3±5.7 (p<0.001) at 48 months. Subgroup analysis for HINE-

2 scores revealed no relationship between SMN2 copy number and score 

change. Age at treatment initiation was influential, with statistically signifi-

cant changes at 24 and 48 months only reported for patients that commenced 

treatment <210days and <2 years of age. After 24 months, 31 % of children 

achieved sitting, 100 % of the children that initiated treatment <210years of 

age, 55% of patients that initiated treatment <2years of age, but only 17.6% 

of children that were older at treatment start. 

After 48 months, 41.6% of patients had stable motor scores, and 58% achieved 

improvement on at least one item of the HINE scale.  

The need for respiratory support, both non-invasive (NIV) and invasive (IV), 

was recorded by all studies at baseline and follow-up apart from one study 

[36] which did not record need for invasive ventilation support at baseline. 

Three studies [30, 37, 41] reported no need for IV at baseline or follow up. It 

is of note that in Finkel et al. [36] only the cohort of two patients with 3 SMN2 

copy numbers did not require any respiratory support at baseline or follow-

up. 

The majority of studies reported increased percentage of patients needing res-

piratory support as well as increased time on ventilator. One study [34] 

früher Behandlungs-

beginn jedoch nicht 

Anzahl der SMN2 

Kopien prädiktiv für 

Verbesserung 

gemischte Ergebnisse 

zum Einfluss des 

Erkrankungsgrades 

auf Ergebnisse 

HINE-2 MCID wurde 

vom Großteil der Ptn. 

in allen Studien 

erreicht. 

Responder: 63–80% 

Verbesserungen in der 

gesamten Kohorte 

Ø+2,62 (p<0,001)  

(1 Studie) 

früher Behandlungs-

beginn prädiktiv für 

Verbesserungen, 

SMN2 Kopien Anzahl 

nicht  

 

nach 48 Monaten:  

4.6 % stabil, 58 % 

Verbesserung  

in HINE-2 

großteils erhöhter 

Bedarf an Beatmungs-

unterstützung 

https://www.aihta.at/


reported stabilisation of IV at follow-up. Two studies [32, 40] reported a min-

imal reduction of the percentage of patients requiring of NIV or IV >16h/day.  

The need for nutritional support was recorded at baseline and follow-up for 

5/7 studies, one did not record this outcome at all and one recorded only fol-

low-up findings. 

The need for tube feeding (gastrostomy or nasogastric tube) increased in all 

patient cohorts apart from Modrzejewska et al. 2021 [32], where two patients 

had discontinued at follow-up. In Finkel et al. [36], 50% of patients with 3 

SMN2 copies required tube feeding as opposed to 100% in the cohort with 2 

SMN2 copies. In one study with subgroup analysis for SMA type 1 severity 

types [37] 100 % of patients with SMA type 1a and 1b required tube feeding, 

but only 67% of patients with SMA type 1c. 

No studies looked in detail at QoL assessment, but one study reported on care-

giver and investigator evaluation of the CGI-C [30]. Clinicians evaluated both 

the nusinersen and crossover group as “having no worsening” or “showing at 

least any improvement” at 100%, and control group at only 74% and 14 %. 

“Much improvement “was described in nusinersen, crossover and control 

group as 43%, 17% and 0%, respectively. The caregiver evaluation also rated 

both the nusinersen and crossover group as having “no worsening” or “show-

ing at least any improvement” at 100%, with the control group at 71% and 

43%. “Much improvement “was described in nusinersen, crossover and con-

trol group as 64%, 83% and 14%, respectively. 

Two studies did not report on AE. Of two publications that reported on the 

same cohort, but with different follow-up times, only one reported AE. 

Of the studies that reported AE from an open-label extension one [30] re-

ported 100% events and 50% (SAE) in the intervention and crossover group. 

However, only two (10%) were judged to be possibly related to treatment. The 

most common AE was post-lumbar puncture headache and vomiting in the 

treated group. In the control group that never received nusinersen, 86% and 

43 % AE and SAE occurred, respectively. Another study [36] reported 100% 

AE and 80% SAE respectively, whilst reported that no patients suffered from 

any treatment related AE. Two studies reported on specifics of AE with one 

[32] reporting post lumbar headache, respiratory infection, cerebrospinal 

fluid (CSF) leakage and liver enzyme rises and another reporting 20% of pa-

tients suffering from headaches, pain and nausea [34]. 

 

 

 

We identified one publication evaluating nusinersen in a mixed cohort of type 

1 and type 2 SMA patients [50] 
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This was a retrospective study from Japan, with no loss to follow-up, that in-

cluded seven patients aged 12 -40 years based on their genetic and clinical 

diagnosis, but as discussed earlier, the clinical diagnosis of SMA type 1 (in-

fantile onset) is at odds with the age range of these patients. Median follow-

up time was 3.5 years. 

They evaluated motor outcomes with CHOP INTEND, HFSME and RULM 

but no statistically significant changes were observed. CHOP INTEND im-

proved from a mean of 5 to a mean of 21 points, mean HFSME scores were 0 

at baseline and follow-up and median RULM score improved from 0 to 3 

points. Respiratory and nutritional outcomes were only recorded at baseline. 

Seventy-five percent of patients required non-invasive respiratory support, 

with a higher percentage of SMA type 1 patients compared to SMA type 2 

(75% vs 33%). Quality of life outcomes or adverse events were not recorded at 

all. 

 

 

 

Four studies in five publications reported on SMA in older onset type 2 and 3 

SMA patients. One was a prospective case series [52], one a retrospective anal-

ysis [45] and for the other two the data collection methods are not clearly de-

scribed. Montes et al. [45] retrospectively analysed data from the same trial as 

Darras et al. [44], hence their findings will be considered together. 

In total, 432 patients were enrolled, 289 with type 2 and 156 with type 3 SMA. 

Two studies did not record SMN2 copy numbers, but one study [54] stratified 

patients according to age and motor ability and recorded SMN2 numbers. 

They differentiated SMA type 2 patients into younger and older sitters, pa-

tients who had lost the ability to sit (“lost sitters”) and SMA type 3 patients 

who all had lost the ability to walk (“lost walkers”). The majority of all pa-

tients in all groups had 3 SMN2 copy numbers and all of the lost walkers had 

more than 2 copies.  

By definition SMA type 2 patients are expected to be able to sit. Pane et al. 

[53] included nine non-sitters and it is unclear if these patients lost their abil-

ity to sit or if they were wrongly labelled as SMA type 2 patients. 

Follow-up time varied between 24 months and 48 months across the studies. 

Loss to follow-up was reported in all five publications. 

Two studies report only one patient each as lost to follow-up [52, 53]. In both 

cases, patients discontinued due post-lumbar puncture headaches. The third 

study [54] reported 13 discontinuations, seven patients changed treatment 

and for six of the patients, no details are given. Additionally, 15 patients were 

lost to follow-up with no further explanation given. Only 129 of 256 patients 

had data at 38 months- the last pre-defined study point. During the trial 

(ISIS-396443-CS2, NCT01703988, NCT02052791) informing two publica-

tions, four patients discontinued unrelated to treatment. 

No deaths were reported in any of the studies. 
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A variety of motor outcomes were evaluated in the studies, with three studies 

reporting results for HFSME or revised HFSME (RHS). 

One study [52] reported a baseline RHS score of 14 (5-30 IQR), while the total 

score at 26 months follow-up was reported as 23.5 (11.5-48.5 IQR). 

For SMA 2 patients, the score improved from 5 (2-10 IQR) to 9.5 (2.7-31.2) 

and for SMA 3 patients from 28.5 (16.44-44.2 IQR) to 32.5 (13.24-49.7 IQR). 

None of the findings were statistically significant although the authors argue 

that RHS assessment in SMA patients is limited by floor effect which has been 

discussed by others [60]. 

Pane et al. [53] describe a statistically significant score improvement at 24 

months follow-up across the cohort of SMA 2 patients of +1.94.6 from a 

baseline of 10.69 (p=0.019). When stratified in subgroups, the findings only 

showed statistical significance in sitters (+ 2.25, p=0.020), but not in non-

sitters (+1.84, p=0.577). 

Across the SMA 3 cohort, there was also a statistically significant improve-

ment of +1.54.8 from 39.517 (p=0.017) When stratified, the improvements 

were only statistically significant in ambulatory patients (+2.55, p=0.004) 

but not in non-ambulatory patients (-0.32.8, p>0.05). 

The third study [54] described improvements of +7 points from 20.7±11.4 in 

young sitters, +0.1 from 15.7±12.4 in older sitters, and + 2.9 from 29.9±9.1 

in “lost sitters”. Authors reported clinically meaningful improvements of >3 

points in a total of 63/254 patients (24.6%). Follow-up data from 38 months 

was not available for “lost sitters.” When stratified into subgroups, the highest 

percentage of clinically meaningful changes occurred in young sitters at 

34.6%, followed by patients “lost walkers” (25.6%), older sitters (15.1%) and 

“lost sitters” (13.5%). Inferential analysis showed SMN2 copy number influ-

encing the HFSME score. Lower baseline scores were associated with smaller 

improvements overall. In younger sitters, only 8.4% of children gained >3 

points between 26- and 38-month follow-up. Most of the gains were observed 

earlier. 

Darras et al. [44] reported an increase of mean HFSME scores by +10.08±2.9 

at follow-up from a baseline of 21.3±2.9. Among SMA 2 patients, 7/9 (78%) 

reached clinically meaningful improvements (>3 points) at the last prede-

fined study visit day 1050 (38 months). In SMA 3 patients, the improvement 

was +1.8 ±0.9 from 48.9±3 with clinically meaningful improvements (>3 

points) in 4/11 (36%) patients at follow-up. In the 13 patients who were able 

to walk the score improved by +2.6± 0.8 from 54.8±1.5 with clinically mean-

ingful improvements (>3 points) observed in 4/9 (44%) patients. No p-values 

were reported. 

RULM was reported by three studies. 

One study [53]reported stratified results for SMA 2 and 3 patients. In SMA 2 

patients overall, the baseline score of 14.2  7.3 improved with statistical sig-

nificance (p=0.018) by +1.6 3.1 at 24 months follow-up. When stratified into 

sitters and non-sitters, significance could only be found for the sitters 

(+1.73.5, p=0.036) but not for non-sitters (+1.32.5, p=0.276).  

In SMA 3 patients, no statistically significant improvement was detected in 

total cohorts or any age-, functionality- or severity-stratified groups at 24 

months follow-up. 
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A second study reporting on RULM in non-ambulant patients (49) found clin-

ically meaningful improvements (> 2 points) in 32.4 % of patients. The high-

est percentage of patients with clinically meaningful improvements were ob-

served in older sitters (41.1%), followed by “lost walkers” (38.5%), and 

younger sitters (28%), and “lost sitters (21.6%). Young sitters had a mean im-

provement of +9.1 from a baseline of 16.27.1, older sitters +2.2 from a base-

line of 19.07.5. “Lost sitters” had a mean improvement of +7.3 points from 

a baseline of 12.8±7.1, while “lost walkers” had an improvement of +3.3 from 

266.1. Lower baseline RULM scores were associated with smaller gains and 

improvements were observed continuously during the follow-up period, in 

contrast to HFSME scores. This study reported no loss of motor milestones in 

any patients and six (14.9%) of young sitters and one (1.3%) of older sitters 

achieved walking independently. Four lost sitters (10.8%) and one lost walker 

(2.6%) regained the ability to sit independently.  

Darras et al. [44] also reported on ULM only in non-ambulant patients and 

found an overall improvement of +4±2.4 from the baselines of 11.9±0.9 and 

11.9±0.9 for SMA 2 and 3 patients, respectively. Clinically meaningful im-

provements (> 2 points) were observed in 5/9 (56%) patients at follow-up.  

One study [52] reported on MMT presenting median and IQR scores. MMT 

score was 66 (44.5-80.50) at baseline and 75 (62.5-84) at 26-month follow-up 

across the cohort. For SMA 2 patients, the scores changed from a baseline of 

45 (38-59) to 63 (42-77.2) and for SMA3 the score stayed nearly the same from 

80 (68-85) to 80 (68.2-84.7) None of the changes were statistically significant. 

The two publications describing data from the same cohort [44, 45] also re-

ported on 6MWT in walkers. Darras et al. [44] found a mean increase in walk-

ing distance (metres) of +92 ±21.5 from a baseline of 253.3±50.7 at the 38-

month follow-up. Clinically meaningful improvements (>30 metres increase 

from baseline) were observed in 100% of patients (8/8). Data was not available 

for seven of the SMA 3 patients at follow-up. Two of the four children who 

lost the ability to walk before the study start regained it and one SMA 2 pa-

tient unable to walk before the study gained the ability to walk.  

Montes et al. [45] utilized data from the same trial to do a post- hoc analysis 

of 14 patients, 13 of them SMA 3, and stratified into ages below and above 11 

years old. They found that older patients achieved less improvements in dis-

tances compared to baseline (<11y: 259.8±155.5, >11y:  190.0±250.9) than 

younger children. The total median walking distance increase was 98 metres 

at follow-up and median fatigue associated with the 6MWT reduced by 3.87% 

across the cohort end of the follow-up time. 

Only one of the four studies reported on respiratory support [54]. None of the 

patients required invasive support during the observation period. At baseline, 

39 of all patients (15.2%) required < 16h/day of NIV, compared to 61/256 

(23.8%) after 38 months of follow-up. 

Stratified by motor ability, NIV requirement increased in all patient groups 

from baseline: among young sitters from 11.2 % to 13%, older sitters from 

21.9% to 38.3%, in “lost sitters” from 24.3% to 40.5% and in “lost walkers” 

from 5.1% to 12.8%. One older sitter was able to discontinue respiratory sup-

port during the treatment period. 
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Only one study reported on nutritional support [54]. 

Compared to baseline, four more patients additionally required feeding sup-

port during follow-up, two patients in the “lost sitters” group, one in the older 

sitters group and one in the younger sitters group, but this patient could dis-

continue again after 4 months. 

One study reported ALSFRS-R [52] mean score improvement in all patients 

but did not detect statistically significant changes between baseline and fol-

low-up in the total cohort, nor when stratified into SMA 2 or SMA 3 patients. 

It should be noted that follow-up data was only available for half of all pa-

tients, and only in 4/15 of SMA 2 and 12/19 of SMA 3 patients. 

Three of the studies reported AE. One only reported post lumbar headache in 

three patients (8%) and some weight gain, a case of Crohn’s disease and dia-

betes 2, all considered unrelated to treatment [52]. 

The other study reported 144 AE in 64 patients, of which none were confirmed 

drug-related but 31 (25.4%) were considered as possibly drug-related events 

[54]. Respiratory infection (45.8%), gastroenteritis (20.8%) and post-lumbar 

puncture (LP) syndrome (headache, 9%) were most commonly reported.  

The third study described side effects in more detail with all 28 patients 

(100%) experiencing more than one AE and 5/28 patients (18%) experiencing 

an SAE.  The most common AE described were LP syndrome in 16/28 (57%), 

headache in 13/28 (46%), nasopharyngitis in 12/28 (43%) and upper respira-

tory tract infection (URTI) in 12/28 (43%) of patients. Less common were 

puncture site pain, rhinorrhoea, vomiting, pyrexia, joint contracture and sco-

liosis. The most common severe events listed were post-lumbar puncture (LP) 

syndrome in two patients, lower respiratory tract infection (LRTI), respira-

tory distress, and viral pneumonia in one patient, acute respiratory failure 

from pneumonia due to respiratory syncytial virus in one patient and 

vesicoureteral reflux and pyelonephritis in one patient. 

 

 

 

One SMA registry study evaluated 114 paediatric and 117 adult patients suf-

fering from SMA 3 who were able to walk and with the majority having 3 or 4 

copies of SMN2 [55]. 

Follow-up time was 38 months. 

 

No patients died during the follow-up period. Three patients discontinued, 

two of them changed to risdiplam, for the other one no details were given. 

Fourteen patients were lost to follow-up after 12 months again without any 

further description of details. 
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This study assessed RULM, HFSME and 6MWT. 

Mean RULM scores improved in the paediatric population from a baseline of 

32.4 to 35.1 (+2.8) at 38 months.  In the adult population, the scores reduced 

by a mean of 0.5 from a baseline of 34.7 to 34.1. However, clinically meaning-

ful changes (> 2 points) were observed during the follow-up period in 23.7% 

of paediatric and 14.5% of adult patients.  

Mean HFSME scores improved by 5.3 points in the paediatric population and 

reduced by -1.4 points in the adult population. Clinically meaningful im-

provements (>3 points) were observed in the paediatric and adult populations 

in 33.3% and 35.9%, respectively. 

During the 6MWT, paediatric patients improved their mean walking distance 

by 39.3 metres and adult patients by 24.4 metres, with clinically meaningful 

improvements (>30 metres) detected in 27.2 % and 26.5%, respectively. The 

improvements occurred at the 28- and 36-month follow-up in 13.1% and 

12.7% of paediatric patients, and 9.9% and 5.5% of adult patients, respec-

tively.  

Inferential analysis showed higher SMN2 copy number having statistically 

significant influence on score improvement. 

No patients required IV at baseline or follow-up. NIV increased from a base-

line of zero to three adult patients (2.56%) requiring support at follow-up. 

No patients required permanent tube feeding at baseline or follow-up.  

Fatigue was recorded in patients at baseline and follow-up. Overall, fatigue 

decreased from 29.8% of patients to 9.1% in the remaining cohort - almost 

half were lost to follow-up in both paediatric and adult patients. In children, 

fatigue reports decreased from 23.7% to 3.6% of patients and in adults, from 

35.9% to 14.5% at the end of the follow-up period. 

Fifty AE were recorded in 40 patients, with 32 (64%) requiring hospitalisa-

tion. Sixteen events (32%) were considered possibly related to the treatment. 

The most frequent issues were post-LP syndrome (26%), fractures/accidents 

(36%) and infectious diseases (16%). 14% of events were not specified.  
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Two studies evaluated treatment with nusinersen in patients with all types of 

SMA. One [56] included 44 patients with SMA 1 to 3: 11 with SMA 1, 21 with 

SMA 2 and 12 with SMA 3. Six patients were ambulant. Median follow-up was 

longest for the SMA type 1 patients at 2.1 years, and 1.8 and 1.9 years for SMA 

2 and 3, respectively. The second study [49] included patients with SMA1 to 

4: one with SMA 1, 14 with SMA 2, 21 with SMA 3 (seven with SMA 3a and 

14 with SMA 3b) and two with SMA 4.  Of all patients, 28.9% were ambulant. 

Follow-up time was 30 months. 

No patients died in either study. In Tscherter et al. [56], three patients dis-

continued due to inclusion in another trial and difficulties during the LP pro-

cedure. In Bjelica et al [49] data is missing for several outcomes at various 

timepoints, and lack of willingness of patients and short hospital stays due to 

Covid were named causes for incomplete data. 

RULM and HFSME were recorded in both studies, Tscherter et al. [56] rec-

orded RULM and HFSME for SMA 2 and 3 separately and recorded 6MWT 

for SMA3 and CHOP-INTEND for SMA 1 patients. Bjelica et al. [49] reported 

RULM and HFSME across the cohort. 

In Tscherter et al. [56] in SMA 2 patients, from a median baseline of 14, 

RULM scores increased between 1 and 5 points in five patients, between 1 

and 3 points in further five patients and showed no change in two patients at 

follow-up. Among SMA 3 patients, two patients achieved 4 to 6 points higher, 

in two patients the score remained unchanged, and one patient had lost 2 

points at follow-up. Across the whole cohort in Bjelica et al. [49] mean score 

improvement was +2.0 points by month 22 and +0.2 points by month 30, 

suggesting stabilisation of the gains. 

HFSME scores also showed a mix of improvement and stabilisation in 

Tscherter et al. [56] where in SMA 2 patients, five achieved score improve-

ments between 1 and 15 points, four patients achieved score improvements 

from 1 to 5 points and seven patient’s scores remained unchanged. In SMA 3 

patients the median score changed from baseline of 41 to 53 at follow-up with 

eight patients achieving higher total scores at follow-up, six patients achiev-

ing >2 points and three patients achieving lower scores than at baseline. 

In Bjelica et al. [49], a mean score reduction of 0.2 (±5.6) from baseline 24.7 

was recorded at follow-up. No significant differences in HFSME scores were 

detected at any time point during the treatment period (p>0.05). 

Tscherter et al. [56] also recorded CHOP INTEND scores at baseline and fol-

low-up for the SMA 1 patients and found that mean scores improved by 25 

points in a range of 2 to 42 points with children receiving treatment under 18 

months of age achieving higher score improvements (+29.5, 25-42) compared 

to children who were older at treatment initiation (+5, 2-8). 

For SMA 3 patients, the 6MWT was also assessed in five patients, with all of 

them achieving longer distances at follow-up. Median distance walked im-

proved from 387 to 466 metres with the increases ranging from 72 to 146 me-

tres.  
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The need for respiratory support was reported at baseline and follow-up only 

for SMA 1 patients in Tscherter et al. [56]. For patients commencing treat-

ment under 18 months of age, no patients required NIV at baseline, and three 

required nocturnal support >16h/day at follow up. In the patients commenc-

ing treatment at older than 18 months, four patients required NIV support 

both at baseline and follow-up. Changes in CHOP INTEND scores were not 

found to be statistically significantly different in patient with or without ven-

tilation support. No patients required IV support at baseline or follow-up. 

SMA 2 and SMA 3 patients were not described. In Bjelica et al. only baseline 

but no follow up was reported. Seven patients required NIV at baseline, and 

none required IV support. 

The need for nutritional support was reported at baseline and follow-up only 

for SMA 1 patients in Tscherter et al. [56]. In patients commencing treatment 

under 18 months of age, no patients required tube feeding at baseline, but 

four patients required a percutaneous endoscopic gastrostomy (PEG) at fol-

low-up. In patients commencing treatment older than 18 months of age, four 

patients required support whilst follow-up was not recorded. In Bjelica et al. 

[49], two patients required PEG feeding at baseline, again with no records 

described at follow-up. 

One study [49] reported on QoL endpoints: FSS and SF36. 

FSS was reported on all patients with no loss of follow-up. The baseline mean 

of 40.1±11.9 improved by a mean of 3.4±8.3 points. The SF36 score reduced 

by a mean of -4.8±15.3 points from a baseline mean of 58.6±12. 

Adverse events were only recorded by Tscherter et al. [56] with 15 of 44 (34%) 

patients suffering from at least one side effect other than effects related to LP 

procedure, which 14% of patients experienced. Thrombocytosis, thrombocy-

topenia, proteinuria, coagulation disorders and electrocardiogram changes 

were reported in 16%, 14%, 2%, 5% and 5% of patients, respectively. 

 

 

 

Four publications evaluated data from the same open label clinical trial, the 

START trial (NCT02122952) assessing onasemnogene abeparvovec in 12 

SMA 1 patients, all with 2 SMN2 copies.  Follow-up time was 24 months. 

Three publications were already included in our last review [42, 46, 47]. 

One of these three publications compared the outcomes of the treated cohort 

with a group of untreated SMA1 patients and a cohort of healthy children 

[46]. 

The publication [38] found in the updated search assessed bulbar function in 

a post hoc analysis of pooled data from various trials (START NCT02122952, 

STRIVE-US NCT03306277 and STRIVE-EU NCT03461289), but only pa-

tients from the START trial had a long enough follow-up time to match our 
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updated inclusion criteria thus we only include findings from this cohort in 

our assessment. 

No patient died during follow up and all patients completed the study but 

only 11 patient’s data was analysed in the post-hoc analysis without any expla-

nation on the reasons [38]. In the study that compared the treated cohort with 

untreated SMA 1 patients, ten children died and five were lost to follow-up. 

All children treated with onasemnogene abeparvovec were alive at 24-month 

follow-up. In the untreated cohort of SMA 1 children used as a historical con-

trol group (35), only 8/16 (50%) children were alive at 24-month follow-up. 

Motor function was assessed by CHOP INTEND in two publications [46, 47], 

reporting significant improvements. Al-Zaidy et al. [46] report varying mean 

baseline scores in the group treated with onasemnogene abeparvovec com-

pared to the untreated group and healthy individuals (2812.3, 20.37.3 and 

518.9, respectively.) No follow-up data was recorded for healthy children. 

The untreated SMA 1 patients from the comparison cohort had a progressive 

decline with a mean score of 5.3 at follow-up as opposed to the patients treated 

with onasemogene abeparvovec who had a mean score of 56.5. No standard 

deviation was available for follow-up data. All 12 infants achieved and main-

tained more  4 points improvement. Eleven achieved more than 40 points on 

the CHOP-INTEND scale, in contrast to none of the infants in the untreated 

cohort.  

Lowes et al. [47] evaluated the impact of age at treatment start and motor 

function on outcomes by stratifying into subgroups (early dosing/low motor 

group, early dosing/ high motor group and late dosing group). The mean 

change of the whole treatment group was +28.3 points. The early dosing/low 

motor group had a baseline score of 15.7 1.53 and achieved a follow-up score 

of 50.7 5.77 with a mean improvement of 35 points. The late dosing group 

had a baseline of 26.57.66 and achieved a follow-up score of 49.8 16.48 with 

a mean improvement of 23.3. The early dosing/ high motor group started from 

a baseline of 447.94 and rapidly achieved a mean score of 60.36.35 with a 

lower mean improvement of 15.6. 

 Lowes et al. [47] report 11/12 patients (92%) achieving head control and sit-

ting independently for more than five seconds, including all three patients 

from the low motor/ early treatment group. Nine patients (75%) achieved sit-

ting for more than 30 seconds. Two patients (from the high motor early dosing 

group) achieved standing unassisted and walking. 

Al- Zaidy et al. [42] claim that further motor improvements were observed 

beyond the 24-months observation period, two more patients achieved sitting 

for >30 seconds bringing the total to 11/12 (92%) patients, 9/12 (75%) 

achieved rolling, 4/12 (33%) achieved standing with support and 2/12 (17%) 

achieved crawling, pull and stand and walking. 
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Although motor milestones were not formally assessed in the comparison 

group of untreated SMA 1 patients, deduction of function from CHOP IN-

TEND scores suggests no infants in the untreated group achieved any of them. 

The documentation of respiratory outcomes in the publication lacks compre-

hensive detail. Two patients from the late dosing group required NIV at base-

line, increasing to five patients at follow-up. (41.6%) The additional patients 

are from the low motor/early dosing group as described in [47]. 

No patients required IV support. 

Five out of 12 (41%) patients required tube feeding at baseline with only one 

more patient requiring support at follow-up. Half of the patients continued to 

be fed exclusively orally (34). All three patients in the early treatment/low 

motor group, and two (33%) of the patients in the late dosing group but none 

of the patients in the early treatment/high motor group required support at 

baseline [47]. Follow-up data is limited, with no information on the additional 

patient that required nutritional support.  

However, the three patients that required support in the early treatment/low 

motor group, were also able to be safely fed orally at follow-up. 

One study [38] evaluated bulbar function by analysing four endpoints repre-

senting adequate bulbar function: absence of physician-confirmed physiolog-

ical swallowing impairment, receiving full oral nutrition, absence of adverse 

events that indicate pulmonary compromise and the ability to communicate 

by being able to vocalize at least two different vowel sounds. 

It was found that 75% of evaluable patients achieved all components of bulbar 

function but the majority of patients were only followed for 18 months. We 

only present findings from 11 of the 12 patients in the START trial which 

were integrated in this post-hoc analysis. Four out of 11 patients displayed 

normal swallowing at baseline which increased to 11/11 (100%) after 24 

months of treatment. All patients could receive oral feeding, even if receiving 

support to optimize nutrition.  Full oral nutrition was possible in 7/11 pa-

tients at baseline and only one patient lost this ability by the end of follow-

up. No patient had aspiration events or pneumonia at baseline, and at follow 

up 8/11 (72%) patients maintained their pulmonary stability. 

Communication was not recorded at baseline. At follow-up, only 4/11 patients 

had communication recorded, and all 4 (100%) were able to form vowels as 

required. 

Only one publication reported safety endpoints with 100% of patients experi-

encing an AE and 83% of patients experiencing a SAE.  In total, 274 AE and 

53 SAE were recorded. Only four events in three patients were considered re-

lated to treatment with no further details given. 

  

erhöhter Bedarf an 

NIV-Beatmung trotz 

Therapie  

keine Verbesserung 

des Ernährungsstatus  

11/12 Ptn erreichten 

adäquate 

Schluckfunktion 

  

6/12 (50%) mit 

ausschließlich oraler 

Ernährung 

unerwünschte und 

schwere 

unerwünschte 

Ereignisse häufig 

(100%/ 83%), aber nur 

4 therapiebedingt 

https://www.aihta.at/


 

Two publications describe the same trial FIREFISH NCT02913482. One pub-

lication [48] describes findings after 12 months, and the second publication 

[14] describes findings after 24 months of 41 SMA 1 patients treated with 

risdiplam. All patients had 2 SMN2 copies. In both studies outcomes in 

treated patients were compared with an untreated historical control group, 

using the upper boundary of the 90% confidence intervals in untreated SMA1 

patients to create a performance criterion threshold. 

Three patients died during the first 12 months of treatment due to treatment-

unrelated respiratory complications attributed to disease progression.  All 

others completed the 24-month follow-up period. 

The primary endpoint of the first part of the trial was the ability to sit without 

support for  5 seconds according to item 22 of the BSID III. No children 

achieved this at baseline. After 12 months of treatment, 12 of 41 patients 

(29%) (CI 95%16-14) had achieved this milestone, a finding statistically sig-

nificantly different to the performance criterion of 5% from natural history 

data (p<0.001). During the second part of the trial further items from the 

BSID-III motor scale were assessed: sitting for  30 seconds (item 26), stand-

ing alone (item 40) and walking independently (item 42). No patients could 

sit for  30 seconds at baseline. After 12 and 24 months of follow-up, 7/41 

patients (17%, 90% CI 8-30) and 18/41 patients (44%, 90%CI 31-58) had 

achieved this milestone, respectively. This finding was statistically signifi-

cantly different to the natural history performance criterion (p<0.001). 

No infants could stand or walk independently, at baseline and after 24 months 

of treatment (0%, 90% CI 0-7) (p<0.001). 

CHOP INTEND scores were prespecified for analysis only at month 12. The 

hypothesis testing was hierarchical and outcomes not in the hierarchy at 

month 24 were presented without a p-value.Total cohort scores (mean and 

range) improved from a baseline of 22 (8-37) to 42 (13.05-57) at 12 months, 

with 23/41 patients (56%) achieving more than 40 points in total and 37/41 

patients (90%) improving more than four points. Both findings were statisti-

cally significantly different to the 17% performance criterion from the natural 

history data (p<0.001): After 24 months, 31/41 patients (76%) achieved a total 

of more than 40 points and 37/41 patients had improved more than four 

points- no change to the 12 months' findings. 

Improvement - defined as an increase of at least two points in the ability to 

kick (or maximum score), or an increase of at least one point in head control, 

rolling, sitting, crawling or standing - was assessed with HINE-2. Investiga-

tors recorded the percentage of patients showing improvement as defined 

above, with 32/41 patients (78%) (CI 95%, 77-97) (p<0.001) and 35/41 pa-

tients (85%) (CI 95%,73-93) showing a response to treatment. Worsening was 

defined as a decrease of at least two points in the ability to kick (or lowest 

score) or a decrease of at least 1 point in head control, rolling, sitting, crawl-

ing, standing or walking. Baseline mean (95% CI) was recorded as 1 (0.5-5.0). 

HINE-2 absolute values were not recorded at any follow-up point.   
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At baseline 12 patients (29%) required some kind of ventilation (NIV or IV 

was not specified). After 12 months and 24 months of treatment, 31 (75%) and 

33 (80%) required respiratory support, respectively.  

Baseline was not recorded, but at 12 and 24 month-follow up, 6 and 7 patients    

respectively, required support (15% and 17%) 

Event-free survival was defined as being alive without the use of permanent 

ventilation. Three patients died during the first 12 months, but no more 

reached either of the endpoint by the end of the 24-month observation period. 

During the 24-month treatment period, 356 AE were recorded with 100% of 

patients experiencing at least one event.  Seven events were listed as treat-

ment-related with no further details given. The most frequent AE were URTI 

(54%), pneumonia (46%), pyrexia (44%) and constipation (29%). Sixty-eight 

SAE were recorded in 28 patients with the most frequent issues listed as pneu-

monia (39%) and respiratory distress (7%). No AE led to treatment discontin-

uation or dose modifications. 

 

 

 

Two publications [15, 51] reported on the same study, a phase 3 RCT- (SUN-

FISH trial, NCT 02908685), describing the 12- and 24-month follow-up find-

ings of part 2), respectively. 

In total, 180 patients were enrolled. In the first, double-blind phase of the 

trial, 120 patients were randomized to receive risdiplam and 60 were random-

ized to receive placebo for 12 months. For the second, open-label extension 

phase, all patients received risdiplam, with blinding maintained for patients, 

investigators and all individuals in direct contact with the patients until the 

final 24-month assessments had been completed. 

All patients were SMA type 2 or non-ambulant type 3 patients. In the risdip-

lam group, 84 (70%) SMA 2 and 36 (30%) SMA 3 patients were included and 

in the placebo group, 44 (73%) and 16 (27%), respectively. The majority of 

patients in both groups had 3 SMN2 copies (89 and 83%, respectively). 

The 12-month analysis (14) compared the findings of the risdiplam and pla-

cebo groups. For the 24-months analysis [51] for patients on risdiplam from 

baseline, findings at 12, 18, and 24 months were described, and an external 

comparator group was utilized to contextualise results at the end of the obser-

vation period.  This group consisted of patients from a natural history study 

(NCT02391831) and from the placebo arm of a phase 2 RCT (NCT01302600) 

on olexosime, a compound which never achieved regulatory approval. For the 

crossover group, an adjusted baseline was used and results after 12 months of 

risdiplam treatment were described.  
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During the first 12 months of treatment, three patients from the treatment 

group and one from the placebo group discontinued to start already approved 

treatments. During the crossover phase of the study, two patients discontin-

ued. Data from 164/180 (91%) patients is available from the 24-month final 

study visit as Covid restrictions complicated follow-up. 

Motor outcomes were assessed with MFM32, RULM and HFSME. 

At baseline the mean (SD) MFM32 scores of the risdiplam and placebo group 

were 45.48 ±12.09 and 47.35±10.12 respectively. At 12-month follow-up, the 

least mean (95% CI) square changes were 1.36 (0.61-2.11) and 0.19 (-1.22-0.84) 

with mixed model repeated measure analysis estimating a statistically signif-

icant treatment difference: 1.55 (0.30-2.81)(p=0.016) (14). No clinically 

meaningful change estimate has been established so far, but the authors used 

>3 points of improvement as the threshold.  In the risdiplam group, the per-

centage of patients who achieved this threshold was 44/115 (38%) compared 

to 12/59 (24%) in the placebo group, with an odds ratio of 2.35. A score change 

of 0 (no deterioration) or more is considered stabilisation and this was 

achieved in 80/115 (80%) of patients in the treatment group compared to 

32/59 (24%) in the placebo group. 

After 24 months of treatment the mean change from baseline scores (95% CI) 

in the risdiplam group was +1.8 (0.7-2.9) and +0.3 (-0.7-1.3) in the crossover 

group (from an adjusted baseline of 47.14 (10.87) [51]. Of the three dimen-

sions, the distal aspects of the MFM test had the highest score improvements, 

+6.3 (4.2-8.3) and +2.0 (0.4-3.5) in the risdiplam and crossover group, respec-

tively. 

When comparing the risdiplam group to the external comparator, total mean 

(SD) baseline scores were relatively similar at 47.2 (12.3) and 47.1(12.9), 

respectively. Younger patients (<6 years of age) had relatively higher scores 

in either group. After 24 months of treatment, the least square mean change 

(95% CI) was +1.4 (-0.2-3.1) in the risdiplam group, whilst the external com-

parator scores reduced by-1.7 ( -3.4-0), a statistically significant treatment dif-

ference (p<0.0001). 

The percentage (95% CI) of patients improving  3 points was 32% (23.8-41.5) 

in the initial risdiplam group, and 16% (7.4-27.4) in the crossover group. The 

percentage (95% CI) of patients with remaining stable ( 0 points) was 58% 

(48.7-67.4) and 59% (44.9-71.4), respectively. When comparing the initial 

risdiplam group with the external comparator, 34 versus 16 patients achieved 

3 points, an odds ratio (95%CI) of 2.5 (1.1-5.6) (p=0.0253). Stabilisation (0 

points) was observed in 63 compared to 40 patients, with an odds ratio of 2.7 

(1.4-5.1) which was statistically significant (= 0.0029). 

At baseline, RULM score was 19.65±7.22 in the risdiplam 

group and 20.9±6.41 in the placebo group. After 12 months of treatment, dif-

ferences between the groups were found to be statistically significant with  a 

least squares mean change (95% CI) of +1.6 (1.00-2.22) and +0.02 (-0.83-0.87) 

respectively, with an odds ratio of 1.61 (p=0.047) [14]. 

After 24 months the mean change (95%CI) in the initial risdiplam group was 

2.8 (1.9-3.6) and 0.9 (0.1-1.6) from an adjusted baseline (20.416.4) in the 

crossover group [51]. 
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The comparison between the initial risdiplam group and the external com-

parator was not recorded.     

At baseline the mean (SD) HFSME scores were similar at 16.10 (12.46) and 

16.62 (12.09) in the treatment and placebo group, respectively.  The least 

mean square change (95% CI) was 0.95 (0.29-1.610) in the risdiplam group 

and 0.37 (0.54-1.28) in the placebo group (p=0.39) [15]. After 24 months of 

treatment the risdiplam group had a mean change (95% CI) of +2.2 (1.1-3.1) 

whilst the crossover group had a change of 0.09 (-1.0-1.1). It must be noted 

that only nine patient’s data were available for analysis [51]. 

The comparison between the initial risdiplam group and the external com-

parator was not reported. 

The need for respiratory care was only recorded at baseline, but not at follow-

up and includes cough assist or bilevel positive airway pressure (BiPAP). At 

baseline 40 (33%) patients in the risdiplam group required support, and 30 

(50%) in the placebo group.  No patient had a tracheostomy. Nutritional sup-

port was also only recorded at baseline, with two patients in the treatment 

group and none in the placebo group requiring tube feeding [14]. 

Quality of life was assessed with SMAIS-ULM and GCI-C. 

Baseline for SMAIS-ULM and GCI-C was not reported. 

At 12-month follow-up [14], the least square mean (95%CI) caregiver-re-

ported SMAIS-ULM score was +1.65 (0.66-2.63) in the risdiplam group and 

-0.91 (-2.23-0.42) in the placebo group, but differences were not statistically 

significant (p=0.39). The patient-reported score changed by +1.04 (-0.26-2.5) 

and by -0.40 (-2.13-1.32) in the risdiplam and placebo group, respectively. Af-

ter 24 months of treatment [51] (in the risdiplam group, the caregiver-re-

ported SMAIS-ULM, changed by a mean of 2.7 (1.7-3.7) compared to the 

crossover group, which showed a mean change of 1.6 (0.4-2.8). No p-values 

were reported. The patient-reported SMAIS mean score change was 0.8 (-0.8-

2.4) and 0.6 (-1.0-2.2) in the respective groups. GCI-C was only reported at 

follow-up by Mercuri et al. [15] and the percentage of patients recorded by 

clinicians as improved was 57/120 (48%) in the risdiplam group and 24/60 

(40%) in the placebo group. Findings were not statistically significant 

(p=0.39).  

No deaths occurred in either group at any time point during the study period 

and no AE led to dose modification or interruption in any patient of any 

group. 

More AE occurred in the first 12 months compared to the second phase of the 

study. During the first 12 months, 789 events in total were recorded in the 

treatment group and 354 in the placebo group, with one or more events re-

ported in 111 (93%) and 55 (92%), respectively. One or more SAE were re-

ported in 24 (20%) and 11 (18%), respectively. 
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In the risdiplam group, 16 events (13%) were considered to be treatment-re-

lated, and 6 events (10%) in the placebo group.  AE that occurred more fre-

quently in the treatment group (>5% difference) were pyrexia, diarrhoea, 

rash, mouth ulcers, UTI and arthralgia. Pneumonia was the most common 

severe adverse event that only occurred more frequently in the risdiplam 

group.  

During the 12-24-month follow-up period, 506 AE occurred in the risdiplam 

group versus 242 in the crossover group, with one or more events recorded in 

110 (91%) and 48 (80%) of patients, respectively. One or more SAE occurred 

more frequently in the risdiplam group (25 patients, 20.8%) than in the cross-

over group (three patients, 5%).The most common AE during the second 

phase of the study remained similar with URTIs, nasopharyngitis, pyrexia, 

headache, diarrhoea and vomiting being frequently recorded and pneumonia 

again being listed as the most common severe adverse event which only oc-

curred in the risdiplam but not in the crossover group during the 12-24-month 

observation period. 

 

 

 

In three studies patients had been treated with a combination of therapeutic 

agents, but only one of them considered the impact of the combination of 

treatments in their analysis. 

One study, which has the longest follow-up time of all studies included, de-

scribes the long-term safety and efficacy of SMA1 infants treated with 

onasemnogene abeparvovec, and seven of the 13 patients received concomi-

tant nusinersen [43]. 

The second study evaluates risdiplam in SMA 2 non-sitter patients older than 

16 years of age and two of the six patients enrolled had previously received 

nusinersen [31]. 

The third study included 174 patients who had previously received either 

RG7800, olexosime, nusinersen or onasmenogene abeparvovec to assess the 

safety, tolerability and pharmacokinetics of risdiplam in these patients [33]. 

In Mendell et.al. [43], which describes findings from a long-term follow-up 

study called START LTFU, patients from the START study who received 

onasemnogene abeparvovec were eligible to enter. Three patients received a 

low dose and ten patients received the therapeutic dose. All three patients 

from the low-dose onasemmogene cohort and four of the high dose cohort re-

ceived concomitant nusinersen. Seven of the 13 participants received concom-

itant nusinersen treatment and six patients were treated only with 

onasemnogene abeparvovec.  The primary objective was not to analyse com-

bination therapies but to report long-term safety outcomes of onasemnogene 

abeparvovec. The authors did not report results separately for the subgroup 

who received nusinersen as concomitant therapy thus no conclusions can be 

drawn on the effect of the combination. This study has the longest follow-up 

period in this review, with a mean of 5.2 years. 
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This study’s primary endpoint was safety, but the authors also reported on 

motor milestone achievements for the therapeutic dose cohort. Eight of 10 

patients (80%) maintained the milestones already achieved and two (20%) 

achieved standing with support. These two patients had not received 

nusinersen concomitantly. 

The need for ventilation support was also not a primary endpoint in this 

study, but the authors report the need for non-invasive support remaining 

stable at 4/10 (40%) of patients in the therapeutic dose cohort, with the low-

dose findings not recorded. Invasive support was not required by any patient 

in either dose cohort at baseline or follow-up, and only one of the three pa-

tients (33%) in the low-dose cohort required IV support at follow-up. 

The need for nutritional support was not discussed in this publication but in 

phase 1 of the START trial preceding this extension, all patients in the low 

treatment group (100%) and 5/10 patients (50%) in the therapeutic dose 

group required tube feeding. 

The total number of AE was not recorded but the total number of SAE was 

eight (62%). None of the events were considered to be related to therapy and 

none led to discontinuation. The most frequent SAEs recorded were acute res-

piratory failure in 4/13 (31%), pneumonia in 4/13 (31%) and dehydration in 

3/13 (23%) patients, respectively. 

One study [31] investigated six adolescent and adult SMA 2 patients (non-

sitters) who received risdiplam as part of an expanded access program 

NCT04256265. 

A range of outcomes were prospectively recorded evaluating nutritional sta-

tus, pulmonary function, motor skills and QoL and these were compared with 

the retrospectively recorded baseline values. Follow-up time was 12 months. 

Two of the six patients had previously received nusinersen, but no subgroup 

analysis was performed. 

No patient died or left the study. 

Mean total RULM score was 3.16 at baseline. At follow-up, 2/6 (33%) patients 

improved by two points or more, which is the minimal clinically important 

difference. 

Respiratory outcome did not change from baseline with 4/6 (67%) patients 

requiring non-invasive support and no patient requiring invasive ventilation. 
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No changes occurred during the follow-up period with 3/6 (50%) of patients 

requiring nutritional support at baseline and follow-up. 

Quality of life was assessed with ALSFRS_R, EK2, C-GIC, and GAS. 

On the ALSFRS scale, the mean changed from a baseline of 18.6 to 22, with a 

mean improvement of 3.5. The MCID of   2 points was achieved by 3/6 pa-

tients (50%) after 12 months of treatment. Two of these three patients had 

been on nusinersen previously. 

On the EK2 scale, the mean changed from 31.5 to 27.5 with a mean improve-

ment of 4 points.  The MCID threshold of  2 points was achieved 5/6 (83%) 

of patients.  Two of these five patients had been on nusinersen previously. 

In the clinician-assessed GIC, mild improvements were found for all patients 

(+1), in the patient-assessed GIC, four patients showed mild (+1), one mod-

erate improvement (+2) and one no change at all. 

Personalized goals were established in discussion with the patients at baseline 

and re-evaluated with the GAS scale at follow-up. Two patients did not 

achieve any of the set goals, and four patients achieved at least one. 

One patient reported mild AE that led to temporary withdrawal, and after 

restarting they experienced the same- headaches and gastrointestinal symp-

toms. No other AE or SAE are reported. 

This trial NCT 03032172 [33] assessing the safety, tolerability and pharmaco-

kinetics of risdiplam in non-treatment naïve patients enrolled 174 paediatric 

and adult SMA 1 to 3 patients. Of all patients, 15 had SMA 1 (9%), 108 had 

SMA 2 (62%) and 51 had SMA3 (29%). The majority had 3 SMN2 copies 

(78%). 

Prior to enrollment, 71 patients (41%) had received olexosime, and 13 pa-

tients had been enrolled in the MOONFISH trial with 10 of them receiving 

RG7800 and three receiving a placebo. Seventy-six patients had received 

nusinersen, and in this group, three also had received olexosime previously. 

Onasemnogene abeparvovec had been administered to 14 patients, with one 

of these patients also having received nusinersen previously. 

Efficacy was not evaluated, and no subgroup analysis was performed. No pa-

tients died. One patient withdrew due to issues with blood access prior to re-

ceiving treatment. Eight patients chose to withdraw during follow-up. Five of 

them in the first 12 months; one due to lack of improvement, one suffered 

from irritable bowel syndrome/panic attacks and for three the cause was not 

recorded.  After 12 months, three more patients withdrew, one due to Covid 

safety concerns for two the reason was not recorded. 
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Motor outcomes were not assessed. At baseline, 105/168 patients (63%) for 

which data was available, had an HFME score <10, but no follow-up data was 

recorded. 

The need for ventilation support was only assessed at baseline with 93/174 

patients (53%) requiring either NIV, IV or BiPAP. 

This outcome was only recorded at baseline with 11/174 (7%) of patients re-

quiring tube feeding support. 

 

Despite previous treatments, at baseline, 83% of patients had scoliosis, and 

39% had a curvature of >40%. 

No follow-up data was recorded. 

No deaths occurred during the study period. 

The total recorded number of AE was 923, with 159 patients (92%) experienc-

ing at least one event. Thirty-three patients (19%) experienced one or more 

treatment-related side effects. The most frequent AE unrelated to the treat-

ment were upper respiratory tract infection, pyrexia, headaches and nausea. 

The total number of SAE was not recorded, but 24 patients (14%) experienced 

at least one. Six events led to treatment interruption or dose modification but 

only one patient was considered to have a treatment-related side effect- tach-

ycardia. The most common SAE were pneumonia, L/URTI, UTI and respira-

tory failure. 
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Our systematic review identified 21 studies in 29 publications. The available 

evidence for nusinersen has increased since our last review [7] but remains 

limited for onasemnogene abeparvovec and risdiplam. Overall, the evidence 

stems from heterogenous, open-label, single-arm studies employing observa-

tional descriptive study design, thus invalidating internal validity and re-

stricting our ability to perform statistical analysis.  

The majority of studies was manufacturer-funded with most publications de-

claring author conflict of interests. 

A total of 1374 patients were analysed. Fifteen studies investigated nusinersen 

in 948 patients, one study investigated onasemnogene abeparvovec in 12 pa-

tients, two studies investigated risdiplam in 221 patients and a combination 

of therapies was received by 193 patients. 

In total, 212 SMA 1 patients were treated with nusinersen. 10 patients died 

despite treatment. 

100% of SMA 1 patients reached the MCID of  4 points with subgroup anal-

ysis confirming statistically significant changes in the majority of age groups.  

HINE-2 MCID threshold (>2 points) was achieved by 63-80%. Younger age 

at treatment initiation but not SMN2 copy number was predictive for change 

[34, 39]. The influence of disease severity on motor outcomes was inconclu-

sive.  

Sitting, a milestone normally never achieved by untreated SMA 1 patients was 

achieved by 100% of infants who initiated treatment before 210 days of age 

but only by 17.5% of children who were older than 2 years.   

The majority of studies reported an increased need in respiratory and nutri-

tional support.  

A total of 432 patients (289 SMA 2 and 156 SMA 3) received nusinersen. No 

patients died. 

HFSME scores and RULM scores increased steadily in all patients. HFSME 

MCID thresholds were reached in 78% of SMA2 and 34% of SMA 3 patients 

and RULM MCID thresholds were achieved between 32.4 and 56% of pa-

tients. 6MWT also increased above MCID in all studies reporting this out-

come. 

In the stratified cohort, the highest improvements occurred in children with 

early treatment initiation and/or high baseline motor function. Only 8.4 % of 

children gained above the MCID threshold beyond the 26-month follow-up 

period. All patients in the stratified study maintained their milestones and 

15% of SMA2 sitters learned to walk. 
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One study reported on respiratory and nutritional support, and found an in-

crease in the need for NIV across all stratified groups with the smallest in-

crease in the group that was able to sit and had initiated treatment early. No 

patients required IV. 

One-hundred and seventeen pediatric and 114 adult patients received 

nusinersen. No patients died. 

Motor outcomes were assessed with RULM, HFSME and 6MWT. For RULM, 

23.7% of paediatric patients and 14.5% of adult patients reached the MCID, 

for HFSME 33.9% and 35.9%, and for the 6MWT 27.2% and 26.5%, respec-

tively. SMN2 copy number did influence score improvement. 

The need for NIV respiratory support increased slightly but no patients re-

quired IV respiratory support or permanent parenteral feeding at baseline or 

follow-up. Fatigue scores improved in all patients. 

12 patients received onasemnogene abeparvovec. No patients died. 

All patients reached the CHOP INTEND MCID of  4 points and 92% 

achieved and maintained more than 40 points during the 24-month follow-up 

period. Early treatment initiation lead to higher improvements regardless of 

baseline motor function. 

After 24 months, 75% of children achieved sitting for at least 30 seconds and 

2 more achieved this milestone beyond the 24-month observation period 

(92%). Two patients (17%) achieved standing without support.   

The requirement for respiratory support more than doubled from baseline but 

only one more patient required nutritional support. Swallow function im-

proved in patients allowing 100% of patients able to safely swallow [38]. 

Fourty-one patients received risdiplam. Three patients died during treatment 

(7%). 90 % of patients achieved the CHOP INTEND MCID threshold of  4 

points at the 12- and 24-month assessments and the percentage of patients 

achieving more than 40 points was 76% and 56%, respectively. 17% of patients 

able to sit for at least 30 seconds after 12 months, and 44% after 24 months of 

treatment. However, no patients learned to stand or walk independently. 

When assessed against natural history data, all improvements were statisti-

cally significant. 

The need for respiratory support increased substantially from 29% of patients 

at baseline to 80% of patients after 24 months of treatment and one more pa-

tient required nutritional support compared to the baseline. 
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180 patients were enrolled in this RCT. No patients died. 

Despite only moderate overall improvements, higher mean score differences 

across motor scores were observed for the risdiplam group compared to the 

placebo group after 12 months. After 24 months, the initial risdiplam group 

reached significantly higher mean MFM 32 scores than the external compar-

ator group. After 24 months, a higher percentage of risdiplam patients 

achieved the MCID(  3 points) compared to the untreated external compar-

ator group after 24 months (p= 0.0253). 

Stabilisation in the MFM was achieved in 80% of risdiplam patients com-

pared to 32% in the placebo group after 12 months and was similar between 

risdiplam and crossover group by 24 months. Compared to the untreated ex-

ternal comparator group, the difference in stabilisation was statistically sig-

nificant after 24 months. 

No respiratory or nutritional outcomes were recorded at follow-up. 

No significant changes in QoL measured with SMAIS-ULM and GAS be-

tween risdiplam and placebo groups. 

None of the studies had the effect of the combination on outcomes other than 

safety as their main objective. 

Seven patients received nusinersen concomitantly. 80% achieved stabilisation 

and 2 patients (on monotherapy) achieved walking. 

Two patients had previously received nusinersen RULM MCID was achieved 

by 33% of patients but no change in the need for respiratory or nutritional 

support could be observed. QoL improved with -ALFRS-R and EK2 MCID 

were achieved by 50% and 83%, respectively. 

This study assessed the safety, tolerability and pharmacokinetics of risdiplam 

in 174 non-treatment-naïve SMA 1 to 3 patients and did not report other out-

comes. Outcomes on safety were favourable. 

Adverse events were common in all studies that reported on this outcome but were 

rarely classified as treatment- related. Associated with the intrathecal administra-

tion, post-lumbar puncture syndrome was frequently reported across nusinersen 

studies, and overall, disease related respiratory complications were common. 
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Substantial heterogeneity and inconsistencies across the studies make inter-

pretation difficult.  

The majority of studies report losses to follow-up and details on discontinua-

tion but questions regarding lost patient’s individual demographic, baseline 

and disease progression remain. These factors as well as the lack of blinding 

could introduce bias in the results, possibly in favour of the intervention. Pa-

tients who don’t do well are more likely to withdraw and if patient outcomes 

whose disease progression was not favourable are not recorded this will affect 

results. Unblinded studies tend to suffer from performance bias, when pa-

tients and researchers are aware of the intervention, their trust in the effect 

might consciously or subconsciously influence the perception and detection 

of a positive outcome [70]. 

In four of the six studies [30, 37, 41, 50] on nusinersen in SMA 1, patients over 

the age of 4 were included which prompts questions about an accurate diag-

nosis of the subtype, as life expectancy in this most severe form of SMA is 

traditionally considered to be significantly shorter, with the majority of chil-

dren affected dying by age 2 [68, 71]. 

In all studies on nusinersen different percentages of respective SMN2 copy 

numbers were recorded across different cohorts but only three studies inves-

tigated the influence on outcomes, with one [39] reporting no influence and 

two others [54, 55] reporting statistically significant influence on motor score 

improvement. 

Follow-up times were variable with only a few studies observing patients be-

yond 36 months. Loss to follow-up was acceptable as we excluded any publi-

cation with more than 50% of patients lost.  

Whilst most studies used validated tools for endpoint measurement, there was 

variability and inconsistency in reporting the same endpoints limiting com-

parability between studies. 

Despite the heterogeneity, evidence is apparent for improvement of motor 

outcomes beyond the MCID in a large percentage of SMA 1 patients treated 

with any of the therapeutic agents with many achieving sitting- a milestone 

historically not observed during the natural disease progress. Walking re-

mained inaccessible for SMA 1 patients. The variations in positive outcomes 

between the different SMA 1 study cohorts could be due to baseline heteroge-

neity, selection bias or natural variations in disease progress, rather than the 

superiority of one therapeutic over another but these would be important re-

search questions to address, especially given their price differences and the 

still largely unknown entity of what influences disease phenotypes beyond 

SMN2 copy number. 
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In later-onset SMA patients, more patients received nusinersen and across all 

studies, between approximately ¼ to ¾ of patients achieved improvement of 

motor outcomes beyond the MCID, and at least stabilisation and maintenance 

of motor milestones. One study reports SMA 2 patients learning to walk when 

treated early [54]. In the study on patients receiving risdiplam [9, 51], im-

provement beyond MCID threshold was also observed more frequently in 

treated patients and 80% of patients achieved stabilisation. It is of note that 

more patients receiving risdiplam had SMN 2 copies, whilst across the major-

ity of nusinersen studies, a higher percentage of patients had SMN 3 copies. 

Knowing the influence of SMN copy number on disease severity, this hetero-

geneity between patients receiving different therapeutics could have influ-

enced the outcome, but the comparing the efficacy of treatments is beyond the 

scope of this review.  Whilst stabilisation might be interpreted as less valuable 

than some of the results in younger-onset patients, maintaining motor func-

tion in a patient with milder disease phenotype, and no need for ventilation 

or nutritional support, will have a significant positive impact on the overall 

QoL over their disease trajectory.  

Uncertainty regarding the continuity of progress or regression of gained mo-

tor function over time remains since very few studies have observed patients 

long enough to this date. 

Evidence suggests that early treatment results in better outcomes in both 

SMA1 and later-onset SMA types. Stratified analyses report that 100% of 

SMA 1 infants treated with nusinersen before 210 days of age achieved sitting, 

compared to only 17.5% of those that were treated after their second birthday 

and 15% of SMA 2 children that were able to sit and treated with nusinersen 

under 5 years of age learned to walk, compared to none in the group of chil-

dren who were able to sit, but were older than 5 years at treatment initiation. 

Screening programs are in place in a number of countries to identify affected 

children early [72]. A study on survival in patients diagnosed with SMA 

younger than 2 years of age comparing different time points before, during 

and after the introduction of the screening program, did not find conclusive 

evidence that survival differed between these periods, but overall, treatment 

with nusinersen was associated with increased survival [73]. 

Whilst other outcomes were frequently not assessed and reported on with the 

same rigour as motor outcomes, findings point to a lack of effect on respira-

tory and nutritional status with the majority of studies reporting an increase 

in the need for respiratory and nutritional support despite treatment, partic-

ularly in the more severe forms of SMA, with worsening or no change in the 

milder forms of SMA.  This is significant as respiratory impairment is con-

sidered the most frequent non-neurological complication and the leading 

cause of mortality in SMA [67]. A recent review on changes in ventilatory sup-

port requirements of SMA patients after receiving nusinersen or 

onasemnogene abeparvovec treatment is in line with our findings, reporting 

that regardless of non-invasive or invasive ventilation support, very little 

change was observed post-treatment [74]. In a discrete choice experiment sur-

vey of 100 SMA type 1 to 4 patients, a change in pulmonary function was the 

highest valued treatment attribute again highlighting the importance of this 

outcome which so far has failed to respond as well to treatment as motor func-

tion. 

The new therapies are changing the disease phenotype, but patients continue 

to require proactive multidisciplinary management of comorbidities [72] and 

long-term disease progress is uncertain. In any case there is no compelling 
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evidence to support the notion of “curative” therapy, but rather “disease-mod-

ifying” treatment. 

Research into the changing healthcare needs of patients with the new disease 

phenotypes is needed in order to address the complex medical needs post-

treatment. A very recent study [75] on SMA 1 children who had received a 

variety of therapeutic agents reports that ”treated SMA 1” behaves as a com-

pletely separate entity to untreated SMA 1 or milder forms of SMA previously 

encountered with children exhibiting significant alterations on respiratory, 

nutritional and in particular, orthopaedic needs. 

The fact that currently the treatments appear at most to change the disease 

trajectory (particularly in SMA type 1 patients) from certain death to severe 

chronic illness with unknown long-term prognosis, opens up a difficult ethi-

cal debate around the rescue narrative particularly dominant in paediatric 

medicine and the high costs related to these treatments add a layer of com-

plexity for decision-makers in countries with government-funded health care 

coverage [76].   

A recent systematic review on the cost of illness in SMA [19] identified a lack 

of evidence on the cost of illness in SMA patients particularly in the context 

of new and highly-priced therapies and an expert review on recommendations 

for economic evaluations of cell and gene therapies [77] found a lack of con-

sensus on the correct methodology for economic evaluations of such novel 

treatments and a tendency for any available recommendations not to be fol-

lowed. The authors discuss the need for consideration of novel payment mech-

anisms and suggest the inclusion of HRQoL outcomes of patients and care-

givers– an outcome strikingly absent from most of the studies included in our 

review. 

 

 

 

Limitations of the systematic review: 

We limited our search to publications in English or German which might have 

led to the non-inclusion of some relevant findings of real-life evidence.  

There is often a substantial time lag between study completion and time of 

publication thus the body of evidence presented in our review only represents 

the findings published in the narrow time frame specified. Regular updates 

are necessary to inform policy accurately as more time passes since the first 

approval of the therapies. In particular for risdiplam, given its later approval, 

more data is required for more conclusive evidence generation. 

Limitation of the evidence published: 

As discussed earlier, the majority of all studies were observational, single-arm, 

unblinded studies, often including only a moderate number of patients, and 

manufacturer funding and conflict of interest of authors compromise validity.   

Substantial study heterogeneity restricts the performance of a meta-analysis. 

Frequently, important outcomes for long-term prognoses, such as the effect 

on respiratory function or HRQoL, were not reported in sufficient detail and 

motor function was reported with different tools in different studies and not 

consistently recorded at baseline and follow-up, prompting questions of 

cherry-picking data to present positive outcomes. 
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The available evidence stems predominantly from heterogeneous, industry-

funded studies at moderate risk of bias and the majority of authors declared 

a conflict of interest. 

There is evidence for the effectiveness of all three approved treatments in all 

SMA types for motor function and better results were generally observed with 

earlier treatment initiation and higher baseline function. It must be noted 

that the body of available evidence is much greater for treatment with 

nusinersen than with risdiplam and onasemnogene abeparvovec, for which we 

only identified two and one long-term study, respectively.  

There is no evidence of any improvement in respiratory and nutritional needs 

for any SMA type treated with any of the therapies. 

For infantile onset SMA 1 patients, findings still point to the suggestion that 

the treatment of pre-symptomatic or early symptomatic children with at least 

2 SMN 2 copies and not requiring respiratory support will lead to the best 

outcomes, but evidence on the influence of SMN2 copy number was not con-

clusive across the few studies that investigated this. Thus, newborn screening 

is of great importance. 

Mean motor function improvements might be smaller in later-onset SMA pa-

tients, but these patients generally have a much higher baseline function and 

smaller improvements or even stabilisation in an already milder disease phe-

notype is clinically relevant.  

Many questions remain, in particular on the permanence or possible regres-

sion of achieved motor functions over the course of a patient’s lifetime, on the 

impact on general QoL and social functioning of patients and their families 

beyond the narrow endpoints assessed in clinical trials, on the timeframe for 

therapy maintenance and clinical indicators for discontinuation and the 

changing disease phenotypes in treated SMA patients with evolving medical 

needs. 

Our literature search failed to detect studies where the effect of the combina-

tion on outcomes other than safety was the primary study endpoint. Compar-

ison between different therapeutic options is beyond the scope of our review 

but remains an important research question to answer. 
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Table A- 1: Risk of bias assessment of included studies on nusinersen in SMA 1 
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Table A- 2: Risk of bias assessment of studies on nusinersen in SMA 1 continued 
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* Pane et al 21 and 23 describe the same cohort. Pane 23 does include description of AE. 
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Table A- 3: Risk of Bias assessment of included studies on Nusinersen in SMA 1+2 
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Table A- 4: Risk of bias assessment of included studies on nusinersen in SMA 2+3 
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Table A- 5: Risk of bias assessment of included studies on nusinersen in SMA 1-3 and 1-4 
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Table A- 6: Risk of bias assessment for included studies on onasemnogene abeparvovec in SMA 1 
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Table A- 7: Risk of bias assessment for included studies on risdiplam in SMA 1 
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Table A- 8: Risk of bias assessment on included studies on risdiplam in SMA 2 and 2+3 
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Table A- 9: Risk of bias assessment of included studies on combination therapies 
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Revised Cochrane risk-of-bias tool for randomized trials (RoB 2) 
Edited by Julian PT Higgins, Jelena Savović, Matthew J Page, Jonathan AC Sterne 

on behalf of the RoB2 Development Group 

Version of 22 August 2019 

 

The development of the RoB 2 tool was supported by the MRC Network of Hubs for Trials Methodology Research (MR/L004933/2- N61), with 
the support of the host MRC ConDuCT-II Hub (Collaboration and innovation for Difficult and Complex randomised controlled Trials In Invasive 
procedures - MR/K025643/1), by MRC research grant MR/M025209/1, and by a grant from The Cochrane Collaboration. 

 

 

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

Study details 

Reference 
Mercuri et al. Safety and efficacy of once-daily risdiplam in type 2 and non-ambulant type 3 spinal muscular atrophy (SUNFISH part 2): 
a phase 3, double-blind, randomised, placebo-controlled trial. The Lancet Neurol 2022; 21: 42-52.  

 
Study design 

X Individually-randomized parallel-group trial 

    Cluster-randomized parallel-group trial 

    Individually randomized cross-over (or other matched) trial 

 
For the purposes of this assessment, the interventions being compared are defined as 

Experimental: risdiplam Comparator: placebo 

 

Specify which outcome is being assessed for risk of bias clinical efficacy and safety 

https://www.aihta.at/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Primary endpoint: Change from baseline in MFM32 total score at 12 m 
FU  
Key Secondary endpoints 

- % of patients with >3pts change from baseline MFM32 total 
- Change from baseline RULM total score 
- Change from baseline HFMSE total score 
- Change from baseline in best percentage-predicted value in 

FEV1 
- Change from baseline in SMAIS reported by caregivers 

% of patients graded as improved on CGIC scale 

 

Specify the numerical result being assessed. In case of multiple alternative 
analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 
0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that 
uniquely defines the result being assessed. 

Table 2, Table 3 

Is the review team’s aim for this result…? 

x to assess the effect of assignment to intervention (the ‘intention-to-treat’ effect) 

    to assess the effect of adhering to intervention (the ‘per-protocol’ effect) 

 
If the aim is to assess the effect of adhering to intervention, select the deviations from intended intervention that should be addressed (at least 
one must be checked):  

    occurrence of non-protocol interventions 

    failures in implementing the intervention that could have affected the outcome 

    non-adherence to their assigned intervention by trial participants 
 
Which of the following sources were obtained to help inform the risk-of-bias assessment? (tick as many as apply) 
x Journal article(s) with results of the trial 
x Trial protocol 
x Statistical analysis plan (SAP) 
x Non-commercial trial registry record (e.g. ClinicalTrials.gov record) 

    Company-owned trial registry record (e.g. GSK Clinical Study Register record) 

https://www.aihta.at/


     “Grey literature” (e.g. unpublished thesis) 

    Conference abstract(s) about the trial 

    Regulatory document (e.g. Clinical Study Report, Drug Approval Package) 

    Research ethics application 

    Grant database summary (e.g. NIH RePORTER or Research Councils UK Gateway to Research) 

    Personal communication with trialist 

    Personal communication with the sponsor 

 

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where 
questions relate only to sign posts to other questions, no formatting is used. 

 

Domain 1: Risk of bias arising from the randomization process 

Signalling questions Comments Response options 

1.1 Was the allocation sequence random? “Participants were randomly assigned to receive either risdiplam or placebo 
(“:1) and stratified by age with permuted block randomisation by use of a 
computerised interactive response system, outsourced to an external party. 
The randomisation list was maintained and concealed by the external party.” 

Y 

1.2 Was the allocation sequence concealed 
until participants were enrolled and as-
signed to interventions? 

Y 

1.3 Did baseline differences between inter-
vention groups suggest a problem with the 
randomization process?  

Table 1- baseline characteristics N 

Risk-of-bias judgement  Low 

https://www.aihta.at/


  

Optional: What is the predicted direction of 
bias arising from the randomization process? 

 NA / Favours experi-
mental / Favours 
comparator / To-
wards null /Away 
from null / Unpre-

dictable 

https://www.aihta.at/


Domain 2: Risk of bias due to deviations from the intended interventions (effect of assignment to intervention) 

Signalling questions Comments Response options 

2.1. Were participants aware of their as-
signed intervention during the trial? 

“Employees of the sponsor who were involved in study management and data 
analysis were masked to treatment assignment until the primary analysis. Pa-
tients, investigators, and all individuals in direct contact with patients at each site 
(except for unblinded pharmacists handling study medication) were masked to 
treatment assignment until the final patient completed 24-month assessments.” 

N 

2.2. Were carers and people delivering the 
interventions aware of participants' as-
signed intervention during the trial? 

N 

2.3. If Y/PY/NI to 2.1 or 2.2: Were there de-
viations from the intended intervention 
that arose because of the trial context? 

 NA 

2.4 If Y/PY to 2.3: Were these deviations 
likely to have affected the outcome? 

 NA 

2.5. If Y/PY/NI to 2.4: Were these devia-
tions from intended intervention balanced 
between groups? 

 NA 

2.6 Was an appropriate analysis used to es-
timate the effect of assignment to interven-
tion? 

“for efficacy analyses, all individuals who were randomly assigned to a group 
were included; for each endpoint, individuals who fulfilled the corresponding 
missing item rules were excluded, as predefined in the statistical analysis plan” 

Y 

2.7 If N/PN/NI to 2.6: Was there potential 
for a substantial impact (on the result) of 
the failure to analyse participants in the 
group to which they were randomized? 

 NA 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias due to deviations from intended inter-
ventions? 

 NA / Favours experi-
mental / Favours compar-
ator / Towards null /Away 
from null / Unpredictable 
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Domain 3: Missing outcome data 

 

  

Signalling questions Comments Response options 

3.1 Were data for this outcome available 
for all, or nearly all, participants random-
ized? 

Data available for over 95% of patients for all outcomes except for the “mean 
change from baseline in the best percentage-predicted forced vital capacity” 
(which it is available for 70% of patients) 

PY 

3.2 If N/PN/NI to 3.1: Is there evidence that 
the result was not biased by missing out-
come data? 

 NA 

3.3 If N/PN to 3.2: Could missingness in the 
outcome depend on its true value? 

 NA 

3.4 If Y/PY/NI to 3.3: Is it likely that missing-
ness in the outcome depended on its true 
value? 

NA 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias due to missing outcome data? 

 NA / Favours experi-
mental / Favours compar-
ator / Towards null /Away 
from null / Unpredictable 
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Domain 4: Risk of bias in measurement of the outcome 

 

  

Signalling questions Comments Response options 

4.1 Was the method of measuring the out-
come inappropriate? 

 N 

4.2 Could measurement or ascertainment 
of the outcome have differed between in-
tervention groups? 

 N 

4.3 If N/PN/NI to 4.1 and 4.2: Were out-
come assessors aware of the intervention 
received by study participants? 

“Employees of the sponsor who were involved in study management and data 
analysis were masked to treatment assignment until the primary analysis.” 

Y 

 

4.4 If Y/PY/NI to 4.3: Could assessment of 
the outcome have been influenced by 
knowledge of intervention received? 

 PN 

4.5 If Y/PY/NI to 4.4: Is it likely that assess-
ment of the outcome was influenced by 
knowledge of intervention received? 

NA 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias in measurement of the outcome? 

 NA / Favours experi-
mental / Favours compar-
ator / Towards null /Away 
from null / Unpredictable 

https://www.aihta.at/


Domain 5: Risk of bias in selection of the reported result 

 

  

Signalling questions Comments Response options 

5.1 Were the data that produced this result 
analysed in accordance with a pre-specified 
analysis plan that was finalized before un-
blinded outcome data were available for 
analysis? 

 PY 

Is the numerical result being assessed likely 
to have been selected, on the basis of the 
results, from... 

  

5.2. ... multiple eligible outcome meas-
urements (e.g. scales, definitions, time 
points) within the outcome domain? 

 PN 

5.3…. multiple eligible analyses of the 
data? 

 PN 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias due to selection of the reported result? 

 NA / Favours experimental / 
Favours comparator / To-

wards null /Away from null / 
Unpredictable 
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Overall risk of bias  

 

 

 

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License  

Risk-of-bias judgement  Low 

Optional: What is the overall predicted di-
rection of bias for this outcome? 

 NA / Favours experi-
mental / Favours compar-
ator / Towards null /Away 
from null / Unpredictable 
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Table A- 10: Nusinersen in SMA 1 
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*Since exact numbers are not reported in Acsadi et.al. 2021, the numbers are based on estimations from Figure 2, C in (39) 

**Since exact numbers are not reported in Finkel et al.2021, the numbers are based on estimations from Figure 2, B and S2, B and D in (40) 

*** Change of ≤2 on the CGI-I scale defined as much improvement, ≤3 as any improvement, ≤4 as no worsening. 

Abbreviations: (S)AE=(Severe) Adverse Events, CGI-C Score=Clinical global impression of Change, CHOP-INTEND= Children’s Hospital of Philadelphia Infant test of 

Neuromuscular Disorders, FU=Follow up, HINE-2=Hammersmith Infant Neurological Examination Section 2. 
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* Both Pane 2021 and 2023 describe the same cohort of patients (30)(32) 

Abbreviations: (S)AE=(Severe)Adverse Events, CHOP-INTEND= Children’s Hospital of Philadelphia Infant test of Neuromuscular Disorders, FU=Follow up, HINE-

2=Hammersmith Infant Neurological Examination Section 2, p-FOIS= The paediatric functional oral intake scale, RULM=Revised Upper Limb Module. 

 

  

https://www.aihta.at/


Table A- 11: Nusinersen in SMA 1+2 

Abbreviations: (S)AE=(Serious) Adverse Events, CHOP-INTEND= Children’s Hospital of Philadelphia Infant test of Neuromuscular Disorders, FU=Follow up, 

HFSME=Hammersmith Functional Motor Scale Expanded, RULM=Revised Upper Limb Module.  
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Table A- 12: Nusinersen in SMA 2+3 

https://www.aihta.at/


https://www.aihta.at/


https://www.aihta.at/


https://www.aihta.at/


https://www.aihta.at/


https://www.aihta.at/


*Pane et al.(48) Included 9 non-sitters in their study (8 with SMA 2 and 1 with SMA 3). It is unclear if those are patients who lost the ability to sit during disesase 

progress or if they were wrongly labelled as never gaining the ability to sit precludes diagnosis of SMA type 2 or 3.  

** only assessed in non-ambulatory SMA2 and 3 patients 

 

Abbreviations: AE=Adverse Events, ALSFRS-R= Revised Amyotrophic Lateral Sclerosis Functional Rating Scale, CHOP-INTEND= Children’s Hospital of Philadelphia Infant 

test of Neuromuscular Disorders, FEV1= Forced Expiratory Volume in 1 second, FU=Follow up, MMT= Manual Muscle Test, MRC= Medical Research Council, 

HFSME=Hammersmith Functional Motor Scale Expanded, RHS =Revised Hammersmith Functional Motor Scale, RULM=Revised Upper Limb Module, RSV- respiratory 

syncytial virus,U/L RTI=Upper/Lower Respiratory Tract Infection 
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Table A- 13: Nusinersen in SMA 3 
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*Since exact numbers are not reported, numbers are based on estimations from Figures 1 and 3 in (50) 

Abbreviations: AE=Adverse Events, FEV1= Forced expiratory volume in 1 second, FU=Follow up, HFSME=Hammersmith Functional Motor Scale Expanded, RULM=Revised 

Upper Limb Module, 6-MWT=6m Walk Test. 
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Table A- 14: Nusinersen in SMA 1-3 
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Abbreviations: AE=Adverse Events, CHOP-INTEND= Children’s Hospital of Philadelphia Infant test of Neuromuscular Disorders, DMT= Disease Modifying Treatment, 

FU=Follow up, HFSME=Hammersmith Functional Motor Scale, LP= lumbar puncture, RULM=Revised Upper Limb Module, 6-MWT=6m Walk Test. 
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Table A- 15: Nusinersen in SMA 1-4 

https://www.aihta.at/


*Since exact numbers are not reported in Bjelica et al 2023 the numbers are based on estimations from Figure 2 in (52) 

Abbreviations: (S)AE=(Serious)Adverse Events, FSS= Krupp’s Fatigue Severity Scale, FCV= forced capacity volume, FEV1= forced expiratory volume in 1 second, PEF= peak 

expiratory flow FU=Follow up, HFSME=Hammersmith Functional Motor Scale, RULM=Revised Upper Limb Module, 6-MWT=6m Walk Test, SF-36=36 Short Item Health 

Survey. 
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Table A- 16: Onasemnogene abeparvovec in SMA 1 
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*Mc Grattan et al. (53) utilised data from phase 1 of START NCT02122952 and two phase 3 trials, (STRIVE-US NCT 03306277, STRIVE-EU NCT03461289) for a post hoc analysis. 

We only inlcuded data of the START trial in our analysis because only those patients had FU >12 m 

** assuming still 2/3 since in Al Zaidy et al.(34)describe 5/12 requiring NIV at follow up. 

Abbreviations: FU=Follow Up.  

https://www.aihta.at/


Table A- 17: Risdiplam in SMA 1  





https://www.aihta.at/






 

https://www.aihta.at/


* HINE-2 improvement was defined as an increase of at least 2pts in the ability to kick (or maximum score), or an increase of at least 1 pt in head control, rolling, sitting, crawling, 

standing or walking. Worsening was defined as a decrease of at least 2 pts in the ability to kick (or lowest score), or a decrease of at least 1 pt. in head control, rolling, sitting, 

crawling, standing or walking. 

** Event free survival was defined as alive with no permanent ventilation (no tracheostomy, or BIPAP for > 16h/day continuously for >21 consecutive days or continuous 

intubation for >21 days, in the absence of, or following the resolution of, an acute reversible event. 

Abbreviations: (S)AE=(Serious)Adverse Events, BSID III=Bayley Scales of Infant and Toddler development, CHOP-INTEND=Children’s Hospital of Philadelphia Infant test of 

Neuromuscular Disorders), FU=Follow Up, HINE-2= Section 2 Hammersmith Infant Neurological Examination,   



https://www.aihta.at/


Table A- 18: Risdiplam in SMA 2+3 
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

 



https://www.aihta.at/






* Inclusion criteria: non-ambulant (unable to walk unassisted for 10m) but able to sit independently for more than 5 secs ( 1 on item 9 of MFM 32 and 2 on item A of RULM). 

** no clinically meaningful change estimate has been established so far, authors used 3 points improvement as the threshold.  

*** individual MFM32 scores: D1: standing, transfers, ambulation, D2: proximal and axial function, D3: distal function 

 ****includes cough assist or BiPAP, 0 patients had a tracheostomy. 

*****gastrostomy 

Abbreviations: (S)AE=(Serious)Adverse Events, CGI-C =Clinical Global Impressions Scale- clinician rated, SMAIS-ULM=SMA Independence Scale Upper Limb Module,FCV= 

forced capacity volume, FU=Follow up, HFSME=Hammersmith Functional Motor Scale, MFM 20/32= Motor Function Measure, RULM=Revised Upper Limb module,  

https://www.aihta.at/


Table A- 19: Onasemogene abeparvovec + nusinersen in SMA 1 

https://www.aihta.at/


* classified as WHO multicentre growth study definitions or Bayley Scales of Infant and Toddler Development. 

 **free from permanent ventilation *** requiring permanent (invasive) ventilation  

Abbreviations: (S)AE= (Serious) Adverse Event, AESI= Adverse Event of Special Interest, FU=Follow Up. 
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Table A- 20: Risdiplam + nusinersen, onesamnogene abeparvovec, olesoxime OR RG7800 in SMA 1-3 

https://www.aihta.at/








*Defined as score 0 on MFM32, ** defined as having a score 1 on MFM32 and unable to walk for 10m unassisted 

Abbreviations: (S)AE= (Severe) Adverse Effect, FU= Follow Up, BiPAP=Bilevel positive airway pressure,IBS= Irritable Bowel Syndrome, HFSME=Hammersmith Functional 

Motor Scale, U/L RTI= upper/lower respiratory tract infection 
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Table A- 21: Risdiplam + nusinersen in SMA 2  

https://www.aihta.at/


*Clinically meaningful changes were defined as 2 points for RULM, EK2, ALSFR-R and changes of  5% in BMI and FVC. 

** for EK2, ALSFRS-R and GAS, 2/5, 2/3 and 2/4 displaying clinically meaningful changes were the patients that had been on nusinersen for 9 and 3 months, respectively. 

Abbreviations: (S)AE=Severe adverse effects, ALSFR-R=The Revised Amyotrophic Lateral Sclerosis Functional Rating Scale, C -GIC= Clinical Global Improvement scale, EK-

2=Egen Klassification,  

FEV1= Forced Expiratory Volume in 1 second, GAS=Global Attainment Scale, RULM=Revised Upper Limb Module, P-GIC- Patient global Improvement Scale 
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