Supplementary Information

A Systematic Literature Review of the Natural History of Respiratory, Swallowing,
Feeding, and Speech Functions in Spinal Muscular Atrophy (SMA)

Supplementary Table 1. Search strategy: Embase (Ovid)

Search term Results Results
May 29", | June 27,
2021 2021
spinal muscular atrophy/ or hereditary spinal muscular atrophy/ 8,607 9,563
(spin$ adj3 musc$ adj3 atroph$).ti,ab,hw,ot. 11,520 12,750
((kennedy or kugelberg or werdnig hoffman$) adj2 (disease or 2.992 3,257
syndrome)).ti,ab,hw.
or/1-3 12,596 13, 878
*prognosis/ 53,341 58, 819
(prognos_$ or p_redlct$ or course or follow-up or episode$ or cohort or 5 673,278 6.161,855
natural hist$).ti,ab.
(disease adj3 (progress$ or monitor$)).ti,ab. 289,090 318,076
exp longitudinal study/ 156,199 174,235
or/5-8 5,902,044 | 6,411,667
exp scoliosis/su [Surgery] 8,438 9,143
exp artificial ventilation/ or exp assisted ventilation/ 266,773 299,853
(bulbar adj2 function*).mp. 323 -
(bulbar adj2 function*).mp. [mp=title, abstract, heading word, drug
trade name, original title, device manufacturer, drug manufacturer, ) 357
device trade name, keyword heading word, floating subheading word,
candidate term word]
(motor adj2 (function* or milestone*)).mp. 52,955 -
motor adj2 (function* or milestone*)).mp. [mp=title, abstract, heading
word, drug trade name, original title, device manufacturer, drug
) X . - 57,911
manufacturer, device trade name, keyword heading word, floating
subheading word, candidate term word]
speech/ or swallowing/ 75,930 81,736
((resplrat* or pulmonary or lung) adj2 (support or weak* or 197,102 )
function*)).mp.
((respirat* or pulmonary or lung) adj2 (support or weak* or
function*)).mp. [mp=title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade - 210,685
name, keyword heading word, floating subheading word, candidate
term word]
scoliosis.mp. 36,663 39,340
(sit or sitting or walk* or ambulat* or stand*).mp. 2,884,965 -
(sit or sitting or walk* or ambulat* or stand*).mp. [mp=title, abstract,
heading word, drug trade name, original title, device manufacturer, 3,085,836

drug manufacturer, device trade name, keyword heading word, floating

subheading word, candidate term word]
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Search term Results Results

May 29", | June 27,
2021 2021

((feed* or nutrition* or speech or swallow*) adj (therap* or support* or 66.974 )

difficult* or problem* or help or assist*)).mp. '

((feed* or nutrition* or speech or swallow*) adj (therap* or support* or

difficult* or problem* or help or assist*)).mp. [mp=title, abstract,

heading word, drug trade name, original title, device manufacturer, - 71,854

drug manufacturer, device trade name, keyword heading word, floating

subheading word, candidate term word]

exp contracture/su 3,521 3,670

contracture*.mp. 35,283 37,069

or/10-20 3,486,770 | 3,739,778

* * i

(acpelerat or ihan_ge or piogress or rate or risk or loss or lost or lose 16,926,001 )

or time or gain* or increas*).mp.

(accelerat* or change or progress* or rate or risk or loss or lost or lose

or time or gain* or increas*).mp. [mp=title, abstract, heading word, drug

trade name, original title, device manufacturer, drug manufacturer, - 18,144,859

device trade name, keyword heading word, floating subheading word,

candidate term word]

21 and 22 2,092,018 | 2,273,346

9or23 7,317,660 | 7,936,580

4 and 24 4,063 4,695

limit 25 to yr="2021 -Current" - 801

Searches were conducted from database inception (1974) to the search date.
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Supplementary Table 2. Search strategy: Ovid MEDLINE and Epub Ahead of Print, In-
Process, In-Data-Review and Other Non-Indexed Citations, MEDLINE Daily and Versions

Search term Results Results
May 29", | June 27",
2021 2021
exp Muscular Atrophy, Spinal/ 5,366 6,037
(spin$ adj3 musc$ adj3 atroph$).ti,ab,hw,ot. 7,976 8,583
((kennedy or kugelberg or werdnig hoffman$) adj2 (disease or 702 709
syndrome)).ti,ab,hw.
or/1-3 8,379 8,992
*Prognosis/ 3,139 3,367
(prognos$ or predict$ or course or follow-up or episode$ or cohort or 3,984,247 4,338,841
natural hist$).ti,ab.
(disease adj3 (progress$ or monitor$)).ti,ab. 171,918 188,964
exp Longitudinal Studies/ 145,768 158,959
or/5-8 4,156,652 | 4,526,166
exp Scoliosis/su [Surgery] 8,030 8,750
exp Respiration, Artificial/ 81,168 86,327
(bulbar adj2 function*).mp. 153 172
(motor adj2 (function* or milestone*)).mp. 34,716 37,879
Speech/ 24,340 26,983
Deglutition/ 10,142 11,025
((respirat* or pulmonary or lung) adj2 (support or weak* or 118,140 125,055
function*)).mp.
scoliosis.mp. 26,479 28,010
(sit or sitting or walk* or ambulat* or stand*).mp. 2,424,154 2,578,043
((feed* or nutrition* or speech or swallow*) adj (therap* or support* or 40,144 43,032
difficult* or problem* or help or assist*)).mp.
exp Contracture/su [Surgery] 4,074 4,233
contracture*.mp. 26,793 27,873
or/10-21 2,728,530 2,901,668
(accelerat* or change or progress* or rate or risk or loss or lost or lose 13,068,906 | 13,999,828
or time or gain* or increas*).mp.
22 and 23 1,464,474 1,576,608
9or24 5,214,532 5,658,193
4 and 25 2,216 2,491
limit 26 to yr="2021 -Current" - 408

Searches were conducted from database inception (1946) to search dates.
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Supplementary Table 3. Search strategy: Evidence-Based Medicine Reviews (Ovid),
Cochrane Central Register of Controlled Trials, and Cochrane Database of Systematic

Reviews
Search term Results Results
May 29", | June 27t
2021 2021
exp Muscular Atrophy, Spinal/ 96 103
(spin$ adj3 musc$ adj3 atroph$).ti,ab,hw,ot. 325 348
((kennedy or kugelberg or werdnig hoffman$) adj2 (disease or 53 55
syndrome)).ti,ab,hw.
or/1-3 332 355
*Prognosis/ 0 0
(prognos$ or predict$ or course or follow-up or episode$ or cohort or 436,668 448,988
natural hist$).ti,ab. '
(disease adj3 (progress$ or monitor$)).ti,ab. 27,740 27,616
exp Longitudinal Studies/ 147,152 6,742
or/5-8 539,891 467,746
exp Scoliosis/su [Surgery] 14 0
exp Respiration, Artificial/ 6,439 6,768
(bulbar adj2 function*).mp. 58 51
(motor adj2 (function* or milestone*)).mp. 8,263 8,232
Speech/ 615 659
Deglutition/ 418 469
((respirat* or pulmonary or lung) adj2 (support or weak* or 27,504 27,682
function*)).mp.
scoliosis.mp. 1,644 1,615
(sit or sitting or walk* or ambulat* or stand*).mp. 308,722 321,810
((_fe_ed* or nutrition* or speech or sv_vallow*) adj (therap* or support* or 6.794 6.690
difficult* or problem* or help or assist*)).mp. ' '
exp Contracture/su [Surgery] 40 2
contracture*.mp. 1,421 1,448
or/10-21 346,374 359,435
ge;cticriléagtgg{nih;rzgirgggiigg;ss* or rate or risk or loss or lost or lose 1,134.600 | 1,161,383
22 and 23 257,016 266,944
9or24 694,219 640,429
4 and 25 196 209
limit 26 to yr="2021 -Current" - 29
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Supplementary Table 4. Population, Intervention, Comparison, Outcomes, and Study
framework used to define the research question and determine the eligibility criteria of this

study

POPULATION

Patients with Types 1, 2, or 3 SMA; no restriction on phenotype

INTERVENTION

Not restricted by intervention

COMPARISON

Not relevant as part of the eligibility criteria as the effects of treatment
on patient outcomes were not of interest for this systematic literature

review

OUTCOMES

Respiratory function/need for ventilatory support or
tracheostomy (time-to-event data were of primary interest)
Bulbar function (swallowing, feeding and speech); time-to-event
data were of primary interest
Respiratory outcomes:

— Type 2/3 SMA: FVC, PCF, and SNIP

— Type 1 SMA: Oximetry, polysomnography, blood gas

analysis, and SNIP

STUDY
DESIGN

Prospective/retrospective observational/registry studies
Case—control studies

Cross-sectional surveys

Prospective/retrospective case series

Abbreviations: FVC = forced vital capacity; PCF = peak cough flow; SMA = spinal muscular
atrophy; SNIP = sniff nasal inspiratory pressure.
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Supplementary Table 5. Studies included in the SLR that reported on respiratory and bulbar
function outcomes (swallowing, feeding, and speech)

Study

Title

Alvarez 2019 [2]

Observations from a nationwide vigilance program in medical
care for spinal muscular atrophy patients in Chile

Annoussamy 2021 [3]

Natural history of Type 2 and 3 spinal muscular atrophy: 2-year
NatHis-SMA study

Aguerre 2020 [4]

Natural history of Type 1 spinal muscular atrophy in a series of
Argentinian children

Berti 2021 [5]

Oral and Swallowing Abilities Tool (OrSAT) for Type 1 SMA
patients: Development of a new module

Bladen 2014 [6]

Mapping the differences in care for 5,000 spinal muscular atrophy
patients, a survey of 24 national registries in North America,
Australasia and Europe

Brusa 2019 [7]

Secondary outcomes of spinal surgery in patients with spinal
muscular atrophy (SMA)

Chabanon 2018 [8]

Prospective and longitudinal natural history study of patients with
Type 2 and 3 spinal muscular atrophy: Baseline data NatHis-SMA
study

Chen 2012 [9]

Prevalence and risk factors for feeding and swallowing difficulties
in spinal muscular atrophy types Il and 11l

Choi 2020 [10]

Trajectory of change in the swallowing status in spinal muscular
atrophy type |

Darras 2022 [11]

Distribution of weight, stature, and growth status in children and
adolescents with spinal muscular atrophy: an observational
retrospective study in the United States

De Amicis 2021 [12]

Growth patterns in children with spinal muscular atrophy

De Sanctis 2016 [13]

Developmental milestones in type | spinal muscular atrophy

De Sanctis 2018 [14]

Clinical phenotypes and trajectories of disease progression in
type 1 spinal muscular atrophy

Farrar 2013 [15]

Pathophysiological insights derived by natural history and motor
function of spinal muscular atrophy

Finkel 2014 [16]

Observational study of spinal muscular atrophy type | and
implications for clinical trials

Granata 1989 [17]

Spinal muscular atrophy: natural history and orthopaedic
treatment of scoliosis

Johnson 2021 [18]

Characterization of adult patients with SMA treated in US hospital
settings: a natural history study in the Premier Healthcare
Database
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Johnson 2022 [19]

POSC43 Healthcare resource use and activities of daily living
status among adult patients with spinal muscular atrophy: a
natural history multicountry chart review study

Kaneko 2017 [20]

Relationships between long-term observations of motor
milestones and genotype analysis results in childhood-onset
Japanese spinal muscular atrophy patients

Kapur 2019 [21]

Relationship between respiratory function and need for NIV in
childhood SMA

Kaufmann 2012 [22]

Prospective cohort study of spinal muscular atrophy types 2 and
3

Mazzella 2022 [23]

Assessing perspectives of disease burden and clinically
meaningful changes using the Spinal Muscular Atrophy Health
Index in adolescents and young adults

McGrattan 2019 [24]

Natural history of physiologic swallowing deficits in spinal
muscular atrophy type 1

Melemeni 2021 [25]

Respiratory function evaluation in treatment-naive patients with
Spinal Muscular Atrophy

Messina 2008 [26]

Feeding problems and malnutrition in spinal muscular atrophy
type Il

Oskoui 2007 [27]

The changing natural history of spinal muscular atrophy type 1

Ou 2021 [28]

Natural history in spinal muscular atrophy Type | in Taiwanese
population: a longitudinal study

Pane 2018 [29]

An observational study of functional abilities in infants, children,
and adults with type 1 SMA

Sansone 2021 [30]

Sometimes they come back: new and old spinal muscular atrophy
adults in the era of nusinersen

Seferian 2015 [31]

Upper limb evaluation and one-year follow up of non-ambulant
patients with spinal muscular atrophy: an observational
multicenter trial

Servais 2022 [32]

FIREFISH Parts 1 and 2: Safety and efficacy of risdiplam in Type
1 spinal muscular atrophy (3-year data)

Souchon 1996 [33]

Clinical and genetic study of chronic (types Il and IlI) childhood
onset spinal muscular atrophy

Trucco 2019 [34]

P.223 Respiratory function in SMA type 2 and non-ambulant SMA
type 3, longitudinal data from the international SMA consortium
(ISMACc)

Trucco 2020 [35]

Respiratory function in SMA type 2 and nonambulant SMA type 3:
Longitudinal data from the international SMA consortium (iISMACc)
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Trucco 2021 [36] Respiratory Trajectories in Type 2 and 3 Spinal Muscular Atrophy
in the iISMAC Cohort Study

van der Heul 2019 Bulbar Problems Self-Reported by Children and Adults with

[37] Spinal Muscular Atrophy

van der Heul 2020 Feeding and Swallowing Problems in Infants with Spinal Muscular

[38] Atrophy Type 1: An Observational Study

Veldhoen 2022 [39] Natural history of respiratory muscle strength in spinal muscular

atrophy: a prospective national cohort study

Wadman 2017 [40] Assaociation of motor milestones, SMN2 copy and outcome in
spinal muscular atrophy types 0-4

Wadman 2021 [41] Feeding difficulties in children and adolescents with spinal
muscular atrophy type 2

Wijngaarde 2020 [42]  Natural history of lung function in spinal muscular atrophy

Wolfe 2020 [43] Investigating temporal changes in percent predicted FVC and
RULM score in non-Ambulant SMA type Il children

Wolfe 2021 [44] Longitudinal changes in respiratory and upper limb function in a
pediatric type Il spinal muscular atrophy cohort after loss of
ambulation

Abbreviations: FVC = forced vital capacity; ISMAc = international Spinal Muscular Atrophy
consortium; NatHis = natural history; NGT = nasogastric tube; NIV = non-invasive
ventilation; RULM = Revised Upper Limb Module; SMA = spinal muscular atrophy; SLR =
systematic literature review.
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Supplementary Table 6. Studies excluded from the SLR based on full text analysis

Study Title Rationale for
exclusion

From search on May 29", 2021 (n = 26)
Chacko Effect of nusinersen on respiratory function in paediatric Outcome
2021 [45] spinal muscular atrophy Types 1-3
Matsumoto Improvement of pulmonary function measured by Outcome
2021 [46] patient-reported outcomes in patients with spinal muscular

atrophy after growth-friendly instrumentation
Otto 2021  Quantification of disease progression in spinal muscular Outcome
[47] atrophy with muscle MRI-a pilot study
Pane 2021 Type | SMA new natural history: long-term data in Outcome
[48] nusinersen-treated patients
Bartoli Outcomes in patients with spinal muscular atrophy given Outcome
2020 [49] nusinersen, onasemnogene abeparvovec or no treatment: an

analysis based on restricted mean survival time
Ge 2020 [Effect of comprehensive health management on the Non-English
[50] prognosis of children with type | spinal muscular atrophy] language
Mercuri Longitudinal natural history of type | spinal muscular atrophy:  Review/editorial
2020 [51] A critical review
Hagenack  Nusinersen in adults with 5q spinal muscular atrophy: A non-  Outcome
er 2020 interventional, multicentre, observational cohort study
[52]
Shen 2020 Predictors for deformity progression in a spinal muscular Outcome
[53] atrophy cohort after scoliosis correction surgery
Stolte Minimal clinically important differences in functional motor Outcome
2020 [54] scores in adults with spinal muscular atrophy
Paracha Pro62 Spinal muscular atrophy: Development of natural Outcome
2020 [55] history models for disease subtypes
Al-Zaidy Health outcomes in spinal muscular atrophy type 1 following  Study design
2019 [56] AVXS-101 gene replacement therapy
Paradis Pro23 Healthcare resource utilization over three years among Outcome
2019 [57] later childhood, adolescent and adult spinal muscular atrophy

patients: A natural history study within U.S. hospitals
Yamamoto [Pulmonary rehabilitation for patients with spinal muscular Non-English
2018 [58] atrophy type Il] language
Belter An overview of the Cure SMA membership database: Outcome
2018 [59] Highlights of key demographic and clinical characteristics

of SMA members
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Bertini A prospective natural history study of type 1 spinal muscular ~ Study design
2018 [60] atrophy
Darras Precious SMA natural history data: A benchmark to measure  Review/editorial
2018 [61] future treatment successes
Wasserma Low bone mineral density and fractures are highly prevalent Outcome
n 2017 [62] in pediatric patients with spinal muscular atrophy regardless
of disease severity
Holt 2017  Outcomes of primary posterior spinal fusion for scoliosis in Outcome
[63] spinal muscular atrophy: Clinical, radiographic, and
pulmonary outcomes and complications
Fujak 2013 Natural course of scoliosis in proximal spinal muscular Outcome
[64] atrophy type Il and llla: descriptive clinical study with
retrospective data collection of 126 patients
Kaufmann  Observational study of spinal muscular atrophy type 2 and 3:  Linked publication
2011 [65] functional outcomes over 1 year
Deymeer Natural history of SMA lllb: muscle strength decreases in a Outcome
2008 [66] predictable sequence and magnitude
Piepers A natural history study of late onset spinal muscular atrophy Outcome
2008 [67] Types 3b and 4
Swoboda Natural history of denervation in SMA: relation to age, SMN2  Outcome
2005 [68] copy number, and function
Ignatius The natural history of severe spinal muscular atrophy--further  Outcome
1994 [69] evidence for clinical subtypes
Thomas The natural history of type | (severe) spinal muscular atrophy  Outcome
1994 [70]
From search on June 27", 2022 (n = 10)
Berti 2021  Oral and Swallowing Abilities Tool (OrSAT) for Type 1 SMA Duplicate
[5] Patients: Development of a New Module [Duplicate
publication]
Lemoine [The SMA France national registry: already encouraging Outcome
2021 [71] results]
Kong Kam A case series of paediatric patients with spinal muscular Population/diseas
Wa 2021 atrophy type | undergoing scoliosis correction surgery e not relevant
[72]
Duong A patient-centered evaluation of meaningful change on the Population/diseas
2021 [73] 32-ltem Motor Function Measure in spinal muscular atrophy e not relevant
using qualitative and quantitative data
Gongalves  Continuous noninvasive ventilatory support outcomes for Population/diseas
2021 [74] patients with neuromuscular disease: a multicenter data e not relevant

collaboration
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Chou 2021 Hybrid versus total sublaminar wires in patients with spinal Outcome
[75] muscular atrophy undergoing scoliosis surgery
Gaume Minimally invasive fusionless surgery for scoliosis in spinal Outcome
2021 [76] muscular atrophy: Long-term follow-up results in a series of
59 patients
Stepien Motor function of children with SMA1 and SMA2 depends on  Population/diseas

2021 [77]  the neck and trunk muscle strength, deformation of the spine, e not relevant
and the range of motion in the limb joints

Yang 2021  Natural history of spinal muscular atrophy in children: An Outcome

[78] analysis of 117 cases

Alfano Validity and reliability of the neuromuscular gross motor Population/diseas
2021 [79] outcome e not relevant

Abbreviations: MRC = Medical Research Council; MRI = magnetic resonance image; SLR =
systematic literature review; SMA = spinal muscular atrophy; SMN = survival of motor
neuron.
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Supplementary Table 7. Summary of studies reporting FVC outcomes

Muscle Clinic of
Rizzo
Orthopaedic
Institute between
1974 and 1988

Author year Data source, N Age FVC outcome data reported
territory,
population
Annoussamy NatHis-SMA 81 Adultsand eMedian predicted FVC at 24
2021 [3] children months: —2.63%; p = 0.012
Belgium, France, «CFB FVC at 24 months: 0.02%; p
and Germany =0.10
Types 2 and 3 Patients aged =6 years performed
SMA assessments whilst in the sitting
position; the best results of three
measurements were selected for
analysis
Brusa 2019  Patients who 33  Unclear Mean annual FVC decline, %
[7] underwent (Type 2 SMA)
(abstract scoliosis surgery ePre-surgery: —7.4
publication)  at Great Ormand ePost-surgery: —2.8 (p < 0.001 for
Street Hospital pre- vs post-surgery)
UK Similar trajectories reported in
patients with Type 3 SMA but data
Types 2 and 3 not reported
SMA
Methods of data collection were
not reported in conference
abstract publication
Chabanon NatHis-SMA 81 Adults and FVC % predicted values,
2018 [8] children median (IQR)
Belgium, France, eType 2 SMA, non-sitter (n = 15):
and Germany 44 (23-81)
eType 2 SMA, sitter (n = 9): 62
Types 2 and 3 (37-83)
SMA eType 3 SMA, non-ambulant (n =
9): 90 (77-105)
eType 3 SMA, ambulant (n = 10):
96 (82-107)
eOverall (n = 43): 81 (43-92)
Patients >6 years of age
performed FVC assessments in
the sitting position which were
captured with the Vitalograph
spirometer; the best results of
three measurements were
selected for analysis
Granata Patients 63 Adultsand eThe absolute vital capacity
1989 [17] attending the children corresponded with disease

severity

eThe absolute vital capacity
among those losing the ability to
walk varied wildly with an
average value of 2600cc (range:
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Author year Data source, N Age FVC outcome data reported
territory,
population
Italy 1,050—4,200) between the ages
of 11 and 47 years
Types 1-4 SMA ePatients with intermediate SMA
had a lower vital capacity
averaging 1,150 cc (range: 700—
1,900 cc) between the ages of 7
and 45 years, without a clear
tendency to deteriorate with age
Methods of data collection were
not reported in the publication
Kapur 2019  Children 25  Children FVC % predicted, median (IQR)
[21] attending the from a cross-sectional study:
Children’s Health eType 1 SMA: 57 (NR)
Queensland, eType 2 SMA: 51.25 (41.7)
Brisbane, eType 3 SMA: 91.9 (12)
Australia «All patients: 62 (53.2)
Australia FVC Z scores:
eChildren requiring NIV: -5.70
Types 1-3 SMA «Children not requiring NIV: —1.39
(p=0.02)
Children who refused to perform
a respiratory test were not
forced. Standard testing methods
were used
Kaufmann Three clinical 79  Children FVC % predicted at baseline,
2012 [22] sites of the mean (SD)
Pediatric eType 2 SMA: 45.6 (21.7)
Neuromuscular *Type 3 SMA: 97.4 (17.5)
Clinical Research «All patients: 72.4 (32.6)
Network for SMA
Mean change in FVC over time
USA was estimated using a repeated
measures analysis of a
Types 2 and 3 covariance model, with time
SMA treated as a categorical variable
shown graphically:
eMean change in FVC %
predicted at 2 years: -3.14
eMean change in FVC %
predicted at 3 years: —2.92
The best results of three
consecutive attempts for FVC
using a Koko spirometer were
selected for analysis
Melemeni Unclear data 20 Adults FVC % predicted at baseline,
2021 [25] source and range:
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Author year Data source,
territory,

population

Age

FVC outcome data reported

territory (abstract
publication)

Types 2—-4 SMA

eTypes 2—4 (n = 20): 20-87%

“A progressive decline was
observed in the respiratory
parameters in SMA Type Il
whereas respiratory function was
less affected in SMA Type Il and
v’

Patients from five
[talian tertiary-
care centers

Sansone
2021 [30]

Italy

Types 1-4 SMA

166 Adults

FVC % predicted, mean (SD) for

regularly followed-up patients:

o Type 2 SMA, non-sitter (n = 17):
41.88 (29.26)

eType 2 SMA, sitter (n = 18):
42.94 (20.09)

oeType 2 SMA, all (n = 35): 42.41
(24.72)

eType 3 SMA, non-sitter (n = 4):
83.55 (21.13)

o Type 3 SMA, sitter (n = 28):
71.71 (31.96)

eType 3 SMA, walker (n = 18):
87.78 (29.26)

oeType 3 SMA, all (n =50): 78.44
(30.78)

FVC % predicted, mean (SD) for

newcomers:

eType 2 SMA, non-sitter (n = 14):
24.50 (20.69)

oeType 2 SMA, sitter (n = 2): 45.50
(0.70)

eType 2 SMA, all (n = 16): 27.31
(20.56)

e Type 3 SMA, non-sitter (n = 3):
54.33 (9.61)

eType 3 SMA, sitter (n = 26):
78.33 (20.83)

oeType 3 SMA, walker (n = 10):
102.44 (13.19)

eType 3 SMA, all (n = 39): 82.15
(22.56)

Methods of data collection were
not reported in the publication

Multicenter
observational
study of Upper
Limb Evaluation
in non-ambulant
patients with a

Seferian
2015 [31]

23

Adults and
children

FVC % predicted at baseline,
median (range)

eType 2 SMA (n = 11): 27 (16-70)
eType 3 SMA (n =5): 78 (48-100)
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UK, USA, Italy

Types 2 and 3
SMA (non-
ambulant Type 3)

Author year Data source, N Age FVC outcome data reported
territory,
population
neuromuscular
disorder
France and
Belgium
Types 2 and 3
SMA
Souchon Followed in the 63 Adultsand FVC % at first visit, mean (SD)
1996 [33] Programme des children eType 2 SMA: 54.9 (30.7)
maladies «Type 3 SMA: 87 (26.3)
neuromusculaires «All patients: 68.8 (32.8)
at Hospital Marie
Enfant in FVC % at last visit, mean (SD)
Montreal «Type 2 SMA: 37.4 (25.7)
eType 3 SMA: 73.4 (29.9)
Canada «All patients: 53.0 (32.7)
Types 2and 3 FVC % decline % from first to
SMA last visit, mean (SD)
eType 2 SMA: -17.5 (20.4); p =
0.0001
oType 3 SMA: -13.6 (17.5); p =
0.0012
oAll patients: —15.8 (19.1); p =
0.0001
Follow-up duration 6.3 years (SD
2.9); FVC expressed as the
percentage of the normal values
expected for the patient's age and
either height (in ambulant patients
with no significant spinal
deformities) or arm span (in other
patients)
Trucco ISMAC centers 554 Children FVC % predicted progression
2019* [34] (UK, USA, Italy) and (available in n = 231):

adolescents

eType 2 SMA: 3.3
eType 3 SMA: 1.8

eIln Type 2 SMA, FVC % predicted
declined steeply from 5-15 years
of age, followed by a leveling

oIn Type 3 SMA, FVC % predicted
declined slower but steadily from
10 years of age

Methods of data collection were
not reported in the abstract
publication
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Author year Data source, N Age FVC outcome data reported
territory,
population
Trucco iISMAC centers 437 Children Yearly rates of FVC % predicted
2020* [35] (UK, USA, Italy) and progression (available in n =
adolescents 260)
UK, USA, ltaly eType 2 SMA: 3.6
eType 3 SMA: 3.5
Types 2 and 3 eIn Type 2 SMA, FVC % predicted
SMA (non- declined steeply from 5-15 years
ambulant Type 3) of age, followed by a leveling

eIn Type 3 SMA, FVC % predicted
declined slower but steadily from
10 years of age

Methods of data collection were
not reported in the abstract

publication
Trucco 2021 iISMAc centers 437  Children The decline in FVC % predicted
[36] (UK, USA, Italy) in Type 2 SMA and Type 3 SMA
followed different trajectories
UK, USA, ltaly across age ranges (data

displayed graphically)

Types 2 and 3

SMA ¢FVC % predicted decline from 5—
13 years was 4.2% per year
followed by a slower decline (1%
per year) in Type 2 SMA

oFVC % predicted decline from 8—

13 years was 6.3% per year
followed by a slower decline
(0.9% per year) in Type 3 SMA

Time to age at clinically
meaningful thresholds of FVC
(60, 40, and 20%) reported
graphically

eMedian age at FVC % predicted
<60%: 12.8 years for Type 2
SMA

esMedian age not reached for Type
3 SMA or for Type 2 or Type 3
SMA across the 40 and 20%
FVC threshold

Spirometry was performed by
either physiotherapists or
respiratory physiologists who had
received appropriate training in
the context of clinical trials. FVC
data were obtained from testing
the patients in a sitting position.
The best of three efforts deemed
reliable by the operator was
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Author year

Data source, N
territory,
population

Age

FVC outcome data reported

recorded according to
international guidelines

Wijngaarde
2020 [42]

170 Adults and
children

Patients enrolled
in this study were
participating in a
prospective,
population-based
prevalence
cohort study on
SMA in The
Netherlands
(Wadman 2017,
2018, 2020)

The Netherlands

Types 1-4 SMA

Longitudinal predicted changes of
FVC % displayed graphically with
linear mixed model and non-linear
model analyses of the longitudinal
changes by SMA type

Annual rates of FVC % decline
from fixed effect linear mixed-
effect model:

oeType 1c SMA: 1.2%

eType 2a SMA: 1.3%

oeType 2b SMA: 1.4%

oType 3a SMA: 0.7%

eType 3b SMA: 0.2%

FVC % predicted measurements
were reported graphically using
box plots to compare
measurements taken in the
sitting and supine positions

Annual rates of decline of FVC,
graphical change in FVC over
time, and FVC measurements in
the sitting and supine position (all
by SMA type)

Spirometry data were obtained
from patients in an ongoing study
using a handheld spirometer, and
retrospective spirometry data
were also included. All lung
function tests were measured in
a sitting position without corsets
or braces and conducted using a
small team of professionals
experienced in lung function tests
in patients with a neuromuscular
disorder. Lung function tests in
the supine position after a resting
period were also conducted

Wolfe 2020
[43]
(abstract
publication
superseded
by Wolfe
2021)

Children
and

Two UK centers 24

UK adolescents

Type 3 SMA
(non-ambulant)

Wolfe 2020

eMedian FVC % predicted score
at baseline: 90%

¢ A significant progressive
deterioration of 14.7% in FVC
over the 24-month period was
reported
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Author year Data source, N Age FVC outcome data reported
territory,
population
Wolfe 2021 Methods of data collection were
[44] not reported in the abstract

publication

Wolfe 2021

FVC % predicted at baseline,
median (range)

eType 3 SMA: 96 (66—131)

FVC % predicted at 24 months,
median (range)
eType 3 SMA: 80.5 (39-129)

FVC % decline over 24 months,
mean (SD)
eType 3 SMA: 17 (14.3); p < 0.05

Patient age showed a negative
correlation with FVC % predicted
score (shown graphically)

Abbreviations: CFB = change from baseline; FVC = forced vital capacity; IQR = interquartile
range; iISMAc = international SMA consortium; NatHis = natural history; NIV = non-invasive
ventilation; NR = not reported; RULM = Revised Upper Limb Module; SD = standard

deviation; SMA = spinal muscular atrophy.
*Superseded by Trucco 2021 full publication.
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Supplementary Fig. 1. PRISMA flow diagram for the original search (May 2021)

Screening Identification

Eligibility

Inclusion

Records identified
from databases:

+ EMBASE: n=4,063
+ Medline: n=2,216

» Cochrane: n =196
Total: n = 6,475

Records removed
before screening:

Duplicate records removed:
n=1448

Additional records from:

Citation searching, conference proceedings,

or HTA body websites: n=3

W

Records screened on basis
of title and abstract:
n=5,027

A 4

Records excluded:

+ Study design: n = 3,197

+ Population/disease: n = 683
+ Duplicate: n =411

+ Animal/in vitro: n = 353

+ Review/editorial: n =216

+ Linked publication: n =76
Total: n= 4,936

Records assessed for

eligibility via full-text reading:

n=91

h 4

Records excluded:

+ Qutcome: n=19

+ Study design: n=2

+ Non-English language: n =2
« Review/editorial: n =2

+ Linked publication: n =1
Total: n =26

Total studies included
in review:
N =68

Figure modified from Aponte Ribero et al. 2023 [1].

HTA = health technology assessment; PRISMA = Preferred Reporting Items for Systematic

Reviews and Meta-Analyses.
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