Neuromuscular Disorders 44 (2024) 104449

Contents lists available at ScienceDirect

Neuromuscular
Disorders

Neuromuscular Disorders

journal homepage: www.elsevier.com/locate/nmd

Upper limb function changes over 12 months in untreated SMA Il and @ g
Il individuals: an item-level analysis using the Revised Upper Limb
Module

Giorgia Coratti*®, Matthew Civitello¢, Annemarie Rohwer%¢, Emilio Albamonte/,
Jacqueline Montesé, Allan M Glanzman”, Amy Pasternak’, Roberto De Sanctis®,

Sally Dunaway Young/, Tina Duong/, Irene Mizzoni¥, Evelin Milev®¢, Maria Sframeli/,
Simone Morando™, Adele D’AmicoX, Michela CatterucciaX, Noemi Brolatti™ Marika Pane®P,
Mariacristina Scoto®¢, Sonia Messina/, Michio Hirano®, Zarazuela Zolkipli-Cunningham?,
Basil T Darras!, Enrico Bertini¥ Claudio Bruno™, Valeria A Sansone’, Francesca Salmin’,
John Day!, Giovanni Baranello®¢, Maria Carmela Pera®®, Francesco Muntoni®®,

Richard S. Finkel“', Eugenio Mercuri®"'*, International SMA Consortium (iSMAc)

2 Pediatric Neurology Unit, Catholic University, 00135 Rome, Italy.

b Centro Clinico Nemo, U.0.C. Neuropsichiatria Infantile Fondazione Policlinico Universitario Agostino Gemelli IRCCS, 00168 Rome, Italy.

¢ Center for Experimental Neurotherapeutics, St. Jude Children’s Research Hospital, Memphis, TN 38105, USA.

d Department of Developmental Neuroscience, Dubowitz Neuromuscular Centre, UCL Great Ormond Street Institute of Child Health, London, UK.

¢ Department of Neurology, Great Ormond Street Hospital for Children NHS Foundation Trust, London, UK.

fThe NEMO Center in Milan, Neurorehabilitation Unit, University of Milan, ASST Niguarda Hospital, 20162 Milan, Italy.

& Columbia University Irving Medical Center, New York, NY 10032, USA.

h Division of Physical TherapyRehabilitation, Children’s Hospital of Philadelphia, Philadelphia, PA 19104, USA.

i Neuromuscular Program, Boston Children’s Hospital, Harvard Medical School, Boston, MA 02115, USA.

I Departments of Neurology and Clinical Neurosciences, Stanford University, Palo Alto, CA 94305, USA.

kUnit of Neuromuscular and Neurodegenerative Disorders, Translational Paediatrics and Clinical Genetics, Bambino Gesii Children’s Hospital, IRCCS 00165
Rome, Italy.

'Unit of Neurodegenerative Disorders, Department of Clinical and Experimental Medicine, University Hospital of Messina, Messina, Italy.

m Center of Translational and Experimental Myology and Department of Neuroscience, Rehabilitation, Ophthalmology Genetics, Maternal and Child Health,
IRCCS Istituto Giannina Gaslini and University of Genoa, 16132 Genoa, Italy.

" Division of Human Genetics, Children’s Hospital of Philadelphia, Department of Pediatrics, University of Pennsylvania, Philadelphia, PA 19104, USA
°School of Health and Sports Sciences, University of Suffolk, Ipswich IP4 1QJ, UK.

ARTICLE INFO ABSTRACT
ATH'C’F history: The Revised upper limb module (RULM) has been increasingly used in clinical trials and in clinical
Received 11 July 2024 settings. The aim of this study was to use the ‘shift analysis’ to assess the patterns of lost or gained

Revised 15 August 2024

abilities for each item on the RULM in an untreated cohort, stratified by SMA type, age, SMN2 copy
Accepted 19 August 2024

number, and motor functional status. The analysis was performed on 222 12-month paired assessments
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of abilities that are lost or gained, provide an additional method of detecting changes that can be used
for the interpretation of the longitudinal data collected in treated SMA individuals.
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1. Introduction

Spinal muscular atrophy (SMA) is an autosomal recessive
neurodegenerative condition caused by mutations in the survival
motor neuron 1 gene (SMNI1). This disorder leads to the
degeneration of «-motor neurons found in the spinal cord and
brain stem. Traditionally, before the advent of disease modifying
therapies, SMA was categorized into types O0-IV [1]. Individual
with type II SMA, typically had onset of symptoms between 6
and 18 months of age and never achieved the ability to walk
independently. In type Il SMA, associated with onset after the
age of 18 months, independent ambulation was achieved but there
was also progression of weakness and loss of function over time
[2,3]. In most of the previous studies, disease progression has been
assessed using changes in total scores of functional scales such as
the Hammersmith Functional Motor Scale Expanded (HFMSE) but
also, more recently, using the Revised Upper Limb Module (RULM),
a scale specifically designed to assess upper limb function in SMA
[4,5].

Several studies have shown that the overall motor progression
rate varies both between different types and within each type.
Specifically, the natural history progression patterns over 12 and
24 months differ between type II and type III, as well as between
ambulant and non-ambulant type III individuals [6-17].

In recent years, there has been a growing interest on employing
alternative methods to better understand the impact of gain or
loss of functional abilities, notably through shift analysis, which
categorizes changes into a binary system—either transitioning
from an inability to perform a task to being able to do so
with or without compensations, or vice versa [18-20]. This
approach becomes particularly pertinent, especially in scenarios
where changes on the RULM, such as those observed in type III
at 12 and 24 months, are minimal [8,14,15]. The use of such
approach is strongly supported not only by Rasch analysis that
has suggested that a number of items are more appropriate using
a binary system, but also by individuals and carers who report
that the change in the modality used to perform the activity
(compensation or non-compensation) is far less relevant than a
partial gain or complete loss of the activity [21]. Understanding
the patterns of lost or gained abilities therefore becomes crucial
in accurately reflecting the true impact of disease progression in
these individuals.

The aim of this analysis is to comprehensively examine the
patterns of lost or gained abilities for each item on the RULM in
an untreated cohort of SMA type II and III, stratified by SMA type,
age, SMN2 copy number, and motor functional status.

2. Materials and methods

A retrospective study was conducted by using prospectively
collected data from the International SMA registry group [22]. The
study examined data collected between July 2014 and February
2024 and included individuals with genetically confirmed SMA
who were clinically diagnosed with type II or IIl, with an age at
baseline > 30 months, had not received any disease modifying
therapy (DMTs), and had undergone at least two assessments
within a one-year follow-up period (supplementary figure 1). The
analysis was performed solely on anonymous and de-identified
data, and clinical investigations were conducted in accordance with
the Declaration of Helsinki principles. Written informed consent
and/or assent was obtained as appropriate from all participants
or their guardians, and the study was approved by institutional
review boards in compliance with ethical requirements. The
coordinating centres’ IRB protocol number is 0024731/22.
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2.1. RULM

The RULM was developed as a comprehensive tool to evaluate
upper limb function in individuals with SMA, with the aim of
improving upon the previously used upper limb module (ULM),
that was originally developed to assess young and weak infants
with type II and had a ceiling effect in stronger individuals [5]. The
revised module includes additional tasks for the ambulant/stronger
population. The RULM comprises an entry item and 19 activities
that assess various upper limb functions on a 3-point scoring
system, with a score range of 0 to 2 indicating the level of
functional ability. The scores range from 0 to 37 with higher
numbers indicating a higher level of function. The RULM’s validity
and reliability have been established, and it is being used as an
outcome measure in clinical trials [5,23]. For the purposes of this
research, missing data at the item level resulted in the exclusion of
the entire assessment.

2.2. Statistical analysis

In order to investigate the differences in RULM changes at
12 months in type Il and type Il individuals, we analyzed
a longitudinal dataset of paired visits at 12 months. To
maximize participant populations, we considered each paired
assessment according to the time the assessments were performed.
As performed in previous studies, participants with multiple
assessments at different ages and different stages were represented
independently in each subgroup [24].

Quantitative variables were described using minimum,
maximum, range, mean, and standard deviation measures.

Taking into consideration pairs of RULM assessments 12 months
apart, each item of the scale was classified as follows:

o Shift up (gain of function): item scores increased from O to
either 1 or 2;

e No change: item scores remained the same or had changes
between 1 and 2 or vice-versa;

« Shift down (loss of function): item scores decreased from 1 or
2to 0.

Frequency of item distribution and loss progression was
calculated on each item.

3. Results

The cohort included 222 12-month paired assessments from
129 individuals who had at least two assessments within a one-
year follow-up period. Table 1 shows information on patients’
assessments at baseline.

At 12 months, in SMA 1I, there was a loss of one or more
activities in 63 of the 115 paired assessments (54%) and a gain
of one or more activities in 49 of the 115 (42%). In 31 of the
115 assessments (27%) there were concomitant gains and losses.
Individuals who gained more than 2 points in the RULM had a
mean of 0 activities lost and 3.2 gained, while those who lost more
than 2 points had 0.24 activities gained and 3.1 lost. At baseline, 14
of 115 assessments (12%) had total RULM score of 0 and none had
a maximum score.

At 12 months, in SMA III, there was a loss of one or more
activities in 31 of the 107 paired assessments (29%) and a gain
of one or more activities in 24 of the 107 (22%). In 10 of the
107 assessments (9%) there were concomitant gains and losses.
Individuals who gained more than 2 points in the RULM had a
mean of 0.10 activities lost and 2.80 gained, while those who lost
more than 2 points had 0.12 activities gained and 2.41 lost. At
baseline, none of the 107 assessments had total score of 0 and 35
(32.71%) had a maximum score.
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Table 1
Information on patients’ assessments at baseline.
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SMA II (n=115)

SMA III (n=107)

Age (Mean (SD)) - Median [Range]
Sex assigned at birth assigned at birth (N, %)
Female (N (%))
Male (N (%))
Total RULM (Mean (SD)) - Median [Range]
Functional status (N, %)

57 (49.6%)
58 (50.4%)

17.1 (11.0) - 13.5 [2.69, 59.0]

12.1 (8.00) - 13.0 [0, 35.0]

22.9 (16.6) - 17.2 [2.88, 66.2]

52 (48.6%)
55 (51.4%)

29.4 (7.87) - 32.0 [12.0, 37.0]

Non sitter (N (%)) 39 (33.9%) 4 (3.7%)
Sitter (N (%)) 76 (66.1%) 41 (38.3%)
Walker (N (%)) 0 (0%) 62 (57.9%)
SMN2 copy number (N, %)
2 25 (21.7%) 6 (5.6%)
3 63 (54.8%) 43 (40.2%)
4+ 3 (2.6%) 44 (41.1%)
Unknown 24 (20.8%) 14 (13.1%)

Table 2

Number of activities lost or gained in relation to the overall RULM change. Key to table: The overall change in RULM is determined
by the number of activities lost, gained, or the net result of simultaneous gains and losses. Specific details on the exact number of

gains, losses, or concurrent gains and losses can be found in the previous paragraph.

SMA Il
<-2 (N=21) -2 (N=11) -1 (N=16) 0 (N=32) 1 (N=17) 2 (N=13) >2 (N=5)
Ne activities lost
Mean 3.10 1.27 1.00 0.34 0.82 0.23 0
(SD) (1.41) (1.01) (0.730) (0.545) (0.951) (0.439) (0)
Median 3.00 1.00 1.00 0 0 0 0
[Min, Max] [1.00, 6.00] [0, 3.00] [0, 2.00] [0, 2.00] [0, 2.00] [0, 1.00] [0, 0]
Ne activities gained
Mean 0.24 0.27 0.37 0.41 1.24 1.54 3.20
(SD) (0.539) (0.647) (0.619) (0.712) (1.03) (1.13) (0.837)
Median 0 0 0 0 1.00 1.00 3.00
[Min, Max] [0, 2.00] [0, 2.00] [0, 2.00] [0, 2.00] [0, 3.00] [0, 4.00] [2.00, 4.00]
SMA 111
<-2 (N=17) -2 (N=12) -1 (N=11) 0 (N=40) 1 (N=10) 2 (N=7) >2 (N=10)
Ne activities lost
Mean 2.41 0.67 0.36 0.05 0.40 0 0.10
(SD) (1.33) (0.888) (0.674) (0.22) (0.70) (0) (0.32)
Median 2.00 0 0 0 0 0
[Min, Max] [1.00, 5.00] [0, 2.00] [0, 2.00] [0, 1.00] [0, 2.00] [0, 0] [0, 1.00]
Ne activities gained
Mean 0.12 0.25 0.18 0.08 0.40 0.29 2.80
(SD) (0.332) (0.452) (0.405) (0.267) (0.699) (0.488) (1.81)
Median 0 0 0 0 0 2.00
[Min, Max] [0, 1.00] [0, 1.00] [0, 1.00] [0, 1.00] [0, 2.00] [0, 1.00] [0, 5.00]

Table 2 reports the mean and median number of activities lost
and gained subgrouped by the overall RULM change.

3.1. Shift of total scores and SMA type: individual item

At baseline, none of the Type II individuals were able to
complete all RULM items. Regardless of age, most SMA type Il
individuals failed to perform items weighing over 500 grams
at baseline. The distribution of unperformed items at baseline
appeared to be age-dependent.

At baseline, the majority (>80%) of SMA type III individuals
could complete all RULM items, except for shoulder abduction 1
kg.

A frequency analysis to evaluate which abilities were achieved
or lost at 12 months on the RULM was conducted both across the
entire cohort and in type II and IIl separately (table 3).

Supplementary table 1 show details of the individual items
shifted up, down or remaining stable after 12 months categorized
into three functional domains of upper limb function [25] and
subdivided by SMA type and age at baseline.

Table 4 shows details of the individual items shifted up, down
or remaining stable after 12 months subdivided by SMA type and
functional status at baseline.

Supplementary table 2 show details of the individual items
shifted up, down or remaining stable after 12 months categorized
into three functional domains of upper limb function [25] and
subdivided by SMA type and functional status at baseline.

Table 5 shows details of the individual items shifted up, down
or remaining stable after 12 months subdivided by SMA type and
entry item at baseline.

Supplementary table 3 show details of the individual items
shifted up, down or remaining stable after 12 months categorized
into three functional domains of upper limb function [25] and
subdivided by SMA type and entry item at baseline.

4. Discussion

‘Shift analysis’, providing additional information on gains and
losses of individual activities, has been increasingly used in clinical
trials in Duchenne Muscular dystrophy (DMD) and has also applied
to the Hammersmith Functional Motor Scale Expanded in type II
SMA patients [18,19]. Here we report its application to the RULM
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Table 3
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Details of the frequency analysis at 12-month change from baseline for individual items subdivided by SMA type and age. Key to table: Dark red cells represent >10%
of negative shifts (from score 2 to score 0 or from score 1 to score 0), light red cells represent 0-9% negative shifts. Dark green cells represent >10% of positive shifts
(from score 0 to score 2 or from score 0 to score 1), light green cells represent 0-9% positive shifts.

SMAII
<5 years 5-9 years 10-17 years >18 years
(N=5) N=21) N=54) N=36)
score 0 | lostat | gain | scoreQ | lostat | gain | scoreQ | lostat | gain | score O | lostat | gain
Items at 12 at 12 at 12 at 12 at 12 at 12 at 12 at 12
baseline | month | month | baseline | month | month | baseline | month | month | baseline | month | month
B. Hands lap to table 0% 0% 0% 0% 0% 0% 15% 5.7% 58% 8.3% | 2.8%
C. Trace path 20% 0% |20.0% 0% 0% 0% 6% 1.9% | 1.9% 42% 2.8% | 2.8%
D. Pick up tokens 0% 0% 0% 5% 0% 0% 6% 0% 0% 36%
E. Tokens in cup 20% 0% |20.0% 0% 9.5% 0% 20% 9.4% | 7.5% 61%
F. Reach to side 60% 0% 48% | 95% | 48% | 72% |[45:4%) 5.7% |
G. Push on light 80% 0% |40.0% 19% 4.8% | 9.5% 22% 9.4% | 1.9%
H. Tear paper 100% 0% 0% 38% 0% [14.3% 32% 5.7% [ 11.3%
1. Open Ziploc 100% 0% 0% 76% 4.8% | 9.5% 72% 7.5% | 18.9% | 97% 2.8%
J. Cup to mouth 60% 0% |20.0% 5% 9.5% | 4.8% 15% 7.5% | 5.7% 58%
K. Lift 200 g horizontally 60% 0% | 20.0% 5% 4.8% 20% 7.5% | 5.7% 69% 8.3%
L. Lift 500 g horizontally 80% 0% 0% 24% 0% 35% 7.5% | 9.4% 72% 8.3% 0%
M. Lift 200 g diagonally 60% 0% 0% 24% 4.8% 0% 39% - 7.5% 78% 5.6% | 2.8%
N. Lift weight from lap 60% 0% 0% 33% 9.5% | 4.8% 41% 7.5% | 7.5% 75% 0% 0%
0. Shoulder abduction 80% 0% 0% 71% 4.8% 98% 0% 0% 97% 2.8% 0%
P. Shoulder abduction 500 g | 100% 0% 0% 86% 0% | 4.8% 98% 0% 0% 97% 2.8% 0%
Q. Shoulder abduction 1 kg 100% 0% 0% 86% 4.8% | 4.8% 98% 0% 0% 100% 0% 0%
R. Shoulder flexion 100% | 0% [20.0%| 57% |28:8%) 48% | 98% | 0% | 1.9% | 94% | 2.8% | 0%
S. Shoulder flexion 500 g 100% 0% | 20.0% 91% 0% 4.8% 98% 0% 0% 97% 2.8% 0%
T. Shoulder flexion 1 kg 100% 0% 0% 95% 0% 4.8% 100% 0% 1.9% 100% 0% 0%
SMA Il
<5 years 5-9 years 10-17 years >18 years
(N=5) N=21) N=54) N=36)
score 0 | lostat | gain | scoreQ |lostat | gain | scoreO | lostat | gain | score= | lostat | gain
Items at 12 at 12 at 12 at 12 at 12 at 12 0 at 12 at12
baseline | month | month | baseline | month | month | baseline | month | month | baseline | month | month
B. Hands lap to table 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
C. Trace path 20% 0% 20% 0% 0% 0% 0% 0% 0% 0% 0% 0%
D. Pick up tokens 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
E. Tokens in cup 0% 0% 0% 0% 0% 0% 0% 0% 0% 6% 8% 4%
F. Reach to side 0% 0% | 0% 5% 0% | 5% 10% 0% 3% 35% | 2% | 2%
G. Push on light 20% 0% 20% 0% 0% 0% 3% 0% 3% 2% 2% 2%
H. Tear paper 20% 0% 20% 0% 0% 0% 0% 0% 0% 0% 2% 0%
1. Open Ziploc 20% 0% 20% 0% 0% 0% 0% 3% 0% 15% 6% 4%
J. Cup to mouth 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 0%
K. Lift 200 g horizontally 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 0%
L. Lift 500 g horizontally 0% 0% 0% 0% 0% 0% 0% 0% 0% 4% 4% 2%
M. Lift 200 g diagonally 0% 0% 0% 0% 0% 0% 3% 7% 3% 8% 4% 0%
N. Lift weight from lap 0% 0% 0% 0% 0% 0% 0% 3% 0% 6% 2% 4%
0. Shoulder abduction 0% 0% 0% 0% 0% 0% 27% 0% 46% 8% 2%
P. Shoulder abduction 500 g 0% 0% 0% 0% 0% 0% 30% 3% 50% 6% 4%
Q. Shoulder abduction 1kg | 80% |I200aM| 60% | 20% 20% | 57% 0% | 56% | 2% | 2%
R. Shoulder flexion 0% 0% 0% 5% 0% 5% 23% 3% 44% 2% 0%
S. Shoulder flexion 500 g 20% 0% 20% 5% 0% 5% 37% 0% 50% 6% 2%
T. Shoulder flexion 1 kg 60% [120% | 40% | 20% |I40% 20% | 50% 10% | 60% | 0% | 2%

in both type II and Il patients, trying to establish patterns of gains
and losses in relation to different variables.

Our results confirm, as previously observed when analysing raw
total scores, that there are more changes in type II compared
to type IlI, with the latter showing more stable findings over
12 months [8,15]. The pattern of activities susceptible to changes
were dependent on functional abilities at baseline. In type II,
most individuals already have a score of 0 on many items (such
as opening Ziploc container and all the 6 final items involving
more proximal abilities) therefore limiting the number of items
in the scale which may show losses (shifts down) at follow up

(table 3). This was also reflected by the fact that only very few
individuals had an entry item of 6 or 5, reflecting antigravity
movements at shoulder level (table 5). Items assessing abilities
at middle domain were progressively lost with increasing age
and, in parallel, with a progressive reduction of the score on the
entry item, indicating a progression with a proximal to distal
gradient.

In our cohort of untreated type II individuals, gains were overall
less frequent and gains in more than one activity were more
often observed in the very young children, probably as a result of
development or increasing ability to lift heavier weights.
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Table 4
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Details of the frequency analysis at 12-month change from baseline for individual items subdivided by SMA type and functional status at baseline. Key to table:
Dark red cells represent >10% of negative shifts (from score 2 to score 0 or from score 1 to score 0), light red cells represent 0-9% negative shifts. Dark green cells
represent >10% of positive shifts (from score 0 to score 2 or from score 0 to score 1), light green cells represent 0-9% positive shifts.

SMAI
Non Sitter Sitter Walker
(N=39) (N=76) (N=0)
ltems score 0 at | lostat12 | gainat 12 | score 0 at | lostat12 | gainat12 | score 0 at Io?tZat gain at 12
baseline month month baseline month month baseline month month
B. Hands lap to table 69% |DS% 5% 3% 5% 3% N/A N/A N/A
C. Trace path 44% 3% 3% 3% 1% 3% N/A N/A N/A
D. Pick up tokens 41% 5% 0% 1% 0% 0% N/A N/A N/A
E. Tokens in cup 69% |I5% 8% 9% 8% 4% N/A N/A N/A
F. Reach to side 95% 5% 3% 63% 8% N/A N/A N/A
G. Push on light 74% 8% 3% 21% 7% N/A N/A N/A
H. Tear paper 90% 3% 5% 30% 9% N/A N/A N/A
1. Open Ziploc 97% 3% 5% 74% 7% 16% N/A N/A N/A
J. Cup to mouth 64% _I 5% 9% 4% N/A N/A N/A
K. Lift 200 g horizontally 7% 3% 3% 13% 5% N/A N/A N/A
L. Lift 500 g horizontally 87% 3% 5% 26% 4% N/A N/A N/A
M. Lift 200 g diagonally 85% |0%NN 3% 30% 5% N/A N/A N/A
N. Lift weight from lap 90% 3% 3% 30% 7% 5% N/A N/A N/A
0. Shoulder abduction 100% 0% 0% 88% 5% 1% N/A N/A N/A
P. Shoulder abduction 500 g 100% 0% 0% 93% 1% 1% N/A N/A N/A
Q. Shoulder abduction 1 kg 100% 0% 0% 95% 1% 1% N/A N/A N/A
R. Shoulder flexion 97% 3% 0% 86% 7% 4% N/A N/A N/A
S. Shoulder flexion 500 g 100% 0% 0% 95% 1% 3% N/A N/A N/A
T. Shoulder flexion 1 kg 100% 0% 0% 99% 0% 3% N/A N/A N/A
SMA Il
Non Sitter Sitter Walker
(N=4) (N=41) (N=62)
ltems score 0 at | lostat12 | gainat12 | score 0 at | lostat12 | gainat12 | score 0 at Io?tzat gain at 12
baseline month month baseline month month baseline month month

B. Hands lap to table 0% 0% 0% 0% 0% 0% 0% 0% 0%
C. Trace path 0% 0% 0% 0% 0% 0% 2% 0% 2%
D. Pick up tokens 0% 0% 0% 0% 0% 0% 0% 0% 0%
E. Tokens in cup 50% 50% 2% 7% 0% 0% 0% 0%
F. Reach to side 100% 0% 44% |0 7% 0% 0% 0%
G. Push on light 0% 0% 5% 0% 5% 2% 0% 2%
H. Tear paper 0% 0% 0% 2% 0% 2% 0% 2%
1. Open Ziploc 50% 0% 15% 7% 5% 2% 0% 2%
J. Cup to mouth 0% 0% 0% 0% 0% 0% 0% 0%
K. Lift 200 g horizontally 0% 0% 0% 0% 0% 0% 0% 0%
L. Lift 500 g horizontally 0% 0% 5% 2% 2% 0% 0% 0%
M. Lift 200 g diagonally 75% 0% 5% 7% 2% 0% 0% 0%
N. Lift weight from lap 25% 0% 5% 5% 5% 0% 0% 0%
0. Shoulder abduction 75% 0% 66% 0% 3% 6% 2%
P. Shoulder abduction 500 g 100% 0% 0% 68% 5% 5% 3% 2%
Q. Shoulder abduction 1 kg 100% 0% 0% 90% 5% 5% 21% 3% 10%
R. Shoulder flexion 100% 0% 0% 61% 7% 2% 3% 2% 2%
S. Shoulder flexion 500 g 100% 0% 0% 73% 2% 8% 2% 3%
T. Shoulder flexion 1 kg 100% 0% 0% 90% 7% 10% 19% 5% 10%

Most of the gains or losses were observed in the type II sitters.
The type II individuals who had lost the ability to sit (non-sitters)
had a narrower range of shift changes as they were overall much
weaker, with lower entry item scores and the great majority of
items already scoring 0 at baseline and therefore not susceptible to
possible shifts down. Similarly, because they were overall weaker,
they also had a low chance of gains. In addition,22% of the type
Il participants were at the floor of the scale at baseline, only
permitting an increase to be identified.

Type IIl individuals were overall more stable: not surprisingly
the most able type III had entry items or 5 or 6 and in a proportion
of them we observed a loss of shoulder items that were present
at baseline (table 5). With decreasing functional level there were
progressive losses of more distal items. In addition, 33% of the type

Il participants were at the ceiling of the scale at baseline, only
permitting a decrease to be identified.

In both types more than one shift up or down was generally
observed in individuals who had changes in the raw scores >
2. The shift analysis provides more accurate information on the
impact of the changes in raw scores as changes in raw scores
is not always associated with an overall loss or gain of function.
While a loss (or gain) in 3 or more points on the scale can be
theoretically associated with several items showing changes from
2 to 1 or vice versa without loss or gain of the overall function, the
shift analyses enables characterization of activities lost (or gained)
and not just changes in the modality of performing the activity,
providing additional functional information compared to the total
score.



G. Coratti, M. Civitello, A. Rohwer et al.

Table 5
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Details of the frequency analysis at 12-month change from baseline for individual items subdivided by SMA type and entry item at baseline. Key to table: Dark red
cells represent >10% of negative shifts (from score 2 to score 0 or from score 1 to score 0), light red cells represent 0-9% negative shifts. Dark green cells represent
>10% of positive shifts (from score 0 to score 2 or from score 0 to score 1), light green cells represent 0-9% positive shifts.

SMAII
0 1 2 3 4 5 6
(N=3) (N=20) (N=8) (N=67) (N=9) (N=5) (N=3)
lostat | gain |lostat| gain |lostat| gain |lostat| gain |lostat| gain |lostat| gain |lostat| gain
12 at 12 12 at12 12 at 12 12 at 12 12 at 12 12 at 12 12 at 12

month | month | month | month | month | month | month | month | month | month | month | month | month | month
A. Entry item N/A 33% 5% 62% 3% 0% 20% N/A
B. Hands lap to table 0% 0% 5% 0% 0% 9% 6% 0% 0% 0% 0% 0% 0%
C. Trace path 0% 0% 0% 12% 0% 1% 0% 0% 0% 20% 0% 0%
D. Pick up tokens 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
E. Tokens in cup 0% 0% 0% 0% 12% 7% 0% 0% 0% 0% 0%
F. Reach to side 0% 0% 0% 0% 0% 10% 0% 0% 0% 0%
G. Push on light 0% 0% 0% 12% 6% 11% | 0% 0% 0% 0%
H. Tear paper 0% 0% 0% 0% 0% 12% 6% 12% 0% 0% 0% 0% 0%
1. Open Ziploc 0% 0% 0% 0% 0% 0% 6% 18% 11% 0% 0% 33%
J. Cup to mouth 0% 0% 0% 0% 0% 62% 0% 0% 0% 0% 0% 0%
K. Lift 200 g horizontally 0% 0% 5% 0% 25% 4% 0% 0% 0% 0% 0%
L. Lift 500 g horizontally 0% 0% 0% 0% 0% 12% 6% 0% 0% 0% 0%
M. Lift 200 g diagonally 0% 0% 0% 0% 0% 12% 6% 0% 0% 0% 0%
N. Lift weight from lap 0% 0% 0% 0% 0% 0% 7% 7% 0% 0%
0. Shoulder abduction 0% 0% 0% 0% 0% 0% 0% 1% 0% 0%
P. Shoulder abduction500g | 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Q. Shoulder abduction 1 kg 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 20%
R. Shoulder flexion 0% 0% 5% 0% 0% 0% 1% 1% 0% 20%
S. Shoulder flexion 500 g 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 20%
T. Shoulder flexion 1 kg 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 40% 0% 0%

SMAII
0 2 3 4 5 6
(N=0) (N=0) (N=0) (N=29) (N=7) (N=13) (N=58)
lostat | gain |lostat | gain |lostat| gain |lostat| gain |lostat| gain |lostat| gain |lostat| gain
12 at 12 12 at 12 12 at 12 12 at 12 12 at 12 12 at 12 12 at 12

month | month | month | month | month | month | month | month | month | month | month | month | month | month
A. Entry item 3% 7% 14% 8% 9% | N/A
B. Hands lap to table 0% 0% 0% 0% 0% 0% 0% 0%
C. Trace path 0% 0% 0% 0% 0% 8% 0% 0%
D. Pick up tokens 0% 0% 0% 0% 0% 0% 0% 0%
E. Tokens in cup 3% 0% | 14% | 0% 0% 0% 0%
F. Reach to side 7% 7% 0% 8% 8% 0% 0%
G. Push on light 0% 3% 0% 0% 8% 0% 2%
H. Tear paper 3% 0% 0% 0% 0% 0% 0% 2%
1. Open Ziploc 7% 0% 0% 0% 8% 0% 0%
J. Cup to mouth 3% 0% 0% 0% 0% 0% 0% 0%
K. Lift 200 g horizontally 3% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
L. Lift 500 g horizontally 7% 3% 0% 0% 0% 0% 0% 0%
M. Lift 200 g diagonally 3% 0% 0% 0% 0% 0%
N. Lift weight from lap 3% 7% 0% 0% 8% 0% 0% 0%
0. Shoulder abduction 3% 0% 0% 0% 0% 0%
P. Shoulder abduction 500 g 3% 3% 29% 0% 2% 0%
Q. Shoulder abduction 1 kg 0% | 3% 0% 15% | 3% | 9%
R. Shoulder flexion 0% 0% 0% 15% | 0% 0%
S. Shoulder flexion 500 g 0% 3% 0% 15% 2% 0%
T. Shoulder flexion 1 kg 3% 7% 0% 8% | 15% | 5% | 10%

In conclusion, the number of assessments that showed shifts
in more than one activity was relatively low, reflecting the small
percentage of patients who showed large changes (>2) in raw
scores. These shifts seems to be influenced by several factors,
including the baseline functional abilities, age, and disease severity.
For instance, younger children in the type II group exhibited more
gains, likely due to developmental progress, while older individuals
showed more losses, especially in those with weaker baseline
abilities. The distribution of baseline scores also played a crucial
role, with individuals starting at the floor or ceiling of the scale
having limited capacity for further shifts. Disease progression,

particularly the proximal-to-distal gradient of muscle weakness,
further contributed to these observed changes.

One of the limitations in this study was that the RULM was
developed in 2015, at the time of the first clinical trials and
before DMTs became commercially available. This has reduced
the possibility to obtain data in larger cohorts and with longer
follow up data where larger changes would have probably been
observed and predictors of changes could have been analyzed
more effectively. Even with these limitations, our findings provide
an additional method of interpreting possible changes on the
RULM that reflect the gain and the loss of activities that are
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meaningful to the families and will provide reference data for the
interpretation of clinical trials or real world RULM data.
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