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Abstract: Background and Objective: Patients with spinal muscular atrophy (SMA) treated with a
disease-modifying therapy (DMT) are often classified as responders or non-responders based on the
attainment of a specific improvement threshold on validated functional scales. This categorization
may significantly impact treatment reimbursement in some countries. The aim of this research
is to evaluate the perception of treatments and their benefit by patients considered as responders
or non-responders. Methods: In this non-commercial multicenter study, 99 post-symptomatically
treated SMA type I–III patients with a median age of 11.2 (0.39–57.4) years at treatment initiation
were stratified into three groups based on their treatment outcomes, i.e., those exhibiting clinically
significant improvement (N = 41), those with non-clinically significant improvement (N = 18), or
those showing no improvement (N = 40). Fifteen months after treatment, the initiation patients or
patients’ caregivers were assessed using a patient-rated scoring system based on the Patient Global
Impression of Change (PGIC) scale, comprising 22 questions targeting important aspects and tasks
in the daily life of patients with SMA. Results: We found no statistical difference in the patient
perception of treatment benefits in 17 out of 22 domains across patient groups. Conclusions: Our
results suggest that functional motor scales do not recapitulate patients’ and patients’ caregivers’
experience of the effect of nusinersen treatment in SMA.

Keywords: spinal muscular atrophy; nusinersen; responder; treatment response; patient perception

1. Introduction

Spinal muscular atrophy (SMA) is a severe, progressive, and life-threatening neu-
romuscular disorder caused by mutations in the survival motor neuron 1 (SMN1) gene,
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leading to a deficiency in the SMN protein, with an incidence of 1:14.848 births [1,2]. The
severity of the phenotype is mostly driven by the low and variable residual levels of the
SMN protein produced by the autologous gene SMN2, for which human beings comprise
zero to several copies [3]. Patients with SMA are classified at diagnosis according to the
age at onset of symptoms and their highest motor milestone achieved: SMA type I patients
show their first symptoms before 6 months and are never able to sit independently; SMA
type II patients present with their first symptoms between 6 and 18 months and are able to
sit independently; SMA type III patients experience their first symptoms after 18 months
and are able to walk; SMA type IV patients show their first symptoms in adulthood, fol-
lowing the achievement of ordinary motor milestones in childhood [4]. As patients may
lose their highest motor ability over time, a functional classification between non-sitters,
sitters, and walkers to indicate the current phenotype of the patient is more commonly
used [4]. Nusinersen, an antisense oligonucleotide targeting pre-mRNA splicing of the
SMN2 gene, was approved by the United States Food and Drug Administration (FDA)
and the European Medical Agency (EMA) in 2016 and 2017, respectively, and is one of the
three currently approved DMTs for SMA [5,6]. Large real-world data collections have since
then provided additional evidence of efficacy in a broad range of patients [7–14]. The vast
majority of these controlled and real-world studies were based on the use of well-validated
scales, such as the Children’s Hospital of Philadelphia Infant Test of Neuromuscular Dis-
orders (CHOP-INTEND) and Hammersmith Infant Neurological Examination—Section 2
(HINE-2) in type I SMA, and Hammersmith Functional Motor Scale Expanded (HFMSE),
Revised Upper Limb Module (RULM), and Motor Function Measure 32 (MFM32) in type II
SMA [13,15]. Although these scales have been demonstrated to constitute robust tools to
compare populations, individual meaningfulness, especially in older and weaker patients,
is not as well established [16]. This becomes an issue in outcome-based agreements when
payers and healthcare systems base their judgment to continue funding treatment at the
individual patient level using the magnitude of change in these scales determined by the
minimal clinically important differences (MCIDs) as the primary driver in the decision-
making process [16,17]. The MCID is usually based on a specific population, typically
validated from homogenous and clinical trial-based research groups, leading to greater
variability and potentially higher MCIDs for the real-world population [18]. Indeed, it has
been shown that patients and caregivers are perceiving improvements that are not captured
by the functional motor scales [8,10,19]. Although such small improvements not captured
by standardized scales may appear insignificant, they can have a considerable positive
impact on a patient’s daily life [20,21]. The main objective of this study is to compare the
treatment benefits as perceived by the patients and caregivers and as measured by current
functional scales.

2. Materials and Methods

Participants and study design: Six centers in four countries participated in the study,
as follows: Belgium (Leuven, Gent, and Liège—coordinating Centre), Hungary, the United
States of America, and the Czech Republic. Data were centrally monitored by the coordinat-
ing site, and queries were sent for missing or aberrant data. The study was non-commercial
(academic), multicentric, and prospective. Patients with 15 months of nusinersen treat-
ment who had been evaluated by a standardized assessment were proposed to participate.
Ethical approval to conduct the research was granted from relevant bodies within each
participating center, as dictated by respective local ethics committees. Informed consent
was obtained from all subjects and/or legal caregivers involved in the study.

We included patients with genetically confirmed 5q SMA treated post-symptomatically
with at least 12 months of a stable dose of nusinersen. Exclusion criteria were patients
identified by newborn screening, pregnancy or breastfeeding, the presence of any comor-
bidities interfering with functional scale assessments and scores, patients with no baseline
visit unless the patient had a score of zero points on the functional scale at month 15, and
assuming the patients was assessed with a scale in which a floor effect was achieved. Given
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the heterogeneity in real-world data collection related to timings and outcome choices and
to increase the robustness of the study population, we defined the following based on the
literature: (i) clear study windows for treatment initiation and assessments, and (ii) an
order of priority of functional scales depending on age at treatment initiation and the type
of SMA based on the literature (Table S1). This enabled us to objectively prioritize scales for
each phenotype and age group and to manage heterogeneity across each country due to the
large population and the different scales used across each country. The scales considered
were those used in pivotal or phase 2 clinical trials in type I (CHOP-INTEND, HINE-2),
type II and type III (HFMSE, RULM, MFM32), and ambulatory type III (6 min walk test
(6MWT)), for which minimally clinically important differences were defined [5,6,13,22–24].
To be consistent with the other categories, we prioritized a motor function scale like the
HFMSE instead of the 6MWT for the ambulant patients. Furthermore, we also considered
the CHOP-INTEND for all non-sitter patients regardless of their age, as it was most widely
used [25].

To better understand the individual disease trajectory, events happening in the time
frame between the baseline and month 15, such as the implementation of tracheotomy,
non-invasive ventilation, or gastrostomy, hospitalization in an intensive care unit, and
major surgery (e.g., spinal fusion) were considered as adverse events as these can impact
the score changes over time [26].

Furthermore, as contracture assessment is usually not harmonized in real-world data
collection, we defined contractures as any presence of contracture regardless of the degree
of range of motion.

Once the study population was identified and included, patients were divided into
three groups (Non-responder (NR); Responder non-clinically significant (RNCS); Re-
sponder clinically significant (RCS)) according to their responsiveness to treatment re-
lated to functional scales score thresholds commonly used to distinguish treatment effi-
cacy [5,6,24,27] (Table S2). The rationale for considering three groups is that certain payers
may consider that the patients need to improve on these scales, and others may consider a
certain threshold to confirm the improvement as clinically relevant.

Assessment: We assessed patients—or caregiving parents in patients younger than
12 years—with a questionnaire composed of 22 questions targeting important aspects and
tasks in the daily life of patients with SMA. This questionnaire was designed by the authors
based on experience in treating and following patients with SMA (Table S3). The objective
was not to validate a new questionnaire but to use a well-established method like the
Patient Global Impression of Change (PGIC) to measure the perception of change for each
item [10,28]. Question 1/22 was about the general impression of change in patients and
caregivers after 15 months of treatment. We first explored the presence of an improvement
(“Yes/No”) and then asked to score the perceived change with the PGIC. Except for the
first one, questions were composed of two sub-questions as follows: (a) a baseline question:
patients or caregivers were asked to reply “Yes/No” as to whether they noticed symptoms
or any difficulty with one specific task before treatment initiation; (b) the PGIC question:
patients or caregivers were asked to score the potential change perceived compared to
before treatment initiation to correlate their condition before treatment initiation with
their condition following the first year of treatment, as reflected by daily tasks. The PGIC
scale [28] uses 7 ratings scored from very much improved (rating 1), being the same (rating
4), to very much worse (rating 7), allowing the patient or caregiver to estimate whether a
change is perceived after a year of stable nusinersen treatment. To avoid any confusion from
the patient, we reversed the scoring system, such that lower scores represented worsening
(scores 1–3) and higher scores represented the improvement (scores 5–7) of the tested task.
Question 22 is related to pain and comprises an additional question about whether pain
was limiting the patient’s activity in daily life. (@Laurent, do we need to keep this question
since we do not use it in results?).

Statistical analysis: Data were analyzed using the Statistical Package for the Social
Sciences (SPSS) version 29.0. Variables were tested for normality using a Shapiro–Wilk
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test. Descriptive data are expressed as the median (minimum–maximum) for non-normally
distributed continuous data and as proportions for categorical variables. Differences in
demographic characteristics and questionnaire responses across the three groups were
examined using the Kruskal–Wallis test for continuous non-normally distributed data and
ordinal variables (questionnaire items), whereas chi-square tests were used for categorical
variables. Significant results (p < 0.05) were followed up with pairwise comparisons with a
Bonferroni correction for multiple comparisons.

Initially, we examined the perception of change for each of the 22 questions among
all patients across the three patient groups. Subsequently, in the 21 questions in which
a baseline question was included, we conducted further analyses by differentiating the
number of patients who noticed or did not notice symptoms or any difficulty with one
specific task before treatment initiation. Statistical analyses were performed only when
each questionnaire item (reporting yes or no) had a minimum of 10 patients represented
across at least two patient groups. The PGIC score for each question was used to determine
whether patients perceived themselves as worsened (scores 1–3), unchanged (score 4), or
improved (scores 5–7) after 15 months of treatment initiation (Figure S1).

3. Results

A total of 99 participants were studied (see Table 1). Of these, 41 were classified as
RCS, 18 as RNCS, and 40 were NR. The distribution was large, but the comparison between
groups did not reveal any statistical difference in sex, SMN2 copies, ambulatory status,
patients across outcome groups, adverse events, scoliosis surgery, or feeding assistance.

Significant differences were observed in the age at treatment initiation between the
RCS and NR groups, with patients in the RCS group initiating treatment at a younger age
(median age 5.20 years, range 0.39–47.8) compared to those in the NR group (median age
18.1 years, range 0.83–57.4), p < 0.001. Additionally, greater physiotherapy provision was
observed for the RCS group compared to the NR group, and interestingly, less provision
was observed for the RNCS group compared to the NR (p < 0.01).

Except for RCS at the neck and right wrist/hand, patients across all groups presented
contractures, with statistical differences observed between the right hand/wrist (RNCS >
NR, p < 0.001) and left hand/wrist (RCS < RNCS, p < 0.01).

Ventilatory support and spinal surgery showed statistical differences between the
different patient groups, with a higher rate observed in the NR group and a lower rate
in the RCS group. However, there were no differences between groups in spinal surgery
incidence after nusinersen initiation.

Table 2 presents the difference in the prioritized functional assessment depending on
age at treatment initiation after 15 months of nusinersen.

HFMSE was the first in line in our prioritization list (Table S1) in patients older
than 2 years (51/99 patients). Using HFMSE, 24 patients were classified as NR with a
homogenous distribution between adults (n = 13) and children (n = 11), while RCS (n = 27)
comprised 22 children.

In our cohort, CHOP-INTEND only assessed children with an equal distribution across
the three patient groups (RCS n = 5; RNCS n = 3; NR n = 3).

Considering the entire population, the score differences between the baseline and
month 15 in the RCS group were higher in children than in adults (Table 2).

No statistical difference between RCS, RNCS, and NR could be found in the general
impression of change in quality of life (QoL) (Figure 1; Table S4). More than 78% of patients
classified as NR reported an improvement in QoL (PGIC scores >4). On the other hand,
approximately 12% of the RCS perceived no change in their QoL.
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Table 1. Patient characteristics.

Total (n = 99) RCS (n = 41) RNCS (n = 18) NR (n = 40) Raw p-Value

Age at diagnosis (y); 2.36; 2.36; 1.77; 3.7;
0.47[Median (min–max)] (0.01–28.5) (0.01–28.5) (0.49–16.5) (0.23–22.0)

Age of first symptoms (y); 1.25; 1.42; 1.0; 1.33;
0.29[Median(min–max)] (0.04–16.0) (0.08–12.0) (0.33–7.0) (0.04–16.0)

Age at treatment initiation (y); 11.16; 5.20; 12.3; 18.1;
[Median(min–max)] (0.39–57.4) (0.39–47.8) (1.41–48.8) (0.83–57.4) RCS < NR, p adjusted ≤ 0.001

Sex (% male) 51.5% 48.8% 50.0% 55.0% 0.85

SMN2 copy, n
2 SMN2 copies 9.0 5.0 2.0 2.0 0.13
3 SMN2 copies 62.0 31.0 10.0 21.0
4 SMN2 copies 20.0 3.0 6.0 11.0

>4 SMN2 copies 3.0 1.0 0.0 2.0
Unknown 5.0 1.0 0.0 4.0

Patient type, n
SMA Type 1 from 3 to 24 months 6.0 4.0 0.0 2.0

SMA Type 1 from 24 months 5.0 0.0 3.0 2.0 0.17
SMA Type 2 from 6 to 24 months 2.0 1.0 0.0 1.0

SMA Type 2 from 24 months 32.0 11.0 8.0 13.0
SMA Type 3 from 24 months 11.0 7.0 0.0 4.0
SMA Type 3 from 36 months 44.0 18.0 7.0 18.0

Ambulatory status, n
Non-ambulant 58.0 20.0 13.0 25.0 0.30

Loss of ambulation in progress 9.0 6.0 0.0 3.0
Ambulant 32.0 15.0 5.0 12.0

AE, n
Hernia/fractures 12.0% 43.0% 0% 0%
Spinal surgery a 52.0% 29.0% 88.0% 40.0% 0.06

Hospitalization in ICU 12.0% 14.0% 12.0% 10.0%
NIV implementation 8.0% 14.0% 0% 10.0%

Two AEs 4.0% 0.0% 0.0% 10.0%
Other 12.0% 0.0% 0.0% 30.0%

Physiotherapy (% with physiotherapy) 78.8% 92.7% 61.1% 72.5% RCS > NR, RNCS < NR,
p adjusted = 0.01

Contractures (% with contracture)
Left wrist/hand 15.2% 2.4% 27.8% 22.5% RCS < RNCS, p adjusted = 0.01

Right wrist/hand 15.2% 0.0% 33.3% 22.5% RNCS > NR, p adjusted = 0.001
Left elbow 23.2% 14.6% 33.3% 27.5% 0.21

Right elbow 23.2% 14.6% 33.3% 27.5% 0.21
Left shoulder 10.1% 2.4% 22.2% 12.5% 0.06

Right shoulder 10.1% 2.4% 22.2% 12.5% 0.06
Left hip 41.4% 31.7% 61.1% 42.5% 0.11

Right hip 41.4% 31.7% 61.1% 42.5% 0.11
Left knee 52.5% 51.2% 50.0% 55.0% 0.92

Right knee 51.5% 51.2% 44.4% 55.0% 0.76
Left ankle 48.5% 36.6% 55.6% 57.5% 0.14

Right ankle 44.4% 31.7% 50.0% 55.0% 0.09
Neck 10.1% 0.0% 22.2% 15.0% 0.13

Scoliosis (% with scoliosis) 64.6% 56.1% 83.3% 65.0% 0.13

All spinal surgery b (% with spinal surgery) 27.3% 9.8% 38.9% 40.0% RCS < RNCS, RCS < NR,
p adjusted = 0.03

Ventilatory assistance (% with assistance) 23.2% 14.6% 44.4% 22.5% RCS < RNCS, RNCS > NR,
p adjusted = 0.04

% with diurnal assistance 23.0% 17.0% 37.0% 12.5% 0.45
% with nocturnal assistance 87.0% 100.0% 87.0% 78.0% 0.45

Feeding assistance (% with assistance) 7.10% 4.90% 5.60% 10.0% 0.64

Participant characteristics. RCS = responder clinically significant, RNCS = responder non-clinically significant,
and NR = non-responder. a Spinal surgery after treatment initiation. b All spinal surgeries before and after
treatment initiation. Significant values that survived Bonferroni correction for multiple comparisons are in bold.
Adjusted significance with p-value < 0.05.
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Table 2. Difference between baseline and M15 on the prioritized scale in relation to age at treatment
initiation and patient group.

Assessment
Type Age Category RCS (n = 41) RNCS (n = 18) NR (n = 40)

CHOP-INTEND
(∆)

Children (<18 y) 16 ± 4.74 (n = 5) 2.0 1.0 (n = 3) −2.0 ± 2.0 (n = 3)
Adult (≥18 y) – – –

HINE-2 (∆) Children (<18 y) – – −0.50 ± 0.71 (n = 2)
Adult (≥18 y) – – –

HFMSE (∆) Children (<18 y) 8.4 ± 4.5 (n = 22) 1.6 ± 0.52 (n = 10) −1.82 ± 2.14 (n = 11)
Adult (≥18 y) 7.6 ± 5.4 (n = 5) 2.0 (n = 1) −1.54 ± 1.94 (n = 13)

MFM32 (∆) Children (<18 y) – 2.0 (n = 1) −6.0 (n = 1)
Adult (≥18 y) – – –

MFM20 (∆) Children (<18 y) 8.67 ± 3.2 (n = 3) – –
Adult (≥18 y) – – –

RULM (∆) Children (<18 y) 5.0 ± 2.8 (n = 2) 1.0 ± 0.0 (n = 2) −1.0 ± 1.4 (n = 2)
Adult (≥18 y) 3.0 ± 1.4 (n = 2) 1.0 ± 0.0 (n = 1) −1.0 ± 1.0 (n = 5)

6MWT (∆) Children (<18 y) 91.0 (n = 1) – −8.0 (n = 1)
Adult (≥18 y) 86.0 (n = 1) – −13.0 ± 18.4 (n = 2)

Age category is determined by age at treatment initiation. Functional assessments used to assess the patients:
Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders (CHOP-INTEND), Hammersmith
Infant Neuromuscular Examination-Section 2 (HINE-2), Hammersmith Functional Motor Scale—Expanded
(HFMSE), Revised Upper Limb Module (RULM), Motor Function Measure (MFM32), 6 min walk test (6MWT).
Delta (∆) of baseline and month 15. Score changes (∆) after 15 months of treatment initiation depending on age
category at treatment initiation across the patient groups are presented.
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= not applicable. No statistical difference was found across the three patient groups. 
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Figure 1. The general impression of change in quality of life. Ninety-nine patients were classified
as RCS (n = 41); RNCS (n = 18); and NR (n = 40). The x-axis shows the PGIC score of 1 to 7 (with 1
being much worse, 4 being the same, and 7 being much improved). The number of patients reporting
yes/no showing an improvement after 15 months following treatment initiation are in green and red,
respectively. The y-axis shows the percentage of participants reporting yes/no to the presence of a
symptom or difficulty at the baseline, along with their PGIC scores across the three groups. NA = not
applicable. No statistical difference was found across the three patient groups.

For the other questions assessing specific fields of potential improvement, we found
no statistical difference in 16 out of 21 questions across the three groups (Table S4).

Next, we considered patients who reported difficulties at the baseline for each of these
21 questions (baseline question). Again, we did not find any statistical difference between
patient groups in 17 out of 21 questions (see Table 3).
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Table 3. Perception of patients or caregivers for each of the 21 questions of the questionnaire across
the responder groups depending on the presence of symptoms/difficulty before treatment initiation.

Questions (n = 21)
Symptom/Difficulty before

Treatment Initiation?
(Baseline Question)

RCS
(n = 41)

RNCS
(n = 18)

NR
(n = 40) Raw p-Value

Mean Rank

Change in tremor
Yes 33.8

(n = 32)
40.5

(n = 12)
29.3

(n = 22) 0.23

No –
(n = 9)

–
(n = 6)

–
(n = 18)

Change in balance
while sitting

YES 26.2
(n = 18)

19.8
(n = 9)

18.5
(n = 16) 0.16

No 32.5
(n = 23)

28.7
(n = 9)

24.5
(n = 24) RCS > NR, p adjusted = 0.04

Change in balance
while

standing/walking

Yes 43.2
(n = 34)

35.1
(n = 14)

35.9
(n = 29) 0.32

No –
(n = 7)

–
(n = 4)

–
(n = 11)

Change in fatigue
Yes 22.0

(n = 19)
26.2

(n = 9)
17.8

(n = 14) 0.22

No 28.6
(n = 22)

31.7
(n = 9)

28.4
(n = 26) 0.76

Change in function
involving hand and

wrist muscles

Yes 32.7
(n = 23)

29.9
(n = 11)

23.4
(n = 22) 0.13

No 24.6
(n = 18)

23.2
(n = 7)

18.9
(n = 18) 0.07

Change in function
involving arm muscles

Yes 35.1
(n = 22)

21.9
(n = 9)

23.7
(n = 24) RCS > NR, p adjusted = 0.04

No 24.4
(n = 19)

23.4
(n = 9)

19.7
(n = 16) 0.14

Change in function
involving shoulder

muscles

Yes 42.7
(n = 26)

26.4
(n = 13)

29.4
(n = 28)

RCS > RNCS, p adjusted = 0.02
RCS > NR, p adjusted = 0.02

No 18.9
(n = 15)

18.9
(n = 5)

12.5
(n = 12) RCS > NR, p adjusted = 0.04

Change in ability to eat
Yes 17.7

(n = 12)
18.3

(n = 7)
15.7

(n = 14) 0.79

No 33.5
(n = 29)

33.5
(n = 11)

33.5
(n = 26) 1.00

Change in appetite
Yes –

(n = 9)
–

(n = 6)
–

(n = 10)

No 40.1
(n = 32)

38.1
(n = 12)

34.5
(n = 30) 0.24

Change in aspiration
Yes –

(n = 10)
–

(n = 5)
–

(n = 6)

No 40.7
(n = 31)

39.5
(n = 13)

38.4
(n = 34) 0.55

Change in swallowing
Yes –

(n = 9)
–

(n = 4)
–

(n = 11)

No 37.5
(n = 32)

37.5
(n = 14)

38.8
(n = 29) 0.76
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Table 3. Cont.

Questions (n = 21)
Symptom/Difficulty before

Treatment Initiation?
(Baseline Question)

RCS
(n = 41)

RNCS
(n = 18)

NR
(n = 40) Raw p-Value

Mean Rank

Change in chewing
Yes 15.5

(n = 11)
14.6

(n = 6)
12.1

(n = 10) 0.59

No 36.0
(n = 30)

36.0
(n = 12)

37.2
(n = 30) 0.87

Change in loudness of
voice

Yes –
(n = 8)

–
(n = 6)

–
(n = 8)

No 42.1
(n = 33)

37.5
(n = 12)

36.4
(n = 32) RCS > NR, p adjusted = 0.04

Change in capacity for
continuous

conversation

Yes –
(n = 8)

–
(n = 6)

–
(n = 5)

No 42.6
(n = 33)

39.0
(n = 12)

39.0
(n = 35) 0.26

Change in quality of
sleep

Yes 18.5
(n = 19)

22.3
(n = 6)

14.6
(n = 10) 0.24

No 33.4
(n = 22)

32.0
(n = 12)

32.0
(n = 30) 0.82

Change in need for
nocturnal ventilation

Yes –
(n = 6)

–
(n = 6)

–
(n = 9)

No 40.1
(n = 35)

42.3
(n = 12)

37.8
(n = 31) 0.35

Change in diurnal
ventilation

Yes –
(n = 2)

–
(n = 3)

–
(n = 4)

No 45.9
(n = 39)

46.0
(n = 15)

44.8
(n = 36) 0.78

Change in cough
Yes 23.0

(n = 15)
21.6

(n = 8)
17.7

(n = 17) 0.39

No 29.5
(n = 26)

29.5
(n = 10)

30.8
(n = 23) 0.77

Change in frequency
of respiratory

infections

Yes 18.9
(n = 13)

19.2
(n = 8)

18.9
(n = 16) 0.99

No 30.8
(n = 28)

33.0
(n = 10)

31.7
(n = 24) 0.78

Change in the
frequency of

hospitalization due to
respiratory infection

Yes –
(n = 7)

–
(n = 5)

–
(n = 10)

No 39.0
(n = 34)

39.0
(n = 13)

39.0
(n = 30) 1.00

Change in recurrent
disease-related pain

Yes 17.7
(n = 16)

18.8
(n = 3)

13.1
(n = 12) 0.33

No 34.0
(n = 25)

34.0
(n = 15)

35.2
(n = 28) 0.93

The number of patients or caregivers who reported (yes or no) noticing symptoms or difficulty and changes prior
to treatment initiation divided across 3 patient groups. Question 1 is excluded from this analysis; 21 questions
remained. Statistical analysis was performed only when each questionnaire item (reporting yes or no) had a
minimum of 10 patients represented across at least two patient groups. The perception of patients was scored
using the Patient Global Impression of Change (PGIC) presented as the mean rank and as examined by the
Kruskal–Wallis test. Significant results that survived the Bonferroni correction for multiple comparisons are in
bold. Adjusted significance with p-value < 0.05.
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Considering the patients who reported no difficulties at the baseline, we did not
find any differences between groups in 18 out of 21 questions (see Table 3). The only
consistent differences in PGIC for the different groups were changes in balance while
sitting (RCS > NR, p adjusted = 0.04) (see Figure 2A), changes in function involving shoulder
muscles (RCS > NR, p adjusted = 0.04) (see Figure 2C), and changes in their loudness of voice
(RCS > NR, p adjusted = 0.04) (see Figure 2D).
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Figure 2. Statistical differences of the PGIC scores across the three patient groups depending on
the baseline question. (A) Balance while sitting; (B) function involving arm muscles; (C) function
involving shoulder muscles; and (D) loudness of voice. Ninety-nine patients were classified as RCS
(n = 41); RNCS (n = 18); and NR (n = 40). The x-axis shows a PGIC score of 1 to 7 (with 1 being
much worse, 4 being the same, and 7 being much improved). The number of patients reporting
yes/no regarding symptoms/difficulty before treatment initiation are in orange and blue, respectively.
The y-axis shows the percentage of participants reporting yes/no to the presence of a symptom or
difficulty at the baseline, along with their PGIC scores across the three groups. NA = not applicable.
Statistical differences across the three patient groups depending on the baseline question were found
for these four domains.

Considering the patients who reported difficulties at the baseline, we found differences
in PGIC scores in only two questions amongst the patient groups as follows: change in
shoulder muscle function (RCS > RNCS p adjusted = 0.02; RCS > NR p adjusted = 0.02) (see
Figure 2C) and change in arm muscle function (RCS > NR, p adjusted = 0.04) (see Figure 2B).

Notably, the patients classified as RCS according to the functional scales’ thresholds
improved not only on the functional scales but also according to their perception.

4. Discussion

We found that the global impression of change did not differ between treated patients
with SMA classified as responders or non-responders by standardized assessment. Patients’
perceptions of change differed between RCS and NR in only 5 out of 21 questions, with
NR reporting an improvement in a broad range of domains. Minimal changes considered
as not clinically relevant according to functional scales administered by an HCP might
nevertheless be perceived as significant by patients themselves as they understand the pro-
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gressive nature of their condition [29,30]. It must also be noted that a lack of deterioration
can be considered as an achievement in SMA even though the MCID is not reached [27].

Another rationale for considering clinical significance at an individual level, rather
than relying on absolute thresholds applicable to the entire population, is that the perception
of change depends on the patient’s functional abilities and age at treatment initiation [29,31–33].

Our findings support the need to change current appellations related to treatment
efficiency. “Non-responders” should not be defined as patients who do not improve by
a certain score on a certain scale but as patients for whom the motor, respiratory, and/or
bulbar evolution does not diverge from natural history or the expected evolution in the
absence of treatment.

The main variations in perception were observed in the upper limb function and trunk
balance.

HFMSE was the most used scale, and trunk strength and upper limb function were
captured by several items (e.g., sitting items without support, rolling items, four-point
kneeling items) in the total score. Patients across the three groups reporting difficulties
at the baseline perceived their upper limb function to be improved, which aligns with
existing findings highlighted by patients treated with nusinersen [34,35]. Patients assigned
to the NR group and who experienced significant improvements in upper limb function
could possibly have been identified as responders by the RULM, which is more sensitive to
positive upper limb function changes than HFMSE. Indeed, in the pivotal trial of risdiplam,
RULM could identify a significant progressive improvement difference in treated patients,
while HFMSE failed to achieve this [24].

Our study cohort is broadly heterogeneous regarding the age and types of SMA and
composes one of the rare real-world evidence studies, including a pediatric and adult
population with all types of SMA [15], which can be perceived as a limitation. Compared to
RCS, NRs were older at treatment initiation with a longer disease duration and less access
to physiotherapy, which are known poor prognostic factors to treatment response [26].
Beyond the lower effect size of treatments on classical scale changes, treatment efficacy in
older patients is always more challenging to demonstrate. This is linked to the irreversible
damage of severe and chronic weakness, such as contractures, as well as from a respiratory
perspective, comprising recurrent infections and pneumonia [24]. Nevertheless, this study
clearly highlights that the absence of measurable responses in patients when using classical
outcomes does not rule out significant benefits, as reported by the patients themselves or
by their caregivers.

This confirms the need for the use of Patient-Reported Outcome Measures (PROMs) [36]
to complement standardized assessments. Several different PROMs and QoL question-
naires have been developed in recent years in SMA [24,36] but also in other neuromuscular
conditions [37] to offer a more patient-centric approach. However, the correlation of the QoL
questionnaire or PROMs with physical abilities can be challenging, especially in a treated
adult population demonstrating only small functional changes on functional scales [38].
Several reasons can explain this poor correlation, such as the fact that clinical assessments
are time-point evaluations and PROMs are more integrative measures. In addition, PROMs
might be impacted by various variables, such as social and mental well-being [39–41].

The additional challenge with studying patient perception throughout a clinical trial
is that the results can be biased by initial treatment expectations evolving and changing
over time. This could explain why patients not reporting the symptom/difficulty before
treatment initiation report a positive change 15 months after treatment initiation. Expecta-
tions are related to various factors like type of SMA and functional status [33], but it has
also been reported that expectations from patients and caregivers increased over time [30].
In addition, caregivers tend to depreciate the actual well-being of patients [39]. This could
explain the fact that patients’ and patients’ caregivers’ overall impression of change in QoL
in the RCS group rated no improvement after 15 months of nusinersen, although their
functional scales score changed meaningfully. This suggests that the actual thresholds used
for meaningfulness are not applicable to all patients. Meaningfulness should be considered
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at an individual level where the patient and clinician set goals to provide a balance between
a patient-centric approach and objectivity.

Our study has several limitations. First, the choice of outcome measures and scales
is not universal. We attempted to minimize this limitation using a priori strict algorithm
for scale selection. The second limitation is related to the possible heterogenicity in patient
ranking. Although the patients were followed up in reference neuromuscular centers,
physiotherapists did not undergo study-specific and common training. Time points for
assessments are less precise in real life than during clinical trials. The baseline point was
collected retrospectively from electronic health records. Furthermore, the list of items on
which patients answered through the PGIC did not constitute a validated questionnaire or
scale but much more a list of domains, usually listed during clinics. RULM is an outcome
measure that is more sensitive to upper limb change and could have captured improve-
ments in the shoulder that were not captured by HFMSE. As HFMSE was prioritized over
RULM to classify our patients, this might potentially explain the significant difference
between the patient groups. Finally, a longitudinal prospective study would potentially
help to better appreciate the evolution in time between perceived and measured efficacy.

5. Conclusions

This study demonstrates that the benefit of a treatment, as experienced and reported
by patients with SMA and their caregivers, is very poorly related to responder status
provided by changes in standardized scale scores. This supports the identification of
patient-adapted therapeutic objectives rather than universal thresholds on standardized
scales and questions the use of these thresholds as the criteria used by payers to determine
treatment continuity.
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10. Łusakowska, A.; Wójcik, A.; Frączek, A.; Aragon-Gawińska, K.; Potulska-Chromik, A.; Baranowski, P.; Nowak, R.; Rosiak, G.;
Milczarek, K.; Konecki, D.; et al. Long-term nusinersen treatment across a wide spectrum of spinal muscular atrophy severity: A
real-world experience. Orphanet J. Rare Dis. 2023, 18, 230. [CrossRef]

11. Maggi, L.; Bello, L.; Bonanno, S.; Govoni, A.; Caponnetto, C.; Passamano, L.; Grandis, M.; Trojsi, F.; Cerri, F.; Ferraro, M.; et al.
Nusinersen safety and effects on motor function in adult spinal muscular atrophy type 2 and 3. J. Neurol. Neurosurg. Psychiatry
2020, 91, 1166–1174. [CrossRef] [PubMed]

12. McMillan, H.J. Nusinersen: Evidence of sustained clinical improvement and lessened fatigue in older ambulatory patients with
spinal muscular atrophy. Muscle Nerve 2020, 61, 1–2. [CrossRef] [PubMed]

13. Pechmann, A.; König, K.; Bernert, G.; Schachtrup, K.; Schara, U.; Schorling, D.; Schwersenz, I.; Stein, S.; Tassoni, A.; Vogt, S.; et al.
SMArtCARE—A platform to collect real-life outcome data of patients with spinal muscular atrophy. Orphanet J. Rare Dis. 2019, 14,
18. [CrossRef] [PubMed]

14. Pechmann, A.; Langer, T.; Schorling, D.; Stein, S.; Vogt, S.; Schara, U.; Kölbel, H.; Schwartz, O.; Hahn, A.; Giese, K.; et al.
Evaluation of Children with SMA Type 1 Under Treatment with Nusinersen within the Expanded Access Program in Germany. J.
Neuromuscul. Dis. 2018, 5, 135–143. [CrossRef] [PubMed]

15. Coratti, G.; Cutrona, C.; Pera, M.C.; Bovis, F.; Ponzano, M.; Chieppa, F.; Antonaci, L.; Sansone, V.; Finkel, R.; Pane, M.; et al. Motor
function in type 2 and 3 SMA patients treated with Nusinersen: A critical review and meta-analysis. Orphanet J. Rare Dis. 2021, 16,
430. [CrossRef] [PubMed]

16. Yeo, C.J.J.; Simmons, Z.; De Vivo, D.C.; Darras, B.T. Ethical Perspectives on Treatment Options with Spinal Muscular Atrophy
Patients. Ann. Neurol. 2022, 91, 305–316. [CrossRef] [PubMed]

17. Djordjevic, D.; McFadyen, A.; Anderson, J.A. Ethical challenges and opportunities in the development and approval of novel
therapeutics for rare diseases. J. Med. Access 2023, 7, 27550834231177507. [CrossRef] [PubMed]

18. Stolte, B.; Bois, J.M.; Bolz, S.; Kizina, K.; Totzeck, A.; Schlag, M.; Kleinschnitz, C.; Hagenacker, T. Minimal clinically important
differences in functional motor scores in adults with spinal muscular atrophy. Eur. J. Neurol. 2020, 27, 2586–2594. [CrossRef]
[PubMed]

https://doi.org/10.1002/acn3.51281
https://www.ncbi.nlm.nih.gov/pubmed/33369268
https://doi.org/10.3390/genes14071377
https://doi.org/10.1038/nrn2670
https://www.ncbi.nlm.nih.gov/pubmed/19584893
https://doi.org/10.1016/j.nmd.2017.11.005
https://www.ncbi.nlm.nih.gov/pubmed/29290580
https://doi.org/10.1056/nejmoa1702752
https://www.ncbi.nlm.nih.gov/pubmed/29091570
https://doi.org/10.1056/nejmoa1710504
https://www.ncbi.nlm.nih.gov/pubmed/29443664
https://doi.org/10.1212/WNL.0000000000006281
https://www.ncbi.nlm.nih.gov/pubmed/30158155
https://doi.org/10.1186/s13023-020-01414-8
https://www.ncbi.nlm.nih.gov/pubmed/32532349
https://doi.org/10.1016/j.nmd.2020.12.006
https://doi.org/10.1186/s13023-023-02769-4
https://doi.org/10.1136/jnnp-2020-323822
https://www.ncbi.nlm.nih.gov/pubmed/32917822
https://doi.org/10.1002/mus.26735
https://www.ncbi.nlm.nih.gov/pubmed/31599453
https://doi.org/10.1186/s13023-019-0998-4
https://www.ncbi.nlm.nih.gov/pubmed/30665421
https://doi.org/10.3233/JND-180315
https://www.ncbi.nlm.nih.gov/pubmed/29689734
https://doi.org/10.1186/s13023-021-02065-z
https://www.ncbi.nlm.nih.gov/pubmed/34645478
https://doi.org/10.1002/ana.26299
https://www.ncbi.nlm.nih.gov/pubmed/34981567
https://doi.org/10.1177/27550834231177507
https://www.ncbi.nlm.nih.gov/pubmed/37323852
https://doi.org/10.1111/ene.14472
https://www.ncbi.nlm.nih.gov/pubmed/32781490


J. Clin. Med. 2024, 13, 3418 13 of 14

19. Schorling, D.C.; Pechmann, A.; Kirschner, J. Advances in Treatment of Spinal Muscular Atrophy—New Phenotypes, New
Challenges, New Implications for Care. J. Neuromuscul. Dis. 2020, 7, 1–13. [CrossRef]

20. Rouault, F.; Christie-Brown, V.; Broekgaarden, R.; Gusset, N.; Henderson, D.; Marczuk, P.; Schwersenz, I.; Bellis, G.; Cottet, C.
Disease impact on general well-being and therapeutic expectations of European Type II and Type III spinal muscular atrophy
patients. Neuromuscul. Disord. 2017, 27, 428–438. [CrossRef]

21. McGraw, S.; Qian, Y.; Henne, J.; Jarecki, J.; Hobby, K.; Yeh, W.S. A qualitative study of perceptions of meaningful change in spinal
muscular atrophy. BMC Neurol. 2017, 17, 68. [CrossRef] [PubMed]

22. Mazzone, E.; Bianco, F.; Main, M.; van den Hauwe, M.; Ash, M.; de Vries, R.; Mata, J.F.; Stein, S.; De Sanctis, R.; D’amico, A.; et al.
Six minute walk test in type III spinal muscular atrophy: A 12month longitudinal study. Neuromuscul. Disord. 2013, 23, 624–628.
[CrossRef] [PubMed]

23. Montes, J.; McDermott, M.P.; Martens, W.B.; Dunaway, S.; Glanzman, A.M.; Riley, S.; Quigley, J.; Montgomery, M.J.; Sproule,
D.; Tawil, R.; et al. Six-Minute Walk Test demonstrates motor fatigue in spinal muscular atrophy. Neurology 2010, 74, 833–838.
[CrossRef] [PubMed]

24. Oskoui, M.; Day, J.W.; Deconinck, N.; Mazzone, E.S.; Nascimento, A.; Saito, K.; Vuillerot, C.; Baranello, G.; Goemans, N.; Kirschner,
J.; et al. Two-year efficacy and safety of risdiplam in patients with type 2 or non-ambulant type 3 spinal muscular atrophy (SMA).
J. Neurol. 2023, 270, 2531–2546. [CrossRef] [PubMed]

25. Pane, M.; Palermo, C.; Messina, S.; Sansone, V.A.; Bruno, C.; Catteruccia, M.; Sframeli, M.; Albamonte, E.; Pedemonte, M.;
D’Amico, A.; et al. An observational study of functional abilities in infants, children, and adults with type 1 SMA. Neurology 2018,
91, e696–e703. [CrossRef] [PubMed]

26. Baranello, G.; Gorni, K.; Daigl, M.; Kotzeva, A.; Evans, R.; Hawkins, N.; Scott, D.A.; Mahajan, A.; Muntoni, F.; Servais, L.
Prognostic Factors and Treatment-Effect Modifiers in Spinal Muscular Atrophy. Clin. Pharmacol. Ther. 2021, 110, 1435–1454.
[CrossRef] [PubMed]

27. Day, J.W.; Howell, K.; Place, A.; Long, K.; Rossello, J.; Kertesz, N.; Nomikos, G. Advances and limitations for the treatment of
spinal muscular atrophy. BMC Pediatr. 2022, 22, 632. [CrossRef] [PubMed]

28. Ferguson, L.; Scheman, J. Patient global impression of change scores within the context of a chronic pain rehabilitation program. J.
Pain 2009, 10, S73. [CrossRef]

29. Gusset, N.; Stalens, C.; Stumpe, E.; Klouvi, L.; Mejat, A.; Ouillade, M.-C.; de Lemus, M. Understanding European patient
expectations towards current therapeutic development in spinal muscular atrophy. Neuromuscul. Disord. 2021, 31, 419–430.
[CrossRef]

30. Pera, M.C.; Coratti, G.; Casiraghi, J.; Bravetti, C.; Fedeli, A.; Strika, M.; Albamonte, E.; Antonaci, L.; Rossi, D.; Pane, M.; et al.
Caregivers’ Expectations on Possible Functional Changes following Disease-Modifying Treatment in Type II and III Spinal
Muscular Atrophy: A Comparative Study. J. Clin. Med. 2023, 12, 4183. [CrossRef]

31. Pera, M.C.; Coratti, G.; Forcina, N.; Mazzone, E.S.; Scoto, M.; Montes, J.; Pasternak, A.; Mayhew, A.; Messina, S.; Sframeli, M.; et al.
Content validity and clinical meaningfulness of the HFMSE in spinal muscular atrophy. BMC Neurol. 2017, 17, 39. [CrossRef]

32. Duong, T.; Staunton, H.; Braid, J.; Barriere, A.; Trzaskoma, B.; Gao, L.; Willgoss, T.; Cruz, R.; Gusset, N.; Gorni, K.; et al. A
Patient-Centered Evaluation of Meaningful Change on the 32-Item Motor Function Measure in Spinal Muscular Atrophy Using
Qualitative and Quantitative Data. Front. Neurol. 2021, 12, 770423. [CrossRef] [PubMed]

33. Meyer, T.; Maier, A.; Uzelac, Z.; Hagenacker, T.; Günther, R.; Schreiber-Katz, O.; Weiler, M.; Steinbach, R.; Weyen, U.; Koch, J.C.;
et al. Treatment expectations and perception of therapy in adult patients with spinal muscular atrophy receiving nusinersen. Eur.
J. Neurol. 2021, 28, 2582–2595. [CrossRef] [PubMed]

34. Bieniaszewska, A.; Sobieska, M.; Steinborn, B.; Gajewska, E. Examination of Upper Limb Function and the Relationship with Gross
Motor Functional and Structural Parameters in Patients with Spinal Muscular Atrophy. Biomedicines 2023, 11, 1005. [CrossRef]
[PubMed]

35. Pechmann, A.; Behrens, M.; Dörnbrack, K.; Tassoni, A.; Wenzel, F.; Stein, S.; Vogt, S.; Zöller, D.; Bernert, G.; Hagenacker, T.; et al.
Improved upper limb function in non-ambulant children with SMA type 2 and 3 during nusinersen treatment: A prospective
3-years SMArtCARE registry study. Orphanet J. Rare Dis. 2022, 17, 384. [CrossRef] [PubMed]

36. Slayter, J.; Casey, L.; O’Connell, C. Patient Reported Outcome Measures in Adult Spinal Muscular Atrophy: A Scoping Review
and Graphical Visualization of the Evidence. J. Neuromuscul. Dis. 2023, 10, 239–250. [CrossRef] [PubMed]

37. Shieh, P.B.; Kuntz, N.L.; Dowling, J.J.; Müller-Felber, W.; Bönnemann, C.G.; Seferian, A.M.; Servais, L.; Smith, B.K.; Muntoni, F.;
Blaschek, A.; et al. Safety and efficacy of gene replacement therapy for X-linked myotubular myopathy (ASPIRO): A multinational,
open-label, dose-escalation trial. Lancet Neurol. 2023, 22, 1125–1139. [CrossRef]

38. Mercuri, E.; Sansone, V. Nusinersen in adults with spinal muscular atrophy: New challenges. Lancet Neurol. 2020, 19, 283–284.
[CrossRef] [PubMed]

39. Kuzma-Kozakiewicz, M.; Andersen, P.M.; Ciecwierska, K.; Vázquez, C.; Helczyk, O.; Loose, M.; Uttner, I.; Ludolph, A.C.; Lulé,
D. An observational study on quality of life and preferences to sustain life in locked-in state. Neurology 2019, 93, e938–e945.
[CrossRef]

https://doi.org/10.3233/JND-190424
https://doi.org/10.1016/j.nmd.2017.01.018
https://doi.org/10.1186/s12883-017-0853-y
https://www.ncbi.nlm.nih.gov/pubmed/28376816
https://doi.org/10.1016/j.nmd.2013.06.001
https://www.ncbi.nlm.nih.gov/pubmed/23809874
https://doi.org/10.1212/wnl.0b013e3181d3e308
https://www.ncbi.nlm.nih.gov/pubmed/20211907
https://doi.org/10.1007/s00415-023-11560-1
https://www.ncbi.nlm.nih.gov/pubmed/36735057
https://doi.org/10.1212/wnl.0000000000006050
https://www.ncbi.nlm.nih.gov/pubmed/30045959
https://doi.org/10.1002/cpt.2247
https://www.ncbi.nlm.nih.gov/pubmed/33792051
https://doi.org/10.1186/s12887-022-03671-x
https://www.ncbi.nlm.nih.gov/pubmed/36329412
https://doi.org/10.1016/j.jpain.2009.01.258
https://doi.org/10.1016/j.nmd.2021.01.012
https://doi.org/10.3390/jcm12134183
https://doi.org/10.1186/s12883-017-0790-9
https://doi.org/10.3389/fneur.2021.770423
https://www.ncbi.nlm.nih.gov/pubmed/35111124
https://doi.org/10.1111/ene.14902
https://www.ncbi.nlm.nih.gov/pubmed/33960080
https://doi.org/10.3390/biomedicines11041005
https://www.ncbi.nlm.nih.gov/pubmed/37189623
https://doi.org/10.1186/s13023-022-02547-8
https://www.ncbi.nlm.nih.gov/pubmed/36274155
https://doi.org/10.3233/JND-221595
https://www.ncbi.nlm.nih.gov/pubmed/36530090
https://doi.org/10.1016/s1474-4422(23)00313-7
https://doi.org/10.1016/S1474-4422(20)30068-5
https://www.ncbi.nlm.nih.gov/pubmed/32199087
https://doi.org/10.1212/wnl.0000000000008064


J. Clin. Med. 2024, 13, 3418 14 of 14

40. Duong, T.; Krosschell, K.J.; James, M.K.; Nelson, L.; Alfano, L.N.; Eichinger, K.; Mazzone, E.; Rose, K.; Lowes, L.P.; Mayhew, A.;
et al. Consensus Guidelines for Improving Quality of Assessment and Training for Neuromuscular Diseases. Front. Genet. 2021,
12, 735936. [CrossRef]

41. Servais, L.; Yen, K.; Guridi, M.; Lukawy, J.; Vissière, D.; Strijbos, P. Stride Velocity 95th Centile: Insights into Gaining Regulatory
Qualification of the First Wearable-Derived Digital Endpoint for use in Duchenne Muscular Dystrophy Trials. J. Neuromuscul. Dis.
2022, 9, 335–346. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3389/fgene.2021.735936
https://doi.org/10.3233/jnd-210743
https://www.ncbi.nlm.nih.gov/pubmed/34958044

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

