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Summary

Background Evidence for the efficacy of nusinersen in adults with 5qg-associated spinal muscular atrophy (SMA) has
been demonstrated up to a period of 16 months in relatively large cohorts but whereas patients reach a plateau over
time is still to be demonstrated. We investigated the efficacy and safety of nusinersen in adults with SMA over 38
months, the longest time period to date in a large cohort of patients from multiple clinical sites.

Methods Our prospective, observational study included adult patients with SMA from Germany, Switzerland, and
Austria (July 2017 to May 2022). All participants had genetically-confirmed, 5q-associated SMA and were treated with
nusinersen according to the label. The total Hammersmith Functional Motor Scale Expanded (HFMSE) and Revised
Upper Limb Module (RULM) scores, and 6-min walk test (6 MWT; metres), were recorded at baseline and 14, 26, and
38 months after treatment initiation, and pre and post values were compared. Adverse events were also recorded.

Findings Overall, 389 patients were screened for eligibility and 237 were included. There were significant increases in
all outcome measures compared with baseline, including mean HFMSE scores at 14 months (mean difference 1.72
[95% CI 1.19-2.25]), 26 months (1.20 [95% CI 0.48-1.91]), and 38 months (1.52 [95% CI 0.74-2.30]); mean RULM
scores at 14 months (mean difference 0.75 [95% CI 0.43-1.07]), 26 months (mean difference 0.65 [95% CI
0.27-1.03]), and 38 months (mean difference 0.72 [95% CI 0.25-1.18]), and 6 MWT at 14 months (mean difference
30.86 m [95% CI 18.34-43.38]), 26 months (mean difference 29.26 m [95% CI 14.87-43.65]), and 38 months (mean
difference 32.20 m [95% CI 10.32-54.09]). No new safety signals were identified.

Interpretation Our prospective, observational, long-term (38 months) data provides further real-world evidence for the
continuous efficacy and safety of nusinersen in a large proportion of adult patients with SMA.

Funding Financial support for the registry from Biogen, Novartis and Roche.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Keywords: Antisense oligonucleotide; Intrathecal therapy; Motor neuron disease; Nusinersen; Spinal muscular
atrophy

Introduction

5q-associated spinal muscular atrophy (SMA) is an
autosomal-recessive inherited neuromuscular disease
with an incidence of about 1 per 7000 live births in
German speaking countries.' In most cases, a homo-
zygous deletion in the Survival of Motor Neuron 1 gene
(SMN1) causes a critical reduction in the functional
SMN protein, leading to continuous degeneration of
lower motor neurons with progressive muscle

denervation over the lifetime.”* The SMA phenotype is
characterised by muscle weakness and atrophy of skel-
etal muscles including deficits of more proximal than
distal and trunk muscle groups.” Depending on the
severity of the SMA type, the natural disease course
includes highly variable phenotypes ranging from
newborns who are unable to gain motor milestones
and/or respiration without support to patients who are
still able to walk at older ages.® The severity is strongly
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Research in context

Evidence before this study

Our study relates to the latest scientific knowledge on
“nusinersen in adult patients with 5g-spinal muscular
atrophy”. While effectiveness of nusinersen has been
demonstrated in children with SMA in randomized double-
blind trials before approval, there is still little data regarding
the effectiveness in adults. Using PubMed and the search
terms “nusinersen”, “SMA” and “adult patients” in the period
from March to May 2023, only few real-world evidence
studies as well as two reviews and meta-analyses were found.
Merely studies that depicted motor function using validated
motor scores were taken into account. Most real-world data
report positive changes on at least one of the functional
measures (such as HFMSE, RULM, 6 MWT) in SMA patients
treated with nusinersen. An increase in HFMSE score with a
pooled mean change of 1.87 (95% Cl 1.05-2.68) was
determined through a meta-analysis in treated adult SMA
patients, while previous studies showed that untreated adult
patients experience deterioration in motor function over
time. The results were reported to remain stable over the long
term. However, prospective observational studies report

associated with the number of centromeric copies of
SMN1, the Survival of Motor Neuron 2 gene (SMN2)
copies.” A point mutation on position 6 of exon 7 in
SMN2 leads to altered splicing of SMN2 pre-mRNA.®
Additionally, an intronic splicing silencer N1 (ISS-N1)
exacerbates exon skipping of exon 7, both resulting in
only low functional SMN protein levels derived from the
SMN?2 gene.’

Nusinersen is an antisense oligonucleotide that in-
creases the expression of SMN2 by blocking ISS-N1 of
SMN2 pre-mRNA." Since the approval of this first gene-
modifying therapy for SMA in December 2016 by the
FDA and in May 2017 by the EMA, the phenotypic
landscape of SMA has profoundly changed. However,
little efficacy and safety data on adults with SMA were
available before approval. In a prospective, observa-
tional, multicentre study in Germany over a treatment
period of 14 months, we provided evidence for the safety
and efficacy of nusinersen treatment in adults with
SMA." Additional studies including meta-analyses pro-
vided more evidence.'”'* However, studies with longer
observational intervals are needed to provide more
robust conclusions. We have therefore investigated the
safety and efficacy of nusinersen in adults with SMA
over a longer time period in a larger cohort.

Methods

Study design and population

Patients (aged 16-71 years) with SMA participating in
the SMArtCARE registry” were included in this

www.thelancet.com Vol 39 April, 2024

efficacy and safety of nusinersen in adults with SMA for a
period of no longer than 16 months.

Added value of this study

In this prospective, observational, multicentre study in
Germany, Austria and Switzerland we provided evidence for
the safety and efficacy of nusinersen treatment in adults with
SMA for 38 months. All outcome measures (HFMSE, RULM,
6 MWT) showed significant increases compared to baseline
throughout the course. Our results demonstrate sustained
efficacy of nusinersen on motor function across the
phenotypic spectrum of adult SMA, including ambulatory and
non-ambulatory patients across a wide age range. Thus, our
study shows that the course of the disease in treated SMA
patients differs from the natural course.

Implications of all the available evidence

Nusinersen in the treatment of adult patients stabilises the
progressive disease course of SMA in sitters and may provide
continuous benefit in walkers thus remaining a relevant
therapeutic option in the long-term course.

prospective, observational, multicentre, study. Recruit-
ment took place between July 2017 and May 2022 within
Germany, Switzerland, and Austria. Inclusion criteria
were genetically-confirmed, 5g-associated SMA due to
homozygous deletion of exons 7, 8, or both, or to
compound heterozygous SMNI1 mutations, and nusi-
nersen treatment administered continuously according
to the official prescribing information with a minimum
treatment time of 14 months. All patients treated with
nusinersen and willing to participate in the SMArtCare
registry at each centre were included. To avoid selection
bias, no other criteria were defined. Study approval was
obtained from the local ethics committees of all
participating sites (lead Ethics Committee of the Uni-
versity of Freiburg, Germany (EK 56/18)). All patients
provided written informed consent.

Procedures

In all patients, nusinersen (12 mg) was administered
intrathecally in accordance with the label, including a
loading phase followed by maintenance dosing every 4
months. Intrathecal injections by a trained neurologist
or neuroradiologist were given via conventional, fluo-
roscopy-, ultrasound-, or CT-guided lumbar puncture,
based on the individual decision of the treating physi-
cian. All patients were treated according to the current
standard of care. Adverse events were recorded using a
standardised protocol. Motor function assessments
were done according to the recommendations of the
SMATrtCARE registry initiative.”® Site evaluators were
trained by experienced physiotherapists from the
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SMATrtCARE initiative from Freiburg University (Frei-
burg, Germany).

Outcomes and measures

The primary endpoint was the change from baseline in
the total Hammersmith Functional Motor Scale
Expanded (HFMSE) score at 14, 26, and 38 months. The
HFMSE consists of 33 items for motor functions to
assess activities of daily living. Each item is scored on a
scale from 0 to 2, with higher scores indicating better
motor function, up to a maximum of 66 points. A score
change of at least three points is considered to be clin-
ically meaningful.’® Secondary endpoints were the
change from baseline to 14, 26, and 38 months in the
Revised Upper Limb Module (RULM) score (20 items
with a maximum of 37 points, with higher scores indi-
cating better arm function, and a score change of at least
two points considered to be clinically meaningful), and
the 6-min walk test (6 MWT; measures the distance (m)
a patient is able to walk within 6 min; a change of at
least 30 m is considered to be clinically meaningful).
Adverse drug reactions were evaluated and reported
according to MedDRA (version 25.0).

Statistical analyses

Statistical analyses were based on pre-post comparisons
from baseline to 14, 26, and 38 months, using the es-
timate of the pre-post differences for primary and sec-
ondary endpoints together with the corresponding 95%
confidence intervals (CI) and by using the paired sample
ttest. In addition to the t-tests, Wilcoxon signed rank
test were performed for the pre-post differences in pri-
mary and secondary endpoints. As no adjustment was
done for the secondary endpoints, the p-values pre-
sented are to be interpreted on a descriptive basis only.
Correlations were analyzed by Spearman’s rank corre-
lation coefficient with a = 0.05. Correlation coefficients
r < 0.3 were described as negligible.”” Subgroup analyses
included SMA type (2 vs. 3) (types 1 and 4 were not
separately analysed because of the limited data set),
status of ambulation (yes vs. no), and previous spondy-
lodesis (yes vs. no). Subgroup analyses were conducted
using the paired sample t-test; for group comparison,
the Mann—Whitney U test was used. A mixed model was
used to estimate the effect on the HFMSE score. The
model was set up with sex, age, spondylodesis, SMA
type, ambulatory status, and time as fixed effects, and
patient as the random effect. Outliers were not removed
because there were no indications of incorrect
measurements.

The main results were based on complete case
analysis. Because of (the mentioned) missing values we
additionally performed an exploratory sensitivity anal-
ysis in which the missing data were substituted by 100-
fold multiple imputation with the fully conditional
specification (FCS) method to stress results of primary
analysis. The missing data in the HFMSE differences at

14 months, at 16 months and at 38 months of the pri-
mary endpoints were imputed. The imputation process
included the following variables: gender, age, spondy-
lodesis, SMA type, HFMSE baseline value and HFMSE
scores at the respective time point as well as HFMSE
scores at the next and previous time point. After
imputation, the patients who discontinued treatment
were reset as missing from the imputed data. The
analysis for the primary endpoints was carried out
repeatedly on the imputed data. As results on the
imputed data sets, we obtained combined parameter
estimates. Analyses were performed using SAS
version 9.4.

Role of the funding source

Data collection and analysis was carried out by the aca-
demic SMArtCARE network, independent of the com-
mercial partner.

Results
Overall, 389 adult patients with SMA were screened for
eligibility for the primary outcome (Fig. 1). 11 patients
withdrew from nusinersen treatment before completing
the 14-month assessment timepoint. Of whom 4 pa-
tients changed treatment to risdiplam. In 5 patients 21
adverse events were documented; one patient suffered
from an aseptic meningitis. None of the patients was
able to walk; 4 of the 11 patients were type 1.

Thirty-one patients were not included in the analysis
because they had not yet reached the 14-month assess-
ment timepoint. In total, 347 completed the 14-month
assessment, 276 completed the 26-month assessment,
and 203 completed the 38-month assessment (Fig. 1).
Data from patients with missing values (e.g., because
the patient declined functional testing, there was a
competing disease, or no scoring was done either at
baseline or 14 months) were excluded from the analysis.
The primary endpoint analysis included 237 patients
with a treatment period of at least 14 months, 171 pa-
tients with a treatment period of 26 months, and 120
patients with a treatment period of 38 months (Fig. 1).
The demographic and clinical baseline data of these
patients are presented in Table 1.

Two patients had a full score (66 points) and 55 had
0 points on the HFMSE at baseline. Compared with
baseline, the mean HFMSE scores were significantly
higher at 14 months (mean difference 1.72 [95% CI
1.19-2.25]), 26 months (mean difference 1.20 [95% CI
0.48-1.91]), and 38 months (mean difference 1.52 [95%
CI 0.74-2.30]) after initiation of treatment with nusi-
nersen (Fig. 2, Table 2). Clinically meaningful im-
provements (>3 points) in the HFMSE score were seen
in 68 (29%; mean difference 6.66 [95% CI 5.70-7.62])
patients at 14 months, 49 (29%; mean difference 6.86
[95% CI 5.75-7.96]) patients at 26 months, and 36 (30%;
mean difference 6.64 [95% CI 5.43-7.85]) patients at 38
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389 adults with spinal muscular atrophy
assessed for eligibility

42 excluded

A 4

347 completed 14-month assessment
2837 included in 14-month analysis
110 excluded from 14-month analysis
72 with missing baseline values
38 missing 14-month value

> 31 ineligible (not yet reached 14-month
assessment)
11 withdrew from treatment

71 not assessed at 26 months

A

276 completed 26-month assessment
171 included in 26-month analysis
105 excluded from 26-month analysis
54 with missing baseline values
51 missing 26-month value

56 had not yet reached 26-month assessment
15 withdrew from treatment

A 4

73 not assessed at 38 months

A\ 4

A 4

203 completed 38-month assessment
120 included in 38-month analysis
83 excluded from 38-month analysis
34 with missing baseline values
49 missing 38-month value

61 had not yet reached 38-month assessment
12 withdrew from treatment

Fig. 1: Study profile.

months. Twenty-eight patients with clinically meaning-
ful improvement at 14 months maintained the
improvement for >38 months of treatment. Compared
with baseline, worsening of motor function (<0 points)
was seen in 47 (20%; mean difference -2.68 [95%
CI -3.34 to -2.02]) patients at 14 months, 49 (29%;
mean difference —3.53 [95% CI —4.35 to —2.72]) patients
at 26 months, and 34 (28%; mean difference —2.88 [95%
CI -3.48 to —2.28)) patients at 38 months after treatment
with nusinersen. Clinically meaningful worsening (-3
points or more) was observed in 19 (8%; mean differ-
ence —4.58 [95% CI -5.76 to —3.39]) of these patients at
14 months, 25 (15%; mean difference -5.32 [95%
CI -6.56 to —4.08]) at 26 months, and 16 (13%; mean
difference —4.50 [95% CI -5.01 to —3.99]) at 38 months.
The further course of the subgroups with improvement
(>0 points), without change (=0 points), and with
worsening (<0 points) at 14 months compared to base-
line are displayed in Supplementary Figure S1A corre-
lation analysis revealed only a negligible correlation
between the change in HFMSE score and the patient’s
age at all three time points of treatment (r < 0.3). No
correlation was found between the patient’s age and
HFMSE score at baseline (r = 0.04, p = 0.4947). No
significant associations between HFMSE score at
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baseline and improvements in the HFMSE scores were
found (Supplementary Figure S2). Ambulatory patients
showed a negative correlation of baseline HFMSE
scores to change of HFMSE at follow-up time points (i.e.
38 months; r = -0.43, p < 0.0001), which has to be
interpreted as ceiling effect in patients with high
HFMSE scores at baseline.

Because of a relevant number of missing values, we
substituted missing values (missing values: at 14
months 152/389 (39%), at 26 month 218/389 (56%), at
38 month 269/389 (69%) using the fully conditional
specification (FCS) method in an exploratory analysis.
By doing so, mean change of HFMSE was 1.43 [95% CI
0.48-2.38] at 14 months, 0.75 [95% CI —0.32 to 1.83] at
26 months, and 0.54 [95% CI -0.46 to 1.55] at
38 months. Mean change difference was only statisti-
cally significant at month 14 (p = 0.0032) (Month 26:
p = 0.169; Month 38: p = 0.289).

Seventy-four patients had a full score (37 points) and
17 patients had 0 points on the RULM at baseline.
Compared with baseline, the RULM was also signifi-
cantly higher at 14 months (mean difference 0.75 [95%
CI 0.43-1.07]), 26 months (mean difference 0.65
[95% CI 0.27-1.03]), and 38 months (mean difference
0.72 [95% CI 0.25-1.18]) after initiation of treatment
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No. patients, n (%)
Sex, n (%)
Female

Male

Age (years), mean = SD (range)

SMN2 copy, n (%)

N o~ wN

Unknown
SMA type, n (%)

1

2

3

4
Ambulant, n (%)
Spondylodesis, n (%)

Baseline Scores, mean + SD

HFMSE score
RULM score
6 MWT

14-month analysis 26-month analysis 38-month analysis

237 (100) 171 (100) 120 (100)

102 (43) 68 (40) 49 (41)

135 (57) 103 (60) 71 (59)

36 + 13 (16-71) 35 + 13 (16-68) 36 + 13 (16-68)

12 (5) 12.(7) 87

82 (35) 55 (32) 36 (30)

90 (38) 66 (39) 45 (38)

5(@) 32 1(1)

3() 2(1 1(1)

1(0) 1(0) 1(1)

44 (19) 32 (19) 28 (23)

5@ 3 2(2)

67 (28) 44 (26) 33 (27)

156 (66) 117 (68) 83 (69)

9 (4) 7 (4) 2(2)

100 (42) 77 (45) 57 (48)

45 (19) 40 (23) 26 (22)

253 +£217 26.3 + 217 26.2 + 215

24.0 + 12.5 24.8 + 12.0 24.9 £ 12.5

333.6 + 178.9 344.5 + 1832 341.0 + 181.6
Maximum score values: HFMSE . = 66; RULM 1,2 = 37. 6 MWT, 6-min walk test; HFMSE, Hammersmith
Functional Rating Motor Scale Expanded; RULM, Revised Upper Limb Module; SD, standard deviation.
Table 1: Demographic and clinical baseline data of the study cohort.

with nusinersen (Fig. 3, Table 2). Clinically meaningful
improvements (>2 points) in the RULM score were seen
in 68 (29%; mean difference 3.6 [95% CI 3.02-4.18]))
patients at 14 months, 48 (28%; mean difference 3.65
[95% CI 3.01-4.28)) patients at 26 months, and 32 (26%;
mean difference 3.91 [95% CI 2.97—4.85]) patients at 38
months (Table 2). Twenty-five (37%) of the 68 patients
who showed a clinically meaningful increase in RULM
score at 14 months remained stable until 38 months of
treatment. Thirty (24%) patients had maintained a full
RULM score (37 points) at 38 months after treatment
initiation. Thirty-seven (30%) patients showed no clini-
cally meaningful change, and 24 (20%; mean differ-
ence —2.13 [95% CI -2.90 to —1.35])) showed a decline of
>1 points during the 38-month observation period.
Compared with baseline, a clinically meaningful wors-
ening (-2 points or more) was seen in 27 patients (11%;
mean difference -2.96 [95% CI -3.47 to —2.45]) at 14
months, 22 (13%; mean difference —3.18 [95% CI -3.91
to —2.45]) at 26 months, and nine (7%; mean differ-
ence —4.00 [95% CI -5.39 to —2.61]) at 38 months. The
further course of the subgroups with improvement (>0
points), without change (=0 points), and with worsening
(<0 points) at 14 months compared to baseline are dis-
played in Supplementary Figure S1B. Correlation anal-
ysis showed negligible correlations between age and

change in RULM score from baseline to 26 months
(r = -0.19, p < 0.05) and to 38 months (r = -0.29,
p < 0.01) of treatment. No correlation was found with
change in RULM score from baseline to 14 months
(r =0.09, p = 0.1362). A weak negative correlation was
found between baseline RULM score and change in
RULM score at 14 months (r = —-0.32, p < 0.001), 26
months (r =-0.29, p < 0.001), and 38 months (r = —0.26,
p < 0.01) (Supplementary Figure S3).

Compared with baseline, the mean walking distance
in the 6 MWT was significantly longer at 14 months
(mean difference 30.86 m [95% CI 18.34-43.38)), 26
months (mean difference 29.26 m [95% CI
14.87-43.65]), and 38 months (mean difference 32.20 m
[95% CI 10.32-54.09]) after initiation of treatment with
nusinersen (Table 2, Supplementary Figure S4). Clini-
cally meaningful improvements (>30 m) in 6 MWT
were seen in 39 (48%; mean difference 75.83 [95% CI
64.03-87.63]) patients at 14 months, 26 (42%; mean
difference 85.50 [95% CI 70.11-100.89]) patients at 26
months, and 21 (48%; mean difference 87.76 [95% CI
58.89-116.63]) patients at 38 months (Table 2). A clini-
cally meaningful worsening (-30 m or more) was
observed in seven (9%; mean difference -72.00 [95%
CI -127.72 to -16.28]) patients at 14 months, eight
(13%; mean difference -45.25 [95% CI -50.42
to —40.08]) patients at 26 months, and eight (18%; mean
difference —49.00 [95% CI —64.56 to —33.44]) patients at
38 months.

Exploratory subgroup analysis showed that compared
with baseline, the mean HFMSE scores were signifi-
cantly higher at all three timepoints in patients with
SMA type 3, and at 14 months in patients with SMA
type 2. No significant changes were observed at 26 and
38 months in SMA type 2. The mean difference in
HFMSE vs. baseline was significantly lower in SMA type
2 than type 3 at 26 and 38 months (p < 0.01 at both
timepoints) (Supplementary Tables S1 and S2). The
mean RULM scores were also significantly higher
compared with baseline at all three timepoints in pa-
tients with SMA type 2, and at 14 and 38 months in
patients with SMA type 3 (Supplementary Table S3).
Comparison of SMA type 2 and 3 revealed significantly
higher mean differences in RULM scores vs. baseline at
14 and 26 months in SMA type 2 than type 3 (p < 0.01 at
both timepoints).

Exploratory subgroup analysis between ambulatory
and non-ambulatory patients revealed that HFMSE
scores were significantly higher at 14 months vs. base-
line in both subgroups. However, at 26 and 38 months
the increase was only observed in ambulatory patients.
The mean difference in HFMSE scores vs. baseline were
significantly lower in non-ambulatory patients
compared to ambulatory patients at all three timepoints
(p £ 0.01 at 14 months; p < 0.01 at 26 months;
p < 0.01 at 38 months) (Supplementary Table S2). The
RULM scores were significantly higher at all three

www.thelancet.com Vol 39 April, 2024


www.thelancet.com/digital-health

Articles

A 14-month assessment D

o 254
80+ 3
I n=237 w 204
\ Mean 1.72 (SD 4.16) g
£ 60 I T 154
£ £
g 2
g 40 g 107
E =
5 < 9
:5; 20+ b
[ £ 0+ T m
: 3 gy
[
& — — Kernel g -5 C
[} al
T T T T T T T T T T T T T T > -10
24 -20-16-12 -8 -4 0 4 8 12 16 20 24 28 32 s
o
Change from baseline to 14 months in HFMSE score O 154

26-month assessment o 254
80 3
n=171 w20
. Mean 1.20 (SD 4.75) 2
< 60+ E 154
- c
2 / p
8 40+ I 5 10
k] E
8 [\ & 54
=
S 20+ L
5 2 o- TITAT
£ 3 T
(2]
0+ g -5-]
=— = Kernel c
S
T T T T T T T T T T T T T T T 8, -10
24 -20-16-12 -8 4 0 4 8 12 16 20 24 28 32 5
Change from baseline to 26 months in HFMSE score 5 -154
c 38-month assessment F o 25
- 8
80 n=120 u‘g 20
Mean 1.52 (SD 4.31) 2
= 60+ e
%} T 15
£ £
% | E 10
8 404 \ 15
k] E
: I g 5
5 20+ e
5 / 2 o TITTITITIY
: 9 ]
0+ ©
— — Kemel S 54
erne g 5
oo % E
T T T T T T T T T T T T T T T o -104
24 -20-16-12 -8 4 0 4 8 12 16 20 24 28 32 =
Change from baseline to 38 months in HFMSE score 5 -15-

Fig. 2: Changes in HFMSE score from baseline to 14 (A, D), 26 (B, E), and 38 (C, F) months. Left panels show distribution of changes in HFMSE
score from baseline to 14, 26, and 38 months, with each bar representing the proportion of patients who had improved/worsened. The dashed
line is the kernel density estimator for the distribution. Box and whisker plots show median (central line), IQR (boxes), and 1.5 x IQR (whiskers),
with individual points representing outliers (those outside of 1.5 x IQR from the median). Diamonds indicate mean values. Panels on the right
show changes in HFMSE in individual patients from baseline. Each bar represents a single patient. HFMSE = Hammersmith Functional Motor
Scale Expanded; IQR = interquartile range.
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n Scores, mean (SD) n Difference versus p-value p-value (Wil-coxon Clinically meaning-ful
baseline, mean (paired t-test) signed-rank test) improve-ment, n (%)
(95% 1)
14 months
HFMSE 237 27.04 (22.28) 237 172 (1.19-2.25) <0.0001 <0.0001 68 (28.7)
RULM 244 24.06 (12.18) 237 0.75 (0.43-1.07) <0.0001 <0.0001 68 (287)
6 MWT 89 372.48 (189.47) 82  30.86 (18.34-4338)  <0.0001 <0.0001 39 (47.6)
26 months
HFMSE 171 27.47 (22.40) 171 1.20 (0.48-1.92) 0.0012 0.0021 49 (287)
RULM 180 24.57 (11.65) 173 0.65 (0.27-1.03) 0.0009 0.0004 48 (27.7)
6 MWT 70 369.51 (198.47) 62 29.26 (14.87-43.65) 0.0001 0.0005 26 (41.9)
38 months
HFMSE 120 27.68 (21.05) 120 1.52 (0.74-2.30) 0.0002 0.0006 36 (30.0)
RULM 128 24.90 (12.27) 123 0.72 (0.25-1.18) 0.0030 0.0008 32 (26.0)
6 MWT 49 354.92 (191.77) 44 3220 (10.32-54.09) 0.0049 0.0052 21 (47.7)
Maximum score values: HFMSE 2 = 66; RULM 0 = 37. 6 MWT, 6-min walk test; Cl, confidence interval; HFMSE, Hammersmith Functional Rating Motor Scale Expanded;
RULM, Revised Upper Limb Module; SD, standard deviation.
Table 2: Changes in HFMSE, RULM, and 6-MWT scores.

timepoints compared with baseline in the non-
ambulatory subgroup. In contrast, no changes in the
ambulatory subgroup were observed (Supplementary
Table S3). The mean differences in RULM scores vs.
baseline were significantly higher in non-ambulatory
patients compared to ambulatory patients at all three
timepoints (p < 0.05 at 14 months; p = 0.05 at 26
months; p = 0.02 at 38 months). The HFMSE scores
were higher at 14 months than baseline in patients with
and without spondylodesis; higher scores at 26 and 38
months compared with baseline were only observed in
the group without spondylodesis. The RULM scores
were significantly higher at all timepoints in patients
with and without spondylodesis (Supplementary
Tables S2 and S3). Significant mean differences in
HFMSE scores vs. baseline between patients with and
without spondylodesis were found at 26 and 38 months;
significant differences in the RULM scores between
these groups were only observed at 14 months
(Supplementary Tables S2 and S3).

Overall, 732 adverse drug reactions or procedure-
related complications were documented in 353/389
(91%) screened patients who received at least one in-
jection. Fifty-one (7%) patients had adverse drug re-
actions without a detailed description. No adverse drug
reactions were reported in 103 (26%) patients, while 250
(64%) patients had at least one adverse reaction. There
was no hint of more AEs in the group of worsening
patients (improving: 75% vs. worsening: 64% > 1 AE).
Most adverse reactions were post-lumbar puncture
syndrome, headache, backpain, and infections (for de-
tails, see Supplementary Table S4).

Discussion
The therapeutic options for SMA have changed
considerably in recent years. Whereas the efficacy of

nusinersen in infants and children has been demon-
strated in randomised clinical trials,”®" efficacy in adult
patients with SMA with different phenotypes has mainly
been documented in real-world evidence studies and
only in minority in RCTs.”” These have shown that
nusinersen may improve or stabilise motor function
over a period of up to 24 months, a finding that has been
confirmed by several meta-analyses.””**' Longer treat-
ment periods have not yet been investigated. Our study
demonstrates that nusinersen leads to long-lasting
improvement or stabilisation in motor function for up
to 38 months in the majority of adult SMA patients,
while in almost 30% a worsening in motor scale as-
sessments was observed. The tolerability was good and
not different between patients with improvement or
worsening in motor scale assessments. This is the
largest study in adult patients with SMA reported to date
and reflects the broad heterogeneity in this population,
including ambulatory and non-ambulatory patients over
a wide age range.

Our results show that in less severely affected pa-
tients in particular (i.e. SMA type 3, ambulatory and
without spondylodesis), a relevant number of patients
experience a sustained and clinically relevant improve-
ment in motor function. With increasing disease
severity (i.e. SMA type 2, non-ambulatory and with
spondylodesis), the proportion of patients with a clini-
cally relevant improvement is smaller; however, we did
observe sustained stabilisation of symptoms. Although
our study did not include patients that represented the
natural history of the disease, previous studies of dis-
ease progression indicate that a relevant deterioration in
motor function could have been expected over the
observation time period of 38 months.”” A recent study,
including mostly SMA type 2 and 3 patients, on the
natural history of SMA reported an estimated decline of
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Fig. 3: Changes in RULM score from baseline to 14 (A, D), 26 (B, E) and 38 (C, F) months. Left panels show distribution of changes in RULM
score from baseline to 14, 26, and 38 months, with each bar representing the proportion of patients who had improved/worsened. The dashed
line is the kernel density estimator for the distribution. Box and whisker plots show median (central line), IQR (boxes), and 1.5 x IQR (whiskers),
with individual points representing outliers (those outside of 1.5 x IQR from the median). Diamonds indicate the mean values. Panels on the
right show changes in RULM in individual patients from baseline. Each bar represents a single patient. RULM = Revised Upper Limb Module;
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0.5 points in the HFMSE score per year.’ The dynamic
in the RULM score of untreated patients with SMA type
2 was recently described as a loss of 0.8 points over 12
month and 1.52 points over 24 month. Non ambulatory
SMA type 3 patients also had a decline of 0.9 points in
RULM score, whereas ambulatory patients did not show
changes.” In ambulatory patients the distance in the
6 MWT decreased 9.7 m in distance* Thus, stabilisation
of the otherwise progressive disease course in severely
affected patients can be interpreted as efficacy.

It should be noted that in very severely affected
patients, as well as patients with mild motor impair-
ment, use of HFMSE and RULM as measuring in-
struments does not necessarily reflect individual
improvements due to ceiling and floor effects.” The
limitations are in the assessment of distal motor
function, which is of utmost importance for severely
affected patients with SMA, as well as gross motor
function in more mildly affected patients.” It has been
reported previously, that HFMSE is a more sensitive
measure in less severely affected patients, whereas
RULM is more sensitive in more severely affected pa-
tients and therefore has been suggested to include
them as a composite measure.””?* Our results suggest
that this also applies to adult SMA patients.””*
Compared with the 14-month observation period in
our previous study,' the absolute motor improvement
at the same time point in the total group of patients in
our current study was lower, although significant
functional improvement was still detectable. One of the
strongest predictors for the extent of improvement in
our previous study was the motor function level at
baseline."" These earlier results demonstrated that pa-
tients with the longest observation period were on
average less severely affected at the beginning of
therapy than patients with a shorter therapy period."
This might be due to purely practical considerations,
as most centres had started therapy with less severely
affected patients, and thus less complex spinal anat-
omy. In the current expanded cohort, which included a
larger number of patients with SMA type 2 and thus
more severely affected patients, this effect levelled out.
Nevertheless, the exploratory analyses continue to
consistently show that lower disease severity is asso-
ciated with greater improvement. As no biomarker of
therapeutic response to nusinersen has yet been vali-
dated for adult patients in clinical routine, clinical
scales remain the most relevant outcome parameter to
date.**** However, the motor scales we used are uni-
dimensional and focus on gross (HFMSE), upper limb
(RULM) motor and ambulatory (6 MWT) function,
particularly proximal muscle groups. Since adult pa-
tients with SMA show a broadly diversified phenotype,
the validity of these scales is limited, especially in the
borderline range.”” This means that HFMSE score
interpretation is limited by floor effects in severely
disabled patients (SMA type 2 and non-ambulatory

SMA type 3) and RULM score interpretation is
limited by ceiling effects in less impaired patients
(ambulatory SMA type 3), which may have affected the
results of the study. This emphasises that phenotypi-
cally individual primary outcome parameters should be
defined for the assessment of motor function.

Adverse drug reactions or procedure-related com-
plications were documented in nearly all patients (91%).
But adverse event recording did not identify any un-
usual or new safety signals. Cases of hydrocephalus
were reported shortly after approval, including in a few
adult patients. In addition, serial cerebrospinal fluid
analyses during therapy showed disruption of the
blood-brain barrier in individual patients.” In our
study, however, there were no clinical signs of these
complications in a large number of patients over the
course of several years of therapy. Therefore, therapy
with nusinersen appears to be safe in the long term.

To date, this is the largest prospective study over the
longest observational period of nusinersen therapy in
adult patients with SMA. Our results demonstrate sus-
tained efficacy across the phenotypic spectrum of adult
SMA, showing stabilisation or improvement in motor
function in a large number of patients, which is clearly
different from the natural history of the disease.***** By
using the SMArtCARE registry dataset, consistent
standards of care can be assumed because all data came
from experienced centres with specifically trained staff.
However, there are some limitations. For example, the
use of uniform scales in all patients makes it difficult to
capture small motor function changes that may be
highly relevant for the patients. In addition, no state-
ment can be made about the limitations of the muscles
required for swallowing and respiratory function, which
may be impaired in severely affected patients. By using
phenotype-specific scales, this may be possible in the
future. Furthermore, our study does not include a
comparison with an untreated cohort. This real-world
evidence provides an elaborate and valuable assess-
ment of motor function during nusinersen treatment,
even though does not have the same class of evidence as
a randomised controlled trial.
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