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Abstract

Background: Nusinersen was the first approved disease-modifying therapy for all 5g-spinal
muscular atrophy (SMA] patients regardless of age or disease severity. Its efficacy in adults
has recently been demonstrated in a large cohort by motor outcome measures, which were
only partially suitable to detect changes in very mildly or severely affected patients. Patient-
reported outcome measures (PROs) have been suggested as a valuable addition. Here, we
aimed to assess treatment satisfaction and investigate whether it may be a useful PRO to
monitor SMA patients.

Methods: We enrolled 91 mainly adult 5q-SMA patients treated with nusinersen in a national,
multicenter, cross-sectional observational study. 21 patients underwent longitudinal

follow up. Patients’ satisfaction with treatment in four dimensions (global, effectiveness,
convenience, side effects) was assessed by the Treatment Satisfaction Questionnaire for
Medication German version 1.4 (TSQM-1.4°) and related to clinical parameters, motor scores,
and treatment duration.

Results: More than 90% of SMA patients were consistently satisfied over a median treatment
duration of 10 months. Highest mean scores were observed in the dimensions ‘side effects,’
‘global satisfaction,” and ‘effectiveness’ (93.5 + 14.8 versus 73.1 = 21.0 and 64.8 = 20.6,
respectively). Patients’ satisfaction with the convenience of treatment was considerably
lower (43.6 = 20.2). Interestingly, satisfaction with the effectiveness was higher in ambulatory
(p=0.014) compared with non-ambulatory patients and directly correlated to motor outcome
measures. Five non-ambulatory patients withdrew from therapy. All of them presented with
a deterioration of motor outcome measures and reported dissatisfaction with treatment
effectiveness and convenience.

Conclusion: Most patients were satisfied with nusinersen treatment effectiveness. Less severely
affected patients indicated higher satisfaction. The TSQM-1.4© helped to identify therapy non-
responders, who mainly addressed dissatisfaction with effectiveness and convenience. We
suggest introducing the TSQM-1.4€ as an additional PRO in SMA into clinical practice.
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Introduction

Spinal muscular atrophy (SMA) caused by muta-
tions in the survival of motor neuron (SMN) 1
gene on chromosome 5q is the most common
childhood-onset inherited motor neuron disease.!

The antisense oligonucleotide nusinersen obtained
US Food and Drug Administration (FDA)
approval in 2016 for all 5q-SMA patients based
on two phase III trials in infants and children.?:3
Phenotypes of adolescent and adult SMA patients
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comprise a continuum from mildly affected and
ambulatory late-onset cases to fully wheelchair-
bound patients suffering from severe scoliosis,
contractures, and respiratory insufficiency.>
Nusinersen treatment comes with many chal-
lenges: it is only offered by specialized neuromus-
cular centers so that patients often need to travel
long distances, administration can be difficult and
there is substantial uncertainty about the benefits
and the risk of potential long-term side effects.
Nusinersen must be administered repeatedly via
lumbar puncture, and often image-guided in
patients who have severe scoliosis.”® Treatment
effectiveness is mainly monitored by motor-func-
tion scores, which are only partially suitable for
adult patients, due to floor and ceiling effects in
very mildly or severely affected patients, and lacks
validation.!%1! Motor-function changes in severely
affected patients may be small but are individually
significant within their daily lives. For example, an
improvement in thumb mobility could imply
maintenance of (electrically supported) self-
mobility and communication skills but is not cap-
tured by commonly administered motor-function
scores. Alternative measures are therefore needed
to evaluate long-term treatment outcomes and
adherence. Patient-reported outcome measures
(PROs) may provide the necessary information
regardless of disease status.!?!3 Their advantage is
the ability to reflect the patient’s perspective
directly and to assess the impact of the disease on
activities of daily living, psychological well-being,
or the patients’ perspective toward the disease or
the treatment.!* PROs have already been shown to
have an important role in the evaluation of care in
various chronic diseases.!>1315

One widely used PRO is the patients’ treatment
satisfaction, which was shown to be suitable in
evaluating the effectiveness of medical treatments
and healthcare delivery systems.!%!7 Further, it
was shown to be strongly decisive for therapy
adherence.!® Patient satisfaction with treatment
depends on multiple aspects, including effective-
ness, handling/burden, side effects, and individ-
ual impact on daily life.!® Other (e.g. motor)
outcome measures cannot be replaced but can
reasonably be complemented by the use of PRO,
but knowledge of the association between motor
improvement and treatment satisfaction in neuro-
muscular diseases remains sparse.

Therefore, this study’s primary objective was to
explore SMA patients’ treatment satisfaction

under nusinersen therapy and to identify patient
features associated with treatment satisfaction.
Secondly, we assessed treatment satisfaction
development during the treatment course and
evaluated whether treatment satisfaction could
serve as a substantial complementary PRO during
therapy follow up, in addition to motor-function
outcome measures.

Methods

Multicenter cross-sectional study design

We conducted a multicenter cross-sectional obser-
vational study, in which treatment satisfaction of
SMA patients under nusinersen therapy (at ran-
dom therapy duration) was assessed mainly dur-
ing routine therapy visits at one single time point
by use of the Treatment Satisfaction Questionnaire
for Medication Version 1.4° (TSQM-1.49), in
addition to motor-function outcomes between
January 2019 and September 2019. Participating
sites were Hannover (z=24), Essen (n=22), Ulm
(n=21), Dresden (n=13), and Munich (z=11).
Study approval was obtained from the local ethics
committees of all participating sites (Hannover:
6269, Essen: 18-8285-BO, Ulm: 19/12, Dresden:
EK393122012, Munich: 16/14) within the
German Motor Neuron Disease Network. Written
informed consent was obtained from all study
participants.

This study was reported following the guidelines
for Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE).20

Monocenter longitudinal substudy

Additionally to the cross-sectional approach, 21
nusinersen-treated patients at the Hannover site
were enrolled from January 2018 and individually
followed up until September 2019. Treatment
satisfaction was first assessed after 2months of
nusinersen treatment (end of loading-dose
period) and followed up at least once again dur-
ing the treatment course in this subgroup. Data
collected at the latest time point was included in
the cross-sectional analyses.

Study participants and setting

Inclusion criteria comprised SMA patients with
genetically confirmed SMNI gene mutations on
chromosome 5q under nusinersen treatment
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(independent of treatment duration). Subjects
<10vyears and those not able to answer the study
questionnaire (e.g. because of a language barrier)
were not considered (exclusion criterion).
Nusinersen was intrathecally administered
(12mg, 5ml) according to the approved regimen
on days 0, 14, 28 (month 1) and 63 (month 2)
with subsequent maintenance administrations
every 4months, designated as months 6, 10, 14,
18, 22. The data obtained at different treatment
time points were compared, to evaluate the effect
of treatment duration on treatment satisfaction in
a representative cohort. To reduce bias, patients
were informed in advance that study participation
would not influence future treatment decisions.
Moreover, all patients without exception who met
the inclusion criteria were enrolled at the study
sites during the mentioned recruitment periods to
avoid a selection bias.

Demographic and disease characteristics

To identify factors that were associated with
treatment satisfaction and to compare patients in
different degrees of clinical severity, information
on demographic characteristics (age, sex), disease
characteristics (SMA type, SMN2 copy number,
age at symptom onset, ambulatory state, ventila-
tor use) and the duration of nusinersen treatment
were recorded. Furthermore, motor-function
impairment at nusinersen initiation (baseline), or,
if baseline scores were not available, the first
motor-function scores collected during therapy,
and motor scores at the time point of study enroll-
ment were captured. Patients were defined as
ambulatory if they were able to walk at least 10m
without assistance or use of a device, such as a
cane or a walker.2! All patients were classified into
the well-known SMA subtypes 1-4 based on age
at symptom onset and the best-ever reached
motor milestone.*

Individual motor-function impairment was
assessed by trained raters using two common
motor-function outcome measures: the Revised
Upper Limb Module (RULM),22 and the
Hammersmith Functional Motor Scale Expanded
(HFMSE).22 The RULM comprises 20 items
with a maximum of 37 points, focusing on upper
limb function. The HFMSE was validated for the
assessment of gross motor function in type 2 and
type 3 SMA.24 It consists of 33 items, which con-
cern an individual’s capacity to perform actions
such as sitting, rolling over, and getting up. Each

item is scored on a scale from 0 to 2, with a total
of up to 66 points. Higher scores indicate a better
motor function.

To clarify the suitability of TSQM-1.4° for treat-
ment monitoring, its results were correlated to
changes in motor-function outcome measures.
The change of motor function was calculated as
the difference between motor function at TSQM-
1.4© assessment and motor function at nusinersen
treatment initiation (or, if missing, the first avail-
able score during treatment). As participants
started nusinersen therapy sequentially, individ-
ual treatment duration varied in this comparison.

Treatment Satisfaction Questionnaire for
Medication German version 1.4, TSQM-1.4©

The TSQM-1.4° in a German linguistically vali-
dated version is a reliable and psychometrically
robust instrument to measure patients’ satisfac-
tion with medication. The TSQM-1.4° is not dis-
ease specific but has been developed from
comparisons across multiple indications, such as
depression, migraine, and type 1 diabetes.!° It has
not yet been routinely used in neuromuscular dis-
eases (NMDs). Here, SMA patients were asked
to self-report satisfaction with nusinersen therapy
since the last drug administration by paper- or
digital-based data collection of the TSQM-1.4°,
The questionnaire comprises 14 items that can be
categorized into four key dimensions of treatment
satisfaction: ‘effectiveness’ (three items), ‘side
effects’ (five items), ‘convenience’ (three items),
and ‘global satisfaction’ (three items).1?

The domain ‘effectiveness’ is composed of items
1-3, all of which carry the prefix ‘How satisfied or
dissatisfied are you with’ followed by: ‘the ability of
the medication to prevent or treat your condition?’
[Question (Q) 1]; ‘the way the medication relieves
your symptoms?’ (Q2); and ‘the amount of time it
takes the medication to start working?’ (Q3).

Next, satisfaction with the medication ‘side
effects’ is asked in Q4 (dichotomous answer yes/
no): ‘As a result of taking this medication, do you
currently experience any side effects at all?’ If yes,
further specifications have to be made in the fol-
lowing four questions: Q5 ‘How bothersome are
the side effects?’; Q6 ‘To what extent do the side
effects interfere with your physical health and
ability to function (i.e. strength, energy levels,
etc.)?’; Q7 ‘To what extent do the side effects
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interfere with your mental function (i.e. ability to
think clearly, stay awake, etc.)?’; and Q8 “T'o what
degree have medication side effects affected your
overall satisfaction with the medication?’

The domain ‘convenience’ is analyzed by three
items: Q9 ‘How easy or difficult is it to use the
medication in its current form?’; Q10 ‘How easy
or difficult is it to plan when you will use the med-
ication each time?’; and Q11 ‘How convenient or
inconvenient is it to take the medication as
instructed?’

Lastly, ‘global’ treatment satisfaction is composed
of the final three items (12-14). Q12 ‘Overall,
how confident are you that taking this medication
is a good thing for you?’; Q13 ‘How certain are
you that the good things about your medication
outweigh the bad things?’; and Q14 ‘Taking all
things into account, how satisfied or dissatisfied
are you with this medication?’

Except for the dichotomous question 4 (presence
of side effects: yes or no), answers can be pro-
vided on a five- or seven-point scale from 1
(extremely dissatisfied) to 5 or 7 (extremely
satisfied).

Transformation of scale scores results in scores
for each dimension from 0 to 100, with higher
scores representing a higher satisfaction.!9:25
Dimension scores are calculated according to the
user manual, which is available on request from
www.igvia.com/TSQM. In case of one missing
answer within a subdomain, the calculation was
adjusted as proposed by the manual; if two or
more answers were omitted, subdomains were
not determined. In addition, the four subdomains
(maximum 100 each) were added to a sum score
with a maximum of 400 points, with 400 repre-
senting the maximal satisfaction. The use of cut-
off values is not common within the current
literature.!® Incomplete datasets were excluded
for the sum score analysis; and this also applied if
the calculation of one or more subdomains was
not possible due to missing answers.

Cohort description

A total of 91 adolescent (=6, <18years) and
adult (=85, =18years) SMA patients aged 10—
65 (mean 35.4) years were enrolled at five
German neuromuscular centers (Hannover
n=24, Essen n=22, Ulm n=21, Dresden n=13,

Munich n=11) for cross-sectional analysis. In the
cross-sectional study, mean nusinersen treatment
duration at the time of enrollment was 11.8 months
(median 10months) and was distributed as fol-
lows: month 1 =1, month 2 n=7, month 6
n=18, month 10 =21, month 14 »=18, month
18 =21, and month 22 n=5. The last follow up
of 21 Hannover site patients was at month 6 =9,
month 10 »=5, month 14 =5, and month 18
n=2. Information on demographic and disease
characteristics are summarized in Table 1.

In brief, 36.3% of the participants were female.
The majority were classified as type 3 SMA
(59.3%), followed by SMA type 2 (36.3%).
Scoliosis was (anamnestically or clinically) pre-
sent in 56.0% of enrolled patients, and 48.4% of
the patients required computed tomography
(CT)-guided nusinersen administration; 28.9%
of enrolled patients were ambulatory. These
patients showed a shorter disease duration (mean
25.6years versus 32.7 years for non-ambulatory)
and a less severe clinical phenotype, for example,
regarding the need of ventilator support, feeding
tube or CT-guided drug application. This sub-
group consisted of SMA type 3 and 4 patients
with a mean of 4 SMN?2 copies and a mean symp-
tom onset at 11.4years of age. Motor-function
scores (RULM and HFMSE) were available for
78 patients at nusinersen therapy initiation
(Table 1).

Five patients in the reported study cohort termi-
nated nusinersen treatment after 6 (n=1), 14
(n=2), or 18 (n=2) months. All of them were
non-ambulatory (one SMA type 2 patient and
four SMA type 3 patients) and had a mean dis-
ease duration of 39years (range 31-50years).
Individual reasons for treatment discontinuation
were (a) disease progression (z=2), (b) high indi-
vidual efforts compared with little clinical benefit
(n=2), and (c) severe procedure-related side
effects (n=1, spinal bleeding).

Statistical analysis

Statistical analysis was performed using IBM sta-
tistical product and service solutions 24® (SPSS,
Chicago, IL, USA). Descriptive statistics were
calculated and listed as percentage, mean and
standard deviation (SD), or/and median and
range. Internal consistency within a specific
domain of the TSQM-1.4° was determined by
using Cronbach’s alpha coefficient.
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Table 1. Characteristics of enrolled SMA patients under nusinersen therapy.

SMA all (n=91)

Ambulatory (n=26)

Non-ambulatory (n=65)

n (%) Mean (SD) Median (range) n (%) Mean (SD) Median (range) n (%) Mean (SD) Median (range)
Female 33(36.3) 11 (42.3) 22 (33.8)
Age [years) 35.4(13.0) 34 (10-65) 37.1(13) 35.5 (19-65) 34.7(12.9)  33(10-65)
Symptom onset 4.7 (6.8) 2 (0-47) 11.4 (8.9) 12 (1-47) 2.0(3.0) 1(0-15)
(years)
Disease duration 30.7 (13.0) 30 (2-63) 25.6 (14.4) 24 (2-58) 32.7(12.0)  31(9-63)
(years)
SMNZ2 gene copy number
2 4 (4.4) 0(0.0) 4(6.2)
3 44 (48.4) 4 (15.4) 40(61.5)
4 27 (29.7) 16 (61.5) 11(16.9)
5 1(1.1) 1(3.9) 0(0.0)
6 3(3.3) 2(7.7) 1(1.5)
Unknown 12(13.2) 3(11.5) 9(13.8)
SMA type
Type 1 3(3.3) 0(0.0) 3 (4.6)
Type 2 33(36.3) 0(0.0) 33(50.8)
Type 3 54 (59.3) 25(96.2) 29 (44.6)
Type 4 101.1) 1(3.9) 0(0.0)
Ventilation 23(25.3) 1(3.9) 22(33.8)
Feeding tube 4 (4.4) 0(0.0) 4(6.2)
Scoliosis 51 (56.0) 1(3.9) 50 (76.9)
CT-guided LP 4éi (48.4) 1(3.9) 43 (66.2)
Motor scores at nusinersen initiation
RULM (max. 37) 78 17.7(13.2)  16.5(0.0-37.0) 22 34.5(4.7) 37.0(21.0-37.0) 56 11.1(8.8)  10.5(0.0-37.0)
HFMSE (max. 66) 78 17.4(21.3)  6.5(0.0-66.0) 22 48.5(11.9)  48.5(30.0-66.0) 56 5.3(6.8) 3.0(0.0-30.0)
Treatment period at enrollment (months)
1 1(1.1) 0(0.0) 1(1.5)
2 71(7.7) 1(3.9) 6(9.2)
6 18(19.8) 5(19.2) 13 (20.0)
10 21(23.1) 4(15.4) 17 (26.2)
14 18(19.8) 4(15.4) 14 (21.5)
18 21(23.1) 10 (38.5) 11(16.9)
22 5(5.5) 2(7.7) 3 (4.6)
Motor scores at enrollment
RULM (max. 37) 91 18.6 (13.1) 18 (0.0-37.0) 26 35.5(3.2) 37 (27.0-37.0) 65 11.8(8.6) 12 (0.0-37.0)
HFMSE (max. 66) 91 18.2(22.3) 6(0.0-66.0) 26 51.2(11.0) 50 (30.0-66.0) 65 5(6.0) 4 (0.0-26.0)

CT, computed tomography; HFMSE, Hammersmith Functional Motor Scale expanded; LP, lumbar puncture; max., maximum; RULM, revised upper
limb module; SD, standard deviation; SMA, spinal muscular atrophy; SMN2, survival of motor neuron 2.
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We performed linear regression analyses to exam-
ine the contribution of demographic and clinical
features on treatment satisfaction with nusin-
ersen. First, in univariate analyses, each TSQM-
1.4° dimension and the sum score were selected
as the dependent variables while demographic
and clinical features such as age at onset, disease
duration, SMA type, SMN2 copy number, ambu-
latory state, the procedure of nusinersen adminis-
tration (CT-guided wversus conventional), and
motor function measures (RULM and HFMSE)
at treatment initiation, as well as confounding
factors (age, sex), were analyzed as independent
variables. In a second step, relevant variables
(p<0.2) were analyzed in a multivariate regres-
sion analysis.?® By using backward selection, sig-
nificant variables were detected as defined by
p<<0.05. Additionally, another linear regression
analysis was used to investigate the impact of the
change in motor-function measures (ARULM
and AHFMSE; independent variables) on the
subdomains ‘global satisfaction’ and satisfaction
with ‘effectiveness’ (dependent variables).

Direct comparison of individual TSQM-1.4©
questions, TSQM-1.4° dimensions and the
TSQM-1.4° sum score between dichotomized
variables was performed by the Mann—Whitney U
test. Dichotomous variables were: ambulatory
versus non-ambulatory patients; CT-guided versus
conventional drug administration; and treatment
duration (<10months wversus =10months;
according to the median in this cohort). Analysis
of motor-function scores (HFMSE and RULM)
of ambulatory wversus non-ambulatory patients
and disease duration of dropout patients versus
those still on treatment was also performed by the
Mann-Whitney-U-test. The frequency of drop-
outs in non-ambulatory patients versus ambula-
tory patients was analyzed by the two-sided
Fisher’s exact test. Correlation between TSQM-
1.4° subdomains and the association between
motor-function outcome changes and TSQM-
1.4° results were further analyzed by Spearman’s
correlation coefficient.

The non-parametric Kruskal-Wallis test was per-
formed to detect differences in treatment satisfac-
tion between five different treatment time points
in 85 SMA patients [months (m)2 n=7, m6
n=18, m10 n=21, m14 n=18, and m18 n=21]
and between patients with improved wversus
unchanged wersus decreased RULM scores.
Patients who were enrolled at a treatment

duration of either 1 month (m1 n=1) or 22 months
(m22 n=5) were excluded from the analysis due
to the small number of patients for these time
points (totally, n=6). To analyze longitudinal
changes in individual treatment satisfaction, the
earliest and latest treatment satisfaction measures
collected in the Hannover site subgroup [mini-
mum 2 months, maximum 18 months, follow up
was either after 4 (n=16) or 8 (n=5) months]
were compared by the Wilcoxon signed-rank test
for non-parametric dependent paired variables.

For motor-function outcome changes, first
assessed RULM and HFMSE scores were used
(n=91). In 13 patients, motor outcome measures
were not available at baseline but obtained latest
at month 6 of nusinersen treatment. Otherwise,
patient numbers were reduced by the missing
datasets, such as missing individual answers for
the TSQM-1.4° questions or dimensions or the
TSQM-1.4° sum score (remaining n=_84). SMN2
copy numbers were missing in #=12 patients and
motor-function outcome measures at treatment
initiation in n=13. All p values were two tailed; a
p value of <0.05 was considered statistically sig-
nificant (significance levels: *<0.05, **<0.01).

Results

Dimensions of treatment satisfaction and

relevant influencing factors

‘Global satisfaction’ with nusinersen treatment
was rated at a mean of 73.1 (range 7-100).
Satisfaction with ‘side effects’ was highest (mean
93.5, 38-100), followed by treatment ‘effective-
ness’ (mean 64.8, 0-100), and ‘convenience’
(mean 43.6, 0-89). All results of the TSQM-1.4°,
including individual questions and different
dimensions, are presented in Table 2. The study
participants answered at least 97% of mandatory
questions in the subdomains ‘effectiveness,’ ‘con-
venience,” and ‘global satisfaction.” Omitted
questions were mainly Q2, left out by five patients,
followed by Q3 and Q9 (=5 and n=4, respec-
tively, missing). In the case of four patients, who
received nusinersen treatment for 1 (n=1), 2
(n=1),6 (n=1),0r 10 (n=1) months, the domain
‘effectiveness’ was not determined due to missing
answers of Q1, Q2, and Q3. An excellent internal
consistency for the TSQM-1.4° domains ‘effec-
tiveness’ and  ‘global satisfaction’ (both
Cronbach’s alpha=0.87) was detected, compara-
ble with previous reports from Atkinson ez al.l®
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Table 2. TSQM-1.4© scores divided into questions, dimensions, and subgroups.

SMA all n=91 Ambulatory n=26 Non-ambulatory n=65 pvalue
Mean (SD, range) Mean (SD, range) Mean (SD, range)
Effectiveness (max. 100) 64.8 (20.6, 0-100) 72.9 (18.2, 28-100) 61.3 (20.7, 0-100) 0.014
n=87 n=26 n=61
Q1: Ability to prevent or treat 5.2(1.3,1-7) 5.7 (1.1, 3-7) 4.9 (1.4,1-7) 0.015
condition (scale 1-7)
n=90 n=26 n=64
Q2: Way medication relieves 4.7 (1.4,1-7) 5.3 (1.4, 2-7) 4.4(1.2,1-7) 0.004
symptoms (scale 1-7)
n=86 n=26 n=60
Q3: Time it takes medication to start 4.8 (1.47,1-7) 5.1 (1.3, 2-7) 4.6 (1.5, 1-7) 0.141
working (scale 1-7)
n=87 n=26 n=61
Side effects (max. 100) 93.5(14.76, 38-100) 91.1 (16.4, 44-100) 94.4 (14.1, 38-100) 0.212
n=91 n=26 n=65
% who reported any side effects [yes/  23.1 30.8 20.0 0.283
no)
n=91 n=26 n=65
Q5: Bothersomeness of side effects 3.6(1.1, 1-5) 3.7 (1, 2-5) 3.5(1.2, 1-5) 0.687
(scale 1-5)
n=22 n=9 n=13
Qé: Side effects interfere with physical 3.9 (0.99, 2-5) 3.9(1.1,2-5) 3.9(1,2-5) 0.889
function (scale 1-5)
n=22 n=9 n=13
Q7: Side effects interfere with mental 4.6 (0.73, 3-5) 4.7 (0.7, 3-5) 4.6 (0.8, 3-5) 0.927
function (scale 1-5)
n=22 n=9 n=13
Q8: Side effects impact overall 3.7 (1.11, 2-5) 3.7 (1, 3-5) 3.7(1.2, 2-5) 0.920
satisfaction (scale 1-5)
n=23 n=9 n=14
Convenience [max. 100) 43.6 (20.21, 0-89) 54.1(18.7, 6-89) 39.8(19.5, 0-78) 0.003
n=88 n=23 n=65
Q9: Ease/difficulty of use (scale 1-7) 2.9 (1.3, 1-6) 3.7(1.3, 1-6) 2.7 (1.2, 1-5) 0.002
n=86 n=22 n=64
[Continued)
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Table 2. (Continued)

SMA alln=91 Ambulatory n=26 Non-ambulatory n=65  pvalue
Mean (SD, range) Mean (SD, range) Mean (SD, range)
Q10: Ease/difficulty of planning 4.8 (1.54,1-7) 5.1(1.3, 2-7) 4.7 (1.6,1-7) 0.360
(scale 1-7)
n=88 n=23 n=65
Q11: Convenience to take as 3.1(1.41, 1-6) 3.8(1.3, 1-6) 2.8 (1.4, 1-6) 0.005
instructed (scale 1-7)
n=88 n=23 n=65
Global satisfaction (max. 100) 73.1(21, 7-100) 78.9 (18.7, 21-100) 70.7 (21.5, 7-100) 0.060
n=91 n=26 n=65
Q12: Confidence that taking 4.1(0.97, 1-5) 4.5(0.8, 2-5) 3.9(1,1-5) 0.010
medication is good (scale 1-5)
n=88 n=23 n=65
Q13: Certainty that good things about 3.9(1.02, 1-5) 4.1 (1, 2-5) 3.9(1, 1-5) 0.212
medication outweigh the bad things
(scale 1-5)
n=91 n=26 n=65
Q14: Satisfaction with medication 5.3(1.27,1-7) 5.6 (1.2, 2-7) 5.1(1.3, 1-7) 0.102
(scale 1-7)
n=388 n=26 n=62
TSQM-1.4° sum score (max. 400) 275.8 (54.2, 66.9-372.2) 302.7 (42.4,199.2-365.1)  265.7 (55, 66.9-372.2) 0.003

n=84 n=23

n=61

Bolded numerals indicate statistical significance.
max., maximum; Q, question; SD, standard deviation; TSQM-1.49, Treatment Satisfaction Questionnaire for Medication (version 1.4, German):
reduced numbers for specific questions, dimensions, and the sum score result from omitted questions.

Further good results were found for the dimen-
sions ‘convenience’ and ‘side effects,” with a
Cronbach’s alpha of 0.78 and 0.76, respectively.

Selected TSQM-1.4° questions regarding ‘global
satisfaction,’ satisfaction with ‘effectiveness,” and
‘convenience’ are highlighted in Figure 1. About
91% stated to be at least ‘somewhat satisfied’
with the medication (Q14). Nearly half of the
patients (44%) declared to be either ‘very’ or
‘extremely’ satisfied. Only 5.7% (n=15) stated dis-
satisfaction with medication. Accordingly, more
than 90% of study participants expressed satisfac-
tion with the ability of nusinersen to prevent or
treat SMA (Q1) and about 80% were satisfied

with the way nusinersen relieved their symptoms
(Q2). In contrast, much fewer patients confirmed
that nusinersen was easy to use [Figure 1(a)]. The
TSQM-1.4° sum score revealed a mean score of
275.8 [Figure 1(b)].

To investigate whether patient characteristics or
disease-related conditions may influence treat-
ment satisfaction with nusinersen, we analyzed
their association with the different dimensions
and the sum score of the TSQM-1.4°.
Demographic and disease-specific characteristics
of ambulatory versus non-ambulatory patients are
shown in Table 1. All analyzed variables and
results of the univariate linear regression analysis
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Figure 1. TSQM-1.4© scores during nusinersen therapy in 5q-SMA patients and clinical subgroups.

(a) Displayed is the distribution of SMA patients’ responses to selected TSQM-1.4° questionnaire items (Q; in %), representing
three of the four TSAM-1.4© subdomains. Answers ranged on a seven-point scale from extremely dissatisfied or difficult (in
red) to extremely satisfied or easy (in blue). Q14 (n=88) represents the subdomain ‘global satisfaction,” Q1 (n=90) and Q2
(n=86) represent the dimension satisfaction with ‘effectiveness,” and Q9 (n=86) represents satisfaction with ‘convenience.’
Most patients indicated being at least somewhat satisfied with the therapy. (b) The mean TSQM-1.4° sum score [maximum
400) was 275.8 in n=84 SMA patients. By comparing ambulatory (n=23) with non-ambulatory patients (n=61), significantly
higher scores were detected in ambulatory patients (**p<0.01). Red data points indicate patients who withdrew from
treatment (n=5). (c) Moreover, by comparison of ambulatory (n=22) with non-ambulatory (n=64) patients, differences in

the convenience question Q9 appeared. Also, ambulatory patients reported being more frequently ‘extremely’ or ‘very’
satisfied compared with non-ambulatory patients, particularly in questions addressing ‘effectiveness’ Q1 and Q2 and ‘global’
satisfaction Q14, indicated by a black frame. (d) SMA patients treated by computed tomography (CT)-guided lumbar puncture
(LP) for nusinersen administration (n=44) were significantly less satisfied with the ‘convenience’ than patients who received
nusinersen by conventional LP (n=44; **p=<0.01). Red data points indicate patients who withdrew from treatment (n=5).

A, ambulatory; NA, non-ambulatory; SMA, 5g-spinal muscular atrophy; TSQM-1.4°, Treatment Satisfaction Questionnaire for
Medication German version 1.4°.
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are listed in Supplementary Table 1. In the mul-
tivariate regression analyses, the ability to walk, as
the only variable, showed a significant association
with satisfaction with ‘effectiveness’ [f=13.23,
95% confidence interval (CI; 3.33-21.12),
p»=0.009]. Moreover, ambulatory state was the
main influencer (regarding the f coefficients) on
the TSQM-1.4° sum score [f=126.05, 95% CI
(56.66-195.44), p=0.009] as well as satisfaction
with ‘convenience’ [$3=28.31, 95% CI (5.67-
50.95), p=0.015]. The latter was also statistically
significantly influenced by the procedure used for
nusinersen administration [CT-guided $ =—19.64,
95% CI (=29.95 to —9.33), p<0.001], and mildly
by the HFMSE score [f=-0.68, 95% CI (—1.19
to —0.18), p=0.009] and the disease duration
[B=-0.43, 95% CI (—0.81 to —0.06), p=0.024].
The TSQM-1.4° sum score was additionally
influenced by the HFMSE score [3=-2.64, 95%
CI (-4.27 to —1.01), p=0.002] and age at disease
onset [$=2.39, 95% CI (-0.12 to 4.66),
p»=0.039]. Of note, the effect of the variables
ambulatory state, HFMSE score, and disease
duration on the ‘convenience’ domain and the
TSQM-1.4° sum score appears contradictory.
However, the impact (measured by the B coeffi-
cients) of the HFMSE score and/or the disease
duration on the TSQM-1.4° scores were only very
mild and barely relevant compared with those
measured for the variable ambulatory state [e.g.
for TSQM-1.4° sum score (0-400) HFMSE
B=-2.64 versus ambulatory $=126.05]. In sum-
mary, regarding patient characteristics or disease-
related conditions, the ambulatory state was
identified to have the main impact on treatment
satisfaction. The dimension °‘side effects’ was
mildly dependent of the HFMSE [3=-0.22, 95%
CI (-0.40 to —0.04), p=0.017]. In contrast, for
the subdomain ‘global satisfaction,’ no significant
influencing factor was identified.

Next, we compared TSQM-1.4° scores in ambu-
latory and non-ambulatory nusinersen-treated
patients, as the ability to walk was the primary
disease-related variable with an important impact
on outcomes in our study. A significant difference
between these subgroups in treatment satisfaction
with ‘effectiveness’ (72.9 versus 61.3, p=0.014),
‘convenience’ (54.1 versus 39.8, p=0.003), and
the TSQM-1.4° sum score (302.7 versus 265.7,
p»=0.003) was identified [Figure 1(b), Table 2].

As expected, performance in motor-function
scores (RULM and HFMSE) at the time point of

nusinersen treatment initiation was significantly
better in the ambulatory patients (HFMSE and
RULM p<<0.0001). About 23% of ambulatory
patients were extremely satisfied with the way
nusinersen relieved their symptoms (Q2), as
opposed to 3.1% of non-ambulatory patients.
Nevertheless, 73.8% of non-ambulatory patients
were at least ‘somewhat satisfied’ with symptom
relief [Figure 1(c)]. In contrast, two thirds of
non-ambulatory (versus 23.1% in ambulatory)
patients, of which 60% required CT-guided
nusinersen administration, stated that nusinersen
is difficult to use [Q9; p=0.002; Figure 1(c)].

In line with this finding, satisfaction with ‘con-
venience’ was significantly lower in patients who
needed CT-guided drug administration (n=44)
compared with those patients who underwent
conventional lumbar puncture [n=44 (37.1 ver-
sus 50.0, p=<0.001) Figure 1(d)]. In contrast, no
statistically significant differences were observed
in the dimensions ‘global satisfaction’ and satis-
faction with ‘effectiveness’ and ‘side effects’ while
comparing CT-guided versus conventional lum-
bar puncture, but there was a trend towards
greater satisfaction concerning side effects (96.0
versus 91.1 p=0.145) in patients who had
CT-guided drug administration.

Inter-dimensional correlation analysis of the
TSQM-1.4° items to investigate associations
between dimensions revealed striking associa-
tions of satisfaction with ‘convenience’ to all sub-
domains (‘global satisfaction’ r=0.215, p=0.044,
‘effectiveness’ r=0.227, p=0.038, ‘side effects’
r=0.252, p=0.018). However, the correlation of
‘global satisfaction’ to satisfaction with ‘effective-
ness’ was identified as being most striking
(r=0.693, p<0.0001). In contrast, satisfaction
with ‘effectiveness’ and ‘side effects’ did not sig-
nificantly correlate to each other (r=0.021,
p»=0.845).

Treatment satisfaction at different treatment

time points

In the cross-sectional analysis of treatment satis-
faction (=85 patients at five nusinersen treat-
ment time points (m2 #n=7; m6 n=18; ml0
n=21;ml4 n=18 and m18 n=21), no significant
differences in any of the dimensions of treatment
satisfaction (‘global satisfaction’ p=0.387, ‘effec-
tiveness’ p=0.404, ‘side effects’ p=0.408, ‘con-
venience’ p=0.659) were observed (Figure 2).
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Figure 2. Cross-sectional TSQM-1.4© dimension outcomes during nusinersen treatment at five treatment

time points.

TSQM-1.4° scores of the dimensions ‘global satisfaction’ (blue), ‘effectiveness’ (red), ‘side effects’ (green) and ‘convenience’
(violet) corresponding to the specific time point of data collection during nusinersen treatment course (months m2 n=7, mé
n=18,m10n=21, m14 n=18, and m18 n=21) are depicted in a boxplot chart. The median is represented by a horizontal bar,
the mean by a "+'. The overlapping scatter plot and the error bars present the range of TSQM-1.49 scores in the specific

subdomain at the analyzed time point.

‘Global’ treatment satisfaction in TSQM-1.4¢
remained stable at a high level (mean m2=79.1,
m6=70.6, m10=72.1, m14=66.1, m18=76.7)
during treatment continuation. The analysis of
treatment duration (<ml0 wversus =m10) as an
influencing factor revealed no significant differ-
ences of treatment satisfaction in any dimension
(‘global satisfaction’ p=0.835, -‘effectiveness’
p=0.664, ‘side effects’ p=0.236, ‘convenience’
p»=0.233). Consistently, individual follow up of
21 patients with a maximum treatment duration
of 18 months showed no significant changes of
TSQM-1.4€ results over time (‘global satisfac-
tion’ p=0.568, °‘effectiveness’ p=0.612, °‘side
effects’ p=0.310, ‘convenience’ p=0.827).

TSQM-1.4© versus motor-function outcome
measures

To further evaluate TSQM-1.4° as a PRO, results
were compared with changes (A) in motor-func-
tion outcome scores during therapy. ARULM,
stronger than AHFMSE, positively correlated to
patients’ satisfaction measured by TSQM-1.4°
(satisfaction with ‘effectiveness’ versus ARULM
r=0.233, p=0.030; versus AHFMSE r=0.221,
$»=0.040; TSQM-1.4° sum score versus ARULM
r=0.305, p=0.005; versus AHFMSE r=0.204,

p=0.062, ‘global satisfaction’ wersus ARULM
r=0.257, p=0.014; versus AHFMSE r=0.148,
p=0.161 and ‘side effects’ ARULM r=0.229,
$»=0.029 versus AHFMSE r=0.154, p=0.146).
No correlation of satisfaction with ‘convenience’
and ARULM r=0.171, p=0.112, AHFMSE
r=0.160, p=0.136 was observed. A linear regres-
sion analysis showed evidence of significantly
higher satisfaction with ‘effectiveness’ and ‘global
satisfaction’ in patients with increasing RULM
[=2.34,95% CI (—0.43 to 4.26), p=0.017 and
f=3.029, 95% CI (1.14-4.91), p=0.002] and
HFMSE scores [f=1.30, 95% CI (-0.19 to
2.41), p=0.023 and f=1.30, 95% CI (-0.17 to
2.43), p=0.025]. The influence of ARULM on
‘global’ treatment satisfaction was identified as
most powerful [Figure 3(a)].

We next compared treatment satisfaction of
patients with different ARULM courses under
therapy: increased (n=38) wersus unchanged
(n=39) versus decreased (n=14) RULM scores.
By applying the Kruskal-Wallis test, a significant
difference in treatment satisfaction with ‘effec-
tiveness’ (»p=0.028) and ‘global satisfaction’
(p=0.028) was identified. Interestingly, when
looking at patients with increased RULM and
unchanged RULM, no significant differences in
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Figure 3. Treatment satisfaction compared with motor-function outcome
measures.

(a) Changes in the motor-function outcome measure revised upper limb module
(ARULM] during nusinersen therapy directly correlated with ‘global satisfaction’
(r=0.257, p=0.014) in 91 SMA patients. Patients with a better motor-function
outcome under nusinersen reported a higher treatment satisfaction. Red dots
indicate patients who withdrew from treatment (n=5). For clarity reasons,
overlapping data points were not shown. (b) Comparison of patients with unchanged
or improved ARULM to patients with deterioration in RULM during nusinersen
treatment (median of 10 months). Satisfaction with effectiveness was significantly
lower in patients with a deterioration in RULM scores under therapy (**p=<0.01).
Error bars indicate the range of scores. (c) Five patients, all non-ambulatory,
terminated nusinersen treatment after six (n=1), 14 (n=2), or 18 (n=2) months.
Satisfaction with effectiveness was significantly lower in these patients (withdrawal)
compared with patients with a decline in motor-function measured by the RULM,
who, in contrast, remained on therapy (n=9; remain; **p<0.01).

RULM, revised upper limb module; SMA, spinal muscular atrophy; TSQM-1.4°,
Treatment Satisfaction Questionnaire for Medication German version 1.4; A, change.

treatment satisfaction with ‘effectiveness’ (mean
68.7 versus 68.7, p=0.811) or ‘global satisfaction’
(mean 76.6 versus 77.7 p=0.813) were identified.
However, significant differences in treatment sat-
isfaction were found while comparing patients
with decreased RULM scores with those with
increased ones (‘global’ mean 50.5 versus 76.6,
p»=0.001, ‘effectiveness’ mean 48.8 wversus 68.7,
p»=0.012), as well as to those with unchanged
RULM scores (‘global’ mean 50.5 versus 77.7,
p»<0.001, ‘effectiveness’ mean 48.8 versus 67.0,
p»=0.016).

These data suggested that motor-function improve-
ment and stabilization were satisfying treatment
responses, so we divided our study cohort into two
outcome groups. Patients with an increased or
unchanged RULM score [mean +1.30 (SD 1.84;
n="7T7)] were defined as motor responders as previ-
ously described,?” and those with a decrease in
RULM scores [mean —2.29 (SD 1.59); n=14] as
motor non-responders. The motor-responder
group consisted of all ambulatory patients (7=26)
and 51 non-ambulatory patients. The motor non-
responder group consisted of non-ambulatory
patients only. Higher satisfaction with the ‘effec-
tiveness’ of nusinersen [67.8 versus 48.8, p=0.008;
Figure 3(b)] and a higher ‘global satisfaction’ (77.2
versus 50.5, p<0.001) were identified in motor
responders. However, this did not apply to satisfac-
tion with ‘side effects’ (95.1 versus 84.4, p=0.093)
and ‘convenience’ (44.7 versus 37.3, p=0.330).

Treatment discontinuation

Interestingly, 35.7% (n=5) of the motor non-
responder group versus none in the motor-
responder group terminated nusinersen treatment
[red dots in Figures 1(b), (d), and 3(a)]. All
of these patients were non-ambulatory. A
frequency of 7.7% of dropouts in non-ambula-
tory patients versus 0% in ambulatory patients
(two-sided Fishers exact test, p=0.316) did not
reach statistical significance. The total RULM
score by the time of enrollment was, on average,
lower in patients who discontinued nusinersen
therapy compared with patients still undergoing
treatment (10.0 versus 19.1, p=0.150). A trend
toward a longer disease duration in those five
patients compared with patients still on treat-
ment (mean 39.0 versus 30.2 years, p=0.096) was
identified. Correspondingly, dropout patients
were older, on average (42 oversus 35years,
»=0.203).
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In the cross-sectional analysis, four out of five
dropout patients filled in the TSQM-1.4° ques-
tionnaire at their last nusinersen treatment that
took place. One patient received one further
application after the TSQM-1.4° was filled in and
reached month 18 of treatment.

A mean decrease of —2.40 (SD 1.67) points in the
RULM score during a median of 14months of
treatment was recorded in the group of patients
who discontinued treatment. Correspondingly,
low satisfaction with ‘effectiveness’ and ‘global’
satisfaction were apparent in this subgroup (mean
‘effectiveness’ 24.4, ‘global’ 28.6). Treatment sat-
isfaction was even significantly lower (‘effective-
ness’ 24.4 versus 62.4, p=0.007, and ‘global’ 28.6
versus 62.7, p=0.044) compared with motor non-
responders who still opted for continuation of ther-
apy despite a comparable motor function decrease
[RULM -2.22 (SD 1.64); Figure 3(c)]. While
treatment satisfaction regarding ‘side effects’ (78.8
versus 87.5, p=0.587) did not significantly differ
between patients who withdrew and patients who
continued treatment, a trend towards a lower rat-
ing of treatment ‘convenience’ was observed in
dropout patients (22.2 versus 45.7, p=0.071).

In terms of treatment satisfaction trajectories
before dropout, the TSQM-1.4° at the treatment
visit previous to (4 months before) the last nusin-
ersen administration was available in three of five
patients who discontinued treatment by including
results of the longitudinal substudy. TSQM-1.4°©
scores in two patients (S16 and S18, part of longi-
tudinal substudy in Hannover) were clearly below
average of the total cohort except for the satisfac-
tion with ‘side effects’ (patient S16 ‘global’ 14.3,
‘effectiveness’ 33.3, ‘side effects’ 100.0, ‘conveni-
ence’ 27.8 and patient S18 ‘global’ 42.9, ‘effec-
tiveness’ 33.3, ‘side effects’ 100.0, ‘convenience’
27.8). In one further patient, mainly average or
even above the average TSQM-1.4° scores in
most dimensions (‘global’ 78.6, ‘side effects’
100.0, ‘convenience’ 61.1) were identified when
compared with the mean results of the total cohort
(‘global’ 73.1, ‘side effects’ 93.5, ‘convenience’
43.6). Nevertheless, this patient scored consider-
ably lower regarding satisfaction with ‘effective-
ness’ (38.9 versus 64.8 in the total cohort).

Discussion
To our best knowledge, this is the first multi-
center study that analyzed treatment satisfaction

in the four essential dimensions ‘effectiveness,’
‘side effects,” ‘convenience,’ and ‘global satisfac-
tion’ in adolescent and adult 5g-SMA patients
under nusinersen therapy. The majority of the
investigated patients were satisfied with treatment
both globally and in terms of effectiveness.

According to TSQM-1.49 scores in the investi-
gated patients, the highest satisfaction was shown
with ‘side effects,” although side effects were
reported by 20% of them. Treatment satisfaction
with ‘convenience’ was lowest, mainly due to the
need for repeated lumbar punctures. Patients
who underwent CT-guided nusinersen adminis-
trations rated treatment ‘convenience’ even lower.
CT-guided lumbar punctures are well known to
be challenging in SMA.7-8 In our study, two thirds
of the non-ambulatory patients stated that nusin-
ersen was difficult to use. Of those, 60% required
a CT-guided administration. Whether differences
between intervertebral and transforaminal admin-
istration do exist, still need to be further evalu-
ated. Satisfaction with ‘convenience’ positively
correlated to all other domains, like ‘effective-
ness,” ‘side effects,” and ‘global satisfaction.’
Therefore, it might be expected that an improve-
ment in medication delivery would consequently
improve patients’ satisfaction in other dimen-
sions. Other, less invasive, and more convenient
admission routes, as recently approved by the
FDA, could address this problem.28-30

In our study, patients’ satisfaction remained
nearly stable over the treatment course. Neither
cross-sectional comparison between different
time points nor longitudinal follow up of a sub-
group of patients revealed any significant time-
dependent differences. These results seem to
contradict recent reports on long-term results
from the phase I/II study in later-onset SMA,
which showed improvement in motor function
over time that was not yet present at 2 months of
treatment.3! However, this study focused on gross
motor-function changes measured by the
HFMSE. The TSQM-1.4° captures additional
aspects, such as small improvements in finger
movements or non-motor functions. Besides
improvement in muscle strength, SMA patients
considered mobility, endurance, and disease sta-
bilization as relevant treatment outcomes in a
previous study.3? Early high treatment satisfac-
tion could therefore already arise from the inter-
ruption of further disease progression. As
TSQM-1.4° lacks qualitative analyses, the exact
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causes underlying patients’ satisfaction with effec-
tiveness remain to be further elucidated.

In non-ambulatory patients, at least moderate
satisfaction with nusinersen effectiveness was
found, which is in line with recent studies that
also showed nusinersen efficacy in more severely
affected patients.10,27,33

Significantly higher treatment satisfaction was seen
in ambulatory patients. ‘“Walkers’ were signifi-
cantly more satisfied with ‘effectiveness’ and ‘con-
venience’ besides higher TSQM-1.4° sum scores
compared with non-ambulatory patients. Early
treatment start produced the best response to ther-
apy in SMA mouse models.3* Subgroup analyzes
ofnusinersen studies in infantile-onset (ENDEAR)?
and later-onset (CHERISH)? SMA indicated
greater motor-function improvements in patients
with shorter disease duration at treatment initia-
tion. This suggests that earlier treatment in func-
tionally less impaired patients may lead to a better
clinical outcome. Similarly, interim results of the
open-label NURTURE phase II study in presymp-
tomatic infants revealed treatment benefits exceed-
ing those observed in the ENDEAR study, where
treatment was initiated in a symptomatic period.3>
The underlying hypothesis is that more severely
affected patients with longer disease duration have
less remaining motor neurons and functional
capacity, and therefore show less benefit from
SMN replacement.3* Stabilization of disease pro-
gression in non-ambulatory patients might be
rated less enthusiastically compared with actual
gross motor-function improvement in ambulatory
patients. In addition, a trend toward longer disease
duration in patients who discontinued treatment,
all of whom were non-ambulatory, was observed,
indicating a higher proportion of treatment non-
responders in this group. Another important aspect
is not to be missed: non-ambulatory patients often
require substantial organizational and personal
effort to obtain treatment, including the assistance
of a caregiver, special transportation solutions to
treatment centers, and a bothersome application
under radiation exposure.36-38

Along with growing real-world experience in
SMA treatment, challenges for the evaluation of
specific phenotypes arise. Primarily, minor clini-
cal changes are not captured sensitively enough
and non-motor-function improvements are com-
pletely disregarded by currently used outcome
measures. This applies especially to very severe or

only mildly affected patients due to floor and ceil-
ing effects. Moreover, despite widespread use in
children, motor scores are often not validated for
adult SMA patients. Lastly, a thorough motor-
function assessment requires trained personnel
and time, both of which are usually not reim-
bursed in the clinic setting. Therefore, the use of
PROs for the evaluation of nusinersen treatment
in adult SMA patients in clinical practice has
already been suggested.3%:40

PROs are entirely based on individual patient
experience.4%-4! They are used to evaluate the
impact of the disease and treatment on patients’
daily needed functions, well-being, and health-
related quality of life. Primarily, they were devel-
oped for clinical trials, but nowadays can be part
of the standard clinical assessment, such as the
revised Amyotrophic Lateral Sclerosis Functional
Rating Scale in amyotrophic lateral sclerosis.4?

Treatment satisfaction is already in use as a PRO
in other neurological conditions.*344 It is particu-
larly useful for evaluating the patient’s perspective
on their current treatment. Treatment satisfaction
represents an important outcome, as it has been
shown to affect treatment-related decisions such as
compliance and adherence.!%% In SMA, direct
feedback of patients on their health and quality of
life benefits may enable earlier identification of
potential dropouts. This may be particularly useful
in the future for the transition to new disease-mod-
ifying therapies (DMT's).28:29

This study showed that results of the most widely
used scores, HFMSE and RULM, correlated with
patients’ treatment satisfaction measured by the
TSQM-1.4°, Satisfaction with treatment effective-
ness in patients with improved motor-function
scores (here RULM) did not significantly differ
from those with no motor-function changes during
treatment. However, both these patient groups
reported significantly higher TSQM-1.4°© ‘effec-
tiveness’ scores than patients with a deterioration
in the RULM score. These data suggest both
motor function stabilization and improvement as a
satisfying treatment response.

Of note, ‘no change,” or a decrease in motor-
function scores, is not to be equated with no
treatment response at all. Our data identified
patients with decreased motor-function scores
still on treatment and satisfied with treatment
effectiveness as much as those with improved
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motor scores. We suggest that alleviation or
improvement of factors apart from gross motor
function is of significant clinical relevance for
these patients. These factors may include fatigue,
endurance, quality of life, ventilation, swallowing
and many more, that are not captured by motor-
function scores.10:32:46,47

However, five patients discontinued the therapy. All
experienced a reduction in RULM scores during
the treatment course. These patients indicated sig-
nificantly lower satisfaction with ‘effectiveness’ than
patients with similar decreases in RULM scores
(classified as motor non-responders) but wishing to
continue nusinersen treatment. Interestingly, satis-
faction with side effects seemed not to play a role in
the decision to stop the therapy. However, a trend
toward lower satisfaction with ‘convenience’ could
be observed that presumably only missed signifi-
cance due to small patient numbers. The TSQM-
1.4° results were not discussed with patients. Thus,
the decision-making process of discontinuation was
not actively interfered with by the TSQM-1.4°. The
questionnaire was completed mainly during the
treatment visits or shortly thereafter. Filling out the
TSQM-1.4°, however, may have supported the
patients’ decision to stop treatment through reflect-
ing on their treatment satisfaction.

In three of the five patients, who discontinued
treatment, TSQM-1.4° results of the visit prior to
(4 months before) the last nusinersen administra-
tion were available. By then, the patients’ satisfac-
tion with treatment ‘effectiveness’ was significantly
below average already. Atkinson ez al.1® measured
the likelihood of discontinuing treatment in
chronic diseases by using the TSQM-1.4° and
questions specifically regarding ‘the likelihood
that they would continue to take the medication
given its current level of effectiveness and side
effects’ generating a composite variable. Through
this, ‘global’ treatment satisfaction was identified
as a key factor for discontinuation next to ‘effec-
tiveness’ and ‘side effects’; satisfaction with ‘con-
venience’ as a relevant contributor was dismissed.
In our study, the composite variable could not be
generated due to the missing additional ques-
tions. However, focusing on the TSQM-1.4°
scores at the time of discontinuation, treatment
satisfaction with ‘side effects’ was not crucial,
whereas treatment satisfaction with ‘convenience’
seemed to be an important source of dissatisfac-
tion. Therefore, the results of Atkinson et al
regarding the main subdomains (‘side effects,’

‘global,” and ‘effectiveness’) in the TSQM-1.4©
relevant for discontinuation may not be trans-
ferred one-to-one to the SMA treatment. A larger
number of treatment dropouts would be needed
to confirm these findings.

In some aspects, evaluation of patient-reported
treatment satisfaction therefore seems to be supe-
rior to commonly used motor-function outcome
measures. This is primarily due to its potential to
evaluate treatment effects in general, including
non-motor improvements such as ventilation and
swallowing, which are missed by the HFMSE and
RULM scores.!% Second, it is easier and faster to
use in daily routine and does not require any
trained personnel or equipment. Besides, it
appears to be an early indicator of impending
therapy withdrawal, even if a reliable cut-off value
to distinguish those who stopped treatment could
not be established in this study due to the small
number of patients and the lack of additional
questions as suggested by Atkinson et al.!°

However, the TSQM-1.4° needs to be accompa-
nied by outcome scores that measure or indicate
disease-specific symptoms. Adding the TSQM-
1.4° to commonly used outcome measures can be
particularly useful in light of well-established con-
cerns regarding motor-function measurements in
severely or mildly affected SMA patients, as dis-
cussed earlier.

We appreciate that this study has some limitations.
The first one is the missing availability of other
treatment options for SMA for comparison of
respective treatment satisfaction at the time of
investigation. A potential placebo effect and prior
individual expectations may have an impact on
treatment satisfaction regarding effectiveness.
Second, the unequal size of patient subgroups (in
particular regarding ambulatory state and age)
assessed at different time points may reduce statis-
tical power. A larger and more evenly distributed
patient cohort followed up during a longer obser-
vation period is needed to validate our findings.
However, SMA is a rare disease and nusinersen
treatment is expensive and has only been available
since the middle of 2017 in a few specific centers.
Therefore, larger datasets are sparse. Furthermore,
as SMA is mainly a disease with onset in early
childhood, patients who have reached adulthood
are more likely to have lost the ability to walk
due to the natural disease history.!! As phenotypes
will change under nusinersen treatment, the
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prevalence of ambulatory adolescent and adult
patients (‘walkers’) might increase within the next
years.*® Third, while previous studies demon-
strated a correlation between treatment satisfac-
tion and depression,* individual mental status was
not taken into account in our study so that emo-
tional aspects of satisfaction were not specifically
addressed. This includes a potential secondary
gain of illness due to increased care and attention
by medical staff and caregivers with the introduc-
tion of nusinersen therapy. Moreover, a response
bias toward ‘better’ responses may have occurred,
given the hope of having a novel DMT for the first
time after decades of living with a neurodegenera-
tive disease. Furthermore, the longitudinal part of
this study needs to be interpreted with caution as
the majority of patients were followed up only in
between two nusinersen administrations. An
extended study with longer follow-up periods
would provide more insight into individual long-
term treatment satisfaction with nusinersen.

Lastly, the TSQM-1.4° has been designed as a gen-
eral questionnaire to assess patients’ satisfaction
with medication. It has been validated across a wide
range of diseases,!31? but not in NMD. Therefore,
it does not incorporate SMA or NMD-specific
items and, on the other hand, comprises items not
entirely suited for this group of patients, which leads
to omitted answers. For example, question two
(Q2) addresses the ability of the medication to
relieve symptoms. As SMA patients rather hope for
an increase of muscle function instead of symptom
relief, a different wording would better appeal to
them. Also, the questionnaire does not distinguish
precisely between procedure and treatment-associ-
ated side effects, which may cause confusion and
limit definitive conclusions.

To sum up, this is the first study demonstrating
patients’ satisfaction with nusinersen treatment.
Intrathecal injections are well tolerated but rated
as rather inconvenient. Interestingly, ambulatory
patients are more satisfied with treatment effec-
tiveness. None of the 26 ambulatory patients with-
drew from therapy. More severely affected patients
seem to be at a higher risk of therapy dropout, cor-
responding to low TSQM-1.4° scores and a
decrease in motor function. However, besides only
mild or missing measurable motor-function
changes, the majority of non-ambulatory patients,
reported satisfaction with the treatment, assuming
that their goal of disease stabilization was reached
or non-motor symptoms were relieved.

In conclusion, the patients’ perspective supports a
therapeutic benefit of nusinersen in SMA.
Improvement as well as a stabilization of motor
function is associated with satisfaction with treat-
ment effectiveness. More convenient ways of drug
delivery could further improve patients' satisfac-
tion. The evaluation of treatment satisfaction
appears to be a promising PRO in adult SMA
patients in different disease stages and may help in
the decision-making process of discontinuing or
switching treatment. Whether the same applies to
children with SMA needs investigating in future
studies.
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