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Abstract

Background and purpose: This was an investigation of treatment expectations and of the
perception of therapy in adult patients with 5g-associated spinal muscular atrophy (5q-
SMA) receiving nusinersen.

Methods: A prospective, non-interventional observational study of nusinersen treat-
ment in adult 5g-SMA patients was conducted at nine SMA centers in Germany. The
functional status, treatment expectations and perceived outcomes were assessed using
the Amyotrophic Lateral Sclerosis Functional Rating Scale—extended (ALS-FRS-ex),
the Measure Yourself Medical Outcome Profile (MYMOP2), the Treatment Satisfaction
Questionnaire for Medication (TSQM-9) and the Net Promoter Score (NPS).
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Results: In all, 151 patients were included with a median age of 36 years (15-69 years).
SMA type 3 (n = 90, 59.6%) prevailed, followed by type 2 (33.8%) and type 1 (6.6%). In SMA
types 1-3, median ALS-FRS-ex scores were 25, 33 and 46 (of 60 scale points), respectively.
MYMOP2 identified distinct treatment expectations: head verticalization (n = 13), bulbar
function (n = 16), arm function (n = 65), respiration (n = 15), trunk function (n = 34), leg
function (n = 76) and generalized symptoms (n = 77). Median symptom severity decreased
during nusinersen treatment (median observational period 6.1 months, 0.5-16 months)
from 3.7 to 3.3 MYMOP2 score points (p < 0.001). The convenience of drug administration
was critical (49.7 of 100 TSQM-9 points, SD 22); however, the overall treatment satisfac-
tion was high (74.3, SD 18) and the recommendation rating very positive (NPS +66).

Conclusions: Nusinersen was administered across a broad range of ages, disease dura-
tions and motor function deficits. Treatment expectations were highly differentiated and

related to SMA type and functional status. Patient-reported outcomes demonstrated a

KEYWORDS

INTRODUCTION

Spinal muscular atrophy (SMA) is a rare neurodegenerative dis-
order of motor neurons in the spinal cord and brain stem leading
to progressive paresis and muscle atrophy of the extremities, the
trunk and bulbar region. The loss of motor function translates into
a decline in patient mobility, communication abilities, autonomy and
social inclusion. The involvement of respiratory muscles may result
in hypoventilation and the need for non-invasive or mechanical ven-
tilation. However, the time of onset, progression rate and disease
severity are highly variable and clinically classified in distinct SMA
types [1-4].

In the majority of SMA patients the disease is caused by muta-
tions or deletions in the SMN1 gene on chromosome 5q (5g-SMA),
leading to reduced expression of the SMN protein [5]. In 2017, nusin-
ersen was approved for the treatment of 5g-SMA in the European
Union. The drug modifies splicing of SMN2-pre-mRNA, thus produc-
ing an enhanced expression of functional SMN protein. The approval
of nusinersen was based primarily on randomized sham-procedure-
controlled trials that were predominantly conducted on infantile
and juvenile patients with SMA types 1 and 2 [6,7]. Adult patients
of all SMA types were included to a lower extent in these clinical
trials. Given the approval of nusinersen, future placebo- or sham-
procedure-controlled trials in adult 5g-SMA are unlikely. Therefore,
observational studies serve as an important, if not only, source of
outcome research in adult 5g-SMA [8-12]. Recently registry studies
demonstrated positive results of nusinersen treatment of adult 5g-
SMA patients when applying clinical end-points that have been used
in the infantile and juvenile populations before [11,13].

In adult 5g-SMA, the functional deficits and their perception
may be highly variable and distinct from infantile and juvenile

positive perception of nusinersen therapy in adult patients with 5g-SMA.

nusinersen, spinal muscle atrophy, treatment satisfaction, treatment expectations

patients. Therefore, diverging expectations towards nusinersen and
different perceptions of the therapy are assumed. Thus, this study
aims to systematically investigate (i) demographic and clinical char-
acteristics, (ii) individual treatment expectations, (iii) the subjective
perception of outcome, (iv) treatment satisfaction and (v) the rec-
ommendation rate for the drug in adult 5g-SMA patients receiving

nusinersen.

METHODS
Study design

An observational, longitudinal, multi-center study was conducted.
The investigation was reported according to STROBE criteria [14].

Participants

Subjects meeting the following inclusion criteria were included in
the cohort study: (i) genetically confirmed diagnosis of 5g-SMA, (ii)
current or planned nusinersen treatment, (iii) age 18 years or older
and (iv) informed consent for participation in the research platform
APST [15-18].

Setting
The study was performed between July 2019 and September 2020

at nine specialized SMA treatment centers in Germany. SMA patients

were enrolled in the observational study in two different settings:
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recruitment before initiation of planned nusinersen therapy or dur-

ing ongoing treatment (Figure S1).

Assessment and data capture

Assessment of clinical and demographic data was realized by is-
suing case report forms to be completed by neurologists, study
coordinators and study assistants. Patient-reported outcomes
were assessed using questionnaires in printed form or web-

based structured interviews realized via the digital research plat-

form APST [19].

Variables

Demographic and clinical data

The following demographic and clinical data were collected: gender, age

at symptom onset, SMA type, disease duration, ventilation and nutrition

support and Amyotrophic Lateral Sclerosis Functional Rating Scale—
extended (ALS-FRS-ex, Table 1). ALS-FRS-ex is a validated instrument to
assess motor functions of the bulbar region, the extremities and the trunk
including breathing abilities and the requirement for ventilatory support.

It comprises 15 items with five rating options (O to 4). The total range of

the scale spans O (poor function) to 60 scale points (full function) [20,21].

TABLE 1 Demographic data and clinical characteristics

SMA type 2, SMA type 3,
Characteristics Classification Total cohort,n = 151 SMA type1,n=10 n=>51 n=90
Gender Male, % (n) 55.6 (85) 50.0 (5) 49.0 (25) 60.0 (54)
Female, % (n) 44.4 (64) 50.0 (5) 51.0 (26) 40.0 (36)
SMA type Type 1, % (n) 6.6 (10) 100 (10) n/a n/a
Type 2, % (n) 33.8(51) n/a 100 (51) n/a
Type 3, % (n) 59.6 (90) n/a n/a 100 (90)
Age in years At symptom onset, mean (SD; 5.30(7.32; 0-42.17) 0.30(0.27; 0-0.67) 1.35(2.82; 8.10(8.12;
range) 0-19.25) 0-42.17)
At therapy onset, mean (SD; 36.26 (13.30; 28.17 (2.83; 31.81(1.79; 39.85 (1.39;
range) 15.25-69.17) 15.25-39.50) 16.92-63.42) 17.0-69.17)
ALS-FRS-ex Mean (SD; range) 40.1 (11.6; 3-59) 24.6(3.2; 7-37) 32.7 (1.3; 3-56) 46.2(0.9;
29-59)
Ventilation support  Total, % (n) 23.8(36) 70.0(7) 471 (24) 5.6 (5)
NIV, % (n) 21.9 (33) 60.0 (6) 43.1(22) 5.6 (5)
TIV, % (n) 2.0(3) 10.0 (1) 3.9(2) 0(0)
Nutrition support® PEG, % (n) 6.0(9) 40.0 (4) 9.8 (5) 0(0)
Disease duration at  Years, mean (SD; min-max) 30.8(12.9; 1-63.1) 26.1 (11.6; 17.8 (10.2; 0-38.8) 19.1(10.9;
therapy onset 5.7-38.5) 0-38.0)
Duration of Months, mean (SD; min-max) 19.06 (10.81; 26.10 (11.63; 17.78 (10.21; 19.07 (10.90;
nusinersen 0-38.84) 5.65-38.51) 0-38.84) 0-38.02)
treatment in
total
Duration of Months, mean (SD; min-max) 6.13 (3.84, 9.41 (3.55, 6.37 (3.99, 5.59 (3.63,
nusinersen 0.46-16.04) 3.98-12.22) 0.95-14.26) 0.46-16.04)
treatment
before first
observation
Assessment Months, mean (SD; min-max) 6.1(5.1;0.5-16.0) 9.4 (3.6;4.0-12.2) 6.4(4.0; 1.0-14.3) 5.6 (3.6;
interval of 0.5-16.0)
nusinersen
therapy
Discontinuation Patient decision, % (n) 1.3(2) 0(0) 1.96 (1) 1.11 (1)
of nusinersen Adverse events, % (n) 0(0) 0(0) 0(0) 0(0)
therapy
Death, % (n) 0.7 (1) 0(0) 1.96 (1) 0(0)

Abbreviations: ALS-FRS-ex, Amyotrophic Lateral Sclerosis Functional Rating Scale—extended; n, number of patients; NIV, non-invasive ventilation;
PEG, percutaneous endoscopic gastrostomy; TIV, tracheostomy with invasive ventilation.

2Supply of drinkable food was not recorded.
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Nusinersen treatment

The following data were collected: age and disease duration at start
of treatment, dates, intervals, circumstances (inpatient vs. outpa-
tient) of treatment, administration of drug (manual lumbar puncture
vs. fluoroscopy or computed tomography guided intrathecal admin-
istration) and discontinuation of therapy (timing and reasons).

Treatment expectations

Treatment expectations were assessed and weighted by the Measure
Yourself Medical Outcome Profile (MYMOP2) [22-24]. The MYMOP
is a brief, patient-generated, problem-specific questionnaire, which
requires participants to qualify—and by that means prioritize—two
symptoms or impairments that concern them most.

Perception of treatment

The perception of outcome was assessed by the MYMOP2 score.
The nominal rating of the severity of symptoms on a seven-point
Likert scale (O for “as good as it could be” to 6 for “as bad as it could
be”) at different time points during the course of disease was used to
quantitatively evaluate the perception of nusinersen.

Response to treatment

Patients showing an improvement in at least one of the two target
symptoms—as assessed by MYMOP2—were defined as “responders”
to nusinersen. Participants with reported improvement in one of the
prioritized symptoms and deterioration of the other qualified symp-
tom and patients with stable (unchanged) rating of at least one of the
two prioritized symptoms were classified as “indifferent”. Individuals
reporting a deterioration in both target symptoms and their activity
level were defined as “non-responders”.

Treatment satisfaction

Satisfaction with nusinersen was assessed by means of the Treatment
Satisfaction Questionnaire for Medication (TSQM-9). TSQM-9 is a
validated questionnaire comprising nine questions concerning patients’
satisfaction with medication [25-27]. The questions are answered on a
five-point or seven-point scale (e.g., from very dissatisfied to very satis-
fied). Each of the nine questions is evaluated in a total score that can
range from O to 100. A higher total score equates to greater satisfaction.

The total score is calculated as follows:

total score for question X

= [(response score of question X minus 1) + (highest possible re-
sponse score minus the lowest possible response score)] multiplied
by 100

The questions referred to three dimensions: effectiveness (ques-
tions 1 to 3), convenience (questions 4 to 6) and global satisfaction
(questions 7 to 9). The total scores for effectiveness, convenience
and global satisfaction are calculated as follows:

1. total score for effectiveness: {[sum (response score for question
1 plus question 2 plus question 3) minus 3] divided by 18}
multiplied by 100

2. total score for convenience: {[sum (response score for question 4
plus question 5 plus question 6) minus 3] divided by 18} multiplied
by 100

3. total score for global satisfaction: {[sum (response score for ques-
tion 7 plus question 8 plus question 9) minus 3] divided by 14}
multiplied by 100

The TSQM-9 was analyzed for the total group and the follow-
ing cohorts of treatment duration: (i) less than 12 months; (ii) 12 to
24 months; (iii) over 24 months.

Recommendation of treatment

The Net Promoter Score (NPS) was used for examining the pa-
tients’ attitude towards their treatment with nusinersen [28].
This metric was calculated based on responses to a single ques-
tion: “How likely is it that you would recommend nusinersen to
a friend or colleague who suffers from SMA?” Possible answers
ranged from O points (absolutely unlikely recommendation) to 10
points (highest likelihood of recommendation). Patients who re-
sponded with a score of 9-10 were considered as “promoters”
(likely recommendation). Those who rated the medication with 7
or 8 were classified as “indifferent”. The group of patients who
responded with 6 to O points were defined as “detractors” (un-
likely recommendation). The NPS was calculated by subtracting
the percentage of detractors from the percentage of promot-
ers. Indifferent patients counted toward the total number of
respondents, thus decreasing the percentage of detractors and
promoters. The NPS is calculated as follows: NPS = promoters
(in percentage of all patients) minus detractors (in percentage of
all patients). The NPS ranges between +100 and -100. Basically,
a NPS with a positive score (>0) is regarded as a supporting rec-
ommendation; a result of +50 is considered excellent [28]. The
NPS was analyzed for the total group and the following cohorts
of treatment duration: (i) less or equal 12 months; (ii) 13 to
24 months; (iii) over 24 months.

Protocol approvals and registrations

The study protocol was approved by the Medical Ethics Committee
of the Charité—Universitatsmedizin Berlin, Germany, under the
number EA1/219/15. A signed patient information and informed
consent form was obtained from all participants.
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Statistical methods

Descriptive analyses were performed to compare frequencies
within the parameters assessed. Significant differences between the
parameters and, respectively, subgroups of nominally scaled data
were assessed by contingency tables and the chi-squared test. The
Wilcoxon test was employed for the analysis of the statistical power
of ordinally scaled data, whilst metric data were subjected to the t
test (MYMOP, ALS-FRS-ex). Statistical significance was ascertained
according to an error risk of up to 5% (p value <0.05). Statistical ef-
fect size of mean differences was classified as follows: small effect
size: d 2 0.2, medium effect size: d 2 0.5, and large effect size: d 2
0.8. For significance analysis, each pair of variables was considered
for which data were available (pairwise deletion). Data analysis was
based on SPSS (version 25.0).

RESULTS
Sample characteristics

In total, 151 patients at nine specialized SMA centers were included
in the observational study (Figure S2). 15.2% of the patients (n = 23)
were recruited before initiation of planned nusinersen therapy and
84.8% (n = 128) during ongoing nusinersen maintenance treatment
(Figure S1).

Head SMA type 1 (n) 10.0 % Pl
verticalization SMA type 2 (n) (8)
n=13 SMAtype3(n) 1.7 % (3)
Bulbar function SMA type 1 (n) 15.0 % JE)
n=16 SMA type 2 (n) (11)

SMA type 3 (n) 1.1% (2)
Respiratory SMA type 1 (n) 15.0 % HE
function SMA type 2 (n) (10)
n=15 SMAtype3(n)  1.1% (2)
Arm function SMA type 1 (n)
n=65 SMA type 2 (n)

SMA type 3 (n) 17.6% (31)
Trunk function sMAtype 1 (n) (1)
n=34 SMA type 2 (n) (12)

SMAtype 3 (n) 11.9% (21)
Leg function SMAtype1(n) 0.0% (0)
n=76 SMA type 2 (n) (10)

SMA type 3 (n)
Generalized SMA type 1 (n) 20.0 % g
symptoms SMA type 2 (n) (2
n=77 SMA type 3 (n)

v
Z

)

29.0% (51)

Demographic data and clinical characteristics

A summary of demographic and clinical data is given in Table 1 and
provided for the total cohort as well as for SMA types 1-3.

Nusinersen treatment

A summary of data on nusinersen therapy is given in Table 1 and
provided for the total cohort as well as for SMA types 1-3.

Treatment expectations

The results are shown in Figure 1 and Table S1. Using MYMOP2,
treatment expectations of 151 patients and 296 prioritized
symptoms were captured. In general, strong differences in
the ranking of target symptoms were found between SMA
types 1 to 3. In SMA types 1 and 2, symptoms (and functional
impairment) in the upper extremities were most frequently
prioritized. In contrast, in SMA type 3 most of the expecta-
tions concerned leg functions. Strikingly, amongst patients
with SMA types 1 and 2 there were no (SMA type 1) or few
(SMA type 2) expectations for symptomatic or functional im-
provement of the lower extremities although ambulation and

other leg functions are severely affected in these SMA types.

EEXRTY (7)
(27)

37.5% (66) FIGURE 1 Treatment expectations in
terms of prioritized symptoms as assessed
by the MYMOP2 scale. MYMOP, Measure
Yourself Medical Outcome Profile;

n, number of patients [Colour figure can

be viewed at wileyonlinelibrary.com]
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Respiratory and bulbar functions as well as head verticaliza-
tion were mainly prioritized in SMA types 1 and 2. However,
expectations to improve trunk functions were predominantly
reported in SMA type 3. Generalized symptoms such as pain,
contractures and weakness made up 26% (n = 77) of the treat-
ment expectations (Table S1).

Perception of treatment

The results are shown in Figure 2 and Table 2. At basic assessment
(Figure S1), the mean symptom severity as assessed on the MYMOP2
seven-point Likert scale was 3.7 (n = 178). During follow-up of nusin-
ersen therapy, a reduced symptom severity of 3.3 scale points was
identified (10% relative decline in symptom severity, p < 0.001). In
particular, a marked improvement was noted for head verticaliza-
tion (ability to keep the head up and stabilize it) and also for speech
and swallowing function (reduction by 1.3 scale points; 37% relative
reduction; p < 0.004). In respiratory functions, there was no change
in symptom severity. Beyond prioritized symptoms, 51% of patients
(n = 45) perceived an increase in their level of activity over the course
of nusinersen therapy (p < 0.001).

Response to treatment

Of all 5g-SMA patients, 64% (n = 59) perceived an improvement in at
least one of the two target symptoms, being by definition “responders”

Head
verticalization
n=10

Bulbar function
n=10

Respiratory
function
n=8

Arm function
n=45
FIGURE 2 Perception of treatment
as ass'essed using MYMOPZ. Symptom Trunk function
severity (and perception of outcome) was n=21
assessed on the seven-point Likert scale
of MYMOP2 (0 for “as good as it could

be” to 6 for “as bad as it could be”). The Ir.]ii;uncnon
initial assessment is shown with the upper

bar, whereas the rating during follow-up

of therapy is depicted in the lower bar. Generalized
Significant differences were assessed by symptoms

t test. A p value <0.05 was considered i
significant. MYMOP, Measure Yourself Total
Medical Outcome Profile; n, number of n=178

patients [Colour figure can be viewed at
wileyonlinelibrary.com]

to nusinersen therapy. Of all responders, 26% (n = 24) reported an
improvement in both prioritized symptoms. 14% of patients (n = 13)
were allocated to the “indifferent” group. Only one patient (1.1%) per-
ceived deterioration in both target symptoms and was classified as

“non-responder”.

Treatment satisfaction

The patients’ treatment satisfaction with nusinersen, as assessed
by TSQM-9, is shown in Figure 3 and Figure S3. The question “how
confident are you that taking this medication is a good thing for
you?” received the highest score of all the nine TSQM-related ques-
tions, followed by the question concerning the "overall satisfaction".
Furthermore, treatment satisfaction was rated positively in relation to
the duration of nusinersen therapy. In contrast, the questions about
the usability and convenience of the drug were rated critical. The
questions about convenience were the only ones to show no increase
in satisfaction.

Recommendation of treatment

In total, 63.3% patients (n = 89) were promoters of nusinersen.
Overall, the share of detractors was low (12.8%, n = 18). The NPS
total score—the difference between promoters and detractors—was
+51 (Figure 4). In fact, NPS values greater than O are classified as
a positive rating whereas an NPS total score of > 50 is considered

3.60 p=0.023
EEFEEREERE =100
3.50 p =0.004
T 8-130

2.50

3.87 p =0.001
sssssssssnns:y dsuzs
3.76
3.92
3.31
3.66 p<0.001
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excellent [14]. Remarkably, patients with SMA types 1 and 2 submit-
ted stronger recommendations (NPS +66.7 and +65.3, respectively)
compared to patients with SMA type 3 (NPS +40.2). The overall
positive results were supported by the greatest number of promot-
ers in the group of SMA patients with a long treatment period (>
12 months) compared to shorter therapy (Figure 4).

DISCUSSION

Sample selection, demographic and clinical
characteristics

In this study, a systematic assessment of nusinersen therapy in a
real-world setting was realized. However, the study was confined to
specialized SMA centers. Therefore, the possibility that patients may
not be representative of those seen outside this setting cannot be
excluded. Thus, it is conceivable that 5g-SMA patients with higher
age and longer disease duration may be overrepresented.

The median age at the start of therapy was 36 years. Remarkably,
the highest age at treatment onset was 69 years. Obviously, there was
no age threshold on nusinersen treatment. SMA type 3 (60%) was the
predominant type in the cohort. These findings were in correspon-
dence to previous reports [10,11,13]. The smaller share of SMA type
1 (7%) and 2 (34%) may reflect the lower prevalence of both types in
the adult 5g-SMA population. Furthermore, a more reserved attitude
towards taking up therapy cannot be excluded although these psycho-
social and behavioral aspects were not investigated in this study. The
functional deficit as assessed by the ALS-FRS-ex was severe in most
patients (mean 40.1), but showed a wide range of functional impair-
ment. However, the ALS-FRS-ex scale has not been applied to SMA
patients. Thus, the use of this score is considered exploratory and
needs to be confirmed by other studies and investigators. Despite the
methodological limitations of this score, patients with severe functional
deficits (13.5% of patients with ALS-FRS-ex < 30), invasive nutrition in-
tervention (6% of patients with percutaneous endoscopic gastrostomy)
or ventilation support (23.8% of patients with non-invasive ventilation
or tracheostomy with invasive ventilation) contributed to the notion
that there was no distinct deficit threshold preventing patients from
nusinersen therapy (likewise the “unlimited” age at the start of treat-
ment). Conversely, the wide spectrum of disease severity may explain
the diversity of treatment expectations as documented by MYMOP2.

Treatment expectation and perception of
nusinersen therapy

The result of the MYMOP2 survey showed a broad spectrum of
treatment goals. The definition of treatment expectations such as
the functional deficits, psychosocial values, social resources and
participation options varied substantially amongst individuals.
Patients with SMA types 1 and 2 typically presented with high-
grade paresis of the legs, which, however, was not amongst the pri-
oritized symptoms. Thus, the results of MYMOP2 were indicative
of a possible discrepancy between functional deficit and treatment
expectations whereas the most severe functional deficits were not
necessarily prioritized as target symptoms. This discrepancy may be
discussed from two angles: (i) patients have no real expectations as
to the improvement to be gained with therapy or (ii) the subjective
burden perceived with this deficit is given less priority compared
with other symptoms. However, the clarification of this unsolved
question was not pursued in this study and will be the subject of
future investigations.

In this study, the Revised Upper Limb Module (RULM) or
Hammersmith Functional Motor Scale Expanded (HFMSE) were
not investigated, although these scales are commonly used in ran-
domized trials and observational studies [11,13]. The reason for
refraining from using the RULM and HFMSE was the focus on the
perception of nusinersen therapy and the assessment of symptoms
that were not covered by RULM and HFMSE (such as bulbar and
respiratory symptoms). Notwithstanding, in future studies an as-
sessment of established clinical end-points in combination with
patient-reported outcomes (e.g., MYMOP) is of interest. MYMOP2
allowed for monitoring of the patient-reported outcome over the
course of therapy. The observation covered the complete range of
prioritized symptoms including the perception of speech, swallow-
ing and mobility. During nusinersen treatment, symptom severity
decreased by 10% (p < 0.001). The scale of these changes corre-
sponded to improvements reported in other observational studies
using RULM, HFMSE and the 6-min walk test [11,13]. In this inves-
tigation, a significant improvement was perceived for head vertical-
ization (28% decrease of MYMOP2 symptom severity, p < 0.023)
and bulbar functions (37%, p < 0.004), two domains that were not
covered in the RULM and HFMSE instruments. The prioritization
of respiratory functions was rather low (11% of SMA types 1 and
2 patients). This corresponds with the low rate of non-invasive

FIGURE 3 Treatment satisfaction with nusinersen, as assessed by the Treatment Satisfaction Questionnaire for Medication (TSQM-9).
The score was evaluated separately in nine questions as follows. (a) Question 1— the ability of nusinersen to treat or prevent SMA: “How
satisfied or dissatisfied are you with the ability of nusinersen to prevent or treat SMA?” (b) Question 2—the way nusinersen relieves
symptoms of SMA: “How satisfied or dissatisfied are you with the way nusinersen relieves your symptoms?” (c) Question 3—the amount

of time it takes nusinersen to start working: “How satisfied or dissatisfied are you with the amount of time it takes the medication to

start working?” (d) Question 4—the usability of nusinersen: “How easy or difficult is it to use the medication in its current form?” (e)
Question 5—planning when to use nusinersen: “How easy or difficult is it to plan when you will use the medication each time?” (f) Question
6—administration of nusinersen as instructed: “How convenient or inconvenient is it to take the medication as instructed?” (g) Question
7—taking nusinersen is a good thing: “Overall, how confident are you that taking this medication is a good thing for you?” (h) Question 8—the
good things about nusinersen outweigh the bad things: “How satisfied are you that the good things about this medication outweigh the bad
things?” (i) Question 9—overall satisfaction with nusinersen: “Taking all things into account, how satisfied or dissatisfied are you with this
medication?” n, number of patients [Colour figure can be viewed at wileyonlinelibrary.com]
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(a) I Likely recommendation

15.8 %
(n=6)

< 12 months treatment

(n=38) (n=47)
(b)
80 %~ 80 %
Promoters
Promoters
Total NPS
40 %- i 40 %
0%- 0%
16 % 1 19%
(n=6) 1 -
40 %- a0%{
Detractors | Detractors
80 % - 80 % -

Indifferent recommendation

13 to 24 months treatment

B Unlikely recommendation

5.5%
(n=3)

70.9%
(n=39)

> 24 months treatment
(n=55)

80 % - Promoters

Total NPS
Total NPS +65‘
(n=55)
40 %
0% -
6 %
(n=3)

40 %; Detractors

80 % -

FIGURE 4 Recommendation of nusinersen using the Net Promoter Score (NPS) relative to the duration of therapy. The NPS was applied
to assess the patients’ likelihood to recommend this drug. This metric was calculated based on responses to a single question: “How likely

is it that you would recommend nusinersen to a friend or colleague who suffers from SMA?” The answers were rated between 0 points
(absolutely unlikely recommendation) and 10 points (highest likelihood of recommendation). Patients who responded with a score of 9 to 10
were considered as “promoters”. Those who rated the medication with 7 or 8 were classified as “indifferent”. The patients who responded
with 6 to 0 points were defined as “detractors”. The NPS is calculated by subtracting the percentage of patients who are detractors from the
percentage of patients who are promoters. n, number of patients [Colour figure can be viewed at wileyonlinelibrary.com]

ventilation in the studied cohort (21.9%, n = 33), which is well in
line with other reports on the rate of non-invasive ventilation in
SMA [29]. A methodological limitation of the study is the confine-
ment to subjective outcome measures. Thus, improved mobility
was measured in terms of subjective perception on the MYMOP2
Likert scale and was not objectified by functional parameters.
Nevertheless, it may well be conceivable that the improved motor
function in arms and hands may translate into improved handling
of walkers (upper and lower extremities) and wheelchairs (e.g.,
hand function for using joysticks); and that means that, even in

wheelchair-using patients, improved mobility may be reached and
perceived. However, in further studies an objectification of func-
tional improvements is desirable and of importance.

By definition, patients were classified as “responders”, “indiffer-
ent” or “non-responders” based on the MYMOP2 score in the course
of nusinersen therapy. The response criteria were defined for the
purpose of this study and have not yet been validated by compara-
tive studies. The term "responder” is thus limited to the subjective
perception of symptom severity and may not reflect “objective” clin-
ical end-points such as RULM or HFMSE. 64% of patients (n = 59)
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were “responders”, a finding that corresponds to the response rate
of 69% in a reported observational study in which HFMSE was used
as the outcome parameter [11]. A major methodological limitation
concerning the classification of responders is caused by the timing of
assessment in relation to beginning of treatment and recruitment to
this observational study. Most of the patients (85%) were recruited
to the study during ongoing nusinersen treatment. Therefore, a
comparison of symptom severity before and after nusinersen ther-
apy was not possible. Despite this limitation, the responder concept
was applied as the Likert scale of MYMOP2 allowed the quantifi-
cation of symptom severity during the further course of treatment.

Treatment satisfaction and recommendation

On the TSQM-9 score, 68.8% of patients gave a positive rating (“ex-
tremely satisfied” to “satisfied”) in the summarizing question on global
satisfaction. This percentage of patients was of the order of “responders”
and by that means corresponds to the findings of the MYMOP2 score.
In contrast to the positive ratings for efficacy and global satisfaction, the
domain of convenience was rated more critically. Although the reasons
for the patients’ dissatisfaction were not assessed, the lumbar puncture
for intrathecal administration and the inpatient setting of nusinersen
therapy in most cases might be at the basis of the critical view on the
convenience of treatment. The present data may support the explora-
tion of alternative methods of administration (such as intrathecal pumps)
[27]. However, despite the burden (e.g., lumbar puncture) and efforts
(hospital admission) associated with the therapy, the discontinuation of
nusinersen treatment was a rare event (2%).

The NPS serves as a robust instrument for the assessment of
products and services [28]. Although the validation of this score
in medicine is still limited, the NPS finds growing use in outcome
research, mainly due to the simplicity of the method and the es-
tablished calculation matrix [30-32]. In this study, the NPS score
for nusinersen was +66 which translates into a very positive rec-
ommendation rate. Furthermore, the fact that the NPS was higher
the longer patients were under therapy underpinned the positive
recommendation rate. In fact, in market research NPS results >50
are considered “excellent”. However, there is limited experience
with this score in the medical setting and caution is warranted when
transferring the NPS system of validating products and services to
treatment options.

The positive NPS and TSQM-9 results were surprising as this co-
hort presented with severe deficits and only slight improvements
over the treatment course. This observation gives rise to the prem-
ise that high treatment satisfaction can be gained with moderate or
slight functional improvement. It touches upon the measurability of
minimal functional effects and their meaningfulness for mobility,
communication and social inclusion of SMA patients. However, the
psychosocial dimension of outcomes was beyond the scope of this
study and needs further research.

In summary, nusinersen therapy in adult 5g-SMA patients was

used in a wide spectrum of patients in terms of age, duration of

disease and functional deficits. The treatment expectations towards
nusinersen were highly variable and referred to the severity of dis-
ease and the pattern of symptoms and impairments. The majority
of patients experienced an alleviation of symptoms and motor defi-
cits, rated as small or moderate. Despite the rather slight degree of
perceived functional improvements, the treatment satisfaction was
high and recommendation rates were excellent. In future studies,
the patient-reported outcomes over the course of longer treatment
periods and the correlation to functional parameters are of major
interest.

ACKNOWLEDGEMENTS

The authors wish to thank all patients for participating in this study.
Open Access funding enabled and organized by Projekt DEAL.
WOA Institution: Charite Universitatsmedizin Berlin

Blended DEAL: Projekt DEAL

CONFLICT OF INTEREST

TM and CM are founders of the digital management and research
platform APST and hold shares in Ambulanzpartner Soziotechnologie
APST GmbH.

AUTHOR CONTRIBUTIONS

Thomas Meyer: Conceptualization (lead); data curation (supporting);
formal analysis (supporting); funding acquisition (lead); methodology
(equal); project administration (equal); writing—original draft (lead);
writing—review and editing (lead). André Maier: Conceptualization
(equal); data curation (equal); supervision (equal); writing—original
draft (supporting); writing—review and editing (equal). Zeljko Uzelac:
Data curation (equal); writing—review and editing (equal). Tim
Hagenacker: Data curation (equal); writing—review and editing (equal).
René Giinther: Data curation (equal); writing—review and editing
(equal). Olivia Schreiber-Katz: Data curation (equal); writing—review
and editing (equal). Markus Weiler: Data curation (equal); writing—
review and editing (equal). Robert Steinbach: Data curation (equal);
writing—review and editing (equal). Ute Weyen: Data curation (equal);
writing—review and editing (equal). Jan Christoph Koch: Data cura-
tion (equal); writing—review and editing (equal). Dagmar Kettemann:
Data curation (equal); writing—review and editing (supporting). Jenny
Norden: Data curation (equal); writing—review and editing (support-
ing). Johannes Dorst: Data curation (supporting); writing—review and
editing (equal). Claudia Wurster: Data curation (supporting); writing—
review and editing (equal). Albert Christian Ludolph: Data curation
(supporting); writing—review and editing (equal). Benjamin Stolte:
Data curation (supporting); writing—review and editing (supporting).
Maren Freigang: Data curation (equal); writing—review and edit-
ing (equal). Alma Osmanovic: Data curation (equal); writing—review
and editing (supporting). Susanne Petri: Data curation (supporting);
project administration (equal); writing—review and editing (equal).
Annekathrin Rédiger: Data curation (supporting); writing—review
and editing (supporting). Ramona Griep: Data curation (equal); in-
vestigation (supporting); project administration (equal); supervision
(supporting); writing—review and editing (equal). Marcel Gaudlitz:

*[1202/80/£01 & [206+ 12U/ 11 11°01/3pdo/10p/ - 081°SS0'980°Z 1T - Areaqry duruQ Ad[1m] Aq pajurig



2594 ]

MEYER ET AL.

Conceptualization (equal); investigation (equal); project administration

(equal); writing—review and editing (supporting). Christoph Miinch:

Conceptualization (supporting); data curation (supporting); investiga-

tion (equal); project administration (equal); writing—review and editing

(supporting). Bertram Walter: Data curation (equal); formal analysis

(supporting); methodology (supporting); project administration (sup-

porting); software (lead). Susanne Spittel: Conceptualization (equal);

formal analysis (equal); funding acquisition (supporting); methodology

(equal); project administration (equal); supervision (equal); writing—

original draft (supporting); writing—review and editing (equal).

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon reasonable request.

ORCID

Thomas Meyer
André Maier
Tim Hagenacker
René Glinther
Robert Steinbach
Benjamin Stolte

Susanne Spittel

https://orcid.org/0000-0002-2736-7350
https://orcid.org/0000-0003-2473-4116
https://orcid.org/0000-0002-3631-3450
https://orcid.org/0000-0003-0329-5644
https://orcid.org/0000-0003-3936-6010
https://orcid.org/0000-0002-2774-067X
https://orcid.org/0000-0001-9471-7798

REFERENCES

1.

10.

11.

Wadman RI, Wijngaarde CA, Stam M, et al. Muscle strength and
motor function throughout life in a cross-sectional cohort of 180
patients with spinal muscular atrophy types 1c-4. Eur J Neurol.
2018;25:512-518.

Kaufmann P, McDermott MP, Darras BT, et al. Prospective co-
hort study of spinal muscular atrophy types 2 and 3. Neurology.
2012;79:1889-1897.

Wang CH, Finkel RS, Bertini ES, et al. Consensus statement
for standard of care in spinal muscular atrophy. J Child Neurol.
2007;22:1027-1049.

Faravelli I, Nizzardo M, Comi GP, Corti S. Spinal muscular atrophy—
recent therapeutic advances for an old challenge. Nat Rev Neurol.
2015;11:351-359.

Lefebvre S, Birglen L, Reboullet S, et al. Identification and char-
acterization of a spinal muscular atrophy-determining gene. Cell.
1995;80:155-165.

Finkel RS, Mercuri E, Darras BT, et al. Nusinersen versus sham
control in infantile-onset spinal muscular atrophy. N Engl J Med.
2017;377:1723-1732.

Mercuri E, Darras BT, Chiriboga CA, et al. Nusinersen versus
sham control in later-onset spinal muscular atrophy. N Engl J Med.
2018;378:625-635.

Jochmann E, Steinbach R, Jochmann T, et al. Experiences from
treating seven adult 5q spinal muscular atrophy patients with nusin-
ersen. Ther Adv Neurol Disord. 2020;5(13):1756286420907803.
Walter MC, Wenninger S, Thiele S, et al. Safety and treatment ef-
fects of nusinersen in longstanding adult 5q-SMA type 3—a pro-
spective observational study. J Neuromuscul Dis. 2019;6:453-465.
Osmanovic A, Ranxha G, Kumpe M, et al. Treatment expectations
and patient-reported outcomes of nusinersen therapy in adult spi-
nal muscular atrophy. J Neurol. 2020;267(8):2398-2407.

Maggi L, Bello L, Bonanno S, et al. Nusinersen safety and effects
on motor function in adult spinal muscular atrophy type 2 and 3. J
Neurol Neurosurg Psychiatry. 2020;91:1166-1174.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Sansone VA, Walter MC, Attarian S, et al. Measuring outcomes
in adults with spinal muscular atrophy—challenges and future
directions—meeting report. J Neuromuscul Dis. 2020;7:523-534.
Hagenacker T, Wurster CD, Glinther R, et al. Nusinersen in adults
with 5q spinal muscular atrophy: a non-interventional, multicentre,
observational cohort study. Lancet Neurol. 2020;19:317-325.
Vandenbroucke JP, von Elm E, Altman DG, et al. Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE): ex-
planation and elaboration. PLoS Medicine. 2007;4:€297.

Fiirstenau D, Klein S, Vogel A, Auschra C. Multi-sided platform and
data-driven care research: a business model for improving care in
complex neurological diseases—a longitudinal case study. Electron

Mark, in press. 2021. https://doi.org/10.1007/s12525-021-00461-8.

Meyer T, Kettemann D, Maier A, et al. Symptomatic pharmacotherapy
in ALS: data analysis from a platform-based medication management
programme. J Neurol Neurosurg Psychiatry. 2020;2020(91):783-785.
Funke A, Spittel S, Grehl T, et al. Provision of assistive technology
devices among people with ALS in Germany: a platform-case man-
agement approach. Amyotroph Lateral Scler Frontotemporal Degener.
2018;19:342-350.

Meyer T, Funke A, Munch C, et al. Real world experience of patients
with amyotrophic lateral sclerosis (ALS) in the treatment of spas-
ticity using tetrahydrocannabinol:cannabidiol (THC:CBD). BMC
Neurol. 2019;19:222.

Ambulanzpartner Soziotechnologie APST GmbH. Updated April 28,
2021. Accessed May 8, 2021. https://www.ambulanzpartner.de/
Wicks P, Massagli MP, Wolf C, Heywood J. Measuring function
in advanced ALS: validation of ALSFRS-EX extension items. Eur J
Neurol. 2009;16:353-359.

Abdulla S, Vielhaber S, Kérner S, et al. Validation of the German
version of the extended ALS functional rating scale as a patient-
reported outcome measure. J Neurol. 2013;260:2242-2255.
Hermann K, Kraus K, Herrmann K, Joos S. A brief patient-reported
outcome instrument for primary care: German translation and vali-
dation of the Measure Yourself Medical Outcome Profile (MYMOP).
Health Qual Life Outcomes. 2014;12:112.

Paterson C. Seeking the patient's perspective: a qualitative assess-
ment of EuroQol, COOP-WONCA charts and MYMOP. Qual Life
Res. 2004;13:871-881.

Ishaque S, Johnson JA, Vohra S. Individualized health-related qual-
ity of life instrument Measure Yourself Medical Outcome Profile
(MYMOP) and its adaptations: a critical appraisal. Qual Life Res.
2019;28:879-893.

Atkinson MJ, Sinha A, Hass SL, et al. Validation of a general mea-
sure of treatment satisfaction, the treatment satisfaction ques-
tionnaire for medication (TSQM), using a national panel study of
chronic disease. Health Qual Life Outcomes. 2004;2:12.

Atkinson M, Kumar R, Cappelleri JC, Hass SL. Hierarchical con-
struct validity of the treatment satisfaction questionnaire for med-
ication (TSQM version Il) among outpatient pharmacy consumers.
Value Health. 2005;8:9-24.

Bharmal M, Payne K, Atkinson MJ, Desrosiers MP, Morisky DE,
Gemmen E. Validation of an abbreviated treatment satisfaction
questionnaire for medication (TSQM-9) among patients on antihy-
pertensive medications. Health Qual Life Outcomes. 2009;7:36.
Reichheld F. The Ultimate Question 2.0: How net promoter compa-
nies thrive in a customer-driven world. The Ultimate Question. Boston,
Massachusetts: Harvard Business Review Press; 2011.

Trucco F, Ridout D, Scoto M et al. Respiratory trajectories in
type 2 and 3 spinal muscular atrophy in the iSMAC cohort study.
Neurology. 2021;96:e587-e599.

Monnery D, Webb E, Richardson L, Isaac J, Chapman L. Targeted
palliative care day therapy interventions using modified MYMOP2
tool can improve outcomes for patients with non-malignant dis-
eases. Int J Palliat Nurs. 2018;24:92-95.

*[1202/80/€01 ¥ [206F1-2ua/TTT11°01/3Pde/10p/ - 081°SS0/980'CIT - ATeIqr auluQ Aa[1p ] 4q pajutg



PERCEPTION OF NUSINERSEN TREATMENT IN ADULTS WITH 5Q-SMA

2595

31.

32.

33.

Meyer R, Spittel S, Steinfurth L, et al. Patient-reported outcome
of physical therapy in amyotrophic lateral sclerosis: observational
online study. JMIR Rehabil Assist Technol. 2018;5:€10099.

Alismail A, Schaeffer B, Oh A, et al. The use of the Net Promoter
Score (NPS) in an outpatient allergy and pulmonary clinic: an in-
novative look into using tablet-based tool vs traditional survey
method. Patient Relat Outcome Meas. 2020;11:137-142.

Cohen J. Statistical Power Analysis for the Behavioral Sciences.
Hillsdale, New Jersey: Lawrence Erlbaum Associates; 1988.

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Meyer T, Maier A, Uzelac Z, et al.
Treatment expectations and perception of therapy in adult
patients with spinal muscular atrophy receiving nusinersen. Eur
J Neurol. 2021;28:2582-2595. https://doi.org/10.1111/
ene.14902

*[1202/80/€01 ¥ [206F1-2ua/TTT11°01/3Pde/10p/ - 081°SS0/980'CIT - ATeIqr auluQ Aa[1p ] 4q pajutg



