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Abstract
Background  In amyotrophic lateral sclerosis (ALS), neurofilament light chain (NfL) was introduced as a prognostic 
biomarker. More recently, NfL values can be shared on the patient’s ALS app. Also, the ALS functional rating scale 
(ALSFRS-R) is an established patient-reported assessment of disease progression. The scale can be obtained during 
clinic visits or remotely. However, few systematic data are available on the patients’ perception of prognostic 
information about NfL and ALSFRS-R and the remote sharing of these data.

Methods  In a multicenter study, 149 ALS patients were assessed for their perception of shared information about 
NfL and ALSFRS-R using an investigator-designed survey and established questionnaires. The recommendation of NfL 
and ALSFRS-R to fellow patients was assessed using the Net Promoter Score (NPS). Burden by shared information was 
investigated in two distinct settings: (1) clinic information when receiving results on NfL and/or ALSFRS-R during clinic 
visits and (2) remote information about NfL values and self-rating of the ALSFRS-R via the ALS app. General anxiety 
was measured by the Fear of Progression Questionnaire – Short Form (FoP-Q-SF).

Results  Information about NfL and ALSFRS-R, respectively (n = 149), were regarded as relevant for patients 
themselves (75.2% and 77.2%) and for research (98% and 96%). The NPS showed a high recommendation rate for 
NfL (+ 21) and ALSFRS-R (+ 26). Only a minority of patients perceived shared information about NfL as burdensome, 
with a lower burden in the clinic setting (n = 1, 4.2%) than in the remote setting (n = 8, 12%; p = 0.015). Remote digital 
assessment of the ALSFRS-R was well received, with a reported burden in 9.8% (n = 9) of the participants. The FoP-Q-SF 
revealed fear of progression in 40% of the respondents (n = 60).
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Background
Amyotrophic lateral sclerosis (ALS) is a severe neuro-
degenerative disease that is associated with an increas-
ing loss of motor functions [1]. Various methods have 
been established to assess the variable course and the 
individual prognosis of people with ALS, such as the 
measurement of neurofilament light chain (NfL) and 
the ALS functional rating scale in its revised form (ALS-
FRS-R) [2]. NfL is a biomarker of ALS that is highly 
correlated with disease progression as measured by the 
ALS progression rate [3–5]. More specifically, increased 
serum and CSF NfL values were shown to be associ-
ated with aggressive disease progression and shorter 
life expectancy [6, 7]. The ALSFRS-R is an established 
questionnaire for the assessment of disease severity and 
progression [8]. The scale can be obtained either by phy-
sicians or patients alike – during clinic visits or remotely 
via telephone [9] and remote digital assessment [10]. Its 
consistent administration across all assessment scenarios 
using an annotated version conforms to a national con-
sensus in Germany [11]. The ALSFRS-R evaluates 12 
different functional areas typically affected by ALS [12]. 
The monthly change in the ALSFRS-R score is a patient-
reported outcome measure of ALS progression and is 
considered a prognostic factor for the further course of 
disease and survival [13]. Both NfL and ALSFRS-R are 
of interest for health care professionals and for patients 
to gain insights in the individual prognosis that is often 
in the range of 2–4 years but shows great variability 
[4]. Digital applications such as the mobile smartphone 
application “ALS app” facilitate the remote digital self-
assessment of the ALSFRS-R [14]. Only recently, the NfL 
diagram was included in the ALS app that displays NfL 
values being generated in a multicenter biomarker pro-
gram. The remote sharing of NfL and ALSFRS-R infor-
mation on mobile devices creates a novel constellation in 
which patients are exposed to prognostic information – 
apart from a conventional clinic consultation [14]. Given 
the novelty of digital data sharing concepts, few data are 
available on the patients’ perception of remotely shared 
prognostic information on NfL and ALSFRS-R. Positive 
aspects of shared information, such as improving knowl-
edge about the disease, must be weighed against poten-
tial burdens, such as uncertainty and anxiety [15, 16].

When analyzing the patients’ perspective on NfL and 
ALSFRS-R, this study aims (1) to assess patients’ percep-
tions of shared information about NfL and ALSFRS-R; 
(2) to determine the recommendation of NfL and ALS-
FRS-R to fellow ALS patients using the Net Promoter 
Score (NPS); (3) to investigate and compare the burden 
of sharing information of NfL and ALSFRS-R in a remote 
and clinic setting; and (4) to explore the general anxiety 
level as measured by based the fear of progression (FoP) 
questionnaire.

Methods
Study design
The patient survey was conducted as part of a multi-
center prospective observational study, which was car-
ried out according to the STROBE criteria [17, 18].

Participants
The following inclusion criteria were applied: (1) diag-
nosis of ALS according to the Gold Coast criteria [19]; 
(2) consent to participate in the study and to complete 
the data collection form, and (3) consent to electronic 
data collection via a digital research platform (group of 
remote digital assessment).

Measurement of NfL
To determine the individual NfL value, a blood sample 
was taken during the patient’s visit to a specialized ALS 
center in Germany. A serum collection tube was used, 
which could be clearly assigned to the patient. NfL was 
measured in the ALS outpatient clinic of Charité - Uni-
versitätsmedizin Berlin using highly sensitive analysis 
methods [20], whereby a certain number of samples were 
collected and then analyzed together.

Setting
Information sharing about NfL and ALSFRS-R
Information about NfL and ALSFRS-R was shared in 
two distinct settings: (1) remote information about NfL 
values and self-rating of the ALSFRS-R and (2) clinic 
information when receiving results on NfL and/or ALS-
FRS-R during clinic visits. The clinic setting represented 
the standard of care in which information about NfL and 
ALSFRS-R was shared during regular visits. The remote 
setting was offered in addition to the standard of care, as 

Conclusions  This study underscored the relevance of information about NfL and ALSFRS-R from the patient’s 
perspective. Furthermore, patients proved to appreciate the relevance of this data for ALS research. Sharing 
information about NfL or ALSFRS-R was rarely perceived as burdensome even in a remote setting using the ALS 
app. These findings pave the way for further development of the patient-centered approach to sharing prognostic 
information in ALS.
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patients were invited to perform a monthly remote digi-
tal assessment of the ALSFRS-R on a mobile application 
(“ALS app”). The ALS app included the NfL diagram that 
shows the results of the patient´s NfL measurements in 
relation to the age-adjusted reference values. The ALS 
app displayed NfL values in the short term after the 
completion of NfL measurements, as it was synchronized 
with the NfL study software. Thus, remote sharing of NfL 
information was commonly faster than the (additional) 
notification of NfL results during clinic visits (Fig. 1).

Data collection
Data were collected between October 2022 and October 
2023. Two approaches were used for data collection: (1) a 
printed questionnaire for the direct patient survey (print 
survey) and (2) an online version of the questionnaire 
(online survey), which was distributed via online survey 
software that was part of the research platform “APST” 
[21]. Demographic and clinical data were obtained from 
the electronic health records of the participating ALS 
centers.

Protocol approvals and registrations
The study protocol was approved by the Medical Ethics 
Committee of Charité - Universitätsmedizin Berlin, Ger-
many, under the number EA2/168/20. Informed consent 
was obtained from all individual participants included in 
the study.

Variables
Perception of NfL
Perception of the NfL biomarker was assessed with four 
questions and five answer options, respectively.

Questions:
Q 1: “Do you perceive the NfL as relevant for yourself?”
Q 2: “Do you perceive the NfL as relevant for research?”
Q 3: “Do you have interest in the results of your NfL?”
Q 4: “Do you have information gain from the NfL?”
Answer options: (1) very high agreement, (2) high 

agreement, (3) some agreement, (4) low agreement, (5) 
no agreement.

Burden by shared information about NfL
Patients with a known NfL value were asked about the 
burden by shared information on NfL in two distinct set-
tings: (1) a “remote information group” that gained access 
to their individual NfL values being displayed on a mobile 
application named “ALS app”; and (2) a “clinic informa-
tion group” that received their results on NfL during 
clinic visits. Burden by the shared information about NfL 
was assessed with one question (Q5): “Do you perceive 
burden caused by the information about NfL?”.

Perception of the ALSFRS-R
The patient’s perception of the ALSFRS-R was assessed 
with four questions and five answer options, respectively.

Questions:
Q 1: “Do you perceive the ALSFRS-R as relevant for 

yourself?”

Fig. 1  Overview of the study design. Patients provided information on their perception of NfL and ALSFRS-R, including the respective recommendation 
rate (NPS) and a possible fear of progression (FoP). To evaluate the psychological burden by information about NfL and ALSFRS-R, the overall cohort was 
divided into (1) a “remote information group” and (2) a “clinic information group”. n Number of patients; NfL Neurofilament Light Chain; ALSFRS-R ALS 
Functional Rating Scale Revised; NPS Net Promotor Score; FoP-Q-SF Fear of Progression Questionnaire – Short Form
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Q 2: “Do you perceive the ALSFRS-R as relevant for 
research?”

Q 3: “Do you have interest in the results of your 
ALSFRS-R?”

Q 4: ”Do you have information gain from the 
ALSFRS-R?”

Answer options: (1) very high agreement, (2) high 
agreement, (3) some agreement, (4) low agreement, (5) 
no agreement.

Burden by shared information about ALSFRS-R
A question about burden caused by ALSFRS-R remote 
digital assessment was asked of all patients who had rel-
evant previous experience (Q5): “Do you perceive burden 
caused by the self-assessment of the ALSFRS-R?”.

Answer options: (1) very high agreement, (2) high 
agreement, (3) some agreement, (4) low agreement, (5) 
no agreement.

Recommendation of NfL and ALSFRS-R
The Net Promotor Score (NPS) was used to determine 
the degree of recommendation of the NfL biomarker and 
the ALSFRS-R to fellow ALS patients [22]. This metric 
was calculated based on responses to a single question: 
“How likely is it that you would recommend NfL (ALS-
FRS-R) to a fellow ALS patient?” Possible answers ranged 
from 0 (very unlikely recommendation) to 10 (very 
likely recommendation) points. Patients were consid-
ered as “promoters” (10 or 9 score points), “indifferent” 
(8 or 7 points), or “detractors” (6 to 0 points). The NPS 
is calculated by subtracting the percentage of detractors 
from the percentage of promoters. NPS can have values 
between + 100 and − 100, whereby an NPS greater than 
zero is regarded as a supporting recommendation.

Fear of progression (FoP)
The “Fear of Progression Questionnaire - Short Form 
(FoP-Q-SF)” is based on 12 questions addressing five 
domains of potential worries about the future (affective 
reactions, relationship/family problems, occupation and 

loss of autonomy) [23]. Study participants were asked to 
indicate the frequency of their respective worries about 
the future on a five-point Likert scale from 1 (never) to 5 
(very often) [24]. A total score between 12 and 60 points 
was calculated by adding up the individual points. Fear of 
progression (FoP) was defined from a cut-off value of ≥ 34 
points [25, 26].

Statistical analysis
The statistical analysis was performed using SPSS (ver-
sion 29.0). The descriptive statistics included frequency 
(%), mean, median and standard deviation (±). Differ-
ences in mean values between groups were assessed by 
t-test for metric scale levels and normal distribution; oth-
erwise, the Mann-Whitney U test was used. The p-values 
were given with a confidence interval of 95%.

Results
Characteristics of the total cohort
A total of 149 patients were included in the study. The 
demographic and clinical characteristics of the study 
participants can be found in Table  1. 43% were female 
(n = 64) and 57% were male (n = 85). The mean age of 
the patients was 62 years, whereas the mean time since 
the onset of symptoms was 58.7 months. In 57% of the 
patients (n = 85) the disease started in the limbs and in 
18% (n = 27) in the bulbar region, in a quarter of the cases 
(n = 37) no data were available. The mean ALSFRS-R total 
score was 31.6 points (maximum of 48 points).

Characteristics of clinic and remote information groups
The “clinic information group” included 57 patients who 
received information about the ALSFRS-R score, of 
which 24 patients were notified about the NfL value. The 
“remote information group” consisted of 92 patients who 
had completed remote digital assessment of the ALS-
FRS-R. Of these, 67 patients also received information 
about NfL via the ALS app. The NfL-clinic information 
group (n = 24) was similar to the NfL-remote information 
group (n = 67) in terms of disease duration (p = 0.535), age 
(p = 0.252) and ALSFRS-R score (p = 0.662).

Perception of NfL and ALSFRS-R
Of the total cohort (n = 149), 75.2% (n = 112) perceived 
NfL to be relevant for the patients themselves. Almost 
all patients (98%; n = 146) recognized its relevance for 
research. A total of 83.2% (n = 124) were very interested 
in NfL, with 75.8% of patients (n = 113) perceiving an 
information gain. Concerning the ALSFRS-R, 77.2% 
of patients (n = 115) perceived the assessment of the 
scale as relevant from the patient´s perspective. Most 
patients were convinced of the relevance for research 
(96%; n = 143). A total of 83.2% (n = 124) of the study par-
ticipants had high interest in the scale. 83.2% (n = 124) 

Table 1  Characteristics of the study cohort
Characteristics Parameters
Gender (F/M) 43% (n=64) / 57% (n=85)
Age (years) (mean±SD) 62.04 (±10.5)
Type of onset (spinal/bulbar/no data) 57% (n=85) / 18% (n=27) 

/ 25% (n=37)
Disease duration (months) (mean±SD) 58.73 (±57.1)
ALSFRS-R (mean ± SD) 31.64 (±10.5)
NfL, remote information (yes/no) 73.6% (n=67) / 26.4% 

(n=24)
ALSFRS-R, remote information (yes/no) 61.7% (n=92) / 38.3% 

(n=57)
Abbreviations n Number of patients; SD standard deviation; ALSFRS-R ALS 
Functional Rating Scale Revised; NfL Neurofilament Light Chain
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perceived an information gain about the course of the 
disease. Results are shown in Fig. 2.

Recommendation of NfL and ALSFRS-R by NPS
Patients with shared information about NfL (n = 91) 
included promoters in 49.5% (n = 45), contrasted by 
28.6% (n = 26) of detractors whereas 22% (n = 20) were 
indifferent. The total NPS (subtraction of detractors from 
promotors) was + 20.9, indicating a positive recommen-
dation rate. Of the patients performing remote digital 
assessment of the ALSFRS-R (n = 92), 54.3% (n = 50) were 
promoters, followed by 28.3% (n = 26) who were detrac-
tors and 17.4% (n = 16) who were indifferent. The total 
NPS was + 26 (Fig. 3).

Burden by information about NfL and ALSFRS-R
Information about NfL was shared with 91 patients. Bur-
den by information about NfL was perceived in 4.2% 
(n = 1) and 12% (n = 8) of patients in the clinic and remote 
information groups, respectively. The difference between 
the clinic and remote information groups was statistically 
significant (p = 0.015). Remote digital assessment (n = 92) 
of the ALSFRS-R was perceived as burdensome in 9.8% 
of cases (n = 9). Results are shown in Fig. 4.

Fear of progression (FoP)
The mean FoP-Q-SF score was 33.12 (± 8.88) out of a pos-
sible 60 points. A total of 40.3% of respondents (n = 60) 
met the criteria for severe fear of progression (FoP) with 
a score of ≥ 34 points. Women had higher FoP values 
than men and the difference was statistically significant 
(p = 0.038). Patients with remote information about NfL 
levels had significantly higher FoP scores than patients 
who were informed in the clinic (p = 0.007). In the remote 
NfL group (n = 67), 56.7% of patients (n = 38) exhibited 
severe FoP, compared to 20.8% (n = 5) and therefore less 
in the clinical NfL group (n = 24). There was no difference 
between patients with remote and clinic assessment of 
the ALSFRS-R (p = 0.338) (Fig. 5).

Discussion
This study focused on patients’ perception of shared 
information about NfL and ALSFRS-R, which are among 
the main prognostic factors of disease progression in ALS 
[27, 28]. The results of this study show that NfL and ALS-
FRS-R were experienced as equally important for ALS 
research (98 and 96%, respectively). This observation 
came as no surprise, as both parameters were developed 
primarily in a research context. The finding that almost 
all patients recognized a value for research in these prog-
nostic factors is encouraging for the status of these out-
come parameters, as researchers, regulators and patients 

Fig. 2  Perception of information about NfL and ALSFRS-R. a NfL. Four questions addressed the perception of shared information about NfL: Q1 “Do 
you perceive the NfL as relevant for yourself?”; Q2 “Do you perceive the NfL as relevant for research?”; Q3 “Are you interested in the results of your NfL?”; 
and Q4 “Have you gained any information from the NfL?”. b ALSFRS-R. Four questions addressed the perception of shared information about ALSFRS-R: 
Q1 “Do you perceive the ALSFRS-R as relevant for yourself?”; Q2 “Do you perceive the ALSFRS-R relevant for research?”; Q3 “Do you have interest in the 
results of your ALSFRS-R?”; and Q4 “Do you have information gain from the ALSFRS-R?”. n Number of patients, NfL Neurofilament Light Chain; ALSFRS-R 
ALS Functional Rating Scale Revised
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themselves clearly agree on the utility of these endpoints. 
The proportion of participants who were able to derive 
a personal benefit from shared information about NfL 
(75%) and ALSFRS-R (77%) was remarkably high, under-
scoring its evolution from research-only parameters to 
clinical practice data being embraced by patients. Only 24 
of 57 NfL tested patients received an information about 
the NfL result in the clinical setting, indicating that shar-
ing this information is not yet standard practice. Never-
theless, 83.2% of all patients expressed a strong interest 
in NfL, and 75.2% considered this information personally 
relevant. These findings suggest that sharing such prog-
nostic data could be highly beneficial for patients.

The importance of this study lies in the comprehen-
sive investigation of patient perspectives on two impor-
tant prognostic factors in ALS, NfL and ALSFRS-R. 
Both prognostic parameters are used as primary and 

secondary endpoints [29, 30] as well as stratification 
criteria in clinical trials. Given the strong correlation 
between NfL elevation and the ALS progression rate, NfL 
is increasingly considered as prognostic criterion in clini-
cal practice [3, 31]. Also, the results of ALSFRS-R assess-
ments are applied in the decision-making in ALS care 
[32].

The NPS results of this study revealed a strong recom-
mendation of NfL (+ 21) and ALSFRS-R (+ 26) to fellow 
patients and contributed to the notion of an overall posi-
tive perception of information sharing of the two inves-
tigated prognostic factors. The positive perception from 
the patient perspective supports the ongoing concept of 
sharing NfL and ALSFRS-R information between health 
care professionals and patients alike, and, moreover, 
making it available remotely.

Fig. 3  Recommendation of NfL and ALSFRS-R. The degree of recommendation was determined using the Net Promotor Score (NPS). This metric was 
calculated based on responses to a single question: “How likely is it that you would recommend NfL (ALSFRS-R) to a fellow ALS patient?”. Values between 
+ 100 and − 100 were possible. n Number of patients; NfL Neurofilament Light Chain; ALSFRS-R ALS Functional Rating Scale Revised
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Before the study, there was uncertainty about a poten-
tial burden of sharing prognostic data. Various knowl-
edge sources, including internet publications and 
podcasts, allow ALS patients to independently access 
information about NfL and ALSFRS-R [33]. Alterna-
tively, patients receive personalized information during 
visits to specialized ALS outpatient clinics. During these 
consultations, the benefits of biomarker assessment and 

potential misconceptions are carefully addressed [34]. In 
this cohort, only a small group experienced a burden in 
the clinical sharing of the NfL biomarker (4.2%), with a 
significantly greater burden when shared remotely (12%). 
Remote digital assessment of the ALSFRS-R was well 
received, with a reported burden in 9.8% of the partici-
pants. However, the absolute frequencies of patients who 
experienced distress when sharing remote access were 

Fig. 5  Fear of Progression (FoP). Based on 12 questions on various concerns about the future, a total score of the Fear of Progression Questionnaire – 
Short Form (FoP-Q-SF) was formed, with a possible value between 12 (no anxiety) and 60 points (very severe anxiety). The mean FoP values are presented 
in the diagram. Fear of disease progression (FoP) was defined from a cut-off value of ≥ 34 points. n Number of patients; NfL Neurofilament Light Chain; 
ALSFRS-R ALS Functional Rating Scale Revised

 

Fig. 4  Burden due to NfL and ALSFRS-R. a NfL. Patients with a known NfL value (n = 91) were asked about the burden caused by NfL communication: Q5 
“Do you perceive burden caused by the NfL?”. A distinction was made between a “remote information group” with NfL remote notification (n = 67) and a 
“clinical information group” (n = 24) with NfL clinic notification. b ALSFRS-R. Patients with previous ALSFRS-R remote digital assessment (n = 92) were asked 
about the burden caused by this procedure: Q5 “Do you perceive the self-assessment of the ALSFRS-R as a burden?”. n Number of patients; NfL Neurofila-
ment Light Chain; ALSFRS-R ALS Functional Rating Scale Revised
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very low. To prevent patients from unwanted prognos-
tic information, patient’s preferences must be integrated 
as part of information management. Furthermore, the 
integration of patient-centric supplementary informa-
tion such as frequently-ask-questions (FAQ) via the ALS 
app, can contribute to reduce the burden due to prognos-
tic information and to prevent miscomprehension of test 
results. Furthermore, personalized data presentation on 
the app will contribute to further reducing or preventing 
burdensome medical information. Accordingly, patients 
will have the option of deactivating the NfL diagram in 
the app in the future.

This study identified a high level of fear of progres-
sion (FoP) among the patients surveyed, revealing their 
self-reflection on the progressive character of the dis-
ease. With a prevalence of 40%, FoP level was signifi-
cantly higher than in cancer patient cohorts, where it was 
defined using the same cut-off value [35]. Women typi-
cally exhibit higher FoP levels than men, a finding that 
was also observed in our study (p = 0.038) [24]. However, 
given the larger proportion of men in our study cohort, 
the results cannot be explained by gender distribution. A 
comparison of the clinic and remote subgroups showed 
greater FoP in the remote information group, whose indi-
vidual NfL values were displayed on a mobile applica-
tion named “ALS app” (p = 0.007). Conversely, FoP scores 
were not increased in patients with remote digital assess-
ment of the ALSFRS-R (p = 0.299). Therefore, conclusions 
about a correlation between remotely shared information 
and FoP are premature and need to be further investi-
gated. However, the existing data showed that despite 
the high level of FoP, the perceived benefit for sharing 
information about NfL and ALSFRS-R was high. Patients 
could benefit from a low-barrier access to such prog-
nostic information, as it enables them to make informed 
decisions throughout the course of ALS, although the 
remote transmission of such data may increase FoP.

Despite the wide use of NfL and ALSFRS-R by neu-
rologists and other health care professionals, the patients’ 
perspective on these prognostic parameters has not yet 
been studied. The inclusion of the patient’s view is rele-
vant, as patients gain increasing access to this prognostic 
information [14]. A strength of this study is the combined 
investigation of a biomarker (NfL) and a patient-reported 
outcome (ALSFRS-R), and the comparison of patients 
in a conventional clinical setting with participants in 
the (additional) remote setting of information sharing 
using the ALS app. However, the study results should 
be viewed in the context of their limitations. The sample 
size was relatively small, and the groups with remote vs. 
clinic information were not equally sized or distributed. 
Thus, differences between groups (NfL vs. ALSFRS-R, 
clinical vs. remote setting) may be underestimated and 
need to be studied in larger cohorts. It should be noted 

that SOD1-associated ALS patients receiving Tofersen 
treatment were included in this study. These patients may 
have rated NfL more positively, as Tofersen is associated 
with a strong reduction of NfL [30, 36]. Caution is war-
ranted when transferring the NPS system – being opti-
mized for validating consumer products and services – to 
medical information [22, 37]. A further limitation of the 
NPS should be noted as the NPS values for NfL and the 
ALSFRS-R currently stand alone and cannot yet be com-
pared with other prognostic factors or other cohorts.

Conclusions
In conclusion, this study underscored that patients 
value information about NfL and ALSFRS-R, not only 
for their own understanding of the disease, but also for 
its relevance for ALS research. The perceived burden 
by prognostic information was found to be low in most 
patients, so that sharing data on NfL and ALSFRS-R – in 
personal contact or remotely – is justified. Future stud-
ies with larger cohorts, longer observation intervals and 
the inclusion of additional prognostic factors, such as the 
ALS progression rate and vital capacity, will contribute to 
further improve the concept of patient-centered informa-
tion sharing in ALS.

Abbreviations
ALS	� Amyotrophic Lateral Sclerosis
NfL	� Neurofilament Light Chain
ALSFRS-R	� Amyotrophic Lateral Sclerosis Functional Rating Scale Revised
FoP	� Fear of Progression
FoP-Q-SF	� Fear of Progression Questionnaire – Short Form

Acknowledgements
We would like to thank all patients who gave their valuable time to participate 
in this study.

Author contributions
LM, TM, PB, AM and CM were involved in the conception and design of the 
study. Data collection, analysis and interpretation were performed by LM. 
The manuscript was written by LM, TM, PB and AM. TG, UW, PW, RG, PL, BG, 
SP, JG, MB, IC, JW and JD had a major role in data acquisition and revised 
the manuscript for intellectual content. The final manuscript was read and 
approved by all authors.

Funding
Supported by the Open Access Publishing Fund of Leipzig University.

Data availability
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study complies with the Declaration of Helsinki. Approval for this 
study was obtained from the Medical Ethics Committee of Charité - 
Universitätsmedizin Berlin, Germany, under the number EA2/168/20. Informed 
consent was obtained from all individual participants included in the study.

Consent for publication
Not applicable.



Page 9 of 10Möhwald et al. Neurological Research and Practice             (2025) 7:6 

Competing interests
TM is on the advisory board of Biogen and has received consulting fees from 
Biogen. TM and CM are founders and shareholders of Ambulanzpartner 
Soziotechnologie APST GmbH, which developed the internet platform 
Ambulanzpartner and the mobile application “ALS-App.” APST has received a 
research grant from Biogen. PL has received grants from the Federal Ministry 
of Education and Research (BMBF) and the German Research Foundation 
(DFG), consulting fees from AbbVie, Amylyx, Bial, Desitin, ITF Pharma, Novartis, 
Stadapharm, Raya Therapeutic, Woolsey Pharmaceuticals, and Zambon 
outside of the submitted work, as well as support for attending meetings and 
travel from AbbVie. He is co-inventor on patents EP 2825175 B1, US 9.980,972 
B2 for the use of Fasudil in ALS and has participated on an advisory board for 
Novartis and Trace Neuroscience. The other authors declare that they have no 
conflicts of interest related to the material discussed in the manuscript.

Author details
1Medical Faculty, Department of Neurology, Universitätsklinikum Leipzig, 
Liebigstraße 20, 04103 Leipzig, Germany
2Department of Neurology, Center for ALS and other Motor Neuron 
Disorders, Charité- Universitätsmedizin Berlin, Augustenburger Platz 1, 
13353 Berlin, Germany
3Department of Neurology, Center for ALS and other Motor Neuron 
Disorders, Alfried Krupp Krankenhaus, Essen, Germany
4Department of Neurology, Center for ALS and other Motor 
Neuron Disorders, Berufsgenossenschaftliches Universitätsklinikum 
Bergmannsheil, Bochum, Germany
5Department for Neuromuscular Disorders, Bonn University, Bonn, 
Germany
6Research Site Bonn, Deutsches Zentrum für Neurodegenerative 
Erkrankungen (DZNE), Bonn, Germany
7Department of Neurology, Technische Universität Dresden, Dresden, 
Germany
8Deutsches Zentrum für Neurodegenerative Erkrankungen, Research Site 
Dresden (DZNE), Dresden, Germany
9Department of Neurology, School of Medicine, Klinikum rechts der Isar, 
Technical University of Munich, Munich, Germany
10Department of Neurology, Universitätsmedizin Göttingen, Göttingen, 
Germany
11Department of Neurology, Hannover Medical School, Hannover, 
Germany
12Precision Neurology in Neuromuscular and Motoneuron Diseases, 
Cluster of Excellence Precision Medicine in Inflammation (PMI), University 
of Lübeck, Lübeck, Germany
13Department of Neurology, Universitätsklinikum Münster, Münster, 
Germany
14Department of Neurology, Division for Neurodegenerative Diseases, 
Mannheim Center for Translational Medicine, University Medicine 
Mannheim, Heidelberg University, Mannheim, Germany
15Department of Neurology, Ulm University, Ulm, Germany
16Ambulanzpartner Soziotechnologie APST GmbH, Berlin, Germany

Received: 19 October 2024 / Accepted: 9 December 2024

References
1.	 Feldman, E. L., Goutman, S. A., Petri, S., Mazzini, L., Savelieff, M. G., Shaw, P. J., 

& Sobue, G. (2022). Amyotrophic lateral sclerosis. Lancet (London England), 
400(10360), 1363–1380. https:/​/doi.or​g/10.10​16/S​0140-6736(22)01272-7

2.	 Goutman, S. A., Hardiman, O., Al-Chalabi, A., Chió, A., Savelieff, M. G., Kiernan, 
M. C., & Feldman, E. L. (2022). Recent advances in the diagnosis and prognosis 
of amyotrophic lateral sclerosis. The Lancet Neurology, 21(5), 480–493. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​6​/​S​1​4​7​4​-​4​4​2​2​(​2​1​)​0​0​4​6​5​-​8​​​​​​​

3.	 Benatar, M., Zhang, L., Wang, L., Granit, V., Statland, J., Barohn, R., Swenson, 
A., Ravits, J., Jackson, C., Burns, T. M., Trivedi, J., Pioro, E. P., Caress, J., Katz, J., 
McCauley, J. L., Rademakers, R., Malaspina, A., Ostrow, L. W., & Wuu, J. (2020). 
Validation of serum neurofilaments as prognostic and potential pharmacody-
namic biomarkers for als. Neurology, 95(1), e59–69. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​2​1​2​/​W​
N​L​.​0​0​0​0​0​0​0​0​0​0​0​0​9​5​5​9​​​​​​​

4.	 Meyer, T., Salkic, E., Grehl, T., Weyen, U., Kettemann, D., Weydt, P., Günther, R., 
Lingor, P., Koch, J. C., Petri, S., Hermann, A., Prudlo, J., Großkreutz, J., Baum, 

P., Boentert, M., Metelmann, M., Norden, J., Cordts, I., Weishaupt, J. H., Dorst, 
J., Ludolph, A., Koc, Y., Walter, B., Münch, C., Spittel, S., Dreger, M., Maier, A., & 
Körtvélyessy, P. (2023). Performance of serum neurofilament light chain in 
a wide spectrum of clinical courses of amyotrophic lateral sclerosis-a cross-
sectional multicenter study. European journal of neurology, 30(6), 1600–1610. 
https:/​/doi.or​g/10.11​11/e​ne.15773

5.	 Vacchiano, V., Mastrangelo, A., Zenesini, C., Masullo, M., Quadalti, C., Avoni, 
P., Polischi, B., Cherici, A., Capellari, S., Salvi, F., Liguori, R., & Parchi, P. (2021). 
Plasma and csf neurofilament light chain in amyotrophic lateral sclerosis: 
A cross-sectional and longitudinal study. Frontiers in aging neuroscience, 13, 
753242. https:/​/doi.or​g/10.33​89/f​nagi.2021.753242

6.	 Thouvenot, E., Demattei, C., Lehmann, S., Maceski-Maleska, A., Hirtz, C., 
Juntas-Morales, R., Pageot, N., Esselin, F., Alphandéry, S., Vincent, T., & Camu, W. 
(2020). Serum neurofilament light chain at time of diagnosis is an indepen-
dent prognostic factor of survival in amyotrophic lateral sclerosis. European 
journal of neurology, 27(2), 251–257. https:/​/doi.or​g/10.11​11/e​ne.14063

7.	 Poesen, K., & van Damme, P. (2018). Diagnostic and prognostic performance 
of neurofilaments in ALS. Frontiers in neurology, 9, 1167. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​3​3​8​
9​/​f​n​e​u​r​.​2​0​1​8​.​0​1​1​6​7​​​​​​​

8.	 Voustianiouk, A., Seidel, G., Panchal, J., Sivak, M., Czaplinski, A., Yen, A., Appel, S. 
H., & Lange, D. J. (2008). Alsfrs and appel als scores: Discordance with disease 
progression. Muscle & nerve, 37(5), 668–672. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​0​2​/​m​u​s​.​2​0​9​7​
7​​​​​​​

9.	 Mannino, M., Cellura, E., Grimaldi, G., Volanti, P., Piccoli, F., & La Bella, V. (2007). 
Telephone follow-up for patients with amyotrophic lateral sclerosis. European 
journal of neurology, 14(1), 79–84. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​1​1​/​j​.​1​4​6​8​-​1​3​3​1​.​2​0​0​6​.​0​1​
5​5​9​.​x​​​​​​​

10.	 Maier, A., Holm, T., Wicks, P., Steinfurth, L., Linke, P., Münch, C., Meyer, R., & 
Meyer, T. (2012). Online assessment of als functional rating scale compares 
well to in-clinic evaluation: A prospective trial. Amyotrophic Lateral Sclerosis, 
13(2), 210–216. https:/​/doi.or​g/10.31​09/1​7482968.2011.633268

11.	 Maier, A., Boentert, M., Reilich, P., Witzel, S., Petri, S., Großkreutz, J., Metelmann, 
M., Lingor, P., Cordts, I., Dorst, J., Zeller, D., Günther, R., Hagenacker, T., Grehl, T., 
Spittel, S., Schuster, J., Ludolph, A., & Meyer, T. (2022). Alsfrs-r-se: An adapted, 
annotated, and self-explanatory version of the revised amyotrophic lateral 
sclerosis functional rating scale. Neurological research and practice, 4(1), 60. 
https:/​/doi.or​g/10.11​86/s​42466-022-00224-6

12.	 Cedarbaum, J. M., Stambler, N., Malta, E., Fuller, C., Hilt, D., Thurmond, B., & 
Nakanishi, A. (1999). The alsfrs-r: A revised als functional rating scale that 
incorporates assessments of respiratory function. Bdnf als study group (phase 
iii). Journal of the neurological sciences, 169(1–2), 13–21. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​
6​/​s​0​0​2​2​-​5​1​0​x​(​9​9​)​0​0​2​1​0​-​5​​​​​​​

13.	 McElhiney, M., Rabkin, J. G., Goetz, R., Katz, J., Miller, R. G., Forshew, D. A., David, 
W., Cudkowicz, M., Glass, J. D., Appel, S., Simpson, E., & Mitsumoto, H. (2014). 
Seeking a measure of clinically meaningful change in als. Amyotrophic lateral 
sclerosis & frontotemporal degeneration, 15(5–6), 398–405. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​3​
1​0​9​/​2​1​6​7​8​4​2​1​.​2​0​1​4​.​9​4​2​6​6​8​​​​​​​

14.	 Meyer, T., Spittel, S., Grehl, T., Weyen, U., Steinbach, R., Kettemann, D., Petri, S., 
Weydt, P., Günther, R., Baum, P., Schlapakow, E., Koch, J. C., Boentert, M., Wolf, 
J., Grosskreutz, J., Rödiger, A., Ilse, B., Metelmann, M., Norden, J., Koc, R. Y., 
Körtvélyessy, P., Riitano, A., Walter, B., Hildebrandt, B., Schaudinn, F., Münch, C., 
& Maier, A. (2023). Remote digital assessment of amyotrophic lateral sclerosis 
functional rating scale - a multicenter observational study. Amyotrophic 
lateral sclerosis & frontotemporal degeneration, 24(3–4), 175–184. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​0​8​0​/​2​1​6​7​8​4​2​1​.​2​0​2​2​.​2​1​0​4​6​4​9​​​​​​​

15.	 Dubois, B., Padovani, A., Scheltens, P., Rossi, A., & Dell’Agnello, G. (2016). Timely 
diagnosis for alzheimer’s disease: A literature review on benefits and chal-
lenges. Journal of Alzheimer’s disease JAD, 49(3), 617–631. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​3​2​
3​3​/​J​A​D​-​1​5​0​6​9​2​​​​​​​

16.	 Pletcher, M. J., & Pignone, M. (2011). Evaluating the clinical utility of a 
biomarker: A review of methods for estimating health impact. Circulation, 
123(10), 1116–1124. https:/​/doi.or​g/10.11​61/C​IRCULATIONAHA.110.943860

17.	 Vandenbroucke, J. P., von Elm, E., Altman, D. G., Gøtzsche, P. C., Mulrow, C. D., 
Pocock, S. J., Poole, C., Schlesselman, J. J., & Egger, M. (2007). Strengthening 
the reporting of observational studies in epidemiology (strobe): Explanation 
and elaboration. Epidemiology (Cambridge Mass), 18(6), 805–835. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​
r​g​/​1​0​.​1​0​9​7​/​E​D​E​.​0​b​0​1​3​e​3​1​8​1​5​7​7​5​1​1​​​​​​​

18.	 von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Gøtzsche, P. C., & Vanden-
broucke, J. P. (2007). The strengthening the reporting of observational studies 
in epidemiology (strobe) statement: Guidelines for reporting observational 
studies. Lancet (London England), 370(9596), 1453–1457. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​
1​6​/​S​0​1​4​0​-​6​7​3​6​(​0​7​)​6​1​6​0​2​-​X​​​​​​​

https://doi.org/10.1016/S0140-6736(22)01272-7
https://doi.org/10.1016/S1474-4422(21)00465-8
https://doi.org/10.1016/S1474-4422(21)00465-8
https://doi.org/10.1212/WNL.0000000000009559
https://doi.org/10.1212/WNL.0000000000009559
https://doi.org/10.1111/ene.15773
https://doi.org/10.3389/fnagi.2021.753242
https://doi.org/10.1111/ene.14063
https://doi.org/10.3389/fneur.2018.01167
https://doi.org/10.3389/fneur.2018.01167
https://doi.org/10.1002/mus.20977
https://doi.org/10.1002/mus.20977
https://doi.org/10.1111/j.1468-1331.2006.01559.x
https://doi.org/10.1111/j.1468-1331.2006.01559.x
https://doi.org/10.3109/17482968.2011.633268
https://doi.org/10.1186/s42466-022-00224-6
https://doi.org/10.1016/s0022-510x(99)00210-5
https://doi.org/10.1016/s0022-510x(99)00210-5
https://doi.org/10.3109/21678421.2014.942668
https://doi.org/10.3109/21678421.2014.942668
https://doi.org/10.1080/21678421.2022.2104649
https://doi.org/10.1080/21678421.2022.2104649
https://doi.org/10.3233/JAD-150692
https://doi.org/10.3233/JAD-150692
https://doi.org/10.1161/CIRCULATIONAHA.110.943860
https://doi.org/10.1097/EDE.0b013e3181577511
https://doi.org/10.1097/EDE.0b013e3181577511
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X


Page 10 of 10Möhwald et al. Neurological Research and Practice             (2025) 7:6 

19.	 Shefner, J. M., Al-Chalabi, A., Baker, M. R., Cui, L. Y., de Carvalho, M., Eisen, A., 
Grosskreutz, J., Hardiman, O., Henderson, R., Matamala, J. M., Mitsumoto, H., 
Paulus, W., Simon, N., Swash, M., Talbot, K., Turner, M. R., Ugawa, Y., van den 
Berg, L. H., Verdugo, R., Vucic, S., Kaji, R., Burke, D., & Kiernan, M. C. (2020). A 
proposal for new diagnostic criteria for als. Clinical neurophysiology official 
journal of the International Federation of Clinical Neurophysiology, 131(8), 
1975–1978. https:/​/doi.or​g/10.10​16/j​.clinph.2020.04.005

20.	 Kuhle, J., Barro, C., Andreasson, U., Derfuss, T., Lindberg, R., Sandelius, Å., 
Liman, V., Norgren, N., Blennow, K., & Zetterberg, H. (2016). Comparison of 
three analytical platforms for quantification of the neurofilament light chain 
in blood samples: Elisa, electrochemiluminescence immunoassay and simoa. 
Clinical chemistry and laboratory medicine, 54(10), 1655–1661. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​
1​0​.​1​5​1​5​/​c​c​l​m​-​2​0​1​5​-​1​1​9​5​​​​​​​

21.	 Ambulanzpartner, D. (2024). Versorgungsportal, from ​h​t​t​​p​s​:​/​​/​w​w​​w​.​​a​m​b​u​l​a​n​z​
p​a​r​t​n​e​r​.​d​e​/​​​​​, accessed August 26.

22.	 Reichheld, M., Reichheld, F., & Markey, R. (2011). The Ultimate Question 2.0: How 
Net Promoter Companies Thrive in a Customer-driven World. Harvard Business 
Review.

23.	 Mehnert, A., Herschbach, P., Berg, P., Henrich, G., & Koch, U. (2006). Progredi-
enzangst bei Brustkrebspatientinnen–Validierung der Kurzform des Progre-
dienzangstfragebogens PA-F-KF. Zeitschrift fur Psychosomatische Medizin und 
Psychotherapie, 52(3), 274–288. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​3​1​0​9​/​z​p​t​m​.​2​0​0​6​.​5​2​.​3​.​2​7​4​​​​​​​

24.	 Silva, S., Bártolo, A., Santos, I. M., Paiva, D., & Monteiro, S. (2022). Validation of 
the portuguese version of the fear of progression questionnaire-short form 
(fop-q-sf ) in portuguese cancer survivors. Healthcare (Basel Switzerland), 
10(12). https:/​/doi.or​g/10.33​90/h​ealthcare10122466

25.	 Sarkar, S., Scherwath, A., Schirmer, L., Schulz-Kindermann, F., Neumann, K., 
Kruse, M., Dinkel, A., Kunze, S., Balck, F., Kröger, N., Koch, U., & Mehnert, A. 
(2014). Fear of recurrence and its impact on quality of life in patients with 
hematological cancers in the course of allogeneic hematopoietic sct. Bone 
marrow transplantation, 49(9), 1217–1222. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​3​8​/​b​m​t​.​2​0​1​4​.​
1​3​9​​​​​​​

26.	 Herschbach, P., Berg, P., Waadt, S., Duran, G., Engst-Hastreiter, U., Henrich, G., 
Book, K., & Dinkel, A. (2010). Group psychotherapy of dysfunctional fear of 
progression in patients with chronic arthritis or cancer. Psychotherapy and 
psychosomatics, 79(1), 31–38. https:/​/doi.or​g/10.11​59/0​00254903

27.	 Thompson, A. G., Gray, E., Verber, N., Bobeva, Y., Lombardi, V., Shepheard, S. 
R., Yildiz, O., Feneberg, E., Farrimond, L., Dharmadasa, T., Gray, P., Edmond, 
E. C., Scaber, J., Gagliardi, D., Kirby, J., Jenkins, T. M., Fratta, P., McDermott, C. 
J., Manohar, S. G., Talbot, K., Malaspina, A., Shaw, P. J., & Turner, M. R. (2022). 
Multicentre appraisal of amyotrophic lateral sclerosis biofluid biomarkers 
shows primacy of blood neurofilament light chain. Brain Communications, 
4(1), fcac029. https:/​/doi.or​g/10.10​93/b​raincomms/fcac029

28.	 Bakker, L. A., Schröder, C. D., van Es, M. A., Westers, P., Visser-Meily, J. M. A., & 
van den Berg, L. H. (2017). Assessment of the factorial validity and reliability of 
the alsfrs-r: A revision of its measurement model. Journal of neurology, 264(7), 
1413–1420. https:/​/doi.or​g/10.10​07/s​00415-017-8538-4

29.	 Meininger, V., Asselain, B., Guillet, P., Leigh, P. N., Ludolph, A., Lacomblez, L., 
& Robberecht, W. (2006). Pentoxifylline in als: A double-blind, randomized, 

multicenter, placebo-controlled trial. Neurology, 66(1), 88–92. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​
1​0​.​1​2​1​2​/​0​1​.​w​n​l​.​0​0​0​0​1​9​1​3​2​6​.​4​0​7​7​2​.​6​2​​​​​​​

30.	 Miller, T. M., Cudkowicz, M. E., Genge, A., Shaw, P. J., Sobue, G., Bucelli, R. C., 
Chiò, A., van Damme, P., Ludolph, A. C., Glass, J. D., Andrews, J. A., Babu, S., 
Benatar, M., McDermott, C. J., Cochrane, T., Chary, S., Chew, S., Zhu, H., Wu, 
F., Nestorov, I., Graham, D., Sun, P., McNeill, M., Fanning, L., Ferguson, T. A., & 
Fradette, S. (2022). Trial of antisense oligonucleotide tofersen for sod1 als. The 
New England journal of medicine, 387(12), 1099–1110. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​5​6​/​
N​E​J​M​o​a​2​2​0​4​7​0​5​​​​​​​

31.	 de Schaepdryver, M., Lunetta, C., Tarlarini, C., Mosca, L., Chio, A., van Damme, 
P., & Poesen, K. (2020). Neurofilament light chain and c reactive protein 
explored as predictors of survival in amyotrophic lateral sclerosis. Journal of 
Neurology Neurosurgery and Psychiatry, 91(4), 436–437. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​3​6​
/​j​n​n​p​-​2​0​1​9​-​3​2​2​3​0​9​​​​​​​

32.	 Kollewe, K., Mauss, U., Krampfl, K., Petri, S., Dengler, R., & Mohammadi, B. 
(2008). Alsfrs-r score and its ratio: A useful predictor for als-progression. 
Journal of the neurological sciences, 275(1–2), 69–73. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​
n​s​.​2​0​0​8​.​0​7​.​0​1​6​​​​​​​

33.	 ALS-Ambulanz (2024). Die ALS-Ambulanz – Home - ALS-Ambulanz, from 
https://als-charite.de/, accessed November 28.

34.	 Gaiani, A., Martinelli, I., Bello, L., Querin, G., Puthenparampil, M., Ruggero, S., 
Toffanin, E., Cagnin, A., Briani, C., Pegoraro, E., & Sorarù, G. (2017). Diagnostic 
and prognostic biomarkers in amyotrophic lateral sclerosis: Neurofilament 
light chain levels in definite subtypes of disease. JAMA Neurology, 74(5), 
525–532. https:/​/doi.or​g/10.10​01/j​amaneurol.2016.5398

35.	 Götze, H., Taubenheim, S., Dietz, A., Lordick, F., & Mehnert-Theuerkauf, A. 
(2019). Fear of cancer recurrence across the survivorship trajectory: Results 
from a survey of adult long-term cancer survivors. Psycho-Oncology, 28(10), 
2033–2041. https:/​/doi.or​g/10.10​02/p​on.5188

36.	 Meyer, T., Schumann, P., Weydt, P., Petri, S., Weishaupt, J. H., Weyen, U., Koch, J. 
C., Günther, R., Regensburger, M., Boentert, M., Wiesenfarth, M., Koc, Y., Kolza-
rek, F., Kettemann, D., Norden, J., Bernsen, S., Elmas, Z., Conrad, J., Valkadinov, 
I., Vidovic, M., Dorst, J., Ludolph, A. C., Hesebeck-Brinckmann, J., Spittel, S., 
Münch, C., Maier, A., & Körtvélyessy, P. (2024). Clinical and patient-reported 
outcomes and neurofilament response during tofersen treatment in SOD1-
related ALS-A multicenter observational study over 18 months. Muscle And 
Nerve, 70(3), 333–345. https:/​/doi.or​g/10.10​02/m​us.28182

37.	 Meyer, T., Funke, A., Münch, C., Kettemann, D., Maier, A., Walter, B., Thomas, A., 
& Spittel, S. (2019). Real world experience of patients with amyotrophic lateral 
sclerosis (als) in the treatment of spasticity using tetrahydrocannabinol:Canna
bidiol (thc:Cbd). BMC neurology, 19(1), 222. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​8​6​/​s​1​2​8​8​3​-​0​1​
9​-​1​4​4​3​-​y​​​​​​​

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.clinph.2020.04.005
https://doi.org/10.1515/cclm-2015-1195
https://doi.org/10.1515/cclm-2015-1195
https://www.ambulanzpartner.de/
https://www.ambulanzpartner.de/
https://doi.org/10.13109/zptm.2006.52.3.274
https://doi.org/10.3390/healthcare10122466
https://doi.org/10.1038/bmt.2014.139
https://doi.org/10.1038/bmt.2014.139
https://doi.org/10.1159/000254903
https://doi.org/10.1093/braincomms/fcac029
https://doi.org/10.1007/s00415-017-8538-4
https://doi.org/10.1212/01.wnl.0000191326.40772.62
https://doi.org/10.1212/01.wnl.0000191326.40772.62
https://doi.org/10.1056/NEJMoa2204705
https://doi.org/10.1056/NEJMoa2204705
https://doi.org/10.1136/jnnp-2019-322309
https://doi.org/10.1136/jnnp-2019-322309
https://doi.org/10.1016/j.jns.2008.07.016
https://doi.org/10.1016/j.jns.2008.07.016
https://als-charite.de/
https://doi.org/10.1001/jamaneurol.2016.5398
https://doi.org/10.1002/pon.5188
https://doi.org/10.1002/mus.28182
https://doi.org/10.1186/s12883-019-1443-y
https://doi.org/10.1186/s12883-019-1443-y

	﻿Shared prognostic information in amyotrophic lateral sclerosis – systematic assessment of the patients’ perception of neurofilament light chain and the ALS functional rating scale
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design
	﻿Participants
	﻿Measurement of NfL
	﻿Setting
	﻿Information sharing about NfL and ALSFRS-R
	﻿Data collection


	﻿Protocol approvals and registrations
	﻿Variables
	﻿Perception of NfL
	﻿Burden by shared information about NfL
	﻿Perception of the ALSFRS-R
	﻿Burden by shared information about ALSFRS-R
	﻿Recommendation of NfL and ALSFRS-R
	﻿Fear of progression (FoP)

	﻿Statistical analysis
	﻿Results
	﻿Characteristics of the total cohort
	﻿Characteristics of clinic and remote information groups
	﻿Perception of NfL and ALSFRS-R
	﻿Recommendation of NfL and ALSFRS-R by NPS
	﻿Burden by information about NfL and ALSFRS-R



