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Abstract

Background In amyotrophic lateral sclerosis (ALS), neuro�lament 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 neuro�lament 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 speci�cally, increased 

serum and CSF NfL values were shown to be associ-

ated with aggressive disease progression and shorter 

life expectancy [6, 7]. �e ALSFRS-R is an established 

questionnaire for the assessment of disease severity and 

progression [8]. �e 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]. �e ALSFRS-R evaluates 12 

di�erent functional areas typically a�ected by ALS [12]. 

�e 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. �e 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

�e 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

�e 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. �e clinic setting represented 

the standard of care in which information about NfL and 

ALSFRS-R was shared during regular visits. �e remote 

setting was o�ered 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 �ndings pave the way for further development of the patient-centered approach to sharing prognostic 
information in ALS.

Keywords Amyotrophic lateral sclerosis, Amyotrophic lateral sclerosis functional rating scale - revised, Neuro�lament 
light chain, Fear of progression, Perception
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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”). �e ALS app included the NfL diagram that 

shows the results of the patient´s NfL measurements in 

relation to the age-adjusted reference values. �e ALS 

app displayed NfL values in the short term after the 

completion of NfL measurements, as it was synchronized 

with the NfL study software. �us, remote sharing of NfL 

information was commonly faster than the (additional) 

noti�cation 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

�e 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 �ve 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

�e patient’s perception of the ALSFRS-R was assessed 

with four questions and �ve 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 Neuro�lament 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

�e 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]. �is 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), “indi�erent” 

(8 or 7 points), or “detractors” (6 to 0 points). �e 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)

�e “Fear of Progression Questionnaire - Short Form 

(FoP-Q-SF)” is based on 12 questions addressing �ve 

domains of potential worries about the future (a�ective 

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 �ve-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 de�ned from a cut-o� value of ≥ 34 

points [25, 26].

Statistical analysis

�e statistical analysis was performed using SPSS (ver-

sion 29.0). �e descriptive statistics included frequency 

(%), mean, median and standard deviation (±). Di�er-

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. �e p-values 

were given with a con�dence interval of 95%.

Results

Characteristics of the total cohort

A total of 149 patients were included in the study. �e 

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). �e 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. �e mean ALSFRS-R total 

score was 31.6 points (maximum of 48 points).

Characteristics of clinic and remote information groups

�e “clinic information group” included 57 patients who 

received information about the ALSFRS-R score, of 

which 24 patients were noti�ed about the NfL value. �e 

“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. �e 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 Neuro�lament 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 

indi�erent. �e 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 indi�erent. �e 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. �e di�erence between 

the clinic and remote information groups was statistically 

signi�cant (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)

�e 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 di�erence was statistically signi�cant 

(p = 0.038). Patients with remote information about NfL 

levels had signi�cantly 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). �ere was no di�erence 

between patients with remote and clinic assessment of 

the ALSFRS-R (p = 0.338) (Fig. 5).

Discussion

�is 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]. �e results of this study show that NfL and ALS-

FRS-R were experienced as equally important for ALS 

research (98 and 96%, respectively). �is observation 

came as no surprise, as both parameters were developed 

primarily in a research context. �e �nding 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 Neuro�lament Light Chain; ALSFRS-R 
ALS Functional Rating Scale Revised
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themselves clearly agree on the utility of these endpoints. 

�e proportion of participants who were able to derive 

a personal bene�t 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. �ese �ndings suggest that sharing such prog-

nostic data could be highly bene�cial for patients.

�e 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 strati�cation 

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].

�e 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. �e 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 Neuro�lament 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 bene�ts 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 

signi�cantly 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 de�ned from a cut-o� value of ≥ 34 points. n Number of patients; NfL Neuro�lament 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 noti�cation (n = 67) and a 
“clinical information group” (n = 24) with NfL clinic noti�cation. 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 Neuro�la-
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.

�is study identi�ed a high level of fear of progres-

sion (FoP) among the patients surveyed, revealing their 

self-re�ection on the progressive character of the dis-

ease. With a prevalence of 40%, FoP level was signi�-

cantly higher than in cancer patient cohorts, where it was 

de�ned using the same cut-o� value [35]. Women typi-

cally exhibit higher FoP levels than men, a �nding 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). �erefore, 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 bene�t for sharing 

information about NfL and ALSFRS-R was high. Patients 

could bene�t 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. �e 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. �e sample 

size was relatively small, and the groups with remote vs. 

clinic information were not equally sized or distributed. 

�us, di�erences 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. �ese 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. �e 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 justi�ed. 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.
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