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Abstract

Objective: To define the minimum important slowing (MIS) of ALS progression that patients would expect from disease-
modifying drug treatment in ALS. Methods: In a survey of ALS patients, the MIS in ALS progression (change in the
ALS Functional Rating Scale-Revised, ALSFRS-R) was assessed by asking: “At what point of slowing of ALS, as deter-
mined by the ALSFRS-R, do you consider a drug to be important?” Data were collected during clinic visits or remotely
via the ALS App. Participants were differentiated in the prognostic groups of slower (<0.5), intermediate (>0.5 and
<1.0), or faster (>1.0) ALS progression (ALSPR; ALSFRS-R/month). Results: Of 522 participants (ALS App, n=397;
clinic, n=125), 395 (75.7%) completed the survey, while 127 (24.3%) selected the option “cannot estimate”. The dis-
tribution of MIS was as follows: modest slowing of ALS progression (5% and 10% slowing, n= 146 patients, 36.9%),
moderate slowing (20%, 30%, and 40% slowing, n= 135, 34.2%), and major slowing (>50% slowing, n= 114, 28.9%).
Median MIS was 20% (IQR 10-50%). Patients with faster ALSPR more frequently assessed a major slowing as the
MIS (=18, 36.0%) compared to those with slower ALSPR (n =54, 25.2%). Conclusion: A considerable number of par-
ticipants viewed a modest slowing in ALS progression as the MIS, followed closely by preferences for moderate and
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major slowing. Expectations varied according to patients’ individual ALS progression. These insights may inform the
design of future clinical trials in ALS. Study limitations include potential selection and response biases, as well as the

predominantly remote digital assessment.

Keywords: Amyotrophic lateral sclerosis, ALS functional rating scale, ALSFRS-R, minimum tmportant slowing, ALS

progression

Introduction

Relentless decline in motor function is a hallmark of
amyotrophic lateral sclerosis (ALS) (1). The rate of
ALS progression, quantified by the monthly change
in the ALS Functional Rating Scale—Revised
(ALSFRS-R), is widely used to characterize the dis-
ease trajectory in both research and clinical practice
(2-4). Based on the slope of ALSFRS-R, prognostic
groups of ALS progression have been defined and
shown to correlate with survival and the biomarker
neurofilament light chain (NfL) (5-9). A reduction
in the slowing of the functional decline is recognized
by regulatory authorities as effectiveness endpoint in
ALS drug development programs (10-12).
Consequently, most clinical trial protocols have
incorporated ALS progression, measured as the
change of ALSFRS-R from baseline, as a primary or
secondary outcome measure (13,14). Given the piv-
otal role of ALS progression in the development of
ALS treatments, the minimum important slowing
(MIS) of ALS progression, which reflects the
patient’s perspective, is of major interest (15). In a
survey among members of the Northeast ALS
Consortium (NEALS), ninety per cent of clinical
researchers surveyed assessed that a treatment that
resulted in a change of 20-25%% or greater in the
slowing of the ALSFRS-R would be accepted as “at
least somewhat clinically meaningful” (16). More
recently, the minimum important difference (MID)
for the ALSFRS-R was calculated using standard
deviations for participants self-rated as “unchanged”
(17). The MID was defined as the absolute differ-
ence in mean ALSFRS-R score change between
those who reported being “a little worse” and those
who reported being “unchanged” or “better”. This
study yielded an estimated MID for total ALSFRS-
R score change of 3.2 over a 6-month timeframe
(17). In another study using anchor-based and
distribution-based methods, the proposed MID for
the ALSFRS-R were 3.8 and 1.2 points, respect-
ively, over a 3-month period (18). However, the
patients’ perspective toward trial design, and the
effectiveness of experimental drugs, remains poorly
explored (15). To address this gap, this study
explored patients’ perceptions of the MIS of ALS
progression expected from future disease-modifying
treatments in ALS. Specifically, the objectives were
i) to investigate the patient’s assessment of MIS of
ALS progression, ii) to classify participants into
prognostic groups of faster, intermediate, and slower
ALS progression, and iii) to compare MIS expecta-
tions across these groups.

Methods
Study design

The investigation was conducted as a prospective,
multicenter cohort study from November 2024
until July 2025. The study was reported according
to the STROBE criteria (19).

Participants

The participants met the following inclusion crite-
ria: 1) diagnosis of ALS according to the Gold
Coast criteria (2,20) consent to data capture using
the ALS App (ALS App subcohort); 3) consent to
use existing demographic and clinical data.

Setting

Survey using the ALS app. Patients were invited
to participate in the survey via a mobile application
(ALS App), which the includes the self-explanatory
version of the ALSFRS-R (ALSFRS-R-SE) as one
of its core features (21,22). Non-inferiority of
ALSFRS-R assessment via the ALS App compared
with data collection during clinic visits has been pre-
viously reported (23). The survey on MIS was dis-
tributed twice: an initial invitation to participate
and one reminder. Independently of the survey and
not directly linked to it, participants were monthly
invited to complete remote digital assessments of
the ALSFRS-R-SE.

Survey during clinic visit. Patients were invited
to participate in the survey on a printed document,
which was handed over to the patient before a
regular clinic visit. The survey was completed by
the participants without assistance from a health-
care professional. Independently, and as part of
standard care, the ALSFRS-R assessment was per-
formed after completion of the MIS survey.

Contextualization of ALS progression. Survey
participants were informed about their individual
ALSFRS-R total score and their individual ALS
progression. In the clinic-based cohort, this infor-
mation was communicated as part of standard
clinical care, every 3 to 4 months. Patients of the
ALS App cohort, upon monthly completion of the
ALSFRS-R-SE assessment, participants received
an automated summary, including the ALSFRS-R-
SE total score and the calculated progression.
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Total cohort

Patients who participated
in the survey

n=522
ALS App questionnaire Mode Printed questionnaire
of survey
n=397 n=125
MiS MiS
estimation no Survey not completed no estimation
Patients who answered
/ n=77 .| cannot estimate” n=50
n=127
yes Survey completed yes
Patients who conmpleted
n=320 estimation n=75
n=395
Clinical data
availability
n=369 <¢— ALS duration ALSFRS —» n=349

ALS progression

n=356

Figure 1. Studied cohort. ALS patients (total survey cohort) were invited to participate in a survey on the minimum important slowing
(MIS) of ALS progression. Participants completed the survey either during a clinic visit using a printed questionnaire or remotely via
the ALS App. Patients who answered “I cannot estimate” did not complete the survey and were excluded from the analysis.
Abbreviations: n: number of patients; MIS: minimum important slowing of ALS progression; ALSFRS-R: ALS Functional Rating

Scale-Revised; ALS progression: monthly change in ALSFRS-R.

Descriprion of cohorts

The total study cohort was comprised of all
patients who completed the survey (Figure 1).
Patients who answered “I cannot estimate” were
excluded from the MIS analysis. The “in-clinic
survey cohort” included patients with completed
the survey during clinic visits. The “App survey
cohort” encompassed participants who answered
the survey via the “ALS App” and performed
remote digital assessment of ALSFRS-R.

Protocol approvals and registrations

The study was approved by the Medical Ethics
Committee of Charité — Universitatsmedizin Berlin

(EA2/190/23 and EA2/168/20). Written informed
consent was obtained from all participants.
Patients at any stage of disease were recruited for
participation.

Variables

Demographic and clinical characteristics.
Demographic and clinical characteristics were col-
lected (Table 1). ALS duration was calculated
based on the number of months between symptom
onset and the time of assessment. Disease duration
was classified as typical (<5 years), long (>5 and
<10years), and very long ALS duration
(>10years) (8).
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Table 1. Demographical and clinical characteristics.

Characteristics

Description

Total cohort
(n=522)

ALS app
(n=397)

Clinic

(n=125) p-value

Age (years), n =488

at onset, mean

59.3 (10.9; 24.4-86.9)

58.9 (10.5; 24.4-86.9)

60.3 (11.9; 29.1-86.6) 0.235

(SD, R)
n=>522 at survey, mean 63.3 (10.3; 32.8-94.7) 62.4 (9.8) 66.1 (11.5; 34.8-94.7) <0.001
(SD, R)
Sex, n=>522 male, % () 60.5 (316) 61.7 (245) 65.8 (71) 0.346
female, % (n) 39.5 (206) 38.3 (152) 43.2 (54)
Disease duration at survey, mean 49.7 (51.1; 1.2-336.8)  42.6 (45.2; 1.2-324.3) 70.3 (60.7; 8.6-336.8) <0.001
(months), (SD, R)
n=488
ALSFRS-R, total, first assessment, 38.3 (7.1; 0-48) 38.8 (6.8; 0-48) 37.0 (8.0; 0-47) 0.014
n=504 mean (SD, R)
n=465 at survey, mean 33.0 (9.5; 0-48) 34.4 (8.8; 0-48) 28.8 (10.3; 0-45) <0.001
(SD, R)
ALSPR, total, mean (SD, R) 0.58 (0.64; <0.1-4.3)  0.61 (0.66; <0.1-4.33) 0.50 (0.56; 0.04-3.39)  0.108
n=474
ALSPR, slower progression, 60.9 (288) 57.3 (200) 71.0 (88) 0.026
classification, % (n)
n=473 intermediate 25.2 (119) 27.8 (97) 17.7 (22)
progression,
% (n)
faster progression, 14.0 (66) 14.9 (52) 11.3 (14)
% (n)

ALSPR: ALS progression; SD: standard deviation; R: range; n: number of patients.

ALSFRS-R and ALSFRS-R-SE. ALSFRS-R is
the main instrument to assess symptoms and
motor functions in ALS trials (2,24,25). It com-
prises 12 items with 5 rating options (0 to 4). The
self-explanatory version of the ALSFRS-R
(ALSFRS-R-SE) includes instructions and explan-
ations for each item, facilitating the assessment for
patients (26). The ALSFRS-R-SE was used for
remote digital assessment via the ALS App.

ALS progression (ALSPR) and classification
of ALSPR. ALSPR was measured by the monthly
change of ALSFRS-R scale points and calculated
using the following formula: (48 minus ALSFRS-
R total score divided by disease duration
(months)). A classification of ALSPR of slower
(<0.5 ALSFRS-R/month), intermediate (>0.5 and
<1.0 ALSFRS-R/month), and faster ALSPR
(>1.0 ALSFRS-R/month) was applied as previ-
ously described (2-5).

Classification of functional impairment
according to the ALSFRS-R total score.
Disease severity was divided by four groups of
functional impairment according to ALSFRS-R
total score: 48-37 (moderate impairment), 36-25
(substantial impairment), 24-13 (severe), 12-0
(very severe) scale points (23).

Minimum important slowing (MIS) of ALS
progression. The survey included a question con-
cerning the MIS of ALS progression with categor-
ical response options. The question stated as
follows: “Future ALS drugs aim to slow the progres-
ston of ALS. The slowing of ALS 1is determined by the

ALS Funcrional Rating Scale. At what point of slow-
ing of ALS — as determined by the ALS Functional
Raning Scale — do you consider a drug to be
important?” Eight categorical response options
were given: “5% slowing of ALS, 10% slowing of
ALS; 20% slowing of ALS; 30% slowing of ALS;
40% slowing of ALS; 50% slowing of ALS, >50%
slowing of ALS; I cannot assess™.

Three-tier classification of MIS of ALS pro-
gression. To analyze patients’ perceptions of the
MIS of ALS progression, categorical response
options were grouped into three predefined catego-
ries based on the percentage of slowing in the
ALSFRS-R decline rate. The classification was as
follows: modest slowing: 5% or 10% slowing in
ALS progression; moderate slowing: 20%, 30%, or
40% slowing in progression; major slowing: 50%
or greater slowing in progression. This three-tier
approach was applied to facilitate interpretation
and statistical comparison of patient responses
across clinically meaningful categories.

Statistical methods

Descriptive statistics were calculated for all study
variables, including frequencies (percentages) for
categorical data and mean, median, standard devi-
ation (SD), and range for continuous variables.
Statistical significance was set at p<0.05. The
median and interquartile range (IQR) of the MIS
were calculated from ordinal response categories
(5% to 50% slowing). All analyses were performed
using SPSS and StatPlus (Version 7.7.11;
AnalystSoft Inc., Walnut, CA, USA).



Results

Demographic and clinical characteristics.
Data of 522 patients were included. Of these, 206
were female (39.5%) and 316 were male (60.5%).
The mean age at onset was 59.3 years (SD: 10.9;
R: 24.4-86.9years) and the mean ALSPR was
0.58 points/month (SD: 0.64; R: <0.01-4.33).
Demographic and clinical data are shown in
Table 1.

MIS in total cohort. When evaluating the MIS
of ALS progression with disease-modifying drugs,
most participants (n=146; 36.9%) considered a
modest slowing (5% or 10%) as the MIS, followed
by preferences for moderate slowing (20%, 30%,
or 40%; n=135; 34.2%) and major slowing
(>50%; n=114; 28.9%). The median MIS of
ALS progression in the total cohort was 20% (IQR
10-50%). A wide spectrum of subjective percep-
tion of MIS was found, in which 23.5% of
respondents (z=93) assessed a 5% slowing in
ALS progression to be important, whereas 14.7%
(n=58) stated a slowing of more than 50% to be
minimally important. The detailed survey results
are shown in Figure 2 and Table 2.

MIS in correlation to ALSPR. Among patients
with slower ALSPR, representing the largest sub-
group, a modest slowing was most frequently con-
sidered meaningful (39.7%; n=285). In patients
with intermediate ALSPR, a modest and moderate
slowing was mostly perceived as beneficial (68.5%,
n=63) and a major slowing of progression was
more often defined as minimally important
(31.5%, n=29). Patients with faster ALSPR more
often perceived a major slowing as the MIS
(n=18, 36.0%) when comparing with those with
slower progression (n=54, 25.2%) (Table 2 and
Figure 3).

MIS in correlation to ALSFRS-R total score.
When disease severity was classified by ALSFRS-R
total score, patients with moderate functional
impairment (ALSFRS-R-SE 48-37) more fre-
quently indicated a modest or moderate MIS. By
contrast, participants with very severe motor
impairment (ALSFRS-R < 12) clustered into two
main subgroups: those reporting a modest MIS
(n="17, 53.8%) and those reporting a major MIS
(n=4, 30.8%). Detailed results are provided in
Table 2 and illustrated in Figure 4.

MIS in correlation to ALS duration. Most
patients with typical ALS duration regarded a
modest (35.7%) or moderate (35.8%) slowing of
ALS progression as the MIS, whereas the MIS of
major slowing was less frequently assessed
(28.5%). In contrast, participants with very long
disease duration were dived in two larger groups of
MIS of modest (41.4%) and major (31.0%)
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slowing. Detailed results are presented in Table 2
and Figure 5.

Discussion

The ALSFRS-R has been established as the pri-
mary endpoint in most clinical trials of investiga-
tional drugs in ALS (6,10-12). Accordingly, the
slowing of ALS, measured by the change in
ALSFRS-R during the treatment interval, serves as
the primary trial objective. Previously, the MID of
the total ALSFRS-R has been recognized as piv-
otal for trial design from both the sponsors’ and
regulators’ perspectives (15). MID refers to the
smallest observed change in an outcome measure
that patients perceive as meaningful and requires
longitudinal assessment with anchor-based or
distribution-based methods (27). Recently, the
estimated MID for the ALSFRS-R was grounded
in the patient perspective of disease progression
(17,18). Using anchor-based and distribution-
based approaches, a MID for the ALSFRS-R over
a 3-month period of 3.8 and 2.0 points were pro-
posed. These estimates correspond to MID in the
slowing of ALS progression of 1.3 and 0.7 points
per month (18). In addition to previous investiga-
tions of MID, this study contributes to the under-
standing of the MIS of the ALS progression as it
(1) obtained patients’ expectations specifically in
the context of investigational drugs; (ii) focused
primarily on the slowing of ALSFRS-R, which is
closely aligned with the objectives of most ALS tri-
als; (iii) differentiated the patients’ expectations
according to disease progression and other clinical
criteria, and iv) investigated patients in a broad
spectrum of ALS progression, disease duration and
functional impairment. This study of MIS elicited
prospective judgments about hypothetical slowing
of ALSFRS-R decline rather than experienced
change. As limitation, no baseline-to-follow-up
comparison was performed, and no external
anchor of perceived change was applied.
Consequently, the methodological requirements
for MID estimation were not met. The MIS
framework therefore represents a  distinct,
expectation-based construct that captures patients’
treatment-relevant thresholds of meaningful slow-
ing and complements existing MID research by
addressing a different, patient-centered question
relevant to ALS trial design. Accordingly, the
reported values should be interpreted as expres-
sions of patient expectations and preferences
toward meaningful future slowing of ALS progres-
sion, and not as minimally important thresholds in
the methodological sense of MID.

Studied cohort. This study enrolled an extended
number of patients, exceeding the cohorts reported in
previous investigations of MID (17,18). This survey
on MIS was undertaken either through face-to-face
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28.9%
Major slowing
(n=114)
34.2%
Moderate slowing
(n=135)

Modest slowing

® 5%slowing @ 10% slowing

Moderate slowing

© 20%slowing @ 30% slowing @ 40% slowing

36.9%
Modest slowing
(n=146)

Major slowing

® 50% slowing ® >50% slowing

Figure 2. Minimum important slowing of ALS progression. Survey results of a question which stated as follows: “Future ALS drugs aim
to slow the progression of ALS. The slowing of ALS is determined by the ALS Functional Rating Scale. At what point of slowing of ALS — as
determined by the ALS Functional Rating Scale — do you consider a drug to be important?” Eight categorical response options were given:
“5% slowing of ALS, 10% slowing of ALS; 20% slowing of ALS; 30% slowing of ALS; 40% slowing of ALS; 50% slowing of ALS,
>50% slowing of ALS; I cannot assess”. 24.3% (n=127) selected the option “cannot estimate” (not depicted). Three categories based
on the percentage of slowing in the ALSFRS-R decline rate were defined: modest slowing: 5% or 10% slowing in ALS progression;
moderate slowing: 20%, 30%, or 40% slowing in progression; major slowing: 50% or greater slowing in progression. n: number of

patients; ALSFRS-R = ALS Functional Rating Scale—Revised.

assessments during clinic visits or remotely via the
ALS App (21-23). Digital assessment, applied in
76.1% (n=397) of participants, enabled rapid and
efficient enrollment. The advantage of rapid access to
patient communities through the ALS App is accom-
panied with an enrollment bias of younger age, higher
ALS progression and shorter disease duration, a bias
that has been previously reported (21,23).
Importantly, the overall clinical characteristics of par-
ticipants in this MIS survey were consistent with
those reported in other large natural history ALS
cohorts (7-9). Of the total cohort, 24% of surveyed
patients (z=127) selected the response option “I
cannot make an estimation”. Remarkably, the pro-
portion of participants who were unable to make an
estimation was higher in the clinic cohort (40.0%)
than in the ALS App cohort (19.4%). It is conceiv-
able that the patients’ prior exposure to the ALSFRS-
R may have contributed to differences in response
patterns. Given the availability of remote ALSFRS-R

assessments in addition to clinic-based assessments,
participants in the ALS App cohort may have been
more familiar with the scale and the general concept
of ALS progression. Alternatively, completing a sur-
vey in a home environment may enhance adherence
and concentration, resulting in improved response
rates. The inability of some participants to provide a
MIS estimate may reflect multiple factors, including
psychometric limitations of the questionnaire and the
inherent complexity of the question. These aspects
warrant careful consideration in the design and ana-
lysis of future follow-up studies.

MIS in total cohort. Reportedly, a survey of ALS
experts revealed a minimum clinically important
difference (MCID) of 20-25% — from the physi-
cian’s perspective (16). In this study, the median
MIS was 20% (IQR 10-50%) of slowing of ALS
progression. These results suggest a general align-
ment of the physicians’ MCID and the MIS from
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Figure 3. Minimum important slowing of ALS progression in different groups of ALS progression (ALSPR). Participants were grouped
for ALSPR as measured by the monthly change of ALSFRS-R scale points. A classification of ALSPR of slower (<0.5 ALSFRS-R/
month), intermediate (>0.5 and <1.0 ALSFRS-R/month) and faster ALSPR (>1.0 ALSFRS-R/month) was applied. n: number of

patients; ALSFRS-R: ALS Functional Rating Scale—Revised.

the and patients’ perspective. Expectedly, a wide
spectrum of expectations toward future medicines
was found - ranging from 5% to more than 50%
of slowing in ALS progression. Overall, 51.7% of
participants (n=204) assessed a MIS of 20% or
less in the slowing of ALS as beneficial. These
findings emphasize the individual perception of
MIS, based on clinical characteristics, ALS pro-
gression, and other factors that were beyond the
scope of this investigation. To reduce the complex-
ity in the presentation of survey results, responses
were grouped into categories of modest, moderate,
and major slowing of ALS progression.
Remarkably, 36.9% of patients considered a mod-
est slowing of disease progression as beneficial,
which represents a MIS lower than the expecta-
tions reported by clinical experts toward ALS
drugs. However, the applied three-tier classifica-
tion of MIS was based on expert opinion rather
than empirical validation.

MIS in correlation to ALSPR. The classification
of ALSPR into slower, intermediate, and faster tra-
jectories has been established and linked to differen-
ces in disease course and survival. Accordingly, the
perception of the MIS in the slowing of ALS

progression differed between these prognostic
groups. Participants with higher ALSPR more fre-
quently regarded a greater degree of slowing as
meaningful, whereas individuals with lower ALSPR
values more often perceived benefit from smaller
reductions in progression. These observations indi-
cate that ALSPR may constitute one of several
determinants of the MIS. Notably, a considerable
proportion of patients with faster progression con-
sidered modest or moderate (64.0%) slowing of
ALS to be important. This finding suggests that fac-
tors beyond ALSPR, such as personal expectations,
value systems, and psychosocial context, contribute
to the subjective perception of treatment relevance.
The identification of such factors, however, was
beyond the scope of the present study.

MIS in correlation to ALSFRS-R total score.
Given the inclusion criteria of most clinical trials,
the group with moderate impairment is the most
representative for patients typically enrolled in clin-
ical studies. In this subgroup, a modest MIS of
slowing ALS progression predominated (39.3%),
followed by expectations of moderate slowing
(34.0%). For the design and interpretation of clin-
ical trials, it appears essential to recognize that
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Figure 4. Minimum important slowing of ALS progression in different groups of functional impairment. Survey participants were
grouped for functional impairment according to the ALSFRS-R total score: 48-37 (moderate impairment), 36-25 (substantial
impairment), 24-13 (severe impairment), 12-0 (very severe impairment) scale points. n: number of patients; ALSFRS-R: ALS

Functional Rating Scale—Revised.

patients’ expectations for meaningful slowing of
ALS progression may be lower than the MCID pro-
posed by clinical experts (28,29). A smaller,
exploratory subgroup of participants with very
severe functional impairment (ALSFRS-R 12-0)
clustered into two main response patterns of modest
vs major MIS. This finding supports the notion that
psychosocial resources, coping strategies, and indi-
vidual life circumstances — may significantly shape
the perception of MIS. However, the small number
of participants with very severe functional impair-
ment limits the interpretability of this observation.

MIS in correlation to ALS duration. The
majority of participants (75.1%) exhibited a typical
disease duration (<5years) in which modest or
moderate MIS expectations predominated (71.5%).
Conversely, participants with very long disease dur-
ation were divided into two main groups, reporting
either modest or major MIS values.

Conclusion

A modest or moderate slowing of ALS progression
was considered the MIS for disease-modifying drugs
in ALS by half of the survey participants. Notably,

patients with differing ALS progression rates, func-
tional impairments, and disease durations exhibited
divergent gradations in their perception of what con-
stitutes a meaningful slowing of the disease. The find-
ing that the largest proportion of participants rated
modest expectations as sufficient provides valuable
insight for the design of future clinical trials. It high-
lights the need for trial designs capable of detecting
small but meaningful effects and for regulators to
acknowledge modest slowing of ALS progression as
relevant. Several limitations should be considered
when interpreting the present findings. Observation
and selection biases may have influenced the results
due to incomplete response rates and the restriction
to patients recruited from specialized centers and
through the ALS App. Notably, approximately one
quarter of participants were unable to estimate what
degree of slowing they would consider important,
underscoring the conceptual challenges inherent in
expectation-based assessments. Future research
should complement MIS by addressing the methodo-
logical requirements of MID, including longitudinal
study designs with appropriate external anchors.
Follow-up studies including a broader clinical spec-
trum, longer observation periods, and participants
from diverse healthcare settings are warranted.
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