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Abstract

Objective: 'To evaluate the Milano-Torino staging (MiToS) and King’s staging systems as potential outcome measures
for clinical trials in amyotrophic lateral sclerosis (ALS) by assessing these outcomes in FORTITUDE-ALS.

Methods: This was a post hoc analysis of the phase 2b FORTITUDE-ALS trial (NCT03160898), a double-blind,
randomized, dose-ranging, placebo-controlled, parallel-group study of reldesemtiv in patients with ALS. The treatment
period was 12 weeks, with a follow-up assessment at week 16. Patients were retrospectively classified into MiToS and
King’s stages. Outcomes were the mean time maintaining baseline stage and risk of progression from the baseline stage
to a later stage.

Results: The full analysis set consisted of 456 patients randomized 3:1 (reldesemtiv n= 342, placebo n=114) who received
at least one dose of double-blind study drug and had at least one post-baseline assessment. At baseline, MiToS and
King’s stages were balanced between the reldesemziv and placebo groups: >99% of patients were in MiToS stage 0 or 1
and King’s stage 1, 2 or 3. Time of maintaining the baseline stage was similar in both groups, for each staging system.
The two staging systems exhibited considerably disparate results for risk of progression from baseline to a later stage:
hazard ratio (HR) = 0.62 (95% confidence interval [CI] 0.38, 0.99) for MiToS and HR = 0.96 (95% CI 0.63, 1.44)
for King’s.

Conclusion: This exploratory analysis showed the feasibility of MiToS and King’s staging as potential outcome measures
in ALS. Additional studies of these staging systems are needed to further explore their utility in ALS clinical trials.

Keywords: Randomized clinical trial, amyotrophic lateral sclerosis, reldesemtiv, MiToS, King’s staging

Introduction However, assessing a patient’s level of independ-
ence or level of function requires evaluation of
individual items from the ALSFRS-R, rather than
simply the total score. In clinical trials, this makes
it difficult to quantify the impact of a therapeutic
intervention on late-stage disease changes, quality

of life, and economic outcomes (2).

The Amyotrophic Lateral Sclerosis Functional
Rating Scale-Revised (ALSFRS-R) is the most
widely used measure for functional assessment of
patients with ALS and is frequently used as the
primary endpoint in randomized clinical trials (1).

The ALSFRS-R is based on 12 items rated on a
0—4-point scale assessing bulbar function, fine and
gross motor skills, and respiratory functions (1).

Consequently, methods for ALS staging based
on clinical milestones have been introduced. These
can enhance communication between clinicians
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and patients, as well as provide important informa-
tion on ALS outcomes. Staging determinations are
primarily derived from evaluating components of
the ALSFRS-R rather than the total score. In clin-
ical practice, these staging criteria may assist with
determining disease severity, prognosis and treat-
ment options; in addition, they may have potential
to provide an objective measure for ALS progres-
sion in clinical trials (3,4).

Of the staging systems developed, the Milano-
Torino staging (MiToS) system and the King’s
College system are the most commonly used
(3,4). MiToS 1is entirely derived from the
ALSFRS-R and characterizes the functional bur-
den of the disease as defined by loss of autonomy
in four key domains: walking/self-care, swallow-
ing, communicating and breathing (3). The num-
ber of domains impaired determines the MiToS
stage: stage 0-4 being 0-4 domains impaired,
with stage 5 being death. Functional loss is deter-
mined directly through scores of 0 and 1 on spe-
cific items from the ALSFRS-R, with the
exception of item 12 (respiratory insufficiency) in
which a score of 2 or lower is deemed functional
loss. King’s staging is based on disease burden as
measured by clinical milestones and considers
how many of the three anatomical regions are
involved (bulbar, upper and lower limbs; Stage 1
for one region involved, Stage 2 for two and
Stage 3 for three) and the need for gastrostomy
and noninvasive ventilation (stages 4A and 4B,
respectively) (4). King’s staging is not based
solely on ALSFRS-R scores but can be estimated
from them using a published mapping algorithm;
estimated stages show approximately 92% correl-
ation with the actual clinical stage (5).
Movement into a subsequent King’s stage occurs
with the first appearance of a sign or symptom of
either upper or lower motor neuron dysfunction
in an anatomical region. It has been suggested
that MiToS can better detect differences later in
the disease course, whereas King’s better detects
differences earlier (6). These differences might
support the use of both staging systems, as they
may provide complementary information (6,7).

Reldesemniv is a selective, small-molecule, fast
skeletal muscle troponin activator, currently in
clinical trials in ALS (8,9). In a randomized, dou-
ble-blind, phase 2b study (FORTITUDE-ALS),
patients with ALS received one of three reldesemiiv
doses or placebo for 12 weeks. In this trial, relde-
semtiv was shown to be well tolerated, with nausea
and fatigue being the most common adverse events
(9). In the primary efficacy analyses, the difference
between reldesemtiv and placebo was not statistic-
ally significant (p =0.11). Similarly, the differences
between groups in the key secondary endpoint,
ALSFRS-R, were not statistically significant.
However, a post hoc analysis combining all doses of

reldesemniv compared with placebo demonstrated a
statistically significant difference favoring reldesem-
tiv in the change in the ALSFRS-R total score
from baseline to week 12 (p=0.01) (9). Overall,
the investigators concluded that the effect of relde-
semtiv in patients with ALS warranted further
evaluation in longer studies. Consequently, a phase
3 trial, COURAGE-ALS, is under way (10).

Previously published studies have shown the
value of MiToS and King’s staging in assessing
treatment efficacy and their potential utility in clin-
ical trials as outcome measures, although evidence
reported to date is still limited. To our knowledge,
MiToS has been used as primary endpoint in a
6-month phase 2 clinical trial of guanabenz in
patients with ALS (11), and the effect of riluzole
on survival based on clinical milestones in
ALS has been evaluated using King’s staging (12).
Al-Chalabi er al. conducted a post hoc analysis of
edaravone using phase 3 trial data that showed the
utility of MiToS and King’s staging as endpoints
in ALS clinical trials (7). The main purpose of the
current study was to further evaluate the value of
MiToS and King’s staging as potential outcome
measures in ALS by assessing these outcomes in
FORTITUDE-ALS.

Materials and methods

Data for the current analysis came from the dou-
ble-blind, randomized, placebo-controlled, phase
2b FORTITUDE-ALS trial (ClinicalTrials.gov,
NCT03160898). In this trial, eligible patients with
ALS were randomized 1:1:1:1 to receive either
reldesemriv oral tablets 150, 300 or 450 mg or pla-
cebo, dosed twice daily, for 12 weeks, with a
4-week follow-up after the last treatment dose.
Details about patients randomized in
FORTITUDE-ALS have been published (9). The
trial obtained all institutional review board appro-
vals before enrollment and all patients provided
written informed consent. The trial was conducted
in accordance with the Declaration of Helsinki and
Good Clinical Practice.

In FORTITUDE-ALS, the primary and the
key secondary efficacy endpoints were the change
from baseline to week 12 in percent predicted slow
vital capacity (SVC) and the ALSFRS-R, respect-
ively. Both SVC and ALSFRS-R were assessed at
screening, day 1 and weeks 1, 2, 4, 8 and 12 with
a follow-up assessment at week 16. For this post
hoc analysis, patients were retrospectively classified
into MiToS and King’s stages at each time point
based on their ALSFRS-R scores. The MiToS
stage was determined directly from ALSFRS-R
scores, whereas the King’s stage was determined
using the algorithm previously described (5).
Outcomes assessed were (1) mean time remaining
in the baseline stage, and (2) time to progression
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Table 1. Baseline characteristics.

Characteristic Reldesemtiv Placebo Overall
Sample size, n 342 114 456
Age (years), mean (SD) 58.3 (10.8) 59.7 (10.6) 58.7 (10.7)
Male, n (%) 209 (61.1) 67 (58.8) 276 (60.5)
White, 1 (%) 316 (92.4) 106 (93.0) 422 (92.5)
BMI (kg/m?), mean (SD) 26.7 (4.7) 26.1 (4.4) 26.6 (4.6)
ALSFRS-R total score, mean (SD) 37.5 (5.5) 37.0 (5.6) 37.4 (5.5)
SVC (% predicted), mean (SD) 84.6 (15.5) 84.9 (14.8) 84.7 (15.3)
Time since diagnosis (months), mean (SD) 8.5 (6.0) 8.8 (6.4) 8.6 (6.1)
Time since 1st symptom (months), mean (SD) 23.0 (20.9) 22.2 (12.4) 22.8 (19.1)
ALS site of onset: bulbar, n (%) 65 (19.0) 22 (19.3) 87 (19.1)
On riluzole alone, n (%) 194 (56.7) 63 (55.3) 257 (56.4)
On edaravone alone, # (%) 14 (4.1) 5 (4.4) 19 (4.2)
On riluzole plus edaravone, n (%) 70 (20.5) 24 (21.1) 94 (20.6)

ALS: amyotrophic lateral sclerosis; ALSFRS-R: ALS Functional Rating Scale-Revised; BMI: body mass index; SD: standard

deviation; SVC: slow vital capacity.

Table 2. MiToS stage at baseline.

MiToS stage, n (%)

0 2 3 4
Reldesemtiv (n=342) 276 (80.7) 63 (18.4) 3 (0.9) 0 (0) 0 (0)
Placebo (n=114) 86 (75.4) 27 (23.7) 1 (0.9) 0 (0) 0 (0)
Total (n=456) 362 (79.4) 90 (19.7) 4 (0.9) 0 (0) 0 (0)

MiToS: Milano-Torino staging.

from the baseline stage to a later stage (any decline
of one or more stages).

Analyses were based on the full analysis set
(FAS), which included all randomized patients
who received any study drug and had a baseline
assessment as well as at least one post-baseline
efficacy measurement. Data from all three relde-
semriv dose groups were pooled and compared
with placebo. All analyses included data up to
week 12 (the end of the double-blind treat-
ment period).

Mean time remaining in the baseline stage
was compared using a two-sample z-test. The
time to progression was compared using
Kaplan—Meier time-to-event estimates and a Cox
proportional-hazards model (13,14). We defined
progression as a transition from baseline stage to
a later MiToS (or King’s) stage during the treat-
ment period of the trial. In this analysis, patients
who discontinued before progressing to a later
stage were censored. Cox regression was per-
formed using a univariate analysis (only treatment
assignment) and multivariate analysis (treatment
assignment and baseline covariates). Baseline char-
acteristics of age, sex, time since ALS symptom
onset, time since ALS diagnosis, ALSFRS-R,
MiToS or King’s stage (depending on which stag-
ing method was being analysed), riluzole and
edaravone use and creatinine value were included
as covariates in the multivariate Cox regression
(15). For the purpose of analysis, p-values <0.05
were considered statistically significant, although
all analyses were exploratory.

Results

In FORTITUDE-ALS, the FAS included 456
patients who received either reldesemtiv (n=342)
or placebo (#=114). The baseline demographic
and clinical characteristics of patients were well
balanced across the treatment arms (Table 1).

At baseline, >99% of patients were in MiToS
stage 0 or 1 (Table 2) and in King’s stage 1, 2 or
3 (Table 3). The baseline MiToS and King’s
stages were balanced across the treatment arms
(reldesemriv and placebo).

Mean time at the baseline stage

When looking at the mean time at baseline stage
for each staging system, the analysis was not able

to detect any differences between groups
(Table 4).

Time to progression (at least one stage

decline): MiToS

During the 12-week double-blind treatment

period, 17.8% (95% confidence interval [CI]
13.8%, 21.9%) of the reldesemtiv group progressed
from baseline to a later stage, compared with
23.7% (95% CI 15.9%, 31.5%) of the placebo
group. Results of the Kaplan—-Meier analysis using
MiToS showed patients in the reldesemnv group
appeared to experience lower risk of progression
compared with placebo, although the difference
did not meet the threshold for statistical signifi-
cance (log-rank test, p=0.051) (Figure 1).
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Table 3. King’s stage at baseline.

King’s staging, n (%)

1 2 3 4A 4B
Reldesemtiv (n=342) 94 (27.5) 112 (32.7) 134 (39.2) 1(0.3) 1(0.3)
Placebo (n=114) 25 (21.9) 43 (37.7) 46 (40.4) 0 (0) 0 (0)
Total (n=456) 119 (26.1) 155 (34.0) 180 (39.5) 10.2) 10.2)

Table 4. Days of maintaining the baseline MiToS or King’s stage in the FORTITUDE-ALS trial.

Reldesemtiv (n = 342)

Placebo (n=114)

Difference, Reldesemtiv — placebo

n Days, mean (SD) n Days, mean (SD) Mean (95% CI) p-Value

MiToS baseline stage

Stage 0 276 75.5 (22.1) 86 72.8 (22.7) 2.7 (-2.7, 8.1) 0.32

Stage 1 63 66.4 (27.2) 27 63.0 (29.0) 3.5(-9.2, 16.2) 0.59

Stage 2 3 22.7 (26.4) 1 84.0 (NA) —61.3 (—192.2, 69.6) 0.18
King’s baseline stage

Stage 1 94 63.2 (30.7) 25 56.8 (31.8) 6.4 (—7.3, 20.2) 0.36

Stage 2 112 58.3 (31.1) 43 60.4 (30.5) —2.1 (-13.0, 8.9) 0.71

Stage 3 134 69.5 (26.2) 46 63.7 (28.0) 5.8 (—3.2, 14.8) 0.20

Stage 4A 1 36.0 (NA) 0 NA (NA) NA (NA, NA) NA

Stage 4B 1 52.0 (NA) 0 NA (NA) NA (NA, NA) NA

CI: confidence interval; MiToS: Milano-Torino staging; NA: not available; SD: standard deviation.

Mean, 95% CI and p-value from the two-sample ztest.
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Figure 1. Time to decline of >1 MiToS stage from baseline. p-Value from log-rank test at week 12 (end of the double-blind

treatment period).

Using Cox regression, after controlling for
baseline covariates, the risk of progression to a
later MiToS stage was lower with reldesemtiv versus
placebo (adjusted hazard ratio [HR] 0.62, 95% CI
0.38, 0.99, p=0.047). The unadjusted HR of
reldesemtiv versus placebo was 0.65 (95% CI 0.41,
1.03, p=0.065) (Table 5).

Time to progression (at least one stage decline):
King’s staging

The percentage of patients who progressed from
baseline to a later stage during the 12-week

treatment period was 28.9% (95% CI 24.1%,
33.8%) for reldesemtiv and 28.1% (95% CI 19.8%,
36.3%) for placebo. Using the Kaplan—-Meier
approach, a difference between the groups in time
to progression was not shown using King’s staging
(log-rank test, p =0.849; Figure 2).

In Cox regression analyses, the risk of disease
progression according to King’s staging also did
not show a difference between the reldesemriv and
placebo groups (unadjusted HR 0.95, 95% CI
0.63, 1.42; adjusted HR 0.96, 95% CI 0.63, 1.44)
(Table 5).
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Discussion

In these analyses, we evaluated MiToS and King’s
staging as potential tools to measure treatment
effect in clinical trials. Our aim was to determine
whether these staging systems could be used as a
companion to the change in the total ALSFRS-R
score, which is well established as a clinical trial
outcome by regulatory authorities (16). Use of sys-
tems that demarcate meaningful differences
between stages could complement the ALSFRS-R
by quantifying the impacts of a therapeutic
intervention.

The clinical trial used as a data source for our
analysis was a randomized, placebo-controlled trial
of reldesemtiv, with a relatively short treatment dur-
ation of 12 weeks. In evaluating disease progres-
sion in this trial, MiToS was able to show a
difference between the reldesemtiv and placebo
groups, whereas a difference in time to progression

Table 5. Progression from baseline to a later stage using
MiToS or King’s staging.

Staging HR (95% CI) p-Value
MiToS
Unadjusted 0.65 (0.41, 1.03) 0.065
Adjusted 0.62 (0.38, 0.99) 0.047
King’s stage
Unadjusted 0.95 (0.63, 1.42) 0.793
Adjusted 0.96 (0.63, 1.44) 0.832

ALS: amyotrophic lateral sclerosis; ALSFRS-R: ALS
Functional Rating Scale-Revised; CI: confidence interval;
HR: hazard ratio; MiToS: Milano-Torino staging.

HR, 95% CI and p-value from the Cox proportional hazards
model. Baseline characteristics of age, sex, time since ALS
symptom onset, time since ALS diagnosis, ALSFRS-R,
baseline stage, riluzole and edaravone use and creatinine
value were included in the multivariate analysis.

was not detected using King’s staging. However,
in view of the short trial period, the marginal stat-
istical significance of the MiToS data and the wide
confidence interval of the HR estimates, the inter-
pretation of these results and any conclusions
should be made with caution. The wide confidence
intervals around the estimates of time to disease
progression may result from the noticeable differ-
ences for patients in MiToS stage 2 at baseline. As
shown in Table 4, a few patients in the reldesemtiv
group with MiToS baseline stage 2 have much
shorter time remaining at stage 2 before progres-
sion (mean 22.7 days) than that of the majority in
the reldesemtiv group, while the patient in the pla-
cebo group with MiToS baseline stage 2 had
much longer time remaining at stage 2 before pro-
gression (84 days) than that of the majority in the
placebo group. This leads to a wider range of vari-
ation when combining patients with all baseline
stages for the analysis of time to progression
(Table 5).

The notable difference in terms of level of stat-
istical significance for results of the different types
of analyses is also worth further discussion. Results
were compared using two methods that assess dif-
ferent aspects of the data; firstly, comparing the
lengths of time remaining at baseline stage
between the two groups (Table 4); secondly, pre-
senting the ratios of event rates on stage changes
between reldesemtiv and placebo groups (Table 5).
As shown in Figure 1, most of the MiToS stage
changes did not occur wuntil after Week 8.
Therefore, it seems reasonable that the analyses
would give different results, with a borderline sig-
nificant difference in event rates (with separation
in curves seen from Week 8) but no significant dif-
ference in duration of remaining at baseline stage
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Figure 2. Time to decline of >1 King’s stage from baseline. p-Value from log-rank test at week 12 (end of the double-blind
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(the separation did not occur early enough, or the
trial duration is not long enough to capture the
significant difference, if it exists, between reldesem-
tiw and placebo groups).

The apparent difference in results for MiToS
and Kings’ staging observed in the current study
reflects distinctions between the two staging sys-
tems, which capture different aspects of ALS pro-
gression that may manifest at different times—
MiToS primarily assesses loss of function, while the
King’s staging primarily assesses anatomical spread
(3,4). There are several possible explanations why
this study found a difference with MiToS but not
with King’s staging. First, it may be that treatment
affected functionality; this is in keeping the pro-
posed mechanism of action of reldesemtiv, which
affects muscle force (8,9). Second, the 12-week
treatment duration may have contributed to this
observed difference between the staging systems, as
time to stage progression in early stages of the dis-
ease with the King’s system is typically longer (6).
Third, if study patients were already in advanced
stages at baseline, it may have been too late for a
difference to be detected according to King’s stag-
ing, while MiToS could still show progression in
later stages. The latter seems unlikely, as baseline
data showed the majority of patients to be in King’s
stage 1 or 2. Lastly, King’s staging was derived
indirectly from ALSFRS-R, using an algorithm with
a published correlation of 0.92 (5), so it remains
possible that a different result may have been
observed if King’s stages had been directly meas-
ured by the treating clinician.

In light of the differences, it is worth mention-
ing that a previously reported comparison of treat-
ment outcomes using both MiToS and King’s
staging also observed differences between the two
systems.  Al-Chalabi et al. applied the
Kaplan—Meier method to data from the edaravone
phase 3 study MC1186-19 and evaluated the clin-
ical benefit of edaravone compared with placebo
(7). The study found no evidence that edaravone
improved time to progression compared with pla-
cebo using MiToS (p=0.308). The authors also
found patients assigned to edaravone experienced
longer time to progression in King’s staging com-
pared with placebo, but the difference was not
statistically significant (p=0.103), and the study
did not report HRs, so the precision around this
estimate is unknown. Although we could speculate
that some of the reasons for differences between
staging systems discussed above might apply, com-
parison of the studies is somewhat limited as the
two clinical trials, FORTITUDE-ALS and
MC1186-19, had different treatment duration (12
weeks vs 24 weeks) as well as different inclusion
criteria, as previously reported (9,17).
Nevertheless, our study and the analysis of edara-
vone both suggest that these staging systems are

feasible for assessing treatment effects. However,
their utility as endpoints for clinical trials requires
further investigation. It is notable that an ongoing
phase 3 trial of AMX0035 in ALS is including
both staging systems as secondary endpoints, and
is anticipated to provide more data on their useful-
ness in a trial setting (18).

A strength of the current analysis is use of data
from a randomized, controlled clinical trial, in
which ALSFRS-R data were collected prospect-
ively. Nevertheless, the trial design posed limita-
tions for this analysis, including the limited 12
weeks’ treatment duration, and exclusion of
patients in later stages, as well as the inherent limi-
tations of post hoc analyses. Consequently, these
results should be considered exploratory. Future
studies, ideally evaluating at least 24 weeks of
treatment and direct collection of staging data, are
warranted to confirm these findings.

In conclusion, this exploratory analysis showed
the feasibility of MiToS and King’s staging as
potential outcome measures in ALS. Additional
studies of these staging systems are needed to fur-
ther explore their utility in ALS clinical trials.
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