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Abstract
Objective: To determine the target population and optimize the study design of the phase 3 clinical trial evaluating relde-
semtiv in participants with amyotrophic lateral sclerosis (ALS).
Methods: We evaluated the phase 2 study of reldesemtiv, FORTITUDE-ALS, to inform eligibility criteria and design fea-
tures that would increase trial efficiency and reduce participant burden of the phase 3 trial.
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Results: In FORTITUDE-ALS, the effect of reldesemtiv was particularly evident among participants in the intermediate-
and fast-progressing tertiles for pre-study disease progression. These participants most often had symptom onset �24
months and an ALS Functional Rating Scale-Revised (ALSFRS-R) total score �44 at baseline. Compared with the over-
all FORTITUDE-ALS population, the subgroup meeting these criteria declined by fewer ALSFRS-R points at 12 weeks
(difference of least-squares mean [SE] versus placebo 1.84 [0.49] and 0.87 [0.35] for the overall population). These
inclusion criteria will be used for the phase 3 clinical trial, COURAGE-ALS, in which the primary outcome is the
change in ALSFRS-R total score at week 24. We also measure durable medical equipment use and evaluate strength in
muscles expected to change rapidly. To reduce participant burden, study visits are often remote, and strength evaluation
is simplified to reduce time and effort.
Conclusions: In COURAGE-ALS, the phase 3 clinical trial to evaluate reldesemtiv, the sensitivity of detecting a potential
treatment effect may be increased by defining eligibility criteria that limit the proportion of participants who have slower
disease progression. Implementing remote visits and simplifying strength measurements will reduce both site and partici-
pant burden.

ClinicalTrials.gov identifiers: NCT03160898 (FORTITUDE-ALS) and NCT04944784 (COURAGE-ALS)

Keywords: Amyotrophic lateral sclerosis, randomized clinical trial, reldesemtiv, ALSFRS-R

Introduction

In recent clinical trials for amyotrophic lateral
sclerosis (ALS), much attention has been directed
to designing inclusion and exclusion criteria that
yield a study population expected to progress in a
more homogeneous manner. The edaravone devel-
opment program provides a good example of this
approach. The penultimate study noted trends
toward efficacy that were accentuated in subgroup
analyses of more rapidly progressing participants;
the pivotal studies focused on this group and
showed a statistically significant and clinically
meaningful effect (1,2). A recent trial of sodium
phenylbutyrate and taurursodiol (AMX0035) took
a similar approach, and recruited a population in
which the placebo group progressed even more
rapidly than in the edaravone studies. This study
showed a statistically significant slowing of the loss
in ALSFRS-R total score in the active-treatment
arm compared with placebo in the double-blind
phase and evidence in a post hoc analysis support-
ing the possibility of longer survival in the group
randomized to start active drug before the group
that received placebo prior to active drug in the
open-label extension (3,4).

While these studies demonstrated that choice
of inclusion criteria can modify the behavior of
study populations, regulatory guidance emphasizes
enrolling a study population that is as representa-
tive as possible of the overall disease state (5).
Thus, a balance must be struck between enrolling
participants with the greatest chance of demon-
strating a clinical response to therapy and enrolling
a cohort that is generalizable to the disease at
large. Furthermore, recruitment becomes difficult
as inclusion criteria are made more stringent. For
these reasons, despite the success of the
AMX0035 study (3), current studies have
employed less stringent inclusion criteria (6,7).

Reldesemtiv is a selective, small-molecule fast
skeletal muscle troponin activator that is being
investigated in ALS. It acts by increasing the

contractility of skeletal muscle, and is highly select-
ive for fast skeletal muscle, with minimal effect on
cardiac or slow skeletal muscle (8). Reldesemtiv has
been studied in a multicenter, placebo-controlled,
double-blind, phase 2 study, FORTITUDE-ALS
(Functional Outcomes in a Randomized Trial of
Investigational Treatment with CK-2127107 to
Understand Decline in Endpoints – in ALS). In
this trial, 458 participants with ALS were random-
ized to receive either reldesemtiv at one of three
doses or placebo for 12 weeks (9). Inclusion crite-
ria were quite broad, and subgroup analyses sug-
gested a greater signal in more rapidly progressive
participants, in keeping with the findings of the
edaravone and AMX0035 development programs.

For the phase 3 study to demonstrate efficacy
of reldesemtiv, we aimed to recruit a study popula-
tion that focused on participants with at least
intermediate rates of disease progression but did
not entirely exclude those with more slowly pro-
gressive disease. Therefore, it was essential to
establish eligibility criteria that would select these
participants and to achieve this goal, we reviewed
previously reported FORTITUDE-ALS data and
performed additional post hoc analyses. We eval-
uated several novel endpoints of strength and func-
tion based on findings in FORTITUDE-ALS. We
also recognized the burden that clinical trial par-
ticipation places on participants and their care-
givers, as well as study sites, and designed a trial
that reduced such burdens as much as possible.

Methods

We performed subgroup analyses on the
FORTITUDE-ALS primary dataset to determine
how inclusion criteria might be modified to enrich
a study population most likely to demonstrate
clinical efficacy with reldesemtiv. To identify the
subpopulation who were the best responders, pre-
specified subgroup analyses were used to examine
the potential heterogenous treatment effect among
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baseline disease characteristics. All analyses were
post hoc and p values were not adjusted for mul-
tiple comparisons.

For the design of the phase 3 trial, several
exploratory and secondary outcome measures were
modified to measure changes in muscle strength
and specific aspects of disability in an efficient and
nonburdensome manner. We also met with indi-
viduals with ALS as well as advocacy groups to
help us ensure the design was as participant
friendly as possible.

Results

FORTITUDE-ALS analyses

Analyses according to prespecified subgroups were
performed to compare change from baseline in the
ALSFRS-R total score in the FORTITUDE-ALS
full analysis set, using a mixed-model for repeated
measures as previously described (9). These analy-
ses suggested that a number of inclusion criteria
might effectively minimize enrollment of slowly
progressive participants in whom an effective treat-
ment would be more difficult to ascertain. Short
time from symptom onset, more rapid progression
prior to study initiation, and lower vital capacity at
study baseline all predicted faster progression
rates. The prestudy rate of progression was esti-
mated by assigning an ALSFRS-R value of 48 at
the time of symptom onset reported by the partici-
pant and calculating a slope from that time to the
ALSFRS-R value at baseline. Values were divided
into tertiles, resulting in slow progressors (prestudy
disease progression rate of �0.37 points per
month), intermediate progressors (pre-study dis-
ease progression rate of >0.37–0.67 points per

month), and fast progressors (prestudy disease
progression rate of >0.67 points per month). We
also reasoned that participants with high ALSFRS-
R values at baseline might be expected to progress
more slowly even with short times from symptom
onset.

The analysis of change in ALSFRS-R total
score for subgroups according to prestudy progres-
sion rate is shown in Figure 1. For a combined
subgroup of participants in the intermediate- and
fast-progressing tertiles, those randomized to relde-
semtiv declined by fewer points versus placebo at
12 weeks (LS mean difference: 1.15 points,
p¼ 0.011). Although participants in the slowest
progressing tertile accrued some benefit from relde-
semtiv, the change from baseline at 12 weeks was
not statistically significant versus placebo. This
finding was consistent with results of other ALS
trials, suggesting that focusing on patients with
more rapid disease progression could potentially
more readily demonstrate treatment benefit (1–4).

While in this post hoc analysis, excluding the
slowest progressing tertile made the impact of
reldesemtiv more evident, our goal remained to
enroll a study population with a range of progres-
sion rates. Characteristics of participants in each
tertile were examined to identify variables with
potential to minimize but not exclude participants
with slowly progressive disease. Of 43 participants
with baseline ALSFRS-R total score �45, 41 were
in the slowest progressing tertile. In addition, of
among 143 participants with symptoms >24
months, 85 were slow progressors and only 9 were
fast progressors. Those with symptom onset �24
months before baseline and baseline ALSFRS-R
total score of �44 progressed more quickly than
the overall study population, and the point
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estimate of the effect of reldesemtiv was also
increased (Table 1). On the basis of these analyses,
and the need to enroll participants with a reason-
ably broad spectrum of disease, we concluded that
inclusion criteria of symptom onset �24 months
before baseline and maximum baseline ALSFRS-R
total score �44 would result in enrolling more par-
ticipants with fast and intermediate progression of
disease, without completely excluding those with
slow progression.

Another approach that has been previously
employed is to select participants according to El
Escorial diagnostic criteria (i.e. definite vs probable
vs possible ALS). However, although participants
diagnosed according to these categories do differ
modestly in their progression rates, the variability
of rate is actually increased in the more diffuse cat-
egories compared with possible ALS (10). This
increased range of progression rates is in part what
we wished to avoid. Secondarily, even in experi-
enced hands, there is significant error in how peo-
ple with ALS are categorized (11).

Design of COURAGE-ALS: novel outcome measures
and reduced burden for participants

Taken together, the efficacy and safety data from
FORTITUDE-ALS supported evaluation of relde-
semtiv in a clinical trial with longer treatment dur-
ation. Informed by the subgroup analyses
discussed above, COURAGE-ALS (Clinical
Outcomes Using Reldesemtiv on ALSFRS-R in a
Global Evaluation in ALS) has been designed as a
multicenter, randomized, double-blind, placebo-
controlled trial with the primary objective of
assessing the effect of reldesemtiv on functional out-
comes. Secondary objectives include a combined
assessment of function, respiratory insufficiency,
and survival, as well as changes in ventilatory func-
tion, quality of life, and muscle strength.

The trial was designed by the COURAGE-ALS
Executive Committee and the study sponsor,
Cytokinetics, Incorporated, with input from care-
givers and people living with ALS. The protocol
minimized the number of in-clinic visits in favor of
remote encounters. For remote visits, all partici-
pants receive a mobile device with connectivity to
perform a tele-visit and pre-loaded with required
applications, including spirometry and the disease-
specific quality-of-life questionnaire, Amyotrophic
Lateral Sclerosis Assessment Questionnaire
(ALSAQ-40). Samples for safety laboratory tests
are also collected at home. To maximize data
acquisition, home vital capacity assessments are
performed using a video link with a trained
evaluator.

The trial is registered at ClinicalTrials.gov
(NCT04944784) and EudraCT (2020-
004040-29).T
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Study design

An overview of the design and schedule of visits
is shown in Figure 2. A 24-week randomized
double-blind, placebo-controlled period is fol-
lowed by a 24-week period when all participants
receive reldesemtiv. During the second period,
participants and site staff remain blinded to the
initial treatment assignment. Those who com-
plete dosing through week 48 may enter an
open-label extension; alternatively, participants
not entering the extension will have a follow-up
visit after 4 weeks. Participants are enrolled
from approximately 80 clinical trial sites in
Australia, Canada, Europe, and the United
States. Approximately 555 participants meeting
eligibility requirements at screening will be
randomized in a 2:1 ratio to reldesemtiv 300mg
twice daily (bid) or matching placebo tablets for
the first 24-week double-blind period.
Randomization is determined using a central
interactive web-response system and stratified by
use/nonuse of riluzole and use/nonuse of edara-
vone (either oral or intravenous in geographies
where it is approved).

As shown in Figure 2, there are up to eight
clinic visits (Screening, day 1, weeks 4, 12, 24, 36,
48, and follow-up) and nine remote assessment
visits (with an accompanying video call required
except for visits only collecting safety laboratory
test samples). For remote assessments, a trained
evaluator performs the ALSFRS-R obtained via
telemedicine and observes and coaches the partici-
pant as they perform the forced vital capacity
(FVC) remotely, mirroring procedures for in-clinic
assessment. After the randomization visit, in-clinic
visits can be converted to remote visits at the dis-
cretion of the investigator, if deemed in the partici-
pant’s best interest.

In addition to study drug, participants are to
receive standard of care for ALS according to the
local region, as determined by the physician in dis-
cussion with the participant. For those receiving
sodium phenylbutyrate/taurursodiol, edaravone or
riluzole, participants must be on stable treatment
before the trial and, following randomization, these
therapies will ideally not be stopped or started. If
additional agents are approved by local regulators
for the treatment of ALS in specific regions, their
use will be allowed in those regions during both
the placebo-controlled and open-label periods.

Study population. The inclusion and exclusion
criteria for COURAGE-ALS are summarized in
Tables 2 and 3. As discussed above, these criteria
have been modified from the FORTITUDE-ALS
design, with the aim of minimizing the proportion
of participants with slowly progressive disease
without entirely excluding them. To help reduce
the number of such participants, inclusion criteria
restrict time from ALS symptom onset to �24
months and ALSFRS-R total score at screening
to �44.

Study dose. The FORTITUDE-ALS trial dis-
cussed above was a dose-ranging study, in which
participants with ALS were randomized 1:1:1:1 to
12 weeks of placebo or reldesemtiv at 150mg bid,
300mg bid, or 450mg bid. All three reldesemtiv
dose levels had similar effects versus placebo on
changes in ALSFRS-R and slow vital capacity
(SVC), although the more complete experience in
the reldesemtiv clinical development program indi-
cates that higher exposures are associated with
greater increases relative to placebo in skeletal
muscle force production. However, 450mg bid
was associated with higher rates of adverse events
(AEs) related to nausea, decline in estimated
glomerular filtration rate, elevations in alanine

Participants with 
ALS and:
• FVC ≥65.0%
• Symptoms 
  ≤24 months
• ALSFRS-R ≤44
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Screen D1 W2 W4 W8 W12 W16 W20 W24 W26 W52
Follow up
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(N = 555)
Stratification:

riluzole &
edaravone

Reldesemtiv 300 mg bid

Reldesemtiv
300 mg bidPlacebo

Study visits

In-Clinic Remote Both in-clinic & remote

ALSFRS-R
FVC

ALSAQ-40
Muscle strength

Laboratory samples
EQ-5D-5L and EQ-VAS

W28 W32 W36 W40 W44 W48

Figure 2. COURAGE-ALS study design schematic. Participants completing week 48 may enter a planned open-label extension instead
of the 4-week follow-up. ALSAQ-40: Amyotrophic Lateral Sclerosis Assessment Questionnaire; ALSFRS-R: Amyotrophic Lateral
Sclerosis Functional Rating Scale-Revised; EQ-5D-5L: EuroQol-5-dimension-5-level; EQ-VAS: EuroQol Visual Analogue Scale; FVC:
forced vital capacity
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aminotransferase and aspartate aminotransferase
and early termination of study drug than lower
dose levels; consequently, 300mg bid (for a total
daily dose of 600mg) of reldesemtiv was chosen for
evaluation in COURAGE-ALS.

Study assessments. Key assessments are shown
in Figure 2. The ALSFRS-R and the FVC (safety
permitting) will be completed at each study visit.
Novel assessments include home FVC, which is
measured both at scheduled remote visits and
within 3 days of an in-clinic visit, to allow for dir-
ect comparison of clinic and home values. FVC
was chosen rather than SVC given the paucity of
home spirometers validated to perform SVC at the
time we were selecting a device; studies have
found that in those with ALS, the two measure-
ments are strongly correlated (14,15). Quantitative
muscle testing is assessed bilaterally for three
intrinsic hand muscles. Evaluators who perform
the ALSFRS-R, forced vital capacity, hand-held
dynamometry, and grip strength receive trial-

specific training and are required to pass associated
tests that provide certification.

An additional novel measure assesses use of dur-
able medical equipment, including manual or
power wheelchairs, speech-generating devices, non-
invasive ventilation, or a gastrostomy tube. When it
is first prescribed and agreed to by the participant,
and the reason why the equipment was obtained
will be recorded and specific definitions will be
used to capture timing and extent of use (Table 4).

Time to first hospitalization and number of
hospitalizations will be recorded, and the investiga-
tor will determine if the hospitalization is related
or unrelated to ALS. Hospitalizations unrelated to
ALS are those that would have occurred even
without the presence of ALS, such as acute appen-
dicitis. Hospitalizations deemed related to ALS
cover those that are related to disease progression,
occur to address an ongoing ALS symptom or to
be preventative (such as hospitalization for feeding
tube), as well as those to address a complication of
a treatment being administered for ALS.

Table 2. COURAGE-ALS key inclusion criteria.

� Men and women aged 18–80 years at screening
� Diagnosis of familial or sporadic ALS
� First symptom of ALS �24 months prior to screening

� Qualifying symptoms limited to manifestations of weakness in extremity, bulbar, or respiratory muscles
� Cramps, fasciculations, or fatigue in isolation were not to be considered as a first symptom of ALS

� ALSFRS-R total score �44 at screeninga

� Upright FVC �65.0% of predicted for age, height, sex, and ethnicity at screening
� Able to perform reproducible pulmonary function testsb

� Taking standard-of-care treatments for ALS for �30 days prior to screening or not taking such treatments for �30 days prior to
screeningc

� Able to swallow whole tablets

Diagnosis of familial or sporadic ALS according to El Escorial criteria (12). FVC according to Global Lung Initiative
equation/reference values (13).

aParticipants with a total score of �45 can be re-screened once 60±7 days after the original screening date and are eligible if their
ALSFRS-R total score was �44 or if their score is �2 lower than at initial screening.

bDefined as being able to perform FVC at screening with variability of the two highest raw values of <10% with a maximum of five
trials permitted.

cParticipants not on stable doses at their original screening can be re-screened once the necessary time interval has passed.
ALS: amyotrophic lateral sclerosis; ALSFRS-R: ALS Functional Rating Scale-Revised; FVC: forced vital capacity.

Table 3. COURAGE-ALS key exclusion criteria.

� Other medically significant neurological conditions that could interfere with the assessment of ALS symptoms, signs, or
progression

� Any medically significant cardiac, pulmonary, gastrointestinal, musculoskeletal, or psychiatric illness that might interfere with the
participant’s ability to comply with study procedures or that might confound the interpretation of clinical safety or efficacy dataa

� eGFRCysC <45.0mL/min/1.73 m2 at screening
� Has received or is considering receiving during the course of the trial any form of gene therapy or stem cell therapy for the

treatment of ALS, or a diaphragmatic pacing system
� Use of a strong CYP3A4 inhibitor within 7 days prior to first dose of study drug or a strong CYP3A4 inducer within 14 days

prior to first dose of study drug
� Use of a medication that is an OCT1/OCT2 substrate within 7 days prior to first dose of study drug
� Has a tracheostomy
aParticipants with poorly controlled systemic hypertension at their original screening can be re-screened once the hypertension is
adequately controlled.

CYP: cytochrome P450; eGFRCysC: estimated glomerular filtration rate calculated using cystatin C; OCT: organic cation transporter.
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Two standardized measures of health status,
the EQ-5D-5L (EuroQol-5-dimension-5-level) and
the EQ-VAS (EuroQol Visual Analogue Scale), as
well as the ALSAQ-40 will be completed at all in-
clinic visits except week 4. The BDI-FS (Beck
Depression Inventory-Fast Screen) will be assessed
at all in-clinic study visits. Time spent in each
stage according to the Milano-Torino Staging
(MiToS) system and number of participants whose
transition stages over the course of the trial were
selected as exploratory endpoints based on a post
hoc analysis of the 12-week treatment period of
FORTITUDE-ALS, which suggested that patients
randomized to reldesemtiv may be at reduced risk
for transitioning to a later stage (16). Given the
mechanism of action of reldesemtiv, it may be more
likely to delay complete functional loss as meas-
ured by MiToS than delay progression of signs
and/or symptoms of upper or lower motor neuron
manifestations into a new region as measured by
King’s staging (16). Prespecified endpoints are
summarized in Table 5.

Safety will be assessed by monitoring AEs,
physical examination, assessment of vital signs, 12-
lead electrocardiograms, neurological exams, and
clinical laboratory tests.

Statistical considerations

Efficacy analyses will be performed on the full ana-
lysis set, which includes all randomized partici-
pants who receive at least one dose of study drug
and have a baseline efficacy assessment and at least

one post-baseline efficacy assessment during the
double-blind placebo-controlled period.
Participants will be analyzed according to the
treatment group to which they were assigned at
randomization.

With 2:1 randomization to reldesemtiv and pla-
cebo, it was calculated that a sample size of
approximately 555 participants will be required to
achieve at least 90% power to detect a 1.8-point
treatment difference between reldesemtiv 300mg
bid or placebo in the change from baseline to week
24 in ALSFRS-R total score. The treatment differ-
ence was estimated from the previous phase 2
study with 0.87-point mean treatment difference at
Week 12, and assuming the separation trend con-
tinues to Week 24. This calculation is based on a
two-sample t-test with two-sided alpha at 0.05
level, a common standard deviation of 5.5 points,
and accounting for missing data due to early treat-
ment terminations.

An independent, unblinded Data Monitoring
Committee (DMC) will regularly review the data
for safety and will also conduct two planned
interim data reviews during this adaptive design
study. First, 12 weeks after at least one-third of
the planned study population has been random-
ized, they will assess the effect of reldesemtiv on
ALSFRS-R total score change from baseline to
week 12. If there appears to be a lack of effect in
this first interim analysis, the DMC may recom-
mend stopping the trial due to futility; if futility is
not found, the trial will continue. Second, 24
weeks after at least one-third of the planned study

Table 4. Dates for milestones of DME use in COURAGE-ALS.

Type of DME

Milestone Manual wheelchair Power wheelchair
Noninvasive
ventilation PEG AAC

Acceptance Prescribed and agreed to accept
Received Has obtained but not using
First use Use for any reason

and in any
location

Use for any reason
and in any
location

Any use outside of
being instructed
on how to use
it—can be day or
night use

Any use outside of
being instructed
on how to use it
or solely flushing
it

Can be for the
purposes of
administering
medication, free
water, and
nutrition

Any use outside of
being instructed
on how to use for
the purposes of
communicating
with someone

Regular use Daily use (any
duration)

Daily use (any
duration)

Daily use (can be
day or night use)
for �4 hours
per 24 h

Daily use for
replacing or
supplementing
1� meals per day

Daily use for the
purposes of
communicating
with someone

Dependence Nonambulatory,
wheelchair-
dependent

Nonambulatory,
wheelchair-
dependent

Uses �22hours per
24 hours

Uses for essentially
all nutrition, may
still take food by
mouth for
pleasure

Uses for all
communication

DME: durable medical equipment; PEG: percutaneous endoscopic gastrostomy; AAC: augmentative and alternative communication.
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population has been randomized, the DMC will
assess whether the trial has adequate power to
achieve a statistically significant effect on the pri-
mary endpoint in the final primary analysis, given
the planned enrollment. The DMC may make a
recommendation to (1) stop the trial if continuing
is futile, (2) to increase the trial by a prespecified
fixed number if continuing is promising, or (3) to
continue as planned if the interim data do not sug-
gest the first two options. This method is referred
to as the CDL adaptive method and was initially
proposed by Chen, DeMets, and Lan (17), later
extended by Gao, Ware and Mehta (18), and
Mehta and Pocock (19).

Discussion

COURAGE-ALS is a phase 3 trial designed to con-
firm the efficacy of the fast skeletal muscle troponin
activator reldesemtiv in ALS. When planning the
clinical trial protocol, we assessed other recent ALS
studies as well as subgroup analyses of the phase 2

study of reldesemtiv to identify factors that will
enrich the study population with people whose ALS
is progressing more rapidly and increase the prob-
ability of determining treatment benefit. Inclusion
criteria have been carefully considered, with the
aim of recruiting a participant cohort that provides
good representation of all those living with ALS but
progresses in a manner that allows for increased
sensitivity to detect the impact of reldesemtiv on dis-
ease progression. The 24/44 criteria (symptoms of
no more than 24 months and a maximum
ALSFRS-R score of 44) are expected to enrich the
population for intermediate and fast progressors
and are practical from the standpoint of determin-
ing eligibility at screening. These inclusion criteria
provide the opportunity for a broader population to
be included in the trial compared with requiring a
specific prestudy rate of disease progression or a
run-in period requiring a set change in the
ALSFRS-R total score. To avoid being too nar-
row—and wanting to balance the desire to identify
a study population most likely to benefit with the

Table 5. COURAGE-ALS study endpoints.

Objectives Endpoint(s)

To assess the effect of reldesemtiv versus placebo on:
Primary
� Functional outcomes � Change from baseline to week 24 in ALSFRS-R total scorea

Secondary
� Combined functional and survival outcomes � Combined assessment of change in ALSFRS-R total score, time to onset

of respiratory insufficiency, and survival time up to week 24
� Ventilatory function � Change from baseline to week 24 in the percent predicted FVC
� Quality of life � Change from baseline to week 24 in the ALSAQ-40 total score
� Handgrip strength � Change from baseline to week 24 in handgrip strength (average of both

hands)
Exploratory
� Progression of ALS � Changes in durable medical equipment items from randomization to week

24 and week 48
� Change from baseline to week 24 in the four subdomain scores of the

ALSFRS-R
� Time spent in each MiToS stage and number of participants who

transition stages from baseline to week 24
� Change from baseline to week 48 in ALSFRS-R total score
� Change from baseline to week 48 in FVC
� Combined assessment of change in ALSFRS-R total score, time to onset

of respiratory insufficiency, and survival time up to Week 48
� Change from baseline to Week 24 in the mega-score of muscle strength

measured by hand-held dynamometry in bilateral first dorsal interosseous
muscles, abductor pollicus brevis muscles, or abductor digiti minimi
muscles

� Change from baseline to week 24 and week 48 in the EQ-5D-5L
� Change from baseline to week 24 and week 48 in the EQ-VAS
� Time to first hospitalization, in the periods to week 24 and week 48

Safety
To assess the safety and tolerability of

reldesemtiv compared with placebo
� Participant incidence of adverse events and serious adverse events

aThe primary estimand will be the difference in the mean changes from baseline to Week 24 in ALSFRS-R total score between
patients randomized to placebo and those randomized to reldesemtiv during the placebo-controlled double-blind treatment in the full
analysis set. Analysis with a mixed-model for repeated measures is planned, and specific analyses will be finalized in a statistical
analysis plan prior to database lock. The family-wise error rate at overall alpha of 0.05 will be controlled using a closed testing
procedure.

ALSAQ-40: Amyotrophic Lateral Sclerosis Assessment Questionnaire; EQ-5D-5L: EuroQol-5D-5L; EQ VAS: EuroQol Visual
Analogue Scale; FVC: forced vital capacity; MiToS: Milano-Torino Staging.
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practical need to complete recruitment in a reason-
able time frame—COURAGE-ALS neither has
inclusion criteria of a maximum FVC value of 80%
nor does it exclude those with slow prestudy disease
progression.

It should be noted that for vital capacity, it is
possible that our calculation method could poten-
tially impact trial eligibility related to the minimum
FVC permitted (�65.0%). In FORTITUDE-ALS,
we instituted using the global lung initiative equa-
tion to determine the percent predicted value given
it is based on a worldwide, large and recent com-
pilation of normative data; this has continued in
COURAGE-ALS. As well as trial eligibility, this
has the potential to impact time to initiate nonin-
vasive ventilation and to obtain a percutaneous
endoscopic gastrostomy if these decisions are
driven upon reaching a specific percent predicted
FVC value (20).

The study design also includes several nontra-
ditional endpoints. Use of durable medical equip-
ment reflects the level of disability reached by
participants, and complements the functional
assessment of the ALSFRS-R. We continue to
assess strength, but in a manner that is less effort-
ful than previous trials. Home testing of FVC
offers the ability to obtain this measure without
requiring monthly in-clinic visits and permits more
rapid intervention when milestones are reached.
Finally, the use of remote visits makes this trial as
participant friendly as possible.

While the inclusion criteria for COURAGE-
ALS are stricter than for FORTITUDE-ALS, they
are still less stringent than those employed in
either the edaravone or AMX0035 development
programs (2,3), an approach that should increase
the number of people with ALS who are eligible to
participate in the trial. We have also endeavored to
minimize the burden of clinical trial participation.
Recognizing that frequent in-clinic visits become
increasingly problematic with ALS progression, the
trial was designed to reduce the number of in-
clinic visits while continuing to assess disease pro-
gression monthly via tele-visits. We hope that the
combination of the inclusion criteria and the par-
ticipant-friendly design will allow for rapid recruit-
ment and completion of this study.

It is important to recognize that the
COURAGE-ALS inclusion criteria, as well as
those of recent positive studies, are not intended
to select for a disease phenotype that is uniquely
responsive to any specific drug. Rather, such crite-
ria are intended to identify a group in which a gen-
erally effective therapy may be efficiently
evaluated. New insights into ALS pathophysiology
may ultimately result in the identification of
patient subgroups that respond to one form of
therapy but not another. For example, drugs tar-
geting the reduction of neuroinflammation might

be assumed to be more effective in patients with
high levels of inflammatory markers. Appropriate
selection for such studies might rationally target
some patients and exclude others. In contrast, we
believe that, should COURAGE-ALS demonstrate
efficacy, the effect could be reasonably expected to
translate to the wide range of patients with ALS,
including those who, for reasons of clinical trial
efficiency, may not have been included in the trial
itself.
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