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Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive neu-
rodegenerative disease resulting in loss of motor neurons,
weakness, and death commonly due to respiratory failure,
with a median survival of around 3-5 years. Despite con-
siderable advances in the understanding of aetiology and
pathophysiology, interventions that modify the natural
disease course remain limited. At present available treat-
ments can minimally prolong survival (riluzole) or slow
functional decline (edaravone) and non-invasive ventilation
(NIV) can prolong survival and improve quality of life in
suitable patients, but tolerability can be a limiting factor.
As a result, there remains a clear need for novel therapeutic
approaches in ALS. In this month’s journal club, we review
three clinical trials evaluating new treatments for ALS; tofer-
sen, levosimendan and combined regulatory T-Lymphocyte/
IL-2 therapy.

Trial of antisense oligonucleotide tofersen
for SOD1 ALS

Mutations in the gene encoding superoxide dismutase 1
(SOD1) result in destabilisation, disorder, and aggregation
of the mutant SOD1 protein, and have been found to be asso-
ciated with ALS. Tofersen is an antisense oligonucleotide
which is administered intrathecally and reduces the synthesis
of SOD1 protein.
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In this phase 3 multi-centre trial, 108 participants were
randomly assigned in a 2:1 ratio to receive a bolus of tofer-
sen (100 mg; n="72) or an equivalent volume of placebo
(artificial cerebrospinal fluid; n =36). Over 24 weeks par-
ticipants received three doses once every 2 weeks, followed
by five doses once every 4 weeks. The primary endpoint
was a change in ALS Functional Rating Scale-Revised
(ALSFRS-R) score from baseline to week 28, among partici-
pants predicted to have faster disease progression (n=60),
which was based upon SOD1 mutation type and the pre-
study ALSFRS-R slope decline. No significant difference in
change in ALSFRS-R score was found between the tofersen
(n=39) and placebo (n=21) subgroups. Similarly, there
were no differences observed in the secondary endpoints in
this subgroup, which included slow vital capacity (SVC) and
handheld dynamometry.

Ninety-five patients participated in an open-label exten-
sion and a subsequent combined analysis at week 52 found
that all those who were given tofersen at the start of the trial,
had a smaller decline in the ALSFRS-R score, percentage
of predicted SVC, and handheld dynamometry megascore,
compared to those who had delayed treatment. Furthermore,
total SOD1 protein cerebrospinal fluid (CSF) concentrations
and neurofilament light chain plasma concentrations, were
also reduced in the early-start group.

Serious neurologic adverse events occurred in 7% of
those who received tofersen and included myelitis, aseptic
meningitis, lumbar radiculopathy, raised intracranial pres-
sure and papilloedema. 58% of patients in the tofersen-group
had a CSF pleocytosis.

Comment: Despite positive findings in biochemical profiles,
this phase 3 trial reports no clinical benefit of treatment with
tofersen in SOD1 ALS over 28 weeks. Although findings
appear more positive at 52 weeks in those starting tofersen
early, the authors comment that because there was no plan
for adjustment of the widths of confidence intervals for mul-
tiple comparisons in the combined analysis, no conclusions
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can be drawn from these results. Further limitations included
the need for imputation of 20% of the endpoint data and the
results of the 28-week trial being known at the time of the
analysis of the 52-week data. Given the risk of neurologic
adverse events, treatment with tofersen is not without risk. In
addition, the consequences of CSF pleocytosis in more than
half of those treated, along with a raised CSF protein, should
tofersen be used over longer periods, is unclear. Larger trials
would be of value to further establish longer-term efficacy
when initiated early in the disease course.

Miller et al. (2022) N Engl J Med. 387:1099-110.

Safety and efficacy of oral levosimendan

in people with amyotrophic lateral
sclerosis (the REFALS study): a randomised,
double-blind, placebo-controlled phase 3
trial

Levosimendan is a calcium sensitiser that increases myocyte
contractility and has previously been used in decompensated
cardiac failure due to its positive inotropic effect. In this
multi-centre, phase 3 trial, 496 participants with laboratory-
supported probable, probable, or definite ALS according to
El Escorial revised criteria, were randomly allocated in a 2:1
ratio to oral levosimendan (n=329) or placebo (n=167).
Participants had a disease duration of 1248 months at entry
(mean, 25.9 months) and required a sitting SVC between 60
and 90% of predicted normal. Patients taking riluzole (83%)
or edaravone (18%) were included in the study. Participants
were given 1 mg once a day for 2 weeks, increasing to 1 mg
twice a day if tolerated, for 48 weeks.

There was no significant difference between treatment
groups in the primary endpoint (change from baseline in
supine SVC of predicted normal), nor did any secondary
endpoints differ at 48 weeks (including change in the com-
bined assessment of function and survival; a rank score
based on the change in ALSFRS-R score adjusted according
to survival time). Around a quarter of participants treated
with levosimendan experienced adverse events leading to
discontinuation, the most common being increased heart rate
and headache. However, there was no difference in the per-
centage of serious adverse events (SAE’s) between groups.
Fatal serious adverse events in the levosimendan-group
(n=27) included respiratory failure (n=11), ALS (n=4),
respiratory depression (n=3), and pulmonary embolism
(n=2).

Comment: Despite previously being shown to improve dia-
phragm neuromechanical efficiency by 21% in healthy vol-
unteers, levosimendan did not significantly improve respira-
tory function or overall functionality in ALS. Furthermore,
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despite the lack of any new safety concerns, there was a
relatively high discontinuation rate secondary to adverse
events in the levosimendan-treated group. Limitations in the
wider applicability of the study include inclusion criteria,
which allowed for a relatively high disease duration at trial
entry, and the lack of consideration of the pre-study disease
progression rate. It may also be relevant to note that a high
percentage of participants were also taking riluzole, which
may have affected results. Future studies might be directed
towards assessing the effect of higher doses of levosimendan
in those with shorter disease duration and more rapidly pro-
gressive disease.

Cudkowicz et al. (2021) Lancet Neurol. 20: 821-31.

Combined regulatory T lymphocyte

and IL-2 treatment is safe, tolerable,

and biologically active for 1 year in persons
with amyotrophic lateral sclerosis

Regulatory T lymphocytes (Tregs) are a subpopulation of T
cells (CD4*CD25*FOXP3™") that regulate immune system
homeostasis, suppressing immune response, and thereby
preventing autoimmunity. In ALS, normal Treg suppressive
function is impaired and treatment with expanded autolo-
gous Tregs, alongside interleukin-2 (IL-2), has been pro-
posed as a possible disease-modifying treatment.

In this 24-week randomised-controlled trial, 7 partici-
pants with possible, probable, laboratory-supported prob-
able, or definite ALS based on El Escorial criteria, under-
went leukapheresis and were then randomised in a 1:1 ratio
to receive Treg infusions (1 X 106 cells/kg, intravenously
every 4 weeks; n=3) with IL-2 injections (2 x 105 IU/m?
injections 3 times per week) or placebo (n=4). Mean dis-
ease duration was 17.7 months. Six participants entered a
24-week open-label extension, and 2 additional participants
entered directly: all participants received increasing doses of
Treg infusions/IL-2 injections (2 X 106 cells/kg and 3 X 106
cells/kg at 4-week intervals).

The primary endpoint (change in Treg suppressive func-
tion from baseline to week 24 assessed using peripheral
blood) was not significantly different between groups. How-
ever, in those receiving Treg infusions, change in suppres-
sive function was 26% higher. There was no evidence of a
dose-dependent response in suppressive function or Treg
numbers. Six out of 8 participants showed intermediate to no
disease progression (as measured by the ALSFRS-R score)
in a post-hoc analysis of the open-label extension. Although
adverse events were common in Treg/IL-2 participants, they
were generally mild and included injection site erythema,
fatigue, myalgia, and headache. Several infections were
also reported; urinary tract (n=1), upper respiratory tract
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(n=1), and COVID-19 (n=1), and one participant had a
raised alanine aminotransferase. However, no participants
discontinued Treg/IL-2 therapy.

Comment: This study was limited by small participant num-
bers and larger trials are clearly needed to evaluate the effi-
cacy and longer-term safety profile of Treg/IL-2 treatment in
ALS. It should also be noted that at baseline 66% of partici-
pants in the RCT were on riluzole, 16% were on edaravone
and 16% were using NIV, which may have affected results.
The authors also comment that the use of Treg/IL-2 therapy
may be limited in patients with elevated proinflammatory
cytokines and oxidative stress markers, as found in the
two participants who continued to rapidly progress despite
treatment. Future trials therefore should consider the use of
larger/more frequent doses to try and counter this, although
dose-escalation in these 2 participants failed to result in a
treatment response.

Thonhoff et al. (2022) Neurol Neuroimmunol Neuroin-
flamm. 9(6):€200019.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer


http://creativecommons.org/licenses/by/4.0/

	Amyotrophic lateral sclerosis: an update on treatments from clinical trials
	Introduction
	Trial of antisense oligonucleotide tofersen for SOD1 ALS
	Safety and efficacy of oral levosimendan in people with amyotrophic lateral sclerosis (the REFALS study): a randomised, double-blind, placebo-controlled phase 3 trial
	Combined regulatory T lymphocyte and IL-2 treatment is safe, tolerable, and biologically active for 1 year in persons with amyotrophic lateral sclerosis




