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SUMMARY

Levosimendan is in clinical development for the treatment of respiratory function in
amyotrophic lateral sclerosis (ALS). ALS is a progressive disease of the nervous system,
where nerve cells in the brain and spinal cord that control voluntary movement
gradually deteriorate, causing loss of muscle function and paralysis. The gradual loss of
neurons leads to a paralysing effect on muscles used for breathing, which usually leads
to death from respiratory failure. Treatment options for patients with ALS are
extremely limited with current treatment revolving around supporting breathing.

Levosimendan works through binding to a protein called troponin C, which sensitises
cardiac and skeletal muscles to calcium and increases their force of contraction. This
increased force of contraction is thought to increase diaphragm function and support
respiratory dysfunction. Levosimendan is given as an oral capsule and if licensed, it will
offer a treatment option for patients with ALS, potentially delaying the need for
mechanical ventilation support.

PROPOSED INDICATION

This briefing reflects the evidence available at the time of writing and a limited literature search. It is not
intended to be a definitive statement on the safety, efficacy or effectiveness of the health technology covered
and should not be used for commercial purposes or commissioning without additional information. A version of
the briefing was sent to the company for a factual accuracy check. The company was available to comment.
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Levosimendan for the treatment of respiratory dysfunction in adult patients with amyotrophic
lateral sclerosis (ALS).>14

TECHNOLOGY

DESCRIPTION

Levosimendan (ODM-109) is a calcium sensitizer being developed for the treatment of
respiratory dysfunction in patients with ALS. Levosimendan operates through binding
selectively to troponin C, sensitising cardiac and skeletal muscles to calcium, leading to an
increase in the force of contraction.’ Effects of levosimendan increasing diaphragm function
suggest a possible new application in improving respiratory function in patients with
amyotrophic lateral sclerosis (ALS).6

Levosimendan is in phase 1l clinical development for the treatment of respiratory dysfunction
in patients diagnosed with amyotrophic lateral sclerosis (ALS). In the phase Il clinical trial
(NCT03505021; REFALS) patients receive levosimendan 1mg oral capsules, once to twice a
day, for a total treatment duration of 48 weeks. ?

INNOVATION AND/OR ADVANTAGES

Treatment options for patients with ALS are extremely limited with no drugs currently
available that significantly slow progression, and offer substantial clinical benefit.” Riluzole
(Rilutek) is currently the only drug licensed for treating ALS in the UK. The licensed indication
of riluzole is to extend life or the time to mechanical ventilation for individuals with ALS.2

Levosimendan may provide additional improved treatment options for ALS patients, through
its’ novel mechanism of sensitising cardiac and skeletal muscles to calcium, and increasing
diaphragm force contraction. A previous study showed Levosimendan improved
neuromechanical efficiency of human diaphragm function by 21% in healthy people.’

DEVELOPMENT STATUS AND/OR REGULATORY DESIGNATIONS

Levosimendan is currently licensed as a 24-hour intravenous (V) infusion for the short-term
treatment of acutely decompensated severe chronic heart failure in several EU countries
(excluding the UK).2® Common side effects reported in this population for IV levosimendan
include; hypotension, headache, atrial fibrillation, hypokalemia and tachycardia.l*

Levosimendan is currently in investigator-initiated clinical studies for advanced chronic heart
failure (Phase Ill) and for pulmonary hypertension (Phase Il completed in June 2020, by Tenax
Therapuetics).?

Levosimendan (administration as oral capsules) was designated as an orphan drugin the EU in
February 2018 for the treatment of ALS.'3

a Information provided by Orion Pharma (UK) Ltd on UK PharmaScan
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PATIENT GROUP

DISEASE BACKGROUND

Amyotrophic lateral sclerosis (ALS) is the most common type of motor neurone disease (MND),
accounting for 65% to 85% of cases.!* MND is a disorder that can affect adults of any age. It is
most common in people aged 55-79 years, and onset below the age of 40 years is uncommon.*®
ALS is a progressive disease, where nerve cells in the brain and spinal cord that control
voluntary movement gradually deteriorate, causing loss of muscle function and paralysis. The
exact causes of ALS are unknown, however genetic and environmental factors are thought to
be involved.!®

There are two types of ALS - sporadic (sALS) and familial (fALS). The majority of ALS cases
(>90%) are sALS, while around 5-10% are fALS. ¢

The symptoms of ALS depend on which muscles weaken first, and include loss of balance, loss
of control of hand and arm movement, and difficulty speaking, swallowing and breathing. ALS
usually starts in mid-life and men are more likely to develop the disease than women are. Poor
respiratory function is a major source of disability, fatigue, morbidity and mortality in patients
with ALS. Death occurring from respiratory failure, because of diaphragmatic weakness,
typically occurs within 3-5 years of disease onset. 71316

Progressive disease often require patients to be placed on non-invasive mechanical ventilation
support, in order to maintain respiratory function.®

CLINICAL NEED AND BURDEN OF DISEASE

It is estimated that there around 4,000 people living with MND in England and Wales at any
one time.'® There are no specific defined UK patient number figures for ALS, however a recent
study by Gowland et al. pooled data from two regions of south-east England to generate robust
incidence and prevalence rate estimates for ALS in the UK. Pooled data generated an overall
incidence rate standardised to the UK population of 2.74 per 100,000 person-years in 2010,
while the point prevalence was estimated at 8.30 per 100,000 in 2010. Future projections
estimated an increase in the total number of people newly diagnosed with ALS per year in the
UK from 1,415in 2010to 1,701 in 2020 and 2,635in 2116.Y7

Hospital admissions data for England in 2018-2019 recorded 4,328 finished consultant
episodes (FCE) for MND (ICD 10: G12.2), 2,612 hospital admissions, 875 day cases and 24,607
FCE bed days.'®

Approximately 50% of patients with ALS die within 30 months of symptom onset, often from

respiratory insufficiency,'”?° however about 10% of patients may survive for more than a
decade.?!

PATIENT TREATMENT PATHWAY

TREATMENT PATHWAY

There is no cure for ALS, and as such, treatment revolves around maintaining patient’s
functional ability (e.g. respiratory function, nutritional intake and communication). Care for
people with MND varies across England and Wales, with MND care centres and networks
providing coordinated multidisciplinary care. A multidisciplinary team composing of;
neurologists, specialist nurses, dieticians, physiotherapists, occupational therapists,
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respiratory physiologists and speech and language therapists should be employed throughout
the treatment. ®

For ALS patients with respiratory dysfunction, non-invasive ventilation is provided to support
breathing. Other treatment options for breathlessness recommended in the NICE guidelines
include opioids and benzodiazepines.'?

CURRENT TREATMENT OPTIONS

According to the NICE treatment pathway, current treatment options for respiratory
dysfunction in patients with ALS include:142223

¢ Riluzole to extend life or the time to mechanical ventilation or,

e Opioids or benzodiazepines to specifically manage breathlessness (these medicines do
not have a UK MA for this indication, off-license prescription should follow the relevant
guidelines) or,

¢ Non-invasive ventilation

PLACE OF TECHNOLOGY

If licensed, levosimendan will offer an additional treatment option for ALS patients to manage
and delay the development of respiratory dysfunction, and potentially delay the need for
mechanical ventilation support. It may be added to existing standard care.”

CLINICAL TRIAL SUMMARY INFORMATION

Trial LEVALS; NCT02487407; Effects of ODM-109 on
Respiratory Function in Patients With ALS. A Randomized,
Double Blind, Placebo-controlled, Cross-over, 3-period,
Multicenter Study With Open-label Follow-up Extension
Phase Il - completed

Location(s): 4 EU countries (including UK)

Actual study completion date: June 2017

Trial design Randomised, crossover assignment, quadruple blinded
(participant, care provider, investigator, outcomes assessor)
Population N=66, Subjects with diagnosis of laboratory supported

probable, probable or definite ALS and an upright slow vital
capacity (SVC) between 60-90% of the predicted value for
age, height and sex at screening visit; aged 18 years and older.

Intervention(s) Levosimendan 1mg oral capsule
Comparator(s) Levosimendan oral placebo capsule
Outcome(s) Pulmonary assessment using slow vital capacity (SVC).

See trial record for full list of other outcomes

Results (efficacy) Levosimendan did not achieve the primary endpoint of
improving sitting SVC in ALS. Sitting SVC was not significantly
different between the treatments. However, in post-hoc
analysis, supine SVCindicated a dose-related treatment effect
favouring levosimendan against placebo.”

Results (safety) Levosimendan was generally well tolerated. However,
headache and increased heart rate were more common during
treatment compared to placebo.”

b Information provided by Orion Pharma (UK) Ltd on UK PharmaScan
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https://clinicaltrials.gov/ct2/show/NCT02487407

Trial

REFALS; NCT03505021; Effects of
Oral Levosimendan (ODM-109) on
Respiratory Function in Patients
With ALS

Phase Il - ongoing

Location(s):EU (including UK), US
and other countries.
Primary completion

date: 30

REFALS-ES; NCT03948178; Effects
of Oral Levosimendan (ODM-109)
on Respiratory Function in Patients
With ALS: Open-Label Extension
for Patients Completing Study
3119002

Phase Il
REFALS)

(Extension Study to

August 2020 Location: Spain
Primary completion date: July 2022
Trial design Randomised, parallel assignment, | Single group assignment, no masking
qguadruple blinded (participant, care | (open label)
provider, investigator, outcomes
assessor)
Population N=450 (planned), Subjects with | N=450 (planned), Subjects who

diagnosis of laboratory supported
probable, probable or definite ALS
and a sitting slow vital capacity
(SVC) between 60-90% of the
predicted value for age, height and
sex at screening visit; aged 18 years
to 120 years. Disease duration from
symptom onset (defined as first
muscle weakness or dysarthria) 12
- 48 months at baseline. If started
prior to the study entry, patients are
allowed to stay on stable dose of
riluzole (and/or edaravone in the
us).

completed 48 weeks of treatment
according to the REFALS study
protocol; able to swallow study
treatment capsules at the time of
completing 48 weeks dosing in the
REFALS study.

Intervention(s)

Levosimendan 1mg oral capsule
once or twice daily

Levosimendan 1mg oral capsule

once or twice daily

Comparator(s)

Levosimendan oral placebo capsule

No comparator

Outcome(s)

Primary outcome:

Pulmonary assessment comparing
the change in supine slow vital
capacity (SVC) from baseline to 12
weeks vs placebo.

CAFS (combined assessment of
functionality and survival); ALSFRS-
R; Time to respiratory event; Time
to NIV/Tracheostomy/death

See trial record for full list of other
outcomes

Adverse Events (AE) ; Changes in
pulse/heart rate values; Abnormal
12-lead ECG findings
ALSFRS-R and others

See trial record for full list of other
outcomes

Results (efficacy)

Results (safety)
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https://clinicaltrials.gov/ct2/show/NCT03505021
https://clinicaltrials.gov/ct2/show/NCT03948178

ESTIMATED COST

| The cost of levosimendan is not yet known.

RELEVANT GUIDANCE

NICE GUIDANCE

e NICE technology appraisal in development. Masitinib for treating amyotrophic lateral
sclerosis (GID-TA10157). Expected publication date to be confirmed.

e NICE technology appraisal. Guidance on the use of Riluzole (Rilutek) for the treatment of
Motor Neurone Disease (TA20). January 2001.

e NICE clinical guideline. Motor neurone disease: assessment and management (NG24). July
2019.

e NICE quality standard. Motor neurone disease (QS5126). July 2016.

e NICE interventional procedures guidance (IPG593). September 2017.

NHS ENGLAND (POLICY/COMMISSIONING) GUIDANCE

o NHS England. 2013/14 NHS Standard Contract for Neurosciences: Specialised Neurology
(Adult). DO4/S/a.

o NHS England. 2013/14 NHS Standard Contract for Specialised rehabilitation for patients
with highly complex needs (All ages). D02/S/a

OTHER GUIDANCE

e Royal College of General Practitioners and Motor Neurone Disease Association. Motor
neurone disease: a guide for GPs and primary care teams. 2018.24

ADDITIONAL INFORMATION
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