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Glossary

Term Description

ALSFRS-R The most commonly used measurement in MND clinical
trials

ALSUI An MND disease-specific preference-based utility measure

Cost-benefit analysis

A comparison of at least 2 interventions in which both
costs and benefits (health outcomes etc) are expressed in
monetary terms.

Cost-utility analysis

Cost-effectiveness analysis which compares at least 2
interventions in terms of incremental cost per QALY.
Cost-utility is the preferred analysis for NICE technology
appraisals.

Discounting

The rate (usually annually) at which future benefits and
costs are reduced by to estimate a present value for these
outcomes. This is done as future gains are valued less than
those accrued in the present and future costs are
considered preferable to costs incurred earlier.

EQ-5D

A generic preference-based utility measure and the
preferred source for health utility data for NICE
technology appraisals.

EQ-VAS

The visual analogue component of the EQ-5D measure,
which is not preference-based but is reported to validate
the utilities produced by the EQ-5D.

Extra-welfarism

Broadens the evaluative space defined by welfarism to
include additional considerations along with utility.

Health-related quality of life
(HR-QoL)

A measure which estimates the impact of health on a
person’s quality of life.

Health Technology The process by which a new health technology is assessed

Assessment (HTA) as to whether it is value for money and whether it should
be funded from a healthcare budget.

Kings staging A commonly used clinical staging system to monitor

MND disease progression. The Kings staging system
focuses on the number of body region affected by MND.

Incremental cost-
effectiveness ratio (ICER)

A measure showing the economic value of an intervention
in terms of incremental benefits provided divided by
incremental costs of the intervention.

Intervention A new potential healthcare treatment being compared
against current treatment options.

Mapping The term given to the statistical process of linking two
different measurements/questionnaires together via the use
of an algorithm.

Modelling A health economic model is a simplified description of the

treatment pathway and the specific healthcare decision
problem. Models can be used to extrapolate data to
provide outcome measurements beyond those in clinical
trials.

MiToS staging

A commonly used MND clinical staging model which
focuses on the number of functioning domains in which

Xi



independence has been lost.

P value

The probability that a result has occurred by chance — the
smaller a p value the more likely it has not occurred by
chance.

Probabilistic sensitivity
analysis

When all parameter inputs in a model are varied at the
same time by applying underlying distributions around
input values. Usually repeated many times (e.g 10,000)
with results averaged. Deemed more accurate than
deterministic analysis (which use only point estimates).

Quality-adjusted life year
(QALY)

1 Quality-adjusted life year is equal to 1 year of perfect
health. The measure combines length of life and quality of
those life years resulting from alternative interventions.

Randomised controlled trial
(RCT)

The gold standard clinical trial design in which
participants are randomly allocated to treatment groups to
reduce the level of bias in results. This should ensure an
even split in terms of key prognostic characteristics
between treatment groups in the trial.

Scenario analysis

Analysis which estimates the impact of a change in
assumptions used within a model.

Sensitivity analysis

Analysis which estimates the impact of changing one or
more input parameters to cost-effectiveness results.

Statistical significance

Where a result is not likely to have occurred due to chance
and is likely to have occurred due to an intervention.
Usually estimated through a small p value (e.g less than
0.05)

Systematic review

A comprehensive review with a clearly expressed research
question answered by a systematic and reproducible search
strategy.

Utility

A value derived from the desirability of a given health
state.

Welfare economics

Focuses on the sum of individual utility as the relevant
outcome of evaluations.

Key Abbreviations
Description
ALS Amyotrophic Lateral Sclerosis
ALSFRS-R Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised
ALSUI Amyotrophic Lateral Sclerosis Utility Index
CBA Cost-benefit analysis
CEA Cost-effectiveness analysis
EMA European Medicines Agency
FDA Food and Drug Administration
HTA Health Technology Assessment
HST Highly Specialised Technologies
ICER Incremental Cost-effectiveness Ratio
MND Motor Neurone Disease

Xii



NICE

National Institute of Health and Care Excellence

NHS National Health Service

PRO-ACT Pooled Resource Open-Access ALS Clinical Trials
PSA Probabilistic sensitivity analyses

TONIC Trajectories of Outcome in Neurological Conditions
QALY Quality adjusted life year
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Abstract

Background

Motor Neurone Disease (MND) is a devastating condition, leading to progressive
neurodegeneration resulting in reduced functioning. It is a fatal condition, with death
occurring around 3 years from symptom onset. Few treatment options exist currently, with
only 1 disease-modifying (riluzole) recommended for use in the National Health Service
(NHS) to date. With research on-going into potential new treatments for MND, there is a
need for a robust health economic framework by which to assess estimate their value, long-
term health benefits and costs. This thesis aims to identify key considerations and challenges
in health technology assessment (HTA) of new MND treatments and to provide empirical

data and analysis which can be used in these HTAs.

Methods

A range of health economic methods are used. These include a systematic review to
highlight current evidence gaps and critique the methods used in published studies. Statistical
mapping using two commonly used models (ordinary least squares [OLS] and Tobit
regression) is undertaken to link MND specific measures to the EQ-5D-5L, both directly and
indirectly. Cross-sectional data is utilised from the Trajectories of Outcome in Neurological
Conditions (TONIC) study to estimate health utility and costs for two commonly used MND
staging systems (Kings and MiToS). A Markov model approach is used to estimate the cost-
effective of edaravone, a potential new MND treatment, using data from TONiC study and
the Pooled Resource Open-Access ALS Clinical Trials (PRO-ACT) dataset (a large dataset of
patient level data from failed MND trials) and results are presented from a UK health payer

perspective.

Results

43 studies were included in the systematic review. This review showed that the current
evidence base for health economic evaluations in MND is limited, with few studies reporting
results by relevant disease measures. It is possible to map from the most commonly used
MND specific disease measure, the ALSFRS-R, to the generic EQ-5D-5L measure with an
acceptable level of accuracy which can address some of these limitations, with OLS
regression providing the best fit to the observed data. Mean health utility of patients in the
TONiIC-MND dataset was 0.57 (n=595). Health state utility decreases (from 0.76 to 0.50

Xiv



using Kings ALS staging and 0.71 to 0.25 using MiToS staging) and health state costs
increase (from £1,096 to £3,311 using Kings ALS staging and from £1,115 to £2,899 using
MiToS staging over a 3-month period) as disease severity increases. Edaravone is associated
with a high incremental cost-effectiveness ratio (ICER) estimate of £1,423,985 per quality-
adjusted-life-year (QALY). The cost of the drug, and the significant drug administration
costs, both significantly contributed to this estimate. This estimate was also sensitive to
assumptions regarding treatment effectiveness, treatment initiation and stopping rules, and
transition probability sources used. The economic evaluation of edaravone highlights some of

the challenges that may face other potential MND treatments.

Conclusions

Few health economic studies have been published in MND. This thesis adds to the limited
evidence base by providing key information on parameters which are essential in performing
health economic analysis. This evidence is provided according to well accepted disease
staging models and future research should take these frameworks into account when
designing studies. Further understandings of MND subgroups may help the development of
treatments for MND. This thesis identifies challenges facing the assessment of new
treatments for MND and provides new information, including the use of appropriate health
economic methods, which can be used to reduce the high levels of uncertainty that will likely

be associated with assessments of these new treatments.
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Chapter one

Introduction

Motor Neurone Disease (MND) has a devastating impact on those who are diagnosed with
this fatal condition and on those who care for people with MND [1]. Limited treatment
options exist, and research continues to find a cure or treatments that can halt disease
progression [2]. This thesis focuses on MND in terms of the health economic considerations
of new potential treatments for the condition. The thesis is composed of several investigative
chapters, which focus on presenting different types of evidence which can be used to inform
health economic evaluations of MND treatments. This evidence was generated by the
collection and analysis of empirical data and application of relevant health economic

methods.

This chapter provides the background to both MND and the fundamental aspects of health
economics, with a focus on health economic principles commonly used in health technology
assessments (HTA). It begins with key aspects of the condition in terms of its epidemiology,
risk factors, diagnosis and current treatment options. It also highlights the impact on those
who live with the condition and their caregivers. This provides the backdrop to the thesis and

highlights the need for the work that will be presented in the chapters that follow.

There have been studies which describe the condition [3,4], and its associated symptoms, but
fewer studies have reported empirical evidence to inform health economic evaluations of
treatments for MND or have carried out a health economic evaluation of potential MND
treatments [5]. The research in this thesis was motivated by the desire to add to this limited
evidence base. This chapter outlines the research undertaken in the thesis. It introduces some
of the key themes and relevant considerations that run throughout the thesis. It also details the

specific aims of the thesis. These were:

e Highlight the current evidence base of health economic evidence in MND
populations, detail the methodology used in the identified studies and provide a
narrative on areas of uncertainty

e Provide a statistical link from a commonly used MND disease-specific measure to the

preference-based EQ-5D-5L measure



e Present health state costs and utilities by accepted MND health staging systems from
a UK perspective

e Estimate the clinical and cost-effectiveness of edaravone, a new potential treatment
for MND, from a UK health payer perspective. In addition, provide a narrative on the
likely challenges that new treatments for MND will face in demonstrating cost-

effectiveness

These aims along, with the objectives are described in more detail later in this chapter in

section 1.7.

1.1 Principal data sources used in this thesis

Chapters in this thesis make use of several key data sources. These datasets are described

below.

Trajectories of Outcome in Neurological Conditions (TONIC) study

TONIC is a large longitudinal study into the factors that influence quality of life in people
with MND in the UK [6]. The TONIC study included any person with MND, as it aimed to
include people from across the MND severity spectrum at various stages of disease
progression. It is comprised of many questionnaires, covering a wide range of aspects of
living with MND. This thesis uses relevant questionnaires which cover health economic
aspects. This involved people with MND responding (or their carers responding on their
behalf) to questions regarding physical and emotional wellbeing, as well as economic
impacts. Several research papers have already used this resource [7,8] with more studies
planned. Databases such as TONiC will be valuable in adding to the limited evidence base as
it contains a depth of disease-specific information. This thesis benefited from the use of
baseline data from the TONiC study, in particular chapters 3,4 and 5. The TONiC study is
still ongoing and should prove to be a valuable source of data for quality of life research in
MND. This is particularly true when longitudinal data has been collected in sufficient

numbers, which can investigate how quality of life and clinical outcomes change over time.

PRO-ACT dataset



Another database used in this thesis is the Pooled Resource Open-Access ALS Clinical Trials
(PRO-ACT) database [9]. The usefulness of this resource is clear as it combines pooled
patient observation data from 23 phase II and phase III trials and one large observational
study in MND, and these numbers are expected to increase over time. The dataset includes
trials which were carried out across various countries. It provides longitudinal data in key
clinical areas which allows insights into outcomes (such as survival) over time. It is publicly
available, making it accessible to researchers. This database is used in chapter five, utilising
this resource to match patients in this database to the strict inclusion criteria of the pivotal

edaravone trial (see next section 1.4 for more information on edaravone) [10].

1.2 Motor Neurone Disease

Motor Neurone Disease (MND), also known as Amyotrophic Lateral Sclerosis (ALS), is an
incurable neurodegenerative condition, which leads to a progressive loss of motor function
and eventual death [11]. The terms MND and ALS are sometimes used interchangeably,
since around 90% of MND cases are the mixed ALS form which is also referred to as
Progressive Muscular Atrophy (PMA). The other 10 percent of MND cases are terms as
Primary Lateral Sclerosis (PLS), and these MND cases tend to have a slower rate of
progression [12]. In MND the nerve cells (motor neurones) stop transmitting signals to the
muscles in the body, resulting in muscle stiffness and wastage. This leads to a loss of loss of
movement in arms and legs and other body regions, impacting the ability to carry out
everyday tasks. The condition is characterised by large levels of heterogeneity across
patients, including differing rate of disease progression, adding to the complexity of care

[13].

Epidemiology and aetiology

MND is associated with a life expectancy of around 3 years from symptom onset [14].
Prevalence estimates vary, with an estimated incidence rate of around 3 per 100,000 in the
UK [15]. There are an estimated 4000 to 5000 people living with MND in the UK [16]. With
this level of prevalence, MND can be considered a rare disease and the implications of this in
relation to this thesis are discussed in detail in section 1.6. The number of people living with

MND is expected to increase as life-expectancies continue to rise. The cause of the disease is

3



unknown and research is continuing in this area to better understand the underlying
mechanisms which play a role in MND, with certain environmental and lifestyle risk factors
identified such as smoking, age or exposure to certain substances [17]. Only around 5%-10%
of MND is believed to be familial (inherited), with the majority termed as sporadic MND
[18]. The mean age of MND onset is mean age at onset is between 58—63 years, with the
condition mainly affecting those between the years of 50 and 70, however MND onset can

occur at any age [19].

MND consists of several subgroups, depending on which types of motor neurones are
affected first by the condition, although symptoms between subgroups can overlap
particularly as the disease progresses. Amyotrophic lateral sclerosis (ALS) is the primary
subgroup with around 80% of MND patients with this diagnosis, where symptoms tend to
start in the hands and feet, however the term ALS is commonly used in the U.S to describe all
MND types [20]. Progressive Bulbar Palsy (PBP) makes up around 20% - 30% of those with
MND, where the muscles first affected are those responsible for talking and eating [20].
Rarer forms of MND include Progressive Muscular Atrophy (PMA) and primary lateral
sclerosis (PLS). Prognosis can differ depending on the site of symptom onset, with bulbar
onset associated with poorer prognosis [21]. MND is a highly heterogeneous disease and

predicting accurate survival times using various prognostic factors can be difficult [22,23].

Diagnosis

Diagnosing the condition is difficult, as some of the symptoms can be similar to those
experienced in other neurological conditions [24]. Symptoms can be mild at the beginning of
the disease. Therefore, a diagnosis can take time to confirm and can typically take around a
year [25]. Tests must be done to rule out other possible conditions. The El Escorial criteria
can be used to help diagnose MND (allows various levels of diagnostic certainty: definite,
probable, possible and suspected) and the criteria is often used in clinical trial eligibility.
Timely diagnosis can help initiate early interventions, which can improve clinical outcomes

[26].

Any voluntary muscle can be affected by the condition. Cognitive impairment can also occur,
but many people with MND do not experience substantial deterioration in cognition, although

it is more common in the later stages of the disease [27]. MND impacts on the ability to



communicate when the muscles responsible for speaking and breathing become affected [28].
The condition can also have a major impact on carers, particularly at later stages of the

disease, when assistance is needed to carry out everyday tasks [29].

1.3 Clinical staging and disease-specific measures in Motor Neurone Disease

Measurement of disease progression in chronic diseases like MND is important. It allows
better understanding of how the disease is impacting on people with MND and their
caregivers [30]. This can inform discussions regarding treatments and help advise on
adaptions. Measures used to record disease progression in any condition should capture
important clinically meaningful changes to patients and be sensitive to these changes along
the disease course. These clinically meaningful changes may also be economically
meaningful, with changes to treatment need and resource use. Disease-specific measures can
also be used to inform clinical staging systems, which identifies unique health states that

patients may be in across the course of the disease.

Amyotrophic Lateral Sclerosis Functional Rating Scale- Revised (ALSFRS-R)

The ALSFRS-R is an MND specific questionnaire and the most used measure of clinical
effectiveness in clinical trials of treatment for MND [31]. It is comprised of 12 questions with
domains including bulbar (speech, salivation, swallowing), fine motor (handwriting, cutting
food, dressing/hygiene) gross motor (turning in bed, walking, climbing stairs) and respiratory
(dyspnoea, orthopnoea and respiratory insufficiency). Each question has five possible
responses which vary in level of disease severity, with a score for each item ranging from 0
(lowest functioning) to 4 (no functional loss). Therefore, the full index score for the
ALSFRS-R ranges from 0 to 48. A structure overview of the ALSFRS-R measure can be seen

in figure 1.1.

Figure 1.1: Structure of ALSFRS-R

ALS Functional Rating Scale-Revised (ALSFRS-R)
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The ALSFRS-R is relatively simple to complete and provides information on how the disease
impacts functioning in various body regions. It can also capture whether gastrostomy or
tracheostomy has been carried out. The measure, whilst commonly used, is not without
criticism. There has been concerns about the sensitivity of the measure and the usefulness of
the full index score, as not all changes in ALSFRS-R items mean the same in terms of disease
progression or prognosis [32]. Some have advocated the development of a new measure,
amendments to the current ALSFRS-R measure, or more use of the measure’s domain rather
than the index scores as they believe that to be more clinically relevant. Some studies have
also highlighted the value of using the slopes of ALSFRS-R domains, suggesting that they
provide better statistical fits to prognostic models that the full ALSFRS-R index slope [32-
34]. One study, informed by a survey of MND clinical experts and researchers, suggested that
a 20% decrease in ALSFRS-R decline is a clinically meaningful change [35].

Clinical staging and MND

Clinical staging involves the identification of important and mutually exclusive descriptions
of health states within a disease. In such staging, all the disease population should be
assigned a stage. The use of clinical staging in health economic evaluation is increasingly
common [36,37]. A major advantage of using clinical staging in MND is that it can provide
useful information on important clinical milestones, which may not as clear when only using
results from a outcome such as the ALSFRS-R index score for example. Clinical staging can
allow differences in disease progression (as determined by transitions from better health
states to worse health states) to be detected in clinical trials for new treatments, even when
these trials are short in duration. Often, trials in MND are typically, through design, not long
enough to provide enough information on differences in overall survival, further highlighting
the usefulness of the use of clinical staging systems in clinical trials for MND. Clinical
staging also allows study of how costs change as disease progresses and treatment demands

increase.

A suitable staging model for MND should identify key clinically important distinct health
stages which capture the natural progression of the condition and can be easily applied to trial

data. The El Escorial criteria provides guidelines for diagnosing MND, based on patterns of



disease spread, but is not a staging system [26]. In Motor Neurone Disease, there has been
numerous proposed clinical staging systems, which focus on certain characteristics and

symptoms of disease progression.

While there have been several proposed systems, the main clinical staging systems in current
use include Kings ALS staging and the Milano-Torino (MiToS) staging systems [38,39].
While these staging systems have been used to monitor disease progression, they are not used
to diagnose the condition, and are not necessarily used to define a clinical stage at diagnosis.
The Kings ALS system focuses on the number of body regions which have been affected and
whether gastrostomy or non-invasive ventilation has been required. The staging of patients in

this system relies on a clinician examination. The MiToS is focused the loss of independence

in certain domains. The MiToS system is based directly on responses to items from the

ALSFRS-R measure. The Kings staging system can be also estimated from responses to
items of the ALSFRS-R, with a 92% level of accuracy, by using an algorithm [38]. The
ability to link both of these systems to the ALSFRS-R, either directly with the MiToS system

or indirectly with the Kings system, is important as the ALSFRS-R measure is commonly

used in clinical trials. A brief overview of the Kings and MiToS staging systems, and their

relationship to the ALSFRS-S, can be seen in figure 1.2.

Figure 1.2 — Kings and MiToS Staging models
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A study presenting a comparison of the Kings and MiToS staging systems showed that the
two systems can complement each other, rather than both producing the same types of
evidence [40]. The study highlighted that the distribution across stages differ between the
systems. The Kings system has a higher resolution in earlier timepoints in the disease,
whereas MiToS had higher resolution at later timepoints. This comparison study recommends
the use of both systems to describe the extent of disease progression in MND. More recently,
another staging system has been proposed called the ‘fine til 9 or FT9 system [41]. The FT9
staging system is based directly on the ALSFRS-R (like the MiToS staging system). Stages
are defined by the number of ALFSRS-R domains which have a score of 9 or less (maximum

score for each domain is 12).

Clinical staging brings a range of benefits in its use in MND clinical practice. It correlates
with key functioning decline measures and helps to account for the heterogeneity of the
condition [42]. It also helps to describe health-related quality of life and costs of the condition
at different stages. Discussion and debate continue within the MND community on how to

best monitor and describe how the disease progresses.

1.4 Current treatments, and new potential MND treatments (such as edaravone)

Current treatment options

As is the case with many rare diseases, treatment options are limited for MND. Current
treatment for MND in the UK consists of care delivered by a multidisciplinary team, which
includes a range of services such as specialist nursing, diet planning, physiotherapy and
speech and language therapy. Respiratory, psychological, and palliative care services are also
offered [43]. This type of care has been shown to increase life expectancy and quality of life
[44]. Weight loss is common in people with MND, as feeding becomes problematic, and a
gastronomy may be performed (insertion of a feeding tube) to aid with nutrition. Pain is also
experienced by many MND patients and may need to be managed [45]. Respiratory failure is
the main cause of death in MND, and non-invasive ventilation (NIV) has been shown to
prolong survival [46]. Tracheostomy ventilation (TV) can also form part of the treatment
pathway in the later stages, with careful considerations on the impact and the appropriateness
of TV [47]. NICE clinical guideline 42 outlines clinical guidance for the treatment of MND

in the NHS [48]. This guidance recommends that certain prognostic factors that are



associated with shorter survival times should be taken into account, when planning care,
including bulbar onset, weight loss, poor respiratory function, older age, lower levels of
functioning and shorter times from symptom onset to diagnosis. The guidance also
recommends that multi-disciplinary care should be tailored to each individual patient’s
symptoms, which can vary over the disease course. The guidance also explains that cognitive
function and the need for psychological support should also be monitored over time in
addition to considering the communicative functioning of the patient, as this may become

affected due to MND. The importance of end-of-life planning is also highlighted.

Only one disease-modifying drug (riluzole) has been licensed in the UK for treating the
disease. Riluzole was shown to extend survival in clinical trials compared to placebo [49].
The National Institute of Health and Care Excellence (NICE) recommend riluzole for use in
the NHS based on trial evidence that suggested it extended tracheostomy-free survival by
between 2 and 4 months. However recent research has demonstrated that the majority of the
extended survival time associated with riluzole use is spent in a severe health state [50]. The
NICE guidance on riluzole also states the likely cost-effectiveness estimates were above
£30,000 per QALY gained (the upper limit of the threshold range used by NICE) with most
plausible estimates between £34,000 and £43,500. However, it approved its use when
considerations of the severity and short life-expectancy associated with the condition along

with the value placed on tracheotomy-free survival by patients were taken into account.

As this thesis is concerned with providing evidence which aids health technology assessments
of new MND treatments, it is important to note the current environment in terms of available
and potential treatments on the horizon. Riluzole was approved for treating MND by NICE in
2001, being the first, and to date only, drug treatment with a marketing authorisation for the
condition in the UK. There have been many clinical trials since then involving a range of

drugs, but none provided robust evidence of clinical benefit [51].

Edaravone — a potential new treatment option

More recently, in 2017, edaravone was approved by the Food and Drug Agency (FDA) in the
United States. Edaravone is a free radical scavenger, which had also been approved for
treatments such as acute stroke in some countries such as Japan, although not in Europe or

the US. The mechanisms by which edaravone may slow down the functional decline of MND
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is unknown, but it is thought that oxidative stress may be one of the mechanisms involved in
MND, which edaravone may reduce [52]. An initial edaravone phase III trial failed to show a
statistical difference between the intervention and placebo group [53]. A post-hoc analysis of
this trial showed that edaravone may work better in patients who were in earlier stages of the
disease [54]. This resulted in another edaravone trial with patients who had less severe
disease (MCI186-19). The inclusion criteria for the MCI186-19 trial were strict [55]. Patients
were required to have had MND symptoms begin less than two years prior to the trial, a high
forced vital capacity and no respiratory deficit as measured by the ALSFRS-R (see section
1.4 for more details on this measure). These criteria have been criticised for representing only
a small subset of MND patients. A study by Hardiman et al. stated that if the edaravone
inclusion criteria were applied to a general register of MND patients, only 7% would have

been eligible for the trial [56].

The comparative study duration of the edaravone trial (MCI186-19) was limited to 6 months,
after which point those on the placebo arm were permitted to receive edaravone treatment.
The approval of edaravone by the FDA was based on clinical evidence presented in the
restricted population trial which showed that edaravone slowed progression, as measured by
the ALSFRS-R (see section 1.4 for a full description of this measure), by around 33%
compared to standard care, with the placebo group ALSFRS-R score declining by 7.50
compared to a 5.01 decline in the edaravone group. Therefore, the mean difference between
the groups was 2:49 (SE 0-76, 95% CI 0-99-3-98; p=0-0013) in favour of edaravone [55].
This difference was statistically significant. The FDA, however, approved edaravone for use
in the full MND population, despite no evidence it provides a clinically meaningful benefit to

those with more severe disease.

The short duration of the MCI186-19 study [55], and the relatively low disease burden in the
trial cohort, meant that differences in key clinical outcomes could not be assessed as no
deaths were observed in either group and no patients required ventilation or gastronomy by
the 6-month mark. While the decline in ALSFRS-R score was slower in the edaravone group,
long-term trial data was not presented, so the impact of edaravone on overall survival was not
investigated. Observational studies carried out since the FDA approved edaravone’s use in
the US and other locations suggests that, when used among the wider MND population, there
is likely to be little difference between the edaravone and placebo group [57,58]. The U.S list

price for edaravone results in a yearly drug cost of around $145,000 (based on 2017 price:
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converted to GBP equals to £110,637). Another important aspect of edaravone treatment is
the burdensome administration regime. Edaravone is given via intravenous infusion each day
for two weeks in the first month of treatment, with infusions given for 10 days over two
weeks in each subsequent month. There is considerable burden on patients, with most
administrations taking place in clinics, requiring travelling and time commitments [59]. The
impact (or disutility) of these aspects of edaravone treatment in MND has not been reported

but should be considered. Long term data on adverse events are also not yet available.

In May 2019, the manufacturer of edaravone withdrew its submission to the European
Medicines Agency (EMA). This was a result of the Committee for Medicinal Products for
Human use (CHMP) identifying several issues with the evidence base including the short
duration of the clinical trial (the EMA usually advocates trials of at least 12 months), small
numbers of patients enrolled and the lack of information on effect of edaravone on survival or
other important clinical outcomes [60]. The committee also noted that when patients in the
control arm of the trial were switched to edaravone, there was no noticeable treatment effect
in those who switched. In addition, the committee noted that there were imbalances in terms
of baseline disease severity, with those in the edaravone group with less severe disease on

average. The committees report states that this may have influenced trial results.

Other potential treatments

Investigations into potential new treatments for MND are ongoing and there is hope for more

treatment options to become available [61], some are highlighted briefly in this section.

The Motor Neurone Disease Association maintains a list of potentially promising new
treatments which are currently being studied in clinical trials [62]. Potential treatments which
may slow down the progression of MND include reldesemtiv, a fast-skeletal muscle troponin
activator (FSTA). A phase II trial of reldesemtiv failed to meet its primary (slow vital
capacity: SVC) or secondary (ALSFRS-R) endpoints at 12 weeks for specific treatment
groups defined by dose strength [63]. A post-hoc analysis of this trial using the pooled data
(all dosing groups combined) however did highlight a 25% decrease in the decline of the
ALSFRS-R from baseline to 12 weeks (p=0.01). The greatest ALSFRS-R benefit seen in the
gross motor domain (which covers turning in bed, walking and climbing stairs), and this
decrease in decline was statistically significant at each dose compared to placebo. This post-
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hoc analysis also showed a 27% reduction in SVC, although the p-value associated with this

was 0.10. Further clinical trials of reldesemtiv in MND are planned.

There are also several other potential treatments under review which aim to slow down the
progression of MND. These include CuATSM (Copper ATSM), which may work by
providing copper cells to damaged mitochondria, potentially improving respiratory and
cognitive function and slowing down progression. A phase II trial is ongoing after an earlier
phase 1 trial showed some promise [64]. Another potential treatment is ibudilast, an anti-
inflammatory drug. A Phase IIB/III trial is currently ongoing after an earlier phase II study
showed that some patients who took ibudilast did not experience a decline in ALSFRS-R
score [65]. Again, like in the case of edaravone, there is a belief that treatment effects of the
drug may be higher in those with less severe disease, and those included in the ongoing trial
were those with milder MND [66]. In contrast, AMX0035 (combination of sodium
phenylbutyrate and tauroursodeoxycholic acid that work to minimize cellular mechanisms
linked to cell death in ALS) is a potential treatment that may work better in those with fast

progressing disease, with a phase II trial ongoing [67].

Recent advancements in gene therapies offers a potential new aspect of treating MND,
particularly those with MND which has mutations in SOD1 or C9orf72 genes (however there
are a large range of gene mutations associated with different forms of MND and the
proportion of MND caused by SOD1 and C9orf72 gene mutations makes up a minority of the
full MND population) [68]. Gene therapies are experimental techniques, which aim to treat a
disease by modifying the patient’s genetic material, this is most commonly attempted by
introducing a health copy of the affected gene into the patient’s cells [69]. One such potential
gene therapy is tofersen, which was shown to have good tolerability in a phase 1 trial, which
a phase 3 trial now ongoing [70]. Tofersen is artificially manufactured DNA designed to bind
to SOD1 mRNA, which reduces levels of SOD1, potentially slowing progression. Research
continues in this area to find uses of gene therapy for a broad range of MND caused by
various genetic mutations. Recent approval of a gene therapy in spinal muscular atrophy
(SMA) in children is a promising development [71]. Successful development of effective
gene therapies for MND offers potential cures for the condition, which could lead to
significant health benefits although the costs of such treatments are likely to be highly
expensive which may lead to difficultly in these treatments being recommended for use in the

NHS.
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The above-mentioned treatment list is not exhaustive, but does give an indication that new
treatments may not be too far away. As can be seen from the brief discussion on potential
new treatments in the current pipeline, there are several different types of treatments under
review. Each of these have different mechanisms of action and may provide a range of
relevant benefits (varying in their desirability/utility). Each will also be subject to challenges
in demonstrating their value and long-term effects (more on this discussion can be found in
section 1.5). The next section of this chapter goes into more detail on the commonly used

outcome framework in MND.

1.5 Health economics in Motor Neurone Disease

Healthcare systems, such as the NHS, provide health services usually under the constraints of
a fixed healthcare budget. This inevitably limits the number of services that a health services
can offer. Therefore, choices need to be made as to which health interventions to fund. Each
intervention which gets funding means that another potential intervention cannot be funded.
The alternative option forgone is known as the opportunity cost. In general, healthcare
decision makers will want to ensure that the choices made provide levels of improved health
outcomes that would not been achieved using the resources (usually money) elsewhere.
Health economics can be used to estimate the desirability or value of each healthcare choice
in terms of the health benefits provided. The discipline therefore provides key analysis to aid

healthcare decision-makers.

Health economics

Health economics is a sub-discipline of economics which has seen increasing prominence in
healthcare provision and decision-making. The subject encompasses a broad range of topics
such as how health is valued (including who should value it), factors which influence health,
demand and supply of healthcare, and market equilibrium [72]. Like in other fields of
economics, there are large demands on scarce resources. Health economic analyses play a
central part in deciding whether a new intervention should be funded, knowing that this
decision means less resources for other healthcare provision. Health economic analyses need
to be accurate and use appropriate methods in order to provide a robust framework, so that

their results can be interpreted with an acceptable level of confidence and that the risk of
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decision error is reduced (risk of making an incorrect decision). A framework in this sense is
a conceptualisation of a set of rules or assumptions. A health economic framework’s
robustness is seen in its ability to capture all important aspects of the clinical and economic
elements of the condition for which the intervention is intended to treat. This also relies on
the inputs into the framework, and the sources informing them. Therefore, these sources

individually contribute to the overall robustness of any health economic framework.

Health economics is usually seen as a branch of normative economics, which involves
analysis being guided by value judgements regarding the relative desirability of different
outcomes [73]. This differs from positive economics, which outlines the relationships that
exist between variables and predict outcomes on this basis [74]. Health economics can also
offer some insights into positive economic analysis. Normative economics relies on
subjective judgements, there evitability will be debate within the field of health economics on
the relevant scope of the discipline (what are the “rules” and relevant considerations). The
aim of health economic analysis is to choose the health interventions/policies that will
maximise utility. Utility, in this context, can be thought of as the value or satisfaction derived
by different states of the world. The main paradigms of normative analyses in health

economics are rooted in welfarism and extra-welfare theory.

Welfarism

Welfarism presents how society values outcomes in terms of their desirability [75]. These
outcomes are termed as utility which is achieved by individuals. Under welfarism, it is
assumed that individuals affected are the best placed to value their own utility. Pareto
efficiency is a fundamental part of welfarism, which states that the pareto efficiency point is a
state of the world that no individual’s utility can be improved (pareto improvements) without
reducing the utility of another [76]. Pareto efficiency can be theoretically achieved with
various given sets of initial distributions of utility across society. Comparisons between states
in which some individuals’ utility is better at the expense of others utility are deemed not
possible or of limited value. Welfarism does not explicitly consider the issue of prior
distributions of utility, nor does it offer a framework for addressing equity or ethical
redistribution of utility [77]. In welfarism, social welfare (the value society places on a set of
outcomes) is the sum of individual utility. A more expansive approach is that of extra-

welfarism which rejects individual utility being the only relevant outcome in an evaluation.
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Cost-benefit analysis is used in welfarism, where all costs and benefits are expressed in
monetary terms. Cost benefit analysis allows the comparison of two or more treatment
options in terms of net monetary benefit (which is the difference in monetary benefit of an
intervention minus the costs of that intervention). Valuations of benefits can be derived
through willingness to pay surveys or discrete choice experiments (DCEs). These methods
estimate the value of certain attributes/outcomes of an intervention. Cost benefit analysis can
be difficult to carry out in health economics, as it can be difficult to attach monetary value to
certain health outcomes, although it may be used for assessing the value derived from
reduced waiting/travel times in healthcare, or valuing the benefits of a different dosing

method/frequency.

Extra-welfarism

Extra-welfarism (or non-welfarism) expands the scope of factors considered relevant in
welfarism [78]. This approach allows both individual utilities and other non-utility
parameters to form part of decision-making in relation to optimal use of resources to
maximise societal welfare. These non-utility considerations may include the characteristics of
the group which is receiving the intervention or the impact of an intervention in terms of
individual’s capabilities, well-being, or freedoms. Other relevant considerations may include
the distribution of health or incremental health gains and factors such as caregiver burden and
patient satisfaction derived from the process/type of healthcare. Influential work by Sen
helped to promote this expansion of the evaluation space in health economics in this
discussion of the capabilities approach [79]. Sen argued that utility should focus on
individuals’ freedoms and functioning, with the aim to enhance the quality of life they are
able to achieve. This is a broader definition of benefits, moving away from thinking about
individual utility to maximising health. The prominent measure used in analysis which aims
to maximise health is the quality-adjusted life year (QALY'), a combination of life years and
quality of life gained from different healthcare options [80]. Cost utility analysis is used in
extra-welfarism analysis, which estimates the incremental cost per QALY gained. Extra-
welfarism also allows for a weighting to be placed on outcomes based on prior preferences or
ethical considerations. Within this framework, decision-makers can decide the relevant value
of outcomes, informed by the analyses of health economists, experts, public opinion and
other factors. Cost-utility analyses allows comparisons to be made across different disease

areas and is the analysis which NICE recommends in manufacturer submissions. This thesis
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will focus on cost-utility analysis, and the inputs required for this analysis, for this reason.
Extra-welfarism allows discussion to move away from the restrictions of pareto efficiency. A
detailed discussion of the similarities and differences of welfarism and extra-welfarism is
offered by Brouwer et al [81]. Debate still exists between health economists on the merits of
both approaches in terms of determining the relevant considerations when deciding on the

choices between different states of the world in terms of societal desirability [82,83].

A key output of applied health economics is economic evaluations, which bring together
several aspects mentioned in the previous paragraphs. Health economic evaluations are
described below along with reference to health economic considerations which may apply to

the assessment of new treatments for MND.

Health economic evaluations

Health economic evaluations are concerned with assessing new interventions in terms of their
value for money, often under the constraints of a fixed healthcare budget. Decision makers
are faced with the task of selecting which treatments to provide. To compare the value of new
treatments we need to contrast the various outcomes and costs of potential healthcare
interventions in relation to current standard of care treatments used in clinical practice. We
also need to consider the impact of recommending one treatment as it results in reducing

funds for other healthcare expenditure, opportunity cost.

Health economic evaluations focus is on the “cost-effectiveness’ of new potential health
interventions. Cost-effectiveness presented as cost-utility analysis combines both the clinical
effectiveness (utility gain created) of an intervention with the costs of providing it. Clinical
effectiveness is usually considered in both gains in survival and improvements in health-
related quality of life. Utility (value derived from a range of health states) is the focus in
health economics. This is assumed to be captured in the QALY calculation. Whether to
expand the scope of health economic evaluations beyond those captured in the QALY
measure, or whether the QALY is the best measure to capture utility, is part of a wider debate
[84,85]. This thesis will focus on direct health benefits, due to the type of data available and
the requirements for health technology assessment (HTA) set out by the National Institute for
Health and Care Excellence (NICE) in England and HTA agencies in other nations, although
discussion is provided on certain beyond the QALY measure which may apply to MND in
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regard to reimbursement decisions (for example those taken by NICE) when assessing new

treatments for the condition.

Health utility is usually measured through the use of generic preference-based questionnaires
with health domains and can be applied across different health conditions. Utility values are
calculated (based on general population preference studies) for all possible combinations of
responses to these questionnaires, with each unique response resulting in a different utility
value [86]. The most commonly used generic preference-based measure of health in
economic evaluations in the UK (and most of Europe) is the Euro-Qol EQ-5D, which covers
five domains of health (mobility, self-care, daily activities, pain, and anxiety/depression)
[87]. The EQ-5D has several national utility datasets, including datasets for the UK (using
preferences of various health states elicited from a representative sample of the UK
population). Other examples of generic preference-based measure include the Health Utility

Index (HUI) [88] and the short-from 36 (SF-36) [89].

Two aspects of clinical effectiveness, extensions to life and improvements in health-related
quality of life, are captured in the quality-adjusted-life-year (QALY). While the use of the
QALY as the measure of utility is not without its critics and limitations, it does provide a
systematic way of valuing health gain across conditions. The QALY is calculated by

multiplying the difference in survival and quality of life provided:

QALY = life years gained x quality of life in those life years

Example: A current treatment option for a condition provides a life extension of 5 years and
an average health utility of 0.6 for those five years. Combining these two aspects yields a
QALY gain of 3 (5 x 0.6 = 3). Another treatment offers a life extension of 10 years with an
average health utility of 0.6 for those years, therefore a QALY gain of 6. Incremental QALY
gain for the new treatment is 3 QALYs.

The cost-effectiveness estimate of a treatment is normally presented as a cost per QALY
gained, compared with current treatments, and shown as an incremental cost-effectiveness
ratio (ICER). All relevant associated costs of a treatment should be considered, including
those relating to drug acquisition, administration and costs relating to adverse events, among

others. The relevance of each cost is determined by the perspective of the payer. Costs
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included in economic evaluations in the UK tend to be those relevant to healthcare providers,
which in the case of this thesis is assumed to be the NHS. Again, a wider debate exists on
whether indirect costs should be considered, for example those incurred by the patient or

caregiver or productivity costs [90].

The incremental cost-effectiveness ratio (ICER) is the incremental cost divided by the
incremental benefits and can be calculated as below (where treatment A is the new treatment

and treatment B is the comparator treatment)

ICER = (total costs treatment A - total costs treatment B)
(total QALYS treatment A - total QALY's treatment B)

NICE and health technology assessment (HTA)

Within England, NICE has a remit from the department of health to assess potential new
treatments for use on the NHS. The establishment of NICE in 1999 was in part to eliminate
the “postcode lottery”, which meant that the availability of some treatments varied by regions
of the country. NICE uses a cost per QALY approach when assessing new treatments in
terms of the value for money they offer. The ICER range NICE normally considers
acceptable per QALY gained is between £20,000 and £30,000 [91]. NICE sets out the
relevant considerations in economic evaluations in UK healthcare provision of new drug
treatments in its reference case [92]. This thesis aims to provide evidence which can be used
to satisfy key elements of this reference case. It should be noted that NICE reference case
also allows considerations of benefits that are not captured within the QALY, although it
does not state explicitly what sort of benefits can be considered under this stipulation. NICE
also allows consideration of new treatments in terms of its innovation, again the measure of

innovation is ambiguous in NICE appraisals.

The NICE reference case also states that the time horizon within an economic evaluation
should be long enough to capture all relevant benefits and costs of competing interventions.
This usually results in a lifetime horizon (which outcomes are accrued until death) being the

most appropriate in analysis which estimates impact of health interventions.
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Clinical evidence informing the effective of treatments normally comes from clinical trials,
which only provide evidence for the length of time the trial runs for. Health economics is
compatible with methods which can be used to extend the analysis of costs and benefits
beyond those observed in a clinical trial. These methods involve extrapolating outcomes well
into the future. Examples of extrapolating beyond trial data include fitting standard
parametric distributions, individual simulation models and Markov modelling. Regardless of
the methods chosen, costs and QALYs which occur in the future need to be discounted to
estimate their “present value” and reflect the fact that benefits gained in the near future are
valued higher than those gained in the long term [93]. The same logic holds for costs, those
occurred in the future are considered more desirable than costs occurred up front (inflation is
also a consideration for discounting). The current NICE reference case states a discount rate
of 3.5% should be applied to costs and benefits occurred in the future. The choice of discount
rate can significantly impact on the estimated cost-effectiveness of treatments, especially
those which have high upfront costs with most of the benefits occurring in future years.
Examples include one-off new gene therapies. NICE also states that in cases were treatments
restore those with severe or terminal disease to full health (or near full health) a discount rate
of 1.5% may be appropriate [94]. Drug manufacturers, as part of their submission to NICE,
provide an economic model (normally a cost-utility model) which uses parameters and
analysis set out in the NICE reference case. The economic model is a key component of any

NICE appraisal. A summary of the NICE reference case can be seen in table 1.1.

Table 1.1 — NICE reference case (adapted from the NICE guide to the methods of technology

assessment [91])

Health technology assessment element | Details

Defining the decision problem Outlines the assessment in terms of
population(s) to be considered (including
relevant subgroups), intervention, comparators,
outcomes and other relevant considerations.

Relevant comparators Defined by the current treatment options used
in the NHS. These may be treatments which
have been previously recommended by NICE.
In general, relevant comparators are those who
form part of routine care and whose use would
continue unless displaced by the intervention
under appraisal.

NICE committees may also relevant
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comparators after considering a fully
incremental analysis.

Perspective - outcomes

Direct health benefits for patients. Where
relevant, carer health benefits can also be
considered.

Perspective - costs

Costs paid by the National Health Service
(NHS) and Personal Social Services (PSS)

Evaluation type

Cost-utility analyses with fully incremental
analyses.

Time horizon

Long enough duration to capture all important
changes in costs and outcomes. In many
evaluations this will be a lifetime horizon.

Evidence synthesis

Systematic review

Measuring and valuing health

Health outcomes expressed in quality-adjusted
life years (QALYSs). The EQ-5D is NICE’s
preferred of health-related quality of life in
adults.

Source of preference data (HR-QoL)

Reported directly from patients and. where
relevant, carers.

Equity considerations

QALYs are considered to be of equal weight
(value) regardless of the characteristics of
those who receive them. There are some
exceptions to this component, for example
NICE’s end of life criteria (proposed to be
replaced) or the proposed severity modifier.

Resource use and costs

Prices relevant to the NHS or PSS.

Discounting

Currently 3.5% annually for both costs and
outcomes

Health economics and MND

As mentioned earlier in this chapter, NICE recommended riluzole in 2001 for MND. This

recommendation was based on analysis which presented a most plausible ICER range
between £34,000 to £43,500 per QALY gained. This was above the range normally
considered cost-effective but took into account other considerations (see opening section of

this chapter [95]. In 2009, NICE introduced its criteria by which a higher willingness-to-pay

20



threshold (up to £50,000 per QALY gained) can be applied to life extending treatments at the
end of life (NICE’s end of life criteria). Although some research in this area shows that
people may not value treatments which extend survival at the end of life as highly as the
increased threshold would suggest [96]. This additional weighting applied to health gains in
conditions which are considered to have low life expectancy could be seen through the lens
of an extra-welfarism framework, which allows other considerations to enter the evaluation
process. For a new treatment to meet these criteria, people with the condition should normally
be expected to live less than 2 years with the current standard of care. In addition, the
treatment should extend life by more than 3 months. In the context of MND, with its life
expectancy at just over 2 years, treatments would unlikely meet these criteria, although NICE
committees have shown some flexibility in its application of this criteria when conditions
have life expectancies just above 2 years. It should be noted that treatments for later stages of
MND, as defined by either the Kings or MiToS system, or subgroups with fast progressing

disease may meet the criteria [38.39].

NICE also has a highly specialised technologies (HST) programme, which considers rare
conditions which are treated in a small number of specialised centres [94]. Treatments which
meet the HST criteria can be associated with a significantly higher cost-effective estimates,
with a usual acceptable ICER up to £100,000 per QALY gained. The reason that NICE has
this program, which can use different methods, is to incentive the development of drugs for
rare diseases as it can sometimes be difficult for manufacturers to recoup their investment in
drugs (although see section 1.6 for a wider discussion on the debate surrounding the funding
of treatments for rare diseases). The acceptable ICER threshold can go up further, to
£300,000, if the treatment provides substantial additional QALY's, on average, compared to
standard care. Treatments for the full MND population would not meet the HST criteria as set
out by NICE as the number of people with the condition would be considered too high (4000-
5000), based on the population sizes accepted previously. In addition, the number of
specialist MND centres in England is also likely to be considered too many to meet HST
inclusion. However, treatments which target specific smaller subsets of MND populations,
such as those intended for SOD1 and C9orf72 genes may be considered for HST inclusion as
the numbers in these subgroups are likely to be sufficiently small (see section 1.3). These
treatments may also require highly trained health professionals to administer and monitor
their use, which may only be possible to provide at only a few specialist centres, thus meeting
this criteria.
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Potential new treatments for MND may face issues in demonstrating cost-effectiveness at
traditional willingness to pay thresholds. This is because the recurring costs of MND care can
be high [97]. Therefore, treatments which do not cure the condition, but rather prolong
survival (sometimes in health states with relatively low utility values), result in these
healthcare costs being accrued for longer compared to standard care. Higher background
costs associated with condition means a higher QALY gain is needed from a treatment to
make it cost-effective. The price of the treatment, which is likely to be in addition to
background care in the case of MND, also plays a critical role in determining the chances of
it being cost-effective. There has been debate in the literature regarding scenarios like this,
including when treatments can be shown to not be cost-effective even at a zero price [98].
However, it is generally accepted that all relevant costs should be included in cost-
effectiveness analysis. Further issues can be encountered when the administration costs of
new treatments are higher than those used in standard care. This is the case for edaravone,
which is administered intravenously, compared to riluzole, which is taken orally, and which
has generic versions available. However, future possible treatments which potentially offer a
cure, or offer large survival gains in relatively high functioning health states, may not incur

significant background care costs but provide high incremental QALY gains.

Relatively few health economic evaluations have been published that consider treatments for
MND, compared to the number of such studies in other disease areas. This is likely related to
the fact that only riluzole has been approved by the European Medicines Agency (EMA) for
treating MND. With the development of new and relevant clinical staging models, there is
potential for a greater understanding of how potential new treatments may impact time spent
in clinically and economically important health stages (see section 1.4). One example of this
is analysis which has applied the Kings ALS staging system to riluzole clinical trial data. In
previous analysis, using an older clinical staging system, riluzole was estimated to prolong
life across mild, moderate and more severe health stages [49]. Using the Kings ALS staging,
however, showed that the increased survival associated with riluzole use was experienced

mostly in the most severe Kings stage (stage 4) [50].

1.6 Rare diseases: Implications for decision making
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The issue of disease rarity is interesting and challenging when it comes to healthcare
provision. The generation of evidence is usually more difficult for treatments indicated for
rare conditions and trial data may be limited to single-arm trials with low numbers enrolled.
Rare diseases can also be associated with higher levels of heterogeneity, making comparisons
with current care hard and adds uncertainty to the extrapolation of results over a lifetime time
horizon. There are many rare diseases, with the World Health Organisation estimating that
there are between 5,000 to 8,000 [99] Many of these rare diseases have limited treatment
options available, although there has been large growth in this area of healthcare in terms of
research and development of orphan drugs. A drug can given orphan status by the EMA if it
meets certain criteria [100] including:
e that it must intended for a condition that is life-threatening or chronically disabling,
and
e the prevalence of the condition must not be more than 5 in 10,000 (or it is unlikely
that marketing of the treatment would cover the costs of development), and
e there is no satisfactory currently available treatment or if such a treatment option
exists, the new treatment should offer significant benefit to those affected by the

condition.

Considering the above criterion, treatments for MND would be strong candidates for orphan
status in Europe. There is a debate in healthcare decision making over whether special
consideration should be given to the funding and provision of treatments for rarer diseases.
Several studies have shown that people appear to not have a preference to fund rarer diseases
over more common ones [101,102]. Some of these studies, however, have also shown that
some factors may incline people to divert more funding to rare diseases. These factors
include the severity of the disease and whether there are any alternative treatments currently
available to treat it [103]. Indeed, NICE highlighted these considerations when assessing
riluzole [95]. Decisions to fund expensive treatments for rare diseases means that there is less
funding for other conditions. NICE, informed by a report from its citizens council, does not
regard disease rarity in itself to be a justification to recommend use of expensive drugs, but
rarity does often play an indirect role in both its highly specialised technology program [94]
and its end of life criteria [96] (both which allow a higher willingness-to-pay cost per QALY
threshold). So, while orphan status is granted to treatments for rare diseases, NICE does not

necessarily give formal special considerations to orphan status treatments in its HTA
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programme. Treatments for very rare conditions (which will also be classed as orphan drugs),
which meet NICE’s Highly Specialised Technology criterion, NICE uses a higher acceptable
ICER threshold (£100,000 per QALY gained) and allows treatments which provide
substantial QALY gains to have ICERs up to £300,000 per QALY gained. Treatments which
go through NICE’s HST programme are more likely be allowed to be assessed using a 1.5%
discount rate (due to the nature of conditions considered in the HST programme), as opposed
to the standard 3.5% rate, which results in more favourable cost-effectiveness results (as
future health benefits value is increased). NICE outlines the creation applied in deciding

which treatments are considered under its HST methods [94], which outlines that:

e The target patient group for the technology in its licensed indication is
so small that treatment will usually be concentrated in very few centres
in the NHS;

e The target patient group is distinct for clinical reasons;

e The condition is chronic and severely disabling;

e The technology is expected to be used exclusively in the context of a
highly specialised service;

e The technology is likely to have a very high acquisition cost;

e The technology has the potential for life long use;

e The need for national commissioning of the technology is significant.

MND can be considered a rare disease although, due to the short life expectancy associated
with the condition, the lifetime risk of having MND is around 1 in 300 to 350 [104,105]. As
highlighted, this level of rarity also means that treatments for MND can be considers as
orphan drugs, which allows manufacturers to gain certain benefits which help reduce the
costs of bringing the treatment to market and increase the commercial opportunities if
marketing authorisation is granted. MND is also certainly a severe condition with limited
treatment options. While this thesis does not directly address the issue of funding for rare
diseases, it is important to note that (due to its poor prognosis) MND can be thought of as a
rare disease and this may impact on funding and drug development considerations. A strong
motivation for this thesis comes the desire to address the fact that the evidence base in terms

of health economics is limited for MND, due to its rarity. Many aspects of the thesis are tied
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together by the issues of rarity and generating relevant evidence for HTA of potential new

treatments (see section 1.7).

Development of drugs by pharmaceutical companies can be less lucrative, due to the smaller
populations of patients with these conditions. However there has been criticism for some
policy initiatives that incentivise drug manufacturers to develop treatments for rare
conditions, as for some companies the revenue gained from the sale of orphan drugs make up
a large proportion of their profits [ 106]. Incentives offered in the EU include longer patent
durations and tax breaks and some commentators have questioned if these incentives are too
generous [107]. Many manufacturers of drugs for treating rare diseases charge high prices,
which leads to access issues for patients as these treatments struggle to be deemed cost-

effective.

1.7 Aims and objectives of this thesis

The overall aim of the thesis is to identify and describe the health economic evidence base in
MND and add to this with relevant information on which can inform future health economic
assessments of MND treatments. It also aims to provide insights into the cost burden of MND
on the NHS and further inform on the impact of the condition on patients. A key
consideration in the analysis undertaken in this thesis was to present the results of the
empirical data by the structures of well accepted MND staging systems, making them

relevant to current needs.

The aims and objectives outlined in this section cover fundamental aspects required to inform
health decision-making for new MND treatments, therefore the scope of research is aligned to
the NICE reference case (such as systematic review, outcomes, measuring and valuing health,
costs from an NHS perspective, cost-utility analyses— see table 1.1). Discussion on some
topics which may expand this scope is also presented. These objectives contributed to the

overall aim of the thesis.

Aims and objectives of chapters in thesis

Chapter two aims to provide a summary and a methodological critique of the current
evidence base in terms of research in health economic aspects of MND. The objectives by

which addresses this aim involves a systematic review, which assesses the current evidence
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regarding cost, health utility and economic evaluations in MND. This assessment also
outlines both the results reported in the various included studies but also, perhaps more
importantly, provides a critic of the methodology used across these analyses. A
comprehensive review allows important gaps in the literature to be identified and
recommendations to be made on how the rest of the research in this thesis can help to address
some of these uncertainties. This is an important first piece of research as no systematic
review has previously combined the range of studies which may inform healthcare provision

decision-making or provided a narrative on the methods used.

Chapter three aims to investigate if there is a statistical link between the ALSFRS-R, the most
commonly used measure in MND clinical trials, and the Euro-QoL EQ-5D-5L measure, a
commonly used generic preference-based measure. The chapter’s objectives are to provide
analysis which makes use of the earlier described TONiC dataset which included outcomes
for both of these measures from a UK MND population. This linking, known as mapping or
cross walking, adds value when the EQ-5D has not been collected within a clinical trial for
MND, which is frequently the case. This analysis also makes use of the multi-level aspect of
the ALSFRS-R measure, testing the statistical merits of using the index, domain and
individual item scores to estimate EQ-5D-5L utilities. The chapter also reports results of this
mapping analysis when using the ALS utility index, a preference-based disease specific

measure for MND which is structured using certain ALSFRS-R items.

Chapter four’s aim is to estimate healthcare resource use costs, from the NHS perspective,
and health utilities associated with MND and its progression from a UK MND population
using relevant MND staging systems. The chapter reports some key cost drivers and
characteristics which influence health utility values. The objectives for this chapter includes
the use of two well accepted clinical staging systems (Kings and MiToS) to provide
information on these two essential health economic parameters, presented in terms of the
clinical stages of both systems. The objectives allow two different and complementary
staging systems to be used to show how different ways of framing the natural progression of
MND can affect costs of healthcare provision and the impact on health-related quality of life.
The evidence generated from chapter four will add to the evidence base in both costs and
health utilities and provide data generalisable to the UK MND population as the data also
comes from the TONiIC database. This data may also be used to assess new treatments for

MND.
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One such potential treatment is edaravone and the data presented in chapter four is used as
the basis for a health economic evaluation of edaravone for the treatment of MND in chapter
five. Chapter five’s aim is to estimate the cost-effectiveness of edaravone from a UK health
payer (NHS) perspective. The objectives of the chapter is to use Markov modelling, a well-
accepted method in chronic diseases, to extrapolate beyond the clinical trial data. This
evaluation also makes use of data from the pivotal edaravone trial and the previously
described large PRO-ACT dataset, which allowed matching of patients to the strict clinical
trial inclusion criteria. Whilst edaravone is approved in for marketing in the U.S and Japan,
the manufacturer has currently withdrawn its application to the EMA. The reasons for this
have been explained earlier in this chapter. A further objective was to provide insights on
potentially important considerations for other potential treatments for MND. Chapter five
presents a range of sensitivity and scenario analysis to give an indication to how much
uncertainty surrounds the ICER estimate and thoughts on the challenges that other potential
treatments (such as those described in section 1.3) may face, which may be different to those

faced by edaravone.

This thesis will provide useful information, which is compatible with accepted MND clinical
staging systems, to critically assess new treatments for MND. This new information will
address the need for robust important parameter inputs to inform decision making. The
motivation for this thesis comes from the current limited literature in health economic
analyses concerning MND and the real possibility of future treatments becoming available.
The principal findings of this body of work are outlined in the discussion chapter along with
the strengths and weaknesses of the analyses undertaken. The discussion chapter also puts

forward recommendations for future research in health economics regarding MND.

1.8 Author contribution

Outlined in this section are the contributions to the work in each chapter by myself (Alan
Moore, AM) and my supervisory team (Professor Dyfrig A. Hughes; DAH and Professor
Carolyn A. Young: CAY)

Chapter 1: Initial draft by AM. DAH and CAY provided conceptual advice and critical

comments.
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Chapter 2: Search strategy, systematic literature search, data extraction and initial draft by
AM. DAH and CAY provided a second review of the extracted data, provided conceptual
advice and critical advice.

Chapter 3: Data analysis and initial draft by AM. DAH and CAY provided conceptual
advice and critical comments. TONiC data released by CAY.

Chapter 4: Data analysis and initial draft by AM. DAH and CAY provided conceptual
advice and critical comments. TONiC data released by CAY.

Chapter 5: Data analysis and initial draft by AM. DAH and CAY provided conceptual
advice and critical comments.

Chapter 6: Initial draft by AM. DAH and CAY provided conceptual advice and critical

comments.
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Preface to Chapter two

As has been discussed, MND is a condition which greatly impacts on health-related quality of
life and is associated with significantly reduced life expectancy. There are limited current
treatment options, however there are several treatments which may prove effective in

ongoing clinical trials. Health economics is an important part of healthcare provision, and

new treatments will need to demonstrate value for money and cost-effectiveness.

To be able to estimate the cost-effectiveness of new MND treatments, we need a robust
health economic framework and appropriate input parameters. Chapter two looks at the
current evidence base and reports the results of a systematic review which aimed to include
health economic evaluations, cost and utility studies to in MND. It’s focus is on the methods

used in these studies and the appropriateness of those methods used.
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Chapter two

Economic Studies in Motor Neurone Disease: A Systematic Methodological

Review

Abstract

BACKGROUND: Motor Neurone Disease MND) is a devastating condition which greatly
affects patients’ quality of life and limits life expectancy. Health technology appraisals of
future interventions in MND need robust data on costs and utilities. Existing economic

evaluations have been noted to be limited and fraught with challenges.

OBJECTIVE: The aim was to identify and critique methodological aspects of all published

economic evaluations, cost studies and utility studies in MND.

METHODS: We systematically reviewed all relevant published studies in English from 1946
until January 2016, searching the databases of Medline, EMBASE, Econlit, NHS Economic
Evaluation Database (NHS EED) and the Health Economics Evaluation Database (HEED).

Key data were extracted and synthesised narratively.

RESULTS: A total of 1,830 articles were identified, of which 15 economic evaluations, 23
cost and 3 utility studies were included. Most economic studies focused on riluzole (n=9). Six
studies modelled the progressive decline in motor function using a Markov design but did not
include mutually exclusive health states. Cost estimates for a number of evaluations were
based on expert opinion and were hampered by high variability and location-specific
characteristics. Few cost studies reported disease stage specific costs (n=3) or fully captured
indirect costs. Utilities in 3 studies of MND patients used the EQ-5D questionnaire or
standard gamble, but included potentially unrepresentative cohorts and did not consider any

health impacts on caregivers.

CONCLUSION: Economic evaluations in MND suffer from significant methodological
issues such as a lack of data, uncertainty with the disease course and use of inappropriate
modelling framework. Limitations may be addressed through the collection of detailed and

representative data from large cohorts of patients.
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2.1 Introduction

Motor Neurone Disease or Amyotrophic Lateral Sclerosis (hereafter referred to as MND) is a
progressively degenerative condition. The disease affects the motor neurones in the brain and
spinal cord which severely impacts patients’ basic functioning such as walking,
communication and breathing, and can additionally adversely affect cognitive abilities [108].
These impair patients’ health-related quality of life significantly [109]. Currently treatment
for MND is focused on palliative care with the aim of sustaining a high quality of life for as
long as possible. Estimated survival time from diagnosis is between 3 and 5 years [19]. Due
to the extent of the disability, patients with MND have dependency on carers to help with
their daily needs. This need is usually met by partners or family members of the patient and,
due to the nature of care required, places a significant physical and emotional burden on their

lives [110].

MND is a rare disease with incidence and prevalence rates varying by country and region. A
recent systematic review of its epidemiology reported European, North American and Asian
incidence rates of 2.08, 1.8 and 0.46 per 100,000 population per year, respectively [111].
Prevalence rates were reported as 5.4, 3.4 and 2.01 per 100,000 population in these regions.

In the United Kingdom there are an estimated 4,000 people living with MND [48].

The economic costs of MND are high, both in terms of direct medical costs to health
providers, non-medical costs incurred by patients and their caregivers, and indirect costs
through loss of employment. Costs vary over the trajectory of the condition, and are
dependent on disease manifestation, progression, and duration of survival [112]. To date,
however, there has been a limited number of economic evaluations of interventions for MND,
with the majority focused on riluzole which is the only disease-modifying drug currently
approved. With the prospect of new treatments for MND [63], there will be an increased need
for robust economic data and modelling framework for assessing their cost-effectiveness. The
aim of this article is to systematically review sources of costs and utilities, and provide a

critique of the data and methods used in economic studies of MND.
2.2 Methods

This review was conducted according to the Centre for Reviews and Dissemination’s (CRD)
guidance for undertaking reviews in health care [113], and reported with alignment to the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guideline,
where applicable [114].
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2.2.1 Search Strategy

Systematic searches were undertaken to identify economic evaluations, studies detailing costs
and studies which estimated health state utilities in patients with MND. The search terms are
listed in Appendix 3. The databases searched (from 1946 to January 2016) were: Medline,
EMBASE, Econlit, NHS Economic Evaluation Database (NHS EED), and the Health
Economics Evaluation Database (HEED). The references of included papers were checked

for any further articles for inclusion.
2.2.2 Inclusion criteria and study selection

The review included studies reporting economic evaluations, detailed costs and health
utilities relating to MND. Studies not published in English were excluded from the review.
Titles were screened independently by two reviewers. Articles deemed by either reviewer to
meet the inclusion criteria were screened independently on abstract with any disagreements
resolved by a third independent reviewer. The full texts were retrieved and assessed

according to the inclusion criteria.
2.2.3 Data extraction

Data forms were created for the economic evaluations and cost studies included in the review
and key details relating to the methods of included studies extracted and tabulated (Tables 1
and 2). Cost and utility value data from these studies were also recorded along with the
corresponding 2014/15 value of costs in pounds sterling (GBP) (Table 3). Currency
conversions were undertaken using data from the International Monetary Fund (IMF) [115]
and costs were inflated using the Hospital and Community Health Services (HCHS) pay and
prices index [116].

2.2.4 Analysis of results
Important methodological features were summarised, and critiqued within a narrative review.
2.3 Results

A total of 1,830 articles were identified, of which 60 were considered potentially relevant and
41 eligible for inclusion in the review. The PRIMSA flow diagram shows the number of

included studies at the various stages of the review process (Figure 2.1).

Figure 2.1 — PRIMSA flow diagram

32



Records

. . Additional records
identified . .

identified through

through database
. other sources
searching
(n=3)

(n=2,481)

Records after duplicates removed

] [ Screening ] [Identification]

(n=1,843)
Records screened Records excluded
(n=1,843) (n=1,782)
Full-text articles excluded,
Full-text with reasons (n = 20)
= articles
E assessed Lacking in outcomes, costs
oo for and comparator (n=5)
w eligibility Lack of detailed costs (n=4)
(n=63)
Lack of HSUVs (n=11)
—
' L
=]
7]
= Studies included in review (n=43)
=
— S

2.3.1 Study characteristics
The systematic review identified 13 economic evaluations, 2 updates of economic

evaluations, 23 cost studies, and 3 studies reporting health utilities (Tables 1, 2 and 3).

The majority of economic evaluations were conducted in the UK [120-124,128,130,131]
(n=8) followed by North America [117,119,126,127] (n=4), Italy [118,125] (n=2) and Israel
[129], showing the high concentration of studies originating in a few countries. Eight studies
reported a cost utility analysis [119-124,126,127], 6 studies performed cost effectiveness
analysis [13,14,21,24,26,27], and 1 study carried out a cost-benefit analysis [129]. Eleven
evaluations adopted a third party payer perspective, such as national health services
[117,118,120-125,128,130,131], 1 study adopted a societal viewpoint [129], while 3 studies
presented results from both perspectives [119,126,127]. More recent economic evaluations

tended to report only direct medical costs to health service providers.

Studies focusing solely on costs were predominantly North American

[132,134,137,138,141,144,147,148,150,152-154] (n=12) or European
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[135,136,140,142,143,145,146,149,151] (n=9) with two from Asia [133,139]. Cost studies
adopted a health services perspective [132,135,139,143,147,148,150-152] (n=9), societal
perspective [137,144,145,149,153] (n=5) or both [133,134,136,138,140-142,146,154] (n=9).
Studies reported costs for a variety of categories, including: treatments [134,136-
138,140,141,145,146,148,149,151,152] (n=12), places or methods of delivering care
[132,133,135,139,142,143,147,150] (n=8), home ventilation [153,154] (n=2) and mobility
devices [40]. However, only 3 studies reported disease stage specific costs [133,146,151].

Studies of health state utility reported disease stage utilities by five (mild, moderate, severe,
terminal and death) [155,156], or two (mild and severe) [146] health states. All studies
elicited utilities from patients with MND, based on structured interviews with MND patients
[155,156], or from a postal questionnaire [146]. These used a combination of the EQ-5D-3L,

visual analogue scale (VAS) and standard gamble to measure utility.
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Table 2.1 - Methods of economic evaluations in MND

Author(s), | Definition of | Intervention and | Economic Cost Clinical data | Measurement Methods of | Measurement of Sensitivity
Year, MND, comparator evaluation perspective of benefits estimating costs analysis
Country Source survival
population,
Number of
patients
Alanazy et | Not stated Immunoglobulin/ | Cost Health Observational | Diagnosis rate None Resource use from | None
al 2014 Clinic standard care effectiveness service data institutional data.
[117] population analysis Local cost tariffs
Canada 333 patients used
Vitacca et El Escorial Telephone Cost Health Observational | Number of None On call telephone None
al 2010 criteria assisted effectiveness service data avoided access, home visits,
[118] Clinic consultation/ analysis hospitalizations equipment,
Italy population home visits by rehabilitation costs
39 patients health staff and resource use
from institutional
data. Local cost
tariffs used.
Gruis etal | Not stated Non-invasive Cost utility Health Hypothetical | QALYs derived | None Costs of non- One way
2005 [119] | Hypothetical | ventilation/ analysis service and | data form a patient invasive ventilation
United cohort standard care Markov model | societal population and accessories for
States Not stated with 5 health (n=77) by patients tolerant to
states: based standard gamble treatment. One
on functioning approach [155] month rental and
of three accessories costs
regions for those intolerant
(speech, arms to treatment. Unit
and legs) costs taken from
derived from Medicare fee
Rivere et al schedule. Resource
[157] use is estimated on
the uptake levels of
the treatment.
Aventis Clinical Riluzole/ Cost utility Health Randomised QALYs derived | Linear Resource use taken | Two way
Pharma diagnosis of | Standard care analysis service controlled from a patient interpolation | from consultation
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2000 [122] | definite or Markov model trial [158] population with experts. Cost
and updates | probable with 5 health (n=77) by data taken from
/revisions MND states: based standard gamble Munsat et al using
[120,121] Clinical trial on functioning approach [155] local tariffs [151]
United population of three
Kingdom 954 patients regions
(speech, arms
and legs)
derived from
Rivere et al
[157]
Bryanetal | Clinical Riluzole/ Cost utility Health Randomised QALYs derived | Weibull and | Riluzole and Scenario
2000 [123] | diagnosis of | Standard care analysis service controlled from a patient Gompertz monitoring costs analysis
United definite or Markov model trial [158] population models taken from the
Kingdom probable with 5 health (n=77) by published literature
MND states: based standard gamble and resource use
Clinical trial on functioning approach [155] taken from RCT
population of three [158]
959 patients regions
(speech, arms
and legs)
derived from
Rivere et al
[157]
Stewart et Clinical Riluzole/ Cost utility Health Randomised QALYs derived | Weibull Riluzole and One way
al 2000 diagnosis of | Standard care analysis service controlled from a patient model monitoring costs
[124] definite or Markov model trial [158] population taken from the
United probable with 5 health (n=77) by British National
Kingdom MND states: based standard gamble Formulary.
Clinical trial on functioning approach [155] Resource use is
population of three taken from RCT
959 Patients regions [158]
(speech, arms
and legs)
derived from
Rivere et al
[157]
Messori et | Clinical Riluzole/ Cost Health Randomised Survival Gompertz Riluzole and One way
al 1999 diagnosis of | Standard care effectiveness services controlled model monitoring costs and scenario
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[125] definite or analysis trials taken from the analysis
Italy probable [158,159] published
MND literature. Resource
Clinical trial use taken from
population RCT data
633 patients [158,159]
Ackerman | Clinical Recombinant Cost utility Health Randomised QALYs derived | Exponential | In- and out-patient | One way
et al 1999 diagnosis of | Human Insulin- analysis service and | controlled from a panel of | distribution | procedures, home
[126] sporadic Like Growth Markov model | societal trial [161] experts (n=10) health, hospice care
United MND Factor 1 Therapy/ | with 5 health using the costs and resource
States Clinical trial | Standard care states based on standard gamble use measured from
population lung function approach RCT [161]
177 patients defined by
forced vital
capacity score
(FVO)
Ringel et al | Clinical Hypothetical Cost utility Health Randomized | QALYs derived | None Resource use Probabilistic
1999 [127] | diagnosis of | therapies/ analysis service and | controlled from derived from RCT | sensitivity
United definite or Standard care Markov model | societal trail [161] hypothetical [159] Direct costs analysis
States probable with 5 health utility scores and costs related to
MND states based on reduced
Clinical trial lung function productivity
population defined by included, also
1135 patients forced vital taken from RCT
capacity score using national
(FVO) tariffs [161]
Gray Clinical Riluzole/ Cost Health Randomised QALYs derived | None Monthly riluzole One way
1998 [128] | diagnosis of | Standard Care effectiveness services controlled from and tracheostomy
United definite or analysis trial [158] hypothetical costs taken from
Kingdom probable utility scores British National
MND Formulary.
Clinical trial Resource use taken
population from RCT [158]
959 patients
Ginsberg Not stated Riluzole/ Cost benefit Health Randomised Survival None Direct costs to One way
and Lev Hypothetical | Standard care analysis services and | controlled health service and
1997 [129] | cohort societal trial [158] Indirect
Israel Not stated productivity costs.
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Unit costs obtained
thorough
government
publications.
Resource use is
based on estimated
usage

Chilcottet | Clinical Riluzole/ Cost Health Randomised Survival Kaplan- Riluzole and Scenario
al 1997 diagnosis of | Standard care effectiveness services controlled Meier monitoring costs analysis
[130] definite or analysis trial [158] estimator obtained through
United probable national tariffs.
Kingdom MND Resource use based
Clinical trial on length of
population treatment time
959 patients (months) per
patient
Booth- Clinical Riluzole/ Cost Health Randomised Survival None Riluzole and None
Clibborn et | diagnosis of | Standard care effectiveness services controlled monitoring costs
al 1997 definite or analysis trails taken from British
[131] probable [158,159] National
United MND Formulary.
Kingdom Clinical trial Resource use based
population on RCTs [158,159]
959 patients
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Table 2.2 - Methods of cost studies in MND

Author(s), Definition of Treatment Cost Source of Items of Unit
Year, Country MND, Source perspective resource use | resource use costs
population, data
Number of
patients
Boylan et al El Escorial Multi- Health Institutional Staff time Local
2016 [132] criteria disciplinary services data Medical supplies | tariffs
United States Clinic population | centre care Medical
1117 patients equipment
Overhead costs
Oh et al 2015 El Escorial Standard care | Health Interviews Loss of income National
[133] criteria services and with patients | Hospital care tariffs
South Korea Clinic population societal and
151 patients institutional
data
Obermann and | Not stated Various Health Longitudinal | Hospital care Local
Lyon 2015 Home based treatments services and survey Home care tariffs
[134] population societal completed by | Equipment
United States 1 patient family Home
members renovations
Transport
Home care
Connolly et al Not stated Multi- Health Institutional Specialist Care Local
2015 [135] Clinic population | disciplinary services data and Social Care tariffs
Ireland 250 patients centre and Interviews
social care with patients
Attanasalais et | Not stated Various Health Institutional Loss of income National
al 2015 [136] Clinic population | treatments services and data and tariffs
Greece 33 patients societal interviews
with patients
and
caregivers
Gladman et al El Escorial “Out of Societal Interviews Medical Local
2014 [137] criteria pocket” with patients | Mobility tariffs
Canada Home based procedures and Home
population caregivers renovations
50 patients Loss of income
Larkindale et al | Not stated Various Health Insurance Medical National
2013 [138] Clinic population | treatments services and databases and | Loss of income tariffs
United States 600 patients societal patient
surveys
Kang et al 2013 | Not stated Hospice care | Health Institutional General hospice Local
[139] Clinic population services data and care tariffs
Taiwan 30 patients health
insurance
claims
Jennum et al Clinical Various Health National Medical costs National
2013 [140] diagnosis of treatments services and health and Welfare costs tariffs
Denmark MND societal social
Clinic population statistics
2,384 patients databases
Muscular Clinical Various Health Family and Medical costs National
Dystrophy diagnosis of treatments services and caregiver Loss of income tariffs
Association MND societal surveys
2012 [141] Clinic population
United States 954 patients
De Alemeida Not stated Home tele- Health Institutional Hospitalisation National
2012 [142] Clinic and home | monitoring services and data Outpatient tariffs
Portugal based care societal Transport
populations Equipment
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39 patients

Loss of income

Vitacca et al El Escorial Home tele- Health Institutional Staff time National
2012 [143] criteria monitoring services data tariffs
Italy Clinic population | care
73 patients
Ward et al 2010 | Not stated Power Societal Patient Wheelchair Local
[144] Clinic population | wheelchairs surveys tariffs
United States 45 patients
Schepelmann et | El Escorial Various Societal Patient survey | All disease Local
al 2010 [145] criteria treatments and related Tariffs
Germany Clinic population institutional expenditure
107 patients records.
Human
capital
approach
used for
indirect costs
Lopez-Bastida | Not stated Various Health Patient survey | Hospital stay National
et al 2009 [146] | Clinic population | treatments services and Medicines tariff and
Spain 63 patients societal Transport local
Loss of income tariffs
Elman et al Clinical Hospice care | Health Institutional Length of stay Local
2006 [147] diagnosis of services data Staff tariffs
United States MND Transport
Clinic population Medicines
25 patients
Forshew and Not stated Various Health Doctor survey | Drug costs National
Bromberg 2003 | Clinic population | treatments services tariffs
[148]
United States
Wasner et al Clinical Alternative Societal Patient survey | Acupuncture Local
2001 [149] diagnosis of medicines Homeopathy tariffs
Germany MND Naturopathy
Home based Esoteric
population
92 patients
Lechtzin et al El Escorial Hospital care | Health Nationwide Length of stay National
2001 [150] criteria services in-patient costs tariffs
United States Clinic population sample
1600 patients database
Munsat et al Not stated Standard care | Health Consultation | Hospitalization Local
1998 [151] Clinic population services with Physician time Tariffs
United neurologists Outpatient care
Kingdom Palliative drug
cost
Medical devices
Klein and Not stated Various Health Consultation | Diagnosis costs National
Forshew 1996 Clinic population | treatments services with Palliative costs Tariffs
[152] neurologists Life support
United States
Sevick et al Not stated Home based Societal Patient and Home help Local
1996 [153] Clinic population | ventilator caregiver Occupational Tariffs
United States 277 patients care survey therapy
Physical therapy
Transport
Ventilation care
Moss et al 1996 | Not stated Hospital and | Health Patient and Hospital care National
[154] Clinic population | home based services and caregiver Equipment and
United States 50 patients ventilator societal survey Out of pocket Local
care expenses Tariffs
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2.3.2 Modelling methodology

Eight studies, including the more recent evaluations, used Markov architecture which allow for
progressive decline in motor function to be modelled [119-124,126,127]. The models attach costs
and utilities to health states and allow patient cohorts to pass through states until they reach the
(absorbing) death state or a pre-determined severely low functioning level. Health states within
these models were defined by adaptation of Rivere et al. [157] who first modelled MND using the
Markov model [119-124], Appel ALS scores [126] or according to forced vital capacity scores
(FVC) [127]. Transition probabilities of subjects through the various health states were calculated
using data from randomised control trials of riluzole [119-124], recombinant human insulin-like

growth factor-1 (rhlGF-1) [126], and brain-derived neurotrophic factor (BDNF) [127].

Models used various techniques to estimate survival beyond the data available from randomised
controlled trials (RCTs). Three studies used a linear function [120-122], and one an exponential
function [126] to extrapolate trial data. Although these were deemed to have fit the data well by
study authors, they are not the correct functional form for survival analysis. The constant hazard
rate model, which gives the exponential distribution, assumes the property of no-aging [162]. One
study used a Weibull model [124] (based on a power hazard rate model). One study used a
Gompertz model (exponential hazard rate model), without presenting goodness of fit [125], and one

study used both a Weibull and a Gompertz model [123] to explore differences in model fit.
2.3.3 Resource use and costs

Twenty-two studies reported direct costs only [117,118,120-125,128,130-132,135,139,143,144,147-
151], while 16 reported both direct and indirect costs [119,126,127,129,133,134,136-138,140-
142,145,146,153,154].

Studies which included direct costs estimated resource use from medical records [117-
119,132,135,136,141-143,147] (n=10), RCTs [123-131] (n=9), surveys
[134,141,144,146,149,153,154] (n=7), utilization patterns based on consultation with neurologists
with MND expertise [120-122,151,152] (n=5), national databases [140,150] (n=2), structured
interviews with patients [137,145] (n=2), insurance claim data [138] and a mixture of medical
records and insurance claim data [139]. Indirect costs were obtained via patient surveys
[119,127,134,136,138,141,142,146,153,154] (n=10) and interviews [126,133,137,145] (n=4), and
national databases [129,140] (n=2).

Unit costs came from institutional records [117,118,132,133,135-137,139,142,143,147,149,150]
(n=13), national databases [119,125,128-131,140,141,146,148] (n=10), the published literature
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[120-124,127] (n=6), surveys [134,144,145,153,154] (n=5), consultation with MND experts
[151,152] (n=2), insurance claim data [138] and estimation of drug costs from the manufacturer

[126].

Some studies defined standard care costs [120,123,124,126,129,131] (n=6), but descriptions varied

by location and setting.

Indirect unit costs were gathered by surveys [126,127,133,134,137,138,142,145,153,154] (n=10),
national databases [119,140,141,146] (n=4) and using the national minimum [136] and average
wage [129].

Key cost data used in economic evaluations in MND are presented in Table 3. Many of the cost
inputs originate from the same sources, suggesting a limited evidence base [120-124]. Furthermore,
costs varied by location, with the annual price of riluzole, for example, reported as £6,429 in the
United Kingdom and £9,487 in the United states (2014/15 adjusted values in £GBP). Table 4
presents the main data from cost studies in MND. Costs and cost categories include length of
hospital stays [139,147,150], ventilation [134,153,154], complementary medicines [149] and
mobility [144]. Differences in costs within countries may be attributed to type of treatments
considered, methods of data collection or source populations [134,141,147]. The diverse cost
estimates and categories highlights the challenges of generalising results, with the need for more

detailed and encompassing cost of illness studies.

Tables 2.3 - Key cost and utility data in economic evaluations in MND

Author(s), Mean direct cost per patient Health state utilities
Year of (2015 costin £)
Publication, (cost
data year)
Alanazy, White and | Investigative testing: Can$ 10,686 (£5,861) None
Korngut (lifetime cost)
2014 (2013) [117]
Canada Control: Standard care costs assumed equal in
both groups
Vitacca et al Tele assisted care: €425 (£369) per month None

2010 (2005) [118]
Italy

Standard care: €239 (£214) per month

Gruis, Chernew and
Brown

2005 (2003) [119]
United States

Non-invasive ventilation: $3,132 (£2,584) per
annum

Trial of non-invasive ventilation in patients who
prove to be intolerant: $467 (£385) (lifetime cost)

Control (Standard care): Standard care costs
assumed in both groups

Mild State: 0.8
Moderate State: 0.6
Severe State: 0.5
Terminal State: 0.4
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Aventis Pharma
2000 (1998) [122]
and updates /
revisions [120,121]
United Kingdom

Intervention (riluzole): £3,742 (£6,429) per
annum + Standard care costs

Control Group (Standard care annual costs):
Mild State Care: £1,224 (£2,068)

Moderate State Care: £805 (£1,360)

Severe State Care: £1,754 (£2,963)
Terminal State Care: £3,231 (£5,458)

Mild State: 0.79
Moderate State: 0.67
Severe State: 0.71
Terminal State: 0.45

Bryan, Barton and
Burls

2000 (1999) [123]
United Kingdom
*Updated analysis
of Stewart et al
[124]

Intervention (riluzole): £3,930 (£6,385) per
annum + Standard care costs

Control (Standard care annual costs):
Mild state care: £1,237 (£2,056)
Moderate state care: £834 (£1,352)
Severe state care: £1,771 (£2,957)
Terminal state care: £3,263 (£5,444)

Mild State: 0.79
Moderate State: 0.67
Severe State: 0.71
Terminal State: 0.45

Stewart et al
2000 (1999) [124]
United Kingdom

Intervention (riluzole): £10.21 (£16.59) per day;
monitoring: £17 (£28) per month

Control (Standard care annual costs):
Mild state care: £1,237 (£2,056)
Moderate state care: £834 (£1,352)
Severe state care: £1,771 (£2,957)
Terminal state care: £3,263 (£5,444)

Mild State: 0.79
Moderate State: 0.67
Severe State: 0.71
Terminal State: 0.45

Messori et al
1999 (1996) [125]
Italy

Intervention (riluzole): US$8,736 (£9,487) per
annum

Control: standard care costs assumed to be equal
in both groups

None

Ackerman et al
1999 (1996) [126]
United States

rhlGF-1 therapy: US$46,860 (£51,295) (lifetime
cost)

Control (Standard care): $7,754 (£8,494) (lifetime
cost)

Appel ALS score 40 - 59: 0.89
Appel ALS score 60 - 86: 0.82
Appel ALS score 87- 109: 0.41
Appel ALS score 110 - 128: 0.01
Appel ALS score 129 - 164: -0.53

Ringel, Woolley
and Wilkins

1999 (1996) [127]
United States

Direct and Indirect costs of MND (per month):
Forced Vital Capacity 90+: US$1,395 (£1,571):
Forced Vital Capacity 60-90: US$1,770 (£1,994):
Forced Vital Capacity 30-60: US$3,046 (£3,441)
Forced Vital Capacity 0-30: US$4,746 (£5,345)

Forced Vital Capacity 90+: 0.9
Forced Vital Capacity 60-90: 0.8
Forced Vital Capacity 30-60: 0.6
Forced Vital Capacity 0-30: 0.4
(hypothetical values)

Gray Intervention (riluzole): Various scenarios: survival time
1998 (1997) [128] Non-tracheostomy patients: £286 (£491) per with utilities of 1, 0.8 and 0.5
United Kingdom month; patients post-tracheostomy: (hypothetical values)
£300 (£504) per month
Control (Standard care): standard care costs
assumed equal in both groups
Ginsberg and Lev Intervention (riluzole): $3,004 (£3,288) (lifetime | None
1997 (1996) [129] costs)
Isreal
Chilcott et al Intervention (riluzole): £3,720 (£6,568) per None
1997 (1996) [130] annum
United Kingdom

Control (Standard care): Standard care costs
assumed to be equal in both groups
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Booth-Clibborn et al
1997 (1996) [131]
United Kingdom

Intervention (riluzole): £15,000 (£25,771)
(lifetime costs)

Control (Standard care): Standard care costs
assumed to be equal in both groups

None

Table 2.4 - Principal direct and indirect cost data in cost studies in MND

Author(s),
Year of Publication,
(cost data year)

Mean direct cost per patient
(2015 cost in £)

Mean indirect cost per patient (2015
cost in £)

Boylan et al
2016 (2007) [132]
United States

Clinic costs: $507 (£497) per clinic visit

Not considered

Oh et al
2015 (2013) [133]
South Korea

Healthcare costs (per month):
Stage 1: Not stated

Stage 2: $3,181 (£2,027)
Stage 3: $2,773 (£1,767)
Stage 4: $4,415 (£2,722)

Patient lost wages (per month):
Stage 1: Not stated

Stage 2: $1,155 (£736)

Stage 3: $1,889 (£1,204)

Stage 4: $2,629 (£1,675)

Obermann and Lyon
2015 (2005) [134]
United States

Ventilation: $212,430 (£157,372)
(lifetime cost)

Hospital Care: $114,558 (£84,866)
(lifetime cost)

Caregiver costs: €669,150 (£495,719)
(lifetime cost)

Connolly et al
2015 (2010) [135]
Ireland

Health and social care costs: €1,795
(£1,255) per month

Not considered

Attanasalais et al
2015 (2013) [136]
Greece

Direct medical costs: €4,305 (£2,830)
per annum

Informal care and productivity losses:
€3,145 (£2,168) per annum

Gladman et al
2014 (2012) [137]
Canada

Healthcare provider and “out of pocket
costs”: Can$32,337 (£21,455) per
annum

Lost wages of patients and caregivers:
Can$56,821 (£37,700) per annum

Larkindale et al
2013 (2010) [138]
United States

disaggregated)

Total direct and indirect costs per patient:

$63,693 (£48,468) per annum (cost not

King et al
2013 (2007) [139]
Taiwan

Hospice care: NT$ 47,180 (£2,962)
(lifetime cost)

Not considered

Jennum et al
2013 (2009) [140]

Medical costs: €18,918 (£16,514) per
annum

Spouse earnings: Increased €3,420
(£2,985) per annum

Denmark
Muscular Dystrophy Medical costs: $30,934 (£23,165) per Not considered
Association annum

2012 (2010) [141]
United States

De Alemedia
2012 (2010) [142]
Spain

Tele monitoring care: €8,909 (£9,030)
per annum

Standard care: €19,952 (£19,952) per
annum

Not stated

Vitacca et al
2012 (2007) [143]
Italy

Tele assistance: €105 (£84) per month

Not considered

Ward et al
2010 (2008) [144]
United States

Wheelchair costs: $26,404 (£20,481)
(lifetime cost)

Not considered
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Schepelmann et al
2010 (2009) [145]
Germany

Medical costs: €14,980 (£13,076) per
annum

Patient lost earnings: €21,400 (£18,680)
per annum

Lopez-Bastida et al
2009 (2004) [146]
Spain

Medical costs (lifetime costs):

High severity patients: €34,729
(£31,182)

Low severity patients: €6,735 (£6,034)

High severity patients: €8,000 (£7,168)
Low severity patients: €10,265 (£9,198)

Elman et al
2006 (2003) [147]
United States

Hospital stay costs: $5,623 (£5,416)
(lifetime cost)

Not considered

Forshew and Bromberg
2003 (2002) [148]
United States

Various drug costs

Not considered

Wasner et al
2001 (2000) [149]
Germany

Alternative medicines: €4,142 (£4,293)
(lifetime cost)

Not considered

Lechtzin et al
2001 (1996) [150]
United States

Hospital stay costs: $19,810 (£21,685)
(lifetime cost)

Not considered

Munsat et al
1998 (1996) [151]
United Kingdom

Standard care costs (per annum)
Mild State Care: £1,185 (£2,072)
Moderate State Care: £800 (£1,370)
Severe State Care: £1,698 (£2,989)
Terminal State Care: £3,128 (£5,498)

Not considered

Klein and Forshew
1996 (1995) [152]
United States

Diagnosis costs: $10,000 - $ 20,000
(£10,946 - £21,893) (lifetime cost)
Mechanical Ventilation: $199,500
(£218,382) per annum

Not considered

De Alemedia
2012 (2010) [142]
Spain

Home ventilation: $91,704 (£101,997)
per annum

Home renovations: $5,676 (£6,314):
(lifetime cost)

Caregiver lost wages: $7,008 (£7,671)
per annum

Moss et al
1996 (1995) [154]
United States

Ventilation in hospital: $366,852
(£401,570) per annum

Home ventilation: $136,852 (£149,804)
per annum

Not considered

Currency conversions were undertaken using data from the International Monetary Fund (IMF) [115] and costs were

inflated using the Hospital and Community Health Services (HCHS) pay and prices index [116].

2.3.4 Health state utilities

Eleven studies included the use of health state utility values (HSUVs), of which 6 [119-123] took
their values from Kiebert et al. [155] who elicited utilities based on standard gamble using
structured interviews in the UK. However, this study is limited in size, with only 77 MND patients
involved and with some health states being represented by as few as 15 patients. Two other studies
used hypothetical utility values which were not based on any empirical evidence but rather,
intended for illustrative purposes [127,128]. One study estimated utilities using the standard gamble
technique administered to a panel of healthcare professionals with experience of treating patients
with MND [126]. A study in Spain used postal administration of the EQ-5D-3L and EQ-Visual
Analogue Scale (VAS) in a sample of 36 patients [146]. The most recent utility study, which was
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set in the UK with a sample of 214 patients, also used the EQ-5D-3L along with the EQ-VAS, to
elicit utilities longitudinally [156].

Studies which included HSUVs varied in their description of health states. A five-stage model was
used in Kiebert et al. [119-124,155] based on the earlier work of Rivere et al. [157]. The full
definitions of health states are presented in Box 1. Jones et al. [156] used the King’s ALS clinical
stage framework consisting of five states; stage 1: diagnosis and involvement of 1% region, stage 2:
involvement of 2™ region, stage 3: involvement of 3™ region, stage 4: need for intervention
(gastrostomy or non-invasive ventilation) and stage 5: death. Ackerman et al [126] used a five state
model defined by Appel ALS scores which cover aspects of speech, respiratory function,
swallowing, dressing and feeding, need for assistive device, work status and medical care. By
contrast Ringel et al [127] used a four health stage model based solely on forced vital capacity
scores (FVC). Lopez-Bastida et al. [146] used a simple two-stage classification of the disease with
patients either in the mild state (not in need caregiver help), and the severe state (in need of

caregiver help).

Health state utility data in the economic evaluations came from a limited number of sources [15-
20,22], with some reliant on hypothetical data [127,128] highlighting a lack of evidence in this area
(Table 3). Furthermore, as descriptions of health states are not uniform [119-124,126,127], utility
values varied significantly, especially in some progressively low functional states. In the most
recent UK evaluations [120-124], the terminal state value is 0.45, compared with -0.53 in the study
by Ackerman et al [126]. Differences in health utility values appear to be more divergent than the

health descriptions used in these evaluations [126,157].

Box 1. Health states as defined by Rivere et al. [157].

State 1 (mild). Recently diagnosed; mild deficit in only 1 of 3 regions (i.e., speech, arm, and leg);

and functionally independent in speech, upper extremity activities of daily living, and ambulation.

State 2 (moderate). Mild deficit in all 3 regions or moderate to severe deficit in 1 region, while the

other 2 regions are normal or mildly affected.

State 3 (severe). Needs assistance in 2 or 3 regions; speech is dysarthric and/or patient needs

assistance to walk and/or needs assistance with upper extremity activities of daily living.

State 4 (terminal). Non-functional use of at least 2 regions and moderate or non-functional use of

the third region.

2.3.5 Uncertainty analysis
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Most economic evaluations considered parameter uncertainty by application of one-way sensitivity
analysis around benefits/utilities [120-126,128] (n=9), costs [120-124,129] (n=6) and tolerance of
patient cohorts to treatment [119]. Three studies performed two-way sensitivity analysis to jointly
assess the contribution of both costs and benefits/utilities on cost-effectiveness [120-122], while
only one study carried out a full probabilistic sensitivity analysis [127]. Scenario analyses
considered uncertainty in costs, health benefits and survival [125,130] (n=2). Two studies attempted
to account for structural uncertainty with alternative models [123,125], while another study assessed
the impact of different patient demographics on cost-effectiveness (of riluzole) [130]. Uncertainty
analysis in the studies showed that the main drivers of cost effectiveness in MND treatments were

drug costs and estimated extension in survival.
2.4 Discussion

With the prospect of new treatments for MND on the horizon, including the neuroprotective agent
edaravone, tyrosine kinase inhibitor masitinib and gene and stem cell therapies [163-166], there will
be an increased need for robust data and modelling framework to assess their cost-effectiveness.
Most economic evaluations are based on Markov models with disease-specific stages which aim to
trace disease progression and its effects on patients and their use of healthcare resources. The often
used five-stage disease progression model [119-124,155,157] has methodological issues with
respect to its clinical classification system of health states. It conflates recency of diagnosis with
severity of illness and would lead to some patients being misplaced in health states which may not
reflect the true costs or benefits related to their disease status. It therefore fails to meet the Markov
assumption of mutual exclusivity. The Kings ALS clinical staging model, as used in Jones et al.
[156], provides health state descriptions which are mutually exclusive, and therefore potentially

making it more appropriate for use in Markov modelling.

Costs can vary considerably between stages of MND [133,146,151]. However, only a few studies
have reported disease stage specific costs. Munsat et al. [151] is the most cited among UK
economic evaluations, but the estimates from this analysis are based on resource utilization taken
from interviews with four neurologists with experience of treating MND, and needs updating. The
authors highlight the variation in cost estimates between each expert, reflecting differences in
clinical practice. Economic evaluations included in our review did not consider changes to the
annual costs of standard palliative care by disease stage as it was claimed that these would be

unaffected by treatment. This assumption has been untested empirically.

Several studies have reported or estimated indirect costs associated with MND

[119,126,127,129,133,134,136--138,140-142,145,146,153,154]. While there are recognised

47



challenges relating to the measurement of lost productivity by both patients and their caregivers
[167-169], the importance is more so in MND as patients have a higher earning potential than the
national averages [140], owing to the average age of onset peaking around the mid-fifties and the

fact that the disease presents more in men [108].

Instruments used to measure the health related quality of life in patients with MND need to be
sensitive enough to capture changes across the disease course, have the required dimensions which
apply to the condition and robust psychometric properties. The EQ-5D-3L has been used as a
generic measure, but concerns have been highlighted over its ability to record an accurate
representation of the complexity surrounding quality of life (QoL) in MND. The narrow conceptual
components of the EQ-5D-3L often restricts utility measurement and fails to include symptom
characteristics which are salient to those with MND, such as respiratory function and
communicative ability [170,171]. Issues such as sensitivity of the EQ-5D-3L to clinical changes in
the disease course and their resulting impact on utilities, and floor effects further limit the
usefulness of the instrument. One undertaking which could help in this regard is using the EQ-5D-

5L, which improves the range of responses and mitigates the floor effects to some degree [172,173].

The ALS Utility Index is a disease-specific instrument which has been developed through surveying
a general population sample, but is yet to be validated in MND patients [174]. This index also
focuses solely on the physical functioning aspect of MND, with no domain for emotional wellbeing
or pain. In spite of its drawbacks, it represents an advance that should prompt further research in

this area.

Patients’ preferences may vary with respect to the management of the different symptoms
experienced. Direct utility estimation in MND has been limited to the standard gamble approach.
Kiebert et al. [155] found that utility scores, based on standard gamble, were higher for disease
stage 3 (needs assistance in two or three regions) than disease stage 2 (mild defect in three regions)
in the ALS Health State Scale; despite the descriptions of disease stage 3 appearing to be
significantly worse. However, when the same sample of patients completed the EQ-5D-3L
questionnaire, the results showed a progressive lowering of health stage utilities along the disease
course. Furthermore, this study elicited significantly different utility score estimations for standard
gamble and EQ-5D-3L methods. The standard gamble results from this study featured in the
riluzole manufacture’s submission to National Institute for Health and Care Excellence (NICE)
[122], as well as the more recent economic evaluations in MND [119-123]. Alternative methods of
direct utility estimation, such as time trade off or the use of choice-based techniques such as the

Discrete Choice Experiment (DCE), have hitherto not featured in MND studies.
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MND has important and significant impacts on informal caregivers, such as family members [175-
177]. While there is debate concerning the inclusion of the QoL effects on carers in economic
evaluations, and methodological challenges relating to the measurement, valuation and
incorporation of QoL impacts on carers [167-169], the lack of consideration for carer utilities in
MND is apparent. Further challenges include consideration of how carers’ productivity is affected
by the disease, especially in the latter stages of the condition when more help is required. The
inclusion of caregiver utilities in a cost-effectiveness framework for MND could affect conclusions
of economic evaluations of treatments if those treatments are near cost-effectiveness threshold

values, as was the case for riluzole, and prove to impact on carers’ QoL [167].

The strengths of the review are in its inclusiveness and in-depth analysis of the methods and
findings from economic and cost of illness studies. We are unaware of any other review of the
economic evidence in MND, but acknowledge some unpublished articles such as HTA reports in
jurisdictions outside the UK may have been omitted. We excluded non-English studies, which may
have been available to European, Latin American and Asian reimbursement authorities (for instance

in relation to riluzole).

The challenges presented in this review highlight the current methodological limitations faced by
health economists in MND. These issues, such as the need to incorporate the broader impact of
treatments on patients’ QoL and the uncertainty surrounding the current empirical evidence,
transcend into other disease areas, notably multiple sclerosis and dementia [178,179]. This would
indicate that the issues pertinent to the economic analysis of MND treatments are far reaching, and

require due consideration in other health economic work.
2.5 Conclusion

Current economic studies in MND are limited in many ways, including the comprehensiveness and
reliability of cost studies, a lack of research reporting health state utilities across the disease course,
and poorly defined health states. Our review has highlighted a clear need for up to date and
methodologically rigorous economic data for unbiased assessment of the cost-effectiveness of
future interventions in MND. We have also identified a need for a robust evaluation framework in
MND. Future research should target these limitations, and utilise data from large, longitudinal
studies, such as the UK Trajectories of Outcome in Neurological Conditions (TONiC) study [6],
which has recruited over 800 patients to complete cost and quality of life questionnaires.
Improvements in economic studies in MND will result in more informative guidance on healthcare

resource allocation when new, and inevitably expensive, interventions are licensed.
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Preface to Chapter three

The previous chapter has highlighted the limited evidence base in health economic aspects of MND.
This shows that there are high levels of uncertainty associated with the key parameters required to

carry out health economic evaluations of new treatments for MND.

Chapter three aims to add to the limited evidence by providing a statistical link from the most
commonly used MND specific measure used in clinical trials, the ALSFRS-R, and a commonly
used generic preference-based measure, the EQ-5D-5L. The EQ-5D is not commonly collected in
MND trials, therefore if a mapping algorithm can be demonstrated to be able to accurately predict
EQ-5D utilities from the ALSFRS-R, this could provide a valuable link and address some of the
gaps in evidence highlighted by the previous chapter.
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Chapter three

Mapping ALSFRS-R and ALSUI to EQ-5D in patients with motor neurone

disease

Abstract

Background: The Amyotrophic Lateral Sclerosis Functional Rating Scale-revised (ALSFRS-R) is
the preferred measure of health outcome in clinical trials in motor neurone disease (MND).
However it does not provide a preference-based health utility score, required for estimating QALY's

in economic evaluations for health technology assessments.

Methods: Direct mapping models were developed using Ordinary Least Squares (OLS) and Tobit
regression analyses to estimate EQ-5D-5L utilities (based on English tariffs) with ALSFRS-R total,
domain and item scores used as explanatory variables, using patient-level data from a UK cohort
study. Indirect mapping models were also used to map EQ-5D-5L domains, using the same
variables, along with the Neuropathic Pain Scale (NPS) and Hospital and Anxiety Depression Scale
for MND (MND-HADS) using multinomial logistic regression analysis. Goodness-of-fit was

assessed along with predicted values for each mapping model.

Results: The best performing model predicting EQ-5D-5L utilities used 5 items of the ALSFRS-R
items as explanatory variables in a stepwise OLS regression. The mean squared error was 0.0228,
and the absolute mean error was 0.1173. Prediction was good, with 55.4% of estimated values
within 0.1 and 91.4% within 0.25 of the observed EQ-5D-5L utility value. Indirect mapping using
the NPS and HADS provided less predictive power than direct mapping models.

Conclusion: This is the first study to present mapping algorithms to ’crosswalk’ between ALSFRS-
R and EQ-5D-5L. This analysis demonstrates that the ALSFRS-R can be used to estimate EQ-5D-

SL utilities when they have not been collected directly within a trial.
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3.1 Introduction

Motor Neurone Disease (MND) (also known as Amyotrophic Lateral Sclerosis, ALS) is a
progressively degenerative neurological condition, which affects the motor neurones in the brain
and spinal cord. Life expectancy is between 3 to 5 years from symptom onset [ 180] and quality of
life (QoL) is greatly impaired. Established treatments are symptom management, riluzole which

increases median survival by about 3 months [181], and palliative care [182].

The recent approval of edaravone [10] by the US Food and Drug Administration (FDA) and the
development of other new treatments options [63,165] will increase the need for evidence to
support health technology assessment (HTA) and reimbursement decisions. At present, there is
limited literature on preference-based health utilities in patients with MND [183], which are

required for the calculation of quality-adjusted life-years (QALY's) for cost-utility analyses.

The EuroQoL EQ-5D is the preferred measure of the National Institute for Health and Care
Excellence (NICE) [184] for calculating QALY's and the most widely used generic preference-
based health outcomes measure, facilitating comparisons of health technologies between different
diseases [185]. However, concerns have been expressed in applying this measure to MND patients,
as it does not account for a range of symptoms, including communication, fatigue, swallowing and
respiratory difficulty [180]. Previous experience of the EQ-5D-3L version in patients with MND, is
that the measure can be used but with cautions of ceiling/floor effects, amongst other issues

[186,187].

When EQ-5D data are not available, NICE allows for utilities be estimated by mapping from other
health-related QoL measures [188]. A number of studies concerned with mapping disease-specific
QoL instruments to the EQ-5D have been published [189] and guidelines produced for best practice
[190,191]. Mapping from a non-preference based measure to the EQ-5D can be performed by
predicting either the EQ-5D health utility values (direct mapping) or each of the five domain
responses (indirect mapping). However, there is limited use of either approach in the context of

neurological conditions [192,193].

The Amyotrophic Lateral Sclerosis Functioning Rating Scale-Revised (ALSFRS-R) [194] is
recommended for use in clinical trials of treatments for MND [195] to capture clinical changes in
areas of motor, bulbar and respiratory function. While this is not a preference-based measure, the
ALS Utility Index, which is derived from 5 items of the ALSFRS-R and based on US general
population tariff scores, does allow for utilities to be estimated [196], but has not been used in

MND patients.
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The aim of our study is to develop algorithms for mapping, both directly and indirectly, from
measures used in MND clinical studies to allow for future prediction of EQ-5D-5L utility in

populations of MND patients where utility data have not been collected.
3.2 Methods

3.2.1 Data

Data were sourced from the on-going Trajectories of Outcomes in Neurological Conditions
(TONIC) study [6]. This longitudinal study of QoL and economic outcomes includes a large cohort
of patients with MND recruited throughout the UK. Participants complete a series of outcome

measures and provide demographic and clinical information.

For the analysis, we used baseline responses from a cross-section of patients recruited by MND
clinical and research teams up to January 2017, who were at different stages of the disease course.
Cross-sectional rather than longitudinal data were used as only 106 from 636 patients had returned
any follow-up questionnaires at the time of analysis for this paper. All questionnaires used in the
mapping analysis were returned in a single pack which the participant was requested to complete on
the same day if possible. Clinicians allocated MND to limb, bulbar or respiratory onset types and
performed disability assessment using the ALSFRS-R.

Ethical approval was granted from NRES Committee North West - Greater Manchester West
(reference number 11/NW/0743).

3.2.2 Missing data

Mapping was only conducted for participants for whom complete data were available. A logistic
regression was used to test whether participants who had returned incomplete questionnaires were
comparable to those who had fully completed questionnaires, in terms of their age, gender, MND

onset type, independent completion of questionnaires and recruiting centre.
3.2.3 Measures

The EQ-5D-5L was included in the TONIC study to estimate health utilities. It covers the health
domains of mobility, self-care, usual activities, pain and anxiety/depression, each with five levels of
severity [197]. A preference-based single index score can be generated with any combination of
responses, anchored at 0 to represent death, 1 representing full health and, based on an English
tariff, includes the worst health state of -0.281. These health utility values have been developed

using general public responses to a standard gamble survey.

Three measures were selected from the TONiC dataset for the purposes of mapping to EQ-5D-5L.:
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1) ALSFRS-R, from which the ALS Utility Index was derived

The revised version of the ALSFRS incorporates respiratory items, increasing the sensitivity of the
instrument to changes in the disease course of MND [194]. The ALSFRS-R is a validated MND-
specific 12-item questionnaire, concerning bulbar, limb and respiratory function. Responses range
from a score of 0 (severe problems) to 4 (no change). Responses to the ALSFRS-R are often used to
derive a single index value and this value is reported in many clinical studies, but recent evidence
suggests that the ALSFRS-R should be examined on a domain level, to generate either 3 or 4

domain scores to overcome concerns of unidimensionality [198] (Figure 3.1).

Figure 3.1 — Structure of ALSFRS-R, showing breakdown by 4 and 3 domains and items

ALS Functional Rating Scale-Revised (ALSFRS-R)

|

Respiratory

Bulbar items are related to speech and communication. The fine motor domain is concerned with actions

such as hand and finger movements, whereas gross motor captures changes in areas such as walking and

climbing. The respiratory domain captures issues around the ease of breathing.

The ALS Utility Index is derived from the following ALSFRS-R domains: speech and swallowing,
eating and self-care, leg function and respiratory function [196]. Preference weights were generated
from members of the general public in the US using the standard gamble method and can be used to

calculate a single preference-based utility score for persons with MND.
2) Neuropathic Pain Scale (NPS)

The Neuropathic Pain Scale [199] measures the intensity, unpleasantness and sharpness of
neuropathic pain. The questionnaire consists of 10 scales with varying descriptions of pain, each
with a possible response value between 0 (no pain) and 10 (worst pain imaginable). A further item
concerns the length of time the patient has experienced pain with a score of between 0 and 2.

Responses to the scales and the time item are summed to provide an NPS index score.

3) Hospital and Anxiety Depression Scale for MND (MND-HADS)
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The MND-HADS [200] is a modified version of the Hospital and Anxiety Depression Scale
(HADS) [201], developed for use in MND populations to address concerns that items in the original
HADS may be confounded by physical disability. The modified HADS-A and HADS-D, which
have acceptable psychometric properties, resulted from the removal of one item from both 7-item

scales.
3.2.4 Statistical methods

With our aim of developing a crosswalk between the selected measures available in the TONiC
study and the EuroQoL EQ-5D-5L, we tested a variety of model types and structures to arrive at a
preferred model, and present alternative acceptable models that may suit different scenarios
depending on data availability. Models based on direct mapping to EQ-5D-5L utilities (based on the
English tariff [197]) and indirect mapping to EQ-5D-5L domains were tested. We randomly divided
our dataset into estimation and validation samples in a 2:1 ratio, allowing algorithms generated in

the estimation sample to predict values in the validation sample.

For the direct mapping analysis, we considered the ALSFRS-R by individual items, 3 and 4
domains variables and index score (Table 3.1; Figure 3.1). Individual item responses to the
ALSFRS-R provide the greatest granularity; domain variables of the ALSFRS-R offer more concise
information on distinctive features of MND [194], and the index score was selected based on it
being reported in many clinical studies in MND. The ALSUI was analysed by index score only as
this measure is preference-based and therefore the index value combined weighted domain

responses.

Two model types were chosen for the direct mapping. Firstly, we used ordinary least squares
(OLS) regression which has been used extensively in comparable studies with acceptable
performance [189]. Given that EQ-5D-5L utility data are skewed, however, violating the
assumption of normality, and are censored at the upper limit of 1, we also used a Tobit regression

model [202], and compared the results with OLS regressions models.

For all indirect mapping analyses, we used multinomial logistic regression to account for the
categorical nature of EQ-5D domains, and the ordering of EQ-5D domain levels (Table 1). Initially,
we used the same combinations of explanatory variables as in our direct mapping analysis. We then
undertook a second indirect mapping analysis, which included the additional measures of the NPS
and MND-HADS. These were included to overcome the lack of pain and mental health domains
within the ALSFRS-R, therefore aiding our indirect mapping analysis. All models, direct and
indirect, were run with and without the demographic variables of age, gender and MND onset type.

All regression analyses were performed on the estimation sample, with generated results used to
55



predict values using the validation sample. Furthermore a stepwise selection was used to examine if
a reduced ALSFRS-R item model was more appropriate, in regards to removing variables whose

coefficients were not rationally directed, and to test if a more efficient model could be obtained.

Data management was carried out using Microsoft Excel (Microsoft, Washington, USA) and R

statistical software version 3.0 (Vienna, Austria) [203] was used for statistical analysis.

Table 3.1 - Mapping models used in statistical analysis

Model number Explanatory variables Statistical methods
Direct Mapping

la ALSFRS-R Index OLS and Tobit

1b ALSFRS-R Index and demographics OLS and Tobit

2 ALSFRS-R 4 Domains OLS and Tobit

3 ALSFRS-R 3 Domains OLS and Tobit

4 ALS Utility Index OLS and Tobit

5 ALSFRS-R items OLS and Tobit

6 Stepwise ALSFRS-R items OLS and Tobit

Indirect mapping

7 ALSFRS-R Index Multinomial Logistic
8 ALSFRS-R 4 Domains Multinomial Logistic
9 ALSFRS-R 3 Domains Multinomial Logistic
10 ALS Utility Index Multinomial Logistic
11 ALSFRS-R items Multinomial Logistic
12 Stepwise ALSFRS-R items Multinomial Logistic
13 ALSFRS-R index score, NPS and MND-HADS Multinomial Logistic
14 ALSFRS-R 4 domains, NPS and MND-HADS Multinomial Logistic
15 ALSFRS-R 3 domains, NPS and MND-HADS Multinomial Logistic
16 ALSUI score, NPS and MND-HADS Multinomial Logistic
17 ALSFRS-R items, NPS and MND-HADS Multinomial Logistic
18 ALSFRS-R Items stepwise selection, NPS and MND- Multinomial Logistic
HADS

3.2.5 Assessing Model Performance

Model performance was examined by the mean squared errors (MSE) and mean absolute errors

(MAE), in line with mapping guidance [184,190], to identify the best predictive models. For
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optimal model selection, we used MSE results from our validation sample. The MAE was included
to complement the MSE analysis and ensure that models selected based on a lower MSE score also

had a lower MAE score.

Tests of systematic bias in selected models, chosen by lowest MSE score, were performed by
examining the percentage of predicted values which deviated from observed values by more than
0.10 and 0.25. In order to identify if the selected models performed better for particular ranges of
utility values, we also present the errors for the following categories of EQ-5D-5L utility scores: <0,
0 to <0.2, 0.2 to <0.4, 0.4 to <0.6, 0.6 to <0.8, 0.8 to 1. The plotting of histograms of the residuals
of observed and predicted values of the selected model provided visual evidence of the nature of
errors present in the models. Examination of mean differences in utility values between data sets
was also undertaken. Finally, the Akaike Information Criterion (AIC) [204] was used to test the fit
of models with lowest MSE for each of the explanatory variable groups in the direct mapping and

also for all indirect mapping models.

The conduct and reporting followed guidance from the MApping onto Preference-based measures

reporting Standards (MAPS) statement [190].
3.3 Results
3.3.1 Data Characteristics

Questionnaires were posted to 958 patients. A response rate of 66.4% for our cross-sectional data
set was achieved, resulting in 636 returned questionnaires. 41 were incomplete for direct mapping,
leaving a total of 595 completed patient questionnaires for inclusion in this analysis. Respondents
who did not fully complete questionnaires were not statistically different from those who returned
completed questionnaires, with respect to the variables tested (supplementary appendix 3). For the
direct mapping, 397 patients were randomly assigned to the estimation sample and 198 to the
validation sample. For indirect mapping, 18 patients had not completed the required additional
questionnaires, therefore 385 patients were in the estimation sample and 192 in the validation
sample. Estimation and validation samples were well balanced in terms of age, gender split, MND
onset type (bulbar, limb and respiratory), severity of EQ-5D domain responses, their EQ-5D-5L and
ALSUI utility values, and ALSFRS-R, NPS and MND-HADS scores (Tables 2 and 3). The mean
age of respondents was 65.1 years, which is in line with reported average ages of MND patients,

while the gender split of 61% male is also reflected within the literature [205].
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Table 3.2 — Patient characteristics

Characteristic Whole sample Estimation sample | Validation sample
(n=595) (n=397) (n=198)
Demographics
Male n (%) 363 (61.0) 243 (61.2) 120 (60.6)
Age mean (SD) 65.07 (10.89) 65.25 (10.89) 64.70 (10.6)
MND Onset n (%)
Limb 404 (69.9) 265 (66.8) 139 (70.2)
Bulbar n (%) 159 (26.7) 112 (28.2) 48 (26.7)
Respiratory n (%) 11(2.5) 8(2.0) 3(2.5)
Measures mean (SD)
EQ-5D-5L index 0.57 (0.26) 0.57 (0.26) 0.58 (0.27)
EQ-5D VAS 0.60 (21.30) 0.61 (22.01) 0.60 (21.78)
ALSFRS-R score 31.95 (8.33) 31.85(8.13) 32.15 (8.73)
ALS Utility Index 0.40 (0.24) 0.40 (0.24) 0.41 (0.24)
Neuropathic Pain Scale | 30.02 (16.40) 28.74 (16.95) 32.62 (15.01)
MND-HADS 8.02 (5.45) 7.90 (5.51) 8.25(5.32)

Figure 3.2 shows the distributions of the EQ-5D-5L utilities, ALSFRS-R index values and ALSUI
scores in both samples. The number of individuals reporting negative EQ-5D-5L in our full dataset

was 13 (2.2%). EQ-5D-5L utility ranged from -0.21 to 1, whereas the ranges of other measures
were: ALSFRS-R (1 to 48), ALSUI (0 to 1), NPS (0 to 85) and MND-HADS (0 to 28)
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Figure 3.2 - Distributions of EQ-5D-5L utilities, ALSFRS-R Index scores and ALSUI scores by sample
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The distributions of responses varied across the EQ-5D domains (Table 3), with mobility and usual
activities associated with greater proportions of severe problems, compared to other domains,
reflecting the impact of MND upon patients’ motor functioning. There were fewer responses in the
more severe categories of pain/discomfort, with 5 (0.8%), and anxiety/depression with 6 (1.0%)

individuals reporting severe problems.
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Table 3.3 - Distribution of responses by EQ-5D-5L domains

EQ-5D Domain Whole Sample Estimation Sample Validation Sample
(n=595) (n=397) (n=198)
Mobility n (%) n (%) n (%)
Level 1 99 (16.6) 63 (15.9) 36 (18.2)
Level 2 81(13.2) 54 (13.6) 27 (17.6)
Level 3 157 (26.4) 106 (26.4) 52 (26.3)
Level 4 152 (25.6) 100 (25.2) 52 (26.3)
Level 5 106 (17.8) 75 (18.9) 31 (15.7)
Self-care
Level 1 118 (19.8) 85(21.4) 33 (16.7)
Level 2 152 (25.6) 88 (22.2) 64 (32.3)
Level 3 162 (27.2) 110 (27.7) 52 (26.3)
Level 4 71 (11.9) 52 (13.1) 19 (9.6)
Level 5 92 (15.5) 62 (15.6) 30 (15.2)
Usual Activities
Level 1 53 (8.9) 35(8.8) 18 (9.1)
Level 2 117 (19.7) 71 (17.9) 46 (23.2)
Level 3 174 (29.2) 118 (29.7) 56 (28.3)
Level 4 118 (19.8) 85(21.4) 33 (16.7)
Level 5 115 (22.4) 88 (22.2) 45 (27.7)
Pain/discomfort
Level 1 179 (30.1) 116 (29.2) 63 (31.8)
Level 2 213 (33.8) 140 (35.3) 73 (36.9)
Level 3 161 (27.1) 114 (28.7) 47 (23.7)
Level 4 37 (3.6) 22 (5.5) 15 (7.6)
Level 5 5(0.8) 5(1.3) 0(0.0)
Anxiety/depression
Level 1 268 (45.1) 181 (45.6) 87 (43.9)
Level 2 203 (34.1) 131 (33.0) 72 (36.4)
Level 3 98 (16.5) 66 (16.6) 32 (16.2)
Level 4 20(3.3) 15 (3.8) 5(2.3)
Level 5 6 (1.0) 4 (1.0) 2 (1.0)
3.3.2 Model Performance
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The results of our mapping analysis by model type are presented in Table 4. Patient demographics
were significant predictors of EQ-5D-5L utilities in only model OLS 1b; results for the other

models with demographic variables are therefore not presented.
Direct mapping

Direct mapping models were compared in terms of their fitted values deviating by more than 0.1
and 0.25 of the true utility. This ranged from 31.3% to 55.4% for within 0.10 of true value; and
56.3% and 91.4% within 0.25. Direct mapping models generally performed well in estimating mean
utility in the estimation sample, with all models predicting the mean correctly to 2 decimal places.
In the validation sample, however, only three mapping models predicted the mean to 2 decimal
places, and only three predicted negative utility values. Model OLS (5) demonstrated the lowest
MSE (0.0245), MAE (0.1218) and AIC values in the validation sample; however it contained non-
significant coefficients, and negative (counterintuitive) coefficients on items 1 to 4, and 12. For
these reasons, among direct mapping models the use of the reduced ALSFRS-R item model with
stepwise selection of explanatory variables (model OLS (6)) is preferred. While MSE (0.0228),
MAE (0.1173) and AIC all indicated model OLS (6) to provide the best fit of the data, the predicted
errors were not uniform across the range of EQ-5D-5L utility scores (Table 4). Larger errors were
apparent for negative utilities and for utilities in the range of 0 to 0.2. Figure 3.3 presents the fitted
versus observed values, and Figure 3.4 plots the residuals. The model was strongest when
predicting values from 0.2 to 0.8. 91.7% of estimations were within 0.25 of the observed EQ-5D-5L
values, with 55.4% within 0.10 of the true value. The algorithm generated from this regression is

presented below:

EQ-5D-5L utility = 0.086203 + 0.057486*item6 + 0.046674*item7 + 0.058688*item8 +
0.035927*item9 + 0.021126*item10s

Figure 3.3 — Selected model OLS (6) fitted values v observed values, full sample
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Model OLS (6) Fitted Values vs Observed

2 0 0o o 00
= 00 gog o B g
[¢] o} O o}
o @ 0 ° @ oo é’ %O%% 8 B0 § o
= 8 ooég 00§ 80 8
5 o B a0 C%%@P %} C>o 8
1 © o g9 & 08, 28209 o °
& ® 2P0
: o o S HMFEITE soog U0 T
0¥ 0o O o @G%) @ e afo o o
g 2 ) 8o P 085, 90g ) ) o
A R T R L
g g cog 080% ™GO O‘PO 0 @50 90 o
o] o c 9% o o
g o © o) dg o] o o
0 o o 0 o8 8°
8 o
o~ ®
S o
T T T T
02 04 0.6 0.8
OLS Model (6) fitted values
Figure 3.4 - Residuals of selected model OLS (6), based on the full sample
Residuals of Model OLS(6)
Q
&
D
==
c
QL (=)
-
o
w
3
o [ —
[ ] ] I 1
-1.0 0.5 0.0 05 1.0
OLS(6) residuals
Indirect mapping

1.0

All indirect mapping models using the ALSFRS-R or ALSUI were upwardly biased as they

consistently predicted higher utility values. They reported higher MSEs and MAEs than the direct
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mapping models using the same clinical information, but while the use of the additional measures of
the NPS and MND-HADS resulted in lower errors, these models did not outperform direct mapping

models.

To researchers who may benefit from our mapping analysis, and recognising that data availability
may differ from one study to another, we present the complete results of the best performing models

for various levels of information required in the supplementary appendix 4.
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Table 3.4 — Mapping results

Model Estimation Sample (n=397) Validation Sample (n=198)

Mean (SD) Min, Max MSE MAE Mean (SD) Min, Max MSE MAE
Observed 0.57 (0.26) -0.2,1 N/A N/A 0.58 (0.26) -0.21, 1 N/A N/A
EQ-5D-5L
utility
Direct Models
OLS (1) 0.57 (0.19) 0.1, 0.86 0.0404 0.1594 0.57 (0.18) -0.06, 0.9 0.037 0.1552
OLS (1b) 0.57 (0.19) 0.04, 1 0.0339 0.1448 0.57 (0.19) -0.06, 1 0.0306 0.1407
OLS (2) 0.57 (0.21) 0.08, 0.96 0.0239 0.1202 0.57 (0.15) 0.1, 0.96 0.0461 0.1794
OLS (3) 0.57 (0.20) 0.05,0.94 0.0447 0.1245 0.57 (0.15) 0.08, 0.94 0.0281 0.1306
OLS (4) 0.57 (0.16) 0.03,0.92 0.0219 0.1201 0.57 (0.16) 0.3,0.95 0.0441 0.1731
OLS (5) 0.57 (0.22) 0.09, 0.98 0.0224 0.1135 0.57 (0.22) 0.1, 0.98 0.0245 0.1218
OLS (6) 0.57 (0.21) 0.09, 0.96 0.0221 0.1112 0.58 (0.21) 0.1, 0.97 0.0228 0.1173
Tobit (1) 0.57 (0.17) 0.09, 0.87 0.0405 0.1589 0.59 (0.18) -0.06, 0.91 0.0371 0.1545
Tobit (1b) 0.57 (0.19) 0.05,0.99 0.0356 0.1453 0.57 (0.20) -0.01,0.92 0.0310 0.1423
Tobit (2) 0.57 (0.17) 0.07,0.85 0.0421 0.1625 0.51 (0.15) 0.03,0.81 0.0466 0.1801
Tobit (3) 0.57 (0.21) 0.03,0.97 0.0271 0.1283 0.55(0.20) 0.01,0.92 0.0280 0.1329
Tobit (4) 0.57 (0.16) 0.3, 0.93 0.0447 0.1711 0.58 (0.16) 0.3, 0.97 0.0442 0.1730
Tobit (5) 0.57 (0.22) 0.08, 1 0.0219 0.1132 0.57 (0.22) 0.09, 0.99 0.0255 0.1288
Tobit (6) 0.57 (0.21) 0.08, 0.9 0.0233 0.1149 0.57 (0.21) 0.09, 0.98 0.0250 0.1241
Indirect
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Models

Mlogit (7) 0.65 (0.24) 0.17,0.95 0.5660 0.1794 0.66 (023) | 0.17, 1 0.0597 0.1812
Mlogit (8) 0.66 (0.22) 0.17, 1 0.0390 0.1285 0.67(0.58) | 0.17, 1 0.0320 0.1415
Mlogit (9) 0.64 (0.24) 0.17, 1 0.0360 0.1379 0.60 (0.25) | -0.02, 1 0.0303 0.1342
Milogit (10) 0.61 (0.23) 0.17, 1 0.0501 0.1811 0.62(022) | 0.17,0.95 0.0510 0.1732
Milogit (11) 0.62 (0.21) 0.01,0.95 0.0274 0.1165 0.62(022) | -0.02, 1 0.0315 0.1526
Mlogit (12) 0.61 (0.22) 0.01,0.95 0.0252 0.1140 0.62(021) | -0.02, 1 0.0310 0.1563
Mlogit (13) 0.57 (0.22) -0.07, 1 0.0199 0.1034 0.58(022) | -0.02, 1 0.0308 0.1310
Mlogit (14) 0.72 (0.23) 0.34,1 0.0989 0.2421 0.58(021) | 0.17,1 0.0534 0.2181
Mlogit (14) 0.74 (0.22) 0.49, 0.93 0.0954 0.2339 0.60 (021) | 0.34,0.94 0.0663 0.2316
Mlogit (15) 0.59 (0.23) 0.09, 1 0.1581 0.1581 0.59(022) | -0.02, 1 0.0497 0.1757
Milogit (16) 0.49 (0.22) -0.09, 1 0.1870 0.1870 0.51(0.11) | 0.51,1 0.0657 0.1956
Milogit (17) 0.59 (0.22) 0.1, 1 0.2010 0.2010 0.59(021) | 0.17, 1 0.0441 0.2301




3.4 Discussion

Our study provides evidence that the ALSFRS-R, conceptually, could be a good candidate for
mapping to the EQ-5D-5L in MND patients as the domain themes which appear in the EQ-5D (pain
and anxiety/depression) but not in the ALSFRS-R, are reported in less severe terms in MND
patients. This may partially explain why our mapping results fell within the reported MSE ranges of
other mapping studies [189], and allowed us to assert that mapping from the ALSFRS-R to the EQ-
5D-5L is viable.

The various ALSFRS-R mapping models showed markedly better predictive results than the models
using the ALSUI when estimating EQ-5D-5L utilities. This may be in part due to the use of US
preference tariff in the ALSUI, contrasting with our use of the English EQ-5D-5L tariff given the
population from which the data were derived; but also the different selection of ALSFRS-R
domains in their construct. The ALSUI estimated utility from items 1, 6, 8, 10 and 12 of the
ALSFRS-R, whereas our best fitting model, OLS (6) used items 6 to 10. More research is needed
to confirm the external validity of the ALSUI and the extent to which it can be used to complement
generic preference-based measures. Based on our mapping analysis, we cannot recommend using
this measure to crosswalk to the EQ-5D-5L in MND patients. Table 5 outlines strengths of each

mapping strategy.

Table 3.5 — Mapping guidance listed by strength of recommendation

Information available Model to use Notes

ALSFRS-R item responses OLS (6) OLS (5) can also be used if all ALSFRS-R items
are to be included regardless of negative, non-

intuitive coefficients

ALSFRS-R domain scores OLS (3) This models uses 3 domains of the ALSFRS-R
ALSFRS-R index score with OLS (1b) Age, gender and MND onset type information
demographic data needed for this model

ALSFRS-R index score OLS (1) Caution has been noted when using the index score

of the ALSFRS-R. This should only be considered

if domains or item scores are not available

ALSFRS-R index score, Neuropathic | Mlogit (13) This models requires three questionnaires, and
Pain Scale and MND-HADS should only be used if researchers do not want to
use the English EQ-5D-5L tariff
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As with the majority of previous mapping studies, our analysis found OLS regressions to have the
strongest predictive power, slightly bettering the results from the Tobit regressions for direct
mapping [189]. Indirect mapping models with the same specifications as the direct models showed
higher MSEs using a multinomial logistic regression and consistently estimated larger mean EQ-5D
utilities compared to observed values. The addition of the NPS and HADS to the indirect models
reduced reported MSEs, but not to the extent as estimated in the direct mapping models.
Demographic information did not significantly improve predictive power of the models, with the

exception of model 1b; this result has been reflected in other MND research [206].

Our preferred model OLS (6), using a selection of ALSFRS-R items as explanatory variables, had
MSE and MAE values comparable to other neurological statistical mapping work [192,193], and to
errors reported in mapping studies in general [189]. The fact that our most accurate model, in terms
of lowest MSE, contained only 5 items from the 12 item ALSFRS-R highlights the limitations of
the use of the EQ-5D-5L within MND populations. There are characteristics of the disease, as
defined by the main disease-specific measure in MND, that do not influence the metric of EQ-5D-
5L health utility. These are: communication, salivation, swallowing, hand use, and respiratory

function.

This study is a useful addition to the literature, in that it presents results for both direct and indirect
mapping algorithms, using a variety of model structures. Few previous mapping studies have

carried out both approaches on the same dataset [189]. Ours is the first study, to our knowledge, to
have carried out such an analysis within an MND population, and provides useful evidence for the
development of economic analyses in MND where EQ-5D data have not been collected directly. A
strength of the analysis was the completeness of returned questionnaires with no evidence that data

were not missing at random.

Our analysis may have been more robust, however, if we had access to data for a greater number of
patients. In being a longitudinal study, TONiC offered the opportunity for an analysis of repeated
measures to increase the power of the study, but as only 106 (of 636 patients) had returned at least 1
follow-up questionnaire pack at our cut-off date, we considered this to be an insufficiently
representative sample for such an analysis. TONiC nonetheless represents both the largest and one
of the most detailed quality of life studies for MND in the world. The strongest models within this
study were unable to predict negative utility values for patients with MND, and had a higher error
rate for low utility scores. This is of concern as MND is associated with relatively low utility values
reflecting very poor health-related quality of life, although our data had only a few patients

reporting negative utilities (2.2%). The mapping algorithms presented in this study were validated
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from a sample of data which stems from the same study. While this is commonplace in the literature
[189-191], external validation would have been preferable in the context of assessing broader
generalisability. Finally, it should be noted that directly collected data on EQ-5D-5L utilities always

supersedes predicted values based on mapping algorithms.
3.5 Conclusion

Many studies in MND have not used preference-based utility measures, which are required
increasingly to support health technology assessment and reimbursement decisions. The algorithms
presented here provide an option for estimating EQ-5D-5L utility when this has not been collected
directly from MND patients. This study has shown that it is possible to predict, with reasonable
accuracy (based on reported MSE ranges for other mapping studies), EQ-5D-5L utility values from
the ALSFRS-R. It is also possible to map indirectly to EQ-5D-5L domains if the NPS and MND-
HADS have been used alongside the ALSFRS-R. These findings should aid health technology
assessment of interventions for MND, by providing evidence linking commonly used clinical

outcome measures to a widely adopted generic preference-based measure, the EQ-5D-5L.
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Preface to Chapter four

The previous chapter has shown that it is possible to estimate EQ-5D-5L utilities from the
commonly used MND disease-specific measure, the ALSFRS-R. While this is a useful link,
mapping is not the preferred method by which to include health utilities in health economic
evaluations. The ideal scenario is the use of EQ-5D values which are directly collected using that
measure. Preferably this should be collected as part of any clinical trial. However, in many cases
this information is not available. In these situations, health utilities can be taken from the literature,
if a relevant study can be found in which the appropriate measurement (usually EQ-5D for NICE
submissions) has been used in a patient population which is generalisable to the population under
consideration. Further to this, information on disease specific costs is needed to carry out health
economic evaluations, as incremental cost differences between treatment options is needed. As a
minimum, relevant costs from a health payer (such as the NHS) perspective should be reported, in

order to meet the NICE reference case requirement.

Chapter four aims to provide health state utilities and costs by well accepted MND specific health
stage models. This will add to the limited evidence base to date and investigate how these two key

parameters vary over the course of MND.
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Chapter four

Health utilities and costs for Motor Neurone Disease
Abstract

Background: Motor Neurone Disease (MND) places a significant burden on patients, their
carers and healthcare systems. However, there is limited information on health utilities and

costs within a United Kingdom setting.

Methods: Patients with MND, recruited via 22 regional clinics, completed a postal
questionnaire of a cost and quality of life survey. Health outcome assessment included the
EQ-5D-5L, EQ-VAS, ALS Utility Index and the Amyotrophic Lateral Sclerosis Functional
Rating Scale - Revised. Clinical staging was based on the Kings and MiToS systems. The
questionnaire asked about patients’ use of primary, secondary and community care services

in the previous 3-months. Variability in total costs was examined using regression models.

Results: 595 patients were included in the health utility analysis, of whom 584 patients also
completed a resource use questionnaire. Mean health utility decreased and costs increased
between consecutive Kings stages, from 0.76 (95%CI 0.71, 0.80) and £1,096 (£757, £1,240)
in Kings stage 1, to 0.50 (0.45, 0.54) and £3,311 (£2,666, £4,151) in stage 4, respectively.
The changes by MiToS stages, were from 0.71 (0.69, 0.73) and £1,115 (£937, £1,130) in
MiToS stage 0, to 0.25 (0.07, 0.42) and £2,899 (£2,190, £3,840) in stage 2. Kings stages 3
and 4, and MiToS Stages 1 and 2, respectively, were significant in explaining variability in

total costs.
Conclusions: The impact of MND on health utilities and costs differs by disease severity.

The data provided here can be used in cost-effectiveness analyses and to inform decision-

making regarding healthcare provision for people with MND.
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4.1 Introduction

Motor Neurone Disease (MND) (or amyotrophic lateral sclerosis) is a neurodegenerative
condition associated with extensive impairment of patients’ mobility, communication and
breathing which results in large reductions in their health-related quality of life [180]. The
average life expectancy is only 3-5 years from disease onset [207], and treatment is focused
on symptom management, slowing disease progression and providing palliative care. MND

incurs significant financial burden on patients, caregivers and health-care providers [86].

Economic studies in MND, including cost analyses, preference elicitation and economic
evaluations, both in the UK and internationally, have a limited evidence base. The extent of
these limitations has been described in previously [183]. These studies are restricted in terms
of cost measurement, and small samples for estimating health utility. There is limited
experience of the EuroQoL (EQ)-5D in MND populations [155,156], with possible flooring
effects in the EQ-5D-3L. In one study [156], EQ-5D-3L health utility values decreased as
disease severity increased, whereas in the other, health states were not mutually exclusive

[151].

The costs of MND to the National Health Service (NHS) in the UK are believed to be high,
owing to the nature of the disease, but are not well documented within the health economic
literature [183]. A study published in 1998, using expert opinion to estimate resource use,
provided cost estimates for some less severe health stages which were higher than the most
severe stage [208]. In international studies, reported costs have increased as severity

worsened [183].

Previous studies in MND have involved attempts to describe and model disease progression
using clinical staging systems [209-212]. These facilitate analyses of costs and benefits using
clearly defined clinical health states, and provide a structure for simulation models, such as
Markov models [213], for estimating cost-effectiveness. The two most commonly used
clinical staging systems in MND are the Kings [211] and the Milano-Torino (MiToS) staging
systems [212]. The Kings system is structured around clinical involvement of bulbar and
limb areas and nutritional or respiratory failure, whereas the MiToS system is focused on loss
of independence across the domains of bulbar, gross motor, fine motor and respiratory

function.

73



The Amyotrophic Lateral Sclerosis Functional Rating Scale - Revised (ALSFRS-R) [214] is
the most commonly used disability measure in MND clinical research and is recommended
for capturing changes in functionality along the disease course [215,216]. The Kings system
was developed for patients to be staged by clinicians but it can also be derived from the
ALSFRS-R with good accuracy [217], whereas the MiToS staging system is based directly
on ALSFRS-R responses. The fact that both of these staging systems can be used with
ALSFRS-R data makes them particularly useful in the analysis of clinical trials, which

routinely use the ALSFRS-R as a primary outcome measure.

We aimed to contribute to the evidence-base of economic studies in MND by presenting
costs, and health state utilities based on the EQ-5D-5L [218] and the ALS utility index [219],
defined by both Kings and MiToS staging. This study provides evidence for future economic
evaluations in MND to inform health technology assessment and decision making within the
UK National Health Service. We provide valuable information on how MND impacts upon
patients’ quality of life and NHS costs at various clinical stages, by using a range of health

measures, and two clinical staging models.

4.2 Methods

4.2.1 Data

Data were obtained from the Trajectories of Outcomes in Neurological Conditions (TONiC)
study conducted in the UK. TONiC is an ongoing longitudinal cohort study which, at the time
of this study, had recruited patients from 22 MND clinics within the UK. The TONiC study is
primarily aimed at assessing factors affecting patients’ quality of life and their experience of
MND [6]. Patients attending MND clinics are given questionnaires at various time points for
postal return; at 0, 4, 9, 14, 18, 27 and 60 months from their inclusion in the TONiC study.
The health economic components include a resource use questionnaire, which was a modified
version of a questionnaire used in epilepsy [220] (available from the Database of Instruments
for Resource Use Measurement [221]) and the EQ-5D-5L questionnaire. Baseline responses
were used in the present study as longitudinal data had not matured sufficiently at the time of

analysis, which resulted in this study being cross-sectional in nature.
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The TONIC study was approved in the UK by NRES Committee North West — Greater
Manchester West (reference number 11/NW/0743) and informed consent was obtained from

the patients involved.

Demographic and clinical characteristics
Respondents reported their age and gender. MND onset type (limb, bulbar, respiratory or

unknown) was determined by a clinician familiar with each patient’s case.

Disease-specific measure

The ALSFRS-R, which was completed by study participants, comprises of 12 items, each
scored from 0O (worse state) to 4 (best state with less disability) [214]. These items are
commonly divided to 3 distinct domains; bulbar (items 1-3), motor (items 4-9) and
respiratory (items 10-12) [222]. We used the ALSFRS-R to assign patients to Kings and
MiToS states [211,212].

4.2.2 Health utility

Patents completed the EQ-5D-5L which comprises of five domains; mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression [218]. Each of these domains has five
levels indicating worsening health, from having no problems, to having severe problems.
Responses to the EQ-5D-5L were used to calculate health utilities. Each possible
combination of responses to the five questions of the EQ-D5-5L is associated with a health
utility value, based on time trade-off valuations from a representative sample of the general
public in England [218]. We also present results from the EQ-5D-visual analogue scale (EQ-
5D VAS), which complements the main EQ-5D-5L questionnaire and measures self-reported

health values as indicated on a vertical scale.

The ALS Utility Index (ALSUI) was calculated from responses to the ALSFRS-R [219]. This
measure is the first such to present a disease-specific, preference-based index in MND, based
on scoring determined from a standard gamble experiment taken by members of the general
public in the United States. The ALSUI algorithm attaches a preference weighting to
ALSFRS-R items 1, 6, 8, 10 and 12, to obtain a single index value ranging from 0 (worse
possible state) to 1 (best possible state) [219].

4.2.3 Clinical staging
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As Kings staging is based on clinical observation, we used a mapping algorithm which
estimates Kings stages with 92% accuracy [217]. Kings stages 1,2,3 are allocated by counting
the number of times a patient shows any loss (any score below 4 on relevant items) in the
domains of bulbar, upper limbs and lower limbs; involvement of any one region leads to
stage 1, two regions stage 2 and so on. Patients with respiratory or swallowing failure are

allocated to stage 4.

We also allocated patients in this study to MiToS system stages [212]. This was done using
the ALSFRS-R, from which the MiToS system was developed. All MiToS stages are
allocated on counts of losses in independence in domains of bulbar, gross motor, fine motor
and respiratory function. Loss of independence in one domain is stage 1, in two domains

stage 2 and so on. If no loss of independence has occurred, patients are allocated to stage 0.

4.2.4 Resource use and cost

The resource use questionnaire asked respondents about their use of NHS resources,
including medicines, primary and community care, hospital clinic visits and inpatient stays,
tests and investigations, within the previous 3 months. Unit costs were sourced from NHS
reference costs [223] and the Personal Social Services Research Unit (PSSRU) [224,225]. All
costs were inflated to 2017 values, where applicable, using the hospital and community
health services (HCHS) index PSSRU [224]. The full disaggregated data on items and unit
costs are presented in the Supplementary Appendix 5.

4.2.5 Missing data

Patients were omitted from the analysis of health utility if they had not completed the EQ-
5D-5L in full, and from the cost analysis if they had not answered all required questions on
the resource use questionnaire. Further to this, patients who did not complete the ALSFRS-R
in full were also excluded from the analysis, as they could not be staged according to the

Kings or MiToS staging systems.

4.2.6 Statistical analysis

95% Confidence intervals (CI) were estimated using non-parametric bootstrapping, with
2000 replications with replacement to account for the skewed nature of cost and health utility
data. Generalized Linear Models (GLM) with a Gamma log link were used to estimate the

influence of certain variables, including disease staging, on total patient costs. Data
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management was undertaken in Excel 2016 (Microsoft, Washington, United States) and all

analyses were carried out in R (Vienna, Austria) [226].
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4.3 Results

4.3.1 Description of data

958 patients received posted questionnaires, of which 636 (66.4%) were returned. Forty-one

of the questionnaires returned were not sufficiently completed. Health utility data were

therefore available from 595 patients, and of these 584 patients also provided cost

information, meaning cost data were available for 98.1% of patients who were staged. Table

1 presents the characteristics of the participants for both health utility and cost analyses. The

11 patients who had completed EQ-5D-5L and ALSFRS-R questionnaires, but had failed to

complete the resource use questionnaire, had comparable characteristics to those who had

completed all three questionnaires. Patients in the sample were of similar age, gender

distribution and MND onset type, to those previously reported in MND populations [227].

Table 4.1 — Characteristics of samples used for the health utility and cost analysis

Health utility Cost sample *
sample
Sample size 595 584
Age in years Mean (SD) 65.07 (10.89) 65.05 (10.91)
Female n (%) 232 (39.0) 230 (39.21)
Months since diagnosis Mean (SD) 26.54 (38.8) 26.59 (38.9)
MND Onset Type n (%)
Limb 404 (69.9) 400 (68.5)
Bulbar 159 (26.7) 155 (26.5)
Respiratory 11 (2.5) 11 (1.9)
EQ-5D-5L Utility Mean (95% CI) | 0.57 (0.55, 0.59) 0.57 (0.55, 0.59)
Median (IQR) 0.61 (0.38,0.78) 0.62 (0.38,0.79)
EQ-5D VAS Mean (95% CI) | 60 (58, 62) 60 (58, 62)
Median (IQR) 60 (45, 75) 61 (45,75)
ALSFRS-R Index Mean (95% CI) | 31.95(31.19,32.55) | 31.96 (31.16, 32.58)
Median (IQR) 33 (27, 38) 33 (27, 38)
ALS Utility Index Mean (95% CI) | 0.40 (0.38, 0.42) 0.40 (0.38, 0.42)
Median (IQR) 0.36 (0.27, 0.58) 0.36 (0.27, 0.59)
Kings Staging n (%)
Stage 1 89 (15.0) 86 (14.7)
Stage 2 135 (22.7) 131 (22.4)
Stage 3 206 (34.6) 201 (344)
Stage 4 162 (27.3) 160 (27.4)
MiToS Staging n (%)
Stage 0 301 (50.59) 296 (50.69)
Stage 1 198 (33.28) 195 (33.39)
Stage 2 73 (12.69) 72 (12.33)
Stage 3 18 (3.03) 16 (2.74)
Stage 4 5(0.84) 5(0.86)
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4.3.2 Health utility by MND stage and disease onset type

Table 2 shows the distributions of EQ-5D-5L domains by model and health state. The “usual
activities” EQ-5D-5L domain was most affected by MND, as it had the highest proportion of
severe (level 5) responses and any problems (levels 2-5) across all clinical stages.
Conversely, the least affected domain on the EQ-5D-5L questionnaire was
“anxiety/depression” across all clinical stages, based on the same metrics, with the exception

of patients in MiToS stage 3.

Table 4.2 — EQ-5D-5L domain responses by health stage and system

EQ-5D-5L domain

Response Level | Mobility Self-Care Usual Activities | Pain/Discomfort | Anxiety/Depression
Full sample n (%) n (%) n (%) n (%) n (%)
(N=595)

Level | 99 (16.6) 118 (19.8) 53 (8.9) 179 (30.1) 268 (45.0)
Level 2 81 (13.6) 152 (25.6) 117 (19.7) 213 (35.8) 203 (34.1)
Level 3 157 (26.4) 162 (27.2) 174 (29.2) 161 (27.1) 98 (16.5)
Level 4 152 (25.5) 71 (11.9) 118 (19.8) 37(6.2) 20 (3.4)
Level 5 106 (17.8) 92 (15.5) 133 (22.4) 5(0.9) 6 (1.0
Some Problems 496 (83.3) 477 (80.2) 542 (91.1) 416 (69.9) 327 (55.0)
Kings stage 1 (N=89)

Level | 49 (55.1) 42 (47.2) 25 (28.1) 46 (51.7) 53 (59.5)
Level 2 7(7.9) 23 (25.8) 27 (30.3) 26 (29.2) 29 (32.6)
Level 3 12 (13.5) 16 (17.98) 16 (18.0) 16 (18.0) 6 (6.7)
Level 4 15 (16.9) 6(6.4) 11 (12.4) 1(1.1) 1.1
Level 5 6 (6.7) 222 10 (11.3) 0(0) 0(0)
Some Problems 40 (44.9) 63 (52.8) 64 (72.0) 43 (48.3) 36 (40.4)
Kings stage 2 (N=135)

Level 1 22 (16.3) 28 (20.7) 11 (8.2) 43 (31.9) 66 (48.9)
Level 2 28 (20.7) 40 (29.6) 33 (24.4) 47 (34.8) 45 (33.3)
Level 3 37 (27.4) 34 (25.2) 44 (32.6) 33 (244) 16 (11.9)
Level 4 26 (19.3) 16 (11.9) 28 (20.7) 10 (7.4) 537
Level 5 21 (15.6) 16 (11.9) 18 (13.3) 1(0.74) 2 (1.5)
Some Problems 113 (83.7) 107 (79.3) 124 (91.9) 92 (68.1) 69 (51.1)
Kings stage 3 (N=206)

Level | 6(2.9) 22 (10.7) 6(2.9) 43 (20.9) 86 (41.7)
Level 2 30 (14.6) 57 (27.7) 36 (17.5) 76 (36.9) 75 (36.4)
Level 3 66 (32.0) 65 (31.6) 66 (32.0) 72 (35.0) 39 (18.9)
Level 4 63 (30.6) 31 (15.0) 47 (22.8) 11(54) 3(L.5)
Level 5 40 (19.5) 30 (14.6) 50 (24.3) 3(L.5) 2 (1.0)
Some Problems 200 (97.1) 184 (89.3) 200 (97.1) 163 (79.06) 120 (58.3)
Kings stage 4 (N=162)

Level | 19 (11.7) 24 (14.8) 9 (5.6) 45 (27.8) 61 (37.7)
Level 2 17 (10.5) 31 (19.1) 21 (13.0) 61 (37.7) 53 (32.7)
Level 3 40 (24.7) 46 (28.4) 48 (29.6) 40 (24.7) 35(21.6)
Level 4 48 (29.6) 18 (11.1) 31(19.1) 15(9.3) 11 (6.8)
Level 5 38 (23.5) 43 (26.5) 53 (32.7) 1 (0.6) 2(1.2)
Some Problems 143 (88.3) 138 (85.2) 153 (94.4) 117 (72.2) 101 (62.4)
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MiToS stage 0 (N=301)

Level 1 79 (26.3) 94 (31.2) 46 (15.3) 113 (37.5) 154 (51.2)
Level 2 54 (17.9) 119 (39.5) 96 (31.9) 102 (33.8) 107 (35.6)
Level 3 96 (31.9) 75 (24.9) 101 (33.6) 71 (23.6) 35(11.6)
Level 4 88 (29.2) 13 (4.3) 39 (13.0) 14 (4.6) 5.7
Level 5 6(2.0) 0(0) 22 (7.3) 1(0.3) 0(0)
Some Problems 222 (73.4) 207 (68.8) 255 (84.7) 188 (62.5) 147 (48.8)
MiToS stage 1 (N=198)

Level 1 16 (8.9) 22 (11.1) 9 (4.6) 40 (20.2) 84 (42.4)
Level 2 22 (11.1) 26 (13.1) 16 (8.1) 75 (37.9) 63 (31.8)
Level 3 44 (22.2) 60 (30.3) 60 (30.3) 66 (33.3) 37 (18.7)
Level 4 60 (30.3) 41 (20.7) 57 (28.8) 14 (7.1) 7 (3.5
Level 5 54 (27.3) 47 (23.7) 54 (27.3) 1 (0.5) 3 (1.5
Some Problems 182 (91.9) 176 (88.9) 189 (95.5) 158 (80.0) 114 (57.6)
MiToS stage 2 (N="73)

Level 1 4 (5.5) 341 1(1.4) 21 (28.8) 24 (32.9)
Level 2 5(6.9) 4(5.5) 5(6.9) 26 (35.6) 29 (39.7)
Level 3 11 (15.1) 21(28.8) 10 (13.7) 15 (20.6) 15 (20.6)
Level 4 17 (23.3) 15 (20.6) 19 (26.0) 8 (11.0) 4 (5.5)
Level 5 36 (49.3) 36 (49.3) 38 (52.1) 34D 114
Some Problems 69 (94.5) 70 (95.9) 72 (98.6) 52 (71.2) 49 (67.1)
MiToS stage 3 (N=18)

Level 1 0(0) 0(0) 0(0) 4(22.2) 3(16.7)
Level 2 1(5.6) 2 (11.1) 1(5.6) 7 (38.9) 5(27.8)
Level 3 3(6.7) 5(27.8) 2 (11.1) 6 (33.3) 8 (44.4)
Level 4 7 (38.9) 1(5.6) 2 (11.1) 1(5.6) 2 (11.1)
Level 5 7 (38.9) 10 (55.6) 13 (72.2) 0(0) 0(0)
Some Problems 18 (100) 18 (100) 18 (100) 14 (77.8) 15(83.3)
MiToS stage 4 (N=5)

Level 1 0(0) 0(0) 0(0) 0(0) 0(0)
Level 2 0(0) 0(0) 0(0) 0(0) 0(0)
Level 3 1(20) 1(20) 1(20) 1(20) 2 (40)
Level 4 2 (40) 0(0) 0(0) 1 (20) 1 (20)
Level 5 2 (40) 4 (80) 4 (80) 3 (60) 2 (40)
Some Problems 5 (100) 5 (100) 5 (100) 5 (100) 5 (100)

‘Some problems’ are defined as any response from level 2 to level 5
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Mean (95% CI) health utility scores for the entire sample were EQ-5D-5L 0.57 (0.55, 0.59),
EQ-5D VAS score 60 (58, 62), and ALS utility Index 0.40 (0.38, 0.42). EQ-5D-5L health

utility decreased with increasing clinical severity across both the Kings and MiToS systems.
For Kings staging, health utility reduced from 0.76 (95% CI1 0.71, 0.80) in stage 1, to 0.50
(0.45, 0.54) in stage 4 (Table 3). In the MiToS staging, mean health utility of stage 0 was

0.71 (95% C1 0.69, 0.73) but reduced to 0.25 (0.07, 0.42) in stage 4. The measures of

ALSFRS-R total score, ALSFRS-R domains, ALSUI and EQ-5D VAS all reduced through

progressively worse clinical stages. ALS utility index values were much lower for all stages

across both systems than the values for EQ-5D-5L. This result was more prominent for the

most severe states in both models, with Kings stage 4 mean EQ-5D-5L health utility at 0.50
(0.45, 0.54) and ALSUI at 0.24 (0.21, 0.27); and MiToS stage 4 EQ-5D-5L health utility of
0.25 (0.07, 0.42) and ALSUI utility of 0.07 (0.07, 0.08).

Table 4.3 - Mean EQ-5D-5L utility, ALSFRS-R and ALS Utility Index by stage and MND

onset type
EQ-5D-5L EQ-5D ALSFRS-R ALSFRS-R ALSFRS-R ALSFRS-R ALS Utility
Utility VAS Index Bulbar Gross Motor | Respiratory Index
Mean (95% CI)
Full 0.57 60 31.95 8.43 13.67 9.85 0.40
Sample | (0.55,0.59) (58,62) (31.19,32.55) (8.13,8.69) (13.16,14.07) (9.61,32.55) (0.38,0.42)
Kings staging
Stage 1 | 0.76 72 40.90 10.48 19.98 11.44 0.63
(0.71,0.80) (68,76) (40.56,41.94) (9,63,10.85) (18.79,20.81) (11.24,11.58) (0.60,0.68)
Stage 2 | 0.60 63 35.68 10.33 14.38 11.02 0.50
(0.56,0.64) (59,66) (35.25,37.03) (10.09,10.79) (13.44,15.24) (10.92,11.35) (0.46,0.54)
Stage 3 | 0.53 59 30.54 8.09 11.91 10.49 0.35
(0.50,0.56) (57,62) (29.89,31.58) (7.77,8.41) (11.56,12.76) (10.30,10.69) (0.33,0.37)
Stage 4 | 0.50 52 24.42 5.85 11.53 7.04 0.24
(0.45,0.54) (48,56) (25.16,25.65) (5.21,6.49) (10.62,12.48) (6.57,7.68) (0.21,0.26)
MiToS staging
Stage 0 | 0.71 68 37.39 9.19 17.26 10.97 0.56
(0.69,0.73) (66,70) (36.89,37.98) (8.89,9.52) (16.85,20.31) (10.83,11.11) (0.54,0.58)
Stage 1 | 0.48 55 29.59 8.49 11.21 9.89 0.30
(0.44,0.51) (52,58) (28.85,30.31) (7.98,8.98) (10.31,11.94) (9.52,10.22) (0.28,0.32)
Stage2 | 0.36 49 21.44 6.75 8.23 6.43 0.16
(0.31,0.42) (43,54) (20.21,22.67) (5.85,7.60) (7.12,9.42) (5.74,7.18) (0.13,0.18)
Stage 3 | 0.33 47 15.17 3.57 5.50 6.11 0.08
(0.23,0.43) (37,58) (13.61,16.83) (2.39,4.78) (3.83,7.33) (4.61,7.61) (0.06,0.11)
Stage 4 | 0.25 45 9.40 2.00 3.40 4.00 0.07
(0.07,0.42) (22,70) (5.1,12.6) (0.6,3.6) (1,5.8) (2,6) (0.03,0.09)

Scale range of included measures (minimum to maximum): EQ-5D-5L -0.21 to 1; EQ-5D VAS 0 to 1;

ALSFRS-R Index 0 to 48; ALSFRS-R Bulbar 0 to 12; ALSFRS-R Gross Motor 0 to 24; ALSFRS-R Respiratory

0 to 12; ALS Utility Index 0 to 1.
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EQ-5D-5L health utility tended to be higher with bulbar onset MND at 0.68 (95% CI 0.64,
0.72), compared to either limb 0.53 (0.49, 0.57) or respiratory onset, 0.53 (0.35, 0.71)
(Supplementary Appendix 5). This was despite the mean ALSFRS-R total score being higher

in patients with limb onset MND in our study than in patients with bulbar onset.

4.3.3 Resource use and costs by MND stage and disease onset type

Seventy-seven (13.2%) patients experienced at least one inpatient stay during a 3-month
period (Table 4). Inpatient stays were most frequent in Kings stage 4 (0.45) and MiToS stage
1 (0.40). Kings stage 4 was associated with more resource use in all categories compared
with other stages, except tests and investigations. The mean number of home visits by doctors
and nurses was higher for Kings stage 4 (0.68 and 4.35, respectively) than other Kings stages;
higher levels of home care were also evident in patients in MiToS stage 4 (15.2 nurse home
visits and 2.2 doctor home visits) than in less severe MiToS stages (ranging between 0.61 and

5.38 nurse home visits, and 0.43 and 1.17 doctor home visits).

The total costs per patient over a 3-month period were £1,889 (95% CI £1,596, £2,214),
ranging from £53 to £39,884 (Table 4.5; Figure 4.1). Overnight inpatient stays made up
35.8% of total costs, making it the single largest cost category, while community costs

contributed 14.2% of total costs.

Kings stages showed progressively higher mean costs with advancing disease, ranging from
£1,096 (95% CI £757, £1,240) in stage 1 to £3,311 (£2,666, £4,151) in stage 4 (Figure 4.1).
The association of MiToS staging with costs was less clear, with patients categorised in stage
0 having the lowest cost of £1,115 (£937, £1,130) and stages 1 to 4 having higher costs, with
the highest cost occurred in stage 2 at £2,889 (£2,190, £3,810). Drug costs were also higher
for Kings stage 4 than other Kings stages; and lower for stage 0 than other stages based on
MiToS stages. Secondary care costs were higher than primary care costs for patients in all
states, with the exception of those in MiToS stage 4. Bulbar onset patients had higher costs in

every cost category compared to other onset types.

Figure 4.1- Utilities and costs by health stage system and stages, shown with box plots
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A. NHS costs by Kings stage B. EQ-5D-5L utilities by Kings stage
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Parts A and B show costs and utilities, respectively, by Kings staging system whereas parts C and D show the
same information for MiToS staging system

Generalized Linear Model regressions indicated that Kings stages 3 and 4, and MiToS Stages
1 and 2, respectively, were significant in explaining variability in total costs (Table 6). Bulbar
onset was associated with higher costs in the MiToS system, but neither age nor gender

contributed significantly to costs in either model.

4.3.4 Comparison of Kings and MiToS staging

There was moderate correlation (Spearman’s rank coefficient of 0.58), in patient
categorisation between the Kings and MiToS staging systems (Supplementary Appendix 5).
Within any given Kings stage, health utility scores decreased with increasing MiToS stage.
For example, patients in Kings stage 4 had mean health utility scores ranging from 0.25

(MiToS stage 4) to 0.67 (MiToS Stage 1).
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Table 4.4 - Resource use by health stage and system

Abbreviations: CT Computerised Tomography; MRI Magnetic Resonance Imaging; EMG Electromyography

Kings stage MiToS stage
Resource Units; Full 1 2 3 4 0 1 2 3 4
Category Number Sample
of
Mean, (maximum value) — all min values =0

Primary Care
Nurse GP Visits 0.48 0.39 0.53 0.26 0.77 0.48 0.54 0.30 0.50 2.2
Surgery (20) (C)) (10) ) (20) (10) (20) (6) ) (10)
Doctor GP Visits 0.88 0.90 0.89 0.75 1.03 1.05 0.83 0.58 0.50 1.6
Surgery (10) ®) (10) (8) (10) (10) (10) (6) 2) (6)
Nurse at Home | Visits 1.95 0.53 0.99 1.32 4.35 0.61 1.78 6.25 5.38 15.2

(90) (10) (90) (25) (90) (d5) (25) (90) (24) (28)
Doctor at Visits 0.30 0.08 0.13 0.20 0.68 0.04 0.43 0.63 1.17 2.2
Home (12) @) (5) 12 a0 |G 12 a0 |@® @®)
Secondary Care
Casualty Visits 0.24 0.13 0.17 0.28 0.33 0.18 0.31 0.40 0.17 0.00
Department (10) (8) (7) (10) (8) (8) (10) (10) (1) (0)
Nurse Visits 0.96 0.65 0.58 0.78 1.68 0.71 1.29 1.10 1.61 0.40
Outpatient (18) 4 (6) (10) (18) (10) (18) (12) (10) (1)
Doctor Visits 2.11 2.05 2.32 2.06 2.12 2.17 2.19 1.31 3.00 1.80
Outpatient (31) (21 (21 1) (21) 3D 31 (12) (12) 3)
Ambulance Call outs 0.25 0.04 0.23 0.25 0.37 0.10 0.27 0.60 0.11 0.00
Use (12) 2) (6) (12) (10) (12 (10) (6) (@) ©)
Inpatient Stays | Number of | 0.23 0.08 0.17 0.15 0.45 0.10 0.40 0.34 0.11 0.20

admissions | (12) 2 (10) (12) (10) @) (12) (5 (1) (1)

Tests
Blood Tests 1.16 1.11 0.97 0.39 0.75 1.10 1.04 1.54 1.00 0.40

(12) (6) (6) (10) (10) (6) (12) (18) 3) 2
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Urine Tests 0.11 0.04 0.04 0.13 0.19 0.06 0.14 0.21 0.33 1.20
) 3) 2) 4) ) 2) 4) ) 2 (D
Ultrasound Scans 0.06 0.08 0.05 0.05 0.08 0.04 0.09 0.10 0.11 0.00
3) 3) 2 2) 2) (D 3) 3) @) 0)
X-ray Scans 0.18 0.15 0.15 0.19 0.22 0.14 0.21 0.30 0.11 0.00
(6) 2) ) ) (6) 3) ) (6) (@) 0)
CT Scan Scans 0.12 0.13 0.13 0.10 0.13 0.12 0.16 0.05 0.00 0.00
(10) 2) 2) 2) (10) 2) ) 2) 0) 0)
MRI Scan Scans 0.20 0.21 0.25 0.23 0.11 0.23 0.20 0.15 0.00 0.00
(6) 2) ) (6) 2) 2) ) (6) 0) 0)
EMG Scans 0.26 0.33 0.33 0.26 0.18 0.25 0.25 0.16 0.06 0.00
3) 2) 3) ) ) 3) 3) 3) (@) ©)
Community Care
Health Visitor | Visits 0.83 0.49 0.24 0.85 1.50 0.44 1.25 1.36 1.00 1.00
(46) ®) (&) (46) (20) (12) (46) (16) 12) 3)
Social Worker | Visits 0.41 0.21 0.23 0.46 0.61 0.22 0.52 0.67 1.28 1.20
(14) 3) 4 (10) (14) 3) (10) ) (14) 2)
Physio- Visits 2.09 1.76 1.74 2.11 2.56 1.72 231 2.60 4.94 2.40
therapist (40) (40) (12) (16) (20) (40) (16) (15) (20) 4
Psychologist Visits 0.12 0.08 0.13 0.11 0.17 0.07 0.18 0.15 0.33 0.00
(40) 4) (6) (10) 4) (10) (6) 4) 3) (0)
Counsellor Visits 0.10 0.06 0.04 0.04 0.23 0.04 0.10 0.27 0.22 0.00
) 4) 2) 3) ) 3) 4) @) 2) ©)
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Table 4.5 — Direct healthcare costs by health stage and system, mean, £ sterling (95% CI)

Kings MiToS
Category Full Sample | Stage 1 Stage 2 Stage 3 Stage 4 Stage 0 Stage 1 Stage 2 Stage 3 Stage 4
Primary Care 164 74 113 118 329 77 259 392 420 1054
(132, 196) (50,92) (52,173) (77,154) (237,424) (61,87) (134,384) (186,598) (186,652) (597,1510)
Secondary 1,183 572 899 927 2146 642 1668 1724 837 944
Care (896,1502) (324,639) | (405,1586) (809,1514) (1507,2930) | (449,838) (1376,1781) (987,2507) (243,1616) (54,2546)
Of which are | 763 256 575 523 1520 326 1115 1155 375 675
inpatient (521,1037) (80,281) (150,1199) (186,1028) (999.2186) (187,489) (937,1130) (554,1802) (0,937) (0,2024)
stays
Tests 110 133 129 115 85 575 113 83 25 2
(94,128) (94,172) (92,168) (84,148) (54,122) (150,1199) (81,150) (32,142) (16,55) (1,5
Community 250 184 173 262 367 167 308 370 563 377
services (222,283) (120,263) | (114,226) (211,320) (303,432) (141,197) (254,372) (279,468) (316,913) (262,484)
Drug costs 161 99 76 86 369 94 192 302 386 271
(127,201) (51,188) (58,97) (70,105) (303,432) (73,127) (121,283) (189,441) (160,687) (43,580)
Total Direct 1889 1096 1353 1534 3311 1329 2678 2899 2281 2666
Costs (1596,2214) | (757,1240) | (879,2002) (1111,2123) | (2666,4151 (532,1700) (1948,3545) (2190,3840 (1613,2988) (1292,4597)
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Table 4.6 - Generalized Linear Models, showing influence of disease staging, onset type, and

demographic variables on total costs

Variable Coefficient Relative increase in p-value
(SE) costs associated with
variable*

Kings Staging
Constant 7.02 (0.53) <0.01
Kings 2 0.36 (0.26) 1.43 (1.11, 1.86) 0.17
Kings 3 0.50 (0.25) 1.65 (1.28,2.12) 0.05
Kings 4 1.24 (0.26) 3.45 (2.66, 4.48) <0.01
Bulbar onset 0.07 (0.19) 1.07 (088, 1.30) 0.25
Respiratory onset -0.67 (0.57) 0.51 (0.29, 0.90) 0.71
Gender (male = 1) 0.01 (0.16) 1.01 (0.97, 1.05) 0.98
Age (years) 0.001 (0.01) 1.001 (0.999, 1.002) 0.88
Time since diagnosis (months) | -0.01 (0.002) 0.99 (0.98, 1.0) <0.01

MiToS Staging
Constant 7.13 (0.45) <0.01
MiToS 1 0.84 (0.15) 2.32 (1.99, 2.69) <0.01
MiToS 2 0.98 (0.22) 2.66 (2.14, 3.32) <0.01
MiToS 3 0.92 (0.41) 2.51(1.67,3.78) 0.07
MiToS 4 0.79 (0.75) 2.20 (1.04, 4.66) 0.29
Bulbar onset 0.32 (0.16) 1.38 (1.17, 1.62) 0.04
Respiratory onset -0.32 (0.51) 0.73(0.44,1.12) 0.53
Gender (male = 1) 0.01 (0.04) 1.01 (0.97, 1.05) 0.97
Age 0.001 (0.01) 1.001 (1.0, 1.002) 0.98
Time since diagnosis (months) | -0.01 (0.002) 0.99 (0.98, 1.0) <0.01

4.4 Discussion

This analysis of health utility and costs by clinically defined health stages provides empirical
evidence of the impact of the progressive nature of MND, and data to support future
economic evaluations in MND. This study benefitted from using two commonly used health
staging systems, Kings and MiToS staging, and represents the most comprehensive health

utility and cost study in MND.

The mean, 3-month NHS costs of £1,889 is significantly higher than estimates for some other
neurodegenerative conditions (e.g. £529 for patients with Parkinson’s disease [228]) and
comparable to others (e.g. £1,880 for patients with Huntington’s disease [229]). The
comparison between our study and earlier estimates of the costs of MND in the UK is
difficult because of difference in methodology and staging systems used. However, our study

appears to have a higher cost for the most severe Kings state, (£3,311 over 3 months)
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compared to the most severe state in Munsat et al [7] (£5,825 over 12 months), after
accounting for inflation. This could be attributed to our study accounting for a wider scope of
costs such as home-based care, and using resource use information from patient survey
questions rather than relying on expert opinion, which is less reliable [208]. A substantial
portion of costs (40%) in our study population related to hospital admissions, which occurred
at a rate of 92 per 100 patient-years. This reflects the gravity of MND, and the frequent need

of patients for specialist medical care.

The Kings staging system showed that patients incurred increased costs with more severe
health stages: Kings stage 4 had significantly higher costs than other Kings stages, which is
likely a result of this stage being defined by nutritional and respiratory failure, and survival
requiring gastrostomy feeding or respiratory support such as non-invasive ventilation.
Patients in Kings stages 1 to 3 also show increasing costs, which was expected as these stages
reflect an increasing number of body regions affected by the condition. Higher costs in
MiToS stage 1 compared to 0 may be explained by this involving the first loss of
independence. MiToS stages 2 to 4 were associated was smaller marginal increased costs, as
once independence has been lost in one domain, other losses may not result in increased
healthcare costs, although it should be noted that the number of patients in these categories

were relatively low.

The mean health utility of patients in the sample was 0.57, with individual responses across
the full range of the EQ-5D-5L index. The largest health utility decrement between
consecutive states was from Kings stage 1 to stage 2, indicating that losing functioning in a
second domain may impact health-related quality of life more than subsequent additional
losses, and suggesting a diminishing marginal negative impact on health utility with disease
severity. Health utility was lower for people in more severe stages compared to less severe
stages in both the Kings and MiToS systems, reflecting the higher percentages of more severe
responses across the 5 domains of the EQ-5D-5L in more advanced stages. It should be
noted, however, that as the data are based on a cross-sectional analysis, inferences on
longitudinal effects are speculative. Bulbar onset patients in our study tended to have higher
EQ-5D-5L health utility than patients with limb or respiratory onset. This result may be in
part due to the domains featured in the EQ-5D-5L, which could be expected to capture losses
in mobility, which is impacted more in limb onset, than symptoms that are more prominent in

bulbar onset.

88



Health state utilities by Kings staging have been reported previously using the EQ-5D-3L
[156]. Our reporting of EQ-5D-5L utilities may mitigate ceiling/floor effects, although
insufficient data has been presented in previous studies to evaluate this. Health utilities
reported using the EQ-5D-3L are considerably lower across all King’s health states (1 to 4)
when compared to our study (0.65, 0.53, 0.41 and 0.27 using EQ-5D-3L, compared to 0.71,
0.60, 0.53 and 0.50, using EQ-5D-5L). This could be attributed to the revised tariffs used in
our study, but also to the easing of flooring effects. EQ-5D VAS scores showed better
agreement between our study and Jones et al. [156], with the two studies having comparable
values for all Kings states. This highlights the differences in structure between the EQ-5D-3L
and 5L questionnaires and could provide evidence to suggest the 5 level questionnaire is

more sensitive to changes in quality of life in people with MND as the disease progresses.

Differences between the Kings and MiToS staging systems in terms of patient distribution,
costs and health utility can be explained by their construct [230]. In the Kings staging system,
the focus is on disease spread through upper and lower limbs as well as bulbar regions.
Disability in these regions is defined as any loss (any score below 4) in certain ALSFRS-R
items. Stages 1, 2 and 3 are assigned by counts of these disabilities. The model also has a
mechanism which assigns patients with swallowing or respiratory failure to the most severe
stage 4. In contrast, the MiToS system is structured around loss of independence in domains
of bulbar, gross motor, fine motor and respiratory loss. Loss of independence in these
domains requires respondents to score a 0 or 1 on certain ALSFRS-R items. These scores are
low as all items cover a range from 0 to 4. Patients are assigned stages based on a count of
affected domains. No mechanism within the MiToS system allocates patients to the most

severe stage in the MiToS model if nutritional or respiratory failure occurs.

Limitations of our study include the low number of patients in stages 3 and 4 of the MiToS
staging system, and no estimates for caregiver and other indirect costs which are likely to be
high [231,232]. Further to this, our study presented cross-sectional results rather than
longitudinal and used episode costs for inpatient admissions as the length of hospital stay of

patients was unknown.

In conclusion, while it is well understood that MND lowers patients’ health-related quality of

life and is associated with substantial costs to health care systems, the evidence presented
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herein provides a basis for future health economic analyses of interventions for MND. Our
use of two well established health staging systems, Kings and MiToS, allows for costs and

utilities to be assigned to MND health states for use in health economic models.
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Preface to Chapter five

The previous chapter presented health utilities and costs by a UK perspective by commonly
used MND staging models, making use of the relatively large TONiC MND dataset. These
are key parameters needed in any economic evaluation of new treatments. Edaravone is the
first drug approved by the FDA is over 20 years for the treatment of MND and may mark the

start of a range of new potential treatments emerging for MND in the not too distant future.

Chapter five uses the data generated in chapter four to carry out a cost-utility analysis of
edaravone from a UK health payer perspective. It makes use of the PRO-ACT dataset to
address some of the limited trail data, and uses Markov modelling to estimate the cost-
effectiveness of edaravone. It highlights the influential factors and assumptions which impact
on the cost-effectiveness estimates significantly and offers a narrative on future health
economic considerations which may be relevant to treatments which may become available
for MND. This analysis can be thought of as an early/indicative economic analysis of

edaravone in a UK healthcare setting for the treatment of MND.
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Chapter five

Economic evaluation of edaravone with standard care compared to
standard care alone for the treatment of Motor Neurone Disease in the
United Kingdom using Markov Modelling

Abstract

Background: Motor Neurone disease (MND), also known as Amyotrophic Lateral Sclerosis
(ALS), is a rapidly progressive neurodegenerative condition which is associated with a
substantial impact on quality of life and severely shortened life expectancy. To date, only one
disease-modifying drug (riluzole) has been approved for use in the National Health Service
(NHS) in the United Kingdom. Edaravone is a new treatment, approved by the Food and
Drugs Agency (FDA), for MND after a clinical trial showed the drug to be effective in
slowing the rate of functional decline. This clinical improvement was only shown in a small
subset of people with less severe disease (as defined as having relatively high functioning as
defined by the ALSFRS-R). However, edaravone is likely to be a high-cost treatment,
therefore it is important to estimate the cost-effectiveness of this treatment. The aim of this
study was to provide the first cost-utility analyses of edaravone in a U.K setting (NHS payer
prespective) and to highlight potential health economic modelling issues for future treatments
for MND. Despite the manufacturer of edaravone withdrawing its license application to the

European Medicines Agency (EMA), results from this study can still be informative.

Methods: We used Markov modelling to present cost-effectiveness analyses for edaravone
with standard care compared to standard care alone for treating motor neurone disease from a
U.K health service payer perspective. This analysis made use of patient-level cost and utility
data from the Trajectories of Outcome in Neurological Conditions (TONiC) dataset, a large
U.K MND study, to estimate health state utilities and costs (£, cost year 2017) according to
both the Kings ALS and MiToS staging systems. Transitions between Kings ALS states for
the pivotal edaravone trial (over 6 months) were estimated from the published trial results,
with transitions following this period estimated from a cohort of patients from the Pooled
Resource Open-Access ALS Clinical Trials (PRO-ACT) database, matched according to the

trial inclusion criteria. Results were estimated over a lifetime horizon.
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Results: The base case Incremental Cost-Effectiveness Ratio (ICER) was £1,423,985 per
quality-adjusted life year (QALY) gained using the Kings ALS staging system. One-way
sensitivity analysis highlighted that the price of edaravone, and the administration costs of the
drug, are major drivers of the ICER. The ICER also differed depending on which Kings ALS
health stage the treatment was initiated and stopped, and the data source used for transition
probabilities. Clinical trial evidence was a central limitation, which added uncertainty to
results and required the use of several modelling assumptions. There are also issues around
the strict inclusion criteria for the MCI186-19 clinical trial, as a previous trial which had a
broader inclusion criterion failed to show any statistically significant improvement in
ALSFRS-R scores. Therefore, cost-effectiveness results are only relevant to a small subset of

less severe MND patients.

Conclusion: Under the most plausible modelled scenarios, edaravone is unlikely to be cost-
effective as a treatment for people with MND at a £30,000 cost per QALY threshold which
is commonly used as the upper limit of acceptability by NICE. There is considerable
uncertainty surrounding the clinical benefit associated with edaravone. In spite of this, we
have presented useful insights into the factors which influence the cost-effectiveness of

edaravone, which may also apply to future potential treatments for MND.
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5.1 Introduction

Motor Neurone Disease (MND), also known as Amyotrophic Lateral Sclerosis (ALS), is a
terminal neurological condition which attacks the motor neurons in the brain and spinal cord
and leads to a progressively worsening state of functioning [180]. Symptoms include reduced
mobility, loss of speech ability and respiratory insufficiency. The condition is also associated

with significant caregiver burden and high healthcare costs [207].

Only one disease-modifying drug (riluzole) has been approved (in 2001) by the National
Institute for Health and Care Excellence (NICE) for use in MND in the National Health
Service (NHS) [95]. Riluzole was shown to modestly increase survival, by between 2 to 4
months [233]. The health economic analysis underpinning the decision for NICE approval
used Markov modelling, but used a health staging system [234] which has been replaced by
other more accepted models of disease progression [235,236]. A recent study indicated that
most of the survival benefit of riluzole is seen at more severe stages of the disease, based on a

more accepted model of disease progression [237].

More recently edaravone, a free radical scavenger, has been shown to slow down progression
of MND based on ALSFRS-R index and item scores within a small subgroup of less severe
patients [238]. The exact mechanism of action by which edaravone provides therapeutic
effect in MND is unknown but tt is believed to prevent oxidative stress damage to motor
neurones [239]. ALSFRS-R is a validated, disease-specific measure of functionality and is
the most used efficacy outcome measure in MND trials [240]. In an initial phase 3 trial,
edaravone did not shown any significant difference in ALSFRS-R decline between the
intervention and placebo when based on the intention-to-treat population (—5.70 £ 0.85 in the
edaravone groups compared to —6.35 £ 0.84 in the placebo group, p value =0.411) [241]. A
post hoc analysis of patients with less advanced MND found that there was a significantly
positive result in favour of edaravone in terms of ALSFRS-R decline [242]. This led to a
further confirmatory trial using stricter inclusion criteria matching the group in which the
drug showed efficacy. This confirmatory trial (MCI186-19) showed that edaravone showed a
positive and statistically significant difference in ALSFRS-R decline over 6 months (5-01
(SE 0-64) in the edavarone group and -7-50 (0-66) in the placebo group, p value = 0.0013)
[238]. The strict criteria for inclusion has led to issues of generalisability of the results to the
wider MND population, with one study estimating that only 7% of those on MND registers

would meet the criteria for inclusion in the pivotal edaravone trial (MCI186-19) [243].
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However, the Food and Drug Agency (FDA) has approved edaravone for use in the US in all
MND populations, regardless of severity. In this analysis, we present cost-effectiveness

results for edaravone for people with MND from a U.K healthcare payer perspective.

5.1.1 Edaravone withdrawal of license application to the European Medicines Agency

The manufacturer of edaravone has currently withdrawn their application to the European
Medicines Agency (EMA) at the time of writing. The EMA cited several issues with the
application, including short trial duration, lack of comparative survival data and the
restrictive inclusion criteria [244]. The EMA also cited concerns surrounding the rationale
behind the proposed dosing schedule and an uncertain mechanism of action of edaravone in
MND patients. In spite of this, we consider that an economic evaluation of edaravone would
be a valuable addition to the literature as it can give important insights into challenges of
decision-making in this disease area, in particular; highlighting key parameters and
assumptions and their impact on the cost-effectiveness estimate. The aim of this study is to
provide an early/indicative economic analysis to estimate the cost-effectiveness of edaravone
on the available evidence. It also attempts to highlight the type of evidence that would assist
future health economic evaluation of treatments for MND. In 2019, the Canadian Agency for
Drugs and Technologies in Health (CADTH) reported cost-effectiveness analysis of
edaravone for treatment of MND from a Canadian health system perspective [245]. Our

analysis has some key differences and reports for a UK health payer perspective.

5.2 Methods

Methods described in this section follow those recommended in the Consolidated Health
Economic Evaluation Reporting Standards (CHEERSs) checklist [246]. We used Markov
modelling to estimate the cost-effectiveness of edaravone with standard care compared to
standard care alone. In this context, standard care may consist of riluzole and multi-
disciplinary care such as physiotherapy, nutritional and speech therapy. It is assumed that
edaravone is given in addition to standard care, to match the clinical trial. Markov models are
particularly suited for economic analyses in chronic diseases that can be represented by
discrete health states [247]. Markov models also allow short trial evidence, such as that
generated from the edaravone trial, to be extrapolated over a longer time period. Patients are

assigned to mutually exclusive health sates, and transition among these health states over
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time (during cycles) in both the intervention and control group. Costs and health utilities are
assigned to each health state. Markov models require data on costs, health utilities, transition
probabilities and a health state system. Data informing this analysis comes from the pivotal
edaravone trial, which showed a statistical difference in ALSFRS-R decline compared to
placebo, and from the Pooled Resource Open-Access ALS Clinical Trials (PRO-ACT)

dataset [248]. Details of how these sources are used is outlined in the sections below.

5.2.1 Health staging systems

We used the Kings ALS Staging system to describe clinically and economically meaningful
health states over the course of the disease in our base case analysis [235]. Kings ALS
Staging is based on the number of body regions affected and is clinically defined by
physicians. It is possible to map from the commonly used MND specific measure ALSFRS-R
with good precision using an algorithm based on relevant ALSFRS-R items which
correspondent to functioning according to the Kings ALS staging [249]. Kings ALS staging
is the most commonly used staging system. In sensitivity analysis we report results using the
MiToS staging system, which focuses on loss of independence in various domains [236]. A
recent study concluded that although the two systems define progression quite differently,
they can be used to complement each other in analyses [249,250]. Figure 5.1 shows an

overview of both systems. Analysis was carried out using Microsoft Excel.
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Figure 5.1 — Shows the models used for base case analysis and sensitivity analysis along with details on how to stage patients based on

ALSFRS-R items. The Kings staging system was used for base case analysis, and MiToS staging was used in sensitivity analyses

Bulbar region affected
(Any score below 4 on
items 1,2 or 3)

Loss of
independence in
movement
(Ascore of Oor1on
either item 6 or
item 8)

Upper limbs affected
(Any score below 4 on

Lower limbs affected
(Any score below 4 on

items 4 or 5a) item 8)

Respiratory failure
(A score of 0 on item 10 or
below 4 on item 12)

Nutritional failure
(Any score on item 5h)

Loss of
Loss of : :
Loss of : . independence in
. . independence in .
independence in - breathing (Score of
: communication .
swallowing (A score Oor 1 onitem 10 or

of 0 or 1 onitem 3) .(Score ofoloron score of 0,1 0r 2 on
item 1 AND item 4) item 12]

97

Count regions affected. Health stage

Stages 1,2 assignment is simply the number of

and 3 regions affected, unless nutritional or
respiratory failure has occurred; see below

Stage 4, the most severe stage, is reserved
for those with nutritional or respiratory
failure

Stages are allocated on a simple count of
loss of independence in any of the
domains described. If no loss has been
experienced in any, then patientis in
stage 0

Stages0,1,2,3
and 4




5.2.2 Health state utility

Health utility data have been reported by Kings and MiToS health stages using cross-
sectional patient level data from the Trajectories of Outcome in Neurological Conditions
(TONiC-MND) study in the UK [251], and these are used in this chapter. EQ-5D-5L utility
values are used in the base case, as these come directly from this analysis [251]. The study
also reported preference-based utility values for a UK population, which is considered

appropriate.

5.2.3 Cost data

Cost data has been reported in analyses of both the Kings and MiToS health staging systems
using patient data from the same TONiC study in chapter 4 [251], which included costs of
current MND care in the U.K, such as drug costs (i.e riluzole), multidisciplinary care,
hospital costs, primary and secondary care costs and social services costs. This was used for
health state costs in the analysis. In the standard care cost model arm, only health state costs
were included, whereas edaravone drug and administration costs were included in the
edaravone arm in addition to health state costs, as edaravone is assumed to be given in
addition to standard care. No data or evidence were available to inform whether edaravone
reduces health state costs compared to standard care. Intervention costs of edaravone were
informed by the clinical information regarding the administration of the drug, which involves
patients having infusions of the drug for one hour every day for 14 days followed by a 14-day
break in the first month cycle [252]. Each subsequent treatment cycle involved 10 days of
one-hour infusions over a 14-day period followed by a 14-day break. We used NHS reference
costs [253] for chemotherapy infusion, which we assumed to be similar in nature to the
proposed infusions of edaravone and are likely to be comparable. The potential price of
edaravone in the U.K is unknown. We used the U.S list price in our base case analysis,

converted to British pounds (£).

Costs and benefits were discounted at the NICE recommended levels of 3.5% per year in our

base case analysis (see table 5.3 for list of costs used) [254].

5.2.4 Population matching using PRO-ACT
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To stage patients by health staging systems, ALSFRS-R item score data is needed. Baseline
(or final) ALSFRS-R item scores were not reported in the pivotal edaravone trial and despite
a request for these data sent to the authors of the study, these were not provided. Therefore
we estimated baseline values for each ALSFRS-R item by using some of the key inclusion
criteria of the trial applied to the PRO-ACT database, which is a large dataset of patient-level
data from failed MND trials [248]. Matching using the PRO-ACT database was based on
time since disease onset (< 2 years), ALSFRS-R items 1-9 equal to a score of 2 or more with
respiratory ALSFRS-R items (10-12) equal to scores of 4 (no functional loss) and no
gastrostomy required, This resulted in a final cohort of 250, which were staged according to

the Kings staging system (see tables 1 and 2).

Table 5.1 - Edaravone clinical trial MCI186-19 Inclusion and exclusion criteria

Inclusion criterion for edaravone trial MCI186-19 PRO ACT Data
matching

Onset of MND within 2 years Yes

4 points (Full Score) on ALSFRS-R items 10,11 and 12 (Dyspnea, Yes

Orthopnea and Respiratory insufficiency)

% Functional Vital Capacity = 80% or more No

ALSFRS-R score to have changed by -1 to -4 over a 12-week pre- No

observation period

All ALSFRS-R items to have a score = 2 or more Yes

Japanese ALS Severity Scale Grade 1 or 2 No

El Escorial revised Airlie House diagnostic House Criteria = Definite or No

Probable

Without the need for gastrostomy Yes

Table 5.2 — Baseline characteristics of PRO-ACT patient cohort

Characteristics Matched PRO-ACT cohort | Edaravone trial population
(mean, range) n=250 (MCI186-19) n=137

Time since disease onset 19.7 (3.4) 18.1 (3.7)

months (SD)

ALSFRS-R index score 41.2 (5.6) 42.0 (5.9)

(SD)

Age 54.7 (8.9) 52.8(8.2)

(SD)

% female 41.2% 44.4%

SD = Standard deviation

99




5.2.5 Transition probabilities and cycle length

Transitions between health states for the Kings ALS staging system was estimated based on
the published data from the edaravone trial, which described mean changes in each ALSFRS-
R item from baseline and 6 months, along with the associated standard deviation [238].
Patients can start in the model in either Kings stage 1, 2 or 3. Patients may remain in the stage
they were in at the start of the cycle, or transitions can occur between any stage and any more
severe stages or death. To reflect the progressive degenerative nature of MND, no transitions
were permitted to less severe stages. The model structure highlighting transitions through the

Kings staging can be seen in figure 5.2.

Figure 5.2 model structure with possible Kings staging transitions

The change in ALSFRS-R items over 6 months in the MCI186-19 trial [238], was applied to
the matched PRO-ACT cohort ALSFRS-R scores to estimate the transition probabilities of
patients receiving edaravone with standard care and standard care alone. This was
accomplished by assuming changes in ALSFRS-R item scores to be normally distributed, and
using Monte Carlo simulation to sample from distributions corresponding to each item, to
estimate the change in ALSFRS-R item scores for each matched PRO-ACT patient. As

ALSFRS-R item scores are discrete values, we rounded simulations in order to allocate a
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Kings stage. and tested each of the resulting transitions for face validity (as compared to
transitions previously published using Kings staging) for use in our base-case analysis. The
rounded-up analysis provided the most plausible transitions and therefore was selected for
use in the base case analysis, except for the transitions from Kings stage 4 to death.
Therefore, in the base case we use the transitions from stage 4 to death from a previously
published PRO-ACT study [255]. The rationale for using a different source for the transition
from stage 4 to death was that once a patient had reached stage 4 (need for tractotomy or

gastrostomy), the transition probability should not depend on prior transitions.

Cycle length was defined as 3 months, which was based on the low life expectancy of the
cohort and the fact that our cost and health utility data was also based on a 3-month period.
A half cycle correction was also undertaken, and a lifetime time horizon used. The
incremental cost-effectiveness ratio (ICER) was calculated using the average time spent in
each health stage, estimated over the lifetime of the model, with the relevant costs and
quality-adjusted life years (QALY's) being attributed to the time in each health stage. This
was done for both the edaravone with standard care and standard care alone arms, which

resulted in incremental costs and QALY's estimates.

5.2.6 Key assumptions used

As long-term data is limited, certain assumptions are made in the analysis. A key assumption
in our analysis was that edaravone would only be effective in early Kings stages (stages 1 and
2). This was based on published data which showed that ALSFRS-R decline was not
statistically significant between edaravone and placebo in more severe MND populations
[241,256]. Other assumptions are based on observed data also. No deaths were observed in
the edaravone trial, nor were there any patients who transitioned to Kings ALS stage 4
(nutritional or respiratory failure). Further to this, no transitions from Kings stage 3 to other
stages were observed in the pivotal edaravone trial. In the model used in our study, no
transitions to Kings stage 4 or death occur until cycle 3 (6-9 months). Transitions to Kings
stage 4 from other stages and from all stages to death were estimated from the same matched
PRO-ACT population and observing transitions from month 6 to 12 in this dataset. These

transitions are assumed to hold in the model from cycle 3 onwards.

5.2.7 Sensitivity analyses
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To describe the level of uncertainty surrounding results, we undertook several one-way and
two-way sensitivity analyses to account for parameter uncertainty and to establish influential
factors on the ICER. In these analyses we assumed various reductions in the costs of the drug
edaravone and the costs associated with its administration. Further to this, an analysis in
which all health state costs are doubled is presented. We also provide results using the ED-
5D-3L utility values from the literature for Kings ALS staging [257] and ALS utility index
(ALSUI) which is an MND disease specific preference-based measure [258].

5.2.8 Scenario analysis

In addition, we carried out scenario analysis; to test the impact of various assumptions on the
cost-effectiveness results. These analyses varied the time (defined by specific health states) at
which edaravone is initiated and stopped. There is currently no clear guidance on when
edaravone treatment should be stopped, short of stopping due to adverse events. Limited
published evidence from the US suggests that treatment with edaravone is not continued to
death, with reasons for discontinuation including disease progression amongst others [259].
Another analysis assumed that edaravone is stopped at 6 months, the same duration of the

edaravone trial data used.

We present results for a scenario in which the original stage 4 to death transitions from the
PRO-ACT dataset are used, as opposed to the base case which uses published stage 4 to death
transitions [255]. We also display results using a different source of transition probabilities
based on the full PRO-ACT dataset (A more general MND population — as used in the
CADTH analysis) [245]. Further to this, we also report results using the MiToS staging
model as an alternative to the base-case model of Kings ALS staging [236]. It was not
possible to estimate transitions in the MiToS model analysis using the methods outlined in
section 2.5. Instead we applied a constant hazard rate of 0.66 (relative difference in ALSFRS-
R decline in edaravone trial and the rate used by CADHT) to MiToS transitions from stage 0

to 1, at which point we assumed treatment would stop.
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Table 5.3 — Health state costs, utilities and intervention costs

Model/ | Health Health Stage Intervention Cost Source
Stage Utility Costs (£) Items (edaravone) in
(95% C.I) (95% C.I) Kings stages 1 and 2
and MiToS stage 0
Kings
Stage 1 0.76 1096 Drug Costs £30,336 | U.S list
(0.71,0.80) (757,1240) (1% cycle) price =
$145,000
per year
Stage 2 0.60 1353 Drug Costs £26,767
(0.56,0.64) (879,2002) (subsequent cycles)
Stage 3 0.53 1534 Administration costs £7,697 | NHS
(0.50,0.56) (1111,2123) (1% cycle) reference
costs —
SB152
Stage 4 0.50 3311 Administration costs £6,997
(0.45,0.54) (2666,4151) (subsequent cycle)
MiToS
Stage 0 0.71 1329
(0.69,0.73) (532,1700)
Stage 1 0.48 2678
(0.44,0.51) (1948,3545)
Stage 2 0.36 2899
(0.31,0.42) (2190,3840
Stage 3 0.33 2281
(0.23,0.43) (1613,2988)
Stage4 | 0.25 2666
(0.07,0.42) (1292,4597)

Table 5.4 - Summary of economic model and evidence base

Parameter

Description of analyses/rationale

Model type

Markov model. This type of model is well suited to chronic and progressive
diseases (such as MND).

Model
Structure

In the base case, the Kings ALS staging model is used. The Kings model is
the most used model in MND and has been shown to not be associated with
backward transitions [235]. In addition, the clinical trial included MND
patients with early disease stages and relatively high functioning, and the
Kings staging system has been shown to provide higher resolution of
progression in early MND stages [19]. The MiToS staging system is also
commonly used and a scenario analysis using this system is provided, but
results are more uncertain due to the nature of the trial evidence.

Population

Those eligible for enrolment in the MCI186-19 clinical trial of edaravone
compared to placebo [238]. This included a restricted population and
enrolled only people with:

e Time since disease onset of <2 years, and
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e ALSFRS-R items 1-9 equal to a score of 2 or more and

e Respiratory ALSFRS-R items (10-12) equal to scores of 4 (no
functional loss), and

e No gastrostomy required

The cost-effectiveness results therefore are only generalisable to this MND
population. The size of the potential eligible population in the U.K for
edaravone if approved is uncertain and would be linked to any NICE
recommendation, but based on a study which stated only 7% of MND
patients would meet the inclusion criterion of the clinical trial, and a MND
prevalent population of 4,000 — 5,000 [35] means 280 — 350 may be eligible,
but it should be noted these numbers would increase when people with
newly diagnosed MND are considered for treatment.

Intervention | Edaravone. Assumed to be given in addition to standard care (comparator).
and place in | Therefore, edaravone is positioned as a first-line treatment for people with
pathway earlier stages of MND.

Comparator | Standard care. This includes riluzole, multidisciplinary care hospital care,
primary and secondary care and social services.

Outcomes The primary outcomes in the model are quality-adjusted life years which are
calculated by estimating transitions between health states over time. The
time spent in each health stage is associated with health state utility.
Treatments which allow longer time to be spent in less severe states
generate higher utility and QALY estimates.

Carer quality of life and adverse event rates were not able to be estimated
due to a lack of data.

Study Costs and outcomes linked to an NHS perspective, as in NICE reference
perspective | case. An assumed willingness to pay threshold of £20,000 to £30,000 per
QALY gained is used as based on the NICE reference case.

Cohort size | A hypothetical cohort of 1,000 MND patients started in the model. A 15-

Time year time horizon was used, at which point all patients in the model had

horizon and | transitioned to the death state. A cycle length of 3 months was selected to

cycle length | capture the fast progressive nature of MND and to align with cost data,
which was collected over a 3-month period.

Costs and Costs and health state utilities for both Kings and MiToS staging systems

health state | are used from the chapter 4 study [251], which reported these outcomes

utilities from a U.K MND population. Cost year 2017, reported in pounds sterling
£).

Patient data | The PRO-ACT dataset was used to generate a dataset with patients who

(PRO-ACT | matched the inclusion criterion from the MCI186-19 clinical trial. PRO-

data ACT is an open-source resource and contains data for MND patients

matching) enrolled in MND trials in which intervention treatments had not shown to

have any clinical benefit. This data includes ALSFRS-R item scores and
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time since disease onset. The data matching was done by applying criterion
as outlined in table 5.1, which resulted in a sample size of 250 patients. This
informed the baseline ALSFRS-R scores and clinical stage.

Efficacy
data

Efficacy data comes from the MCI186-19 clinical trial [238], which reported
changes in each ALSFRS-R item over a 6-month trial period.

Model
transitions

Model transitions were estimated by applying ALSFRS-R item changes
from the MCI186-19 trial data to the baseline ALSFRS-R of the matched
PRO-ACT dataset. Transitions were estimated for each 3-month cycle
between each health state. 3-month health state transitions beyond the 6
month trial data was estimated by allowing transitions to Kings stage 4 and
death, informed by longer term transitions from the PRO-Act dataset.
Transition matrices can be seen in table 5.5

Model
assumptions
used

Several assumptions were used:

e No backward transitions were permitted to reflect progressive nature
of condition

e No transitions to death or Kings stage 4 modelled in the 1% 6 months
to reflect trial results for both edaravone and standard care arms.

e Edaravone treatment only given in Kings stages 1,2 as no transitions
were observed in the trial from stage 3 or stage 4 to other stages.

e Transitions from Kings stage 4 to death are the same for edaravone
and standard care arms based on the lack of data and the fact that
prior treatments are unlikely to influence mortality rates once stage 4
has been reached.

e Health stage resource use for standard care would be the same for
both arms (due to lack of data).

Sensitivity analyses were undertaken to test the influence of all key
modelling assumptions made on the cost-effectiveness results.

Limitations
of analyses

The analyses are limited by the short duration of the MCI186-19 clinical
trial and lack of reported transitions between health state, which had to be
estimated from a matched PRO-ACT dataset and simulated trial data.
Patient-level data was also not available. In spite of these limitations, the
results from the model appear to have face validity for example:
e the baseline distribution by Kings staging were similar to those
reported in the trial using the matched PRO-ACT approach
e the survival outcomes in terms of life years and QALY's gained in
the standard care model arm are reasonably aligned to life
expectancy in MND in general.

5.3 Results

5.3.1 Base case
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Using our matched PRO-ACT cohort data, the distribution at base line was 39% in Kings
stage 1, 42.4% in Kings stage 2 and 18.6% at Kings stage 3 at baseline. This was not too
dissimilar to the actual baseline stages from the pivotal edaravone trial reported in the
CADHT report (39.4%, 46% and 14.4% respectively) [245]. A range of results for the base
case and sensitivity analysis can be seen in table 5. Transition matrices can be seen in table

5.5.

In the base case analysis, the modelled edaravone group had on average 1.829 QALY per
person compared to 1.664 QALY in the standard care group. The average total costs per
person were £260,730 for the edaravone group and £23,841 for people receiving standard
care. This results in an ICER estimate of £1,423,985 per QALY gained for edaravone with
standard care compared to standard care alone. In the base case analysis, 74.6% of
intervention costs came from edaravone drug costs while 24.4% of costs were associated with
administration of the drug. 27.3% of incremental costs came from increased time spent in
Kings stage 1, with 73.4% associated with increased time in Kings stage 2. 52.3% of

incremental QALY's were accrued in extra time in Kings stage 1.

A full list of sensitivity and scenario analyses results are described below. In every analysis
in our sensitivity and scenario analyses (see table 5.5), edaravone could not be considered
cost-effective at the £30,000 per QALY willingness-to-pay threshold commonly used by
NICE.

5.3.2 Sensitivity analysis

Sensitivity analysis showed that the cost of edaravone was a major driver of the ICER
estimate. Administration costs also contributed significantly to the high ICER estimates,
which is understandable given that treatment is given intravenously between 10 and 14 days
per month. If the high administration costs are set to zero in the model, the ICER estimate is
£1,129,683 per QALY gained. Even with a 95% discount on the US list price and zero
administration costs the ICER is estimated to be £55,132 per QALY gained. Setting
edaravone drug cost to zero and keeping full administration costs were still associated with
an ICER of £292,752 per QALY gained. Doubling Kings health state costs did not have a

major impact on the ICER. One-way sensitivity analysis was also used to investigate the
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impact of varying the source used for utility values in the model. Using published Kings EQ-
SD-3L utilities (as opposed to the EQ-5D-5L values in the base case), the ICER increases
slightly from £1,423,985 to £1,497,834 per QALY gained. Similarly using ALS utility index
values from our previous analysis changed the ICER to £1,491,796 per QALY gained.

5.3.3 Scenario analysis

Using the original matched PRO-ACT cohort transition for stage 4 to death transition resulted
in an ICER estimate of £1,331,448 (£237,097 incremental costs and 0.178 incremental
QALYs5s). The use of the published PRO-ACT transitions, which includes a broader MND
population (rather than the edaravone trial inclusion matched PRO-ACT population used in
the base case,) and applying a hazard ratio of 0.66 (as used by the CADHT study) reduced the
base case ICER to £823,500 per QALY gained. The use of the rounded analysis to estimate
transition probabilities from the trial data (see methods section 2.5) in place of the base case

rounded up analysis, did not impact the ICER estimate significantly.

Scenario analyses showed that the ICER was sensitive to treatment starting and stopping
rules, defined by Kings health stage. In our base case analysis, we assume that edaravone
treatment can be given in either stage 1 or 2 and stopped when patients progress to stage 3 or
later. When edaravone is started in stage 1 and stopped in stage 2 the ICER reduces from
£1,423,985 to £876,897 per QALY gained and when stopped in stage 3 the ICER is
£1,194,768 per QALY gained. When started in stage 2 and stopped in stage 3 the ICER
increases to £1,766,190 per QALY gained. Another scenario analysis, in which all edaravone
treatment is stopped at 6 months (the same length of comparative trial evidence), reduced the

base case ICER from £1,423,985 to £1,090,565 per QALY gained.

The ICER associated with using the MiToS staging system (as opposed to the Kings ALS
staging system in the base case) was £599,032 per QALY gained (£179,327 incremental costs
and 0.299 incremental QALYSs). It is likely that assuming that edaravone is associated the
same HR of 0.66 (as this analysis did) as was used by CADTH for the Kings staging system
overestimates the effectiveness of edaravone under a MiToS system. We did not have any

relevant information on which to base the edaravone hazard rate for the MiToS analysis.
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Table 5.5 — Three Monthly Transition probabilities for Kings and MiToS staging systems
based on edaravone clinical trial and PRO-ACT database

Edaravone with | 1% 2 cycles

standard care

Kings

From/To Stage 1 Stage 2 Stage 3 Stage 4 Death
Stage 1 0.7615 0.2049 0.0536 0 0
Stage 2 0 0.9045 0.0955 0 0
Stage 3 0 0 0 0 0
Stage 4 0 0 0 0 0
Standard care 1% 2 cycles

Kings

From/To Stage 1 Stage 2 Stage 3 Stage 4 Death
Stage 1 0.6560 0.2603 0.0837 0 0
Stage 2 0 0.8226 0.1774 0 0
Stage 3 0 0 0 0 0
Stage 4 0 0 0 0 0
Edaravone with | Subsequent cycles

standard care

Kings

From/To Stage 1 Stage 2 Stage 3 Stage 4 Death
Stage 1 0.7279 0.1746 0.0290 0.0572 0.0115
Stage 2 0 0.8151 0.0741 0.0727 0.0381
Stage 3 0 0 0.7407 0.2254 0.0339
Stage 4 0 0 0 0.6771 0.3229
Standard care Subsequent cycles

Kings

From/To Stage 1 Stage 2 Stage 3 Stage 4 Death
Stage 1 0.6615 0.1878 0.0720 0.0572 0.0115
Stage 2 0 0.7530 0.1362 0.0727 0.0381
Stage 3 0 0 0.7407 0.2254 0.0339
Stage 4 0 0 0 0.6771 0.3229

5.3.4 Probabilistic sensitivity analyses (PSA)

Probabilistic sensitivity analyses ICER results were similar to the deterministic base case
results, with the ICER reducing slightly from £1,423,985 per QALY gained to £1,372,541
per QALY gained (0.172 incremental QALY's and £236,611 incremental costs). The PSA
was carried out using 5,000 runs of the model with underlying distributions applied to
transition rates, utility values, and health state costs. Costs did not vary significantly in the

PSA as only health state costs were varied (edaravone and administration costs are assumed
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fixed). QALY gained varied more in the PSA, showing that more robust data on edaravone
QALY gains would reduce the uncertainty around the ICERs, but all runs of the PSA showed

substantially high ICER estimates at edaravone list price in the base case.

Figure 5.3 — Cost-effectiveness plane (PSA)

Probablistic Sensitivity analyses: Edaravone v SoC
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Table 5.5 - Cost-effectiveness results: Edaravone versus standard care

Scenario Costs cost inc costs | QALYs QALYs Inc ICER per
SoC (%) edaravone SoC Edaravone | QALYs QALY (%)
Base case 23,840 260,730 236,889 1.664 1.830 0.166 1,423,984
and 50% reduction in admin costs 23,840 240,314 216,474 1.664 1.830 0.166 1,301,264
no administration costs 23,840 211,770 187,930 1.664 1.830 0.166 1,129,682
50% reduction in price 23,840 166,636 142,795 1.664 1.830 0.166 858,368
95% reduction in price 23,840 81,951 58,110 1.664 1.830 0.166 349,313
95% reduction in price and no administration costs 23,840 32,992 9,151 1.664 1.830 0.166 55,011
£0 drug costs and 100% administration costs 23,840 72,541 48,701 1.664 1.830 0.166 292,752
health stage costs doubled 46,957 284,351 237,394 1.664 1.830 0.166 1,427,018
EQ-5D-3L utility values 23,840 260,730 236,889 1.412 1.573 0.161 1,472,825
ALSUI utility values 23,840 260,730 236,889 1.257 1.418 0.161 1,466,889
Treatment started in stage 1 and stopped in stage 2 19,672 153,551 133,878 1.567 1.720 0.153 876,897
95% reduction in price 19,672 52,498 32,826 1.567 1.720 0.153 215,009
95% reduction in price and no administration costs 19.672 24,926 5,253 1.567 1.720 0.153 34,413
Treatment started in stage 1 and stopped in stage 3 23,579 287,436 263,857 1.787 2.008 0.221 119,476
95% reduction in price 23,579 88,341 64,762 1.787 2.008 0.221 293,248
95% reduction in price and no administration costs 23,579 33,792 10,212 1.787 2.008 0.221 46,244
Treatment started in stage 2 and stopped in stage 3 24,082 236,078 211,995 1.550 1.670 0.120 1,766,190
95% reduction in price 24,082 76,052 51,970 1.550 1.670 0.120 432,981
95% reduction in price and no administration costs 24,082 32,253 8,171 1.550 1.670 0.120 68,082
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Treatment stopped at 6 months 23,840 93,320 69,480 1.664 1.728 0.064 1,090,555
95% reduction in price 23,840 40,745 16,905 1.664 1.728 0.064 265,354
95% reduction in price and no administration costs 23,840 26,513 2,673 1.664 1.728 0.064 41,945
Base case with rounded instead of rounded up analysis 24,102 191,331 167,227 1.528 1.664 0.116 1,434,042
base case with PRO-ACT stage 4 transitions Costs cost inc costs | QALYs QALYs Inc ICER per
SoC edaravone SoC Edaravone | QALYs QALY
Treatment started in stage 1 or 2 and stopped in 3/4 19,922 257,019 237,097 1.443 1.621 0.178 1,331,448
and 50% reduction in administration costs 19,922 234,541 214,618 1.443 1.621 0.178 1,205,217
50% reduction in price 19,922 162,925 143,003 1.443 1.621 0.178 803,051
95% reduction in price 19,922 78,241 58,318 1.443 1.621 0.178 327,494
95% reduction in price and no administration costs 19,922 29,282 9,359 1.443 1.621 0.178 52,558
Treatment started in stage 1 and stopped in stage 2 19,922 153,395 133,472 1.787 1.936 0.149 894,382
Treatment started in stage 1 and stopped in stage 3 19,922 279,720 259,797 1.567 1.799 0.232 1,121,003
Treatment started in stage 2 and stopped in stage 3 20,154 240,067 219,913 1.328 1.461 0.133 1,649,850
CADHT transitions HR 0.66 Costs cost inc costs QALYs QALYs Inc ICER per
SoC edaravone SoC Edaravone | QALYs QALY
Treatment started in stage 1 or 2 and stopped in 3/4 23,759 216,519 192,759 1.595 1.829 0.234 823,499
Same HR in each stage 23,723 197,803 174,079 1.558 1.773 0.215 808,905
Treatment started in stage 1 and stopped in stage 2 23,558 150,108 126,549 1.702 1.879 0.177 715,935
Treatment started in stage 1 and stopped in stage 3 23,558 243,540 219,982 1.702 2.006 0.303 725,118
Treatment started in stage 2 and stopped in stage 3 23,944 191,576 167,631 1.496 1.666 0.170 985,462
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MiToS transitions HR 0.66 Costs cost inc costs | QALYs QALYs Inc ICER per
SoC edaravone SoC Edaravone | QALYs QALY
Treatment started in stage 0 or and stopped in 1/2/3/4 23,758 203,082 179,324 1.212 1.511 0.299 599,032
ALS Utility Index utility values 23,758 203,082 179,324 0.781 1.019 0.238 752,227
no administration costs 23,758 166,228 142,469 1.212 1.511 0.299 475,920
no administration costs and 50% discount 23,758 95,287 71,529 1.212 1.511 0.299 238,944
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5.4 Discussion

To our knowledge, this is the first health economic evaluation of edaravone for treating MND
from a UK health payer perspective. The results show that the cost of edaravone is a major
influence on the ICER. However, administration costs were also considerable due to the
intensive dosing regimen and means that it is unlikely that edaravone is cost-effective even at
a very low price. Drug and administration costs of edaravone were added to the edaravone
arm and these were the only difference in costs between the model groups. Health state costs,
from standard care treatments, were assumed to be the same for each model arm, as there is
no data in terms of edaravone’s impact on potentially reducing standard care costs, through
higher functioning for example. However, even if edaravone was assumed to reduce standard
care costs, this would have very limited impact on cost-effectiveness results as these costs
only accounted for a small percentage of the edaravone model arm costs. Future potential
drugs for MND are likely to be expensive, due to MND being relatively rare. If they require
an intensive administration regimen like edaravone, the incremental costs compared to

current standard of care (riluzole — an oral treatment) will be substantially high.

This study highlights the challenges of presenting health economic analyses for potential
MND treatments. The strict inclusion criteria for the edaravone trial limited the study to a
small subgroup of people with MND. This inevitably questions the generalisability of the
pivotal edaravone study and in what situations edaravone should be prescribed. An earlier
triala have shown no significant difference in ALSFRS-R decline between edaravone and
placebo groups when a broader MND population was observed [241]. Further to this, an
observation study [256] has shown no significant survival difference between people with
MND taking edaravone and those not when considering a broad MND population (the FDA
approval for did not place any restrictions on edaravone for treating MND). Furthermore,
there is no clear evidence on how edaravone impacts on survival in people with MND. In our
modelling, the increase in survival and health-related quality of life in the edaravone arm
stems from patients remaining in less severe states longer and transitioning to more severe
states slower. This is based on edaravone being given in less severe Kings stages (stages 1
and 2). Our analysis has shown that the ICER estimate is sensitive to which Kings stages
treatment is started and stopped in. If edaravone, or another treatment, is not stopped
immediately after progression to a defined health stage, the cost-effectiveness results reported

here would likely worsen for each scenario presented.
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The short duration of the edaravone trial (6 months) raises the issue of whether the treatment
is clinically effective over a longer time period. There was also no significant difference in
respiratory function (ALSFRS-R items 10-12) in the trial and no patients experienced the
need for tracheostomy or ventilation. Respiratory failure is the main cause of death in MND
[260]. Long-term adverse event data is also lacking. Further to this, the placebo arm in the
clinical trial could be considered to decline faster than expected, based on other observed
studies [249]. The clinical trials were carried out in Japan, which also poses questions as to
how generalizable the results are to a U.K setting. Before enrolment in the edaravone study,
patients were required to demonstrate an ALSFRS-R decline of between -1 and -4 over a 3-
month observation period. Therefore, no information was generated for those with slow
progressing disease which did not result in a decline over the 3-month period. With all the
above points considered, there is a high uncertainty regarding the clinical benefits of

edaravone.

The ICER is also sensitive to the source and, perhaps more importantly, the assumptions
used for transitions and treatment effect over time, therefore rationale should be given to the
source and assumptions used. We consider our transition probabilities to be more
representative of the population in the edaravone trial compared to an unmatched population,
however each source will still have considerable uncertainties. Our cohort was limited in
number. More research into how certain subgroups of MND patients transition between
health states over time would be valuable to the literature [261]. Furthermore, clinical trial
results should include how patients transition between health states in the trial period, rather
than just reporting mean change in ALSFRS-R or its items. These analyses should report by
both the Kings and MiToS staging system and perhaps also by the newer FT9 system if it is
shown to be valid [255]. Other systems may emerge in the future that warrant consideration.
While we report some results by an alternative staging system (MiToS) to the Kings ALS
staging (our base case), this was limited and assumed the same hazard rate as used by
CADTH for their analysis using the Kings ALS staging system. This assumption is likely to
be favourable to edaravone in our MiToS staging analysis as the utility decrement resulting
from transitions away from stage 0 in MiToS is higher than those away from Kings stage 1.
More studies are needed to compare how different staging models affect the ICER estimates
of new treatments for MND and how they can be used in combination to reduce structural

uncertainty.
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While the license application in Europe for edaravone has been withdrawn at the time of
writing due to the concerns highlighted by the Committee for Medicinal Products for Human
use (CHMP), this paper has highlighted some potential challenges of demonstrating cost-
effectiveness of treatments for MND. The concerns of the CHMP included the short trial
duration, no evidence on survival or respiratory function captured and that the control arm
appeared to have more severe disease [253]. Whilst, the aim of this study was to provide an
early economic analysis based on the available evidence, and it should be acknowledged that
edaravone is available in some countries, such as the United States, Canada and Japan. It may
also be the case that, with further clinical trials, edaravone may resubmit and receive a
European/U.K license. As noted, the high drug and administration costs associated with
edaravone, along with high background costs of MND care, makes meeting the £30,000 per
QALY ICER threshold highly challenging. An analysis in this study showed that the ICER
associated with zero drug costs and full administration costs was over £200,000 per QALY
gained. These challenges may well be faced by new treatments for MND which emerge in the
future. A report commissioned by NICE covers this and other potential challenges in more
detail [262]. Administration costs of edaravone are relevant to this evaluation, so solutions
are limited, however a clinical trial is currently underway to test the safety and efficacy of an
oral form of edaravone, which could eliminate the high administration costs, although high
drug costs are likely to still be an obstacle. Further challenges include the likelihood that
despite MND being an aggressive fatal condition, treatments for MND may not be considered
to meet NICE’s end of life criteria, which would allow a higher willingness to pay threshold
(up to £50,000 per QALY). The MND population size in the UK would also likely mean that
any new MND treatments would be too large to be considered for NICE’s highly specialised
technology program (which allows a maximum ICER of at least £100,000 per QALY). There
is a possibility that future treatments for small specific MND subgroups may meet this
criteria (for example gene therapies which target specific mutations in the familial/inherited

form of MND) if specialised centres are required to administer and monitor treatment.

The conclusions in the CADHT pharmacoeconomic report, while presented from a Canadian
prespective, are not too dissimilar to the ones presented in this paper [245]. Our base case
ICER is higher than the one reported in their analysis; however our inputs were different so
direct comparisons are perhaps of limited value. In our analysis, the incremental QALY gain

from edaravone using the Kings staging (as used in the CADHT analysis) lies between 0.06
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and 0.3, the CADHT report states a range of 0.1 to 0.3, showing very similar QALY gain
estimates. One key difference in assumptions between our base case analysis and the
CADHT evaluation is the application of a constant treatment effect across all Kings stages in
the CADHT analysis. That report also assumes a treatment effect resulting in reduced
transitions to stage 4 and, indirectly, the death stage. We believe these assumptions to be
highly uncertain based on the limited published evidence and clinical expectations and we
prefer our assumption of treatment benefit (and use) in the early Kings stages (stages 1 and 2)

[242,256].

The strengths of this study include the use of edaravone trial data and matched PRO-ACT
cohort. Further to this, patient-level cost and utility data from the TONiC longitudinal study
which reported these data from UK patients [6]. We have presented a wide range of one-way
sensitivity analysis, explored a variety of different scenarios, in addition to using two
prominent MND staging models. This has allowed us to investigate the parameters which
have the biggest influence on the ICER calculation and explore some of the uncertainty

surrounding the effectiveness of edaravone.

Our analysis comes with several limitations. Firstly, we did not have access to patient-level
trial data or information on the distribution of patients across Kings stages over time.
Therefore, we had to estimate both Kings stage at baseline and at 6 months (and beyond)
using a matched PRO-ACT dataset. Secondly, the trial data does not inform survival or long-
term effects on respiratory functioning, due to the short trial duration and relatively less
severe MND population, our analysis relies on health state transition estimates from our
matched PRO-ACT cohort for transitions after 6 months, which was limited in size. We were
also only able to present a limited exploratory analysis using an alternative model, the MiToS
model. This was due to a lack of information from the clinical trial on how patients may
transition between MiToS stages. Another potential limitation of our paper is that we did not
have data for caregiver utilities. MND is known to have a substantial impact on caregivers
[207]. The lack of caregiver data is a common restriction in health economic models for
many conditions. We also did not consider the disutility of the edaravone treatment regimen,
but it is reasonable to assume that some disutility would be expected, given the need for
infusions between 10-14 per 4-week cycle. Any disutility added to the model would increase
the ICER (the CADTH evaluation also did not include this disutility). No adverse events

were accounted for in the model either as not enough data on this was produced by the
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edaravone trials. All our analyses are presented as deterministic results. While the CADTH
analysis of edaravone for MND reported that results did not differ substantially when using

probabilistic sensitivity analysis, such analysis would add further robustness to these results.

5.5 Conclusion

There is limited evidence for edaravone’s clinical effectiveness in people with MND, with
the pivotal trial only showing a benefit in people with less severe disease. In our study we
show that cost-effectiveness results based on the treatment effect observed in a clinical trial
indicates that the ICER associated with edaravone treatment is high. This can be expected
due to the high cost of the drug and the administration costs along with the marginal
estimated QALY gained. The analysis showed that even if edaravone drug costs were close to
zero, the treatment may still not be considered cost-effective by NICE. This is due to the
considerable administration costs. These analyses should be considered alongside the
significant clinical uncertainties associated with edaravone. Despite the limitations described,
this study provides useful cost-effectiveness analyses for decision-makers. While the
manufacturer has currently withdrawn its license application, future potential MND
treatments are likely to face some of the same challenges in demonstrating cost-effectiveness

at usually accepted willingness-to-pay thresholds.
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Chapter six

Discussion

The previous chapters have introduced the issues surrounding health technology assessments
in MND and have presented novel research to add to a limited evidence base. The analyses
carried out covered areas which are fundamental to estimating the value and cost-
effectiveness of new treatments for MND. This chapter discusses the contributions of this
thesis to the field with both the strengths and weaknesses of the research highlighted. A
narrative is also given on areas where additional research may be warranted, and the potential

future challenges are outlined.
6.1 Statement of principal findings

From the systematic review in chapter two, it is clear that there are considerable gaps in the
evidence informing healthcare decision-making in MND. The review shows how previous
studies have researched health economic aspects of MND, highlighting that methods used
varied. It combined three different types of studies: health economic evaluations, cost and
health utility and presented details on the current evidence base which exists regarding key
parameters used in assessments of potential new treatments. The evidence gaps highlighted
included limited numbers of studies reporting either cost or health utility outcomes in MND,
particularly those which were presented by relevant health staging systems (some studies
reported results by older MND disease staging systems no longer in common use). Similarly,
the review also found a lack of health economic evaluations which report results using these
accepted health staging systems. Further to this, the included studies in the review came from
a range of settings, across several countries and regions and highlighted how parameters
estimates can vary significantly by geographical location. The review highlighted the high
levels of uncertainty in the current evidence base. The results presented throughout this thesis
adds to the limited evidence base identified in that review and reports key information using

relevant and accepted MND staging models.

A finding from chapter three shows that it is possible to estimate health utilities from the
ALSFRS-R, the most used measure in MND clinical trials. The chapter investigated the

various parts of the ALSFRS-R measure (items, domains and index) and tested their
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suitability for mapping to the EQ-5D-5L. The results showed that the ALSFRS-R item and
domains scores provided a better statistical fit to the ED-5D data that the ALSFRS-R index
score. This finding is in line with previous studies which reported that the ALSFRS-R should
be reported as a multidimensional score [33,34]. The study provides a method from which
health utility data can be estimated, which should benefit health technology assessments in
potential future treatments for MND when EQ-5D data has not been collected within a
clinical trial. EQ-5D data are not routinely collected in MND trials. Providing a statistical
link to the EQ-5D-5L from the ALSFRS-R allows preference-based utilities to be estimated.
NICE has accepted utilities which have been mapped from another source and have issued

guidance on this matter [92].

Another finding, from chapter four, is that health state utilities vary across health states and
disease severity, with more progressed disease states associated with lower utility. The
impact of MND on health-related is significant, with the average EQ-5D-5L utility of 0.57.
which is comparable to the most severe stages of myasthenia gravis, or major trauma in frail
populations, for example [263,264]. This chapter also showed that health state costs also, in
general, increased with disease severity — as described by two commonly used health state
staging systems (Kings and MiToS). Another finding was that key cost drivers are hospital
admissions (around 40% of total costs) and community healthcare services. Analysis using
both the Kings and MiToS staging systems together, in terms of health utilities and numbers
in each combination of the stages across both systems, further adds to the evidence that these
staging systems complement each other [58]. This is because the two staging systems focus
on different aspects of the disease, with the Kings staging system focusing on the number of
body regions affected and whether a tracheostomy or gastrostomy is required. The MiToS
staging system focuses on the number of domains in which independence has been lost.
Further to this, the Kings staging system is more sensitive to changes in earlier stages of
MND, with the MiToS staging system sensitive in later stages. Bulbar onset was associated
with a higher utility for a given health state in the analysis. This is interesting as bulbar onset

is associated with a faster decline [265]

The economic evaluation of edaravone for the treatment of MND presented in chapter five
shows that even at a zero price, edaravone is likely to be not cost-effective at conventional
willingness to pay thresholds (£20,000 to £30,000 per QALY). This is primarily due to the

cost of the intensive administration regime of edaravone, which is administered intravenously
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10 to 14 days per month and the limited treatment effect of the drug coupled with the
relatively limited effectiveness of edaravone. This is compared to standard care which
includes riluzole, a drug which forms part of current standard care for MND, is given orally
and has generic versions available which substantially reduces the acquisition costs of
riluzole. Chapter five also highlights that the ICER estimate is sensitive to the various
assumptions used to model long term effectiveness. In addition, the study provides a real-
world example of how challenging it may be for new MND treatments which do not provide
substantial health benefits, to demonstrate cost-effectiveness at usual willingness-to-pay

thresholds [262].

6.2 Novel contributions

This body of work adds to a limited evidence base in health economic research regarding
MND. Beyond that, it provides evidence across a range of health economic areas. Several
pieces of research presented in the thesis are novel. A systematic review provides a
foundation for this thesis and highlights areas which need more robust evidence generation.
At the time of writing, this systematic review is the only one to be published that focuses on

health economic evaluations, cost and health utility studies in MND.

Statistical mapping (or cross-walking) is becoming more commonly reported and used in the
health economic literature [189]. Gaps in generic preference-based health utility may be
addressed by disease-specific measures that can be used to estimate the missing data. A
recent review of mapping studies highlighted that while the number of published mapping
studies has increased over time, there were none presented for mapping from MND specific
measures [189]. The statistical mapping analyses in chapter three presented the first study to
attempt to map MND specific measures to the widely used EQ-5D-5L questionnaire. Various
statistical methods and predictive variables were used, which allowed a broad analysis to be
undertaken. Further to this, the study identified the thematical overlaps between the
ALSFRS-R and EQ-5D-5L measures. It reported that the domains of pain and
anxiety/depression, which is not covered in the ALSFRS-R, are reported to be relatively less
severe in MND populations compared to the domains which are common to both measures.
These findings came from analysing the domain responses of EQ-5D-5L in terms of the

severity distributions. These findings have not been reported previously in the literature.
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The health state costs and utilities study in chapter four provides data on key parameters
within health economics and are fundamental elements of health economic models. This
appears to be the first study to report health utility and costs/resource use in the UK using two
well-known MND clinical staging systems. Further to this, the study reports heath utilities
and the distributions of patients across the various combinations of Kings and MiToS staging
systems, when both of these systems are used together. The usefulness of this analysis
(combining health staging systems) has been recommended in previous research [40]. This
study also presented the first health state utilities by the ALS utility Index, a preference-based
measure which uses parts of the ALSFRS-R [174].

Chapter five presents what is believed to be the first health economic evaluation of edaravone
as a treatment for MND in a UK setting. This analysis highlights some key drivers, which
include drug costs, in incremental cost-effectiveness ratios (ICERs) calculations for new
MND treatments. It shows that the administration costs associated with edaravone’s intensive
treatment regime means that is unlikely that edaravone could be seen as a cost-effective use
of NHS resources in the UK based on current accepted thresholds used by NICE. The study
also provides a substantial range of sensitivity analyses, including various scenarios, which
helps to highlight the extent of the uncertainty around the ICER. The manufacturer has
currently withdrawn the license application to the EMA at the time of writing, however the
analysis presented is still of value, as it presents the cost-effectiveness of a treatment which
may demonstrate similar levels of effectiveness (and perhaps costs) of future potential

treatments for MND.

6.3 Comparison with other studies in health economics and MND

As identified in the systematic review carried out in chapter two, and in chapters 3 to 5, there
have been other studies which have reported outcomes relevant to health economic
parameters of MND. While the evidence base was found to be limited in key areas, some
comparisons can be made between the research undertaken in this thesis and that which has

been published previously.

As stated before, chapter four estimated health state costs and utilities for two well accepted

and current health staging systems (Kings and MiToS). The systematic review identified 1

UK cost study which reported MND costs by health states [47]. This study was carried out in
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1998, which explains the reason for the use of a health staging system that is no longer in use
today [266]. This study also used clinical expert opinion to estimate resource use, which is
not as robust as chapter four’s patient completed questionnaire. This questionnaire also
covered more cost categories. It is noteworthy that this study informed the initial economic
evaluations of riluzole [267]. Chapter four showed that, in general, costs increased with
disease severity. This finding is also reported in other studies in different settings and staging

systems [268,269].

The finding that health state utilities decrease with disease severity has also been reported
previously which confirms the findings of other studies on health state utilities in MND
[270,271], however one of these studies used the previously mentioned out of date staging
system to report health state utilities [269]. Further to this, chapter four provides some
evidence to support the use of the EQ-5D-5L descriptive system, over that of the EQ-5D-3L.
This is due to the evidence that the SL measure reduces ceiling and flooring effects associated
with the 3L measure, this finding is supported in the literature for other conditions [272,273].
One study was identified, in the systematic review in chapter 2, that reported EQ-5D-3L
values for a UK population [271]. The utilities, as presented by the Kings ALS staging
system, reported by this study were in general lower than those reported in chapter three.
When considering the visual analogue scale (VAS) scores, they were similar in both studies.
This perhaps suggests that the SL measure reduces ceiling and flooring effects. No published
study was identified which presented health state utilities using the ALS utility index (chapter
three presented ALSUI by both Kings and MiToS staging systems).

As noted, the mapping study presented in chapter 3 was the first such one to focus on
providing a statistical link between the ALSFRS-R and the EQ-5D-5L. The results of this
analysis, in terms of accuracy (as measured in mean and absolute squared errors as is
commonly used) is comparable to the range of reported statistical fits in mapping studies
which have attempted to use disease-specific measures, used in other disease areas, to map to
generic preference-based measures [189]. The best performing mapping model presented in
chapter three using an Ordinary Least Squared (OLS) regression, which was identified as the

best preforming method in a significant number of other mapping studies [189].

Chapter 5 presented a health economic evaluation of edaravone from a UK perspective. Other

economic evaluations of drugs in MND have focused on riluzole, the only treatment currently
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with a license to treat the condition. More recently, the Canadian Agency for Drugs and
Technologies in Health (CADHT) reported results from an economic evaluation from a
Canadian health payer perspective [245]. It was not possible to compare health state costs and
utilities values used as the CADHT report did not provide this level of granularity, but a
comparison can be made on the methods and modelling assumptions used. The CADHT
analysis assumed a constant treatment effect of edaravone across each transition between
health states and that edaravone would be used and effective when administered in all health
states. The base case analysis in chapter five only assumed edaravone would be administered
in less severe health states and did not directly reduce rates of tracheostomy or gastrotomy or
directly improve survival, based on the observed clinical trial evidence [238]. This is likely
part of the reason why the base case ICER presented in chapter 5 was higher than that
estimated in the CADHT report. As analysis in chapter 5 was based on the observed data
from the pivotal edaravone trial, it could be argued is a more relevant assumption to make.
The analysis in chapter 5 estimates transitions based on changes in ALSFRS-R items,
supplemented with a matched PRO-ACT cohort to estimate transition probabilities, whereas
the CADHT based transition probabilities from a more general MND population. Chapter 5

also reports results using a variety of transitions to show the impact on the ICER estimate.

6.4 Strengths of the research

The research presented in the thesis benefits from several aspects. Chapter two presents a
systematic review, which could be considered comprehensive and wide ranging as it included
not only all published economic evaluations, but also included cost and health utility studies
in MND. The report also offered a narrative on the studies identified, including comments on
key methods used and the level of variability in outcomes. The review highlighted the need
for methodologically robust evidence in these areas and provided a steer to the rest of the

investigative chapters in the thesis.

The direct use of the TONiC dataset in chapters three and four ensures that these results are
particularly relevant to a United Kingdom setting and should benefit future decision-making
in regard to new treatments for MND [6]. The TONIC study is a the largest MND study in the
UK covering quality of life in people with MND, with data from 636 patients used in this
thesis, which is a significant proportion of the UK MND population (around 13-16%). This

study was administered across 15 UK specialist MND sites and the baseline data from
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TONIC used in this thesis was associated with a high questionnaire completion rate. The
TONIC study included many pertinent data categories which had relevance to health
economic considerations, including information on individual characteristics, resource use
and both disease-specific measures (such as the ALSFRS-R [274]) and the EQ-5D-5L
(generic preference-based measure) [275]. The richness and depth of the TONiC data used in
this thesis is therefore a key strength of this thesis.

Thesis chapters two to five cover a range of health economic aspects which adds useful and
up to date evidence for those undertaking economics evaluations for new treatments for
MND, including those which inform health technology assessments of these treatments, by
agencies such as NICE. Many aspects of this research link into the types of evidence that help
analyses to comply with the guidance given by the NICE reference case, see chapter 1, table
1.1. This includes systematic reviewing to assess the evidence base, statistical mapping to
address gaps in health-related quality of life data from MND clinical trials, up to date health
state costs (from a health payer perspective) and health state utilities (from a UK cohort). In
addition, the economic model in chapter 5 reports outcomes and analyses as outlined in the

NICE reference case.

The statistical mapping study in chapter three used the various structures of the ALSFRS-R
(most commonly used measure in MND trials) to test their ability to provide accurate
estimates of EQ-5D-5L utilities. This ensured that a full range of models were investigated.
The study also investigated the use of direct (to EQ-5D-5L utility tariff) and indirect mapping
(to EQ-5D domains). The preferred model was comparable in terms of accuracy to those

published in other neurological conditions and in other disease areas [189].

Chapter four was a detailed cost and health utility study, which provides costs from an NHS
perspective and utility values from a UK population and evidence for the range of most
essential parameters used in economic evaluations helps cover factors in healthcare provision
decision-making. Utility values are presented by two preference-based health measures: one
generic measure (EQ-5D-5L) and one disease-specific measure (ALSUI). Costs were
presented by various categories, allowing key cost drivers to be identified (such as
hospitalisations). Furthermore, this evidence was presented by two well accepted staging
systems (Kings and MiToS), making these analyses appropriate for use in markov modelling,

a commonly used method in economic evaluations. Evidence is also presented for the
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distributions across the EQ-5D-5L domain responses, allowing comparisons to be made

between on the thematic overlap between the EQ-5D-5L and the ALSFRS-R.

These chapters contribute to the sparse health economic literature for MND. The thesis
presents results by up to date and well accepted disease-specific measures (namely the
ALSFRS-R) and health staging models, which help make the analysis relevant to the current
environment. Chapter five’s economic evaluation of edaravone, the first drug approved for
MND by in the FDA in 20 years, uses the health state costs and utilities from the study
presented in chapter 4 to estimate relevant cost-effectiveness estimates for a UK population.
The comparative clinical trial data is limited to only 6 months, with no deaths recorded in
either arm [235]. This is likely to be a result of the selection of patients with less severe
disease and the inclusion requirement of no respiratory impairment. Further to this, there
were no transitions to the most severe health states as defined by both the Kings and MiToS
staging systems. Despite this, chapter five presented methods, using the limited edaravone
trial data and trial matched data extracted from the PRO-ACT dataset to estimate missing
health state transition information [276]. This dataset was also used to estimate transitions
beyond the end of the trial data, allowing an economic evaluation to be performed. This work
also further demonstrated the value of the PRO-ACT dataset in economic evaluations in
MND. The PRO-ACT dataset is a comprehensive dataset, used previously in MND research
[277,278].

6.5 Weaknesses of the research

The research in this thesis was also limited by certain factors. The review is also limited by
the small numbers of health economic, cost or health utilities studies published which focus
on MND. This is a common issue with rare diseases, and a limitation of the evidence base
more than the methods used. The mapping study specified in chapter four was limited to
cross-sectional data from the TONiC study as no longitudinal data from this source is
available at this time. It also maps to the EQ-5D-5L utility tariff which is not currently
recommended by NICE [279]. Instead NICE, in 2019, recommended mapping from the EQ-
SD-5L to the EQ-5D-3L utility tariff. The analysis in chapter three was guided at the time by
the EQ-5D-5L England tariff which was recently developed by Devlin et al [274]. NICE does
prefer the descriptive system of the EQ-5D-5L, as it adds sensitivity to each domain, but was

not satisfied with the study underpinning the utility tariff. This statement from NICE came
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after the analysis had been completed for chapter three. This adds uncertainty in the results
from the mapping study described in the chapter. The estimation models produced in chapter
3 were unable to predict negative utilities (although negative utilities were only reported in
2.2% of MND patients in this study) and was less accurate when estimating utilities in more
severe disease. In addition to this, the results of the mapping study were validated with

internal data, which is common practice, but should ideally be confirmed using external data.

The health state costs and utilities study described in chapter five also did not use
longitudinal data and had to use average costs for hospital inpatient stays, rather than costing
by the number of nights spent in hospital, due to the data available. It should be noted that the
resource use questionnaire, like all the TONIC study questionnaires, was designed before the
work for this thesis commenced. Longitudinal data would have allowed results to reflect how
costs and utilities change over time for individual patients. The study was also limited by the
low number of observations in severe MiToS stages, therefore the costs and utilities in these
stages are associated with more uncertainty. This limitation is due to the criteria of the most

severe MiToS stages, requiring patients to have lost independence in three or more domains.

While chapter five presented the first cost-effectiveness analysis and results for edaravone
from a UK perspective, it is limited by the short duration of clinical trial underpinning the
analyses [235], and the need to estimate transitions to Kings stage 4 and death from an
external source (PROACT database) as these transitions where not observed in the 6 months
endpoint of the edaravone trial. Extrapolating beyond the end of trial data however is
common practice, and this limitation of short edaravone trial data is due to the trial design in
this case. The use of the PRO-ACT dataset involved matching the patients in that dataset to
some of the restrictive inclusion criteria of the pivotal edaravone trial. While this helped
enable the transition probabilities to be more reflective of this trial population, it could be
argued that these transition probabilities are only relevant to this population and not (as least

not fully) to other trial cohorts.

Another key weakness of the research is the lack of any inclusion of care giver quality of life
considerations. With MND severely limiting independent living of those who develop the
condition, the involvement of informal caregiving is very common. The burden of this is
large, as demonstrated by some studies investigating this aspect of care [280,281]. Many

health technology agencies now allow care giver considerations to form part of the evidence
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base for decision-making in the provision of new treatments, and NICE has included
caregiver health-related quality of life, where relevant, as part of its reference case. The
reason for the lack of evidence for this area in this thesis is due to the TONiC study not
including a questionnaire which could generate empirical data on carer quality of life. Again,
the TONiC study was designed and started before work started on this thesis. Indeed, a recent
systematic review did not find any questionnaires specifically designed to measure MND
specific carer quality of life [282], although some generic measures have been designed to
capture this aspect over a range of disease areas [283,284,285]. Changes in carer quality of
life which result from the use of new potential treatments for MND can be considered
relevant in the context of healthcare decision-making, but more evidence is needed to
understand the impact the disease has on carer giver burden. Studies which use preference-
based measures would be the most useful for inclusion in economic evaluations, to ensure
that impacts on caregiver health-related quality of life is accounted for in appraisals of new

potential treatments for MND.

As described through the thesis, clinical staging systems are becoming used more by health
economists, those who design clinical trials and clinicians to classify key disease progression
events. While the research in the thesis does provide results for two prominent staging
systems (Kings and MiToS) research inevitably continues in this area. One newer staging
system is the ‘fine til 9’ (FT9) system, which counts the number of domains of the ALSFRS-
R in which the score is 9 or less [286]. This system benefits from being easily applied to
ALSFRS-R data and appears to be sensitive to changes along the disease course [287].
Results are not presented for the FT9 system in this thesis due to timing. The publication
which proposes the new system states that it appears to be sensitive to disease progression
and, like the Kings ALS staging system, does not seem to result in backward transitions

(which is deemed reflective of the progressive nature of MND) [286].

6.6 Challenges for health economic analysis and Motor Neurone Disease

While this thesis contributes several novel pieces of research in health economics and MND,
it cannot provide a comprehensive evidence base alone. Research in MND can be limited by
the relative rarity of the disease, and the fast-progressive nature of the condition can make
gathering data a challenge. The severity of the disease in the latter stages also adds to the

difficultly of data collection in these groups of patients. As shown in this thesis, data from
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resources such as the TONiC and PRO-ACT datasets, has shown it is possible to collate data
from regional and international sources to create large enough sample sizes to inform
research. It is important that more international collaboration takes place so that sources, like

those mentioned, can be developed.

There is a debate over the ability of the ALSFRS-R to capture the importance of specific
changes in functioning. As this measure is not preference-based, each point decline in each
item is weighted the same, regardless of their impact on health-related quality of life. The
ALSFRS-R score can also be reported by domains, which may be 4 domains (bulbar, fine
motor, gross motor, respiratory) or 3 domains (bulbar, motor, respiratory). Some studies have
suggested that the scores index score is not as informative as using the domain scores of the
measure. One development in this area has been the ALS utility index, a US preference-based
study which is based on parts of the ALSFRS-R [174]. Chapter 2, while providing evidence
that the ALSFRS-R item scores may be good candidates to map to the EQ-5D measure, it
also highlighted that there are several health domains which are relevant to people with MND
but are not captured in the EQ-5D utility tariff. These include communication, salivation,
hand use and respiratory function. This highlights that the EQ-5D measure might not capture

all benefits of new treatments.

As patient-level data was not available for changes in ALSFRS-R item scores, the economic
evaluation in chapter five relied therefore on the limited group mean changes in ALSFRS-R
items, with no baseline information provided in the trial publication. The use of the PRO-
ACT database [276] assisted the analysis in chapter five, however future trials should report
results in more detail so that researchers can interrogate these data in detail, including patient
level data. One trial of a potential new treatment appears to have agreed to share data from an
upcoming phase III trial [288]. Resources such as PRO-ACT could be used to provide a
matched control arm for clinical trials when estimating how the comparator group transition
between key health states over time. The resource includes a large number of longitudinal
data level data, incorporating details such as ALSFRS-R item scores (which can be used for

staging also), baseline characteristics, subgroup type and more.

The pivotal edaravone trial which underpinned its FDA approval had strict inclusion criteria,
which when applied to a general MND population would result in the majority being

excluded from the trial [235]. Indeed, the first phase Il edaravone trial, which had a more
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relaxed inclusion criteria, failed to show a significant difference in change in ALSFRS-R at
the 6 months point [289]. If future trials of new potential treatments also enforce such
stringent inclusion rules (those which have less severe stages of MND), this would create a
large gap in the evidence base for these treatments. A reason put forward for such detailed
inclusion criteria, is to have a greater opportunity to highlight clinical benefit over a short
clinical trial period, another is that those with less severe disease are more likely to benefit
from treatment. A study which looked at inclusion criteria of trials of MND treatments
showed that inclusion criteria varied considerably across trials and the majority of MND
patients are excluded [290]. In the case of edaravone, the FDA and other regulators have
granted edaravone an authorisation for use within the entire MND population, with no
restrictions based on severity of the condition. Therefore, this treatment could be given to
MND populations in which edaravone has not been tested or been proven to provide clinical
benefit, meaning there was no possibility of the treatment being considered cost-effective in
these groups. Another issue with the edaravone trial was that it was short in duration, with
only 6 months comparative evidence generated. The control arm in the edaravone trial
declined by an average of 7.50 in terms of ALSFRS-R score over the 6-month period, which
appears to be faster than reported in other trials [291]. The CHMP opinion also highlighted
that the control group appeared to have more advanced disease at baseline compared to
edaravone [292]. Further to this, the ALSFRS-R was used in the edaravone pre study phase to
identify patients who had experience a -1 to -4 decline on the ALSFRS-R. This was another
criticism of the study as this further reduced its generatability to the wider population. The
CHMP highlighted other key issues such as the low numbers of patients in the trial and the
lack of treatment effect when the placebo group were switched to edaravone treatment after 6
months. Some studies suggest that edaravone offers little to no benefit when used in broader
MND population and that it would not be practical to enforce this requirement in clinical
practice to identify those likely to benefit from treatment [293,294]. Other studies have noted
that ALSFRS-R decline can vary with different baseline covariates, and this should be
considered when making inclusion criteria for clinical trials [278]. A positive from the
edaravone trials in MND is that it is possible that treatments may work in selected
populations. Subgroup effects have been discussed in the literature previously [295]. These
studies have found that factors such as the decline of ALSFRS-R curve, age and site of onset
are some factors which may impact on prognosis and on the likelihood of these groups to
respond to treatment [296,297,298] These discussions have highlighted the need to identify
potential subgroups that may respond differently to the wider MND population.
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As mentioned in the introduction chapter, it is unlikely that new treatments for the full (or
near full) MND population would meet either NICE’s end of life criteria or meet the criteria
for the highly specialised technology process. This means that although future MND
treatments may be associated with high ICER estimates, the normal NICE threshold range for
treatments covering all MND types is likely to apply (£20,000 to £30,000 per QALY gained).
Some treatments which are intended to treatment specific types of MND caused by mutations
in particular genes may result in a target population that is small enough to meet this part of
the Highly Specialised Technology (HST) criteria. These types of treatment may require a
highly trained and specialised health professionals to administer and monitor treatment,
which may mean that the number of centres which would provide this treatment may be
limited, again meeting another important consideration for the NICE HST program. As stated
in the introduction chapter, when a treatment is appraised through the NICE HST program
the willingness-to-pay threshold is increased to £100,000 per QALY gained (and potentially
up to £300,000 depending on amount of undiscounted QALY's gained) [299]. While there is
debate around whether the HST process captures public preferences in relation to the funding
of treatments for rare diseases (there is strong evidence to say it does not [300]), it is worth
highlighting that some new very targeted (and likely very expensive) treatments for MND

may be candidates for HST consideration.

Further to this, many potential future treatments may face challenges in demonstrating value
for money. In addition to potentially high drug prices, other factors may also present issues,
including those due to the nature of MND or due to the administration burden of the drug. A
recent study highlighted 4 scenarios in which some treatments may not be considered cost-
effective even when priced at £0, though it should be acknowledged that these situations can
be more likely to arise when the costs of the treatment is relatively high and/or the treatment
is only marginally effective (such as the edaravone case) [262]. MND presents considerable
costs to the health service. This means that any MND treatment which prolongs life
accumulates these costs in addition to the cost of the new treatment. If the QALY gains of a
new treatment is outweighed by the extra cost, it will likely not be deemed cost-effective if
this results the ICER estimate breaching a set threshold. Another scenario arises when
treatments, like edaravone for example, which are intravenously administered or have an
intensive frequent administration regime or both face significant associated costs. These costs

come directly from the provision of the treatment and are included in economic evaluations.
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As shown previously, healthcare costs increase with disease severity, and so increased time in
these health stages would increase the ICER estimate [268,269]. Another possible scenario is
a treatment extends life in more severe stages of MND, which leads to more high cost clinical
events occurring, such as overnight hospital stays. A recent retrospective analysis of riluzole,
using the well accepted Kings ALS staging system, showed that it extended survival more in

the most severe stage of the condition more than in less severe stages [301].

One therapeutically promising avenue is the development of Advanced Therapy Medicinal
Products (ATMPs), particularly gene therapies. Development in this area has been seen with
treatments being developed for mutations in the SODI or C9orf72 genes, which make up a
minority of the MND population. The costs of such treatments are very likely to be high
[302]. This inevitably will lead to challenges in demonstrating cost-effectiveness and
therefore potential barriers or delays to patient access. Gene therapies may offer an avenue to
develop a safe and effective treatment or even a cure for the condition [303]. If treatments,
such as gene therapies, offer substantial treatment benefit (above that of, for example,
edaravone or treatments with similar limited effectiveness) then there are some
considerations which are likely to become more relevant. For example, in the economic
evaluation of edaravone on chapter 5, it was shown in the analysis that the source used for
health state utilities (EQ-5D-5L, EQ-5D-3L or ALSUI) did not significantly impact the ICER
estimate, despite the utility values for each of these sources being quite different. This was
due to edaravone only offering limited QALY gains. However, if new treatments were to
offer substantially more QALY gains, then the source (and values) used will likely have
much more impact on the cost-effectiveness outcomes. The same logic holds for health state
costs and the source used for that as these treatments will incur these costs if they do not cure
the condition, but substantially prolong survival. In reality, changes in any of the modelling
assumptions in chapter 5 are likely to impact on cost-effectiveness estimates more than they
did in the analysis involving edaravone (or in treatments providing similar benefits to

edaravone).

As referred to, caregivers can be significantly impacted by caring for those with MND.
Inclusion of caregiver quality of life is not without challenges. Several studies present
evidence that states the EQ-5D may not be appropriate to measure the quality of life impact
of healthcare interventions on caregivers [304]. The use of the EQ-5D has been used to

include caregiver quality of life in some NICE health technology appraisals [305]. The
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advantage of using EQ-5D in caregiver populations is the ease of combining these utility
values with those collected from patients receiving a new intervention. However, if the EQ-
5D does not capture pertinent information in caregivers, then it may be appropriate to
consider other measures which have been developed specially to be relevant to caregiver
burden. Relatively few NICE technology appraisals have included caregiver utilities, but with
more interest and research ongoing in this area, it is expected that more economic evaluations

will include caregiver utilities [306].

Even when caregiver utilities are included in analysis, they can produce what may appear to
be “counter-intuitive” results. These kinds of results can occur when a patient’s condition
impacts significantly on caregiver health utility and a new intervention prolongs the life of
the patient but does not remove all caregiving aspects of the underlying condition. In this
situation, the caregiver spends more time caring for the individual. Therefore, even if the
intervention prolongs the patient’s life or reduces caregiver burden, the longer time spent
caregiving increases this burden overall. This occurred in a recent NICE appraisal for another
severe neurological condition - spinal muscular atrophy (SMA), when including caregiver
utilities increased the ICER estimate [307]. Despite the challenges of measuring, and
including caregiver utilities in economic evaluations, a greater level of understanding on the
impact on carers of people with MND would benefit the discussions and debate around health

economics of new potential MND treatments.

6.7 Recommendations for research and reflection

Further research in several aspects of MND and health economics would be beneficial for
assessing the value of future treatments. The weaknesses highlighted in this body of work

may also be addressed with further research in this area.

As mentioned, this thesis is supported by the use of data from the TONiC study, a large UK
based study which captures various data on quality of life in people with MND. Longitudinal
data collection, of up to 5 years, is ongoing. This thesis use of the TONiC dataset was limited
to a data cut of baseline data from 636 patients. Longitudinal data, such as that which the
TONIC study may provide, would be useful to understand how the health utility and costs
vary over the lifetime of the condition and how patients transition among relevant health

states over time. It would also add to the results presented in this this thesis, for example the
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mapping study in chapter three would benefit from longitudinal data, which would help
predict EQ-5D values based on changes in ALSFRS-R scores, rather than estimating these

values based on cross-section data.

More health technology assessment agencies internationally are increasingly interested in
considering the impact of different conditions on carers and how their quality of life is
impacted [308]. While it is noted in the literature that the inclusion of carer quality of life in
health economic assessments is difficult and limited by the lack of evidence generated in this
area, more data on the changes in the quality of life of carers of people with MND would be
useful [309]. This could, and should, be done using the different levels of severity and
clinical staging of the condition in mind. Particular focus should be given to commonly used
clinical staging and measures [250,286], as these are most likely to be included in future
health economic evaluations. An additional benefit of reporting carer health-related qualify of
life by these staging systems is that it will allow the impact on this aspect by both the
intervention and the comparator treatment - giving the incremental benefit. It is highly likely
that the impact on carers is correlated with MND disease severity, but to date there are
limited studies, and none specifically reporting quality-adjusted-life-year changes, a metric
used in many health economics evaluations. While, to date, only a limited number of NICE
appraisals have included caregiver health-related quality of life, it should be noted that some
appraisals for neurological conditions (particularly multiple sclerosis) have included these

[305].

While this thesis does provide data on costs and health utilities, which add to a limited
evidence base, more research is needed to validate and add to these results. These parameters
are essential in assessing the incremental benefits, and incremental costs, of any potential
new treatments, particularly influential when significant survival and quality of life gains are
accrued by a new treatment. More studies reporting these values, by relevant MND clinical
stages, allows these estimates to be more robust and precise. This research would also allow
the appropriateness of the EQ-5D in MND populations to be investigated further [309].
Chapter four has shown that EQ-5D utility values decrease with disease severity, which
shows some face validity. This finding has also been reported in other studies using various
MND staging systems. Chapter four also highlighted that the EQ-5D-5L may be more
appropriate descriptive system to use than the EQ-5D-3L, as it may mitigate the flooring

effects associated with the measure. Future study into this would be beneficial to confirm the
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SL measure is indeed more appropriate to use in MND populations. Identification of other
factors which impact on health utility, beyond clinical staging, in future studies may be useful
in more accurately estimating health utility in MND patients. When NICE endorses a UK
utility tariff, which a new study has been commissioned to do, results using this measure
should be estimated in MND populations. While it is preferable to gain health utility
measurements directly from patients responding to preference-based measures, clinical
experts and caregivers have a role in validation of these results and providing input where
there are gaps in the evidence. There may be additional outcomes that are important beyond
those captured in the clinical staging models, evidence on these other factors, such as fatigue
and communication for example, should be captured in trial data [310,311]. Additional
evidence of how MND impacts aspects beyond health, such as well-being or capabilities,
may also be helpful to gain more understanding of the burden the condition places on people
[312]. As noted in chapter 4, health-related quality of life is severely impacted, but little

empirical evidence is available to assess wider impacts.

More research is ongoing on identifying relevant prognostic factors which influence clinical
outcomes and survival in MND [313,314]. Establishing more prognostic factors that impact
the trajectories of patients during the progression of the condition, including how these
factors can estimate when key functional decline milestones are met, can help understand
how potential treatments may work in different MND subgroups [315]. For example, recent
advances in potential treatments being developed for the some of those affected by certain
mutations associated with the familial form of MND offers hope to a small but clinically
identifiable subgroup [316]. While most treatments will likely benefit those with less
advanced disease, treatments such as rasagiline may be more effective in those whose disease
is fast progressing based on recent studies [317]. Registry data is likely to be useful in
helping identify key information on different MND subgroups that may respond to various
types of treatments being developed. One clear example of this is the Pooled Resource Open-
Access ALS Clinical Trials (PRO-ACT) database used in chapter five in this thesis, and in
several other studies [277,278]. As in the case of edaravone [235], initial clinical trial
evidence failed to show statistically different results in some key outcomes, such as decline in
ALSFRS-R score. When trial data was investigated more closely in this case, it was found
that the treatment may work for selected subgroups. This may be a common feature of early

trials of new MND treatments.
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The ALSFRS-R is the most commonly used measure in MND trials and is recommended for
inclusion in all MND trials [318]. However, more research on the merits of the questionnaire
in terms of measuring the impact of changes in each of its items or domains on quality of life
in people with MND. Some researchers have questioned the usefulness of the ALSFRS-R to
capture all relevant aspects of changes in functionally and propose to find new ways of
measuring decline related to MND over time [319,320]. It should be noted, however, that the
MiToS and FT9 staging systems are directly based on the ALSFRS-R in its current format
and the Kings staging system can be estimated accurately from this measure also. Any
adaptions to the ALSFRS-R, or creation of a new preferred measure, may erase these links to
clinical staging systems or create the new for newer ones, therefore thought should be given
to this issue. New alternative measures may benefit from consideration of patient preferences
of the various states of health which people with MND may experience. This would allow

changes in functioning caused by the condition to be appropriately weighted.

Classifications of the disease and clinical staging systems have been shown to be informative,
as shown in this thesis, in highlighting the clinically and economically important milestones
in the disease. It should be remembered that MND progression can be heterogenous across
patients and difficult to predict with certainty. The Kings and MiToS staging systems have
shown value and may be used together to complement each other [40]. The new FT9 system
also offers another way of describing disease progression [286]. In future research, thought
should be given as to how best to incorporate these when assessing the benefits offered by
new treatments. In addition, as has been noted in chapter one, timely diagnosis is important.
Advancements in this area would also likely allow the potential of more clinical benefits
from potential treatments, including ruling out diseases which mimic MND, and using

biomarkers (which may also predict treatment effects) [321].

6.8 Conclusions

This chapter discussed the key findings identified from the analyses undertaken in chapters 2
to 5. It also outlined both the strengths and weaknesses of the research and provided a
narrative on the challenges that may face new potential treatments for MND. Key strengths of
the research is the generation of novel data, informing key economic and health-related
quality of life parameters for use in health economic research in MND. The thesis provides a

wide range of results, covering many aspects of MND as a disease and as a HTA topic. It
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stressed the need for the research and how the outcomes reflected the aims set out in the
introduction chapter. The overall picture is one that shows the work undertaken in this thesis
should prove to add important information to a limited evidence base. This thesis applied
accepted health economic methods, such as systematic reviewing, statistical mapping, health
utility and cost data by health states and Markov modelling to generate data to use in health
economic modelling of new MND treatments. In addition, this thesis has, through
investigating key parameters, highlighted some important issues and considerations in terms
of evidence generation and economic/clinical uncertainties. By presenting these issues, the

thesis provides a valuable foundation for future research.

The novel research in chapters 2 to 5 in this thesis were designed around the aim of providing
more robust evidence for HTA for new treatments of MND. The objectives set out to achieve

that aim were:

e Highlight the current evidence base of health economic evidence in MND populations
and detail the methodology used in the identified studies and provide a narrative on
areas of uncertainty (chapter 2)

e Provide a statistical link from a commonly used MND disease-specific measure to the
preference-based EQ-5D-5L measure (chapter 3)

e Present health state costs and utilities by accepted MND health staging systems from
a UK perspective (chapter 4)

e Estimate the clinical and cost-effectiveness of edaravone, a new potential treatment
for MND, from a UK health payer perspective. In addition, provide a narrative on the
likely challenges that new treatments for MND will face in demonstrating cost-

effectiveness (chapter 5)

As shown, there are clearly challenges facing any assessment of MND treatments. These
stem from the need to extrapolate long term outcomes from trials which are usually short in
duration. Another challenge is the potential need to use certain assumptions regarding these
outcomes, such as treatment starting and stopping rules and assumptions regarding clinical
benefits at various disease stages and subgroups. These assumptions can significantly change

the cost-effectiveness estimates and therefore the perceived value of a treatment for MND.
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Uncertainty in long term outcomes will be higher in those treatments which may provide

potential cures or significant health and survival gains.

There are reasons for hope, however. As outlined in chapter 1, there are several potential
treatments currently in clinical trials for use in MND populations. Current treatment options
for MND are extremely limited and any additions to the treatment pathway will be
welcomed. Clinical staging models, as used in this thesis, have been developed and are
broadly accepted, which provide the foundations for cost-effectiveness analysis. These
models can also be used to account, to some extent, for the heterogeneity inherent over the
course of MND. While in this thesis, in chapter 5, the Kings ALS staging system was chosen
for the base case analysis (as was the case for the CADHT analysis). It should be noted that
another two staging systems have been developed (MiToS and FT9) which describe the
progression of MND differently. These staging systems can be used to reduce some of the
structural uncertainty in analysis. The use of datasets such as TONiC, PRO-ACT and other

MND registries will further help to reduce uncertainties in the evidence base.
While there is more research to be carried out and challenges to face, it is hoped that the

research presented in this thesis will prove useful to those involved in estimating the value of

new MND treatments.
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Appendix 1: Published version of chapter two: Moore A, Young CA, Hughes DA. Mapping
ALSFRS-R and ALSUI to EQ-5D in Patients with Motor Neuron Disease

Reference: Moore A, Young CA, Hughes DA. Mapping ALSFRS-R and ALSUI to EQ-5D in

Patients with Motor Neuron Disease. Value Health. 2018 Nov;21(11):1322-1329. doi:
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Appendix 2: Published version of chapter four: Health Utilities and Costs for Motor Neurone

Disease
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Appendix 3: Search strategy chapter two systematic review
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32. Progressive Muscular Atrophy.mp.
33. Progressive Bulbar Palsy.mp.

34. Primary Lateral Sclerosis.mp.
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Appendix 4 — Additional mapping information for chapter 3
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Supplementary Table — Direct mapping model coefficients (mean, se) and performance

Model Tobit 1 OLS 1b Tobit 1b OoLs 2 Tobit 2 oLs 3 Tobit 3 oLs 4
OLS1
Intercept -0.0764070 | -0.092619 -0.2006842 -0.201434 0.207981 0.207270 0.108231 0.100416 -0.0764070
(0.0322988) | (0.033584) (0.0561154) | (0.0576542) | (0.036821) (0.037773) (0.26880) (0.027468) (0.0203011)
Bulbar N/A N/A N/A N/A 0.005273 0.005336 0.004021 0.004049 N/A
Domain (0.002425) (0.002484) (0.001936) (0.001969)
Fine Motor N/A N/A N/A N/A 0.045773 0.047382 N/A N/A N/A
Domain (0.002701) (0.002791)
Gross Motor N/A N/A N/A N/A 0.0044689 0.003832 N/A N/A N/A
Domain (0.002497) (0.002559)
Motor N/A N/A N/A N/A N/A N/A 0.033891 0.034743 N/A
Domain (0.001165) (0.001206)
Respiratory N/A N/A N/A N/A -0.004918 -0.009103 -0.004918 -0.005067 N/A
Domain (0.002038) (0.002605) (0.002547) (0.002066)
ALSFRS-R 0.0203011 0.020893 0.0210841 0.0232141 N/A N/A N/A N/A N/A
Index Score (0.009782) | (0.001021) (0.0009069) | (0.0011245)
ALS Utility N/A N/A N/A N/A N/A N/A N/A N/A 0.6453
Index (0.03658)
Age N/A N/A 0.0004728 | 0.0004728 | N/A N/A N/A N/A N/A
(0.007009) (0.007009)
Gender N/A N/A 0.0306621 0.0315324 N/A N/A N/A N/A N/A
(Male =1) (0.0156760) | (0.0163413)
Bulbar onset N/A N/A 0.1801147 0.1813274 N/A N/A N/A N/A N/A
(dummy (0.0174122) | (0.0182437)
variable)
Respiratory N/A N/A 0.0841561 0.0856382 N/A N/A N/A N/A N/A
Onset (0.0560579) | (0.0572295)
(dummy
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variable)

EQ-5D <0 0.1984 0.2001 0.0216 0.0211 0.2090 0.2101 0.1473 0.1481 0.2017
MSE (MAE) (0.4050) (0.4071) (0.4085) (0.4097) (0.4120) (0.4132) (0.3402) (0.3502) (0.3401)
EQ-5D 0-0.2 0.1005 0.1023 0.0985 0.0995 0.1085 0.1098 0.0782 0.0791 0.1152
MSE (MAE) (0.2710) (0.2781) (0.2083) (0.2120) (0.2148) (0.2165) (0.2334) (0.2350) (0.2541)
EQ-5D 0.2-0.4 | 0.0447 0.04558 0.0373 0.0387 0.0460 0.0480 0.0337 0.0375 0.0414
MSE (MAE) (0.1794) (0.1835) (0.1557) (0.1569) (0.1882) (0.1980) (0.1498) (0.1504) (0.1453)
EQ-5D 0.4-0.6 | 0.0217 0.0231 0.0299 0.0321 0.0245 0.0256 0.0195 0.0203 0.0257
MSE (MAE) (0.1204) (0.1245) (0.1204) (0.1250) (0.1380) (0.1395) (0.0975) (0.0105) (0.1292)
EQ-5D 0.6-0.8 | 0.0201 0.0212 0.0189 0.0198 0.0210 0.0235 0.0145 0.0154 0.0214
MSE (MAE) (0.1109) (0.1189) (0.1107) (0.1125) (0.1190) (0.1205) (0.0979) (0.1023) (0.1278)
EQ-5D 0.8-1 0.0415 0.0456 0.0415 0.0405 0.0405 0.0412 0.0226 0.0247 0.0315
MSE (MAE) (0.1535) (0.1565) (0.1764) (0.1769) (0.1523) (0.1542) (0.1217) (0.1240) (0.1452)
Absolute 36.9% 37.3% 42.2% 41.5% 34.1% 33.2% 44.2% 43.7% 29.8%
differences

>0.1

Absolute 83.3% 81.2% 83.8% 82.3% 75.3% 74.5% 85.7% 84.7% 79.7%
differences

>0.25

Adjusted R? 0.42 0.41 0.51 0.49 0.38 0.36 0.60 0.61 0.34
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Supplementary Table 2b — Direct mapping model coefficients (mean, se) and performance

Tobit 4 OLS 5 Tobit 5 OoLS 6 Tobit 6
Intercept 0.030722 0.1357405 0.1306621 0.086203 0.078211
(0.01768) (0.0376646) | (0.0379104) | (0.022151) (0.22554)
Iltem 1 N/A -0.0009210 | -0.0023325 N/A N/A
(0.0080445) | (0.0081075)
Item 2 N/A -0.0020943 | -00035270 N/A N/A
(0.0071271) | (0.0071868)
Iltem 3 N/A -0.0025923 | -0.004861 N/A N/A
(0.0086630) | (0.0087302)
Item 4 N/A -0.0079483 -0.0068227 N/A N/A
(0.0075627) | (0.0075926)
Iltem 5 N/A 0.0038660 0.0037250 N/A N/A
(0.0075627) | (0.0078988)
Iltem 6 N/A 0.0591589 0.0600117 0.057486 0.059073
(0.0091495) | (0.0091870) | (0.007728) (0.0091870)
Iltem 7 N/A 0.0476589 0.0473987 0.046674 0.0473987
(0.0087734) | (0.0087976) | (0.008277) (0.0087976)
Iltem 8 N/A 0.0596126 0.0613966 0.058688 0.060471
(0.0092378) | (0.0092895) | (0.009049) (0.009153)
Iltem 9 N/A 0.0349047 0.0362611 0.035927 0.037251
(0.0073587) | (0.0073883) | (0.007281) (0.007355)
Item 10 N/A 0.0222083 0.0234802 0.021126 0.021945
(0.0072210) | (0.0072606) | (0.005736) (0.005797)
Item 11 N/A 0.0079571 0.0078683 N/A N/A
(0.0082835) | (0.0083270)
Item 12 N/A -0.0153849 -0.0164486 N/A N/A
(0.0121983) | (0.0122450)
EQ-5D <0 0.2061 0.1169 0.1189 0.1187 0.1191
MSE (MAE) (0.3517) (0.3033) (0.3101) (0.3076) (0.3087)
EQ-5D 0-0.2 0.1161 0.0571 0.0617 0.058 0.0591
MSE (MAE) (0.2561) (0.1998) (0.2001) (0.1998) (0.2010)
EQ-5D 0.2-0.4 0.0456 0.0248 0.0251 0.0258 0.0261
MSE (MAE) (0.1453) (0.1205) (0.1324) (0.125) (0.1261)
EQ-5D 0.4-0.6 0.0257 0.0125 0.0122 0.0127 0.0124
MSE (MAE) (0.1292) (0.0892) (0.0882) (0.0891) (0.0918)
EQ-5D 0.6-0.8 0.0192 0.0171 0.0181 0.0167 0.0171
MSE (MAE) (0.1278) (0.1095) (0.1101) (0.1045) (0.1052)
EQ-5D 0.8-1 0.0310 0.0178 0.0179 0.0172 0.0182
MSE (MAE) (0.1478) (0.1001) (0.1012) (0.1014) (0.1019)
Absolute 30.30% 53.54% 53.12% 55.40% 54.52%
differences >0.1
Absolute 76.26% 89.90% 89.90% 90.40% 89.38%
differences >0.25
Adjusted R? 0.33 0.66 0.65 0.66 0.66
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Supplementary Table 3 — Indirect mapping (model 13)

Miogit 13
EQ-5D Domain Intercept ALSFRS-R (Index)
Mobility
Level 2 6.439424 -0.1778716
(1.187401) (0.03130894)
Level 3 8.238533 -0.2113584
(1.110420) (0.02910124)
Level 4 10.317563 -0.2778752
(1.121826) (0.03017539)
Level 5 12.870616 -0.3861677
(1.175884) (0.03295915)
Self-care
Level 2 4.205394 -0.1065379
(0.9367229) (0.02482013)
Level 3 7.965957 -0.2164520
(0.9575464) (0.02617559)
Level 4 9.152800 -0.2834232
(1.0592660) (0.03058252)
Level 5 13.084282 -0.4316174

(1.0979207)

(0.03437562)

Usual Activities

Level 2 5.630141 -0.1255271
(1.450577) (0.03673929)
Level 3 9.783490 -0.2323781
(1.430415) (0.03660618)
Level 4 11.379421 -0.2950725
(1.464921) (0.03812518)
Level 5 14.017239 -0.3870526
(1.478238) (0.3924239)
Intercept Neuropathic Pain Scale
Pain
Level 2 -1.067093 0.1070301
(0.3534914) (0.01877203)
Level 3 -3.282011 0.1780191
(0.4679960) (0.02537707)
Level 4 -6.997961 0.2315875
(0.8132573) (0.02537707)
Level 5 -16.348612 0.1070301
(3.5069654) (0.01877203)
Intercept MND-HADS
Anxiety/ Depression
Level 2 -1.954728 0.2589150
(0.2173800) (0.02930225)
Level 3 -4.864620 0.4625180
(0.4011287) (0.04009279)
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Level 4 -10.736994 0.7313353
(1.1774330) (0.07299859)

Level 5 -11.386918 0.7046343
(1.709959) (0.09798552)

Absolute Differences >0.1 40.32%

Absolute Differences >0.25 76.25%

Adjusted R? 0.42

Errors by EQ-5D range MSE (MAE)

<0

0.1971 (0.3812)

0-0.2 0.0988 (0.2617)
0.2-0.4 0.0411 (0.1722)
0.4-0.6 0.0262 (0.1176)
0.6-0.8 0.0181 (0.1086)
0.8-1 0.0321 (0.1491)

Note: Only the best indirect model (Mlogit 13) is shown for brevity.
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Supplementary Table 4 — Logistic regression results for section 3.1

Variable Coefficient Estimate P value
Intercept 21.66 0.998
Completed by patient (yes = 1) -0.1828 0.637
Gender (male=1) -0.3082 0.412
Age -0.0205 0.259
Bulbar Onset (Dummy coded) -0.3271 0.395
Respiratory Onset (Dummy coded) 16.04 0.996
AB MND Centre -0.4429 1.00
LP MND Centre -17.37 0.999
NE MND Centre -0.2994 1.00
NO MND Centre -0.3725 1.00
PR MND Centre -16.49 0.999
SF MND Centre -17.21 0.999
SO MND Centre -18.24 0.999
SR MND Centre -17.65 0.999
OR MND Centre -17.39 0.999
KC MND Centre -17.44 0.999
EX MND Centre -0.2911 1.00
ND MND Centre -0.6804 1.00
PL MND Centre -0.529 1.00
CB MND Centre -0.557 1.00
PO MND Centre -0.4024 1.00
YK MND Centre -0.3701 1.00
WS MND Centre -18.27 0.999
DV MND Centre 0.0996 1.00
SS MND Centre -17.43 0.999
RI MND Centre -0.3525 1.00
RF MND Centre 0.2655 1.00
QE MND Centre -0.5262 1.00

*dependent variable = Completed Questionnaire (=1)
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Appendix 5 - Supplementary appendices for chapter 4 — Cost sources and overlap of Kings

and MiToS staging systems

Table 1 Unit costs for resources

Item Cost (£) 2017 (*inflated) Source

Hospital casualty department | 137 NHS reference costs 2017
Practice Nurse, GP Surgery 13.51 Curtis 2017

Doctor, GP Surgery 37 Curtis 2017

Nurse, home visit 43.89* Curtis and Burns 2010
Doctor, home visit 135.06* Curtis and Burns 2010
Nurse, outpatient 119 NHS reference costs 2017
Doctor, outpatient 171.98 NHS reference costs 2017
Inpatient stay (MND spell) 2840 NHS reference costs 2017
Ambulance use 247 NHS reference costs 2017
Blood test 3 NHS reference costs 2017
Urine test 4.59* NHS supply chain 2014
Ultrasound 55 NHS reference costs 2017
X-ray 33.32 NHS reference costs 2017
CT scan 123 NHS reference costs 2017
MRI brain scan 147 NHS reference costs 2017
EMG 200 NHS reference costs 2017
Health visitor 76.46 NHS reference costs 2017
Social worker 79 Curtis 2017
Physiotherapist 55 NHS reference costs 2017
Psychologist 53.95 Curtis 2017

Counsellor 69.91 Curtis 2017
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Table 2 Concordance between Kings and MiToS staging

Number of patients for combinations of Kings and MiToS stages

Kings | 1 2 3 4
MiToS
0 76 90 116 16
1 13 42 78 65
2 0 4 11 59
3 0 0 1 17
4 0 0 0 5

EQ-5D-5L Index values for combinations of Kings and MiToS stages, mean (SD)

Kings | 1 2 3 4
MiToS
0 0.80 (0.18) 0.70 (0.19) 0.65 (0.18) 0.67 (0.23)
1 0.48 (0.16) 0.40(0.21) 0.39 (0.21) 0.62 (0.25)
2 NA 0.34 (0.32) 0.28 (0.14) 0.38 (0.25)
3 NA NA 0.30 (NA) 0.33 (0.24)
4 NA NA NA 0.25 (0.23)
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Table 3 Resource use, costs and characteristics by MND onset type

Resource Category Limb Onset Bulbar Onset Respiratory Onset
Primary Care Mean (Max value), all minimum values = 0
Nurse GP Surgery 0.37 (10) 0.73 (20) 0.36 (2)
Doctor GP Surgery 0.75 (10) 1.32(10) 0.55 (4)
Nurse at Home 1.75 (90) 2.50 (90) 3.09 (10)
Doctor at Home 0.27 (12) 0.33(10) 0.27 (2)
Secondary Care

Casualty Department 0.18 (10) 0.37 (8) 0.27 (2)
Nurse Outpatient 0.81 (10) 1.47 (18) 0.91 (3)
Doctor Outpatient 2.29 (31) 1.88(12) 1.82 (3)
Ambulance Use 0.28 (12) 0.17 (6) 0.55 (3)
Inpatient Stays 0.21(12) 0.29 (5) 0.09 (1)
Tests

Blood 1.14 (40) 1.12 (12) 1.27 (5)
Urine 0.09 (4) 0.16 (5) 0(0)
Ultrasound 0.06 (3) 0.07 (2) 0(0)
X-ray 0.17 (6) 0.24 (3) 0.09 (1)
CT Scan 0.07 (2) 0.25 (10) 0.09 (1)
MRI Scan 0.20 (6) 0.22 (2) 0.09 (1)
EMG Scan 0.25 (3) 0.32 (3) 0.18 (1)
Community Care

Health Visitor 0.65 (46) 1.33 (20) 1(11)
Social Worker 0.40 (10) 0.45 (14) 0.36 (2)
Physiotherapist 2.18 (40) 1.96 (20) 3.09 (9)
Psychologist 0.14 (10) 0.09 (3) 0(0)
Counsellor 0.09 (4) 0.07 (8) 0.64 (7)
Direct costs (NHS) — 3 months Mean (95% Cl)

Primary care

145 (107,181)

213 (139,287)

198 (55,341)

Secondary care

984 (644,1336)

1366 (899,1850)

724 (282,1572)

*Of which are inpatient stay
costs

596 (308,894)

824 (463,1200)

256 (0,736)

Tests 101 (80,122) 143 (103,183) 68 (0,147)
Community care 241 (205,277) 382 (228,544) 349 (0,709)
Medicines 102 (85,119) 325 (197,453) 146 (0,302)
Total 1593 (1240,1940 2350 (1840,2860) 1613 (383,2840)

Characteristics

Mean (SD) (95% CI)

EQ-5D-5L 0.53 (0.24) 0.68 (0.26) 0.53 (0.32)
(0.49,0.57) (0.64,0.72) (0.35,0.71)
ALS Index 32.64 (7.98) 30.92 (8.50) 27.91 (7.34)
(31.32, 33.24) (29.87,32.14) (23.45,31.12)
Bulbar Domain 9.85 (2.52) 4.88 (3.08) 10.45 (2.54)
(9.11,10.68) (4.12,5.68) (9.86,11.12)
Gross Motor Domain 12.78 (5.41) 16.19 (5.90) 11.65 (7.98)
(11.96,13.72) (15.56,16.89) (11.09,12.18)
Respiratory Domain 10.02 (2.70) 9.76 (2.28) 5.82(3.84)
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(9.54,10.86) (9.12,10.34) (4.86,6.88)
ALS Utility Index 0.43 (0.28) 0.35 (0.23) 0.26 (0.16)

(0.41,0.45) (0.32,0.38) (0.18,0.36)
EQ-5D VAS 59 (21) 62 (22) 58 (24)

(56,62) (60,64) (48,69)
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Appendix 6 — CHEERs Checklist for chapter five: Health economic evaluation of edaravone
compared to standard care for the treatment of MND

Item Reported on page No/
Section/item No Recommendation line No
Title and abstract
Title 1 Identify the study as an economic evaluation or Page 103
use more specific terms such as “cost-
effectiveness analysis”, and describe the
interventions compared.
Abstract 2 Provide a structured summary of objectives, Page 103
perspective, setting, methods (including study
design and inputs), results (including base case
and uncertainty analyses), and conclusions.
Introduction
Background and 3 Provide an explicit statement of the broader Section 5.1 page 106
objectives context for the study.
Present the study question and its relevance for Section 5.1 page 106
health policy or practice decisions.
Methods
Target populationand 4 Describe characteristics of the base case Section 5.2 page 109
subgroups population and subgroups analysed, including
why they were chosen.
Setting and location 5 State relevant aspects of the system(s) in which Stated in title and
the decision(s) need(s) to be made. introduction section 5.1
page 105
Study perspective 6 Describe the perspective of the study and relate  Section 5.2 page 106
this to the costs being evaluated.
Comparators 7 Describe the interventions or strategies being Section 5.2 page 106
compared and state why they were chosen.
Time horizon 8 State the time horizon(s) over which costs and Section 5.2 page 109
consequences are being evaluated and say why
appropriate.
Discount rate 9 Report the choice of discount rate(s) used for
costs and outcomes and say why appropriate. Section 5.2 page 109
Choice of health 10 Describe what outcomes were used as the Section 5.2 page 109
outcomes measure(s) of benefit in the evaluation and their
relevance for the type of analysis performed.
Measurement of 11a Single study-based estimates: Describe fully the  Described in section 5.1
effectiveness design features of the single effectiveness study  page 105
and why the single study was a sufficient source
of clinical effectiveness data.
11b Synthesis-based estimates: Describe fully the
methods used for identification of included
. . L . N/A
studies and synthesis of clinical effectiveness
data.
Measurement and 12 If applicable, describe the population and Section 5.2 page 109

valuation of preference
based outcomes

methods used to elicit preferences for outcomes.

Estimating resources and 13a

costs

Single study-based economic evaluation:Describe
approaches used to estimate resource use
associated with the alternative interventions.
Describe primary or secondary research methods
for valuing each resource item in terms of its unit

N/A
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Section/item

Item
No

Recommendation

Reported on page No/
line No

cost. Describe any adjustments made to
approximate to opportunity costs.

13b

Model-based economic evaluation: Describe
approaches and data sources used to estimate
resource use associated with model health states.
Describe primary or secondary research methods
for valuing each resource item in terms of its unit
cost. Describe any adjustments made to
approximate to opportunity costs.

Described in section 5.2
page 109

Currency, price date, and
conversion

Report the dates of the estimated resource
quantities and unit costs. Describe methods for
adjusting estimated unit costs to the year of
reported costs if necessary. Describe methods for
converting costs into a common currency base

and the exchange rate.

Reported in table 5.3
page 113

Choice of model

15

Describe and give reasons for the specific type of
decision-analytical model used. Providing a figure
to show model structure is strongly

recommended.

Reported in section 5.2.
page Figure 5.1 shows
model structure. Page
108

Assumptions

16

Describe all structural or other assumptions
underpinning the decision-analytical model.

Page 112

Analytical methods

17

Describe all analytical methods supporting the
evaluation. This could include methods for
dealing with skewed, missing, or censored data;
extrapolation methods; methods for pooling data;
approaches to validate or make adjustments
(such as half cycle corrections) to a model; and
methods for handling population heterogeneity

and uncertainty.

Reported throughout
section 5.2 page 105
onwards.

Results

Study parameters

18

Report the values, ranges, references, and, if
used, probability distributions for all parameters.
Report reasons or sources for distributions used
to represent uncertainty where appropriate.
Providing a table to show the input values is

strongly recommended.

Input values and
transition matrix is
shown in tables 5.3 and
5.4

Incremental costs and
outcomes

For each intervention, report mean values for the
main categories of estimated costs and outcomes
of interest, as well as mean differences between
the comparator groups. If applicable, report
incremental cost-effectiveness ratios.

ICERs Reported on page
113 onwards for base
case and sensitivity and
scenario analysis

Characterising
uncertainty

20a

Single study-based economic evaluation:Describe
the effects of sampling uncertainty for the
estimated incremental cost and incremental
effectiveness parameters, together with the
impact of methodological assumptions (such as
discount rate, study perspective).

N/A

20b

Model-based economic evaluation: Describe the
effects on the results of uncertainty for all input
parameters, and uncertainty related to the
structure of the model and assumptions.

Various assumptions,
and their effect on the
ICER, is described in
section 5.3.3 page 115

Characterising
heterogeneity

21

If applicable, report differences in costs,
outcomes, or cost-effectiveness that can be

Scenario analysis results
provided in section 5.3.3
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explained by variations between subgroups of page 115
patients with different baseline characteristics or

other observed variability in effects that are not

reducible by more information.

Discussion

Study findings, 22 Summarise key study findings and describe how Discussion — section 5.4

limitations, they support the conclusions reached. Discuss page 121

generalisability, and limitations and the generalisability of the findings

current knowledge and how the findings fit with current knowledge.

Other

Source of funding 23 Describe how the study was funded and the role Information provided at
of the funder in the identification, design, begining of the thesis.
conduct, and reporting of the analysis. Describe Funding for thesis from
other non-monetary sources of support. Motor Neurone Disease

Assocation

Conflicts of interest 24 Describe any potential for conflict of interest of Article not yet sent to
study contributors in accordance with journal Journal — none of the
policy. In the absence of a journal policy, we authors have conflicts to
recommend authors comply with International declear

Committee of Medical Journal Editors
recommendations.
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