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SUMMARY

This study aimed to evaluate the economic and health-related quality of life (HRQoL)
burden of multiple sclerosis (MS) in Ireland, and to develop a framework for assessing
the cost effectiveness of disease-modifying therapies (DMT). In achieving these aims, a
cost-of-illness (Col) study estimated the direct and indirect costs of MS from the Irish
healthcare payer and societal perspectives; the relationship between MS disability and
HRQoL was explored; and the relative efficacy of DMT was assessed by network meta-
analysis (NMA). Each of these elements was integrated into a decision-analytic model
which was developed to estimate the cost effectiveness of DMT in Ireland.

The Col study established MS as a high cost therapeutic area with significant
economic implications for the Irish healthcare system, individual patients and society as
a whole. The mean annual direct (indirect) costs per person were approximately
€10,000 (€9,500), €13,000 (€32,000) and €56,500 (€39,500) in mild, moderate and
severe MS respectively. Progression from mild or moderate to severe disease was
associated with the greatest economic consequences for the healthcare payer.

In its first reported use in an MS population, the five-level Euroqol-5D (EQ-5D-
5L) displayed an inverse relationship with MS disability (measured on the EDSS scale).
A linear decline in utility was observed as EDSS progresses from 0 to 6, followed by
sharp declines in utility, falling below 0 at EDSS 8 and 9.

A systematic review identified twenty randomised, placebo-controlled and
direct comparative trials of DMTs in relapsing-remitting MS, including interferon-beta,
glatiramer-acetate, natalizumab, alemtuzumab, fingolimod, teriflunomide, laquinimod,
and BG-12. An NMA was conducted to determine the relative efficacy of DMTs in
reducing relapses and slowing short-term progression of disability. All DMTs were
significantly superior to placebo in reducing relapse rates with many newer agents
demonstrating significant improvements in efficacy compared with older DMTs.
Significant benefits in reducing short-term disability progression compared with no
treatment were limited to the newer DMTs. The analysis found little to distinguish the
effects of different DMTs on short-term disability progression, with the exception of
alemtuzumab which was superior to other comparators.

Health state costs and utility values estimated from the Col and HRQoL studies, and

treatment efficacy estimates from the NMA informed a decision-model of DMT for
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relapsing-remitting multiple sclerosis (RRMS) in Ireland. Analysis revealed that from
the healthcare payer perspective, the probability that fingolimod or natalizumab is cost-
effective compared with current standard-of-care at a threshold of €45,000 per QALY is
very low (10% and 27%, respectively). DMTs accounted for a substantial proportion of
lifetime healthcare costs, while yielding less than one additional QALY. The primary
economic benefit of DMT arose from delaying disability progression. A fully
incremental analysis revealed best-supportive care (no treatment) as the appropriate
comparator for new DMTs, as the existing standard-of-care (represented by a weighted
average of interferon B and glatiramer acetate) is extendedly dominated. The price at
which existing and new DMTs entering the market would be considered cost-effective
compared with current standard-of-care, based on current evidence and model
assumptions, was estimated. Price reductions of 12% and 27% were estimated for
natalizumab and fingolimod respectively.

Limitations of the Col and HRQoL study include the recruitment of patients
from one specialist MS outpatient clinic. Extension of these studies to a wider
population of patients with MS in Ireland would further enhance the reliability of the
findings. The definition of disability progression was identified as a key determinant of
relative efficacy in the NMA. The inclusion of trials which defined disability
progression on the basis of a 6-month confirmation interval (as opposed to a 3-month
interval used in the base case) had a substantial favourable impact on the efficacy
versus placebo of the older agents and a slight negative impact on alemtuzumab. Key
areas of uncertainty in the decision-model included lack of evidence on the long-term
efficacy of various DMTs. The decision-model does not account for sequential use of
DMTs which would more accurately reflect current practice and which necessitates
evidence on the efficacy of second-line therapy following failure on first-line agents.
Aggregated data on the natural history of MS was used in the model whereas patient-
level data would have enhanced the reliability of individual estimates and allowed
analysis in subgroups of interest.

The findings of this study present numerous issues for consideration by
decision-makers. Based on the inputs and assumptions applied in the decision model,
the prices at which DMTs are currently reimbursed are not cost-effective. It is essential
that future therapies, which may not offer incremental benefits in terms of efficacy or
other measure of innovation, are reimbursed at a price which represents value for

money, at least over current “standard-of-care”.
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CHAPTER 1 - INTRODUCTION

CHAPTER 1 — INTRODUCTION

Multiple Sclerosis (MS) is a chronic, disabling disease of the central nervous system
and is the leading cause of non-traumatic neurological disability in young adults.
Functional impairment can severely impact physical activity, employment capabilities
and opportunities for patients with MS. Physical limitations are compounded by
psychological, social and psychiatric consequences giving rise to significant health
related quality-of-life (HRQoL) burden. Healthcare resource utilisation in MS has
significant financial consequences for the healthcare system, patients and their families.
!

A growing number of biological and other innovative medicines offer the
potential of therapeutic advances in disease areas such as MS, but come at a high cost,
contributing significantly to the increase in drug expenditure in Ireland over the last
decade. Disease-modifying therapies (DMTs) for MS have been shown to reduce the
frequency of MS relapses and may delay disease progression in relapsing-remitting MS.
Expenditure on pharmaceuticals in Ireland has been addressed by numerous policy
initiatives over the last decade including the introduction of formal pharmacoeconomic
assessment of new drugs seeking reimbursement by the Health Service Executive
(HSE). Six DMTs are reimbursed in Ireland for the treatment of MS. However, only
two of these products (natalizumab and fingolimod) have undergone
pharmacoeconomic assessment by the National Centre for Pharmacoeconomics
(NCPE). Cost of illness (Col) and HRQoL research may be integrated into a decision-
analytic model together with evidence on the natural history of the disease and the
effects of treatment in order to assess the cost-effectiveness of DMTs. As the number
of available DMTs increases, the development of robust methods for assessing the
relative efficacy and cost effectiveness of these new DMTs is a priority for clinicians

and health-policy decision-makers alike.

1.1 Aims and Objectives

The aims of this thesis are:
e to estimate direct and indirect costs of MS from the perspective of the healthcare

payer and society
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e to explore the relationship between MS disability and HRQoL and to derive
health state utility values (HSUVs) for relevant MS health states
e to evaluate the relative efficacy of DMTs for MS

e to conduct an economic evaluation of DMTs in Ireland

The objectives identified and implemented in pursuit of this aim are to:

e review the international literature on the economic and HRQoL burden of MS,
and the efficacy and cost effectiveness of DMTs.

e undertake a Col in MS study to assess healthcare and wider societal resource
utilisation in a cohort of patients with MS in Ireland

e to provide the economic framework for the assessment of cost effectiveness of
DMTs

e derive HSUVs for MS through elicitation of health state description profiles
from a cohort of MS patients with varying degrees of disability in Ireland

e synthesise the evidence on comparative efficacy of DMTs by network meta-
analysis (NMA) methods

e develop a decision-analytic model for the synthesis of evidence on MS natural

history, health state costs and utilities and DMT efficacy.

1.2 Overview of Thesis Chapters 2 to 8

Chapter 2 provides background information on economic evaluation in healthcare and
MS. The first part of the chapter describes trends in pharmaceutical expenditure and
health technology assessment (HTA) processes in Ireland. The main concepts involved
in economic evaluation of pharmaceuticals are also introduced. The second part of this
chapter describes the disease area on which this thesis is focused, MS.

Chapter 3 reviews the existing research which is relevant to the aims of this
thesis. The approaches and findings of individual studies are compared, focussing on
the economic burden of MS, HRQoL in MS, and the relative efficacy and cost
effectiveness of disease-modifying therapies for MS.

Chapter 4 provides a methodological review and discussion of the various

procedures and techniques relevant to the subsequent original research chapters,
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including the collection and analysis of primary data, and decision-analytic modelling
for the purposes of informing resource allocation decisions in healthcare.

Chapters 5, 6, 7 and 8 concentrate on the original research of this thesis,
drawing on methods described in Chapter 4 and incorporating comparisons with
existing research reviewed in Chapter 3. Chapters 5 and 6 describe Col and HRQoL
studies which provide the economic and HRQoL evidence for a decision analytic model
for DMT in MS. Chapter 7 describes the process by which evidence on the relative
efficacy of all relevant DMTs was identified and synthesised using systematic review
and network meta-analysis methods. Chapter 8 describes the economic evaluation
conducted to assess the cost effectiveness of DMT in Ireland. The economic evaluation
integrates various aspects of other chapters in the thesis including costs, HRQoL, and

DMT efficacy.
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CHAPTER 2 — BACKGROUND

This chapter provides background information to economic evaluation in healthcare
and MS. The first part of the chapter describes the mechanisms for the funding of
pharmaceuticals in Ireland, trends in pharmaceutical expenditure, and national health
technology assessment (HTA) processes. The main concepts involved in economic
evaluation of pharmaceuticals are introduced — the decision analytic model outlined in
Chapter 8 is based on these concepts. The second part of this background chapter

describes the clinical features, epidemiology and treatment of MS.

2.1 Pharmaceutical Expenditure and Economic Evaluation in

Ireland

2.1.1 Introduction

In publicly funded healthcare systems, decision-makers must make difficult choices in
the allocation of limited resources in order to maximise health gain. Since 1991 when
the requirement for economic analyses in submissions to the Pharmaceutical Benefits
Advisory Committee (PBAC) was formalised in Australia, the use of economic
evaluation in the drug-reimbursement decision-making process has become widespread
throughout the EU and elsewhere. In Ireland, the NCPE performs the economic
evaluation of new medicines within the framework of HTA. Against a backdrop of
sustained budget cuts and rising pharmaceutical expenditure, economic evaluation has

become a core component of the national decision-making process.

2.1.2 Funding of Pharmaceuticals in Ireland

Funding of pharmaceuticals in primary care in Ireland occurs through the demand-led,
publicly-funded Community Drug Schemes (CDS). These schemes account for
approximately 85% of pharmaceutical expenditure in the state. ? The General Medical
Services (GMS) scheme provides free prescription medicines to those earning an
income below a specific threshold (approx. 40% of the population at the time of

writing). Those who are not eligible for the GMS scheme are covered by one of the
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three CDS which include the Drug Payment (DP), Long Term Illness (LTI) and High
Tech Drugs (HTD) schemes. Under the DP scheme, the cost of prescriptions above a
monthly threshold of €144 is reimbursed by the state. The cost of prescription
medicines for fifteen chronic diseases, including MS, is covered under the LTI scheme
and the HTD scheme covers the cost of very expensive medicines generally initiated in
the hospital setting e.g. chemotherapy, immunomodulators etc. The largest increase in
expenditure among the CDS has been seen in the HTD Scheme, and despite the
reduction in total expenditure achieved in 2010, spending on the HTD scheme
continues to rise. Total expenditure under this scheme was over €360 million in 2010,
increasing by 65% over the previous five years. > The HTD scheme was introduced in
1996 to facilitate the supply by community pharmacies of certain high cost medicines
e.g. those used in conjunction with chemotherapy, which had previously been supplied
primarily in the hospital setting. Since its inception, the scheme has grown to include
over 100 different drugs, including disease-modifying therapies for MS. This
expansion reflects the growing number of biological and other innovative medicines

which offer the potential of therapeutic advances but come at a high cost.

2.1.3 Pharmaceutical Expenditure in Ireland

Total healthcare expenditure in Ireland increased rapidly between 2000 and 2009 at a
rate of 8.4% per year, exceeding €15 billion at its peak (9.5% of gross domestic product
(GDP)).* Pharmaceutical expenditure increased in line with overall health expenditure,
influenced by a number of factors including the increased utilisation of new high cost
medicine, the largest population growth rates in Europe, an ageing population with
more chronic illness, and medicines being used in preference to invasive surgery. °
Budgetary cuts sparked by an economic recession led to a sharp reduction in overall
health spending in 2010, and a drop in expenditure on pharmaceuticals, reversing the
trend of year on year increases over the previous decade (Figure 2.1). Despite cuts in
resource allocation, health spending per capita in Ireland is among the highest in the
OECD ($3718 US Dollars in 2010, adjusted for purchasing power parity), second only
to the United States and Canada. > Total expenditure on pharmaceuticals in Ireland was

€1.9 billion in 2010.°
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Figure 2.1: Expenditure on medicines in Ireland (Community Drugs Schemes 1991 - 2012)

Extracted from HSE-PCRS annual financial reports 2

2.1.3.1 Expenditure on disease-modifying therapies for MS

DMTs for MS are among the most expensive drugs reimbursed in Ireland, ranging from
€11,000 to €24,000 per patient per year. Five products are currently reimbursed under
the HTD scheme, Betaferon® (Interferon -1b), Avonex ® (Interferon -la 30mcg),
Rebif® (Interferon B-la 22mcg or 44mcg), Copaxone® (Glatiramer acetate) and
Gilenya® (fingolimod). A sixth product, Natalizumab (Tysabri®) is restricted to
hospital-only use. In line with other agents on the HTD scheme, expenditure on DMTs
for MS has increased from less than €10 million in 2000 to €31.5 million in 2011,
accounting for almost 2% of total expenditure on pharmaceuticals under the CDS
(Figure 2.2). Expenditure on these products in the community appears to have
stabilised since 2009. However, it is estimated that treatment with natalizumab in
hospitals has increased year on year, bringing the total cost of all DMTs up to an

estimated €49 million in 2012.
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Figure 2.2: National Annual Cost of DMTs for MS 2006-2012

Drug costs from 2010 to 2012 were calculated from HTD prescribing data. Natalizumab costs were
estimated from Dee et al, 2011 ® All other drug costs obtained from HSE-PCRS annual financial reports. 2
IFN RB=interferon beta

2.1.4 Health Technology Assessment in Ireland

HTA is a multidisciplinary process that summarises information about the medical,
social, economic and ethical issues related to the use of a health technology in a
systematic, transparent, unbiased and robust manner. Its aim is to inform the
formulation of safe, effective health policies that are patient-focused and seek to
achieve best value. ” HTA is conducted by interdisciplinary groups using explicit
analytical frameworks drawing from a variety of methods. The role of economic
evaluation, as part of the HTA process, has been embedded in Irish legislation under the
terms of the Health (Pricing and Supply of Medical Goods) Act 2013 which allows the
Health Service Executive (HSE) to attach conditions to the supply or reimbursement of
listed items in the interests of cost effectiveness, among other relevant factors. * The
NCPE conducts the economic evaluation of pharmaceuticals in Ireland within the

agreed framework of HTA.
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2.1.5 Economic Evaluation in Ireland

Economic evaluation refers to the comparison of alternative options in terms of their
costs and effects. ° A formal requirement to demonstrate cost effectiveness prior to
reimbursement of new health technologies was introduced in Ireland in 2006 under the
terms of an agreement between the Irish Pharmaceutical Healthcare Association (IPHA)
and the HSE. '” Under this agreement, the HSE reserves the right to assess new and
existing technologies (pharmaceuticals, diagnostics and devices) that may be high cost
or have a significant budget impact on the Irish healthcare system. This strategy was
one of a number of measures introduced in the last decade to ensure greater value for
money from pharmaceutical expenditure and to ensure continued provision of
innovative and affordable medicines. In 2009, the requirement to demonstrate cost
effectiveness was extended to all new medicines following an application for
reimbursement in Ireland. The new IPHA/HSE agreement, reached in October 2012,
reaffirmed the role of pharmacoeconomic assessment in the Irish drug reimbursement
process. '° Guidelines for the Economic Evaluation of Health Technologies in Ireland
were updated in 2010, and outline the methodology for the conduct of economic
evaluation in order to provide the decision-maker with assessments that are timely,

reliable, consistent and relevant to their needs. ’

2.1.5.1 Types of Economic Evaluation

Cost-consequence analysis (CCA), cost-benefit analysis (CBA), cost-minimisation
analysis (CMA), cost effectiveness analysis (CEA) and cost-utility analysis (CUA) are
the major analytic techniques used in health economic evaluation. These analysis-types
may be distinguished largely on the basis of how consequences are identified, measured
and valued. In cost-consequence analysis, costs and outcomes are disaggregated and
reported separately leaving the decision-maker to decide on the relative importance of
each and interpret results accordingly. CBA places a monetary value on both costs and
consequences (benefits). CMA assumes that health outcomes are equivalent and
compares alternatives only in terms of their costs. The aforementioned techniques are
not widely used in health policy decision-making. In CEA, consequences are measured
in the same common unit of health outcome, clinically related to the programme of
interest (e.g. life years gained, relapses prevented in MS). CUA is a specific type of

CEA which measures outcomes in units of utility or preference, usually as the quality

10



CHAPTER 2 - BACKGROUND

adjusted life year (QALY). In CEA and CUA alternatives (e.g. treatment A and
treatment B) can be compared by calculating the differences in mean costs (C) and
mean effects (E), presented in the form of a ratio i.e the incremental cost effectiveness

ratio (ICER).

ICER = Cp-Ca = 8¢
Er-Ea Oy

CUA has become the preferred method for evaluating the cost effectiveness of

healthcare choices.

2.1.5.2 The Quality Adjusted Life Year (QALY)

A QALY is a life year adjusted by a preference-based weighting or utility,
corresponding to the HRQoL during that year. In this way the QALY captures
disparate outcomes including mortality, morbidity and adverse effects into a single
measure. While the results of CEAs using an outcome such as relapses avoided can be
compared with each other, they cannot be compared with analyses reporting cost per
life year gained. In contrast, a QALY is a universal health outcome measure applicable
to all individuals and all diseases, thereby enabling comparisons across diseases and
across programs. '' HRQoL weightings or utilities are measured on a cardinal scale
anchored between 1 (perfect health) and 0 (absence of life or dead). Weightings less
than zero reflecting health states worse than death (WTD) can exist. Utilities represent
the preferences of individuals for relevant health states and, for the purposes of CUA
which inform healthcare resource allocation decisions, preferences from the informed

general public are generally regarded as most relevant. Further discussion on the

QALY and its application in decision analytic models is provided in Chapter 4.

2.1.5.3 The Cost effectiveness Threshold

When comparing across different alternatives and analyses, ICERs may be compared to
a critical threshold value (A), the maximum cost per QALY specified by the decision-
maker, below which the intervention is classed as value for money (0¢/0r < XA), and
above which the intervention would not represent an efficient use of limited resources

(0c/05 > 1).

11
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Use of a threshold promotes optimum allocation of a fixed budget, where the
threshold value represents the highest cost per QALY of currently funded treatment,
and any additional intervention must be more efficient (i.e have a lower cost per
QALY) in order to displace this treatment and add to health. In Ireland, the upper
threshold limit is determined by the decision-maker’s maximum willingness to pay
(WTP) for an additional QALY and is set at €45,000. ' Ireland is one of the few
countries which operate an explicit single threshold rather than a threshold range (such
as the National Institute for Health and Clinical Excellence in the UK, which uses a
range of £20,000-£30,000). The empirical basis of the €45,000 cost effectiveness
threshold is limited, and was likely originally based on the £30,000 per QALY
threshold implicit in NICE decision-making. In the past, NCPE assessments have
assessed cost—effectiveness at a €20,000 per QALY threshold level in addition to the
€45,000 threshold, reflecting the decision makers’ interest in how threshold level
influences the cost—effectiveness of new technologies.'” Since October 2012, following
negotiations between the IPHA and HSE, a single threshold of €45,000 has been

agreed. "

2.1.5.4 The Incremental Cost effectiveness Plane

Plotting ICERs on a incremental cost effectiveness plane is a useful way of visualising
and interpreting CEA results (Figure 2.3). > In many cases, the new therapeutic
intervention B represents an advance over the current treatment A in terms of health
outcomes, but may be more costly. ICERs for such treatments may be found in the top-
right (north-eastern) quadrant. The slope of the dotted line represents the threshold
ICER. In the north-eastern quadrant interventions with ICERs falling to the left of this
line may be regarded as “not cost-effective”. ICERs to the right of the line may be
regarded as “cost-effective”. If treatment B is more effective and less costly than
treatment A, the ICER will feature in the bottom-right (south-eastern) quadrant and
treatment B is said to dominate treatment A. The opposite is true in the case of ICERs
in the top-left (north-western) quadrant. In the latter two examples, while the
interpretation is clear when visually aided by the incremental cost effectiveness plane,
ICERs will be negative and therefore cannot be easily interpreted. Interpretation and
presentation of results may be particularly problematic in probabilistic analysis when

ICERs may span more than one quadrant. A further issue arises when ICERs feature in

12
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the bottom-left (south-western) quadrant. ICERs in this quadrant indicate the savings
which may be gained for a one-unit loss in effect. In contrast to ICERs in the north-east
quadrant where lower ICERs are preferable and treatments below a threshold are
considered cost-effective, higher ICERs are preferable in the south-west quadrant and
only those with an ICER above a certain threshold are accepted. A further issue with
technologies in the south-west quadrant is the validity of WTP threshold in this context.
Empirical evidence suggests that the minimum acceptable savings per QALY lost in the
southwest quadrant probably exceeds the maximum that people are willing to pay per
QALY gained in the northeast quadrant. “Decrementally cost-effective” technologies
are very rarely described in the medical literature. '* The net benefit approach
overcomes the probiems in interpreting ICERs from different quadrants. Further
discussion on the generation and interpretation of ICERs is provided in the CEA

methodology section of Chapter 4.
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Figure 2.3: Incremental Cost effectiveness Plane
QALY=quality adjusted life year
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2.1.5.5 Net-Benefit Approach

The net monetary benefit (NMB) of the intervention is the increase in effectiveness (6E)
multiplied by the WTP for one unit increase in effectiveness (o). An intervention is

deemed cost-effective if the NMB is positive.
NMB =A.0E - 6C >0

The problems with interpretation of ICERs discussed above can be avoided using the

net-benefit approach. The intervention with the highest NMB is the obvious choice.

2.1.6 Handling Uncertainty in Economic Evaluation

Uncertainty is inherent in all economic evaluations. In order for decision-makers to
have confidence in applying CUA results to a particular decision problem, it is
imperative that uncertainty is systematically examined and reported. Briggs et al
distinguish variability (the differences that occur between patients by chance) and
heterogeneity (the differences that occur between patients that can be explained) from
decision uncertainty. '> The various types of uncertainty can be dealt with through
deterministic sensitivity analysis (DSA), scenario analysis, and probabilistic sensitivity
analysis (PSA) which are discussed further in Chapter 4. The results of PSA can be
presented using cost effectiveness acceptability curves (CEACs), cost effectiveness
acceptability frontier (CEAFs), and also with an accompanying value of information
which estimates the opportunity cost of an incorrect decision. '® Further discussion on
the presentation of CEA results is provided in the CEA methodology section of Chapter
4.

2.1.7 Other Considerations in the Decision-making Process

Notwithstanding the importance of the ICER and its relationship to the threshold in the
decision-making process, the reimbursement decision will be further influenced by the
degree of uncertainty in calculating the ICER, the innovative nature of the technology,
particular features of the condition and population receiving the technology, and wider
societal costs and benefits. '> For example, despite the explicit WTP threshold of
€45,000 per QALY in Ireland, a number of drugs for cancer and other rare orphan

diseases have been reimbursed with ICERs well in excess of this value reflecting a

14
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higher WTP in these situations. Empirical research on the true value of the threshold
i.e. the opportunity cost (health gain forgone) of implementing new treatments, is
ongoing in the UK. "’

The critical influence of affordability was illustrated in the case of human
papilloma virus (HPV) vaccination. '* Vaccination of 12-year old girls against the HPV
was recommended by the NCPE in 2008, however as a result of the “serious and rapid
decline of the economic situation in Ireland later that year” the vaccination programme
was delayed. This case highlights that while the incremental cost effectiveness of a
technology is an important consideration, budget impact may have a greater influence

over reimbursement decisions.
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2.2 Multiple Sclerosis

In this section, a general background to MS is provided in addition to a more detailed
description of the aspects of the disease which are most relevant to the assessment of
treatment efficacy and cost-effectiveness. These aspects include the main clinical

features of MS, natural history and epidemiology, disease management and treatment.

2.2.1 Pathogenesis

MS is a chronic, disabling disease, characterised by inflammation and multifocal
demyelination in the central nervous system (CNS). The exact pathogenesis of MS is
not fully understood but it is widely considered to be an autoimmune demyelinating
disease, involving both environmental exposure and genetic susceptibility. A failure of
local regulatory mechanisms in the brain of susceptible individuals allows the passage
of autoreactive lymphocytes across the blood-brain barrier in response to environmental
factors."” Subsequent production of effector cytokines and chemokines in the CNS
attracts immune cells like granulocytes and macrophages into the CNS mediating tissue
inflammation and demyelination. ** Demyelination causes an abnormal proliferation of
sodium channels within the cell membrane that can slow or block axonal conduction
causing the neurological symptoms associated with MS. The hallmark of the disease is
the formation of lesions, or sclerotic plaques, within the white matter of the CNS,
caused by demyelination, visible on MRI. 'Y CNS lesions can be identified on MRI
even before clinical dissemination has occurred, although a definite diagnosis requires a
clinical presentation of neurological disturbance in addition to objective MRI evidence
of lesions disseminated in time and space.”’ The anatomical site and size of the lesion
and the integrity of the neuronal pathway involved determines whether or not a lesion
results in clinical signs or symptoms. “*Persistent demyelination leads to a gradual loss

of axons, and the development of progressive neurological impairment.

2.2.2 Clinical Features of MS

The clinical hallmarks of the disease are relapses and disability progression. Relapses

are characterised by episodic recurrence of acute neurological symptoms which can
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evolve over days to weeks and are followed by complete or partial recovery over weeks
to months. The wide distribution of lesions throughout the CNS results in a variety of
clinical features such as pain and loss of sensation, fatigue, impaired muscle control,
balance and postural problems, visual loss, cognitive impairments, and bowel and
bladder disturbance.” Progression refers to the steady and irreversible worsening of
symptoms and signs over >6 months, independent of the occurrence of relapses. yhke

Different biological mechanisms are thought to be responsible for relapses and

progression (Figure 2.4).

Relapses Progression of
>24 hours irreversible disability
<1 month <12 months
l Clinical l
Threshold

Inflammation Degeneration
Multifocal Diffuse
acute, recurrent chronic, early,

progressive

Figure 2.4: Interplay between relapses and progression, and focal inflammation and
diffuse degeneration in MS

Adapted with permission from McAlpine's Multiple Sclerosis 4th Edition, Compston A (Ed). *® With
permission from Elsevier ©2006.

Relapses represent focal, acute, recurrent inflammation, while progression is the result
of diffuse, early, chronic, progressive neurodegeneration.”* The contribution of relapses
to disability accumulation is unclear, but appears to diminish with time. A% Tublin et
al determined the percentage of patients with residual deficits following MS relapses in
a database of patients assigned to the placebo group in several RCTs. The authors
estimated that 42% and 28% of patients have residual deficit of >0.5 and >1.0 EDSS

(Expanded Disability Status Scale, discussed below) units respectively, at an average of

"

64 days following a relapse. ° In a population-based series of 806 patients with

relapsing-remitting MS (RRMS) from the London Ontario (LO) database, frequent

17



CHAPTER 2 - BACKGROUND

relapses in the first two years and shorter first inter-attack intervals were found to
predict shorter times to reach hard disability endpoints. >’ However Confavreux et al
have shown that the predictive effect of early relapse rate of disease progression
disappears at fixed higher disability milestones and once the progressive course
predominates.’ This has implications for the use of disease-modifying therapies (DMT)
which have traditionally targeted the inflammatory component of MS and have not been
proven to substantially impact on long term progression.

The association between relapses and disability, and HRQoL and economic
outcomes, is of key importance in the assessment of DMT cost-effectiveness. This

association will be further explored in Chapters 5, 6 and 8 of this thesis.

2.2.3 Clinical Outcome Measures
2.2.3.1 Disability Progression

The Expanded Disability Status Scale (EDSS) is the most widely used validated
measure of disability in MS.?' The Disability Status Scale (DSS) was first published by
Kurtzke in the 1950s and subsequently modified several times until publication of the
EDSS in 1983, where half points were added to the original ten-point DSS. The EDSS
quantifies disability in a number of functional systems, including vision, brainstem,
pyramidal, cerebellar, sensory, bowel and bladder, mental (cerebral) and ambulation
(500 metre walk). The scale ranges from from 0 (normal neurological examination) to
10 (death from MS) (Figure 2.5). Studies have sometimes grouped individual levels
together so that EDSS 0 to 3.5 refers to fully ambulatory with at most moderate
disability in at least one functional system, 4.0 to 6.5 refers to fully ambulatory,
although relatively severe disability, eventually constant bilateral assistance needed to
walk 20 metre, and 7.0 to 9.5 refers to patients restricted to wheelchairs, confined to

bed and totally dependent. **
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Figure 2.5: Kurtzke’s Expanded Disability Status Scale

Adapted with permission from Wolters Kluwer Health: Neurology, Kurtzke, © 1983 ¥ Scale has been
simplified for illustrative purposes displaying just integer points on the EDSS scale i.e. 0.0, 1.0, 2.0 etc.
and not half-points i.e. 0.5, 1.5, 2.5 etc. From EDSS 0 to 3.5, the EDSS score is based on modest-to-
moderate changes in one or more functional system. Above 4.0, scoring is primarily based on gait
dysfunction. Above EDSS 6.0, disability is almost exclusively dependent on walking function and a score
of 8.0 marks loss of ambulation.

EDSS=expanded disability status scale

Change in EDSS score is the standard definition for disability progression in MS
clinical trials, often defined as a 1.0 step increase for individuals with an overall
EDSS<6.0 confirmed at three months or six months. *> Other disability-related
endpoints include time to sustained accumulation of disability and mean EDSS score at
a defined endpoint. Despite its extensive use and acceptance in MS research, the EDSS
scale has been criticised as differences between EDSS scores are not comparable in
terms of disease progression, the probability of progressing from one level to the next

or the time spent at each level.*

The scale has been described by Confavreux et al as
“ordinal and categorical but neither quantitative nor continuous”. *° Goldman et al
provide a detailed discussion of possible alternative clinical outcome measures in MS
including the Multiple Sclerosis Functional Composite, the Timed 25-foot Walk, and
the Six-minute Walk, concluding that the optimal MS disease progression measure is
still not clearly defined. *> MRI endpoints are now routinely included in MS RCTs and
include percentage change in T2-hyperintense lesion volume and brain volume.
However these endpoints are still unvalidated surrogates for unremitting disability and

the EDSS remains the “gold standard” for grading clinical impairment and MS-related
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disabilty. ** The administration of the EDSS is often too complex and time-consuming

for long-term follow up and DSS is often used in such settings as a result. g ol

2.2.3.2 Relapse

Clinical relapses represent the most reliable marker of disease activity and in most cases
relapse is used as a primary or secondary efficacy outcome measure. ‘’The definition of
‘relapse’ is subject to slight variation across trials but it is commonly defined as new or
worsening symptoms that last 24 hours and occur in the absence of fever or infection. *'
Relapse outcomes include relapse rate over the study period, annualised relapse rate
(ARR, defined as the mean number of confirmed relapses per patient adjusting for the
duration of follow-up to annualise it), average number of relapses per patient, time to
first and second relapse, proportion of relapse-free patients and relapses requiring
corticosteroid therapy or hospital admission. The ARR is the most common summary

)
measure of relapses.

2.2.4 Clinical Subtypes of MS

The natural course of MS is highly variable ranging from asymptomatic to an
aggressive course with rapidly accumulating disability. > A consensus by an
international survey of MS clinicians considers the disease spectrum to comprise four
distinct categories, relapsing remitting MS (RRMS), secondary progressive MS
(SPMS), primary progressive MS (PPMS) and progressive relapsing MS (PRMS). The
interplay between relapses and progression in each of these sub-types is illustrated in
Figure 2.6. >

85% of patients experience an initial RR course that lasts approximately 20
years.”> The majority of people with initial RRMS will develop secondary progressive
MS (SPMS) at some stage.” A smaller subset of patients (about 10%-15%) present
with primary progressive MS (PPMS) from onset. Progressive-relapsing MS refers to
progressive disease from onset with superimposed relapses. A disease course with
minimal or no disability many years after disease onset is often referred to as benign
MS. Clinically isolated syndrome (CIS) is a term that describes a first clinical episode
with features suggestive of MS, excluding an explanation other than that of suspected
MS. Confavreux and Vukusic suggest that MS might be considered as one disease with

different clinical phenotypes and that RRMS “can be regarded as MS in which
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insufficient time has elapsed for the conversion to secondary progression”, that SPMS
is a form of RRMS *“that has ‘grown older’”, and that PPMS is MS which has been
“amputated” from the usual preceding RR phase”. **

The focus of Chapter 7 and 8 will be on patients with RRMS as DMTs have not
demonstrated efficacy in either primary or secondary progressive MS. In modelling a
chronic disease such as MS, however, incorporation of the SPMS phase is necessary,

given that the majority of patients with RRMS will eventually progress to SPMS.
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Figure 2.6: Classification of the course of multiple sclerosis

Adapted with permission from Wolters Kluwer Health: Neurology, Lublin and Reingold, ©1996. *°
Relapsing-remitting MS: “clearly defined relapses with full recovery or with sequelae and residual deficit
upon recovery; periods between disease relapses characterised by a lack of disease progression”
Secondary progressive MS: “intitial relapsing-remitting disease course followed by progression with or
without occasional relapses, minor remissions, and plateaus”

Primary progressive MS: “disease progression from onset with occasional plateaus and temporary minor
improvements allowed”

Progressive-relapsing MS: “progressive disease from onset, with clear acute relapses, with or without full
recovery; periods between relapses characterised by continuing progression”

2.2.5 Natural History of MS

An understanding of the untreated disease course, or natural history, is of particular
importance in the case of a chronic, progressive disease like MS, where the impact of
long-term treatment is often compared with best-supportive care (BSC), or a “do-
nothing” approach. The natural history of both disability progression and relapses is of
interest, as these are the two main clinical features of the disease.

The widespread use of DMTs restricts the possibility of conducting ethically
designed, current population-based natural history studies. As a result, the majority of

evidence on the natural history of MS is based on retrospective studies of patient
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cohorts, some of which began recruitment in the 1970s. Nevertheless as the duration of
follow-up increases, data continues to emerge from some longitudinal cohorts on the

natural history of both MS disease progression and relapses.

2.2.5.1 Disability Progression

Wide variation in the MS disease trajectory has been demonstrated within and between
natural history studies. Longitudinal studies have variously found that the RR phase
lasts around two decades. ** Scalfari ef al reported a median time to SPMS of 15 years
among 806 relapsing-remitting onset patients in the LO study cohort (>80% of the
cohort had reached the secondary progressive phase). ** The median time to SPMS
among the 1562 patients in the Lyon database was 19.1 years, and this figure has been
approximated by other studies. > ***° Skoog et al recently reported on follow-up of the
Gothenberg MS cohort of 202 patients with RRMS. *” 80% of the cohort developed
SPMS. The median time to secondary progression was 12 years (SE 1.11). ¥/ The rate
of change from a relapsing-remitting to a progressive course is accepted as being fairly
constant over time, with a gradual rise in the total percentage of progressive cases as the

2

disease advances. ° Age at onset has been shown to be a strong predictor of the
conversion to SPMS: the older the age at onset, the shorter the time to the onset of
progression. *°

In a recent study of 806 patients from the LO database with relapsing-remitting
disease onset patients, median times to DSS 3 (10 years), DSS 6 (18 years), DSS 8 (28
years) and DSS 10 (63 years) were reported, based on 81.5%, 67.4%, 48.4% and 16.4%
having reached those disability endpoints, respectively. ¥ Confavreux et al reported
slightly longer times from a cohort of 1562 patients with RRMS from onset in the
Lyons MS database. Kaplan-Meier estimates of the median time (95% CI) from onset
of RRMS to assignment of DSS 4, 6 and 7 were 11.4 (10.5 to 12.3), 23.1 (20.1 to 26.1)
and 33.1 (29.2 to 37.0), respectively. >’ Table 2.1 summarises the findings from long-
term follow-up of the main natural history cohorts from LO, Canada, Lyon, France,
Gothenburg, Sweden and British Colombia, Canada, which have estimated median time
from disease onset to the ascertainment of selected levels of disability. In general,
recent natural history studies have shown that disability progression in MS is slower
than was previously reported. Tremlett ez al suggest that this may represent a change in

the type of patient with MS being seen in MS clinic, driven perhaps by an increased
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recognition of the disease, advances in diagnostic techniques and treatment options, and
better health care and disease management. **

The Tremlett review found that most studies agree that complete or near
complete recovery from the first attack is indicative of a slower progression to disability
milestone or secondary progression. Also, once a certain disability level or the
progressive phase was reached, progression to higher fixed disability milestones
thereafter appeared similar for most subgroups examined in most studies. “ Scalfari e
al also investigated the role of early relapses on long-term disability progression in the
LO RRMS cohort. % Frequent relapses in the first two years and shorter first inter-
attack intervals were related to a higher probability of conversion to SPMS and
predicted shorter times to reach DSS 6, 8 and 10. Relapse frequency beyond year two
did not maintain this association. Relapses appear to have little long-term effect once
SPMS is reached.

Studies investigating the association between age and disability have generally
shown that patients with a RR disease course from onset are older when reaching most
disability milestones compared to those with primary-progressive MS. ** Most studies
show that men and those who are older at MS onset progress more rapidly to EDSS
milestones, however the latter group are also, on average, older when reaching fixed
disability milestones. **

In CEAs using historical cohorts to model the natural history of MS disability
progression, the LO cohort has been the most frequently used data-source. 436 Ppatient
outcomes from this cohort have been analysed and reported on since 1989 and studies

continue to be published in 2012 and Boig .
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Table 2.1: Natural history cohorts median time from onset of MS to reach selected levels of disability

Setting LO, LO, British Colombia, Lyon, Gothenberg, LO,
Canada Canada Canada France Sweden Canada

Population Total Population Seen from Onset RRMS RRMS RRMS RRMS
(n=1099) (n=197) ~ (n=2020) (n=1562) (n-255) (n=806)

Author, year Weinshenker, Weinshenker, Tremlett Confavreux, Runmarkesr% Scalfari

1989 1989° 2006 2003° 1993 2010

DSS 3 7.69 (0.42) 6.28 (0.34) NR NR NR 10 [18.5%]
DSS 4 NR NR NR 11.4 (10.5-12.3) NR NR
DSS 6 14.97 (0.31) 9.42 (0.44) 30.3 (28.6-32.0) 23.1 (20.1-26.1) NR 18 [32.6%)]
DSS 7 NR NR NR 33.1 (29.2-37.0) NR NR
DSS 8 46.39 (0.14) NR 44.2 [25%)] NR 18 28 [51.6%]
DSS 10 NR NR NR NR NR 63 [83.6%]

Median time expressed as years (SD) or years (95% confidence interval). % of cohort not reaching endpoint, where available, expressed in square brackets [ %]

Abbreviations: LO= London, Ontario; DSS= Disability Status Score; RRMS= Relapsing Remitting MS; SPMS= Secondary Progressive MS; NR= not reported
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2.2.5.2 Relapses

Relapses are characterised by a gradual onset of symptoms which stabilise over days or
weeks and resolve gradually, either completely or partially. ** A number of “triggers”
have been associated with precipitating MS relapses including infection, stress, post-
pregnancy, cranial irradiation and tumour necrosis factor inhibitors. > The average time

between exposure to a trigger factor and the onset of a relapse ranges from two to six
59

weeks. Substantial variability exists in studies reporting the frequency of MS

relapses. 2° In general, prospective studies yield higher figures than retrospective
p g prosp % g g p

studies. ®*®' Prospective studies involve more frequent assessment which is impractical

for a large cohort with longitudinal follow-up. Classification of subtle or transitory
symptoms may be problematic in the setting of frequent assessments, while it has been
suggested that longitudinal natural history studies will probably underestimate the true
relapse rate.”® ® A longitudinal study by Patzold er al, published in 1982, reported
relapse rates over 19 years for 102 patients with MS. °' The average number of relapses
was 1.1 per year but as outlined in Table 2.2, there was an obvious decrease in relapse
rate over time, from 1.85 relapses in the first year to 0.2 relapses after 19 years.
Relapse rates from this study have been widely used in CEAs of DMTs in RRMS to

reflect the natural history of the disease. o

Table 2.2: Natural History of MS Relapses

Years from onset Estimated ARR relapse rate
1 1.85
2 1510
3 1.00
4 0.85
5 0.65
1 0.75
9 0.25
i1 0.60
13 0.28
15 0.30
19 0.20

Data extracted from Patzold et al®'

ARR=annualised relapse rate
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Confavreux ef al and others consider relapse rate to be stable, at 0.5 or slightly more per
year, when calculations are restricted to the relapsing-remitting phase. ® ® In a recent
retrospective cohort study by Tremlett and colleagues, 2477 patients with RRMS in
British Colombia were followed up for a mean time of 20.6 years from onset. ®> The
main finding of this study relates to the relative pattern of relapse rates over time,
demonstrating a decrease in relapse rate by 17% every five years between years five to
30 post-onset. This decline increased in magnitude with increasing onset age. 16.8%
of patients started a DMT at some stage during the study. When “DMT contaminated”
data was removed the mean follow-up time decreased slightly from 20.6 years (SD

9.79) to 19.9 years (9.83) and findings differed little.
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Figure 2.7: ARR for males and females every five years from MS onset

The values of the ARRs for males and female in this figure were derived from figure 2a of the report by
Tremlett et al using an electronic ruler
ARR=annualised relapse rate; m=males; f=females.

Nicholas et al identified a similar trend of decreasing ARR during clinical trials in
RRMS. ® Among 52 randomised, placebo-controlled trials identified through a
systematic review, the ARR was 25% and 40% higher in the first year compared to the

second year for placebo and active treatments respectively. ® In addition to this natural
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decrease in relapse rate over time, a reduction in ARRs between RCTs is evident when
comparing trials conducted over the last two decades. ARRs in the placebo arms of
pivotal trials for interferon-beta and glatiramer acetate (recruited between 1988 and
1995) ranged from 0.82-1.27. °°® These are significantly higher than ARRs recruited to
the two most recent placebo-controlled RCTs for MS DMTs, oral BG-12 and
laquinimod, where ARR in the placebo arms were 0.36 and 0.39 respectively. 7"
Nicholas et al have conducted a systematic review of RRMS RCTs and
identified a negative association between ARR and year of publication, with ARR in the
placebo arm decreasing by 6.2% per year. > A similar association was identified in a
separate systematic review by Inusah ez al. 2 The authors suggest that the fall in ARR
is a result of changing definition of MS, selection of patients for trials (earlier trials may
have selected more active patients as alternative treatments were not widely available
while in later trials active patients may not have been recruited by clinicians due to
acceptance of the need to initiate treatment), and selective removal of patients from
trials once relapse occurs in order to provide adequate care for their active disease. The
trend of decreasing ARR both within and between trials has implications for the design
and analysis of clinical trials. Also, Nicholas et al question whether placebo groups in
early studies are comparable with placebo groups in later studies, where the ARR can

be threefold lower. '

Such differences have implications for the conduct and
interpretation of between-trial comparisons, which will be further discussed in Chapter

0

2.2.6 Epidemiology of MS

The number of people with MS in Ireland is not known. A study by Lonergan et al
from St.Vincent’s University Hospital in Dublin estimated MS prevalence in Ireland
based on a cross-sectional study incorporating patients from three locations throughout
Ireland. 7 Prevalence ranged from 127.8 per 100,000 (95% CI, 111.3 to 148.2) in South
Dublin (East), to 290.3 per 100,000 (95% CI, 262.3 to 321.7) in Donegal (Northwest).
It is estimated that between 7000 and 8000 people in Ireland have MS. The female to
male ratio in the Lonergan et al study was 2.0:1. This female predominance is
representative of other population studies.

Various environmental factors have been implicated including infectious agents

(e.g. Epstein-Barr virus), sunlight, vitamin D deficiency, diet, geomagnetism, air
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pollutants, radioactive rocks, cigarettes, and toxins.”* > There is a distinct geographical
distribution of MS with the greatest incidences at high latitudes, both north and south of
the equator. '°

The average age at onset of disease is approximately 30 years. 7 Ireland is
among the exceptions as regards disease prevalence by age, with higher prevalence in
the age group of 50-64 years compared to other European countries which report
highest prevalence estimates for age group of 35-49. 32 For many years it was thought
that MS did not significantly impact on mortality, however several long-term
population-based studies have confirmed that MS diagnosis does confer a survival
disadvantage. Three cohort-studies from Norway, the UK and Denmark found a three-
fold risk of death in MS compared to the general population and findings of a Danish
Registry suggest life expectancy in MS is approximately 10 years shorter than that of
the age-matched general population. ”** An epidemiological study by Pokorski et al,
assessed the long-term survival of 6727 MS patients based on the Danish MS Registry
and reported standard mortality rate (SMR) multipliers by level of disability: mild
(EDSS 0-3) 1.60, moderate (EDSS 4-6) 1.84, severe (EDSS 7-9) 4.44. 8IMS itself is not
fatal, rather MS-disability in the advanced stages of the disease can predispose patients
to other conditions or complications which can be fatal, particularly aspiration
pneumonia, sepsis arising from pressure sores or urinary tract infections,
thromboembolism and suicide. ** MS is three times as common in women as in men

and this ratio has been increasing over the last century. *

2.2.7 Management and Treatment of MS

No curative treatment is available for MS. During the RR phase of the disease,
pharmacological and non-pharmacological interventions are used to treat relapses,
manage symptoms, and attempt to delay disease progression. As the disease
progresses, symptom management predominates with the aim of maintaining
independence and functioning both at work and at home. This often requires a complex
multidisciplinary approach including inpatient, ambulatory, and home-based
rehabilitation interventions under medical supervision.*® No treatments have shown
convincing evidence of altering the course of progressive MS in the absence of relapses
once the progressive stage of the disease has been reached and treatment is not

recommended in non-relapsing SPMS. No DMT is indicated in PPMS. i
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2.2.7.1 Relapse Treatment

MS relapses can be treated in a number of ways depending on the severity of
symptoms.  Acute relapses are generally managed with high-dose intravenous
corticosteroids administered in the outpatient setting e.g. 500mg to Ig
methylprednisolone daily for three to five days. Some relapses require more intensive
management, if severe neurological deficit is present for example, and require
admission to hospital. * Corticosteroids reduce the duration of a relapse but do not
effect the disability which may be accrued as a result of the relapse and have no impact
on the subsequent disease course. >* Plasmapheresis is indicated for patients with severe

: : > 22
relapses who have not responded to intravenous corticosteroids.

2.2.7.2 Symptom Management

The clinical presentation of MS is highly variable and symptoms can include pain and
loss of sensation, fatigue, impaired muscle control, balance and postural problems,
visual loss, cognitive impairments, and bowel and bladder disturbance. Symptom
management is the cornerstone of long-term management of MS, as symptomatic
therapies have the potential to significantly improve quality of life. * A
multidisciplinary approach to symptom management includes both pharmacological and
non-pharmacological therapies such physiotherapy, occupational therapy, counselling
and rehabilitation. Pharmacological treatments include baclofen, benzodiazepines and
tizanidine for stiffness and spasms (present in more than 60% of patients), oral
antimuscarinic drugs, alpha-blockers, intranasal desmopressin spray and intravesical
botulinum toxin A for bladder problems, phosphodiesterase-5 inhibitors for sexual
dysfunction, amantadine and modafinil for fatigue, amitriptyline, pregabalin and
lamotrigine for neuropathic pain, among many others. * Very few symptomatic
medications are specifically licensed for use in MS. Cannabis extract is licensed for use
in some European countries in the form of a nasal spray for the treatment of moderate to
severe spasticity in patients who have not adequately responded to other medication. ol
In Ireland the use of cannabis in any form is prohibited under the Misuse of Drugs Act
1977. Fampridine is licensed for improvement of walking in adult patients with MS
with walking difficulty (EDSS 4-7) although it is not reimbursed in Ireland as the

manufacturer failed to demonstrate cost effectiveness. ** Lifestyle interventions are also
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encouraged such as exercise to reduce fatigue and offset muscle weakness, diet control
and measures to improve sleep hygiene. * °° At different stages of the disease, various
non-neurology specialities become involved in MS care including urologists,
gastroenterologists, psychiatrists, ophthalmologists, physiotherapists, occupational
therapists, clinical psychologists, speech and language therapists and rehabilitation
physicians. % As MS disability increases the overall management approach changes
from acute inpatient and outpatient intervention to more supportive home-based
management strategies, long-term multidisciplinary management and rehabilitation, in
order to achieve the highest possible independence and HRQoL for patients.
Multidisciplinary rehabilitation aims to maximise activity and social integration to
achieve the highest possible independence and the best quality of life. ** Rehabilitation
can be delivered in an inpatient or outpatient setting or in the patient’s own home or

community. ¥

2.2.7.3 Disease-modifying Therapies

DMT aims to reduce MS relapses and delay or prevent disease progression. The advent
of DMT for MS in the 1990s transformed the perspectives of neurologists and patients
on what was previously a relentless cycle of relapses and inexorable disability
progression. A number of DMTs are licensed for use in RRMS including Interferon
beta-1b (IFN p-1b), interferon beta-la (IFN pB-la) and glatiramer acetate (GA),
currently considered as first-line agents; natalizumab and fingolimod which are licensed
for use in patients who are suboptimally treated with first-line agents or who have
rapidly evolving severe MS; and new and emerging agents alemtuzumab, laquinimod,
teriflunomide and BG-12 which have yet be approved in the EU but which are expected

to be introduced as first-line agents.

22.7.3:0 Interferon-beta and Glatiramer acetate

IFN B-1b, IFN B-la and GA were the first DMTs shown in RCTs to reduce the
frequency of relapses and reduce MRI activity in RRMS.*“® °' The mechanism of
action of IFN B and GA in MS is complex and not fully understood. It is thought that
IFN B binds to a cell-surface receptor on target cells, such as T cells, and induces the
transcription of several genes involved in the promotion of an anti-inflammatory

response within the immune system, preventing access to the CNS of pro-inflammatory
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T cells. * GA induces proliferation of anti-inflammatory Th2 cells in the periphery
which enter the CNS and exert a bystander suppression effect locally.

Meta-analyses suggest that these agents reduce the risk of relapse by about one
third in the first year of treatment but the effect is diminished beyond the first year. *>**
> It has not been definitively established whether long-term treatment reduces the
accumulation of disability or prevents or delays conversion to SPMS. In CIS, IFN B
and GA have been shown to delay time to development of MS. In placebo-controlled
RCTs, treatment with DMT was associated with a 35% to 37% conversion to MS after
two years compared with ~50% conversion in patients who received placebo. **”® The
Association of British Neurologists recommends IFN B or GA for RRMS with active
disease (two clinically significant relapses in the previous two years). % Treatment may
also be considered in patients within 12 months of a CIS when MRI evidence predicts a
high likelihood of developing MS. In patients with only a single major relapse in the
preceding two years, but combined with MRI evidence of continuing disease activity,
treatment may also be considered. -

IFN B and GA products are all formulated for regular, frequent self-injection
given daily, every other day, three times weekly or weekly depending on the
formulation. The most common side effects of IFN B therapy are flu-like symptoms
(usually subside within two to three months of initiating therapy and are minimised by
gradual dose escalation and co-administration of paracetamol and non-steroidal anti-
inflammatories) and injection site reactions (e.g. redness, swelling, tenderness and
rarely skin necrosis). Liver function test abnormalities and mild lymphopaenia
necessitate regular blood monitoring. GA causes mild, transient skin reactions and
rarely a systemic reaction with tightness of the chest and facial flushing. IFN B can
induce an immune response and neutralising antibodies can develop, reducing efficacy.
Neutralising antibody testing (12-monthly if negative, more frequently if positive) is

therefore recommended as part of clinical management to guide treatment decisions. i

DONT307 Natalizumab

Natalizumab is a monoclonal antibody effective against the alpha-4 integrin molecule
on the cell surface of leucocytes. It inhibits migration of inflammatory cells into the
CNS by preventing adherence of activated leucocytes to inflamed endothelium. A

68% reduction in relapse rate was observed with natalizumab compared to placebo in
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the pivotal placebo-controlled trial. """ The risk of disability progression was reduced
by 42% to 54% and there was an 80% to 90% reduction in MRI markers of disease
activity. Natalizumab is approved for use in patients with highly active RRMS who
have failed on first-line therapy or who have rapidly evolving severe RRMS. The
restricted license for natalizumab is largely due to its association with progressive
multifocal leukoencephalopathy (PML), a rare, potentially fatal opportunistic brain
infection caused by the JC virus. The risk of PML is lowest amongst patients who are
negative for anti—JC virus antibodies (0.09 cases or less per 1000 patients (95% CI, 0 to
0.48)). 12" patients with the highest established risk of PML include those who were
positive for anti-JC virus antibodies, had previously taken immunosuppressants before
starting natalizumab therapy, and had received 25 to 48 months of natalizumab
treatment (11.1 cases per 1000 patients (95% CI, 8.3 to 14.5). 12 Because of the
association between duration of use and risk of PML it is recommended that following
two years of continued therapy, further therapy should be considered following a
reassessment of the potential for benefit and risk. ' Natalizumab is administered once

monthly by intravenous infusion in an outpatient setting.

227,38 Fingolimod

Fingolimod, the first orally-administered DMT, is a sphingosine 1-phosphate receptor
modulator which blocks the capacity of lymphocytes to egress from lymph nodes,
leading to reduced infiltration of potentially autoaggressive lymphocytes into the CNS.
9" The pivotal RCT of fingolimod demonstrated a 60% reduction in relapse rate
compared with placebo and a 40% reduction compared with IFN p-1a. "% '% The risk
of short-term disability progression was also reduced compared with placebo. Similar
to natalizumab, the use of fingolimod is restricted to RRMS patients with high disease-
activity in Europe but in the US, Australia and Switzerland its use is not restricted. It is
expected that fingolimod will be a welcome alternative to natalizumab given its
accessibility in the community, ease of administration and more favourable safety
profile. Fingolimod is generally well tolerated, however initiation of treatment can
cause a transient reduction in heart rate and a decrease in atrioventricular conduction
including the occurrence of heart block. All patients should be monitored before,

during, and immediately after the first six hours of treatment. Monitoring should also be
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extended at least overnight if significant atrioventricular block, bradycardia, or QTc¢

. I
prolongation occurs. %

227734 Alemtuzumab

Alemtuzumab is a humanised monoclonal anti-CD52 antibody that induces a

197 Alemtuzumab has been used for

pronounced and long-lasting depletion of T cells.
many years in the treatment of various leukaemias and has been in development as a
potential treatment for RRMS for some years also. One phase Il and two Phase IlI

108-110 In the

single-blind RCTs have compared alemtuzumab with IFN B-la 44mcg.
phase II CAMS223 trial alemtuzumab reduced the risk of sustained disability
(confirmed at three months) by 71% and the relapse rate by 74%, compared to IFN f3-
la. In the phase Il CAREMSI trial, in patients who had not previously been treated
with a DMT, alemtuzumab significantly reduced the relapse rate by 54%, however the
difference in the accumulation of disability (confirmed at six months) compared to IFN

° In CAREMS2, in patients with refractory

B-la. was not statistically significant. i
disease activity despite treatment with first-line DMT, alemtuzumab significantly
reduced the relapse rate by 50% and also the risk of progression (confirmed at 6
months) by 40%. This study also showed that patients disability level on alemtuzumab
was more likely to improve from baseline than worsen (progress) or remain stable, an
outcome which heretofore had not been considered a target for DMT.'"" Alemtuzumab
is administered by IV infusion once daily for five days at baseline and once daily for
three days at 12 months. The phase Il study was originally designed to comprise of
three infusions, including a third at 24 months. "'’ The trial was suspended early in
2005 due to three incidences of immune thrombocytopenic purpura, one of which was
fatal. At the time of suspension, 99% and 28% had received their second and third
cycles of alemtuzumab, respectively. In 2008, the dose suspension was lifted and a
five-year follow-up study reported that a number of patients were retreated. ' In
subsequent trials treatment has been limited to two infusions (24 months). In June
2013, alemtuzumab received a positive opinion from the Committee for Medicinal
Products for Human Use (CHMP) recommending the granting of a marketing
authorisation. The approved indication is: "treatment of adult patients with RRMS with

active disease defined by clinical or imaging features™. '
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The most common side effects of alemtuzumab are infusion associated reactions
(headache, flushing, nausea, urticaria, rash, pruritus, pyrexia and fatigue), upper
respiratory tract infection, urinary tract infection, lymphopenia and leukopenia. Side
effects pertaining to the thyroid gland (including over-active or under-active thyroid
gland, or goitre and auto-immune conditions) were observed in 17%-18% of patients

treated with alemtuzumab in phase III RCTs.'"

Alemtuzumab was rejected by the
FDA for the treatment of RRMS on the grounds that the risks of treatment outweighted
the benefits.

Alemtuzumab has been used off-label for MS for a number of years. The
license-holder of alemtuzumab surrendered the license for all licensed preparations of
alemtuzumab in 2012 as part of plans to promote alemtuzumab as a drug for MS. It is

expected that the new formulation of alemtuzumab will be significantly more expensive

than the old formulation.

22.53.9 Teriflunomide

Teriflunomide is an oral DMT, the active metabolite of the pro-drug leflunomide. It
reversibly inhibits dihydroorotate dehydrogenase to reduce T- and B-cell activation,
proliferation, and function in response to autoantigens. ''* In the pivotal placebo-
controlled RCT of teriflunomide, both the 7mg and 14mg daily doses reduced the risk
of relapse by 31%. The risk of sustained short-term disability progression was
significantly reduced by 29.8% with the higher of two teriflunomide doses. ''* In June
2013, teriflunomide 14mg daily received a positive opinion from the CHMP

"5 The indication for

recommending the granting of a marketing authorisation.
teriflunomide is: "treatment of adult patients with RRMS" and it is approved for use in
the United States. The most common side effects of teriflunomide in RCTs were upper
respiratory tract infections, urinary tract infections, diarrhoea, nausea, paraesthesia (pins
and needles), alopecia (loss of hair) and increase in the liver enzyme alanine

; 115
aminotransferase.

2:2.7.3.06 Laquinimod

Laquinimod is a second-generation oral quinolone-3-carboxamide. It is thought to
induce a shift from the proinflammatory Thl profile to the anti-inflammatory Th2

profile, decreasing CNS leukocyte infiltration. ''® Laquinimod may additionally provide
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neuroprotection by increasing production of neurotrophic factor, and by exerting other

potential neuroprotective effects. '’

A modest reduction in ARR versus placebo (23%)
and a more impressive reduction in the risk of short-term disability progression
confirmed at three months (hazard ratio 0.64 (95% CI 0.61 to 0.86)) was observed in
the pivotal placebo-controlled trial of laquinimod. ' It was also associated with a 33%
reduction in progression of brain atrophy. Preliminary results from a second placebo-
controlled study reveal that laquinimod failed to reach its primary endpoint, showing no
different in ARR compared with placebo. """ | aquinimod has a favourable safety and
tolerability profile however animal studies showed a higher occurrence of cancers after
long-term exposure to the medicine. A possible risk of effects on the unborn baby was
also noted in animal studies suggesting that effects may be delayed and only seen later
on in a child’s life. Some patients experienced dose dependent increases in liver
enzymes in RCTs. ”' Laquinimod received a negative recommendation by the CHMP in

January 2014 on the grounds that the modest effects on relapse may not outweigh the

risks. The CHMPs decision is being appealed by the manufacturer of Laquinimod.

bW BG-12

BG-12 is an oral formulation of dimethyl fumarate, a derivative of fumaric acid.
BG12’s beneficial effects in MS are primarily mediated through activation of the
nuclear 1 factor (erythroid-derived 2)-like 2 antioxidant response pathway, the primary
cellular defence against the cytotoxic effects of oxidative stress. '’ It may also play a
number of other roles in modulating immune cell responses. "° Two randomised phase
I[II RCTs investigated the efficacy of two BG-12 doses versus placebo and versus

A. "' Significant relapse reductions with BG-12 versus placebo ranged

placebo or G
from 44% to 51%. The relapse reduction versus placebo with GA was 29%.
Reductions in the relative risk of confirmed short-term progression of disability ranged
from 34% to 38% with BG-12 versus placebo in one RCT whereas the reductions in the
second RCT (24% to 24%) were not significant. The relapse reduction versus placebo
with GA was 7%, also non-significant. No direct comparisons were made between BG-
12 and GA. Fumaric acid has been used in psoriasis since the 1950s and the long-term
safety profile is favourable. '** The most common side effects in RCTs were flushing

and gastrointestinal events (e.g. diarrhoea, nausea and abdominal pain). In March 2013,

BG-12 received a positive opinion from the CHMP recommending the granting of a
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marketing authorisation. The indication for BG-12 is: "treatment of adult patients with
RRMS", and it is approved for use in the United States at a maintenance dose of 240mg

daily."*'

2.2.73.8 Other Agents

Other agents such as mitoxantrone and azathioprine are occasionally used for severe,

rapidly worsening MS but are not licensed for use in RRMS.

2.2:7.39 Long-term efficacy of DMT

The maximum duration of all pivotal RCTs was two years. As a chronic, progressive
disease, RRMS may require treatment with DMT for many years, but there is little
evidence on the long-term efficacy of these agents. Results from the US Glatiramer
Acetate Trial suggest maintained efficacy on relapse rate over extended periods of
ongoing use of GA.'** Conflicting results have been reported for the long-term efficacy

of first-line DMT on reducing disability progression.'” '*!

Longer-term studies are
required to provide evidence that efficacy on short-term progression translates into
meaningful, long-term effects on disability progression and the development of

secondary-progressive disease.

2.2.7.3.10  Impact of DMT on survival

The short duration of RCTs limits the potential for identifying any benefit of treatment
on mortality rates. Long-term follow up of the pivotal IFN B-1b trial included 98.4%
(366/372) of the original patient cohort and identified a significant reduction in the
hazard-rate for all-cause mortality in patients originally assigned to receive IFN B-1b
compared with those originally randomised to placebo (hazard ratio 0.532, 95% CI
0.314-0.902). ¥ 1t is difficult to draw definitive conclusions based on these results as
patient experiences in the intervening period is not characterised, and the degree to
which the trial population are representative of the general MS population may also be

. 29
questioned.

2.2.7.3.11  DMT Utilisation and cost effectiveness in Ireland
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In 2012, 3351 patients received DMT under the HTD scheme at a cost of €31.5 million,
approximately 45% of the estimated MS population in Ireland. '** Seventy per cent of
those on DMTs were female and the average age was 46 years. In 2012, 669 new
patients were initiated on DMT on the HTD scheme. Since fingolimod was introduced
onto the scheme in September 2012 until the end of the first quarter of 2013, 344
patients were initiated on treatment. One hundred and thirty (38%) of these patients
had not received a DMT previously (based on prescribing records from 2010) indicating
a high level of rapidly evolving severe MS among new patients or substantial off-label
utilisation of this agent. While the introduction of fingolimod should promote cost-
offsets, through the displacement of other DMTs, it is expected to increase DMT
expenditure further as it is 60%-110% more expensive than these first-line agents
Natalizumab was found to be borderline cost-effective from the HSE
perspective when assessed by the NCPE in 2006 but a follow-up assessment was
recommended. Fingolimod was also recommended by the NCPE for reimbursement
following a price reduction. The cost effectiveness of IFN B and GA in the Irish
healthcare setting has not been assessed to date, however their place in therapy is well
established since their introduction into practice in the 1990s at a time when there were
few barriers to reimbursement in Ireland. Expenditure on DMT is significant and
continues to rise with the introduction of the newer agents natalizumab and fingolimod.
Further cost increases may be expected with the introduction of additional oral agents
and alemtuzumab, highlighting the need for robust pharmacoeconomic assessment of

all available DMTs.
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CHAPTER 3 — METHODOLOGY

This chapter provides a methodological review and discussion of the various
procedures and techniques involved in the conduct of Col research, the derivation of
HSUVs, the synthesis of data on relative efficacy and the economic evaluation of
pharmaceuticals. The application of these methods in the context of this thesis is

described in subsequent original research chapters.

3.1 Cost of illness Research

Col research aims to determine the total cost of a disease to the healthcare service,
patients and society in general. The financial consequences of ill-health can arise from
changes in the frequency of healthcare service use, the duration and intensity of
healthcare consultations, the ability of patients to work in the short-term (absenteeism
and sick leave) and long-term (early retirement from the workforce), and the use of
other non-medical but related resources such as living aids, transport, home and car
modifications. Drummond suggested that Col studies are a useful means of
highlighting the relative importance of particular diseases, in addition to usual
epidemiological estimates of morbility and mortality. '*® In addition, they can help
determine medical research priorities and provide a baseline from which new
interventions can be assessed. The World Health Organisation asserts that the primary
purpose of Col studies should be to inform decision makers by providing descriptive
indicators of the magnitude of a disease or a health problem as a complement to
methods of deciding how scarce resources should be used to improve health.

The three stages of cost analysis include identifying resources consumed in the
delivery of a particular health programme, quantifying that resource consumption and
multiplying resources by their relevant valuations. ° The general approach to costing

may be described as “top-down” or “bottom-up”.
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3.1.1 Top-Down or Bottom-Up Approach

Top-down is a population-based approach where aggregated data is first used to
calculate either overall expenditure or expenditure by cost-component. Total costs are
then disaggregated and portions assigned to specific diseases, departments, services etc.
Data sources are generally large databanks such as national statistics, national insurance
claims databases etc. Costs may be attributed to specific cost centres based on number
of patients treated or number of bed-days etc., or to specific diseases based on
population-attributable fractions (PAF).

The “bottom-up” approach uses actual resource-use data from individual
patients to identify and quantify resource utilisation in order to calculate the cost of a
specific service. This approach can be retrospective or prospective using surveys,
questionnaires, patient diaries, medical records etc. g

A “top-down” approach can often be less costly and quicker to implement than a
bottom-up approach and may be useful where detailed resource-use data is not

v 4
available. '’

It can be more comprehensive than bottom-up costing, including all
relevant costs, but is less detailed and may be less accurate. The accuracy and
reliability of the top down method depends on the quality of the secondary data used,
and how accurately costs are allocated to diseases. 1% Furthermore, the top-down
approach assumes negligible practice variation and due to the reliance on secondary

data, the approach is retrospective in practice.'”

The bottom-up approach is more
detailed and can be more accurate than the top-down approach, and can be prospective
or retrospective. 127 Patient-level data can be interrogated for variability and allows
stratification by disease subgroups or patient characteristics. The bottom-up approach
relies on the availability of accurate unit cost of resources. If unit costs are obtained
separately to the resource quanitification exercise, an average cost per unit may be
applied instead of the actual cost which could over or underestimate the real cost of the
resource. The approach can be costly and time-consuming to implement, and may
suffer from limited generalisability from the study sample to the population of interest.
130

In practice, the costing approach taken will depend on the aim of the analysis,
the level of precision required and the availability of data. For health economic

evaluations, the requirement to separately identify, measure and value resource

utilisation is more closely represented by the bottom-up approach. A mixed approach is
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often applied whereby detailed patient-level data may be used for certain costs where
precise estimates are required (e.g. cost drivers, or those costs which are likely to form
the largest components of overall cost) and a top-down costing approach may be used,
for example, to assign costs to rare or infrequent hospitalisations (e.g. Diagnostic

Related Group (DRG) costs). ’ '

3.1.2 Resource identification and Perspective

A wide range of resources may be considered depending on the perspective of the
analysis (Figure 3.1). Most economic evaluations in Ireland are conducted from the
perspective of the healthcare payer. Guidelines for economic evaluation of health
technologies in Ireland specify that the costs perspective should be that of the publicly-
funded health and social care system. This approach maximises health gain for the
population and represents the most efficient use of the finite resources available to the
HSE including direct medical costs such as drug, medical devices, medical services
including procedures, hospital services and emergency visits, and primary care visits. ’
Other resources reimbursable by non-health governmental departments may fall under a
wider governmental perspective e.g. disability payments, housing etc. The societal
perspective is the most comprehensive approach that can be taken, incorporating the
broadest range of costs regardless of the payer, including costs to patients, family and
friends, employers in the form of productivity losses, in addition to healthcare costs.
Welfare economic theory dictates that a societal perspective should be adopted as the
welfare of the whole society is of concern. The narrower perspective of the healthcare
payer may maximise efficiency within the healthcare budget but not necessarily
maximise the welfare of society as a whole. Luce et a/ recommend that even if
productivity costs are not formally considered in a CEA, they should be at least pointed
out to the decision maker. '** Drummond ef al recommend that both healthcare and non
healthcare costs and benefits should be presented in order to clearly identify the
opportunity cost of the healthcare budget. ° For the reference case in Ireland (i.e. the
preferred set of methodological principles that should be used for the ‘base case’
analysis, as defined by Gold er al)'*?, the healthcare payer perspective is recommended.
7 Additional societal costs may be presented separately if expected to impact on the

results of the analysis significantly. ’
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Cost components inevitably vary in order of magnitude. The time taken to
consider small costs, which are unlikely to make any difference to study results, may
not be worthwhile. * Luce ef al recommend that all resource use that is both germane to

30

the analysis and nontrivial in magnitude should be included. " Justification for all

costs included and excluded should be provided.
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Figure 3.1: Study Perspective

3.1.3 Resource quantification

Identification of resources is the first stage of cost analysis. These resources must then
be quantified and valued in order to estimate total costs. The quantity of resources used
in a specific setting may be measured alongside a clinical trial e.g. routine collection of
type and quantity of resources using case report forms, or as part of a separate costing
study. The latter approach involves the estimation of resource quantities from various
sources e.g. patient medical records, patient diaries, service-use questionnaires and

interviews, time and motion studies.

43



CHAPTER 3 - METHODOLOGY

3.1.3.1 Economic Evaluation Alongside Clinical Trials

The various problems and pitfalls inherent in economic evaluation alongside clinical
trials are summarised, together with associated solutions by O’Sullivan er al. '** The
collection of costs can be a convenient addition to safety and efficacy data as part of a
clinical trial and has the advantage of randomisation, blinding and other clinical trial
design elements which reduce bias in the comparison of treatments. However, the
highly controlled protocol-driven RCT environment may not always be compatible with
the objectives of an economic evaluation which aims to examine resource use and costs

in a pragmatic setting, involving real patients in actual clinical practice.

3.1.3.2 Observational Costing Studies

In the case of stand-alone observational costing studies, collection from charts or
provider databases can be more accurate than self-reported questionnaires, which are
subject to recall bias, but all relevant data may not be available from just one source,
and resource-use capture may not be comprehensive e.g. unlikely to cover over the
counter medication, informal care etc. Patient resource-use questionnaires are
particularly useful where a broad range of relevant resources over a prolonged period
have been identified. Structured questionnaires may be administered by interview,
either face-to-face or over the phone. Alternatively self-reported questionnaires may be
completed by patients themselves, often following a postal survey, or more recently
through an electronic web-based platform. ' ** Self-report methods can be quicker and
cheaper than interviews. They can be used to target a large sample size but can result in
low response rates in addition to selection bias. '*> Self-administration methods impose
a greater cognitive burden on respondents compared with face-to-face interviews, in
terms of literacy, visual function and manual dexterity. In general, postal surveys report
higher item non-response than face-to-face interviews. '*> '* Interview based surveys
can increase motivation of respondents to respond through clarification, pausing and
encouragement, and can ensure that questions are not missed %5 However interviewer
and social desirability bias can also be a feature of face-to-face interviews.
Interview-based studies have the potential to encompass a more complete range of
resources compared with self-report questionnaires which may need to use exhaustive
lists of named resources in order to standardise responses e.g. lists of named

medications or healthcare professional types etc. '**
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3.1.3.3 Recall Bias in Retrospective Observational Costing Studies

Recall bias can be a particular problem in retrospective resource-utilisation studies.
Longer recall periods e.g. 12 months, provide more information but are associated with
recall error i.e. forgetting or incorrectly remembering resources. > As a result, shorter
recall periods are often used and resource use is annualised under the assumption that
resource use during a particular recall period is representative of other periods of
similar duration throughout the year. However, shorter recall periods have a greater
risk of missing relevant information rendering any extrapolation misleading. Clark et al
acknowledge that there is no clear optimal recall period and a trade-off must be made,
ultimately depending on the objective of the study. MS Col studies have typically used
different recall periods for different types of resources e.g longer recall periods (12
months) for less frequent events such as inpatient admissions, six months for outpatient

and primary healthcare, tests and investigations, and one month for medication. ' '** '3

140 141

3.1.4 Resource valuation

Once resource utilisation data have been collected they are generally combined with
unit cost data for each resource to generate an overall cost dataset which may be used to
estimate total cost per patient, per cost-component, per cost type and various other

subgroups of interest.

3.1.4.1 Opportunity Cost versus Market Price

The theoretical price for a resource is its opportunity cost (OC) i.e. the value of the
foregone benefits because the resource is not available for its next best alternative use ’
In practice market prices, healthcare tariffs or charges are assumed to reasonably
approximate the OC, as most healthcare organisations are not-for-profit or public
organisations, and prices are widely available for many resources. The price used
should reflect the prevailing prices in the location where the intervention in question

will be implemented. "°

There are occasions where market prices are not an
appropriate reflection of OC to society e.g. where prices include a component of profit

which exceeds a fair rate of return on investment, where significant geographical

45



CHAPTER 3 - METHODOLOGY

variation exists (between the setting of the CEA and the origin of the price), where
prices come from different time periods. "% In these cases the market price is often still
used, with appropriate adjustment e.g. application of a cost-to-charge ratio to deflate
market prices to account for profits, converting costs from other countries using
purchasing power parities, inflating past prices to current prices using the consumer
price index.

Within the “mixed approach” to costing i.e. both bottom-up and top-down,
gross-costing of specific health services, interventions or events may be used as an
estimate of its “typical” cost. This is often the case with acute care hospitalisations,
nursing home care etc. In Ireland, the DRG system is used to fix payment for services
provided by public hospitals. The DRG system groups hospital cases together based on
similar clinical attributes and levels of resource consumption in order to establish
baseline reimbursement for that type of patient. The Irish system uses the Australian
Refined DRG system (AR DRGs) which currently comprises 698 groups. 2 DRG
costs represent the average across a number of seemingly similar clinically related
episodes/procedures, but the extent to which an individual episode/procedure of interest
may be expected to differ from the average must be considered when utilising DRG

cost data for CEA purposes.

3.1.4.2 Valuing Indirect Costs

Informal care costs and productivity losses are not typically included in CEA. This is
due to debate over their valuation, the predominance of the healthcare perspective over
the societal perspective, equity concerns and the potential for double-counting. Equity
concerns arise where the value of an intervention might depend on the productive
capacity of the target population rendering treatments for those who are not working, on
low wages, elderly or disabled, less valuable. '3 1t has been argued that questionnaires
used to measure HRQoL changes will implicitly take account of changes in income and
effects on consumption and double-counting may therefore occur when benefits are
measured in QALYs. *° However a more recent study by Tillings ef al, investigating
whether responses to HRQoL questionnaires consider income effects, found that the
QALY does not represent the effects of lost productivity. 1% The approach to valuation

discussed thus far cannot be applied to non-market items such as volunteer/family time
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employed in providing informal care to patients, and productivity losses associated with

illness-related absenteeism and early withdrawal from the workforce.

3.1.4.3 Productivity Losses

The two main approaches to valuing productivity losses are the human capital approach
(HCA) and the friction cost approach (FCA). The HCA essentially values productivity
losses as the expected or potential earnings lost due to illness by multiplying the total
period off work by the gross wage of the absent worker. It is argued that HCA
valuations overestimate actual economic losses. For short-term absences, production
losses could be compensated on return to work or by colleagues, and it is likely that the
less important tasks of a job will be foregone during this time making the value of
productivity at the margin lower than the average wage. ° For long-term absences a
replacement worker will likely be hired. The FCA limits productivity losses to the time
(friction period) it takes to replace the absent worker, which varies by profession,

industry etc. '’

Estimation of relevant friction periods is one of the biggest challenges
with the FCA which gives much lower estimates of lost productivity compared with the
HCA.'* The HCA is the most widely used approach in CEA. '*’ Productivity losses can

also result from impaired ability at work (presenteeism).

3.1.4.4 Informal Care

Informal care provided by family or friends can include personal care, cooking,
cleaning etc. For some illnesses, particularly chronic progressive illnesses such as MS
or dementia, informal care costs may account for a substantial proportion of total costs.
The two most widely used methods to value informal care time in monetary terms are
the opportunity cost approach (OCA) and the replacement cost approach. The OCA
values care on the paid/unpaid work it displaces, measured by the wage the carer would
earn in paid employment (or using average mean annual earnings, age- and gender-
stratified as appropriate). The replacement cost approach values the care at the market
price, usually that of a paid carer or a cleaner. '** A recent review by Goodrich et al

found that the OCA is used more often. '**
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3.1.5 Summary

The choice of Col methodology largely depends on the purpose of the research and the
application of the results. Among the aims of this thesis are the assessment of
healthcare and wider societal resource utilisation in a cohort of patients with MS in
Ireland. Both direct and indirect costs of MS are of interest, from the perspective of
both the healthcare payer and society in general. In addition to highlighting the
economic burden of the illness in Ireland, it is intended to generate economic evidence
for inclusion in a decision analytic model for DMT in MS. A bottom-up, prevalence-
based approach will be taken whereby healthcare and non-healthcare MS-related
resource use will be measured from data collected from Irish patients using an
interview-based approach. Nationally applicable unit costs will be applied to each
resource component in order to estimate total direct medical and non-medical costs
related to MS. Productivity losses due to absenteeism, early retirement and informal
care will be valued using the HCA, assuming the labour earnings reflect productive
capacity. Individual patients’ clinical status will also be assessed in order to relate costs
to MS-disability. Further details on the application of these methods is provided in
Chapter 5.
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3.2 Health Related Quality of Life (HRQoL)

Chapter 2 introduced the concept of the quality adjusted life year (QALY), a key
component of cost-utility analysis (CUA). National guidelines on the conduct of
economic evaluation of health technologies in Ireland recommend that health effects
should be valued in QALYs, with changes in quantity and quality of life reported
separately. ” A QALY is a life year adjusted by a preference-based weighting or utility,
corresponding to the HRQoL during that year. Key issues in the use of QALYs in CUA
are the measurement of HRQoL utilities and the identification of HRQoL data for use in

decision analytic models.

3.2.1 HRQoL Utility Measurement

HRQoL utilities represent the preferences of individuals for relevant health states by
means of a quantitative score. These utilities are measured on a cardinal scale anchored
between 1 (perfect health) and 0 (absence of life or dead). Values of less than zero,
reflecting health states that are worse than dead (WTD) can exist. For a patient with a
life expectancy of five years, during which time HRQoL is expected to deteriorate from
a high of 0.8 for the first three years, by 50% to 0.4 for the last two years, the total
expected QALYs is (3 x 0.8)+(2 x 0.4)=3.2 QALYs. Utility values can be measured
directly, using preference measurement methods such as a rating scale, standard gamble
(SG) and time trade-off (TTO), or indirectly using questionnaires such as the Euroqol
EQ-5D, Health Utilities Index (HUI) and the Short Form SF-6D. "'

3.2.1.1 Direct Utility Measurement

Direct preference measurement methods generally involve providing individuals with
health state descriptions, or vignettes, and then valuing those health states by measuring
the strength of preference of individuals for the states. Typical vignettes describe
numerous health attributes such as physical, social and cognitive functions,
psychological well-being, symptoms and pain. Health states are valued using cardinal
preference measurement methods such as standard gamble (SG), time trade-off (TTO)
rating scales or person trade-off. A visual analogue scale (VAS) between zero and one,

with zero regarded as equivalent to dead and one as best imaginable health has also
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been used to value health states, although it is not strictly speaking a preference-based

. 15
technique. '**

3e201] ] Standard Gamble

The SG approach is based directly on expected utility theory first presented by von
Neumann and Morgenstern, and is sometimes considered the gold standard of utility
valuation. ' In SG, individuals express preferences by choosing between alternatives
in which outcomes are associated with probabilities of occurrence e.g. between a health
state that is associated with a certain outcome and an alternative health state in which a
worse outcome would be received with probability (p) and a better outcome would be
received with probability (1-p). The probability (p) is varied until the individual is
indifferent between the two choices, and used to calculate the utility for the certain
health state relative to the alternatives. The SG method can be time-consuming and
costly to administer and it imposes a significant cognitive burden as probabilities may

not be easy for individuals to interpret.

Bl Time-Trade Off

The TTO method was developed by Torrance ef al in the 1970s specifically for the
purpose of valuing health states. '** As with SG, the TTO method also involves
individuals expressing a preference by choosing between two alternatives, however
each alternative is associated with a certain amount of time e.g. a health state associated
with a certain outcome would be received for the remaining life expectancy ¢, or
alternatively a health state with a better outcome would be received for a shorter
duration of time x<t. The duration x is varied until the individual is indifferent between
the two choices. '>* A review of utility values from 995 chronic and acute health states
found a strong tendency for VAS to yield the lowest, TTO the middle and SG the

highest utility values for the same health states. '

32 1.1.3 Whose Preferences should be Used?

Whether to use valuations obtained from patients or the general population is a source
of some debate. '*® ' Community preferences from the general public are generally
considered appropriate for health care decisions on reimbursement and funding, on the

basis that the public represent the taxpayer who bears the cost of those decisions. '*°
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However, without first-hand experience of a particular disease or health state, members
of the public may over- or under-estimate the impact of the disease compared with
patients. This has been demonstrated in both directions by Boyd et in the case of
colostomy post surgery for rectal carcinoma (public gave lower preferences than
patients) and by Pyne ef al in the case of depression (public gave higher preferences

than patients). '>* 1>’

3.2.1.2 Indirect Utility Measurement

As an alternative to the direct approach to utility measurement, multi-attribute health
status classification systems use a generic descriptive system which allows patients to
describe their perceived health state and then valuations derived from the general public
are placed on these described health states. Examples of multi-attribute health status
classification systems include the EQ-5D, Health Utilities Index (HUI) and the Short
Form SF-6D.'*">" The use of indirect preference-based methods such as the EQ-5D or

SF-6D is recommended to measure utilities in Irish and other national HTA guidelines.
7

3. 2000 1 The Euroqol Five-Domain (EQ-5D) Questionnaire

National guidelines on health technology assessment, in both Ireland and the UK,
recommend use of the EQ-5D. 7 ' The EQ-5D is a generic, validated, preference-
based, self-report HRQoL instrument developed by the EuroQol Group. ¥ The EQ-5D
has become one of the most widely used instruments of its type, since it was first
developed in the 1980s and has been used extensively in MS QoL research. ' '%'°' The
EQ-5D consists of 2 elements, the EQ-5D descriptive system and the EQ visual
analogue scale (VAS) (Appendix 1). The descriptive system comprises five dimensions
(mobility, self-care, usual activities, pain/discomfort, anxiety/depression). Respondents
record their level of problems in each of the five domains of health indicating no
problems (1), some problems (2) or severe problems (3). Based on the combination of
responses, respondents are classified into one of 243 unique EQ-5D health state profiles
e.g. 12111, 22313, 33123 etc. Each health state is associated with a utility value
representing general population preferences. Country-specific preferences, reflecting
trade-offs that individuals are willing to make between health outcomes, have been

elicited directly from general populations. In the absence of Irish public preference
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data, the UK population valueset has generally been used in Irish studies. '®* '%

Utilities are measured on a cardinal scale anchored between 1 (perfect health) and 0
(absence of life or dead). Valuations less than zero (as low as -0.594), reflecting health
states WTD, can exist. Results may be summarised as mean utility values per patient or
per subgroup based on a particular characteristic. In addition, descriptive information
on the proportion of respondents with or without problems in a specific domain may
also be reported. On the EQ-5D VAS, respondents record their self-rated health on a
vertical scale where the endpoints are labelled ‘Best imaginable health state” and *Worst
imaginable health state’. Information from the EQ-VAS can be used as a quantitative
measure of health outcome as judged by the individual respondents, and can be used to

assess the face validity of results obtained from the descriptive system.’

32022 Limitations of the EQ-5D

Different measurement systems, like the valuation methods described above, can give
different results. EQ-5D valuations range from 1.0 to as low as -0.594 whereas SF-6D
health state utility values range from 1.0 to 0.296 at the lowest point. The EQ-5D-3L
descriptive system may suffer from a ceiling effect in that significant numbers of
respondents may cluster in the highest health states due to a reluctance to report
“moderate problems” if problems are very mild. Conversely the SF-6D suffers from a
floor effect with significant numbers of respondents clustered in the lowest health
states. '*’ ' In addition, the ability of the EQ-5D to measure small changes in health,
particularly in patients with milder conditions, has been questioned.'®*

As a generic preference-based instrument, there are inevitable limitations on the
extent to which the EQ-5D can address all of the health domains of relevance to all
diseases. For example, low coverage of QoL domains relevant to MS such as fatigue

has been reported by some reviewers of the EQ-5D. ' ' Condition-specific,

preference-based measures are in the early stages of development. '®’

32103 The Five-level EQ-5D (EQ-5D-5L)

The EQ-5D-5L has been developed for better discriminative capacity and sensitivity to
change than the original three-level version of the EQ-5D (EQ-5D-3L) as well as
smaller ceiling effects. '® As with the EQ-5D-3L, respondents record their level of

problems in five domains of health: mobility, self-care, usual activities, pain or
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discomfort and anxiety or depression. In contrast to the EQ-5D-3L, within each domain
of the EQ-5D-5L there are five levels of response, indicating no problems, slight,
moderate, severe or extreme problems on that domain. Based on the combination of
responses, respondents are classified into one of 3125 unique EQ-5D-5L health state
profiles. Preference elicitation studies based on the EQ-5D-5L are underway in a
number of countries. Until these studies are complete, a "crosswalk" between the EQ-
5D-3L index values and the new EQ-5D-5L descriptive system has been undertaken by
the EuroQol.'(’8

3.2.1.24 Measuring the Discriminatory Capacity of the EQ-5D-5L

Increasing the number of response categories, as has been done with the EQ-5D-5L, is
an intuitive way of enhancing discriminatory capacity; however if the additional levels
are underutilised or don’t represent the population, this will not be achieved. Janssen et
al have proposed Shannon’s indices as suitable measures of discriminatory power of
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multi-attribute utility instruments such as the EQ-5D-5L. This methodology

originates from the field of information theory. Shannon’s index of informativity (/") is

defined by:

i
H = —Zpilagzp'.

where L is the number of possible levels in the system and pi is the proportion of
responses in the ith level of the sample. H’is calculated separately for each domain of
the EQ-5D-5L. The higher H’, the more information is captured by the system.
Shannon’s index has an upper limit (H 'max) when the optimal amount of information is
captured, occurring if the responses of a sample are evenly distributed among the five
available response categories of the domain. The maximal value of H’ for the EQ-5D-
3L is 1.58. By comparison, H’'max for the EQ-5D-5L is 2.32 as the five-level system
offers greater potential to discriminate between respondents. Shannon’s Evenness
index (J'=H’/H max) reflects the relative informativity of a system given its potential.
Janssen et al compared the EQ-5D, HUI2 and HUI3 using Shannon’s Indices and found
that absolute informativity was highest for HUI3, and lowest for EQ-5D while the
opposite was true for relative informativity. '® The same authors also compared the

performance of the EQ-5D-5L and the EQ-5D-3L using this method and found that that
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discriminatory power (informativity) improves considerably with the EQ-5D-5L

: 17
without loss of evenness.'™

3.2.2 Populating Decision Analytic Models with Utility Values

Utilities are incorporated into decision analytic state-transition models as health state
utility values (HSUV), from which total expected QALYs may be calculated by
summing the product of these HSUVs and the proportion of the cohort in each state.
Similarly, in a decision tree, total expected QALYs are calculated as the sum of
products of the probability of events occurring and the utility associated with the event.
For example, many CEAs of DMT in MS have structured decision models on health
states representing aggregate scores on the EDSS scale. In this case, mean utility values
for patient groups falling within each EDSS category may be used to estimate HSUVs.
Utility decrements, or disutilites, associated with drug treatment or adverse events may

also be incorporated into decision models.

3.2.2.1 Source of Utility Data

As with efficacy data, the most appropriate source of HSUV data is often clinical trials,
where treatment related events and adverse effects may be combined in one score. !
However, for a chronic condition such as MS, a clinical trial may not be long enough to
cover all health states of interest and indeed the clinical trial population may have
specifically excluded some patients, particularly those with more severe disease.
Therefore, for treatment related utilities, clinical trial estimates can be useful where
collected, otherwise observational studies are often used to obtain HSUVs. In the
absence of preference-based utility values, a non-preference based clinical measure for
which data is available, may be used to predict utilities, provided a relationship between
the EQ-5D and the clinical measure has been established. Mapping studies are
considered acceptable in certain circumstances and are included in the Irish HTA
Guidelines as acceptable in the absence of relevant utility data from an indirect
preference-based measure such as the EQ-5D or SF-6D. ’ Mapping functions have

shown a tendency to overestimate the HSUVs as health states become more serious and

overestimate HSUVs of good health states. 2
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3.2.3 Summary

As described above, the use of indirect preference-based methods is recommended to
measure utilities in national Irish HTA guidelines.” The EQ-5D has proven utility in
the setting of MS. Compared with other indirect preference-based methods such as the
SF-6D, the EQ-5D imposes minimal cognitive burden on the patient, and is quick to
complete. The EQ-5D is also freely accessible. Drawbacks of the EQ-5D include the
potential for a ceiling effect and insensitivity to small changes in health, particularly in
mild disease, aspects which the EQ-5D-5L has been developed to address. The EQ-5D-
SL will be used in this thesis to elicit preference-based utilities from a cohort of Irish
MS patients. To date, there has been no reported use of the EQ-5D-5L in an MS
population. The discriminatory capacity of the instrument will therefore be assessed
using Shannon’s Indices. Further details on the application of this methodology will be

outlined in Chapter 6.
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3.3 Evidence Synthesis

Invariably, all of the evidence required to inform a population-based CUA, will not be
available from a single study. '”> In practice it is common to combine evidence from a
number of different sources e.g. Col studies for resource utilisation and cost parameters,
utility valuation studies for utility parameters, often together with expert opinion and
clinical experience. The synthesis of evidence from RCTs in order to estimate relative
efficacy parameters is of particular importance in CUA, often having a significant

influence on the cost effectiveness of competing alternatives.

3.3.1 Synthesising the evidence on relative efficacy

Where available, it is recommended that evidence from high quality RCTs should be
used to quantify efficacy for CEAs."”* RCTs often compare investigational drugs to
placebo or standard care, and rarely incorporate all available comparators. Treatment
efficacy estimates for the same technology may be reported in multiple trials, but may
vary due to differences in study design, patient population etc. Evidence synthesis
methods should therefore be applied where multiple relevant RCTs exist. Standard
pairwise meta-analysis methods may be used to derive a pooled estimate of efficacy

175 For

where the research question considers just two competing alternatives.
reimbursement-related research questions however, numerous comparators may be
relevant to the decision problem, and evidence on the comparative efficacy of all
treatments must be considered. RCTs comparing all treatments of interest in the
relevant population are rarely available. Network meta-analysis (NMA) allows
multiple pairwise comparisons across a range of different treatments facilitating the
estimation of relative effects in the absence of head-to-head RCTs. '"® Both placebo-
controlled and direct-comparative evidence contribute to the NMA network, within
which treatments may be connected via one or more common comparators. Given this

connected network of trials, simultaneous estimation of the comparative efficacy of

multiple treatments may be made.

3.3.2 Network meta-analysis

NMA is an extension of traditional meta-analysis by including multiple pairwise

comparisons across a range of different treatments. Traditional pairwise meta-analysis
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might seek to estimate the relative effect of treatment A versus placebo (B) using a
network of placebo controlled trials of 4. However the decision problem often requires
consideration of the relative efficacy of 4 vs B and also vs treatment C and potentially
many other active treatment comparators. In the absence of RCTs directly comparing A
with C or other active treatments, an indirect estimate for the relative effect of 4 vs C
can be estimated from the individual relative efficacy estimates of 4 vs B and C vs B
(Figure 3.2a). Relative treatment-effects (e.g. odds ratio) of 4 vs B and C vs B, must be
compared in order to preserve the randomisation within each trial. Simply comparing
absolute effects of individual arms from different trials as if they were from the same
RCT is incorrect as different baseline risks and possible placebo effects are ignored. '’
In this simpie example, 4 is a common comparator between B and C An active
treatment D may also constitute a common comparator, given the available network of
trials. The network may be extended to include further treatments connected via a
common comparator (Figure 3.2b) or indeed treatments which do not share a common
comparator but are nonetheless connected to at least one other treatment in the network
(Figure 3.2¢), Relative efficacy between treatments connected via longer paths, such as
A vs G in Figure 3.1c, will be estimated with less precision than, for example 4 vs E. /7
Using this approach, relative efficacy estimates can be obtained for pairwise
comparisons which have not been investigated in a head-to-head RCT. A further
advantage is that indirect comparisons may be used to support evidence obtained from

the direct comparisons.
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Figure 3.2a-d: Possible Evidence Networks
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3.3.2.1 Bayesian Approach

Classical frequentist or Bayesian methods can be applied when performing an NMA.
Bayesian methods involve a formal combination of a prior probability distribution,
reflecting prior belief/knowledge of the potential values of the treatment-effect, with a
likelihood distribution of the treatment-effect based on observed data, to give a
corresponding probability distribution. Frequentist methods result in a treatment-effect
point estimate and 95% (CI). The 95% CI cannot be interpreted in terms of
probabilities, rather it contains the true population parameter 95% of the time under
repeated sampling. In contrast, Bayesian models incorporate the prior distribution and
the actual data to generate a result which is presented as a distribution. This “posterior
distribution” can be interpreted in terms of probabilities, such as the probability that one
drug is the best or second best etc. or the probability of experiencing a particular event
given treatment with a particular drug. This allows for more intuitive interpretation and
is therefore particularly suitable for medical applications with an emphasis on decision
making. '” '® Other advantages of the Bayesian approach are summarised by Sutton
and Abrams, including the capacity to incorporate evidence from a variety of sources
within a coherent modelling framework, and to borrow statistical strength from the

| : .
181 Flat, or non-informative

entire network of evidence in estimating an individual effect.
prior distributions are sometimes incorporated to allow any value for the pooled effect

to occur, minimising the influence of the prior.

3.3.2.2 Fixed effects or Random effects

In common with traditional frequentist meta-analysis, NMA can take a fixed-effects or
random-effects approach. A fixed-effects model assumes that, for a particular pairwise
comparison, any observed differences in relative treatment-effects across studies is
solely due to chance (sampling error). In the presence of heterogeneity between
studies, a random effects model assumes that differences in relative treatment-effects
across studies are caused by heterogeneity between studies in addition to sampling
error. Under the random effects approach, the true relative effects across studies are

182 In a

considered exchangeable and are described by the normal distribution.
frequentist meta-analysis, models may be evaluated or selected based on a measure of
heterogeneity such as the I° statistic which estimates the proportion of total variation in

the effect estimate that is due to heterogeneity rather than chance. '** Bayesian models
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incorporating different assumptions can be compared by calculating the difference
between the deviance for the fitted model and the saturated model (i.e. the model which
has as many estimated parameters as data points and fits the data perfectly). The
Bayesian information criterion or deviance information criterion can be used to estimate
goodness-of-fit in model selection.'™ Jansen ef al recommend the use of the random-
effects model if there is heterogeneity between study results, caused by different study

populations across studies, or methodological differences. W

3.3.2.3 Similarity Assumption

Individual studies may differ in terms of patient characteristics, outcome definition,
length of follow-up and other variables. If relative treatment-effects interact with study
covariates and the distribution of these interactions across trials is unbalanced, this can
give rise to heterogeneity in treatment-effects. The “similarity assumption” required for
NMA is therefore not satisfied and analysis may be biased. Meta-regression may be
used to relate the size of a treatment-effect obtained from an NMA to certain
characteristics of the included RCTs, in an attempt to explain the observed between-
trial heterogeneity.'*® However, treatment-effect modification from baseline covariates

187

can be difficult to identify using aggregate study-level data. "' Meta-regression based

on patient level data is likely to have much greater power to explore differences in

effect based on covariate subgroups. il

3.3.2.4 Consistency Assumption

Where the network of evidence supports both direct and indirect comparisons, a further
NMA assumption is that there is a consistency across the evidence base i.e. the indirect
estimate is not biased and that there is no discrepancy between the direct and indirect
comparisons. For example, Figure 3.2d depicts a network which incorporates both
direct and indirect evidence for all possible pairwise comparisons. The relative efficacy
of A vs B (dyp) can be made directly from the 4 vs B trial or indirectly via the common
comparator C. Assuming an additive scale, the consistency assumption requires the
following equation to be satisfied dzc = dac - dup. Inconsistency, like heterogeneity, is
caused by an imbalance in the distribution of treatment-effect modifiers between the
direct and indirect evidence. Dias ef al have suggested methods for the detection of

inconsistency in evidence networks within a Bayesian framework, by comparing the
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consistency model with an “inconsistency” model. The consistency model defines all
contrasts as functions of basic parameters which estimate all treatment-effects relative
to the same treatment e.g. d4p. duc...etc The “inconsistency”” model estimates separate
relative treatment-effect parameters for each contrast e.g. dus, dpc, ds. ...etc. without
assuming any relationship between parameters. It is based on direct evidence only. The
deviance and deviance information criterion statistics of the consistency and
inconsistency models may be compared as a test of consistency.'” Like tests for
heterogeneity, tests for inconsistency are inherently underpowered and Dias et al state
that the null hypothesis of consistency will “nearly always fail to be rejected” as the
detection of inconsistency requires far more data than is needed to establish the
presence of a treatment-effect. '* They recommend measures that can help avoid
inconsistency such as the avoidance of between-trial heterogeneity particularly from
known potential confounders and observation of the between-trials variation in the trial
baselines e.g. heterogeneity in the event rate or hazards in the placebo arms of a

number of trials constitutes a warning for potential heterogeneity in relative effects.

3.3.3 Summary

In the absence of RCTs comparing all comparators of interest, evidence synthesis
methods are required to combine individual components from the evidence base of
relevant treatments. NMA methods allow the estimation of relative treatment effects
through the combination of direct and indirect evidence from across a network of trials
while preserving within-trial randomised treatment comparisons. The Bayesian
approach allows for more intuitive interpretation than the classical frequentist approach,
and is well suited to applications in healthcare decision making.

Synthesis of evidence from a range of placebo-controlled and direct-
comparative trials is necessary in order to estimate the relative efficacy of DMT in
RRMS. In this thesis, a Bayesian NMA model will be fitted in WINBugs to estimate
the relative treatment effects of all DMTs of interest. The model will be extended to
meta-regression to identify potential sources of treatment effect modification and the
consistency assumption will be checked. Further details on the application of these

methods is provided in Chapter 7.
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3.4 Decision-analytic modelling for Economic Evaluation

3.4.1 Introduction

Decision analysis provides the framework for conducting economic evaluations, within
which all important aspects of a decision problem may be considered. A decision-
analytic model is a systematic, quantitative approach to decision-making under
uncertainty. Based on an explicit structure, the alternatives available to a decision-
maker, the probabilities of associated events, and the expected costs and expected
outcomes of different decisions are represented together with a quantification of
uncertainty. In HTA and economic evaluation, a model may be defined as “a
mathematical model of the natural history, epidemiology and treatment of a disease
designed with the purpose of predicting how a technology will affect clinically
important outcomes”. '*’ In practice it is common to combine evidence from a number
of different sources e.g. RCTs for efficacy parameters, Cost-of-Illness studies for
resource utilisation and cost parameters, utility valuation studies for utility parameters,
often together with expert opinion and clinical experience.

RCTs would appear to provide a natural framework for economic evaluations as
patient-specific data on interventions and outcomes together with resource use and
outcomes may be gathered prospectively to provide an unbiased estimate of the effect
of interventions. However, the widespread use of RCTs for economic evaluation is
limited. All relevant alternatives are often not included in the trial, the RCT may be
limited to specific setting or group of patients, resource utilisation, unit cost and
HRQoL data may not be collected, the time horizon is often not long enough and
intermediate endpoints such as HbA1C for diabetes may be measured, instead of final
endpoints such as mortality. Modelling overcomes many of these limitations to
complement the trial-based approach by synthesising trial results with other sources of
evidence on those parameters of interest which are not available from the trial.
Furthermore, health economic modelling can handle uncertainty in a systematic way,
produce evidence-based estimates for data that haven’t been measured e.g. final
endpoints from intermediate endpoints, and can be used to extrapolate from existing
data to predict long-term outcomes. Models can also incorporate discounting of costs
and benefits to reflect society’s preference to incur costs later and receive benefits

earlier. Irish guidelines recommend a standard discount rate of 4% for both costs and
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outcomes, although opinion is divided among experts on whether outcomes should be

discounted at a differential rate or at all. "'

3.4.2 Development of a decision-analytic model

The steps involved in the model development process include: understanding the
decision problem, conceptual modelling, gathering evidence to inform model

parameters, model implementation and validation.

3.4.2.1 Understanding the decision problem

The population of interest, setting, perspective and time horizon are defined, and
appropriate interventions, comparators and relevant outcomes are identified. This
involves reviewing previous models and published literature and discussion with
clinical experts and policy-makers. While all models are a simplification of reality, they
should still be realistic, guided by but not dictated by data availability. Rather, the
model scope and structure should be driven by the decision problem and reflect what is
known about a particular disease and the impact of the alternative interventions on that

. 92
disease process. '

3.4.2.2 Conceptual modelling

During the conceptual modelling phase, the model structure is devised including all
relevant health states and disease pathways, and all necessary assumptions are
identified. Involvement of stakeholders in this process contributes to the acceptability
and validity of the model. A visual model i.e. a graphical representation of the disease
process and the impact of interventions in the context of the decision-problem, often
accompanies the mathematical model. This diagrammatic approach can also facilitate
communication of aspects of the decision analysis to the decision-maker and other
model-users. The main decision model types used for health economic evaluation
include decision tree, state transition model (e.g. Markov model), dynamic transmission
model, discrete event simulation. Decision tree and Markov models are both forms of
cohort model, focusing on the expected costs and outcomes of the average patient.
Decision trees are usually appropriate for decision problems with short time horizons

without recurring events (Figure 3.3).
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Figure 3.3: Example of a decision tree

3.4.2. 20 Markov Models

In situations where a large number of potential consequences must be considered,
decision trees can become “bushy” and unwieldy to program and present. This extra
complexity is more appropriately handled using a state transition model e.g. Markov
model, used where the disease process involves a series of health states and recurrent
events. A simple example is graphically illustrated in Figure 3.4. Many disease
processes can be described in terms of health states and transitions between these states,
involve time-dependent parameters e.g. disease progression, or recurrent events e.g.
relapses. As such, Markov modelling is particularly suited to decision-problems
involving health technologies and is one of the most widespread modelling techniques

in HTA and health economic evaluation. '*?

Markov models comprise a finite set of
mutually exclusive health states, defined and described according to the decision
problem, across which the modelled population is distributed. Patients transition
between these health states during cycles of short time intervals, depending on a set of
transition probabilities. Each patient can only be in one health state in any cycle. Cycle

length should reflect the natural history of the disease and should represent the
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minimum amount of time that an individual should spend in a state before the
possibility of transition to another state. '** In this way, longer cycle lengths are
appropriate for diseases with a low frequency of events over a lifetime horizon, while
shorter cycle lengths are suited to acute illnesses or short time horizons. A cohort is
simulated whereby the proportion of the cohort in one state is multiplied by the relevant
transition probability to derive the proportion starting in another state. Each state is
associated with state values e.g. life years, utility and cost, associated with occupying
that health state for one cycle. Total expected costs and outcomes can be estimated for
each cycle by summing the product of health state values and the proportion of the
cohort in each state. The baseline risk of transition can be adjusted to reflect the effect
of a particular treatment compared with no treatment, for example. The difference in
total costs and effects is then used to calculate an ICER, as described in Chapter 2.

The main disadvantage of Markov models is that all patients in a given state are
treated as a homogeneous group. Transition probabilities depend only on the state
occupied by the patients at the beginning of a given cycle and not the time spent in a

given state or the history of the patient prior to entering the state.

Sick Dead

Figure 3.4: Example of a Markov Model

In this simple example patients are initially distributed between “sick” and “well” health states. At the end of
each model cycle, patients can remain in their current health state (denoted by curly arrow), move
between “sick” and “well” health states, or die. The “dead” state is referred to as an absorbing state, in

that no transitions are allowed from it.
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3i4:2.2:2 Individual Patient Simulation Models

Individual patient simulation models are alternatives to cohort models in that they track
the process of individual patients through particular health states over time. Dynamic
transmission and discrete event simulation models overcome the “memoryless”
function of Markov models and allow full representation of the time individuals spend
in a given state and individuals’ history before entering that state. '’ The effect of
interactions between individuals may also be evaluated using these individual patient-
level simulation models. Dynamic transmission models are used to evaluate the effect
of an intervention on an infectious disease process. Individual patient simulation
models require more evidence and are computationally more expensive than cohort
models. Barton ef al have produced a flowchart which aids in the model-type selection
process based on whether individuals can be regarded as independent, whether
interaction is an important issue, if recurrent events need to be modelled and if a lot of

health states need to be represented (Figure 3.5). '
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Figure 3.5: Selecting an appropriate model type
Adapted with permission from Sage Publications: Journal of Health Services Research & Policy, Barton et
al, © 2004 '*

3.4.2.3 Identifying evidence to inform model parameters

The model combines data on the characteristics of the target population, natural history
of the relevant condition, efficacy of the intervention, resource utilisation and costs, and
health state utility data. In most cases, all of the evidence required to inform these
model parameters will not be available from a single study. '* As a result, evidence
must be obtained from a disparate range of sources e.g. RCTs, observational studies,
registry data, administrative claims databases and expert opinion. Identification of data

sources to inform model parameters should be systematic and conform to the principles
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of evidence-based medicine e.g. endeavour to incorporate all available evidence and
avoid potential biases. '** It is recommended that data sources should be mutually

195

consistent but this is not always possible. Data should be clear, transparent and

justified and reported in sufficient detail. '* '’

For parameters where evidence is
available from multiple sources e.g. RCTs for relative efficacy of comparators,
appropriate statistical techniques must be used to synthesise the evidence base e.g.
meta-analysis, indirect treatment comparisons and network-meta analysis. ** '7* '® In
recognition of both the scarcity of data sources for some parameters and the multiplicity
of evidence for others, Briggs et al recommend that the choices made should reflect
uncertainty in estimation of the parameter via deterministic sensitivity analysis (DSA)

or probabilistic sensitivity analysis (PSA). '*

3.4.2.4 Model implementation

The spreadsheet is the predominant software platform for the implementation and
calculation of health economic models although various software packages are
available, differing in their ease of use, flexibility and access. Menn and Holle
compared the strengths and weaknesses of three commonly used packages, TreeAge®,
Microsoft® Excel and Arena® with regard to ease of implementation. They found that
for simpler models, Excel offers an intuitive spreadsheet interface and is widely
accessible, making co-operation and public access to the model easier. TreeAge® or
Arena® were found to facilitate implementation of more complex models and offer

greater flexibility than Microsoft® Excel. '’

3.4.2.5 Model Validation

In order for the model to be fit for purpose, it is essential that results are reliable and
credible to decision-makers. It has been recognised that errors in mathematical decision
models are unavoidable. 7 A study by Chilcott et al found that errors in HTA models
arise from the understanding of the decision problem, the structure and methodology
used, the use of evidence, implementation and operation of the model and/or
presentation and understanding of results. *”° Validation is a set of methods for judging

: : . S 201
a model’s accuracy in making relevant predictions.

Face validity examines whether
model assumptions, structure and results are sensible and intuitive. *** Internal validity

or verification checks whether the model has been correctly implemented, whether
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model inputs relate to model outputs and how the model compares the evidence used
for its development. External validation independently compares the model with other

models, and model-predicted events with actual events. **'

3.4.3 Dealing with Uncertainty

Uncertainty must be systematically examined and reported in order for decision-makers
to have confidence in applying model results to a particular decision problem. Various
forms of uncertainty must be captured in the model including: stochastic uncertainty
(also referred to as first-order uncertainty or random variability in outcomes between
identical patients), parameter uncertainty (also referred to as second-order uncertainty,
relates to precision of parameter estimates), heterogeneity (the variability between
patients that can be attributed to observed differences) and structural uncertainty (model

. 194
assumptions).

The various types of uncertainty can be dealt with through
deterministic Sensitivity Analysis (DSA), scenario analysis, and probabilistic sensitivity

analysis (PSA)

3.4.3.1 Deterministic Sensitivity Analysis

Parameter uncertainty is dealt with through both DSA and PSA. In DSA a measure of
precision such as standard error of 95% confidence interval will inform a plausible
range over which the parameter can be varied. In one-way DSA, parameters are varied
singly and independently to observe the impact on model results. Multi-way analysis
involves changing multiple parameters according to a specific scenario.  Structural
uncertainty and variability may be handled through scenario analysis in which the set of
base-case parameter values and assumptions are substituted for an alternative set
associated with different subgroups of interest. DSA is useful for identifying the
parameters which are driving the decision or identifying the critical parameter values
above which the decision may be expected to change i.e. threshold analysis, but is most

useful when presented alongside PSA results. '

3.4.3.2 Probabilistic Sensitivity Analysis

PSA is required for a complete assessment of uncertainty as it permits the joint
uncertainty across all the parameters in the model to be assessed at the same time.

Instead of using mean values of input parameters, in PSA a probability distribution is
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specified for each parameter of interest, representing both the range of values that the
parameter can take as well as the probability that it takes any particular value. L
Uncertainty is then propagated through the model by randomly selecting values from
these distributions for each model parameter using Monte Carlo simulation. 1000
iterations are typically used although this can vary depending on the degree of

. . . 203
uncertainty and computational requirements.

Probabilistic analysis is particularly
important in the case of Markov and other non-linear models where the expected values
generated by models using mean values of the input parameters can differ from

204 AR
% Probabilistic assessment of

probabilistic models using input distributions.
uncertainty can also address bias which may be inherent in some mean parameter
values e.g. from manufacturer-funded studies (the NCPE requires probabilistic models
to be included in manufacturer submissions). ’ Finally, the consequences of making an
incorrect decision in terms of benefits foregone and associated costs can be captured in

a probabilistic model. **°

3.4.3.3 Defining Distributions for various types of data

Standard statistical methods, using parametric or non-parametric assumptions, can be
used to fit a distribution where primary, patient-level data are available. Often, only
summary statistics for certain parameters will be available e.g. published treatment-
effects from randomised controlled trials, to which a distributional form can be applied.
Distributions are assigned to all uncertain parameters in order to represent second-order
parameter uncertainty. The type of distribution for each parameter is typically chosen
from among commonly used distributions including normal, log-normal, gamma, beta
and uniform. The choice of distribution should reflect the characteristics of the
distribution and the nature of the data, be they cost, utility, probabilities, treatment-
effects etc. Convenient to fit distributions such as triangular or uniform distributions
are inappropriate as they rarely reflect the nature of the data or the prior knowledge of

how the distribution should look. '**

3.4.3.4 Cost Data

Cost data are constrained on the interval zero to positive infinity and are often highly
skewed. Both the log normal distribution and the gamma distributions may be used to

represent uncertainty in skewed cost parameters.
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3.4.3.5 Utility Data

Utility values are theoretically constrained between 1 (perfect health) and negative
infinity (worse possible health states). If health state utilities are expected to be far
from zero, the beta distribution may be used. In the event that states close to or worse
than death are possible, a transformation of utility to utility decrement (or disutility) i.e.
1-utility, now constrains values on the interval zero to positive infinity and a gamma or

log normal distribution can be fitted.

3.4.3.6 Probabilities

Probability parameters such as transition probabilities are constrained on the interval
zero to one. A further constraint is that probabilities of mutually exclusive events must
sum to one. The beta distribution is recommended to represent uncertainty in a
probability parameter where the data informing the parameter are binomial, as it is
similarly defined on the interval zero to one and is characterised by two parameters,
alpha and beta. Alpha and beta can be interpreted as counts of the event of interest
occurring (r) versus not occurring (n-r). In the case of multinomial data where greater
than two events can occur, the dirichlet distribution, may be used. The dirichlet
distribution is the multivariate equivalent of the beta distribution with number of

parameters equal to the number of categories in the multinomial distribution. 2]

3.4.3.7 Efficacy Data

Treatment-effects are often applied in models as relative risks or hazard ratios. The

ratio nature of these parameters is well reflected by the log-normal distribution.

3.4.4 Analysis and Presentation of Results
3.4.4.1 Deterministic Analysis

The “ICER” was introduced in Chapter 2, and defined as the difference in costs divided
by the difference in effects of competing alternatives. More specific terminology is
suggested by Gray et al who suggest reserving the term “ICER” for comparisons with
the next best alternative (as determined in a fully-incremental analysis, described

below).(REF) The term “average cost-effectiveness ratio” (ACER) is suggested for
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cost-effectiveness ratios that are calculated versus a “do-nothing”, “best-supportive
care” or “baseline” option. In a fully incremental analysis, all treatments options should
be included and, calculation of cost-effectiveness ratios relative to the next best
alternative is recommended after exclusion of options subject to dominance (more
costly and less effective) and extended dominance (combinations of other options can
provide more benefit for the same cost). **” An illustrative scenario is depicted in Table
3.1 and Figure 3.6. Five mutually exclusive treatment options are listed in Table 3.1 in
order of increasing total cost. Initial ICERs are first calculated for each option
compared with the previous less expensive alternative. Any options that are both more
expensive and less effective than the previous alternative (Option D) are dominated and
are eliminated. Second ICERs are recalculated (with dominated options exciuded), and
it is clear that now the ICER for option C is higher than that of option E. Under the
principle of extended dominance the option with the higher ICER (option E) should be
eliminated from consideration as a cost-effective strategy, even though it is a less costly
option based on total cost. This is based on the assumption that if the decision-maker is
willing to pay a specified incremental amount for health benefit, they should be willing
to pay a smaller incremental amount to obtain the same benefit. After eliminating all
dominated and extended dominated options the final ICERs are calculated. In the final
scenario all ICERs will rise as the options become more costly. This process is
depicted graphically in Figure 3.6. The ICERs of the remaining alternatives may be
considered relative to the WTP of the decision-maker e.g. €45,000 per QALY.

Table 3.1: Incremental cost effectiveness ratios and identifying dominated/extended
dominated options

Total Incremental | Total Incremental | Initial 2nd Final
Option | Costs | Costs QALYs | QALYs ICER ICER ICER
A €1,074 | - 10.961 | - -
B €1,077 €3 10.966 0.005 €600 €600 €600
C €1,107 €30 10.972 0.006 €5,000 | €5,000 ED
D €1,110 €3 10.967 -0.005 D - -
E €1,114 €4 10.984 0.017 €235 €583 €83

Values are for illustrative purposes and have been adapted from an Irish HTA of a population-based

colorectal cancer screening programme in lreland.

208

Abbreviations: ICER=incremental cost-effectiveness ratio (euros per QALY); QALY= Quality adjusted life
year; D=dominated; ED=extended dominated
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Figure 3.6: Graphic illustration of Table 3.1

10.961 10.966 10.971 10.976 10.981 10.985

Options which lie on the cost effectiveness frontier, or “efficiency frontier” represent those which maximise

health gain for a given level of health spending.
QALY= Quality adjusted life year

This thesis refers to all cost-effectiveness ratios as ICERs as every comparison involves

a calculation of incremental costs and effects whether or not the comparator is the next

best treatment, BSC, or another option among available alternatives. In addition,

despite the rules of dominance and extended dominace which have been described, it

may not be feasible or appropriate to eliminate alternatives from the decision-making

process, particularly if they are already reimbursed.

The results of univariate sensitivity/scenario analysis can be reported in a tornado

diagram, where ICERs based on low and high estimates of each parameter are presented

as horizontal bars to each side of the central base-case ICER (Figure 3.7). Very wide

bars indicate the variables for which uncertainty has the biggest effect on the ICER.
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Figure 3.7: Example of a tornado diagram for one-way sensitivity analysis

The example is that of gFOBT at 55-74 years, a colorectal cancer screening strategy included in the HTA
of a population-based colorectal cancer screening programme in Ireland. 208 Key parameters, listed on the
left of the graph, are varied independently. The base case ICER was €4428 per QALY and was most
sensitive to variation in utility and discount rate.

Abbreviations: ICER= Incremental cost effectiveness ratio; QALY= Quality adjusted life year

3.4.4.2 PSA Results

A scatter-plot of PSA simulated cost and effect pairs can be presented on the
incremental cost-effectiveness plane, the spread of the points illustrating the degree of
uncertainty surrounding the estimates. CEACs and CEAFs are among the most
common methods of presenting the results of PSA. '® For each option, a CEAC plots
the proportion of cost and effect pairs which have the highest NMB among all available
options, for a range of values of A (willingness to pay threshold). The NMB is equal to
A*total effects — total costs. Fenwick et al point out that use of the CEAC should be
restricted to estimating the probability of cost-effectiveness given the associated
uncertainty, and not used to identify the optimal treatment option. This is because the
option with the highest probability of being cost-effective is not necessarily the option

with the highest expected NMB. *”

Instead, a CEAF plots the optimal option over a
range of L. The optimal option is that which has the highest expected NMB at different
levels of .. The CEAF can be used to identify “switch-points™ at which there is a
change in the optimal option corresponding to the ICER between different options.
Value of information (Vol) analysis etimates the opportunity cost of an incorrect

decision. '
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3.4.5 Summary

Decision-analytic models provide a framework within which all evidence on a decision-
problem may be synthesised to provide estimates of the cost-effectiveness of health
technologies together with an assessment of the uncertainty associated with those
estimates. Decision-analytic modelling is a core component of HTA processes
internationally and has been utilised in decisions on reimbursement of DMTs for MS in
Ireland, the UK and elsewhere. Markov modelling is well-suited to a chronic,
progressive disease like MS where multiple health states and recurrent events must be
accounted for. In Chapter 8, the development of a Markov model for an economic
evaluation of DMT for RRMS in Ireland will be described, together with an outline of

the various deterministic and probabilistic sensitivity analyses applied.
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This chapter reviews the existing research which is relevant to this thesis. Relevant
research is grouped according to the broad issues related to the thesis; the economic
burden of MS, HRQoL utilities in MS, and the relative efficacy and cost-effectiveness of
DMT for MS. The approaches and findings of individual studies are compared, with

particular focus on studies which overlap with my research.

4.1 The Economic Burden of Multiple Sclerosis

MS is associated with significant economic burden. Healthcare resource utilisation in
MS has significant financial consequences for the healthcare system, patients and their
families. DMT, used to prevent relapses and delay disease progression, are among the
most costly pharmaceuticals on the market in Ireland ranging from €11,000 to €23,000
per patient per year. Ongoing magnetic resonance imaging and laboratory
investigations are required during treatment to monitor disease activity and response.
Symptoms including pain and loss of sensation, fatigue, impaired muscle control,
balance and postural problems, visual loss, cognitive impairments, and bowel and
bladder disturbance, require both pharmacological and non-pharmacological
management in the form of physiotherapy, occupational therapy, counselling and
rehabilitation. As the disease progresses, symptom management predominates with the
aim of maintaining independence and functioning both at work and at home. This often
requires a complex multidisciplinary approach including inpatient, ambulatory, and
home-based rehabilitation interventions under medical supervision.*® As the leading
cause of non-traumatic neurological disability in young adults, MS imposes an
additional indirect cost burden on society. Neurological symptoms of varying severity
can result in functional limitations which can severely impact patients’ physical
activity, employment capabilities and opportunities. These limitations can result in
prolonged absences from work, early retirement from the labour force and significant
care requirements from both professional caregivers and informally from family and

friends.
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4.1.1 Cost of Illness Research in Multiple Sclerosis

The economic burden of MS has been widely studied internationally. ' '* 138 141210 A

literature review of the global economic impact of MS published in 2010 by the
International Multiple Sclerosis Federation identified 215 articles on the economic
burden of MS. ?'" For the 15 countries for which complete estimates were found
(Australia, Austria, Belgium, Canada, France, Germany, United Kingdom, Italy, the
Netherlands, Norway, Spain, Sweden, Switzerland, and the United States), the average
total annual cost per person with MS in 2007 varied from $16,400 to 54,500 U.S.
international dollars. When costs were converted to euros using purchasing power
parity (PPP) and inflated to 2012 values using statistics from the OECD , the weighted

21116212

average is €45,446 per person (Figure 4.1). Extrapolations from a multinational

cost study estimated the total annual cost of MS in Europe at €12.5 billion in 2005. >
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Figure 4.1: Mean annual cost per person with MS in 2007

Data for each cost component extracted from Trisolini et al and converted to €20122"

4.1.2 European Studies on the Cost of Multiple Sclerosis

Two large European studies investigated the economic burden of MS across a number
of countries in 2005 and 2009 from the societal perspective. ' '** The 2005 study by

Kobelt et al recruited 13,186 patients predominantly via MS society mailing lists from
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nine countries including Austria, Italy, Spain, Sweden, Switzerland, UK, Belgium,
Germany and The Netherlands. The 2009 TRIBUNE study by Karampampa et al
recruited 1261 patients from treatment centres in France, Germany, Italy, Spain and the
United Kingdom (an additional study was conducted in the Netherlands in 2011). Both
the Kobelt and TRIBUNE groups of studies utilised self-administered questionnaires to
capture data on disease status and history, resource utilisation and costs. The earlier
study was a mail survey in contrast with the more recent study which captured data
using a web-based electronic system. The results of these studies are summarised in
Table 4.1 and 3.2. Mean direct costs per patient per year were similar in both groups of
studies (€13,822-€30,721 in the Kobelt et al studies, €12,819-€24,578 in the TRIBUNE
studies, all costs inflated to 2012). ' 3% The Kobelt et al cohort had more severe disease
on average (mean EDSS 3.8-5.1; 45.5%-67.7% progressive disease) than the 2009
study (mean EDSS 1.8-3.9; 12-29% progressive disease), reflecting the mode of patient
recruitment (MS society mailing lists versus treatment centres respectively) and partly
explaining the trend towards higher mean costs in the Kobelt study. Higher levels of
DMT utilisation in the 2009 study (75%-94% vs 21%-52% in 2005 study) is in keeping
with evolving international practice in response to clinical trials demonstrating
improved outcomes with DMT use early in the disease course. °”® DMT costs
therefore contribute to the higher than expected costs in the TRIBUNE study in

comparison with the more severely disabled patient cohort included in the Kobelt study.

Table 4.1: Mean annual direct and indirect costs per patient with MS in nine European
countries, 2005 (societal perspective)

Country Direct costs Indirect Costs
Sweden €30,721 €28,419
Switzerland €28,441 €30,559
Austria €22,149 €23,280
Germany €20,343 €23,215
Spain €16,418 €21,054
Belgium €16,415 €20,012
Italy €15,026 €28,830
United Kingdom €13,876 €23,940
Netherlands €13,822 €18,925

Data extracted from individual studies of Kobelt et al and inflated from 2005 to 2012. ™" “™**" Direct and
indirect costs have been adjusted from the original studies to include informal care as an indirect cost in
keeping with costing classification employed in this thesis.
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Table 4.2: Mean annual direct medical, non-medical and indirect costs per patient with

MS in six European countries by level of disability, 2009 (societal perspective)

Country Patient subgroup (level of disability)

Germany All Mild Moderate Severe
Direct medical costs €18,396 €17,451 €18,364 €31,237
Direct non-medical costs €1,223 €343 €2,446 €6,180
Total Direct costs €19,619 €17,794 €20,809 €37,417
Total indirect costs €9,797 €4,001 €20,284 €28,736
Spain All Mild Moderate Severe

Direct medical costs €16,519 €15,051 €19,516 €16,344
Direct non-medical costs €1,253 €245 €2,342 €11,464
Total Direct costs €17,772 €15,296 €21,859 €27,808
Total indirect costs €12,418 €6,010 €23,465 €33,400
United Kingdom All Mild Moderate Severe
Direct medical costs €9,959 €8,861 €10,692 €7,997
Direct non-medical costs €2,860 €63 €3,175 €25,628
Total Direct costs €12,819 €8,925 €13,867 €33,625
Total indirect costs €16,028 €6,703 €20,308 €44,268
France All Mild Moderate Severe

Direct medical costs €15,944 €13,581 €20,352 €19,989
Direct non-medical costs €1,156 €349 €2,170 €12,324
Total Direct costs €17,100 €13,929 €22,523 €32,314
Total indirect costs €4,266 €2,488 €7,477 €12,799
Italy All Mild Moderate Severe

Direct medical costs €24,319 €22,536 €32,099 €14,358
Direct non-medical costs €259 €22 €890 €4,068
Total Direct costs €24,578 €22,558 €32,989 €18,426
Total indirect costs €3,224 €1.005 €10,493 €23,232
Netherlands* All Mild Moderate Severe

Direct medical costs €12,822 €11,480 €13,918 €14,234
Direct non-medical costs €5,303 €1,268 €5,253 €22,471
Total Direct costs €18,125 €12,748 €19,172 €36,705
Total indirect costs €28,033 €18,757 €31,074 €55,307

Total direct costs include direct medical and direct non-medical costs
Data extracted from individual TRIBUNE studies and inflated from 2009 to 2012 (*from 2011 to 2012)222’

227

“All" figures based on sample proportions reported by Karampampa et al. 154
Direct and indirect costs have been adjusted from the original studies to include informal care as an

indirect cost in keepin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>