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Abstract

Dementia is a significant global health problem and has become a leading cause of
morbidity and a functional decline in elderly people. This syndrome comes together with
the behavioural and psychological symptoms of dementia, (BPSD), which more than half
of people with dementia tend to encounter behavioural disturbances at any one point
during the course of the disease, leading to several problems for those patients, caregivers,
family members as well as healthcare systems. Due to a controversy of the management
of BPSD at this time, it results in a variety of treatment options for BPSD sufferers.
Currently, an economic evaluation of atypical antipsychotic drug use for behaviourally
disturbed patients with dementia is not well explored. As a result, it is important to
address this lack of knowledge as well as the paucity of economic evaluation studies
associated with the cost-utility of atypical antipsychotics for the treatment of dementia

patients.

This thesis aims to use the cost-utility analysis to assess the economic impact of

olanzapine compared with risperidone, for patients with BPSD in Thailand.

The main stages applied for this analysis are as follows: firstly, the scope of the health
economic evaluation was defined. Secondly, the models were developed in different
schemes and justified the most appropriate model to apply for evaluating the treatment
with olanzapine in comparison to risperidone, for patients with BPSD within a Thai
setting. Then, the estimated monthly costs and utility weights of patients with BPSD and
receiving olanzapine or risperidone were calculated from the primary data collected from
two hospitals in Thailand. Finally, the cost-utility analysis of atypical antipsychotics for
the treatment of patients with BPSD in Thailand was conducted from a societal
perspective, over a five-year time horizon using a one-month cycle length.

The results suggest olanzapine is more cost-effective than risperidone, in the treatment of

a patient with BPSD from a societal perspective ICER< THB 160,000).
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Chapter 1: Introduction
The introductory chapter outlines the following:
® The background information associated with the situation of ageing populations
both worldwide and in Thailand;
® The situation of dementia, including cost-associated dementia, both worldwide
and in Thailand;
® Origins of the study;
® The rationale of the study, research questions and research contributions; and

® An overview of the structure of the thesis.

1.1 Overview

1.1.1 Ageing in Thailand and Worldwide

Today the growth of ageing populations continues rapidly in many parts of the world. In
2015, the prevalence of elderly people aged 65 and over was more than 8.5% of the
world’s population. The percentage gender mix of these populations was predominately
female compared with male and were associated with 9.5% and 7.5% of the world’s
population respectively. By 2050, the forecast population of global elderly people will be
more than 21% in 94 countries (He, Goodkind and Kowal 2016). The number of elderly
people is estimated to be 1.56 billion, equivalent to 16.7% of the total population

worldwide, (18.5% females and 14.9% males), by 2050 (U.S. Census Bureau 2013).

In Asia, there were approximately 341 million people aged 65 and over in 2015 and the
numbers of elderly people is expected to be 634 million by 2050 (He, Goodkind and
Kowal 2016). This is a significant region having a major impact on the total number of

elderly people worldwide (U.S. Census Bureau 2013, He, Goodkind and Kowal 2016).

The current situation in Thailand shows the elderly population aged 60 and above has
rapidly increased from 6.8% in 1994 to 14.9% in 2014 (National Statistical Office of

Thailand 2014). In 2010, the percentage of people aged 60 years and over was 13.18% of

1



the total of the Thai population. This group is expected to increase by approximately
5.94% by 2020, 13.38% by 2030 and 18.95% by 2040. It is especially noticeable that a
greater proportion of the elderly people are female rather than male. In 2010 the gender
mix was 55.1% females compared to 44.9% being males and these percentages are likely
to remain the same over the next 10 years. Looking at the age ranges by 2040, elderly
people aged 70-79 years and 80 years and older are predicted to rise, whereas the reverse
is expected in people aged 60-69 years (Office of the National Economic and Social
Development Board of Thailand 2013). Between 2010 and 2040, the trend of living
habits, (way of life), of elderly Thai people is also changing from living in rural areas to
urban areas and is expected to increase by nearly 20% by 2040 when compared to 2010
(Office of the National Economic and Social Development Board of Thailand 2013,
National Statistical Office of Thailand 2014). Furthermore, the National Statistical Office
of Thailand (2014) reported that 18.8% of elderly people were living with their spouse,
followed by 8.7% living alone in 2014. The major income sources of this group of people
were 36.7% from their children, 33.9% from their earnings and 14.8% from the elderly
allowance from the government. The increasing dependence in activities of daily living
(ADL) of elderly people had progressively increased from 10.7% in 1994 to 22.3% in
2014 and those were classified by ADL, into 79.5% of well status, 19.9% of home-bound
status and 1.5% of bed-bound status (National Statistical Office of Thailand 2014). In
addition, the estimated percentage of dependency in ADL of Thai older individuals will
tend to increase from 26.23% in 2017 to 54.95% in 2037 (Bureau of Policy and Strategy
of the Ministry of Public Health of Thailand 2016). Interestingly, the demographic
transition of Thailand’s population is highlighted as being a completely aged society in
2021 and a super-aged society within the next 20 years (Office of the National Economic
and Social Development Board 2002, Office of the National Economic and Social

Development Board 2011, National Statistical Office of Thailand 2014).



1.1.2 Dementia

Currently, several components, such as health care services, medical technologies,
pharmaceuticals, and other factors have been developed to enhance the longevity of the
global population, leading to an increase in the numbers of ageing populations. In spite of
that, the Non-Communicable Disease (NCDs) has increased and became a significant
burden and has a substantial impact on several countries worldwide. Several studies
reported that almost 42% of deaths in the global population are associated with NCD
conditions (Lozano et al. 2012, GBD 2015 Mortality and Causes of Death Collaborators
2016). Additionally, the Global Burden of Disease 2015 suggested approximately 72%,
(39.2 to 40.5 million), of all global deaths, had been caused by NCDs since 2005 (GBD
2015 Mortality and Causes of Death Collaborators 2016).

Dementia is one of the significant NCDs in elderly people and it is devastating in many
countries worldwide. This is a syndrome or a set of related symptoms associated with a
decline of cognitive abilities or brain functioning. Alzheimer’s disease is classified as the
most common form of dementia, but unfortunately the cause of this disease cannot be
explained with any certainty (Chertkow et al. 2013, Alzheimer’s Association 2019,
Alzheimer’s society 2019, NHS 2019). Vascular dementia, dementia with Lewy bodies
and frontotemporal dementia are other examples of types of dementia, while mixed
pathologies of dementia are more common than just one type (Jellinger 2006, World
Health Organization 2012, Alzheimer’s Association 2019). However, all types of
dementia are associated with loss of memory, a deficit in cognition and behavioural
disturbances as the disease progresses. Thus, this means people with dementia are likely
to develop more severe symptoms over time, according to the disease progression

(Lawlor 2002, Knapp and Prince 2007).

Based on the UN population statistics in 2001, experts estimated that more than 24
million people aged 60 years and over had dementia (Ferri et al. 2005). In 2010, WHO
reported that there were about 35.6 million patients with dementia, and the number of

people with this disorder globally will double every 20 years, suggesting that there will be



65.7 million and 115.4 million by 2030 and 2050, respectively. A new case of people with
dementia was recorded to occur on average every 4 seconds worldwide and globally new
cases were predicted to be nearly 8 million on average each year (World Health
Organization 2012). The figures for people with dementia in low and middle-income
countries, (LMIC), were higher compared with their counterparts who live in the high-
income countries (Ferri et al. 2005, World Health Organization 2012). However, the
increase in people with dementia was driven by the population growth and the population
age of each country. The Global Burden of Disease 2015 also suggested that the
neurological disorder situation had been rising to over 35% of all global deaths since
2005. Notably, Alzheimer’s disease and other dementias were found to account for
approximately 38.2% of global deaths between 2005 and 2015 (GBD 2015 Mortality and
Causes of Death Collaborators 2016). Furthermore, an estimated survival time from onset
was calculated at 4.6 years for people with dementia, whereas people with Alzheimer’s
disease were predicted at 7.1 years (Fitzpatrick et al. 2005, World Health Organization
2012).

In Thailand, the prevalence of Thai people with dementia was 2.4% of people aged 45
and over (Wangtongkum et al. 2008) and 3.3%- 8.1% of people aged 60 years and over
(Jitapunkul et al. 2001, Jitapunkul, Chansirikanjana and Thamarpirat 2009, Aekphakorn et
al. 2016). Alzheimer’s disease and vascular dementia were also reported as the two
commonest sub-types of dementia in Thailand, accounting for 75% and 12.5%
respectively, in adults aged 45 and over in Chiang Mai province (Wangtongkum et al.
2008). In addition, based on Alzheimer’s disease and Related Disorder Association
(ARDA), the number of people with dementia was estimated at 0.6 million in 2015 and
this tendency will double by 2030. Then the number of people living with dementia in
Thailand are projected to be 1.12 million in 2030 and 2.1 million in 2050 (Alzheimer’s
Disease International and Alzheimer’s Australia 2014). Focusing on age groups, the
highest percentage of elderly adults with dementia in Thailand was found in people aged

80 years and over, accounting for 22.6%, followed by 8.0% in people aged between 70



and 79 years old and 4.8% in people aged 60-69 years (Aekphakorn et al. 2016). There is
a tendency of levels of dementia to be higher in females than males (Aekphakorn et al.
2009, Aekphakorn et al. 2016). However, the prevalence of undiagnosed dementia in
Thailand was nearly 3-times as high when compared with Canada (Sternberg, Wolfson
and Baumgarten 2000, Jitapunkul, Chansirikanjana and Thamarpirat 2009). In 2013, a
retrospective study at Srinagarind Medical School, at the Srinagarind University hospital
in Thailand, reported that 53.85% of atypical presentation and 46.15% of typical
presentation of elderly patients with dementia attended the emergency department (ED).
Thus, a significant factor of ED visits by the elderly are associated with the atypical
presentation of dementia (Limpawatana et al. 2016). Based on a diagnosis by the 10th
revision of the International Statistical Classification of Diseases and Related Health
Problems, (ICD-10), in 2010, the rate of illness of inpatients with dementia in Thailand
was 14.65 per 100,000 population, (9,403 people), (Strategy and Planning Division of the
Ministry of Public Health 2011). In 2015, the rate of inpatients with dementia increased to
16.41 per 100,000 population, (10,671 people). The predominance of inpatients having
dementia also showed more females than males, (1.27 to 1 ratio), (Strategy and Planning
Division of the Ministry of Public Health 2016). Additionally, dementia has increased as
a cause in the death rate in the Thai population year on year. During the period 2012-
2016, the mortality rates of mental and behavioural disorders, including dementia, had
continued to grow and accounted for 1.3 per 100,000 population in 2012, 1.4 per 100,000
population in 2013, 1.6 per 100,000 population in 2014, 1.9 per 100,000 population in
2015 and 2.1 per 100,000 population in 2016 (Strategy and Planning Division of the
Ministry of Public Health 2016). Considering the outpatient identified with dementia in
Thailand, the rate of diagnosis of people with mental and behavioural disorders, excluding
Bangkok, was 37.64 per 1,000 of the population in 2005. However, the figure had almost
doubled to 72.09 per 1,000 population in 2015 (Strategy and Planning Division of the
Ministry of Public Health 2011, Strategy and Planning Division of the Ministry of Public

Health 2016). In fact, the current situation regarding dementia in the Thai population is



likely to increase continuously, along with Thai society becoming an aged society
(Senanarong et al. 2013). This will lead to a variety of problems for the healthcare

systems in Thailand.

1.1.3 The burden of Dementia in Thailand and Worldwide

From a socioeconomic perspective, dementia is a significant factor affecting elderly
people. Global costs were approximately $605 billion to society in 2010 (World Health
Organization 2012). Based on the Global Burden of Disease, dementia was classed as
ninth in the top ten rankings leading to disability-adjusted life year (DALY burden in
2010, accounting for 10 million DALY (Prince et al. 2015). In 2010, the worldwide costs
of dementia were the highest category in the social costs, followed by informal care costs
and then direct medical costs. The total global informal care costs had increased from
$252 billion in 2010 to $331 billion in 2015. Medical costs also showed significant
changes, increasing by 3.5% from 2010 to 2015 (Prince et al. 2015).

In Thailand, the major cost for persons with dementia was informal care, estimated at
$854 million in 2015. There were $721 million of non-medical costs and $89 million of
medical costs for this group of people. These costs were estimated from the 600,000
people with dementia in 2015 (Alzheimer’s Disease International and Alzheimer’s

Australia 2014).

In conclusion, the situation of people with dementia globally along with those in Thailand
is on an upward trend leading to several serious problems, such as substantially greater
costs and caregiver burden, which significantly affects the patients, caregivers and

families as well as healthcare systems.

1.1.4 Origins of the study

In people with dementia, behavioural and psychological symptoms of dementia (BPSD),
behavioural disturbances or neuropsychiatric symptoms (NPS) are the most common
conditions occurring as the disease progresses. Some studies also reported that the

prevalence of behavioural disturbances in people with dementia was nearly four times



higher than people without dementia (Lyketsos et al. 2000, Lyketsos et al. 2002).
However, comparing between the sub-types of dementia, there were modest noticeable
differences in behavioural disturbances in people with Alzheimer’s disease and people
with vascular dementia (Lyketsos et al. 2002). In addition, BPSD can be characterised
into four main groups: mood disorders, sleep disorders, psychotic symptoms and agitation
(Desai, Schwartz and Grossberg 2012), and those symptoms may also manifest in
wandering, aggression, agitation, anxiety, depression, sleep disturbance, hallucinations
and delusions (Finkel et al. 1996, Olin et al. 2002 and Feast et al. 2016). From the onset
of cognitive symptoms, approximately 50-90% of people with dementia presented at least
one symptom of behavioural disturbances at any one point in time (Lawlor 2002,
Lyketsos et al. 2002, Angelini et al. 2007, Haibo et al. 2013, NSW 2013, Feast et al.
2016). Furthermore, there were several studies which reported that apathy, agitation,
depression, and anxiety were the commonest symptoms in people with dementia (Mega et

al. 1996, Lyketsos et al. 2000, Lyketsos et al. 2002).

In Thailand, a study showed 97.5% of Alzheimer-type dementia patients presenting
neuropsychiatric symptoms (Phanasathit et al. 2010). The most frequent BPSD traits in
Thai dementia patients were apathy, (71.0 %), aberrant motor behaviour, (61.3 %), sleep
disturbances, (56.5 %), eating abnormalities, (51.6 %), and agitation/aggression, (45.2 %)

(Charernboon and Phanasatit 2014).

For the management of BPSD, both non-pharmacological and pharmacological
interventions are currently applied. In general, non-pharmacological treatments are
recommended as being the first-line approach for treating patients with BPSD. The
pharmacological approach is only initiated when the first-line approach is not successful.
However, an integrated treatment of both approaches is suggested for better management

of BPSD (Azermai et al. 2012, Cerejeira, Lagarto and Mukaetova-Ladinska 2012).

At present, there are various types of medications used for the management of

complicated BPSD. The most common pharmacological treatments are antipsychotics,



antidepressants, mood stabilizers, benzodiazepines, as well as cognitive enhancers
(Andrade and Radhakrishnan 2009, Tampi et al. 2011, Cerejeira, Lagarto and Mukaetova-
Ladinska 2012 and Azermai et al. 2012). Nevertheless, in general, antipsychotic drugs
have been routinely prescribed for BPSD patients more than any other drug class

(Andrade and Radhakrishnan 2009).

In 2005, the U.S. Food and Drug Administration (US-FDA) launched an awareness
programme for atypical antipsychotics', (AAs), use among the elderly, due to a 1.7
increase in the incidence of all-cause mortality risk (U.S. Food and Drug Administration
2005). In 2008, the FDA also increased the warning to typical antipsychotics2 (U.S. Food

and Drug Administration 2008).

Accordingly, the trend of prescribing antipsychotics for the elderly dropped from 2.3% in
2003 to 1.8% in 2011; however, the rate of prescribing atypical antipsychotics is
reversing, with an escalation from 0.37% to 0.64% over the same period (Gallini et al.
2014). Although there are the safety warnings of atypical antipsychotic use, these drugs

are still commonly administrated to patients with BPSD (Chiabrando et al. 2010).

To date, there are no available treatments approved by the US-FDA for people with
BPSD, leading to controversial recommendations for the treatment of patients with BPSD
in each country (Desai, Schwartz and Grossberg 2012). In general practice, physicians
tend to prescribe antipsychotic drugs as the first-choice therapy for people with BPSD,

albeit these drugs are off-label use to those patients. Generally, even if the newer

: Atypical antipsychotics are also called second-generation antipsychotics, and neuroleptic drugs such as
clozapine, amisulpride, aripiprazole, asenapine, olanzapine, paliperidone, quetiapine, and risperidone

(Meltzer, Matsubara and Lee 1989, Meltzer 2013, The Government of the United Kingdom (2005).

: Typical antipsychotics are also known as conventional, classical or first-generation antipsychotics such as
chlorpromazine, haloperidol, flupentixol, prochlorperazine, sulpiride and trifluoperazine (Meltzer,

Matsubara and Lee 1989, Meltzer 2013, The Government of the United Kingdom (2005).



antipsychotics, (atypical antipsychotics), are costlier than the older antipsychotic drugs,
(typical antipsychotics), atypical antipsychotic drugs are likely to be more frequently used
for the treatment of BPSD relative to the other ones. The reason is that atypical
antipsychotics account for superior efficacy and with inferior adverse effects, especially
to extrapyramidal symptoms, (EPSs), namely acute dyskinesia or dystonic reactions,
tardive dyskinesia, Parkinsonism, neuroleptic malignant syndrome, akinesia, and
akathisia, in the geriatric population (Blair and Dauner 1992, Lawlor 2002, Andrade and

Radhakrishnan 2009).

While a variety of atypical antipsychotic options for patients with BPSD are available in
clinical practice, differences amongst these drugs are not well defined. Consequently, the
cost-effectiveness of atypical antipsychotics for the treatment of those patients is a
significantly critical issue that needs to be researched. The exploration of which drug is
more cost-effective will indicate the best possible effective intervention for the treatment
of BPSD patients and decrease the caregiver burden in providing care to those patients, as
well as providing data to support policy-makers and healthcare system managers, and

improving the QoLs of both patients and their caregivers.

1.2 The rationale of the study

It is estimated that 80% of the world’s elderly population by 2050 will live in less-
developed countries. Most middle-income countries are predicted to have double the
numbers of older people by 2050 (United Nations 2017). Similarly, the characteristic of
the Thai population had turned into an ageing society since 2005 and within the next 20
years is predicted to be a super-aged society. Thus, ailments in the elderly, particularly
dementia, will grow significantly, leading to problems across both the formal and

informal health care systems in Thailand as well as worldwide.

Behavioural and psychological symptoms of dementia are significantly coincident

conditions, occurring in people with dementia. These symptoms are overwhelming not



only for the people who suffer from it, but also for their caregivers and families. They are
also major causes of disability, mortality, long-term hospital stays, caregiver’s distress,
productivity losses of their families or caregivers for patient care, and the quality of life of

both patients and caregivers (Fauth and Gibbons 2014, Feast et al. 2016).

Again, the guidelines of the management of BPSD have currently been under debate,
leading to difficulties in developing clinical practices. Under the controversy of
pharmacological approaches, atypical antipsychotics are frequently prescribed for BPSD
patients, although the adverse effects and safety issues have been raised as genuine

concerns.

There are several reasons for undertaking this study as follows: firstly, there are several
studies focusing on health economic evaluations for other dementia drug groups, namely
cholinesterase inhibitors and memantine, for the treatment of dementia. There are also
several studies of the cost-effectiveness analysis on atypical antipsychotics for treating
schizophrenia. However, there is a paucity of studies focusing on atypical antipsychotics
for patients with BPSD. A pharmacoeconomic study on this topic is then a significant
necessity. To the researcher’s best knowledge, this will be the first study to explore and
evaluate the cost-effectiveness of atypical antipsychotics in the comparison between
olanzapine and risperidone, for the treatment of patients with BPSD, specifically in
Thailand or Asia in general. Secondly, the increase in people with dementia year on year
leads to a growth in the financial burden, (medical care costs, informal care costs, and
societal costs), mainly affecting patients, caregivers, as well as healthcare systems. The
study by Prince at el. (2015) reported that the average dementia-associated cost was
higher than other chronic conditions, including depression, hypertension, diabetes,
ischemic heart disease, stroke, and chronic obstructive pulmonary disease. Consequently,
the burden of dementia, including BPSD, is inevitably a significant issue to healthcare
systems across many countries, along with Thailand. Thirdly, there are variations in the
prescription of atypical antipsychotics found in people with behavioural disturbances in

Thailand. Risperidone is one of the atypical antipsychotics which is frequently prescribed
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for those people because the drug is accommodated in the National List of Essential
Drugs, (NLED), in Thailand as a reimbursable medicine (Rapeepatchai and Promma
2015). On the other hand, olanzapine is a newer atypical antipsychotic drug compared
with risperidone and is also commonly used in people with BPSD (Chanthawong et al.
2012). However, olanzapine is more costly and is not provided in the NLED of Thailand.
Thus, patients with BPSD have to pay for that drug treatment as out-of-pocket expenses,
leading to restricted patient access to the treatment and their ability to receive the most
suitable medication. Accordingly, the medical cost is a significant factor threatening the
cost burden and decision making of the treatment to patients with BPSD, their caregivers,

staff, and healthcare systems.

1.3 Research Question and Objectives

1.3.1 Research Question
The main research question sets out to address:
What is the cost-effectiveness of olanzapine relative to risperidone for the treatment of

behavioural and psychological symptoms in patients with dementia in Thailand?

1.3.2 Aim and objectives
The overall aim of this study is to apply a cost-utility analysis to assess the economic
impact of olanzapine in comparison to risperidone, for the treatment of behavioural and

psychological symptoms in patients with dementia in Thailand.
The specific objectives of the research focus on three main sections as follows:

1. To use a decision-analytical model for assessing the costs and outcomes of
interventions for the treatment of patients with BPSD

2. To explore the costs and health utilities, (or utility weights), of interventions for
the treatment of patients with BPSD; and

3. To calculate the incremental cost-effectiveness ratio, (ICER, as presented in terms

of cost per QALY), of the intervention of interest and the comparator.
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1.4 Original Contribution

The current controversial management associated with safety and efficacy of atypical
antipsychotic drug use for BPSD and the lack of pharmacoeconomic research on atypical
antipsychotics for BPSD pose an immense challenge for current clinical practices in
treating dementia patients. To the researcher’s best knowledge, this will be the first study
to evaluate the cost-effectiveness of atypical antipsychotics, (olanzapine versus
risperidone), for the treatment of BPSD in the context of Thailand. The findings of this
study will indicate the recommended effective treatment intervention for patients with
BPSD and intentionally contribute to the decision making of physicians, patients, and
caregivers, in planning and selecting the relevant treatment for BPSD sufferers. This
study also considered the side effects and relapse rates of both drugs which allow the
results to be as realistic as they could possibly be. Therefore, this data will be useful and

may be replicated in other settings with similar circumstances.

In addition, this study integrated pharmacological, epidemiological and health economic
evaluation techniques. A decision-analytical framework has been conducted to evaluate
the cost-effectiveness of olanzapine compared with risperidone in patients with BPSD in

Thailand, based on a societal perspective.

Aside from that, the study has identified a number of benefits that would accrue for
patients, their caregivers, health professionals and health care providers in Thailand, in a
philosophical sense. The obvious benefit for the patients is a more effective treatment of
their condition, resulting in greater wellbeing. If the patient's overall health condition
improves, this would also be reflected in the wellbeing of the caregivers, who would see
an improvement in the condition of their charge, leading to better quality of life of both
the patients and their caregivers. This also has a bearing on the treatment of those patients
by health professionals, who may possibly benefit from lower stress levels as a direct
improvement of their patients’ health. Additionally, there may well be a significant
impact on the wider healthcare systems in Thailand, if there is a significant improvement

in patient wellbeing which could result in an overall reduction in the true costs of care for
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these patients, even if there was a direct increase in pharmaceutical costs in using a
different drug in the treatment of these cases. Less pressure on the health system for
related treatments for these patients may well result in an overall reduction in treatment

costs which would be beneficial for the wider Thai population.

1.5 The structure of the thesis

In this chapter, the background information associated with an ageing population,
dementia situations, BPSD situations, and dementia associated costs, both worldwide and
in Thailand has been provided. In terms of the structure, the thesis will focus on the

following points.

Chapter 2: The literature review introduces the definition of dementia and BPSD, the
management of BPSD, health economic evaluations, the model-based health economic

evaluations in dementia, and the conceptual framework of this study.

Chapter 3: Philosophical underpinnings are addressed. This chapter also describes the
design and methodology of this study, including sample size, target population, data
settings, data collection processes, data requirements and data sources as well as data

analyses. In addition, the ethical considerations of the study are presented here.

Chapter 4: The model development is based on data from literature reviews of model-
based economic evaluations in dementia. This chapter provides the stages of developing
the different models and the use of data from a Thai setting, for application in these
developed models. The most appropriate model has been selected to be adopted for the
cost-utility analysis of olanzapine compared with risperidone, in the treatment of patients

with BPSD in Thailand in Chapter 7.

Chapter 5: Costs of the treatment of patients with BPSD in Thailand with atypical
antipsychotics, (olanzapine or risperidone), are presented in this chapter. Based on the

primary data collection from within a Thai setting, the findings initially present an
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overview of patient and caregiver characteristics. Then, the characteristics of both patients
and caregivers are displayed following the classification of patients by cognitive function
and dependence. Also, the cost analyses are performed based on two different

distributions as previously stated.

Chapter 6: This chapter is associated with the measure of the health-related quality of life
of patients with BPSD and treatment with olanzapine or risperidone using the EQ-5D-5L.
The responses to questionnaires are translated into utility weights, (or utility values). The
utility analyses are then presented by classifying patients by cognitive function and

dependence.

Chapter 7: This chapter presents the application of the cost-utility analysis of atypical
antipsychotics for the treatment of BPSD in Thailand. The selected model is used to
predict the expected costs and outcomes associated with olanzapine and risperidone
treatment in Thai patients with BPSD aged 60 years and above, over a 5-year time period
from a societal perspective. The data analyses display in terms of the incremental cost-
effectiveness ratio, (ICER), calculated by incremental costs and incremental quality-
adjusted life year gained (QALY's). Furthermore, the uncertainty analyses are presented

here.

Chapter 8: This part is associated with the conclusion of an overview of this thesis, the
summary of the findings, a contribution to knowledge, policy implements, the strengths
and limitations of this thesis and the post-research evaluation. Moreover, further research

opportunities and publications are presented in this chapter.
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Chapter 2: Literature Review

Abstract

Introduction: Rapid growth of the elderly worldwide has led to several problems,
particularly health, economic, social, mental, and family problems. The most common
health issue facing the elderly is dementia which is a chronic health condition.
Behavioural and psychological symptoms of dementia are closely associated with patients
and are unavoidable in this progressive disease. These symptoms have a significant
impact on distressing and burdening caregivers. Antipsychotics are one group of
medications which are widely used in practice for the treatment of BPSD. However, there
is currently limited data on the health economic evaluation of antipsychotics in patients

with BPSD.

Aim: The objective of this chapter is to review issues associated with definitions of
dementia and BPSD, the prevalence and economic impact of dementia, management of
BPSD, efficacy of atypical antipsychotics for the treatment of BPSD, heath economic
evaluations of atypical antipsychotics for dementia, and the modelling-based economic

evaluations in dementia.

Methods: Relevant published studies of dementia from several sources were identified to
review the definitions, prevalence and economic impact, as well as management of the
disease. On the efficacy data of atypical antipsychotics (focused on risperidone,
olanzapine, quetiapine, and aripiprazole) those published in the English language were
identified by searching of MEDLINE, PsycINFO, and the Cochrane Library of
randomised controlled trial, placebo-controlled, double-blind, parallel-group trials
comparing drugs with placebo, from 1994 through to July 2015. Regarding the models of
health economic evaluations, MEDLINE and CRD database were searched from January
1975 through to March 2018, written in English, on cost-minimisation analysis, cost-
benefit analysis, cost-effectiveness analysis, and cost-utility analysis, of pharmacological

treatments in dementia.
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Results: Dementia is a progressive brain disease associated with cognitive impairment. At
any one point, people with dementia had experienced BPSD accounting for 50-90%
within the disease progression, leading to a significant caregiver burden. Due to clinicians
having limited treatment alternatives, antipsychotics are widely used in treating BPSD,
although these drugs are marginally useful in the treatment of these people. A total of
2,190 articles were reviewed on atypical antipsychotics for dementia. However, only 13
studies were identified for an in-depth review. The evidence supported the efficacy of
atypical antipsychotics in patients with BPSD, although the adverse events might offset
their efficacy. Regarding model-based economic evaluations in dementia, of 1,118
citations identified, 40 studies contributed data for the modelling used in the economic
evaluations of dementia. Different model structures were found to apply in health
economic evaluations in dementia. The grouping of models according to the disease
progression, found that there were 16 model approaches. A Markov model was most
commonly used for evaluation. The FTC conceptual framework and CERAD conceptual
framework were the most used model structures applied to economic evaluation in

dementia.

Conclusions: Despite the concerns with the adverse events of atypical antipsychotics for
dementia, these drugs remain beneficial to patients with BPSD. The patients need to be
monitored when they are prescribed antipsychotic drugs for dementia. There was a
paucity of studies using model-based health economic evaluations in dementia on patients

with BPSD and being treated with antipsychotic medications.
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2.1 Dementia and Behavioural and Psychological Symptoms of Dementia (BPSD)

2.1.1 Definition of Dementia

Dementia can be defined as a progressive brain disease associated with the impairment of
brain function. The dysfunction involves cognition, personality, and a person’s intellect,
for example: memory, thinking, language, learning ability, calculation, comprehension,
judgement, and orientation. Thus, the deterioration of the brain in this way can have a
significant impact on people living with the condition, as well as on society as a whole
(World Health Organization 2012, Butler and Radhakrishnan 2011, Holmes 2012,
National Institute for Health and Care Excellence 2006). Alzheimer’s disease (AD) is the
most common type of dementia, accounting for 50-70% of cases. Vascular dementia
(VaD), dementia with Lewy bodies, and frontotemporal dementia (FTD) are also
substantial categories of the disorder accounting for 20%, 10% and 2% cases, respectively
(Butler and Radhakrishnan, 2011, Holmes 2012, NSW Health 2013). According to the

World Health Organisation (2012), dementia can be classified into three stages:

Stage 1 - the early dementia stage occurs in the first or second year of the

condition;

*Stage 2 - the middle dementia stage occurs from the second to fourth or fifth

year; and finally
Stage 3 - the late dementia occurring in the fifth year and beyond.

2.1.2 Definition of Behavioural and Psychological Symptoms of Dementia (BPSD)
Behavioural and psychological symptoms of dementia (BPSD) are common symptoms of
the disease, including neuropsychiatric symptoms, non-cognitive symptoms and
behavioural disturbance (NSW Health 2013, Byrne, 2005). Diagnosis of BPSD has no
formally specified approach; therefore, clinical magnitude is more subjective than
objective in patients with dementia. The clinical symptoms of BPSD present themselves
as: agitation, apathy, anxiety, depression, delusion, hallucination, disinhibition, aberrant

motor behaviour, elation, irritability, and sleep and appetite changes (Cerejeira, Lagarto
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and Mukaetova-Ladinska 2012, NSW Health 2013, Byrne 2005). At any one point in
time, 50-90% people with dementia are likely to experience at least one symptom of
disorder (Lawlor 2002, Angelini et al. 2007, NSW Health 2013). Additionally, BPSD
tends to be more prevalent in the last stage of the disorder. As a result, these problems
directly affect patients, caregivers and their families. These include, but are not limited to,
distress among carers and patients, long term hospitalisation, drug abuse, and other health
care costs (Cerejeira, Lagarto and Mukaetova-Ladinska 2012). The decline in patients'
and caregivers' quality of life is the more troublesome aspect of BPSD management rather

than cognitive impairment.

2.2 Prevalence and Economic Impact of Dementia

Dementia is a worldwide problem resulting from the rapid increase in populations aged
60 or above. The worldwide size of the over 60 years old population is estimated to be 2
billion in 2050 (World Health Organization 2012). It is predicted that 6.7% of this older
population are expected to have dementia which would equate to 135 million people (See
Figure 2.1) (Alzheimer’s Disease International 2013). It can be seen that the condition has
the potential to impact significantly on social and economic welfare worldwide. There are
three different aspects of dementia costs namely: informal care costs, direct social costs,
and direct medical costs (See Figure 2.2). These tend to vary in proportion according to

each nation’s wealth (World Health Organization 2012).

In Thailand, the number of the population over 60 years old was approximately 10 million
in 2014 (National Statistical Office of Thailand 2014). The prevalence of dementia
amongst Thai people aged 60 and above was 3.3-8.1% (Jitapunkul et al. 2001, Kalaria
2008, Aekphakorn et al. 2016). The projection for 2050 suggests that there will be more
than 1.2 million Thai people with dementia (Uddin Akter et al. 2012). It is clear that the

demographic characteristics of the Thai population have changed and it is entering into an
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ageing society. The increased numbers of people with dementia will therefore lead to

various demands and problems on the healthcare systems and communities in Thailand.
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Figure 2.1: Increase in the number of people with dementia worldwide (2010-2050),

showing original and updated estimates (Alzheimer’s Disease International 2013)
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Figure 2.2: Distribution of total societal costs (%) by World Bank Income level

(World Health Organization 2012)

2.3 Management of behavioural and psychological symptoms of dementia
Generally, people with dementia may experience BPSD at any point during the
progression of the illness, associated with poor outcomes for patients and caregivers.

Also, the disorder is significantly troublesome in clinical practice. The guidelines for
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management of BPSD, classified into non-pharmacological and pharmacological

approaches are listed below:

2.3.1 Non-pharmacological approaches

Non-pharmacological approach was recommended as the first-line management for BPSD
(NSW Health 2013, Scottish Intercollegiate Guidelines Network 2006, Tampi et al. 2011,
Sadowsky and Galvin 2012, Azermai et al. 2012, The American Geriatrics Society 2011).
The treatments were applied for behavioural disorders following the characteristics of
symptoms. The most common approaches are environmental design, music therapy, light
therapy, and carer education for behavioural disturbances (NSW Health 2013, Scottish
Intercollegiate Guidelines Network 2006). For example, the stimulation/activities and
simple tasks were introduced for apathy (Segal-Gidan et al. 2011, Opie, Rosewarne and
O’Cornor 1999). Furthermore, Fujii et al. (2010) suggested that behavioural and
psychological symptoms of caregivers (BPSC) resulted from BPSD, namely, the
behaviour of caregivers was an important factor that would affect a relationship and the
emotions of a patient.

2.3.2 Pharmacological approaches

Pharmacological methods will be necessary when non-pharmacological interventions are
unsuccessful or there is no response to the BPSD treatment (NSW Health 2013, Scottish
Intercollegiate Guidelines Network 2006). There are several classes of drugs that have

been utilised for the management of BPSD. The categories are listed below:

2.3.2.1 Anticonvulsants

There are studies associated with carbamazepine, sodium valproate, and gabapentin for
the treatment of behavioural symptoms related to patients with dementia. Of these the
evidence showed that valproate was insufficient for the treatment of BPSD (Lonergan and
Luxenberg 2009, Scottish Intercollegiate Guidelines Network 2006). Carbamazepine
revealed short- term effectiveness for agitated behaviour (Tariot et al. 1998, Scottish
Intercollegiate Guidelines Network 2006). Gabapentin alone and also combined with

psychotropic drugs showed efficacy for the treatment BPSD, however more evidence is
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required (Scottish Intercollegiate Guidelines Network 2006, Tempi, Ozkan and
Williamson 2012, Yeh and Ouyyang 2012). On the basis of the data, anticonvulsant drugs
were not recommended for the treatment BPSD associated with dementia (Konovalov et

al. 2008, Scottish Intercollegiate Guidelines Network 2006).

2.3.2.2 Cholinesterase inhibitors (ChEIs)

At present, there is evidence accounting for the benefits of ChEIs. Rodda et al. (2009)
showed a limitation of effectiveness data, but ChEIs can be used for BPSD in
Alzheimer’s disease (National Institute for Health and Care Excellence 2015). The US-
FDA has approved donepezil, galantamine, and rivastigmine for treatment of symptoms
of Alzheimer’s disease; however, the recommendations of ChEIs are inconsistent in
guidelines (Azermai et al. 2012). If behavioural symptoms still persist during ChEIs use,
alternative drug classes may be considered as therapeutic options (Sadowsky and Galvin

2012).

2.3.2.3 Antidepressants

Depression symptoms are common in patients with dementia. Selective serotonin
reuptake inhibitors (SSRI) were observed for efficacy on depression (Gauthier et al.
2010). Citalopram and sertraline had commensurate efficacy on agitated behaviour
relative to risperidone or haloperidol. However, there were several controversial
guidelines to support antidepressants for behaviour disturbances, excepting comorbid

depression in patient associated with dementia (Scottish Intercollegiate Guidelines

Network 2006, Sink, Holden and Yaffe 2005, Azermai et al. 2012).

2.3.2.4 Memantine or NMDA (N-methyl-D-aspartate)

Memantine is currently the US-FDA approved drug for treatment of moderate to severe
stages of Alzheimer’s disease (Sink, Holden and Yaffe 2005). Nevertheless, the
recommendation for BPSD is disputed in guidelines. The SIGN guidelines addressed the
insufficient evidence of memantine for management of patients with BPSD (Scottish
Intercollegiate Guidelines Network 2006). In contrast, the NICE guidelines recommended

memantine for non-cognitive symptoms in cases of moderate to severe stages and the
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ineffectiveness of ChEIs and antipsychotics (National Institute for Health and Care

Excellence 2015).

2.3.2.5 Antipsychotics

The classification of antipsychotics is divided into two classes: typical antipsychotics and
atypical antipsychotics. All guidelines have consistency for introducing antipsychotics for
treatment of patients with BPSD, in particular agitation, aggression, and psychosis
(Azermai et al. 2012, National Institute for Health and Care Excellence 2015). Due to
adverse effects, the NSW guidelines did not recommend conventional antipsychotics as a
first-line drug (NSW Health 2013). Atypical antipsychotic drugs are commonly
prescribed for BPSD rather than typical antipsychotics. Drouillard, Mithani and Chan
(2013) noted that atypical antipsychotics were useful for managing BPSD in relation to
agitation and aggression. However, before applying medications, patients should be
investigated. Tampi et al. (2011) recommended that risperidone, aripiprazole and
olanzapine should be considered as the first-line of the treatment of patients with BPSD.
Aripiprazole, olanzapine, and risperidone showed statistically significant effects in the
reduction of psychosis, agitation, and global behavioural symptoms in dementia (Maher et
al. 2011).

In conclusion, the management of BPSD should integrate both non-pharmacological
treatments and pharmacological treatments. Non-pharmacological approaches should be
introduced as initial strategies. When non-pharmacological interventions have no
response, starting medication was appropriate. Notwithstanding, atypical antipsychotic
drugs have a significant performance. These are considered to be first-line drugs for the
treatment of psychotic disorders in elderly people with dementia due to their more
effectiveness and having less adverse effects. Currently, although these are controversial
for use concerning drug safety, the goal of pharmacological therapy is the reduction in the
problematic disorders and not in eliminating symptoms. The concept of antipsychotic

drugs is “start slow, go slow”. Thus, caregivers should take part in the decision-making of
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the care map for patients with dementia. Also, pharmacological treatment should
scrutinize the risk-benefits to patients and be considered on a case by case assessment.
Since there are an extensive variety of antipsychotics prescribed for the treatment of
patients associated with BPSD, in this proposed research, the researcher will focus

exclusively on atypical antipsychotic drugs.

2.4 Efficacy of Atypical Antipsychotic Drugs for Dementia

A comprehensive literature search was undertaken in electronic databases. The literature
search was focusing on efficacy of atypical antipsychotics for dementia. In this procedure,
there were four main steps. Firstly, the key search terms were developed on the basis of
the relevant topic. Secondly, titles were considered for screening using the inclusion and
exclusion criteria (see below). If they met the criteria, they were then exported to
RefWorks for further evaluation. Thirdly, the abstracts were scrutinised for inclusion and
exclusion criteria, to confirm whether they met an engagement. Finally, an assessment
and in-depth review identified whether they were for inclusion or exclusion. If they
fulfilled the criteria, they were then included into the final stage. Studies in non-English

language were excluded from the literature review.

2.4.1 Literature Search for Efficacy of Atypical Antipsychotics for Dementia

A literature search for efficacy of second-generation antipsychotic drugs for the treatment
of dementia, in particular risperidone, olanzapine, quetiapine and aripiprazole was
undertaken in electronic databases, including MEDLINE, PsycINFO, and the Cochrane
Library. The literature search covered the period from 1994 up to July 2015. The search

terms were broken down into the relevant topics following these criteria:

a) Dementia and Alzheimer’s disease;
b) Behavioural and psychological symptoms of dementia, BPSD and

neuropsychiatric symptoms;
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¢) Atypical antipsychotics, Risperidone, Olanzapine, Aripiprazole and
Quetiapine.

The database search for the efficacy of atypical antipsychotic (risperidone, olanzapine,
quetiapine and aripiprazole) drugs for dementia retrieved 2,190 articles from MEDLINE,
PsycINFO, and the Cochrane Library. Of these 1,075 articles were retrieved from
MEDLINE, 754 articles retrieved from PsycINFO and 361 articles from the Cochrane
Library. The titles were screened using the inclusion and exclusion criteria. Of the
original 2,190 articles, 2,063 were excluded due to their title. The remaining 127 articles
were identified for further scrutiny. A further 81 articles were excluded after screening the
abstracts. 46 articles still remained to undergo the next step. From the remaining 46
articles, a further 26 were excluded due to duplication. 20 articles remained to undergo
the next step which was screening the full paper. Six articles were excluded due to not
meeting the outline criteria. Another one paper was excluded due to having no access to
full-text paper. 13 articles then remained which were potentially relevant on which to
undertake a full review. Finally, these articles were reviewed to synthesise the results on

the efficacy of newer antipsychotic agents for the treatment of patients with dementia.
Inclusion criteria:

® Participants: people with dementia, people with behavioural and psychological
symptoms of dementia;

® [nterventions: atypical antipsychotic, risperidone, olanzapine, quetiapine and
aripiprazole for the treatment of dementia, Alzheimer’s disease, behavioural and
psychological symptoms of dementia and neuropsychiatric symptoms;

® Study designs: randomised controlled trial, placebo-controlled, double-blind,
parallel-group trials comparing drugs with placebo;

® (Qutcomes: Behavioural Pathology in Alzheimer’s disease Rating Scale
(BEHAVE-AD), Clinical Global Impression (CGI) scale, Neuropsychiatric

Inventory (NPI), Cohen-Mansfield Agitation Inventory (CMAI), Brief Psychiatric
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Rating Scale (BPRS), Severe Impairment Battery (SIB), time for initial treatment

to the discontinuation, and Mini-Mental State Examination (MMSE).

Table 2.1 shows the summary of studies for the efficacy of atypical antipsychotics for

dementia.
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Table 2.1: The summary of studies for the efficacy of atypical antipsychotics for dementia

Trials Populations Interventions Outcome assessment Result Conclusion
De Deyn et al. -n=344 Risperidone, -BEHAVE-AD total score -At the end point and week 12, the Risperidone showed
(1999) -Patient with haloperidol, -CMAI mean dose of risperidone (1.1 efficacy for the
dementia or placebo -CGI-S mg/day) showed improvement on treatment of patient
-Mean age 81 -Tolerability (including EPS BEHAVE-AD total score (the score ~ with AD associated
years rating scale) reduction was equal to or greater with aggression
-Flexible -Functional Assessment than 30% from baseline), but not (mean dosage 1.1

dosage regimen
of risperidone
or haloperidol
was 0.25-2 mg

twice daily

-MMSE

-Adverse events

significant when compared with
placebo (p=0.19)

-BEHAVE-AD aggression and
CMALI aggression, CGI-S score
showed significant reduction at 12-
week and the endpoint outcome

-Patient with vascular dementia

demonstrated statistically significant

improvements on BEHAVE-AD
aggression and CMALI aggression

both the end point and 12-week

mg/day)
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Trials Populations Interventions Outcome assessment Result Conclusion
-No significant difference on EPS
between risperidone and placebo
Brodaty et al. n=345 Risperidone vs -CMAI Primary efficacy outcomes: Risperidone showed
(2003) -Patients Placebo -BEHAVE-AD rating scale -Significant result for CMAI total efficacy for treating
diagnosed AD, -CGI-S and CGI-C aggression score (p<0.001) of of patients with
Vascular risperidone compared with placebo dementia with
dementia, Secondary efficacy outcomes: psychosis, aggression
mixed -Improvement on CMALI subscale and agitation (mean

dementia, and
aggressive

behaviour

(total non-aggression, p<0.002) in
risperidone vs placebo

-Significant results on BEHAVE-AD
total (p<<0.001) and psychotic
symptoms subscale (p=0.004)
-Risperidone showed no significant
reduction in BEHAVE-AD activity
disturbance and diurnal rhythm
disturbances (p=0.067, p=0.098,

respectively)

dosage 0.95 mg/day)
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Trials Populations Interventions Outcome assessment Result Conclusion
At the endpoint, risperidone
improved CGI-S and CGI-C scale
(p<0.001)
-Risperidone and placebo showed no
significant in ESRS at the endpoint
(p=0.407)

Street et al. (2000) n=206 Olanzapine vs  Primary efficacy outcome: Primary outcome: Olanzapine 5 and 10
-the elderly placebo -NPI-NH Core Total -Significant results on olanzapine 5 mg daily resulted in
with AD with (agitation/aggression, and 10 mg/day improving in NPI- effectiveness for the
psychosis hallucinations, and delusions NH Core Total (p<0.001 and treatment of patients
and/or items) p<0.006, respectively) compared with AD with
behavioural Secondary outcomes: with placebo agitation, aggression,

symptoms in
nursing home
-6-week
-Fixed-dose
olanzapine 5.0,
10.0, and 15.0

mg/day

-NPI/NH Total score

-NPI-NH Psychosis total
(Hallucinations and Delusions)
-NPI-NH Occupational
Disruptiveness score

-BPRS total and subscale
-MMSE

-EPS

Secondary outcomes:

-Olanzapine 5 mg/day showed
significant results for NPI/NH Total
score (p=0.005), NPI-NH
Occupational Disruptiveness score
(p=0.008), BPRS total (p=0.005),

BPRS positive subscale (p=0.05)

and psychosis
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Trials

Populations Interventions

Outcome assessment

Result

Conclusion

-NPI-NH psychosis scale, NPI-NH
agitation/aggression, BPRS
anxiety/depression subscale were
significant in both dosage 5 and 10
mg/day of olanzapine

-NPI-NH depression/dysphoria,
MMSE, and EPS not significant in

all treatment groups

De Deyn et al.
(2004)

-n=652 Olanzapine vs
-Patients with placebo

AD with

psychosis

symptoms

-10-week

-Fixed dose

olanzapine 1.0,

2.5,5.0,and 7.5

mg/day

Primary Outcomes:

-NPI-NH psychosis total score
(sum of delusion, hallucination
items)

-CGI-C

-CGI-S

Secondary outcomes:

-BPRS score

-Occupational Disruptiveness
Psychosis total score

-MMSE

-SIB

-No significant results for primary
efficacy outcomes between
olanzapine and placebo
-Repeated-measure analysis showed
improvement in NPI-NH psychosis
total score (sum of delusion,
hallucination items, p<0.001) in all
treated olanzapine relative to placebo
-Repeated-measure showed
significant effect for olanzapine 2.5
and 7.5 mg/day relative to placebo

(p=0.049 and p=0.030, respectively)

-Olanzapine 2.5 and
7.5 mg daily showed
significant
effectiveness in
treating of patients
with AD with

psychosis
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Trials

Populations

Interventions

Outcome assessment

Result

Conclusion

-SAS
-AIMS

-POMA

-Olanzapine 2.5 mg/day improved
on CGI-C score (p=0.030) relative to
placebo

-Occupational Disruptiveness
Psychosis total and overall
Occupational Disruptiveness
favoured olanzapine 7.5 mg daily
(p=0.021 and p=0.007, respectively)
-BPRS score showed improvement
in all treatment groups but not
significant differences.

-MMSE showed significant increase
in use of olanzapine 2.5 mg/day
(p=0.019)

-Treatment groups resulted in no
significant differences in SAS,
AIMS, and POMA compared with

baseline in each group

Zhong et al. (2007)

-n=333

Quetiapine vs

placebo

-PANSS

-CGI-C

Primary efficacy outcomes:

-Quetiapine 200

mg/day showed a
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Trials

Populations

Interventions

Outcome assessment

Result

Conclusion

-Patients with
dementia and
agitation
-Fixed-dose
quetiapine 100,
200 mg/day or
placebo
-10-week
-Mean age 83

years

-NPI-NH
-CMAI
-Incidence of adverse events

-MMSE

-Quetiapine at dose 100 mg/day
showed no difference compared with
placebo

-Quetiapine 200 mg/day changed in
PANSS (LOCF, p=0.017 and OC,
p=0.002)

Secondary outcomes:

-Significant results for CGI-C
(LOCF, p=0.017 and OC, p=0.002),
CGI-C response rate (LOCF,
p=0.002 and OC, p<0.001) in all
treatment groups relative to placebo
-No significances in NPH-NH total
score, agitation, psychosis score, and
occupational disruptiveness, and
CMALI in treated group compared
with placebo

-MMSE was not change compared

with baseline

significance impact in
patients with
dementia related to

agitation
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Trials

Populations Interventions

Outcome assessment

Result

Conclusion

-CVE showed no significant changes

among treatment groups

Tariot et al. (2006)

-n=284 -Quetiapine,
-Patients with haloperidol,
AD with and placebo
probable

psychoses

-Mean age 83.2

years

-10-week

Primary outcomes:

-BPRS total score

-CGI-S

Secondary outcomes:

-BPRS agitation factors subscale
-NPI-NH agitation scores
-MMSE

-MOSEC

-PSMS

-SAS

-AIMS

Primary outcomes:

No statistical significance in BPRS
total score (quetiapine vs placebo,
p=0.217, quetiapine vs haloperidol,
p=0.354) and CGI-S

(quetiapine vs placebo, p=0.577
quetiapine vs haloperidol, p=0.887)
Secondary outcomes:

-Significant results for BPRS
agitation factors subscale (quetiapine
vs placebo, p=0.023)

No significant differences in NPI-
NH agitation scores, MMSE in all
treatment groups, except MOSEC
,PSMS, and SAS not significant in
quetiapine vs placebo

(p=0.612, p=0.198 and p=0.974

respectively)

-No significant
differences of all
treatment groups for
patients with AD with

psychosis
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Trials

Populations Interventions

Outcome assessment

Result

Conclusion

Paleacu et al. (2008)

Kurlan et al. (2007)

n=40 Quetiapine vs

-Patients with placebo

AD associated

with BPSD

-6-week

n=40 Quetiapine vs
-Patient with placebo

dementia and
parkinsonism

-10-week

Primary efficacy outcomes:
-NPI total score

-CGI-C

Secondary efficacy outcomes:
-MMSE

-SAS

-AIMS

Primary outcome:

-BPRS

Secondary outcomes:

-NPI Psychosis and agitation
-MMSE

-ADSC-CGIC

-ADCS Activities of Daily Living

Questionnaire

33

-No significant reduction in NPI
total score in quetiapine vs placebo
compared with baseline
-Significant change in CGI-C score
at 6-week in quetiapine (p=0.009) -
Placebo showed no significance
(p=0.0438) relative to baseline

-No significant differences in
secondary outcomes between
quetiapine and placebo

-No significant results for the
primary and secondary outcomes
between quetiapine and placebo
-No worsening of parkinsonism

showed in quetiapine

-Quetiapine showed
no significance
difference for treating
AD patient with
psychosis compared

with placebo

-Quetiapine had no
efficacy for
psychosis or agitation
in patients with
dementia and

parkinsonism



Trials Populations Interventions Outcome assessment Result Conclusion
De Deyn et al. -n=208 Aripiprazole Primary outcome: Primary outcome: -Aripiprazole and
(2005) -AD patients vs placebo -NPI psychosis subscale -No significance of aripiprazole on placebo showed no
with psychosis Secondary outcomes: NPI psychosis subscale compared significant
-10-week -NPI total with placebo (p=0.0169) improvements in NPI
-Mean age 81.5 -BPRS Secondary Outcomes: psychosis subscale
years -CGI-S -Aripiprazole showed significant -Aripiprazole showed
-CGI-1 improvement on BPRS psychosis improvement in
-MMSE and BPRS core subscale compared BPRS psychosis core
-Adverse events report with placebo (p=0.029 and p=0.042, subscale relative to
-EPS rating scale respectively) placebo
-Body weight No significant differences in NPI
total, BPRS total, CGI-I, CGI-S,
ASA, AIMS, and BAS
-Aripiprazole and placebo were no
significant differences in EPS rating
Scale
Streim et al. (2008)  -n=256 Aripiprazole Primary endpoints: Primary efficacy outcomes: Aripiprazole was
-AD patients vs placebo -NPI-NH psychosis score (sums -No significant differences in efficacious for
with psychotic of Hallucinations and Delusions)  primary outcomes, NPI-NH agitation, anxiety, and
symptoms -CGI-S psychosis score (p=0.883)
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Trials Populations Interventions Outcome assessment Result Conclusion
-10-week Secondary endpoints: and CGI-S (p=0.198) depression but not
-NPI-NH total score Secondary efficacy outcomes: psychosis
-BPRS total -Significant results for NPI-NH total
-BPRS psychosis score (p=0.009), BPRS total
-CMAI (p=0.031), CMAI (p=0.030),
-Cornell scale Cornell scale (p=0.006), and NPI-
-NPI-NH Psychosis Caregiver NH Total Caregiver distress
distress (p=0.003)
-NPI-NH Total Caregiver distress
ADCS-ADL-SEV
Mintzer et al. n=487 Aripiprazole Primary outcomes at 10-week: At 10-week primary endpoint: -Aripiprazole 10
(2007) -AD patients vs placebo -NPI-NH psychosis subscale score -Aripiprazole 10 mg/day was mg/day showed
with psychosis Secondary outcomes: significant improvement in NPI-NH  significant efficacy
-Aripiprazole -NPI-NH total score psychosis subscale (p=0.013) for treatment of AD
2.0,5.0,and 10 -CGI-S score relative to placebo patients with
mg/day -BPRS psychosis, core and total Secondary efficacy outcomes: psychosis, agitation,

-Mean age 82.5

years

score
-CMALI total score
-MMSE score

-CGI-I

-NPI-NH total score, aripiprazole 10
mg/day showed statistically
significant improvement in the

aggression/agitation, anxiety, and

and aggression
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Trials

Populations

Interventions

Outcome assessment

Result

Conclusion

irritability, as well as 5 mg/day
resulted in reduced
aggression/agitation and anxiety
compared with placebo

-No significant improvement on
aripiprazole 2 mg/day vs placebo
-Aripiprazole 10 mg/day also
showed significant differences on
CGI-S (p=0.031), BPRS total score
(p=0.030), BPRS core score
(p=0.007), and CMAI (p=0.023)
compared with placebo
-Aripiprazole 5 mg/day was
significant in BPRS and CMALI score
compared with placebo

-On dose 2 mg/day showed no
significant differences of

aripiprazole relative to placebo
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Trials Populations Interventions Outcome assessment Result Conclusion
-The dose-dependent was significant
leading to increase in
cerebrovascular events (p=0.03)
Schneider et al. -n=421 Olanzapine, Primary outcome: - All treatments showed no -Atypical
(2006) -AD patients risperidone, -Time for initial treatment to the significant differences in time to the  antipsychotics
with psychosis, quetiapine vs  discontinuation discontinuation of treatment showed adverse

aggression or
agitation
-Mean dose
olanzapine 5.5
mg/day

-Mean dose
quetiapine 56.5
mg/day

-Mean dose
risperidone 1.0

mg/day

placebo

Secondary outcomes:

-CGI-C scale

-Time to the discontinuation of
treatment due to lack of efficacy
-Time to the discontinuation of
treatment due to adverse events,

intolerability, or death

-Lack of efficacy with regard to time
to the discontinuation of treatment
was greater in olanzapine (22.1
weeks) and risperidone (26.7 weeks)
than quetiapine (9.1 weeks), and
placebo (9.0 weeks) (p=0.002)
-CGI-C scale showed no difference
against all treatments (p=0.22)
-Olanzapine and risperidone had a
greater effect on Parkinsonism or
extrapyramidal signs than
quetiapine or placebo

-Sedation effect favoured placebo

more than drug groups

events outweighed
benefits for AD
patients with
psychosis, aggression

or agitation

37



Trials

Populations Interventions

Outcome assessment

Result

Conclusion

-Olanzapine group showed higher
cognitive disturbance and psychotic
symptoms than the three-remaining

treatment groups

Deberdt et al.

(2005)

-n=494 Olanzapine,
-Patients with risperidone vs
moderate to placebo
severe

psychotic

symptoms with

dementia

-Mean dose

risperidone 1.0

mg/day

-Mean dose

olanzapine 5.2

mg/day

Primary outcomes:

-NPI Psychosis Total
-CGlI-severity of psychosis scale
Secondary outcomes:

NPI Total

-BPRS

-CMALI aggression

-PDS

-Cornell Scale

Primary outcome:

-All treatment groups showed no
significant difference in NPI
Psychosis Total

Secondary outcomes:

NPI Total, CGI-S Psychosis, BPRS
Total, CGI-S dementia, Cornell
Total, PDS, and CMAI aggression
showed no significant differences of
both olanzapine and risperidone
compared with placebo

-Overall discontinuation favoured in
placebo

-Incidence of discontinuation due to
adverse effects was the greater in

olanzapine

Olanzapine,
risperidone, and
placebo were showed
no significant
differences for
treating of patients
with moderate to
severe psychotic
symptoms with

dementia
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Trials Populations Interventions Outcome assessment Result Conclusion

-Somnolence, urinary incontinence
and hostility significantly presented
in risperidone and olanzapine

compared with placebo

Abbreviations: Behavioural Pathology in Alzheimer’s disease Rating Scale (BEHAVE-AD), Clinical Global Impression (CGI) scale, Clinical Global Impression-Change
scale (CGI-C) scale, Clinical Global Impression-Severity scale (CGI-S) scale Neuropsychiatric Inventory (NPI), Cohen-Mansfield Agitation Inventory (CMAI), Brief
Psychiatric Rating Scale (BPRS), Severe Impairment Battery (SIB), time for initial treatment to the discontinuation, and Mini-Mental State Examination (MMSE), the
Simpson-Angus Scale (SAS), the Abnormal Involuntary Movement Scale (AIMS), the Modified Performance-Oriented Mobility Assessment (POMA), the Progressive
Deterioration Scale (PDS), Alzheimer’s Disease Cooperative Study-Activities of Daily Living (ADCS-ADL-SEV), Extrapyramidal Symptoms Rating scale (EPS rating
scale), the ADCS Clinical Global Impression of Change (ADSC-CGIC), Positive and Negative Syndrome Scale (PANSS), Last Observation Carried Forward (LOCF),
Observed Cases (OC)
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From the literature review, the published evidence has supported the efficacy of atypical
antipsychotics for the treatment of patients with dementia associated with behavioural and

psychological symptoms.

However, the adverse events associated with atypical antipsychotics may offset efficacy for
the treatment of BPSD. The serious side effects in senile dementia accounted for
cerebrovascular events, extrapyramidal symptom, falls, somnolence, sedation, disinhibition,
depression, incontinence, Parkinsonism, weight gain, orthostatic hypotension, dyskinesia and

cognitive function impairment (Schneider et al. 2006, Tan et al. 2015).

To sum up, despite, the US-FDA warning of using atypical antipsychotics due to increased
incidence in cerebrovascular mortality of 1.5 -1.7 times in the elderly with dementia in
2005, the trend of prescribing atypical antipsychotic for patients with dementia was
paradoxical. Atypical antipsychotics were significantly prescribed for the treatment of BPSD
(Schulze et al. 2013, Mcllroy, Thomas and Coleman 2015). Additionally, several published
articles showed that second-generation antipsychotic drugs had modest efficacy for the
treatment of behavioural and psychological symptoms, namely agitation, aggression,
psychosis, depression, anxiety. However, the limited and conflicting evidence for efficacy of
atypical antipsychotic drugs were debatable for introducing them to manage BPSD in patients
with dementia. The efficacy of certain drugs may be offset by adverse events.

Although this still needs to be a debate about atypical antipsychotics on their effectiveness
and adverse events, these drugs are widely used for the treatment of behavioural disturbance
related to geriatric dementia. This is because the severity of behavioural disturbance worsens
following disease progression. This then has potential impacts on morbidity, caregiver’s
general health, the burden of care, patient and caregiver distress, and risk of harm to patients
and carers. Consequently, it is important to weigh the risks and benefits before making

judgments regarding the treatment of behavioural problems in people with dementia. The
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pharmacological approaches are important and these are recommended after non-
pharmacological methods fail, for the better management of the disease. Finally, despite the
modest efficacy for the reduction of behavioural symptoms, the potential improvement of the

condition has considerable impact on the quality of life for patients and caregivers.

2.5 Health Economic Evaluations

Economic evaluations of health care involve a comparative analysis of the costs involved and
the relevant options implemented. The purpose of this type of analysis is mainly to allocate
scarce resources rationally for optimal decision making (Drummond et al. 2005). Cost-
effectiveness analysis (CEA), which is in widespread use in economic evaluations of health,
compares the costs and the outcomes of one intervention against alternative interventions.
The effect in this type of analysis is measured in terms of life-years gained (LYG). By
contrast cost-utility analysis (CUA) is a type of health economic evaluation adapted from
CEA. The outcome of this analysis is reported on the basis of life-years gained adjusted by
the utility value (QALY's). These quality adjusted life years (QALY's) reflect both the quality

and the quantity of life gains (Drummond et al. 2005).

The cost-effectiveness plane (See Figure 2.3) is a diagram that can be applied to economic
evaluations when comparing new technologies with current technologies. The horizontal and
the vertical axes represent the differences in effectiveness and cost of both the new treatment
and the current treatment respectively. The four scenarios can be illustrated as follows: in
quadrant II, the new treatment dominates the comparator, which means the new treatment is
more effective and cheaper than the comparator. Conversely, the new intervention is more
expensive and less effective in quadrant IV and the new treatment is dominated by the current
treatment. In quadrant I, is the scenario generally found in health economic evaluation,

whereby the new treatment is more effective and also more expensive than the current
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treatment. The same applies in quadrant III, but the justification is consistent with the

previous quadrant (Drummond et al. 2005).

The comparison of two heath care programmes can be demonstrated in terms of the
incremental cost-effectiveness ratio (ICER). This ratio represents the incremental cost over
the incremental outcome, which identifies how much it is worth paying for additional health
gains (Drummond et al. 2005). Conventionally, the lowest ratio is held to be the optimal

decision.

Cost

v

A
v

Effect

1 I

Figure 2.3: The cost-effectiveness plane

2.5.1 Literature Search for Heath Economic Evaluations of Atypical Antipsychotics for
Dementia

A comprehensive literature search was undertaken in electronic databases. The literature
search was focusing on health economic evaluation of atypical antipsychotics for dementia.
The procedure was similar to the literature search for efficacy of atypical antipsychotics for

dementia.
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A literature search was undertaken in the electronic databases MEDLINE, the Centre for
Reviews and Dissemination (CRD), and the National Health System Economic Evaluation
Database (NHS EED). The literature search covered the period between 1995 and June 2015.

Search terms were as follows:

a) Cost-effectiveness, cost-analysis, cost-benefit, cost-utility;

b) Dementia, Alzheimer’s disease;

¢) Risperidone, Olanzapine, Aripiprazole, Quetiapine.
The database search for cost-effectiveness of atypical antipsychotics, including risperidone,
olanzapine, quetiapine and aripiprazole for dementia, resulted in a total of 14 articles
retrieved from MEDLINE, NHS EED, and CRD. The titles were screened for inclusion and

exclusion criteria.

The result found only two studies associated with the cost-effectiveness. One study focused
on olanzapine for agitation and psychosis in Alzheimer’s disease, based on a Markov state-
transition model to estimate the cost-effective treatment. The conclusion showed olanzapine
was cost-effective compared with an untreated group, for agitation and psychosis in AD in a
community dwelling in the United States, using the perspective of the US health system.
However, the limitation of this study was the variables to enter into the model derived from
other studies. Another factor to consider is the estimation of health utilities which was

deduced from schizophrenia studies (Kirbach et al. 2008).

On the contrary, another study is the cost-benefit analysis in a randomized controlled trial of
second-generation antipsychotics and placebo for treating psychosis, agitation, or aggression
in AD, followed-up over 9 months. The finding demonstrated that risperidone, olanzapine

and quetiapine showed no differences in effectiveness compared to placebo, in a community

dwelling in United States (Rosenheck et al. 2007).
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2.5.2 The extended literature search for health economic evaluations of atypical
antipsychotics for dementia

A comprehensive literature search of electronic databases was conducted on 16" September,
2015. MEDLINE, the Centre for Reviews and Dissemination (CRD) (containing the National
Health System Economic Database (NHS EED), the Database of Abstracts of Reviews of
Effects (DARE), and Health Technology Assessment database were searched. Search terms

were as follows:

a) Costing, costs, finance, “economic evaluation”, pharmacoeconomic;

b) Dementia, Alzheimer’s disease;

¢) Risperidone, Risperdal, Olanzapine, Zyprexa, Aripiprazole, Abilify, Quetiapine,
Seroquel.

Inclusion criteria:

® Population: people with dementia, people with Alzheimer’s disease;
® Interventions: risperidone, risperdal, olanzapine, zyprexa, aripiprazole, ability,
quetiapine, and seroquel;

® Study designs: comparison in terms of cost, and cost and health outcome, costs;

® Qutcomes: QALY's, monetary costs, health benefits, health outcomes.
A total of 25 articles were retrieved. Twenty articles were retrieved from MEDLINE. Three
articles were retrieved from NHS EED, two retrieved from HTA and DARE. The titles were
screened for inclusion and exclusion criteria. After screening the titles, 15 articles were
excluded. A further seven articles were excluded after screening the abstracts, while another
one was excluded due to being non-English language which left two articles remaining.
However, these articles had already been identified from a former literature search for health

economic evaluations of atypical antipsychotics for dementia.
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2.5.3 Review for Modelling in Dementia

Green (2007) reviewed the modelling method for cost-effectiveness analysis of Alzheimer’s
disease. The results focused on four drugs which were most commonly used for the treatment
of AD: donepezil, rivastigmine, galantamine, and memantine. Most of the models for
evaluating the cost-effectiveness of donepezil used the Markov model. The models for
rivastigmine used the Hazard model, introducing individual data of patients from clinical
trials. Whereas, galantamine applied the Assessment of Health Economics in Alzheimer’s
Disease (AHEAD) model for tracking the progression of disease. Most of the modelling for

the economic evaluation of memantine used the Markov model.

Green et al. (2011), a review of model-based economic evaluation in AD, findings showed a
state-transition modelling, a Markov model, used in most studies for economic evaluation of
disease progression in AD. The author also summarised the models of AD as follows: the
McDonnell model, the Kinosian model, the Consortium to Establish a Registry in
Alzheimer’s Disease-Clinical Dementia Rating (CERAD-CDR model-refer to Markov
model), the CERAD-MMSE model, the Assessment of Health Economics in Alzheimer’s
Disease model (AHEAD model), the memantine model, the Fenn and Gray model, the
Kungsholmen-MMSE model, the CERAD-Severe Impairment Battery model (CERAD-SIB
model, and the Predictors Alzheimer’s Disease Assessment Scale-Cognitive Function

(ADAS-cog model).

Pouryamout et al. (2012) studied a systematic review of cost-effectiveness analysis in
patients with AD. The study demonstrated four main models used for economic evaluation.
The models were the Markov model, microsimulation model, AHEAD model, and discrete-

event simulations.

As aresult of the lack of pharmacoeconomic research of atypical antipsychotics on

dementia, it is recommended to explore this significant problem. Although the atypical
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antipsychotics for treatment in BPSD are still controversial in practical guidelines due to the
efficacy and safety related to adverse events, they currently remain in general use in clinical
practices and have a relatively adverse impact on the burden of care, and quality of life of
patients and caregivers. There were several studies using a decision-analytic model to
evaluate the cost-effectiveness on the use of atypical antipsychotics for schizophrenia.
However, there were very few focusing on dementia. Additionally, there were other health
economic evaluations for other classifications of drug groups for dementia, namely
Cholinesterase Inhibitors, memantine, based on decision-analytic models. This study will be
the first to explore and evaluate the cost-effectiveness of atypical antipsychotics drugs
between olanzapine relative to risperidone, for treatment of behavioural and psychological

symptoms, in patients with dementia in Thailand.

2.6 Modelling-based economic evaluation in dementia

The purpose of this review is to explore the existing decision-analytic models, which have
been used to undertake economic evaluations in dementia. The results from a literature
review identify the further development of the most appropriate model to apply with the cost-
effectiveness of atypical antipsychotics, for the treatment of behavioural and psychological

symptoms of dementia in Thailand.

2.6.1 Literature search for model-based economic evaluation in dementia

A comprehensive literature search was undertaken in electronic databases. The literature
search was performed using the following parameter: modelling in dementia. In this
procedure, there were four main steps. Firstly, the key search terms were developed on the
basis of the relevant topic. Secondly, titles were considered for screening using the inclusion
and exclusion criteria. If they met the criteria, they were then exported to RefWorks for

further evaluation. Thirdly, the abstracts were scrutinised for inclusion and exclusion criteria
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to confirm whether they met the inclusion criteria. Finally, an assessment and in-depth
review were conducted to identify whether the literature was for inclusion or exclusion. If

they fulfilled the criteria, they were then included into the final stage.

The literature search for model-based economic evaluation in dementia was undertaken in
electronic databases, including MEDLINE, the Centre for Reviews and Dissemination of the
University of York (CRD), the Database of Abstracts of Reviews of Effects (DARE), the
NHS Economic Evaluation Database (NHS EED) and the HTA database (HTA). The
literature search covered January 1975 up to March 2018. The search terms were broken

down into the relevant topics as follows:

a) Dementia or Alzheimer’s disease;

b) Modelling or models or economic models;

c) Assessment of health economics, economic evaluations (cost-minimisation
analysis, cost-benefit analysis, cost-effectiveness analysis, and cost-utility
analysis).

The inclusion for the literature search was critically appraised using a PICO framework. The

inclusion and exclusion criteria are listed below:

Inclusion criteria:

Participants: people with dementia, people with Alzheimer’s disease;

® Interventions and Comparators: interventions for people with dementia and people
with Alzheimer’s disease which focused on the treatment of disease progression;

® Study designs: decision-analytic models, statistical models;

® (Qutcomes: economic evaluations (cost-minimization analysis, cost-benefit

analysis, cost-effectiveness analysis, and cost-utility analysis).
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Exclusion criteria:

Articles were excluded when they did not match the inclusion criteria; and in particular if

they were:

® Abstracts, letters or commentaries;
® Studies of cost of illness;

® No access to full-text papers;

® Non-English-language articles;

® Review of articles.

2.6.2 Data Extraction Strategy
Initially, the database search retrieved in total 1,118 articles both from MEDLINE and the
CRD database, respectively. The search resulted in 755 articles retrieved from MEDLINE

and 363 articles from CRD.

The initial total of 755 articles from the MEDLINE database underwent screening of the title
against the inclusion and exclusion criteria. Of these, 616 articles were removed due to their
title not meeting the inclusion criteria. The remaining 139 articles were identified for
conducting further scrutiny. A further 101 articles were excluded after the abstract screening.

The remaining of 38 articles progressed to a full review of the texts.

From the CRD database, 363 articles were identified based on their titles. After a further
scrutiny, 299 irrelevant articles based on their titles were removed, and the remaining 64
articles abstracts were scrutinised. The result of abstract screening was that a further 28
articles were excluded. The remaining 36 articles were identified to progress to the next step
in the review process. However, 33 articles were excluded due to duplication, 3 articles

remained which were potentially relevant and progressed to a full-text review.
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As a result of scrutinising the two databases, 41 articles were identified as meeting the
inclusion criteria and were retrieved for full-text reviews. After the articles had been
identified for full text reviews, a paper was judged to be excluded if access to the full text of
the paper was not available. Finally, a total of 40 articles were potentially identified to be
reviewed in-depth, for the model in the treatment of patients with dementia. A literature

review flowchart is presented in Figure 2.4.

2.6.3 Results of the literature review

The screening of the 1,118 article titles identified from MEDLINE and the CRD resulted in
203 articles being retrieved for abstract consideration. After considering the exclusion
criteria, a total of 40 were judged to meet the inclusion criteria for an in-depth review.
Following a more detailed review of those articles, the main findings focused on the model

for economic evaluation in dementia.

Following on from the literature search, 40 articles modelled the disease progression in
dementia. The majority of studies were based on Alzheimer’s disease (n = 39 out of 40).
There was only one paper identified which was associated with vascular dementia. The
Markov model was the most commonly used as the decision-analytic model to be employed
for the disease progression of economic evaluations in dementia, in particular Alzheimer’s

disease (n = 30 out of 40).
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MEDLINE articles: 755

Title screening
Excluded by title: 616 ~ —— i
Abstract screening: 139
Excluded by abstract: 101 <—l

Full-text review: 38

The CRD articles: 363

Title screening
l—P Excluded by title: 299

Abstract screening: 64

l—’ Excluded by abstract: 28

Full-text review: 36

!

Articles for full-text review from two databases: 74

Duplicates: 33

Article retrieved for full-text review: 41

’ Not full-text: 1

Articles included for data extraction: 40

Figure 2.4: A comprehensive literature search for model-based economic evaluation in

dementia
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Most model-based economic evaluation in dementia included data analyses carried out in

different time periods and these were classified into five different model structures: the

Markov model, the Discrete Event Simulation (DES) model, the microsimulation, the

decision tree, and the statistic model. The findings from the literature search are presented as

follows: the overall analytical approaches are categorised model structures presented in Table

2.2. The economic evaluation based on modelling is classified by year and by region

presented in Table 2.3 and 2.4, respectively.

Table 2.2: Summary of the decision-analytic models based on model structures used in

the disease progression of dementia

Model structure

Reference

1. Markov model

2.The Discrete Event
Simulation (DES)

3. Microsimulation
4. Decision tree

5. Statistical model

Stewart, Phillips and Dempsey (1998), Jonsson et al. (1999), Neumann
et al. (1999), O’ Brien et al. (1999), Getsios et al. (2001), Caro et al.
(2002), Garfield et al. (2002), Ikeda, Yamada and Ikegami (2002),
Migliaccio-Walle et al. (2003), Ward et al. (2003), Caro et al. (2004),
Francois et al. (2004), Jones, McCrone and Guilhaume (2004), Green et
al. (2005), Jonsson et al. (2005), Antonanzas et al. (2006), Gagnon et al.
(2007), Teipel et al. (2007), Fuh and Wang (2008), Kirbach et al. (2008),
Lopes-Bastida et al. (2009), Suh (2009), Rive et al. (2010), Hoogveldt et
al. (2011), Lachaine et al. (2011), Pfeil, Kressig and Szucs (2012), Rive
et al. (2012), Touchon et al. (2014), Hu et al. (2015), Zala, Chan and
McCrone (2017)

Getsios et al. (2010), Guo et al. (2010), Hartz et al. (2012), Thibault et
al. (2015)

Weycker et al. (2007)

Henke and Burchmore (1997), Wong et al. (2009)

Fenn and Gray (1999), McDonnell et al. (2001), Nagy et al. (2010)
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Table 2.3: Summary of the model types used to model the disease progression of

dementia by year

Model Type 1996-2000  2001-2005 2006-2010  2011-2015  2016-present

No. No. No. No. No.

Referenced  Referenced  Referenced Referenced  Referenced

1. FTC framework -AHEAD 7 1

model based on Caro and

colleague (2001)

2. FTC framework-model 1 1 1

structure based on Rive and

colleague (2010)

3. CERAD-CDR model structure 1 1 3

4. CERAD-SIB model 1

5. Model developed to evaluate 3 2 1

memantine drug

6. DES model 2 2
7. Model based on Lachaine et al. 3
(2011)

8. McDonnell et al. (2001) 1

9. Fenn and Gray (1999) 1

10. Model based on the data from 1 1

Kungsholmen project

11. Henke and Burchmore (1997) 1

12. Nagy et al. (2010) based on 1

the MMSE- and ADL- based

model

13. Wong et al. (2009) 1

14. Stewart, Phillips and 1

Dempsey (1998)

15. Hu et al. (2015) 1
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Model Type 1996-2000  2001-2005 2006-2010  2011-2015  2016-present

No. No. No. No. No.

Referenced  Referenced  Referenced Referenced  Referenced

16. O’ Brien et al. (1999) 1

The modelling based on the Markov model

The model based on the FTC conceptual framework using the predictive equation of time to
FTC developed by Caro and colleagues (2001) was widely used and modified in studies
between 2001 and 2009. The model based on the FTC conceptual framework using the
predictive equation of time to FTC developed by Rive et al. (2010) was applied in several
studies conducted in 2010 to 2017. In addition, modelling based on the CERAD data using
the CDR scale to assess the cognitive function of patients was applied in various studies of
the economic evaluation of dementia during 1999 to 2009. The modelling used to evaluate
the cost-effectiveness of memantine based on the Markov model was conducted in six studies
between 2004 and 2011. There were also three studies based on Lachaine et al. (2011)
conducted between 2011 and 2014. The project of Kungsholmen was adopted to Jonsson et
al. (1999) and Teipel et al. (2007). Other models were the studies by O’ Brien et al. (1999)

and Hu et al. (2015).

The modelling based on the Discrete Event Simulation (DES) model, the decision tree model,

the statistic model, and the microsimulation model

Most studies associated with DES models were applied in 2010 to 2015. The decision tree
model was adopted by two studies those of Henke and Burchmore (1997) and Wong et al.
(2009), respectively. Fenn and Gray (1999), McDonnell et al. (2001) and Nagy et al. (2010)

applied the statistic model in their studies. Only one model based on the CERAD study using
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the SIB scale to measure the cognitive function was applied in the microsimulation model

(Weycker et al. 2007).

Table 2.4: Summary of the model types used to model the disease progression of

dementia by regions

Model Type Worldwide = USA/Canada Europe Asia Multinational
Referenced Referenced Referenced Referenced Referenced
(%) (%) (%) (%) (%)
1. FTC framework -AHEAD model 8 (20) 2 (25) 4 (50) 1(12.5) 1(12.5)
based on Caro and colleague (2001)
2. FTC framework-model structure 3(7.5) 3 (100)
based on Rive and colleague (2010)
3. CERAD-CDR scale model 5(12.5) 2 (40) 1(20) 2 (40)
4. CERAD-SIB model 1(2.5) 1 (100)
5. Model developed to evaluate 6 (15) 1(20) 5(80)
memantine drug
6. DES model 4 (10) 1 (25) 3(75)
7. Model based on Lachaine et al. 3(7.5) 1(33.3) 2 (66.7)
(2011)
8. McDonnell et al. (2001) 1(2.5) 1 (100)
9. Fenn and Gray (1999) 1(2.5) 1 (100)
10. Model based on the data from 2(5.0) 2 (100)
Kungsholmen project
11. Henke and Burchmore (1997) 1(2.5) 1 (100)
12. Nagy et al. (2010) based on the 1(2.5) 1 (100)
MMSE- and ADL- based model
13. Wong et al. (2009) 1(2.5) 1 (100)
14. Stewart, Phillips and Dempsey 1(2.5) 1 (100)
(1998)
15. Hu et al. (2015) 1(2.5) 1 (100)
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Model Type Worldwide  USA/Canada Europe Asia Multinational

Referenced Referenced Referenced Referenced Referenced

(%) (%) (%) (%) (%)

16. O’ Brien et al. (1999) 1(2.5) 1 (100)

Based on the classification by region as seen in Table 2.4, the most often used was the model
based on the FTC conceptual framework using the predictive equation of time to FTC
developed by Caro and colleagues (2001) accounting for 20% out of all studies.
Approximately 50% of the studies were conducted in Europe, followed by the US or Canada.
The model based on the FTC conceptual framework using the predictive equation of time to
FTC developed by Rive et al. (2010), was used to evaluate all the studies in Europe. 40% of
the studies in the US and Asia employed the CERAD-CDR scale, whereas there was only one
study that applied this model in Europe. The memantine and the Lachaine models were also
used in studies in Europe accounting for 80% and 66.7%, respectively. There were only two
studies based on the Kungsholmen project and these were conducted exclusively in Europe.
75% of the studies based on the DES model were conducted in Europe. The remaining
studies were undertaken in Europe and the USA or Canada (Henke and Burchmore 1997,
Stewart, Phillips and Dempsey 1998, O’ Brien et al. 1999, Fenn and Gray 1999, McDonnell
et al. 2001, Wong et al. 2009, Nagy et al. 2010), with one exception which was employed in

Asia (Hu et al. 2015).

The major interventions applied to the model-based economic evaluations in dementia were

categorised as follows:

1. Donepezil
2. Galantamine

3. Rivastigmine
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4. Memantine
5. Olanzapine
6. Tacrine
Additionally, the target groups of patients identified in the model-based economic

evaluations in dementia are summarised as listed below:

1. Mild to moderate Alzheimer’s disease patients;

2. Mild to moderate Vascular dementia patients;

3. Mild to moderately severe Alzheimer’s disease patients;

4. Mild to moderate and moderate to severe Alzheimer’s disease patients;

5. Mild to moderately severe and moderate to moderately severe Alzheimer’s
disease patients;

6. Moderate to severe Alzheimer’s disease patients;

7. Moderately severe to severe Alzheimer’s disease patients;

8. Moderate and severe Alzheimer’s disease patients;

9. Agitation and psychosis Alzheimer’s disease patients;

10. Moderate Alzheimer’s disease patients;

11. Alzheimer’s disease patients not specified severity.

2.6.4 A summary of the model-based economic evaluation in dementia
Most studies of modelling in economic evaluations in dementia are focused on Alzheimer’s
disease. There is only one study identified related to vascular dementia. The literature search
shows that the modelling used in classifying dementia progression follows one of these
models:
1. Model based on the FTC conceptual framework;
1.1 AHEAD-based model developed by Caro et al. (2001); the predictive equation of

time to FTC was based on data from the study by Stern et al. (1997);
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10.
11.
12.
13.
14.

1.2 model structure developed by Rive et al. (2010); the predictive equation of time to

FTC was based on Rive et al. (2010);

Model based on the Consortium to Establish a Registry for Alzheimer’s disease

(CERAD);

2.1 Cognitive function was measured based on the Clinical Dementia Rating (CDR)
scale: CERAD-CDR model;

2.2 Cognitive function was measured based on the Severe Impairment Battery:
CERAD-SIB model,;

Model developed to evaluate memantine drugs;

The Discrete Event Simulation (DES) model;

Model developed by Lachaine et al. (2011);

Model developed by McDonnell et al. (2001);

Model developed by Fenn and Gray (1999);

Model based on the data from Kungsholmen project;

Model developed by Henke and Burchmore (1997);

Model developed by Nagy et al. (2010) based on the MMSE- and ADL- based model;

Model developed by Wong et al. (2009);

Model developed by Stewart, Phillips and Dempsey (1998);

Model developed by Hu et al. (2015);

Model developed by O’ Brien et al. (1999).

The next section goes on to the findings of the model-based economic evaluation in dementia

from the literature review.

2.6.4.1 Findings of the model-based economic evaluation in dementia from the
literature review
Most studies of modelling in economic evaluations in dementia focused on Alzheimer’s

disease, with one exception related to vascular dementia. The findings from the
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comprehensive literature search are presented in Table 2.5 which is classified by model types

and chronological order.

2.6.4.1.1 Concept of model-based economic evaluations in dementia and model
applications from the literature review
According to the comprehensive literature review, the concept of modelling applied to

economic evaluations in dementia are outlined below.

2.6.4.1.1.1 Model based on the FTC conceptual framework

The model-based the FTC conceptual framework according to the literature review in this

thesis was classified into two main types as subsequently described.

2.6.4.1.1.1.1 The Assessment of Health Economics in Alzheimer’s disease (AHEAD)-
AHEAD model using the predictive equation of time to FTC developed by Caro and
colleagues (2001)

The original model of the Assessment of Health Economics in Alzheimer’s disease
(AHEAD) based on the need for full-time care (FTC) was initially developed by Caro et al.
(2001). The model was used to estimate the disease progression of patients to the FTC
requirement. FTC was the requirement that patients need a significant amount for care and
supervision almost every day, regardless of the locus of care or who provided it. Further, the
prediction to death was also estimated. The health states in the model consisted of not
requiring FTC, FTC and death. Basically, the time spent in the different stages of AD was
measured. The transition probabilities of requiring FTC were computed by the hazard
function, based on the patient characteristics. Similarly, the Gompertz hazard functions were
used to calculate the transition probabilities for patients moving from one state to death were
based on the patient characteristics. The average delay to FTC was the difference in the
expected time spent in the given state. The mean time of patients, based on different

characteristics, was computed by the subtraction between both values. In addition, the
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equation to predict the need for FTC was developed from data from the study by Stern and
colleagues (1997), which was undertaken in USA, and modelled in 236 Alzheimer’s disease
patients. The patients were followed-up for 7 years and the mean age of the patients was 73
years, (this marked age was brought about to determine younger and older groups which
were computed in the regression equations for needing FTC). The endpoints of follow-up of
patients were the need of health related facility, (HRF), care and death. The set of patient
characteristics were important to the predictive equation to estimate disease progression over
time, which correlates to the time to reach FTC. The presence of extrapyramidal symptoms
(EPS), presence of psychotic symptoms, aged at the onset of disease, cognitive function, and
duration of illness were found to be the significant factors of the equation. The coefficient of
predictors were the EPS = -0.9419, psychotic symptoms = -0.4027, at young age of the onset
of disease = -0.4848, cognitive function = 0.0724, and duration of illness = 0.0617,
respectively. The cognitive function was measured in terms of the modified Mini-Mental
State examination (mMMS), whereas the significant predictors of death were based on
female gender, EPS, cognitive function, and duration of illness. The coefficient of the
predictors of death were the female gender = 0.7046, EPS = -1.2825, cognitive function =
0.0310, and duration of illness = 0.1052, respectively. To calculate the time to FTC need, the
following two steps were undertaken (Caro et al. 2001). The first step was a calculation

around the average hazards for reaching FTC and death. The equation was:

_ —In(1-F)
(i —tioq)

where A was the average hazard over the period,
F was the cumulative of proportion of patients with failure over period,
t; was the time at failure (i) and

t;_, was the previous time (i — 1).
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In accordance with the index derived from the hazard model, the baseline hazard for

index (4,) was computed by:

t
At — Aindex
e—index

The next step was to calculate the relationship between the baseline hazard and time. The
equations were separated by aged group, defined into younger and older, the cut-off point
being aged 73-year. The coefficients applied in the equation to calculate for risk over time
were A =0.0231,B=-1.8117, C=0.0373, D =0.1532, and E = -4.7903 for patients aged 73
years and younger. Whereas the coefficients for the patient aged more than 73 years were A
=0,B=-0.6846, C=-6.4172, D=0.0112, and E = 0.1413. Thus, the relation for risk over

time was calculated by the equation:

— ,(At+B+C sinh(Dt+E
Aprc = € (Dt+E))

where sinh was the hyperbolic sine,

t was the time and

A, B, C, D and E were coefficients as presented above.
Then the regression equation was applied to estimate the hazard for other index values based
on the Cox proportional hazard equation. The hazard for risk over time for any index scores

was calculated for the time to FTC need using the equation below.

t
pLIp—— .
index ~ jindex

In conclusion, the concepts of the AHEAD model, which was developed by Caro et al

(2001), used the patient characteristics at a given point to predict the disease progression to a
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level of requiring FTC. The health states in the model consisted of pre-FTC, FTC and death.
The Cox proportional hazard models were used to predict the risk of FTC need and death of
patients as a function of time as well as index scores that incorporated the various patient
characteristics. The significant covariates to predict those requiring FTC were the presence of
EPS, presence of psychotic symptoms, age at onset of disease, duration of illness, and
cognitive score (MMMS). The prediction to death was based on EPS, duration of illness,
female gender, and mMMS score. The mMMS was the modified Mini-Mental State

examination.

In addition, eight studies used the AHEAD model developed by Caro et al. (2001). Concepts
of these models were the course of disease progression in terms of health states defined by
the time until patients requiring FTC (Getsios et al. 2001, Caro et al. 2002, Garfield et al.

2002, Migliaccio-Walle et al. 2003, Ward et al. 2003, Caro et al. 2004, Green et al. 2005, Suh

2009).

e Model type: All eight studies applied Markov models (Getsios et al. 2001, Caro et al.
2002, Garfield et al. 2002, Migliaccio-Walle et al. 2003, Ward et al.
2003, Caro et al. 2004, Green et al. 2005, Suh 2009).

® The definition of disease The need to FTC was used to define the disease severity in the model of

severity: all eight studies (Getsios et al. 2001, Caro et al. 2002, Garfield et al.
2002, Migliaccio-Walle et al. 2003, Ward et al. 2003, Caro et al. 2004,
Green et al. 2005, Suh 2009).

® The study population: Most studies conducted in the mild to moderate Alzheimer’s patients
(Getsios et al. 2001, Caro et al. 2002, Garfield et al. 2002, Migliaccio-
Walle et al. 2003, Ward et al. 2003, Caro et al. 2004). Two studies
conducted in mild to moderately severe Alzheimer’s disease (Green et
al. 2005, Suh 2009).

o [nterventions: The majority of studies conducted the treatment of galantamine

compared with no pharmacological treatment (Getsios et al. 2001, Caro
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o The disease progression:

o Model structure:

e Data sources:

et al. 2002, Garfield et al. 2002, Migliaccio-Walle et al. 2003, Caro et al.
2004). However, the differences of dosage regimen of galantamine were
applied. A comparison between galantamine (not identified dosage
regimen) and no pharmacological treatment was found in studies by
Caro et al. (2002) and Caro et al. (2004). Getsios et al. (2001) examined
galantamine 24 mg/day versus no pharmacological treatment. Between
galantamine 12 mg given twice daily in Alzheimer’s patient and no
pharmacological treatment were compared in the study by Garfield et al.
(2002). Migliaccio-Walle et al. (2003) conducted the comparison of
galantamine 16 mg/day and 24 mg/day versus no pharmacological
treatment. Galantamine 16 mg/day and 24 mg/day compared with no
cholinesterase treatment were employed in the study by Ward et al.
(2003). Between galantamine 24 mg/day plus usual care versus usual
care were examined by Suh (2009). Green et al. (2005) studied
donepezil, galantamine and rivastigmine compared with usual care.

The predictive equation was needed to predict time to FTC over time.
The significant covariates to predict the need to FTC were presence of
EPS, presence of psychotic symptoms, age at onset of disease, duration
of illness, and cognitive score (mMMS).

The health states in all models comprised three states: not requiring FTC
(Pre-FTC), requiring FTC, as well as death (Getsios et al. 2001, Caro et
al. 2002, Garfield et al. 2002, Migliaccio-Walle et al. 2003, Ward et al.
2003, Caro et al. 2004, Green et al. 2005, Suh 2009).

Seven studies used the predictive equation based on the longitudinal
study, undertaken in USA, in 236 Alzheimer’s disease patients by Stern
et al. (1997), to predict the time until patients needed FTC (Getsios et al.
2001, Caro et al. 2002, Garfield et al. 2002, Migliaccio-Walle et al.
2003, Ward et al. 2003, Caro et al. 2004, Green et al. 2005). The other

applied the longitudinal studies in South Korea (Suh 2009).
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® Time horizon and cycle

length:

® Healthcare Perspective of

model:

o Costs data and Utilities:

For mortality probabilities, six out of eight studies used data from a
longitudinal study, as mentioned above, to predict the transition
probabilities of death, with two exceptions which used data from the
prospective study (Green et al. 2005) and a longitudinal study in South
Korea (Suh 2009).

There were six studies using the RCT data for the treatment effect
(Getsios et al. 2001, Caro et al. 2002, Garfield et al. 2002, Migliaccio-
Walle et al. 2003, Ward et al. 2003, Caro et al. 2004), while one study
used the meta-analysis on RCT study (Green et al. 2005) and another
study adopted data from longitudinal studies in South Korea (Suh 2009).
Six studies conducted over a 10-year period modelled using a monthly
Markov cycle (Getsios et al. 2001, Caro et al. 2002, Garfield et al. 2002,
Migliaccio-Walle et al. 2003, Ward et al. 2003, Caro et al. 2004). Two
studies modelled a 5-year time horizon performing with a one month
cycle length (Green et al. 2005, Suh 2009).

Caro et al. (2002) used the broad perspective and formal care in their
studies, whereas Caro et al. (2004) applied the broad perspectives
including social services. The public health payer was used in Garfield
et al. (2002). A third party approach was employed in the studies by
Migliaccio-Walle et al. (2003) and Suh (2009). The studies by Ward et
al. (2003) and Green et al. (2005) were conducted from the perspectives
of the National Health Service and Personal Social Service.

All eight studies included direct costs for cost data (Getsios et al. 2001,
Caro et al. 2002, Garfield et al. 2002, Migliaccio-Walle et al. 2003,
Ward et al. 2003, Caro et al. 2004, Green et al. 2005, Suh 2009).
However, one study considered the additional out-of-pocket expenses
for the patients’ assistant or paid caregiver, caregiver time-related costs,
and caregiver’s lost productivity (Suh 2009). Costs associated with

visiting patients were encompassed in the study by Green et al. (2005).
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Six studies used the Health Utilities Index Mark 2 (HUI:2) based on the
cross-sectional study (Getsios et al. 2001, Caro et al. 2002, Ward et al.
2003, Caro et al. 2004, Green et al. 2005, Suh 2009). Two studies were
not identified (Garfield et al. 2002, Migliaccio-Walle et al. 2003).

e Discount rates: The discount rates for costs and benefits varied in the studies. A 3%
discount rate in both costs and outcomes was conducted in three studies
(Getsios et al. 2001, Migliaccio-Walle et al. 2003, Caro et al. 2004). One
study used the discount rate for only costs at 3% (Garfield et al. 2002).
Three studies applied a 6% and 1.5% for the discount rate, respectively,
for costs and outcomes per annum (Ward et al. 2003, Green et al. 2005,
Suh 2009). A discount rate at 5% in both costs and outcomes was

employed in Caro et al. (2002).

In conclusion, the AHEAD model, which was developed by Caro and colleagues (2001), was
wildly used to apply to the assessment of health economics between 2001 and 2009. The
Markov model was used to predict the time until patients reached FTC. The predictive
equation developed based on data from the study by Stern et al. (1997) was used in most
studies. The three main health states in the model were Pre-FTC, FTC, as well as death.
Approximately 75% of all studies were conducted in patients with mild to moderate
Alzheimer’ disease. Most studies examined the treatment of galantamine relative to no
pharmacological treatment (62.5%). The randomized controlled trials were used as data
sources for the effectiveness data. Varieties were found in perspectives, the discounted rates
of costs and outcomes, as well as the time horizon of the model. Most studies applied the data
from the study by Neumann et al. (1999) for the utilities, and was the most commonly

applied in the models, being associated with 62.5% of the studies, (5 out of the 8 studies).
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2.6.4.1.1.1.2 Model structure based on the FTC framework using the predictive equation
of time to FTC development by Rive and colleague (2010)

In 2010, Rive and colleagues attempted to develop a new predictive equation of time to FTC
applying to the model based on the FTC conceptual framework. The model consisted of the
three health states: pre-FTC, FTC and death. The core concept of the model was to predict
the disease progression of the patient until requiring FTC. The baseline patient characteristics
were derived from London and the South-East region, (LASER), which was a longitudinal
epidemiological study conducted in 224 people with Alzheimer’s disease and their caregivers
(Livingston et al. 2004). The new predictive equations were used to compute the transition
probabilities from pre-FTC to FTC deriving from the LASER-AD cohort of 117 pre-FTC
patients with a 54-month follow-up period. Also, the predictive equations of disease
progression were correlated to the key features of Alzheimer’s disease; including cognitive
function, functional ability, and behaviour, which predicted the time to FTC based on
patient’s three core elements at baseline. The cognitive function was measured using the
Alzheimer’s Disease Assessment Scale-cognitive (ADAS-cog). The functional ability was
defined by the Alzheimer’s Disease Cooperative Study-Activities of Daily Living scale
(ADCS-ADL). The behavioural aspect was assessed using the Neuropsychiatric Inventory
(NPI). The predictive equations which were developed by Rive and colleagues are presented
below:

® To predict the time to FTC in patients with Alzheimer’s disease, the predictive equation

was calculated by:

P; = 1 — exp(—exp(—11.1343 + 0.0330 X ADAS — cogPiselne
—0.0877 X ADCS — ADLbgseline 40,0377 x NpIkaseline

+0.8122 X ADAS — c0gitls ccore (1) — 2.4072

l g .
x ADCS — ADL; °P¢ () % exp(3.3195 X In(interval;)))

total score
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where the coefficient of baseline parameters were logarithms of time = 3.320, baseline
ADAS-cog total score = 0.033, baseline ADCS-ADL total score = -0.088, baseline NPI total
score = 0.038, ADAS-cog slope = 0.812, ADCS-ADL slope = -2.407, and intercept = -
11.134, j was time interval, and P was hazard function.

® To estimate the monthly transition probability to FTC state was calculated by:

pic =1~ """ @ =P)

where pf! ¢ was monthly probability

pj was probability for the time interval ;.

® The equation to estimate monthly death probability:

S; = exp(—exp(—13.615) x time®*P(0:568))

where S; was monthly probability of death
time was in days from the model start.

® Then, the probabilities of dying between two cycles were estimated from

PO =1 — Sqi11y/Si

where P{¢4" was death probability for the time interval i.

Based on the equations as presented above, the disease progression over time of time to FTC

was predicted by the rate of changes in cognition and functional ability (Rive et al. 2010).
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Additionally, three studies used the model based on the FTC framework using the predictive

equation of time to FTC development by Rive and colleague (2010). The model concepts

were the course of disease progression in terms of health states defined by patients needing

FTC (Rive et al. 2010, Rive et al. 2012, Zala, Chan and McCrone 2017).

e Model type:

o The definition of disease

severity:

o The study population:

e [nterventions:

o The disease progression:

o Model structure:

e Data sources:

All studies used the Markov model (Rive et al. 2010, Rive et al. 2012,
Zala, Chan and McCrone 2017).

The need to FTC was used to define the disease severity in the model
(Rive et al. 2010, Rive et al. 2012, Zala, Chan and McCrone 2017).
Two studies examined patients with moderate to severe Alzheimer’s
disease (Rive et al. 2010, Rive et al. 2012). Only one study was
conducted using moderate to severe and mild to moderate in
Alzheimer’s patients (Zala, Chan and McCrone 2017).

The comparison of memantine to no pharmacological treatment or
background therapy with cholinesterase inhibitors (ChEIs) was
examined by the studies of Rive et al. (2010) and Rive et al. (2012).
Comparisons of memantine versus ChEISs or no treatment, in moderate
to severe Alzheimer’s in patients and ChEIs versus no treatment in mild
to moderate in Alzheimer’s patients were examined by Zala, Chan and
McCrone (2017).

The predictive equation was needed to predict time to FTC over time.
The significant covariates to predict those requiring FTC were
cognitive function, (as measured by ADAS-cog), functional ability (as
assessed by ADCS-ADL), and behaviour (as defined by NPI) (Rive et
al. 2010, Rive et al. 2012, Zala, Chan and McCrone 2017).

The health states in the models were pre-FTC, FTC and death (Rive et
al. 2010, Rive et al. 2012, Zala, Chan and McCrone 2017).

Two studies used data from longitudinal studies for the course of

disease progression (Rive et al. 2010, Rive et al. 2012). One study
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® Time horizon and cycle

length:

® Healthcare Perspective of

model:

o Costs data and Utilities:

e Discount rates:

obtained data from a longitudinal study and RCTs (Zala, Chan and
McCrone 2017).

The probabilities of death were derived from longitudinal studies which
were applied to all these studies and a meta-analysis on RCTs was also
employed for the treatment effect in these studies (Rive et al. 2010,
Rive et al. 2012, Zala, Chan and McCrone 2017).

The model conducted over a 5-year period with a 1-month cycle length
in all models (Rive et al. 2010, Rive et al. 2012, Zala, Chan and
McCrone 2017).

There were differences in the perspective of the models. Rive et al.
(2010) employed the model based on the National Health Service and
Personal Social Services. The societal and healthcare system was used
as viewpoints in the study by Rive et al. (2012). The National Health
Service and Social care perspectives were applied by Zala, Chan and
McCrone (2017).

All three studies included direct costs in the models (Rive et al. 2010,
Rive et al. 2012, Zala, Chan and McCrone 2017). Only one study
encompassed informal care, including caregiver lost productivity, in the
cost data (Rive et al. 2012).

Regarding utilities, one study used QoL-AD, HSQ-12 and Ferm’ D-test
mapped to EQ-5D for the utility in the Pre-FTC state, whilst the utility
on the FTC state was derived from the LASER-AD study (Rive et al.
2010). One study was conducted in a similar fashion to the study by
Rive et al. (2010) for the utility in the Pre-FTC state. For the utilities in
the FTC state were based on the published studies by Rive et al. (2010)
and Caro et al. (2002) (Zala, Chan and McCrone 2017). Another study
was not clear (Rive et al. 2012).

Costs and health outcomes were discounted using an annual rate of

3.5% in two studies (Rive et al. 2010, Zala, Chan and McCrone 2017).
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A discount rate of 3% was applied in both costs and benefits in the

remaining study (Rive et al. 2012).

To conclude, the model based on the FTC framework using the predictive equation of time to
FTC development by Rive and colleague (2010), was used to apply to the assessment of
health economics of dementia during 2010 and 2017. This model concept was used to predict
the disease progression of patients until requiring FTC. The health states were defined as Pre-
FTC, FTC and death. Most studies were conducted in patients with moderate to severe
Alzheimer’s disease and memantine was a substantial treatment that was evaluated in three
different studies using this model. The transition probability of the pre-FTC to the FTC state
was applied with a predictive equation based on the study by Rive et al. (2010), along with
the transition probability of dying which was based on the LASER-AD cohort (Rive et al.
2010, Rive et al. 2012, Zala, Chan and McCrone 2017). Cognition, function, and behaviour
were the significant components to predict the time to FTC. In addition, the healthcare
perspectives used in the models varied as stated above. The application of the discount rate of

costs and outcomes ranged between 3% and 3.5%.

2.6.4.1.1.2 Model based on the Consortium to Establish a Registry for Alzheimer’s disease

(CERAD)

In this thesis, the concept of modelling based on the CERAD framework following the

literature review are classified into two approaches as described below.

2.6.4.1.1.2.1 Cognitive function was measured based on the Clinical Dementia Rating
(CDR) scale: CERAD-CDR model

The study of the cost-effectiveness analysis was conducted on donepezil in comparison to no
treatment in mild to moderate Alzheimer’s disease patients in the US (Neumann et al. 1999).

A Markov model was used to simulate patients’ progression through the disease severity
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stages and residential settings. Patients were classified into disease severities based on the
Clinical Dementia Rating (CDR) scale, measured memory, orientation, judgement and
problem-solving, community affairs, home and hobbies, and personal care, as follows: mild
(CDR = 0.5 or 1), moderate (CDR = 2), and severe (CDR = 3). Also, these patients were
assigned to two settings (community or nursing home) at each disease stage, however, the
transition amongst the disease severity stages of patients were not conditional on their
settings. The CERAD database was compiled from 1986 to 1995 by clinicians from 22
medical centres in the US, who had investigated 1,145 patients with dementia. The database
was used to estimate the state-to-state transition probabilities in which the modified survival
analysis was applied. The transition probability from mild state to moderate state was
computed by the number of the annual transitions or events divided by the total number of
years spent in a mild stage. Similarly, the transition probability from the community to the
nursing home was predicted by the identical method using the data from CERAD. The effect
of donepezil was derived from a clinical trial. To calculate the effectiveness of the drug,
patients were initially identified as being in a mild state, then using the Cox proportional
hazards regression model, comparing the hazard ratio between the drug and placebo, to

estimate the transition probabilities to the moderate state.

The CERAD-CDR model has been widely used in the economic evaluation in dementia. Five
studies applied the CERAD-CDR concept. The course of disease progression was mainly
defined by the disease severity levels associated with cognitive function (Neumann et al.
1999, Ikeda, Yamada and Ikegami 2002, Fuh and Wang 2008, Kirbach et al. 2008, Lopes-

Bastida et al. 2009).

e Model type: All studies developed the Markov approach to characterise the
progression of disease (Neumann et al. 1999, Ikeda, Yamada and
Ikegami 2002, Fuh and Wang 2008, Kirbach et al. 2008, Lopes-

Bastida et al. 2009).

70



o The definition of disease

severity:

® The study population:

e [nterventions:

o The disease progression:

e Model structure:

All five studies used the CDR scale to determine the levels of
disease severity (Neumann et al. 1999, Ikeda, Yamada and Ikegami
2002, Fuh and Wang 2008, Kirbach et al. 2008, Lopes-Bastida et al.
2009).

Four out of five studies conducted in mild to moderate Alzheimer’s
patients (Neumann et al. 1999, Ikeda, Yamada and Ikegami 2002,
Fuh and Wang 2008, Lopes-Bastida et al. 2009). Only one study
examined patients with agitation and psychosis in Alzheimer’s
disease (Kirbach et al. 2008).

Four out of five studies conducted donepezil compared with usual
care or no pharmacological treatment (Neumann et al. 1999, Ikeda,
Yamada and Ikegami 2002, Fuh and Wang 2008, Lopes-Bastida et
al. 2009). One study examined olanzapine versus no drug treatment
(Kirbach et al. 2008).

Three studies showed that the transition probabilities from stage-to-
stage, used levels of disease severity to simulate the disease
progression (Ikeda, Yamada and Tkegami 2002, Fuh and Wang
2008, Lopes-Bastida et al. 2009). Two studies used the disease
severity probabilities and institutionalisation probabilities to
estimate the patients’ progress through the different states
(Neumann et al. 1999, Kirbach et al. 2008).

The health states in the models of three studies associated with the
levels of disease severity were mild, moderate, severe, as well as
death (Tkeda, Yamada and Tkegami 2002, Fuh and Wang 2008,
Lopes-Bastida et al. 2009). Two studies included the severity levels
of the cognitive function (mild, moderate and severe),
institutionalisation and death as health states in the model (Neumann

et al. 1999, Kirbach et al. 2008).
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e Data sources:

® Time horizon and cycle

length:

® Healthcare Perspective of

model:

o Costs data and Utilities:

Based on 1,145 dementia patients from the CERAD study, a
longitudinal study was used to estimate the transition probabilities
of the disease progression (Neumann et al. 1999, Ikeda, Yamada and
TIkegami 2002, Kirbach et al. 2008, Lopes-Bastida et al. 2009). One
study applied data from an observational study in Taiwan (Fuh and
Wang 2008).

For mortality probabilities, four studies also obtained data from the
CERAD studies (Neumann et al. 1999, Ikeda, Yamada and Tkegami
2002, Kirbach et al. 2008, Lopes-Bastida et al. 2009). Another study
applied data from an observational study in Taiwan (Fuh and Wang
2008).

Four studies took the treatment effect data from RCTs (Neumann et
al. 1999, Ikeda, Yamada and Ikegami 2002, Kirbach et al. 2008,
Lopes-Bastida et al. 2009), with one study which used a longitudinal
study in Taiwan (Fuh and Wang 2008).

Two studies conducted a 2-year period with a 1-month Markov
cycle (Ikeda, Yamada and Tkegami 2002, Lopes-Bastida et al. 2009).
One study examined over a 5-year period with 1-year cycle length
(Fuh and Wang 2008). One study employed an 18-month time
horizon and a 6-week cycle length for the model (Neumann et al.
1999). Another study used the lifetime period with a 6-month cycle
length (Kirbach et al. 2008).

Three studies used the societal perspective as the viewpoint
(Neumann et al. 1999, Fuh and Wang 2008, Lopes-Bastida et al.
2009). One study was performed for the US health system (Kirbach
et al. 2008). Another model was conducted from the payer
perspective (Ikeda, Yamada and Tkegami 2002).

All studies encompassed direct costs (Neumann et al. 1999, Ikeda,

Yamada and Ikegami 2002, Fuh and Wang 2008, Kirbach et al.
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2008, Lopes-Bastida et al. 2009). However, one study included
unpaid caregiving cost data (Neumann et al. 1999). Another study
covered unpaid informal care (Fuh and Wang 2008).

Regarding health utilities, two studies used HUI:2 instrument to
describe the health states (Neumann et al. 1999, Fuh and Wang
2008). One study applied HUI:3 in the Japanese version from a
survey (Ikeda, Yamada and Tkegami 2002). One study adopted EQ-
5D based on the survey (Lopes-Bastida et al. 2009). Another study
took utilities from a schizophrenia study and the study by Murman
and Colenda (2005) (Kirbach et al. 2008).

e Discount rates: All studies discounted costs at 3% and quality of life benefits at 3%
per annum (Neumann et al. 1999, Ikeda, Yamada and Tkegami 2002,
Fuh and Wang 2008, Kirbach, et al. 2008, Lopes-Bastida et al.
2009).

In brief, the CERAD-CDR model used the Markov model to simulate the disease progression
through the disease severity. Four out of five studies were conducted in mild to moderate
Alzheimer’s patients to compare donepezil to usual care or no pharmacological treatment.
Only one study was associated with olanzapine versus no drug treatment which examined
patients with agitation and psychosis in Alzheimer’s disease. The main health states were
classified to mild, moderate, severe, and death as defined by the CDR scale. However, the
residential settings which were the community and the nursing home were also considered in
the Markov model by Neumann et al. (2001) and Kirbach et al. (2008). The studies based on
CERAD-CDR had differences in the perspective of study (i.e. the health system, payer,
societal perspectives) and the time horizon of study (i.e. a 2-year period and lifetime).
However, all studies were similar in the use of their discounting rate of costs and outcomes at
3%. Regarding the health utilities, studies applied the values based on HUI, HUI:2, HUI:3,

and EQ-5D instrument.
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2.6.4.1.1.2.2 Cognitive function was measured based on the Severe Impairment Battery:
CERAD-SIB model

Weycker et al. (2007) developed a microsimulation to evaluate the cost-effectiveness of
memantine and donepezil compared with donepezil only, in moderate to severe Alzheimer’s
disease patients, on a monthly cycle over a lifetime horizon from a societal perspective. The
model was constructed to predict the changes in disease progression in terms of the cognitive
function, as measured by SIB score. However, based on the data applied in the model, several
studies used MMSE or CDR scale for measuring the disease severity. Thus mapping between
MMSE or CDR and SIB were needed to allow comparisons between the data. The transition
probability was obtained from data from a longitudinal study. The impacts of memantine and
donepezil treatments were taken from data from clinical trials. The transition probabilities to
institutionalisation were captured based on a longitudinal study by Neumann et al. (1999).
The probability of dying was based on the life table of the general US population, adjusted by
age and gender. Then the relative risk of death of Alzheimer’s patients was employed to
compute the mortality probabilities. The utility weights were derived from the Health
Utilities Index Mark 3 (HUI:3) and CDR (disease severity). The CDR was mapped to MMSE
and the result was finally transformed to SIB. The costs considerations were both formal and
informal care services. The discount rate of the analysis was at 3% for both costs and

outcomes per annum.

2.6.4.1.1.3 Model developed to evaluate memantine drug

Jones, McCrone and Guilhaume (2004) studied the cost-effectiveness of memantine
compared with no pharmacological treatment, in moderately severe to severe Alzheimer’s
disease patients in the UK. A Markov model was used to predict the outcomes from treating
with memantine over a 2-year time horizon. The outcomes were time to dependency (as a

primary outcome), time to institutionalisation, and quality-adjusted life years (QALYSs) (as
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secondary outcomes). The Markov states were based on the three domains: cognitive
function, physical dependency, and residential setting. The cognitive function was measured
using Mini-Mental State Examination (MMSE). The MMSE defined the severities of disease
as moderate state (MMSE>14), moderately severe state (MMSE =10-14), and severe state
(MMSE<10). The standardised tool, Alzheimer’s Disease Cooperative Study-Activities of
Daily Living (ADCS-ADL), was used to assess the abilities to perform daily activities. The
physical dependency was divided into dependence and independence. The residential settings
were defined into community or institutionalisation. Therefore, the health states in the model
totalled 13 states based on multiplying the 3 states of the disease severity, 2 states of physical
dependency, 2 states of residential setting plus the state of death. The transitions in the model
calculated the severity, dependency, institutionalisation, and mortality transitions. The
severity transition probabilities were based on the disease severity at the initiate cycle and on
the treatment. The disease severity and the dependency at the initiate cycle and on the
treatment were the significant parameters used to calculate the dependence transition
probability. The transition probability of institutionalisation was dependent on the disease
severity at the initiate cycle and on the treatment. The death probabilities were derived from
the UK epidemiological study and were assumed to be similar values in both no treatment

and treatment.

In addition, six studies examined the treatment with memantine in patients with dementia.
The concepts of this model were the course of the disease defined on the basis of disease
severity, patients’ dependency, and with/without residential setting (Jones, McCrone and
Guilhaume 2004, Francois et al. 2004, Jonsson 2005, Antonanzas et al. 2006, Gagnon et al.

2007, Hoogveldt et al. 2011).

e Model type: All studies used the Markov model (Jones, McCrone and Guilhaume
2004, Francois et al. 2004, Jonsson 2005, Antonanzas et al. 2006,

Gagnon et al. 2007, Hoogveldt et al. 2011).
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o The definition of disease

severity:

® The study population:

e [nterventions:

Three studies used cognitive impairment, physical dependency, and
care setting to predict the disease progression (Jones, McCrone and
Guilhaume 2004, Francois et al. 2004, Jonsson 2005). The other
studies relied on two domains: cognitive function and physical
dependency (Antonanzas et al. 2006, Gagnon et al. 2007, Hoogveldt
etal. 2011). The cognitive function was measured by MMSE scores
in all studies (Jones, McCrone and Guilhaume 2004, Francois et al.
2004, Jonsson 2005, Antonanzas et al. 2006, Gagnon et al. 2007,
Hoogveldt et al. 2011). MMSE scores were classified into moderate
(MMSE>14), moderately severe (MMSE=10-14), and severe
(MMSE<10) in four studies (Jones, McCrone and Guilhaume 2004,
Francois et al. 2004, Jonsson 2005, Antonanzas et al. 2006). Two
study defined the disease severity as moderate (MMSE=10-19) and
severe (MMSE< 10) (Gagnon et al. 2007, Hoogveldt et al. 2011).
The physical dependency was classified into dependent and
independent as assessed by ADCS-ADL or ADL or IADL (Jones,
McCrone and Guilhaume 2004, Francois et al. 2004, Jonsson 2005,
Antonanzas et al. 2006, Gagnon et al. 2007, Hoogveldt et al. 2011).
The place of residence was associated with living in the community
and living in an institution (Jones, McCrone and Guilhaume 2004,
Francois et al. 2004, Jonsson, 2005).

Four studies were conducted in patients with moderately severe to
severe Alzheimer’s disease (Jones, McCrone and Guilhaume 2004,
Francois et al. 2004, Jonsson 2005, Antonanzas et al. 2006). While,
two studies were conducted using moderate to severe Alzheimer’s
patients (Gagnon et al. 2007, Hoogveldt et al. 2011).

All studies compared the memantine treatment with no

pharmacological treatment or standard care (Jones, McCrone and
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o The disease progression:

o Model structure:

Guilhaume 2004, Francois et al. 2004, Jonsson 2005, Antonanzas et
al. 2006, Gagnon et al. 2007, Hoogveldt et al. 2011).

Severity transition probabilities were conditional upon patients’
disease severity at the beginning of the cycle and on the treatment.
Dependency transition probabilities depended on the patients’ disease
severity and levels of patients’ dependency at the beginning of the
cycle and on the treatment. Institutionalisation transitions were
associated with patients’ disease severity at the beginning of the
cycle and on the treatment (Jones, McCrone and Guilhaume 2004,
Francois et al. 2004, Jonsson 2005). Two studies were based on
disease severity and dependency; severity transitions depended on the
disease severity at the beginning of the cycle and on the treatment
and dependency transitions relied on the disease severity and levels
of dependency at the beginning of the cycle, and on the treatment
(Antonanzas et al. 2006, Gagnon et al. 2007). Only one study showed
that severity and dependency transitions were conditional on the
levels of the patients’ disease severity and levels of patients’
dependency at the beginning of the cycle and on the treatment
(Hoogveldt et al. 2011).

In three studies, the health states in the model totalled 13 states based
on multiplying three states of disease severity (moderate, moderately
severe, and severe), two states of physical dependency (dependent
and independent), two states of residential setting (community and
institution) plus the state of death (Jones, McCrone and Guilhaume
2004, Francois et al. 2004, Jonsson 2005). Seven health states
associated with three levels of cognitive function (moderate,
moderately severe, and severe) and two dependency states
(dependent and independent), including death, were applied in one

study (Antonanzas et al. 2006). Two studies employed five health
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e Data sources:

states accounting for two disease severity modes (moderate and
severe), dependency (dependent and independent), and death
(Gagnon et al. 2007, Hoogveldt et al. 2011).

Regarding the severity transition probabilities, four studies used data
from RCTs (Francois et al. 2004, Jones, McCrone and Guilhaume
2004, Antonanzas et al. 2006, Hoogveldt et al. 2011). One study
applied RCT and a longitudinal study (Jonsson 2005). The other was
obtained data from RCT and open-label extension study (Gagnon et
al. 2007).

For the dependence probabilities, four of six studies adopted data
from RCT study (Francois et al. 2004, Jonsson 2005, Antonanzas et
al. 2006, Hoogveldt et al. 2011). One study employed RCT and a
longitudinal study (Jones, McCrone and Guilhaume 2004). The
remaining study used RCT and open-label extension study (Gagnon
et al. 2007).

For institutionalisation probabilities, two studies applied data from
longitudinal studies for no pharmacological treatment and RCTs for
the treatment (Jones, McCrone and Guilhaume 2004, Francois et al.
2004). One study used data from a longitudinal study. The
institutionalisation was not included in the models of three studies
(Gagnon et al. 2007, Antonanzas et al. 2006, Hoogveldt et al. 2011).
For the death probabilities, five studies adopted data from
longitudinal studies (Francois et al. 2004, Jones, McCrone and
Guilhaume 2004, Jonsson 2005, Gagnon et al. 2007, Hoogveldt et al.
2011). The other used data from a cross-sectional study (Antonanzas
et al. 2006).

According to the treatment effects of memantine, two studies applied
the treatment effect data from RCTs (Jonsson 2005, Antonanzas et al.

2006). RCTs and an open-label extension study were used in three
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® Time horizon and cycle

length:

® Healthcare Perspective of

model:

o Costs data and Utilities:

studies (Francois et al. 2004, Jones, McCrone and Guilhaume 2004,
Gagnon et al. 2007). One study adopted data from an open-label
extension study (Hoogveldt et al. 2011).

The models conducted a 2-year period in three studies (Jones,
McCrone and Guilhaume 2004, Antonanzas et al. 2006, Gagnon et al.
2007). The remaining studies covered a 5-year period (Francois et al.
2004, Jonsson 2005, Hoogveldt et al. 2011). All studies employed a
6-month cycle length to predict the disease progression of the model.
The National Health Service and Personal Services were the
viewpoints (Jones, McCrone and Guilhaume 2004). In addition, the
public’s payer perspective was used in the study by Jonsson (2005).
The other studies used a societal perspective in the model (Francois
et al. 2004, Antonanzas et al. 2006, Gagnon et al. 2007, Hoogveldt et
al. 2011).

Direct costs were included in all studies (Jones, McCrone and
Guilhaume 2004, Francois et al. 2004, Jonsson 2005, Antonanzas et
al. 2006, Gagnon et al. 2007, Hoogveldt et al. 2011). However,
Francois et al. (2004) encompassed informal care in the model. Costs
associated with the monitoring of patients were included in the study
by Jones, McCrone and Guilhaume (2004). While, caregiver
medication and indirect costs were considered in the study by
Antonanzas et al. (2006). Gagnon et al. (2007), added caregiver time-
related costs in the model. Pharmacist fees, family care, and informal
care were incorporated in one study (Hoogveldt et al. 2011).

The utility weights were taken from a cross-sectional study using
EQ-5D instrument (Jonsson 2005). QoL-AD mapped to EQ-5D from
a longitudinal study was applied in Gagnon et al. (2007) and

Hoogveldt et al. (2011).
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e Discount rates: The discount rate for costs and outcomes varied in all studies. Costs
and health outcomes were discounted at 3.5% per annum in the study
by Jones, McCrone and Guilhaume (2004). Francois et al. (2004)
applied a discount rate of 5% for both costs and benefits. An annual
discount rate of 3% was applied for costs in one study (Jonsson
2005). Gagnon et al. (2007) also used a 5% discount rate for costs.
Antonanzas et al. (2006) used a discount rate applied at 6% for both
costs and benefits per annum. The last study employed a discount

rate at 4% for costs and 1.5% for outcomes (Hoogveldt et al. 2011).

To conclude, the Markov model was used in all of the studies. 50% of all studies considered
the three domains: cognition, dependency, and care setting, while the other 50% covered only
two domains: cognition and dependency. The target populations in most studies were
moderately severe to severe patients. 60% of all studies used the societal perspective. The
range of time horizons was 2-5 years. The discount rate for costs ranged from 3-6%. Also the
discount rates of outcomes ranged from 1.5-6%. The utilities were based on EQ-5D and QoL-

AD mapped EQ-5D.

2.6.4.1.1.4 The Discrete Event Simulation (DES) model

A discrete event simulation was applied in the study of Getsios and colleagues in 2010 in the
UK. To compare the costs and health outcomes of donepezil to no treatment, the study was
conducted in mild to moderate Alzheimer’s patients from a health care payer and societal
perspective over a 10-year period. The technique used was patient-level modelling to capture
the disease progression and outcomes. The concepts of the model were as follows: first,
patients were categorised by their characteristics. These categorised patients were cloned and
assigned to interventions, namely, donepezil and no treatment. Then the patients were
simulated and the patient characteristics were updated over time. Before progressing to the

next event, patient profiles were updated based on disease severity, treatment status,
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physician visits, death, and end of model. Three domains, defined as cognitive function,
functioning ability, and behavioural, were the significant predictors used to measure disease
severity. The cognitive function was measured in terms of MMSE. The physical functioning
was assessed using ADL and IADL. As part of behavioural assessment, NPI was used as the
indicator. The developed integrated equations were applied to estimate the change in MMSE,
NPI, ADL, and IADL consecutively. The changes in cognitive function affected to NPI,
ADL, and TADL. Therefore, the changes in IADL were influenced from the changes of ADL.
The various data sources were taken to predict the disease progression and effectiveness of
the treatment. The baseline characteristics of patients were taken from data from the clinical
trials of donepezil and a longitudinal study. The Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) data was used to develop the equation and estimate the
change in MMSE. Therefore, the NPI, ADL, and IADL were computed from the changes
based on those equations. The premature treatment discontinuation employed data from the

UK study (Lyle et al. 2008).

Furthermore, four studies which were conducted using a discrete-event simulation (DES)
approach were associated with the individual-patient characteristics. The model was
conceptualised on the basis of correlations of disease severity, functional ability, and

behavioural ability (Getsios et al. 2010, Guo et al. 2010, Hartz et al. 2012, Thibault et al.

2015).
e Model type: The framework of all studies was the DES model (Getsios et al.
2010, Guo et al. 2010, Hartz et al. 2012, Thibault et al. 2015).
o The definition of disease Two studies simulated the disease progression of patients over time
severity: based on cognition (as measured by MMSE), behaviour (as

measured by NPI scale), and function (as measured by ADLs and
IADLs) (Getsios et al. 2010, Hartz et al. 2012). One study predicted

the disease progression based on cognitive function (using ADAS-
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® The study population:

e [nterventions:

o The disease progression:

cog and MMSE), behavioural assessment (using NPI scale), and
functional abilities (using the Disability Assessment of Dementia
(DAD) scale) (Guo et al. 2010). The other study incorporated
cognition (as assessed by SIB scale), behaviour (as assessed by NPI
scale), and function (as assessed by ADLs and IADLS) in the model
to predict the disease progression (Thibault et al. 2015).

Two studies conducted in patients with mild to moderate
Alzheimer’s disease (Getsios et al. 2010, Guo et al. 2010). One
study applied in mild to moderately severe and moderate to
moderately severe Alzheimer’s patients (Hartz et al. 2012). The
other study examined moderate to severe patients with Alzheimer’s
disease (Thibault et al. 2015).

The varieties of interventions were engaged in studies. Getsios et al.
(2010) examined donepezil compared with no treatment. A
comparison amongst galantamine, no treatment, and ginkgo biloba
was conducted by Guo et al. (2010). One study compared donepezil
with memantine or no treatment (Hartz et al. 2012). While,
memantine extended release plus cholinesterase inhibitor compared
with cholinesterase inhibitor monotherapy was studied by Thibault
et al. (2015).

Two studies used the regression models to predict the changes of
disease progression through MMSE, NPI, ADLs, and [ADLs over
time (Getsios et al. 2010, Hartz et al. 2012). One study applied the
regression model to estimate the changes of the disease progression
over time based on the ADAS-cog score which was mapped to the
MMSE score. In addition, the MMSE score had significant impacts
on the NPI scale, DAD scale, and other outcomes (Guo et al. 2010).

Another study considered the changes in SIB scale, NPI scale,
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ADLs, and IADLs over time in the progression of the disease
(Thibault et al. 2015).

The model functions were based on the following: at the beginning
the patient’s categorised characteristics were created. Then identical
copies were created for individual patients. The interventions were
also assigned.

When the model was simulated, the patient characteristics were
updated over time to predict the disease progression through
correlated changes in cognitive function, behaviour, and functional
performance (Getsios et al. 2010, Guo et al. 2010, Hartz et al. 2012,
Thibault et al. 2015).

Three studies used data from RCTs and longitudinal studies for the
baseline patient characteristics (Getsios et al. 2010, Guo et al. 2010,
Hartz et al. 2012). One study adopted data from the RCT for
baseline population characteristics (Thibault et al. 2015).

Three studies derived mortality rates from life tables (Guo et al.
2010, Hartz et al. 2012, Thibault et al. 2015), whereas one study was
based on a longitudinal study (Getsios et al. 2010).

For the treatment effect, two studies were based on data from RCTs
(Getsios et al. 2010, Thibault et al. 2015). The other two studies
applied data from RCTs and pooled data from clinical trials (Guo et
al. 2010, Hartz et al. 2012)

Three studies conducted the models over a 10-year time horizon
(Getsios et al. 2010, Guo et al. 2010, Hartz et al. 2012). One study
employed for a 3-year period (Thibault et al. 2015).

Three studies were performed based on the healthcare payer or care
insurance and societal perspective (Getsios et al. 2010, Hartz et al.
2012, Thibault et al. 2015). One study only implemented from a

healthcare insurance perspective (Guo et al. 2010).
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e Costs data and Utilities: All studies included direct costs and costs associated with caregiver
time (Getsios et al. 2010, Guo et al. 2010, Hartz et al. 2012, Thibault
et al. 2015). One study covered costs of antipsychotic changes from
the beginning of the treatment (Thibault et al. 2015). Three studies
also encompassed costs for monitoring patients (Getsios et al. 2010,
Guo et al. 2010, Hartz et al. 2012).

Regarding utilities, two studies used data from a cross-sectional
study using EQ-5D (Getsios et al. 2010, Hartz et al. 2012). One
study adopted HUI from a cross-sectional study for measuring
quality of life (Thibault et al. 2015).

e Discount rates: Two studies applied discount rates at 3% in both costs and benefits
per annum (Hartz et al. 2012, Thibault et al. 2015). Costs and health
outcomes were discounted using an annual rate of 3.5% in the study
by Getsios et al. (2010). The other study used the discount rate at

5% of for both costs and outcomes per annum (Guo et al. 2010).

In brief, the models based on the DES used individual-patient data. The changes of disease
progression were updated through MMSE, NPI, ADLs, IADLs, and DAD over time. There
were differences in the target populations of all studies, however, a half of all studies were
conducted in patients with mild to moderate Alzheimer’ disease. A 10-year time horizon was
most commonly applied in the models. Most studies adopted healthcare payer, healthcare
insurance, and societal as the viewpoints of studies. The EQ-5D, and HUI instruments were
the most applied to the utility weights. The discount rates ranged from 3-5% of both costs

and outcomes.

2.6.4.1.1.5 Model based on Lachaine, et al. (2011)

In Canada, the first cost-utility analysis of memantine plus ChEI compared with ChEI and

memantine versus ChEI was undertaken by Lachaine et al. (2011). A 7-year Markov model
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was constructed to predict the impact on time to institutionalisation in patients with
Alzheimer’s disease. The model was developed on the basis of a study by Lopez and
colleagues, who conducted an observational study in 943 probable Alzheimers’ patients
assigned interventions using memantine plus ChEI, ChEI only and no treatment, to predict
time to nursing home admission and death (Lopez et al. 2009). Societal and the Canadian
health care system was the viewpoint. The health states in the model consisted of non-
institutionalisation, not admitted to the nursing home, institutionalisation, admitted to the
nursing home, and death. The significant transition probabilities in the model were the
probabilities of nursing home admission and dying. The transition probability of
institutionalisation was taken from published studies (Lopez et al. 2009). The mortality
probability was derived from the life table, adjusted for age and sex and specific-Alz